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The isolation of one tertiary and thirteen quaternary alkaloids from Hunteria eburnea is described. Three of 
these are identified as vohimbol methochloride (I), dihydrocorynantheol methochloride (II), and akuammicine 
methochloride (III). The first example of a new class of alkaloids is given which occurs in the form of its di- 
astereoisomeric quaternary Nb salts, hunterburnine a- and /S-methochlorides (IV and V). The structure of a third
5-hydroxyindole, huntrabrine methochloride (VI), is proposed from degradative work.

As part of a program to identify the hypotensive 
principles of Hunteria eburnea Pichon,1'2 3 we have iso
lated nine inactive or weakly effective tertiary bases.3a'b 
Further work showed that methanolic extracts of the 
bark from which the majority of the tertiary bases 
had been removed with methylene chloride contained 
most of the activity. This extract again was separated 
into water insoluble residual tertiary bases and water 
soluble quaternary bases, the latter possessing most of 
the activity.4 The quaternary alkaloids were removed 
from the water at pH 5 as their insoluble picrates which 
for subsequent work were transformed into the chloride 
salts. In all, fourteen crystalline alkaloids were sep
arated from this mixture by processes (see Experimental 
and Fig. 1) which had as their end chromatography on 
cellulose powder.5

Six of these alkaloids were isolated in quantities in
sufficient for complete or accurate characterization and 
are referred to by the suffixes F, H, I, J, K, and N.6

Yohimbol methochloride (I),7 dihydrocorynantheol 
methochloride (II),8'9 and akuammicine methochloride

(1) R aym ond-H am et, C o m p t .  r e n d . ,  240, 1470 (1955); A. E ngelhard t 
and H. Gelbrecht, N a t u r w i s s e n s c h a f l e n ,  45, 547 (1958); A. E ngelhard t and 
H. Gelbrecht, A r z n e i m i t t e l  F o r s c h . ,  11, 414 (1961).

(2) The activ ity  referred to th roughou t this paper m eans the blood pres
sure lowering response observed in  anesthetized dogs by  Drs. A. J . P lum m er 
and  W. A. B arre tt of our pharm acology departm en t.

(3) (a) Unpublished work from these laboratories; (b) For s truc tu res  of 
four of the te rtia ry  bases see M . F . B artle tt and  W. I. Taylor, J .  A m .  C h e m .  

S o c . ,  82, 5941 (1960).
(4) The w eak hypotensive activ ity  found in  the residual te rtia ry  bases 

could be enhanced by  quatern ization , however, no crystalline com pounds 
were isolable even after extensive processing.

(5) The isolation of the alkaloids of calabash curare is a classical example 
of complex m ixtures of qua ternary  alkaloids being separated b y  cellulose 
powder chrom atography; H. Schmid, J. Kebrle, and P. K arrer, H e l v .  C h i m .  

A c t a ,  35, 1864 (1952).
(6) The possibility th a t  some of these com pounds were different crystal

line forms of already isolated m aterial was no t investigated. In  one case 
ano ther unknow n was identified as hunterburn ine /3-methochloride by seed
ing a m ethanolic solution of the form er with crystals of the la tte r.

(7) B. W itkop, A n n . ,  554, 83 (1943).
(8) C. Vamvacas, W. v. Philipsborn, E. Schlittler, II. Schm id, and  P.

K arrer, H e l v .  C h i m .  A c t a ,  40, 1793 (1957).

(Ill) were recognized, and the structures of the f>- 
hydroxyindoles hunterburnine a- and /3-methochloridcs 
(IV and V, respectively)10-12 were elucidated by the 
X-ray crystallographic technique. The absolute stereo
chemistry depicted for the latter two alkaloids is based

upon biogenetic considerations13 and the validity of the 
C15 rule14 for these molecules. In agreement with 
Ivatritzky’s findings,16 the chemical shift attributed to 
the quaternary methyl of the cfs-quinolizidine (IV) is 
found at lower field (5 = 3.47) than in the case of Irans-

(9) D ihydrocorynantheol has now been isolated from A s p i d o s p e r m a  

species; B. G ilbert, L. D. Antonaccio, and C. D jerassi, J .  O r g .  C h e m . ,  27, 
4702 (1962).

(10) J. D. M. Asher, J . M ontea th  Robertson, G. A. Sim, M. F . B artle tt, 
R . Sklar, and W. I. Taylor, P r o c .  C h e m .  S o c . ,  72 (1962).

(11) C. C. Scot:;, G. A. Sim, and J. M ontea th  Robertson, i b i d . ,  355 (1962).
(12) The te rtia ry  base hun terburn ine  has y e t to be recognized and  iso

lated .
(13) E. Schlittler and W. I. Taylor, E x p e r i e n t i a ,  16, 244 (1960).
(14) E . W enkert and N. V. Bringi, J .  A m .  C h e m .  S o c . ,  81, 1474, 6535 

(1959).
(15) T. M. M oynchan, K. Schofield, R . A. Y . Jones, and A. R. lvatritzky , 

J .  C h e m .  S o c . ,  2637 (1902).

1445



1446 B a r t l e t t , K o r z u n , S k l a r , S m it h , a n d  T a y l o r V o l . 28

D

be n d
Fig. 1.—Diagrammatic eluate patterns of chromatograms A-G. 

The weights of alkaloids eluted are plotted as a function of the 
volume of eluent (see Table I for actual weights and volumes 
used), with the alkaloids isolated at: a, huntracine chloride:
b, yohimbol methochloride; c, hunterburnine /3-methochloride; 
d, huntrabrine methochloride; e, hunterburnine a-methochloride; 
f, hunteria alkaloid-F; g, akuammicine methochloride; h, hun- 
teria alkaloid-H; i, hunteria alkaloid-I; j, hunteria alkaloid-J; 
k, hunteria alkaloid-K; 1, dihydrocorynantheol methochloride; 
m, hunteramine; n, hunteria alkaloid-N; X, solvent change.

(V) (5 = 3.31).16 Although this is the first recognized 
example of the occurrence in nature17 of such Nb di- 
astereoisomers, we predict that this will be found to be 
quite common in quaternary bases where the possibility 
exists,18 and, since they have been found together, it 
suggests that the biological methylation step may 
parallel the specificity of the analogous laboratory 
operation.

A third 5-hydroxyindole, huntrabine methochloride
(VI) , was available in sufficient amounts for degrada- 
tive work {vide infra). Of the remaining two alkaloids, 
hunteramine (possibly C26H34N2Oio) was a water soluble 
tertiary base. The final one, hunteracine chloride 
(C20H25N2OCI), has a chromophore similar to echit
amine, suggesting the partial structure VIII.

R

VIII

There was no methoxyl or N-methyl group (con
firmed by p.m.r. spectroscopy)19; the compound was 
unaffected under acetylation conditions and had a re
ducible double bond shown to be an ethylidine by 
p.m.r. spectroscopy. Sublimation of the quaternary

(16) The spec tra  were run  on the V arian Model A-GO spectrom eter 
in  triüuoroacetic acid by  M isses N . Cahoon and  J . A. Siragusa using te tra - 
m ethylsilane as a  reference.

(17) The epimeric m ethiodides of yohim ban have been reported  in the 
lite ra tu re ; B. W itkop, J .  A m .  C h e m .  S o c . ,  71, 2559 (1949); B. W itkop and 
S. M . Goodwin, i b i d . ,  75, 3371 (1953).

(18) T he difficulty which we have experienced in the isolation of the  pure 
qua te rna ry  bases from the crude m ixture m ay  be due to the presence of fu r
th e r exam ples of this type of isomerism.

(19) R u n  by D r. A. F. Zürcher in deuterium  oxide with te tram ethylsilane 
as standard .

hydroxide gave a crystalline tertiary pseudoindoxyl 
along with a water soluble quaternary compound with 
the same chromophore as the starting material. Upon 
attempted pyrolysis or selenium dehydrogenation, 
hunteracine chloride was recovered unchanged. Lack 
of material precluded substantiation of these intriguing 
results, in which R in VIII may be hydroxyl.

Huntrabrine methochloride, C20II27N2O2CI, in agree
ment with its proposed structure VI, gave on acetyla
tion a mixture of O-mono-, 0,0-di-, and 0,0,N-tri- 
acetates. The p.m.r. spectrum19 of the alkaloid re
vealed the presence of an ethylidene, a quaternary N- 
methyl, and confirmed the distribution of protons on 
the aromatic nucleus. Reaction with either diazometh
ane or dimethyl sulfate gave the phenolic methyl ether
(VII). Upon hydrogenation, either huntrabrine 
methochloride or the methyl ether underwent a facile 
Emde degradation yielding the tertiary bases (IX 
and X), respectively. The Emde product (IX) upon

tosylation gave a phenolic O-tosyl quaternary tosylate 
(XI)20 which was converted readily to the phenolic-O- 
tosyl quaternary chloride (XI. tosyU = Cl- ), and 
which upon selenium dehydrogenation afforded a product 
with a sempervirine-like ultraviolet absorption spec
trum as well as a 2-pyridyl indole. The Emde base
(IX) itself upon dehydrogenation also gave products 
with 2-pyridyl indole ultraviolet absorption spectra 
which we suggest is the result of a cyclization under 
the reaction conditions.21

Interestingly, none of the quaternary bases so far 
isolated are quaternary salts of the known co-occurring 
tertiary bases. In fact, the quaternary alkaloids whose 
structures were determined were derived from yohim- 
binoid precursors, whereas the tertiary bases3b belong 
to the aspidosperma-eburnea type. Whether this 
means that the quaternary compounds are not derived 
from their immediate tertiary precursors is a question 
which cannot be settled from our work, but may be 
answerable if suitable studies with labeled compounds 
were carried out.

Experimental
The melting points were taken in evacuated capillaries and are 

uncorrected. Unless noted otherwise, analytical samples were 
routinely dried at 80-100° for 12-24 hr. in vacuo, the ultraviolet

(20) This is more facile th a t  the analogous qua tern ization  of d ihydrocoryn
antheol; E . W enkert and N. V. Bringi, J .  A m .  C h e m .  S o c . ,  80, 3484 (1958); 
ref. 14.

(21) Cyclizations during  dehydrogenation reactions are known; for ex
ample, the dehydrogenation of melinonine B (ref. 8).
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T a b l e  I

S u m m a r y  o f  t h e  C h r o m a t o g r a p h ic  R e s u l t s

Chroma.to- Column Vol., Added® E luted
gram size, ( Solvent 1. wt., g. w t., g. Alkaloids isolated6
A 15 X 40 Water-acetone (8%) 15 26 14 a (1.05 g.), b (0.41 g.), c (0.12

g.), d (0.30 g.), e (1.41 g.)
Water-acetone (20%) 9 10

B 9.5 X 40 Ethyl Acetate-acetone- 3 3.9 3.7 f (0.34 g.), g (0.11 g.)
water (50:45:17)

C 15 X 40 Water-acetone (10%) 15 33 21 a (0.20 g.), d (5.10 g.), h (0.20 g.)
Water-acetone (20%) 14 9

Dc 8 X 110 Water-acetone (8%) 16 4.5 4.2 b (0.09 g.), c (0.009 g.), d (0.65
g.), n (0.033 g.)

E 8 X n o Water-acetone (10%) 15 5 3.4 a (0.01 g.), b (0.01 g.), c (0.08 g.),
d (0 10 g.), i (0.02 g.), j (0.02 g.)

Water-acetone (15%) 4 0.1
Water-acetone (20%) 4 .1 k (0.014 g.)

F* 8 X 110 Water-acetone (10%) 8 6.4 5.0 a (0.28 g.), 1 (0.15 g.)
G 10 X 40 Water-acetone (8%) 8 3.5 2.5 a (0.02 g.), c (0.08 g.)

Water-acetone (15%) 1.5 0.17
Water-acetone (20%) 4 .70 m (0.20 g.)

* See Experimental section for description of material used. b Letters correspond to names of alkaloids shown in Fig. 1. c Rechro
matography of the mother liquors of huntrabrine methochloride. d Rechromatography of the first peak of chromatogram A.

absorption spectra were run in ethanol and expressed as my. (c), 
and the infrared absorption spectra were run in Nujol.

Isolation of the Alkaloids. Extraction of the Bark.—The
root and stem bark which had previously been extracted with 
methylene chloride were reprocessed with recycling methanol at 
40°, yielding 8 kg. of extractables from 60 kg. of bark.22 A 
portion (300 g.) was dissolved in 10% acetic acid, filtered, and 
shaken with three portions of methylene chloride which removed
3.4 g. of material. The pH was brought to 8-9 with lithium 
hydroxide, generating a precipitate (112 g.) which was removed 
by filtration.

The filtrate was extracted with methylene chloride, brought to 
pH 6 (acetic acid), and all traces of methylene chloride were re
moved by bubbling nitrogen through the solution. This pro
cedure led to a filterable precipitate(40g.)upon addition of lithium 
picrate solution (30 g. of picric acid in 300 ml. of water with suf
ficient added lithium hydroxide to give a clear solution). The 
picrate salts were converted to the chloride salts by stirring with 
Amberlite IRA 400 (Cl- ) (360 g.) in acetone-methanol-water 
(900 ml., 6:2:1) for 18 hr. yielding the crude chloride salts (16.5 
g.) after lyophilization (chromatogram A).

A portion of the filtrate of the picrate precipitation was 
evaporated to a small volume in vacuo. The precipitate was 
washed with water and converted to its chloride salts [Amberlite 
IRA 400 (Cl- )]. After removing inorganic salts by partial 
precipitation from methanol, the chlorides (24 g.) were pre
cipitated by addition of acetone and shaken with Darco decoloriz - 
ing charcoal (ca. 50 g.) in hot water. The material (3.5 g.) 
adsorbed on the charcoal was eluted with hot methanol and used 
in chromatogram G.

A sample of the crude chloride salts (40 g.), used for chromato
gram A, was dissolved in water and extracted continuously with 
methylene chloride for 24 hr., yielding 1.9 g. of residue. After 
a second extraction with methylene chloride for 4 days, a further
1.4 g. was extracted which was combined with similar material 
(2.5 g.) and used in chromatogram B. The aqueous phase of 
this extraction was heated on a steam bath with Darco decoloriz
ing charcoal (35 g.), filtered and concentrated in vacuo, 
and finally freeze dried (yield 33 g., chromatogram C). 
Material (5 g.) was eluted from the charcoal with hot methanol 
(chromatogram E).

Chromatography.—The following solvent systems for chroma
tography on paper strips gave separations of the crude chlo
ride mixture: methyl ethyl ketone-methanol-water (12:4:1), 
¿-butyl alcohol-benzene-water (3.1:1:2), ethyl acetate-t- 
butyl alcohol-water (4:2:1), ¿-butyl alcohol-toluene-water 
(3 .i: 1:1). Upon application of these systems to columns, 
little separation was achieved. The completely homogeneous 
system acetone-water and later ethylacetate-acetone-water 
which gave poor separations on paper because of streaking were 
the solvents of choice for the columns.

(22) Carried o u t by J . Drew  and  L. B lodgett in pilot p lan t equipm ent.

Preparation of the Cellulose Columns.—A glass column 
(120 cm. by 8 cm.) was half-filled with acetone. A flat bed for 
the cellulose was made of glass wool and Berkshire sand. Cellu
lose powder (Whatman ashless standard grade, ca. 2 kg.) was 
placed in a vacuum desiccator, covered with acetone, and the air 
removed by repeated suction.23 A portion (ca. 400 ml.) of this 
slurry was poured into the column, stirred to break up lumps, 
allowed to settle, and compressed tightly with a tamping rod 
using leverage. Repetition of this procedure resulted in a column 
110 cm. long, which upon washing with 8% water-acetone caused 
the cellulose to expand, the top few segments rising slightly in 
the column. After washing with 8-hydroxyquinoline (1 g.) 
and testing the uniformity of the packing with Calco oil red or 
blue H 1700 (American Cyanamid Co., Boundbrook, New 
Jersey), the column was ready for use. The sample was placed 
on the column in water-acetone (usually 13% water) and im
mediately the chosen eluent added and the flow rate adjusted to
3-6 ml./min. All chromatograms were carried out at 25 ±  
0.5°, streaking being pronounced whenever the temperature 
fluctuated. The elution pattern of a number of the chromato
grams are shown in Fig. 1 and the results are summarized in 
Table I.

Hunteracine Chloride.—A sample from chromatogram A was 
recrystallized from ethanol for analysis, m.p. 343-344° dec., 
[ « I d  -91° (27.5% H.O-MeOH); Xmas 234 (7900), 291 (2200); 
Amin 218 (4200), 256 (200), with no shift observed in acid or base.

Anal. Calcd. for C20H26N2OC1: C, 69.60; H, 7.30; N, 
8.12; Cl, 10.28; CCH3, 4.06. Found: C, 69.87; H, 7.47; 
N, 8.17; Cl, 10.94; OCH3, 0.0; CCH3, 6.9.

Hydrogenation of Hunteracine Chloride.—Hunteracine chlo
ride (19 mg.) in water (1.4 ml.) was hydrogenated in the presence 
of prereduced platinum catalyst with the uptake stopping at 1 
mole equivalent. After filtration and evaporation, the residue 
crystallized from methanol-acetone, m.p. >320°.

Anal. Calcd. for C2oH27N2OC1 ■ H20: C, 65.81; H, 8.01. 
Found: C, 66.38; H, 7.83.

Hofmann Degradation of Hunteracine Chloride.—Hunteracine 
chloride (200 mg.) was converted to the methohydroxide with 
Amberlite CG 45 (OH) in methanol (10 ml.). After concentra
tion the hydroxide (210 mg.) was sublimed at 150-180° under 
high vacuum yielding a sublimate (190 mg.) purified by chroma
tography on alumina. The methylene chloride eluate furnished 
a residue (20 mg.) crystallized from methanol-ether and re- 
orvstallized from benzene-ethvl acetate yielding a product (8 
mg.), m.p. 183-185°; Xraas (e ll)  231 (900), 390 (120); Ash 
250 (240), 263 (130), 343 (37); Xmin 285-295 (15) showing no 
change in acid or base.

Anal. Found: C, 75.59; H, 8.IS.
The 10 and 20% methanol-methylene chloride eluates of the 

above chromatogram gave a residue crystallizing from ethanol-

(23) This is a  modification of a  procedure recom m ended by  S. Gardell, 
A c t a  C h c m .  S c a n d .  11, GG8 (1957).
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ethyl acetate to afford a neutral compound (20 mg.), m.p. 159- 
160°; X»« («!*„) 234 (260), 290 (70); Xmin 219 (140), 256 (10).

Anal. Found: 0,65.98; H,7.31; N, 10.99.
Yohimbol Methochloride.—A sample from chromatogram A 

was crystallized from acetone-water for analysis, m.p. 264-265°.
Anal. Calcd. for C2oH27N2OC1- V2H2O: C, 67.47; H,

7.93; N, 7.87. Found: C,67.40; H, S.16; N, 7.52.
Yohimbol from Yohimbol Methochloride.—Yohimbol metho

chloride (100 mg.) after drying at 100° in vacuo was heated in 
two 50-mg. portions at 340° under high vacuum. The sublimate 
was dissolved in methylene chloride and washed with dilute 
sodium carbonate. Evaporation yielded a solid (62 mg.) purified 
by chromatography on alumina with the 0.5%, methanol- 
methylene chloride eluate affording yohimbol (55 mg.), m.p. 
249-251°, from methanol-water; [«]d —49° (methanol). It 
was found to be identical in all respects with yohimbol prepared 
from epiyohimbol by the route given below.

Yohimbol from Epiyohimbol.—Epiyohimbol (1.9 g.), mesyl 
chloride (1.1 mole equivalents), and pyridine (10 ml.) were 
allowed to stand overnight at 0°. The crystals were removed by 
filtration, taken up in water, made basic with sodium hydroxide, 
extracted with methylene chloride, which was dried and evapo
rated, and the mesylate was crystallized from methanol-methyl
ene chloride (m.p. 180°, yield 1.3 g.).

The mesylate (430 mg.) was heated overnight on a steam bath 
with acetic acid (10 ml.) and sodium acetate (450 mg.). Upon 
diluting with water, making basic (sodium hydroxide), extracting 
with methylene, chloride, and evaporating, the residue was 
chromatographed on alumina yielding a yohimbene (290 mg.) 
from the methylene chloride eluate, m.p. 215-216°, from meth
anol-water; [a]d —180° (ethanol).

Anal. Calcd. for Ci9H22N2: C, 81.97; H, 7.97. Found: 
C, 81.94; H, 8.03. From the 2% methanol-methylene chloride 
eluate yohimbol O-acetate (43 mg.) crystallized from methanol- 
water, m.p. 251°. I t was sublimed for analysis.

Anal. Calcd. for C21H26N20 2: C, 74.52; H, 7.74. Found: 
C, 74.7; H, 7.9.

Alkaline hydrolysis of the acetate furnished yohimbol,24 25 m.p.
251-253°, [«]d —38° (methanol).

Yohimbol Methochloride from Yohimbol.—The above pre
pared yohimbol was quaternized with methyl chloride in a sealed 
tube at 100°, yielding yohimbol methochloride, m.p. 263° 
dec., [a]d +53° (methanol).26

Dihydrocorynantheol Methochloride.—A sample from chroma
togram F was recrvstallized from ethanol for analysis, m.p. 
296-297°, [ot]d +101°, and was identical in all respects with an 
authentic sample.26

Anal. Calcd. for C2ciH29N2OC1: C, 68.85; H, 8.36; N, 8.01. 
Found: C, 68.51; H.8.40; N, 7.78.

Hunteramine.—This water-soluble base was recrystallized 
twice from ethanol, m.p. 206-208°, pK J  4.6; Xmax (VvL) 221 
(S00), 271 (150), 278 (150); XBh 282 (140), 289 (120); Xmi„ 
253 (120), 276 (150), 287 (103); 3350-3170, 1160, 1075,
745 cm.-1.

Anal. Found: C, 58.60; H, 6.73; N, 5.31.
Akuammicine Methochloride. (a).—A sample from chromato

gram B was recrystallized from methanol and then from ¿-butyl 
alcohol for analysis, m.p. 271-272°, [«]d —567° (3:1 methanol- 
water).

Anal. Calcd. for C21H25N20 2C1: C, 67.62; H, 6.76; N, 
7.51; Cl, 9.51. Found: C, 67.56; H, 6.76; N, 7.77; Cl,
10.79.

(b).—Akuammicine27 (20 mg.) was heated with excess methyl- 
chloride in methanol in a sealed tube for 4.5 hr. at 100°. The

(24) Yohimbol, along w ith epiyohimbol, has previously been prepared 
by the M eerwein-Pondorff-Verley reduction of yohim bone (ref. 7); A. Le 
H ir and R. G outarel, B u l l .  s o c .  c h i m .  F r a n c e ,  1023 (1953); b u t th is  was un
satisfactory  in our hands, the  epi compound being the m ajor product. In  
agreem ent w ith E. W enkert and  D. K. R oychaudhuri, J .  A m .  C h e m .  S o c . ,  80, 
1613 (1958), and in con trast to  Z. J . Vejdelek and R. M acek, C h e m .  L i s t y ,  52, 
2140 (1958), we find th a t  sodium  borohydride reduction  of yohim bone gives 
the epi alcohol as the sole product.

(25) The ro ta tion  found for the  yohim bol m ethochloride from U .  e h u r n e a  

was —16° (27.5%  w ater-m ethano l), indicating  th a t  th is  compound was con
tam inated  w ith a  trace of a  highly levoro tato ry  substance, perhaps akuam 
micine m ethochloride ( [ « ] d  —567°). I t  is also possible th a t  the  ro ta tions of 
o ther alkaloids which we describe m ay  be influenced in  a  sim ilar fashion.

(26) Prepared  from  corynanetheine furnished by  D r. M .-M . Jan o t, ac
cording to  published procedures [M .-M . J a n o t and  R . G outarel, B u l l  

s o c .  c h i m .  F r a n c e ,  588 (1951)].
(27) K indly supplied by G. F. Sm ith, M anchester, England.

product crystallized from ethanol-water, m.p. 265-276° dec., 
was identical to the compound isolated previously.

Hunterbumine «-Methochloride.—For analysis it was re
crystallized four times from water, m.p. 335°, X®1°H 273 (8700), 
300 (4300); X3h 311 (3700); XmiD 244 (6500), 294 (3700).

Anal. Calcd. for C20H27N2O2Cl: C, 66.17; H, 7.50; N, 
7.72. Found: C, 66.10; H, 7.53; N, 7.76; NCH3, 3.83.

A sample of hunterbumine «-methochloride was converted 
into the iodide with Amberlite CG 45 (I) in aqueous methanol. 
The product, crystallized from water, melted at 294-295°.

Hunterbumine (¡-Methochloride.—The salt was crystallized 
from acetone-water, m.p. 307-308°, [ « ] d  +105° (27.5% water- 
methanol).

Anal. Calcd. for CjoH^NsOsCI: C, 66.17; H, 7.50; N, 7.72. 
Found: C, 66.31; H, 7.58; N, 7.61.

Hunterbumine (3-Methiodide.—A sample of the methochloride 
was filtered through a column of Amberlite CG 45 (I) in methanol, 
and the product from the eluate was crystallized from ethanol- 
ethyl acetate, m.p. 277-280°.

Anal. Calcd. for C20H27N2O2I: C, 52.86; H, 5.99. Found: 
C, 52.87; H, 6.04.

Huntrabrine Methochloride.—This alkaloid was reerystallized 
from ethanol-water for analysis, m.p. 285-287°, [ « ] d  +54° 
(water), X„°H 271 (8800), 300 (4300); Xah 310 (3800); rma* 
3120, 1220, 1135, 1031,923,913,839,814 cm.-1.

Anal. Calcd. for C2oH27N20 2Cl: C, 66.31; H, 7.58; N, 7.61. 
Found: C, 65.88; 11,7.77; N, 7.81; CCHS, 4.24.

The alkaloid took up one mole equivalent upon hydrogenation 
in water using Adam’s catalyst and gave acetaldehyde (charac
terized as its dinitrophenylhydrazone derivative) upon ozonolysis. 
Methylation using either diazomethane or dimethyl sulfate gave 
the same amorphous O-methyl ether.

Acetylation of Huntrabrine Methochloride.—Huntrabrine 
methochloride (31 mg.) in acetic anhydride (0.5 ml.) and pyridine 
(1 ml.) was heated in vacuo for 4 hr. After concentration, the 
residue was crystallized from methanol-acetone to furnish the 
0,N-diacetate; melting commenced at 160° (evolution of water) 
and was complete at 195°; when inserted at 170° it softened 
slightly and melted at 200°; rmax 1740 (weak shoulder at 1760), 
1700 cm.-1; Xma* 239-41 (17,100), 287 (5350), 299 (4150); 
Xai, 230 (15,200), 265 (10,600), 292 (5060).

Anal. Calcd. for C24H3iN20 4Cl-H20: C, 61.99; H, 7.15. 
Found: C, 61.47; H.7.09.

Emde Reduction of Huntrabrine Methochloride.—Huntrabrine 
methochloride (500 mg.) in 80% aqueous ethanol (50 ml.) was 
added to platinum oxide catalyst (100 mg.) prereduced in 95% 
ethanol (25 ml.), and stirred in a hydrogen atmosphere. The 
uptake of hydrogen was complete (67 ml., 2 mole equivalents) 
in 2 hr. After removal of the catalyst and evaporation, the 
residue (504 mg.) in methylene chloride was washed with dilute 
sodium bicarbonate and potassium hydroxide, dried, and evapo
rated to dryness. The crude Emde product (380 mg.) was sub
limed in high vacuum at 190-220° for analysis, pK J  6.94.

Anal. Calcd. for C2oH30N20 2: C, 72.69; H, 9.15; N, 8.48. 
Found: C, 72.35; H, 9.09; N, 8.55.

On chromatography the Emde product was eluted with 2% 
methanol-methylene chloride. I t also gave an amorphous 
monoacetate ester (rc-o 1738 cm.-1) with acetic anhydride in 
pyridine.

Tosylation of the Emde Product.—The Emde product (360 
mg.) was treated with p-tosyl chloride (500 mg.) in pyridine (5 
ml.) at 0° for 4 days. Upon evaporating to dryness under re
duced pressure (bath temperature 30-40°), the residue (860 mg.) 
crystallized from acetone-ether to furnish the quaternary- 
phenolic O-tosyl tosylate (180 mg.), m.p. 281-282°, Xma* 223 
(60,000), 273 (8200)', 282 (S100), 291 (6200); Xmi„ 247 (5600), 
278 (8000), 290 (6100).

Anal. Calcd. for C34H42N20 6S2: C, 63.91; H, 6.63; N, 4.3S. 
Found: C, 64.03; H, 6.65; N, 4.08.

The ditosyl derivative upon refluxing in collidine for 1 hr. was 
recovered unaltered.

The quaternary salt was filtered through Amberlite CG 45 
(Cl- ) in methanol to give the crystalline phenolic O-tosyl quater
nary chloride, m.p. 225-226° (m.m.p. with the starting material 
was 225-245°).

Anal. Calcd. for C27H35N20 3SC1: Cl, 7.0. Found: Cl, 6.1.
Selenium Dehydrogenation of the Ditosylate.—The above 

ditosydate (120 mg.) and selenium (1.1 g.) were heated at 365°
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for 8 min. in a sealed evacuated tube. The contents were dis
solved in methylene chloride and chromatographed on alumina.

The methylene chloride eluate gave a fraction (15 mg.) with 
ultraviolet (Xmax 330; 2-pyridylindole), and the 1% methanol 
in methylene chloride eluate afforded a sempervirine-like sub
stance (2 mg.), A”f al 385, 340, 286; X'Zl 354, 286.

Emde Reduction of Phenolic O-Methylhuntrabrine Chloride.— 
The crude methyl ether (600 mg.) was dissolved in 80% ethanol 
(40 ml.), added to prereduced platinum oxide (200 mg.) in 
alcohol (25 ml.), and stirred in a hydrogen atmosphere for 18 hr. 
After removal of the catalyst and evaporation, the residue (600 
mg.) was shaken with dilute potassium hydroxide and methylene 
chloride, yielding the crude Emde base (290 mg.) to the organic 
phase. Chromatography on basic alumina gave from the ben
zene-ether (2:1) eluate the Emde base (230 mg.) which gave 
crystals (150 mg.) from ether-hexane, m.p. 107-108°.

Anal. Calcd. for C2iH32N20 2: C, 73.21; H, 9.36; N, 8.13. 
Found: 0,73.24; H,9.50; N, 8.06.

Partially Characterized Bases.—All the following bases de
scribed contained halide as determined by precipitation with 
silver nitrate, and the ultraviolet absorption spectra are recorded 
as X (ei cm).

Alkaloid-F.—It was recrystallized from i-butyl alcohol-water 
(20:1), m.p. 242-243°, Xma* 222 ( 860), 275 ( 230); X3h 283 
(200), 292(150); Xmin 246 (75); » w  3460, 3410, 1737, 1211 and 
750 cm.-1.

Anal. Found: C.64.70; H, 6.81.
Alkaloid-H.—This yellow compound crystallized from ethanol- 

ethyl acetate, m.p. 300°; A“ 0“ " " 14 312-315 (420), 403

(630); Xsh 245 (341); Xmi„ 274 (126), 345 (189); A8"" 227-232 
(590), 323 (370), 418-423 (460); Xmi„ 283 (150), 360 (240); 
rmax3535, 3175, 1640, 1573, 1203, 1062, 853 and 810 cm.“1.

Alkaloid-I.—Crystallized from ethanol, it had m.p. 278-280°, 
Xm„  219 (1200), 273 (240), 279 (250), 289 (210); Xmin 240 (60), 
276 (240), 286 (180) with no change in base; rmax 3300, 3150, 
750 cm.“1.

Alkaloid-J.—A sample crystallized from ethanol had m.p. 
291-293°, Xma* 272 (230), 279 (230), 289 (200); Xmin 240 (51), 
276 (220), 286 (160) with no shift in acid or base; vm„  3437, 
3149, 1631, 1245, 1050, 752 cm .-1.

Alkaloid-K.—I t was obtained crystalline from ethanol, m.p. 
207-208°; Amal 222 (840), 272 (150), 279 (150), 289 (120); 
Xmin 253 (120), 277 (140), 287 (110).

Alkaloid-N.—It was crystallized from ethanol, m.p. 263-266°, 
Amax 266 (210), 270 (220), 277 (210), 280 (160); Xsh 280 (210), 
310 (20); Xmin 240 ( 56), 274 ( 210), 285 (140), with no shift in 
acid or base; rmax 3330, 3140, 1308, 1226, 1110, 1076, 1060, 
1048, 903, 758, 740 cm.“1.
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The inert trisacetylacetonates of chromium(III), cobalt(III), and rhodium(III) have been acylated with acid 
chlorides in the presence of Lewis acids. Mono-, di-, and triacyl chelates have been characterized. Thiocvano- 
gen, sulfur dichloride, and arenesulfenyl chlorides substitute the chelate rings without catalysis. The reactions 
of a chelate sulfenyl chloride have been studied.

During a general study of reactions of coordinated 
ligands we have sought to demonstrate quasi-aromatic 
chemical properties of metal acetylacetonates.1-10 
Electrophilic substitution at the central carbon of these 
chelate rings has been illustrated with a variety of re
agents. Through such reactions iodo,5 bromo,8-11 
chloro,6 thiocyanato,1-12 nitro,4 acetyl,4 formyl,8 chloro- 
methyl,13 and aminomethyl13 groups have been sub- 1 2 3 4 5 6 7 8 9 10 11 12 13

(1) Previous paper, J . P. Collm an, R. P. B lair, R . L. M arshall, an d  L. 
Slade, I n o r g .  C h e m . ,  in press.
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Office of A rm y R esearch g ran t num ber D A -O R D -[D ]-31124-G l85. G rate
ful acknow ledgm ent is m ade to  the  donors of these funds, (b) P a rt of this 
work was abstrac ted  from the  P h .D . dissertation  of R . L. M arshall, U niver
sity  of N orth  Carolina, 1962.
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I n d .  (London), 141 (1961).
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(10) J . P. Collman, R. L. M arshall, and  W. L. Young, I I I ,  C h e m .  I n d .  

(London), 1380 (1962).
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(12) R. W. K luiber, i b i d . ,  83, 3030 (1961).
(13) J. P. Collman, R. L. M arshall, and  R. H. B arker, unpublished re

sults.

stituted directly into the relatively inert trisacetyl
acetonates of rhodium(III), chromium(III), and co- 
balt(III).

Since the Friedel and Crafts synthesis of aryl ketones 
is one of the best-known classical aromatic reactions it 
was of interest to see if this method could be applied 
to the acylation of stable metal chelate rings. Fur
thermore, in certain cases it seemed possible to prepare 
the anticipated products independently by chelation of 
triacylamethanes.

The first attempted acylations of chromium(III) 
acetylacetonate failed, largely because of acid-catalyzed 
degradation of the chelate ring. Although chromium 
acetylacetonate is fairly stable in the presence of 
aluminum chloride, treatment of this chelate with a 
mixture of aluminum chloride and acetyl chloride led 
to extensive decomposition. Less powerful acids such 
as stannic chloride and zinc chloride were not effective 
in catalyzing this reaction. A mixture of pyridine and 
acetic anhydride or acetyl chloride also failed to react 
with this chelate. However, the acetylation was 
successful when chromium acetylacetonate was allowed 
to react with acetic anhydride and boron trifluoride 
etherate in methylene chloride. Under these condi
tions a complex mixture of acetylated chelates was 
formed. Careful recrystalhzation afforded a sample 
which seemed to be pure triacetylated chelate A.4
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Later experiments showed that this sample was con
taminated with mono- and diacctylated chromium 
chelates.

Another apparently pure triacetylated chromium 
chelate was prepared by treating chromium(III) acetate 
hydrate with pure triacetylmethane in hot dimethyl- 
acetamide. This chelate and the purified Friedel- 
Crafts product had nearly identical infrared spectra 
and melting points. However, it was later found that 
hydrolysis of the ligand during the chelation reaction 
gave rise to an impure product. Later, when a com
pletely nonaqueous chelation technique had been de
veloped,6'9 an authentic sample of the pure triacetylated 
chelate A was prepared from anhydrous chromium- 
(III) chloride, zinc dust, dimethylformamide, and tri- 
ethylamine. The pure triacetylated chelate A had a 
slightly different infrared spectrum than the Friedel- 
Crafts product. Careful chromatography of the Frie- 
del-Crafts product then demonstrated that it was con
taminated with partially acetylated chelates. At
tempts to purify further the acetylation product and to 
isolate mono- and diacetylated chromium chelates were 
successful. Chromatography of this mixture under a 
variety of conditions did not effect a clean separation.

CH3
xc -o
A \ \

H - C (  ) Cr/3 
C - 0

c h 3

Aĉ O
BF3'OEt;
CH2C12
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h / / ACH3C -C  ( I Cr/3 
V - V  c-o

C f f / ,A

CH3
0  "Vi--Q

,// ^CH3C -C
\
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CrCIa
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Dryden14 had reported earlier that infrared spectra 
of unsubstituted metal acetylacctonates exhibit a 
doublet at 1580 and 1520 c m r1 whereas 3-substituted 
acetylacetonates show only a singlet in this region 
(about 1560 cm.-1). A second band in the 1500-1600- 
cm.-1 region in the spectrum of our Friedel-Crafts 
product was at first4 thought to be a violation of Dry- 
den’s rule, but the lower frequency band (1520 cm.-1) 
is now known to come from the mono- and diacetylated 
impurities. We have since found Dryden’s rule to be 
valid for a large number of substituted metal acetyl
acetonates, and at this date are aware of no exception to 
this rule. Additional studies of the infrared spectra of 
mixed-ring metal acetylacetonates show that the vibra
tions of the three rings are independent of each other 
above 700 cm.-1.13

Another infrared band characteristic of unsubstituted 
acetylacetonate chelate rings is the weak (-H) in-plane 
bending mode at 1195 cm.-1. The absence of this 
band is good evidence of complete substitution of all 
chelate rings.16'16

(14) R. P. D ryden and A. W inston, J .  P h y s .  C h e m . ,  62, 635 (1958).
(15) K. N akam oto, P. J. M cC arthy , and  A. E . M artell, J .  A m .  C h e m .  S o c . ,  

83, 1272 (1961).
(16) C. D joidjevic, J. Lewis, and  R. S. Nyholm , C h e m . I n d .  (London), 122 

(1959).

The Friedel-Crafts acetylation of cobalt(III) acetyl
acetonate gave more clear-cut results. Under the same 
conditions used for the chromium chelate, the cobalt 
compound yielded a mixture of four chelates which 
were readily separated by chromatography or alumina. 
Cobalt acetylacetonate and the mono-, di-, and tri
acetylated cobalt acetylacetonates (B, C, and D) were 
eluted from the column in that order.

CH3
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The structures of the acetylated chelates were as
signed on the basis of their infrared spectra, proton 
magnetic resonance spectra, and elemental analyses. 
Furthermore, the triacetylated chelate D was prepared 
independently bv reaction of triacetylmethane with
N a,[Co(CO ,),].

CHa
x c = o

/  \  H2C=C = 0
H - C x /H  ------------- «

,c — o
CH;

CH3
O C=0

CH3C -c(
X — o 

C H ,/

Comparison of the infrared spectra of the mono- and 
diacetylated cobalt chelates, B and C, showed only the 
anticipated differences in peak intensities. Each 
spectrum exhibited an uncoordinated ketone band at 
1680 cm.-1, twTo strong peaks from 1500-1600 cm.-1, 
and a small band at 1195 cm.-1. By contrast, the 
spectrum of the pure triacetylated cobalt chelate D 
showed in addition to a strong band at 1680 cm.-1 
only a single peak in the 1500-1600-cm.-1 region (1555 
cm.-1) and no absorption near 1195 cm.-1. This spec
trum was identical with that of the pure triacetylated 
chromium chelate A, prepared from the pure ligand 
under anhydrous conditions.

The nuclear magnetic resonance spectra of the dia
magnetic mono-, di-, and triacetylated cobalt(III) 
chelates (B, C, and D) provided additional evidence 
for the assigned structures. A benzene solution of 
monoacetylated chelate, B, exhibited signals at 4.65, 
7.91, 8.02, and 8.07 (doublet) r with relative intensities 
of 2:6:3:12. Comparison with the parent acetylace
tonate which has peaks at 8.10 and 4.65 r in the ratio 
6:1 showed that the 8.02 peak is caused by the unco
ordinated acetyl group, whereas the doublet at 8.07 r 
must be due to the methyl groups on the two unsub
stituted chelate rings. The doublet is caused by the 
different chemical environment of the methyl groups on 
each of these rings arising from differential anisotropy 
of the neighboring rings.10 The peak at 7.91 is then
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assigned to the methyl groups on the single acetylated 
chelate ring.

The spectrum of the diacetylated chelate, C, ex
hibited peaks at 4.40, 7.93 (doublet), 8.03, and 8.09 r 
with intensities of 1:12:6:6, respectively. This is ex
actly the spectrum anticipated by comparison with 
the monoacetyl spectrum.

It is noteworthy that in chloroform these two spec
tra are the same except that the peak caused by the un
coordinated acetyl groups is the lowest field methyl 
signal. This might arise from some type of unsym- 
metrical solvation in one of the two solvents.

A solution of triacetylated chelate D in benzene ex
hibited two single peaks at 7.98 and 8.04 r in the ratio 
of 2:1. These signals are easily assigned to the methyl 
groups on the chelate ring and the uncoordinated acetyl 
methyls.

Since Friedel-Crafts acylation of chromium and 
cobalt acetylacetonates under the same conditions 
affords mostly a triacetylated chromium chelate and 
little or no starting material, but very little triacetylated 
coblat chelate and a relatively large amount of starting 
material, it would seem that chromium acetylacetonate 
is more reactive than cobalt acetylacetonate. Ex
tensive degradation during the work-up and chromatog
raphy steps introduces some uncertainty into this argu
ment. However, the acetylation of rhodium acetyl
acetonate illustrates a clear-cut decrease in reactivity 
of this chelate ring.

Acetylation of rhodium(III) acetylacetonate proved 
to be much more difficult than that of the chromium(III) 
and cobalt(III) chelates. Under the same conditions 
which had been successful with the other metals (boron 
trifluoride-acetic anhydride for thirty-minute reaction 
at room temperature), rhodium(III) acetylacetonate 
failed to react. Treatment of the rhodium chelate 
with a large excess of this acetylating agent at 40° for 
five hours afforded a 19% yield of monoacetylated 
chelate E and 50% recovered starting material. For
tunately, this loss in reactivity of rhodium complexes 
parallels in increased resistance to acid degradation of 
these chelate rings. I t was, therefore, possible to em
ploy acid chlorides and aluminum chloride to acylate 
rhodium acetylacetonate. Under such conditions the 
mono- and diacetylated rhodium chelates, E and F, 
were obtained along with substantial quantities of re
covered starting material. The mixtures were sep
arated by chromatography and the diamagnetic mono-
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H, m = 1, n = 2, R = CsHs
I, m = 2, n = 1, R = CsH6
J, m = 1, n = 2, R = CiEb

and diacetylated chelates, E and F, identified by their
n.m.r. spectra. Except for changes in chemical shift 
values the n.m.r. spectra of E and F exactly paralleled 
those of the analogous cobalt chelates B and C. The 
infrared spectra were also very similar.

The symmetrical triacetylated rhodium chelate A 
was not obtained from this reaction even under more 
vigorous conditions.

Attempted acetylation of rhodium acetylacetonate 
with acetic anhydride and polyphosphoric acid at room 
temperature was unsuccessful and reaction at 60° led to 
extensive decomposition of the chelate. It was noted 
that rhodium acetylacetonate is almost completely in
soluble in polyphosphoric acid in contrast to cold con
centrated sulfuric acid, in which the chelate can be dis
solved without decomposition.

Treatment of chromium and cobalt acetylacetonates 
with other acylation reagents such as propionyl chloride, 
propionic anhydride, butyryl chloride, butyric an
hydride, benzoyl chloride, and p-nitrobenzoyl chloride 
in the presence of aluminum chloride or boron tri
fluoride etherate resulted in extensive chelate degrada
tion. Small amounts of acylated chelates isolated 
from these reactions were not tractable in our hands. 
I t seems likely that increased bulk in the acylating 
agent sterically inhibits the Friedel-Crafts reaction so 
that competing ring degradation dominates. How
ever, benzoyl chloride and butyryl chloride were used 
successfully to substitute rhodium(III) acetyl
acetonate in the same manner as the acetylation of the 
rhodium chelate. Monobenzoylated, dibenzoylated, 
and monobutyrylated rhodium chelates, H, I, and J, 
were prepared in this way.

Friedel-Crafts reactions of rhodium acetylacetonate 
with diphenylcarbamyl chloride or ethyl chlorocar- 
bonate in the presence of aluminum chloride were not 
successful. Attempted alkylations of rhodium acetyl
acetonate with benzyl chloride using boron trifluoride 
or aluminum, chloride were also unsuccessful. At
tempts to introduce allyl groups into chromium acetyl
acetonate failed.

Kluiber12 had reported earlier that sulfur electro
philes can be conveniently introduced into metal acetyl
acetonate rings. He described the preparation of the 
trissulfenyl chlorides and thiocyanates of cobalt(III) 
and chromium(III) acetylacetonates and the conver
sion of the chromium trissulfenyl chloride into the tris- 
thiocyanate derivative. The trifunctionality of the 
chromium sulienyl chloride made a study of its reactions 
difficult.

We have also studied the introduction of sulfur elec
trophiles into metal acetylacetonate chelate rings. 
Thus treatments of rhodium (III), cobalt(III), and 
chromium(III) acetylacetonates with thiocyanogen 
gives high yields of the tristhiocyanato chelates, K, L, 
and M. The diamagnetic rhodium and cobalt chelates 
show only one signal in their proton resonance spectra.
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CH-
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The infrared spectra of these chelates exhibit the antic
ipated nitrile peak at 2150 cm.-1, a single peak in the 
1500-1600-cm.-1 region (1555 cm.“ 1) and no absorption 
at 1195 cm.-1.

In a similar manner, arenesulfenyl chlorides were also 
found to substitute these chelate rings. No catalysis 
was required for these reactions. The aryl sulfide 
chelates N formed very stable 1:1 solvates with ben
zene, a common phenomenon in acetylacetonate 
chemistry.11'12'17 These sulfides were surprisingly re
sistant to oxidation and failed to react with 30% hy
drogen peroxide. Attempts to prepare a chelate sul
fone by treatment of rhodium(III) acetylacetonate 
with benzenesulfonyl chloride and aluminum chloride 
failed.
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c h 3\

H -C ( (
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In order to avoid the complications attending the 
reactions of trissulfenyl chlorides it seemed desirable to 
prepare a mono-functional chelate sulfenyl chloride. 
This was done by treating dichlorinated chromium 
acetylacetonate with sulfur dichloride. The dichloro 
chlorosulfenyl chelate, 0, was then allowed to react 
with cyanide ion to form the dichloro thiocyanato 
chelate P. In a similar way, reaction of the sulfenyl 
chloride with dry ethanol afforded ethyl sulfenate Q.
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Use of partially halogenated metal acetylacetonates 
to introduce only one reactive functional group into 
chelate rings and, therefore, avoid the complications of

(17) J. F, Steinbeck and J. H. Burns, J . A m . Chem. Soc., 80, 1839 (1958).

trifunctionality' deserves more comment. Although 
such a scheme is often necessary when one wishes to 
study the reactions of functional groups on chelate 
rings, unexpected complications may arise. The chloro 
groups in dichlorinated chromium acetylacetonate are 
subject to electrophilic cleavage from the chelate rings.18 
Thus the mixed-ring chelates may be contaminated and 
require tedious purification. Use of blocking groups 
such as nitro which cannot be cleaved by electrophiles 
results in strong deactivation of the remaining unsub
stituted ring.13 These problems currently are being 
studied in attempts to prepare linear polymers with a 
chelate ring backbone.

Experimental
All melting points were taken on a Kofler hot stage apparatus 

fitted with a polarizing microscope and are not corrected. In
frared spectra were recorded on a Perkin-Elmer Infracord fitted 
with sodium chloride optics and with a Perkin-Elmer Model 421 
double grating spectrophotometer. Nuclear magnetic resonance 
spectra were measured with a Varían A-60 spectrometer at 60 
Me. using tetramethylsilane as an internal standard. Chemical 
shifts are reported in r values and relative intensities are given in 
parentheses.

Acetylation of Tris(2,4-pentanediono)rhodium(ni) Using 
Acetic Anhydride and Boron Trifluoride.—To a stirred solution of 
rhodium(III) acetylacetonate19 (500mg., 1.25 mmoles)in 100 ml. 
of pure methylene chloride was added 770 mg. (7.5 mmoles, 0.71 
ml.) of freshly distilled acetic anhydride and 1.06 g. (7.5 mmoles, 
0.91 ml.) of freshly distilled boron trifluoride etherate. The 
reaction mixture was heated at reflux under nitrogen for 5 hr.

The reaction mixture was poured into 250 ml. of water and ice 
containing enough sodium carbonate to neutralize the acidic by
products and stirred rapidly. The separated methylene chloride 
phase was extracted twice more with small portions of pure 
water, dried with calcium chloride, and evaporated to yield a 
light yellow, amorphous powder.

The crude mixture of chelates was dissolved in benzene and 
purified by chromatography using a 12 X 1 in. column of Merck 
alumina and benzene as an eluent. Three bands were collected 
over a long period. The first band, which was recovered from the 
solvent by flash evaporation on a rotating Rinco evaporator and 
then recrystallized from benzene-heptane, weighed 250 mg., m.p. 
260-263°. An infrared spectrum and a mixture melting point 
showed this band to be recovered rhodium acetylacetonate, 
m.p. 260-261°; infrared (KBr), 1565, 1515, 1380, 1268, 1200, 
1020, 935 cm.-1; ultraviolet (ethanol), Amax 258 m/x (e 9040), 317 
(10,700); n.m.r. (CCh), 7.89 (6), 4.65 r  (1).

The second band afforded 105 mg. (19%) of pure (3-acetyl-
2,4-pentanediono )-bis( 2,4-pentanediono )rhodium( I I I ), m .p. 252- 
253°; infrared (KBr), 1675, 1550, 1360, 1265, 1240, 1200, 1060, 
1025, 935 cm.-1; ultraviolet (ethanol), Ama* 258 m/x (e 12,750), 
317 (10,200). The n.m.r. spectrum of this acetvlated chelate 
was consistent with the assigned structure: (CHC13), 7.85 (6), 
7.84 (6), 7.S2 (6 ), 7.55 (3), 4.46 (2) r ;  (CCh), 7.S9, 7.87, 7.85,
7.62, 4.63 r .

Anal. Caled, for C„H2a0 7Rh: C, 46.17; H, 5.24. Found: 
C, 46.32; H, 5.32.

The third band afforded 12 mg. of an intractable chelate. An 
infrared spectrum of this substance indicated a more intense un
coordinated carbonyl absorption than possessed by the mono- 
acetylated product.

An acetylation reaction attempted at the boiling point of 1,2- 
dichloroethane (83°) for 1 hr. resulted in major decomposition of 
the chelate system and less than 10% recovery of starting 
material. No acetylated products were detected.

Acetylation of Tris(2,4-pentanediono)rhodium(III) using Acetyl 
Chloride and Aluminum Chloride.—To a stirred suspension of 2.0 
g. (15 mmoles) of sublimed, anhydrous aluminum chloride in 50 
ml. of pure 1,2-dichloroethane under a nitrogen atmosphere was 
added 1.18 g. (15 mmoles, 1.07 ml.) of freshly distilled acetyl

(18) J . P . Collm an, W. L. Young, I I I ,  R . H . B arker, a n d  M . Y am ada, 
142nd N ational M eeting of American Chem ical Society, Organic Division, 
A tlan tic  C ity , N. J*, Septem ber, 1962; A bstract of papers, p. 40-Q.

(19) F . P . D w yer an d  A. M . Sargeson, J .  A m .  C f i e m .  S o c . ,  75, 984 (1953).
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chloride. The resulting solution was cooled to —20° with a 
methanol-ice bath. To this mixture was added over a 10-min. 
period a solution of 1.00 g. (2.5 mmoles) of rhodium(III) acetyl- 
acetonate in 20 ml. of 1,2-dichloroethane. The solution was 
stirred for an additional 20 min. during which time the tempera
ture rose to —15°. The reaction mixture was poured into 200 ml. 
of ice and water containing 15 ml. of concentrated hydrochloric 
acid and stirred vigorously. The aqueous layer became slightly 
yellow indicating some decomposition of the chelate system. The 
organic phase was extracted once more with water, dried over 
potassium carbonate, and filtered. The crude mixture of chelates 
was recovered by solvent evaporation.

Chromatographic purification of the crude product in the usual 
way afforded three chelates. The first band afforded 300 mg. of 
recovered rhodium acetylacetonate The second band yielded 350 
mg. of (3-acetyl-2,4-pentanediono)bis(2,4-pen tanediono)rhodium-
(III), m.p. 252-254°. The identity of this monoacetylation prod
uct was confirmed by comparing its infrared spectrum and nu
clear magnetic resonance spectrum with those of a sample of the 
material obtained previously.

The third band afforded 110 mg. of yellow crystals, m.p. 259- 
261 dec. The infrared spectrum, nuclear magnetic resonance 
spectrum, and elemental anatysis indicate that this compound is 
(2,4-pentanediono)bis(3-acetyl-2,4 pentanediono)rhodium(III), 
the diacetylated chelate: infrared (KBr), 1700, 1685, 1560, 
1520, 1420” 1350, 1275, 1240, 1200, 1055, 1020, 950, 925 cm .-1; 
ultraviolet (ethanol), XmajE 259 m/x (e 12,050), 317 (7360); n.m.r. 
(CHCh), 7.84 (6), 7.82 (6), 7.80 (6), 7.55 (6), 4.46 (1) r; (CCh),
7.86, 7.85, 7.80, 7.61, 4.63 r.

Anal. Calcd. for CiaNsOsRh: C, 47.12; H, 5.20. Found: 
C, 47.33; H, 5.23.

This reaction afforded a 33% recovery of starting material, a 
32% yield of monoacetylated product, and a 13% yield of di
acetylated product. Repetition of this experiment using acetyl 
chloride in place of 1,2-dichloroethane as solvent yielded 40% 
starting material, 18% monoacetyl, and 10% diacetyl chelate.

Butyrylation of Tris(2,4-pentanediono)rhodium(III).—Treat
ment of 1.0 g. of rhodium acetylacetonate with 2.0 g. of aluminum 
chloride and 1.6 g. of n-butyryl chloride in 75 ml. of 1,2-dichloro
ethane under the same conditions described before yielded 67% 
recovered starting material and 100 mg. (8.5%) of (3-butyryl-
2,4 - pentanediono)bis(2,4 - pentanediono)rhodium(III); m.p. 
185-187; infrared (KBr), 1680, 1560, 1520, 1370, 1270, 1205, 
1020, and 930 cm.-1; ultraviolet (ethanol), Xm„* 260 mji (e 8020), 
317 (6980); n.m.r. (CHC13), 9.05 triplet (3), multiplet, 8.70-8.15 
(2), 7.88 (6), 7.87 (6), 7.85 (6), 7.36 triplet (2), 4.47 (2) r.

.4nai. Calcd. for C19H27O7RI1: C, 48.52; H, 5.79. Found: 
C, 48.43; H,5.93.

An additional 10 mg. of an impure acylated chelate was ob
tained from the third band, but attempts to purify this crude 
product failed.

Benzoylation of Tris(2,4-pentanediono)rhodium(III).—Treat
ment of 1.0 g. of rhodium acetylacetonate with 2.00 g. of alumi
num chloride and 4.22 g. (30 mmoles, 3.5 ml.) of freshly distilled 
benzoyl chloride in 80 ml. of 1,2-dichloroethane under the same 
conditions for 1 hr. afforded 330 mg. (33%) of starting material, 
120 mg. of monobenzoylated chelate and 40 mg. of dibenzoylated 
chelate.

The monobenzoyl compound, (3-benzoyl-2,4-pentanediono)- 
bis(2 ,4-pentanediono)rhodium(III), 150 mg. (11%), m.p. 231- 
232°, was the second band eluted from the column with benzene. 
The spectral characteristics and elemental analysis of this com
pound confirm the assigned structure: infrared (KBr), 1660, 
1560, 1515, 1370, 1282, 1267, 1245, 1195, 1133, 892 cm .-1; 
ultraviolet (CHC13), Xma* 316 m/i (e 8550); n.m.r., 7.97 (6), 7.82
(6), 7.75 (6), 4.43 (2), 1.6,5-2.5 (5) r.

Anal. Calcd. for C22H250 7Rh: C, 52.39; H, 5.00. Found: 
C, 52.78; H, 5.00.

The dibenzoylated chelate, (2,4-pentanediono)bis(3-benzoyl-
2,4-pentanediono)rhodium(III), 40 mg. (4%), m.p. 205-208°, 
was removed from the column by extruding the third band and 
extracting with boiling benzene-methanol. The spectral charac
teristics and analyses of this chelate confirm the assigned struc
ture: infrared (KBr), 1660, 1555, 1515, 1360, 1280, 1245, 1133, 
and 890 cm.-1; ultraviolet (CHCh) j  Xmax 311 m/i(«5620); n.m.r. 
(CHCh), 7.94 (6), 7.86 (6), 7.72 (6), 4.5(1-4.40 (1), 1.65-3.65
( 1 0 )  r .

Anal. Calcd. for (8,(11 ■>:!). 1,1': C, 5/.24; H, 4.SO. Found: 
C, 57.60; H, 4.95.

Preparation of Triacetylmethane.—Ketene was generated from 
reagent acetone in a cracking apparatus20 and was passed for 3 
hr. into 200 g. of acetylacetone. The orange liquid was evapo
rated at 70° to an orange oil by a rotatory evaporator, then 
vacuum distilled at 27 mm. The third fraction (b.p. 108-112°) 
was redistilled at 30 mm. to give 105.9 g. (2S.5%) of a faintly 
yellow oil (b.p. 111-113°) which was shown to be pure by vapor 
phase chromatography and identified as triacetylmethane by its 
physical properties, infrared spectrum, and chelation with cop- 
per(II) acetate.

Preparation of Bis(3-acetyl-2,4-pentanediono)copper(II).—To
2 ml. of triacetylmethane in 1 ml. of ethanol was added 4 ml. of 
saturated copper(II) acetate solution. The solution turned im
mediately dark blue. After stirring at room temperature for 25 
min., small crystals of blue bis(3-acetyl-2,4-pentanediono)- 
copper(II) were obtained. Yield: 0.35 g., m.p. 207-207.5°; 
infrared (KBr), 1685, 1582, 1450, 1400, 1350, 1239, 1055 cm.“1.

Anal. Calcd. for Ci,H]s06Cu: C, 48.66; H, 5.25. Found: 
C, 48.44; H, 5.55.

Preparation of Tris(3-acetyl-2,4-pentanediono)chromium(III) 
from Triacetylmethane. A.—An intimate mixture of 0.5 g. of 
anhydrous chromium trichloride and 0.5 g. of zinc dust was added 
to 5 ml. of dunethylformamide. An exothermic reaction ensued 
and a green solution was formed. To this solution was added 8 
ml. (8.6 g., 60 mmoles) of triacetylmethane, 3.16 g. (20 mmoles 
of anhydrous chromium(III) chloride, and 0.3 g. of zinc dust. 
To the green mixture was added dropwise 8.3 ml. (6.0 g., 60 
mmoles) of tristhylamine. The exothermic reaction was kept 
at about 60° by stirring the mixture through an external water 
bath. The purple mixture was stirred for an additional 1.5 hr. 
and then poured into 300 ml. of water. The purple precipitate 
was collected on a filter, washed with water, sucked dry, and 
then dissolved in methylene chloride and filtered. The organic 
phase was dried over magnesium sulfate and evaporated to a 
purple solid. Recrystallization from benzene-heptane afforded 
purple crystals, m.p. 195-197°, 5.87 g. The mother liquor 
afforded an additional 0.47 g.; total yield 6.34 g. (66.7%,). An
other recrystallization afforded an analytical sample, m.p. 197— 
198°. A test chromatographic column showed only a single 
chelate. The infrared spectrum and elemental analyses indi
cated that the product was pure tris(3-acetyl-2,4-pentanediono)- 
chromium(III); infrared (KBr), 1687, 1560, 1450, 1420, 1360, 
1242, 1055 cm.“1.

Anal. Calcd. for C^H^OsCr: C, 53.05; H, 5.69. Found: 
C, 53.28; H, 5.88.

B. —To a stirred suspension of 0.83 g. of chromium(III) ace
tate hydrate in 10 ml. of dimethylacetamide was added 1.42 g. of 
triacetylmethane. The mixture was heated to 80° or 16 hr. and 
then combined with 50 ml. of water. The resulting solution was 
extracted with two 50-ml. portions of chloroform. The chloro
form extracts were combined, washed with two 100-ml. portions 
of water, and then dried over calcium sulfate. The solvent was 
removed and the purple oil was crystallized from ethanol. Two 
recrystallizations from ethanol yielded 0.14 g. (8 .6%) of the 
triacetvlated chromium(III) chelate as a purple powder, m.p. 
197-199°. The infrared spectrum of this chelate indicated the 
presence of a small amount of unsubstituted chelate rings.

C. —To a solution of 0.37 g. of tris(tetrahydrofuran)trichloro- 
chromium(III) and 0.43 g. of triacetylmethane in 25 ml. of 1:1 
acetone-water was added 0.3 g. of triethylamine. The mixture 
was stirred for an hour and the resulting purple solution was 
then extracted with 20 ml. of methylene chloride. The solution 
was dried, the solvent removed, and the purple residue crystallized 
from benzene-heptane. The resulting powder was further puri
fied by chromatography on alumina. The yield of triacetylated 
chromium(III) acetylacetonate was 0.19 g. (25%), m.p. 196- 
198°. The infrared spectrum of this product indicated the pres
ence of a small amount of unsubstituted chelate rings.

Acetylation of Chromium(III) Acetylacetonate.—To a solution 
of 10 g. of chromium acetylacetonate and 10.5 g. of freshly dis
tilled acetic anhydride in 50 ml. of anhydrous methylene chloride 
under nitrogen was added 10 ml. of pure boronitrifluoride ether- 
ate. The deep purple solution was stirred at room temperature 
for 30 min. and then shaken vigorously with cold aqueous potas
sium acetate. The organic phase was dried, filtered, and the 
solvent removed. The purple oil was poured into ethanol, and 
the resulting violet crystals were collected and then recrystallized 
from ethanol. The crude purple powder, 5.7 g. (52%), melted at

(20) J. W. Williams and C. D. Hurd, J . Org. Chem., 5, 122 (1940).
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192-194°. Two more recrystallizations from ethanol afforded an 
analytical sample of tris(3-acetyl-2,4-pentanediono)chromium-
(III), m.p. 198-200°. The infrared spectrum of this sample 
indicated a small amount of partially acetylated chelate was 
present.

Anal. Calcd. for C2iH2-03Cr: C, 53.05; H, 5.69. Found: 
C, 53.03; H, 6.10.

Acetylation of Cobalt(III) Acetylacetonate.—To a solution of 
10 g. of cobalt(III) acetylacetonate and 10.5 g. of acetic anhy
dride in 50 ml. of anhydrous methylene chloride was added 10 ml. 
of freshly distilled boron trifluoride etherate. The deep green 
solution was stirred for 30 min. and then decomposed with cold 
potassium acetate solution. The organic phase was separated, 
dried, and evaporated to dryness. The crude green powder was 
taken up in benzene and purified by chromatography on a 52 X 6 
cm. column of alumina. Elution was begun with benzene and 
completed with methylene chloride-benzene. Four green bands 
were collected and each crystalline product was recrystallized 
from ethanol.

The first band afforded 0.15 g. of cobalt(III) acetylacetonate, 
identified by mixture melting point with an authentic sample and 
its infrared spectrum.

The second band yielded 0.57 g. of (3-acetyl-2,4-pentane- 
diono)bis(2,4-pentanediono)cobalt(III), m.p. 185-186°; in
frared (KBr), 1675, 1565, 1517, 1370, 1279, 1245, 1191, and 1057 
cm.-1. The proton magnetic resonance spectrum of the mono- 
acetylated chelate showed signals at 8.08 (6), 8.06 (6), 8.02 (3),
7.91 (6), and 4.20 (2) r  in benzene.

Anal. Calcd. for CnH^CbCo: C, 51.27; H, 5.78. Found: 
C, 51.26; H, 5.83.

The third band afforded 0.68 g. of (2,4-pentanediono)bis(3- 
acetyl-2,4-pentanediono)cobalt(III), m.p. 184-185°. A mixture 
melting point with the monoacetylated chelate was 180-182°. 
The infrared and n.m.r. spectra and elemental analysis confirmed 
the structure of the diacetylated chelate: infrared (KBr), 1678, 
1560, 1518, 1390, 1360, 1241, 1191, and 1057 cm.-1; n.m.r.,
8.09 (6), 8.03 (6), 7.94 (6), 7.92 (6), and 4.70 (1) r  in benzene.

Anal. Calcd. for CMFsOsCo: C, 51.83; H, 5.68. Found: 
C, 51.44; H, 5.75.

The fourth band yielded only an oily green solid. This chelate 
was further purified by chromatography on Florisil, using methyl
ene chloride-2-propanol as an eluent. Recrystallization from 
ethanol gave 0.08 g. of tris(3-acetyl-2,4-pentanediono)cobalt(III) 
as green needles, m.p. 169-170°; infrared (KBr), 1689, 1561, 
1311,1246, and 1059 cm.-1, no 1191-cm.-1 band; n.m.r., 8.04(1) 
and 7.98 (2) r in benzene.

Anal. Calcd. for C2iH2709Co: C, 52.28; H, 5.64. Found: 
C, 52.27; H, 5.92.

Preparation of Tris(3-acetyl-2,4-pentanediono)cobalt(III) by 
Chelation of Triacetylmethane: A. With Cobaltous Carbonate and 
Hydrogen Peroxide.—To a suspension of 0.50 g. of cobaltous car
bonate in 3.58 g. of triacetylmethane was added slowly with 
vigorous stirring 12 ml. of 10% hydrogen peroxide. After stirring 
20 min. at 50°, the green solution was diluted with 100 ml. of 
water and extracted with three 35-ml. portions of chloroform. 
The extracts wrere combined and dried over anhydrous magne
sium sulfate. Upon removal of the solvent, a green oil resulted 
which was purified by chromatography on alumina. Three green 
bands were separated, collected, and crystallized from benzene- 
heptane. The first band (0.245 g.) was identical in melting point 
and infrared spectrum to (3-acetyI-2,4-pentanediono)bis-(2,4- 
pentanediono)cobalt(III). The infrared spectrum and melting 
point identified the solid from the second band (0.265 g.) as (2,4- 
pentanediono )bis(3-acetyl-2,4-pen tanediono )cobalt( I I I ). The
third band gave a modest yield (0.165 g.) of a compound identical 
in melting point to tris(3-acetyl-2,4-pentanediono)cobalt(III). 
The infrared spectrum of this compound, however, revealed the 
presence of a slight impurity of the diacetylated chelate. Further 
purification of this band by alumina chromatography gave pure 
tris(3-acetyl-2,4-pentanediono)cobalt,(III), m.p. 169-170°.

B. With Sodium Tricarbonatocobalt(III) 3-Hydrate.—To a 
suspension of 0.89 g. of sodium tricarbonatocobalt(III) tri
hydrate in 10 ml. of 1:1 acetone-water was added with stirring 
at 50° 1.56 g. of triacetylmethane. After 45 min., the black- 
green suspension was extracted with two 25-ml. portions of chloro
form. The green extract was washed with 50 ml. of water, 
dried over anhydrous magnesium sulfate, and evaporated to a 
bright green oil. The oil upon crystallization from benzene- 
heptane gave 0.18 g. (11.4%) of crude tris(3-acetyl-2,4-pentane- 
diono)cobalt(III). Purification of this material by Florisil

chromatography afforded 0.10 g. of pure tris(3-acet,yl-2,4-pen- 
tanediono)cobalt(III) identical in melting point and infrared spec
trum to an authentic sample obtained from the Friedel-Crafts 
acetylation. The chromatography also revealed traces of rnono- 
and diacetylated cobalt(III) acetylacetonates.

Treatment of Chromium(III) and Cobalt(III) Acetylacetonates 
with Ketene. Into a solution of 5.0 g. of chromium acetylaceto
nate in a solution of 50 ml. of xylene, 25 ml. of toluene, and 25 ml. of 
benzene was bubbled through a vigorous stream of gaseous ketene 
for 2 hr. The chelate was recovered by evaporation of the 
solvent and chromatography in the usual manner. A mixture 
melting point of this product with an authentic sample of chro- 
mium(III) acetylacetonate was not depressed. Only the starting 
material was detected in the work-up. A similar experiment using 
cobalt(III) acetylacetonate also yielded only the starting ma
terial.

Treatment of Rhodium(III) Acetylacetonate with Diphenyl- 
carbamyl Chloride.—To a stirred suspension of 533 mg. (4 
mmoles) of anhydrous aluminum chloride in 35 ml. of diehloro- 
ethane was added 928 mg. of diphenylcarbamyl chloride. The 
resulting suspension was cooled to 0°. To this mixture was added 
dropwise 400 mg. of rhodium acetylacetonate in 15 ml. of di- 
chloroethane. The reaction was allowed to stir for 1 hr. at room 
temperature. The usual work-up afforded 365 mg. of recovered 
rhodium acetylacetonate.

A similar experiment with ethyl chlorocarbonate gave the same 
results.

Treatment of Tris(3-phenylthio-2,4-pentanediono)rhodium(III) 
with Hydrogen Peroxide.—A solution of 100 mg. of the sulfide 
chelate, 20 ml. of acetic acid, and 10 ml. of 30% hydrogen per
oxide was stirred at room temperature for 30 min. The usual 
work-up afforded only the starting material. A repetition of 
this experiment at a higher reaction temperature resulted in 
nearly total decomposition of t-he chelate system; however, the 
recovered chelate had not been oxidized.

Treatment of Rhodium(III) Acetylacetonate with Benzyl 
Chloride under Friedel-Crafts Conditions.—To a stirred mix
ture of 800 mg. (6 mmoles) of anhydrous aluminum chloride and 
400 mg. (1 mmole) of rhodium acetylacetonate in 50 ml. of 1,2- 
dichloroethane was added dropwise 840 mg. (6 mmoles) of 
freshly distilled benzyl chloride in 10 ml. of 1,2-dichloroethane. 
The mixture was stirred under nitrogen for 30 min. and then 
decomposed with dilute hydrochloric acid and worked up in the 
usual manner. The starting material was recovered in high 
yield. Little decomposition was noticed and no other chelates 
were detected—even by chromatography.

Similar experiments with boron trifluoride etherate and varying 
conditions gave the same result.

Tris(3-thiocyanato-2,4-pentanediono)chromium(III).—Lead 
thiocyanate was prepared by dropwise addition of an aqueous 
solution of sodium thiocyanate to a rapidly stirred solution of lead 
nitrate. The insoluble salt was collected by suction filtration and 
washed several times with ice-water and finally with anhydrous 
ether. The salt was stored in a vacuum desiccator over phospho
rus pentoxide in the dark.

Thiocyanogen was prepared by dropwise addition of a solution 
of 10.5 g. (0.066 mole, 3.37 ml.) of bromine in 20 ml. of 1,2- 
dichloroethane to a vigorously stirred suspension of 21.4 g. 
(0.066 mole) of anhydrous lead thiocyanate in 80 ml. of 1,2- 
dichloroethane cooled to —15°. The red bromine color was 
allowed to disappear before each successive addition of bromine. 
The mixture of thiocyanogen and lead bromide was stirred for 
5 min. after the bromine, addition was completed.

The solid lead bromide was allowed to settle and the colorless 
thiocyanogen solution was filtered into a stirred solution of 7.0 g. 
(0.02 mole) of chromium(III) acetylacetonate in 50 ml. of 1,2- 
dichloroethane cooled to —15°. The mixture was stirred for 2 
hr. at —15° and then allowed to come to room temperature and 
react for an additional hour. The reaction mixture was ex
tracted two times wuth water. The organic phase was dried with 
calcium chloride, filtered, and evaporated to dryness. The red 
powder was recrystallized from 95% ethanol to yield 7.85 g. of 
pure tris(3-thiocyanato-2,4-pentanediono)chromium(III), m.p. 
191-192°; a second crop of 2.10 g., m.p. 190-192°, was obtained 
by concentration of the mother liquor. The total yield was 9.95 
g. (95.6%); infrared (KBr), 2150, 1555, 1405, 1360, 1330, 
1175, 1060, and 1025 cm.-1.

Anal. Calcd. for CisHigCLNsSsCr: C, 41.53; H, 3.49; 
N, 8.07; S, 18.48. Found: C, 41.56; H, 3.56; N, 7.78; 
S, 17.81.
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Tris(3-thiocyanato-2,4-pentanediono)cobalt(III).—Under the 
same conditions used for the analogous chromium complex the 
green crystalline tris(3-thiocyanato-2,4-pentanediono)cobalt(III) 
was formed in 76% yield, m.p. 166-167° dec.; infrared (KBr), 
same as chromium complex; ultraviolet (CHC13), Xmax 300 npi 
(e 13,750); n.m.r. (CCh), 7.30 r.

Anal. Calcd. for CiSHis06N3S3Co: C, 40.98; H, 3.44; N, 
7.97; S, 18.24. Found: C, 40.34; H, 3.92; N, 7.98; S,
18.43.

Tris(3-thiocyanato-2,4-pentanediono )rhodium(III).—Under 
the same conditions used for the analogous chromium complex 
the yellow crystalline trithiocyanatorhodium chelate was prepared 
in 98%, yield, m.p. 214-215°; infrared (KBr), 2150, 1550, 1365, 
1331, 1055, 1025, 918 cm.-1; ultraviolet (CHCb), Xmax 310 m/* 
(t 65,500); n.m.r. (CHCU), 7.30 r.

Anal. Calcd. for C18HI80 6N3S3Rh: C, 37.90; H, 3.18; N, 
7.35. Found: C, 37.74; H, 3.42; N, 7.83, 7.06.

Tris(3-phenylthio-2,4-pentanediono)chromium(ni).—To a 
stirred solution of 3.40 g. (0.01 mole) of chromium(III) acetyl- 
acetonate in 50 ml. of 1,2-dichloroethane was added drop wise a 
solution of 5.8 g. (0.04 mole) of freshly prepared benzenesulfenyl 
chloride in 25 ml. of 1,2-dichloroethane. The temperature 
quickly rose to 40° and local boiling was observed. The reaction 
was stirred at room temperature for 30 min. The mixture was 
extracted with dilute aqueous sodium carbonate. The green 
aqueous layer indicated some decomposition had taken place. 
The organic layer was separated, dried over potassium carbonate, 
filtered, and evaporated to dryness. The grey-purple, amor
phous residue was reerj'stallized from 80% ethanol to yield 2.0 
g. (32.7%) of crystalline tris(3-phenylthio-2,4-pentanediono)- 
chromium(III), m.p. 90-100°. An analytical sample was 
prepared by two more recrystallizations from ethanol-water,
m. p. 104—105°; infrared (KBr), 1550, 1470, 1410, 1360, 1330, 
1070, 1025 , 920 cm.-1; ultraviolet (CHCh), X,nax 326 upt (e 
14,400).

Anal. Calcd. for C33H330 6S3Cr: C, 58.82; H, 4.94; S,
14.27. Found: C, 58.57; H, 5.21; S, 13.14.

Tris(3-o-nitrophenylthio-2,4-pentanediono )cobalt( III).—To a 
stirred solution of 3.51 g. (0.01 mole) of cobalt acetylacetonate in 
50 ml. of 1,2-dichloroethane cooled to 0° was added dropwise a 
solution of 7.55 g. (0.04 mole) of o-nitrobenzenesulfenyl chloride 
in 50 ml. of 1,2-dichloroethane at such a rate that the tempera- 
rure did not rise above 5°. The mixture was stirred for an addi
tional 30 min. at 0-5°.

The organic phase was extracted four times with water. The 
fourth aqueous wash was neutral to litmus. The organic phase 
was dried over potassium carbonate, filtered, and evaporated to a 
dark, viscous oil. The oil was taken up in hot benzene, treated 
with activated charcoal, filtered, and then diluted with an equal 
volume of hot heptane. Slow cooling of this solution afforded 
brown crystals which were collected and air dried. The first 
crop weighed 6.20 g., m.p. 211-212° dec., and a second crop of
1.0 g. was obtained by concentrating the mother liquor (total 
vield 80.7% calculated for benzene solvate); infrared (KBr), 
1590, 1565, 1550, 1515, 1410, 1360, 1335, 1300, 1100, 1072, 
1038 , 845 cm.-1; ultraviolet (CHC13), Xmax 370 m/x (e 23,700);
n. m.r. (CCh), 7.46 (18), 2.71 (18) r (broad). The infrared 
n.m.r. and elemental analysis of this substance indicate that it is 
a monobenzene solvate. I t  is remarkable that treatment at 100° 
and 0.1 mm. for 24 hr. failed to remove the benzene.

Anal. Calcd. for C33H3oOi2N3S3Co*C6H6: C, 52.50; H,
4.06; N, 4.70. Found: C, 51.71; H, 4.06; N, 4.85.

T ris( 3-o-nitrophenylthio-2,4-pentanediono )chromium( III).—
Under the same conditions as the cobalt analog this chromium 
chelate was prepared in 80% yield, m.p. 251-252°. Again the 
spectral properties and elemental analysis indicate a monobenzene 
solvate; infrared (KBr), 1583, 1565, 1550, 1512, 1410, 1360, 
1445, 1300, 1240, 1070, 1035, 1015, 915, 845 cm.-1; ultraviolet 
(CHCh), Xmax 367 mM (e 21,300).

Anal. Caled. for C33H30O12N3S3Cr-C6H6: C, 52.81; H,
4.09; N. 4.74; S, 10.84. Found: C, 51.92, 52.73; H, 4.10, 
4.17; N, 4.74, 5.09; S, 10.29.

Tris( 3-o-nitrophenylthio-2,4-pentanediono )rhodium( III).—In 
a manner similar to that described before the rhodium thioether 
was prepared in 70%, yield, m.p. 261-263°; infrared (KBr), 
1588, 1565, 1540, 1515, 1450, 1410, 1360, 1335, 1300, 1245, 
1100, 1065, 1035, 915, 845 cm.-1; ultraviolet (CHCh), Xmsx 
268 mM (f 16,500), 369 (14,300); n.m.r. (CCh), 7.46, 2.71 r 
(broad). Again the thioether was a very stable monobenzene 
solvate.

Anal. Cried, for C3r,H3oOi2N3S3Rh.C6H6: C, 49.95; H, 
3.87; N, 4.48. Found: C, 50.39; H, 4.02; N, 4.55.

Reaction of Sulfur Dichloride with Dichlorinated Chromium- 
(III) Acetylacetonate.—To a suspension of 6.0 g. (14.3 mmoles) 
of (2,4- pentanediono )bis(3-chloro-2,4 - pentaned iono )chromium-
(III) in 50 ml. of pure pentane was added 3.2 ml. (49 mmoles) 
of freshly distilled sulfur dichloride. The mixture was stirred 
for 12 hr., and then the solid product was collected and washed 
several times with pure pentane. Recrystallization from ben
zene-heptane afforded 4.5 g. of (3-chlorothio-2,4-pentanediono)- 
bis(3-chloro-2,4-pentanediono)chromium(III), tan crystals, m.p. 
153, 153.5°; infrared (KBr), 1550, 1450, 1410, 1360,'1335, 1290, 
1040, 1020, 980, 920, and 705 cm.-1.

Anal. Calci. for C,.-,H„Ch06SCr: C, 37.20; H, 3.72; S, 
6.62; Cl, 22.0C. Found: C, 37.74; H, 3.75; S, 6.29; Cl, 21.72.

Treatment of Chelate Sulfenyl Chloride with Cyanide.—To a 
solution of 1.0C g. (2 mmoles) of (3-ehlorothio-2,4-pentanediono)- 
bis(3-chloro-2,4-pentanediono)chromium(III) in 20 ml. of ben
zene was added 0.26 g. (4 mmoles) of potassium cyanide and the 
mixture was stirred for 1 hr. The mixture was filtered and the 
filtrate was evaporated. The brown powder was taken up in 
benzene and purified by chromatography on Florisil (deac
tivated by addition of 10% water). The first band was 
collected, the solvent evaporated, and the product recrystallized 
from benzene-heptane, 405 mg., tan needles, m.p. 198-199°. 
The infrared spectrum was almost identical with that of the 
starting material.

Anal. Calcd. for C16H,8Cl20 6NSCr: C, 40.43; H, 3.81; 
N, 2.94; S, 6.74; Cl, 14.91. Found: C, 40.21; H, 3.99; N, 
2.69; S, 6.46; Cl, 14.60.

Reaction of Chelate Sulfenyl Chloride with Ethanol.—To a
solution of 1.00 g. (2 mmoles) of (3-chlorothio-2,4-pentanediono)- 
bis(3-chloro-2,4-pentanediono)chromium in 20 ml. of benzene 
was added 0.184 g. (4 mmoles) of absolute ethanol and 0.216 g. 
(2 mmoles) of triet.hvlamine. The solution was stirred for 1.5 
hr., filtered, and the solvent was removed. The residue was 
purified by chromatography on Florisil (deactivated by 10%, 
water) using benzene as the eluent. The first band afforded 
(3 -ethoxysulfenyl -2,4 -pentanediono )bis( 3 -chloro -2,4- pentanedi- 
iono)chromiumiIII) after recrystallization from benzene-hep
tane, m.p. 245-246°, 56 mg.; infrared (KBr), 1550, 1480, 1440, 
1375, 1355, 1320, 1160, 1075, 1050, 1025, 925, 690 cm.-1.

Anal. Calcd. for C„H23Cl20,SCr: C, 41.30; H, 4.69; S, 
6.48; Cl, 14.34. Found: C, 41.26; H, 4.19; S, 6.49; Cl, 15.11
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The acetolysis of arenesulfonates of both are2f-3-oxabicyelo[3.3.1]nonan-9-ol and fran,'-6-hydroxy-«s-3-oxa- 
bicyclo [4.3.0]nonane gives the same products although in different yields. The acetates of the parent alcohols 
are formed in the same ratio in both cases. I t is suggested that the formation of the bicyclic alcohols, 1 and 2, in the 
Prins reaction of cyclohexene and the solvolysis of their arenesulfonates proceeds by way of the nonclassical 
bridged ion A.

A recent study of the saponification products from 
the sulfuric acid-catalyzed reaction of cyclohexene and 
formaldehyde in acetic acid solution revealed the 
presence of a previously unreported compound, trans-
6-hydroxy-ds-3-oxabicyclo[4.3.0]nonane.2 I t was sug
gested2 that both this new alcohol and a previously re
ported isomer, adi-3-oxbicyclo[3.3.1]nonan-9-ol,3 are 
formed from a single carbonium ion intermediate, 
A, derived from 3-hydroxymethylcyclohexene via 
the hemiformal. It was established earlier that the 
acetate of 3-hydroxymethylcyclohexene is among the 
products of the Prins reaction of cyclohexene.3

CHoOH CH20 -C H jOH

( ^ j )  + CFLO —

H+

1. R = H 2. R = H
la. R = Ac 2a. R = Ac

Blomquist and Wolinsky3 have offered a mechanism 
for the formation of the acetate of an/f-3-oxabicyelo-
[3.3.1]nonan-9-ol involving a four-membered oxonium 
ion derived from the hemiformal of 3-hydroxymethyl
cyclohexene.

la

Since both mechanisms assume that the bicyclic ace
tates, la  and 2a, are formed from 3-hydroxymethyl
cyclohexene, we first examined the reaction of 3-hy
droxymethylcyclohexene under the conditions of the 
Prins reaction used in previous studies.2 3 The acetate 
of 3-oxabicyclo [3.3.1 ]nonan-9-ol, la, was obtained 
in 22% yield, the acetate of ¿rans-6-hydroxy-ds-3- 
bicyclo [4.3.0]nonane was obtained in 8% yield and the 
bicyclic olefin, ds-3-oxabicyclo [1.3.0 ]-6-nonene, was

(1) Supported by  the  Petroleum  Research F und of the  American Chem ical 
Society, g ran t no. 915-A4.

(2) L. J .  Dolby, J .  O r g .  C k e m . ,  27, 2971 (1962).
(3) A. T. B lom quist and  J . W olinsky, J .  A m .  C h e m .  S o c . ,  79, 6025 (1957).

isolated in 40% yield. In addition, there was formed a 
quantity of unidentified high boiling material. The 
yields were determined by vapor phase chromatography 
of the distilled reaction products and the compounds 
were identified by comparison of their retention times 
and infrared spectra with those of authentic samples. 
A portion of the products was saponified and the al
cohols were identified similarly by vapor phase chroma
tography and infrared spectroscopy. This evidence 
provides firm support for the assumption that the bi
cyclic acetates, la and 2a, arise from 3-hydroxymethyl
cyclohexene.

We have undertaken an investigation of the acetolysis 
of arenesulfonates of 3-oxabicyclo [3.3. l]nonan-9-ol 
and ¿raras-6-hydroxy-ds-3-oxabicyclo[4.3.0]nonane to 
obtain evidence regarding the mechanism of their forma
tion in the Prins reaction. It was anticipated that the 
solvolysis would proceed through the intermediate or 
intermediates involved in their formation and this would 
be discernible in the nature and distribution of the 
solvolysis products. The results of the solvolysis 
studies are summarized in Table I. The values in 
parenthesis refer to the corresponding alcohols in the 
case of the substitution products. The discrepancies 
in the analyses before and after saponification are un
doubtedly caused by the difficulty of extracting the 
alcohols from aqueous solution.

The products from the solvolyses were examined by 
vapor phase chromatography and infrared spectros
copy. A control experiment indicated that the ace
tate-olefin mixture was stable under the reaction condi
tions but some of the olefin was lost in the isolation 
procedure. The reproducibility of the vapor phase 
chromatographic analysis was about ±2%. We did 
not find conditions for separating the cis- and trans-6- 
hydroxy-ds-3-oxabicyclo[4.3.0]nonanes (2a and 3a) 
or their acetates by vapor phase chromatography. 
The analysis was carried out for both the acetates and 
the alcohols by comparing the infrared spectra of the 
mixtures isolated by vapor phase chromatography 
with mixtures of known composition. In all cases the 
infrared spectra of the product ani¿-3-oxabicyclo [3.3.1 ]- 
nonan-9-ol and its acetate were identical with those of 
authentic samples. The adf-3-oxabicyclo [3.3.1 [no- 
nan-9-ol and inms-6-hydroxy-ds-3-oxabicyclo [4.3.0 ]- 
nonane (containing ca. 10% of the all ds-isomer) ob
tained from the solvolysis of the tosylate of anti-3- 
oxabicyclo [3.3.1 ]nonan-9-ol were characterized as crys
talline derivatives identical in all respect with authen
tic samples. The acetolysis of arenesulfonates of both 
alcohols produced some unidentified material with the 
longest retention time on vapor phase chromatography.
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T a b l e  I
P r o d u c t s  o f  A c e t o l y s i s ,‘ o f  A r e n e s u l f o n a t e s  o f  r w î i - 3 - O x a b i c y c l o [ 3 . 3 . 1 ] n o n a n ' - 9 - o l  a n d  ¿ r a n s - 6 - H Y D R o x Y - c z s - 3 - o x A B ic Y C L o -

[4.3.0] N O N A N E

anii-9-Acetoxy-3- frons-6-Acetoxy- cîs-6-Acetoxy-
ciis-3-Oxabicyclo- oxabicyelo [3.3.1 ]- cî's-3-oxabicyclo- cîs-3-oxabicyclo-
[4.3.0 ]-6-nonene,& nonane, la , [4.3.0]nonane, 2a, [4.3.0]nonane, 3a. Unidentified,

A renesulfonate % % % % %
Tosylate of 1 53 20 20 2 5

(71) (14) (12) (i) (2)
p-Nitrobenzenesulfonate of 1 55 17 19 2 8
p-Nitrobenzenesulfonate of 2C 43 11 12 18 16

(70) (8) (7) (10) (6)
“ All solvolyses were carried out in 0.2 M  sodium acetate in reagent grade acetic acid at about 100°. ” The olefin was contaminated 

with small amounts of materials (<o%) with almost identical retention times on vapor phase chromatography. c A second small-scale 
run gave a similar product distribution except that there was less unidentified material found.

The infrared spectrum of this material suggests a sat
urated acetate structure.

A sample of a's-3-oxabicyclo [4.3.0 ]-6-iionene was 
prepared by the phosphoric acid-catalyzed dehydration 
of 3-oxabicyclo[3.3.1 ]nonan-9-ol (1). The physical 
properties of the olefin prepared in the present investiga
tion are in good agreement with those of the material 
isolated previously from the Prins reaction of cyclo
hexene.3 Additional evidence for the position of the 
double bond was obtained from the proton magnetic 
resonance spectrum.4 The spectrum shows three areas 
of absorption: peaks in the region 3.3-4.3 r values cor
responding to two protons, peaks in the region of 5.4-
6.4 r values corresponding to four protons, and peaks 
in the range of 6.7-8.2 r values corresponding to six 
protons. The spectrum was not analyzed in detail, 
but the absorption at 3.3-4.3 r provides good evidence 
for two vinyl protons consistent with the m-3-oxabi- 
cyclo[4.3.0]-6-nonene structure. The peaks at 5.4-
6.4 r are ascribed to protons adjacent to the oxygen of 
the tetrahydrofuran ring.6

Interestingly, the acid-catalyzed dehydration of the
3-oxabicyclo [3.3.1 ]nonan-9-ol produced some formal
dehyde, isolated as the 2,4-dinitrophenylhydrazone. 
The formaldehyde probably is liberated by essentially 
the reverse of the reaction leading to the formation of 
the bicyclic alcohol.

The product distributions from the acetolyses of the 
arensulfonates of the isomeric alcohols lead us to propose 
the following reaction scheme.

X = Arenesulfonate
(4) The proton m agnetic resonance spectrum  was determ ined in  carbon 

te trachloride solution with a V arian HR-60 operating  a t  60 me.
(5) L. M. Jackm an, “ Applications of N uclear M agnetic Resonance 

Spectroscopy in Organic C hem istry ,” Pergam on Press, New York, N . Y., 
1959, p. 55.

The product studies indicate that the 6-acetoxy-ds-
3-oxabicyclo [4.3.0 [nonane obtained from the solvolysis 
of the p-nbrobenzenesulfonate of ircms-6-hydroxy-m-
3-oxabicyclo [4.3.0[nonane contains about 60% of the 
all cis isomer, the product of normal solvolysis with 
inversion. The relatively large fraction (40%) of 
retention of configuration in this material is not the 
result of a normal solvolysis. For example, the sub
stitution products from the methanolysis of irans-2- 
methyIcyclchexyl tosylate show 86% inversion, 8% 
retention of configuration, and 6% rearrangement 
p roduc t , 1 -methyl-1 -methoxy cyclohexane.6

It is interesting that acetolysis of arenesulfonates of 
an/z-8-oxabieyclo- [3.3.1 ]nonan-9-ol also produces some 
c'zs-0-acetoxy-cùs‘-3-oxabicyclo [4.3.0 ]nonane. We sug
gest that this product arises by isomerization of the 
arenesulfonate of the «n/z-3-oxabicyclo [3.3.1 ]nonan-9-ol 
via the bridged ion A to the 3-oxabicyclo [4.3.0[nonane 
arenesulfonate followed by normal solvolysis. I t is 
not clear whether the olefin is formed from the bridged 
ion A or a normal solvolytic pathway.

It is significant that the same products are formed 
from arenesulfonates of both bicyclic alcohols, 1 and 2. 
However, the most important piece of evidence for the 
intervention of the common intermediate, A, is that the 
acetates of retained configuration, la and 2a, were 
formed in tne same ratio, within experimental error, 
in both cases.

It should be pointed out that the results can be ac
commodated by replacing intermediate A with a pair of 
rapidly equilibrating classical carbonium ions.

Either hypothesis readily accounts for the formation 
of the same products from arenesulfonates of both al
cohols and is consistent with the large fraction of re
tention of configuration found in both cases.

Experimental7
The Sulfuric Acid-Catalyzed Reaction of 3-Hydroxymethyl- 

cyclohexene and Formaldehyde in Acetic Acid Solution.8—
(6) W . H ückel. R . Bross, O. Fechtig , H . Fe ltkam p, S. Geiger, M. H anack, 

M . Heinzel, A. H ubele, J. K urz, M. M aier, D. M aucher, G. N äher, R . Neid- 
lein, and R . B. R ashingkar, A n n . ,  624, 208 (1959).

(7) All m elting po in ts and  boiling points are uncorrected; distillations 
were carried  o u t using a 65-cm. modified Podbielniak tan ta lu m  spiral column. 
M icroanalyses are by  Pascher and  Pascher M icroanalytical L aboratory , 
Bonn, G erm any. In fra red  spectra  were determ ined w ith a  Beckm an IR -7  
infrared  spectrophotom eter.

(8) The au tho rs  a re  indebted  to M r. D avid R. R osencrantz for carry ing  
ou t th is reaction.
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To a stirred solution of 1.83 g. of paraformaldehyde, 5 ml. of 
glacial acetic acid, and 1 drop of concentrated sulfuric acid at 50° 
was added slowly a solution of 5.0 g. of 3-hydroxymethylcyclo- 
hexanol and 5 ml. of acetic acid. The resulting solution was 
heated at 70° for 2 hr. with stirring. The reaction mixture was 
diluted with water, neutralized with sodium carbonate, and 
extracted with chloroform. Fractional distillation of the product 
afforded 6.11 g. of material collected in three fractions. The 
first fraction, 2.20 g. (c a . 40%), b.p. 50-83° (13 mm.), n 25D 
1.4675, was predominantly as-3-oxabicyclo[4.3.0]-6-nonene, 
identified from its retention time on vapor phase chromatography 
and the infrared spectrum of a sample purified by vapor phase 
chromatography. The second fraction, 2.45 g., b.p. 98-125° 
(13 mm.), n26D 1.4850, was found by vapor phase chromatography 
and infrared spectroscopy to be a mixture of the acetates of 3- 
oxabicyclo[4.3.0]nonane (2a) in the ratio of 3:1. The yield of the 
acetate of 3-oxabicyclo[3.3.1]nonan-9-ol is 22% and the yield of 
the acetate of ¿rans-6-hydroxy-cfs-3-oxabicyclo[4.3.0]nonane is 
8%. The, third fraction, 1.36 g., b.p. 110-130° (0.25 mm.), 
ra25d 1.492S, did not contain any of the compounds previously 
identified and was not investigated further.

A 1.0-g. sample of the second fraction was saponified with 
methanolic sodium hydroxide. The reaction mixture was di
luted with water and extracted with chloroform. The chloroform 
was distilled and the residue was subjected to vapor phase chro
matography. Both 3-oxabicyclo[3.3.1]nonan-9-ol and trans-6- 
hydroxy-as-3-oxabicvclo[4.3.0]nonane were identified by their 
retention times and the infrared spectra of collected samples.

«s-3-Oxabicyclo[4.3.0]-6-nonene.—A 14.0-g. sample of 3- 
oxabicyclo[3.3.1]nonan-9-ol and 2.0 ml. of 85% phosphoric 
acid were distilled at atmospheric pressure to yield crude cfs-3- 
oxabicyclo[4.3.0]-6-nonene, b.p. 150-190°. The crude product 
was taken up in ether, washed with water, and dried over potas
sium carbonate. Fractionation of the residue yielded 7.0 g. 
(57%) of «s-2-oxabicyclo[4.3.0]-6-nonene, b.p. 79-82° (20 mm.), 
n“ D 1.4871 [lit.3 b.p. 83-84° (35 mm.), n25d 1.4876].

The aqueous wash was treated with 2,4-dinitrophenylhydra- 
zine solution. The precipitate, 0.1706 g. (1%), was identified as 
formaldehyde 2,4-dinitrophenylhydrazone, m.p. 166-167°, un
depressed upon mixture with an authentic sample. The infrared 
spectrum was also identical with that of authentic formaldehyde
2,4-dinitrophenylhydrazone.

irans-6-Acetoxy-ci.s-3-oxabicyclo[4.3.0]nonane.—A small sam
ple of fra«s-6-hydroxy-as-3-oxabicyclo[4..3.0]nonane was ace- 
tylated with acetic anhydride and a drop of perchloric acid. The 
crude acetate was purified by vapor phase chromatography as 
described previously. The analytical sample showed re25n 
1.4709.

Anal. Calcd. for CioHi60 3: C, 65.19; H, 8.75. Found: 
C, 65.18; H, 8.64.

cis-6-Acetoxy-cis-3-oxabicyclo[4.3.0]nonane was prepared from 
cis-6-hydroxy-as-3-oxabicyclo[4.3.0]nonane as described for 
¿ra?is-6-acetoxy-CTS-3-oxabicyclo [4.3.0] nonane and showed the 
same refractive index, ra25d 1.4709, and retention time on vapor 
phase chromatography.

Anal. Calcd. for CioH]60 3: C, 65.19; H, 8.75. Found: 
C, 64.99; H, 8.76.

Acetolysis of the Tosylate of 3-Oxabicyclo[3.3,l]nonan-9-ol.—
The tosylate of 3-oxabicyelo[3.3.1]nonan-9-ol, m.p. 103-104° 
(lit.3 m.p. 105-106°), was prepared by treating the alcohol with 
p-toluenesulfonylchloride in pyridine solution. A 13.950-g. 
sample of the tosylate, 300 ml. of reagent grade acetic acid, and
5.00 g. of sodium acetate were placed in a round-bottomed flask 
and heated on the steam bath for 24 hr. The cooled mixture 
was diluted with 900 ml. of water and the acetic acid was neutral
ized with solid sodium carbonate. The reaction mixture was 
extracted five times with ether and the combined extracts were 
washed with water then dried over sodium sulfate. The ether 
was flash distilled and the residue was examined by vapor phase 
chromatography using a 5-ft. column of 20% Carbowax 
20M on firebrick at 200°. The vapor phase chromatogram 
showed four main peaks with retention times of 5 min., 15 min., 
23 min., and 27 min. The retention times of the first three 
compounds corresponded to the retention times of authentic 
samples of cfs-3-oxabicyclo[4.3.0]-6-nonene and the acetates of 
3-oxabicyclo [3.3.1] nonan-9-ol and foxms-6-hydroxybicyclo [4.3.0] - 
nonane. The fourth peak was unidentified. Samples of each 
peak effluent were collected from several runs. The infrared 
spectra of the first two components eluted were identical with

those of authentic samples of cts-3-oxabicyclo[4.3.0]-6-nonene 
and cmii-9-acetoxy-3-oxabicyclo [3.3.1] nonane, respectively. The 
third peak proved to be a mixture of cis- and fro«s-6-acetoxy-cfs- 
3-oxabicyclo[4.3.0]nonane which by infrared analysis was found 
to contain 10% of the all cis isomer.

It was assumed that the area under each peak is directly pro
portional to the mole fraction of that component in the mixture 
and the yield of each compound is recorded in Table I.

The remainder of the reaction products was dissolved in a 
solution of 50 ml. of methanol, 20 ml. of water, and 5 g. of sodium 
hydroxide and stored overnight. The solution was diluted 
with water and continuously extracted with ether. The ether 
was distilled and the residue was examined by vapor phase chro
matography, using a 5-ft. column of 20% Carbowax 20M on 
firebrick at 200°. The vapor phase chromatogram showed four 
peaks with retention times of 5 min., 28 min., 37 min., and 41 
min. The retention times of the first three peaks eluted are 
identical with the retention times of cfs-3-oxabicyclo[4.3.0]-6- 
nonene, 3-oxabicyclo [3.3. l]nonan-9-ol and 6-hydroxy-cfs-3- 
oxabicyclo[4.3.0]nonane, respectively. The fourth peak at a 
longer retention time was not identified. Samples of the first 
three components were collected from multiple injections and the 
infrared spectra of the first two were identical with those of cis- 
3-oxabicyclo [4.3.0] -6-nonene and onif-3-oxabicyclo [4.3.1] nonan-
9-ol, respectively. The third component was found by infrared 
analysis to be ¿ran6-6-hydroxy-CT's-3-oxabicyclo [4.3.0] nonane 
containing 10% of the all cis isomer.

A sample of the arefa'-3-oxabicyclo[3.3.1]nonan-9-ol collected 
by vapor phase chromatography was converted to the tosylate 
which was identical in all respects with an authentic sample.

A sample of the ¿rares-6-h}'droxy-e7S-3-oxabicyclo[4.3.0]nonane 
similarly was converted to the p-nitrobenzenesulfonate which 
was identical with an authentic sample.2

Acetolysis of the p-Nitrobenzenesulfonate of (roii-3-Oxabicyclo-
[3.3.1]nonan-9-ol.—The ¡o-nitrobenzenesulfonate of an.O-3-oxa- 
bicyclo[3.3.1]nonan-9-ol was prepared in the usual manner and 
crystallized from benzene-petroleum ether. The analytical 
sample melted at 133-135°.

Anal. Calcd. for C,.,HnN 06S: C, 51.36; H, 5.23; N, 4.27. 
Found: C, 50.96; H, 5.10; N, 4.33.

The acetolysis of a sample of the p-nitrobenzenesulfonate was 
carried out as described for the acetolysis of the tosylate and the 
product mixture was analyzed by vapor phase chromatography 
and infrared spectroscopy. The product distribution is recorded 
in Table I.

Acetolysis of the p-Nitrobenzenesulfonate of ¿raas-6-Hydroxy- 
cis-3-oxabicyclo[4.3.0]nonane.—A 5.4-g. sample of the p- 
nitrobenzenesulfonate2 was solvolyzed and the products were 
analyzed as described for the solvolysis of the tosylate of anti-3- 
oxabicyclo[3.3.1]nonan-9-ol. The product distribution is re
corded in Table I. A sample of the unidentified component was 
obtained by vapor phase chromatography and its infrared spec
trum showed peaks at 1735 cm.-1 and 1250 cm.-1 ascribed to an 
acetate group. There was no absorption near 1600 cm.-1 
which could be attributed to a double bond.

The crude reaction mixture was saponified and examined by 
vapor phase chromatography and infrared spectroscopy as 
previously described. These results are recorded in Table I.

A second run gave similar results except that the amount of 
unidentified product was somewhat less.

Control Experiments on the Stability of the Products and 
the Isolation Procedure.—A mixture of as-3-oxabicyclo[4.3.0]- 
non-6-ene and the acetates of areii-3-oxabicyclo[3.3.1]nonan-9-ol 
and irans-6-hydroxy[4.3.0]nonane was prepared and analyzed 
by vapor phase chromatography. It was found to contain 43% 
of the olefin, 19% of the acetate of aretf-3-oxabicyclo[3.3.1 ]nonan-
9-ol, and 38% of the acetate of imns-6-hydroxy-cfs-3-oxa 
bicyclo[4.3.0]nonane. The mixture was dissolved in 0.1 M 
sodium acetate in acetic acid. A portion of the solution was 
worked up immediately and analyzed by vapor phase chroma
tography. The crude material was found to consist of 37% of 
the olefin, 22% of the acetate of anif-3-oxabicyclo[3.3.1]nonan-
9-ol, and 41% of the acetate of ¿rans-6-hydroxy-cis-3-oxabicyclo- 
[4.3.0]nonane. The remainder of the acetic acid solution of 
the mixture was heated on the steam bath for 24 hr. and worked 
up. The mixture was found to contain 36% of the olefin, 22% 
of the acetate of anii-3-oxabicyclo[3.3.1]nonan-9-ol, and 42% of 
the acetate of /rans-6-hydroxy-as-3-oxabicyclo[4.3.0]nonane.
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Enamines of cyclic ketones react with dimethyl acetylenedicarboxylate tc yield an intermediate cyclobutene 
adduct which undergoes rearrangement under the conditions of the reaction with expansion of the carbocyclic 
ring by two carbon atoms. Hydrolysis of these products yields the corresponding keto dicarboxylic esters.

The reaction of enamines of cyclic ketones with elec
trophilic olefins produces an adduct which, on hydrol
ysis, affords the substituted ketone corresponding to 
the Michael addition product of the ketone and the 
electrophilic olefin.2 l-(N-Morpholino)cyclohexene 
and methyl acrylate, for example, produce an adduct 
which is converted to methyl 3-(2-oxocyclohexyl) pro
pionate by hydrolysis in dilute acid. Brannock3 
has shown, however, that enamines derived from alde
hydes react with electrophilic olefins by a cycloaddition 
mechanism to produce the corresponding cyclobutane 
derivatives. Dimethyl maleate and N,N-dimethyl- 
isobutenylamine, for example, react to form diethyl 
4 - dimethylamino - 3,3 - dimethyl - 1,2 - cyclobutane- 
dicarboxylate. The cycloaddition reaction of en
amines derived from aldehydes has also been shown 
to occur with ketenes,4 and with aliphatic sulfonyl 
chlorides6 or acid chlorides6 in the presence of tertiary 
amine. Enamines derived from cyclic ketones simi
larly undergo cycloaddition reactions with benzyne,7 
ketene,6 and with aliphatic sulfonyl halides in the 
presence of tertiary amine.6a Dimethyl acetylenedi
carboxylate (1) adds to N,N-dimethylisobutenylamine 
to produce the intermediate adduct 2 which undergoes 
ring opening to 3.3a

(CIi3) u ___ ^ C 0 2CH3

(CH3) 2W  X 0 2CH3
2

In view of these results the reaction of 1 with en
amines derived from cyclic ketones appeared of in
terest since the ring opening of the cycloaddition 
product, should the reaction proceed in this manner, 
would lead to a novel method for the expansion of a 
carbocyclic ring by two carbon atoms. The enamines 
(9-14) listed in Table I reacted with 1 in toluene to

(1) This research has been  supported  by  N ational Science Foundation , 
g ran t no. G-21443.

(2) (a) G. S tork and  H . K . Landesm an, J. Am. Chem. Soc., 78, 5128 
(1956); (b) G. Stork, A bstracts  of the  16th N ational Organic Sym posium  of 
the American Chem ical Society, Seattle , W ash., June, 1959, p. 44; 
(c) L. Birkofer and  C. Barnikel, Chem. Ber., 91, 1996 (1958).

(3) (a) K . C. B rannock, E nam ine Sym posium , 140th N ational M eeting 
of the  American Chem ical Society, Chicago, 111.. Septem ber, 1961; 
(b) K. C. B rannock, A. Bell, R . D. B urp itt, and  C. A. Kelly, J. Org. Chem., 
26, 625 (1961).

(4) (a) G. Opitz, H. Adolph, M . K leem ann, and  F. Zim m erm ann, Angew. 
Chem., 73, 654 (1961); (b) R. H. Hasek and J . C. M artin , J. Org. Chem., 26, 
4775 (1961); (c) G. A. B erchtold, G. R . H arvey , an d  G . E . W ilson, J r ., 
i b i d . ,  26, 4776 (1961).

(5) (a) G. Stork  and  I. J . Borowitz, J. Am. Chem. Soc., 84, 313 (1962); 
(b) G. Opitz and  H. Adolph, Angew. Chem., 74, 77 (1962); (c) G. Opitz 
and H . Adolph, Angew. Chem., Intern. E d . ,  1, 113 (1962).

(6) (a) G. Opitz, M. K leem ann, and  F. Z im m erm ann, Angew. Chem., 74, 
32 (1962); (b) G. Opitz, M . K leem ann, and  F. Zim m erm ann, Angew. Chem., 
Intern. Ed., 1, 51 (1962).

(7) M. E . Kuehne, J. Am. Chem. Soc., 84, 837 (1962).

co2c h 3
(CH3)2N^ J .  c,(CH3)2 

CH Y
I

co2c h 3

produce a 1:1 adduct in all cases which were studied. 
The possible structures considered for these adducts 
were as follows : either of the tautomeric Michael-type 
addition products (4 and 5), the cycloaddition product 
(6), and either of the dienamine structures (7 and 8) 
resulting from ring opening of 6.8 The product from

■NR2

^ C=CHC02CH3 
c o 2c h 3

4

NR2

^C =C H C 02CH3
c o 2c h 3

5

enamines 9-13 are assigned structures 15-19 cor
responding to structure 7, whereas the product from 
enamine 14 is assigned structure 20 corresponding to 
the rearranged structure 8. The reaction appears, 
therefore, to yield the cyclobutene adduct (6) which is 
unstable to the conditions of the reaction and undergoes 
rearrangement to 7 or 8. The pyrrolidine enamines 
gave substantially better yields of adduct than did the 
morpholine enamines in the two cases where compari
sons were made. The structure of 15 is established as 
follows: the n.m.r. spectrum shows absorption for one 
vinyl proton at 7.00 p.p.m. (see Table I) as a triplet 
(,/ = 7 c.p.s.). This clearly eliminates a Michael-type 
addition product (4 or 5) in which the long-range cou
pling of such a proton on the /3-carbon of an a,/3-unsatu- 
rated carbomethoxy system would be less than 3 c.p.s. 
and a cycloaddition product (6) in which there would be 
no vinyl proton absorption. Furthermore, the absence 
of any vinyl proton absorption at higher field eliminates 
structures of the type 5 and 8 in which the vinyl proton 
on the /3-carbon of the enamine system would show ab
sorption at 4-5 p.p.m. Structure 15 is in agreement 
with this vinyl absorption. Similar arguments may be 
applied to the products assigned structures 16-19 
(see Table I). The product from 14, however, must be 
assigned structure 20 rather than the alternative con-

(8) W hether isomers 5 and 8 would be form ed directly  or would be formed 
by  tautom erism  of 4 and  7 , respectively, canno t be determ ined. T h a t the 
position of the enam ine double bond is sensitive to  steric effects in  /3-sub
s titu te  d enam ines derived from  cyclic ketones has been dem onstra ted  p rev i
ously; see, for example, (a) G. A. Berchtold, J. Org. Chem., 26 , 3043 (1961), 
(b) ref. 2b.
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Table I
Rearranged Cycloaddition Products and Nuclear Magnetic Resonance Spectral Data

-̂----------------- N.m.r. data—-----

Enainine

0

gà

Rearrangement product
-Ox

I

^CO,CHs(Ha) 
/A-C02CH8(Hb)

He
15g

¿^C 0 2CHa(HO

%CO!CH3(Hb)
He „

Proton

H a\
Hb/
Hc

Ha\
Hb[
Hc

Chemical 
shift, p.p.m.

3.63“
3.73“
7.0(7

3.58“
3.70°
6.886

J, c.p.s.

Û G'N'T

Ck/COSCH0(HA) 

7^C02CH3(HB)
V  I7

Ha\
H b/
He

3.62“
3.70“
6.68“ 7.5 and 9

oa
o>g

C02CH,(Ha)
C02CH3(Hb)'

C02CH3(Ha) 
C02CH3(Hb) 

19

Hi,
CO,CH,(Ha)

“ Singlet. 6 Triplet.

|| p L H
14 % / x 02c:H3(Hb)

20
Quadruplet. d Broad singlet. e Complex multiplet. jr Doublet.

Ha\
Hb/
He
Hd
Ar-H

Ha
Hb
He
Ar-H

H a
Hb
He
H t,
He
Ar-H

3.57“
3.80“
7.65“
2.98“
7.17“

3.65“ 
3.85“ 
7.58“ 

7.1-7.5*

3.30“ 
3.88“ 
8.02“ 
5.22“ 
5.88“ 

7.0-7.6'

jugated structure corresponding to 19 on the basis of 
the resonance absorption of Hd and HE at 5.22 and 5.88 
p.p.m., respectively, with J Hd — he — 2 c.p.s. Struc
ture 19 shows no absorption in this region but does show 
unresolved absorption in the region of 3-4.5 p.p.m. due 
to the methylene group of the cycloheptatriene ring and 
the methylene groups on the nitrogen atom of the pyr
rolidine ring. In further agreement with this structure 
the methyl resonance of the carbomethoxy group on the 
saturated carbon atom of 20 has shifted to higher field 
as a result of shielding due to the diamagnetic field 
from the interatomic current of the benzene ring. This 
shielding effect of the aromatic nucleus allows assign
ment of the proton absorption of the methoxy groups of 
19 and 20 as indicated in Table I. The infrared and 
ultraviolet spectra of these adducts are also in agree
ment with the proposed structures and are listed in the 
Experimental section.

Mild acid hydrolysis of the enamine functionality of 
adducts 15-20 produced the corresponding keto di- 
carboxylic esters 21-24 listed in Table II along with 
the n.m.r. spectral data for these products. The n.m.r.

spectrum of 21 shows the enolic hydrogen absorption 
at 12.54 p.p.m. and the tertiary proton absorption of the 
keto form at 5.73 p.p.m. Integration of these two 
absorptions indicates that 21 exists in the enol form to 
the extent of approximately 60-70% under the condi
tions in which the spectrum was recorded. The spec
trum of 22 shows no indication of the keto form, the 
enolic hydrogen absorption occurring at 12.58 p.p.m. 
Product 23 likewise appears to exist entirely as the 
enolic tautomer, the enolic hydroxyl absorption ocur- 
ring at 12.55 p.p.m. The spectrum of 24, however, 
indicates the product exists entirely in the keto form, 
since the resonance absorption of the tertiary proton 
alpha to the keto group, a carbomethoxy group, and the 
olefinie bond appears at 4.78 p.p.m. and is split into a 
doublet (.7 ~  2 c.p.s.) by long-range coupling with the 
vinyl proton which absorbs at 7.95 p.p.m. The rest 
of the n.m.r. spectral data listed in Table II further sub
stantiate the proposed structures. It should be noted 
that the hydrolysis product from the Michael-type 
addition products 4 and 5 would give no d-dicarbonyl 
system and, therefore, would not show the low field
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A dduct hydrolyzed

15 or 16

17

19 or 20

18

“ Singlet. 6 Triplet.

Table II
Hydrolysis Products and Nuclear Magnetic Resonance Spectral Data

-  —■—•—............ ......——-—■—  N .m .r. d a ta—-—-—-—
H ydrolysis p roduct

H
O
-C-OCH 3

CO2CII3

c o 2c h 3
c o 2c h 3

Proton
enolic H 
vinyl H 
2CH3—0 —

O H
CO2R

Chem ical sh ift, p.p.m .

12.54°
7.055
3.73“

21
/ \ / 5.73e

H
o/  0 
I II enolic H 12.58“

h3 vinyl H 6.90*
V _^N ;o2ch3 2CH3—O— 3.72°

22

O—H enolic H 12.55“

Y Y  i\r II y— c- och3
vinyl H 7.78“
2CH3—0 — 3.70,“ 3.83“

co2ch3 —CH2— 3.33“
23 Ar—H 7.308

c Broad singlet. d Quadruplet.

vinyl H
J* CO,CHi 

-C-CHQ
2CH3-—O—
Ar—CH2—CH2—CO—
Ar—H

: Complex multiplet. f  Doublet.

7.95'
4.78/

3.70,“ 3.87“ 
2.6-3.4' 

7.27“

J , c.p.s.

7 and 9

1

1

resonance absorption for the hydrogen-bonded enolic 
proton in the region of 12.5 p.p.m. The infrared and 
ultraviolet spectra of these hydrolysis products further 
support the assigned structures and are listed in the 
Experimental section. The hydrolysis products 21- 
24 all gave a deep violet color with ferric chloride in 
aqueous ethanol.

To establish further the structures of these reaction 
products, 21 was hydrogenated over platinum in acetic 
acid to 25 which was hydrolyzedand monode car- 
boxylated to 3-carboxycycloheptanone (26) the infrared 
spectrum of which was identical to that of a sample 
prepared by Michael addition of hydrogen cyanide to
2-cycloheptenone and hydrolysis of the resulting 3- 
cyanocycloheptanone.

Experimental9
General Procedure for the Reaction of 1 with Enamines.—A

solution of the enamine in anhydrous toluene under a nitrogen 
atmosphere was cooled to 0-5° in an ice bath. Compound 1 
was added slowly with stirring at such a rate that the tempera
ture never rose above 50°. When all of 1 had been added, the 
mixture was heated under gentle reflux for 12 hr. The mixture 
was cooled and the product was precipitated by the addition of 
excess ethyl ether. The product was then recrystallized from 
acetone to constant melting point.

1 -(N-Morpholino )-2,3-dicarbomethoxy-l ,3 -cy cloheptadiene
(15).—This product was obtained in 48% yield from 16.2 g. 
(0.0774 mole) of 1 and 11.0 g. (0.0774 mole) of 920 in 40 ml. of 
toluene, m.p. 167-168°; 334 nm (« 9760); „CH013 1715—
1680 (s), 1610 (m), and 1540 (s) cm.-1.

(9) M elting points are corrected and  boiling points are uncorrected.

Anal. Calcd. for C15H21NO5: C, 60.98; H, 7.17; N, 4.75. 
Found: C, 60.89; H.6.94; N, 4.65.

1 -(N-Pyrrolidino )-2,3-dicarbomethoxy-l ,3-cy cloheptadiene
(16).—This product was obtained in 71% yield from 10.7 g. 
(0.0835 mole) of 1010 and 11.8 g. (0.0835 mole) of 1 in 50 ml. of 
toluene, m.p. 145-146°; X™,30H 304 m^ (e 11,130), 324 mu (e 
11,030); rCHCl31171 (s), 1675 (s), 1605 (m), and 1532 (s) cm.-1.

Anal. Calcd. for Ci5H21N 04: C, 64.52; H, 7.53; N,
5.02. Found: C, 64.33; H, 7.33; N, 4.91.

l-(N-Morpholino)-2,3-dicarbomethoxy-l,3-cyclooctadiene (17). 
—This product was obtained in 42% yield from 4.25 g. (0.030 
mole) of 1 and 5.00 g. (0.030 mole) of l l 11 in 10 ml. of toluene, 
m.p. 210-211°: X™fH 327 (e 10,940); vCHCU 1720-1680 (s), 
1618 (nr), and 1540 (s) cm.-1.

Anal. Calcd. for C16H23N 05: C, 62.11; H, 7.61; N, 4.54. 
Found: C, 62.55; H, 7.50; N, 4.53.

1.2- Benzo-4,5-dicarbomethoxy-6-(N-morpholino)-l ,3,5-cyclo- 
octatriene (18).—This product was obtained in 30%. yield from
14.2 g. (0.0660 mole) of 12 and 9.40 g. (0.0060 mole) of 1 in 20 
ml. of toluene as yellow crystals, m.p. 133-134°; X™s0H 256 m/x 
(e 8850) 312 m« (e 7640); rCHCls 1706-1690 (s), 1616 (m), 1598 
(w), 1545 (s), and 1495 (w) cm.-1.

Anal. Calcd. for C20H23NO6: C, 67.22; H, 6.41; N, 3.92. 
Found: C, 67.01; H, 6.35; N, 3.80.

1.2- Benzo-4,5-dicarbomethoxy-6-(N-morpholino)-l,3,5-cyclo- 
heptatriene (19).—This product was obtained in 78% yield from 
34.0 g. (0.183 mole) of 1312 and 26.0 g. (0.183 mole) of 1 in 50 
ml. of toluene as yellow crystals, m.p. 159-160°; X™” H 255 m/z 
(e 18,530), 287 mM (e 8460), 318 mM (e 9490), and 362 (e 
7840); rCH013 mo-1675 (s), 1588 (w), 1560 (m), 1530 (s), and 
1485 (m) cm.-1.

Anal. Calcd. for C,»HnN 04: C, 69.72; H, 6.42; N, 4.28. 
Found: C, 69.93; H, 6.30; N, 4.45.

3,4-Benzo-6,7-dicarbomethoxy-l-(N -morpholino)-l ,3,5-cyclo- 
heptatriene (20).—This product was obtained in 30% yield from
8.81 g. (0.0437 mole) of 1412 and 6.70 g. (0.0437 mole) of 1 in 20 
ml. of toluene as yellow crystals, m.p. 170-171°; X™x30H 265 m/x 
(e 41,150), 293 m/z (e 9620), and 375 nr/x (e 2520); vca011 1730- 
1695 (s), 1635 (s), 1613 (s), 1545 (m), and 1483 (nr) cm.-1.

Anal. Calcd. for Ci9H2iN05: C, 66.46; H, 6.12; N, 4.08. 
Found: C, 66.34; H, 6.18; N, 3.95.

(10) E . Bergm ann and R. Ikan , J .  A m .  C h e m .  S o c . ,  78, 1482 (1956).
(11) S. Hünig, E . Benzing, and E. Lücke, C h e m .  B e r . ,  90, 2833 (1957).
(12) A. T . B lom quist and  E. M oriconi, J .  O r g .  C h e m . ,  26, 3751 (1961).



1462 B r a n n o c k , B u r p it t , a n d  T h w e a t t Vol . 28

Procedure for the Hydrolysis of Adducts 15-20.—Each of the 
adducts (1.00 g.) was dissolved in 5.0 ml. of methanol and 1.0 ml. 
of concentrated hydrochloric acid and heated on a steam bath to 
reflux. Water (2-5 ml.) was added and the solution was heated 
on a steam bath for 10 min. The solution was allowed to cool 
and precipitation was induced by scratching the wall of the flask. 
The product was collected by suction filtration, washed thor
oughly with 2:1 aqueous methanol, and recrystallized from 
aqueous methanol to obtain the analytically pure hydrolysis 
product.

2.3- Dicarbomethoxy-3-cycloheptenone (21).—This product 
was obtained in 89-92% yield from the hydrolysis of 15 or 16, 
m.p. 63.5-64.0°; X™30H 260mM (e 8030); rCHC13 1712 (s), 1650 (s), 
1600 (s) cm.“1.

Anal. Calcd. for CiiHi40 5: C, 58.37; H, 6.24. Found: 
C, 58.66; H, 6.24.

2.3- Dicarbomethoxy-3-cyclooctenone (22).—This product was 
obtained in 86% yield from the hydrolysis of 17, m.p. 75.4-76.3°; 
X™iOH 256 mu (e 9880); VH0,! 1720 (s), 1662 (s), 1653 (s), 1618 (s) 
cm.-1.

Anal. Calcd. for CioHieOs: C, 60.00; H, 6.70. Found: 
C, 59.83; H, 6.53.

5,6-Benzo-2,3-dicarbomethoxy-3,5-cycloheptadienone (23).— 
This product was obtained in 90% yield from the hydrolysis of 
19 or 20, m.p. 103-104°; XGEs0H 244 m/x (« 18,400); 287 m/x (« 
7610); rCH0!8 1715 (s), 1654 (s), 1595 (s), 1490 (w) cm.-1.

Anal. Calcd. for C15H14O5: C, 65.69; H, 5.11. Found:
C, 65.57; H, 5.17.

5,6-Benzo-2,3-dicarbomethoxy-2,5-cyclooctadienone (24).— 
This product was obtained in 87% yield from the hydrolysis of 
18, m.p. 103-104°; XGEl0H 266 m/x (e 9420); VECl3 1740 (s), 
1710 (s), 1655 (s), 1615 (m), 1493 (s) cm.-1.

Anal. Calcd. for Ci6Hi605: C, 66.67; H, 5.55. Found: 
C, 66.91; H, 5.63.

2.3- Dicarbomethoxycycloheptanone (25).—A solution of 21 
(9.60 g., 43 mmoles) in 10 ml. of glacial acetic acid was stirred 
hydrogen at atmospheric pressure and room temperature with 
prereduced catalyst prepared from 96 mg. of platinum oxide. In 
4 hr. 43 mmoles of hydrogen had been absorbed. The solvent 
was removed by distillation and the residue was distilled to obtain

3.8 g. (40%) of 25, b.p. 134-138° at 0.65 mm., ri26n 1.4785;
ĉhcu 1730 (g)) 17Q5 164Q 1610 (w) cm.-i.

Anal. Calcd. for CnHi605: C, 57.90; H, 7.02. Found: 
C, 57.72; H, 6.96.

3-Carboxycycloheptanone (26).—(a) Preparation from 25.—
Compound 25 (3.98 g., 0.0174 mole) was added to 10 ml. of a 
solution containing 29% potassium hydroxide in methanol and the 
mixture was refluxed for 6 hr. The methanol was evaporated 
and the residue was extracted once with chloroform. Acidifi
cation of the residue with hydrochloric acid effected spontaneous 
decarboxylation. The acid solution was extracted with three 
20-ml. portions of ether. The ether extracts were dried over 
anhydrous sodium sulfate. The ether was removed under re
duced pressure and the residue distilled at 200° at 0.65 mm. 
Crystallization was induced from a 1:1 mixture of benzene- 
cyclohexane to give 1.66 g. (61%) of a colorless crystalling prod
uct, m.p. 40-41°; rCHO'3 2920 (s), 1700 (s), 1550 (m) cm.-1.

Preparation from Cycloheptenone.—A solution of 2- and 3- 
cycloheptenone13 (4.25 g., 0.0385 mole) and 2 ml. of glacial acetic 
acid in 27 ml. of 95% ethanol was cooled in an ice bath with 
stirring while a solution of 7.15 g. of potassium cyanide in 13 ml. 
of water was added over a period of 35 min. The mixture was 
stirred in an ice bath for 8 hr. after the addition was complete. 
A saturated sodium chloride solution (75 ml.) was added and the 
product was extracted with three 50-ml. portions of ether. The 
combined extracts were washed with 75 ml. of saturated sodium 
chloride solution, dried over sodium sulfate, and the ether re
moved under reduced pressure. Distillation gave 1.9 g. (38%) 
of nitrile, b.p. 131-134° at 10 mm. Hydrolysis of 0.765 g. (5.6 
mmoles) of nitrile was effected by refluxing in 10 ml. of 20% 
methanolic potassium hydroxide for 12 hr. The reaction mix
ture was extracted with chloroform, acidified with hydrochloric 
acid, extracted with three 10-ml. portions of ether, and dried 
over anhydrous sodium sulfate. The ether was evaporated and 
the residue distilled in a Hickman still to obtain 0.250 g. (28%) of 
3-carboxycyeloheptanone, the infrared spectrum of which was 
identical to the sample prepared by the hydrolysis and mono
decarboxylation of 25.

(13) R. Belcher, W. Hoyle, and  T . W est, J .  C h e m .  S o c . ,  2743 (1958).
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The addition, preferably catalyzed by copper(I) chloride, of a variety of nonactivated terminal acetylenic com
pounds to the double bonds of enamines derived from isobutyraldéhyde and butyraldéhyde is described.

The reaction between acetylenic compounds and 
secondary amines is well known, and it has been postu
lated that this reaction proceeds via an enamine inter
mediate (I)2 which then reacts with more of the ace
tylenic compound to give the adduct (II).

RC=CH +  HNR2 ■— > [RCH=CHNR2]
I

[RCH=CHNR2] +  RC=CH — ^  RC=CCHCH,R
i

n r 2
II

We have found that nonactivated terminal ace
tylenic compounds (those with no electron-withdrawing 
group adjacent to the acetylenic linkage) do indeed 
react with enamines to give products (III) arising from

(1) A portion of th e  m aterial in th is  paper was p resented  a t  th e  E nam ine 
C hem istry Symposium, 140th N ational M eeting of th e  American Chem ical 
Society, Chicago, 111., Septem ber. 1961.

(2) W. Reppe, A n n .  C h e m . ,  596, 12 (1955); J. D. Rose and  R. A. Gale, 
J .  C h e m .  S o c . ,  792 (1949); C. W. K ruse and  R. F . K leinschm idt, J .  A m ,  

C h e m .  S o c . ,  83, 216 (1961).

RC=CH +  HC=CR2 — >- RC=CCHCHR2
I I

n r 2 n r 2
III

the addition of the acetylenic compounds to the double 
bonds of the enamines.

To effect the uncatalyzed addition of acetylenic com
pounds to enamines, prolonged heating was necessary. 
However, with the addition of a catalytic amount of 
copper(I) chloride, the reaction time was greatly de
creased and, in some cases, the reaction proceeded exo
thermically and spontaneously.

The structure of the adduct (IV) from ethynylben- 
zene and N,N-dimethylisobutenylamine was based on 
its conversion to 4-methyl-2-pentenophenone (V).

The structures of the other adducts were assigned by 
analogy.

Table I is a list of products obtained during this 
investigation from the reaction of various enamines with 
terminal acetylenic compounds.
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T a b l e  I
Addition P roducts of E namines and T erminal Acetylenic Compounds

R4

K,—C=CCHCH
I \
N Il6

Struc
ture Ri Ra Ra Rt

VI H c h 3 c h 3 CHa
VII (CH3 )2CHCH— c h 3 CHa CHa

VIII

N(CH3 ) 2

CßHö 1 1 2 t  r 3  ̂ CHa

c 4h 9 c h 3 CHa CHa
\

C4H 9 R 2 ■ r 3 / CH3

c 4h 9 R 2 +  Ra -c  ̂ H
f

Cells CH3 CHa CHa

CH3COOCH2— c h 3 CH3 CHa

c h 3

1

CHaCOOC— CHa CH3 CHa

CH3
c h 3

IX CHaCOOC— 
I

CHa CHa CHa

CH2CH3

CHa
I
1

CHaCOOC—
1

CHa CHa CHa

CH2CH(CH3 ) 2

O
II

/  \  . o c c h 3

CHa CHa CHa

X

\ _____
CHa

1

HOC— CHa
CHa CHa

c h 3
“ For a detailed example of each method, see Experimental.

R2 R;
Yield, ✓-----——Anal.

Rs B.p., C. (mm.) 7l20D % M ethod“ Ca lcd . Found
CHa 68-69 (100-109) 21 A N, 11.2 N, 11.4
CHa 106(9) 1.4575 47 A N, 12.5 N, 12.5

CHa 118-124(1.5) 1.5393 64 B C, 84.6 
H, 9.6

C, 84.3 
H, 9.3

CHa 45-50(0.5) 1.4453 76 C C, 79.5 
H ,12.8

C, 79.8 
H, 12.7

CHa 67-77(0.5-1.5) 1.4688 72 C C, 81.4 
H, 12.3

C, 81.7 
H, 12.0

c 2h 6 75-77(0.5) 1.4708 77 C C, 81.4 
H, 12.3

C, 81.2 
H, 11.9

CHa 70-75(ca. 0.5) 1.5258 8 6 c C, 83.5 
H, 9.5

C, 83.8 
H 9.7

CHa 57-60(ca. 0.5) 1.4523 79 c C, 67.0 
H, 9.7

C, 67.3 
H, 9.9

CHa 45-53(0.5-1) 1.4451 75 c C, 69.3 
H, 10.3

C, 69.4 
H, 10.3

CHa 60-65(ca. 0.5) 1.4.477 89 C C, 70.3 C, 70.2
H, 10.5 H, 10.6

CHa 68-74(ca. 0.5) 1.4498 8 8 C C, 71.9 
H, 10.9

C, 72.3 
H, 11.2

CHa 83-89 (ca. 0.5) 1.4714 89 C C, 72.4 
H, 10.3

C, 72.8 
H, 10.3

CHa 58-67(1-1.5) 1.4570 76 D C, 72.1 
H, 11.6

C, 71.9 
H, i : ,3

N(CH3 ) 2 H 20 , H?Hg'' +

C=CCHCH(CH ; , ) 2

IV

0  N(CH ; , ) 2

CCH2CHCH(CH : , ) 2

0
II

^  A^CCH=CHCH(CH 3 ) 2

V

OH ,ù

E x p e r im e n ta l3

Materials.—N,N-Dimethylisobutylamine was prepared as 
previously described.4 5 1-Isobutenylpiperidine was prepared as

(3) Boiling points and melting points are uncorreeted. Melting points 
were determined using a Fisher-Johns melting point apparatus.

described by Benzing6 and 1 -butenylpiperidine was prepared by 
the method of Mannich.6
The following examples illustrate the methods of preparation 

used in this investigation.
l-Isopropyl-N,N-dimethyl-2-propynylamine (VI) and N,N,N',- 

N',2,7-Hexamethyl-4-octyne-3,6-diamine (VII). Method A.—
A mixture of N,N-dimethvlisobutenylamine (99 g., 1 mole), 
copper(I) chloride (0.5 g.), and benzene (125 ml.) was heated to 
100° in an autoclave under 7 atm. of nitrogen pressure. Acety
lene was added until the pressure was 14 atm. As the reaction 
proceeded, the pressure dropped to 7 atm. and more acetylene 
was added until the pressure was again 14 atm. This was re
peated until the pressure remained constant. After the mixture 
was cooled to room temperature, the catalyst was removed by

(4) K. C. Brannoek and R. D. Burpitt, J .  O r g .  C h e m . ,  26, 3576 (1961).
(5) E. Benzing, A n g e w .  C h e m . ,  71, 521 (1959).
(6) C. Mannich and H. Davidsen, B e r . ,  69, 2106 (1936).
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filtration, and the benzene was removed by distillation to a base 
temperature of 155°at200mm. The distillation was continued to 
give, after removal of an intermediate fraction, 26.2 g. (21%) of 
l-isopropyl-N,N-dimethyl-2-propynylamine, b.p. 68-69° at 
100-109 mm.

The distillation was continued and, after collection of an inter
mediate fraction, there was obtained S3 g. (47%) of N,N,N ',N ',-
2.7- hexamethyl-4-octyne-3,6-diamine, b.p. 106° at 9 mm., 
b 20d  1.4575.

l-( l-Isopropyl-3-phenyl-2-propyn-3-yl)piperidine (VIII). 
Method B.—Ethylnylbenzene (27 g., 0.26 mole) and 1-isobuten- 
ylpiperidine (40 g., 0.29 mole) were combined and heated at 145- 
150° for 15 hr. Distillation of the reaction mixture through a
6-in. Vigreux column gave, after removal of 15 g. of forerun, 40.5 
g. (64%) of l-(l-isopropyl-3-phenyl-2-propyn-3-yl)jiiperidine, 
b.p. 118-124° at 1.5 mm., ri20n 1.5393.

6-Dimethylamino-3,7-dimethyl-4-octyn-3-yl Acetate (IX). 
Method C.—N,N-Dimethylisobutenylamine (200 g., 2.02
moles) and copper(I) chloride (3 g.).were placed in a three
necked reaction flask equipped with a mechanical stirrer, ther
mometer, and dropping funnel. The stirrer was started and 3- 
methyl-l-pentyn-3-yl acetate (280 g., 2 moles) was added drop- 
wise. An exothermic reaction occurred and the temperature of 
the mixture was maintained at 40-45° by intermittent cooling. 
The mixture was stirred for 2 hr. after the addition was com
pleted and the catalyst was then removed by filtration. Distilla
tion of the reaction mixture through a 6-in. Vigreux column gave, 
after removal of a 15-g. forerun, 428 g. (89%) of 6-dimethylamino-
3.7- dimethyl-4-octyn-3-yl acetate, b.p. 60-65° at ca. 0.5 mm., 
nw d  1.4477.

5-Dimethylamino-2,6-dimethyl-3-heptyn-2-ol (X). Method D. 
—N,N-Dimethylisobutenyl amine (50 g., 0.5 mole), copper(I)

chloride (3 g.), and hydroquinone (0.1 g.), were placed in a 
three-necked reaction flask and heated to reflux (86°). The 
mixture was stirred while 2-methyl-3-butyn-2-ol (42 g., 0.5 
mole) was added dropwise. The mixture was heated during the 
addition and the temperature rose to 110° and refluxing ceased. 
The temperature was kept at 110° for 10 min. The mixture was 
then cooled to room temperature, filtered, and distilled through a
6-in. Vigreux column to give, after removal of a 1-g. forerun, 70 
g. (76%) of 5-dimethylamino-2,6-dimethyl 3-heptyn-2-ol, b.p. 
58-67° at 1-1.5 mm., n20d 1.4570.

Transformation of l-Isopropyl-N,N-dimethyl-3-phenyl-2-pro- 
pynylamine (IV) to 4-Methyl-2-pentenophenone (V).—To a 
solution of 60 ml. of concentrated sulfuric acid and 15 ml. of 
water was added l-isopropyl-N,N-dimethyl-3-phenyl-2-propynyl- 
amine (27 g., 0.137 mole). To this mixture was added mereury- 
(II) sulfate (1 g.). The resulting mixture was heated on the 
steam bath for 4 hr. and then poured onto ice and extracted 
once with ether (200 ml.). Evaporation of the ethereal extract 
on the steam bath gave less than 1 g. of residue. The remaining 
aqueous layer was made basic with sodium hydroxide (12 g., 
0.3 mole) and extracted once with ether (400 ml.). Evaporation 
of the ether on the steam bath to 75° gave 26.5 g. of residue. 
The residue was combined with 10% sodium hydroxide solution 
(10 ml.), water (10 ml.), and ethyl alcohol (75 ml.) and was 
heated on the steam bath for 5.5 hr. During this time dimethyl- 
amine was evolved. After the mixture was chilled, a solid sepa
rated which was collected, washed with aqueous ethyl alcohol, 
and dried to give 9.5 g. (41%) of 4-methyl-2-pentenophenone, 
m.p. 142-143° (reported7 m.p. 139-140°).

(7) W. D. Emmons, J .  A m .  C h e m .  S o c . ,  79, 5739 (1957).
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The reaction of a variety of enamines with acetylenedicarboxylates was studied. The reaction products are 
those derived from the cyclobutene rearrangement of cycloaddition adducts initially formed. In the case of 
enamines derived from alicyclic ketones, the net result of the reaction is a ring enlargement in which two carbon 
atoms are inserted into the ring. Some further transformations of the reaction products are described.

The cycloaddition of electrophilic olefins to enamines, 
leading to cyclobutanes, has been reported.2 The reac
tions of a variety of enamines derived from acyclic alde
hydes and ketones and cyclic ketones with both acetyl
enedicarboxylates and propiolates have now been in
vestigated. The reactions involving acetylenedicar
boxylates proved to be more straightforward and will 
be discussed in this paper.

The reaction of enamines derived from butyraldéhyde, 
isobutyraldéhyde, and 3-pentanone with acetylenedi-

CH
I

c h 3-< :
h - c

I

I +
CC0 0 CH3
hi
CC0 0 CH3

n (Ch 3; c h 3

c h 3-

H-
/  1 

S '
-COOCH3

-COOCH3
N(CH3 ) 2

C(CH3 ) 2

CCOQCH3
I

CCOOCH3
II
OHN(Ulli).:

I
(1) A portion of the material in this paper was presented a t the Enamine 

Chemistry Symposium, 140th National Meeting of the American Chemical 
Society, Chicago, 111., September, 1961.

(2) K. C. Brannock, A, Bell, R. D. Burpitt, and C. A. Kelly, ./. O r g .  

C h e m . ,  26, 625 (1961).

carboxylates gives products derived from ring opening 
of the expected cyclobutene intermediates. The reac
tion sequence is shown for N,N-dimethylisobutenyla- 
mine and dimethyl acetylenedicarboxylate.

The enamine function of the product (I) was hydro
lyzed with dilute acid to give the hydroxymethylene 
ester (II) which in turn was cleaved by aqueous alkali 
to give teraconic acid (III).

dii. C(CH3 ) 2

HCl CCOOCHa
I
C— COCH3

/  \
h — e  o

\
0—H 

II

1 . O H - C(CH 3)2
------ >  I!
2- H + CCOOH

I
CHsCOOH

III

Similar transformations were carried out with the 
product derived from butyraldéhyde, whereas the 
product derived from 3-pentanone was converted di
rectly to the keto diester (IV) without the isolation of 
intermediates.

A similar reaction of enamines derived from cyclic 
ketones with acetylenedicarboxylates, the net result of
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CH3
I

H -C
II +

c 2h s- c
I
N(CH3)2

CCOOCHa
III
CCOOCHa

c h 3

H-

C2H5-

J
r

-G0 0 CH3

-coocH a
N(CH3)2

CHCH3

II
CCOOCHa
I

CCOOCH3

II
CN(CH3 ) 2

c 2h 5

dii.
HC1

CHCH3

II
CCOOCHa
I

CHCOOCH3

I
c=o
I

c 2h 5

IV

which would be a ring enlargement with insertion of 
two carbons in the ring, appeared especially attractive 
to us.

CCOOR 
+ III 

CCOOR

COOR

COOR

1
N—

(CH2)„
-COOR,

-COOR
V

This sequence occurred smoothly with enamines 
derived from cyclopentanone, cycloheptanqne, cyclo- 
octanone, and cyclododecanone, that is, when n = 3, 5, 
6, or 10. The-structures of the live adducts were as
signed, in part, on the basis of their hydrolysis to the 
corresponding unsaturated keto esters, and, in part, on 
the basis of their n.m.r. spectra, which showed a single 
olefinic proton as a triplet.

C H
I I

(C—C =C —CH2—)

In addition, all of the adducts showed very similar 
infrared absorptions in the C = 0  and C = C  range [max
ima at 5.75-5.80 m, 5.95-6.0 //, 6.1-6.3 ju (weak), and 
6.45-6.5/*].

The adduct (V) derived from cyclopentanone (w = 
3), was further converted by hydrogenation and diges
tion of the crude product with aqueous alkali to 2-cyclo- 
heptene-l,2-dicarboxylic acid (VI). On hydrogena
tion, VI gave the known m-l,2-cycloheptanedicar- 
boxylic acid which was isomerized to the known trans- 
1,2-eycloheptanedicarboxylic acid by heating it with 
dilute sulfuric acid.

^r-COOCHa 
COOCHa

h 2
Pt,CH3COOH

1. OH /  COOH
2. h + * \  y — COOH

'VI

Reaction of the pyrrolidine enamine of cyclohexa
none with dimethyl acetylenedicarboxylate gave a heat- 
sensitive solid in good yield to which we have assigned 
the bicyclooctene structure (VII). No vinyl protons

CCOOCHa
111
CCOOCHa

COOCHa
COOCHa

VII

Cvì— COOCH3 

COOCHa 
VIII

were indicated in the n.m.r. spectrum of VII and its 
infrared spectrum was compatible with the proposed 
structure. The compound undergoes considerable de
composition cn melting (77-81°) or on attempted re
crystallization from hexane. It could be recrystallized 
from ether, however. After heating VII for eighteen 
hours on a steam bath, the ring enlargement product 
(VIII) was obtained in 11% yield. In another case,
VIII was obtained fortuitously in 33% yield when VII 
was subjected to an unsuccessful series of transforma
tions. A significant amount of rearrangement of VII 
occurs when it is treated with dilute acid since the keto 
estér (IX) was obtained in 21% yield after this treat
ment; hydrolysis of VIII under similar conditions gave
IX in 53% yield.

O

COOCHa
COOCHa

IX

We believe that the reluctance of VII to undergo the 
cyclobutene rearrangement may be due to the 6/4 ring 
fusion forcing the cyclobutene ring into nonplanarity, 
and thus making the rearrangement less favorable. The 
nature of the thermal decomposition products of VII, 
other than VIII, has not been determined.

The product derived from cyclododecanone (V. n 
= 10) was converted by hydrolysis, hydrogenation, 
saponification, and decarboxylation to 3-oxocyclotetra- 
decanecarboxylic acid (X).

V
h 2o

o

(CH2),„

0

(CH2)10
-COOCHa

-COOCHa

-COÓCHa

-COOCHa

X. O H - 

2. H  +
(CH2)10

-COOH

In one case, the heterocyclic enamine (XI) obtained 
from dihydro-3 (2H) -furanone gave the ring enlarge
ment product (XII) in poor yield.

CCOOCHa
III
CCOOCHa

DN

/  ^-C O O C H a 
\  —COOCHa

X II
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Experimental3

Materials.—l-Ethyl-N,N-dimethylpropenylamine was pre
pared by a slight modification of the method of Stork and Landes- 
man.4 5 The methiodide salt of the N-methylimine of 3-pentanone 
was treated with a twofold excess of triethylamine in benzene. 
After the mixture had stood at room temperature for 24 hr., it 
was filtered and the filtrate was distilled to give l-ethyl-N,N- 
dimethylpropenylamine, b.p. 127-128° (atm. pressure), n20d 
1.4479, in 46% yield.

Anal. Calcd. for C,H15N: C, 74.2; H, 13.3. Found: C, 
73.9; H, 13.2.

l-(l-Cyclododecenyl)pyrrolidine was prepared by refluxing, 
for 3 days, a mixture of cyclododecanone (182 g., 1 mole), 
pyrrolidine (213 g., 3 moles), 0.25 g. of p-toluenesulfonic acid, 
200 ml. of xylene, and 25 ml. of hexane under a column topped 
with a Dean-Stark trap. After distillation, the enamine, b.p.
120-125° at 0.4-0.5 mm., nwd 1.5237, was obtained in 77% 
yield.

Anal. Calcd. for Ci6H29N: C, 83.1; H, 10.9. Found: C, 
82.9; H, 10.8.

l-( 2,5-Dihydro-3-furyl )pyrrolidine.—Dihy dro-3(2if )-furanone6 
(36.5 g., 0.4 mole) was added to a slurry of 5 g. of anhydrous 
potassium carbonate in pyrrolidine (28.4 g., 0.4 mole) at 0° 
and the mixture was allowed to stand for 3 hr. at 0°. I t  was 
then filtered and the filtrate was distilled to give 18 g. (32%) 
of l-(2,5-dihydro-3-furyl)pyrrolidine, b.p. 55-59° at 0.2 mm., 
n 20D  1.5148. This enamine was quite sensitive to heat and much 
of it was lost during distillation. For most purposes, the crude 
material can be used without distillation. The alternative struc
ture, l-(4,5-dihydro-3-furyl)pyrrolidine, was excluded on the 
basis of the n.m.r. spectrum (determined at 40 Me. with a 
Varian Associates 4300B instrument) which showed an olefinic 
proton singlet (as does 2,5-dihydrofuran) at 4 p.p.m, (relative to 
tetramethylsilane) and a single absorption for the two methylene 
groups at 4.7 p.p.m. In the alternative structure, the absorptions 
due to the two methylene groups would be expected to be re
solved.

Anal. Calcd. for C8Hi3NO: N, 10.0. Found: N, 9.8.
l_(l-Cyclooetenyl)piperidine, b.p. 87-88° at 1 mm., 

nwd 1.5164, was prepared in 72% yield by the method of Kuehne.6
Anal. Calcd. for C13H23N: N, 7.3. Found: N, 7.1.
N,N-Dimethylisobutenylamine,7 1-butenylpiperidine,8 and the 

pyrrolidine enamines of cyclopentanone, cyclohexanone, and 
cycloheptanone6 were prepared as described in the literature.

Dimethyl 2-Dimethylaminomethylene-3-isopropylidenesucci- 
nate.—N,N-Dimethylisobutenylamine (45.5 g., 0.46 mole) was 
added dropwise to dimethyl acetylenedicarboxylate (65.3 g., 
0.46 mole) in 50 ml. of ether with cooling to keep the temperature 
at 25-30°. The mixture was allowed to reflux spontaneously 
(about 1 hr.) andwasthenheatedatrefluxfor0.5hr. On distilla
tion, there was obtained 54.2 g. (49%) of crude dimethyl 2- 
dimethylaminomethylene-3-isopropylidenesuecinate, b.p. 119— 
121° at 0.55 mm., which crystallized, m.p. 65-75°. A sample 
for analysis, recrystallized from hexane, melted at 83.5-84.5°.

Anal. Calcd. for Ci2Hl9N 04: C, 59.3; H, 7.9; N, 5.8. 
Found: C, 59.7; H, 7.8; N, 5.6.

Dimethyl 2-Formyl-3-isopropylidenesuccinate.—Dimethyl 2- 
dimethylaminomethylene-3-isopropylidenesuccmate (16 g., 0.066 
mole) was added to a solution of 25 ml. of concentrated hydro
chloric acid in 175 ml. of water and warmed gently on the steam 
bath until solution was complete. The mixture rapidly became 
turbid and an oil layer separated. The mixture was allowed to 
stand 1 hr. and was then extracted with ether. Distillation of 
the extract gave 9 g. (64%) of dimethyl 2-formyl-3-isopropylidene 
succinate, b.p. 93-96° at 0.8 mm., nwd 1.4909 (supercooled), 
which crystallized, m.p. 56-58°.

Anal. Calcd. for CioHh0 5: C, 56.1; H, 6 .6 . Found: C, 
55.8; H, 6 .6 .
This material gave an intense violet color with iron(III) chloride 

solution and its infrared spectrum showed that it was, for the

(3) M elting points are uncorrected, and  were determ ined using a Fisher- 
Johns m elting poin t apparatus.

(4) H . K . Landesm an, P .D . thesis, Colum bia U niversity, 1956.
(5) H . W ynberg, J .  A m .  C h e m .  S o c . ,  80, 364 (1958).
(6) M . E . K uehne, i b i d . ,  81, 5400 (1959).
(7) K . C. B rannock and  R. D . B urp itt, J .  O r g .  C h e m . ,  26, 3576 (1961).
(8) C. M annich and H . D avidsen, B e r . ,  69, 2106 (1936).

most part, the enol or hydroxymethylene form.3 This material 
did not give a solid 2,4-dinitrophenylhydrazone.

Diethyl 2-Dimethylaminomethylene-3-isopropylidenesuccinate.
—Diethyl acetylenedicarboxylate (170 g., 1.0 mole) was added 
dropwise to N,N-dimethylisobutenylamine (120 g., 1.2 moles) 
in 150 ml. of ether over a 2-hr. period, at such a rate that the 
mixture was maintained at reflux (44-46°). The temperature 
was allowed to decrease slowly to room temperature over the 
next hour and the mixture stood overnight. I t  was then distilled 
to remove excess N,N-dimethylisobutenylamine by heating it to 
65° at 2 mm. When cooled, the entire residue (270 g.; theoreti
cal yield, 269 g.) crystallized.

The product was treated with Darco and recrystallized from 
hexane to give 197 g. (73%)' of diethyl 2-dimethylaminomethyl- 
ene-3-isopropylidenesuccinate, m.p. 57-58°. A sample for 
analysis, recrystallized from hexane, melted at 59°.

Anal. Calcd. for C14H23NO4: C, 62.4; H, 8 .6; N, 5.2. 
Found: C, 62.3; H,8.5; N .5 .I.

This material did not give a solid 2,4-dinitrophenylhydrazone.
Diethyl 2-Formyl-3-isopropylidenesuccinate.—Diethyl 2-di- 

methylaminomethylene-3-isopropylidenesuccinate (100 g., 0.37 
mole) was dissolved in a solution of 150 ml. of concentrated hydro
chloric acid in 850 ml. of water. An oil layer separated after a 
short time. The mixture was allowed to stand, with occasional 
shaking, for 1 hr. and was then extracted with ether. Distilla
tion of the ether layer gave 64 g. (70%) of diethyl 2-formyl-3- 
isopropylidenesuccinate, b.p. 110-112° at 3 mm.

Anal. Calcd. for Ci2Hi80 5: C, 59.5; H, 7.5. Found: C, 
59.6; H, 7.6.

This product gave an intense violet color with iron(III) chlo
ride solution and its infrared spectrum showed that it was, for 
the most part, the enol form. I t did not give a solid 2,4-dinitro
phenylhydrazone, but did give a semicarbazone, m.p. 144-146°.

Anal. Calcd. for C13H21N3O5: C, 52.2; H, 7.1. Found: 
C, 52.1; H, 7.2.

Teraconic Acid.—Diethyl 2-formyl-3-isopropylidenesuccinate 
(30 g., 0.124 mole) was refluxed with 20 g. of sodium hydroxide 
in 75 ml. of water for 3 hr. The solution was acidified with con
centrated hydrochloric acid, cooled, and filtered to give 19 g. 
(97%) of crude teraconic acid, m.p. 168-171° dec. A sample 
for analysis, recrystallized' from water, melted at 174° dec.

Anal. Calcd. for CiHioCh: C, 53.2; H, 6.3; neut. equiv.,
79.08. Found: C, 53.2; II, 6.4; neut. equiv., 78.8.

An authentic sample of teraconic acid prepared by the method 
of Kloetzel10 melted at 174° and showed no depression of the 
melting point when admixed with the teraconic acid obtained 
previously.

Dimethyl 2-Piperidinomethylene-3-propylidenesuccinate.—Di
methyl acetylenedicarboxylate (14 g., 0.1 mole) was added drop- 
wise with stirring to l-(l-butenyl)piperidine (14 g., 0.1 mole) in 
ether (25 ml.) at such a rate that gentle refluxing of the ether was 
maintained. Distillation of the mixture through a 3-in. Vigreux 
column gave, after removal of ether and a 4-g. forerun, 14 g . 
(50%) of dimethyl 2-piperidinomethylene-3-propylidenesucci- 
nate, b.p. 150-156° at 1.5 mm., »“d 1.5354.

Anal. Calcd. for C15H23NO2: C, 64.0; H, 8 .2 . Found- 
C, 63.9; H, 8.1.

Dimethyl 2-Formyl-3-propylidenesuccinate.—Dimethyl 2- 
piperidinomethylene-3-propylidenesuccinate (11 g., 0.04 mole) 
was dissolved in a solution of concentrated hydrochloric acid (16 
ml.) in water (90 ml.). The mixture was allowed to stand, with 
occasional shaking, for 1.5 hr. and was then extracted with ether 
and the etheral extract was distilled to give 4 g. (48%) of di
methyl 2-formyl-3-propylidenesuccinate, b.p. 93-96° at 1 mm., 
n 20D  1.4833.

Anal. Calcd. for CioH140 6: C, 56.0; H, 6 .6 . Found- C, 
55.8; H, 6.7.

2-Propylidenesuccinic Arid.—Dimethyl 2-formyl-3-propyl- 
idenesuccinate (3 g., 0.014 mole) was refluxed wth a solution of 
sodium hydroxide (2.5 g., 0.063 mole) in water (20 ml.) for 1.5 hr. 
The resulting solution was acidified with concentrated hydro
chloric acid and extracted with ether. Evaporation of the ether 
on a steam bath gave 1.7 g. (77%) of crude 2-propylidenesuccinie 
acid. A small sample, recrystallized from water, melted at 
166-167° (reported10 m.p. 163-166°).

Dimethyl 2-Ethylidene-l-propionylsuccinate.—To a solution 
of l-ethyl-N,N-dimethylpropenylamine (28.3 g., 0.25 mole) in

(9) W. J. Croxail and  J. O. Van Hook, J .  A m .  C h e m .  S a c . ,  72, 803 (1950)
(10) M . C. Kloetzel, i b i d . ,  70, 3.571 (1948).
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ether (100 ml.) was added, over 1 hr., dimethyl acetylenedi- 
carboxylate (35.5 g., 0.25 mole). The temperature of the re
action mixture was maintained below 35° by intermittent cooling. 
After the reaction mixture had stood for 2 hr., the ether was 
evaporated on a steam bath and the residual oil was dissolved in 
a solution of concentrated hydrochloric acid (30 ml.) and water 
(150 ml.). The mixture stood for 18 hr.; the oil which had 
separated was removed by extraction with ether. Distillation 
of the etheral extract gave, after removal of ether, 50.8 g. (89%) 
of dimethyl 2-ethylidene-l-propionyIsuccinate, b.p. 102-104° 
at 1.2 mm., nwd 1.4743. The infrared spectrum was consistent 
with the assigned structure.

Anal. Calcd. for CiiH160 5: C, 57.8; H, 7.1. Found: C, 
58.0; H, 7.0.

Dimethyl 3 -(l-Pyrrolidinyl)-2,7-cycloheptadiene-l ,2-dicar- 
boxylate.—Dimethyl acetylenedicarboxylate (28.4 g., 0.2 mole) 
was added, over 10 min., to l-(l-cycIopentenyl)pyrrolidine (30.2 
g., 0.22 mole) in ether (150 ml.) with cooling to keep the tempera
ture at 25-35°. The mixture was allowed to stand for 0.5 hr. 
and the ether was removed by evaporation on a steam bath. 
On cooling, the residue crystallized. Recrystallization of the 
product from a hexane-benzene mixture gave 39.8 g. (71%) of 
dimethyl 3-( l-pyrrolidinyl)-2,7 -cycloheptadiene-1,2-dicarboxyl- 
ate, m.p. 147-148°.

Anal. Calcd. for Ci6H2iN 04: C, 64.5; H, 7.6. Found: 
C, 64.9; H, 7.8.

Dimethyl 7-Oxo-2-cycloheptene-l ,2-dicarboxylate.—Dimethyl- 
3-(l-pyrrolidinyl)-2,7-cycloheptadiene-l,2-dicarboxylate (11.5 g., 
0.041 mole) was dissolved in a solution of concentrated hydro
chloric acid (10 ml.) and water (40 ml.). After the mixture had 
stood for 15 hr., the oil layer which had separated ŵ as removed by 
extraction with ether. Distillation of the etheral extract gave, 
after removal of ether, 4.6 g. (49%) of dimethyl 7-oxo-2-cyclo- 
heptene-1,2-dicarboxylate, b.p. 101-106° at 0.4-0.5 mm. This 
compound crystallized on standing and melted at 55-57°. 
Its n.m.r. spectrum showed that it was, for the most part, the 
enol form.

Anal. Calcd. for CnHi40 5: C, 58.4; H, 6.2. Found: C, 
58.5; H, 6.5.

2-Cycloheptene-l,2-dicarboxylic Acid.—Dimethyl 3-(l-pyrro- 
lidinyl)-2,7-cycloheptadiene-l,2-dicarboxylate (42 g., 0.15 mole) 
was dissolved in acetic acid (350 ml.) and hydrogenated at 40 
p.s.i. at room temperature, using 0.5 g. of platinum(IV) oxide as 
a catalyst, until hydrogen absorption had stopped. The catalyst 
was removed by filtration and most of the acetic acid was re
moved by distillation under reduced pressure. The residue was 
treated with excess aqueous 20% sodium hydroxide in methanol, 
and heated on a steam bath for 2 hr. The solution was acidified 
with concentrated hydrochloric acid and was extracted three 
times with ether. Evaporation of the combined etheral extracts 
gave 7 g. (25%) of 2-cycloheptene-l,2-dicarboxylic acid. A 
sample, recrystallized from water, melted at 168-170°. N.m.r. 
spectrum showed one olefinic proton absorption as a triplet.

Anal. Calcd. for C9H120 4 C, 58.7; H, 6.6; neut. equiv.,
92.1. Found: C, 58.5; H, 6.5; neut. equiv., 92.2.

2-Cycloheptene-l ,2-dicarboxylic acid was obtained in 73% 
yield from a similar hydrogenation using 0.25 mole of dimethyl
3-(l-pyrrolidinyl)-2,7-cycloheptadiene-l,2-dicarboxylate, 500 ml. 
of acetic acid, and 2 g. of platinum(IV) oxide. Treatment was 
then the same as that used previously.

as-1,2-Cycloheptanedicarboxylic Acid.—2-Cycloheptene-l ,2- 
dicarboxylic acid (15 g., 0.082 mole) was dissolved in a solution 
of water (100 ml.) and sodium hydroxide (6.6 g., 0.165 mole) 
and hydrogenated at 125° and 1500 p.s.i., using 5 g. of Raney 
nickel as a catalyst. The catalyst was removed by filtration and 
the filtrate was evaporated on a steam bath to one-third the 
original volume. The solution was acidified with concentrated 
hydrochloric acid and filtered to give 12 g. of cts-1,2-cyclohep- 
tanedicarboxylic acid. Extraction of the filtrate with ether and 
evaporation of the etheral extract gave an additional 2.5 g. of 
product. The yield was 95%. A sample for analysis, re
crystallized from toluene, melted at 130-131° (reported11 
m.p. 133—135°).

The infrared spectrum of the acid was identical with that of a 
sample of authentic a's-l,2-cycloheptanedicarboxylic acid.12

(11) J . Sicher, F . Sipos, and  J. Jonas, C o l l e c t i o n  C z e c h .  C h e m .  C o m m u n . ,  26,
262 (1961). , . . . „  .

(12) We are indebted to  D r. J . Sicher, Czechoslovak A cadem y of science, 
for supplying us with a sample of c is-l,2-cycloheptanedicarboxylic acid.

Anal. Calcd. for C9Hh0 4: C, 58.0; H, 7.6. Found: C, 
58.0; H, 7.5.

trans-1,2-Cycloheptanedicarboxylic Acid.—cis-1,2-Cyclohep
tanedicarboxylic acid (5 g., 0.027 mole) was combined with 25 
ml. of a 30% (by volume) solution of concentrated sulfuric acid 
in water and heated for 12 hr. in a bomb at 150°. The mixture 
was cooled and filtered to give 4 g. (80%,) of ¿rans-l,2-cyclohep- 
tanedicarboxylic acid. A sample, recrystallized three times from 
acetonitrile, melted at 156-157° (reported m.p. 157-158.5°,11 
145-14713). A stable hemihydrate, m.p. 160-161°, has been re
ported14 but was not encountered by us. The infrared spectrum of 
our material was identical with that of a sample supplied by Dr. 
R. A. Raphael.15 We found the melting point of this sample to be
155-156°. On one occasion, we obtained a small amount of the 
irans-l,2-cycloheptanedicarboxylic acid, which melted at 116— 
120°. This may have been due to polymorphism, since the 
optically active trans acid has been reported to melt at 115- 
116°.11

Dimethyl 1 -(l-Pyrrolidinyl)bicyclo [4.2.0] oct-7-ene-7,8-di- 
carboxylate.—Dimethyl acetylenedicarboxylate (28.4 g., C.2 
mole) was added over 10 min. to l-(l-cyclohexenyl)pyrrolidine 
(30.2 g., 0.2 mole) in 150 ml. of ether with cooling to keep the 
temperature at 25-35°. Toward the end of the addition, a 
crystalline precipitate appeared. The mixture wras allowed to 
stand for 10 min. and 150 ml. of pentane was added. The mixture 
was chilled and filtered to give 41 g. (70%) of dimethyl 1-(1- 
pyrrolidinyl)bicyclo[4.2.0]-oct-7-ene-7,8-dicarboxylate, m.p. 77- 
81°. This compound is thermally unstable and undergoes con
siderable change on melting or on attempted recrystallization 
from hexane. I* could, however, be recrystallized from ether.

Anal. Calcd, for C16H23N04: C, 65.5; H, 7.9. Found: 
C, 65.6; H, 7.9.

Dimethyl 3-(l-Pyrrolidinyl)-2,8-cyclooctadiene-l,2-dicarboxyl
ate.—Dimethyl l-( l-pyrrolidinyl)bicyclo [4.2.0] oct-7-ene-7,8-di- 
carboxylate (37 g., 0.126 mole) was heated on a steam bath for 18 
hr. The material was cooled, and ether (100 ml.) was added. 
It was then chilled and filtered to give 4 g. (11%) of dimethyl 3- 
( l-pyrrolidinyl)-2,8-eyclooctadiene-l,2-dicarboxylate, m.p. 133- 
140°. After recrystallization of the product from ether, the 
melting point was 141-142°.

Anal. Calcd. for Ci6H23N03: C, 65.5; H, 7.9. Found: C, 
65.5; H, 7.9.

Dimethyl 3 - (1 - pyrrolidinyl) - 2,8 - cvclooetadiene - 1,2 - di- 
carboxylate was obtained fortuitously in 33% yield from dimethyl 
l-(l-pyrrolidinyl)bicycIo[4.2.0]oct-7-ene-7,8-dicarboxylate when 
the latter compound was subjected to an unsuccessful series of 
transformations.

On standing, the bicyclooctene undergoes a significant amount 
of rearrangement, as shown by the fact that a 21% yield of di
methyl 8-oxo-2-cyclooctene-l,2-dicarboxylate was obtained from 
treatment of the bicyclooctene with dilute hydrochloric acid.

Dimethyl 8-Oxo-2-cyclooctene-l,2-dicarboxylate.—Dimethyl 
3 - (1 - pyrrolidinyl) - 2,8 - cyclooctadiene-l,2-dicarboxylate (4 g., 
0.017 mole) was dissolved in 25 ml. of 10% hydrochloric acid 
solution and allowed to stand for 24 hr. at room temperature. 
The oil which had separated was extracted with ether and the 
ether was evaporated on a steam bath, leaving 1.75 g. (53%) of 
dimethyl 8-oxo-2-cyclooctene-l,2-dicarboxylate, which crystal
lized on standing. A sample for analysis, recrystallized from 
hexane, melted at 74-75°. The n.m.r. spectrum showed that it 
was, for the most part, the enol form.

Anal. Calcd. for Ci2Hi60 5: C, 60.0; H, 6.7. Found: C, 
59.8; H, 6.7.

Dimethyl 3-( 1-Pyrrolidinyl)-2,9-cyclononadiene-l,2-dicarbox
ylate.—To a solution of l-(l-cycloheptenyl)pyrrolidine (3.3 g., 
0.02 mole) in ether (25 ml.) was added, over 5 min., dimethyl 
acetylenedicarboxylate (2.8 g., 0.02 mole) with cooling to keep 
the temperature at 30-35°. The reaction mixture was allowed to 
stand at room temperature for 0.5 hr. and then cooled to 10°. 
After filtration, 3.9 g. of dimethyl 3-(l -pyrrolidinyl)-2,9-cyclono- 
nadiene-1,2-dicarboxylate, m.p. 109.5-110.5°, was obtained. 
Evaporation of the filtrate and addition of pentane gave an 
additional 1.8 g. of the same product. The combined yield was 
93%.

(13) D . C. Ayres a nd  R . A. R aphael, J .  C h e m .  S o c ., 1779 (1958).
(14) S. J . Assony and  N . K harasch, J . A m .  C h e m .  S o c . ,  80, 5978 (1958).
(15) W e are indebted  to  D r. R . A. R aphael, U niversity  of Glasgow, for 

supplying us w ith a  sam ple of fran s-l,2-cycloheptanedicarboxylic acid.
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Anal. Calcd. for CuHjsNO,: C, 66.4; H, 8.2. Found: C, 
66.7; H, 8.4.

Diethyl 3-Piperidino-2,10-cyclodecadiene-l,2-dicarboxylate.—
1 - (1 - Cyclooctenyl)piperidine (3.86 g., 0.02 mole) and diethyl 
acetylenedicarboxylate (3.40 g., 0.02 mole) were allowed to 
react in ether as described in the preceding example. There was 
obtained 4.4 g. (60%) of diethyl 3-piperidino-2,10-cyclodecadiene-
1,2-dicarboxylate, m.p. 91-92°.

Anal. Calcd. for C2iH33N 04: C, 69.4; H, 9.2. Found: C, 
69.5; H, 9.2.

Dimethyl 3-Pyrrolidinyl-2,14-cyclotetradecadiene-l,2-dicar
boxylate.—To l-(l-cyelododecenyl)pyrrolidine (8.5 g., 0.036 
mole) in 25 ml. of ether was added, portionwise, dimethyl acetyl
enedicarboxylate (5.15 g., 0.036 mole) with cooling to keep the 
temperature at 30-35°. The ether was removed on a steam bath 
and the residue was crystallized from pentane to give 12.35 g. 
(90.5%) of crude dimethyl 3-pyrrolidinvl-2,14-cyclotetradecadi- 
ene-1,2-dicarboxylate. A sample for analysis, recrystallized 
from ether, melted at 94-95°.

Anal. Calcd. for C22H35N04: D, 70.0; H, 9.3. Found: C, 
69.9; H, 9.1.

Hydrolysis of dimethyl 3-pyrrolidinyl-2,14-cyclotetradecadi- 
ene-1,2-dicarboxylate with dilute hydrochloric acid gave di
methyl 14-oxo-2-cyclotetradecene-l,2-dicarboxylate, m.p. 73-74° 
(recrystallized from ether), in 83% yield.

Anal. Calcd. for CialLOt: C, 66.6; H, 8.7. Found: C, 
66.6; H, 8.8.

Hydrogenation of dimethyl 14-oxo-2-C3rcIotetradecene-l,2-di- 
carboxylate in methanol over 5% palladium on alumina at room 
temperature and 3 atm. gave dimethyl 3-oxocyclotetradecane-
l, 2-dicarboxylate, m.p. 93° (recrystallized from methanol), in 
84%, yield.

Anal. Calcd. for Ci8H3o06: C, 66.2; H, 9.3. Found: C, 
66.3; H, 9.3.

Treatment of dimethyl 3-oxocyclotetradecane-l ,2-dicarboxyl
ate (32.6 g., 0.1 mole) with a solution of 15 g. of sodium hydrox
ide in 250 ml. of methanol and 250 ml. of water at reflux for 5 hr., 
followed by acidification with concentrated hydrochloric arid, 
gave 21.5 g. (85%) of 3-oxocyclotetradecanecarboxylic arid,
m. p. 142.5-143.5° (recrystallized from toluene).

Anal. Calcd. for Ci5H260 3: C, 70.8; H, 10.3. Found: C, 
70.6; H, 10.5.

Dimethyl 2,7-Dihydro-3-pyrrolidinyl-4,5-oxepindicarboxylate.
—Dimethyl acetylenedicarboxylate (15.2 g., 0.107 mole) was 
added portionwise to l-(2,5-dihydro-3-furyl)pyrrolidine (14.9 g., 
0.107 mole) in 75 ml. of ether with cooling to maintain the tem
perature at 25-30°. The mixture was allowed to stand overnight 
and the ether was removed on a steam bath. After addition of 
more ether and chilling, 5 g. (17%) of dimethyl 2,7-dihydro-3- 
pyrrolidinyl-4,5-oxepindicarboxylate was obtained. A sam pie for 
analysis, recrystallized from a benzene-hexane mixture, melted at 
162-163°.

Anal. Calcd. for C^HuNOs: C, 59.8; H, 6.6. Found: C, 
59.9; H, 6.7.

K eten es I. C ycloaddition  o f  K eten e and  D ia lk y lk eten es to  E n am in es

R obert H . H asek  and J ames C. M artin

Research Laboratories, Tennessee Eastman Company, Division of Eastman Kodak Company, Kingsport, Tennessee
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The cycloaddition of dialkylketenes to enamines derived from secondary aldehydes takes place readily to form
3-dialkylamino-2,2,4,4-tetraalkylcyclobutanones. When the cycloaddition involves enamines containing a 13- 
hydrogen and/or ketene, the enolizable cyclobutanones are unstable and are isomerized thermally to dialkyl- 
aminovinyl ketones. A number of cyclobutanones and their rearrangement and reduction products are described.

Ketenes add to a number of olefinic compounds to 
form cyclobutane derivatives.1 Ketene2 and diphenyl- 
ketene3 have been studied more than any other member 
of the series; cycloadditions of dialkylketenes with 
olefinic compounds have been reported only for di- 
methylketene with ethyl vinyl ether4 and cyclo- 
pentadiene.4'5 In a study of the scope of the cyclo
addition reactions of dialkylketenes, we observed the 
particularly facile addition of dimethylketene to en- 
amines. This reaction, noted independently by other 
workers,6'7 was reported briefly in a Communication.8

(1) J. D. R oberts  and C. M . Sharts, O r g .  R e a c t i o n s ,  12, (1962).
(2) (a) B. T. Brooks and G. W ilbert, J .  A m .  C h e m .  S o c . ,  63, 870 (1941); 

(b),, A. T. B lom quist and J . K w iatek, i b i d . ,  73, 2098 (1951); (c) H. L. D ry- 
den and  B. E- Burgert, i b i d . ,  77, 5633 (1955); (d) E . Vogel and  K. M iller, 
A n n . ,  615, 29 (1958).

(3) (a) H. S taudinger and  E . Suter, B e r . ,  53, 1092 (1920); (b) H . S taud- 
inger and A. Rheiner, H e l v .  C h i m .  A c t a ,  7, (1924); (c) J. R . Lewis, G. R. 
R am age, J. L. Simonsen, and W. G. W ainwright, J .  C h e m .  S o c . ,  1837 (1937);
(d) E. H. Farm er and M. O. Farooq, C h e m .  I n d .  (London), 56, 1079 (1937);
(e) L. I. Smith, C. L. Agre, R . M. Leekley, and W. W. Prichard. J .  A m .  C h e m .  

S o c . ,  61, 7 (1938); (f) E. Bergm ann and O. B lum -Bergm ann, J .  C h e m .  S o c . ,  

727 (1938); (g) E. H. Farm er and M. O. Farooq, i b i d . ,  1925 (1938); (h) 
G. Spengler, A n g e w .  C h e m . ,  61, 308 (1949); (i) C. S. M arvel and M. I. Kohan, 
J .  O r g .  C h e m . ,  16, 741 (1951); (j) J . R . von der Bij and  E. C. Kooyman, R e c .  

t r a v .  c h i m . ,  71, 837 (1952); (k) K. Ziegler, H. Sauer, L. Bruns, H. Froitz- 
heim -K ühlhorn, and J . Schneider, A n n . ,  589, 123 (1954); (1) M. O. Farooq, 
T . A. Vahidy, and S. M . H usain, B u l l .  s o c .  c h i m .  F r a n c e ,  830 (1958); (m) 
M . 0 .  Farooq and N . A. A braham , i b i d . ,  832 (1958); (b) C. D. H urd  and 
R. D. K im brough, J .  A m .  C h e m .  S o c . ,  82, 1373 (I960).

(4) H. Staudinger and P. J. M eyer, H e l v .  C h i m .  A c t a ,  7, 19 (1924).
(5) (a) J. M. W itzel, “ D im ethylketene and Its  R eaction w ith Cyclo- 

pen tad iene,” thesis, Cornell U niversity, 1941; (b) M . D. Owen, J .  I n d i a n  

C h e m .  S o c . ,  20, 343 (1943); (c) T. L. Dawson and G. R. Rainage, J .  C h e m .  

S o c . ,  3523 (1950).

The present paper is a more detailed account of our 
work.

Stable cyclobutanone derivatives were obtained by 
addition of dialkylketenes to enamines lacking any p- 
hydrogen atoms. Dimethylketene and N,N-dimethyl- 
isobutenylamine, mixed in isopropyl acetate at room 
temperature, reacted to give 3-dimethylamino-2,2,4,4- 
tetramethylcyclobutanone (I) in 64% yield. The 
structure of I was consistent with infrared and n.m.r. 
spectral data, and was confirmed by quaternization with 
methyl tosylate and alkaline degradation to 2,2,4-tri- 
methyl-3-pentenoic acid (II).

The cycloaddition reaction was carried out with 
several dialkylketenes and a variety of enamines derived

(CH3)2.C=C=0

(CH3)2NCH=C(CH3)2

(CH3)2|—

(CH3)2N-------
I

■ = o

■ (CH3)2

CH3OTs
KOH

(CH3)2C cooh

CH-C(CH3)2
II

(CH3)3
©

(CH3)3I ^ r
*> -p=0

J(CH3)2
-OH e

(6) (a) G. Opitz, H . Adolph, M. K leem ann, and F. Z im m erm ann, A n g e w .

C h e m . ,  73, 654 (1961); (b) G. Opitz, M . Kleem an, and F. Z im m erm ann,
i b i d . ,  74, 32 (1962).

(7) G. A. Berchtold, G. R. H arvey, and G. E . Wilson, J .  O r g .  C h e m . ,  26, 
4776 (1961).

(8) R . H . H asek and J . C. M artin , ibid., 26, 4775 (1961).
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T a b l e  I
D ia l k y l a m in o c y c l o b u t a n o n e s  

R'

R " '2 N-

F=0

R'
H R

R“ R'“ R" R '"aN B.p., °C. (mm.) n20 d
-— C arbon, % — % 
Calcd. Found

Hydroge
Calcd.

n, To-
Found

,—N itrogen, %— ̂
Calcd. Found

c h 3 c h 3 c h 3 (CH3)2N 83-85 (24) 1.4439 71.1 71.3 11.2 11.2 8.3 8 . 1

CH3 c h 3 c h 3 O 95-07 (4.2) 1 .4705 74.5 74.3 1 1 . 0 11.2 6.7 6.5

CIR c h 3 c h 3 __N 58-59.5* 68.3 68.3 10.0 10.0 0 . 6 6.0

c h 3 c h 3 c h 3 256 dec.' 72.0 72.1 10.2 10.2 8.4 8.3

CHa c h 3 CHa 105-107 (3)d 69.7 70.2 10.7 10.8 12.5 12.4

CH, c 2h 6 CH, < r y 101-103 (1.3) 1.4736 69.4 69.6 10.2 10.4 6.2 6.3

c 2h 5 c 2h 5 CH3 (CH3)oN 95-98 (8) 1.4585 73.1 72.9 11.7 11.8 7.1 7.0

c 2h 5 c 2h 6 CH3 o 101-104 (0 .7 / 1.4794 70.3 69.9 10.5 10.5 5.9 5.9

c 2h 5 c 2h 6 c 2h 5 (CH3)2N 112 (5) 1.4662 74.7 74.1 12.0 11.6 6.2 5.9

c 2h 5 c 2h 5 c 2h 5 o 130-132 ( 1.5)d 77.0 76.7 11.7 11.7 5.3 5.0

c 2h 5 C4H9 c h 3 (CH3)2N 94 (2) 1.4592 74.7 74.9 12.0 12.5 6.2 6.1

-<c h 2 ) s - CH, O 81-82.5' 77.1 77.1 10.8 11.0 5.6 5.4

“ Substituents on original dialkylketene. b Melting point (from pentane). c Bis adduct, melting point (from toluene). d Solidified 
on standing. e Melting point (from ethyl alcohol).

from secondary aldehydes and secondary amines; the 
products are listed in Table I. In general, the reaction 
was more sluggish with enamines from higher aldehydes, 
and higher dialkylketenes also exhibited less reactivity. 
The effect of substituents on the nitrogen atom of the 
enamine was less obvious. W-Isobutenyl derivatives 
of dimethylamine, piperidine, and morpholine all re
acted rapidly, but the corresponding derivative of N- 
methylaniline was relatively inert.

The order of addition of the reactants was important 
to obtain optimum yields. Best results were obtained 
by addition of the dialkylketene to a solution of the 
enamine. In the cycloaddition of dimethylkctene and 
W,W-dimethylisobutenylamine, either simultaneous or 
inverse addition led to large amounts of dimethyl- 
ketene polymer. This polymer had the poly(enol 
ester) structure described by Natta9 and by Hasek.10

When highly polar solvents were used, the rate of 
the cycloaddition reaction was increased, as evidenced 
by a more exothermic reaction. In addition to the 
1:1 adduct, appreciable quantities of 2:1 and 3:1 di- 
alkylketene-enamine adducts were formed. Cyclo
addition of equimolar quantities of dimethylketene 
and N, Ar-di methyli sobutenylamine in acetonitrile gave 
24% of I, 32% of a 2:1 adduct, and 9% of a 3:1 adduct. 
The 2:1 adduct was identified as 5-dimethylamino-

(9) (a) G. N a tta , G. M azzanti, G. Pregaglia, M . Binaghi, and M. Per- 
aldo, J .  A m .  C h e m .  S o c . ,  82, 4743 (1960); (b) G. N a tta , G. M azzanti, G. 
Pregaglia, and M. Binaghi, M a k r o m o l .  C h e m . ,  44, 537 (1961).

(10) R . H . Hasek, R. D . C lark, E . U. E lam , and  J . C. M artin , J .  O r g .  

C h e m . .  27, 60 (1962).

2,2,4,4,6,6-hexamethyl-l,3-cyclohexanedione (HI); the 
assignment was based on infrared and n.m.r. spec
tra, and on the reduction of III with lithium aluminum 
hydride to a glycol. Some 2:1 adducts are listed in 
Table II ; work on the 3:1 adducts is incomplete.

AIHN(CH3 ) 2

(CH3)2C C(CH3 ) 2

O II
cw .  II

^C(CH 3 ) 2 0
III

The 3-dialkylamino-2,2,4,4-tetraalkylcyclobutanones 
were reduced to the corresponding carbinols by metal 
hydrides and by catalytic hydrogenation. Sodium 
borohydride served adequately when the ring sub
stituents were methyl groups, but lithium aluminum 
hydride gave better yields when the cyclobutanone 
contained larger alkyl groups. The reduction of I by 
sodium borohydride gave one isomer of 3-dimethyl- 
amino-2,2,4,4-tetramethylcyclobutanol (IV), m.p. 70- 
72°, in 92% yield, but catalytic hydrogenation over a 
ruthenium catalyst gave a mixture of this isomer and a 
higher melting one, m.p. 129-130°. The n.m.r. spec
trum of the lower melting isomer contained a single 
peak for the ring methyl groups, whereas the spectrum 
of the higher melting isomer contained two such peaks. 
Apparently the magnetic anisotropies of the hydroxy 
and dimethylamino groups in IV are equivalent, and 
the chemical shifts of the methyl groups on the cyclo-

H N(CH3 ) 2 

(CH3)2 % % (C H 3 ) 2

u (CH3)2U
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Table II
Dialkylaminocyclohexanediones

r2

Ra R' R'iN B.p., °C. (mm.) n20D
✓----- Carbon, %----- -

Calcd. Found
✓----Hydrogen, %---- •

Calcd. Found
,---Nitrogen, %~—>
Calcd. Found

c h 3 c h 3 (CH3)2N 132-134(4) 1.4948 70.4 70.7 10.5 10.8 5.8 5.8

c h 3 OH, o 134-136(1.2) 1.5090 73.2 73.0 10.4 10.4 5.0 4.9

C.Hs CH3 (CH3)2N 130-133(0.8) 1.4950 73.2 72.7 11 .2 11.0 4.8 4.9
" Substituents on original dialkylketene.

Table III
Dialkylaminocyclobutanols

H
R"2

R " '2N

OH

-R'
H R

R R' R" R"'oN
Reducing

agent® M.p., °C.6
✓----Carbon, %---- *

Calcd. Found
✓----Hydrogen, %---- *

Calcd. Found
,—Nitrogen, %—» 
Calcd. Found

H H CHs (CH3)2N Ac 58-60 67.1 66.8 11.9 12.1 9.8 9.7

H C2HS H 0
Ac 98“ 72.1 72.2 11.5 11.7 7.7 7.6

H c2h 5 c h 3 (CH3)2N Ac 87-89e 74.0 74.2 11.8 11.8 6.6 6.8
CH, c h 3 CHS (CH3)2N B, C 70-72/ 70.3 70.3 12.3 12.5 8.2 8.1
c h 3 c h 3 c h 3 (CH3)2N C 129-130® 70.3 70.4 12.3 12.7 8.2 8.1

c h 3 c h 3 c h 3 Cn B 92-94 74.0 73.8 11.8 11.6 6.6 6.5

c h 3 c h 3 c h 3
/  N 

0 N__ A 100.5-103 67.7 67.7 10.8 10.8 6.6 6.5

C,II5 c2h 6 c h 3 (CH3)2N B 74-75 72.4 72.3 12.6 12.6 7.0 6.8
c2h 5 c2h 6 QTT (CH3)2N A 75-78 74.0 74.2 12.8 13.0 6.2 6.4
CTT c 4h 3 c h 3 (CHs)2N A 100- 10T 74.3 73.9 12.4 12.7 6.2 6.1

-(CH2)If c h 3
0

B 141-142*' 76.6 76.5 11.5 11.3 5.6 5.2

0 A = LiAlH4; B = NaBH4; C = catalytic hydrogenation. 6 Recrystallized from hexane. c From unstable cycloadduct, which 
was not isolated. d Boiling point (0.8 mm.). e Boiling point (0.5 mm.). 1 trans Isomer. » cis Isomer. h Boiling point (1.3 mm.). 
* Recrystallized from benzene-hexane mixture.

butane nucleus are the same as those measured for the 
cis and trans isomers of 2,2,4,4-tetramethyl-l,3-cyclo- 
butanediol (V).11 The configurations of the isomers of

IV thus correspond to those of the glycol V ; the lower 
melting isomer is trans and the higher melting one is cis.

A number of 3-dialkylaminocyclobutanols prepared 
by hydride reduction are listed in Table III. Many 
were obtained as crystalline compounds with fairly 
sharp melting points. Each solid product probably 
was a single isomer, but data were insufficient for 
assignment of configuration.

The cycloaddition reaction was extended to ketene 
and to enamines containing /3-hydrogen atoms. The 
enolizable cyclobutanones obtained from these reactants 
were unstable and underwent ring opening to form 
aminovinyl ketones. Ketene and V,V-dimethyliso- 
butenylamine, for example, reacted readily at 0° and 
a 93% yield of distilled product was obtained. This 
1:1 adduct was not a cyclobutanone but the acyclic 
compound, l-dimethylamino-4-methyl-l-penten-3-one
(VI). The structure was assigned from infrared and
n.m.r. spectra, and confirmed by an alternate synthesis;

(11) R. H. Hasek, E. U. Elam, J. C. Martin, and R. G. Nations, J. Org. 
Chem., 26, 700 (1961).



1471

T a b l e  IV
A m in o y in y l  K e t o n e s  

O

r ,N CH =CR'CCH R " 2

J u n e , 1 9 6 3  C y c l o a d d it io n  o f  K e t e n e  to  E n a m in e s

RsN R ' R " B.p., °C. (mm.) n 20D
✓— Carbon 
Calcd.

. % —  
Found

✓—Hydroge 
Calcd.

n,
Found

-—Nitrogen 
Calcd.

, % a —  
Found

(CH3)2N H c h 3 105-107(2) 1.5301 68.0 68.0 10.6 10.9 9.9 9.7

0 H c h 3 133(1.7) 1.5485 72.9 72.9 10.5 10.2 7.7 7.9

0

H CH3 137(1.3) CO‘■C 65.6 66.1 9.3 9.4 7.7 7.6

c 6h 5n c h 3 H CHa 121-127(0.6) 1.6074 76.9 76.7 8.4 8.2 6.8 6.7
(CNCH2CH2)2N H c h 3 158-159" 65.7 65.4 7.8 7.9 19.2 18.9
(C6H6CH2)2N H CHa 100-105 (0.002)' 82.0 81.9 7.9 7.9 4.8 4.7NCvN H CH3 253-254“" 69.0 68.8 9.4 9.3 10.1 10.3

(CH3) 2N ' H c 2h 6 100-103(0.7) 1.5235 71.0 70.8 11.2 11.4 8.3 8.0

0 c 2h 6 CHa 119-121(0.6) 1.5424 74.6 74.3 11.0 10.9 6.7 6.6

a Spurious values for nitrogen were obtained by the Kjeldahl procedure; recorded values are by Dumas method. s Melting point (from 
ethyl alcohol). c Solidified on standing. d Bis adduct, melting point (from aqueous ethyl alcohol).

3-methyl-2-butanone and methyl formate were con
densed to the sodium salt of l-hydroxy-4-methyl-l- 
penten-3-one, which reacted with dimethylamine hydro
chloride to give VI.12

(CH3)2C=CHN( CHs ) 2 +  CH2= C = 0  — >
o

( CH3)2Ch I)CH=CHN( CH3 )2 
VI

M (C H .)jNH-HC1

O 0
II NaOCHs II

(CH3)2CHCCH3 +  HC02CH3--------->  (CH3)2CHCCH=CHONa

The structure of VI, with the ketene moiety in the 
center of the molecule, indicated a cycloaddition 
mechanism followed by a ring cleavage. Infrared spectra 
confirmed this view, for the cold reaction product exhib
ited an absorption at 5.63 y characteristic of cyclobuta- 
nones, which disappeared as the product was warmed.13 
Addition of lithium aluminum hydride to the cold reac
tion product converted the unstable cycloadduct to 3- 
dimethylamino-2,2-dimethylcyclobutanol.

(CH3)2C=CHN(CH3)2 +

(CH3)2 —  

(CH3)2N -J—

c h 2 = c = o
(CH3)2

(CH3)2N -
I

VI

All enolizable cyclobutanones prepared by other 
combinations of ketenes and enamines rearranged dur
ing distillation to aminovinyl ketones. The cyclo
adducts of dialkylketenes with enamines containing a 
/3-hydrogen atom behaved in this manner. Dimethyl- 
ketene and l-(l-butenyl)piperidine in hexane solution at 
—20° gave 2-ethyl-4,4-dimethyl-3-piperidinocyclo- 
butanone (VII), which rearranged during distillation

(12) E . Benary, B e r . ,  63, 1573 (1930).
(13) O ther workers isolated some unstable ketene-enam ine adducts  and 

no ted  the ir rearrangem ent to  the am inovinyl ketones .6»7

to 2-ethyl-4-methyl-l-piperidino-l-penten-3-one. The 
cycloaddition and ketene and l-(l-butenyl)piperidine 
gave 2-ethyl-3-piperidinocyclobutanone (VIII), which 
could undergo two modes of rearrangement to give a 
mixture of 2-ethyl-l-piperidino-l-buten-3-one (IX) 
and l-piperidino-l-hexen-3-one (X). This mixture 
was not resolved by distillation, but the n.m.r. spectrum 
indicated a 1; 2 ratio of IX to X.

^ N C H  “ I
0
II

CCCH(CH3)2

C2H5

(CH3 ) 2o =0

- c 2 h 5

VII

1 (CH s) jC = C = 0

o F=0

-c 2 h s

b
CH2= C = '

2 -  0 4 C H = c h c 2h 5

VIII

I

< ^ N C H =

o
II

CCCHs

C2H6̂
+ ^  NCH=

0
II

c h c c 3 h 7

IX X

The aminovinyl ketones prepared through the cyclo- 
addition and rearrangement reactions are listed in 
Table IV. It is noteworthy that .V-isobiitenyl-.V- 
methylaniline, which failed to react with dimethyl- 
ketene, added to ketene. No 2:1 adducts of ketene 
and enamines were isolated from reactions carried out 
in polar solvents.

The mechanism of cyclobutanone formation from 
ketenes and olefins has not been ascertained; structures 
are compatible with a diradical mechanism or with an 
ionic process involving nucleophilic attack by the olefin. 
The ease of cycloaddition of ketenes to the strongly 
nucleophilic enamines supports the latter ionic mech
anism. This is bolstered by the effect of polarity of
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the solvent on the rate of reaction, and by the formation 
of by-products ranging from 2:1 adducts to ketene poly
mers. Stabilization of the charge separation in the 
ionic intermediates (XI and XII) might be expected to 
facilitate further addition of the ketene and the subse
quent formation of the higher adducts.

R2N -C H = C R 2

r2

© 0
r 2n = c h c r 2

r 2c = c = o

r 2c - c = o
Q) I

r 2n^=c h - c r 2
&

XI
R 2C = C = 0

_  r 2c^  ^ c r 2
I

r 2n = c h  c = o 
©

r2
XII

| r 2c = c = o

higher adducts and polymers

E x p e rim e n ta l

The enamines used in these experiments were prepared from 
aldehydes and secondary amines.14-16 Two enamines not pre
viously reported were prepared: l-methyl-4-isobutenylpiperazine, 
b.p. 38-40° (1 mm.), n20D 1.4718, and AhlV-dibenzylisobutenyl- 
amine, b.p. 110-114° (0.8 mm.), «20d 1.5591. Ketene was ob
tained from an industrial production unit, and dialkylketenes 
were prepared by pyrolysis of corresponding anhydrides .17

3-Dimethylamino-2,2,4,4-tetramethylcyclobutanone (I).—Over 
a period of 15 min., 70 g. (1.0 mole) of dimethylketene was added 
to a stirred solution of 99 g. (1.0 mole) of fV,iV-dimethyliso- 
butenylamine in 400 ml. of isopropyl acetate under a nitrogen 
atmosphere. The reaction temperature slowly rose to 45°, 
but was then held at 25-30° by a water bath. The reaction 
solution was stirred for 6 hr. and then distilled through a 12-in. 
packed column to give some unchanged enamine, tetramethyl-
1,3-eyclobutanedione, and 108 g. (64%) of 3-dimethyIamino-
2,2,4,4-tetramethylcyclobutanone, b.p. 83-85° (24 mm.),

1.4439.
Anal. Calcd. for Ci0Hi9NO: C, 71.1; H, 11.2; N, 8.2. 

Found: C, 71.3; H, 11.2; N, 8.1. Infrared maxima (smear18:
3.6 [N(CH3)2], 5.62 fi. (cyclobutanone). N.m.r. spectrum 
(neat)19: —87 [N(CH3)2 and CH], —51 and —44 c.p.s. (CHa 
groups).

Quatemization and Hydrolysis of I.—A solution of 84 g. (0.5 
mole) of 3-dimethylamino-2,2,4,4-tetramethylcyclobutanone and 
93 g. (0.5 mole) of methyl tosylate was heated overnight on a 
steam bath. When a solution of 56 g. (1.0 mole) of potassium 
hydroxide in 200 ml. of water was added to the solid product at 
room temperature, the mixture became quite hot and trimethyl- 
amine evolved. The solution was heated on a steam bath for 6 
hr., then cooled, and extracted with ether. The aqueous layer 
was acidified by the slow addition of concentrated hydrochloric 14 15 16 17 18 19

(14) E . Benzing, A n g e w .  C h e m . ,  71, 521 (1959).
(15) K . C. B rannock, A. Bell, R . D. B urp itt, and  C. A. Kelly, J .  O r g .  

C h e m . ,  26, 625 (1961).
(16) G. Opitz, H . Heilm an, and  H. W. Schubert, A n n . ,  623, 112 (1959).
(17) R. H . Hasek and E . U. E lam  (to  E astm an  K odak Co.), C anadian  

P a te n t 618,772 (1961).
(18) In fra red  spectra  were determ ined on a  B aird AB2 in s trum en t. 

Significant m axim a are reported  in  microns ( j i ) .

(19) N .m .r. spectra  were obtained  w ith a  V arian V4300B spectrom eter a t  
40 M e. Unless otherwise noted, spec tra  are quoted  in  cycles per second 
(c.p.s.) re la tive  to  te tram ethylsilane as an in te rna l s tandard .

acid. The organic layer which separated was taken up in ether, 
washed with water, and dried over anhydrous magnesium sul
fate. Distillation through a 10-in. packed column gave 43.2 g. 
(71%) of 2,2,4-trimethyl-3-pentenoic acid (II), b.p. 86° (2 mm.), 
?i2°D 1.4472.

Anal. Calcd. for C8Hi40 2: C, 67.6; H, 9.9; neut. equiv., 
142. Found: C, 67.6; H, 10.1; neut. equiv., 142. Infrared 
maxima (smear): 3.S7, 3.9 (OH), 5.87 (COOH), 10.6 (OH 
deformation), 12.22y (C=CH). N.m.r. (neat): —490(COOH), 
-208 (C=CH), -6 4  and -6 7  [(CH3)2C=CH ], -5 2  c.p.s. 
[C(CH3)2], With a warm sample and higher resolution, the 
peak at —208 c.p.s. was resolved into seven peaks and the 
doublet at —64 and —67 c.p.s. into two sets of doublets with the 
same coupling constant. This pattern, from spin-spin inter
action of the methyl groups and the olefinic proton, is charac
teristic of the grouping (CH3)2C=CH—.

/r«n.s-3-Dimethylamino-2,2,4,4-tetramethylcyclobutanol (IV). 
—A solution of 3.8 g. (0.1 mole) of sodium borohydride in 25 ml. 
of water was added slowly to a stirred solution of 50 g. (0.3 mole) 
of 3-dimethylamino-2,2,4,4-tetramethylcyclobutanone (I) in 75 
ml. of ethyl alcohol. The temperature of the exothermic re
action was kept at 25-30° by a water bath. The mixture was 
stirred for 1 hr. after addition was complete, then heated in an 
evaporating dish on the steam bath until most of the ethyl alcohol 
was removed. The residue was extracted with 300 ml. of ether, 
and the ether layer was separated, washed with water, and 
dried over anhydrous magnesium sulfate. Evaporation of the 
ether yielded 46.8 g. (92%) of ir<ms-3-dimethylamino-2,2,4,4- 
tetramethylcyclobutanol (IV), m.p. 69-72°. An analytical 
sample was prepared by dissolving some IV in warm hexane and 
chilling the solution in Dry Ice. Rapid filtration of the solid 
gave a sample, m.p. 70-72°.

Anal. Calcd. for Ci0H2iNO: C, 70.2; H, 12.3; N, 8.2; 
neut. equiv., 171. Found: C, 70.3; H, 12.5; N, 8.1; neut. 
equiv., 171.8. Infrared maxima (KBr pellet): 3.12 (OH), 
3.53 , 3.59 y  [N(CH3)2], N.m.r. spectrum (saturated chloro
form solution): -155 (OH), -130 (O—CH), -8 4  [N(CH3)2], 
— 63 (N—CH), —41 c.p.s. (CH3 groups).

The iV-phenylurethane was prepared from IV and phenyl iso
cyanate, with Ar,N,iV',.V,-tetramethyl-l,3-butanediamine used 
as a catalyst. The derivative, recrystallized twice from hexane, 
melted at 134.5-135.5°.

Anal. Calcd. for Ci7H26N20 2: C, 70.4; H, 9.0; N, 9.7. 
Found: C, 70.4; H, 9.0; N, 9.7.

cfs-3-Dimethylamino-2,2,4,4-tetramethylcy clobutanol (IV).— 
A solution of 100 g. of 3-dimethylamino-2,2,4,4-tetramethyl- 
cyclobutanone in 500 ml. of isooctane was hydrogenated in a 
stainless steel rocking autoclave over 30 g. of 5% ruthenium on 
powdered carbon at 100° and 3000 p.s.i. for 4 hr. The catalyst 
was removed by filtration and washed with 300 ml. of methanol. 
Analysis of the combined filtrates by vapor phase chromatography 
showed no starting material was present. The filtrate was dis
tilled through a 6-in. Vigreux column to a base temperature of 
150°. The residue solidified on cooling and was recrystallized 
from hexane to give 32.0 g. of crude cis-IV, m.p. 124.5-128.5°. 
Another recrystallization from hexane raised the melting point 
to 129-130°.

Anal. Calcd. for Ci0H2iNO: C, 70.2; H, 12..3; N, 8.2. 
Found: C, 70.4; H, 12.7; N, 8.1. Infrared maxima (KBr 
pellet): 3.15 (OH), 3.55 and 3.62 y  [N(CH3)2]. N.m.r. spec
trum (20% solution in chloroform): —41 and —49 (CH3), —78 
(N—CH), -8 3  [N(CH3)2], -113 (OH), -134 c.p.s. (O—CH). 
The picrate, recrystallized from ethyl alcohol, melted at 238- 
239°.

Anal. Calcd. for Ci6H24Ni03: C, 48.0; H, 6.0; N, 14.0. 
Found: C,48.0; H.6.1; N, 13.6.

Evaporation of the filtrate yielded 53.7 g. of solid material 
consisting mostly of trans-TV.

5-Dimethylamino-2,2,4,4,6,6-hexamethyl-l ,3-cyclohexane- 
dione (III).—Over a period of 30 min., 210 g. (3.0 moles) of 
dimethylketene was added to a stirred solution of 297 g. (3.0 
moles) of N,iV-dimethylisobutenylamine in 700 ml. of aceto
nitrile. The temperature of the exothermic reaction was kept at 
30-40° by an ice bath. Stirring was continued for several 
hours at room temperature, and the solvent then was evaporated 
on a steam bath. The residue (374.3 g.) was taken up in dilute 
hydrochloric acid and extracted with ether. The aqueous 
residue was made alkaline with sodium hydroxide, and the organic 
layer which separated was taken up in ether and dried over an
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hydrous magnesium sulfate. Distillation through a 12-in. 
packed column gave 123 g. of 3-dimethylamino-2,2,4,4-tetra- 
methylcyclobutanone (I) and 115.1 g. (32%) of 5-dimethyl- 
amino-2,2,4,4,6,6-hexamethyl-l,3-cyclohexanedione (III), b.p. 
132-134° (4 mm.), nwo 1.4948.

Anal. Calcd. for Ci4H26N 02 (III): mol. wt., 239. Found: 
mol. wt., (ebullioscopic in benzene), 244. Infrared maxima 
(smear): 3.61 [N(CH3)2], 5.75 n (C = 0). N.m.r. spectrum 
(50% solution in benzene): -9 8  [N(CH3)2], -9 4  (N—CH), 
— 68 [—COC(CH3)2CO—], —52 and —47 c.p.s. (CH3 groups). 
With dilution of the sample, the peak at —68 c.p.s. separated 
into a doublet.

The black residue from the distillation was extracted with 200 
ml. of hot acetone. Evaporation of the acetone left 27.5 g. of 
solid residue, which was recrystallized from ethyl alcohol and 
then from toluene to give 19.4 g., m.p. 168-169°. Elemental 
analysis and molecular weight determination indicated that this 
compound was an adduct of three molecules of dimethylketene 
and one molecule of IV,W-dimethylisobutenylamine.

Anal. Calcd. for Ci8H31N 03: C, 69.9; H, 10.1; N, 4.6; 
mol. wt., 309. Found: C, 70.1; H, 10.5; N, 4.6; mol. wt. 
(ebullioscopic in benzene), 318. Infrared maxima (mineral oil 
mull): 3.5, 3.6 [N(CH3)2], 5.74 ¡i (C = 0).

2.2.4.4.6.6- Hexamethyl-5-piperidino-l,3-cycloliexanedione.— 
Dimethylketene (280 g., 4.0 moles) was added to a stirred solution 
of 280 g. (2.0 moles) of iV-isobutenylpiperidine in 500 ml. of 
dimethylformamide. The exothermic reaction was kept at 
40-50° by an ice bath. The reaction mixture was stirred for 6 
hr. and then distilled through a 10-in. packed column to give
104.3 g. (25%) of 2,2,4,4-tetramethyl-3-piperidinocyelobutanone 
and 180.4 g. (31%) of 2,2,4,4,6,6-hexamethyl-5-piperidino-l,3- 
cyclohexanedione, b.p. 134-136° (1.2 mm.), j i ® d  1.5090.

Anal. Calcd. for CnH29N 02: mol. wt., 279. Found: mol. 
wt. (ebullioscopic in benzene), 280. Infrared maxima (smear):
3.55, 3.62 (C6HI0N), 5.76 n (C = 0).

A solid product which precipitated in the still during the above 
distillation was removed by filtration and recrystallized from 
toluene to give 51.3 g. of a 3:1 adduct, m.p. 216.5-217.5°.

Anal. Calcd. for C21H35N 03: C, 72.2; H, 10.0; mol. wt., 
349. Found: C, 72.0; H, 10.2; mol. wt. (ebullioscopic in 
benzene), 345. Infrared maxima (mineral oil mull): 3.55 
(C5HI0N), 5.78 m (C = 0).

2.2.4.4.6.6- Hexamethyl-5-piperidino-l,3-cyclohexanediol.—A
solution of 50 g. (0.185 mole) of 2,2,4,4,6,6-hexamethyl-5-piperi- 
dino-l,3-cyclohexanedione in 100 ml. of tetrahydrofuran was 
added slowly to a stirred solution of 11.4 g. (0.3 mole) of lithium 
aluminum hydride in 200 ml. of tetrahydrofuran at 10-20°. 
The solution was refluxed for 1 hr., cooled, and 12 ml. of water, 
9 ml. of 20% sodium hydroxide solution, and 38 ml. of water were 
added successively'. The mixture was filtered and the solid was 
washed with several portions of tetrahydrofuran. Evaporation 
of the filtrate left 49.4 g. (97%) of crude product, m.p. 208-211°. 
Recrystallization from toluene gave 36.3 g. (72%) of 2,2,4,4,6,6- 
hexamethyl-5-piperidino-l,3-eyelohexanediol, m.p. 212-213°.

Anal. Calcd. for CnH33N 02: C, 72.1; H, 11.7; N, 5.0. 
Found: C, 71.9; H, 11.5; N, 4.9. Infrared maxima (mineral 
oil mull): 2.98 (OH), 3.65 n [N(CH3)2] .

5-Dimethylamino-2,2,4,4,6,6-hexamethyl-l,3-cyclohexane- 
diol.—By the same procedure, 5-dimethylamino-2,2,4,4,6,6- 
hexamethyl-l,3-cyclohexanedione (III) was reduced with lithium 
aluminum hydride to the corresponding glycol, m.p. 208-210°.

Anal. Calcd. for Ci4H29N 02: C, 69.2; H, 11.9; N, 5.8. 
Found: C, 68.8; H, 12.0; N, 5.6. Infrared maxima (mineral 
oil mull): 3.01 (OH), 3.6 M [N(CH3)2] .

2-Butyl-3-dimethylamino-2-ethyl-4,4-dimethylcyclobutanol.— 
A solution of 70 g. (0.31 mole) of 2-butyl-3-dimethydamino-2- 
ethyl-4,4-dimethylcyclobutanone in 100 ml. of ether was added 
slowly to a stirred suspension of 8.8 g. (0.23 mole) of lithium 
aluminum hydride in 200 ml. of ether. The temperature was 
maintained at 10-15° by an ice bath. After the addition was 
complete, the mixture was stirred for 1 hr. at room temperature. 
A small amount of ethyl acetate was added to destroy the excess 
lithium aluminum hydride, followed by slow addition of 9 ml. 
of water, 7 ml. of 20% sodium hydroxide solution, and 27 ml. 
of water. An ice bath was used for cooling during these addi
tions. The white solid that formed was removed by filtration 
and washed with several portions of ether. The combined ether 
layers were dried over anhydrous magnesium sulfate and distilled 
through a 12-in. packed column to give 59 g. (84%) of 2-butyl-
3-dimethylamino-2-ethyl-4,4-dimethylcyclobutanol, b.p . 99-102°

(1.3 mm.), nmd 1.4804. Infrared maxima (smear): 3.12 (OH),
3.55, 3.611± [N(CH3)2].

1- Dimethylamino-4-methyl-l-penten-3-one (VI).—Gaseous ke
tene was passed into a rapidly stirred solution of 316 g. (3.2 
moles) of iV,./V-dimethylisobutenylamine in 300 ml. of ethyl 
ether to a weight increase of 147 g. (3.5 moles). The exothermic 
reaction was kept at 20-30° by intermittent use of an ice bath. 
The reaction solution was stirred at room temperature for an 
additional hour and distilled through a 12-in. packed column to 
give 409.6 g. (93%) of l-dimethylamino-4-methyl-l-penten-3- 
one, b.p. 105-107° (2 mm.), w20d 1.5301.

Anal. Calcd. for C8Hi5NO: C, 68.0; H, 10.6; N, 9.9. 
Found: C, 68.0; H, 10.9; N, 9.7. Infrared maxima: 6.05,
6.25, 6.38 n (N—C=C—C = 0 ).

1 -Dimethylamino-2,2-dimethylcyclobutanol.—Ketene was 
passed into a rapidly stirred solution of 99 g. (1 mole) of N,N- 
dimethylisobutenylamine in 400 ml. of ethyl ether at —15 to 
— 20° to a weight increase of 42 g. (1 mole). The cold reaction 
mixture was stirred for 1 hr. and then was added slowly to a 
stirred suspension of 28.4 g. (0.75 mole) of lithium aluminum 
hydride in 500 ml. of ethyl ether at 15-25°. Stirring was con
tinued for 2 hr. after the addition. Excess lithium aluminum 
hydride was destroyed by the addition of ethyl acetate, followed 
by successive additions of 28 ml. of water, 21 ml. of 20% sodium 
hydroxide solution, and 115 ml. of water. The white solid was 
removed by filtration and washed several times with ether. 
Distillation of the combined filtrates through an 8-in. Vigreux 
column gave 118.2 g. (83%) of l-dimethylamino-2,2-dimethyl- 
cyclobutanol, b.p. 88-91° (7 mm.), which solidified on cooling. 
An analytical sample recrystallized from hexane melted at 58- 
60°. Infrared maxima: 3.0 (OH), 3.56 and 3.62 ju [N(CH3)2] .

1,1'-(l ,4-Piperazinediyl)bis[4-methyl-l-penten-3-one].—A 
solution of 194 g. (1.0 mole) of 1,4-diisobutenylpiperazine in 400 
ml. of ethyl ether was cooled in an ice bath and stirred rapidly as 
ketene was added to a weight increase of 84 g. (2.0 moles). A 
large amount of solid precipitated. The entire reaction mixture 
was evaporated on a steam bath to 256 g. of solid residue, which 
was recrystallized from aqueous ethyl alcohol to give 201.7 g. 
(73 %) of 1,1'-(1,4-piperazinediyl)bis [4-methyl-l-penten-3-one], 
m.p. 253-254°.

2- Ethyl-4-methyl-l-piperidino-l-penten-3-one (XI).—Seventy 
grams (1.0 mole) of dimethylketene was added to a stirred solu
tion of 139 g. (1.0 mole) of l-(l-butenyl)piperidine in 400 ml. 
of ether under a nitrogen atmosphere over 15 min. The reaction 
mixture was stirred for 30 min. after the addition and then 
distilled through a 10-in. packed column to give 172 g. (82%) 
of 2-ethyl-4-methyl-l-piperidino-l-penten-3-one (XI), b.p. 119- 
121° (0.6 mm.), n20n 1.5424.

2-Ethyl-4,4-dimethyl-3-piperidinocyclobutanone (VII) and 2- 
Ethyl-4,4-dimethyl-3-piperidinocyclobutanol.—Thirty-five grams 
(0.5 mole) of dimethylketene was added to a stirred solution of
69.5 g. (0.5 mole) of l-(l-butenyl)piperidine in 200 ml. of ether 
at —20° to 0°. An infrared spectrum, taken an hour after 
addition was complete, showed a strong absorption at 5.65 ft, 
indicative of the cycloadduct, 2-ethyl-4,4-dimethyl-3-piperidino- 
cyclobutanone. The cold solution was added slowly' to a stirred 
suspension of 14.2 g. (0.375 mole) of lithium aluminum hydride 
in 250 ml. of ether at 10-20°. After addition was complete, 
stirring was continued for 1 hr. at room temperature; 14 ml. 
of water was added carefully, with cooling, followed by 10 ml. 
of 20% sodium hydroxide solution and 50 ml. of water. The 
solid that formed was removed by filtration and washed with 
several portions of ether. The combined filtrates were distilled 
through a 10-in. packed column to give 71.2 g. (68%) of 2-ethyl-
4,4-dimethyl-3-piperidinoc>'elobutano], b.p. 87-89° (0.5 mm.), 
ti2»d 1.4870.

2-Ethyl-3-piperidinocyclobutanone (VIII) and 2-Ethyl-3-piperi- 
dinocyclobutanol.—Ketene was passed into a stirred solution of
69.5 g. (0.5 mole) of l-(l-butenyl)piperidine in 200 ml. of ether 
at —20° to a weight increase of 25.5 g. (0.6 mole). The reaction 
solution was stirred at —20° for 1 hr. after the addition. An 
infrared spectrum of the solution showed an absorption at 5.65 
characteristic of a cyclobutanone (VIII). The cold solution was 
added slowly to a stirred suspension of 14.2 g. (0.375 mole) of 
lithium aluminum hydride in 250 ml. of ether at 15-25°. After 
addition was complete, stirring was continued for 1 hr. at room 
temperature, and 14 ml. of water was added carefully, with 
cooling, followed by 10 ml. of 20% sodium hydroxide solution 
and 49 ml. of water. The solid that formed was removed by
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filtration and washed with several portions of ether. The com
bined filtrates were distilled through a 10-in. packed column to 
give 65.1 g. (71%) of 2-ethyl-3-piperidinocyclobut-anol, b.p. 
98° (0.8 mm.), nmD 1.4930.

The rearrangement of VIII to a mixture of 2-ethyl-l-piperidino- 
l-buten-3-one and l-piperidino-l-hexen-3-one was followed by 
infrared spectra. A small sample of the ether solution of VIII 
described previously was allowed to stand for a few days at room 
temperature. Periodic examination by infrared spectroscopy 
showed a gradual disappearance of the band at 5.65 n and a 
corresponding appearance of bands at 6.05, 6.25, and 6.38 y.

2-Ethyl-l-piperidino-l-buten-3-one (IX) and 1-Piperidino-l- 
hexen-3-one (X).—Ketene was added to a stirred solution of 
139 g. (1 mole) of l-(l-butenyl)piperidine in 400 ml. of benzene to 
a weight increase of 42 g. (1 mole). Frequent cooling was re
quired to maintain the reaction temperature at 10 to 25°. The 
solution was stirred for 1 hr. after the addition, and then distilled 
through a 10-in. packed column to give 109.2 g. (60%) of a 
m ixtu re  of IX and X, b.p. 137° (0.3 mm.), t i22d 1.5544.

Anal. Calcd. for CuH19NO: C, 72.9; H, 10.5; N, 7.8. 
Found: C, 72.7; H, 10.5; N, 7.7. N.m.r. spectrum (50%, 
solution in CC14): IX, singlet at —301 (C=CH—N), broad 
peaks at —150 and —85 (C5H10N), —100 (CH3C = 0 ), —108 
(CH2), —60 c.p.s. (CH3); X, doublets centered at —308 and 
— 216 (CH=CH—N), broad peaks at —150 and —85 (C3- 
H10N), -108 (CH2C = 0 ), -8 5  (CHS), -6 0  c.p.s. (CH,). 
Relative areas of peaks corresponding to C=CH—N protons 
indicated the ratio of IX to X was approximately 1:2.
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Attempted acyloin ring closure on c?s-l,2-dicarbethoxycyclobutane leads, by an apparent fragmentation 
reaction, to 2-carbethoxycyclopentanone.

The bicyclo [2.2.0]hexane skeleton has eluded most 
attempts toward its synthesis.3 The result of many 
previous investigations has been a fragmentation reac
tion30 as the following examples indicate.

successful in producing the bicyclo [2.2.0]hexane system. 
In fact, the first example of “Dewar benzene,” a bicyclo- 
[2.2.0 [hexadiene, has been produced by a photochemi
cal reaction.7

X =Halogen

(I)3“

(2 )3b

(4)

(5)

Only unusual reagents or combinations of reagents,
e.g ., tetracyanoetliylene and l-methyl-3-isopropyli- 
denecyclobutene,4 the isomerization of perfluoro-1,5- 
hexadiene,5 or photochemical reactions6 have been 1 2 3 4 5 6

(1) This paper was presented before the Division of Organic Chemistry at 
the 143rd National Meeting of the American Chemical Society, Los Angeles, 
Calif., April, 1963-

(2) (a) To whom inquiries concerning this communication should be ad
dressed; (b) Participant in the National Science Foundation supported Re
seal ch Participation for College Teachers program in the Summer of 1962. 
(c) N o t e  A d d e d  i n  P r o o f .—After this paper was accepted, we learned, by 
personal communication, that the observations reported here had been made 
independently (a n d  p r i o r  t o  o u r  w o r k )  by Dr. H. Ogura and Dr. J. Mein- 
wald at Cornell University. Dr. P. G. Gassman at Ohio State University 
has also independently observed this rearrangement.

(3) (a) S. G. Cohen and R. Zand, J .  A m .  C h e m .  S o c . ,  84, 586 (1962); 
(b) R. Criegee and K. Matterstock, unpublished results quoted by E. Vogel, 
A n g e w .  C h e m . ,  72, 4 (1960); (c) C. A. Grob and W. Baumann, H e l v ,  C h i m .  

A c t a ,  38, 594 (1955).
(4) J. K. Williams, J .  A m .  C h e m .  S o c , ,  81, 4013 (1959).
(5) A. H. Fainberg and W. T. Miller, i b i d . ,  79, 4170 (1957).
(6 ) (a) S. Cremer and R. Srinivasan, T e t r a h e d r o n  L e t t e r s ,  No. 21, 24 

(1960); (b) W. G. Dauben and G. J. Fonken, ./. A m .  C h e m .  S o c . ,  81, 4060 
(1959).

Cope and Herrick,8 in their synthesis of bicyclo- 
[4.2.0 ]octane-7-ol-8-one from 1,2-dicarbethoxycyclo- 
hexane, demonstrated that the acyloin reaction can 
produce a four-membered ring. Because the generally 
accepted mechanism for the acyloin reaction involves 
the dimerization of intermediate radical ions9 and be
cause the fragmentation reactions known to us when 
this work was started involved purely ionic intermedi
ates30'10 it was felt that bicyclo [2.2.0]hexane-2-ol-3-onc 
might be prepared simply from 1,2-dicarbethoxycyclo- 
butane following the example of Cope and Herrick.

When this reaction was conducted in liquid am
monia,11 the major product (40%) was 2-carbethoxy
cyclopentanone, identical in all respects with an authen-

(7) E. E. van Tamelen and S. P. Pappas, ibid., 84, 3789 (1962).
(8) A. C. Cope and E. C. Herrick, ibid., 72, 983 (1950).
(9) S. M. McElvain, “Organic Reactions,” Coll. Vol. IV, John Wiley and 

Sons, Inc., New York, N. Y., 1948, p. 256.
(10) C. A. Grob, E x p e r e n t i a ,  13/3, 126 (1957).
(11) Cf., J. C. Sheehan, R. A. Coderre, and P. A. Cruickshank, J. Am. 

Chem. Soc., 75, 6231 (1953).
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tic sample.12 When toluene was the solvent, the yield 
of keto ester was only 9-20%. In both solvents, partic
ularly toluene, other, unidentified, substances were 
produced in varying amounts. There was no evidence 
for acyloin products.20

Sheehan has shown that sodium dispersion in toluene 
will produce adipoin from adipic ester.13 We find that 
under the liquid ammonia conditions adipoin also is 
produced, but in lower yield than in the toluene reac
tion.

Two general mechanisms seem possible. In the 
first, a diradical intermediate, 4, homolyzes to produce 
the fragmentation product, a bisenolate, 5, of diethyl 
adipate. The enolate may react directly to produce 
an anion of 2-carbethoxycyclopentanone or it may 
abstract a proton from either the solvent or an unre
acted molecule of ester to produce the monoenolate of 
adipic ester which subsequently undergoes the Dieck-

1 +  2Na(or 2e_)
'OEt

TC—OEt

0®

0©
C02Et

C02Et
CbEt
0 9

0©

OEt

OEt

0 9

1 +  2Na(or e~)

0
II
C -O E t
0

A  *
C -O E t
ll-J
0 ;

o

AnOEt

0©

I

OEt
>

(8)

C02Et

0

C02Et

A °e
e(OEt

5 +  RH

0©

/C —OEt
A0

C -O E t
1%
o*

(9)

(12) P. S. Pinkney, “Organic Syntheses,” Coll. Vol. XI, John Wiley and 
Sons, Inc., New York, N. Y., 1943, p. 116.

(13) J. C. Sheehan, R. C. O’Neill, and M. A. White, ./. A m .  C h e m .  S o c . ,  

72,3376 (1950).

mann reaction in the usual way. The second mecha
nism involves the rearrangement of a 1,2-dianion to 
give 5.

It does not seem possible at this time to choose be
tween these alternatives. The dianion mechanism has 
been proposed in the past,14 in modified form, to explain 
the results obtained in acyloin reactions. Recent work 
of Hauser15 shows the plausibility of the 1,2-dianion. 
On the other hand, the formation of 1,5-hexadiene from 
2,3-diazabicyclo [2.2.0]oct-2-ene3a follows a free radical 
path.16

“ 0  ~  C (10)

Fragmentations have been observed in other de
compositions of azo compounds.17

CH;

30%

CH3
‘a n  

__ A N
50% CH3

(11)

CH3
•t> C=CH2 +  CH3CH=CH2 

70%

+

20%
CH3

(12)

Experimental
ax-l,2-Dicarbethoxycyclobutane.—This starting ester was 

prepared by Fischer esterification of cfs-1,2-cyclobutane di- 
carboxylic acid anhydride.18

Acyloin Reactions in LiquidtAmmonia.11—The reactions were 
carried out under dry, oxygen-free nitrogen in a three-neck flask 
fitted with a dropping funnel, Dry Ice condenser, and a Trubore 
stirrer and insulated by a heating mantle. In a typical reaction, 
sodium, 4.65 g. (0.20 g.-atom), was added to 1.0 1. of liquid am
monia and 100 ml. of anhydrous ether. Ten grams (0.05 mole) 
of the diester in 400 ml. of anhydrous ether was added over 5 
hr. Anhydrous ether, 200 ml., was added and the ammonia and 
ether evaporated under a stream of nitrogen over 24 hr. To the 
reaction mixture, which was a light creamy paste, was added a 
further 200 ml. of ether and this also was evaporated. The pro
cedure was repeated (two to three times) until the exit gas was no 
longer basic to wet litmus. This left a yellow paste which was 
worked up by adding 250 ml. of ether and then (rapidly) excess 
dilute 3-5% hydrochloric acid solution while the flask and con
tents were cooled in an ice bath. The ether layer was separated, 
dried over anhydrous magnesium sulfate, evaporated, and the 
residue was distilled at 3.0 mm., b.p. 81-84°. The yield of 2- 
carbethoxycyclopentanone was 40-42%, n md 1.4484-1,4488; 
semicarbazone, m.p. 141-144°. The infrared spectrum was

(14) (a) H. Sciieibler and F. Eniden, A n n . ,  434, 265 (1923); (b) F. F. 
Blicke, J .  A m .  C h e m .  S o c . ,  47, 229 (1925).

(15) (a) C. R. Hauser, T. M. Harris, and T. G. Ledford, i b i d . ,  81, 4099 
(1959); '(b) W. G. Kofron, W. R. Dunnavant, and C. R. Hauser, J .  O r g .  

C h e m . ,  27, 2737 (1962).
(16) I t  may be, however, th a t the bicyclo-(2.2.0)-hexane was formed 

from the diradicai, 7, but, th a t a t the high temperature of pyrolysis, it re
arranged.6*

(17) (a) C. G. Overberger, G. Kesslin, and N. R. Byrd, J .  O r g .  C h e m . ,  

27, 1568 (1962); (b) C. G. Overberger and G. Kesslin . i b i d . ,  27, 3898 (1962).
(18) E. R. Buchman, A. O. Reims, T. Skei, and M. J. Schlatter, J .  A m .  

C h e m .  S o c . ,  64, 2696 (1942).
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identical with an authentic sample prepared in 65% yield accord
ing to the method of Pinkney,12 n25d 1.4491, b.p. 75-84° at 2.9 
mm.; semicarbazone, m.p. 141-144°; m.m.p. with “acyloin” 
product, 141-144°.

In one reaction starting with 29.25 g. of diester there was ob
tained 10.2 g. (41%) of keto ester, 1.22g.of aliquid, b.p. 86-95° 
at 0.01-0.02 mm., nKD 1.4557, and 1.1 g. of a yellow liquid, b.p.
120-133° at 0.01 mm., re 26D  1.4681. Both of these liquids had 
infrared spectra indicative of ketones, but no further attempts 
have been made to characterize them.

Acyloin Reaction in Toluene.—Into a 2-1., three-neck flask, 
fitted with a Hershberg dropping funnel, Trubore stirrer, and 
condenser was distilled 650 ml. of toluene (from calcium hydride), 
under dry, oxygen-free nitrogen. The toluene was brought to a 
boil and sodium, 5.95 g. (0.259 g.-atom), was added. With vig
orous stirring (not high speed) the diester, 12.80 g. (0.064 mole) 
in 210 ml. of dry toluene, was added over 1.5 hr. The solu

tion turned yellow within 10 min. The reaction mixture was 
cooled to 0° and then 14.7 ml. of glacial acetic acid was added. 
The presence of unchanged sodium was noted, and it was de
stroyed by stirring, under nitrogen, with 30 ml. of dry ethanol. 
The reaction mixture was quite red at this point. The solvent 
was evaporated under reduced pressure and the residue was 
filtered. The organic layer was washed repeatedly with 5% 
sodium bicarbonate solution, then with saturated sodium chloride 
solution, dried over anhydrous sodium sulfate, filtered, and 
distilled to give 2.05 g. (20.5%) of 2-carbethoxycyclopentanone, 
n 26D  1.4484, b.p. 60-66° at 0.9 mm. In a similar, subsequent 
run the yield was only 8.7%.

Adipoin.—Under the conditions for acyloin reactions in liquid 
ammonia described previously, there was obtained 0.60 g. (8.3%) 
of adipoin, b.p. 71-72.5° at 7.0 mm., n26n 1.4658, from 12.8 g. of 
diethyl adipate. The adipoin readily solidified. No keto ester 
was obtained.

E lim in a tio n  R eaction s o f  a-H alogen ated  K eton es. X I .la K in etic  and P rod u ct  
S tu d ies o f  A m in e-P rom oted  E lim in a tio n  from  

2 -B ro m o -2 -b en zy l-4 ,4 -d im eth y l-l-te tra lo n e  in  B en zene

D e n n i s  N .  K e v i l l , P e t e r  W. F o s t e r , a n d  N o r m a n  H. C r o m w e l l 1*1 

Avery Laboratory, University of Nebraska, Lincoln, Nebraska 

Received July 16, 1962

Dehydrobromination of 2-bromo-2-benzyl-4,4-dimethyl-l-tetralone (I) by piperidine or morpholine in dilute 
benzene solution at elevated temperatures has been found to give largely 2-benzal-4,4-dimethyl-l-tetralone (II) 
accompanied by lesser amounts of 2-benzyl-4,4-dimethyl-l-keto-l,4-dihydronaphthalene (III). The kinetics 
suggest that a substitution reaction initially accompanies elimination but the intermediate formed in the substitu
tion subsequently undergoes an elimination reaction to yield the <*,/3-unsaturated ketones.

Amine-promoted elimination from 2-bromo-2-benzyl-
4,4-dimethyl-l-tetralone (I) in the absence of solvent 
or in a variety of solvents2 previously has been shown 
to yield a mixture of two a,/3-unsaturated ketones:
2-benzal-4,4-dimethyl-1-tetralone (II) by exocylic elim
ination and 2-benzyl-4,4-dimethyl-l-keto-l,4-dihydro- 
naphthalene (III) by endocyclic elimination. This 
first investigation2 4 5 6 and also subsequent investigations3-6 
involving various elimination promoting reagents all 
led to largely or completely endocyclic elimination.

In this investigation it has been found that elimina
tion as promoted by piperidine or preferably by mor
pholine in dilute benzene solution at elevated tempera
tures leads to high yields of the exocyclic isomer II.

During the initial stages of reaction in both the 
piperidine- and the morpholine-promoted elimination, 
the second-order rate coeffficients for amine neutraliza
tion were about 50% greater in value than the second- 
order rate coefficients for bromide ion production. It 
follows that during the initial stages of reaction, amine 
is being consumed faster than the rate at which bromide 
ions are being produced. It is known that the two 
amines are stable in benzene7 and further during 
amine-promoted elimination from 4-biphenylyl 1- 
bromocyclohexyl ketone in benzene, the values for the

(1) (a) For paper X in this series see D. N. Kevill, G. A. Coppens, and 
N. H. Cromwell, J .  O r g .  C h e m . ,  28, 567 (1963); (b) to whom communica
tions concerning this article should be addressed.

(2) A. Hassner and N. H. Cromwell, J .  A m .  C h e m .  S o c . ,  80, 901 (1958).
(3) N. H. Cromwell, R. P. Ayer, and P. W. Foster, i b i d . , 82, 130 (1960).
(4) D. N. Kevill and N. H. Cromwell, i b i d . , 83, 3812 (1961).
( 5 )  D. N. Kevill and N. H. Cromwell, i b i d . ,  8 3 ,  3815 (1961).
(6) G. Coppens, D. N. Kevill, and N. H. Cromwell, J .  O r g .  C h e m . ,  27, 3299 

(1962).
(7) D. N. Kevill, P. H. Hess, P. W. Foster, and N. II. Cromwell, J .  A m .

C h e m .  S o c . ,  84, 983 (1962).

two sets of second-order rate coefficients were identical 
in value.7

It follows that the nonidentity of values results from 
interaction of the amine with either the reactant bromo- 
tetralone I, other than to produce the a,/3-unsaturated 
ketones, or alternatively the «,/3-unsaturated ketones 
are first formed and then a relatively rapid addition of 
amine occurs with establishment of an equilibrium be
tween the a,d-unsaturated ketones and the 1 :4 addi
tion product; elimination-addition reactions of this 
nature previously have been observed.8 An explana
tion in terms of 1:4 addition is, however, invalidated 
by the absence of any addition product when the reac
tion is completed; also the extent of subsequent addi
tion would be dependent upon the concentration of 
amine and would not be consistently about 50% of the 
extent of bromide production. At 100% bromide ion 
formation it is found that only an equivalent quantity 
of amine has been consumed; for example, a solution 
0.0200 M in bromotetralone I and 0.0400 M in piperi
dine had reacted to 98% after 138 hr. at 90.6° and re
maining was 44% of the initial piperidine concentra
tion.

Since the additional consumption of amine cannot be 
explained in terms of elimination-addition it follows 
that substitution must initially accompany the elimina
tion. If these substitution products are in themselves 
unstable then over longer periods of time, they sub
sequently can undergo elimination reaction to yield the 
isolated a,/3-unsaturated ketones. Both elimination 
and substitution lead to the formation of one molecule 
of amine hydrobromide but in the substitution reaction

(8) N. H. Cromwell and P. H. Hess, i b i d . ,  83, 1237 (1901).
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a further amine molecule is consumed. This second 
molecule is regenerated in the subsequent elimination 
reaction.

One possible path of substitution-elimination would 
involve direct substitution to give the «-aminotetralone 
A and then subsequent elimination to yield the isolated 
a,/3-unsaturated ketones. Arguing against this reac
tion path is the known stability of tertiary «-amino 
ketones under the reaction conditions; for example, 
ff-piperidino-p-phenylisobutyrophenone was recovered 
unchanged after refluxing in benzene for 24 hr. with a 
mixture of piperidine and piperidine hydrobromide.8

Another, and we think more probable, explanation in
corporates into the reaction scheme the formation of an 
unstable epoxyamine B which subsequently decom
poses to the isolated elimination products. Unstable 
intermediates of this type have recently been postulated 
for the closely related reactions of «-bromoketones with 
primary amines.9

The ratio of exocyclic to endocyclic elimination has 
been determined from an analysis of both the ultra
violet and proton magnetic resonance spectra of the 
reaction products. The ratio has been shown (Table
V) to be dependent upon the nature of the amine but 
to be independent of both amine concentration (within 
the range 0.04-0.16 M) and temperature (within the 
range 60-90°). Analysis of either the ultraviolet or 
proton magnetic resonance spectra led to identical 
per cent compositions and, ■ since the ultraviolet 
technique measures the percentage of II in the total 
product while the proton magnetic resonance technique 
measures the percentage of II relative to the sum of II 
and III, the identity of the values confirms that at 100% 
reaction of bromotetralone I the product consists only 
of a mixture of II and III.

Kinetics Results10

Stability of Reactants in Benzene.—Morpholine 
and piperidine have previously been shown to be stable 
in benzene.7 A solution 0.0327 M in bromotetralone I

(9)(a) C. L. Stevens, P . B lumbergs, and  M . M unk, J .  O r g .  C h e m . ,  28, 
331 (1963); (b) see also, A. H assnei and N. H . Cromwell, J .  A m .  C h e m .  

S o c 80, 901 (1958).

was found not to produce any bromide ions during a 
period of 22 days at 90.6°.

Kinetics of the Piperidine-Promoted Elimination 
from «-Bromotetralone I in Benzene.— The kinetics of 
the piperidine-promoted elimination have been followed 
both by determination of the rate of piperidine neu
tralization and by determination of the rate of bromide 
ion formation. It was found that the rate of piperidine 
neutralization was under identical reaction conditions 
somewhat greater than the rate of bromide ion forma
tion. During each individual run no drift could be 
detected in the integrated values for the second-order 
coefficients, either for piperidine neutralization or for 
bromide ion production, over at least 50% of stoichio- 
metrically possible reaction.

T a b l e  I
M ean  Va lu es  for  th e  Second-Ord er  R ate C o e f fic ie n t  for 
P ip e r id in e  N eu tra lizatio n , felH+), in  th e  R eaction  o f  
2-B romo-2-benzyl-4,4-dim ethyl-1-tetra lo ne  ( I )  w i t h  P ip e r i-

d i n e

f, °c.
[Bromo

tetralone]
61.0 0.0400
61.0 . 0395
75.0 .0400
75.0 .0395
75.0 .0400
90.6 .0400
90.6 .0100
90.6 . 0400
90.6 .0395
90.6 .0395

» fa<'i+> = Ae~E/ RT; cl
kcal, /in ole.

B e n z e n e “

[Piperidine]

10WH *> 
(1. moles"1 

sec.-1)
0.0100 1.16

.0400 1.06

.00500 2.7

.0200 3.0

.0400 2.8

.00500 6.4

.0100 6.7

.0100 6.9

.0200 7.5

.0400 6.8
105-8 1. moles“11 sec.“1; E =

T a b l e  II
M ean  Values for  t h e  Second-O rd er  R ate C o effic ie n t s  for 
B romide I on P roduction , A'2iBr“ ), in  th e  R eaction  o f  2- 
B romo-2-benzyl-4,4-dim ethyl-1-tetra lo ne  ( I )  w i t h  P ip e r i-

D INE i n  B e n z e n e “

[B rom o (1. m o le s“ 1
t ,  °c. te tra lo n e ] [P iperid ine] s e c .- l )

60.0 0.0327 0.0371 0.65
60.0 .0327 .0532 0.65
60.0 .0327 .0788 0.65
75.0 .0400 .0400 1.06
90.6 .0100 .0100 4.36
90.6 .0327 .0194 4.2
90.6 .0488 .0408 4.5
90.6 .0327 .0448 4.3
90.6 .0327 .0851 4.1

105.0 .0109 .0248 9.3
105.0 .0243 .0382 9.1
105.0 .0396 .0492 10.1
f a  » “ > - Ae~K.'*r; A =  105-61. moles" 1 sec.“1; E =  15.0

kcal./mole. b Followed by potentiometrie titration.

Kinetics of Morpholine-Promoted Elimination from 
«-Bromotetralone I in Benzene.— The kinetic pattern 
was similar to that for piperidine promoted elimination 
except in that a slight fall off in the integrated values 
for the second-order rate coefficient for bromide ion

(10) T he concentrations reported  w ithin th is  paper are not corrected 
for expansion of the  solvent from room tem pera tu re  to  reaction tem pera
ture. O ther en tities quoted which are concentration  dependent are simi
larly  uncorrected.



147 8 K e v il l , F o s t e r , a n d  C r o m w e l l V o l . 2 8

Table III
I n i t i a l  V a l u e s  f o r  t h e  S e c o n d - O r d e r  R a t e  C o e f f i c i e n t s  
f o r  M o r p h o l i n e  N e u t r a l i z a t i o n , f a (H +J, a n d  f o r  t h e  
S e c o n d - O r d e r  R a t e  C o e f f i c i e n t s  f o r  B r o m i d e  I o n  P r o 

d u c t i o n , f a (B r-> , i n  t h e  R e a c t i o n  o f  2 - B r o m o - 2 - b e n z y l - 4 ,4 -
DIMETHYL-1-TETRALONE (I) WITH MORPHOLINE IN BENZENE“

10%2(Br-) l(»2(H+)
[Bromo [Morpho (1. moles-1 (1. moles "

t, °c. tetralone] line] sec.-1) sec.“1)
61.0 0.0400 0.0400 1.16
61.0 .0800 .1600 1.07
75.0 .0400 .0400 3.20
75.0 .0400 .0800 3.10
90.6 .0400 .0200 8.30 12.0
90.6 .0400 .0400 9.40 11.9
90.6 .0400 .0800 9.40
90.6 .0800 .1600 9.30

a = Ae~E' RT, II © 1. moles- sec.-1; E =
kcal. /mole.

production with increasing extent of reaction was ob
served and initial values were obtained by extrapolation 
to zero extent of reaction.

Kinetic Techniques.— All runs were carried out by the 
sealed bulb technique. The kinetic methods already 
have been described. All measurements of amine 
neutralization were performed by titration in acetone 
against standard methanolic hydrogen chloride solution 
using Lacmoid as indicator.6 In all instances of mor
pholine-promoted elimination and in two instances indi
cated in Table II, of piperidine-promoted reaction, the 
extent of bromide ion formation was determined by 
potentiometric titration.6 For piperidine-promoted 
reaction, unless otherwise stated in Table II, the extent 
of bromide ion formation was followed by Yolhard 
titration.

Several illustrative runs are given. The integrated 
values for the second-order rate coefficients, /c2 (1. 
moles-1 sec.-1), are calculated with respect to the 
bromotetralone I and to the amine.

(A) Temperature, 60.0°; 4.52-ml. aliquots at 24°; [bromotetra
lone]: 0.0327 M; [piperidine]: 0.0532 M; Volhard titra
tion; excess 0.00817 M  AgN03 added; titers in ml. of 0.0105 M  

KCNS.
Tim e (min) : 0 1040 2510 3170 3880 4380 5730 6760
Vol. AgNOa: 10.00 10.00 10.00 10.00 10.00 20.00 20.00 20.00
T iter: 7 .42 4 .80 2.40 1.65 0 .85 8 .15 6.95 6.40
10<fe(Br->: 0 .69 0.66 0 .64 0 .65 0 .64 0.66 0 .64

M ean fo(B r-) is 0.65 X 10 ~ 4 1. moles 1 sec. -1.

(B) Temperature, 61.0°; 5.05-ml. aliquots at 24°; [bromo
tetralone]: 0.0395 M; [piperidine]: 0.0400 M; titers are in ml.

of 0.0525 M  HC1.
Tim e (m in): 0 1200 1500 1780 2690 3344 4254
T iter: 3 .71  2 .86  2 .72  2 .57  2 .22  2 .07  1.86
10*fa(H +): . .  1 .07  1.05 1 .08  1 .08  1.03 1.02

M ean is 1.06 X 10 “ 4 1. m oles-1 sec .-1.

(C) Temperature, 75.0°; 5.05-ml. aliquots at 24°; [bromotetra
lone]: 0.0400 M; [morpholine]: 0.0400 M; potentiometric

titration; titers are in ml. of 0.0100 M AgN03.
Tim e, (min) : 0 240 1340 1750 2620 2870 4190
T iter: 0 .2 0  0 .55 1.96 2.41 3 .10 3 .33 4 .22
106fo<B r->: 3 .1 3 .0 3 .0 2 .7 2 .7 2 .5

In itial (by extrapolation) is 3.2 X 10-B 1. m oles-1 s ec .-1.

(D) Temperature, 90.6°; 5.05-ml. aliquots at 24°; [bromo
tetralone]: 0.0400 M; [morpholine]: 0.0400 M; titers are

in ml. of 0.0525 M  HC1.
Time, (m in ): 0 102 194 250 354 510 1400
T iter: 3 .42  3 .33  3 .26  3 .22  3 .15  3.01 2.51
10Bfo(H +): 12.4 11.8 11.6 11.3 12,4 12.1

M ean &2lH n  la 11.9  x  11)-B 1. m oles-1 sec .-1.

Product Studies11

A solution 0.0400 M in bromotetralone I and 0.0800 
M in piperidine maintained at 90.6° for 90 hr. was 
found by titration in the usual manner to have 46% 
of the initial piperidine concentration remaining and 
97% of possible bromide ion formation developed. 
After 138 hr. at 90.6° the respective values were 44% 
and 98%.

A series of studies upon the reaction product was 
carried out varying the concentration of piperidine or 
morpholine and the reaction temperature. The reac
tion product is known to be a mixture of the endocyclic 
and exocyclic a,/3-unsaturated ketones.2

In each determination, one ampoule of 30 ml. and 
two of 5 ml. of reaction mixture were maintained at the 
constant temperature. The 5-ml. ampoules were 
analyzed for extent of reaction by titration of the 
bromide ion produced. When titration indicated com
plete, or very near complete, reaction then the 30-ml. 
ampoule was removed, precipitated amine hydrobro- 
mide was filtered off, and the filtrate evaporated to dry
ness. The residue was taken up in ether and the ether 
solution washed several times with water and then 
evaporated to dryness to give the crude product. The 
crude product was dried and the ultraviolet and proton 
magnetic resonance spectra were then determined 
without further purification. It was feared that at
tempts at further purification would alter the ratio 
between the endo and exo isomers and invalidate the 
spectral determinations.

Ultraviolet Spectra.— The concentration of the exo
cyclic a,/3-unsaturated ketone II was easily determined 
by a consideration of the ultraviolet spectrum of the 
reaction product in the region 300-360 mg, where it 
absorbs strongly while the endocyclic a,/6-unsaturated 
ketone III has virtually no absorption (Table IV).

Table IV
T a b u l a t i o n  o f  A b s o r p t i o n  C o e f f i c i e n t  (e )  a g a i n s t  W a v e  

L e n g t h  (X ) f o r  t h e  U l t r a v i o l e t  A b s o r p t i o n  S p e c t r a  i n  

S o l v e n t  M e t h a n o l  o f  2 - B e n z y l - 4 ,4 - d i m e t h y l -  1 -k e t o - 1 , 4 -  
d i h y d r o n a p h t h a l e n e  ( I I I )  a n d  2 - B e n z a l - 4 ,4 - d i m e t h y l - 1 -  

t e t r a l o n e  (II)
X, HIM 3 1 0 0 3 2 0 0 3 3 0 0 3 4 0 0 3 5 0 0 3 6 0 0
e, III 9 0 0 200 0 0 0 0
e, II 1 2 ,8 0 0 12,000 9 9 0 0 6 6 0 0 3 4 0 0 1 7 0 0

By an analysis of the ultraviolet spectrum at the six 
tabulated wave lengths a mean value for the per cent 
of exo isomer in the reaction product was established. 
The values obtained are summarized in Table V.

Proton Magnetic Resonance Spectra.— The exocyclic 
a,/3-unsaturated ketone II shows six methyl protons at
8.72 r, two methylene protons at 7.12 and 7.08 r, and 
nine aromatic protons, plus one vinyl proton, in the 
region 1.8 to 3.0 r, with the vinyl proton at 2.18 r 
and the aromatic proton ¡3 to the carbonyl group at
1.97 r.

The endocyclic a,/3-unsaturated ketone III shows
(11) U ltraviolet absorption spectra were determ ined w ith a  C ary  M odel 

11-M S recording spectrophotom eter using reagent grade m ethanol solu
tions. In frared  spectra  were measured with a  P erk in -E lm er M odel 21 
double beam  recording in strum en t em ploying sodium  chloride optics and 
m atched sodium chloride cells with carbon te trachloride  solutions. P roton 
m agnetic resonance spectra  were determ ined w ith a  V arian A -60 in s tru 
m ent using carbon tetrachloride solutions containing a  trace of te tram ethy l- 
silane for in ternal calibration.
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T a b l e  V
Y ie l d s  o p  <x,/3-Un sa t u r a t e d  K e t o n e  a f t e r  R e a c t io n  o p  0.0400 M  2-B romo-2-b e n z y l -4,4-d im e t h y l -1-t e t r a l o n e  ( I )  w ith  

P ip e r id in e  or  M o r ph o lin e  in  B e n z e n e  a t  V a r io u s  T e m p e r a t u r e s  and  t h e  P e r  C e n t s  o f  E x o c y c l ic  I so m er  i n  th e  
R e a c t io n  P r o d u cts  a s  D e t e r m in e d  b y  U l t r a v io l e t  and  P roto n  M a g n e t ic  R e so n a n c e  S p e c t r a

Reaction ✓--------- %  E x o  isomer-
t, °c. Amine [Amine] time, days % Reaction® % Yield Ultraviolet p.m.
61.0 c 5h „ n 0.0800 11 96 95 62 63
75.0 c 6h „ n .0400 14 80 98<> 62'
75.0 c 5h „ n .0800 11 97 94 55 63
75.0 CsHuN* .160 5 100 95 58 64
90.6 c 6h „ n .0800 8 100 98 68 63
61.0 c 4h 9o n .160 24 91 S66 76'
75.0 C4H9ON<i .160 23 95 97 80 75
90.6 C4H9ON .160 8 98 98 76 77
90.6 c 4h 9o n .160 8 98 100 73 77

“ As determined by titration of bromide ion. 6 Contaminated with unreacted bromotetralone I; positive Beilstein test. '  Absorp
tion values corrected for small concentration of unreacted bromotetralone I. d Infrared spectrum of reaction product also determined.

six methyl protons at 8.62 r, two methylene protons 
at 6.32 r, one vinyl proton at 3.60 t , and nine aromatic 
protons in the region 1.8 to 3.0 r, with the aromatic 
proton /3 to the carbonyl group at 1.87 r.

Since the markedly different displacements of the 
methylene protons in the two compounds occur in 
regions where the other compound does not interfere, 
the integration over these areas within a mixture of the 
two a,/3-unsaturated ketones gives a direct measure 
of the relative proportions of II and III. The values 
obtained for the various reaction products are sum
marized in Table V.

Infrared Spectra.— Although infrared spectroscopy 
affords only a semiquantitative means of analyzing the 
reaction product the validity of the quantitative analy
sis of the reaction product as carried out by ultraviolet 
and proton magnetic resonance spectroscopy was in 
two instances supported by consideration of the in
frared spectrum of the reaction product. The two 
examples chosen are indicated in Table V.

The pure endocyclic isomer has yc=0 1662/100 and 
the pure exocyclic isomer has y0=o 1673/94.2 In the 
piperidine-promoted elimination example the proton 
magnetic resonance spectrum indicates 64% exocyclic 
isomer and the infrared spectrum is found to have two 
distinct carbonyl peaks, yc = „ 1662/83 due to the endo
cyclic isomer and yB=0 1675/81 due to the exocyclic 
isomer. The absorption intensities are of the order of 
magnitude which would be predicted for 64% exo iso
mer. In the morpholine-promoted elimination example 
the proton magnetic resonance spectrum indicates 
75% exocyclic isomer and the infrared spectrum shows 
only one distinct peak, 7 0=o 1675/84 due to the exo
cyclic isomer and a slight shoulder, 7 0=o 1666/77 due 
to the 25% of endocyclic isomer present.
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p-Nitrophenylazo-, o-nitrophenylazo-, and 2,4-dinitrophenylazo derivatives of 9-phenylfluorene and triphenyl- 
methane have been prepared and the kinetics of their decomposition in toluene has been studied. In each case 
the phenylfluorenyl derivative decomposed more rapidly than the corresponding triphenylmethyl derivative, 
and with lower activation energy. This is ascribed to and cited as evidence for the greater resonance stabiliza
tion of phenylfluorenyl as compared with triphenylmethyl radical. The partially compensating energies and 
entropies of activation are discussed. The relevance of these results to the dissociation of the related hexaaryleth- 
anes is discussed. Attempts to prepare azo compounds as sources of 9-fluorenyl radical, for comparison with 
diphenylmethyl, are described.

Bis(9-phenylfluorenyl) (I) one of the products formed 
by disproportionation2 of triphenylmethyl radical in 
light is more stable than hexaphenylethane, and is not 
dissociated noticeably into free radicals at room tem
perature, but does dissociate reversibly at slightly 
higher temperature.3 Of the factors affecting such dis-

(1) (a) We are pleased to  acknowledge generous support of th is  work by  
the  N ational Science F oundation , g ran ts  G4244 and  14049; (b) taken  in 
p a r t  from a  dissertation  subm itted  by  F redric  Cohen in  p a rtia l fulfillm ent 
of th e  requirem ents for th e  P h .D . degree in  chem istry, B randeis U niversity .

(2) J . Schmidlin and  A. G arcia-Banus, B e r . ,  45, 1344 (1912).
(3) H. E. B ent and J. E. Cline, J . A m .  C h e m .  S o c . ,  58, 1624 (1936).

sociations, two important ones are4 (1) resonance 
stabilization of the radicals which are formed, and
(2) steric interactions, both those within each half, 
favoring a trigonal trivalent central carbon, and 
those between the two halves which may hinder their 
close approach and the formation of a strong central 
bond.

The greater stability of bis(9-phenylfluorenyl) was 
first attributed to the smaller resonance energy of the

(4) G. W. W heland, "R esonance in  Organic C h em is try /’ John  W iley and 
Sons, Inc., New York, N. Y., 1955, pp. 382 ff.
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9-phenylfluorenyl radical,5 6 a view supported by early 
valence bond calculations.6 However, the heat of its 
reaction with oxygen3 indicated that the decreased dis
sociation was due to a stronger central bond, presum
ably due to smaller stcric interactions, and molecular 
orbital calculations,6'7 indicated greater resonance 
stabilization of fluorenyl and 9-phenylfluorenyl radi
cals as compared with diphcnylmethyl and triphenyl- 
methyl radicals. The phenyl rings in triphenylmethyl 
radical cannot all become coplanar, and they may 
be oriented like the blades of a propeller8'6 or only one 
or two may contribute to the resonance energy. The 
radical then docs not have as great resonance stabiliza
tion as it would have if it were planar.6'9 The planar 
structure of the fluorene system makes it possible for
9-phenylfluorenyl radical to be more nearly planar and 
it may well have greater resonance stabilization. The 
planar structure of the fluorene molecule itself gives it 
enhanced resonance energy as compared with the re
lated molecules, diphenylmethane and biphenyl10; 
any increase in the resonance stabilization of the 
fluorene-derived radicals must be greater than the 
increase in the resonance stabilization of the correspond
ing fluorene-containing molecules if this property is to 
contribute to enhanced ease of formation of the radi
cals.

The greater methyl affinity of 6-phenyldibenzoful- 
vene than that of triphenylcthylene11 and the greater 
reactivity of dibenzofulvene toward methacrylate 
radical as compared with 1,1-diphenylethylene12 have 
been attributed to the resonance stabilization of fluo
renyl radical being greater than that of diphenylmetliyl. 
Steric factors may affect the rates of these additions in 
favor of the fluorene-derived compounds.

In azo compounds, R— N = N — R/, separation of 
the two potential radicals by the nitrogen makes steric 
interaction between them less important. Steric 
effects as such within the group R might favor decom
position of triphenylmethyl derivatives over corre
sponding 9-phenylfluorenyl compounds. Possible 
greater resonance stabilization of the 9-phenylfluorenyl 
radical would favor decomposition of its azo derivatives 
since the ease of decomposition of such compounds is 
markedly affected by the stability of the resulting 
radicals.13 It seemed of interest to attempt to in
corporate the fluorenyl and phenylfluorenyl groups 
into some azo compounds and to compare the kinetics 
of their decomposition with those of analogous di- 
phenylmethyl and triphenylmethyl compounds.

(5) L. C. Pauling and  G. W. W heland, J .  C h e m .  P h y s ., 1, 3G2 (1933).
(6) Ref. 4, p. 384, Table 7.3.
(7) A. Sfcreitwieser, J r .,  “ M olecular O rbital T heory ,”  Jo h n  W iley and 

Sons, Inc ., New Y ork, N . Y., 1961, p. 394.
(8) H . O. P ritchard  and  F . H . Sum ner, J .  C h e m .  S o c . ,  1041 (1955).
(9) M. Szwarc, D i s c u s s i o n s  F a r a d a y  S o c . ,  2, 42 (1947).
(10) Ref. 4, p. 98.
(11) M. Szwarc and  F. L eav itt, J .  A m .  C h e m .  S o c . ,  78, 3590 (1956).
(12) J . L. Kice and  F. Taym oorian, i b i d . ,  81, 3403 (1959).
(13) (a) S. G. Cohen and  C. H. W ang, i b i d . ,  77, 2457 (1955); (b) 77,

3628 (1955).

Preparation of Compounds.— In one set of experi
ments some derivatives of phenylazo-9-phenylfluorene
(II) were prepared for comparison with the correspond
ing derivatives of phenylazotriphenylmethane. In these 
syntheses, displacement reactions of the substituted 
phenylhydrazines with triphenylmethyl chloride pro
ceeded well, but displacements on 9-phenyl-9-chloro- 
fluorene were less satisfactory, and 9-phenyl-9-bromo- 
fluorene was used instead; this observation is consistent 
with the lower capacity of the phenylfluorenyl halides 
to ionize.14 The hydrazo compounds formed by these 
displacements were oxidized to the azo compounds by 
treatment with amyl nitrite in ether in the presence of 
acetyl chloride. Attempts to prepare the parent com
pound, phcnylazo-9-phenylfluorene (II), and p-bromo-

phenyl- and m-nitrophcnylazo-9-phenylfluorenc were 
unsuccessful. The displacement steps apparently pro
ceeded satisfatcorily but decomposition occurred during 
either the purification of the easily oxidized hydrazo 
compounds or during the oxidation step. The phcnyl- 
azotriphenylmethanes as a class decompose slightly 
above room temperature15 and this provided evidence 
of a negative nature, that the 9-phenylfiuorcnylazo 
analog are less stable and that the 9-phenylfluorenyl 
radical may be more stable than triphenylmethyl. 
We were able to prepare p-nitrophcnyl-, o-nitrophenyl-, 
and 2,4 dinitrophcnylazo-9-phenylfluorenes. p-Nitro- 
phenylazotriphenylmethane,16 o-nitrophcnylazotriphen- 
ylmethane,16 and 2,4-dinitrophenylazotriphenylmeth- 
ane were prepared for comparison.

In another set of experiments, attempts were made to 
prepare azobis-9-fluorene for comparison with azobis- 
diphenylmcthane.13a Catalytic hydrogenation of the 
very insoluble fiuorenone-azine failed, leading under 
mild conditions to recovered azine, and under more 
vigorous conditions to hydrogenolysis and formation of 
fluorene. Attempted preparation of 9-fluorenylhy~ 
drazine also failed, treatment of fluorenonehydrazone 
with lithium aluminum hydride leading to recovered 
hydrazone, while treatment with hydrogen and platinum 
in ethanol-hydrochloric acid leading to the azine.

We failed also in attempts to prepare the related un- 
symmetrical azo compound containing one fluorenyl 
and one diphcnylmethyl radical, 9-fluorenylazodi- 
phenylmethane. The mixed azine III, m.p. 102-104°,

was prepared from benzophenone hydrazone and 
fluorenone. It had the correct analysis and different

(14) K . Ziegler am i H. W olschitt, A n n . ,  479, 90 (1930).
(15) S. G. Cohen and C. H . W ang, J .  A m .  C h e m .  S o c . ,  75, 5504 (1953).
(16) M. Gomberg and  A. Cam pbell, i b i d . ,  20, 783 (1898).
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Table I
Decomposition o f  S u b s t it u t e d  (X)-Phenylazotriphenylmethanes a n d  (X)-Phenylazo-9-phenylfluorenes i n  Toluene

T, °C. ki X 104/sec .---- — A S±(X) ± 0.03 Individual Average Ea, kcal./m ole A X 10-15 cal./m ole/deg .
A. Phenylazotriphenylmethanes

H 45.45 0.868,0.849
0.845,0.829 0.848 ±  0.011 29.3 ±  0.3 11 14

55.55 3.51,3.51
3.51 3.51

p-N02 64.94 2.53,2.64
2.58 2.58 ±  0 .04 29.4 ±  .4 2.6 11

75.06 9.25,9.14
9.18 9.19 ± .04

0-NO2 64.94 1.45,1.47
1.46 1.46 ± .01 29.6 ±  .5 2.0 10

75.06 5.26,5.11
5.37,5.30 5.26 ± .08

2,4-di-N02 75.06 1.90, 1.92
1.87 1.90 ± .02 29.3 ±  .4 0.46 8

84.98 6.11,6.11
6.18 6.13 ± .03

B. Phenylazo-9-phenylfluorene
P-NO2 45.45 2.03,2.11

2.04 2.06 ±  ..02 26.7 ±  .3 0.43 8
55.55 7.56,7.44

7.53 7.53 ±  ..02
0-NO2 45.45 1.01,1.01 1.01 26.8 ±  .3 0.24 7

55.55 3.76,3.67
3.69 3.71 ±  ,.04

2,4-di-N02 55.55 2.04,2.07
2.07 2.06 ±  ..01 28.5 ±  .3 1.8 11

64.94 6.91,6.87
6.99 6.92 ±  ..04

'ties from those of the two symmetrical azines. preparation of azo compounds of this type. The
Hydrogenation in ethanol over platinum oxide led to 
absorption of only one mole of hydrogen and formation 
in high yield of a light yellow compound which did not 
decompose when heated to 200°. This compound ap
peared to be fluorenone diphenyhnethylhydrazone (IV),

(C6H6)2CHNHN

IV

m.p. 107-109°. Hydrogenation of the azine in acetic 
acid under slightly more vigorous conditions led to a 
product which appeared to be the crude hydrazo com
pound. It decomposed with gas evolution in a melting 
point capillary, and changed on standing, and from it 
was obtained a stable compound, which was white and 
thermally stable and appeared to be the isomeric 
hydrazone benzophenonefluorenylhydrazone (V) with

(C6H5)2C=NNH

m.p. 153-156°. There was some evidence that the 
desired azo compound, tautomeric with both IV and 
V, was formed by autoxidation of the hydrazo com
pound, but attempted purification converted it in 
part to the hydrazone V, a common difficulty in the

cyclopentadieneimine character of IV may make it 
less stable than V.

Kinetic Studies.— Decomposition of the azo com
pounds was carried out in dilute (0.01 M) solution in 
toluene and followed by measurement of evolved nitro
gen. New equipment, described in the Experimental 
section, was designed for increased accuracy and to 
minimize errors which may have occurred in earlier 
work. The reaction vessel was fitted with an effective 
internal stirrer to avoid supersaturation and the volume 
measuring system allowed continuous observation of 
volume change at atmospheric pressure. The de
compositions showed first-order kinetics and linear 
plots of In Vco/(V® — Vi) may be drawn. Rate con
stants were calculated by the Guggenheim procedure17 
by the method of least squares, activation energies and 
A factors, and entropies of activation in the usual way. 
Generally three or more decompositions were carried 
out for each of the seven compounds at two tempera
tures. The results are summarized in Table I.

These data indicated that, in this group of azo com
pounds, those which lead to the 9-phenylfluore:ayl 
radical decompose at 65° about ten times as fast as 
those which lead to triphenylmethyl, and the latter 
must be heated about 20° higher to achieve the same 
rate of decomposition as the former. If this relation
ship should apply also to the unsubstituted phenylazo-
9-phenylfluorene, it would decompose in solution at 
room temperature. Its preparation and study would 
present some problems, reflected in our failure to ob
tain it. In these decompositions, steric effects— other

(17) E. A. Guggenheim, P h i l .  M a g . ,  2, 538 (1926).
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than their possible effects on resonance stabilization of 
radicals— would favor decomposition of the triphenyl- 
methyl derivatives and we conclude that these greater 
rates of decomposition of the 9-phenylfluorenyl deriva
tives are due to the greater resonance stabilization of
9-phenylfluorenyl radical as compared with triphenyl- 
methyl, and that these kinetic measurements provide 
experimental evidence for this. The dissociation of 
hexaphenylethane is greater than that of bis (9-phenyl
fluorenyl) I because of steric interactions which prevent 
formation of as strong a central bond in the former.

9-Phenylfluorene is more acidic than triphenylmeth- 
ane,18 its anion being more stable than triphenyl- 
methide, while the 9-phenylfluorenyl cation is formed 
far less readily from either the carbinol18b or the chlo
ride14 than is the triphenylmethyl cation. Simple 
resonance considerations might indicate enhanced 
stabilization of both the anion and the cation by the 
fused planar ring system in the derivative of fluorene, 
while molecular orbital considerations1813’19 would indi
cate that the cyclopentadienide aromatic character of 
the phenylfluorene system favors formation of the 
anion, and acidity, and makes more difficult removal 
of the electron pair and formation of the cation. It 
appears that both the planarity of the fluorene system 
and its cyclopentadienyl radical19 character may con
tribute to the enhanced stability of phenylfluorenyl 
radical as compared with triphenylmethyl.

The phenylazotriphenylmethanes decompose more 
slowly essentially because of a higher activation energy 
for the decomposition. The decomposition of the four 
compounds in this set now are found to have essentially 
the same activation energy, 29.4 kcal./mole, higher 
than the 27 kcal. which we reported16 earlier for two 
of these compounds, and which had also been reported20 
by D. H. Hey, et al., for the unsubstituted compound. 
The present results seem to be the most reliable. 
The p-nitrophenyl and o-nitrophenyl compounds in 
the phenylfluorene series show a lower activation energy,
26.7 kcal./mole, and the difference, 2.7 kcal., may be a 
measure of the effect of the higher resonance energy of 
the phenylfluorenyl radical in facilitating rupture of 
the triarylmethyl-nitrogen bond. The A factors and 
entropies of activation are considerably less favorable 
for these two compounds than for the corresponding 
phenylazotriphenylmethanes and the more favorable 
energy of activation must more than compensate for 
this to lead to the observed more rapid rates. The 
greater resonance stabilization of the 9-phenyl
fluorenyl radical may impose a more restricted geometry 
on it, leading to a partially compensating entropy effect. 
Similar conditions may be involved in many situations 
in which partially compensating energy and entropy 
effects are observed, leading to the necessary mini
mum in the free energy of activation.

The effect of the nitro substituents on the rates is 
similar in the two series: p-N02 > o-N02 > 2,4-di-N02, 
with the relative rates in the triphenylmethyl set, 
4.8:2.8:1.0, and in the 9-phenylfluorenyl set, 3.7:1.8:
1.0. Except for the 2,4-dinitrophenylazo-9-phenyl- 
fluorene, variations in rate within each set appear

(18) (a) J. B. C onan t and G. W. W lieland, J .  A m .  C l i e n t .  S o c . ,  54, 1212 
(1932); (b) G. W. W heland, ref. 4, pp. 347, 365.

(19) A. Strieitw ieser, Jr., ref. 7, pp. 209-274.
(20) G. L. Davies, D. II. Hey, and G. II. W illiams, J .  C h e m .  S o c . ,  4397 

(1956).

to be due to variations in the A factors or entropies 
of activation and not to the energy of activation. In 
compounds of these types, in which the triaryl- 
methyl-azo linkage is likely to be much weaker 
than the phenyl-azo link, the transition state for the 
decomposition may involve very marked rupture of 
the weaker bond leading to the triarylmethyl radical, 
and only slight rupture of the phenyl-nitrogen bond. 
The activation energy, in this situation may depend 
largely on the strength of the weaker bond. The 
extent of rupture of the stronger bond, while not 
contributing much to the stabilization energy of the 
transition state may contribute to its “looseness,” 
to the extent of its two-body or three-body nature and 
thus to the entropy of activation. The greater the 
three-body character, the more favorable the entropy 
will be.13b’21 The effect of the nitro-substituents may 
be to strengthen the phenyl-azo links either by intro
ducing some double bond character to this bond or by 
polarization of the azo group, reducing the three-body 
character of the transition state and leading to less 
favorable entropy.

The 2,4-dinitrophenylazo-9-phenylfluorene alone has 
its rate of decomposition more rapid than the triphenyl
methyl analog both because of a slightly more favor
able energy and a more favorable entropy of activation. 
This molecule may have stabilization of the initial 
state as by contribution of a form of type VI, which 
also might be possible for the o-nitro compound in

this set. Stabilization and restricted geometry of the 
initial state may lead to the less favorable energy and 
more favorable entropy of activation as compared with 
the other phenylfluorenyl compounds.

Ultraviolet and visible absorption spectra were ob
tained for the seven azo compounds in toluene, and for 
some of them in hexane and in ethanol. The o-nitro- 
phenylazo-9-phenylfluorene was insufficiently soluble 
in the latter two solvents. In toluene, the spectrum 
of 2,4-dinitrophenylazotriphenylmethane seemed to 
resemble that of its p-nitro analog, while the spectrum 
of 2,4-dinitrophenylazo-9-phenylfluorene resembled that 
of its o-nitro analog.

Experimental22
A solution of 80 g. of (0.44 mole) of fluorenone (Eastman Kodak 

Co., m.p. 82-84°) in 600 ml. of anhydrous ether was added in
4.5 hr. to 240 ml. of 3 At phenylmagnesium bromide (Arapahoe). 
The mixture was refluxed for 1 hr., cooled, and filtered; the 
precipitate was washed with ether and added to a solution of 15 
ml. of sulfuric acid in 500 ml. of water. The new precipitate was 
crystallized from ethanol, 9-phenyl-9-hydroxyfluorene,23 1 08 g. 
(0.42 mole), 95% yield, m.p. 108-110°; reported23 m.p. 109°.

(21) C. Steel, J .  C h e m .  P h y s . ,  31, 899 (1959); S. G. Cohen, R. Zand, and 
C. Steel, J .  A m .  C h e m .  S o c . ,  83, 2895 (1961).

(22) M elting points are uncorrected. E lem entary  analyses are by  Dr. 
S. M. N agy and  D r. W. C. Fitz.

(23) F . U llm ann and  R. Von W urstem berger, B e r . ,  37, 73 (1904).
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Thephenylfluorenol, 50 g. (0.19 mole), was treated with 230 ml. 
of acetyl chloride at room temperature over night, concentrated, 
triturated, and washed with petroleum ether, leading to 9- 
phenyl-9-chlorofluorene, 28 g. (0.10 mole), 53% yield, m.p. 
79-80°; reported24 m.p. 78-79°.

The phenylfluorenol, 40 g. (0.15 mole), was treated similarly 
with 100 g. of acetyl bromide, leading to 9-phenyl-9-bromofluo- 
rene,44g. (0.14 mole), 89% yield, m.p. 101.5-103°; reported24 
m.p. 99°.

p-Nitrophenylazo-9-phenylfluorene.—A solution of 9-phenyl-9- 
bromofluorene, 4.0 g. (0.012 mole), and p-nitrophenylhydrazine,
5.0 g. (0.033 mole, Eastman Kodak Co.), in 100 ml. of dioxane 
was stirred for 1 hr. at room temperature, filtered to remove p- 
nitrophenylhydrazine hydrobromide, concentrated to 30 ml., 
filtered again, diluted with 30 ml. of methanol, treated with 
water until turbid, and refrigerated, leading to N-9-phenyl- 
fluorenyl-N'-p-nitrophenylhydrazine, 3.2 g . (0.0081 mole), 
65% yield, m.p. 190-192 dec.

Anal. Calcd. for C25H19N302: N, 10.68. Found: N, 10.30.
The hydrazo compound, 5.0 g., was suspended in 200 ml. of 

ether and treated with 12.5 ml. of amyl nitrite and 6.5 ml. of 
acetyl chloride at room temperature for 1 hr. The solvent was 
evaporated and the residue was treated with methanol, leading 
to the azo compound, 3.5 g., 70% yield, m.p. 115.5° dec.

Anal. Calcd. for C25Hi7N302: C, 76.71; H, 4.38; N, 10.74. 
Found: C, 76.9; H, 4.1; N, 10.92.

p-Nitrophenylazotriphenylmethane.—Triphenylmethyl chlo
ride, 13 g. (0.046 mole, Eastman Kodak Co., m.p. 109-111°), 
and p-nitrophenylhydrazine, 10 g. (0.070 mole), were boiled under 
reflux for 1.5 hr. in 400 ml. of ether. The precipitate was fil
tered and washed with hot methylene chloride, the filtrates were 
combined, concentrated, and treated with methanol, leading 
to N-triphenylmethyl-N'-p-nitrophenylhydrazine, 12 g. (0.032 
mole), 66% yield, m.p. 189-191° dec.; reported,20 170°.

The hydrazo compound, above, 4.0 g. (0.010 mole), was 
stirred for 0.5 hr. at room temperature with 8 ml. of amyl nitrite 
and 3 ml. of acetyl chloride in 400 ml. of ether. The solution was 
concentrated and cooled, crystals were collected and recrystal
lized from methylene chloride-petroleum ether, leading to the 
azo compound, 3.7 g., 94% yield, m.p. 119° dec.; reported16 
m.p. 118.5°.

o-Nitrophenylazo-9-phenylfluorene.—o-Nitroaniline, 10 g. 
(0.072 mole, Eastman Kodak Co., m.p. 71-72°) was diazotized 
and reduced with sodium sulfite, leading to o-nitrophenylhydra- 
zine, 4.5 g. (0.029 mole), 41% yield, m.p. 90-92.5° from ethanol, 
reported25 m.p. 92-93°.

A solution of 4.3 g. (0.013 mole) of 9-phenyl-9-bromofluorene 
and 2 g. (0.013 mole) of o-nitrophenylhydrazine in 300 ml. of 
ether was boiled under reflux fr 6 hr., cooled, filtered, and con
centrated. The residue was crystallized from methanol, leading 
to N-9-phenylfluorenyl-N'-o-nitrophenylhydrazine, 1.4 g. (0.0036 
mole), 27% yield, m.p. 199° dec.

Anal. Calcd. for C25IF9N3O2: C, 76.32; H, 4.87; N, 10.68. 
Found: C, 76.0; H, 4.9; N, 10.12.

The hydrazo compound, 1.0 g., in 300 ml. of ether, was treated 
with 5 ml. of amyl nitrite and 0.7 ml. of acetyl chloride at room 
temperature for 3 hr., concentrated, and crystallized from 
methylene chloride, leading to the azo compound, 0.72 g., 
72% yield, m.p. 115° dec.

Anal. Calcd. for C25H17N3O2: C, 76.71; H, 4.38; N, 10.74. 
Found: C, 76.52; H, 4.26; N, 10.49.

o-Nitrophenylazotriphenylmethane—o-Nitrophenylhydrazine,
5.0 g. (0.033 mole), and triphenylmethyl chloride, 4.5 g. (0.106 
mole), were boiled under reflux in 200 ml. of ether for 1.5 hr. 
The precipitate was filtered and washed with hot methylene 
chloride, the washings were combined with the filtrate, concen
trated, and treated with methanol leading to N-triphenylmethyl- 
N'-o-nitrophenylhydrazine, 5.5 g. (0.014 mole), S4% yield, m.p. 
166-168° dec., reported16 m.p. 168°.

The hydrazo compound, 5.0 g. was stirred with 17 ml. of amyl 
nitrite and 4 ml. of acetyl chloride in 400 ml. of ether for 2 hr. 
at room temperature. The solution was concentrated, the azo 
compound was collected and crystallized from methylene chlo
ride-petroleum ether, 4.3 g., 86% yield, m.p. 121.5° dec., 
reported16 m.p. 116°.

2,4-Dinitrophenylazo-9-phenylfluorene.—9-Phenyl-9-bromo- 
fluorene, 5.0 g. (0.016 mole), was stirred for 40 min. at 65° with

(24) A. Kliegl, B e r . .  38, 284 (1905).
(25) E. Fischer, A n n . .  190, 71 (1877).

6.0 g. (0.030 mole, Matheson, m.p. 196-198°) of 2,4-dinitro- 
phenylhydrazine in 100 ml. of dioxane. The mixture was fil
tered and the filtrate was concentrated in vacuo, cooled, and fil
tered leading to orange crystals of the hydrazine, 6.4 g. (0.015 
mole, 94% yield), m.p. 207 dec., reported26 m.p. 233-234°.

Anal. Calcd. for C26H18N40 4: C, 68.50; H, 4.11; N, 12.77. 
Found: C, 68.45; H, 4.75; N, 13.08.

A suspension of this hydrazine, 3.2 g. in 400 ml. of ether, 
was stirred for 2 hr. at room temperature with 8 ml. of amyl 
nitrite and 4 ml. of acetyl chloride. The solution was evapora
ted in vacuo at room temperature until crystals appeared, cooled, 
and filtered leading to the orange azo compound, 3.0 g., 94% 
yield, m.p. 129° dec.

Anal. Calcd. for C25Hi6N40 4: C, 68.81, H 3.69; N, 12.83. 
Found: C, 68.95; H, 4.09; N, 12.65.

2,4-Dinitrophenylazotriphenylmethane.—A solution of 8.0 g. 
(0.029 mole) cf triphenylmethyl chloride and 12.0 g. (0.061 
mole) of 2,4-dinitrophenylhydrazine in 300 ml. of dioxane was 
warmed at 70° for 1 hr., filtered, and concentrated in vacuo, 
leading to N-triphenylmethyl-N'-2,4-dinitrophenylhydrazine, 11.3 
g. (0.025 mole), 85% yield, m.p. 185-188° dec. from acetone; 
reported26 193-194°.

Anal. Calcd. for C25H20N4O4: C, 68.17; H, 4.58; N, 12.72. 
Found: C, 68.45; H, 4.75; N ,13.08.

The hydrazo compound, 2.5 g., was treated with 5 ml. of amyl 
nitrite and 2.5 ml. of acetyl chloride in 400 ml. of ether for 2 hr. 
at room temperature, concentrated in vacuo, cooled, and fil
tered. The solid was washed with ethanol and crystallized from 
ethyl acetate at —80°, leading to the azo compound, 2.1 g., 
60% yield, m.p. 133-135° dec.

Anal. Calcd. for C26H18N40 4: C, 68.48; H, 4.14; N, 12.78. 
Found: C, 68.10; H, 4.21; N, 13.08.

Fluorenone Hydrazone.—Treatment of 36 g. (0.20 mole) of 
fluorenone (Matheson, m.p. 83-84°) with 10 g. of 64% hydrazine 
(Eastman Kodak Co.) in 200 ml. of ethanol and 10 ml. of acetic 
acid under reflux for 20 min., led to the hydrazone, 34 g. (0.175 
mole), 88% yield, m.p. 148-149° from ethanol; reported27 m.p. 
149°.

Fluorenone azine was formed by treatment of 10 g. (0.052 
mole) of the hydrazone in 200 ml. of ethanol with 3 ml. of con
centrated sulfuric acid at 60° for 3 hr., 7.5 g. (0.021 mole), 81% 
yield, m.p. 264-265° from m-xylene; reported28 m.p. 265°.

A solution of 3.4 g. of the azine in 300 ml. of tetrahydrofuran 
and 6 ml. of concentrated hydrochloric acid was hydrogenated 
over platinum oxide at 50° leading to recovery of 2.0 g. (59%) of 
the azine and a trace of yellow solid melting at 70-80°. Hydro
genation of 2.0 g. (0.0056 mole) of the azine in 300 ml. of acetic 
acid at 100° over platinum oxide led to fluorene, 0.40 g. (0.0024 
mole), 21% yield, m.p. and m.m.p. 114—116°.

Fluorenone-Benzophenone Azine.—A solution of 14 g. (0.071 
mole) of benzophenone hydrazone, m.p. 96°, and 12 g. (0.067 
mole) of fluorenone in 150 ml, of absolute ethanol containing a 
few drops of acetic acid was heated to 70°, cooled slowly, and 
concentrated, leading to the mixed azine, deep yellow crystals,
16.5 g. (0.046 mole), 69% yield, m.p. 102-104°; reported29 
m.p. 121°.

Anal. Calcd. for C26Hi8N2: C, 87.12; H, 5.06. Found: 
C, 87.52; H, 5.18.

The azine, 6.0 g. (0.017 mole), in 600 ml. of ethanol was 
hydrogenated ever platinum oxide at one atmosphere, 400 cc. 
of hydrogen being absorbed in 5 hr., the reaction stopping. The 
solution was filt ered, 50 ml. of water was added, and the solution 
was cooled overnight leading to a yellow solid, m.p. 107-109°,
5.2 g. (0.014 mole). 86% yield.

Anal. Calcd. for C26H20N2: C, 86.63; H, 5.59. Found: 
C, 86.22; H, 5 10.

The azine, 7.5 g. (0.021 mole), in 300 ml. of acetic acid was hy
drogenated over platinum oxide at 35°, 30 p.s.i., filtered, and 
evaporated, leading to a crude solid residue which melted at 85- 
102° and decomposed at about 115°. This turned to a yellow 
gum when stored in a refrigerator. This was washed with cold 
acetone leaving a white residue, 2.0 g., 28% yield, m.p. 153- 
156° from ethanol.

Anal. Calcd. for C26H2„N2: C, 86.63; H, 5.59. Found: 
C, 86.25; H, 5.63.

(26) S. P a ta i and  S. Dayagi, J .  O r g .  C h e m . ,  23, 2014 (1958).
(27) H . W ieland and  A. Roseen, A n n . ,  381, 231 (1911).
(28) T. C urtius and K. Kof, J .  p r a k t .  C h e m . ,  [2] 86, 130 (1912).
(29) J . G uenzet, B u l l .  s o c .  c h i m .  F r a n c e , 1012 (1961).
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From the acetone washings was obtained 0.60 g. more of this 
compound, total yield 37%, and ayellow solid, 0.70 g., 10% yield, 
melting 102-104°, decomposing at 110°. Crystallization from 
warm alcohol converted it to the white compound, m.p. ca. 150°.

Kinetic Studies.—The reaction vessel was a 100-ml. flask, 
essentially filled with toluene, immersed in an oil bath, the 
temperature of which was controlled to ±0.03. The gas-outlet 
tube was in part insulated and the temperature in the remainder 
and in the gas burette was controlled to within ±0.10° by circu
lating liquid from a second thermostat. The flask was evacu
ated several times and flushed with a stream of nitrogen, saturat
ing the solvent. While nitrogen was flowing, the sample, about 
1 mmole, in a Teflon holder, was placed in a neck of the flask, 
supported by an iron bar. The flask was sealed, lowered into 
the bath, and equilibrated, only the sample being above the bath 
level. An internal paddle stirrer coupled to an alnico magnet 
located in a submerged neck of the flask was rotated rapidly by a 
magnet placed above the bath. After equilibration, the support 
was withdrawn from under the sample by a magnet, the azo 
compound dissolved quickly, and nitrogen began to evolve. 
A sensitive manometer activated the gas volume measuring 
system. The manometer was a small Pyrcx U-tube containing 
water, one arm connected to the gas-outlet tube, the other having 
one fixed and one movable contact in a Teflon bushing which was 
adjusted to a point slightly above the water level when the system

was at atmospheric pressure. The effective diameters of the 
two arms of the manometer were different so that change in 
liquid level in the contact arm was sensitive to change in pressure. 
Contact activated a relay which started a motor and screw device 
which pulled on the plunger of a syringe which drew liquid from 
the gas buret maintaining the system at atmospheric pressure. 
The gas buret was read easily at frequent intervals.

Absorption spectra of the azo compounds were determined on a 
Perkin-Elmcr Model 202 visible-ultraviolet spectrophotometer. 
For each of the compounds there is listed the solvent, absorption 
maxima, and log of the extenction coefficients. Phenylazotri- 
phenylmethane: toluene, 284 m¡i, 4.0; 424, 1.5; hexane, 267, 
4.0; 272, 4.0; 421 2.3. o-Nitrophenylazotriphenylmethane: 
toluene, 283 nip, 3.9; 424,2.6; hexane, 267, 4.2; 273,4.2; 425,
2.6. p-Nitrophenylazotriphenylmethane: toluene, 287 mp,
4.0; 441, 2.5; hexane, 267, 4”.2; 282, 4.2; 440, 2.7. 2,4-Di- 
nitrophenylazotriphenylmethane: toluene, 2S4 mp, 4.0; 439, 
2.7; hexane, 267, 3.9; 273, 3.9 ; 442,2.3. o-Nitrophenylazo-9- 
phenylfluorene: toluene, 285 rn.fi, 4.0; 406, shoulder, 2.5. p- 
Nitrophenylazo-9-phenylfluorene: toluene, 285 mp, 4.5; 424, 
shoulder, 2.5; hexane, 267, 4.6; 273,4.6; 420,2.5; ethanol, 211, 
5.0; 277, 4.8; 412, shoulder, 2.8. 2,4-Dinitrophenylazo-O-
phcnylfluorene: toluene 285 nip, 4.3; 406, 2.8; hexane, 266, 
4.3; 272, 4.3; ethanol, 209, 4.9; 275, 4.5; 412, shoulder,
2.8.

Som e R eaction s o f  D ia zo m eth a n e  w ith  Carbon Dioxide  
and A m m on ia  in  A qu eou s S o lu tio n

G. A. Akoyunoglou la_0 and M elvin Calvin

Department of Chemistry and Lawrence Radiation Laboratory, University of California, Berkeley, Californiald
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Carbon dioxide was allowed to react with diazomethane, prepared by alkaline hydrolysis of N-methyl-N- 
nitroso-N'-nitroguanidine. The different products were separated by gas chromatography, collected separately, 
and identified as dimethyl carbonate, methyl carbamate, N-methyl methyl carbamate, and N-dimethyl methyl 
carbamate. Methyl carbamate and its N-methyl derivatives were formed because of the presence of ammonia 
in the ethereal solution of diazomethane. Dimethyl carbonate, methyl carbamate, N-methyl methyl car
bamate, and N-dimethyl methyl carbamate were found to be the products of the reaction between ammonia, 
carbon dioxide, and diazomethane, in aqueous solution. A mechanism for the formation of methyl carbamate 
and its N-methyl derivatives from ammonia, carbon dioxide, and diazomethane in the presence of water is 
proposed.

Diazomethane has been used in our laboratory in the 
search for unstable intermediates in the carboxylation 
reaction of photosynthesis— i.e., the carboxylation of 
ribulose-1,5-diphosphate to give phosphoglyceric acid, 
the first stable product in the carbon reduction cycle of 
photosynthesis. It usually was prepared by alkaline 
hydrolysis of N-methyl-N-nitroso-N'-nitroguanidine.1 2 
In all the experiments with diazomethane 14C-bicarbon- 
ate was present in the reaction mixture. It is known 
that the product of the reaction of bicarbonate with 
diazomethane is dimethyl carbonate. However, by the 
use of paper and vapor phase chromatography for the 
separation of the products of the reaction of 14C-bicar- 
bonate and diazomethane, three other 14C-labeled com
pounds were found in addition to dimethyl carbonate. 
These were identified as methyl carbamate, N-methyl 
methyl carbamate, and N-dimethyl methyl carbamate. 
The carbamate nitrogen atom was found to have its

(1) (a) A bstracted  from a  thesis subm itted  by  George A. Akoyunoglou, 
A ugust, 1962, in  p a rtia l fulfillm ent of th e  requirem ents fo r th e  degree of 
D octor of Philosophy, U niversity  of California, Berkeley; (b) partia lly  
supported  by  th e  Greek S ta te  Scholarship F oundation ; (c) Ames Research 
C enter, N ational A eronautics and  Space A dm inistra tion , M offett Field, 
Calif.; (d) T he p repara tion  of th is  paper was sponsored by  th e  U . S. 
A tom ic E nergy Commission.

(2) A. F . M cK ay, J .  A m .  C h e m .  S o c . ,  70, 1974 (1948); A. F . M cK ay,
W. L. Taylor, M. N . Buchanan, and J. F . Crooker, C a n .  J .  R e s . ,  28B, 683 
(1950).

origin in ammonia present in the solution inadvertently 
at first (as a by-product of the hydrolysis of the nitro- 
guanidine) and later deliberately added. The mecha
nism of the formation of the methyl carbamates has been 
investigated.

Experimental
Preparation of Diazomethane.—An ethereal solution of diazo- 

metliane was prepared either by alkaline hydrolysis of N-methyl- 
N-nitroso-N'-nitroguanidine as described by McKay,2 or from N- 
methyl-N-nitroso-p-toluenesulfonamide (Diazald) as described 
by Backer and de Boer.3 3 4 5 6 7 Both compounds were obtained from 
Aldrich Chemical Co.

Reaction of H 14C03~ with Diazomethane.—A 0.50-ml. solution 
of H14C03_ (1.98 mo./ml.; 0.06 M) was mixed with an ethereal 
solution of diazomethane until the yellow color persisted. The 
reaction mixture -was left at room temperature for a few hours, 
and overnight in the deep freeze ( — 16°). The solution was con
centrated under a current of air at 5° and the different radioactive 
components of the mixture were separated by gas chromatography 
in conjunction with a proportional counter.4-3

(3) H . J . Backer and Til. J . de Boer, P r o c .  K o n i n k l .  N e d .  A k a d .  W e l c n s -  

c h a p . ,  64B, 191 (1951); C h e m .  A b s l r . ,  46, 1961 (1952).
(4) I. M . W hittem ore, U niversity  of California R ad ia tio n  L abora to ry  

Q uarterly  R eport, UCRL-9408, p. 49, Septem ber, 1960.
(5) G. Akoyunoglou, tiiesis, U niversity  of California, Berkeley, U C R L - 

10352, A ugust, 1962.
(6) R . W olfgang and F. S. Rowland, A n a l .  C h e m . ,  30, 903 (1958).
(7) R. W olfgang and C. F . M cK ay, N u c l e o n i c s ,  16, No. 10, 69 (1958).
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Reaction of Gaseous Carbon Dioxide with Diazomethane.—
Gaseous carbon dioxide (100%) was bubbled through an inlet tube 
into the ethereal solution of diazomethane at 2° until the solu
tion became colorless. The flask containing the ethereal solution 
of diazomethane had also a small amount of water (2.5 ml.). 
The inlet tube was dipped below the surface of the water layer. 
The solution was concentrated at 5° under a current of air, and 
the different components of the reaction mixture were separated 
by vapor phase chromatography and collected separately.

Vapor Phase Chromatography.—A Wilkens standard gas 
chromatograph, Model A90, connected with a Brown recorder 
and a 10-ft. EGS (ethyleneglycol polyester of succinic acid) 
column, were used for the separation and identification of the 
different compounds. A collector, in conjunction with the chro
matography unit, was used to collect the different compounds 
separately. The collector was cooled by a Dry Ice-acetone bath 
or by liquid nitrogen.

Preparation of Methyl Carbamate (Methylurethan).—Methyl 
carbamate was prepared from methyl chlorocarbonate and am
monia as described by Hartman and Brethen.8 The methyl 
chlorocarbonate (carbomethoxychloride) was prepared by the 
procedure described by Bergmann and Zervas for the preparation 
of carbobenzoxychloride.9 The phosgene, necessary for the prep
aration of methyl chlorocarbonate, was prepared by the proce
dure described by Vogel.10

Anal. Calcd! for C2H60 2N: C, 32.00; H, 6 .66; N, 18.66; O,
42.66. Found: C, 31.79; H, 6.58; N, 17.95.

Preparation of N-Methyl Methyl Carbamate.—N-Methyl 
methyl carbamate was prepared from dimethyl carbonate and 
methylamine as described by Delepine and Schving.11

Anal. Calcd. for C3H7O2N: C,40.45; II, 7.86; N, 15.73; O,
35.95. Found: C, 40.57; H, 7.94; N, 15.60.

Preparation of N-Dimethyl Methyl Carbamate.—N-Dimcthyl 
methyl carbamate was prepared from dimethyl carbonate and di- 
methylamine as described by Delepine and Schving.11

Anal. Calcd for C4H9O2N: C.46.60; H, 8.74; N, 13.59, O,
31.07. Found: C, 46.85; H, 8.52; N, 13.17.

Results

Vapor phase chromatography in conjunction with a 
proportional counter was used for the separation of the 
different radioactive products of the 14C-bicarbonate 
and diazomethane12 reaction. It was found that the 
mixture consisted of five radioactive compounds as 
shown in Fig. 1. These were identified as carbon di
oxide, dimethyl carbonate (DMC), N-dimethyl 
methyl carbamate (III), N-methyl methyl carbamate 
(NMMCR), and methyl carbamate (MCR).

Gas and paper chromatography of the untreated 
aqueous solution of NaH14C03 showed that there were 
no radioactive impurities present, and that the bicar
bonate was the precursor of all (four) compounds which 
were formed by action of diazomethane on NaH14C03.

The same compounds were formed when gaseous 
carbon dioxide (C1202) reacted with diazomethane in 
solution, as is shown in Fig. 2 and 3.

Identification of the Products.— For the identification 
of the products, larger amounts (nonradioactive) were 
prepared from gaseous carbon dioxide and diazometh
ane. The components of the reaction mixture were 
separated and purified by gas chromatography and col
lected separately.

The identification of them was based on:
(1) The analysis for C, H, N, O, and determination of 

molecular weight; (2) the study of the mass and infra-
(8) W. W. H artm an  and  M . R. B rethen, “ Organic Syntheses,” Coll. Vol* 

I I ,  John Wiley and Sons, Inc ., New York, N . Y ., 1943, p. 278.
(9) M. Bergm ann and  L. Zervas, B e r . ,  65, 1192 (1932).
(10) A. I. Vogel, “ T extbook of P ractical Organic C hem istry ,” Longm ans 

G reen, New York, N . Y., 1956, p. 185.
(11) M . Delepine and F. Schving, S o c .  c h i m . F r a n c e ,  7, 894 (1910).
(12) If it is not otherwise sta ted , the  ethereal solution of diazom ethane 

was prepared by alkaline hydrolysis of N -m ethy l-N -n itroso-N '-n itro - 
guanidine.

EMERGENCE TIME (min).

Fig. 1.—Gas chromatogram of the radioactive mixture of the 
products of the reaction NaH14C03 with diazomethane prepared 
from N-methyl-N-nitroso-N'-nitroguanidine. The recorder re
sponse is proportioned to radioactivity. DMC is dimethyl 
carbonate; , unknown III is N-dimethyl methyl carbamate; 
NMMCR is N-methyl methyl carbamate; and MCR is methyl 
carbamate.

Fig. 2.—Gas chromatogram of the nonradioactive mixture of 
the products of the reaction of carbon dioxide with diazomethane 
prepared from N-methyl-N-nitroso-N'-nitroguanidine. The re
corder response is proportional to the mass of material. DMC is 
dimethyl carbonate; unknown III is N-dimethyl methyl car
bamate; NMMCR is N-methyl methyl carbamate; and MCR is 
methyl carbamate.
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Fig. 3.—Gas cochromatogram of the radioactive mixture of the 
p oducts of the reaction NaH14C03 +  CH2N2, and the nonradio- 
active products of the reaction C02 +  CH2N2. Diazomethane 
was prepared from N-methyl-N-nitroso-N'-nitroguanidine. Solid 
line is the radioactivity recording; dotted line is the mass record
ing. DMC is dimethyl carbonate; unknown III is N-dimethy] 
methyl carbamate; NMMCR is N-methyl methyl carbamate; 
and MCR is methyl carbamate.

red spectra, and their comparison with the mass and in
frared spectra of authentic marker compounds; and (3) 
the cochromatography of the unknown compounds or 
their hydroxamate derivatives with authentic marker 
compounds (e.g., Fig. 3).

Gas cochromatography of the radioactive products, 
which were collected separately, with authentic di
methyl carbonate, N-dimethyl methyl carbamate, N- 
methyl methyl carbamate, and methyl carbamate, re
spectively, showed in each case an exact coincidence of 
the radioactivity with the mass peaks.

Analysis of the products for C, H, N, and 0 content 
and determination of molecular weight are shown 
in Table I.

Table I
Analysis for % c % H %  N M ol. wt.

Found for DMC 39.81 6.72 88.0
Caled, for C3H60 3 40.00 6.66 90.0
Found for NDMMCR 46.48 8.86 13.25 109.0
Caled, for C4H9N 02 46.60 8.74 13.59 103.0
Found for NMMCR 40.63 7.82 15.49 84.0
Caled, for CjlbNOa 40.45 7.86 15.73 89.0
Found for MCR 31.61 6.71 17.75 74.0
Caled, for C2H5NO2 32.00 6.66 18.66 75.0

The comparison of the mass spectra of the products 
with the mass spectra of dimethyl carbonate, N-di- 
methyl methyl carbamate, N-methyl methyl carbam
ate, and methyl carbamate, respectively, showed an 
exact coincidence in the place and number of peaks and 
in the relative abundance of each peak. Identification 
of the products was finally confirmed by the identity of 
their infrared spectra with that of authentic dimethyl 
carbonate, N-dimethyl methyl carbamate, N-methyl 
methyl carbamate, and methyl carbamate, respectively. 
The relative yield of each product is approximately 40% 
dimethyl carbonate, 35% methyl carbamate, 20% N- 
methyl methyl carbamate, and 5% N-dimethyl methyl 
carbamate.

Discussion

The appearance of compounds containing only one 
nitrogen atom as a result of a reaction of diazomethane 
was so unusual as to prompt us to seek some other 
source for that nitrogen atom than diazomethane itself. 
This was established by demonstrating the absence of 
carbamates in reactions of diazomethane prepared from 
N-methyl-N-nitroso-p-toluenesulfonamide, and sug
gested as the source of the single atom of nitrogen a by
product of the N-nitroso-N-methyl-N'-nitroguanidine 
hydrolysis. This was easily demonstrated to be free 
ammonia. The presence of ammonia can be accounted 
for by the alkaline hydrolysis of the imide group of N- 
methyl-N-nitroso-N'-nitroguanidine. The hydrolysis 
can take place before or after the formation of diazo
methane. In the first case N-methyl-N-nitroso-N'- 
nitrourea is formed according to the reaction

ho-
CH3N(N0)C(NH)NHN02 +  h 2o — ►

CH3N(N0)C0NHN02 +  NHs

which is further hydrolyzed to yield diazomethane. In 
the second case, diazomethane is formed first, and the 
residue is further hydrolyzed to give ammonia.

Mechanism of the Reaction.— Presumably dimethyl 
carbonate was formed by the action of diazomethane on 
carbonic acid (reaction of diazomethane with acidic 
hydrogen) according to Arndt,13 Eistert,14 or Roberts16 
mechanisms. Methyl carbamate was formed by the 
action of diazomethane on ammonium carbamate, which 
is present in a mixture of carbon dioxide and ammonia. 
Three hypotheses were considered to account for the 
formation of N-methyl methyl carbamate and N-di- 
methyl methyl carbamate from ammonia, carbon di
oxide, and diazomethane.

(a) Methyl carbamate may be formed first, which 
then reacts with diazomethane to give its N-methyl 
derivatives.

(b) Diazomethane may react with ammonia to give 
methylamine and dimethylamine, which form the salts 
of N-methyl carbamic acid and N-dimethyl carbamic 
acid in the presence of carbon dioxide. The acids may 
be further methylated by the action of diazomethane to 
yield the corresponding methyl esters.

(c) The carbamic acid, present in a mixture of am
monia and carbon dioxide, may react with diazomethane 
to form its N-methyl derivatives (N-methyl carbamic 
acid and N-dimethyl carbamic acid), and the products 
are further methylated to yield the corresponding 
methyl esters.

The first (a) hypothesis is not correct, because: (1) 
continued action of diazomethane on the reaction mix
ture did not show an increase in the amount of NMMCR 
and NDMMCR, as would be the case if they were 
formed by methylation of methyl carbamate; (2) action 
of diazomethane on 14C-MCR, or unlabeled MCR, 
showed no formation of any N-methyl derivative.

The second (b) hypothesis also is not correct because: 
(1) the same relative amount of each product was

(13) F . G. A rnd t, “ Organic A nalysis,”  Vol. I ,  In terscience P ublishers, Inc., 
New Y ork, N . Y., 1953, p . 221.

(14) B. E iste rt, A n g e w .  C h e m 54, 99 (1941); tran s la ted  an d  revised by 
F . W. Spangler in  “ N ewer M ethods of P rep a ra tiv e  Organic C hem istry ,” 
1st E d ., Interscience Publishers, Inc., New Y ork, N . Y ., 1948, pp . 513- 
570.

(15) G. D . R oberts, W. W atam ore, and  R. E. M cM ahon, J .  A m .  C h e m . 
S o c . ,  73, 760 (1951).
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formed when either a new or an old preparation of diazo
methane was used; (2) all attempts to prepare methyl 
derivatives of ammonia by the action of diazomethane 
on gaseous ammonia, or aqueous ammoniacal solution 
or solutions of ammonium salts were unsuccessful.

Table II shows the proposed mechanism for the for
mation of the products of the reaction of ammonia, 
carbon dioxide, and diazomethane in the presence of 
water, and the different reactions that may take place, 
according to the third hypothesis.

Table II
Mechanism of the Reaction of Diazomethane with an 

Aqueous Solution of a Mixture of Carbon Dioxide and 
Ammonia

H2O CH2N2
C02 H2C03------- (CH30)2C0

(I) (III)
I J nh ,

+ c h . n 2
H3NCOO- H2NCOOH-------^  H2NCOOCH3

(V) (II) (IV)
I  C H 2N2

c h 3n h 2c o o -
(VI)

C H jN j

| c i i 2n 2

C H 2N 2
CH3NHCOOH -------->-

(VII)
CHsNHCOOCH3

(VIII)
C H 2N 2

Yield,
%
40

35

20

made to detect trimethylamine. If trimethylamine is 
formed, the yield would be very low, as can be seen from 
the low yield of its precursors.

The mechanism of the methylation of the various 
intermediates (Table II) with diazomethane is probably 
similar to the mechanism proposed by Arndt13 or Rob
erts16 for the methylation of compounds containing 
acidic hydrogen.

The proposed mechanism finds support in the obser
vation by Kuhn and Ruelius16 that extended action of 
diazomethane on the aqueous solution of an amino acid 
produced, as final product, the corresponding betaine. 
Some intermediates (e.g., the methyl ester of the amino 
acid) were present in the case when the reaction was al
lowed to proceed for a short time only. Because of the 
basicity of the amino group, and the presence of water, a 
self-hydrolysis of the methyl esters occurred, reforming 
the free acids, thus permitting the quantitative trans
formation of the amino acid to betaine. In the case of 
the carbamates the methyl ester of carbamic acid, and 
methyl esters of the N-methyl derivatives of carbamic 
acid (compounds IV, VIII, and XI) once formed, can
not be self-hydrolyzed, even in the presence of water, 
because the amide group is not so strong a basic group as 
the amino group of amino acids. Therefore, a mixture 
of all these compounds is the final product of the above 
reaction.

Summary
T

+ CHsN s
(CH3)2NHCOO- (CH3)2NCOOH------->

(IX) (X)
(CH3)sNCOOCH3 5

(XI)
C H 2N 2

y

[(CH3)+3NCOO- — (CH3)sN +  C02]“
(XII) (XIII)

“ It is not known if trimethylamine is really formed because no 
attempts were made to detect it.

Carbon dioxide reacts either with water to form car
bonic acid (I) or with ammonia to give carbamic acid 
(II). Compound I with diazomethane gives di
methyl carbonate (III). Compound II is in equilib
rium with compound V, its zwitterion. Diazo
methane reacts with compounds II and V to give methyl 
carbamate (IV) and N-methyl carbamic acid (VII) or 
the N-methyl derivative of the zwitterion (VI), re
spectively. Compound VI is in equilibrium with com
pound VII, and diazomethane reacts with both of them 
to give N-methyl methyl carbamate (VIII) and N-di- 
methyl carbamic acid (X) or compound IX, respec
tively, and so on. It is not known whether diazometh
ane reacts with compound IX to give the betaine (XII), 
which, being unstable, would give trimethylamine
(XIII) and carbon dioxide, because no attempts were

Carbon dioxide was allowed to react with diazo
methane, prepared by alkaline hydrolysis of N-methyl- 
N-nitroso-N'-nitroguanidine. The different products 
were separated by gas chromatography, collected sepa
rately, and identified as dimethyl carbonate, methyl 
carbamate, N-methyl methyl carbamate, and N-di- 
methyl methyl carbamate. Methyl carbamate and its 
N-methyl derivatives were formed because of the 
presence of ammonia in the ethereal solution of diazo
methane.

Dimethyl carbonate, methyl carbamate, N-methyl 
methyl carbamate, and N-dimethyl methyl carbamate 
were found to be the products of the reaction between 
ammonia, carbon dioxide, and diazomethane, in aque
ous solution. A mechanism for the formation of methyl 
carbamate and its N-methyl derivatives from ammonia, 
carbon dioxide, and diazomethane in the presence of 
water is proposed.

It is thus to be expected that any experiments de
signed to trap unstable products formed from radioac
tive carbon dioxide in the presence of any enzyme pro
tein will lead to the appearance of large amounts of 
carbon dioxide fixed as methyl carbamate on the free 
amino groups of the protein as well as any amino acid 
which may be present. In fact, such observations have 
been made with carboxydismutase.6

(16) R. K uhn  and IL W. Ruelius, B e r . ,  83, 420 (1950).
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Excellent yields of 2,4-diamino-l,3-diazaphenothiazine have been obtained by the reaction of 2,4-disubstituted
5-bromo-6-chloropyrimidines with o-mercaptoaniline under either acidic or basic conditions. Using basic con
ditions, it was possible to isolate a stable intermediate, the G-o-aminophenylmercaptopyrimidine, which subse
quently could be made to rearrange and eyclize. Under acid conditions the identical diazaphenothiazine was 
obtained directly from the reactants.

1488 P h i l l i p s , M e h t a , a n d  S t r e l it z  "V o l . 28

The chemical structure of the well known tranquillizer 
drug, chlorpromazine, I, has been modified extensively 
by numerous workers. Most of the earlier variations

5

(CH2)3N(CH3)2

I

involved changes in the structure of the side chain at 
position 10 and in the substituent at position 2. More 
recently a number of investigators have modified the 
chlorpromazine structure by the introduction of another 
heteroatom, nitrogen, in the positions l ,2 2,3 3,4 and 46 of 
the phenothiazine ring to give monoazaphencthiazines. 
It seemed worthwhile to attempt to prepare some anal
ogous diazaphenothiazines,6 such as II.

Y

Ri
X and/or Y — H, alkyl, OH, NH2, N 
. halogen, etc. \
Z = H, halogen, etc. R2,
R = H, alkyl, w-aminoalkyl, etc.

Of several routes considered by us for the syntheses 
of diazaphenothiazines, those described in this paper 
are the first successfully completed. These syntheses 
were accomplished by the reaction of o-mercaptoaniline 
with suitably substituted o-bromo-6-ehloropyrimidines.7

Figure 1 shows two alternative routes used for the 
preparation of 2,4-diamino-5-bromo-6-chloropyrimidine

(1) Presented a t  the  M etropolitan  Regional M eeting, Am erican Chemical 
Society, New York, N. Y., Jan u ary , 1962.

(2) (a) W. A. Schuler and  H. Klebe, G erm an P a te n t 964,050 (1057); 
U. S. P a ten t 2,974,139 (1961); A n n . ,  653, 172 (1962); (b) H. L. Yale and 
F . Sowinski, J .  A m .  C h e m .  S o c . ,  80, 1651 (1958); (c) A. v. Schlichtegroll, 
A r z e n e i m i t t e l  F o r s c h . ,  7, 237 (1957); 8, 489 (1958).

(3) (a) A. J . Saggiomo, P . N. Craig, and  M . G ordon, J .  O r g .  C h e m . ,  23,
1906 (1958); (b) P . N . Craig, M . G ordon, J . J. Lafferty, B. Lester, M.
Pavloff, and  L. Zirkle, ¿ b i d . ,  25, 944 (1960).

(4) V. A. Petrow  and  E. L. Rewald, J .  C h e m .  S o c . ,  591 (1945).
(5) T . T akahashi and  E. Yoshii, P h a r m .  B u l l .  (Tokyo), 2 , 382 (1954); 

C h e m .  A b s t r . ,  50, 13032e (1956).
(6) Independen t syntheses of com pounds containing th is  ring system  have 

also been reported ; (a) A. W esterm ann, O. Bub, and  L. Suranyi, D .R . 
P a ten t 1,110,651 (1961); C h e m .  A b s t r . ,  56, 2461a (1962); (b) B. Roth, 
L. Schloemer, and  G. H. H itchings, 140th N ational M eeting of th e  Am
erican Chem ical Society, Chicago, III., Septem ber, 1961.

(7) Several such brom ochloropyrim idines had been m ade and  used in an 
earlier investigation from these laboratories: A. P. Phillips and A. M ag- 
giolo, ./. A m .  C h e m . .  S o c . ,  74, 3922 (1952); c f .  also C. C. Price, N. J .  Leonard, 
and  R. H. R eitsem a; i b i d . , 68 , 766 (1946): E. Ochiai and  Y. Ito , J .  P h a r m .  

S o c .  J a v a n ,  57, 579 (1937); C h e m .  A b s t r . ,  31, 6238s (1937).

VI. Replacement of the hydroxy group of 2,4-diamino-
6-hydroxypyrimidine, III, by chlorine with phosphorus 
oxychloride gave 2,4-diamino-6-chloropyrimidine, IV, 
which was then brominated in the 5 position to give VI. 
This bromination was done in aqueous methanol keep
ing the solution near neutrality by the addition of 
sodium bicarbonate, in order to neutralize the hydro- 
bromic acid liberated in the reaction, which other
wise might promote hydrolysis of the 6-chlorine. Com
pound VI was also obtained by bromination of III in the
5-position, to give V, in which the 6-hydroxy group was 
then replaced by chlorine using phosphorus oxychloride. 
Employing essentially the same procedure, except bub
bling chlorine gas into the solution, 2,4-diamino-5,6-di- 
chloropyrimidine was also prepared.

As shown in Fig 2, the chlorobromopyrimidine (VI) 
reacted with o-mercaptoaniline under two different sets 
of conditions to give the desired 1,3-diazaphenothiazine,
IX.

The success of these syntheses, as planned, depended 
on several features of reactivity peculiar to pyrimidine 
derivatives. The reactivity for nucleophilic replace
ment reactions of halogens in the 2-, 4-, or 6-positions of 
pyrimidines is well known, while halogen in the 5-posi- 
tion is relatively inert.8 Furthermore, Banks9 showed 
that the reaction of aromatic amines with such chloro- 
pyrimidines was greatly accelerated by the use of acid 
catalysts.

While the mercapto group of o-mercaptoaniline is 
more nucleophilic than the amino group, it was hoped 
that use of the add-catalyzed procedure of Banks9 (see 
upper route of Fig. 2) would both favor the replacement 
of the 6-chlorine of the pyrimidine, VI, by the anilino 
nitrogen, and also possibly minimize attack by the sul
fur. If the 6-(o-mercaptoanilino)pyrimidine intermedi
ate, VII (shown in brackets in Fig. 2), were formed, it 
seemed almost certain that it could be cyclized readily 
to the diazaphenothiazine IX (Fig. 2). The cycliza- 
tion perhaps would require the use of a weak base catalyst 
to generate the even more nucleophilic mercaptide 
anion to react with the relatively inert 5-bromo group. 
In the intermediate shown, VII, it seemed that the com
bination of the high nucleophilicity of the sulfur and the 
favorable steric arrangement within the molecule, 
should ensure the success of the reaction. Interestingly, 
under the Banks-type reaction conditions, the diaza- 
phenothiazine, IX, was obtained directly from the acid

(8) Although 5-halogenopyrim idines have usually been found to  be inert 
in displacem ent reactions, when ac tivated  by th e  presence of one or more 
C = 0  groups in th e  4- and 2-position as in 5-brom ouracil [A. P . Phillips. 
J .  A m .  C h e m .  S o c . ,  73, 1061 (1951)] and 5-broinoisoeytosine [A. P . Phillips, 
i b i d . ,  75, 4092 (1953)], replacem ent of the  brom o by am ines has been accom 
plished.’

(9) C. K. Banks, i b i d . ,  66, 1131 (1944).
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reaction mixture in yields of 70-90% after about two 
hours of warming.

Similarly, 2,4-diamino-5,6-dichloropyrimidine reacted 
with o-mercaptoaniline under acid-catalyzed conditions 
to give IX in excellent yield. Under identical condi
tions of acid catalysis 2,4-diamino-5-bromo-6-chloro- 
pyrimidine reacted with aniline to give 2,4-diamino-5- 
bromo-6-anilinopyrimidine in excellent yield.

When the chlorobromopyrimidine, VI, and o-mer
captoaniline were combined in ethanol solution contain
ing an excess of triethylamine, a nearly quantitative 
yield of the sulfide intermediate, VIII, 2,4-diamino-5- 
bromo-6-o-aminophenylmercaptopyrimidine, was ob
tained rapidly after a brief period of heating. The 
basic reaction conditions were used in this case in order 
to favor the displacement of the 6-chloro by the mer- 
captide anion. In the intermediate, VIII, presumably 
the same steric relationship, favorable for cyclization, 
exists as in the postulated isomeric intermediate, VII. 
Because of the lower nucleophilicity of the anilino nitro
gen no easy displacement of the inert 5-bromo by it 
should be anticipated. As expected, VIII was easily 
isolable, and was stable to handling, to recrystalliza
tion, and to heating to its melting point.

The ultraviolet spectrum obtained from VIII was 
substantially in agreement with that of 2,4-diamino-5- 
bromo-6-phenylmercaptopyrimidine. This was pre
pared from 2,4-diamino-5-bromo-6-chloropyrimidine 
and thiophenol in a solution of ethanol containing tri
ethylamine. The ultraviolet spectrum of VIII differed 
significantly from that of the diazophenothiazine prod
uct IX, and from that of 2,4-diamino-5-bromo-6-anilino- 
pyrimidine (see Experimental).

Using triethylamine as a solvent 2,4-diamino-6-chloro- 
pyrimidine reacted with o-mercaptoaniline to form
2,4-diamino-6-(o-aminophenylmercapto)pyrimidine as 
expected.

The stable sulfide intermediate, VIII, was trans
formed rapidly, cleanly, and nearly quantitatively, by 
warming for a short period (ten to twenty minutes) in 
alcoholic hydrogen chloride, into the same diazapheno- 
thiazine, IX, obtained previously. This transformation 
most probably involves a Smiles-type10'11 rearrange
ment. A reasonable but tentative representation of the 
mode of acid-catalyzed Smiles-type rearrangement in
volved here is outlined in Fig. 3.

In acid solution, protonization of the pyrimidine ring 
at the 1-nitrogen should activate the 6-position for an 
initial intramolecular attack of the sulfide bond by the 
anilino nitrogen. Subsequently, a nearly synchronous 
rupture of sulfide bond at the 6-position of the pyrimi
dine should place the newly formed and highly nucleo
philic sulfide anion in a favorable steric position such 
that rotation, around the newly formed carbon-nitrogen 
bond, would allow the mercaptide ion to attack the 
carbon-bromine bond at the adjacent 5-position. In 
the cyclic five-mcmbered transition state hypothesized 
the two rings would appear in a spiro-type arrangement 
of two planes at right angles.

(10) While th e  Smiles rearrangem ent of benzenoid com pounds is usually 
accomplished in basic media, i t  is qu ite  reasonable th a t  th is  so rt of m igra
tion  in th e  pyrim idine series should be facilitated  by acid catalysis, ju s t as 
is the  bim olecular displacem ent of the  6-chlorine by aniline.

(11) W. J. E vans and S. Smiles, J .  C h e m .  S o c . ,  181 (1935).
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Experimental12

IX .HBr

2.4- Diammo-5-bromo-6-chloropyrimidine (Compound VI).—
To a rapidly stirred solution of a mixture of 15 g. (0.1 mole) of
2,4-diammo-6-3hloropyrimidine (m.p. 202°) and 10 g. of sodium 
bicarbonate in 300 ml. of 50% aqueous methanol, was added 
dropwise a solution of 16 g. of bromine in 50 ml. of methanol over 
30 min. After half the amount of bromine had been added, 5 g. 
of additional solid sodium bicarbonate was added to the reaction 
mixture. It was stirred for a total of 1.5 hr. The flocculent pre
cipitate which separated was filtered off and washed with water. 
The product, 14 g. (62% yield), was crystallized from boiling 
water, m.p. 217°.

Anal. Calcd. for C4H4BrClN4: C, 21.5; H, 1.8; N, 25.0. 
Found: C, 21.3; H, 1.6; N, 25.3.

Ultraviolet spectra: at pH 1: Xmax 300, e 5480, Xmin 270, « 
1400; at pH 11: Xmax 296, e 6750, Xmin 265, e 1170.

2.4- Diaxnino-5,6-dichloropyrimidine.—The previous proced
ure was used except the pH was maintained at 6-6.5 by the 
addition of an aqueous methanolic solution of sodium bicarbonate 
and the chlorine gas was bubbled through the solution. The 
product, obtained in 50% yield, was crystallized twice from 20% 
methanol-water solution, m.p. 218°.13

(12) All m elting points are uncorrected. All u ltrav io le t spectra  in  50%  
aqueous methanol.

(13) S. J . Childress and R. L. M cKee, J .  A m .  C h e m .  S o c . ,  72, 4271 
(1950), reported  m.p. 218°. This was a  by-product in 11% yield.



1 4 9 0 P h i l l i p s , M e h t a , a n d  S t e e l it z V o l . 2 8

Anal. Calcd. for C4H4C12N4: C, 26.8; H, 2.2; N, 31.3. 
Found: C, 26.8; H, 2.2; N, 30.8.

Ultraviolet spectra: at pH 1: Amax 297, e 6440, Xmin 265, t 
2480; at pH 11: Xmax 295, e 7700, Xmin 265, e 2200.

2 .4 -  D ia m in o - 5 -b r o m o -6 - p h e n y lm e r c a p to p y r im id in e .—This was 
a model compound prepared to compare its spectral data with 
those of compound VIII.

A mixture of 2.3 g. (0.01 mole) of 2,4-diamino-5-bromo-6- 
chloropyrimidine and 1.1 g. (0.01 mole) of thiophenol in 50 ml. 
of ethanol containing 4 ml. of triethylamine -was refluxed for 2 
hr. The product was recrystallized successively from aqueous 
ethanol, aqueous methanol, and finally from an ethyl acetate- 
hexane mixture whereupon 1.5 g., m.p. 183-185°, was obtained.

Anal. Calcd. for CioH9BrN4S-H20: C, 38.1; H, 3.5. Found: 
C, 38.3; H, 3.3.

Ultraviolet spectra: at pH 1: Xmax 312, e 15,300, Xm:„ 
270, e 5680; at pH 11: Xmax 301, e 13,510, Xml„ 270, e 5620.

2 .4 -  D ia m in o - 5 -b r o m o -6 - a n i lm o p y r im id in e .—This was a model 
compound prepared to contrast with the spectral data of com
pounds VIII and IX.

A mixture of 0.01 mole of 2,4-diamino-5-bromo-6-chloropyrimi- 
dine and 1.5 g. of aniline hydrochloride in 50 ml. of water was 
heated at 100° for 3 hr. It was left at room temperature over
night when 1.5 g. of water-insoluble material separated. The 
aqueous filtrate was made basic with ammonia to pH 10. The 
basic product, after repeated crystallization from acetone, 
weighed 1 g., m.p. 208-209°.

Anal. Calcd. for CioHi0BrN6: C, 42.9; H, 3.6; N, 25.0. 
Found: C, 42.8; H, 3.6; N, 25.2.

Ultraviolet spectra: at pH 1: Xmax 295, e 21,400, Xmm 270, e 
7800; at pH 11: Xmax 292, e 21,700, Xmin 270, e9800.

2 .4 -  D ia m in o -5 -b ro m o -6 - (  o -a m in o p h e n y lm e rc a p to  ¡p y r im id in e  
( C o m p o u n d  V I I I ) .—To a solution of 1.5 g. (0.012 mole) of 
o-mercaptoaniline in 80 ml. of ethanol containing 4 ml. of triethyl
amine was added 2.3 g. (0.01 mole) of 2,4-diamino-5-bromo-6- 
chloropyrimidine. The mixture was heated for 2 hr. on the 
water bath. Ethanol and excess triethylamine were removed by 
evaporation in vacuo. The residue was washed successively with 
ether and water to remove any triethylamine hydrochloride. The 
product, 2.7 g. (90%), crystallized as fluffy white crystals from 
methanol, m.p. 175-176°.

Anal. Calcd. for CioHi0BrN6S: C, 38.4; H, 3.2; N, 22.4. 
Found: C, 38.6; H, 3.0; N, 22.5.

Ultraviolet spectra: at pH 1: Xmax 312, e 14,350, Xmin 275, e 
4140; at pH 11: Xmax 303, e 14,200, Xmin 270, e 3,280.

2 .4 -  D ia m in o - 5 -c h lo r o -6 - ( o -a m in o p h e n y lm e r c a p to ) p y r im id in e .  
—A solution of 1.8 g. of 2,4-diamino-5,6-dichloropyrimidine and
1.3 g. of o-mercaptoaniline in 70 ml. of triethylamme was re
fluxed for 45 min. An oily layer separated. The solvent was 
decanted and the oily product solidified on scratching to a waxy 
mass. I t was washed successively with additional triethylamme 
and water. Recrystallization from acetone gave 2.8 g., m.p. 
175-176°.

Anal. Calcd. for CioHuClN6S: C, 44.9; H, 3.7; N, 26.2. 
Found: C, 45.0; H, 3.6; N, 25.8.

2 ,4 -D ia m in o -6 - (  o -a m in o p h e n y lm e rc a p to  ) p y r lm id in e .—This 
was prepared by the same procedure as that used for compound 
VIII from 10 g. of 2,4-diamino-6-chloropyrimidine and 9 g. of

0- mercaptoaniline in 100 ml. of triethylamine solution containing 
15 ml. of ethanol. On repeated crystallization from methanol 
there was obtained 7.5 g. of needles, m.p. 221-222°.

Anal. Calcd. for Ci0HuN5S: C, 51.5; H, 4.7; N, 30.0. 
Found: C, 51.7; H, 4.9; N, 29.9.

Ultraviolet spectra: at pH 1: Xmax 287, e 12,000, Xmi„ 265, e 
7240; at pH 11: Xraax 287, <= 11,300, Xmi„ 265, e 5500.

2 ,4 - D ia m in o - l  ,3 - d ia z a p h e n o th ia z in e  ( C o m p o u n d  I X ) . M e th o d  
A.—A solution of 2.3 g. (0.01 mole) of 2,4-diamino-5-bromo-6- 
chloropyrimidine and 1.5 g. (0.012 mole) of o-mercaptoaniline in 
100 ml. of water containing a few drops of concentrated hydro
chloric acid14 was heated for 2 hr. on a water bath. A clear yellow 
solution resulted within 15-20 min. On cooling a tur
bidity (disulfide) appeared. The solution was filtered and the 
product was precipitated from the clear filtrate by the addition of 
ammonia to pH 8-10. Recrystallization from acetone gave 2.1 g. 
(90%) of yellow crystals, m.p. 255-256°.

Anal. Calcd. for CioHgNsS: C, 52.0; H, 3.9; N, 30.3; S,
13.8. Found: C, 52.2; H, 4.3; N, 30.3; S, 13.8.

Ultraviolet spectra: at pH 1: Xmax 268, e 29,940, Xmax 295, e 
6600, Xmin 291, e 6580; at pH 11: Xmax 255, e 30,000, Xmax 293, e 
5940, Xmin 277, c 4130.

The h y d r o c h lo r id e  salt of the base was obtained by the addition 
of ethanolic hydrogen chloride to the acetone solution of 1 g. of 
this base. After recrystallization from methanol-ether mixtures, 
it melted at 336-337° dec.

Anal, for CI0H9N6S ■ HC1: C, 44.8; H, 3.6; N, 26.2. Found: 
C, 45.0; H, 3.8; N, 25.6.

Compound IX was also obtained readily using 2,4-diamino-
5,6-dichloropyrimidine with o-mercaptoaniline under the condi
tions of method A. When liberated as the base and recrystallized 
from acetone it melted at 255-256°.

M e th o d  B .—To a suspension of 7 g. (0.023 mole) of 2,4-dia- 
mino-5-bromo-6-(o-aminophenylmercapto)pyrimidine in 100 ml. 
of ethanol was added excess ethanolic hydrogen chloride to pH
1- 2. After heating on a water bath for 10-20 min. the original 
white precipitate dissolved to give first a clear deep yellow solu
tion after which a deep yellow precipitate separated. The prod
uct, m.p. 335-337° dec., was obtained in 95% yield. The 
mixture melting point with the hydrochloride, obtained by 
method A, was undepressed. The spectral and analytical data 
were identical.

This hydrochloride when neutralized afforded a base identical 
with that described previously.

Alternatively, when a clear solution of 1 g. of 2,4-diamino-5- 
chloro-6-( o-aminophenylmercapto )pyrimidine in 20 ml. of 
methanolic hydrogen chloride was warmed in a water bath for 1 
hr., a precipitate appeared. It was worked up as before where
upon recrystallization from methanol-ether mixtures gave the 
product, m.p. 335-337°. The mixture melting point with the 
product from method B above was undepressed.

Acknowledgment.— The authors wish to thank 
Ronald E. Brooks for his assistance in the early part of 
this project.

(14) A lternatively, th e  hydrochloride salt of o-m ercaptoaniline could be 
used w ithout any  additional acid.
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Basic reagents cleave the pyrimidine ring of [l,2,5]thiadiazolo[3,4-d]pyrimidin-7(6flr)-one (VII) under mild 
conditions. The products of these reactions are derivatives of the recently described 1,2,5-thiadiazole ring.
These reactions, which afford 4-amino-l,2,5-thiadiazole-3-carboxylic acid (IV) and its derivatives, comprise a new 
method for the synthesis of 1,2,5-thiadiazoles. The mode of ring-opening and the properties of the thiadiazoles 
are discussed.

The isoelectronic relationship between the pteridine 
ring (I) and the [l,2,5]thiadiazolo[3,4-d]pyrimidine ring 
(II) was shown to be manifested in similarities in a num
ber of properties of derivatives of these two ring systems.2 
Under basic conditions, certain pteridines suffer cleav
age of the pyrimidine ring, giving rise thereby to deriva
tives of 3-aminopyrazinoic acid (Ilia).3'4 Confirma
tion2 of the predicted resemblance of [l,2,5]thiadiazolo- 
[3,4-d]pyrimidines and pteridines indicated that 4- 
amino-l,2,5-thiadiazole-3-carboxylic acid (IV) and its 
derivatives would be formed by the action of basic rea
gents on (1.2,5 ]thiadiazolo [3,4-d jpyrimidincs. Ring
opening reactions of 4-quinazolones6 provided a further 
precedent for this projected transformation.

Until recent years, the 1,2,5-thiadiazole ring (Va-c) 
was known only in compounds, such as the 2,1,3-ben- 
zothiadiazoles, in which it is fused to another ring sys
tem.6'7 The first monocyclic 1,2,5-thiadiazoles8 were 
obtained by oxidation of 2,1,3-benzothiadiazoles.9 ̂ 11

(1) This investigation  was supported  by  th e  C. F . K ette ring  Foundation  
and  by the  Cancer C hem otherapy N ational Service C enter, N ational Cancer 
In s titu te , N ational In s titu te s  of H ealth , con trac t no. SA-43-ph-1740.

(2) P a r t  I :  Y. F . Shealy, J . D . C layton, and  J . A. M ontgom ery, J .  O r g .  

C h e m . ,  27, 2154 (1962).
(3) For exam ple: (a) J. W eijlard, M . Tishler, and  A. E . E rickson, J .  A m .  

C h e m .  S o c . ,  67, 802 (1945); (b) J . H . M ow at, J . H . Boothe, B. L. H utchings, 
E . L. R . S tokstad , C. W . W aller, R . B. Angier, J . Semb, D . B . Cosulich, 
and  Y. Subba Row, i b i d . ,  70, 14 (1948); (c) E . C. Taylor, J r .,  i b i d . ,  74, 
1651 (1952); (d) E . C. Taylor, J r .,  i b i d . ,  74, 2380 (1952); (e) E . C. Taylor, 
J r .,  J . A. Carbon, and  D . R . Hoff, i b i d . ,  75, 1904 (1953); (f) E . C. Taylor, 
O. Vogl, and P . K . Loeffler, i b i d . ,  81, 2479 (1959); (g) A. A lbert, D . J .  Brown, 
and  G. Cheesem an, J .  C h e m .  S o c . ,  4219 (1952); (h) A. A lbert, i b i d . ,  2690 
(1955); (i) A. A lbert, D . J . Brown, an d  H . C. S. Wood, i b i d . ,  2066 (1956); 
(j) D. J. Brown and  N. W. Jacobsen, i b i d . , 1978 (1960); (k) W. V. C urran  
and R. B. Angier, J .  O r g .  C h e m . ,  26, 2364 (1961); (.1) W. Y. C urran  and 
R . B. Angier, i b i d . ,  27, 1366 (1962).

(4) E . C. Taylor, J r .,  “ C hem istry  and  Biology of P teridines, C iba Founda
tion  Sym posium ,” G. E . W . W olstenholm e and  M . P . Cam eron, Ed., 
L ittle , Brown and  Co., Boston, M ass., 1954, pp . 2-34.

(5) (a) N . J . Leonard and  D . Y . C urtin , J .  O r g .  C h e m . ,  11, 341 (1946);
(b) N. J .  Leonard, W . V. Ruyle, and  L. C. B annister, i b i d . ,  13, 617 (1948);
(c) N . J . Leonard and  W . V. Ruyle, i b i d . ,  13, 903 (1948).

(6) L. L. B am bas, “ T he C hem istry of Heterocyclic Com pounds,” Vol. 4, 
A. W eissberger, Ed., Interscience Publishers, Inc ., New York, N . Y., 1952 
pp . 205-211.

(7) W. R. Sherm an, “ Heterocyclic Com pounds,”  Vol. 7, R . C. Elderfield, 
E il., John Wiley an d  Sons, Ine ., New Y ork, N . Y., 1961, pp. 579-586.

(8) However, a  fused-ring derivative  in  which th e  thiadiazole ring has 
a liphatic  substituen ts , derived from  th e  bornane skeleton, had been claim ed 
earlier: D . C. Sen, J .  I n d i a n  C h e m .  S o c . ,  15, 537 (1938). O ther th an  th is  
claim, only th ree  1,2,5-thiadiazoles9 had  been reported  in th e  periodical 
lite ra tu re  p rior to th e  in itia tio n  of our work.

(9) (a) A. M . K haletskil, V. G. Pesin, and  T. Chou, D o k l .  A k a d .  N a u k  

S S S R ,  114, 811 (1957); C h e m .  A b s t r . ,  52, 4605i (1958); (b) V. G. Pesin, 
A. M . K haletskil, and  T . Chou, Z h .  O b s h c h .  K h i m . ,  28, 2089 (1958); see 
English transla tion , J .  G e n .  C h e m .  U S S R ,  28, 2126 (1958), C onsu ltan ts  
B ureau, Inc., New York, N . Y.

(10) (a) M . Carm ack, L. M . W einstock, and  D . Shew, A bstracts  of 
Papers, 136th N ational M eeting of the Am erican Chem ical Society, A tlantic 
C ity , N . J ., Septem ber, 1959, p. 37P; (b) M. C arm ack, D . Shew, an d  L. M. 
W einstock, U. S. P a te n t 2,980,687 (April 18, 1961); C h e m .  A b s t r . ,  55, 
21147h (1961); U. S. P a ten ts  2,990,408 and  2,990,409 (June 27, 1961); 
C h e m .  A b s t r . ,  56, 4775 (1962).

(11) I. Sekikawa, B u l l .  C h e m .  S o c .  J a p a n ,  33, 1229 (1960).

A study by Khaletskil, Pesin, and Chou9 of the effect of 
oxidizing agents on 2,1,3-benzothiadiazoles led to the 
isolation of l,2,5-thiadiazole-3,4-dicarboxylic acid (VI), 
its 1,1-dioxide, and the semicarbazone of 1,2,5-thiadia- 
zole-3,4-dicarboxaldehyde. The oxidation of 2,1,3- 
benzothiadiazoles to l,2,5-thiadiazole-3,4-dicarboxylic 
acid (VI), the conversion of this compound to various 
carboxylic acid derivatives, and the obtaining of 1,2,5- 
thiadiazole-3-carboxylic acid and its derivatives via de
carboxylation of VI have been reported by Carmack, 
Weinstock, and Shew7'10 and by Sekikawa.11 In addi
tion, the former investigators have prepared the parent 
compound 1,2,5-thiadiazole (V).

JL  J

7 1

6 6N^VN\l  aL I  , S2

N cox N COOH

V iN N1 8 s  $ N n h 2 N n h 2
I II Ilia. X = OH IV

Illb. X = NH2

bU
oN ■ÒN sS :

N

N COOH 

N COOH
Va Vb Vc VI

Reaction of [l,2,5]thiadiazolo [3,4-d]pyrimidin-7(fiH)- 
one (VII) with ethanolic ammonia at 80° gave a com
pound with the composition of 4-amino-1,2,5-thiadia- 
zole-3-carboxamide (VIII). 4-Amino-l,2,5-thiadiazole-
3-carboxylic acid (IV) was isolated after treatment of 
VII with aqueous potassium hydroxide, and the hydra- 
zide (IX) of this acid was obtained in 95% yield by 
treating VII with hydrazine. The compounds repre
sented by structures12 IV, VIII, and IX are the prod
ucts expected by analogy with ring-cleavage reactions 
of pteridines4 and other fused-ring heterocycles.6 Con
firmation of the structure of the amino carboxamide
(VIII) was obtained by reclosing the pyrimidine ring, 
to VII, with ethyl orthoformate containing a catalytic 
amount of p-toluencsulfonie acid. The amino acid (IV) 
was related structurally to the carboxamide VIII by 
alkaline hydrolysis of the latter compound to IV.

Two products were isolated from the reaction of VII 
with refluxing butylamine: one of these was 4-amino- 
iV-butyl-l,2,5-thiadiazole-3-carboxamide (X), isolated 
in 45% yield ; the second product proved to be 4-amino-
l,2,5-thiadiazole-3-carboxamide (VIII), isolated in 37% 
yield. Similarly, anhydrous methylamine gave a

(12) A lthough struc tu res  Vb and  Yc m ay be m ore nearly  in  accord w ith 
evidence13 th a t  1,2,5-thiadiazole is arom atic, s tru c tu re  Va is used for th e  sake 
of sim plicity  th roughout th is  discussion.

(13) R . A. Bonham  and  F. A. M om any, J .  A m .  C h e m .  S o c . ,  83, 4475 
(1961).
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Fig. 1.—X = RN, O, HN, NH2N. a = position 7 of VII or 4 
of 4-pteridinones. c = position 5 of VII or 2 of 4-pteridinones.

crude product that was predominantly the V-methyl 
amide (XI), but paper chromatography revealed the 
presence of some 4-amino-l,2,5-thiadiazole-3-carbox- 
amide (VIII). The pure V-metliyl amide was obtained 
in 41% yield, and a small amount of the unsubstituted 
amide (VIII) was also isolated.

Treatment of VII with aniline in the presence of a 
small quantity of hydrochloric acid gave 4-amino-l,2,5- 
thiadiazole-3-carboxanilide (XII). Under comparable 
conditions, ring-opening was not effected either by 
anhydrous aniline or by aniline containing a small 
amount of water. The carboxanilide has also been 
isolated when the preparation of VII from 5,6-diamino- 
pyrimidin-4(3hT)-one sulfate has been conducted on a 
large scale. Aniline, formed in the reaction from N- 
sulfinylaniline, must have reacted with VII through the 
intervention of protons, originating from the pyrimidine 
sulfate, and water added during the isolation. The 
formation of XII during the preparation of VII has 
not been observed when the pyrimidine free base was 
used as the starting material and the product isolated 
without adding water. In the reaction of VII with the 
weak base aniline, it seems likely that equilibria estab
lished between VII and ring-opened intermediates are 
overwhelmingly in favor of VII and that the addition 
of aqueous acid shifts the equilibria by hydrolyzing a 
ring-opened intermediate to XII. The carboxanilide 
was hydrolyzed by aqueous base to 4-amino-l,2,5-thia- 
diazole-3-carboxylic acid (IV).

Basic cleavage of the pyrimidine ring of quinazolines,6 
purines14 (especially V-substituted purines), y-triazolo- 
[4,5-d Ipyrimidines,15 and other heterocyclic systems, 
besides the pteridines, is known; and rearrangement 
and amine-exchange reactions of such fused hetero
cycles and of pyrimidines have been explained by 
postulating opening and reclosure of the pyrimidine 
ring.6-1416 Ring-opening of VII is, however, more appro
priately compared with ring-opening of its electronic 
analogs, the 4-pteridinones. The 1,2,5-thiadiazoles 
were formed from VII under milder conditions than 
those reported3*1'4 for the cleavage of 4-pteridinones not 
substituted on the ring-nitrogen atoms. For example, 
aqueous base cleaved VII within one-half hour at 100° 
and in less than three hours at 50°, whereas several 
hours of refluxing were required for the cleavage of 4- 
pteridinone.3* (V-substituted 4-pteridinones are more 
easily cleaved than are those without substituents on 
the ring-nitrogen atoms. 3d’3i)

The isolation of 4-amino-l,2,5-thiadiazole-3-carbox- 
ylic acid (IV) from the alkaline cleavage of VII under 
mild conditions suggests superficially that initial attack 
occurred at position 7. On the other hand, it is diffi
cult to see how 4-amino-l,2,5-thiadiazole-3-carboxamide 
(VIII) could be formed by initial attack of butylamine 
or methylamine at position 7. In Fig. 1 the trans
formations depicted with partial structures A-G, rep
resenting VII or 4-pteridinones and 1,2,5-thiadiazoles 
or pyrazines, show pathways by which the terminal 
products E and G (e.g., IV and VIII-XII) may be 
formed by initial attack of the nucleophilic agent at 
either position 5 (c of A) or position 7 (a of A), the later 
stages (E, F, G) resulting from hydrolysis or amine- 
exchange reactions of formamidine and amide groups. 
Evidence for reaction at c or at both a and c is available 
from the pteridine series.17

Alkaline hydrolysis, mentioned previously, of 4- 
amino-l,2,5-thiadiazole-3-carboxamide (VIII) to the 
carboxylic acid IV was conducted under the same condi
tions used to prepare IV from VII. This reaction not 
only related the amide and the acid structurally, but 
also demonstrated that the amide might have been an 
intermediate19 in the formation of IV from VII. In 
order to determine whether 4-amino-l,2,5-thiadiazole-3- 
carboxamide (VIII) might be a precursor of the V-alkyl 
amides (X and XI), an amide-exchange reaction was 
attempted by treating VIII with butylamine under the 
conditions used in the reaction of butylamine with VII.

(14) E . Shaw, J .  O r g .  C h e r n . , 27, 883 (1962), and  references cited therein ; 
G. B. Elion, i b i d . ,  27, 2478 (1962); E . Fischer, B e r . ,  31, 3266 (1898).

(15) L. L. B ennett, J r .,  and  H. T . B aker, J .  O r g .  C h e m . ,  22, 707 (1957); 
J . S. W ebb an d  A. S. Tom cufcik, U. S. P a te n t 2,714,110 (Ju ly  26, 1955).

(16) D. J . Brown, N a t u r e ,  189, 828 (1961); E . C. T aylor an d  P . K . Loef- 
fler, J .  A m .  C h e m .  S o c . ,  82, 3147 (1960).

(17) A lthough th e  form ation of 3-am inopyrazinoic acids and  A -substi- 
tu te d  3-am inopyrazinam ides from 4-pteridinones also suggests reaction  a t  
a ,  th is  obvious in te rp re ta tio n  was con trad ic ted  by  T ay lo r’s finding4 th a t  
ring-opening of a  4-pteridinone by  isopropylam ine, which gave th e  A - 
isopropyl am ide a t 200°, gave the  unsubstitu ted  am ide a t  a  low er tem 
pera tu re  (150°). T he  form ation of bo th  3-am ino-A -m ethylpyrazinam ide 
and  3-aininopyrazinoic acid from 3-m ethyl-4(3A )-pterid inone u n d er con
ditions th a t  d id  no t hydrolyze th e  am ide to  th e  acid was c ited  b y  W ood18 as 
evidence for ring-opening a t  bo th  a  an d  c. M ore recently , C u rran  and  
Angier3k have obtained  A -substitu ted  3-form am idopyrazinam ides by  basic 
cleavage of 3 -substitu ted  4-pteridinones and, though  th e y  do no t rule out 
tw o modes of fission, favor one mode, nam ely, reaction  a t  c. C f .  E . C. Taylor, 
R . J ,  K nopf, J .  A. Cogliano, J .  W . B arton , and  W. Pfleiderer, «/. A m .  C h e m .  
S o c . ,  82 , 6058 (1960); 83 , 2786 (1961).

(18) H . C. S. Wood, pp. 35-42 of reference cited in  footnote  4; c f .  ref. 3i.
(19) B oth  3-am inopyrazinam ide ( I l lb )  and  3-am inopyrazinoic acid ( I l ia )  

have been ob ta ined 311 from an  alkaline hydrolysis of 4-pteridinone.
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T a b l e  I
P h y s ic a l  P r o p e r t ie s  o f  1 ,2 ,5 -T h ia d ia z o l e s

•Infrared data"------------------- • .------------ Paper chrom atographic d a ta d-
----------------- v in cm . -1-----------------------, Color of

Com-
pound pH Xmax in  ï ï ï n  (e X 10~3)& region region A B c D cencefi

VIII 1 214(10.9), 326(6.2) 1700a, 1605s 865ms, 850ms 0 .6 8 0.79 0.73 0.59 BL
7 213(11.0), 326(6.2) 1510w, 1470s 800ms, 730w BS

13 326(6.2) 1400ms 680s
1 N  HC1 213(10.6), 325(6.1)

5.4 VHC1 216(9.5), 263(2.3),
326(5.2)

6 N  HC1‘ 263(4.0), 323(4.3)
XI 1 326(7.0) 1665a, 1605s 860ms, 810ms .79 .8 6 .81 .70 BL

7 325(7.0) 1550s, 1500w 790w, 750w BS
13 326 (7.0) 1445ms 1400mw

X 1 213(11.4), 326(7.4) 1655s, 1600s 855ms, 820ms .90 .93 .89 .73 BL
7 213(11.4), 326(7.4) 1535s, 1500w 795w, 750ms BS

13 326 (7.4) 1460sh., 1450ms 705w, 650m
1420m, 1400w

IX 1 215(11.1), 331 (7.0) 1665ms, 1600s 895m, 855ms .84 .62 BL
7 212(11.0), 326(7.4) 1555ms, 1500w 815m, 760m BS

13 325 (10.0) 1445m 670mw
XII 1 232 (11.2), 280 (3.7), 1675s, 1605s 900mw, 855m .8 8 .93 .8 6 VL

336(10.3) 1540s, 1490mw 840m, 800m VS
7 232(11.3), 280(3.8), 1450s, 1435sh 790mw, 755s

336 (10.2) 1400w 690m
13 230 (ah), 330(10.0)

IV 1 328(6.3) 1690s, 1600s 850ms, 810ms .13 .76 .47 .79 BL or VL7
7 316 (6.7) 1515mw, 1465s 710s VS

13 316(6.7)
K salt of 1620s, 1510m 880w, 860m

IV 1445m 825m, 810m
755m

3-Amino- 1 241 (12.1), 352(6.8) 1690s, 1610s 900m, 850m
pyrazin- 7 246(11.5), 350(6.4)" 1555ms, 1520w 815ms, 770mw
amide 13 245 (12.8), 350 (6.4) 1440ms 740m, 650m
(mb) 1 N  HCl* 241(12.6), 352-353(7.1)

6 /V HCP 242(12.6), 354(7.1)
° Only VIII, IX, and X in neutral and acidic solutions were examined in the region 220-210 m/i. Spectra of 1 N  and 6 N hydro

chloric acid solutions were determined by dissolving specimens directly in these solvents, determining the spectra within 5 min., and 
redetermining the spectra 10 min. later as a test of stability. s A slight shoulder appears at 225-230 m/x in all of the thiadiazole spectra 
except those of IV at pH 7 and 13, that of VIII in 6 N  HC1, and those of XII, in which a plateau or maximum is present at 230-232 
m^. c s = strong, m = medium, w = weak. d Solvent systems A, B, C, D are defined in ref. 26. '  BL = Blue fluorescence 
in long wave length light (365 mju), BS = blue fluorescence in short wave length light (254 m/r), VL and VS have the same meaning 
for violet fluorescence. 1 Violet in solvent D. " Data at pH 7 in agreement with data of Albert311 at pH 6. h Ir. over-all shape, the 
differences among the three curves produced by the acidic solutions are much less than the difference between the spectra given by the 
neutral and the 0.1 N  hydrochloric acid solutions. 1 Not determined in the region 220-210 mu

The pure amide VIII was recovered in 90% yield. The 
reaction G -►  E (X = RN) is, therefore, not essential 
in the formation of the V-alkyl amides (X and XI).20 
Failure of the transamidation may be interpreted as 
evidence for separate and simultaneous attack at both a 
and c, but this evidence is not unequivocal for at least 
two reasons. First, the V-alkyl amides might be 
formed by the route B -*-D -* -F -* -E (X  = RN), the 
transamidation occurring prior to the liberation of the 
amino group. The finding of Curran and Angier3k that
3-formamidopyrazinamides are more easily hydrolyzed 
than 3-aminopyrazinamides is consistent with this 
possibility and also provides a possible explanation for 
the results of Wood.17 Secondly, attack at c could lead 
to fission of the c-d bond and generate an intermediate 
from which both VIII and the V-alkyl amides might be 
formed.21

(20) This conversion m ay have occurred to  some ex ten t during the  reac
tion  of m ethylam ine w ith V II since th e  la tte r  reaction  was allowed to
proceed for a longer period of tim e th a n  the  reaction w ith butylam ine.

Some of the physical properties of the 1,2,5-thiadia- 
zoles are summarized in Table I. The ultraviolet 
spectra of 4-amino -1,2,5 - thiadiazole - 3 - carboxamide
(VIII) at pH 1, 7, and 13 are identical. The V-methyl 
(XI) and V-butyl (X) amides likewise give identical 
spectra at these three pH values, and the spectra of all

(21) In  basic solution, A should be p resen t p a rtly  or en tire ly , depending 
on th e  basic s treng th  of th e  m edium , as th e  anicn . Species H  m ay be 
form ed from  th e  anion of A or by  ionization  of B (F ig. 1). T he acyl- 
form am idine (J) should react a t  th e  carbonyl carbon atom  ( a ) ,  th is  course

giving th e  iV-alkylamides (X  and  X I). The am ide V III  m ay be formed 
sim ultaneously by a tta ck  a t  the  form am idine carbon atom  (c) or by the  ami- 
dine-exchange reaction D  —*■ G (Fig. 1), if in itia l a tta ck  a t  c of A were to 
give bo th  D  and  J.
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three amides, as well as that of the acid hydrazide (IX) 
at pH 7, are essentially the same except for slight dif
ferences in intensity. The spectrum of 4-amino-l,2,5- 
thiadiazole-3-carboxamide in 1 N hydrochloric acid is 
also unchanged. All of these spectra display an absorp
tion maximum at 326 m/i. When the spectra of the 
amide (VIII), the W-butyl amide (X), and the acid 
hydrazide (IX) at pH 1 and 7 were examined between 
220 and 210 mu, a maximum was found near 214 m/u

The constancy of the spectra of VIII, X, and XI 
within a broad range of pH values suggests that the 
neutral molecules are present in the acidic solutions and 
that these amino carboxamides, therefore, are very weak 
bases. This evidence is supported by the failure of 
VIII to form an isolable hydrochloride with anhydrous 
hydrogen chloride in ethanol. However, the presence 
of both the cation and the neutral molecule of VIII in 
strong hydrochloric acid (5.4-6V) is indicated by de
creased intensity of the ultraviolet maxima at 326 txi/j. 
and 214 ran and by the appearance of a maximum at 263 
m,u. In comparison, 3-aminopyrazinamide (IHb), the 
pyrazine analog22 of VIII, must be present chiefly as the 
cation in 0.1 V  hydrochloric acid since its spectrum in 
this solution differs slightly, but palpably, from the spec
tra given by neutral and alkaline solutions and under
goes little additional change as the acidity is increased to 
1 N and 6 N hydrochloric acid. By utilizing generaliza
tions24 for protonation of ^-deficient heterocycles, these 
data may be interpreted further. The slight change 
in the spectrum of 3-aminopyrazinamide (Illb) in 
acidic solution suggests protonation on a ring-nitrogen 
atom,25 whereas the large change represented by the ap
pearance of a maximum at 263 m/j. in the spectrum of 4- 
amino-l,2,5-thiadiazole-3-carboxamide (VIII) in strong 
acid suggests protonation on the amino-nitrogen atom. 
The spectra of VIII and the pyrazine derivative (Illb) 
are otherwise similar in appearance, but the maxima of 
the thiadiazole derivative (VIII) are displaced hypso- 
chromically by approximately 25 and 32 m/t, respec
tively, from the long and short wave length maxima of 
the pyrazine analog in neutral solution. The absorp
tion maximum (316 m/u) of the amino acid (IV) at pH 
7 shows a similar hypsochromic shift with respect to 
that reported311 (340 m )̂ for 3-aminopyrazinoic acid at 
pH 6.

The infrared spectra of all of the 1,2,5-thiadiazoles 
have bands of medium or medium-strong intensity at 
860-850 cm.-1 and 820-800 cm.-1, as does 3-aminopy
razinamide ; a strong band, presumably due to NH2-de- 
formation vibrations, at 1610-1600 cm.-1; the expected 
bands in the 3-/z and 6-/x regions corresponding to N— H 
and C = 0  stretching vibrations; and, except for IV and 
VIII, a band at 1555-1535 cm.-1 in the region of second
ary amide II bands.

Experimental26
4-Amjno-l,2,5-thiadiazole-3-carboxamide (VIII).—A mixture of 

308 mg. of [l,2,5]thiadiazolo|3,4-d]pyrimidin-7(6ff)-one (VII), 
15 ml. of absolute ethanol, and 15 ml. of liquid ammonia was

(22) T he isoelectronic relationship  of th e  1,2,5-thiadiazole ring  and  th e  
pyrazine ring  has been noted  by  C arm ack10® an d  by  K outeeky .23

(23) R . Z ah radn ik  an d  J . K outeckÿ, C o l l e c t i o n  C z e c h .  C k e m .  C o m m u n . ,  
26, 156 (1961).

(24) A. A lbert, “ Heterocyclic C hem istry ,” The A thlone Press, U niversity  
of London, 1959, pp . 49, 302.

(25) C f .  G. W. H . Oheesem an, ./. C h e m .  S o c . ,  242 (1960), for pro tonation
of 2-am inopyrazines.

heated in a 50-ml. stainless steel bomb at 80° for 18 hr. (On a 
larger scale the proportion of starting material was increased 
almost fourfold.) The reaction solution was removed from the 
chilled bomb and concentrated in vacuo at room temperature to 
approximately 5 ml. The crystalline precipitate (m.p. 164- 
166°) amounted to 197 mg. after it had been washed with ethanol 
(2 ml.) and dried in vacuo at 56°; a second crop (m.p. 168- 
169°), which was obtained by evaporating the solvent in vacuo 
from the filtrate and recrystallizing the residue from ethanol- 
hexane, raised the yield of crude product to 82%. Recrystalliza
tion from ethanol-hexane (1:1) or sublimation (e.g., at 0.15- 
0.2 mm. and 100-105°) gave pure VIII; yields, 61-66%; m.p.
170-171°.

Anal. Calcd. for C3H4N4OS: C, 24.99; H, 2.80; N, 38.87; 
S, 22.24. Found: C, 25.27; H, 2.67; N, 39.03; S, 22.35.

No precipitate was formed when a large excess of dry hydrogen 
chloride was passed into an ethanol solution of VIII. The free 
base was recovered (97%) by concentrating thesolution invacuo.

4-Amino-l,2,5-thiadiazole-3-carboxylic Acid (IV). a. From 
VII.—A solution of 462 mg. (3.0 mmoles) of [l,2,5]thiadiazolo- 
[3,4-tf]pyrimidin-7(6.flr)-one (VII) in 10 ml. of 1.2 N  aqueous 
potassium hydroxide was heated at the reflux temperature for 
30 min., filtered, and acidified to pH 1.6 with 6 N  hydrochloric 
acid. The crystalline precipitate that formed at pH 3-1.6 
melted at 220° and depressed the melting point of the starting 
material; yield, 282 mg. (65%). The product was recrystal
lized from water; m.p. 220-221° (with sublimation); recovery, 
80%.

Anal. Calcd. for C3H3N30 2S: C, 24.83; H, 2.09; N, 28.95; 
S, 22.09. Found: C, 24.86; H, 2.07; N, 29.01; S, 22.05.

b. From 4-Amino-l,2,5-thiadiazole-3-carboxamide.—A mix
ture of 288 mg. (2 mmoles) of 4-amino-l,2,5-thiadiazole-3- 
carboxamide (VIII), 10 ml. of 2 N  aqueous potassium hydroxide, 
and 10 ml. of ethanol was heated at the reflux temperature for 
30 min. Acidification of the reaction mixture to pH 1.2 with 
6 N  hydrochloric acid and concentration of the acidified mixture 
afforded 210 mg. (72%) of a white crystalline solid (m.p., 220- 
222° subl.) that produced infrared and ultraviolet absorption 
spectra identical with those of 4-amino-l,2,5-thiadiazole-3- 
carboxylic acid obtained from VII.

c. From 4-Amino-l,2,5-thiadiazole-3-carboxanilide (XII).—A 
solution of 42.5 g. of XII, 1 1. of absolute ethanol, and 400 ml. 
of 4 N  aqueous potassium hydroxide was heated at the reflux 
temperature for 2.5 hr. The potassium salt separated from the 
cold reaction mixture in 94% yield (33.19 g.), and a portion was 
recrystallized from water-ethanol; m.p. 338-340° dec. (A1 
block).

Anal. Calcd. for C3H2N3OSK: C, 19.67; H, 1.10; N, 22.93; 
S, 17.50. Found: C, 19.73; H, 1.38; N, 23.09; S, 17.3.

The remainder of the potassium salt (31.4 g.) was dissolved in 
500 ml. of warm water, and the solution was filtered and acidified 
with 6 N  hydrochloric acid. The white crystalline product, con
sisting of a first crop of 20.36 g. (82%) and a second crop of 1.8 
g- (7%), was identified by melting point (221°) and by infrared 
and ultraviolet spectra as 4-amino-l,2,5-thiadiazole-3-carboxylic 
acid.

4-Amino-l,2,5-thiadiazole-3-carboxylic Acid Hydrazide (IX).— 
A solution of 462 mg. of VII in 27 ml. of anhydrous hydrazine 
was heated at 95-100° for 105 min. and then evaporated to dry
ness in vacuo. The residue was triturated with 5 ml. of ethanol 
and with 10 ml. of hexane and dried in vacuo over phosphorus 
pentoxide; yield, 452 mg. (95%); m.p. 202-204° dec. (oil 
bath). Recrystallization from water gave yellow needles that 
melted at 206°.

(26) U nless otherw ise noted, m elting poin ts were determ ined w ith a 
Kofler H eizbank m elting po in t a p p ara tu s  an d  are  corrected. In fra red  
spec tra  were determ ined w ith sam ples in  pressed potassium  brom ide disks 
and  w ith a P erk in -E lm er M odel 221G spectrophotom eter w ith  th e  sodium  
chloride p rism -g rating  interchange. U ltrav io le t spec tra  were determ ined 
w ith a C ary  M odel 14 recording spectrophotom eter. Solutions for u ltra 
violet determ inations were p repared  by  dissolving th e  sam ple in  w ater or 
ethanol and  dilu ting  5-ml. aliquo t portions to  50 ml. w ith  0.1 N  hydro
chloric acid, p H  7 phosphate  buffer, and  0.1 N  sodium  hydroxide. Spectra  
given by  these  solutions of a com pound are considered to  be its  spec tra  a t 
p H  1, 7, and  13. P aper chrom atography was perform ed by  th e  descending 
technique on W hatm an  no. 1 paper in  the  following so lvent system s: (A) 
bu tano l sa tu ra ted  w ith  w ater, (B) bu tano l-acetic  a c id -w ater (5 :2 :3  by 
volum e), (C) 2 -p ropanol-w ater-concen tra ted  aqueous am m onia (7 0 :25 :5  
by  volum e), and  (D) ace ta te  buffer (pH  6.7). Spots were detected  w ith  tw o 
u ltrav io le t lam ps th a t  em it ligh t principally  a t  365 and  254 mju.
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Anal. Calcd. for C3H5N5OS: C, 22.63; H, 3.17; N, 44.00; 
S, 20.13. Found: C, 22.75; H, 3.27; N, 43.73; S, 20.31.

Reaction of [ 1,2,5] Thiadiazolo [3,4-d] pyrimidin~7( 6//)-one with 
Butylamine.—A solution of 2.31 g. of VII (m.p. 234° dec., 98% 
pure by ultraviolet absorption) and 35 ml. of dry, redistilled 
butylamine was heated at the reflux temperature for 3 hr. and 
then concentrated in vacuo to a sirup. The residue was slurried 
with a mixture of ethanol (3 ml.) and hexane (10 ml.). A white 
crystalline solid that formed in the slurry was separated by filtra
tion and washed with 6 ml. of hexane. This fraction was chro- 
matographically homogeneous and was shown by melting point 
(169-170°, not depressed by VIII), infrared spectrum, and paper 
chromatographic characteristics tobe4-ammo-l,2,5-thiadiazole-3- 
carboxamide (VH3); yield, 800 mg. (37%).

The filtrate combined with the washings deposited 1.34 g. 
(45%) of chromatographically homogeneous 4-amino-JV-butyl-
1.2.5- thiadiazole-3-carboxamide (X) (m.p., 79-80°). An analyt
ical sample was obtained as white needles by recrystallization 
from hexane; m.p. 82-84°.

Anal. Calcd. for C;Hi2N4OS: C, 41.98; H, 6.04; N, 27.98; 
S, 16.01. Found: C, 42.21; H, 5.77; N, 27.79; S, 15.83.

4-Amino-N-methyl-1,2,5-thiadiazole-3-carboxamide (XI).— 
The conditions for the reaction of VII with anhydrous methyl- 
amine were identical with those employed in the preparation of
VIII. Evaporation of the volatile components from the reaction 
mixture and sublimation of the residue at 90° and 0.2 mm. gave 
a white sublimate, in 70% yield calculated as XI, that melted at 
122-124°. Paper chromatography showed the presence of two 
components: the preponderant component was identical with 
pure XI obtained subsequently; the minor, more slowly moving 
spot had the same Rt values in four solvent systems as 4-amino-
1.2.5- thiadiazole-3-carboxamide(VIII). Recrystallization of the 
sublimate from water gave white needles; m.p. 136-137°; yield 
from VII, 41%.

Anal. Calcd. for C4H6N4OS: C, 30.37; H, 3.82; N, 35.42; 
S, 20.27. Found: C, 30.39; H, 3.78; N, 35.58; S, 20.20.

4-Amino-l,2,5-thiadiazole-3-carboxamide (VIII) was isolated 
in 10% yield from a larger reaction by extracting XI from the 
total reaction residue with hexane in a Soxhlet extractor.

4-Amino-l,2,5-thiadiazole-3-carboxanilide (XII).—A mixture 
consisting of 308 mg. (2 mmoles) of VII, 10 ml. of aniline, and 
0.2 ml. of 12 N  hydrochloric acid was heated at 100° for 4.5 hr. 
The ultraviolet spectrum at pH 1 of an aliquot removed after 3 
hr. of heating showed that ring-opening was essentially complete. 
Concentration of the reaction mixture in vacuo left an orange oil 
that solidified when 20% ethanol was added. The crystalline 
product (m.p. 137-140°) was filtered from the cold mixture, 
washed with 10% ethanol, and dried in vacuo at 78°; yield, 274 
mg. (62%). Beige crystals obtained by recrystallization from 
60% ethanol melted at 141°.

Anal. Calcd. for C9H8N4OS: C, 49.08; H, 3.66; N, 25.44; 
S, 14.56. Found: C, 48.91; H, 3.72; N, 25.13; S, 14.7.

An experiment identical with the one described before except 
for the omission of hydrochloric acid was performed simultane
ously. Ultraviolet spectra at pH 1 of aliquots removed after 3 
hr. and 5.5 hr. of heating were essentially identical with the spec
trum of the starting material (VII). Additional heating up to 70 
hr. caused slow deterioration of the reaction mixture, although 
ultraviolet absorption characteristic of VII was still observable 
after 22 hr. No evidence for the formation of XII could be 
gleaned from the ultraviolet examination of the reaction mixture.

A third experiment that was identical with the first except for 
the addition of 0.2 ml. of water instead of hydrochloric acid 
showed that the starting material was practically unaffected up 
to 25 hr. after heating was begun. Continued heating caused the 
long wave length maximum to shift toward longer wave lengths, 
but after several days it was still about 15 m^ from that of XII.

The carboxanilide (XII) was also isolated from certain reac
tions carried out to prepare VII on a large scale (see subsequent 
description).

Cyclization of 4-Amino-l,2,5-thiadiazole-3-carboxamide (VIII) 
to (1,2,5]Thiadiazolo[3,4-rljpyrimidin-7(6//)-one (VII).—A mix

ture of 288 mg. of 4-amino-l,2,5-thiadiazole-3-carboxamide, 20 
ml. of triethyl orthoformate, and a crystal of p-toluenesulfonic 
acid monohydrate was heated at the reflux temperature for 3 
days. Ten milliliters of triethyl orthoformate was added to the 
heterogeneous mixture, and heating was continued for 4 days. 
A small amount of suspended white solid (19 mg.; m.p. 230-250° 
dec.) was removed by filtration, and the filtrate was evaporated 
to dryness. The yellow crystalline residue was triturated with 
1:1 hexane-ethanol, separated by filtration, and dried in vacuo 
at 65° for 2 hr.; wt., 160 mg. (52% yield); m.p. 229-232° dec. 
(oil bath) (lit.2 m.p. 234°). Ultraviolet spectra at pH 1, 7 ,andl3  
and the infrared spectrum were identical with those of [1,2,5]- 
thiadiazolo [3,4-d] pyrimidin-7 (6H)-oue.

Attempted Transamidation of 4-Amino~l,2,5-thiadiazole-3- 
carboxamide.—A mixture of 288 mg. of VIII and 10 ml. of dry, 
redistilled butylamine was heated at the reflux temperature for 
3 hr. and then concentrated in vacuo to dryness. The crystalline 
residue was slurried with a mixture of ethanol (3 ml.) and hexane 
(10 ml.) and was then collected by filtration; wt., 258 mg. (90% 
recovery); m.p. 172°. The infrared spectrum and paper chro
matograms of this material showed that it was pure VIII. A 
small fraction (13 mg., m.p. 162-166°) obtained from the 
filtrate was shown by paper chromatography to be VIII con
taminated with small amounts of impurities, one of which may 
have been the IV-butyl amide (X).

[ 1,2,5] Thiadiazolo [3,4-d]pyrimidin-7(6//)-one (VH).—Al
though VII was prepared2 on a small scale from V-sulfinylaniline 
and either 5,6-diaminopyrimidin-4(31?)-one free base or its sul
fate, large-scale reactions utilizing the sulfate afforded large 
amounts of 4-amino-l,2,5-thiadiazole-3-carboxanilide (XII) as 
well as VII. The isolation procedure included the evaporation 
of pyridine from the reaction mixture followed by the addition 
and re-evaporation of water to aid in the removal of traces of 
pyridine and aniline (formed in the reaction from V-sulfinyl- 
aniline). Under the catalytic influence of protons originating from 
the pyrimidine sulfate, aniline may have reacted with VII during 
the prolonged evaporation of pyridine from the large reaction 
mixtures, or water added during the isolation may have partici
pated in the ring-opening of VTI. The following steps carried out 
in accordance with the general procedure2 for the preparation of
[l,2,5]thiadiazolo[3,4-(i]pyrimidines constitute an improved 
procedure for preparing VII from the pyrimidine free base.

A mixture of 30 ml. of V-sulfinylaniline, 300 ml. of anhydrous 
pyridine, and 11.0 g. of 5,6-diaminopyrimidin-4(3H)-one free 
base (obtained by dissolving 17.5 g. of the sulfate in 900 ml. of 
boiling water, neutralizing the hot solution with 6 N  ammonia, 
and recrystallizing the cream colored crystals from water) was 
heated at the reflux temperature for 1.75 hr., cooled, stirred with 
activated carbon, concentrated in vacuo to about 150 ml., and 
chilled ( — 12°). The white crystalline precipitate was washed 
with benzene; wt., 9.56 g. (71%); m.p. 234° dec. A second por
tion of 1.48 g. (11%) was obtained by recrystallizing, from water, 
second and third crops (total crude yield, 93%) obtained by 
diluting the filtrate from crop 1 with water and benzene. Both 
crop 1 and the second portion had ultraviolet maxima and ex
tinction coefficients essentially identical with those of the analyti
cal sample.2
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The formation of two l-(nitroguanyl)aziridines was achieved by the reaction of 2-methyI-l-nitro-2-thio- 
pseudourea with ethyleneimine and 2-methylaziridine. Cleavage of these aziridines in acidic media produced 
linear alkylnitroguanidines. The cyanobromination of l-(nitroguanyl)aziridine (la) gave 3-eyano-2-imino- 
1-nitroimidazolidine (VIII) and 2-amino-l-nitroimidazoIidinium bromide (IX) in good yields.
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Amines react readily with 2-methyl-l-nitro-2-thio- 
pseudourea to produce linear1 and cyclic2 guanidines. 
We have found that the reaction of ethylenimine and 
2-methylaziridine with 2-methyl-l-nitro-2-thiopseudo- 
urea in a mixture of ether and methanol results in the 
formation of l-(nitroguanyl)aziridine (la) and 2-meth- 
yl-l-(nitroguanyl)aziridine (lb) in 80% and 53% yields, 
respectively. These compounds are white crystalline 
solids and are stable at room temperature in the ab
sence of light, atmospheric carbon dioxide, and water 
vapor. On the other hand, the reaction of ethylenim
ine and 2-methyl-l-nitro-2-thiopseudourea in metha
nol alone gave only a low yield of 2-(methylthio)ethyl- 
nitroguanidine (Ha).

The ethanolysis of l-(nitroguanyl)aziridine (la) with 
absolute ethanol and p-toluenesulfonic acid formed 1- 
(2-ethoxyethyl)-3-nitroguanidine (III) and 2-amino- 
1-nitroimidazolidine p-toluenesulfonate (IV). 2-
Ethoxyethylamine (V) synthesized from 2-ethoxyethyl 
bromide3 via the Gabriel method gave with 2-methyl-l- 
nitro-2-thiopseudourea a derivative whose properties 
were identical with III. The nitrate salt of 2-amino- 
1-nitroimidazolidine4 was converted to IV by its reac
tion with p-toluenesulfonic acid. The alcoholysis re
action was extended to 1-pentanol and 2-methyl-2- 
propanol which gave the corresponding l-(2-alkoxy- 
ethyl)-3-nitroguanidines (VI and VII). This appears 
to be a general method for the syntheses of l-(2-alkoxy- 
ethyl)-3-nitroguanidines. The cleavage of la  in meth
ylene chloride solution with nitric, hydrochloric, and 
hydrobromic acids produced the corresponding ¿-sub
stituted ethylnitroguanidines. In Scheme I are sum-

c h 2 n —n o 2 h  n —n o 2
I \  II C H 3S H  I II

N—C—NH2----- > CH3S—CH2CH2—N—C—NH2
/  O H s O H

c h 2

la
ROH, H 
reflux

H , N—N 02
! II

RO—CH2CH2—N—C—NH2

III. R = C2H6 IV.
VI. R = »-C5H,i
VII. R = i-C4Hs

Ha

N 02

CH2—N

c h 2—n 7

c= n h 2y

H
Y = p-CH3C6H4S03̂
c2h 5o c h 2c h 2n h 2

V

S c h e m e  I

(1) L. Fishbein and J. A. Callaghan, J .  A m .  C h e m .  S o c . ,  76 , 1877 (1954).
(2) L. S. H afner and R obert Evans, i b i d . ,  79, 3783 (1957).
(3) G. C. H arrison and H. Diehl, O r g .  S y n . ,  23, 32 (1943).
14) A. F. M cK ay and J. E. M ilks, J .  A m .  C h e m .  S o c . ,  72 , 1616 (1950).

marized the general reactions of l-(nitroguanyl)aziri- 
dine.

The cyanobromination6 of l-(nitroguanyl)aziridine 
(la) in boiling benzene probably proceeds through a 
linear intermediate N-(2-bromoethyl)-N-cyano-nitro- 
guanidine which cyclizes by an internal Sn2 mechanism6 
to form VIII in 43% yield. The hydrogen bromide 
liberated in the first step cleaves la to form 2-bromo- 
ethyl-3-nitroguanidine which rapidly cyclizes to IX in 
41% yield.

Step one 
la  +  CNBr - 

(excess)

Step two 
la  +  HBr

Br—CH2CH2—N-

N—NO,'

4
CN N H j

NO,
I

CH2—N
I \

I
CII2—N

I
CN

C =N —H +  HBr

VIII
N—N 02'

Br—CH2CH2—N—1

H
N H j

NO, 

CH2—N

C=NH2Br
/

CH2—N
I

II
IX

Under the cyanobromination conditions previously 
stated, l-(nitroguanyl)aziridine-d2 produced 3-cyano-2- 
imino-di-l-nitroimidazolidine (VIII*) and 2-amino-d2-l- 
nitroimidazolidinium-di bromide (IX*). The identity 
of VIII* and IX* was established by their infrared 
curves.

The ultraviolet absorption spectra78 of the l-(nitro- 
guanyl) aziridines in ethanol show them to have 
nitrimino structures with principal absorption maxima 
2700-2720 Â. All of the substituted ethylnitroguani
dines had absorption curves similar to ethylnitroguani- 
dine with maxima 2650-2740 A. Compounds VIII and

(5) R. C. Elderfield and H . A. H agem an, J . O r g .  C h e m . ,  14 , 605 (1949).
(6) C. Boyars, W. F. Sager, and S. Skolnik, J .  A m .  C h e m .  S o c . ,  78 , 4590 

(1956).
(7) A. F . M cK ay, J . P . P icard, and P . E . B runet, C a n .  J .  C h e m . ,  79, 746 

(1951).
(8) W. D. K um ler and P. P . T. Sah, J .  O r g .  C h e m . ,  18, 669 (1953), re

ported the principal absorption maxima of n itroguanidines a t  2300-2400 Â. 
(nitroam ino) and 2650-2740 Â. (nitrim ino), respectively.
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IX have nitramino structures with maxima at 2380 A.o
and 2440 A., respectively.

The infrared spectra of compounds II-X II were con
sistent with the proposed structures. The symmetric 
v (NO,) was located in the 1293-12709-cm._1 region in 
these compounds. The asymmetric nitro group fre
quencies of the l-(nitroguanyl)aziridines (la, lb), 1535 
cm.-1 and 1527 cm.-1, respectively, are in agreement 
with Bellamy’s9 findings for polynitramines rather than 
Kumler’s10 assignments for nitroguanidine derivatives.

The principal acidic cleavage products of 2-methyl-l- 
(nitroguanyl)aziridine (lb) were dependent upon the 
strength of the acid’s conjugate base. With the strong 
conjugate base methyl mercaptide, l-(methylthio)-2- 
propylnitroguanidine (X), m.p. 79-80°, was isolated and 
its structure established by an independent synthesis. 
In the reaction with the weak conjugate base p-toluene- 
sulfonate, 2-ethoxy-l-propylnitroguanidine (XI), m.p. 
155-156°, was formed instead of the isomeric l-ethoxy-2- 
propylnitroguanidine (XII), m.p. 88-89°. The struc
tures of XI and XII were established by independent 
syntheses. The proposed structures of the derivatives 
of lb are indicated in Scheme II.

CH3
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CH,
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CH3SH
N—NO, — ----> CH3

N—C—NH2
CHsOlI

C2H6OH(H+)

H
I
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CHa—C—CH,—N—C—NH2
I

OC2H6
XI

H H N—NO.
I I II

-C—N—C—NHS
I

c h 2s c h ,

X

CH3 H N—NO,

C,1I50CH2—C N—C—NH2
I

H
XII

Scheme II

Experimental
The melting points were determined on a micro Kofler hot 

stage. The infrared spectra were recorded by a Perkin-Elmer 
Model 21 spectrophotometer with sodium chloride or calcium 
fluoride optics as Nujol mulls or potassium bromide pellets. 
The ultraviolet spectra were recorded on a Beckman DK-2 spec
trophotometer or a Beckman DU in 1-cm. silica cells.

l-(Nitroguanyl)aziridine (la).—Ethylenimine (6.4 g., 0.148 
mole) was added to a mixture of 75 ml. of absolute ether and 75 
ml. of absolute methanol. Twenty grams (0.148 mole) of 2- 
methyl-l-nitro-2-thiopseudourea was added, and the temperature 
rose from 20° to 38° with the rapid evolution of methyl mercap
tan. After 15 min., 50 ml. of ether and 30 ml. of methanol were 
added, and the temperature was raised to 50° within a half hour. 
The mixture was cooled to 30° and evaporated to dryness in a 
stream of dry air. The solid was stirred in 150 ml. of ether and 
filtered. The ether extract evaporated to a gummy residue and 
was discarded.

The crystalline residue was dissolved in 250 ml. of absolute 
methanol and filtered. Upon cooling and concentration, 15.5 g. 
(80.2%) of l-(nitroguanyl)aziridine (m.p. 124-126°) was ob
tained. An analytical sample, m.p. 129-130°, was obtained by 
repeated crystallization from methanol.

Anal. Calcd. for C3H6N40 2: C, 27.69; H, 4.60; N, 43.07. 
Found: C, 27.98; H, 4.60; N, 42.53. Ultraviolet spectrum in 
isopropyl Alcohol: Xmax 2710 A., log«4.20; ymai (KBr) 1625 (s), 
1535 (s) cm.-1.

(9) L. J .  Bellam y, “ T he Infrared  Spectra  of Complex M olecules,”  2nd Ed., 
M ethuen  and Co. L td., London, 1958, p. 302.

(10) W. D. Kumler, J .  A m • C h ? r n >  S o c . ,  76, 814-816 (1954).

2-Methyl-l-(nitroguanyl)aziridine (lb).—To a mixture of 
absolute ether (200 ml.) and absolute methanol (40 ml.) was 
added freshly distilled 2-methylaziridine (Interchemical Corp., 
5.7 g. 0.1 mole) and 2-methyl-l-nitro-2-thiopseudourea (13.5 g., 
0.1 mole). The temperature was maintained at 25-27° by a 
water bath until a homogeneous solution occurred (1.5-2 hr.). 
The solution was evaporated to 20 ml. by a stream of dry air, 200 
ml. of ether was added, and the mixture was evaporated to dry
ness. Twelve grams of 2-methyl-l-(nitroguanyl)aziridine (m.p. 
102-104°, 83% yield) was isolated. Upon recrystallization from 
ethanol and methylene chloride a crystalline solid was obtained 
whose m.p. was 109-110°.

Anal. Calcd. for C4H8N40 2: C, 33.33; H, 5.63; N, 38.88. 
Found: C, 33.47; H, 5.94; N, 38.63. Ultraviolet spectrum in 
isopropyl alcohol: 2720 A., log e 4.21; j/max (KBr)
1614 (s), 1527 (s) cm.-1.

2-(Methylthio)ethylnitroguanidine (Ila). A.—From an equi
molar quantity of ethylenimine and 2-methyl-l-nitro-2-thio- 
pseudourea in absolute methanol at room temperature (21 hr.), 
white crystals of Ila  were obtained. Recrystallization from 
methanol and water gave 18.2% of product; m.p. 115-116°; 
i<nm (KBr) 1645 (s), 1594 (s), 1535 (m, broad) 1297 (s) cm.-1.

Anal. Calcd. for C4H40N4O2S: C, 26.96; H, 5.66; N, 31.44. 
Found: C, 27.44; H, 5.77; N, 31.17.

B. —A solution of l-(nitroguanyl)aziridine (la) (0.417 g. 
0.0032 mole) in 25 ml. of absolute ethanol was saturated with 
methyl mercaptan at 20° (1 hr.). The reaction flask was stop
pered and allowed to stand 18 hr. at 23°. The mixture was 
evaporated to dryness and the residue recrvstallized from ethanol 
and methanol-ether. The product weighed 0.301 g. (53% yield) 
and melted at 115-116°. A mixture melting point with a sample 
of material obtained from the reaction of 2-methyl-l-nitro-2- 
thiopseudourea with 2-(methylthio)ethylamine was not de
pressed.

C. —The reaction of 2-(methylthio)ethyl amine with 2- 
methyl-l-nitro-2-thiopseudourea. The 2-(methylthio)ethyl 
amine was prepared by the reaction of methyl mercaptan with 
ethylenimine.11 To 2.00 g. (0.0219 mole) of the amine in 25 ml. 
of absolute ether and 25 ml. of absolute ethanol was added 3 g. 
(0.0222 mole) of finely ground 2-methyl-l-nitro-2-thiopseudourea. 
The reaction was allowed to stand overnight. After recrystalliza
tion from a mixture of ether and methanol, 2.89 g. (73% yield, 
m.p. 115-116°) of material was obtained which did not depress 
the melting point of the product from method A.

p-Toluenesulfonate of 2-Amino-l-nitroimidazolidme (IV).—• 
To l-(nitroguanyl)aziridine (la, 1.0 g., 0.0768 mole) dissolved 
in 100 ml. of hot absolute ethanol was added p-toluenesulfonic 
acid (0.1 g., 0.00C5 mole). The mixture was then refluxed for 4.5 
hr. and allowed to stand 74 hr. at room temperature. An amor
phous precipitate was removed by filtration, and the filtrate was 
evaporated to dryness. The residue was dissolved in 5 ml. of 
absolute methanol. A crystalline precipitate (0.052 g., m.p. 
182-184°) was formed by the addition of 75 ml. of ether and 
and storage overnight at 0°. After recrystallization from ab
solute ethanol, the compound melted at 183-185°. A mixture 
melting point wbh an authentic sample of the compound pre
pared from the nitrate salt of 2-amino-l-nitroimidazolidine and 
p-toluenesulfonic acid was not depressed. The yield based on the 
p-toluenesulfonic acid was 29.6%.

Anal. Calcd. for C,0H14N4OsS: C, 39.73; H, 4.67; N, 
18.54. Found: C, 39.70; H, 5.03; N, 18.52.

1- (2-Ethoxyethyl)-3-nitroguanidine (III).—Upon evaporation 
the filtrate from IV gave 0.634 g. of l-(2-ethoxyethyl)-3-nitro- 
guanidine (m.p. 83.5-84.5°, 47% yield); rmajc (KBr) 1645 (vs), 
1600 (vs), 1552 (m), 1272 (vs) cm.-1.

Anal. Calcd. for CsH12N40 3: C, 34.08; H, 6.87; N, 31.81. 
Found: C, 34.16; H, 6.57; N, 31.76.

The reaction of 2-ethoxyethylamine (V) with 2-methyl-l- 
nitro-2-thiopseudourea also gave III. A mixture melting point 
was not depressed.

2- Ethoxyethylamine (V).—A sample of 2-ethoxyethyl bromide 
was converted to N-(2-ethoxyethyl)phthalimide in 57% yield. A 
pure sample of this compound obtained from a mixture of ether 
and low-boiling petroleum ether melted at 39-40°.

Anal. Calcd. for Ci2Hi3N 03: C, 65.74; H, 5.98; N, 6.39. 
Found: C, 65.76; H, 6.65; N, 6.18.

(11) T. Wieland, E. F. Moller, and C. Dieckleinan, Chem. Ber., 85, 1635 
(1952).
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The 2-ethoxyethylamine was obtained in 50% yield by hydra- 
zinolysis of the N-(2-ethoxyethyl)phthalimide.

1- [2-(l-Pentoxyethyl)]-3-nitroguanidine (VI).—To 100 ml. of 
freshly distilled 1-pentanol was added p-toluenesulfonic acid 
(0.1 g.) and la  (2.6 g., 0.02 mole). The mixture was refluxed 
for 6 hr. and the excess 1-pentanol was removed by distillation 
under diminished pressure. The residue recrystallized from 
ethanol, methylene chloride, and finally distilled water melted 
sharply at 92°; (KBr), 1653 (vs), 1605 (s), 1542 (m, broad), 
1287 (s) cm.“1.

Anal. Calcd. for C8H18N40 3: C, 44.02; H, 8.31; N, 25.66. 
Found: C, 43.70; H, 7.88; N, 25.74.

2- (f-Butoxy)ethylnitroguanidine (VII).—A mixture of 2-methyl-
2-propanol (150 ml., freshly distilled), l-(nitroguanyl)aziridine 
(la) (1.04 g., 0.08 mole), and p-toluenesulfonic acid (0.1 g.) was 
refluxed for 18 hr. The excess alcohol was removed by distilla
tion under reduced pressure and the residue recrystallized from 
ethanol to yield crude 2-(f-butoxy)ethylnitroguanidine (VII). 
An analytical sample (m.p. 150-151°) was obtained after repeated 
recrystallization from ethanol.

Anal. Calcd. for C7H16N40 3: C, 41.17; H, 7.89; N, 27.44. 
Found: C, 40.60; H, 7.33; N, 26.30, 26.70.

3- Cyano-2-imino-l-nitroimidazolidine (VIII) and 2-Amino-l- 
nitroimidazolidinium Bromide (IX).—When l-(nitroguanyl)azi- 
ridine (la) (4 g., 0.03 mole), cyanogen bromide (6 g., 0.057 mole), 
and dry benzene (200 ml.) were refluxed with vigorous stirring 
for 110 min., VIII, m.p. 139°, was formed in 43% yield and 
IX, m.p. 183-185° (lit. 179.5-180°, ref. 4), was formed in 41% 
yield.

Anal. Calcd. for C4H6N50 2 (VIII): C, 30.97; H, 3.25; 
N, 45.15. Found: C, 30.90; H, 3.23; N, 45.21; Xmai2380A. 
(c 748) alcohol. > w  (Nujol) 3408-3300 (2 bands, s), 2240 (s), 
1707 (s), 1682 (s), 1548 (s) cm.“1; deuterated: 2563 (m), 2470 
(m), 2242 (s), 1688 (s), 1544 (s) cm.“1 (Nujol).

Anal. Calcd. for C3H,BrN40 2 (IX): C, 17.07; H, 3.34; 
Br, 37.87; N, 26.55. Found: C, 17.35; H, 3.42; Br, 37.17; 
N, 26.84.

Infrared spectrum: (Nujol) 1707-1708 (s), 1683 (s), 1548
(s) cm.“1.

Deuteration of l-(Nitroguanyl)aziridine (la), 3-Cyano-2- 
imino-l-nitroimidazolidine (VIII) and 2-Amino-l-nitroimidazoli- 
dinium Bromide (IX).—Analytically pure samples of la, VIII, and 
IX (500 mg. or 1 g.) and 5-10 ml. of 99.5% deuterium oxide were 
heated at 50-55° (2-18 hr.) in 60-ml. stoppered cylindrical 
tubes. The samples were evaporated to dryness on a vacuum 
line and mulls of the deuterated solids prepared in the usual 
manner.

l-(Methylthio)-2-propylamine.—Equimolar quantities of 
methyl mercaptan and 2-methylaziridine in excess methanol were 
kept at —78° for 4 hr. and allowed to warm to room temperature 
overnight. The mixture was dried for several days over an
hydrous sodium sulfate and fractionally distilled. An analytical 
fraction (16.8 g., 53%; b.p. 155-156°, ra20d 1.4832) was collected. 
Mylius12 reported that the picrate of the isomeric 2-(methylthio)-
1-propylamine melted at 133-134°. 12

(12) W. M ylius, B e r . ,  49, 1091 (1916).

Anal. Calcd. for C4HUNS: C, 45.72; H, 10.48; N, 13.33. 
Found: C, 45.15; H, 10.43; N, 13.53.

Picrate.—Anal. Calcd. for C10H,4N4O7S: C, 35.93; H,4.19; 
N, 16.77. Found: C, 35.18; H, 4.24; N, 16.94; m.p. of 
picrate 150-151°.

l-(Methylthio)-2-propylnitroguanidine (X). A.—The con
densation of l-(methylthio)-2-propylamine (5 g., 0.048 mole) 
with 2-methyl-l-nitro-2-thiopseudourea (6.8 g., 0.05 mole) gave
5.3 g. of l-(methylthio)-2-propylnitroguanidine (X) in 54% 
yield. Crystallization from methylene chloride gave an analyti
cal sample, m.p. 79-80°.

Anal. Calcd. for C6Hi2N40 2S: C, 31.28; H, 6.29; N, 29.15. 
Found: C, 31.49; H, 5.97; N, 29.30.

B.—A solution of 5 g. of methyl mercaptan in 20 ml. of methyl 
alcohol was added to 1.44 g. (0.01 mole) of 2-methyl-l-(nitro- 
guanyl)aziridine (lb) at —24°. After 4 hr. the mixture was 
allowed to warm to room temperature and stand overnight. The 
mixture was evaporated to dryness and extracted with benzene. 
The benzene extract was concentrated, and the solid was identical 
to l-(methylthio)-2-propylnitroguanidine prepared in A.

2-(Ethoxy)-l-propylnitroguanidine (XI). A.—A mixture of
2-methyl-l-(nitroguanyl)aziridine (1.44 g., 0.01 mole), 100 ml. 
of absolute ethanol, and 0.18 g. of p-toluenesulfonic acid was 
refluxed for 5 hr. One and nine-tenth grams of light brown, 
gummy residue, m.p. 120-145°, was obtained by air evaporation 
to dryness. After several recrystallizations from ethanol, 0.457 
g. (24% yield) of white solid, m.p. 155-156°, was obtained.

Anal. Calcd. for C6Hi4N40 3: C, 37.88; H, 7.42; N, 29.46. 
Found: C, 38.00; H, 7.28; N, 29.50.

B.—To ethanol (50 ml.) were added 2-ethoxy-l-propylamine 
(2.0 g., 0.02 mole, b.p. 118° 13, n23D 1.4101) and 2-methyl-
l-nitro-2-thiopseudourea (2.7 g., 0.02 mole). The mixture was 
refluxed for 3 hr. and evaporated to dryness by a water aspirator. 
After trituration with ether and recrystallization from ethanol 
the product was identical with 2-ethoxy-l-propyl-3-nitroguani- 
dine (XI) prepared by method A.

l-Ethoxy-2-propylnitroguanidine (XII).—To 1.103 g. (0.0107 
mole) of l-ethoxy-2-propylamine14 (n20D 1.4079, b.p. 116°; pi
crate m.p. 132°) was added 20 ml. of ether-ethanol (1:1).

Anal. Calcd. for CnH16N40 8: C, 39.76; H, 4.85; N, 16.86. 
Found: C, 39.74; H, 4.22; N, 16.71.

After solution had occurred, 1.44 g. (0.0107 mole) of 2-methyl-
l-nitro-2-thiopseudourea and 100 ml. of ether were added. The 
reaction mixture was stirred 19 hr. and evaporated to dryness;
1.5 g. of l-ethoxy-2-propylnitroguanidine (m.p. 80-82°; crude 
yield, 63%) was obtained. After recrystallization from water, 
the m.p. was 88-89°.

Anal. Calcd. for C6HI4N40 3: C, 37.88; H, 7.42; N, 29.46. 
Found: C, 38.16; H, 7.93; N, 29.34.

Acknowledgment.—We wish to thank Mrs. P . 
Wheeler and Miss A. Richardson for the microanalyses. 
Also, we wish to thank Drs. G. B. Wilmot and A. S. 
Tompa for help in interpretation of infrared spectra.

(13) W . Reppe, e t  al., A n n . ,  601, 81 (1956).
(14) D. R . Sm ith, N. M arenthal, and J . T ipton, J .  O r g . C h e m . ,  17, 294 

(1952).



J u n e , 1963 H e t e r o c y c l ic  R in g  E x p a n s i o n  t h r o u g h  A z ir i d in i u m  S a l t s 1499

S m all Charged R in gs. III. H eterocyclic  R ing E xpansion  th ro u g h  A zirid in iu m
S a lts1 2“ 3 4 5 * *

N elson J. Leonard, Klaus Jann, Joseph V. Paukstelis, and C. K. Steinhardt 
Noyes Chemical Laboratory, University of Illinois, Urbana, Illinois 

Received December 26, 1962

\  + /
The generality of aziridinium ring synthesis by the addition of diazomethane to the C=N  grouping has

/  \
been demonstrated in representative mono-, bi-, and tricyclic systems. Alcoholysis and hydrolysis of aziridi
nium salts in these systems lead effectively to heterocyclic ring enlargement and provide a new route to cyclic 
/3-alkoxy- and /3-hydroxyamino compounds. Examples are presented for the expansion of a six-membered ring 
through an aziridinium salt to a seven-membered ring (II -*■ III —► VI), a 1-azabicyclo [4.4.0 [decane to a substi
tuted 1-azabicyclo[4.4.1 [undecane system (IX —► X —► XII), and a 2-azabicyclo[4.4.0[decane to a substituted
3-azabicyclo [5.4.0 [undecane system (XV —► XVI —► XVIII). We found it possible to provide steric limitation 
to this ring enlargement reaction. Thus, the tetracyclic aziridinium compound XX resulting from the addition 
of diazomethane to A,<6'-tetrahydrojulolidinium perchlorate (XIX) underwent solvolysis at the less substituted 
aziridinium-ring carbon atom. Reconstitution of aziridinium perchlorates has been shown to be possible by 
treatment of substituted d-bromoalkyl-3°-amines with silver perchlorate.

The finding14 that an aziridinium salt such as 5- 
azoniadispiro [4.0.5.1] dodecane perchlorate5 (2,2-penta- 
methylene-l,l-tetramethyleneaziridinium perchlorate) 
(I) can be made simply and in high yield by the nucleo
philic attack of diazomethane on the corresponding 
ternary iminium perchlorate encouraged us to extend 
this new method of synthesis to other representative 
aziridinium salts. Thus, we have added diazomethane 
successfully to the ternary iminium grouping

contained in monocyclic, bicyclic, and tricyclic systems. 
Moreover, the solvolysis of the aziridinium salt I in 
methanol to give a product having methoxyl attached 
to the more highly substituted carbon of the three- 
membered ring, namely N - (1 - methoxycyclohexyl- 
methyl) pyrrolidine,1’4 suggested that this reaction

9

8 10

CH3OH

aCHaCH3

'
OCH, OH ~

r \  .CH2CH

c h 3
H '

,N+

CH3

OCR, or

cior

CkCH2CH3

VI

N + V u  
H ' I 1 

H3C OCH3

IV
C104-

might be employed for heterocyclic ring expansion if
\  + /

the original C =N  function were endocyclic.
/  \

The first preparation of 5-azoniadispiro[4.0.5.1]- 
dodecane perchlorate (I) from N-cyclohexylidenepyr- 
rolidinium perchlorate had been run in methanol-ether 
at low temperature.14 In order to avoid the initial 
employment of a hydroxylic solvent and to extend the 
usefulness of the diazomethane reaction other solvent- 
ether pairs were tried for the preparation of I. I t was 
found that combinations of N-cyclohexylidenepyrroli- 
dinium perchlorate in methylene chloride, dimethyl- 
formamide, or acetonitrile with diazomethane in ether 
at 0° were satisfactory and that methylene chloride 
gave the best results. The first model endocyclic 
iminium system employed was 2-ethyl-l-methyl-A1- 
tetrahydropyridinium perchlorate (II),6’7 CsHieCINCh, 
made via the mercuric acetate oxidation of 2-ethyl-l- 
methylpiperidine. When compound II in methylene 
chloride was treated with diazomethane in ether at 0° 
a new product was formed in 87% yield which had the 
correct analysis for C9Hi8C1N04, corresponding to the 
addition of a methylene group to the original compound. 
The structure 6-ethyl-l-methyl-l-azoniabicyclo[4.1.0]- 
heptane perchlorate (III), which was favored by 
analogy with I and by the absence of infrared absorp-

\ +  \  + /
tion maxima corresponding to —N—H and C=N , was

/  .  /  \
secured by the n.m.r. spectrum in deuteriochloro- 
form. The signal at lowest field, t value 6.33,8 ap
peared as an unsymmetrical triplet and integrated for 
two protons, consistent with an assignment to the 
hydrogens on C-2 (III), next to N+, as in models 
previously provided.18 The integrated singlet at 
6.79, which indicated three protons and was assignable

(1) For the  second artic le  in th e  series, see N . J . Leonard and  K. Jann  
J .  A m .  C h e m .  S o c . ,  84, 4806 (1962).

(2) This investigation was supported  by a research g ran t (IJSPH S- 
RG5829) from the  N ational In s titu te s  of H ealth , U. S. Public H ealth  
Service, to  whom we acknowledge our thanks.

(3) Presented a t  the  Seventeenth N ational Organic C hem istry Sym
posium of the American Chemical Society, June, 1961, B loomington, Ind .; 
see A bstracts, pp. 1-10.

(4) N . J . Leonard and K . Jan n , J .  A m .  C h e m .  S o c . ,  82, 6418 (1960).
(5) In ternational Union of Pure and  Applied Chem istry, D efinitive Rules

for N om enclature of Organic Chem istry (IU PA C  1957 Rules), i b i d . ,  82,
6545 (1960), especially p. 5572.

to —N —CH3 as in the models tétraméthylammonium
/

perchlorate (6.84) and 1,1-dimethylpyrrolidinium per
chlorate (6.85).1 was actually superimposed upon the

(6) R. Lukes and  O. G rossm ann, C o l l e c t i o n  C z e c h .  C h e m .  C o m m u n . ,  8, 
533 (1936).

(7) N . J. Leonard and  F, P. H auck, Jr., J .  A m .  C h e m .  S o c . ,  79, 5279 
(1957).

(8) G. V. D. Tier's» "T ab les of r  Values for a  V ariety of Organic Com
pounds,”  M innesota M ining and  M anufacturing  Co., S t. Pau l. M inn., 
1958; G. V. D. Tiers, J .  P h y e .  C h e m . ,  62, 1151 (1958).
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second line of four in a doublet system, AB (Fig. 1), 
with J ab = 5.0 ±  0.5 c.p.s., 5B — 5A = 16.8 c.p.s., or 
chemical shifts of 6.75 and 7.03. For reference, the
4*
N-CH2 (aziridinium ring) singlet signal was reported 
at 7.02 for I in liquid sulfur dioxide and at 6.98 for 5- 
azoniadispiro [4.0.5.l.]dodecane fluoborate (I, BF4~ in 
place of CIO4”) in deuteriochloroform.1 (See Experi
mental for further values.) Compound III, unlike I, 
is asymmetric and the aziridinium ring protons are 
structurally nonidentical, magnetically nonequivalent, 
and hence display an AB type of n.m.r. spectrum. 
Even in structures less fixed, examples have been pro
vided where a chemical shift is observed between gem- 
methylemc protons which are eonformationally dis
tinct.9-11 The rest of the n.m.r. spectrum of III in
cludes signals at 7.83, 7.93, 8.04, 8.15, 8.21, 8.27, and 
8.31 integrating for eight protons—six ring protons 
plus two protons of CH2-CH3—and a triplet at 8.84 
(J = 8.0 ±  0.5 c.p.s.), not completely symmetrical, 
integrating for three protons, corresponding to the 
methyl group in CH2CH3.

The methanolysis of 6-ethyl-1-methyl-1-azoniabi- 
cyclo [4.1.0 [heptane perchlorate (III) was complete 
within two hours at reflux temperature, and the major 
product was Isolated in pure form, Ci0H22C1NO5, m.p. 
111-111.5°, in 90% yield. Analysis showed “he pres
ence of a methoxyl group and the infrared spectrum

(9) R . C. Tuites, Ph .D . thesis, U niversity  of Illinois, 1959.
(10) G. M . W hitesides, F . K aplan , K . N agarajan , an d  J . D . R oberts, 

P r o c .  N a t l .  A c a d . S c i . ,  48, 1112 (1962), and  references therein.
(11) H . S. G utow sky, M. K arplus, and  D . M . G ran t, J .  C h e m .  P h y s . ,  

31, 1278 (1959).

\ +
showed the presence of an —N—H group. The

/
expected product of solvolytic ring cleavage of III 
would be 3-ethyl-3-methoxy-l-methyl-l-azacyclohep- 
tane perchlorate (V) based on analogy with the meth
anolysis product of I 1 and with the direction of the 
ring opening of l-(3'-aminopropyl)-2,2-dimethylethyl- 
enimine with picric acid in methanol observed by 
Tarbell and Noble,12 but the alternative structure,
2 - ethyl - 2 - methoxymethyl - 1 - methylpiperidine 
perchlorate (IV), could not be ruled out. The n.m.r. 
spectrum of the salt in deuteriochloroform did not 
offer clear distinction between the two alternative 
structures, since the broad low-field absorption inte
grating for four protons could correspond to either

1+ + /
CH2-N-CH2 (V) or to CH2-N — plus CH2- 0  (IV).

I \
The common structural features of either salt structure 
were confirmed by r values in the n.m.r. spectrum at 
6.72 (singlet, 3 protons, 0-CH3); 6.97, 6.88 (doublet, 

+
3 protons, NH-CH3); 7.9-8.7 (broad-6 ring protons,
2 protons in CHICLE); 9.12 (triplet, 3 protons, CH2-  
CH3). The spectrum of the liberated base (Fig. 2) 
was definitive since the CH2-N  signals, unlike those of

CH2-N, did not interfere with the signal of CH3-0 . 
There was no signal at lower field than that for CH3-0  
(t value 6.84),8 indicating the absence of the CH2- 0  
required for formulation as the base corresponding to 
IV and, therefore, establishing the structure of the 
amine as 3-ethyl-3-methoxy-l-methyl-l-azacyclohep- 
tane (VI) and the salt as V. The ring-enlargement 
route offers synthetic utility for arriving at compounds 
like VI which would be difficulty accessible by other 
means. Hydrolysis of 6 - ethyl - 1 - methyl - 1- 
azoniabicyclo[4.1.0]heptane perchlorate (III) led to
3 - ethyl - 3 - hydroxyl - 1 - methyl - 1 - azacycloheptane 
perchlorate (VII), which exhibited infrared maxima

\ +
corresponding to O—H and —N—H stretching and

/
an n.m.r. spectrum similar to that of V in its common 
features. Treatment with base yielded 3-ethyl-3- 
hydroxyl-l-methyl-l-azacyeloheptane (VIII), the struc
tural assignment of which was made possible by the 
n.m.r. spectrum. Similarities to the spectrum of VI

III HjO O'
H-

CH2CH3

OH
'NT 
" I C104
CH,

OH" VIII

VII

were noted plus the absence of any low-field signal 
corresponding to CH2OH13 which would be present in 
the product of alternative ring cleavage, at the aziridin-

+
ium N—CH2 bond in III. An n.m.r. spectral verifica
tion of structural assignments V and VI, VII and VIII 
was possible by running as a check an Sn2 type of ring 
opening by treatment of III with sodium methoxide

(12) D . S. Tarbell and  P. Noble, J r ., J .  A m .  C h e m .  S o c . ,  72, 2657 (1950).
(13) L. M . Jackm an, "A pplications of N uclear M agnetic Resonance 

Spectroscopy in Organic C hem istry ," Pergam on Press, London, 1959, p. 55.
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and sodium hydroxide and observing that the products 
showed CH2OCH3 at r value 6.63 (base corresponding 
to IV) and CROI I at 6.68, respectively.

In the bicyclic series, A6(10)-dehydroqumolizidinium 
perchlorate (IX)14 was converted to 1-azoniatricyclo-
[4.4.1.0]undecane perchlorate (X) in 90% yield by 
treatment with diazomethane. The structural assign-

6 + 4
IX

n u

XIV

7

\ +  \  .+ / 
ment was based on the absence of —H a n d N x
stretching bands in the infrared spectrum and 011 the 
presence of the singlet signal (2 protons) at a r value
of 6.83 in the n.m.r. spectrum. The appearance of this

+
unsplit signal at higher field than that for CH2-N  in 
five- and six-membered ring models1 is indicative of 
proton attachment to a three-membered ring, 

Hr H
\  / ^ \ + /
y fj------N .18 Each of the equivalent protons on
C-l 1 extends over a six-membered ring. The other four

+ +
protons adjacent to N, in the system CH2CH2NCH2CH2 
were detectable as a triplet at a 7 value of 6.38. If 
methanol were to react with X predominantly in an 
SnI manner, it would provide a direct conversion route 
from a bicyclo [4.4.0 [decane ring system (IX) to a 
bicyclo [4.4.1 [undecane system (XI). Methanolysis 
of l-azoniatricyclo[4.4.1.0 [undecane perchlorate (X) 
did indeed produce 6-methoxy-l-azabicyclo [4.4.1 [un
decane perchlorate (XI) in 81% yield, as judged by 
microanalysis, infrared and n.m.r. spectra of thè salt, 
and confirmed through the n.m.r. spectrum of the base
(XII) by applying the principles which have been cited 
above. There was no signal at lower field than 6.83, 
where a singlet assignable to the 0-CH 3 group ap
peared. Instead, a singlet corresponding to two 
protons was found at 6.88 corresponding to the bridging
yC —CHo-N. Hydrolysis of X at steam-bath tem
perature during six hours also resulted in aziridinium 
ring opening (93% yield) with substitution on the 
more substituted carbon. After treatment with base,
6-hydroxy-l-azabicyclo [4.4.1 [undecane (XIII) was ob
tained, and the structure was determined by compara
tive examination of the n.m.r. spectra (see Experimen
tal). Double ring expansion thus has been realized 
in the over-all conversion of IX to both XII and XIII.

Hydrogenolysis of the aziridinium ring present in 1- 
azoniatricyclo [4.4.1.0 [undecane perchlorate (X) pro
ceeded, by contrast, with cleavage of the less hindered 
C-N bond of the three-membered ring, as would be

(14) N. J. Leonard, A. S. Hay, R. W. Fulmer, and V. W. Gash, J . A m .
Chem. Soc., 77, 439 (1955).

suggested by previous experience.1'1616 The hydro
genation of X in the presence of platinum oxide was 
rapid and could be carried out in acetone solution. 
The perchlorate of the saturated product was converted 
to the base, which was identified as 6-methyl-l-azabi- 
cyclo [4.4.0 [decane6 (or 10-methylquinolizidine) (XIV)14 
by direct comparison with authentic material.

Another bicyclic system investigated was 1-methyl- 
A1(9)-octahydroquinolinium perchlorate (XV), which 
is readily available by the lithium—n-propylamine 
reduction of 1-methyltetrahydroquinoline to the 
enamine mixture, followed by neutralization with 
perchloric acid to give the ternary iminium salt.17 
Reaction of XV with diazomethane proceeded rapidly 
and in high yield. The infrared spectrum of the major 
product, C11H20CINO4, m.p. 129-129.5°, was devoid

\ +  V + /
of maxima corresponding to —H and ^ /C = N ^
functions and exhibited an n.m.r. spectrum (Fig. 3) 
indicative of the structure 1-methyl-l-azoniatricyclo- 
[8.1.0.0610[undecane perchlorate (XVI). In the spec
trum the singlet at r value 6.81 was assignable to

c h 3 c h 3
c i o r  c i o r

x v  XVI

XVII OH“

XVIII

CH3-N ,1 as in III, and the pair of doublets at r = 6.66 
and 7.09 with a coupling constant J  = 5.0 ± 0.5 c.p.s., 
were indicative of the two aziridinium ring protons 
(AB) in the unsymmetrical molecule.9~u 

Turning to the chemistry of 1-methyl-l-azoniatri- 
cyclo[8.1.0.0.6'10[undecane (XVI), methanolysis yielded 
(86% over-all from XV) a product with properties 
consistent for l-methoxy-3-methyl-3-azabicyclo [5.4.0]- 
undecane perchlorate (XVII). Establishment of struc
ture was possible by liberation of the free base, (%- 
H23NO, which in the n.m.r. spectrum exhibited no 
signal at lower field than the 0-CH 3 signal (7 value 
6.83; N-CH3 signal at 7.75) and therefore did not 
possess a CH2OCH3 grouping. This synthesis of 1- 
methoxy - 3 - methyl - 3 - azabicyclo [5.4.0[undecane 
(XVIII) represents an efficient single ring expansion 
from a bicyclo [4.4.0 [decane (XV) to a bicyclo [5.4.0]- 
undecane system. In another example, ethanolysis of 
XVI yielded as a major product l-ethoxy-3-methyl-3- 
azabicyclo [5.4.0[undecane by analogy with XVII.

\  + /
The diazomethane attack on the C =N  group in a

. /  \
tricyclic system is exemplified with A1(6)-tetrahydro- 
julolidinium perchlorate (XIX). The structure of the 
aziridinium product, Ci3H22C1N04, m.p. 150-151° dec., 
was established by the usual analytical and spectral

(15) K. N. Cam pbell, A . H. Sommers, and  B .  K. Cam pbell, ibid., 6 8 ,  
140 (1946).

(16) J . V. K arabinos and  K. T. Serijan, ibid., 67, 1856 (1945).
(17) N. J .  Leonard, C. K. S te inhardt, and  C. Lee, J , Q r q .  C h e m . ,  27, 

4027 (1962).
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criteria as l-azoniatetracycloff.S^.OA^O^ltetra- 
decane perchlorate (XX). In contrast to XYI and in 
similarity with X, the two methylenic protons in the

+
aziridinium ring (CH2-N) are equivalent, and a singlet 
was observed at a r value of 6.70 in the n.m.r. spectrum 
(Fig. 3). Methanolysis of XX proceeded slowly to 
yield (89%) a new product, C14H26CINO5, which indi
cated by its composition that it contained the added

\ +
elements of methanol. The —N—FI group was identi-

/
fied in this perchlorate salt by the infrared maximum

H |
at 3125 cm.-1, and the grouping N+—C—CH2—0 —CH3

was shown—in contradistinction to the alternative
H |
N +—CH2—C—0 —CH3 grouping—by the clear singlets

I
in the n.m.r. spectrum (in methylene chloride) at r 
values of 6.09 and 6.55 (1.97/3.03 protons by integra
tion). The structure 13-methoxymethyl-l-azatricyclo- 
[7.3.1.0.6’13]tridecane perchlorate XXI was, therefore, 
assignable to the methanolysis product of XX. For 
the base which was liberated from the perchlorate the 
lowest-field signals in the n.m.r. spectrum were two 
singlets at r values (carbon tetrachloride) 6.24 and
6.75 integrating for 2 and 3 protons, respectively. The 
grouping CH2—0 —CH3 was, therefore, present in the 
base, of structure 13-methoxymethyl-l-azatricyclo- 
[7.3.1.0613]tridecane (XXII), and the sharp melting 
point of this compound, 79.5-80°, along with the 
spectral data, suggested that a single isomer had been 
produced from the precursor XX of m.p. 150-151° dec. 
It is apparent that opening of the aziridinium ring in 
the tetracyclic system XX has occurred in a manner 
different from that observed in the methanolysis of I, 
III, X, and XYI. The tertiary aziridinium carbon
(13) in XX is sufficiently hindered, or the tetracyclic 
molecule is constrained so that the linkage is
not readily broken, with the result that the methoxy 
group becomes attached to the primary aziridinium 
carbon by solvolysis or displacement. A limitation to 
the ring-enlargement reaction, therefore, is realized in 
structure XX.

The hydrogenation of l-azoniatetracyclot7.3.2.0.1’13- 
0613]tetradecane perchlorate (XX) in acetone using

platinum oxide produced (93%) 13-methyl-l-azatri- 
cyclo [7.3.1.0A13 [tridecane perchlorate, the structure 
of which was assigned on the basis of infrared and n.m.r. 
spectra and from which the base, 13-methyl-l-azatri- 
cyclo[7.3.1.05'ls]tridecane (XXIII), m.p. 31-32°, was 
liberated. Indication of the C-methyl group in XXIII 
which had been introduced was obtained from the 
singlet n.m.r. signal at r value 8.96. The treatment 
of XX with lithium bromide in acetonitrile solution 
using anhydrous reagents and extraction continuously 
with pentane afforded (95%) a bromine-containing 
base, Ci3H22BrN, m.p. 110-112°. The CH2Br group
ing was indicated by the singlet signal at lowest field 
(6.19) in the n.m.r. spectrum in benzene solution. 
The same compound was made by treating A1<6)- 
tetrahydrojulolidinium bromide (XIX, B r  in place 
of CIO4- ) with diazomethane. Assignment of the 
structure as 13-bromomethyl-l-azatricyclo[7.3.1.0s'13]- 
tridecane (XXIV) was confirmed by conversion to the 
perchlorate salt, which likewise showed a singlet at
5.87 in the n.m.r. spectrum in acetonitrile solution

+ 1
consistent for two protons in the grouping NH—C— 

CH2Br, but not in the alternative structural grouping
+ I
NH—CH2—C—Br. The resy7ithesis of the aziridinium

perchlorate XX was achieved by treating 13-bromo
methyl-l-azatricyclo [7.3.1.0s'13 [tridecane (XXIV) with 
silver perchlorate in acetone solution.

In order to compare the behavior of 5-azoniadispiro- 
[4.0.5.ljdodecane perchlorate (I) with lithium bromide 
in acetonitrile to that of XX, the former was submitted 
to the same reaction and isolation procedure. It 
yielded a product which exhibited a singlet proton 
signal in the n.m.r. spectrum in benzene solution at
7.08. On the basis of the known methoxy compounds 
corresponding to XXV and XXV' (OCH3 in place of 
Br),1 which showed rcm at 7.62 and 6.65, respectively,

LiBr, CH3CN

AgC104, Acetone

XXV



J u n e , 196 3 H e t e r o c y c l ic  R in g  E x p a n s i o n  t h r o u g h  A z ir id in iu m  S a l t s 1503

and on the relative deshielding of methylene protons 
by (8- and by a-Br and OCH3 substituents,18 the ob
served tch2 value of 7.08 falls within the range calculated 
for XXV but not for XXV'. In confirmation of the 
assigned structure, N - (1 - bromocyclohexylmethyl)- 
pyrrolidine (XXV), the perchlorate salt, m.p. 165-166° 
dec., exhibited a doublet at 6.24 in deuteriochloroform, 
or 6.29 in acetonitrile, J  = 5.0 ±  0.5 c.p.s., consistent
with splitting of the methylene protons by the proton

+
on nitrogen in the conjugate acid (CH2-NH), plus 
broad absorption near 2.3 which was probably the sig
nal corresponding to the nitrogen proton. When the 
salt was dissolved in heavy water, lyophilized, and 
redissolved in deuteriochloroform, the n.m.r. spectrum 
was similar to that of the original except that a singlet 
at 6.24 replaced the doublet and there was no absorp
tion in the r = 2.3 region. The observed spectral 
changes should not be exhibited by the perchlorate of 
the base XXV'. Finally, the reconversion of N-(l- 
bromocyclohexylmethyl) pyrrolidine (XXV) to the aziri
dinium salt, 5-azoniadispiro [4.0.5.ljdodecane perchlo
rate (I), was effected by treatment of XXV with silver 
perchlorate in acetone while maintaining the reaction 
mixture cold.

Experimental19
Preparation of 5-Azoniadispiro[4.0.5.1]dodecane Perchlorate 

(2,2-Pentamethylene-l,l-tetramethyleneaziridinium Perchlorate) 
(I) in Methylene Chloride.—A solution of 5.0 g. (19.8 mmoles) of 
N-cyclohexylidenepyrrolidinium perchlorate1 in 200 ml. of dry 
methylene chloride maintained at 0° was treated with diazo
methane in ether20 until the yellow color of the diazomethane per
sisted. Nitrogen was evolved during the addition. On standing 
for 3 hr. at 0° a colorless crystalline solid separated, 4.90 g. 
(93%), m.p. 130.0-131.5°. An additional 0.30 g. separated on 
addition of ether. Recrystallization from 2-propanol-ether 
raised the melting point to 132-133°. The perchlorate obtained 
was identical with an authentic sample prepared previously.1

In Dimethylformamide.-—A solution of 3.0 g. (11.9 mmoles) of 
N-cyclohexylidenepyrrolidinium perchlorate in 100 ml. of di
methylformamide maintained at 0° was treated with diazo
methane in ether until the yellow color of diazomethane per
sisted. Nitrogen was evolved as rapidly as the diazomethane 
was added. The solvent was removed on a rotary evaporator 
after standing at 0° for a few minutes. When ether was added to 
the remaining colorless oil, the oil solidified. Recrystallization 
from acetone-ether gave 1.96 g. (62%) of a perchlorate, m.p. 
130-131°, which on further recrystallization was identical with 
the sample described previously.

In Acetonitrile.—A solution of 3.0 g. (11.9 mmoles) of N-ey- 
clohexylidenepyrrolidinium perchlorate in 50 ml. of acetonitrile 
maintained at 0° was treated with diazomethane in ether. The 
product, isolated as above, was recrystallized from acetone-ether 
yielding 2.75 g. (87%) of colorless crystals, m.p. 134-135°, 
identical with the best sample of 5-azoniadispiro[4.0.5.1]do- 
decane perchlorate.

The typifying proton signal in the n.m.r. spectrum for this
compound and the introduced aziridinium CH2-N  grouping was 
previously reported, on two different instruments,1 as a singlet at

(18) Ref. 13, pp. 53 and  59.
(19) All melting po in ts are corrected, boiling poin ts are uncorrected. 

We are  indebted  to  M r. Josef N em eth, M iss Jane  Liu, M r. G ary D. 
Callahan, and  M iss M ary  Ann W eatherford for the  microanalyses. We 
also wish to  th an k  M r. D ick H . Johnson, M r. Oliver W. N orton, and  M iss 
Gail Gregory for determ ining the  n.m .r. spectra  a t  60 M e. w ith a  Varian 
Associates Model V-4300B spectrom eter equipped with a  superstabilizer, 
or w ith a  Varian Associates M odel A-60 spectrom eter. T he chemical 
shifts were determ ined using te tram ethy lsilane as an  in ternal s tandard  
(t =  10), obtaining side bands by the  application of an  audio-frequency 
signal from an  external source. The infrared spectra were determ ined using 
a  Perkin-E lm er autom atic  recording infrared spectrophotom eter Model 21.

(20) "O rganic Syntheses,” Coll. Vol. I I ,  John  Wiley and  Sons, Inc., Nevf
Y ork, N . Y ,, 1943, p. 165.

r  value 7.02 in liquid sulfur dioxide and at 6.98 in deuteriochloro
form for the corresponding fluoborate salt. On the Varian Asso
ciates Model A-60 spectrometer we have more recently obtained 
values of 6.88 for compound I in CDCI3, 6.91 for I in CDC13-  
CH2CI2, and 6.93 for I (BF4~ in place of C104~) in CDC13.

6-Ethyl-l-methyl-l-azoniabicyclo[4.1.0]heptane Perchlorate
(III).—A solution of 4.0 g. (17.7 mmoles) of 2-ethyl-l-methyl-A1- 
tetrahydropyridinium perchlorate (II )6,7 in ,50 ml. of dry methyl
ene chloride at 0 ° was treated with diazomethane in ether pre
pared from .5.0 g. of N-nitrosomethylurea. The solution was 
stirred for 20 min., then allowed to warm to room temperature. 
The solid residue obtained on removal of the solvent on a rotary 
evaporator was recrystallized from 2-propanol-ether yielding
3.85 g. (87%) of a colorless perchlorate, m.p. 137-138°; no in-

V  \  /frared maxima corresponding to —N—Hand C =N + ; n.m.r.
/  /  \

signals occur at t  values (CDC13): 6 .33,21 6.70, 6.79 (doublet and 
singlet overlaid at 6.79); 7.00, 7.08 (doublet); 7.83, 7.93, 8.04, 
8.15, 8.21, 8.27, 8.31; 8.84 (center of triplet, J  = S.O ±  0.5 
c.p.s.) (see Fig. 1).

Anal. Calcd. for C9HISC1N04: C, 45.09; H, 7.56; N, 5.84. 
Found: C, 44.89; H, 7.51; N, 5.76.

Methanolysis of 6-Ethyl-l-methyl-l-azoniabicyclo[4.1.0]hep- 
tane Perchlorate (III).—A solution of 1.20 g. (4.81 mmoles) of 6- 
ethyl-l-methyl-l-azoniabicyelo[4.1.0]heptane perchlorate in 20 
ml. of absolute methanol was refluxed for 2 hr. The colorless 
solid obtained on removal of the methanol in vacuo was recrystal
lized from 2-propanol-ether yielding 1.22 g. (90%) of 3-ethyl-3- 
methoxy-l-methyl-l-azacycloheptane perchlorate (V), m.p.

\ +
111.0-111.5°; I'm«0' 3120 cm. -1 (■—N—H); n.m.r. signals at r

(CDCI3): 6.30 , 6.40, 6.53 , 6.83 , 7.05 (broad, 4 protons); 6.72 
(singlet, 3 protons, 0-CH 3); 6.97, 6.88 (doublet, 3 protons,
+
NH-CH3); 7.9-8.7 (broad, 8 protons-6  ring protons, 2 CH2-CHS 
protons); 9.12 (triplet, J  = 7.2 ±  0.5 c.p.s., not completely 
symmetrical, 3 protons, CH2-CH3).

Anal. Calcd. for CIOH22C1N06: C, 44.20; H, 8.10; N, 5.15; 
OCH3, 11.42. Found: C, 43.97; H, 7.98; N, 5.21; OCH3,
11.28.

An aqueous solution of the perchlorate was made basic with 
40% potassium hydroxide and extracted with three portions of 
ether. The combined extracts were dried over magnesium sulfate, 
filtered, and the ether was removed on a rotary evaporator to 
give 3-ethyl-3-methoxy-l-methyl-l-azacydoheptane (VI) as a 
colorless liquid; n.m.r. signals (Fig. 2) at r  (CDC13): 6.83 
(singlet, 3 protons, 0-CH3); 7.3-7.8 (4 protons, CH2NCH2); 
7.62 (singlet, 3 protons, N-CH3); 8.17-8.75 (6 ring protons and 2 
protons in CH2-CH3); 9.17 (unsym. triplet, J  = 7.5 ±  0.5 c.p.s., 
3 protons, CH2-CH3).

Hydrolysis of 6-Ethyl-l-methyl-l-azoniabicyclo[4.1.0]heptane 
Perchlorate (III).—A sample of 6-ethyl-l-methyl-l-azoniabi- 
eyclo[4.1.0]heptane perchlorate liquified and then later solidified 
when allowed to stand in a humid atmosphere for several months. 
Recrystallization from 2-propanol-ether at —40° gave a colorless

solid, m.p. 85.5-86.5°; r”““1 3453 (O-H),3090cm.-1 (—N—H);

n.m.r. signals at t (CDC13 +  CH2C12): 6.30, 6.44, 6.51, 6.64,
+

6.72 plus a doublet at 6 .88, 6.98, J  = 5.5 ±  0.5 c.p.s. (NH-CH 3 ) 
(total 8 protons); 8.27,21 8.43, 8.55 (8 protons); 9.06 (triplet, 
unsymmetrical, J  = 7.0 ±  0.5 c.p.s., 3 protons, CH2-C H 3). 
Addition of acetic acid did not allow the assignment of the O-H 
proton but did show that the doublet at 6 .88, 6.98 was due to 
+
NH-CH3 because the doublet became a singlet at 6.96, identifying 
the compound as 3-ethyl-3-hydroxy-l-methyl-l-azacycloheptane 
perchlorate (VII).

Anal. Calcd. for C9H20ClNO6: C, 41.95; H, 7.82; N, 5.84. 
Found: C,41.78; H, 7.69; N,5.63.

An aqueous solution of 0.300 g. (1.26 mmoles) of the perchlo
rate was treated with 40% potassium hydroxide and extracted 
with three portions of ether. The combined extracts were dried 
over magnesium sulfate, filtered, and the ether was removed on a 
rotary evaporator to give 0.143 g. (79%) of 3-ethyl-3-hydroxy-l-

(21) C enter of unresolved m ultiplet,
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methyl-1-azacycloheptane (VIII) as a colorless liquid. The n.m.r. 
spectrum showed signals at r values (CDCI3): 5.29 (O-H); 7.26, 
7.47, 7.72 (4 protons, CH2NCH2 plus 2 ring protons); 7.58 (3 
protons, N-CH3); 8.41 (4 ring protons); 8.55 (2 protons, J  =
7.0 ±  0.5 c.p.s., CH2-CH3, superimposed on the 4 protons cen
tered on 8.41); 9.10 (triplet, unsym., J  = 7.0 ±  0.5 
c.p.s., CH2-CH3). The ethyl group showed long range splitting 
both in the methylene and the methyl, J  ~  0.7 c.p.s. The 
signal at 5.29 was shifted to 4.19 by the addition of a trace of 
acetic acid.

1-Azoniatricyclo[4.4.1.0]undecane Perchlorate (X).—A solu
tion of 10.0 g. (42.1 mmoles) of A5(10)-dehydroquinolizidinium 
perchlorate (IX )14 in 400 ml. of anhydrous methylene chloride 
maintained at 0° was treated with diazomethane in ether. The 
diazomethane was added in five portions over a 30-min. period, 
and the solution was stirred for an additional 0.5 hr. at 0°. The 
solvent was removed on a rotary evaporator leaving a colorless 
oil which slowly crystallized when washed with ether and cooled 
to —60°. The colorless perchlorate, 9.6 g. (90%), m.p. 142-

144°, showed no infrared maxima corresponding to —N—H and
\  + /  / .

C =N  . The n.m.r. spectrum (simplified) showed signals at r
/  \
(CDCI3): 6.38 (triplet, 4 protons, J  = 6.0 ±  0.5 c.p.s., CH2-

CH2—N—CH«CH2); 6.83 (singlet, 2 protons, aziridinium CH2-

N); 7.85 (triplet, 4 protons, J  = 6.2 ±  0.5 c.p.s.); 8.22, 8.27, 
8.32 (total of 8 protons).

Anal. Calcd. for CioH18C1N04: 0,47.71; H, 7.21; N, 5.58. 
Found: C, 47.39; H, 7.29; N, 5.53.

Methanolysis of 1-Azoniatricyclo [4.4.1.0]undecane Perchlorate
(X).—A solution of 2.0 g. (8.42 mmoles) of 1-azoniatrieyclo- 
[4.4.1.0]undecane perchlorate in 5 ml. of anhydrous methanol was 
refluxed for 2 hr. To the warm solution ether was added to 
turbidity. The solid which separated from the solution after 
standing at 0° overnight was recrystallized from 2-propanol-ether

yielding 1.99 g. (81%), m.p. 136-137°; r l f  3100 cm. ' 1 (—N-H),

of product, colorless plates, identified (later in text also) as 6- 
methoxy-l-azabicyclo[4.4.1]undecane perchlorate (XI); n.m.r. 
signals occur at t  (CDCI3): 6.43-6.64 (total of 6 protons—in-

H
1+eluding 6.43,6.48, most probably the bridging CH2—N— split by

the proton on nitrogen: if so, J  = 3.0 c.p.s.; plus 6.56, 6.64);
6.79 (singlet, 3 protons, O-CH3); 8.12 (unresolved multiplet 
equal to 12 protons).

Anal. Calcd. for CUH22C1N05: C, 46.56; H, 7.82; N, 4.94; 
OCH3, 10.94. Found: C, 46.60; H, 7.78; N, 5.01; OCHs, 
10.56.

An aqueous solution of 0.154 g. (0.543 mmole) of the perchlo
rate was made basic with 40% potassium hydroxide and extracted 
with three portions of ether. The combined extracts were dried 
over magnesium sulfate, filtered, and the ether was removed on a 
rotary evaporator to give 0.082 g. (82%) of 6-methoxy-l-azabi- 
cyclo[4.4.1]undecane (XII) as a colorless oil, n.m.r. signals at r 
(CDCI3): 6.83 (singlet, 3 protons, O-CH3); 6.88 (singlet, 2
protons, bridging CH2-N); 7.08 (multiplet, having the outline 
of a triplet further split, 4 protons, CH2CH2-N-CH2CH2; 8.32,
8.42 (unresolved multiplets, 12 protons). For comparison, a 
sample of 6-methoxymethyl-l-azabicyclo[4.4.0]decane (XXVI)22 
had n.m.r. signals for O-CH3 at 6.67 and for CH2- 0  at 6.39.

CH2OCH3

ISk 
XXVI

Hydrolysis of 1 -Azoniatrjcyclo[4.4.1.0]undecane Perchlorate
(X).—A solution of 1.0 g. (4.21 mmoles) of 1-azoniatricyelo- 
[4.4.1.0]undecane perchlorate in 10 ml. of water was heated on a 
steam bath for 6 hr. The water was removed on a rotary evap
orator and the remaining colorless oil was washed with ether 
until the oil solidified. Recrystallization from 2-propanol-ether 22

gave 1.00 g. (93%) of a colorless solid, m.p. 98-99°; 3410
\  +

cm. -1 (O-H), 3060 cm. -1 (—N—H); n.m.r. signals observed at
/

t  (CH2C12): 6.15 (1 proton, O-H, assigned on the basis that
\ +
—N—Hisnotusuallyobserved); 6.41 (apparentsinglet,2protons,
/
bridging CH2-N); 6 .4-6.8 (complex multiplet, 4 protons, CH2-

CH2NCH2CH2); 8.13 (complex multiplet, 12 protons).
Anal. Calcd. for C10H2oC1N06: C, 44.54; H, 7.47; N, 5.20. 

Found: C, 44.60; H, 7.60; N, 5.42.
An aqueous solution of the perchlorate was made basic with 

40% potassium hydroxide and extracted with three portions of 
ether. The combined extracts were dried over magnesium sulfate, 
filtered, and the ether was removed on a rotary evaporator to give 
a solid, 6-hydroxy-l-azabicyclo[4.4.1]undecane (XHI), m.p.
94-96°. Sublimation raised the melting point to 97-99°; iw 4 
3580, 3350 cm.-1; n.m.r. signals at r  (CDC13): 6.90 (singlet, 2 
protons, bridging CH.-N); 7.07 (multiplet, 4 protons, CH2- 
CH2-N-CH2CH2); 7.60 (singlet, 1 proton, O-H, since signal 
moved to lower field when a trace of acetic acid was added); 
8.30, 8.37 (unresolved multiplet, 12 protons). For comparison, 
an impure (containing XIII) sample of 6-hydroxymethyl-l- 
azabicyclo[4.4.0]decane (XXVI, but OH in place of OCH3) had 
an n.m.r. signal at 6.43 plus differences in the 8.2-8.6 region.

Catalytic Reduction of 1-Azoniatricyclo[4.4.1.0]undecane Per
chlorate (X).—A solution of 1.0 g. (4.21 mmoles) of 1-azoniatri- 
cyclo[4.4.1.0]undecane perchlorate in 100 ml. of anhydrous ace
tone was hydrogenated at 35 p.s.i. in the presence of 0.5 g. of 
platinum oxide. Filtration of the reduction mixture followed by 
removal of the solvent on a rotary evaporator yielded a slightly 
colored oil. The oil was dissolved in ethanol, treated with de
colorizing carbon, and cooled. An oil separated which slowly 
crystallized on further cooling. The crystalline solid was re
crystallized from 2-propanol-ether yielding 0.758 g. (75%) of a

perchlorate, m.p. 161-163°; s3020 cm. -1 (—N-—H); n.m.r.

signals at r  (CDC13): 6.80, 6.87, 6.95 (4 protons, CH2-N -C H 2);
8.20 (12 protons); 8.57 (sharp singlet, 3 protons, C-CH3), 
identical, within experimental errors of the Varian A-60, with the 
n.m.r. spectrum of authentic 6-methyl-l-azabicyclo[4.4.0]decane 
perchlorate (10-methylquinolizidine14perchlorate). In the 2600- 
2900-cm.-1 region of the infrared spectrum,23,24 as determined in 
chloroform solution (0.20 M) using a Perkin-Elmer Model 237 
spectrophotometer, were observed maxima at 2945 cm. -1 (e 
197), 2870 (88), 2795 (77), 2655 (23), and 2610 (22).

Anal. Calcd. for C10H2oC1N04: C, 47.34; H, 7.95; N, 
5.52. Found: 0,47.13; H, 8.04; N, 5.38.

An aqueous solution 0.140 g. (0.552 mmole) of the perchlorate 
was made basic with 40% potassium hydroxide and extracted 
with three portions of ether. The combined extracts were dried 
over magnesium sulfate, filtered, and the ether removed on a 
rotary evaporator to give 0.063 g. (87%) of 6-methyl-l-azabi- 
cyclo[4.4.0]decane (XIV) as a colorless oil; n.m.r. signals at r 
(CDC13): 7.49, 7.57, 7.75, 7.83 (4 protons, CH2-N-CH2); 8.5021 
(multiplet with peaks at 8.45, 8.50, 8.05, 8.08, 8.14, 8.17, 8.19,

\
12 protons); 9.07 (singlet, 3 protons, ■—C—CH3). The infrared

/
spectrum in 0.20 M  carbon tetrachloride as determined using a 
Perkin-Elmer Model 237 spectrophotometer exhibited maxima 
as follows23,24: 2970 cm. -1 (e 102), 2925 (490), 2880 (sh) (122), 
2860 (133), 2790 (130), 2745 (88), 2670 (32). An authentic 
sample of 6-methyl-l-azabicyclo[4.4.0]decane (10-methylquino
lizidine)14 was prepared according to the method previously used 
in this laboratory, and the samples proved to be identical by com
parison of infrared and n.m.r. spectra and the infrared and n.m.r. 
spectra of their perchlorates. The melting points of mixtures of 
the perchlorates and of the picrates were not depressed.

l-Methyl-l-azoniatricyclo[8.1.0.06,1°]undecane Perchlorate
(XVI).—A solution of 1.5 g. (6 mmoles) of l-methyl-A1(9)-octa- 
hydroquinolinium perchlorate (XV)17 in 175 ml. of methylene 
chloride was treated with an ethereal solution of diazomethane at 
25°. The reaction was nearly instantaneous as evidenced by im- 23 24

(22) J . V. Paukstelis, unpublished work.

(23) F. Bohlm ann, C h e m .  B e r . ,  91, 2157 (1958).
(24) T . M. M oynehan, K. Schofield, R . A. Y. Jones, and  A. R . K a tiitzky , 

J .  C h e m .  S o c . ,  2637 (1962).
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mediate decolorization of the diazomethane and nitrogen 
evolution. Addition of ethereal diazomethane was halted after a 
yellow color persisted in the reaction mixture. The solution was 
allowed to stand overnight, solvent was removed under reduced 
pressure in a rotary evaporator, and oily needles were obtained, 
recrystallized from diethyl ketone, m.p. 129-129.5° (depends on 
rate of heating; values of 118° to 131° have been recorded on the
same sample), yield 1.43 g. (90%); no infrared maxima cor-

V  \  + /
responding t o —N—H or C =N ; n.m.r. r values (CDC13):

/  /  \
6.32,216.66 (t for doublet, J  = 5.0 ±  0.5 c.p.s.), 6.81 (3 protons,

CH3-N), 7.09 (r for doublet, /  = 5.0 ±  0.5 c.p.s.), 8.25 (broad)21 
(Fig. 3).

Anal. Calcd. for CUH2„C1N04: C, 49.72; H, 7.59; H, 5.27. 
Found: 0,49.82; H, 7.67; N, 5.28.

Methanolysis of l-Methyl-l-azoniatricyclo[8.1.0.0510] undecane 
Perchlorate (XVI) .—The crude crystalline product obtained as 
described above by addition of diazomethane to 1.5 g. of 1- 
methyl-A1(9)-octahydroquinolinium perchlorate was heated under 
reflux with methanol for 45 min. The solution was concentrated 
and the major product was precipitated with ether to yield 1.52 
g. (86% over-all) of 1 -methoxy-3-methyl-3-azabicyclo [5.4.0 j un
decane perchlorate (XVII), colorless plates, m.p. 163-163.5°; 

\ +
>wo1 3120 cm." 1 (—N—H); n.m.r. r values (CDC13): ca. 2.021(1

+ /
proton, NH); 5.6-7.6 (broad); 6.66 (singlet, 3 protons, 0-CH 3);

6.95 (r for doublet, J  = 5.4 ±  0.5 c.p.s. CH3-NH); 8.07, 8.40 
(complex multiplet).

Anal. Calcd. for C12H24C1N06: C, 48.40; H, 8 .12; N, 4.70; 
OCH3, 10.42. Found: C, 48.57; H, 8.14; N, 4.75; OCH3, 
10.52.

The salt was made basic with aqueous sodium hydroxide and 
extracted with ether. The ether was evaporated leaving 0.96 g. 
(96%) of colorless oil which was distilled under reduced pressure 
in a Hickman still. Gas-liquid chromatography showed a single 
peak. N.m.r. analysis (neat) showed no signal at lower field 
than the 0-CH 3 signal (r value 6.83); an N-CH3 signal at 7.75, 
and complex absorption at higher field, consistent with the struc
tural assignment l-methoxy-3-methyl-3-azabicyclo[5.4.0]unde- 
cane (XVIII) to the major product.

Anal. Calcd. for Ci2H23NO: C, 73.04; H, 11.75; N, 7.10. 
Found: C, 73.19; H, 11.89; N, 7.17.

Ethanolysis of l-Methyl-l-azoniatricyclo[8.1.0.0610]undecane 
Perchlorate (XVI).—Ethanolysis of the same aziridinium per
chlorate was achieved by refluxing in ethanol overnight. Upon 
addition of ether colorless plates separated, m.p. 174-175°, 

\ +
*wio1 3120 cm. -1 (—N—H); n.m.r. r  values (CDC13): ca. 2.021 
+ /

(NH); 6.46 (quartet, J  = 7.0 ±  0.5 c.p.s., 0-CH 2CH3); 5.6-

7.4 (broad); 6.94 (t for doublet, J  = 5.4 ±  0.5 c.p.s., CH3-NH);
7.5-9.0 (broad); 8.71 (triplet, J  = 6.9 ±  0.5 c.p.s., 0-CH2-  
CH3). This major product was assigned the structure analogous 
to XVII, l-ethoxy-3-methyl-3-azabicyclo[5.4.0]undecane per
chlorate.

Anal. Calcd. for C13H26C1N06: C, 50.07; H, 8.41; N, 4.49. 
Found: C, 50.15; H, 8.65; N, 4.44.

1-Azoniatetracyclo [7.3,2.0.1,I305'13] tetradecane Perchlorate
(XX) .—A1(6)-Tetrahydrojulolidinium perchlorate (XIX), made 
by the method of Leonard, Steinhardt, and Lee,17’26 appeared to 
be a single chemical individual according to the usual criteria. 
Only a single infrared absorption band was observed correspond- 

\  + /
ing to C =N  stretch at 1680 cm.-1 (chloroform) on the

/  \
Perkin-Elmer Model 237 spectrophotometer. However, since 
the band was unsymmetrical and since the properties of the two 
isomers of XIX might be very similar, it cannot be guaranteed 
that the major substance was free of stereoisomeric contamina
tion. The perchlorate was treated with diazomethane in meth
anol-ether at 0°, and the product, l-azoniatetracyclo[7.3.2.0.''13 
CU13] tetradecane perchlorate (XX), was isolated by concentrating 
the methanol-ether solution to one quarter of its initial volume 
and cooling to —40°. I t  was recrystallized from acetone, color

(25) Cf. also F. Bohlmann and C. Arndt, Chem. Ber., 91, 2167 (1958).

less needles, m.p. 150-151° dec., yield 72%; no infrared maxima
V  \  + /

corresponding to —N—H or C=N  ; n.m.r. rvalues(CDCls):
/  /  \

6.20, 6.30, 6.40, and extending to higher field; 6.70 (singlet, 2 
protons, aziridinium CH2-N +); 8.2121 (broad) (Fig. 3).

Anal. Calcd. for Ci„H22C1NOi : C, 53.51; H, 7.61; N, 4.81. 
Found: C, 53.49; H, 7.44; N, 4.80.

This product appears to be a single isomer judged by the sharp
ness of its melting point and by spectral criteria.

Methanolysis of 1 -Azoniatetracyclo [7.3.2.0 ,t1306'13] tetrade
cane Perchlorate (XX).—A solution of 0.78 g. (2.7 mmoles) of 1- 
azoniatetracyclo[7.3.2.0.1’I3O6’13]tbtradecane perchlorate (XX) 
was heated under reflux in absolute methanol for 21 hr., protected 
from moisture by a drying tube. Upon cooling, the methanol 
solution deposited 0.773 g. (89% yield) of colorless prisms, identi
fied (see discussion) as 13 - methoxymethyl - 1 - azatricyclo- 
[7.3.1.06'13]tridecane perchlorate (XXI), m.p. 226-227°; 3125

\ +
cm. %—N-H); selected n.m.r. r values (CH2C12): 6.09 (singlet,

1.97 protons, CH2-0-C H 3); 6.55 (singlet, 3.03 protons—as inte
grated— CH^O-CHs).

Anal. Calcd. for ChH^CINOs: C, 51.92; H, 8.09; N, 4.33. 
Found: C, 51.96; H, 8.06; N, 4.45.

13-Methoxymethyl-l-azatricyclo [7.3.1,05,13] tridecane (XXII). 
—A sample of 0.773 g. (2.39 mmoles) of 13-methoxymethyl-l- 
azatricyclo[7.3.1.06’13]tridecane perchlorate was made basic with 
aqueous sodium hydroxide and extracted with ether. The ether 
extracts were dried and concentrated. Upon cooling the ether 
solution deposited colorless prisms, 0.40 g. (75% yield), m.p.
79.5- 80°; n.m.r. t  values (in CC14): on the Varian 4300 B: 6.31 
(singlet), 6.70 (singlet), and complex signals near 7.57, 8.20, and
8.76. The base reacts slowly with carbon tetrachloride. N.m.r.. 
r values (in benzene) were observed on the Varian A-60 at: 6.24 
(2 protons, CH2-0 ); 6.75 (3 protons, 0-CH 3); complex absorp
tion 7.3-8.9 (20 protons). In the infrared spectrum, maxima 
were observed (10% CC14) at 2915, 2865, 2807, 2775, 2688 cm .-1.

Anal. Calcd. for Ci4H25NO: C, 75.28; H, 11.28; N, 6.27. 
Found: C, 75.31; H, 11.42; N, 6.15.

Catalytic Reduction of 1-Azoniatetracyclo[7.3.2.0.t 1̂ 13]tetra
decane Perchlorate (XX).—A solution of 3.0 g. (10.3 mmoles) of 
l-azoniatetracyclo[7.3.2.0.1’1306,13]tetradecane perchlorate in 150 
ml. of reagent grade acetone to which had been added 1.0 g. of 
platinum oxide was hydrogenated at 3 atm. for 7.5 hr. The 
filtered acetone solution was concentrated in vacuo and ether was 
added. Colorless needles separated, m.p. 256-257° dec., yield 
2.82 g. (93%), identified as 13-methyl-l-azatricyclo[7.3.1.06,13]-

\ +
tridecane perchlorate (XXIII); ¿ 7 ' 3120 cm.-1 (—N—H);

+ /
n.m.r. t values (CDC13): 6.7621 (CH2NHCH2), 7.77-8.25-8.60

+ I
(broad); 8.39 (N—C—CH3).

i
Anal. Calcd. for C13H24C1N04: C, 53.15; H, 8.23; N, 4.77. 

Found: C, 53.01; H, 8.33; N, 4.77.
13-Methyl-l-azatricyclo[7.3.1.06a3]tridecane (XXIII).—The 

perchlorate described above was made basic with aqueous sodium 
hydroxide and extracted with ether. The dried ether solution 
was evaporated, and the solid residue was recrystallized from 
pentane, m.p. 31-32°, 95% recovery from the perchlorate; 
>w4 2900, 2850, 2795, 2770, 2675 cm.-1, with intensities com
parable to those observed for XXII; n.m.r. r values (CC14 or 
C6H6): 8.96 (CH3) and complex absorption for ring protons.

Anal. Calcd. for C13H23N: C, 80.76; H, 11.99; N, 7.25. 
Found: C, 80.70; H, 12.05; N, 7.48.

13-Bromomethyl-l-azatricyclo[7.3.1.05’13]tridecane (XXTV).—- 
A solution of 4.0 g. (46 mmoles) of anhydrous lithium bromide in 
70 ml. of dry acetonitrile was prepared by stirring ca. 10 min. and 
the solution was filtered to remove a slight turbidity. To the 
filtrate was added 2.58 g. (8.7 mmoles) of l-azoniatetracyclo[7.3- 
2.0.1,1305’13]tetradecane perchlorate (XX), and the mixture was 
extracted continuously with olefin-free pentane for 18 hr. The 
pentane extracts were filtered and the filtrate was evaporated to 
dryness to afford 2.26 g. (95% yield) of colorless prisms, m.p.
110-112°; n.m.r. r  values (benzene): 6.19 (singlet for CH2Br),
7 .5- 9.2 (complex absorption of ring protons).

A n a l. Calcd. for C13H22BrN: C, 57.35; H, 8.15; N, 5.14. 
Found: C, 57.51; H, 8.39; N, 5.24.
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The same compound was made starting with A1(6)-tetrahydro- 
julolidinium bromide (XIX, Br-  in place of C104_) made by 
adding anhydrous hydrogen bromide to an ethereal solution of 
0.976 g. (5.5 mmoles) of tetrahydrojulolidine17 until no more salt 
precipitated. The colorless hydrobromide was washed with 
ether, dissolved in methylene chloride and treated with excess 
diazomethane in ether. After standing overnight the solution 
was filtered and the filtrate was evaporated to dryness. The 
residue was recrystallized from 2-propanol, the crystals were dis
solved in ether, the ethereal solution was filtered, and the ether 
was evaporated. The crystals gave a positive Beilstein test and 
an immediate precipitate upon addition of silver perchlorate in 
acetone. Infrared maxima were observed (10% CC14) at 2925, 
2863, 2810, 2778, and 2690 cm.“1. The band at 2863 cm. “1 was 
more intense than the comparable band for XXI and XXIII.

The perchlorate of 13-bromomethyl-l-azatricyclo[7.3.1.05,u]- 
tridecane (XXIV) was formed in ether using 1:1 aqueous per
chloric acid-ethanol. The precipitate (92% yield) was washed

with ether, m.p. 263-265° dec.; <w°' ca. 3100 cm. 1 (—N—H)
/

(Infracord); n.m.r. t  value (CH3CN): 5.87 (singlet).
Anal. Calcd. for Ci3H23BrClN0 4: C, 41.89; H, 6 .22; N,

3.76. Found: C, 42.31; H, 6.06; N, 3.68.
Treatment of 0.232 g. (0.85 mmole) of 13-bromomethyl-l- 

azatricyclo[7.3.1.05’13]tridecane (XXIV) in acetone with an ace
tone solution of 0.219 g. (0.98 mmole) of silver perchlorate mono
hydrate yielded silver bromide, which was separated by filtration. 
The filtrate was evaporated to dryness in vacuo on a rotary evap
orator leaving 0.216 g. (87%) of crude product which was re- 
crystallized from ethyl methyl ketone. Colorless needles, m.p. 
150-151° dec., 0.097 g. (39%), were obtained which did not de
press the melting point of l-azoniatetracyclolV.S.Z.O.1’13!)5'13] 
tetradecane perchlorate (XX) previously prepared.

N-(1-Bromocyclohexylmethyl)pyrrolidine (XXV).—A solution 
of 3.0 g. (34.6 mmoles) of dry lithium bromide in 70 ml. of an
hydrous acetonitrile was filtered to remove a trace of residue. 
To the clear solution 2.0 g. (7.55 mmoles) of 5-azoniadispiro- 
[4.0.5.1]dodecane perchlorate (I) was added, and the resulting 
solution was extracted continuously with pentane overnight. 
The pentane extracts were evaporated to dryness leaving 1.42 g. 
(77% yield) of free base, nuD 1.5150. This material was distilled,
73-75° (0.02 mm.), to give 0.93 g. of clear distillate, nud 1.5156,

together with 0.157 g. of pot residue, crude m.p. 190-208°. 
The nature of this residue was not determined. Several attempts 
were made to obtain a satisfactory analysis on the free base; 
however, despite repeated distillation, each analysis gave a high 
per cent of carbon, indiating that dehydrobromination had oc
curred. Each distillation was accompanied by salt formation, 
and each time the clear distillate turned turbid after standing a 
short time. N.m.r. t  values were observed (neat) at: 7.05 
(singlet), 7.28 (multiplet), and broad complex absorption near 
8.30, in a ratio of areas of 2:4:14; (benzene): 7.08 (singlet, 2 
protons), 7.35 (complex multiplet, 4 protons), ring protons at 
higher field.

Addition of 1:1 perchloric acid-ethanol to an ethereal solution 
of the free base afforded the perchlorate, colorless plates, m.p. 
165-166° dec. The perchlorate was recrystallized from isopropyl

alcohol, m.p. now 162.5-163° dec-.; 3100 cm. -1 (—N—H);
+ /

n.m.r. r  values (CDCI3): ca. 2.3 (NH); 6.24 (doublet, J  = 5.0 
±  0.5 c.p.s.) plus complex signals both sides of doublet (total of 
6 protons); complex absorption at high field (14 protons).

Anal. Calcd. for C„H2iBrClN04: C, 38.10; H, 6.11; N, 
4.04. Found: C, 38.09; H, 6.02; N.3.90.

A solution of 1.6 g. of N-( l-bromocyclohexylmethyl)pyrrolidine 
in benzene was filtered to remove some crystals which had formed 
and evaporated in vacuo. The residue was dissolved in 50 ml. of 
acetone and to this solution at —33° was added an acetone solu
tion of 1.4 g. of silver perchlorate. An immediate precipitate of 
silver bromide formed and the temperature rose to —5°. The 
silver bromide was removed by filtration, and the filtrate was 
evaporated to dryness. The residue was dissolved quickly in 
absolute ethanol; the solution was filtered and cooled in a Dry 
Ice-isopropyl alcohol bath. The colorless needles were removed 
by filtration and washed with ether to afford 0.70 g. (40%) of I, 
m.p. 127-128.5°; m.m.p. with authentic 5-azoniadispiro- 
[4.0.5.ljdodecane perchlorate, 131.5-132°; authentic I, m.p. 
132-133°. The infrared spectrum of the compound was identical 
with that of pure I except for very weak bands at 3400 cm.-I and 
1700 cm .-1.

1-N-Pyrrolidylcyclohexanemethanol.—This compound, pre
viously described,1 showed n.m.r. signals (CH2C12) at r  values
6.45 (2 protons), 6.95 (1 proton, OH), 7.35 (4), 8.29 (4), 8.50
(10). The chemical shift of the hydroxyl hydrogen was assigned 
by addition of a small amount of acetic acid.

P o ly n u cleo tid es. I.
S y n th esis  o f  U ridylyl-(3 ' -*■ 5 ')-u rid in e  and  U ridylyl-(3 ' -► 5 ')-6 -azau rid in e

Ross H. Hall and R oosevelt Thedford

Department of Experimental Therapeutics, Roswell Park Memorial Institute, Buffalo 3, New York
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2',5'-Di-0-trityluridine serves as a convenient starting point for the synthesis of phosphate dinucleosides con
taining uridine. This compound was readily phosphorylated with cyanoethylphosphate and, after removal of the 
cyanoethyl group, the resultant blocked nucleotide was used to phosphorylate 2',3'-isopropylideneuridine and 
2,3'-isopropylidene-6-azauridine. After removal of blocking groups, the compounds listed in the title were iso
lated in good yield from ion-exchange columns.

The synthesis of (3' -► 5') linked diribonucleoside 
phosphates by present techniques requires extensive use 
of multiple blocking groups.12 The major problem in 
these syntheses arises from the need for a suitably 
blocked derivative of a nucleoside with a free 3' hy
droxyl group. Blocking requirements alternatively 
may be minimized by synthesizing diribonucleoside 
phosphates consisting of mixed (2' -*■ 5') and (3' -►
5') linked isomers.3 The mixed isomers in most cases 
can be separated by ion exchange chromatography.

(1) M . Sm ith, D. H . R am m ler, I. H . Goldberg, and  H. G. K horana, J .

A m .  C h e m .  S o c . ,  84, 430 (1962).
(2) D . H . R am m ler an d  H . G. K horana, i b i d . ,  84, 3112 (1962).
(3) A. M. M ichelson, J .  C h e m .  S o c . ,  3655 (1959),

Both these synthetic approaches are applicable to 
general synthesis in this field; however, there may be 
special cases where opportune use of a particular com
pound can avoid many of the intermediate steps. Such 
a case is exemplified by 2',5'-di-0-trityluridine which is 
readily synthesized and makes a useful starting point 
for synthesis of diribonucleoside phosphates containing 
uridine.

Tritylation of uridine with an excess of trityl chloride 
gives a product containing two trityl groups. This 
compound, first synthesized by Levene,4 was identified

(4) P. A. Levene and R. S. Tipson, J . Biol. Chem ., 105, 419 (1934).
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by Fox6 as 2',5'-di-0-trityluridine. Proof of structure 
rests on the fact that when the free hydroxyl at posi
tion-3' is inverted, only the xylose derivative is ob
tained. 2',5'-Di-0-trityluridine was phosphorylated 
readily with cyanoethyl phosphate6 to produce 
2',5'-ditrityluridine-3' cyanoethyl phosphate which 
upon removal of the cyanoethyl group by alkaline treat
ment produced compound I. The product as obtained 
from the reaction mixture was contaminated with salts 
and organic material. I t was purified by partition 
chromatography on a column of Celite according to the 
general method of Hall.7 Compound I represents a key 
intermediate and would be expected to react with a 
number of suitably protected nucleosides which contain 
an open 5' position. Two such syntheses are presented 
here. Reaction of I with the 2',3'-isopropylidene 
derivatives of uridine and 6-azauridine afforded, after 
removal of blocking groups with 80% acetic acid, 
uridylyl-(3' 5')-uridine (II), and uridylyl-(3' -* 5')-
6-azauridine (III), respectively.

O

H

OH
I

HOCH2 .0

M *

0

H N ^ i j  H 

H

H H
0  OH
1

HO — P = 0  

CH20 Q R

h  ')— r  h
OH OH

II. R = uracil
III. R = 6-azauracil

Uridylyl-(3' -► 5')-uridine at this stage was obtained 
in a yield of 33% when the ratio of nucleoside inter
mediate to nucleotide intermediate was 2:1. This 
result compares with a yield of 50% reported for this 
dinucleoside phosphate when the 2' position of the 
nucleotide intermediate was blocked with a dihydro- 
pyranyl group.1 The bulkier trityl group thus ap
pears to reduce the yield at the phosphorylation step 
but this is more than offset by a considerable reduction 
in number of steps in the over-all synthesis. The yield 
can be increased to 44% by using a 5:1 ratio of nucleo
side intermediate to nucleotide intermediate. Uri- 
dylyl-(3' -* 5')-uridine was readily purified by chroma
tography on a column of DEAE-cellulose using a buffer 
of triethylammonium carbonate (pH 8.6). I t was 
obtained as the triethylammonium salt, analytically 
pure, in a yield of 29% based on compound I.

Uridylyl-(3' -> 5')-6-azauridine was also purified on 
a DEAE-cellulose column and was isolated as the 
chromatographically homogeneous triethylammonium 
salt. Great care had to be exercised in the final isola
tion due to lability of this product. For example an 
aqueous solution of the free acid standing at room tem
perature decomposed within twelve hours to uridylic 
acid and 6-azauridine in contrast to uridylyl-(3' -► 5')- 
uridine which can stand several days under these

(5) N . C. Yung and  J . J . Fox, J .  A m .  C h e m .  S o c . ,  83, 3060 (1961).
(6) G. M. Tener, ibid., S 3 ,  159 (1961).
(7) R. H. Hall, J .  B i o l .  C h e m . ,  237, 2282 (1962).

conditions without decomposing. An aqueous solution 
of the neutral salt which stood at room temperature for 
one day showed considerable amount of free nucleoside. 
The synthesis of compound III by another method 
has been reported8 but authors of this paper did not 
suggest that the product so obtained was particularly 
labile.

Both products were degraded to uridine-3' phosphate 
and nucleoside by ribonuclease, with about 1% of each 
product being resistant to the action of the enzyme 
which indicates slight contamination with the 2' —► 5' 
isomer. This result agrees with that of Smith and 
co-workers1 who found that treatment of such reac
tion products with acetic acid resulted in a small amount 
of isomerization. The fact that these dinucleoside 
phosphates were hydrolyzed with ribonuclease con
stitutes independent proof that the starting material 
in these syntheses is indeed 2',5'-ditrityluridine.

2',5'-Ditrityluridine-3' phosphate offers a convenient 
starting point for the preparation of diribonucleoside 
phosphates containing a uridine residue and the pro
cedure reported in this paper is suitable for scaling up 
to larger quantities.

Experimental

Preparation of 2',5'-Di-0-trityluridine-3' Phosphate.—To a
solution of 5 g. (6.86 inmoles) of 2',5'-di-0-trityluridine5 in 75 
cc. of anhydrous pyridine was added (13.72 mmoles) of cyano
ethyl phosphate.6 The mixture was concentrated to a sirup on a 
rotary evaporator (in vacuo) and again dissolved in 75 cc. of 
pyridine and evaporated (repeated three times). After dissolving 
the resulting gum in 100 cc. of anhydrous pyridine, 10 g. of di- 
cyclohexylcarbodiimide (DCC) was added and the mixture was 
shaken a few minutes to effect solution. The mixture was tightly 
stoppered and allowed to stand at room temperature for 3 days 
after which water was added and the reaction mixture was allowed 
to stand at room temperature overnight. Insoluble dicyclo- 
hexylurea was removed by filtration. Concentration of the 
filtrate yielded more of the urea. The final filtrate was evapo
rated to dryness and the residue was washed several times with 
anhydrous ether to remove any remaining DCC and dicyclo- 
hexylurea. The slightly colored material was placed in a flask 
and 125 cc. of 1N  sodium hydroxide was added and, after refluxing 
the mixture for 40 min., it was filtered and the filtrate concen
trated to dryness. The entire product mixture was dissolved in 
water and the pH was adjusted to 9.0 with IR-120 resin (H+). 
I t was necessary to add ethanol occasionally to the mixture 
because of its tendency to gel. After removal of the resin and 
other solid particles by filtration, the filtrate was lyophilized. 
The product was purified by partition chromatography on a 
Celite column according to the following general method of Hall.7 
The lyophilized material was dissolved in 15 cc. of the lower 
phase of a n-butyl alcohol-water (3:1) solvent mixture and mixed 
with 30 g. of Celite-545 which was then packed on top of a 
previously packed Celite column (130 g., 1 in. X 36 in.). The 
upper phase of the n-butyl alcohol-water solvent mixture was 
passed through the column at a rate of 175 cc./hr. The product 
began to come off the column immediately after the solvent 
front had appeared and elution was complete when 700 cc. of 
solvent had passed through. Upon concentration of this frac
tion a solid precipitated which was collected and air dried (4.51 g., 
73%). Paper chromatography in solvent A showed a single 
spot (Rs 0 .86).

Anal. Caled, for C47H390 9PNa2-3H20 : C, 62.40; H, 4.98;
N, 3.09; P, 3.41. Found: C, 62.55; H, 5.00; N, 3.22; P, 3.11.

Uridine-3' Phosphate.—2',5'-Di-0-trityluridine-3' phosphate 
(sodium salt 0.5 g.) was dissolved in a minimum amount of 
water and filtered to remove the suspended particles. After 
addition of 24 cc. of 80% acetic acid, the solution was heated at 
100° for 1.5 hr. The solution was cooled and filtered to remove 
triphenylcarbinol, after which the filtrate was concentrated to 
dryness and excess acid was removed by azeotroping with

(8) J. Smrt and F. Sorm, Collection Czech. Chem. Commun., 27, 73 (1962).
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water and ethanol. The remaining solid material was dissolved, 
in a minimum amount of water, and two volumes of ethanol were 
added. After cooling the solution in an ice bath for 30 min., 
fine crystalline needles began to come out of solution. Uridine- 
3' phosphate (disodium salt) was collected by filtration and 
dried over phosphorus pentoxide in a desiccator (yield 230 mg., 
95%).

Anal. Calcd. for CsHnOsNaPNas-SITO: C, 25.60; H, 
4.04; N, 6.64; P, 7.34. Found: C, 25.42; H, 4.04; N, 
6.57; P, 7.27.

Preparation of 2',3'-Isopropylidene-6-azauridine.—This method 
is based on that of Hampton.9 Five grams (20.3 mmoles) of
6-azauridine and 6.3 g. (20.3 mmoles) of di-p-nitrophenol phos
phate were dissolved in 200 cc. of acetone containing 20.8 g. 
(200 mmoles) of 2,2-dimethoxypropane. The mixture was shak
en for 30 min. on a mechanical shaker at which time a clear 
solution had resulted. After standing at room temperature for
4.5 hr., 24 g. of acetone washed Dowex-2 resin (OH~) was added 
and thé mixture was shaken for several minutes until the solution 
was neutral. After filtering, a clear solution was obtained which 
contained only one ultraviolet absorbing spot upon paper 
chromatography in systems A and B. The solution was lyo- 
philized and the residue upon shaking with anhydrous ether 
became a dry powder (wt. 5.2 g., yield 85%) which gave the 
correct analysis.

Anal. Calcd. for CuHi50 6N3: C, 46.31; H, 5.33; N, 14.73. 
Found: C, 46.25; H, 5.37; N, 14.47.

Synthesis of Uridylyl-(3' —<■ 5')-Uridine.—The sodium salt of 
2'-5'-di-0-trityluridine-3' phosphate (90.6 mg., 0.1 mmole) was 
dissolved in a small quantity of water. This was passed through 
a short column of Dowex-50 (pyridinium form). The column 
was washed with a few mililiters of water and the combined 
filtrates were lyophilized. 2',3'-Isopropylideneuridine (0.2 
mmole) dissolved in 2 cc. of anhydrous pyridine was added and 
the mixture was concentrated to a gum on a flash evaporator. 
Evaporation with pyridine was repeated three times in order to 
render it completely anhydrous. In order to protect the mixture 
from the atmospheric moisture, dry nitrogen was released into 
the evaporator after each evaporation. After dissolving the 
resulting gum in 4 cc. of anhydrous pyridine, DCC (4 mmoles) 
was added, after which the reaction flask was flushed with dry 
nitrogen and tightly stoppered. The mixture was allowed to 
stand at room temperature for 3 days at which time more DCC 
(2 mmoles) was added and the mixture was allowed to stand at 
room temperature for two additional days. On the fifth day, 
water (8 cc.) was added and after remaining at room temperature 
for 24 hr. the reaction mixture was concentrated to dryness. 
Excess pyridine was removed by azeotroping with water then 
ethanol and the resulting solid product mixture was treated 
with 80% acetic acid (40 cc.) for 30 min. at 100°. The-acid 
solution was cooled and filtered to remove dicyclohexylurea and 
triphenylcarbinol. Concentration of the filtrate yielded a gummy 
material which was evaporated repeatedly with water to remove 
excess acetic acid. The product was dissolved in the minimum 
amount of water, a small portion of which was applied to What
man no. 3MM paper (acid washed). Development of the 
chromatogram in solvent I, indicated three bands, corresponding 
to uridylic acid, uridylyl-(3'—*-5')-uridine, and uridine, respec
tively. Quantitative elution of the dinucleoside phosphate band 
indicated a yield of 33% at this point. Increased yields were 
obtained by using a larger ratio of 2',3'-isopropylideneuridine to 
2',5'-di-0-trityluridine-3' phosphate as shown.

Nucleoside : nucleotide Yield, %

2:1 33
5:1 44

10:1 50

Isolation of Uridylyl-(3'—>- 5')-uridine by Ion Exchange Chroma
tography.—DEAE-Cellulose resin was suspended in an excess of 
water and stirred for several minutes. After allowing the ma
terial to stand for a while, the water was decanted, after which 
the washing procedure was repeated until the wash water became 
clear. The cellulose was washed with 1 1. of 0.5 N  sodium hy
droxide and then washed with more water until it was free of 
base, after which it was suspended in 0.1 M ammonium carbonate 
(pH 8 .6) and packed, under pressure (4 lb.), in a 1 X 24 cm. 
column. One liter of the above ammonium carbonate solution 
was passed through the column, followed by 1 1. of a 0.01 M

(9) A. Hampton, J . A m . Chem. Soc., 83, 3640 (1961).

T a b l e  I

Compound Solvent 1

i?f value
Solvent B

Uridine 0.62 0.44
6-Azauridine .59 .47
2',3'-Isopropylideneuridine .SI .77
2 ',3 '-Isopropylidene-6- .79 .78

azauridino
Uridine-3' phosphate .50 .09
Uridylvl-(3' — 5')- .39 .15

uridine
UridyIyl-(3' -*• 5')-6- .29 .16

azauridino

T a b l e  II
Com pound

6-Azuridino
Uridine
Uridylyl-(3' —*■ 5')-uridine 
Uridylyl-(3' —► 5')-6-azauridine 
Uridine-3' phosphate

D istance moved tow ard  
anode, cm.

2.6
2.3

18.5 
23.2
24.5

T a b l e  III
S p e c t r o p h o t o m e t r i c  D a t a

Com pound pH M ax

Uridine-3' phosphate 2.0 262 10.0
11.5 261 7.0

Uridylyl-(3' —*■ 5')- 2.0 260 19.2
uridine 9.0 260 17.6

Uridylyl-(3' — 5')-6- 2.0 259 16.3
azauridine 10.0 254 12.7

2 ',3 '-Isopropylidene-6- 6.3 258 6.5
azauridine 11.5 254 7.4

2 ', 5 '-Di-O-trityluridme-3 '- 6.3 260 7.2
phosphate 10.5 260 6.2

ammonium carbonate solution (pH 8 .6). Finally, the column 
was washed with 1 1. of a 0.01 M triethylammonium carbonate 
solution (pH 8 .6). The pH of a solution containing the reaction 
mixture was adjusted to 8.6 with ammonium hydroxide and the 
solution run into the column. A linear gradient with respect to 
triethylammonium carbonate at pH 8.6 (0.01 M  —*■ 0.1 M, 
total volume 2 1.) was applied to the column at a flow rate of 
24 cc. per hour. All operations were conducted at 4°. Uridylyl- 
(3' —*■ 5')-uridine appeared in the fraction of the effluent between 
910 cc. and 1200 cc. This fraction was lyophilized and the resi
due was dissolved in water and relyophilized. This process was 
repeated a total of four times after which 20 mg. of product (29% 
based on compound I) was obtained as the triethylammonium 
salt.

Anal. Calcd. for C24H3s0 14N5P-2H20 : C, 41.9; H, 6.15; 
P, 4.49; N, 10.2. Found: C, 41.85; H, 6.49; P, 3.51; N, 
9.98.

Uridylyl-(3' -*■ 5')-6-azauridine.—Synthetic procedure was the 
same as that preceeding 0 .2—mmole of nucleoside and 0.1 of 
nucleotide being used. The product was purified on a DEAE- 
cellulose column described previously with a slight'modification 
because direct lyophilization of the column effluent resulted 
in some hydrolysis of the product. Dowex-50 (H+) was added 
carefully to the collected effluent until a pH 7.5 was reached, after 
which it was lyophilized. The residue weighed 22 mg. and 
moved as a single spot upon chromatography in solvent systems 
A and B and upon electrophoresis at pH 3.0. I t  was 95% pure, 
estimated spectrophotometrically which means a final yield of 
31% based on compound I. Ribonucléase hydrolyzes this 
product to one equivalent each of uridylic acid and 6-azauridine.

Ribonucléase Treatment.—One milligram of the dinucleoside 
phosphate was dissolved in 0.5 cc. of water and the pH was 
adjusted to 7.5. Magnesium sulfate (5 X of 1 M solution), and 
0.1 mg. of crystalline ribonucléase were added. After 6 hr. at 
room temperature the entire sample was streaked on Whatman 
3MM paper which was developed in solvent B. The quantita
tive elution and spectrophotometric analysis showed that each
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dinueleoside phosphate had produced one equivalent each of 
nucleoside and uridylic acid. A residue (1.3%) of each dinucleo
side phosphate still remained.

Paper Chromatography.—Solvent A: isopropyl alcohol-1 %
aqueous ammonium sulfate (2 : 1). Solvent B: isopropyl alcohol
concentrated ammonium hydroxide-water (7:1:2). (See Table
I.)

Paper Electrophoresis.—Electrophoresis was conducted in a 
Gilson Electrophorator for 1 hr., using a buffer of 0.01 M am

monium formate (pH 3.0) with a voltage gradient of 100 volts 
per cm. (See Tables II and III.)
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The méthylation of 2-amino-3-methyl-6,7-diphenyl-4(3/7)-pteridinone (III) with dimethyl sulfate in dimethyl- 
formamide-acetic acid occurred predominantly at N-l and only slightly at N-8 to give the 2-imino-l,3-dimethyl 
derivative VII (63% yield) and the 2-imino-3,8-dimethyl derivative VIII (10% yield). Contrastingly, when 
the C-7 substituent was hydrogen rather than phenyl, i.e., 2-amino-3-methyl-6-phenyl-4(3hr)-pteridinone 
(XHa), the relative amounts of N-l and N-8 methylated products (XHIa and XlVa) were reversed. However, 
when the C-6 substituent was hydrogen, i.e., 2-amino-3-methyl-7-phenyl-4(3if)-pteridinone (XHb), méthyla
tion occurred only at N-l. The vaiying yields of 8-methyl derivatives are ascribed to steric effects. Additional 
related méthylations also are discussed.

The nature of the products obtained from the 
methylation of 2-amino-4-hydroxypteridines has been 
found to be dependent not only upon the conditions of 
the reaction2a but also upon the substituents located at 
positions 6 and 7 of the pteridine ring. Thus, 2-amino-
4-hydroxypteridine-6-carboxylic acid treated with di
methyl sulfate in an aqueous alkaline solution at pH
8-11.5 gave a 30% yield of a crude mixture of the 1- 
methyl and 3-methyl derivatives and a 25-30% yield 
of the 3,8-dimethyl derivative. The isomeric 2-amino-
4-hydr6xypteridine-7-carboxylic acid, however, gave 
only the 1-methyl and 3-methyl derivatives.1

In order to continue the study of the effect of sub
stituents upon this methylation reaction 2-amino-4- 
hydroxy-6,7-diphenylpteridine (I) was treated with 
dimethyl sulfate in a water-dimethylformamide2b solu
tion at pH 8-11.5. There was isolated from this 
reaction the 1-methyl derivative II (52% yield) and 
the 3-methyl derivative III (10% yield). (A very 
small amount of the 3,8-dimethyl derivative VIII was 
detected by paper chromatography but was not iso
lated.) The comparatively high yield of the 1-methyl 
isomer II in this reaction is somewhat different from 
the results of the previous methylation studies23'3 where 
any preponderance of one isomer over the other was, in 
each case, in favor of the 3-methyl derivative.

The structures of the 3-methyl III and 1-methyl II 
derivatives were proved by well established methods.23’4 
The 3-methyl derivative III upon treatment with 1.0 A 
sodium hydroxide rearranged to the 2-methylamino 
derivative V while the 1-methyl derivative II under the 
same conditions was hydrolyzed to the l-methyl-2,4- 
pteridinedione IV. Furthermore, the 3-methyl III 
and 1-methyl II compounds alsojvere synthesized un-

(1) P resen ted  in  p a rt a t  th e  IXIrd In te rn a tio n a l P te rid ine  Symposium- 
S tu ttg a r t,  G erm any, Septem ber 12-15, 1962.

(2) (a) R . B. Angier an d  W. V. C urran , J .  O r g .  C h e m . ,  27, 892
(1962). (b) The use of dim ethylform am ide was necessitated by  the low
solubility of the 6,7-diphenyl derivative I in  water.

(3) R . B. Angier and  W. V. C urran, J .  O r g .  C h e m . ,  26, 2129 (1961).
(4) W. V. C urran  and R. B. Angier, J .  A m .  C h e m .  S o e . ,  80, 6095 (1958).
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equivocally by the reactions of benzil with 3-methyl-
2,5,6-triamino-4(3//)-pyrimidinonc4 and l-methyl-2,5,-
6- triamino-4(lH)-pyrimidinone,4’6 respectively.

A previous report1 also has shown that 2-amino-3- 
methyl-4-pteridinones can be methylated in nonbasic 
solvents and that the substituents in the pyrazine ring 
again have some influence upon the course of the reac
tion. Thus the methylation of the 3-methyl deriva
tive of 2-amino-4-hydroxypteridine-6-carboxylic acid 
with dimethyl sulfate in a boiling dimethylformamide- 
acetic acid solution gave, as the only major product, 
the 3,8-dimethyl derivative. In contrast, the isomeric
7- carboxylic acid derivative under the same conditions 
gave no detectable dimethyl derivative.1

In the present investigation 2-amino-3-methyl-6,7- 
diphenyl-4(3H)-pteridinone (III) when treated with

(5 B. Roth, J. M. Smith, Jr., and M. E. Hultquist, ibid., 73, 2864 (1951).
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excess dimethyl sulfate in a hot dimethylformamide 
solution did give the 3,8-dimethyl derivative VIII in 
10% yield. However, the main product was an iso
meric dimethyl derivative obtained in 63% yield. This 
was shown to be the 2-imino-l,3-dimethyl derivative 
VII by the following reactions. The 1-methyl deriva
tive II, methylated under the same conditions used for 
the 3-methyl derivative III, gave the same dimethyl 
derivative VII. Assuming no rearrangement had oc
curred this proved the 1,3-dimethyl structure VII. 
Mild alkaline treatment of VII gave the expected1-4 
isomeric 2-methylamino-l-methyl derivative X, while 
longer hydrolysis gave the same l-methyl-2,4-pteri- 
dinedione IV which had been obtained by alkaline hy
drolysis of the 2-amino-l-methyl derivative II. The 
structure of the 3,8-dimethyl derivative VIII, which 
was indicated by its ultraviolet absorption spectra, 
was proved by alkaline rearrangement to the isomeric
2-methylamino-8-methyl derivative IX which was in
dependently synthesized from benzil and 5-amino-2,6- 
bis(methylamino)-4(3H)-pyrimidinone XI. [During 
the course of this study it was noted that the 2-imino-
1,3-dimethyl derivative VII was hydrolyzed to 1,3- 
dimethyl-6,7-diphenyl-2,4(17/,3/7)-pteridinedione (VI) 
by prolonged heating in a Methyl Cellosolve-hydro- 
chloric acid solution.]

N .CeHso NV s V CfHi NĉVy0’* Aa chiVL i  i  h 2n  Y n  c6h 5 ^  Jl
H2N A n  N beH5 CH= O7 1 ? C6H5

II c h 3
DMF-HOAc I DMF-HOAc V I
^CHp^O, |  (CH3)2S04 / / u  +

III

HN

h - j J A  +ch-n̂
o

■ V
c 6h 5 0

o  Ï  'C6H5 ttJ n ' ' n
c h 3

IV
HN ‘I ”  C6H5 / n ^ n  

Off- CH3

OH-
Ù

o

N
JL „

CH3N Y N XC6H;

H CH3 
X

HN

• a '  VII
/ OH~

,c 6h 5

HN ï C6H5
c h 3

VIII
O H -
A

N y / fiH5

CH3N ^ N" n % 6H5

U /N H , H

benzil

c h 3
IX

CH3N NHCHa 
XI

Isolation of 2-imino-l,3-dimethyl derivative VII 
from the méthylation of III was quite unexpected since 
no such compound had been obtained from similar re
actions with the 6- and 7-carboxylic acid derivatives of 
2-amino-4-hydroxypteridine. Apparently the N-l 
position in the 3-methyl-6,7-diphenyl derivative III is 
more subject to electrophilic attack by the alkylating 
agent than is the case with the corresponding 6- and 7- 
carboxylic acid derivatives.1 This correlates well with 
the comparatively high yield of the 1-methyl isomer II 
obtained upon méthylation of 2-amino-4-hydroxy-6,7-

diphenylpteridine (I). I t would also appear, however, 
that the presence of either a phenyl group or a car
boxylic acid group in position 7 sterically hinders the 
méthylation at N-8. In order to further elucidate this 
postulated sterie effect the méthylation studies were 
continued with the 6- and 7-monophenyl derivatives of 
2-amino-3-methyl-4-pteridinone.

With dimethylformamide-acetic acid-dimethyl sul
fate as the reaction solvent (100°) 2-amino-3-methyl-6- 
phenyl-4(3H)-pteridmcme X lla  gave the 2-imino-3,8- 
dimethyl derivative XlVa in a 63% yield and the 2- 
imino-1,3-dimethyl derivative X llla  in only a 13% 
yield. On the other hand, 2-amino-3-methyl-7-phenyl- 
4(3//)-pteridiuonc X llb gave a 41% yield of the 2- 
imino-1,3-dimethyl derivative XHIb while none of the 
2-imino-3,8-dimethyl derivative was formed. (8- 
Methyl derivatives of these phenylpteridines possess a 
strong yellow-green fluorescence readily detectable on 
paper chromatograms.)

0 O

hn\ V R'
(CH3)2S04 R N "% r■ V

-R'

Y  l! A A  ÀH N ^ N|h 2n  n  n R " N R"

XII c h 3
XIII
0 +

a series: R = CH3; R' = C6H6; R" = H R N -^ y
¿L I

Y
-R'

b series: R = CH ’ = H; R" = C6H5
‘R'c series: R = H; R ' = C6H5; R" = H H N ^ N

d series: R = H; R' = II ; R" C6H5 1
c h 3

XIV

Results obtained with the three phenylpteridines 
(III, X lla, and X llb) are best explained by assuming 
that a phenyl group in position 7 of the pteridine 
sterically hinders alkylation at N-8.6 Even the produc
tion of a 10% yield of a 3,8-dimethyl derivative from 
the méthylation of 2-amino-3-methyl-6,7-diphenyl-4- 
(3//)-pteridinorie (III) compared with complete ab
sence of any 8-methyl derivative in the méthylation of 
the corresponding 7-phenylpteridine X llb  can be ex
plained. Models show that in a 6,7-diphenylpteridine 
the two phenyl rings are not free to rotate and cannot 
be coplanar with the pteridine ring whereas in a 7- 
phenylpteridine with no substituent in position 6 the 
phenyl ring is free to rotate. Thus, in the latter case, 
approach of the alkylating agent to N-8 is more effec
tively hindered than in the 6,7-diphenyl series. In 
accordance with this postulated sterie effect it was 
noted that the méthylation of the 6-phenylpteridine 
X lla  proceeds at a faster rate than does the méthyla
tion of the 7-phenylpteridine Xllb.

Although the reactions were more complex and the 
yields were not satisfactory, similar sterie effects were 
noted when the parent 2-amino-4-hydroxypteridines 
were methylated. With dimethylformamide-acetic 
acid-dimethyl sulfate at 100° 2-amino-4-hydroxy-7- 
phenylpteridine (XHd) gave the 1,3-dimethyl dériva-

(6) A n alte rna tive  possibility  is th a t  these results m ight be explained b y  
e lectron-donating  or w ithdraw ing effects of the  phenyl groups. T h is was 
discounted when i t  was found th a t  a  consideration of the  pub lished  p K  

values7 for pyridine and  its  2-, 3- and  4-phenyl derivatives would lead  one 
to predict results exactly the  opposite of those found in  th is  investigation.

(7) A. R. K a tritsky  and  J. M. Lagowski, “ H eterocyclic C h em is try /’ 
John W iley and  Sons, Inc., New York, N. Y., 1960, p. 56.
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tive XHIb in a 12% yield. This was the only isolated 
product and no 8-methyl derivative was detected. 
Considerable decomposition occurred. 2-Amino-4-hy- 
droxy-6,7-diphenylpteridine (I) under these conditions 
gave a complex mixture with no predominant product. 
The 1-methyl derivative II was the only product iso
lated (10% yield), but chromatography showed the 
presence of the 3-methyl III and 1,3-dimethyl VII 
derivatives as well as a small amount of an 8-methyl 
derivative. On the other hand, 2-ami no-4-hydroxy-(i- 
phenylpteridine (XIIc) gave as the principal product 
the 8-monomethyl derivative XIVc in a 40% yield. 
Chromatography demonstrated the presence, in smaller 
amounts, of the 1-methyl and, presumably, the 3- 
methyl derivatives. A very small amount of the 1,3- 
dimethyl derivative XHIa was also isolated. This 
last reaction is another example1'8 where a neutral 
form of a 2-amino-4-hydroxypteridine is preferentially 
alkylated in the pyrazine ring at N-8. However, the 
other reactions demonstrate that this preferential 
alkylation occurs only in the absence of bulky sub
stituents at position 7.

Experimental9
All of the compounds reported here as well as most of the 

reaction mixtures were examined by paper chromatography 
using the descending technique on Whatman no. 1 paper.

All evaporations were carried out under reduced pressure.
Methylation of 2-Amino-4-hydroxy-6,7-diphenylpteridine (I).

A.—A mixture of 3.15 g. (10 mmoles) of 2-amino-4-hydroxy-6,7- 
diphenylpteridine, 50 ml. of water, 50 ml. of dimethylformamide 
(DMF), and 20 ml. of 1.0 A sodium hydroxide was stirred with a 
magnetic stirrer to produce almost complete solution. One 
milliliter (10.7 mmoles) of dimethyl sulfate (DMS) was added. 
Stirring was continued and at intervals the indicated materials 
were added as follows: 30 min., 10 ml. of 1.0 A NaOH and 1.0 
ml. of DMS; 60 min., 5 ml. of 1.0 A NaOH and 0.9 ml. of DMS; 
90 min., 10 ml. of 1.0 A NaOH and 1.0 ml. of DMS; 120 min., 
10 ml. of 1.0 A NaOH and 1.0 ml. of DMS; 150 min., 10 ml. of
1.0 A NaOH and 1.0 ml. of DMS. After an additional hour of 
stirring the pH was ca. 6 . The mixture was cooled and the 
crystalline product was collected; yield 3 .0 g. (the filtrate showed 
the presence of a small amount of the 3,8-dimethyl derivative 
which was not isolated).

This product (3.0 g.) was dissolved in 170 ml. of hot DMF, 
which was treated with charcoal, filtered, and allowed to stand 
at room temperature overnight. The crystalline product was 
collected; yield 1.7 g. (52%); m.p. 322-325°. This was 
chromatographically pure 2-amino-l-methyl-6,7-diphenyl-4(lA)- 
pteridinone (II).

For analyses a portion (1.5 g.) of this product was crystallized 
first from 90 ml. of DMF and then from 35 ml. of 2-methoxy- 
ethanol; yield 0.50 g.; m.p. 327-329°; x“ f H 268 mM (« 20,800), 
362 m/i (e 16,800); X ^ f“01 220-230 (e 24,300), 280 mM (e
14,100), 363 mju (e 14,800). The only paper chromatographic 
solvent system found to separate the 1-methyl II and the 3- 
methyl III derivatives was isopropyl alcohol-1.0 A NH4OH 
(7:3) in which II had Ri 0.85 (deep blue) and III had Rt 0.90 
(light blue).

Anal. Calcd. for Ci9Hi5N50(329): C, 69.3; H, 4.6; N, 21.2. 
Found: C, 68.8; H, 5.0; N, 21.2 .

The filtrate from the 1.7 g. of 1-methyl derivative II was evap
orated to 10 ml., after which 40 ml. of 0.5 A hydrochloric acid 
was added. This was heated on a steam bath, then cooled to room 
temperature, and the product was collected; yield 0.65 g. (paper 
chromatography indicated this to be a mixture of starting 
material and the 3-methyl derivative III). The filtrate was 
cooled overnight to give a crystalline product; yield 0.35 g. 
(10%). A solution of 250 mg. of this material in 10 ml. of DMF

(8) D . J . Brown and  N. W. Jacobsen, J .  C k e m .  S o c . ,  869 (1961).
(9) All m elting points were taken  in  a  M el-tem p m elting po in t apparatu s 

using a therm om eter calibrated  for 3-in. immersion.

was heated to 100° and diluted with 25 ml. of water containing 
0.5 ml. of pyridine; yield of crystalline product. 200 mg.; m.p. 
347-350°. Infrared spectra, mixture melting point, and paper 
chromatography in two systems showed this to be identical with 
an authentic sample of 2-amino-3-methyl-6,7-diphenyl-4(3ff)- 
pteridinone (III).

B.—A mixture of 600 mg. (1.97 mmoles) of 2-amino-4-hydroxy-
6.7- diphenylpteridine (I), 20 ml. of dimethylformamide (DMF),
2.0 ml. of acetic acid, and 3 .0 ml. of dimethyl sulfate was heated to 
boiling for 10 min. An additional 1.5 ml. of dimethyl sulfate was 
added and the solution heated to boiling for 5 min. The solution 
was treated with charcoal, filtered, and evaporated to a sirup. 
The sirup was dissolved in 40 ml. of water, made alkaline with 
sodium carbonate, and cooled; yield 690 mg.

A 600-mg. portion of this product was crystallized from 7 ml. 
of DMF using charcoal to clarify it; yield 75 mg. A recrystal
lization from 4 ml. of 2-methoxyethanol gave 40 mg. of product; 
m.p. 325-327°. This was shown to be identical with an authentic 
sample o f, the 1-methyl derivative II (mixture melting point 
and infrared absorption spectra).

Paper chromatography showed that the initial crude product 
contained at least three other products. They were not obtained 
in a pure state.

2-Amino-1-methyl-6,7-diphenyl-4!'l/7)-pteridinone (II). A —
This was first prepared by the methylation of 2-amino-4-hydroxy-
6.7- diphenylpteridine (I) as described previously and was shown 
to be identical with the product described under B (infrared 
absorption spectra, mixture melting point, and paper chroma
tography).

B.—A mixture of 155 mg. (10 mmoles) of 2,5,6-triamino-l- 
methyl-4(lA)-pyrimidinone, 230 mg. (1.1 mmoles) of benzil, 4.0 
ml. of water, and 3 drops of acetic acid was heated to reflux for
l .  5 hr. The mixture was cooled and the product was collected; 
yield 200 mg. (61%). This was crystallized from 15 ml. of 
DMF; yield 130 mg.; m.p. 325-328°. A sample was recrystal
lized from 2-methoxyethanol for infrared spectral determinations. 
Characterization of this compound is described under A above 
and under methylation of I.

2-Amino-3-methyl-6,7-diphenyl-4(3//)-pteridmone (III). A.—
A solution containing 14.3 g. (75 mmoles) of 2,5,6-triamino-3- 
methyl-4(3ff)-pyrimidinone hydrochloride, 13.8 g. (168 mmoles) 
of sodium acetate, and a trace of sodium hydrosulfite in 230 ml. of 
warm water was added to a second solution of 16.9 g. (80 mmoles) 
of benzil in 400 ml. of hot ethanol. The mixture was heated to 
reflux for 90 min. and cooled overnight; yield 21.8 g. (89%);
m. p. 348-351°.

A sample (300 mg.) was recrystallized from a solution of 15 ml. 
of dimethylformamide and 10 ml. of water; yield 230 mg.; no 
change in melting point; Rt 0.30 (3% NH4CI) (blue), 0.57 (0.1 A 
HC1) (blue); X̂ 7-0“ d9-2 291 m,x (e 23,000), 377 mM (« 12,800); 
X“ f Hcl 230 mM (e 30,900), 280 mM (e 14,500), 362 m/* (« 15,500).

Anal. Calcd. for Ci9Hi5N50  (329): C, 69.3; H, 4.6; N,
21.2 . Found: C, 68.9; H, 4.7; N, 21.5.

B.—This compound III was also one of the products isolated 
from the methylation of 2-amino-4-hydroxy-6,7-diphenylpteridine 
(I) as described previously.

Methylation of 2-Amino-3-methyl-6,7-diphenyl-4(3//)-pteri- 
dinone (III).—A mixture of 14.0 g. (42.5 mmoles) of III, 500 ml. 
of dimethylformamide (DMF), 50 ml. of acetic acid, and 22.5 
ml. (240 mmoles) of dimethyl sulfate was heated on a steam bath 
for 5 hr. with six 22.5-ml. portions of dimethyl sulfate being 
added at regular intervals. The solution was evaporated to about 
125 ml. and diluted to a volume of 1 1. with warm water. This 
was treated with charcoal, warmed briefly on the steam bath, 
filtered, and cooled to 20°. Solid sodium carbonate was added 
slowly with stirring to pH ca. 9. The mixture was cooled over
night and the product collected; yield 15 g. This was slurried in 
150 ml. of absolute ethanol and warmed on a steam bath. The 
amorphous solid dissolved and a crystalline product separated. 
The mixture was cooled and the product was collected; yield 9.3 
g. (63%); m.p. 239-242°. Paper chromatography indicated this 
material to be essentially pure. However, it was recrystallized 
from 125 ml. of 2-methoxyethanol; yield 8.0 g. (55%) of a cream 
colored product subsequently shown to be 2-imino-l ,3-dimethyl-
6.7- diphenyl-l,2-dihydro-4(3A)-pteridinone (VII); m.p. 241- 
242°; R, 0.65 (3% NH4C1), 0.70 (0.1 A HC1) (deep blue); 
X ° % °  266 n i f i  (e 18,500), 290 mM (e 17,100) (sh), 378 mM 
( e 13,400); X°mL!rN‘°u 268 mM (* 18,500), 290 mM (e 15,800) (sh 
378 mu (e 13,300); x " / H0‘ 232 mM (e 31,500), 280 mM (« 15,400), 
363 mM (« 16,100).
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Anal. Calcd. for C20H17N5O (343): C, 70.0; H,5.0; N,20.4. 
Found: C, 70.3; H, 5.2; N, 20.6.

The ethanolic filtrate from the 9.3 g. of the 1,3-dimethyl 
derivative VII was evaporated to dryness. The residue was 
slurried in 40 ml. of water and sodium bicarbonate was added to 
pH 7.5. The mixture was: cooled and the solid was collected; 
yield 3.6 g. This solid was dissolved in a solution of 12 ml. of 
water and 0.7 ml. of concentrated hydrochloric acid, which was 
then treated with charcoal and filtered. The filtrate was diluted 
first with 10 ml. of concentrated hydrochloric acid and then with 
25 ml. of ethanol. This was cooled overnight, the mixture was 
agitated and rubbed, cooled several more hours, and the product 
was qollected; yield 0.3 g. of product, primarily starting material, 
which was discarded. The filtrate was evaporated to dryness 
several times with the aid of ethanol, 70 ml. of ethanoi was 
finally added, and the mixture was heated to boiling and filtered; 
yield 310 mg. (this was primarily the 3,8-dimethyl derivative 
VIII but it was less pure than the next crop). The filtrate, when 
cooled, gave a nicely crystalline yellow product; yield 1.4 g. 
(9.6%) of 2-imino-3,8-dimethyl-6,7-diphenyl-2,8-dihydro-4(3H)- 
pteridinone (VIII) as its hydrochloride; m.p. 238-240°. 
Since paper chromatography indicated that this contained small 
amounts of impurities, it was suspended in 28 ml. of 1.0 N  hydro
chloric acid which was heated to boiling, treated with charcoal, 
and filtered. The filtrate upon cooling deposited yellow crystals; 
yield 0.95 g. (6.5%); m.p. 241-243°; Rs 0.78 (3% NH,C1) 
(yellow-green becoming blue when fumed with ammonia);

247 niju (e 26,600), 2S3 m y  (« 9,100) (sh), 358 m y  
(e 13,300); X £ ™  273 mM (e 17,500), 295 mM (e 16,400), 428 
m/i (e 14,400).

Anal. Calcd. for ^oBuNsOHCl (380): C, 63.3; H, 4.8;
N, 18.4; Cl, 9.4. Found: 0,63.2; H, 4.9; N, 18.3; Cl, 9.8.

Methylation of 2-Amino-l-methyl-6,7-diphenyl-4( lii)-pteri- 
dinone (II).—A mixture of 600 mg. (1.8 mmoles) of II, 40 ml. of 
dimethylformamide (DMF), 3.0 ml. of acetic acid, and 1 ml. of 
dimethyl sulfate was heated on a steam bath for 8 hr. Four 1-ml. 
portions of dimethyl sulfate were added at regular intervals. The 
solution was evaporated to a small volume and diluted to 90 ml. 
with water. This was warmed a short time, treated with charcoal, 
and filtered. The filtrate was brought to pH 9 with sodium car
bonate and cooled; yield 500 mg,

The solid was dissolved in. 10 ml. of hot ethanol, filtered from a 
little solid, and cooled overnight; yield of crystalline product 210 
mg.; m.p. 236-240°. This was similar to the crude main prod
uct obtained from the methylation of the 3-methyl derivative
III.

itecrystallization of this material from ethanol gave a product 
identical with 2-imino-l,3-dimethyl-6,7-diphenyl-l,2-dihydro- 
4(3iT)Jpteridmone (VII) originally obtained by the methylation 
of; the 3-methyl derivative III (mixture melting point and in
frared spectra).

l-Methyl-6,7-diphenyl-2,4f 177,37/)-pteridinedione (IV).10 A. 
•—-A solution of 300 mg. (0.9 mmole) of 2-amino-l-methyl-6,7-di- 
phenyl-4(lH)-pteridinone (II) in 10 ml. of 2-methoxyethanol and 
20 ml. of 1.0 N  sodium hydroxide was heated on a steam bath for 
30 min. The hot solution was acidified with 2 ml. of acetic acid 
and cooled overnight; yield 240 mg. This was recrystallized 
first from 20 ml. of 50% 2*methoxyethanol and a second time from 
3 ml. of 2-methoxy-ethanol; yield 130 mg.; m.p. 277-279° (lit.10 
263-264) R, 0.35 (0.1 N  HC1) (blue); \°m'J  Na0H 267 mM (e 18,500), 
367 m y(e  14,500); X ^ /HG‘ ?78 mM (e 14,900), 365 mM (e 13,500).

Anal. Calcd. for Ci9Hi4N4O2(330): C, 69.2; H, 4.2; N,
17.0. Found: C, 69.3; H, 4.4; N, 17.2.

B.—A 300-mg. sample (0.87 mmole) of 2-imino-l,3-dimethyl-
6 ,7-diphenyl-l ,2-dihydro-4(3/7)-pteridinone (VII) was hydro
lyzed and purified in exactly the same manner as described in pre
ceding method A; final yield 100 mg.; m.p. 277-279°. This was 
shown to be identical with the product obtained before through 
the use of infrared spectra, mixture melting point, and paper 
chromatography..

2-Methylamino-4-hydroxy-6,7-diphenylpteridine (V).—A solu
tion of 100 mg. (0.3 mmole) of 2-amino-3-methyl-6,7-diphenyl- 
4(3H)-pteridinone (III) in 5 ml. of 2-methoxyethanol and 10 ml. 
of 1 .(WV sodium hydroxide was heated 2 hr. on a steam bath, then 
treated with charcoal, and filtered. The hot filtrate was added to 
a hot solution of 12 ml. of 1.0 N  hydrochloric acid and cooled; 
yield was 85 mg. of crystalline product; m.p. 359-361°; fit 0.44 
(0.1 N  HC1) (blue); 112 282 mM (e 22,400), 386 my (e 12,500);

(1CT> G. Henseke and H. G. Patswaldt, Chem. Ber., 89, 2909 (1956).

x£L7J> 296 mil (e 22,400), 377 my (e 11,500); X^j" 101 232 my 
(e 26,000), 283 my (<= 13,800), 363 my (e 13,700).

Anal. Calcd. for C19H15N5O (329): C, 69.3; H, 4.6; N,
21.2. Found: 0,69.2; H, 4.7; N, 20.9.

2-Methylamino-l-methyl-6,7-diphenyl-4(li7)-pteridinone (X).
—A solution of 300 mg. (0.88 mmole) of 2-imino-l ,3-dimethyl-
6 .7- diphenyl-l,2-dihydro-4(3.ff)-pteridinone (VII) in 5 ml. of 
boiling 2-methoxyethanol was diluted with 10 ml. of 1.0 N sodium 
hydroxide. This was heated on a steam bath for 2 min. followed 
immediately by acidification with 1 ml. of concentrated hydro
chloric acid. The solution was diluted with 20 ml. of hot water, 
then neutralized to pH 7.5 with sodium bicarbonate and cooled; 
yield 280 mg. This was crystallized from 10 ml. of 2-methoxy
ethanol; yield 200 mg. (67%); m.p. 304-306°; R r 0.35 (3% 
NH4C1) (deep blue); X°“/°  269 my (« 20,200), 367 m^ (e 16,300); 
X°„L"HC‘ 280 mji (e 14,700); 365 my (e 14,600).

Anal. Calcd. for C20H17N5O (343): C, 70.0; H, 5.0; N,
20.4. Found: C, 69.6; H, 5.2; N, 20.2.

2-Methylamino-8-methyl-6,7-diphenyl-4(87/)-pteridinone (IX).
A.—A solution of 100 mg. of 2-imino-3,8-dimethyl-6,7-di- 
phenyI-2,8-dihydro-4(3if)-pteridinone hydrochloride (VIII ■ HC1) 
in 5 ml. of 2-methoxyethanol and 5 ml. of 1.0 N  sodium hydroxide 
was heated on a steam bath for 5 min. The hot solution was 
acidified with 1 ml. of concentrated hydrochloric acid and a 
yellow crystalline product separated. The mixture was cooled 
and the product was collected; yield 65 mg. The infrared 
spectrum and paper chromatographic behavior of this product 
showed it to be identical with an authentic sample of IX ■ HC1 
prepared as described under B.

B.11—2,4-Bismethylamino-5-ammo-6-hydroxypyrimidine (0.50 
g., 3.0 mmoles) (XI) was dissolved in 5 ml. of hot water con
taining a pinch of sodium hydrosulfite. A solution of 0.75 g. 
(3.6 mmoles) of benzil in 10 ml. of warm ethanol was added and 
the mixture was heated to reflux for 2 hr. The reaction mixture 
was then evaporated and the residue taken up in 80 ml. of hot 
ethanol. Addition of 5.0 ml. of concentrated hydrochloric acid 
gave crystals; yield 0.70 g. (61%); m.p. 350-357° with previous 
browning and wetting; Rt 0.73 (yellow-green fluorescence) in 
3% ammonium chloride. This material (600 mg.) was dissolved 
in 50 ml. of boiling water, treated with charcoal, and filtered. 
The filtrate was reheated to boiling and 25 ml. of concentrated 
hydrochloric acid was added to give crystals almost immediately; 
yield 330 mg.; X ^ /HCl 285 my (e 11,600) (sh); 300 my 
(e 12,500), 430 my (e 9,500); 252 mM (e 9,600), 287 mM
(« 7,000) (sh), 375 my (e 7,600); X"“ ™ 289 my (e 14,600), 
437 my (e 8,400).

Anal. Calcd. for C20HnN5O-HCl (380): C, 63.3; H, 4.8; 
N, 18.4. Found: C, 63.3; H, 4.9; N, 18.5.

1,3-Dimethyl-6,7-diphenyl-2,4(17/,3//)-pteridinedione12 (VI). 
—A solution of 500 mg. (1.45 mmoles) of 2-imino-l ,3-dimethyl-
6 .7- diphenyl-l,2-dihydro-4(3i7)-pteridinone (VII), 100 ml. of
2-methoxyethanol, and 2.5 ml. of concentrated hydrochloric 
acid was heated to reflux for 46 hr. with 2-ml. portions of 
concentrated hydrochloric acid being added after 4, 10, 16, 
and 22 hr. The solution was evaporated to dryness and the 
crystalline residue was slurried in 25 ml. of hot methanol 
and cooled; yield 440 mg. (88%); m.p. 229-231°. This 
was recrystallized from 6 ml. of 2-methoxyethanol; yield 380 
mg. (76%); m.p. 231-232° (lit.12 m.p. 226-227°); Rs 0.3 (0.1 N 
HC1); XS,”  226 my (e 25,000), 276 mM (t 14,800), 363 my («
14,100).

Anal. Calcd. for C20Hi6N4O2 (344): C, 69.8; H, 4.7; N,
16.3. Found: C, 69.8; H, 4.7; N, 16.0.

Methylation of 2-amino-3-methyl-7-phenyl-4(3.ff)-pteridinone13 
Xllb.—A mixture of 5.0 g. (19.8 mmoles) of X llb , 250 ml. of 
dimethylformamide, 25 ml. of acetic acid, and 9 ml. of dimethyl 
sulfate was heated on a steam bath for 4 hr. with 9-ml. portions of 
dimethyl sulfate being added after 30 min. and 2.5 hr. The 
solution was evaporated to a sirup which was dissolved in 200 ml. 
of water. This was heated on a steam bath for 15 min., treated 
with charcoal, filtered, and cooled; yield of crystalline product,
2.4 g. (fraction A).

The filtrate was adjusted to pH 3 with sodium carbonate, 
treated with charcoal and filtered. The filtrate was adjusted to 
pH 9 with sodium carbonate and cooled two days; yield 2.4 g. 
(fraction B).

(11) T his reaction  was carried ou t b y  W . V. C urran .
(12) F. F . Blicke and  H. C. G odt, Jr., J .  A m .  C h e m .  S o c . ,  76, 2798 (1954).
(13) R. B. Angier, J .  O r g .  C h e m . ,  28, 1398 (1963).
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Fraction A was dissolved in 60 ml. of hot water, treated with 
charcoal, and filtered. The hot solution was acidified with 6 ml. 
of concentrated hydrochloric acid and cooled to give a crystalline 
product; yield 1.9 g. (fraction C). Paper chromatography in
dicated this to be essentially pure 1,3-dimethyl derivative XHIb.

Fraction B was suspended in 40 ml. of boiling water and acidi
fied to pH 2 with concentrated hydrochloric acid. This was 
filtered hot and the solid was discarded. The filtrate was clarified 
with charcoal, acidified with 5 ml. of concentrated hydrochloric 
acid, and cooled; yield 0.75 g. This purification was repeated; 
yield 0.6 g. (fraction D).

Fractions C and D were combined to give 2.5 g. (41%) of 
X lllb  as a hydrochloride.

For analyses a portion (140 mg.) of this product was dissolved 
in 30 ml. of hot water containing a drop of concentrated hydro
chloric acid. This was heated to 85° and neutralized with a solu
tion of sodium acetate and cooled; yield, 90 mg. of 2-imino-l,3- 
dimethvl-7-phenyl-l,2-dihydro-4(377)-pteridinone X lllb ; m.p. 
290-292°; Ri 0.53 (3% NH4C1) (purple); X̂ 70 214 mM (e
22,200), 235 mM (e 22,900), 262 mM (e 15,000), 367 (e 16,000); 
X " / H0‘ 229 ffijtx (<= 25,800), 348 mu (e 23,200).

Anal. Galcd. for CuHisNsO (267): C, 62.9; H,4.9; N, 26.2. 
Found: C, 62.7; H, 4.7; N,26.1.

At no time did chromatography indicate the presence of any 8- 
methyl derivatives.

Méthylation of 2-Amino-4-hydroxy-7-phenylpteridine13 (Xlld).
—A mixture of 2.4 g. (10 mmoles) of X lld, 125 ml. of dimethyl- 
formamide, 12 ml. of acetic acid, and 4.5 ml. of dimethyl sulfate 
was heated on a steam bath for 5 hr. with 4.5-ml. portions of di
methyl sulfate being added after 2 and 3.5 hr. heating. The dark 
solution was evaporated to a sirup which was dissolved in 100 ml. 
of water and heated 10 min. on a steam bath. This was treated 
with charcoal, filtered, cooled, and adjusted to pH 3 with sodium 
carbonate. The material (a few mg.) which separated was re
moved by filtration. The filtrate was adjusted to pH 9 with 
sodium carbonate and cooled overnight; yield 1.3 g. of dark 
material. Although paper chromatography indicated the pres
ence of the 1,3-dimethyl derivative X lllb , this crop was not 
successfully purified.

The filtrate, upon further cooling, deposited 320 mg. of prod
uct. This filtrate was extracted with three 60-ml. portions of 
chloroform which were dried over magnesium sulfate and evap
orated to a sirup. This was slurried in 20 ml. of hot ethanol and 
cooled; yield of crystalline product, 180 mg.

These last two fractions were combined (500 mg.), suspended in 
15 ml. of hot water, and treated with 6 drops of concentrated 
hydrochloric acid. This was heated to boiling, clarified with 
charcoal, treated with 1.6 ml. of concentrated hydrochloric acid, 
and cooled; yield, 380 mg. (12.5%) of the hydrochloride of 2- 
imino - 1,3 - dimethyl - 7 - phenyl - 1,2 - dihydro - 4(377) - pteri- 
dinone X lllb . I t was shown to be identical with the product ob
tained by the méthylation of X llb described previously. This 
was the only pure product isolated from this reaction and no 8- 
methyl derivative was detected.

Méthylation of 2-Ammo-3-methyl-6-phenyl-4(377)-pteridinone13 
(Xlla).—A solution of 3.1 g. (12.2 mmoles) of X lla, 120 ml. of 
dimethylformamide, 12 ml. of acetic acid, and 6 ml. of dimethyl 
sulfate was heated on a steam bath for 1 hr. The solution was 
evaporated to a sirup which was dissolved in 85 ml. of water and 
heated 10 min. on a steam bath. This was brought to pH 3 with 
sodium bicarbonate, cooled, treated with charcoal, and filtered 
to remove cloudiness. The filtrate was adjusted to pH 10 with 
sodium carbonate and cooled well. The product was collected 
and dried; yield 2.8 g. (86%).

A suspension of this material in 65 ml. of absolute ethanol was 
heated to boiling, then cooled several hours. The crystalline

product was collected; yield 430 mg. (13%); m.p. 249-251° 
(slight residue). Chromatography indicated that this was fairly 
pure 1,3-dimethyl derivative XHIa. I t  was recrystallized from 9 
ml. of 2-methoxyethanol; pale yellow platelets; yield, 320 mg. 
(10%) of 2-imino-l,3-dimethyl-6-phenyl-l,2-dihydro-4(377)-pter- 
idinone (XHIa); m.p. 251-253°; R t  0.70 (0.1 N  HC>) (purple); 
X°«70 288 ttm (e 18,700), 370 mM W8000); xSii/ 7 HC1 279 m,x («
20,800), 351 mM (e 9800).

Anal. Calcd. for Ci4Hi3N60  (26i): C, 6219; H, 4.9; N,
26.2. Found: C, 63,1 H, 5.0; N, 26.4.

The ethanol filtrate from the 430 mg. of XHIa ‘above was 
cooled overnight and the resulting hazy solution was filtered. 
The filtrate was treated with 2.0 ml. of concentrated hydrochloric 
acid to give, immediately, a yellow crystalline product. The 
mixture was cooled several hours and the product was collected; 
yield 2.4 g. (63%). Chromatography showed this to be fairly 
pure 3,8-dimethyl derivative XlVa.

For analyses a sample (270 mg.) of XlVa was dissolved in 10 
ml. of water containing a drop of concentrated hydrochloric acid. 
The hot solution was treated with charcoal, filtered, and acidified, 
while hot, with 2 ml. of concentrated hydrochloric acid. The 
product crystallized in diamond shaped crystals; yield 210 mg.; 
R i  0.65 (0.1 N  HC1) (yellow-green becoming blue when fumed 
with ammonia), 0.60 (3% NH4C1); X̂ 1„J,N,0H 242 m/x (e 17,400), 
292 mM (e 8800), 360 npx (c 17,900); HCI 275 mM (* 18,200), 
305 m/x (i 25,600), 425 mM (e 12,200).

Anal. Calcd. for Ci4H13N50-HC1 (304): C, 55.37 H, 4.6; 
N, 23.0; Cl, 11.7. Found: C, 55.5; H, 5.1; N, 22.8; Cl, 11.8.

Slow evaporation of the filtrate from the 2.4 g. of XlVa while 
being dried by suction on the filter, gave 120 mg. of a crystalline 
product different from XHIa or XlVa. This appears to be an 8- 
methyl derivative but its exact structure is unknown.

Methylation of 2-Amino-4-hydroxy-6-phenylpteridine13 (XIIc). 
—A mixture of 1.4 g. (5.8 mmoles) of XIIc, 80 ml. Sf'dimethyl- 
formamide, 7.0 ml. of acetic acid, and 2.5 ml. of dimethyl sulfate 
was heated on a steam bath for 4 hr. with 2.5-ml. portions of di
methyl sulfate being added after 1 hr. and 2.5 hr. The solution 
■was evaporated to a sirup and diluted to a volume of 125 ml. with 
water. This was heated 10 min., treated with charcoal, filtered, 
and brought to pH 8 with sodium carbonate; yield of solid, 1.2 g. 
(Extraction of the filtrate with chloroform gave 60 mg. of material 
which was identical with the 1,3-dimethyl derivative XIIIc.)

This solid (1.2 g.) was extracted twice with 20-ml. portions of 
warm chloroform and the extracts were discarded. The remain
ing solid (0.95 g.) was dissolved in 40:ml. of hot 0.1 N  hydrochlo
ric acid, treated with charcoal, and filtered. The hot filtrate was 
diluted with 10 ml. of concentrated hydrochloric acid.and cooled; 
yield of crystalline product 0.7 g. (41%); chromatography indi
cated the presence of some impurities but ultraviolet absorption 
spectra indicated a purity of 90-95% 2-amino-8-methyl-6fphenyl- 
4(877) - pteridinone (XIVc) as its hydrochloride., -This was 
crystallized two more times in the manner described -before; 
yield 0.30 g. (19%); R t 0.55 (0.1 N  HCI) (yellow-green), 0.35 
(3% NH4C1) (yellow-green); 248 npx (c 15,600), 285 mM
(plateau) («5800), 367 mM (e 18,300); X'* / 0-9'2 289 imx (* 29,600), 
430 mM (e 11,000); HC' 270 m/x (plateau) (« 12,400),: 304 m/x 
(e 28,000), 425 m/x (e 12,000).

Anal. Calcd. for CisHnNsO-HCl-V2H2O (299): C, 52.2; H, 
4.4; N, 23.4; Cl, 11.9. Found: C, 52.3; H, 4.2; N, 23.6; 
Cl, 12.0.

Acknowledgment.—The author is indebted to Mr. 
William Fulmor and staff for the spectral data and to 
Mr. Louis Brancone and staff for the elemental analyses.
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N,N-Dialkyl-a-chloroacet,amides undergo the Darzens condensation at relatively low temperatures with 
aromatic aldehydes to give cis- and Zrans-epoxyamides in essentially equal amounts. In the presence of potas
sium i-butoxide the sterically favored fra?is-ep oxide does not undergo epimerization whereas the cis isomer 
epimerizes at relatively high temperature. The Darzens condensation with amides is viewed as proceeding via 
a slow irreversible aldolization followed by a rapid cyclization step. The configurational assignment of the iso
meric epoxy amides is confirmed by n.m.r. spectra and by an unambiguous synthesis of the frans-epoxyamides. 
The reliability of n.m.r. in the quantitative determination of a mixture of cfs-frores-epoxides is demonstrated. 
Infrared data of the cis-irans-epoxyamides are also reported.

In continuing our studies on the Darzens condensa
tion,1 we undertook the investigation of the reaction of 
N,N-disubstituted a-chloroacetamides with aromatic 
aldehydes. Although a few reactions with amides were 
reported previously,2 their stereochemical products 
were not isolated or identified. Of particular interest 
to us were the observations that only ¿rans-epoxides 
were formed from benzaldehyde and ethyl chloro- 
acetate3 or chloroacetone4 under normal Darzens con
ditions. However, Linstead5 reported the formation 
of the cfs-epoxide from benzaldehyde and methyl a- 
chloroacetate and, recently, Field6 also reported the 
probable formation of the cfs-epoxide from benzalde
hyde and ethyl chloroacetate.

Normally the Darzens condensation leads to a mix
ture of cis- and trans-epoxy diastereoisomers. However, 
depending on the reaction conditions either or both iso
mers can be isolated. The kinetically (or sterically) 
favored frans-epoxide (carbonyl group trans to substit
uent in 3-position) is initially formed but on prolonged 
contact with the basic media, epimerization7 8 occurs 
with the crystallization of the less soluble cis isomer.7’9 10

Several investigators have dealt with the stereochem
istry of the Darzens condensation. Ballester and Perez- 
Bianco103 have demonstrated that the base-catalyzed 
condensation of m-nitrobenzaldehyde and 2,4,6-tri- 
methoxyphenacyl chloride affords the two isomeric 
chlorohydrins and each of these under usual Darzens 
condensation conditions gives the same, and only one,

(1) A. J. Speziale and H . W. Frazier, J .  O r g .  C h e m . ,  26, 3176 (1961).
(2) M. S. N ewm an and B. J. Bagerlein, O r g .  R e a c t i o n s ,  5 ,  438 (1949).
(3) (a) H . O. House, J . W. Baker, and  D . A. M adden, J .  A m .  C h e m .  S o c . ,  

80, 6386 (1958); (b) H . O. House and J .  W. Baker, i b i d . ,  80, 6389 (1958).
(4) H. K w art and  L. G. K irk, J .  O r g .  C h e m . ,  32, 116 (1957).
(5) (a) R . P . L instead, L. N. Owen, and  R . F. W ebb, J .  C h e m .  S o c . ,  1218

(1953) . (b) There is some d o u b t as to  the  stereochem ical hom ogeneity
of the  m ethyl 3-phenylglyeidate prepared by  these workers. The glycidate 
distilled over a  10° range and the  elem ental analysis for carbon was 3%  lower 
th an  the  calcd. value. O ur work on the Darzens condensation from benzal
dehyde and m ethyl «-chloroacetate clearly indicate a  m ixture of c i s -  and 
frans-glyeidates.

(6) L. Field and C. G. Carlile, J .  O r g .  C h e m . .  26, 3170 (1961).
(7) N. II. Cromwell and R. A. Setterquist, J .  A m .  C h e m .  S o c . ,  76, 5752

(1954) .
(8) H . O. House and R. S. Ro, i b i d . ,  80, 2428 (1958).
(9) (a) H . Jorlander, B e r . ,  50, 1457 (1917); (b) S. Bodforss, i b i d . ,  51, 

192 (1918); (c) J .  H. Berson, J .  A m .  C h e m .  S o c . ,  74, 5175 (1952); C h e m .  

I n d .  (London), 814 (1957); (d) H. H. W asserm an, N. E. Aubrey, and  H . E. 
Zim m erm an, J .  A m .  C h e m .  S o c . ,  75, 96 (1953); (e) H . H . W asserm an and 
H. E . Aubrey, i b i d . ,  77, 590 (1955); (f) H . D ahm  and  L. Loewe, C h i m i a ,  11, 
98 (1951); (g) recently  N. H. Cromwell, F . H. Schum acher, and  J . L. 
Adelfang [ J . A m .  C h e m .  S o c . ,  83, 974 (1901)] have shown th a t  w hen suffL 
cient solvent is used eis-2-nitro chalcone oxide undergoes base-catalyzed 
epim erization to  form the therm odynam ically  stab le  t r a n s  isomer.

(10) (a) M. B allester and  D. Perez-Bianco, J.  O r g .  C h e m . ,  23, 652 (1958);
(b) M . Ballester and  P. D. B artle tt, J .  A m .  C h e m ,  S o c . ,  75, 2042 (1953)*

epoxy isomer. This isomer is also the sole product in 
Darzens condensation from the same reactants. Bal
lester and Bartlett10b indicated that the aldolization 
step in the Darzens condensation from benzaldehyde 
and the phenacyl chloride is irreversible. Zimmerman 
and Ahramjian11 also have noted that each of the dia
stereoisomers of ethyl 2-chloro-3-hydroxy-2,3-diphenyl- 
propionate under Darzens conditions, affords only one 
epoxide. However, in contrast to Ballester,10b they 
concluded that the Darzens condensation proceeds via 
an initial rapidly reversible aldolization-dealdolization 
prequilibrium followed by a rate-limiting and stereo- 
chemically controlled cyclization. As a consequence of 
overlap control, that epoxide is formed in which the car
bonyl group occupies an unhindered position with re
spect to the 3-phenyl group in the transition state.

We have reported previously1 that acetophenone 
and N,N-diethyl-«-chloroacetamido under Darzens 
conditions gave both cis- and frans-epoxides in about 
equal amounts. However, in contrast to the reaction 
of ethyl chloroacetate8 or methyl chloroacetate5 with 
benzaldehyde, N,N-diethyl-a-chloroacetamide and N, 
N-diallyl-a-chloroacetamide with benzaldehyde each 
gave a mixture of the cis and trans diastereoisomers in es
sentially equal amounts. Similar results were also ob
tained for substituted aromatic aldehydes with N,N-di- 
ethyl-a-chloroacetamide (Table I). One would ex
pect as a consequence of overlap control in the transi
tion state11 that 2,6-dichlorobenzaldehyde would pro
vide a system where the trans isomer might predomi
nate. This, however, under Darzens conditions gave a 
mixture of the cis- and irans-epoxyamides in equal quan
tities. The formation of the cis-epoxyamide could re
sult from the base-catalyzed epimerization of the trans- 
epoxyamide in the reaction medium. However, this 
interpretation is rejected in that equal quantities of 
both isomers were obtained in all cases and the trans- 
epoxyamide is not epimerized even under more drastic 
conditions (Table V).

Our first attempt in the investigation of the configura
tion of the isomers obtained in Darzens condensation 
was the synthesis of trans-la through the known stereo
specific epoxidation of fraws-IIa with peracid.12 Un
fortunately, trans-Ha did not give any epoxidation 
product with monoperphthalic acid. The trans bromo-

(11) H. E . Z im m erm an and L. E. A hram jian, i b i d . ,  82, 5459 (I960), also 
references to  o ther work.

(12) (a) S. W instein and  R. B. Henderson in R. C. Elderfield, "H eteroJ 
cyclic Com pounds,”  Vol. I, John  Wiley and Sons, Inc ., New York, N . Y .( 
1950, p. 1; (b) D. Swern, C h e m ,  R e v . ,  4 .B , 30 (1949); (c) D. Swern, O r a ■ 
R e a c t i o n «, 7, 378 (1963).
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T a b l e  I

C I S -  AND IraraS-N,N-DlALKYLGLVCIDAMlDES
R

A
y

O O 

- —<CH—tl—NR'2

I

I R R ' Yield, % M -p. o r b ,p ., °C . n 2Sd Yield, % M .p. or b .p ., °C. n 26 d
a Phenyl c 2h 6 35.4 52.4-53.0 31.8 88 .0- 88.4
b 2,6-Dichlorophenyl c2h 6 26.0 112-113 35.5 1.5505
c 2,4-Dichlorophenyl c 2h 6 21.4 98-100 24 142-147 (0.14 mm.) 1.5523
d m-Nitrophenyl C2H5 36.7 1.5452 34.5 122.4-123.0
e Phenyl CH2CH=CH2 43.0 88.6-90 43.0 147-150 (0.2 mm.) 1.5448

acetoxylation18 of a trans olefin with N-bromosuccini- 
mide-acetic acid followed by ring closure to give a trans
epoxide with base was also unsuccessful for ¿rans-IIa. 
Only tarry material was obtained. However, conclu
sive evidence for the configurational assignment of the 
isomeric epoxyamides was obtained from an unambigu
ous synthesis of trans-Ia,b from irans-IIa,b, on the basis 
of the known trans addition of hypohajous acid to 
a,/3-unsaturated carbonyl compounds followed by 
intramolecular Sn2 displacement at the halogen-bearing 
carbon atom.14

0
II

I K  _  ^ C - N ( c2h 5)2
/ C - C  Br2,H20

Ar H ---------’

trans-IIa,b

0
II

,C -N (C 2H5)2
OHv

H '
,c —c.

Br
Ar

m / r t r o - I I I a ,b

N a2C 0 3 H

O
0  11A  / C - n (c2h 5)2c - c

Ar H

t r m i t s - h i . h

a. Ar = phenyl
b. Ar = 2,6-dichlorophenyl

T a b l e  I I

C h e m ic a l  S h i f t s '1 a n d  S p i n - S p in  C o u p l in g  C o n s t a n t s  o f

ClNNAMAMIDES

Com pound
C H ,
tr ip 

c h 2
q u a r

H a
doub

H(3
doub Coupling constants, c.p.s.

B let te t le t le t *7CH3 *7 CH2

H 8.78 6.50 3.18 2.25 7.5 7.5 16.0
2,6-Dichloro 8.85 6,66 3.31 2.60 7.5 7.5 15.5

a N.m.r. spectra were measured at 60 Mc./sec. on a modified 
Varían Model A-60 spectrometer. The samples contained 
tetramethylsilane (TMS) as internal reference. ''J . A. Pople, 
W. G. Schneider, and H. J. Bernstein, “High Resolution Nuclear 
Magnetic Resonance,” McGraw-Hill Book Co., Inc., New York, 
N. Y., 1959, p .  238.

O O

H O C—UC2H6

C—C
/

c 6h 6
\

H
trans-TV

H O C—ONa
CsHsONa \  / \ /  (COCD2------- > c—c --------►

h 2o  /  \
c 6h 5 h

trans-\
Thus, trans-IIa,b gave e r y t h r o - h m m o h y d n n  IIIa,b 

which, followed by treatment with base, gave trans- 
epoxyamides Ia,b. The identity of this trans-la to the 
high melting solid (m.p. 88-0-88.4°) and Znras-Ib to the 
oil (n2BD: 1.5505) from the Darzens condensation was 
demonstrated by mixture melting point determination 
(for la), n.m.r. spectrum16 (Tables II-IV), and trans
parency in their infrared spectrum. The assignment of 
configuration for la  and lb was further investigated by 
an alternate synthesis.

(13) A. Jovtscheff, B e r . ,  93, 2048 (1960).
(14) The brom ohydrins I l l a .b  are assigned the  a-brom o-0-hydroxy 

struc tu res since a tta ck  of hydroxide ion on the  brom onium  ion in term ediate  
would be expected to occur on the  /9-carbon atom  because a lower electron 
density would be expected on th a t  carbon atom  th an  on the  a-carbon  atom  
and  the  positive character a t  reaction site would be m ore stabilized by  the 
phenyl group (/3-carbon) th a n  by  th e  carbonyl group (a-carbon). See
(a) A. Feldstein and C. A. V ander Werf, J .  A m .  C h e m .  S o c . ,  76, 1626 (1954);
(b) H. O. House and R . L. W asson, ibid., 78, 4394 (1956); (c) N. H . Crom-
well and R. E. Bam bury, J .  O r g .  C h e m . ,  26, 997 (1961).

B rA
A r " X

OH0

o
„C-N(C2H5)2
MI

(15) G¡ A, Killy and J Di S»ilen, j . Chem. P h y t,, 32, 1878 (1960).

o

H O C—N(C2H6)2
(CüH íLN  II p  p
- 2 5  to - 3 0 °  y  H

C6H5 h
trans-la

Ethyl 3-phenylglycidate (IV) which has been as
signed the trans configuration16 was converted by the 
sequence (IV-*-Ia) to irans-N, N-diethy 1-3-phenylglycid- 
amide (m.p. 88.0-88.4°) in 62% yield. Although the 
epimerization of epoxides by base is well known,7 8 IV 
did not epimerize upon treatment with sodium ethoxide. 
This is supported by n.m.r. data of V whose coupling 
constant for a,/3-hydrogens (2.0 c.p.s.) is the same as 
that observed for IV.16

6'is-hydroxy]ation17 of trans-IIa,b with neutral per
manganate gave threo-Vlla (m.p. 72°) and threo-Vllh 
(m.p. 113-114°), respectively. Treatment of the high

(16) The configuration of (IV) was assigned by  House, et al., as trans (see 
ref. 3). This was fu rther confirmed by  n.m .r, spectrum  in  our laboratory . 
The coupling constan t for a,0  hydrogens is found to  be 2.0 e.p;s* and  is in 
full agreem ent w ith know n d a ta  (see ref. 15).

(17) J. Boeseken, Rec. trav. chim. 47, 683 (1928)»
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T a b l e  III
C h e m i c a l  S h i f t s “ a n d  S p i n - S p i n  C o u p l i n g  C o n s t a n t s  o f  ci's- N , N - D ie t h y l g l y c t d a m i d e s  f r o m  D a r z e n s  C o n d e n s a t i o n

R

L  A
0  /  
11

,(CH2).(CH:,; h

c - c
H(T H a

(CH2)m (CH3)IV

Com pound (C H s)ii (C H j) iv

-  ■ Chem ical shifts, t 
A S , (C H 2)i  (C H 2)r n A 5 H a H/5 Coupling constan ts, c .p .s.

R tr ip le t tr ip le t c.p.s. q u a r te t q u a rte t c.p.s. doublet doublet J CH3 Jen, JnaUßls
H 9.24 8.97 16.2 6.88 6.72 9.6 6.13 5.75 7.2 7.2 5.0
2,6-Dichloro- 9.03 S.70 19.8 6.80 6.34 12.0 5.97 5.76 7.2 7.2 5.0
2,4-Dichloro 9.22 8.86 21.6 7.00 6.68 19.2 6.13 5.64 7.2 7.2 5.0
ro-Nitro 920 8.84 21.6 6.80 6.60 12.0 5.95 5.55 7.2 7.2 5.0
N,N-Diallyl 3-phenylglyeidamide 6.10 5.72 5.0
® N.m.r. spectra were measured at 60 Me./see. on a modified Varian Model A-60 spectrometer. The samples contained tetramethyl- 

silane as internal reference.

T a b l e  IV
C h e m i c a l  S h i f t s “ a n d  S p i n - S p i n  C o u p l i n g  C o n s t a n t s  o f  ira n s-N ,N -D iE T H Y L G L Y c iD A M iD E S  f r o m  D a r z e n e s  C o n d e n s a t i o n

0 (CHjIjjj (CH3)iv
0  H /n (

H^ / _ V C (CH2)t (CH3) j,
X H (

R'
Chemical shifts, r

Compound (C H i)i, (  C ID  ir A S, (CIIo)i (C H 2)m AS, H a Hí¡ Coupling constants, c.p.s.
R tr ip le t trip le t c.p.s. q u a rte t q u a rte t c.p.s. doublet doublet J CH3 Jen, J n a  n ÿ ‘

H 8.84 8.80 2.4 6.55 0 6.43 5.94 7.2 7.2 2.0
8.85 8.80 3.0 6.56 0 6.43 5.94 7.2 7.2 2.0

2,6-Dichloro 8.88 8.76 7.2 6.66 0 6.34 5.92 7.2 7.2 2.0
2,6-Dichloro1 8.80 8.68 7.2 6.50 0 6.15 5.65 7.2 7.2 2.0
2,4-Dichloro 8.93 8.82 6.6 6.71 0 6.60 5.93 7.2 7.2 2.0
m-Nitro 8.80 8.73 4.2 6.58 6.50 4.S 6 35 5.76 7.2 7.2 2.0
N,N-Diallyl 3-phenylglycidate G.40 6.03 2.0

a N.m.r. spectra were measured at 60 Me./sec. on a modified Varian model A-60 spectrometer. The samples contained tetramethyl- 
silane as internal reference. 6 From bromohvdrin method.

O
II

H C—N(C2H6)2
\  /  KMnO-i

C=C ---------)
V  \  neutral

Ar H

IIa,b

Higher melting isomeric 
epoxy amide of la  (m.p. 88.0-88.4) dioxau3' J^ ro-d io l,

, ' m.p. 58-59°
IL S O ,

«s-Irans-Ib---------» IX +  cts-Ib,
dioxane erythro-diol, m.p. 112-113°

m.p. 148-149°

melting isomeric epoxy amide of la  with sulfuric acid 
in aqueous dioxane afforded a diol VIII (m.p. 58-59°). 
Since VIII is different from threo-VIla, the configura
tion for VIII can be assigned âs erythro which would be 
derived from the ring opening of irans-Ia, (m.p. 88.0- 
88.4°) with inversion of configuration.18 * * * * * Consequently 
the low melting solid (m.p. 52.4-53.0°) from the Darzens

HOH HO O
\  I /  /  

C—C—C 
J  s  \
Ar H N

Vila, m.p. 72°
V llb ,m .p .  113-114°

H2SO4

(18) The ring opening of epoxides in acid m edia is expected to  proceed
by an  S n2 m echanism  with the  inversion of configuration [R. E. Parker
and N. S. Isaaes, C h e m .  R e v . ,  59, 737 (1959)], a lthough ring openings with
re ten tion  of configuration are also reported. [See (a) R . K uhn  and F.
Ebel, B e r . ,  58, 919 (1925); (b) J . Boeseken, R e c .  t r a t ,  c h i m ., 41, 199 (1922);
(c) H. H. W asserm an and N. E. Aubrey, J . A m .  C h e m .  S o c . ,  78, 1726 (1956). J

condensation of benzaldehyde and N,N-diethyl-a- 
chloroacetamide is c/s-Ia. Similarly when cis- Irons mix
ture of lb was treated with sulfuric acid in aqueous di- 
oxane at 45-50°, there was isolated a diol IX (m.p. 
148-149°) and a solid (m.p. 112-113°) which was identi
cal in its infrared spectrum with that isolated from cis- 
trans-lh from Darzens condensation. The mixed 
melting point showed no depression. By following the 
same reasoning for the assignment of trans-la from 
VIII, the diol IX is assigned as erythro which would be 
derived from the ring opening of trans-lb (oil, n26n: 
1.5505). Consequently the solid lb (m.p. 112-113°) 
is the cis isomer. The resistance to ring opening of the 
m-epoxyamide lb in acid media was also observed for 
other c/s-epoxyamides and this interesting finding is 
under further investigation.

Since trans-IV did not undergo epimerization upon 
treatment with base, alkaline epimerization of the cis- 
epoxide was undertaken. Each of the isomeric N,N- 
diallyl 3-phenylglyeidamides was dissolved in ¿-butyl 
alcohol in the presence of catalytic amount of potassium 
¿-butoxide. The results of these experiments, as 
shown in Table V, indicated that the sterically favored 
trans-epoxide does not undergo epimerization whereas 
the m-epoxide epimerizes to the trans isomer to the 
extent of 31.8% (calculated from n.m.r. spectrum). 
Furthermore the extent of epimerization does not change 
upon further heating. To indicate that epimerization



J u n e , 1963 C h l o r o a c e t a m id e s  w it h  A r o m a t ic  A l d e h y d e s 1517

T a b l e  V
EPIMERIZATION OF CIS- AND ÎranS-N ,N-DlALLYL-3-PHENYLGLYCID-

a m id b  i n  P r e s e n c e  o f  P o t a s s iu m  ¿-B u t o x id e “

A fter standing a t 
room tem perature

for 6 days A fter 2 hr. a t  CO'0 A fter 2 5 -hr. a t  60°
t r a n s c i s t r a n s CIS t r a n s c i s

trans 100 0 100 0 100 0
c i s  0 100 32 68 32 08
c i s b 100

a Yields were calculated from n.m.r. spectrum. 6 Without
potassium ¿-butoxide.

did not result from heat alone, the cis isomer was re
covered unchanged after fifteen hours at 60°.

In general the Darzens condensation should give di- 
astereoisomeric halohydrin intermediates in essentially 
equal quantities. The ratios and stereochemistry of 
the epoxides derived from these halohydrins are deter
mined by epimerizatian of the chlorohydrin anions 
and/or epoxides, or, as reported in one instance, the re
versibility of the aldolization step.11

Since our epimerization conditions were more drastic 
than those in the Darzens condensation and the trans
epoxides did not isomerize to the cis, the formation of 
cis- and frans-epoxyamides in the Darzens condensation 
undoubtedly arise from ring closure of the diastereoiso- 
meric chlorohydrins Xa and Xb.

OH. A c O N R 2' OH. /^>H
RCHO — > 0 —0 + C -- c z

H / /  ^C I ^C l
+ R R

O Xa Xb

C1CH2-C -N R (

H

0 0
A A

.c - c . n—C .
7  V H

H^y ^ conr;
R CONR2' R H

cis—I ¿runs-11

The epimerization of the chlorohydrins (leading to 
only one epoxide) would be controlled by the acidity 
of the a-hydrogen atom. Since the a-hydrogen of an 
amide is less acidic than the a-hydrogen of an ester19 
and probably also of a ketone, epimerization of the 
chlorohydrin Xa to the less sterically hindered Xb via 
base-catalyzed enolization did not occur. Conse
quently both cis- and frans-epoxyamides were produced 
from the cyclization of Xa and Xb despite the fact that 
the formation of the cis isomer was derived from the 
unfavored conformer Xa. In the condensation of aro
matic aldehydes with ethyl chloroacetate,3 phenacyl 
chloride,9e chloroacetone,4 and 2,4,6-trimethoxyphenacyl 
chloride,1011 the diastereoisomeric chlorohydrins XIa 
and Xlb were presumably formed. However, due to 
the greater acidity of their a-hydrogens as compared to 
Xa and Xb, epimerization of the chlorohydrin to the

' COR'
OH. /> H

Cl
R

Xlb

H
OH. />COR' 

/ C - C ^  
n  j  ^ c i  

R
XIa

(19) A. J . Speziale and C. C. Tung, J .  O r g .  C h e m . ,  28, 1353 (1963).

less sterically hindered conformer Xlb took place and 
hence the trans isomer was the sole or major product.

In contrast to the reversible aldolization-dealdoliza- 
tion prequilibrium reported by Zimmerman and Ahram- 
jiam,11 the formation of the aldolization products Xa 
and Xb (from a-chloroacetamides and aromatic alde
hydes) must be the rate controlling step followed by a 
rapid cyclization to the isomeric epoxides. The free 
energy of aldolization AFa and AFb (to form Xa and 
Xb) must be greater than their respective free energies 
of cyclization AFa' and AFb'.

O

c ic h 2—h —n r '2

The n.m.r. spectra for cis- and ¿raras-epoxyamides 
were analyzed in detail (Tables III and IV). The 
coupling constant for a-(3 hydrogen (JHoH/3) in the cis- 
epoxyamides is 5.0 c.p.s. and for the trans isomer 
(JHaiiP 2.0 c.p.s. These are in agreement with pub
lished data16 for simple epoxides. The n.m.r. spectra 
for the cis isomers showed two nonequivalent methyl 
and methylene groups with a difference of chemical 
shift ranging from 16.2-21.6 c.p.s. for methyl and 9.6-
19.2 c.p.s. for the methylene group. The nonequiv
alency of the ethyl groups is clearly due to the re
stricted rotation about the CN bond at room tempera
ture.20 Consequently their environments, particularly 
with regard to the 3-aryl group, are different. Although 
rotation about CN bond is still restricted in the cprre- 
sponding trans isomer, the nonequivalency of these 
groups with respect to the 3-aryl group is reduced due 
to the greater distance. The difference in chemical 
shift is, therefore, diminished. Thus, for the olefinic 
compounds (Table II) the distances between the alkyl 
amido groups and 3-aryl group are sufficiently far 
apart that no difference in chemical shift is observed. 
The assignment of (CH2)i and (CH2)n at higher field 
than (CH2)in and (CH2)iv (for cis- and ¿rans-epoxy- 
amides) is based on the assumption that the average en
vironment of the former is nearer the 3-aryl group. 
Hence the shielding effect of the phenyl ring should be 
greater. The assignment of the a-hydrogen at a 
higher field than that of the 13 is based on previous
n.m.r. spectra of ethyl a-bromocinnamate and ethyl 
cinnamate.19 In these two compounds the a-hydrogen 
is at higher field than the ¡3.

The reliability  of n.m .r. spectra in q u an tita tiv e  de
te rm ination  of CTS-frans-epoxyamides is dem onstrated  
as follows. An au then tic  m ixture of 49.1% of cis-la

(20) T he n.m .r. spectra  of cis-Ia a t  85° exhibited only one trip le t for 
two m ethyl groups and one q u a rte t for tw o m ethylene groups.
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and 50.9% of trans-la, showed 51% of cfs-Ia and 49% of 
trans-la, respectively, by measuring the area of one doub
let, J h„h  ̂ =  5.0 c.p.s. (Hp) for cfs-Ia and another 
doublet, J h„H0 = 2.0 c.p.s. (1%) for trans-la. Also, 
the cis-trans mixture of la  before chromatographic 
separation from Darzens condensation (m.p. 43-47°) 
was found to consist of 50% cis and 50% trans by the 
same method of n.m.r. analysis. The isolated yields 
were 52.7% cis and 47.3% trans (actual yield is 35.4% 
cis and 31.8% trans). Thus, n.m.r. spectra serve as a 
very convenient means to determine the per cent of 
cis- and irans-epoxyamides from Darzens condensation 
without involving the tedious process of separation. 
For example, reaction of 0.20 mole each of o-methyl- 
benzaldehyde, N,N-d icthy 1-«-ch 1 oroacetamide under 
Darzens conditions gave 31.6 g. of distilled liquid, b.p.
140-145°, (0.72 mm.), and 6.5 g. of liquid boiling at 145- 
149° (0.72 mm). Both products gave correct elemental 
analysis for the desired epoxyamide. However, n.m.r. 
spectrum of the oil, b.p. 145-149° (0.72 mm.), indicated 
only one pair of doublets with a coupling constant of
2.0 c.p.s. for the irans-epoxyamide whereas the spec
trum of the oil, b.p. 140-145° (0.72 mm.), revealed two 
pairs of doublets with coupling constants of 5.0 c.p.s. 
(cis) for one pair and 2.0 c.p.s. (trans) for the other. 
The area of the doublet with a coupling constant 5.0 
c.p.s. (cis) and that of the other doublet with a coupling 
constant 2.0 c.p.s. (trans) was found to be 53.7% and 
46.3%, respectively. Thus, we concluded that the 
products from Darzens condensation contain 55.5% of 
trans- and 44.5% of cfs-epoxyamide in a total yield of 
82.0%. Similarly, the 3,4-dichlorobenzaldehyde and 
N,N-diethyl-a-chloroacetamide gave a product which 
distilled at 170-180° (0.2 mm.) in 69.2% yield. It 
gave correct elemental analysis for the desired epoxy 
amide and from its n.m.r. spectrum, the product con
sisted of 50-50 cis- and ¿rans-epoxyamide, respectively.

The infrared data for cis- and ¿rans-epoxyamides are 
shown in Table Y. These have characteristic bands 
attributable to the epoxy group in the 8-, 11-, and 12-/j . 

region.1 In general, the cis isomers showed absorption 
at 12-ju region whereas this band was absent in the cor
responding trans isomer. The n.m.r. data, therefore, 
serves to corroborate the diagnostic importance of the
12-ju band for the cis isomer and its absence for the 
trans isomer.

Experimental
eis-fr<ms-N,N-Diethyl 3-phenylglycidamide (la).—A solution of 

potassium f-butoxide (16 g., 0.41 g.-atom of potassium and 400
ml. of ¿-butyl alcohol, dried by distilling from sodium) was added 
to a mixture of 42.4 g. (0.40 mole) of benzaldehyde and 59.8 g. 
(0.40 mole) of N,N-diethyl-<*-chloroacetamide under an atmos
phere of nitrogen at 5-10° during 1.5 hr. The mixture was 
stirred at 10° for 1 hr. and the alcohol was removed at 50° (40
mm. ). The residue was treated with 300 ml. of ether and suffi
cient water to dissolve the potassium chloride. (Potentiometric 
titration: 0.40 mole Cl- .) The ether layer was removed, 
washed with saturated sodium chloride solution, dried with 
magnesium sulfate, and evaporated to dryness. The crude vis
cous oil (87.1 g., 99.5% yield) was treated with 150 ml. of ether 
and 300 ml. of hexane and cooled to 0-5°. The white crystals 
were filtered, wt. 77 g.; 88.4% yield, m.p. 43-47°. Ten grams 
of this material was fractionally crystallized from hexane. The 
less soluble fractions (3.6 g., 31.8% yield) melted at 88.8-90°, 
was identified as the trans isomer and the more soluble fractions 
(4.0 g., 35.4 yield) melted at 52.4-53°, was identified as cis 
isomer.

Anal. Calcd. for CI3H„N02: C, 71.20; H, 7.82; N, 6.39. 
Found (trans): C, 71.27; H, 7.77; N, 6.52. Found (cis): 
C, 71.27; H, 7.92; N, 6.32.

cis-trans-N,N-Diethyl-3-(2,6-dichlorophenyl)glycidamide (lb). 
—This glycidamide was prepared from a solution of 35.0 g. 
(0.20 mole) of 2,6-dichlorobenzaldehyde (Chemical Procurement 
Laboratories, Inc., College Point, N. Y.), 29.9 g. (0.20 mole) 
of the chloroacetamide in 100 ml. of ether and 0.20 mole of 
potassium ¿-butoxide in 250 ml. of ¿-butyl alcohol as described 
before. The crude epoxyamide, 57.8 g. (theory, w 25d  1.5505) 
was distilled at 165-175° (0.15 mm.); 36.5 g. (63.4%, yield, 
nP d 1.5536).

Anal. Calcd. for CI3HI6C12N 02: N, 4.86; Cl, 24.60. Found: 
N, 4.89; Cl, 25.08.

Seven and two-tenths grams of this distilled epoxyamide was 
chromatographed on alumina. The first six fractions on elution 
with benzene-hexane mixture afforded 4.0 g. (35.5% yield) of an 
oil (trans) ra25d 1.5505. Further elution with benzene afforded
3.0 g. (26.0% yield) of solid (cis) m.p. 112-113° after recrystal
lization from hexane.

Anal. Calcd. for C,3H16C12N0 2: C, 54.18; H, 5.25; N, 
4.86; Cl, 24.61. Found (cis solid): C, 53.72; H, 5.28; N, 4.96; 
Cl, 24.82. Found (trans oil): C, 54.16; H, 5.51; N,
5.03; Cl, 24.57.

cis-trans-N,N-Diethyl-3-(2,4-dichlorophenyl)glycidamide (Ic).
—The glycidamide was prepared from a solution of 35.0 g. (0.20 
mole) of 2,4-dichlorobenzaldehyde, 29.9 g. (0.20 mole) of 
the chloroacetamide in 100 ml. of ether and 0.20 mole of potas
sium ¿-butoxide in 250 ml. of ¿-butyl alcohol as described in 
the previous experiment. The crude epoxyamide was obtained 
in 99.4% yield. Upon recrystallization from hexane it gave a 
colorless solid (cis), m.p. 98-100°, wt. 12.3 g. (21.4% yield). 
The solvent was removed under vacuum and the residue was 
distilled to obtain the trans isomer, b.p. 142-147° (0.12 mm.),
13.8 g. (23.9% yield).

Anal. Calcd. for C,3H16C12N 02: C, 54.18; H, 5.25; N, 
4.86; Cl, 24.61. Found (cis): C, 53.94; H, 5.24; N, 4.80; 
Cl, 24.50. Found (trans): C, 54.55; H, 5.05; N, 5.14; Cl, 
24.63.

«'«-¿rans-N,N-Diethyl-3-(m-nitrophenyl)glycidamide (Id).— 
From 22.5 g. (0.15 mole) of m-nitrobenzaldehyde, 22.5 g. (0.15 
mole) of chloroacetamide in 200 ml. of ether, and 0.15 mole of po
tassium ¿-butoxide in 150 ml. of ¿-butyl alcohol, there was obtained
27.9 g. of crude glycidamide. Recrystallization from methanol 
gave 7.9 g. of colorless solid, m.p. 122.4-123°. On further 
evaporation of the mother liquor, an additional 5.8 g. of same ma
terial was obtained. Total weight of solid was 13.7 g. (trans), 
34.5% yield. The filtrate was evaporated to dryness and chro
matographed and eluted with 20-80% chloroform-ether solvent,
14.6 g. of an oil (cis), 36.7% yield, n2Ed 1.5452, was obtained.

Anal. Calcd. for C^HieNaOu C, 59.10; H, 6.05; N, 10.58. 
Found (cis): C, 59.05; H, 6.22; N, 10.89. Found (trans): 
C, 58.88; H, 6.04; N, 10.24.

CTSf-frares-N,N-Diallyl-3-phenylglycidamide (Ie).—The Darzens 
condensation was carried out as described for the diethyl analog 
(la). The crude epoxy amide was recrystallized from ether- 
hexane mixture. There was obtained 31.6 g. (43.0% yield) 
of solid, cis, m.p. 86-87° and 41.2 g. (56.4%) of oil, trans, w25d 
1.5376-1.5428, from concentration of the mother liquors. The 
solid, recrystallized from ethyl acetate-hexane, melted at 88.6-  
90°. The oil was distilled, b.p. 147-150° (0.2 mm.), n^D 
1.5448; 31.2 g., (43% yield).

Anal. Calcd. for Ci5HnN0 2: C, 74.05; H, 7.05; N, 5.79 
Found (trans, oil): C, 74.66; H, 7.55; N, 6.20. Found 
(cis, solid): C, 74.51; H, 7.33; N, 5.97.

cis-trans-N, N-Diethyl-3-o-tolyl-glycidamide.—The Darzens 
condensation from 0.20 mole of o-methylbenzaldehyde and N,N- 
diethyl-a-chloroacetamide as described for la  gave 46.1 g. 
(98.7% yield) of crude product. Distillation gave the following 
two fractions; b.p. 140-145° (0.72 mm.), wt. 31.6 g. (con
tains 53.7% cis and 46.3% trans from n.m.r. spectrum), b.p. 
145-149° (0.72 mm.), wt. 6.5 g. (pure trans from n.m.r. spec
trum). Total yield was 82.0% with 44.5% cis and 55.5% trans 
isomer.

Anal. Calcd. for C,4HI9N02: C, 72.20; H, 8.21; N, 6.00. 
Found (trans): C, 71.95; H, 8.09; N, 6.24. Found (cis 
trans): C, 71.98; H, 8.26; N, 6.09.

cis-irans-N,N-Diethyl-3(3,4-dichlorophenyl)glycidamide.— 
Treatment of 0.20 mole of 2,4-dichlorobenzaldehyde with N,N- 
diethyl-a-chloroacetamide under Darzens conditions afforded
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Table VI
I nfrared Spectra" of cis- and irans-N,N-DiALKyr,GLYCiDAMiDES

R
Vc CH

0

A -NR':

H

R R' Isomer C=0
c 6h 5 c h 2c h 3 cis 6.00 (s)

c 6h s CH2CHs trans 6.00 (s)

2,6-Cl2C6H3 c h 2c h 3 cis 6.02 (s)

2,6-Cl2C6H3 CHoCHd trans 6.06 (s)

2,4-Cl2C6H3 c h 2c h 3 cis 6.05 (s)

2,4-Cl2C6H3 c h 2c h 3 trans 6.05 (s)

to-N02C6H, c h 2c h 3 cis 6.10 (s)

m-N02C6H4 CH2CH3 trans 6.12 (s)

c 6h 5 CH2CH=CH2 cis 5.96 (s)

c6h 5 c h 2c h = c h 2 trans 6.00 (s)

o-CH3C6H4 c h 2c h 3 trans 6.05 (s)

---------- Absorption wave length (/*)■
—--------- Epoxide-------------------------- -

8.0-/, 11.0 - n 12.0-/,
region region region O ther region

7.92(g); 10.94 (s); 12.03 (m) 6.75 (s); 6.83 (s);
8.19 (m) 11.10 (m) 8.72 (m); 9.09 (m); 

9.71 (w); 10.50 (w); 
10.71 (w)

7.93 (s); 10.95 (w); 6.73 (s); 6.82 (s);
8.20 (m) 11.13 (m) 8.75 (s); 9.11 (m);

9.75 (w); 10.50 (w); 
11.65 (w)

7.95 (m) 10.85 (m); 
11.10 (w); 
11.20 (w)

11.90 (m) 3.37 (m); 6,40 (m); 
6.82 (m); 6.97 (s); 
7.25 (m); 7.67 (w); 
8.75 (m); 9.17 (m); 

10.50 (w)
7.95 (m) 11.00 (m); 

11.55 (w)
3.40 (m); 6.40 (m); 
6.98 (s); 8.75 (m); 
9.15 (m); 10.55 (w)

7.92 10.86 (m); 11.89 (s); 3.36 (s); 6.76 (s);
11.00 (m) 12.20 (m) 6.83 (s); 10.50 (m) 

11.54 (m)
7.90 (m) 11.00 (m); 

11.40 (m)
3.32 (m); 6.81 (s); 
7.20 (m); 8.70 (m); 
9.05 (m); 10.50 (w)

7.90 (m); 10.99 (m); 12.00 (m); 3.35 (m); 6.60 (s);
8.21 (m) 11.40 (m) 12.30 (m) 7.40 (s); 8.71 (m); 

9.10 (m); 9.25 (m); 
10.45 (m); 13.20 (s); 
13.50 (s)

7.90 (m); 10.99 (w); 3.40 (s); 6.60 (s);
8.25 (m) 11.35 (m); 

11.75 (m)
7.40 (s); 8.70 (m); 
9.10 (m); 9.25 (m); 

10.45 (m); 12.75 (m) 
13.65 (m)

7.80 (m); 10.80 (s); 3.25 (w); 3.35 (w);
8.18 (s) 10.91 (m) 3.43 (w); 6.95 (s); 

7.04 (s); 8.38 (m); 
9.01 (w); 10.07 (s)

7.80 (m); 10.80 (s) 11.96 (w); 3.25 (w); 3.35 (w);
8.15 (s) 12.28 (w) 3.43 (w); 7.08 (s); 

8.87 (m); 10.07 (m)
7.93 (s) 11.11 (m) 3.36 (s): 6.73 (s);

6.82 (s)
° All spectra in 3% chloroform.

39.7 g. (69.2% yield), 1.5538, of cfs-iraras-epoxyamide, b.p. 
170-180° (0.2 mm.). Attempts at purification by crystal
lization from solvents were unsuccessful. Its composition, by
n.m.r. was shown to be a mixture of equal amounts of cis and 
trans isomers.

Anal. Calcd. for C13H16C12N 02: C, 54.18; H, 5.24; N, 
4.86; Cl, 24.60. Found: C, 54.18; H, 5.52; N, 4.84; Cl,
24.60.

iraws-N,N-Diethyl-3-phenylglycidamide (la) (Authentic),
(a) From en/i/iro-N,N-Diethyl-«-bromo-ii-phenyl-/3-hydroxypro- 
pioamide (Ilia).—To a stirred solution containing 32.0 g. (0.20 
mole) of bromine in 250 ml. of 9% sulfuric acid at 0° was added 
dropwise a solution of 33.0 g. (0.20 mole) of silver nitrate in 80 
ml. of water until the solution was just decolorized. To the 
above stirred solution at 0°, 20.3 g. (0.10 mole) of ¿raw.s-N,N- 
diethylcinnamide ( lia )19 in 500 ml. of dioxane was added drop- 
wise over a period of 1.5 hr. The reaction mixture was allowed 
to warm to room temperature and heated at 50° for 10 min. 
The reaction mixture was filtered to remove silver bromide (40.8 
g., theory) and the filtrate was poured into 2 1. of water. The

product was extracted with ether, washed with cold water and 
dried over anhydrous magnesium sulfate. The solvent was 
evaporated to dryness to give 30.1 g. (50.0% yield) of oil which 
solidified on cooling. An analytical sample crystallized from 
hexane-benzene and recrystallized from cyclohexane gave color
less solid (Ilia), m.p. 137.2-138°.

Anal. Calcd. for Ci3H]8BrN02: C, 52.10; H, 6.04; Br, 
26.65; N, 4.67. Found: C, 52.18; H, 6.12; Br, 27.00; N,
4.69.

A mixture of 3.47 g. (0.0115 mole) of I lia  and 9.10 g. (0.0865 
mole) of sodium carbonate in 80 ml. of water was heated to reflux 
for 1 hr. After cooling the reaction mixture to room tempera
ture, the oily product was extracted with two 100-ml. portions 
of ether, w ashed with water and dried over anhydrous magnesium 
sulfate. The ether was removed in vacuo, there was obtained
2.33 g. (92.5% yield) of colorless oil, which solidified on stand
ing. This solid has identical n.m.r. (Table IV) and infrared 
spectrum (Table VI) with the high melting solid la  obtained from 
Darzens condensation. Mixture melting point showed no de
pression.
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(b) From Ethyl irons-3-Phenylglycidate (IV).—To a solution 
of sodium ethoxide in ethanol at 0-5° (3.1 g., 0.1355 g.-atom of 
sodium and 70 ml. of absolute ethanol), there was added 25.6 g. 
(0.1355 mole) of ethyl ¿rans-3-phenylglycidate (IV)21 in 0.5 hr. 
The clear yellow solution was treated drop wise at 0-5° with 2.17 g. 
(0.1355 mole) of water. The sodium salt precipitated immedi
ately. The mixture was filtered after stirring 0.5 hr. and then 
dried at 100° to obtain 20.8 g., (83% yield) of sodium trans-3- 
phenylglyeidate2“ (V). A small amount was recrystallized from 
ethanol and the samples did not differ in their infrared spectra: 
6.15 y  (carbonyl) and 8.00, 11.24, 12.17 y  (epoxide).

A suspension of 20.8 g. (0.112 mole) of sodium ¿rarcs-3-phenyl- 
glycidate (V) in 100 ml. of dry benzene and 5 drops of pyridine 
was cooled to 0-5° and treated with 18.9 g. (0.15 mole) of 
oxalyl chloride in 50 ml. of benzene during the course of 1 hr. 
The mixture was stirred for 0.5 hr. at 0-5° and the benzene 
removed in vacuo below 15°. Afresh 100 ml. of dry benzene was 
added and then distilled in vacuo below 15°. The crude epoxy 
acid chloride was dissolved in ether, cooled to —25 to —30°, and 
treated with 16.4 g. (0.224 mole) of diethylamine in 50 ml. of 
ether during 0.75 hr. The mixture was stirred for 1 hr. at —20°, 
allowed to warm to —10°, and treated with 20 ml. of water. 
The ether layer was removed immediately and, while drying 
with magnesium sulfate, the solvent was removed in vacuo 
below 0°. Fresh ether was added and again removed in vacuo 
to dryness at 0°. The crude epoxyamide was recrystallized 
from hexane; wt. 13.6 g., m.p. 84-87°. A mixture melting 
point with the ¿rons-epoxyamide (m.p. 88.0-88.4°) isolated from 
the Darzens condensation was not depressed and the two spectra 
were superimposable.

Hexane other liquor was concentrated to dryness in vacuo. 
The oil (6.2 g.) was chromatographed on alumina. There was 
isolated 1.6 g. of the ¿rares-epoxyamide (total yield: 15.2 g.,
62%), several other fractions which showed OH and COOH 
absorption in the infrared and 1.9 g. of oil (last fraction) which 
showed weak OH band and may have contained a small amount 
of the «'s-epoxyamide by infrared analysis.

Anal. Calcd. for C13H17N02: C, 71.20; H, 7.82; N, 6.39. 
Found: ; (84-87°) C, 70.91; H, 8.11; N, 6.43.

¿rans-N,N-Diethyl-3-(2,6-dichlorophenyl)glycidamide (lb) 
(Authentic), (a) Fromerpffo-o-N,N-Diethyl-a-bromo-d-(2,6-di- 
chlorophenyl)-°-hydroxypropioamide (IHb).—The procedure for 
the preparation of I lia  afforded a crude product in 90.8% yield 
which was recrystallized from hexane-benzene to give 12.0 g. 
(65.3% yield) of colorless solid, m.p. 156-157°.

Anal. Calcd. for C13H,6Br C12N02: C, 42.30; H, 4.37; Br, 
21.69; Cl, 19.20; N, 3.79. Found: C, 42.50; H, 4.32; Br, 
21.17; Cl, 18.97; N, 3.77.

The same procedure for the treatment of I lia  with base was 
employed. From 3.0 g. (0.00814 mole) of IHb and 6.4 g. (0.061 
mole) of sodium carbonate in 70 ml. of water, there wras obtained 
2.22 g. (94.8% yield), n26D 1.5478 of crude ¿raras-Ib. The crude 
product was chromatographed on alumina and eluted with ben
zene-chloroform to give 2.2 g. (94.0% yield) of trans-lb, ra26o 
1 5455.

'Anal. Calcd. for C13HISC12N 02: C, 54.18; H, 5.25; N, 
4 .86; Cl, 24.61. Found: C, 54.25; H, 5.21; N, 5.00; Cl,
24.93.

This ¿rans-Ib has identical n.m.r. spectrum (Table IV) and 
infrared spectrum (Table VI) with the liquid, m25d  1.5505, ob
tained from Darzens condensation.

¿/ireo-N,N-Diethyl-2,3-dihydroxy-3-phenylpropionamide (Vila). 
—The procedure employed by Boeseken17 was followed. A solu
tion of 20.3 g. (0.1 mole) of ¿rans-N,N-diethylcinnamide (Ha) 
m.p. 71-72°, in 1 1. of ethanol was cooled to —40°. A solution 
of 18.0 g. (0.12 mole) of potassium permanganate and 20.0 g. 
(0 .08-mole) of magnesium sulfate heptahydrate in 600 ml. of 
watei;was then added at —40° in 5 hr. The cooling bath was 
remdved and the reaction mixture allowed to stir to room tem
perature. I t was filtered and evaporated to one-third its original 
volume and then extracted with ether. Evaporation of the ether 
left 15.5 g. (65.4% yield) of oil. The infrared spectrum and 
analysis indicated this material to be a mixture of unreacted 
amide and diol. The oil was chromatographed on alumina. 
Elutioii with benzene afforded 5.4 g. (26.5% recovery) of starting 
amide, m.p. 71-72°. Elution with 95 and 80% ethanol gave 5.8

(21) Sample was prepared according to  the  m ethod of W. S. Johnson,
J . S. Bélew, L. J . Chinn, and R. H . H unt, J .  A m .  C h e m - S o c . ,  75, 4995
(1953). F o r assignm ent of configuration, see ref. 16.

g. of oil (24.5% yield; 33% conv.) re25D 1.5320-1.5305. Several 
recrystallizations of the oil from hexane afforded a white solid 
(4.4 g.) m.p. 72°. I t depressed the melting point of starting 
cinnam amide.

Anal. Calcd. for CISH19N03: C, 65.80; H, 8.07; N, 5.90; 
OH, 14.33. Found: C, 65.94; H, 7.41; N, 6.15; OH, 14.52. 
Infrared spectrum showed absorption at 2.80, 2.90 and 9.45 y  

(hydroxy) and at 6.15 y  (amide).
threo-HI, N-Diethyl 3-( 2,6-dichlorophenyl )-2,3-dihy droxypro- 

pionamide (Vllb).—A solution of 13.6 g. (0.05 mole) of trans- 
N,N-diethyl-2,6-dichlorophenylcinnamide (lib) in 500 ml. of 
ethanol was cooled to —40° and treated with a solution of 9.0 g. 
(0.06 mole) of potassium permanganate and 10.0 g. (0.04 mole) 
of magnesium sulfate heptahydrate during 5 hr. The mixture 
was allowed to warm to room temperature, filtered, and the 
filtrate reduced in volume and extracted with ether. The ether 
solution was evaporated to dryness to give 12.3 g. (80.4% 
yield) of crude solid. This was recrystallized from benzene- 
hexane to give the threo-diol, wt. 5.5 g. (36% yield) m.p. 112- 
113°. Recrystallization from hexane afforded pure diol amide, 
m.p. 113-114°. A mixture melting point with authentic cis- 
epoxy amide (m.p. 112-113°) was depressed. Infrared spec
trum showed absorption at 2.84, 2.95 and 9.23 y  (OH) and 6.10 y  

(amide). Bands at 11.77 and 12.23 y  characteristic for the 
epoxy amide were absent.

Anal. Calcd. for Ci3HnCl2N03: C, 50.99; H, 5.60; Cl, 
23.16; N, 4.58; OH, 11.10. Found: C, 50.71; H, 5.67; 
Cl, 23.51; N, 4.66; OH, 11.47. The benzene-hexane mother 
liquors after removal of the threo-dio\ were evaporated to dryness 
to give 5.1 g. of unidentified oil, n26n 1.5674. No OH absorption 
was present in its infrared spectrum.

erythro-N, N-Diethyl-2,3-dihydro-3-phenyIpropionamide (VIII). 
—A solution of 5.0 g. (0.023 mole) of high melting isomer of N,N- 
diethyl-3-phenylglycidamide (m.p. 87-88°) in 50 ml. of acetone 
and 100 ml. of 30% sulfuric acid was heated at 40-45° for 2 hr. 
I t  was poured into water, extracted with ether and the ether 
solution dried and evaporated. There remained 4.0 g., 74% 
yield, of oil; n22 *d 1.5320. This was chromatographed on alu
mina and eluted with ethanol-ether mixture. The eluent 
afforded a solid which was recrystallized from hexane, m.p. 
58-59°.

Anal. Calcd. for C13H19N 03: C, 65.80; H, 8.07; N, 5.90; 
OH, 14.33. Found: C, 65.72; H, 7.88: N, 6.43; OH, 14.13.

Infrared spectrum showed absorptions identical with that of 
threo isomer Vila.

en/ifcro-N,N-Diethyl-3-(2,6-dichlorophenyl)-2,3-dihydro xy- 
propionamide (IX).—A solution of 9.0 g. (0.315 mole) of cis-trans- 
N,N-diethyl-3-(2,6-dichlorophenyl)glycidamide (lb) ( n 25D 1.5536) 
in 75 ml. of acetone, 75 ml. of water and 15 ml. of concentrated 
sulfuric acid was heated at 45-50° for 28 hr. and allowed to stand 
at room temperature for 3 days. The acetone was removed and 
the mixture extracted with ether, washed with bicarbonate, dried, 
and evaporated. There remained an oil, wt. 8.1 g. (90% yield) 
n 22D  1.5542. It was chromatographed on alumina and eluted 
with benzene and ethanol-hexane mixture. The benzene elu
ents afforded unchanged ««-epoxyamide, m.p. 112-113°; 3.4 
g. (38% recovery). The ethanol-hexane eluent afforded 3.0 g. 
(34.5%) of the diol, m.p. 146-147°. Its melting point was 
was raised to 148-149° after recrystallization from hexane.

Anal-. Calcd. for Ci3Hi7CI2N 03: C, 50.99; H, 5.60; Cl, 23.16; 
N, 4.58; OH, 11.10. Found: C, 51.38; H, 5.99; Cl, 23.26; 
N, 4.59; OH, 11.00. Infrared spectrum showed absorptions at 
2.95 y  (hydroxy) and 6.12 y  (amide).

Attempted Epimerization of ¿rans-N,N-Diallyl-3-phenylglycid- 
amide with Potassium ¿-Butoxide in ¿-Butyl Alcohol.—A solution 
of 18.4 g. of ¿rans-epoxyamide, 0.2 g. of potassium ¿-butoxide in 
55 ml. of ¿-butyl alcohol was allowed to stand at room tempera
ture for 6 days and followed by heating at 60° for 2 hr. The 
solvent was evaporated to dryness in vacuo to give an oil which 
was pure unchanged ¿rans-epoxyamide by n.m.r. The sample 
remained unchanged after it was redissolved in 55 ml. of ¿-butyl 
alcohol and heated at 60° for 13 hr.

Epimerization of m-N,N-Diallyl-3-phenylglycidamide. (a) 
Potassium ¿-Butoxide in ¿-Butyl Alcohol.—A solution of 9.2 g. 
of «'s-epoxyamide, 0.1 g. of potassium ¿-butoxide in 185 ml. of 
¿-butyl alcohol was treated as described previously. The results 
are tabulated in Table V.

(b) In the Absence of Potassium ¿-Butoxide.—A solution of
1.5 g. of «s-epoxyamide in 50 ml. of ¿-butyl alcohol was heated at 
60° for 15 hr. After removal of the solvent, 1.5 g. of «e-epoxy
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amide, m.p. 88.6-90° was recovered. Its n.m.r. spectrum was 
identical to the starting cis isomer.

irans-N, N -Diethyl-2,6-dichlorophenylcinnamide (lib).—A 
solution containing 16.5 g. (0.076 mole) of 2,6-dichlorocinnamic 
acid22 (m.p. 193.7-194.2°) and 18.0 g. (0.152 mole) of thionyl 
chloride in 100 ml. of benzene was heated to reflux for 1 hr. 
The solvent was evaporated to dryness to give a colorless solid, 
m.p. 68-69°. The yield was 17.2 g. (96.3% yield). One 
recrystallization from hexane crystals, m.p. 69.2-70.1°.

Anal. Calcd. for CJhCljO: Cl, 42.25. Found: Cl, 42.68.
To a stirred solution of 16.0 g. (0.068 mole) of 2,6-dichloro- 

cinnamoyl chloride in 120 ml. of ether was added 12.5 g. (0.17 
mole) of diethylamine over a period of 10 min. Stirring at room 
temperature was continued for 1 hr. The diethylamine hydro
chloride salt (7.8 g., theory) was removed and the filtrate 
was evaporated in vacuo to dryness to yield 17.8 g. of light brown 
viscous oil. The distilled product, b.p. 170-171° (0.5 mm.), 
n®D 1.5791, was obtained in 15.2 g. (82.2% yield). The com
pound was identified as trans from n.m.r. spectrum (Table II).

Anal. Calcd. for C13H15CI2NO: Cl, 26.05; N, 5.15. Found: 
Cl, 26.02; N, 4.64.

Attempted Epoxidation of trans-Ha. with Monoperphthalic 
Acid.—The procedure of Wheeler23 was followed. A solution of

(22) F . Bock, G. Lock and  K . Schm idt, M o n a t s h . ,  64, 399 (1934).

610 ml. of an ether solution containing 0.44 mole of monoper
phthalic acid24 and 14.0 g. (0.07 mole) of ira»s-N,N-diethylcm- 
namamide (Ila) was allowed to stand at 5° for 35 days. Water 
was added to destroy the peracid and the filtered solution was 
evaporated to dryness in vacuo. The residue was extracted with 
chloroform and chloroform extract was washed with aqueous 
sodium bicarbonate solution. After being dried over anhydrous 
magnesium sulfate, solvent was removed to give 12.1 g. (86.5% 
recovery) of starting frans-cinnamamide (Ila), m.p. 70-71°.

Attempted Bromoacetoxylation of trans-Ila with N-Bromo- 
succinimide-Acetic Acid.—The procedure of Jovtscheff13 was 
followed. A solution of 10.0 g. (0.05 mole) of ira»s-N,N- 
diethylcinnamide (Ila) an 18.0 g: (0.10 mole) of N-bromosuccini- 
mide in 500 ml. of glacial acetic acid was stirred at room tem
perature in a dark flask for a period of 1.5 hr. The reaction 
mixture was poured into 500 ml. of water containing 30 g. of 
potassium iodide and the liberated iodine was destroyed by 
aqueous sodium thiosulfate: The mixture after being extracted
with ether, dried over anhydrous magnesium sulfate, evaporated 
to dryness in vacuo gave a dark brown tarry material. Attempts 
to purify this material by crystallization and chromatography 
were unsuccessful.

(23) K . W. Wheeler, M. G. Van C am  pen, J r ., and R. S. Shelton, J .  O r g . 
C h e m . ,  25, 1021 (1960).

(24) H . Bohme, O r g .  S y n . ,  20, 70 (1940).
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The debromination of the dibromides derived from ethyl methacrylate, methyl acrylate, and N,N-diethyl 3,3- 
dimethylacrylamide with triphenylphosphine is reported. However, 2,3-dibromopropionamide with triphenyl
phosphine underwent displacement of the «-bromine atom and dehydrohalogenation to produce the ylid (VI).

In connection with our work on the debromination 
of erythro-Ys, N-di ethyl c i nnarnamide dibromide with 
bases,1 the reaction of amides and esters of a,ft-di- 
bromopropionic acid with triphenylphosphine was 
undertaken. Abramov and Ilyina2 in their investiga
tion of the mechanism of the Arbuzov rearrangement of 
methyl a,/3-dibromopropionate with tributylphosphite, 
reported a small quantity of by-product whose con
stants agreed with those of methyl acrylate. Very re
cently, Dershowitz and Proskauer3 reported the de
bromination of dibromides of cinnamic acid, chalcone 
and fraiis-dibenzoylethylene with one mole equivalent 
of trialkylphosphite. They also stated that diphos
phonates were formed when two mole equivalents of tri
alkylphosphite were employed.

We have found that ethyl methacrylate dibromide 
(la) and methyl acrylate dibromide (lb) with one mole 
equivalent of triphenylphosphine gave theoretical 
yields of triphenylphosphine dibromide and 49.5%
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(1) A. J . Speziale and C. C. Tung, J .  O r g .  C h e m . ,  28, 1323 (1963).
(2) V. S. Abramov and  N. A. Ily ina, J .  G e n .  C h e m , ,  U S S R  (Eng. T rans.), 

26, 2245 (1956).
(3) S. Dershowitz and S. Proskauer, J .  O r g .  C h e m . ,  26, 3595 (1961).

yield of ethyl methacrylate (Ila) and 64.0% yield of 
methyl acrylate (lib), respectively, were obtained.

When two mole equivalents of triphenylphosphine 
were employed, the debromination of Ia,b to IIa,b 
proceeded with the recovery of one mole equivalent of 
the unchanged triphenylphosphine. The elimination 
of bromine can be reasonably explained1 via a favored 
¿raw.s-coplanar transition state IIIa,b in which the 
incipient negative charge on the a-carbon atom can be 
stabilized by resonance with the carbonyl group.
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Dehydrobromination of lb or Sn2 displacement of the 
a or /3-bromine atoms of Ia,b by triphenylphosphine was 
not observed. The elimination of hydrogen bromide 
from lb would involve the unfavored conformer lb '.4

The reaction of N,N-diethyl 3,3-dimethylacrylamide 
dibromide (Ic) with triphenylphosphine was also found 
to give the debrominated product lie. However, reac
tion of acrylamide dibromide IV with two moles of 
triphenylphosphine gave a product C2iH19BrNOP in 
85% yield and triphenylphosphonium bromide in 90% 
yield. The product was water soluble and its aqueous

(4) The difference of 33 kcal./g .-bond between C -B r and C -H  would 
favor C -B r bond breaking.
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solution gave an equivalent of ionic bromide. Two 
paths can be formulated for the reaction of IV with tri- 
phenylphosphine. These involve an Sn2 displacement 
of one of the bromine atoms together with the elimina
tion of hydrogen bromide. Path a would involve the 
displacement of the a-bromine atom by triphenylphos- 
phine with subsequent removal of hydrogen bromide by 
the second mole of phosphine to produce either VI or 
VII. Path b would involve the less likely displace
ment of the /3-bromine atom with the formation of a 
mixture of the cis-trans isomers IX or the bromo ylid 
X. There were no bands attributable to a carbon- 
carbon double bond in the infrared spectrum of the 
product. Further, n.m.r. spectrum6 of the product 
indicated no olefinic protons but showed a clean doublet 
for —CH2— protons resulting from spin-spin coupling 
with phosphorus. Therefore, the Cbjl19BrN0 P com
pound has the ylid structure VI.

Br O O
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t
P(C6H5)3
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4 ( C 6H6)3Bre
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(CeHô) 3P

o 0
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Br O Bre Br Q

(b) BrCH2—CH—C—NH2— > (C6H5)3P—CH2—CH—C—NH2
t
P(C6H5)3 VIII

Bre O Br O
I

(C6h 6)3p —c h = c h —c - n h 2 «- ( c6h 5 )3p = c h —Oh —c—n H:
IX X

The reaction of en/i/wo-N,N-diethyl 3-methylacryl- 
amide dibromide (XI) with two mole equivalents of 
triphenylphosphine gave the phosphonium bromide XII 
as the only identified product. The failure of XII to 
eliminate hydrogen bromide as did V may indicate

(5) Spectra  were m easured a t  60 M c./sec , on  a  modified V arían M ode 
A -60 spectrom eter in dim ethyl sulfoxide solution w ith te tram ethylsilane as 
an  in te rna l reference. Chem ical shifts observed are: for acrylam ide (IV) 
am ide protons (wide band) a t  r  2.6 and  olefinic pro tons (m ultiplet) a t 
r  3 .7-4.5 in  an  in ten sity  ra tio  of 2 :3 ; for VI ring p ro tons (doublet) a t  r  1.8, 
amide p ro tons (wide band) a t  r  2.6 and /3-methylene protons a t  t 6.0 (doublet 
with a coupling constan t of 8.0 c.p.s.) in an in tensity  ratio  of 15 :2 :2 .
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that the a-hydrogen atom in XII is less acidic than that 
of V.

Experimental
Reaction of Ethyl Methacrylate Dibromide (la) with Tri

phenylphosphine.—To a solution of 15.80 g. (0.060 mole) of 
triphenylphosphine in 85 ml. of ether was added 16.44 g. (0.06 
mole) of ethyl methacrylate dibromide. Solid material pre
cipitated immediately and the reaction mixture was heated to 
reflux temperature for 3 hr. The product, distilled at 40-41°, 
68 ml., was found both from infrared analysis and vapor phase 
chromatography to contain 5% of ethyl methacrylate (3.4 g., 
50% yield). The residue 25.2 g. (theory) was identified as 
triphenylphosphine dibromide by infrared analysis and by its 
conversion to triphenylphosphine oxide.

When the reaction was carried out in benzene solution at room 
temperature for 3 hr., same results were obtained.

Reaction of Methyl Acrylate Dibromide (lb) with Triphenyl
phosphine.—The reaction was carried out under conditions de
scribed for la. From 14.75 g. (0.060 mole) of methyl acrylate 
dibromide and 15.80 g. (0.060 mole) of triphenylphosphine was 
obtained 3.3 g. (64.0% yield) of methyl acrylate and 25.1 g. 
(98% yield) of triphenylphosphine dibromide.

Reaction of N,N-Diethyl 3,3-Dimethylacrylamide Dibromide 
(Ic) with Triphenylphosphine.—To a stirred solution of 26.2 g. 
(0.10 mole) of triphenylphosphine in 130 ml. of benzene was 
added 15.75 g. (0.05 mole) of N,N-diethyl l,2-dibromo-2-methyl 
butyramide in 20 ml. of benzene. Solid was precipitated im
mediately and the temperature of reaction rose from 24° to 30°. 
The reaction was heated at reflux temperature for 3 hr. After 
cooling to room temperature, the triphenylphosphine dibromide 
was collected by filtration and dried immediately in vacuo. 
The weight of dried triphenylphosphine dibromide was 20.5 g. 
(97%) and was converted to triphenylphosphine oxide in quanti
tative yield. The benzene filtrate was evaporated to dryness 
and the residue distilled in vacuo to give 6.51 g. (84%) of N,N- 
diethyl 2,2-dimethylacrylamide and 13.07 g. (0.05 mole) of un
changed triphenylphosphine.

When the reaction was carried out at room temperature, the 
same results were obtained.

Reaction of Acrylamide Dibromide (IV) with Triphenylphos- 
phine.—To a stirred solution of 11.6 g. (0.05 mole) of acrylamide 
dibromide in 70 ml. of dioxane at 24° was added dropwise a 
solution of 26.2 g. (0.10 mole) of triphenylphosphine in 80 ml. 
of dioxane over a period of 1 hr. The temperature of the re
action mixture was maintained at 20-25° by external cooling 
and stirring continued for an additional 3 hr. The colorless 
solid was collected by filtration and dried in vacuo. One crystal
lization from chloroform-hexane mixture gave 17.6 g. (85% 
yield) of colorless solid VI, m.p. 241-242°. The compound 
was soluble in water and gave a positive test for ionic bromide.

Anal. Calcd. for C2iH19BrNOP: C, 61.30; H, 4.65; N, 
3.40; P, 7.54; Br, 19.45; mol. wt., 412. Found; C, 60.68; 
H, 4.70; N, 3.31; P, 7.58; Br, 19.48; mol. wt., 424.

The dioxane filtrate was evaporated to dryness to give 18.4 
g. of a viscous light yellow liquid which upon treatment with 
water gave 12.70 g., 90% yield (0.046 mole) of triphenylphos
phine oxide. The formation of the triphenylphosphine oxide 
resulted from the reaction of triphenylphosphine hydrobromide 
with glycolaldehyde which was an impurity in the dioxane used. 
When the dioxane used in this experiment was evaporated to 
dryness, a viscous colorless syrup was obtained which had in
frared absorption at 3550 cm .-1 (—OH) and 1725 cm.“1 (—C = 0 ). 
Treatment of this syrup with alcoholic 2,4-dinitrophenylhydra- 
zine gave the deep yellow glyoxal bis(2,4-dinitrophenylhydra- 
zone), m.p. 285-87°.6

(6) T . Banks, C. Vaughan, and L. M . M arshall, A n a l .  C h e m . ,  27, 1348 
(1955). R eported  m .p. for glyoxal bis(2,4-dinitrophenylhydrazone) is 290- 
300°.
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Reaction of Triphenylphosphine Hydrobromide with Crude 
Dioxane.—A suspension of 10.0 g. (0.0292 mole) of triphenyl
phosphine hydrobromide in 250 ml. of crude dioxane was stirred 
at room temperature for 2 hr. The unchanged triphenylphos
phine hydrobromide (6.1 g.) was removed by filtration and the 
filtrate was evaporated to dryness to give 5.9 g. of viscous liquid. 
The viscous liquid, upon stirring with water, gave 3.01 g. (96% 
yield based on the used triphenylphosphine hydrobromide) of 
triphenylphosphine oxide, m.p. 155-56°.

Reaction of N,N-Diethyl 3-Methylacrylamide Dibromide (XI) 
with Triphenylphosphine.—A solution containing 30.1 g. (0.10 
mole) of XI and 52.4 g. (0.20 mole) of triphenylphosphine in 
470 ml. of anhydrous acetone was stirred at room temperature 
for 12 hr. The solid material, 6.1 g., was collected by filtration.

The filtrate was evaporated under reduced pressure to about 
250 ml. and additional 11.5 g. of solid was collected. The com
bined solid after recrystallization from chloroform-ether gave 
an unidentified colorless solid, m.p. 149-150°, with the following 
analysis: C, 66.30; H, 5.19; P, 9.65; Br, 11.95. This solid, 
upon treatment with water, gave triphenylphosphine oxide. 
The acetone filtrate was evaporated to dryness and the residue 
recrystallized from acetone-ether. There was obtained 27.6 
g. of a colorless solid, m.p. 97-98°. The elemental analysis 
indicated the compound to be the monohydrate of XII. The 
yield was 47%.

Anal. Calcd. for Cze^B^NChP-HjO: C, 53.70; H, 5.50; 
N, 2.41; Br, 27.50; P, 5.34; mol. wt., 581. Found: C, 53.58; 
H, 5.45; N, 2.42; Br, 27.05; P, 5.29; mol. wt., 606.

T h e P rep aration  o f  14,8,21-Epoxy Steroids

M ilton Heller, Francis J. M cE voy, and Seymour Bernstein

Organic Chemical Research Section, Lederle Laboratories, 
a Division of American Cyanamid Com-pany, Pearl River, New York

Received January 18, 1963

The 14ft21-epoxy steroidal moiety has been synthesized by a basic displacement cyclization reaction of a 
C-20-methoxyimino derivative of a 14fthydroxy-21-methanesulfonyloxy-20-ketopregnane. Mineral acid 
hydrolysis removed the C-20 protective grouping to provide the desired 14ft21-epoxy-20-ketopregnane. 14/3,21- 
Epoxy-14ftpregn-4-ene-3,20-dione has been prepared by a multi-stage synthesis from digitoxigenin acetate.

This laboratory1 has been concerned for some time in 
the preparation of epoxy steroids, more particularly in 
the ether formed by attachment of the C-21 hydroxy
methyl grouping to the various positions on the steroid 
D ring. In this connection we became interested in the 
suggestion of Tschesche and Buschauer2 that a 148,21- 
epoxy moiety constituted a part of the structure of 
diginigenin.3 This paper describes a synthetic pathway 
to the 14,3,21-epoxy-20-ketone grouping.

An appropriate starting material for this investigation 
was selected from the cardiac aglycones which contain a 
148-hydroxyl group. Accordingly, digitoxigenin ace
tate was ozonized by the procedure of Oliveto and co
workers4 5 to give the desired 38-acetoxy-148,21-dihy- 
droxy-148-pregnan-20-one (I). The latter was evi
dently less contaminated with 17-iso compound than 
the preparation described by Meyer and Reichstein.6

Since cyclizing reactions that might be utilized to pre
pare a 148,21-epoxide from I would involve basic con
ditions, it was considered desirable to protect the base 
sensitive ketol grouping in I by preparing a C-20 car
bonyl derivative which would withstand these con
ditions. The first consideration was given to the ethyl
ene ketal grouping because of its well known base sta
bility properties. Since it is also evident that the 148- 
hydroxyl group is quite acid sensitive, various methods 
of ketalization were attempted. While it was possi
ble to produce a 20-ketal by any of several methods, it 
was not possible to maintain the 148-hydroxyl function.

(1) W. S. Allen, S. Bernstein, M. Heller, and  R. L ittell, J .  A m .  C h e m .  

S o c . ,  77, 4784 (1955); W . S. Allen an d  S. B ernstein , i b i d . ,  78, 3223 (1956).
(2) R. Tschesche an d  G. B uschauer, A n n . ,  603, 59 (1957).
(3) C. W. Schoppee, R . Lack, and  A. V. R obertson, J .  C h e m .  S o c . ,  3610 

(1962), have disclosed th a t  th e  s tru c tu re  of diginigenin is 12a,20a-epoxy- 
3/3-hy droxy-14/3,17a-pregn-5-ene-l 1,15-dione.

(4) E . P . Oliveto, L. W eber, C. G. Finekenor, M . M . Pechet, and  E . B. 
Herschberg, J .  A m .  C h e m .  S o c . ,  81, 2831 (1959), have described an  ozonolysis 
procedure which elim inates th e  b icarbonate6 tre a tm e n t of th e  in term ediate  
21-glyoxylic ester.

(5) C. P . B alan t and  M . E hrenste in , J .  O r g .  C h e m . ,  17, 1576 (1952), have 
shown th a t  bicarbonate  hydrolysis inv ites  considerable isom erization a t 
C-17 in th is  ty p e  of com pound.

(6) K. M eyer and  T . Reichstein, H e l v .  C h i m .  A c t a ,  30, 1508 (1947).

In every case dehydration occurred to give 38-acetoxy-
20-ethylenedioxypregn-14-en-21-ol (II). That the un
saturation was at position 14:15 and not the alterna
tively possible 8:14 position was determined by ultra
violet absorption measurements in the 190-225-m/i 
region and also by a proton magnetic resonance spec
trum of II. As pointed out by Bladon, Henbest, and 
Wood7a and later expanded by Ellington and Meakins7b 
it is possible in the ultraviolet spectrum to distinguish 
by the shape of the curves8 between a doubly exocyclic 
tetrasubstituted ethylenic linkage as in a A8(14)-com- 
pound and an exocyclic trisubstituted double bond as in 
a A14-compound. The n.m.r. spectrum of II clearly 
showed the vinyl proton at C-15, thereby eliminating any 
consideration of a A8(14)-compound. The ketal II was 
hydrolyzed in acid to afford 38-acetoxy-21-hydroxy- 
pregn-14-en-20-one (III), which also revealed a vinyl 
proton in the n.m.r. spectrum.

The 20-carbonyl group of I was protected successfully 
by reaction with methoxyamine hydrochloride in the 
presence of potassium acetate without concomitant de
struction of the 148-hydroxyl function. The resultant 
methoxyimino9 derivative IVa was an uncrystallizable 
glass which, however, could be smoothly converted into 
the crystalline 38-acetoxy-21-methanesulfonyloxy-20- 
methoxyimino-148-pregnan-148-ol (IVb). The desired 
displacement cyclization and simultaneous deacetyla
tion was then readily achieved by treatment of the 
mesylate IVb with potassium hydroxide in methanol. 
The methoxyimino group of the cyclic product Va was

(7) (a) P. B ladon, H . B. H enbest, and  G. W. Wood, J .  C h e m .  S o c . ,  2739 
(1952); (b) P . S. E llington  and  G. D. M cakins, i b i d . ,  697 (1960).

(8) Subsequent papers considering techniques to  determ ine th e  exact 
m axim um  of an  isolated double bond in the  u ltrav io le t absorp tion  spectrum  
have led to  considerable discussion. C f . ,  D. W. T urner, i b i d . ,  30 (1959); 
K . Stich, G. Rotzler, and  T . Reichstein, H e l v .  C h i m .  A c t a ,  42, 1480 (1959); 
Ref. 7b; J . H . C hapm an and  A. C. Parker, J .  C h e m .  S o c . ,  2075 (1961); 
T . H . A pplew hite and  R. A. M icheli, J .  O r g .  C h e m . ,  27, 345 (1962); R. 
B iihrer an d  T . Reichstein, H e l v .  C h i m .  A c t a ,  45, 389 (1962).

(9) The bism ethoxyim ino derivatives of certa in  corticoids have been 
described10* and  a pa ten t app lication1013 describing th e  use of th is  pro tective 
grouping has been p rin ted .
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1 CH2OR
c = n o c h 3

CHzOH

c=o

III

c=o

IVa. R = H 
IVb. R = 0S02CH3

Va. Ri = H; Rz = NOCH3 Via. R = H
Vb. Ri = H; R2 = O VIb. R = Ac
Vc. Ri = Ac; R2 = O

XIa. R = H- R' = 0 
O

Xlb. R = 0 C < ^ ; R '  = 0

c h 2o h

C=R

Xlla. R = 0  
Xllb. R = NOCH3

0

XIc. R = O C < ^^ ; R' = NOCH3

cleaved by mineral acid hydrolysis10 to yield the desired 
3j3-hydroxy-14/3,21-epoxy-14|8-pregnan-20-one (Vb).

The new ring system locked together with the steroi
dal D ring forms a 2-oxabicyclo [3.2.1] octane system A

18

A 21

(steroid numbering shown) which has been known for 
many years.11 In this particular case Dreiding models

(10) (a) S. G. Brooks. R . M. E vans, G. F . H . Green, J . S. H u n t, A. G- 
Long, B. M ooney, an d  L. J . W ym an, J .  C h e m .  S o c . ,  4614 (1958); (b) A. G. 
Long and  S. Eardley , Union of South A frica P a te n t A pplication 595,054 
(D ecem ber 3, 1959).

(11) C. H arries  and  IT. Neresheim er, B e r . ,  39, 2846 (1906).

suggest strongly that the six-membered oxygen con
taining ring preferably would exist in a chair form since 
in a boat conformation there would be extreme steric 
interaction of one hydrogen of the C-21 methylene 
grouping and the C-18 angular methyl group. I t is not 
apparent why the infrared absorption spectrum of Vb 
reveals a peak as high as 1730 cm.“ 1 for the C-20 car
bonyl function. No examples of a system such as A 
containing infrared data could be found. However, 
the infrared absorption peak of bicyclo[3.2.1]octane- 
one at 171712a cm.-1 and that of 5,8,8-trimethylbicyclo- 
[3.2. l]octan-2-one (homoepicamphor)12b at 1716 cm.-1, 
the models of which indicate no significant strain dif
ferences from an oxygen containing system such as A, 
show that the bicyclo system as such does not neces
sarily account for the high absorption band of Vb.

(12) (a) R. Zbinden and H. K. ITall. J r ., J .  A m .  C h e m .  S o c . ,  82, 1215 
(1960); (b) H. Fabre, B. M arinier, and ,T-C. R icher, C a n .  J .  C h e m . ,  34, 1329 
(1956).
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The n.m.r. spectrum of Yb and that of its 3-acetate 
derivative Vc was instructive since the signal due to the 
C-21-methylene grouping was revealed to be that of an 
AB system in which the two hydrogen are nonequivalent 
to about the same degree as in the 21-acetoxy-20-one 
moiety mentioned by Shoolery and Rogers.13 For the 
particular case of Vb the ./AB is about 17 c.p.s. and the 
calculated chemical shifts for the two hydrogens are at
3.96 and 4.15 p.p.m. Also of interest is the fact that the
n.m.r. spectra of all the 14/3,21-epoxides revealed only 
one signal for the combined C-18 and C-19 methyl hy
drogens. These were at 0.97,1.00, and 1.01 p.p.m., re
spectively, for compounds Va, Vb, and Vc.

In order to provide further proof for the 14/3,21-epoxy
structure, the acetate derivative Vc was oxidized with 
chromic acid in acetic acid to give 3/3-acetoxy-14/3-hy- 
droxy-20-keto-14/3-pregnan-21-oic acid 21,14-lac- 
tone (VIb). The latter compound has been prepared 
by other investigators14 * utilizing different pathways. 
Also within our own laboratory the lactone VIb has 
been obtained in poor yield by adaptation of a method16 
used previously on another cardenolide. Direct com
parison of our preparations with an authentic sam- 
pjei4a,i6 revealed the absolute identity of these prepara
tions.

Finally it was considered advantageous to prepare the 
A4-3-one analogs of the 14/3,21-epoxides. Accordingly, 
the 38-ol Vb was treated with chromic acid-sulfuric 
acid-acetone17 to afford 14/3,21-epoxy-14/3-pregnane-
3,20-dione (Vila). The latter compound was bromi- 
nated at —40018 in acetic acid to give presumably the 
thermodynamically stable 4/3-bromo-3,20-dione Vllb 
which in turn was dehydrohalogenated with lithium 
chloride in dimethylformamide to 14/3,21-epoxy-14/3- 
pregn-4-ene-3,20-dione (VIII). Oxidation of the 14/3,-
21-epoxy-3/3-ol Vb with chromic acid-acetic acid yielded 
14/3-hydroxy-3,20-diketo-14/3-pregnan-21-oic acid 21,14- 
lactone (IXa). Treatment of IXa with bromine then 
gave the 4/3-bromo lactone IXb which was dehydrohalo
genated to 14/3-hydroxy-3,20-diketo-14/3-pregn-4-en-21- 
oic acid 21,14-lactone (X). The latter compound was 
also prepared by chromic acid-acetic acid oxidation of 
the A4-3-one 14/3,21-epoxide VIII. An interesting ob
servation was made with respect to the ultraviolet ab
sorption spectrum of the diketo lactone X. No obvious 
reason can be seen from a study of models for the hypso- 
chromic effect which occurs when the normal behaving
148,21-epoxy compound VIII (Xmax 240 n+, e 15,600) 
was oxidized to X with an ultraviolet absorption maxi
mum of 232-234 m/i and a molecular extinction coef
ficient of 13,000-14,000.

Finally, in an investigation designed to study the 
usefulness of strophanthidin (XIa) as a starting ma
terial for a 148,21-epoxide structure while maintaining a 
C-19 aldehyde function in the molecule, strophanthidin 
benzoate (Xlb)19 was treated with methoxyamine hy-

(13) J .  N . Shoolery and  M . T . Rogers, J .  A m ,  C h e m .  S o c . ,  80, 5121 
(1958).

(14) (a) F . Hunziker and  T . Reiehstein, I l e l v .  C h i m .  A c t a ,  28, 1472 (1945); 
(d) K . M eyer, i b i d . ,  30, 1976 (1947).

(.15) G. W. B arber and  M . E hrenstein , J .  O r g .  C h e m . ,  26, 1230 (1961); 
O ur experim ents involved perm anganate  oxidation of digitoxigenin to  the 
ffee 3fl-ol V ia  followed by  ace ty la tion  to  VIb.

(161 We th a n k  Professor T . R eiehstein for the  au then tic  sam ple of VIb.
(17) K . Bowden, J. M. Heilbron, E . R. H . Jones, an d  B. C. L. Weedon, 

J .  C h e m .  S o c . ,  39 (1946).
(18) J . T . D ay, U. S. P a ten t 2,907,776 (October 6, 1959).
(19) A. W indaus and L. H erm anns, B e r . ,  48, 979 (1915).

brochloride and potassium acetate to form the methox- 
ime XIc. This compound was ozonized in the usual 
fashion to afford 38-benzoyloxy-58,148,21-trihydroxy- 
19-methoxyimino-148-pregnan-20-one (Xlla). The 
latter compound was further treated with methoxy- 
hydrochloride and potassium acetate to give the bis- 
methoxyimino derivative X llb. Unfortunately, X llb 
dib not react suitably with either methanesulfonyl 
chloride or p-toluenesulfonyl chloride in pyridine so 
that further reactions to form a 148,21-epoxide as in
dicated above could not be attempted. Furthermore, 
the usual acid hydrolysis conditions would not remove 
the methoxyimino grouping in X lla, casting additional 
doubt upon the practicability of this pathway for the 
desired product.

Experimental20
3/3-Acetoxy-140,21-dihydro xy-14(3-pregnan-20-one (I).—A 

solution of digitoxigenin acetate (5.0 g.) in pyridine (480 ml.) 
and ethyl acetate (480 ml.) was cooled to —60°. The solution 
was treated with a stream of ozone at a rate of 0.3 mmole per 
minute for 70 min. Excess ozone was removed from the reaction 
mixture with a stream of oxygen until the blue solution turned 
colorless. To the stirred solution was added acetic acid (48 ml.) 
and zinc dust (9.7 g.) and the reaction temperature was allowed 
to come to room temperature. The mixture was then heated to 
60° and filtered through diatomaceous earth. The filtrate was 
evaporated under reduced pressure, the residue was dissolved in 
toluene, and the evaporation was repeated. The residual dark 
brown sirup was dissolved in a mixture of ethyl acetate (250 ml.) 
and water (100 ml.). The organic layer was separated, dried 
with magnesium sulfate, and evaporated under reduced pressure 
leaving a dark brown gum. The crude gum was dissolved in a 
minimum amount of methylene chloride and placed on a Florisil21 
(200 g.) column. The column was washed with methylene chlo
ride (750 ml.) and then with 2% acetone-methylene chloride (750 
ml.). The polarity of the solvent mixture was increased to 10% 
acetone-methylene chloride and 500-ml. cuts of eluate were taken 
and evaporated under reduced pressure. Only those cuts which 
on evaporation produced a solid were combined affording 2.3 g. of 
solid. Crystallization of this material from acetone-petroleum 
ether yielded 1.85 g. of I as white crystals, m.p. 159-163022; 
» w  3400, 1715, 1720, 1250, 1230, cm .'1; [a]®D +52.5° (chloro
form).

Anal. Calcd. for C23H360 5 (392.52): C, 70.37; H, 9.24. 
Found: C, 70.40; H, 9.33.

3(3-Acetoxy-20-ethylenedioxypregn-14-en-21-ol (II).—A mix
ture of 3/3-acetoxy-14/3,21-dihydroxy-14/3-pregnan-20-one (I, 200 
mg.), benzene (30 ml.), and ethylene glycol (2 ml.) was refluxed 
with p-toluenesulfonic acid monohydrate (30 mg.) (Dean-Stark 
water separator) for 4.5 hr. The reaction was cooled and water 
and sodium bicarbonate solution was added. The benzene solu
tion was separated, washed with water, and dried with magnesium 
sulfate. Evaporation of the benzene produced a white solid 
which was crystallized from acetone-water to yield 130 mg. of II 
as white crystals, m.p. 122-127°. Several recrystallizations from 
the same solvent pair afforded 55 mg. of white needles, m.p. 124- 
125°, but satisfactory combustion values were not obtained; 
rmax 3480, 1730, 1715,1258, 1247 cm."1.

(20) All m elting po in ts  are uncorrected. T he infrared  spec tra  were 
determ ined in a  potassium  brom ide disk. T he  n.m .r. spectrum  of com
pound I I  was done on a  V arian Associates H R 60 spectrom eter. All 
o ther n .m .r. spec tra  were done on a  V arian Associates A60 spec
trom eter. T he petroleum  e th e r used had a b.p. 60-70°. T he th in  layer 
chrom atogram  was carried ou t a t  room tem pera tu re  on a  glass p la te  coated 
w ith  approxim ately 0.25 mm. of Silica Gel G prepared  according to  E . Stahl, 
C h e m .  Z t g . ,  82, 323 (1958), an d  dried for 2 hr. a t  70°. The developing 
system  was th e  upper phase of a  benzene: acetone :wra te r  pa rtitio n  (2 :1 :2 ).

(21) Florisil is th e  F loridin Co.'s registered trad em ark  for a  syn thetic  
m agnesium  silicate.

(22) M eyer and  Reiehstein6 record a  m elting po in t of 148-149° and  [a]D 
+  5° (chloroform) for th is  com pound. T hey also give the  specific ro ta tion  
of 3/S,21-diacetoxy-14/3-hydroxy-14/S-pregnan-20-one as [<*]d + 5 0 .5° (chloro
form ). T he m agnitude of such a  sh ift in  ro ta tio n  on acety la tion  of th e  21- 
hydroxyl function  appears to  be too  large, and  th e  inference m ust be th a t  
th e ir  m onoacetate was con tam inated  w ith levo ro ta to ry  17-iso com pound.
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Anal. Calcd. for C25H3805 (418.55): C, 71.74; H, 9.15. 
Found: C, 71.13; H, 9.65.

3/3-Acetoxy-21-hydroxypregn-14-en-20-one (III).—A solution 
of 3|3-acetoxy-20-ethylenedioxypregn-14-en-21-ol (II, 460 mg.) in 
methanol (40 ml.) and 8% sulfuric acid (3 drops) was refluxed for 
10 min. The solution was diluted with water, concentrated 
under reduced pressure, and filtered affording 290 mg. of white 
solid, m.p. 168-172°. Several crystallizations from acetone- 
water raised the melting point to 171-172°; rmax 3450, 1725, 
1256, 1238 cm.-1; [a]25D +39° (chloroform).

Anal. Calcd. for C23H3,A  (374.50): C, 73.76; H, 9.15. 
Found: C, 73.94; H, 9.37.

3+Acetoxy-20-methoxyimino-14ij-pregnane-14fj,21-diol (IVa).
—To a solution of 3fl-acetoxy-14£i,21-dihydroxy-14|3-pregnan-20- 
one (I, 300 mg.) and methoxyamine hydrochloride (300 mg.) in 
methanol (45 ml.) was added a solution of potassium acetate (600 
mg.) in water (6 ml.). The solution was refluxed for 18 hr. and 
then diluted with water (30 ml.). Most of the methanol was 
removed from the solution by concentration under reduced pres
sure. The aqueous residual mixture was extracted several times 
with ethyl acetate, and the extract was washed with dilute hydro
chloric acid and water. The dried extract was evaporated in 
vacuo to yield 290 mg. of IVa as a white glass which could not be 
crystallized; 3380, 1734, 1710 (sh), 1252, 1230 cm.-1.

3/3-Acetoxy-21-methanesulfonyloxy-20-methoxyimino-14/3-preg- 
nan-14+ol (IVb).—A solution of crude 3|3-acetoxy-20-methoxyi- 
mino-14|3-pregnane-14)3,21-diol (IVa, 290 mg.) in pyridine (5 ml.) 
was cooled to —32° and methanesulfonyl chloride (0.27 ml.) was 
added. The reaction mixture was maintained at —5° for 22 hr. 
The product IVb was precipitated by the dropwise addition of 
water and collected as 200 mg. of white solid, m.p. 148-149°. 
Two recrystallizations from acetone-petroleum ether raised the 
melting point to 149-150° dec.; w  3520, 1735, 1720 (sh), 1342, 
1270, 1240, 1170 cm.-1; [a]*D +14° (chloroform).

Anal. Calcd. for C25H41O7NS (449.59): C, 60.10; H, 8.27; 
N, 2.80; S, 6.41. Found: C, 60.45; H, 8.39; N, 2.83; S, 6.60.

20-Methoxyimino-14/3,21-epoxy-14+pregnan-3+ol (Va).—To a 
suspension of 3/3-acetoxy-21-mesyloxy-20-methoxyimino-14|3- 
pregnan-14/3-ol (IVb, 710 mg.) in methanol (71 ml.) was added 3% 
methanolic potassium hydroxide (10.4 ml.). The solid rapidly 
dissolved and the resultant solution was refluxed for 3 hr. Water 
(50 ml.) was added and the solution was concentrated under re
duced pressure to remove most of the methanol. The remaining 
essentially aqueous solution was decanted and the residual gummy 
solid was triturated several times with water to yield 480 mg. of a 
tan solid. No satisfactory means of recrystallization of this 
material could be found. An analytical sample was prepared by 
dissolving 400 mg. of material in 20 ml. of hot cyclohexane and 
filtering from a small amount of insoluble material. The filtrate 
produced a gel which was collected by filtration and dried under 
reduced pressure affording 200 mg. of Va as an amorphous white 
powder; rmax 3450, 1052, 1032, 1092, 1082 cm.-1; [«]“ d  -4 °  
(chloroform).

Ancd. Calcd. for C22H35O3N-0.5C6H1221 (393.51): C, 74.13; 
H, 10.49; N, 3.19. Found: C, 74.40; H, 10.24; N, 3.47.

3+Hydroxy-14/3,21-epoxy-14,3-pregnan-20-one (Vb).—To a 
solution of 20-methoxyimino-14/3,21-epoxy-14)3-pregnan-3)3-ol (Va,
2.5 g.) in methanol (250 ml.) and acetone (10 ml.) was added 2 N  
hydrochloric acid (250 ml.). The solution was heated at reflux 
temperatue for 4 hr. and then concentrated under reduced pres
sure to afford an off-white solid (1.62 g.), m.p. 177-187°. One 
recrystallization from acetone-water gave Vb (1.2 g.) as white 
crystals, m.p. 193-197°. Two additional recrystallizations gave 
constant melting material, m.p. 194-197°, as a hydrate; rmax 
3400, 1730, 1090, 1080 (sh) cm.-1; [«]2+  -23° (chloroform).

Anal. Calcd. for C21H320 3-1.5H20  (359.49): C, 70.17; H,
9.81; H20 , 7.50. Found: C, 70.49; H, 9.98; H20 , 7.40.

3|3-Acetoxy-14|3,21-epoxy-14f3-pregnan-20-one (Vc).—To a 
solution of 3|3-hydroxy-14+21-epoxy-14/3-pregnan-20-one (Vb, 
800 mg.) in pyridine (75 ml.) was added acetic anhydride (0.61 
ml.). The solution was allowed to remain at room temperature 
for 18 hr. and then diluted with water. The yield of Vb was 750 
mg. of white solid, m.p. 120-125°. One recrystallization from 
acetone-water afforded white crystals (660 mg.), m.p. 130-134°. 
Further recrystallizations did not alter the melting point; rraax 
1732, 1710 (sh), 1257, 1238, 1090, 1083 (sh) cm.-1; [apn  -19° 
(chloroform).

(23) The presence of 0.5 mole of cyclohexane in the  analy tical sample 
was confirmed by  a signal a t 1.43 p.p.m . for 0 hydrogens in its  n.m .r. spec
trum .

Anal. Calcd. for C23H3404 (374.50): C, 73.76; H, 9.15. 
Found: C, 73.12; H, 9.63; H20, 1.66.

3)3,14S-Dihydroxy-20-keto-14/3-pregnan-21-oic Acid 21,14-Lac
tone (Via).—To a stirred suspension of digitoxigenin (3 g.) in 0.1 
N  sodium hydroxide (270 ml.) was added dropwise 5% potassium 
permanganate solution (68.5 ml.). The addition required 1 hr., 
and then 5.5 ml. of 6 N  hydrochloric acid was added. The pre
cipitated manganese dioxide sludge was extracted with hot ethyl 
acetate and crude digitoxigenin (0.85 g.) was recovered.

The aqueous filtrate was concentrated to about 10 ml. The 
addition of 6 N  hydrochloric acid (2 ml.) and aging at 5° for 18 
hr. produced white solid (1.9 g.). A poor crystallization from 
acetone-water afforded Via (130 mg.) as white crystals, m.p.
220-224°; rmax 3550, 1742, 1710 (sh), 1285, 1274, 1262 (tri
plet), 1153, 1130 cm.-1.

The material was difficult to purify and was converted directly 
into the acetate VIb.

3/3-Acetoxy-14+hydroxy-20-keto-14/3-pregnan-21-oic Acid 21,14- 
Lactone (VIb). A.—To a solution of 3(3-acetoxy-14(3,21-epoxy- 
14/3-pregnan-20-one (Vc, 500 mg.) in acetic acid (12 ml.) was 
added a solution of chromic acid (500 mg.) in 90% acetic acid (5 
ml.). The reaction mixture was allowed to remain at room tem
perature for 18 hr. and then diluted with methanol (10 ml.). 
The solution was poured into water and the aqueous solution was 
extracted several times with ethyl acetate. The extract was 
washed with sodium bicarbonate solution and with water, dried 
with magnesium sulfate, and evaporated under reduced pressure 
with minimal heating. The resultant solid (300 mg.) was crystal
lized from acetone-water to yield VIb (160 mg.) as white crystals, 
m.p. 211-214°. Several recrystallizations from the same solvent 
pair raised the melting point to 230-232024; rmax 1740, 1718 
(sh), 1274 (sh), 1260, 1237, 1220, 1153, 1132 cm.-1; [«]25d  
— 64° (chloroform).

Anal. Calcd. for C23H320 6 (388.49): C, 71.10; H, 8.30. 
Found: C, 70.66; H, 8.18.

B.—A solution of 3/3,14+dihydroxy-20-keto-14fl-pregnan-21- 
oic acid 21,14-lactone (Via, 130 mg.) in pyridine (2 ml.) was 
acetylated with acetic anhydride (0.1 ml.) for 50 min. at 100°. 
The addition of water produced VIb (90 mg.) as white crystals, 
m.p. 226-229°. The infrared spectrum was identical to that of 
the sample prepared in A and also an authentic sample.12“’14 A 
mixture melting point with sample A and the authentic sample 
was not depressed.

14)3,21-Epoxy-14+pregnane-3,20-dione (Vila).—To a solution 
of 3/3-hydroxy-14/3,21-epoxy-14+pregnane-20-one (Vb, 370 mg.) 
in acetone (43 ml.) at 5° was added a solution of chromic acid 
(109 mg.) and concentrated sulfuric acid (0.093 ml.) brought to a 
volume of 0.41 ml. with water. The mixture was stirred at 5° 
for 5 min. and then diluted with water (190 ml.). The resultant 
white solid (320 mg.), m.p. 226-231°, was recrystallized five times 
from acetone-water, m.p. 232-236°; rmax 1738, 1700 (sh), 1086, 
1075 cm.-1; [«]%> —5° (chloroform).

Anal. Calcd. for C21H30O3 (330.45): C, 76.32; H, 9.15. 
Found: C, 75.76; H, 9.23.

48-Bromo-14(3,21-epoxy-14(3-pregnane-3,20-dione (Vllb).—A
solution of 14/3,21-epoxy-14/3-pregnane-3,20-dione (Vila, 330 
mg.) in chloroform (4.5 ml.), methylene chloride (4.5 ml.), and 
glacial acetic acid (1.13 ml.) was stirred and cooled to —40°. 
To the stirred solution was added a solution of bromine (0.052 
ml.) in 30% hydrogen bromide in acetic acid (0.245 ml.) and 
glacial acetic acid (0.75 ml.) dropwise over a period of 1 hr. The 
reaction solution was stirred at —40° for an additional hour and 
then allowed to come to room temperature.

To the stirred reaction mixture was added a solution of an
hydrous sodium acetate (164 mg.) in water (1.4 ml.) and stirring 
was continued for 30 min.

The organic solvents were evaporated at a bath temperature 
of 45-50° and water (19 ml.) was added. The resultant precipi
tate was collected as a white solid (367.5 mg.), m.p. 178-179° 
dec. Three recrystallizations from acetone-petroleum ether, 
and one recrystallization from acetone-water afforded Vllb (110 
mg.), m.p. 191-192°; rmax 1724, 1080 cm.-1; [«]%> +2.5° 
(chloroform).

Anal. Calcd. for C21H290 3Br (409.36): C, 61.61; H, 7.14; 
Br, 19.52. Found: C, 61.22; H, 7.20; Br, 19.68.

14/3,21-Epoxy-14|3-pregn-4-ene-3,20-dione (VIII).—To a solu
tion of 4/3-bromo-14)3,21-epoxy-14/3-pregnane-3,20-dione (Vllb,

(24) H unziker and R eiclistcin1'1“ record a m elting po in t of 2,85-237° and 
a ro ta tion  [ a j22D —68.7° ±  2° (chloroform) for th is  com pound.
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460 mg.) in dimethylformamide (15 ml.) purified over a molecular 
sieve was added lithium chloride (920 mg.). The mixture was 
purged with nitrogen and heated at 100- 110° in a slow stream of 
nitrogen for 5.5 hr. The solution was cooled and methylene chlo
ride (50 ml.) was added. The solution was washed with water and 
sodium bicarbonate solution. The organic extract was dried with 
magnesium sulfate and evaporated under reduced pressure at a 
bath temperature of 45-50°. The resultant white solid gave a 
positive Beilstein test for halogen and was chromatographed on 
Florisil.21 The material was placed on the column with methylene 
chloride and eluted with 2% acetone-methylene chloride. The 
first four 100-ml. eluates on evaporation afforded white solids 
which by Beilstein test contained some halogen. The solids from 
cuts 5 through 14 were combined and the total 250 mg. was 
crystallized from acetone-water to yield white plates (212 mg.), 
m.p. 184-188°. Four recrystallizations from the same solvent 
pair gave VIII (76.5 mg.), m.p. 193-195°; X“'x0H 240 m# 
(e 15,600); rmax 1730, 1670, 1650 (sh), 1620, 1085, 1072 cm .-1; 
[a]25n +61° (chloroform).

Anal. Calcd. for CaH280 3 (328.44): C, 76.79; H, 8.59. 
Found: C, 76.68; H, 8 .68.

14fl-Hydroxy-3,20-diketo-14fi-pregnan-21-oic Acid 21,14-Lactone 
(IXa).—To a solution of 3|3-hydroxy-14(3,21-epoxy-14/3-pregnan- 
20-one (Vb, 250 mg.) in acetic acid (10 ml.) was added a solution 
of chromic acid (250 mg.) in 90% acetic acid (2.5 ml.). The 
mixture was allowed to stand at room temperature for 18 hr., 
then diluted with methanol and water. The aqueous solution 
was extracted several times with ethyl acetate. The extract was 
washed with saturated sodium bicarbonate solution and water, 
dried with magnesium sulfate, and evaporated under reduced 
pressure. The residual gum, crystallized from acetone-water, 
afforded a white solid (130 mg.), m.p. 245-250°. Several re
crystallizations from the same solvent pair raised the melting 
point to 255-256°; >w  1758, 1732, 1720, 1265, 1150 cm.“1; 
[ a ] 25d  —58° (chloroform).

Anal. Calcd. for C2iH280 4 (344.44): C, 73.22; H, 8.19. 
Found: C, 72.99; H, 8.57.

4S-Bromo-14£i-hydroxy-3,20-diketo-14+pregnan-21-oic Acid
21,14-Lactone (IXb).—To a solution of 14/3-hydroxy-3,20-diketo- 
pregnan-21-oic acid 21,14-lactone (IXa, 490 mg.) in acetic acid 
(32 ml.) was added a solution of bromine (0.073 ml.) in acetic 
acid (8 ml.) over a period of 20 min. Water (SO ml.) was added 
dropwise and the resultant solid (446 mg.), m.p. 184-190° dec., 
was collected.

From the mother liquor, additional IXb (51 mg.), m.p. 195- 
196° dec., was collected. Two recrystallizations from acetone- 
water raised the melting point to 197° dec. Thin layer chromato
graphic analysis revealed homogeneity, only a single spot was re
vealed with phosphomolybdic acid.

Anal. Calcd. for C21H270 4Br (423.35): C, 59.57; H, 6.43; 
Br, 18.88. Found: C, 59.52; H, 6.77; Br, 19.84.

14/3-Hydroxy-3,20-diketo-14+pregn-4-en-21-oic Acid 21,14- 
Lactone (X). A.—To a solution of crude 4(3-bromo-14)3-hy- 
droxy-3,20-diketo-143-pregnan-21-oic acid 21,14-lactone (IXb, 
230 mg.) in dimethylformamide (10 ml.) was added lithium chlo
ride (430 mg.). The mixture was heated at 100-110° in a nitro
gen atmosphere for 16 hr. The solution was cooled, diluted with 
methylene chloride, and the organic layer was separated and 
washed with saturated aqueous sodium bicarbonate solution and 
water, dried with magnesium sulfate, and evaporated in vacuo. 
The resultant gummy solid was chromatographed on Florisil.21 
The material was placed on the column with methylene chloride 
and eluted with 3% acetone-methylene chloride. The first eight 
50-ml. eluates on evaporation afforded white solids which con
tained some halogen as shown by the Beilstein test. The solids 
from cuts 9 through 24 were triturated with 2 ml. of ethanol and 
yielded a white solid (48.2 mg.), m.p. 249-260°. Two crystal
lizations from acetone-water raised the melting point to 261-262°; 
x r H 234 mil (e 13,170); i w  1752, 1676, 1622, 1270, 1150 cm .-1; 
[of]25n —20° (chloroform).

Anal. Calcd. for C21H26O4 (342.42): C, 73.66; H, 7.66. 
Found: C, 73.56; H, 7.79.

B.—To a solution of 14/3,21-epoxy-14(3-pregn-4-ene-3,20-dione 
(VIII, 84 mg.) in acetic acid (3 ml.) was added a solution of 
chromic acid (84 mg.) in 90% acetic acid (0.8 ml.). The mixture

was allowed to stand at room temperature for 20 hr. and was then 
diluted with methanol and water. The aqueous solution was ex
tracted several times with ethyl acetate. The extract was washed 
with saturated aqueous sodium bicarbonate solution and water, 
dried with magnesium sulfate, and evaporated in vacuo. The 
residual white solid was crystallized from acetone-water and af
forded crystals of X (42.8 mg.), m.p. 248-253°. One recrystal
lization from acetone-water gave white crystals (23 mg.), m.p.
259-262°; \ “ '°H 232 m/x (e 14,200). The infrared spectrum was 
identical to that of the sample prepared in A preceding.

3+Benzoyloxy-5,14-dihydroxy-19-methoxyimir_o-5+card-20-
(22)-enolide (XIc).—To a mixture of strophanthidin benzoate 
(Xlb, 500 mg.) methoxyamine hydrochloride (530 mg.) and 
ethanol (50 ml.) was added a solution of anhydrous potassium 
acetate (1 g.) in water (10 ml.). The mixture was refluxed for 20 
hr., diluted with water, and concentrated under reduced pressure. 
The resultant precipitate was collected as 440 mg. of white solid, 
m.p. 255-257°. Two recrystallizations from methanol-water af
forded IXc (220 mg.), m.p. 258-260°; > w  3510, 1780, 1750, 715 
cm.-1; [a]25d +49° (chloroform).

Anal. Calcd. for C3iH390 7N (537.63): C, 69.25; H , 7.31; 
N, 2.60; CH3, 2.61.25 Found: C, 69.25; H, 7.51; N, 2.66; 
CH3, 2.66.

3+Benzoyloxy-5/3,14(3,21-trihydroxy-19-methoxyimino-14+ 
pregnan-20-one (Xlla).—A solution of methoxyimino strophanthi
din benzoate (XIc, 2.88 g.) in pyridine (275 ml.) and ethyl ace
tate (275 ml.) was cooled to —60°. The solution was treated with 
a stream of ozone at a rate of 0.3 mmole per minute for 75 min. 
Excess ozone was removed from the reaction with a stream of 
oxygen until the blue solution turned colorless. To the stirred 
solution was added acetic acid (27.5 ml.) and zinc dust (5.5 g.) 
and the reaction temperature was allowed to come to room tem
perature. The mixture was heated at 60° and filtered through 
diatomaceous earth. The filtrate was evaporated in vacuo, the 
residue was dissolved in toluene and the evaporation was re
peated. The residual dark brown sirup was dissolved in a mixture 
of ethyl acetate (250 ml.) and water (100 ml.). The organic layer 
was separated, dried with magnesium sulfate, and evaporated in 
vacuo leaving a dark brown gum (2.7 g.). The crude reaction 
product was chromatographed on Florisil21 and the 10% acetone- 
methylene chloride eluates were evaporated to a clear gum (1.2 
g.). Crystallization of the gum from acetone-perroleum ether 
afforded X lla  (620 mg.), m.p. 187-193°. Four additional 
crystallizations from the same solvent pair yielded white plates 
(265 mg.), m.p. 193-196°; > w  3510, 3320, 1718 (sh), 1698, 
1282, 722 cnj.-1.

Anal. Calcd. for C29H390 7N (513.61): C, 67.81; H, 7.65; 
N, 2.73. Found: C, 67.21; H, 7.85; N, 2.77.

3/3-Benzoyloxy-19,20-bismethoxyimino-14(3-pregnane-5|3,14/3,-
21-triol (Xllb).—To a mixture of ketol X lla (44C mg.), meth
oxyamine hydrochloride (440 mg.), and ethanol (44 ml.) was 
added a solution of anhydrous potassium acetate (880 mg.) in 
water (8.8 ml.). The mixture was refluxed for 18 hr., diluted 
with water, and concentrated in vacuo. The resultant precipi
tate was collected, washed with water, and air-dried to yield 420 
mg. of X llb, m.p. 100-135°; rma* 3575, 3450, 1718, 1692, 1280, 
717 cm.“1; [ a ] 25D  +45° (chloroform); negative blue tetra- 
zolium test.

Anal. Calcd. for C3oH,ii0 7N2-H20 (559.65): C, 64.38; H,
7.74; N, 5.00; CH3, 5.3626; H20 , 3.22. Found: C, 64.43; H, 
7.95; N, 5.06; CH3, 5.21; H20,3.55.
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(25) The Zeisel O CH 3 determ ination  was calculated as C H 3.
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The synthesis of 17/3-hydroxy-5a-estr-l(10)-en-3-one is described. The preparation of the corresponding 
3a- and 3(3-diols also is described. The isomerization of the A1(10)-3-ketone to the conjugated A'-S-ketone is 
discussed.

In extension of our previous work3 on novel 19- 
norsteroids we wish to report the synthesis of other ring 
A double bond isomers of 19-nortestosterone, i.e., the 
A1d°) and A1 compounds IVc and Va. The starting 
material employed was 17/3 hydroxy-5a-estr-l(10)-en-2- 
one (la), the preparation of which has been reported 
recently from this laboratory.3 Lead tetraacetate 
oxidation of 17/3 acetoxy-5a-estr-l(10)-en-2-one (lb) 
yielded a mixture of approximately equal amounts of 
the epimeric 3-acetoxy compounds Ha and lib  which 
were separated by chromatography on alumina. The 
3a-acetoxy compound Ha, m.p. 147-9° [ a ] 23D —92, was 
eluted first, followed by the 3/3-acetoxy compound lib,
m.p. 198-201° [ a ] 23D +5°. The orientation at C-3 of 
Ila follows from the epimerization of the axial 3a- 
acetoxy group with potassium acetate in refluxing 
glacial acetic acid4 to give the more stable equatorial 
3/3-acetoxy compound lib. The relative order of elu
tion from the chromatogram was also consistent with 
these structures. With ethanedithiol in the presence of 
zinc chloride, the two epimeric ketol diacetates Ila and 
lib  gave the respective thioketal derivatives 2,2-ethyl- 
enedithio-5a-estr-l(10)-ene-3a,17/3-dioldiacetate (Ilia),
m.p. 161-164°, and 2,2-ethylenedithio-5a-estr-l(10)- 
ene-3/3,17/3-diol diacetate (Illb), m.p. 166-170°. The 
thioketal acetates Ilia  and Illb  were hydrolyzed with 
methanolic alkali to give the 2-thioketal-3a,17/3-diol 
IIIc, m.p. 104-110°, and 2-thioketal-3/3,17/?-diol Hid,
m.p. 176-178°. Desulfurization of Hid with sodium in 
liquid ammonia5 resulted also in the complete hydro- 
genolysis of the 3-hydroxyl group to give 5a-estr- 
l(10)-en-17/3-ol (IVd), m.p. 107-110°, in excellent yield. 
The structure of this product was shown from its 
identity with the desulfurization product of 2,2-ethyl- 
enedithio-5a-estr-l(10)-en-17/3-ol (Ille). When, how
ever, the desulfurization of the thioketal diols IIIc and 
Hid was effected with W2 Raney nickel in refluxing 
ethanol, no significant hydrogenolysis occurred and the 
unsaturated diols, 5«-estr-l (10)-ene-3o, 17/3-diol (IVa),
m.p. 196-198°, and 5a-estr-l(10)-ene-3/3,17/3-diol (IVb),
m.p. 208-211°, were obtained.

A recently described6 minor oxidative side reaction 
during the desulfurization of similar compounds with 
deactivated Raney nickel suggested that with suitable 
modifications the side reaction might be enhanced to

(1) This investigation was supported  in  p a rt by  a  g ran t from the  American 
C ancer Society and  a  research g ran t (CY-3207) from  th e  N ational Cancer 
In s titu te  of the N ational In s titu te s  of H ealth , U . S. Public H ealth  Service.

(2) Some of th is  work has appeared in  a  prelim inary com m unication, 
J . F ishm an, C h e m .  I n d .  (London), 1467 (1962).

(3) J . F ishm an, i b i d . ,  1556 (1958); J . F ishm an and  M . Tom asz, J .  O r g .  

C h e m . ,  27 , 365 (1962).
(4) R. L. C larke, K . D obriner, A. M ooradian, and  C. M. M artin i, J .  A m .  

C h e m .  S o c . ,  77 , 662 (1955).
(5) R . I. Ireland, T . I. W rigley, and  W . G. Young, i b i d . ,  80 , 4604 (1958); 

M . S. de W inter, C. M . Siegman, and  S. A. Szpilvogel, C h e m .  I n d .  (London), 
905 1959).

(6) P . N arasim ha R ao and H. R. Gollberg, i b i d . ,  1317 (1961); T e t r a h e d r o n ,  

18, 1251 (1962).

OR OOCCH3

la. R = H
b. R = CH3CO

Ila. R = CH3COO, R ' = H 
b. R = H, R ' = CH3COO

R" H

Ilia . R = CH3CO, It' = CHaCOO, R " = H 
b. R = CH3CO, It' = H, R " = CH3COO 
e. R = R " = 4, R ' = OH
d. R = R ' = H, R " = OH
e. It = R ' = R " = H

IVa. R = OH, It' = H
b. It = H, R ' = OH
c. R

) = °It'
d. It =  R ' =  H

OR

Va. R = H 
b. R = CH3CO

lead directly to a practical route to the desired /3,y-un- 
saturated ketone IVc. This indeed proved to be the 
case when the thioketal diol Hid was refluxed in ace
tone with Raney nickel which previously has been de
activated by boiling in acetone for twenty-four hours. 
The products consisted of a 20% yield of the 3/3,17/3- 
diol IVb, the normal desulfurization product, and a 
50% yield of 17/3-hydroxy-5a-estr-1 (10)ene-3-one (IVc),
m.p. 126-128° [ a ] 24D —36. This latter compound ex
hibited a single carbonyl in the infrared at 1723 cm.-1 
in carbon tetrachloride, while the ultraviolet spectrum 
showed only end absorption. In a similar desulfuriza
tion of the epimeric diol IIIc a smaller proportion of the 
ketone IVc was obtained. This difference in yield 
could be due to the stereochemistry at C-3, or to the 
difficulty in duplicating the desulfurization conditions 
exactly. Reduction of the /3,y-unsaturated ketone IVc 
with lithium tri-i-butoxy aluminum hydride7 led ex
clusively and in good yield to the equatorial 3/3,17/3-diol 
IVb which serves to confirm the structure of IVc as

(7) O. H. W heeler and J. L. M ateos, C a n .  J .  C h e m , . ,  36 , 1431 (1958); J. 
Fajkos, C o l l e c t i o n  C z e c h .  C h e m .  C o m m u n . ,  24 , 2284 (1959).
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well as the correctness of the assigned configurations at 
C-3 in the original acetoxy compounds Ha and lib.

The isomerization of the /?,y-unsaturated ketone IVc 
to the conjugated ketone Va with mineral acids at room 
temperature proved to be unusually slow. With 5% 
hydrochloric acid in methanol the isomerization reached 
its maximum only after five days at 25°. At reflux 
temperatures the isomerization was more rapid (two 
hours) but the yield was only about 50% as determined 
by absorption at 228 mu and the product was difficult 
to isolate pure. This is in marked contrast to the iso- 
merizations of the A6- and A5(10)-3-ketones89 under 
similar conditions since these proceed rapidly and give 
essentially single products in good yields. Although a 
new center of asymmetry is created at C-10 during the 
isomerization only the 10/? compound Va, m.p. 147- 
149°, A!!°h 229 mi* U 10,000), was isolated.8 9 10 11 12 13 On 
catalytic hydrogenation Va gave the known 17/3-hy- 
droxy-5a-estran-3-one.u Acetylation of Va gave the 
17-acetate derivative Vb identical in all respects with 
that prepared by another route.1213 Hydrolysis of the 
17-acetate in Vb by acid gave very poor yields of the 
ketone Va and the product was difficult to obtain in a 
pure state. This result together with the difficulty 
encountered in the isomerization of IVc suggest that 
the equilibrium between the /?,y-unsaturated ketone IVc 
and its a,/?-unsaturated isomer Va does not favor the 
latter to the extent usual under such circumstances. 
Consequently, the l(10)-double bond probably mi
grates to other positions in the molecule to yield a 
variety of isomers which may account for the low yield 
and difficulty in purification of the conjugated ketone 
Va.14 15

Among the most useful steroids in current clinical 
use are the 17a-ethynyl derivatives of 19-nortesto- 
sterone and its A6(10) isomer. Both compounds are 
potent oral progestrogens16’16 and have found wide ac
ceptance as anovulatory agents. Although the physio
logical activities of these two double bond isomers are 
similar, significant differences do exist.17 Since the 
new compounds reported in this paper represent further 
double bond isomers of the 19-nortestosterone struc
ture, they or their derivatives may prove to be of 
biological significance.

Experimental18
l7/3-Acetoxy-5a-estr-l(10)-en-2-one (lb).—A solution of 1 g. of 

17/3-hydroxy-5a-estr-l(10)-en-2-one (la) in 10 ml. of pyridine and 
10 ml. of acetic anhydride was allowed to stand overnight at

(8) L. F . F ieser and  M . Fieser, "S tero ids,”  Reinhold Publishing Corp., 
New York, N. Y ., 1959, p. 50.

(9) A. J. Birch, Q u a r t . R e v . ,  4, 49 (1950); A. L. W ilds and  N. A. Nelson, 
J .  A m .  C h e m .  S o c . ,  75, 5366 (1953).

(10) This com pound has been reported  in the p a ten t lite ra tu re , however, 
w ithout physical constan ts: U. S. P a te n t 3,007,947; C h e m .  A b s t r . ,  56, 7393 
(1962).

(11) A. Bowers, H . J . Ringold, and  E. D enot, J .  A m .  C h e m .  S o c . ,  80, 6115 
(1958).

(12) R . V illotti, H. J. Ringold, and  C. (Veras,si, i b i d . ,  82, 5693 (1960).
(13) U. S. P a te n t 3,007,947; C h e m .  A b s t r . ,  66, 7393 (1962).
(14) In  isom erization of a A*-2-ketone to A3-2-ketone, a com parable s itua

tion, no crystalline p roduct is obtained  and  no yield is specified.6 The au 
thors explain th e ir  results as being due to  the  form ation  of 5a  and  5/3 iso
mers. In  our case the  form ation  of tw o isomers a t  C-10 is n o t likely since 
the energetically unfavorable 10ar s y n  s tru c tu re  would n o t be expected to  
result from the isom erization.

(15) D. A. M cG inty  and  C. D jerassi, A n n .  N .  Y .  A c a d .  S c i . ,  71, 500 
(1958).

(16) F . J . Saunders and  V. A. D rill, E n d o c r i n o l o g y ,  58, 567 (1956).
(17) V. A. Drill, F e d .  P r o c . ,  18, 1040 (1959).

room temperature. After the usual work-up, the residue was 
crystallized from acetone-petroleum ether to give 940 mg. of the 
product lb as white needles, m.p. 161-164°.

Anal. Calcd. for C20H28O3: C, 75.91; H, 8.92. Found: 
C, 76.04; H, 9.15.

Lead Tetraacetate Oxidation of lb.—To a solution of 7 g. of
lb in 100 ml. of glacial acetic acid was added 16 g. of lead tetra
acetate in 275 ml. of glacial acetic acid. After heating on a 
steam bath for 4 hr., an additional 12 g. of lead tetraacetate was 
added, and the mixture was heated on a steam bath for another 
20 hr. The acetic acid then was rertioved at reduced pressure 
and the residue was taken up in water and extracted four times 
with ether (800 ml.). The ether extiact was washed with 5% 
sodium bicarbonate solution until basic and then with water. 
After drying, the ether was evaporated and, the amber colored 
residue was taken up in 1:1 benzene-petroleum ether and 
chromatographed on 450 g. of acid-washed alumina. Elution 
with benzene gave 2.56 g. of crystals which were recrystallized 
from ether-petroleum ether to give 2-oxo-5a-éstr-l(10)-ener-3o/,- 
17/3-diol diacetate (lia), m.p. 140-145°. The analytical sample 
was obtained from the same solvents and melted at 147-149° 
[«]23d -92°.

Anal. Calcd. for C22H30O5: C, 70.56; H, 8.08. Found: C, 
70.43; H, 8.07.

Further elution with benzene containing 10% ether gave 2.2 g. 
of crystals, which on recrystallization from ether-petroleum ether 
gave 2-oxo-5a-estr-l(10)-ene-3ftl7/3-diol diacetate (lib), m.p.
195-200°. The analytical sample was obtained from the same 
solvents and melted at 198-201° [ « ] 23d  +5°.

Anal. Calcd. for C22H3o0 6: C, 70.56; H, 8.08. Found: 
C, 70.38; H, 8.28.

Epimerization of 2-oxo-5«-estr-(T(10i-ene-3o,17/l-diol Diace
tate (Ha).—A mixture of 10 mg. of l ia  and 50 mg. of anhydrous 
potassium acetate in 3 ml. of glacial acetic acid was refluxed for 
17 hr. On cooling, the reaction mixture was poured into water 
and extracted with ether which then was washed with dilute 
sodium bicarbonate solution and water. .After drying and 
evaporating the ether, the residue was triturated with ether to 
give crystals, m.p. 194-200°, identical with the 3/3,17/3-diacetate 
lib , by mixture melting point and infrared spectra comparison.

2.2- Ethylenedithio-5a-estr-l(10)-ene-3a,17/3-diol Diacetate 
(Ilia).—To a solution of 0.48 g. of Ha in 15 ml. of dioxane was 
added 6.3 g. of freshly fused zinc chloride, 6.3 g. of anhydrous 
sodium sulfate, and 1.5 ml. of ethanedithiol. After standing at 
room temperature overnight, the mixture was poured into cold 
dilute ammonium hydroxide and the white precipitate was filtered 
off and washed with water. The precipitate was dissolved in 
acetone, filtered, and the filtrate evaporated to dryness to give
0.60 g. of crude product, m.p. 154-160°. Recrystallization from 
ether gave the analytical sample of Ilia , m.p. 161-164° [e*]21p 
+  30°.

Anal. Calcd. for C, 63.96; H, 7.61; S, 14.23.
Found: C, 64.11; H, 7.77; S, 14.62.

2.2- Ethylenedithio-5«-estr-l ( 10)-ene-3/3,17/8-diol Diacetate 
(Illb).—A 1-g. sample of lib  was converted to 1.3 g. of crude 
thioketal I llb  exactly as in the preceding procedure. The 
analytical sample obtained from ether melted at 166-171° [a]wv 
-34°.

Anal. Calcd. for CiffWXSs: C, 63.96; H, 7.61. Found: 
C, 63.65; H, 7.68.

2,2-Ethylenedithio-5f»-estr-l( 10)-en-l7S-ol (Ille).—A 0.1-g. 
sample of the unsaturated ketone la  was converted to the thio
ketal Ille  by the same procedure. The product crystallized 
from petroleum ether-acetone to give needles (0.11 g.) which 
melted at 171-175° [ « ] 21d  +10°.

Anal. Calcd. for CzoHsoOSz: C, 68.52; H, S.63; S, 18.29. 
Found: C, 68.48; H, 8.59; S, 17.94.

2,2-E thylenedith io-5a-estr-l(10)-ene-3a,17/3-dio l (IIIc ) .—  
A solution of 0.25 g. of I lia  in 30 ml. of 5% methanolic potassium 
hydroxide was refluxed for 3 hr. The solution was diluted with 
water and extracted well with ether Which was washed with 5% 
sulfuric acid solution and then with 5% sodium bicarbonate solu
tion and water. After drying and évaporation of solvent, the 
residue was crystallized from acetone-petroleum ether to give 
0.21 g. of IIIc, m.p. 100-110°. The analytical sample was ob-

(18) Melting points were determined on a Kofler block and are corrected. 
Rotations were determined in chloroform unless specified otherwise. Micro
analyses were determined by Spang Microanalytical Laboratories.
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tained from the same solvents and melted at 104-110° [ a ] 23D 

+8°.
Anal. Calcd. for C20H30O2S2: C, 65.24; H, 8.19. Found: 

C, 65.43; H, 8.49.
2,2-Ethylenedithio-5a-estr-l(10)-ene-3/3,17|3-diol (Illd).—

Hydrolysis of 1.2 g. of IHb, by the same procedure, gave 0.90 g. 
of H id, m.p. 166-170°. The analytical sample obtained from 
acetone-petroleum ether melted at 176-178° [a]23n +64°.

Anal. Calcd. for C20H30O2S2: C 65.42; H, 8.19; Found: 
C, 65.44; H, 8.12.

5«-Estr-l (10 )-en-17/3-ol (IVd). A. From Hid.—A solution 
of 0.10 g. of I lld  in 20 ml. of tetrahydrofuran was added to 100 
ml. of liquid ammonia. To the stirred solution, sodium ribbon 
was added portionwise until the blue color persisted. After 3 
min. of stirring the blue color was discharged with ethanol and 
the ammonia was allowed to evaporate. The residue was taken 
up in water and extracted with ether. The ether was dried and 
evaporated and the residue crystallized from petroleum ether to 
give 58 mg. of IVd, m.p. 107-110°. The analytical sample 
showed an unchanged melting point [ a ] 21D —30°.

Anal. Calcd. for C18H20O: C, 83.05; H, 10.8. Found: 
C, 83.20; H, 10.6.

B. From IHe.—A 50-mg. sample of Hie was desulfurized as 
above, to give 30 mg. of IVd, m.p. 106-110°, identical with that 
prepared before by mixture melting point and infrared spectra 
comparison.

5a-Estr-l(10)-ene-3«,17/3-diol (IVa).—A solution of 80 mg. of
the thioketal IIIc in 20 ml. of ethanol was refluxed with 2.5 g. of 
Raney nickel (W2) for 2 hr. The nickel was filtered off and 
washed well with ethanol. The filtrate was evaporated to dry
ness to give 60 mg. of crystals, m.p. 180-190°. Recrystalliza
tion from ether gave 47 mg. of the diol IVa, m.p. 194-197°. 
The analytical sample melted at 196-198° (with sublimation) 
[ « ] 23d  - 6 8 .

Anal. Calcd. for C18H28O2: C, 78.21; H, 10.2. Found:
C, 78.16; H, 9.90.

5a-Estr-l(10)-ene-3/3,17/3-diol (IVb). A. By Desulfurization. 
—A 0.1-g. sample of the thioketal I lld  was desulfurized with 3 g. 
of Raney nickel as described. The product was crystallized from 
dilute methanol to give 70 mg. of crystals, m.p. 194-198°. The 
analytical sample was obtained from ether, m.p. 208-211° 
(changes to prisms) [ a ] 23D —4.

Anal. Calcd. for C18H28O2: C, 78.21; H, 10.2. Found:
C, 78.27; H, 10.4.

B. By Reduction of IVc.—A 25-mg. sample of unsaturated 
ketone IVc was allowed to stand with lithium tri-f-butoxy alumi
num hydride in tetrahydrofuran at room temperature for 1 hr. 
After the usual work-up, 20 mg. of crystals was obtained from 
ether, m.p. 205-210°. This was identical with the product of 
method A by mixture melting point and infrared spectra com
parison.

17/3-Hydroxy-5«-estr-l(10)-en-3-one (IVc).—A suspension of 
20 g. of Raney nickel in 400 ml. of acetone was refluxed for 20 hr. 
To this suspension, a solution of 0.8 g. of the thioketal diol Illd  
in 50 ml. of acetone was added, and the mixture was refluxed for 
4 hr. After filtration the solvent was evaporated and the resi
due taken up in benzene and chromatographed on 50 g. of acid 
washed alumina. Elution with benzene gave first 45 mg. of re
covered starting material Illd . Further elution with benzene 
gave 310 mg. of the ketone IVc, which on recrystallization from 
acetone-petroleum ether melted at 121-125°. The analytical

sample obtained from the same solvents melted at 124-126°, 
[ a ] 23D —36. Carbonyl band absorption in the infrared was at 
1723 cm.-1 in carbon tetrachloride; only end absorption was 
observed in the ultraviolet.

Anal. Calcd. for Ci8H260 2: C, 78.79; H, 9.55. Found: 
C, 78.68; H, 9.57.

Subsequent elution of the column with ether and ether-chloro
form mixtures gave 113 mg. of the 3/3,17)3 diol IVb.

A similar desulfurization on 0.4 g. of the thioketol diol IIIc 
gave 45 mg. of the ketone IVc and 0.1 g. of the 3a,17/3-diol IVa 
plus 0.11 g. of recovered starting material.

17/3-Hydroxy-5o-estr-l-en-3-one (Va). A. Isomerization of 
IVc.—A small sample of IVc (10 mg.) was dissolved in 3 ml. of 
methanol and 1 ml. of 3 V hydrochloric acid was added. The 
solution was allowed to stand at room temperature with aliquots 
being withdrawn to measure ultraviolet absorption at 229 
Only after 5 days did the absorption at 229 mju reach a maximum. 
Longer standing resulted in a decrease in the absorption. A simi
lar study at steam bath temperatures indicated that 2 h r. was the 
optimum time.

A solution of 80 mg. of the unsaturated ketone IVc in 25 ml. of 
ethanol and 5 ml. of 3 V hydrochloric acid was refluxed on a 
steam bath for 2 hr. After the usual work-up the residue was 
subjected to quantitative thin layer chromatography on silica 
gel containing a zinc phosphor. The main ultraviolet absorbing 
zone was eluted to give 16 mg. of an oil which crystallized slowly 
from acetone-petroleum ether to give 10 mg. of the conjugated 
ketone Va, m.p. 145-147° [ « ] 21d  +100 (ethanol), X®‘ac_H 229 m̂ i
(e 10,000).

Anal. Calcd. for C18H260 2: C, 78.79; H, 9.55. Found: 
0  , 78.56; H, 9.19.

A less polar, nonultraviolet absorbing zone contained 22 mg. 
of the starting material, IVc. There were also present four other 
zones which yielded small amounts of intractable oils.

B. Hydrolysis of Vb.—A solution of 80 mg. of Vb in 10 ml. of 
methanol and 5 ml. of 5% sulfuric acid was refluxed overnight. 
After the usual work-up the oily residue was chromatographed on 
a thin layer silica plate. Six different zones were obtained, one 
of which on elution gave 10 mg. of oil, the infrared spectrum of 
which was identical with 17/3-hydroxy-5a-estr-l-en-3-one (Va).

Acetylation of Va.—A 4-mg. sample of Va was acetylated in 
the usual manner. On work-up, crystalline material was 
obtained, which on recrystallization from petroleum ether melted 
at 132-136°, identical with 17/3-acetoxy-5a-estr-l-en-3-one (Vb) 
by mixture melting point and infrared spectra comparison.

Hydrogenation of Va.—An 8-mg. sample of Va was hydro
genated in ethanol over 10% palladized charcoal. The crystal
line product showed no specific ultraviolet absorption and after a 
Girard T separation the ketonic material, 4 mg., m.p. 124-128°, 
proved to be identical with 19-nordihydrotestosterone by mixture 
melting point and infrared spectra comparison.
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Reduction of 20,21-diketones with fermenting yeast occurs selectively and stereospecifically at C-21 to pro
duce one of four possible dihydro derivatives, the 21aF-hydroxy-21-methyl corticoid'. The required 20,21- 
diketones are best prepared from halohydrins obtainable by hydrogen halide cleavage of 21-methyl-21,21a- 
epoxides. The latter are prepared by the action of diazomethane on 21-aldehydes.

The rationale for the synthesis of C-21-methylated 
corticosteroids has been presented in preliminary com
munications from this laboratory1 and the glucocorti
coid and mineralocorticoid activities of this class of 
compounds have been reported in recent publications.2 
The present communication provides the details of a 
synthesis reported earlier in preliminary form.la’d 
The sequence in its preferred form involves the following 
transformations: (1) treatment of a C-21 aldehyde with 
diazomethane to produce a 21-methy 1-21,2la-epoxide,
(2) opening of the epoxide with hydrogen halide, (3) 
dehydrohalogenation of the halohydrin with concomi
tant rearrangement to a 21-methyl-20,21-diketone, and
(4) selective reduction of the C-21 carbonyl group to 
afford the desired C-21-methylated corticoid.

One of the noteworthy advantages of this short syn
thetic sequence is its applicability to a large variety of 
complex starting materials, a feature arising from the 
selective nature of the reagents employed. Another 
important characteristic of this route is the formation 
of only one (the 21aF-hydroxy derivative6) of each pair 
of epimeric 21-methyl corticoids by virtue of the stereo
specific nature of the reduction of 20,21-diketones by 
fermenting yeast or sodium borohydride. These 
tures make available a convenient synthesis of 21- 
methyl-21o:F-hydroxy corticoids from virtually all of 
the common steroids containing a dihydroxyacetone 
side chain, even those bearing several nuclear sub
stituents, without the necessity for employing protec
tive groups.

The usefulness of this synthetic sequence is further 
enhanced by the availability of a method, recently re
ported from this laboratory,1“ for interconverting 21aF- 
and 21/3F-hydroxy corticoids via  their 21-mesylates by 
displacement with acetate. Thus, the direct conversion 
of a highly substituted corticoid to either of its two 
epimeric 21-methyl derivatives can be accomplished

(1) F o r p re lim inary reports of th is w ork see: (a ) E .  J .  Agnello, S . K .  
F igdor, G . M . K .  Hughes, H . W . O rdw ay, R .  Pinson, J r . ,  B . M . Bloom , 
and G . D . Laubach , A b stracts of Papers presented at the 137th N ational 
M eeting of the A m erican  Chem ical Society, C leveland , Ohio, A p ril, 1960, 
p . 20-N ; (b) S . K .  F igdor, R .  P inson , J r . ,  H . W . O rdw ay, E .  J .  Agnello, 
B . M . Bloom , and G . D . Laub ach , i b i d . ,  p. 21-N ; (c) H . J .  Hess, S , K .  F ig 
dor, G . M . K .  Hughes, R .  P inson , J r . ,  and W . T .  M oreland, A b stracts of 
Papers presented a t  the 138th N ational M eeting of the Am erican Chem ical 
Society , New Y o rk  C it y , N . Y . ,  Septem ber, 1960, p. 39-P ; (d ) E .  J .  Agnello, 
R . Pinson, J r . ,  S . K .  F igdor, G . M . K .  Hughes, H . W . O rdw ay, B . M . Bloom , 
and G . D . Laubach , 1E x p e r i e n t i a ,  16, 357 (1960).

(2) Th e  recently reported resu lts of pharm acological3 and c lin ica l4 studies 
w ith  2l-m ethyl-9-fluoro-l 18,17,21 aF-trihydroxypregna-1,4-diene-3,20-dione 
(P-1742) ( X I V )  dem onstrate the effectiveness of the 21-m ethyl function in  
elim inating the undesirable salt-retain ing a c t iv ity  of 9-fiuoroprednisolone 
w ith  only partia l reduction of it s  glucocorticoid a c t iv ity . T h u s , introduc
tion of th is substituent transform s 9-fluoroprednisolone into a system ica lly  
useful anti-inflam m atory agent.4

(3) (a) J .  G . H aurado and J .  A . Schneider, F e d .  P r o c . ,  19, 159 (1900); 
(b) J .  G . L lau rado , Acta Endocrinol., 38, 137 (1961).

(4) E .  W . Boland , Ain. J. M e d . ,  31, 581 (19G1).

readily. Forthcoming publications will describe the 
details of alternate routes to pairs of epimeric 21-methyl 
corticoids which involve introduction of the 21-methyl 
group into simple, readily available starting materials 
prior to elaboration of the remainder of the molecule.

11/3,17 - Dihydroxy - 3,20 - dioxopregna - 1,4 - dien- 
21-al (prednisolone 21-aldehyde) (I)6 reacted rapidly7 
with ethereal diazomethane and the major product 
(40% yield) was 21-methyl-21,21a-epoxy-ll/3,17-di- 
hydroxypregna-l,4-diene-3,20-dione (II). The epoxide 
structure was assigned to this product on the basis of its 
elemental analysis, spectral properties, and reactions 
with hydrogen halides. Confirmation of the presence 
of the intact tetracyclic steroid nucleus was obtained by 
cleavage of the side chain of II with periodic acid (a 
slow reaction, as expected) and isolation of 11/3-hydroxy- 
androsta-l,4-diene-3,17-dione.9 Among the five di
azomethane reaction by-products detectable by paper 
chromatography an isomer of II was isolated which

(5 ) (a ) P r io r  to the present pub lication , the 21-m ethyl corticoids which 
were obtained b y  the reduction of 20,21-diketones w ith  ferm enting yeast were 
a rb it ra r ily  designated 21B-ols to differentiate them from  the epim eric com
pounds (designated 21 A-ols) prepared b y  another route. Subsequent stereo
chem ical studies5*1 (the details of w hich  w ill appear in  a forthcom ing pub
lica tio n ) have established the absolute configuration of the epim eric 21- 
m ethyl corticoids, thus allow ing the designation of the yeast reduction prod
ucts as 21aF-hydroxypregnane derivatives (F isch e r convention) or as 17/3- 
[(S)-2-acetoxypropionyl]androstane d eriva tives (C ahn-Ing o ld -P re lo g  con
vention271’) .  (b ) one of the interm ediates ( X X I V ) lc belonging to the series 
o rig inally designated 21 A-ols w as cleaved a t the C-17-C-20 bond and the non
steroidal fragm ent was converted in  several steps to m ethyl a-acetoxypropio- 
nate. Id entification  of th is  product as a  d e riva tive  of d-( — )-lae tic  acid

c h 3 c h 3
I I

methyl ester acetate
1 l/3,17,21/3f-Trihydroxy- 
21 -methy Ipregna-1,4-diene-
3,20-dione 21-acetate 
(formerly 21A-ol)

establishes its  absolute configuration and m akes i t  possible to designate 
the stereochem istry of X X I V  and a ll other members of the series as 215f -o1s. 
Compounds of the opposite configuration (o rig ina lly  designated 21B-ols) 
are therefore co rrectly designated 21<xf-o1s .

(6) B . G . Christensen, N . G . Steinberg, and R .  H irschm ann, Chem. Ind. 
(London), 1259 (1958).

(7) Th e  rap id ity  of th is reaction is noteworthy in  view  of the recently  re
ported8 sluggish nature of the reaction of C-20 and C-3 ketones w ith  diazo
methane. Th e  difference in  rates makes possible the use of the present 
reaction sequence w ith  complex steroids.

(8) A . L .  Nussbaum and F . E .  C arlo n , J. Am. Chem. Soc., 79, 3831 
(1957).

(9) H . L .  Herzog, C . C . Payne , M . A . Je v n ik , D . Gould , E .  L .  Shapiro 
E .  P . O live to, and E . B . Hershberg, ibid., 77, 4781 (1955).
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proved to be 21-methyl-l 1/3,17-dihydroxypregna-l ,4- 
diene-3,20,21-trione (III).10 The a-diketone structure 
of III was demonstrated by its reaction with o-phenyl- 
enediamine to form a quinoxaline (VHIb) possessing 
ultraviolet absorption spectral characteristics closely 
resembling those of the quinoxaline (Villa) obtained 
from prednisolone 21-aldehyde (I). The infrared 
spectrum, elemental analysis, and subsequent trans
formations of this product also were consistent with the 
assigned «-diketone structure.

Treatment of the 21,2la-epoxide with hydrogen hal
ides opened the ring predominantly at the terminal 
carbon atom affording the desired halohydrins \e.g., 
21 - chloromethyl - 11/3,17,21 - trihydroxypregna - 1,4- 
diene-3,20-dione (IV)] with hydroxyl at C-21.11’12 
Location of this new hydroxyl function was based on 
cleavage of IV with periodic acid, which afforded 11/3,- 
17« - dihydroxyandrosta - 1,4 - dien - 3 - one - 17- 
carboxylic acid,13 and upon subsequent reactions de
scribed.

Preliminary exploration of methods for transforming 
the C-22 steroids prepared in this way to one or both 
of the epimeric 21-methylprednisolones led to the 
choice of diketone III as the most useful intermediate 
and, therefore, to a search for a more efficient synthesis 
of 20,21-diketones. It was hoped that the desired 
diketone would be formed readily from epoxide II 
by one of the methods commonly employed for ep-

oxide-to-ketone conversion.14a However, most of the 
attempts to convert the epoxide directly to III resulted 
in disappointingly low yields. For example, treatment 
of II with anhydrous hydrogen chloride in refluxing 
ethyl acetate afforded 30% of crystalline diketone.15

An unexpected and superior method of preparing 
diketone III was discovered during an attempt to oxi
dize the 20,21-ketol moiety of IV to the 21-chloromethyl
20,21-diketone VII, from which halogen presumably 
would be removed more readily by hydrogenolysis. 
For this purpose a modification of the method of 
Rigby,16 which utilizes bismuth trioxide for the oxidation 
of acyloins to diketones, was employed. However 
the reaction did not proceed as expected (there was no 
apparent reduction of the reagent to elemental bis-

(11) Th e  reaction of epoxide I I  w ith  hydrogen chloride in v a ria b ly  pro
duced a m inor by-product for which the not u n like ly  isom eric ch lo rohydrin  
structu re  V I  cannot be ruled out by the availab le  data . In  co ntrast to 
chlorohydrin I I ,  the m inor product did not produce a color in  the tetrazo lium  
test for 20,21-ketols.

c h 2oh
I

CHCI
I

C = 0

VI

(10) W ith  the exception of I I I  the structures of the by-products (each of 
w hich assayed less than 5 %  b y  paper chrom atographic analyses) have not 
been elucidated. The  possib ility  exists th a t one of them  is the C-21-epimer 
of epoxide I I .  However, the absence of sign ificant quantities of the epim er 
ind icates e ither th a t it  is  formed in  less than 5 %  yield  due to a ttack  of 
diazom ethane on I  from  a preferred direction or th a t the epim er is unstable 
and decomposes to other products. W e favo r the form er explanation 
(a tta ck  from the less hindered side as shown in  X X V I )  in  view  of the like li
hood th at the aldehyde exists in  a trans configuration .10a T h is  conform ation

v v v i
is  favored not on ly by the strong repulsive forces of the dipoles of the car
bonyl groups b ut b y  the possib ility for hydrogen bonding between 17- 
h yd ro xy l and 21-carbonyl when the configuration is  as shown in  X X V I .  
I f  the a ttack  of diazomethane on the 21-carbonyl carbon is as postulated 
above, the absolute stereochem istry of the resulting epoxide can be pre
dicted as belonging to the 210F-series ( X X V I I ) .  Supporting data for 
th is  configurational assignment w ill be presented in  a subsequent paper from 
th is laborato ry . A n  observation which m ay be relevant to the degree of

, c h 2

"C—H
I
C—0 

■OH

XXVII

x h 2

'C - H
I

c = o

XXVIII

c h 2

H - C '

c = o

XXIX
hydrogen bonding in X X V I  is  the isolation of two m ajo r products (ra ther 
th&n one) from  the reaction of a 17-desoxysteroid 3,20-dioxopregn-4-en-21-al 
(desoxycortieosterone 21-aldehyde) w ith diazom ethane. Th e  products * re  
isom eric CzsHssOa compounds and are ten ta tive ly  assigned the epoxide struc
tures X X V I I I  and X X I X  on the basis of their elemental analyses, in fra 
red spectra, and their conversion to halohydrins. (a ) J .  H ine , “ Physica l 
Organic C h em istry ,”  M cG ra w -H ill, New Y o rk , N . Y . ,  1956, pp. 233-234.

(12) I f  the stereochem istry of epoxide I I  is as shown in  s tructu re  X X V I I , 10 
then the halohydrins w ill of necessity have the same absolute configuration at

CH2C1

IV
C-21 as the epoxides, i.e., they  w ill belong to the 21/3F-hydroxy series (e.g. ,  
I V  above). Supporting evidence for th is assignment was obtained by 
the use of m olecular rotation differences and optical ro tato ry  dispersion 
and w ill be presented in  a forthcoming publication .

(13) R . H irschm ann, G . B a ile y , and J .  M . Chem erda, Chem. Ind. (L o n 
don), 682 (1958).

(14) (a ) S . W instein  and R . R .  Henderson, “ H eterocyclic Com pounds,”  
Vo l. I ,  R .  C . E lderfie ld , E d ., John W iley  and Sons, In c ., New  Y o rk , N . Y . ,  
1950, pp. 27-58 ; (b ) S . W instein and R . R .  Henderson, ibid., p . 49.

(15) E xam in atio n  b y  paper chrom atography of aliquots of the reaction 
m ixture during the course of the reaction showed the presence of a  compound 
identica l to chlorohydrin IV  in  m obility and behavior tow ard  blue te tra 
zo lium  reagent. Confirm ation of the existence of I V  as an actua l in term ed i
ate in  the conversion of I I  to I I I  by isolation of I V  m ight be useful in  the 
e lucidation of the mechanism of oxide openings. I t  has been pointed out 
b y  W instein  and Henderson14i> that i t  is often not clear w hether the oxide 
rearranges or w hether an interm ediate is  produced (b y  the acid  ca ta lyst) 
w hich ac tu a lly  rearranges, e.g., in  the magnesium brom ide-catalyzed rear-

M gXO-C-

.X

XXX

rangement of oxide to ketone the halomagnesium sa lt  ( X X X )  of the halo- 
hyd rin  is formed and th is species rearranges. In  the case presently under d is
cussion the interm ediate which would be analogous to X X X  would be chloro
hyd rin  IV .  I t  is known (see text) th a t IV  is converted to I I I  under these 
conditions.

(16) W . R ig b y , J. Chem. Soc., 793 (1951).
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muth), and the major steroidal product proved to be 
the diketone III.17a

Subsequent to the discovery of the effectiveness of 
bismuth trioxide it was found that other reagents, e.g., 
anhydrous hydrogen chloride in refluxing ethyl acetate, 
also were effective in the dehydrohalogenation and re
arrangement of chlorohydrin IV to diketone III. Fur
thermore, the dehydrohalogenation occurred even more 
readily when bromohydrin V or iodohydrin XI were 
employed. In contrast to the more stable chlorohydrin, 
bromhydrin V lost the elements of hydrogen bromide 
simply upon being heated in refluxing ethyl acetate 
(without added acid), and solutions of iodohydrin 
underwent significant decomposition even at room 
temperature. The most efficient of the above methods 
utilized bromohydrin V as an intermediate. Thus, 
when oxide I was treated with methanolic hydrogen 
bromide and the resultant crude bromohydrin was 
heated in refluxing ethyl acetate for a period of one to 
two hours, the elements of hydrogen bromide were lost 
and 21-methyl-lId, 17-dihydroxypregna-l,4-diene-3,20- 
21-trione (III) was isolated in approximately 50% yield 
(based on I).

Although the mechanism (s) of the above dehydro- 
halogenative rearrangement reactions have not been 
elucidated, it has been established that the analogous 
17-unsubstituted halohydrins are stable under reaction 
conditions which are effective in the 17-hydroxylated 
series. It would appear, therefore, that the 17-hy
droxyl group participates in the reaction, e.g., by assist
ing in the ionization of halogen via hydroxyl-halogen 
interaction171* in C-20-C-21 enol form (Fig. A) which is a

Figure A Figure B

likely intermediate. A less reasonable alternative for 
the lack of reactivity in the 17-desoxy series involves 
enolization in the opposite direction to afford the 
C-17-C-20 enol (Fig. B) which would be unfavorable for 
further reaction. This alternative is not likely, how
ever, since there is evidence that 17-desoxy-20,21- 
ketols do indeed enolize to the C-20-C-21 enol form.17c

(17) (a ) A n  isom eric by-product ( X X )  also was isolated from  th is reaction. 
An attem pt to oxid ize I V  w ith  cupric acetate also gave X X  as a m ajor prod
uct (p art of a m ixtu re ) b u t no diketone I I I  was detected. Although the 
structure of X X  has not been established defin ite ly , the D-homo structures 
X X X I  and X X X I I  are l ik e ly  possibilities for the follow ing reasons: (1) 
treatm ent w ith  strong a lk a li gave a new product resulting from  the loss of

XXXI XXXII XXXIII XXXIV
C 2I I 2O fragm ent; (2) elem ental analyses and in frared  spectra were consistent 
w ith  structures X X X I  or X X X I I  fo r the orig inal compound X X  and w ith  
X X X I I I  or X X X I V  for the a lka line  degradation product, (b) Another case 
of hydrogen bonding to halogen (C -1 7 a  h yd ro xy l and C-12a halogen) was 
reported recently : P . A . D iass i, J .  F r ie d , R .  M . Palm ere, and E .
F .  Sabo, J .  A m .  C h e r n . S o c . ,  83, 4249 (1961). (c) G . A . F le isher and E .  C .
K en d a ll, J .  O r g .  C h e m . ,  16, 573 (1951).

The effectiveness of bismuth trioxide in this trans
formation probably is related to the complexing ability 
of bismuth and/or the tendency for the formation of the 
sparingly soluble bismuthyl chloride (BiOCl)18 since 
other oxides (e.g., aluminum oxide, cupric oxide) or 
acetates (e.g., potassium acetate) are without effect on 
IV under identical conditions.19 The role of acid in the 
observed loss of the elements of HX from the halo
hydrins in ethyl acetate20 might consist of promoting 
their conversion to the proposed enol form (Fig. A) 
which would be favorable for elimination.

Selective reduction of the 21-carbonyl group of di
ketone III, required to complete the synthesis of 21- 
methylprednisolone, could be accomplished by only 
tw7o of the numerous methods explored. The more sat
isfactory one was the action of fermenting yeast21 
which gave 21-mcthyl-l l,S,17,21aF-trihydroxypregna-
l,4-diene-3,20-dione (XII)5 in 50-60% yield. No 
major by-products were detectable.

Reduction of the 20,21-diketone III with sodium 
borohydride also occurred predominantly at C-21 
to form the desired ketol XII, but this was accom
panied by a substantial amount of the 20-dihydro 
derivative 21-methyl-l 1/3,17,20-trihydroxypregna-l ,4- 
diene-3,21-dione (XIII). In view of the well known 
tendency of sodium borohydride reduction of 20- 
ketosteroids to produce 2O0F-hydroxyl derivatives22 
the /3-configuration would be predicted for the C-20 
hydroxyl group of XIII. Additional support for this 
tentative assignment of configuration was obtained from 
the observation that microbiological reduction of III 
with Streptomyces erythreus,n an organism which is 
known to reduce other 20-keto steroids to the 20/3f -  
hydroxy derivatives, 24a-b afforded the same 20-dihydro 
product XIII. Assignment of the 20/3F-hydroxy con
figuration to by-product XIII is also favored by the 
probable trans oriented nature of the diketone10a and 
the expected attack of the borohydride anion from its 
less hindered side,22 i.e., the side away from the angular 
methyl group. Thus, the product which would be 
predicted from attack on the 21-carbonyl group
(XXXV) is the observed 21aF-hydroxy derivative. 
Attack from this same side on the 20-carbonyl group

(18) (a ) The  tendency of b ism uth sa lts to be converted to ve ry  insoluble 
b ism uthyl halides (B iO X )  is  well known and can occur a t  p l is  a t least as 
low  as 1.2. C f .  J .  D . M oyer and H . S . Isb e ll, A n a l .  C h e m . ,  30, 957 (1958). 
(b ) K .  B . Y a ts im irsk ii and V . P . V asilev , “ In s ta b ility  Constants of Com plex 
Com pounds,’ * Consu ltants Bureau , New Y o rk , N . Y . ,  1960. (c) Chelates of 
the d ihydroxyacetone m oiety w ith  tr iv a le n t m etals are known. C f .  K . 
Bernauer and S . F a lla b , H e l v .  C h i m .  A c t a ,  40, 1690 (1957), and J .  W . F ishe r, 
U . S. Patent 3,010,975 (N ovem ber 28, 1961).

(19) Th e  ineffectiveness of potassium  acetate in  a c e t i c  a c i d  elim inates the 
possib ility th a t the basic properties of b isiputh  trioxide m ight be involved 
in  the e lim ination of the elements of hydrogen chloride. In terestin g ly , how
ever, when I V  wras heated w ith  potassium acetate i n  a c e t o n e  a good y ie ld  of 
diketone I I I  was isolated.

(20) (a ) Th e  observed order of s ta b ility  of the halohydrins is the one which 
would be predicted on the basis of the ease of heterolysis of the carbon- 
halogen bond.20b T h u s  chlorohydrin requires an added ca ta lyst while 
brom ohydrin and iodohydrin do not (possib ly due to the presence of sufficient 
amounts &f residual H X  in  these more favorable cases), (b ) C . K .  Ingohi, 
“ S tructu re  and M echanism  in- O rganic 'C h e m is try ,”  Cornell U n ive rs ity  
Press, Ith a ca , N . Y . ,  1953, pp. 338-339.

(21) C . Neuberg, “ Advances in  Carbohydrate C h e m is try ,”  V o l. 4, Aca
dem ic Press, In c ., New Y o rk , N . Y . ,  p . 86.

(22) L .  L .  Sm ith , J .  J .  G arb arin i, ,1. J .  Goodman, M . M arx , and H . 
Mendelsohn, J .  A m .  C h e m .  S o c . ,  82, 1437 (1960), and references contained 
therein.

(23) W e are indebted to D r . J .  Sard inas of our Ferm entation Research 
Departm ent for carry ing  out th is  m icrobiological conversion.

(24) (a ) G . M . S h u ll, unpublished resu lts ; (b ) T .  T akah ash i and Y .  
U ch ibori, A g r .  B i o l .  C h e m . ,  26, 89 (1962).
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(XXXVI) instead of on C-21 would, therefore, be 
expected to produce the 20-dihydro derivative of 
opposite configuration, the 2O0F-hydi'oxy compound.

Reduction of the diketone polarographically25a,b 
produced a complex mixture of products from which 
the 20-dihydro derivative XIII was isolated. None of 
the 21q:f-oI (XII) could be detected.

Application of X lla  of the familiar sequence for 
introducing a 9a-fluorine substituent26 proceeded in the 
expected fashion via the intermediate 9(ll)-ene
(XXXVII) , 9a-bromo-l 10-hydroxy (XXXVIII), and 
90,110-oxido (XXXIX) derivatives to 21-methyl-9- 
fluoro - 110,17,21 ap - trihydroxypregna - 1,4 - diene-
3,20-dione 21-acetate (XIV).27 This product was 
identical to that obtained from 9-fluoro-110,17-di- 
hydroxy-3,20-dioxopregna-l,4-dien-21-al (XV) via the 
oxide (IX), bromohydrin (XXI), and a-diketone 
(XVIII). It is noteworthy that when the diazometh
ane sequence was applied to the preparation of the
9-fluoro and 6a,9-difluoro derivatives XIV and XVII, 
the reaction proceeded essentially in the same manner 
as described for the transformation of prednisolone 
21-aldehyde to XII except for the slowness of the final 
yeast reduction step, which was most probably due to 
the lower solubility of the 9-fluoro and 6a,9-difluoro
20,21-diketones XVIII and XIX.

Experimental28
ll|3,17-Dihydroxy-3,20-dioxopregna-l,4-dien-21-al (Predniso- 

lone-21 Aldehyde) (I).—Prednisolone was oxidized with cupric 
acetate according to the method of Christensen, et al.n  An 
analytical sample, from methanol, exhibited m.p. 186-188° dec., 
Xmai 244 mji (15,700), infrared Xmax 1699 cm.

Anal. Calcd. for C2iH260 6 CH30H: C, 67.67; H, 7.74; 
methoxyl, 7.94. Found: C, 67.28; H, 7.64; methoxyl, 7.23.

21-M ethyl-21,21a-epoxy-l Id,17-dihydroxypregna-l,4-diene-3,-
20- dione (II).—An ice-cold solution of diazomethane prepared 
from 10 g. of N-methyl-N-nitroso-N'-nitroguanidine in 100 ml. 
ether was added to an ice-cold solution of 3.88 g. of prednisolone
21- aldehyde in 350 ml. methanol and 170 ml. ether. After 15 
min. at 5° and 2 hr. at room temperature the excess diazomethane 
was destroyed by the addition of dilute acetic acid. The reaction 
mixture was concentrated to 20 ml. and the residue taken up in 
500 ml. of chloroform. The chloroform solution was washed with 
5% sodium bicarbonate and water and taken to dryness. The 25 26 27 28 29

(25) (a) S. W awzonek, A n a l .  C h e m . ,  28, 638 (1956); (b) we are grateful 
to  M r. W. M cM ullen and  M r. L. Ciaccio of our A nalytical D epartm en t for 
perform ing the  polarographie reduction experim ents.

(26) J . F ried  and  E. F . Sabo, J .  A m .  C h e m .  S o c . ,  79, 1130 (1957); R . F. 
H irschm ann, R . M iller, J .  Wood, and  R . E . Jones, i b i d . ,  78, 4956 (1956).

(27) (a) P-1742, previously nam ed 9«-fluoro-21-m ethyl-l,4-pregnadiene- 
110,17a-21B-triol-3,20-dione 2 1-acetate la,d; according to C ah n -In g o ld - 
Prelog convention for specifying asym m etric configuration2713 compound 
X IV  would [be nam ed 17j8-[(S)-2~acetoxypropionyl]-9-fluoro-110,17- 
dihydroxyandrosta-l,4~dien-3-one. (b) R . S. C ahn, C. K. Ingold, and V. 
Prelog, E x p e r i e n t i a ,  12, 81 (1956).

(28) Unless otherw ise noted the  u ltrav io le t absorp tion  spec tra  were de
term ined in m ethanol solution, the  infrared  absorption spec tra  in pressed 
potassium  brom ide, and  the optical ro ta tions in dioxane solution. All m elt
ing points are uncorrected.

(29) This com pound has been described as a  m onohydrate .6 O ur sample 
(prepared by the sam e m ethod) was shown by  a  m ethoxyl determ ination  to 
contain an  equ iva len t of m ethanol.

I. It == X = Y = H II.
III. R == CH3; X = Y = H IX.
XV. R == Y = H; X = F X.

XVI. It == H; X = Y = F
XVIII. R == CH3; X := F; Y = H

XIX. R == CH3; X = Y = F

X = Y = H 
X = F; Y = H 
X = Y = F
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IV. R' = Cl; X = Y = H Villa. R -- H
V. R ' = Br ; X = Y = H VlIIb. R == c h 3
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XXI. R' = Br ; X = F; Y = H
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amber residue, upon trituration with 1:2 ethyl acetate-ether, 
afforded 1.45 g. white microcrystals, m.p. 225-227° dec. After 
two recrystallizations from ethyl acetate the product (300 mg.) 
exhibited m.p. 239-241° dec., Xma, 243 m/j (15,600), infrared 
Xmax 1709 cm.“1,1 [< * ]d  +  166°.

Anal. Calcd. for C^H^Os: C, 70.94; H, 7.58. Found: C, 
70.71; H, 7.77.

Minor Products of Reaction of Prednisolone 21-Aldehyde with 
Diazomethane.—After removal of the crude epoxide compound 
by trituration (see above), the mother liquor residues from several 
experiments were combined and taken up in methylene chloride 
and chromatographed on neutral alumina. The components 
which were isolated (quantitative paper chromatographic assays
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indicated there was less than 5% of each of the minor products) 
are described below.

(A) Eluted in methylene chloride containing 15% ether. 
Recrystallization from acetone-ether afforded an analytical sam
ple, imp. 233-235°, Xmax 243 m/x (14,700).

Anal. Found: C, 72.79; H, 8.18; 0,19.21; methoxvl, 0.68.
(B) Eluted in ether containing 1% acetone. An analytical 

sample, recrystallized from acetone ether, exhibited m.p. 220-  
222°, Xmal 243 m/t (14,900), infrared Xmax 1693 cm .-1.

Anal. Found: 0,71.50; H, 7.64; 0,20.91.
(C) Eluted in ether containing 5-25% acetone. The analyti

cal sample, recrystallized from acetone-ether, exhibited m.p.
206-208°, infrared Xmax 1715, 1700 cm.-1.

Anal. Found: 0,71.18; H, 7.62. Identical with compound 
III prepared by a different method (below).

(D) Eluted in ether containing 25-50% acetone. Recrystal
lization from acetone afforded an analytical sample, m.p. 289- 
295° dec., Xmax 256 m/x (20,800), infrared Xmax 1680, 1644 cm.-1.

Anal. Found: 0 , 75.03; H, 7.53; 0,17.69; methoxyl, 0.69.
(E) Eluted in 1:1 acetone-methanol. The product consisted 

of a white glass which gave a positive Tollens test.
Reaction of Epoxide II with Periodic Acid.—A solution of 

900 mg. of periodic acid (dihydrate) in 25 ml. of water was added 
to a solution of 475 mg. of II in 75 ml. of meuhanol at 40° and 
allowed to stand 24 hr. The crystalline precipitate which was 
removed by filtration (60 mg.) was identical to starting material. 
The filtrate was extracted with 1:1 ethyl acetate-benzene, and 
the extract was washed with water and concentrated to 3 ml. 
Another crop of crystalline starting material (62 mg.) was re
moved by filtration. The filtrate was concentrated to dryness 
and the residue, upon trituration with 1:1 ethyl acetate-ether, 
yielded 124 mg. of crystalline product, identical by infrared and 
paper chromatographic comparison with 11/3-hydroxyandrosta-
l,4-diene-3,17-dione prepared by the action of sodium bismuthate 
on prednisolone as described below.

Reaction of Prednisolone with Sodium Bismuthate.—A solu
tion of 10 g. of prednisolone in 500 ml. of 50% acetic acid was 
stirred with 29 g. of sodium bismuthate at room temperature 
overnight. The stirring was stopped and after the solid had 
settled the colorless supernatant was filtered and diluted with 800 
ml. of water with cooling. The white precipitate (2.84 g.), re- 
crystallized from ethyl acetate afforded 1.81 g. of 11/S-hydroxy- 
androsta-l,4-diene-3,17-dione,10 m.p. 185-187°, Xmax 242 m/x, 
(14,850), infrared \ ^ K 1720 cm.-1.

2 l-Methyl-21,21 a-epoxy-17-hydroxypregna-l ,4-diene -3,11,20- 
trione.—A suspension of 650 mg. of oxide II (1.75 mequiv.) in 5 
ml. of acetic acid was treated with 130 mg. (1.92 equivalents) of 
chromic acid in 18.4 ml. of acetic acid-water (9:1). The product 
isolated by extraction, upon trituration with 1:1 ethyl acetate- 
ether, consisted of 386 mg. of white crystalline solid, m.p. 215- 
218° dec. Recrystallization once from ethyl acetate and then 
from methanol afforded the analytical sample (105 mg.) which 
had m.p. 226-228° dec., Xmax 238 m/x (16,900), [ « ] d +  226°.

Anal. Calcd. for C22H260 6: C, 71.33; H, 7.08. Found: C, 
71.39; H, 7.11.

21-Chloromethyl-l 1/3,17,2 Uf-trihydroxypregna-l ,4-diene-3,20- 
dione (IV). Method A.—A suspension of 500 mg. of II in 50 
ml. of chloroform was treated with 50 ml. of a solution of anhy
drous hydrogen chloride in glacial acetic acid (4.1 mg./ml.). 
The resultant solution was allowed to stand for 1.5 hr. at room 
temperature. After adding 125 ml. of chloroform and 75 ml. of 
water, the layers were separated and the chloroform layer was 
washed and dried. The residue (592 mg. of pale yellow solid), 
upon trituration with 2:1 ether-ethyl acetate, afforded 195 mg. 
of crude chlorohydrin IV, m.p. 188-189° dec. Two recrystal
lizations from ethyl acetate yielded 65 mg. of analytically pure 
IV, m.p. 199-200° dec., Xmax 243 m/x (14,500), infrared Xmax 
1697 cm.-1, [ « ] d + 66°.

Anal. Calcd. for C22H29O5CI: C, 64.61; H, 7.15; Cl, 8.67; 
0,19.57. Found: C, 64.76; H,7.24; Cl, 8.07; 0,20.27.

Method B.—A suspension of 5 g. of II in a solution of 27 ml. of
2.5 N  methanolic hydrogen chloride in 50 ml. of chloroform was 
stirred at room temperature for 2 hr. Addition of 200 ml. of 
water precipitated the product. Filtration yielded 4.4 g. of 
product which, by paper chromatographic analysis, contained 
approximately 70% of IV and 10% of a more polar product (pre
sumably VI). Pure chlorohydrin, identical to the product 
obtained by method A, was obtained by recrystallization from 
ethyl acetate.

Treatment of 230 mg. of IV with 2 ml. of pyridine and 1 ml. of 
acetic anhydride overnight at room temperature afforded 190 mg. 
of crude acetate. After two recrystallizations from ethyl acetate, 
there was obtained 97 mg. of the 21-acetate of IV which exhibited 
m.p. 185-186° dec., Xmax 243 m / i  (15,000), [ a ] D  +46°.

Anal. Calcd. for CjJRiOeCl: C, 63.91; H, 6.93; Cl, 7.86. 
Found: C, 63.85; H, 7.02; Cl, 6.97.

The mother liquors obtained from several preparations of 
chlorohydrin IV (by either method A or B) were combined and 
dissolved in 20:1 ether-ethyl acetate and filtered through a 
column of Florisil. The filtrate contained VI free of other steroids. 
After three recrystallizations from 1:1 acetone-ether, the by
product VI exhibited m.p. 186-187° dec., Xmax 243 m/x (15,050), 
infrared Xmax 1709 cm.-1.

Anal. Found: C, 63.44; H, 7.01; 0,19.86; Cl, 8.49.
21-Bromomethyl-ll/3,17,21+-trihydroxypregna-l ,4-diene-3,20- 

dione (V).—A suspension of 2 g. of II in 150 ml. of 0.37 N  meth
anolic hydrogen bromide was stirred at room temperature for 2 
hr. Addition of 100 ml. of water to the final solution and removal 
of 100 ml. of methanol in vacuo precipitated the crystalline prod
uct. Filtration afforded crude bromohydrin, m.p. 135-136° 
dec. A sample prepared in chloroform-glacial acetic acid con
taining anhydrous hydrogen bromide and isolated as described 
for IV above was recrystallized twice from ethyl acetate for analy
sis. The best sample of V, which was somewhat unstable (see 
text), exhibited m.p. 141-142°, Xmax 243 m/x (EJ^„ 350), in
frared Xmax 1696 cm.-1, [ a ] D  +99°.

Anal. Calcd. for C22H2906Br: C, 58.28; H, 6.45; Br, 17.63. 
Found: C, 59.65; H, 6.51; Br, 16.96.

21 -Io domethyl-11/3,17,21 {F-trihy dr oxypregna-1,4-diene-3,20- 
dione (XI).—A suspension of 3.7 g. of II in 300 ml. of methylene 
chloride was protected from light by wrapping the flask with alu
minum foil. The suspension was stirred vigorously with 29 ml. 
of 50% aqueous hydrogen iodide for 10 min. The organic layer 
diluted with 150 ml. of methylene chloride and 30 ml. of ethyl 
acetate and 300 ml. of water and 100 ml. of 5% sodium thiosulfate 
solution were added. After stirring for 3 min., the organic layer 
was separated and the aqueous layer extracted three times with 
100-ml. portions of 9:1 methylene chloride-ethyl acetate. The 
combined organic extracts were washed with water, dried, and 
concentrated to 200 ml. The first crop of crystalline product 
(2.48 g.) was isolated by filtration. A second crop (0.87 g.) was 
isolated by concentration of the filtrate to 20 ml. Recrystalliza
tion of 400 mg. of the first crop material from ethyl acetate af
forded 103 mg. of crystals in two crops, m.p. 149-150° and m.p.
146-147°. A final recrystallization from ethyl acetate yielded a 
still impure sample of the very unstable iodohydrin (XI), m.p. 
145-146° dec., Xmax 243 m/x (EJ?m 331).

Anal. Calcd. for C22H29O5I: C, 52.81; H, 5, 84; I, 25.36. 
Found: C, 58.17; H, 6.77; 1,21.32.

21-M ethyl-11/3,17-dihydroxypregna-l,4-diene-3,20,21-trione 
(III). From Bromohydrin.—A suspension of 1.0 g. of bromohy
drin (V) in 150 ml. of ethyl acetate was heated under reflux for 2 
hr. during which time the steroid dissolved. The solution was 
taken to dryness and the tacky crystalline residue (888 mg.) trit
urated with 1:1 ether-ethyl acetate. The resultant crystals 
(524 mg.) were identical by infrared spectral comparison with III 
prepared from chlorohydrin IV with bismuth trioxide (see below) 
and with one of the minor products (C) isolated from the reaction 
of aldehyde I with diazomethane.

Ill from Chlorohydrin with Bismuth Trioxide in Acetic Acid.— 
A solution of 7.56 g. of chlorohydrin IV in 380 ml. of glacial acetic 
acid was immersed in a water bath maintained between 50 and 
60°. Bismuth trioxide (29.4 g.) was added and the mixture 
was stirred for 3 hr. The warm reaction mixture was filtered 
(Super Cel) and the acetic acid was removed in vacuo. The 
residue was stirred three times with 200-ml. portions of chloro
form. The combined chloroform extracts were filtered (Super 
Cel) and washed with water (twice), 5% sodium bicarbonate (six 
times), and water (three times), dried, concentrated to a small 
volume (20 ml.), and filtered to remove 1.71 g. of crystalline 
material identical to starting material (IV). The filtrate was 
taken almost to dryness and treated with ethyl acetate. The 
crystals which were removed by filtration (2.62 g.) were re
crystallized once from ethyl acetate and once from acetone-ether 
to obtain an analytical sample of III, m.p. 206-208° > ^max 243 
m/x (15,450), infrared Xmnx 1715, 1700 cm.-1, [<*]d + 91°.

Anal. Calcd. for C22H28C>5: C, 70.94; H, 7.58. Found: C, 
70.91; H, 7.65.



1536 A g n e l l o , F ig d o r , H u g h e s , O r d w a y , P in s o n , B l o o m , a n d  L a u b a c h V o l . 28

Chromatography of the mother liquor residue of crude III 
(p. 1535) on Florisil and elution with 2:1 ether-ethyl acetate 
yielded 310 mg. of a by-product (XX) (see below) identical to 
the major product isolated from the reaction of chlorohydrin with 
bismuth trioxide at slightly higher temperatures (60-70°). 
Compound XX was also obtained as a major product when 
chlorohydrin IV was treated with cupric acetate (see below).

m  from Chlorohydrin IV with Potassium Acetate in Acetone.— 
A mixture of 101 mg. of IV and 200 mg. potassium acetate in 10 
ml. of acetone was heated at reflux for 2 hr. with stirring. Con
centration to 3 ml. and slow addition of the residue to 40 ml. of 
water produced a white crystalline precipitate which was filtered. 
The dry solid (46 mg., 50%) was identical by paper chromato
graphic and infrared spectral comparison to a-diketone III pre
pared by other methods herein described.

Ill from Chlorohydrin IV in Refluxing Ethyl Acetate Containing 
Acid.—A suspension of 100 mg. of IV in 15 ml. of ethyl acetate 
was heated under reflux while bubbling anhydrous hydrogen 
chloride through the mixture for 2 hr. Evaporation of the solvent 
and trituration of the residue gave 23 mg. of crystals which were 
identical to diketone III by paper chromatographic and infrared 
spectral comparison. Paper chromatographic assay of the reac
tion solution prior to isolation of the crystalline product indicated 
the presence of 40% of the theoretical amount of III.

i n  from Epoxide II.—A suspension of 1 g. of epoxide II in 
150 ml. of ethyl acetate was heated with stirring at reflux tem
perature, and anhydrous hydrogen chloride was bubbled through 
the reaction mixture for 2 hr. The final solution was concentrated 
to an oil which was triturated with ether. Filtration afforded 604 
mg. of crystals, m.p. 160-168°, which proved to be crude 20,21- 
diketone III by paper chromatographic and spectral comparison 
with III prepared as described above. Recrystallization of the 
crude material from 4:1 methanol-water gave 300 mg. of crystals, 
m.p. 203-205° identical with a sample of authentic diketone III.

Reaction of III with o-Phenylenediamine.—Compound III 
(200 mg.) in 10 ml. of ethanol was heated with 200 mg. of 
o-phenylenediamine and 1 ml. of 2 N  hydrochloric acid for 0.5 hr. 
at 60°. Dropwise addition of 20 ml. of water to the orange-red 
solution with cooling resulted in precipitation of 195 mg. of yellow 
crystals, m.p. 178-181° dec., Xm;lx 238 and 321 ma and infrared 
absorption spectrum exhibiting no saturated carbonyl absorption. 
Recrystallization of the product from 1:2 ethanol-water afforded 
bright yellow crystals (110-mg.) m.p. above 260°, Xmax 238 npt 
(E [%cm 930) and 321 ma (EJ^, 198). The infrared and ultraviolet 
absorption spectra of this product were very similar to those of 
the derivative obtained from prednisolone 21-aldehyde under 
identical conditions.

Reaction of III with Periodic Acid.—A solution of 80 mg. of
diketone III in 10 ml. of methanol at 40° was treated with 5 ml. of 
water containing 180 mg. of periodic acid (dihydrate) and stored 
at room temperature for 15 hr. The solution was evaporated to 
dryness and the residue washed with water. The crystalline 
residue was recrystallized from ethyl acetate. The product was 
identical to 110-hydroxyandrosta-l,4-diene-3,17-dione9 by paper 
chromatographic and infrared spectral comparison.

Reaction of Chlorohydrin IV with Periodic Acid.—A solution 
of 300 mg. of IV in 25 ml. of methanol was treated with 15 ml. of 
periodic acid solution (containing 540 mg. of dihydrate) and after 
15 hr. the product was isolated as described above. The product 
(177 mg.) was almost entirely soluble in 5% sodium hydroxide. 
I t  was dissolved in 5 ml. of alkali and extracted three times with
10-mi. portions of methylene chloride. The alkaline solution was 
made acidic by dropwise addition of 2 A hydrochloric acid to re
precipitate the acid (113 mg.), which exhibited m.p. 226-227° 
and infrared absorption spectrum identical to the product ob
tained from prednisolone with periodic acid under the same 
conditions (see below).

Reaction of Prednisolone with Periodic Acid.—Treatment of 
468 mg.'of prednisolone in .25 ml. of methanol with 900 mg. of 
periodic acid in 25 ml. of water overnight at room temperature 
afforded (by the isolation procedure above) 240 mg. of 11/3,17a- 
dihydroxyandrosta-l,4-diene-3-one-17-carboxylic acid,13 m.p. 
224-226° dec.

Reaction of Chlorohydrin (IV) with Bismuth Trioxide at
60-70°,—A suspension of 1 g. of IV in 44 ml. of glacial acetic 
acid was heated to dissolve the steroid and immersed in a water 
bath kept at 60-70°. The solution was treated with 3.9 g. of 
bismuth trioxide for 5 hr. with stirring. The reaction mixture 
was diluted with 50 ml. of chloroform and filtered (Super Cel). 
The product, isolated as described before for compound III and

triturated with 3:1 ethyl acetate-ether, afforded 295 mg. of XX 
as microcrystals, m.p. 211-213° dec. The analytical sample 
of XX, prepared by recrystallization from ethyl acetate, ex
hibited m.p. 215-216°, XmaJ£ 242 m/i (E^°m 407), infrared Xmal 
3496, 3389, 1693 (broad), 1650, 1620, 1605 cm.“1.

Anal. Calcd. for C22H2SO»: C, 70.94; H, 7.58; 0 , 21.48. 
Found: C, 71.15; H, 7.53; 0,20.87.

The infrared spectrum and paper chromatographic behavior of 
XX differed from that of diketone III.

Treatment of Chlorohydrin IV with Potassium Acetate in 
Acetic Acid.—A solution of 100 mg. of chlorohydrin IV in 5 ml. of 
acetic acid containing 200 mg. of potassium acetate was heated 
at 50-60° for 5 hr. Paper chromatographic analysis of aliquots 
taken at hourly intervals showed little or no reaction had occurred 
in this period. Heating was continued for 2 hr. after which 5 ml. 
of ethanol was added but no reaction was detected paper chro- 
matographically. The solvents were removed in vacuo and the 
residual white solid was triturated with water and filtered. The 
resulting white solid (60 mg.) was identical to starting material 
by infrared spectral comparison.

Treatment of Chlorohydrin IV with Bismuth Trioxide in Ace
tone.—A mixture of 100 mg. of chlorohydrin IV and 200 mg. of 
bismuth trioxide in 10 ml. of acetone was heated at reflux under 
an atmosphere of nitrogen for 2 hr. I t  was cooled to room tem
perature and 10 ml. of 1:1 chloroform-methanol was added. 
The bismuth salts were removed by filtration and the filtrate 
was concentrated to dryness in vacuo. Paper chromatographic 
analysis indicated that the chlorohydrin was unaffected by this 
treatment.

Chlorohydrin IV in Refluxing Solvents.—A suspension of 100 
mg. of IV in 15 ml. of ethyl acetate was heated at reflux for 72 hr. 
Only partial dissolution occurred. Evaporation of the solvent 
left a crystalline residue which was starting material (infrared 
spectral evidence and paper chromatographic analysis).

A suspension of 100 mg. of IV in 15 ml. of «-amyl acetate was 
heated at reflux for 5 hr. Dissolution occurred in 30 min. After 
5 hr. the solvent was evaporated and the residual crystals were 
examined by paper chromatography and spectrally. The starting 
material was the : preponderant steroid present but there was 
evidence that some degradation had occurred (intensity of ab
sorption at 240 m/i was approximately two-thirds that of the 
starting material).

Reaction of Chlorohydrin IV with Cupric Acetate.—A suspen
sion of 1.0 g. of chlorohydrin IV in 64 ml. of methanol was treated 
with a mixture of 1.5 g. of cupric acetate, 6 ml. of water, and 0.5 
ml. of glacial acetic acid at 60° for 30 min. The reaction mixture 
was cooled to room temperature, treated with 1.0 g. of versene 
and concentrated to about 5 ml. The residue was diluted with 
water and the resultant blue-green precipitate was filtered and 
washed with 30% ammonium hydroxide and water. The re
sultant pale yellow solid (800 mg.) was a mixture (paper chromato
graphic analysis) from which compound XX could be isolated by 
chromatography on Florisil as described before for its isolation 
from the mother liquor of compound III.

21-Methyl-l l/3,17,21aF-trihydroxypregna-l,4-diene-3,20-dione 
(XII).6 A. Reduction of III with Yeast.—A solution of 24 g. of
110,17-dihydroxy-21-methylpregna-l,4-diene-3,20-21-trione (III) 
in 4800 ml. of ethanol was added to a stirred solution of 9600 g. of 
sucrose in 70 1. of tap water. A suspension of 1680 g. of Fleisch- 
mann’s “active dry yeast” in 9600 ml. of tap water at 40° was 
stirred for 30 min. and added to the steroid-sucrose solution. 
The reaction mixture was stirred gently enough to maintain an
aerobic conditions and the pH was kept between 3.8 and 4.7 by 
periodic addition of ammonium hydroxide. After 24 hr. a sus
pension of 336 g. of yeast and 1920 g. of sucrose in 1620 ml. of 
water and 96 ml. of ethanol was added. Paper chromatographic 
assay of the extract of an aliquot at 24 hr. indicated the presence 
of 78% of the theoretical amount of XII. At 48 hr. the assay of 
an aliquot was approximately unchanged (81%). At this time 
Super Cel (4800 g.) was added and the mixture Was filtered. The 
filtrate was extracted four times with 12-1. portions of chloroform 
and the combined extract was washed with two 6-1. portions of 
water. The chloroform solution was clarified by filtration through 
sodium sulfate and concentrated to dryness. The glassy residue 
was taken up in pyridine (360 ml.), filtered to clarify and another 
120 ml. of pyridine was used to wash the filter cake. Acetic 
anhydride (240 ml.) was added, and the solution was allowed to 
stand at room temperature overnight. The acetate of XII was 
precipitated as an oil by addition of water and was extracted with 
four 1200-ml. portions of ethyl acetate. The ethyl acetate solu
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tion was washed with dilute hydrochloric acid, saturated sodium 
bicarbonate, and water, dried, and concentrated in vacuo. The 
white crystalline product which separated during the concentra
tion was collected in two crops (10.0 g. and 2.7 g.) of approxi
mately 90% purity (paper chromatographic assay). The yield of 
acetate in the two crops was 51%. An additional 3.0 g. of 90% 
purity was isolated by chromatography on Florisil. An analytical 
sample of 21-methyl-lld,17,21aF-trihydroxypregna-l,4-diene-
3,20-dione 21-acetate (Xlla), obtained from ethyl acetate, ex
hibited m.p. 221-222°, [< * ]d  +122°, ultraviolet Xmax 244 mu 
(14,800).

Anal. Calcd. for C24H32O6: C, 69.21; H, 7.74. Found: C, 
68.76; H, 7.67.

Crystalline alcohol (XII) (1.69 g.) was obtained by saponifica
tion of 2.0 g. of X lla with methanolic potassium carbonate. 
The analytical sample obtained from 1:1 isopropyl alcohol-water 
apparently retained solvent of crystallization. I t  exhibited m.p. 
117-120°, ultraviolet xI'°H 243 (15,050), [ « ] d  +111°.

Anal. Calcd. for C22H30O5 +  7 2C3H7OH: C, 69.77; H, 
8.47. Found: C, 69.68; H, 8.39.

B. Reduction of III with Sodium Borohydride.—A solution of 
186 mg. of III in 15 ml. of methanol cooled to 0° was treated with 
an ice-cold solution of 13.3 mg. of sodium borohydride in 3.6 ml. 
of methanol and kept at 0° for 1 hr. Two drops of acetic acid 
were added to the reaction solution and it was taken to dryness. 
The white glassy residue was taken up in 40 ml. of chloroform and 
washed with 4 ml. of water. Assay by paper chromatography at 
this stage indicated the presence of 60% of the theoretical amount 
of product XII and four minor products, one of which was identi
fied as the 20-dihydro compound XIII (approx. 13%).

The chloroform was removed in vacuo and the residue acety- 
lated in 2 ml. of pyridine with 1 ml. of acetic anhydride overnight 
at room temperature. The product, precipitated by the addition 
of water and isolated (70% yield) as described before, was very 
similar to XHIa by infrared spectral comparison, but paper 
chromatographic analysis indicated the presence of four other 
compounds.

In a similar experiment in which 558 mg. of 20,21-diketone 
was reduced with sodium borohydride and the crude product was 
acetylated and isolated as described before, a small first crop of 
crude acetate (45 mg.) was identical to the acetate of the 20-di
hydro compound (XIII) obtained by the polarographic reduction 
of III (see below).

21-Methyl -1 Id, 17,20+trihydroxypregna-l ,4-diene-3,21 -dione
(XIII). A. By Polarographic Reduction of III.25 —To a solution 
of 993 mg. of III in 300 ml. of formamide was added 100 ml. of 
universal buffer.30 The solution was adjusted to pH 8 by addi
tion offiV potassium hydroxide. The resulting solution exhibited 
two half-wave potentials: —0.87 and —1.54 volts. The reduc
tion was performed using a mercury pool electrode with a 
shielded anode at —1.00 volts vs. a saturated calomel electrode 
until approximately 94% of 2 electrons per mole had been con
sumed (disappearance of wave at —0.87 volts).

The solution was diluted with 2000 ml. of water and saturated 
with sodium chloride before extracting with three 2000-ml. por
tions of chloroform. The chloroform solution was dried (sodium 
sulfate) and the solvent removed in vacuo. The residual pale 
yellow oil (1.00 g.) was acetylated in the usual way and the crude 
acetate isolated by chloroform extraction. The residue after 
removal of the chloroform was a blown glass (1.05 g.) which, 
upon trituration with ethyl acetate, afforded 293 mg. of tan 
crystals, m.p. 234-237° dec. Recrystallization of this material 
from 1:1 ethyl acetate-ethanol and again from ethanol gave 98 
mg. of the acetate of XIII, m.p. above 250°, ultraviolet Xmax 244 
mu (14,850).

Anal. Calcd. for C24H32O6: C, 69.21; H, 7.74. Found: C, 
69.50; H, 8.14.

Saponification of 80 mg. of XIII2 with methanolic potassium 
carbonate in the usual way afforded 37 mg. of alcohol XIII free of 
other steroids (analysis by paper chromatography).

Treatment of XIII with Periodic Acid.—A solution of 18.5 mg. 
of XIII, obtained by saponification of the acetate (see above), in
1.25 ml. of methanol was treated with 45 mg. of periodic acid 
(dihydrate) in 1.25 ml. of water overnight at room temperature. 
The reaction mixture was concentrated to about 1 ml. by evap
oration with a nitrogen stream, and the resultant white precipi
tate was filtered. The product (8 mg. of white crystalline solid)

(30) Com position: 0.1 M  acetic acid, 0.1 M  phosphoric acid, 0.1 M  boric 
acid, and  0.5 M  potassium  chloride.

was identical by infrared spectral comparison with 11/3-hydroxy- 
androsta-l,4-diene-3,17-dione10 obtained by the reaction of pred
nisolone with sodium bismuthate.31 32

B. By the Action of Streptomyces erythreus .2S—A sample of 50 
mg. of III was subjected to the action of Streptomyces erythreus 
using essentially the procedure described by F. Carvajal, ei al.z2

The broth (2 1.) was extracted with four 200-ml. portions of 
chloroform and the chloroform extract was washed with water, 
dried over sodium sulfate, and evaporated to dryness in vacuo. 
Paper chromatographic comparison of the crude product with the 
product of polarographic reduction (see A) indicated that the 
major product was the 20-dihydro derivative XIII. Acetylation 
of the residue (237 mg.) in the usual way and isolation of the 
crude acetate by ethyl acetate extraction afforded 58 mg. of 
yellow oil which was crystallized by trituration with 1:1 ether- 
ethyl acetate. The filtered product (13 mg.) was identical by 
paper chromatographic and spectral comparison with the acetate 
obtained by acetylation of the polarographic reduction product of
III.

21-Methyl-17,21aF-dihydroxypregna-l,4,9(ll)-triene 3,20- 
dione 21-Acetate XXXVII.—To a solution of 70.2 g. of X lla in 
350 ml. of pyridine and 350 ml. of dimethylformamide was added
70.2 g. of anhydrous sodium sulfate and, after stirring at room 
temperature for l .h r ., 21.1 ml. of methanesulfonyl chloride. 
Stirring was continued for 20 hr. and the product was precipitated 
by the addition of 5630 ml, of water to the reaction mixture-with 
cooling. Recrystallization from methanol gave 54.4 g. (80%) of 
17,21aF-dihydroxy-21-methylpregna-l,4,9(ll)-triene-3,20-dione 
21-acetate, m.p. 193-195°. An analytical sample (two additional 
recrystallizations) exhibited m.p. 199°, Xmwt 239.5 mu (14,700), 
[ a ] D  +67°.

Anal. Calcd. for C24H30O5: C, 72.33; H, 7.54. Found: C, 
72.06; H, 7.47.

2 l-Methyl-9-bromo-l 1+17,2 IfflF-trihydroxypregna-l,4 -diene-
3.20- dione 21-Acetate (XXXVIII).—N-Bromoacetamide (17.9 g.) 
and 10% aqueous perchloric (205 ml.) acid were added to a stirred 
suspension of 17,21aF-dihydroxy-21-methylpregna-l,4,9(ll)-tri- 
ene-3,20-dione 21-acetate (49.5 g.) in a mixture of dioxane (1020 
ml.) and water (184 ml.) cooled to 25°. The mixture was stirred 
18 min., by which time a solution was obtained. Ice (1550 g.) 
was added followed' by sodium sulfite (51.0 g.) and water (3820 
ml., 0°). The product was filtered off after stirring the mixture 
0.5 hr. at 0° and an additional 0.5 hr. at room temperature. The 
majority of this crude product was used in the next step. A 
portion (2.5 g.) was twice recrystallized from aqueous acetone and 
had m.p. 173° dec., Xmax 243 mu (13,700), [ q : ] d  +141°.

Anal. Calcd. for C24H3iOeBr: C, 58.18; H, 6.31. Found: 
C, 58.25; H, 6.50.

21 -Methyl-9/3,11/3-oxido-l 7,2 lorF-dihydroxypregna-l ,4-diene-
3.20- dione 21-Acetate (XXXIX).—The preceding moist bromo- 
hydrin was heated under reflux in ethanol (1200 ml.) for 5 hr. in 
the presence of potassium acetate (61.5 g.). The crude oxide 
(56.6 g., m.p. 200-204°), recrystallized from methanol, afforded 
two crops of crystals: the first (24.5 g.) had m.p. 210-212°; 
the second, (8.0 g.) had m.p. 218-219°. An analytical sample 
prepared from another run had m.p. 221-223°, Xma* 251 mu 
(14,00), [ « ] d  + 6 8 ° '

Anal. Calcd. for C24H30O5: C, 69.54; H, 7.30. Found: C, 
69.37; H, 7.64.

21 -M ethyl-9-fluoro-113,17,21« i -trihy droxy pregna-1,4-diene -
3.20- dione 21-Acetate (XTVa).—93,ll/3-Oxido-17,21aF-dihydroxy- 
21-methylpregna-l,4-diene-3,20-dione 21-acetate (15.2 g.) in 
chloroform (100 ml.) was added at —70° to a solution of hydro
gen fluoride (20 ml.) in tetrahydrofuran (34 ml.) chloroform (16 
ml.). The reaction was allowed to proceed at 0° for 4 hr., cooled 
to —70° again and slowly added to a stirred mixture of 10% 
sodium carbonate solution and chloroform. After separation of 
the layers, the aqueous was extracted twice with chloroform, and 
the combined chloroform extracts were dried by percolation 
through anhydrous sodium sulfate. Concentration in vacuo to 
30 ml. yielded the.crude product which was recrystallized by 
dissolution in 300 ml. of acetone, concentration to 200 ml., and 
slow addition of 50 ml. of hexane. The product, 8.29 g., m.p. 
251-253°, contained 1 mole of acetone of crystallization, which it 
lost on heating in vacuo at 100° overnight (volatiles, 11.5%, calcd., 
11.8%). This material appeared to be superior to analytically

(31) C. J .  W. Brooks and  J . K . Norym berski, B i o c h e m .  J . ,  58, 371 (1953).
(32) F. C arvajal, O. F . Vitale, M. J . Gentles, H . L. Herzog, and E . B. 

Hershberg, J .  O r g .  C h e m 24, 695 (1959).
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pure material prepared in an earlier run and reerystallized from 
ethyl acetate. The sample thus obtained exhibited m.p. 251- 
253°, Xma* 239 mM (15,350), [<*]d +87°.

Anal. Calcd. for C+JLiOsF: C,66.34; H, 7.19. Found: C, 
65.84; H, 7.06.

Saponification of 500 mg. of XlVa in the usual way with 
methanolic potassium carbonate afforded, after recrystallization 
from acetone (7 ml.)-hexane (10 ml.), 241 mg. of 9-fluoro-ll/3,17,- 
21«F-trihydroxy- 21- methylpregna-1,4-diene- 3,20- diene, m.p. 
223-224°, Amax 239 mM (14,900), [a]D +139°.

Anal. Calcd. for C22H290 5F: C, 67.32; H, 7.40; F, 4.85. 
Found: C, 67.00; H, 7.46; F, 4.96.

9-Fluoro-ll/3,17-dihydroxy-3,20-dioxopregna-l,4-diene-21-al 
(9-Fluoroprednisolone 21-Aldehyde) (XV).33“—9-Fluoropredni- 
solone (500 mg.), treated with cupric acetate as described earlier 
for the preparation of I, gave 428 mg. of crude aldehyde which was 
identical to a sample prepared via the nitrone.33b After two re
crystallizations from acetone-water the aldehyde exhibited m.p. 
226-228°, Ama* 239 mM, E} 1  390.

Anal. Calcd. for C2iH260 5F-CH30H: C, 64.68; H, 7.16. 
Found: C, 64.37; H, 7.48.

21 -M ethyl-9-fluoro-2 1,21 a -epoxy-11 /3,1 7-dihy droxypregna-1,4- 
diene-3,20-dione (IX).—A solution of 394 mg. of 9-fluoropredni- 
solone 21-aldehyde in 35 ml. of methanol and 17 ml. of ether was 
treated with 10 ml. of ethereal diazomethane (approximately 5 
mmoles). Removal of the solvents in vacuo gave 380 mg. of amor
phous residue which crystallized upon treatment with 1:1 ether- 
ethyl acetate. The crystalline product (80 mg.) was recrystallized 
twice from ethanol to obtain the analytical sample which had m.p. 
254-255° dec., Xmax 239 mM (15,600), [«]d +123°.

Anal. Calcd. for C22H270 5F: C, 67.67; H, 6.97. Found: 
C, 68.00, H, 6.95.

2 l-Chloromethyl-9-fluoro-11/3,17,21 | F-trihydroxypregna-l ,4- 
diene-3,20-dione (XXXV).—A suspension of 178 mg. of oxide IX 
in 2.3 ml. of 4.5 N  hydrogen chloride in methanol was diluted 
with 1.9 ml. of methanol and 7.8 ml. of chloroform and stirred for
2.5 hr. Addition of 35 ml. of water to the resultant solution pre
cipitated the product as an oil which crystallized during removal 
of the chloroform in vacuo. The crude product (814 mg.), iso
lated by filtration, was recrystallized from ethyl acetate and 
afforded 418 mg. of white microerystals, m.p. 178° dec., [a]r> 
+79°. An analytical sample, obtained by a second recrystalliza
tion, had m.p. 174-174.5° dec., Xmax 239 npx (15,250), [ c t ] 24d  
+  72°.

Anal. Calcd. for: C22H270 5FC1: C, 61.89; H, 6.61. Found: 
C, 61.39; H, 6.63.

Acetylation of XXXV in the usual way and recrystallization 
of the crude acetate from methanol afforded an analytical sample 
which had m.p. 117-119°, [<*]d +  73°.

Anal. Calcd. for C24H30O6FCl: C, 61.47; H, 6.45. Found: 
C, 61.28; H, 6.99.

21 -Bromomethyl-9-fluoro-11/3,17,21+ -trihy droxypregna -1,4- 
diene-3,20 dione (XXI).—A suspension of 720 mg. of oxide IX 
was stirred in 36 ml. of methanolic hydrogen bromide (0.37 N) 
for 2 hr. at room temperature. The product, precipitated by 
addition of 72 ml. of water, consisted of 531 mg. of ivory micro
crystals, m.p. 105-110° dec. Found: Br, 9.34. This material 
was used without purification for the preparation of the 20,21- 
diketone XVIII.

21 -M ethyl-9-fluoro-110,17-dihy droxypregna-1,4-diene-3,20,21- 
trione (XVIH).—A solution of 500 mg. of crude bromohyirin XXI 
(as obtained above) was heated at reflux for 3 hr. and the solvent 
evaporated in vacuo. The residue was triturated with ether to 
crystallize the crude product, m.p. 110-130°. Recrystallization 
from ethyl acetate-cyclohexane gave 148 mg. of white micro
crystals, m.p. 182-185°. A second recrystallization from ethyl 
acetate gave an analytical sample which had m.p. 219-220° dec., 
Xmax 239 mM( 15,700), [a]D +88°.

Anal. Calcd. for C22H270 6F: C, 67.67; H, 6.97; F, 4.87. 
Found: C, 67.64; H.6.91; F,4.75.

Reaction of XVIII with o-Phenylenediamine.—Treatment of 
20 mg. of XVIII with 20 mg. of o-phenylenediamine in 3 ml. of 
ethanol for 0.5 hr. at steam bath temperature gave 14 mg. of 
light orange crystals; Xmax 238 mM (EJ?m 1000) and 321 m/i

(33) (a) T he preparation  of this com pound has been reported  by L. II. 
S a re tt in U. S. P a te n t 2,846,456 (A ugust 5,^1958), b u t its  constan ts  were no t 
included. T he sam ple reported  in  th e  p resen t paper appears to  be a  m etha- 
nolate. (b) W. J . Leanza, J . P . Conbere, E . F . Rogers, and  K. Pfister, 
J .  A m .  C h e m .  S o c . ,  76, 1691 (1954).

(E}*„ 190). The infrared spectrum of the product exhibited no 
saturated carbonyl absorption bands.

21-Methyl-9-fluoro-ll/3,l7,21aF-trihydroxypregna-l,4-diene- 
3,20-dione (XIV) from XVIII.—A solution of 500 mg. of 20,21- 
diketone (XVIII) in 100 ml. of ethanol was added to a solution of 
sucrose (200 g.) in tap water (1500 ml.). Precipitation of some 
of the steroid occurred. Active dry yeast (37.5 g.) in 200 ml. of 
water at 40° was added, and the mixture was stirred for 53 hr. at 
room temperature with additions of yeast (7.5 g.) and sucrose 
(4.0 g.) at 24, 48, and 72 hr. After 6 days, paper chromato
graphic analysis indicated that most of the starting material had 
been reduced, and the product was isolated as described for 
XII. Trituration of the crude residue with ethyl acetate afforded 
155 mg. of crystalline alcohol.

Acetylation of XIV in the usual way gave 108 mg. of acetate 
XlVa which was identical in every respect with the sample pre
pared by the introduction of 9-fluorine into X lla  (described 
previously).

6a,9-Difluoro-l 1/3,17-dihydroxy-3,20-dioxopregna-l ,4-diene-21 - 
al (XVI).—A solution of 217.8 g. of 6a,9-difluoroprednisolone,34 
m.p. 254° dec., was oxidized with cupric acetate in methanol ac
cording to the procedure described for the preparation of
l. The white crystalline product (172 g.), m.p. 181-184° dec., 
Xmax 238 m/u ( E ; l  387), was free of starting material (paper chro
matographic analysis) and was suitable for use in the next reac
tion. A portion of the crude aldehyde, recrystallized from 
methanol-water (2:1), afforded the analytical sample which had
m. p. 197-204°, Xm„  238 mM (16,350), [a]D +90°.

Anal. Calcd. for C21H240 6F2• CH3OH: C, 61.96; H, 6.62. 
Found: C, 62.26; H, 6.89.

21 -Methyl-6a,9 -difluoro-21,2 la-epoxy 113,17dihydroxy pregna -
1.4- diene-3,20-dione (X).—A solution of 14.8 g. of 6a,9-difluoro- 
prednisolone 21-aldehyde (XVI) in 650 ml. of acetone was 
treated at 0° with 400 ml. of ethereal diazomethane obtained from
14.7 g. of N-nitroso-N-methyl-N'-nitroguanidine. After stand
ing at 0° for 2 hr., the excess diazomethane was destroyed with 
acetic acid and the solvent removed in vacuo. The semicrystal
line residue was triturated with 1:1 acetone-ether, and filtration 
afforded 3.57 g. of ivory crystals which had m.p. 237-238° dec., 
95% pure by paper chromatographic analysis. Another 0.83 g. 
of product of equal quality was isolated by chromatography of 
the filtrate residue on Florisil and elation of the product in ethyl 
acetate containing 1% acetone. The analytical sample, obtained 
by recrystallization of the crude product from another run from 
methanol and then from ethyl acetate (acetone), had m.p. 227- 
228° dec., Xmax 238 m/i (16,500), [«]d +109°.

Anal. Calcd. for C22H260 6F: C, 64.69; H, 6.42; F, 9.30. 
Found: C, 64.83; H, 6.53; F, 9.21.

21 -Chloromethyl-6«,9-difluoro l id , 17,2 l |F-trihydroxypregna-
1.4- diene-3,20-dione (XXII).—A soultion of 816 ml. of oxide X in
4.4 ml. of 4.6 A methanolic hydrogen chloride, 3.6 ml. of meth
anol, and 8 ml. of chloroform was allowed to stand at room tem
perature for 2 hr. Addition of 33 ml. of water and evaporation 
of the chloroform and methanol gave the product as a white 
solid (653 mg.). The analytical sample, obtained from ethyl 
acetate, exhibited m.p. 181° dec., Xmax 237 m/i (17,400), [ a ] D  

+  70°.
Anal. Calcd. for C22H270 5F2C1: C, 59.40; H, 6.12. Found: 

C, 59.11; H, 6.28.
21 -Bromomethyl-6a ,9-difluoro-11/3,17,21 fF-trihydroxypregna-

1.4- diene-3,20-dione (XXIII).—A suspension of 10 g. of crude 
oxide X in 850 ml. of 0.37 N  methanolic hydrogen bromide was 
stirred at room temperature for 3 hr. The product (11.lg .), 
isolated as described for V, was a mixture containing approxi
mately 60% of the desired bromohydrin, approximately 10% 
starting material, and 15% of a third compound presumably an 
isomeric bromohydrin. The crude product was suitable for use in 
the next reaction.

21-Methyl-6« ,9-difluoro-l 13,17-dihydroxypregna-l ,4-diene- 
3,20,21-trione (XIX).—The crude bromohydrin XXIII, prepared 
as described earlier, was dissolved in ethyl acetate (1 1.) and 
heated at reflux for 2 hr. At the end of this time most of the bro
mohydrin had been consumed, and a new compound was de
tected as the major component in the reaction solution by paper 
chromatography. The ethyl acetate solution was concentrated to 
260 ml. and 780 ml. of methylene chloride was added prior to

(34) J. A. Hogg, G. B. Spero, J. L. Thom pson, B. J . M agerlein, W. P. 
Schneider, D. H. Peterson, O. K. Sebek, H. C. M urray , J . C. Babcock, R. L. 
Pedersen, and J. A. Cam pbell, C h c v i .  I n d .  (London), 1002 (1958).
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subjecting the solution to chromatography on Florisil (350 g.). 
The first seven fractions contained the most product and were 
combined and were rechromatographed starting with methylene 
chloride as the eluting solvent and adding ethyl acetate. Two 
fractions, obtained in 25 and 50% ethyl acetate in methylene 
chloride, contained 4.12 g. of approximately 60% purity. Trit
uration of the two fractions rich in XIX with ethyl acetate gave 
yellow crystals. Two recrystallizations from ethyl acetate 
afforded an analytical sample; m.p. 161-167°, Xmax 237 
(16,400), % ] d  +75°.

Anal. Calcd. for C22H26O5F2: C, 64.69; H, 6.42. Found: 
C, 65.05; H, 6.54.

A solution of 8 mg. of XIX and 2.37 mg. of o-phenylenediamine 
in 1.5 ml. of ethanol was heated at reflux for 0.5 hr. Addition of 
water caused the precipitation of a solid, weighing 5 mg., X̂1“* 
238 mM ( E ; l  708) and 320 m/x (E%‘m 108).

2 l-Methyl-6a ,9-difluoro-l 10,17,2 W-trihydroxypregna-1,4-di- 
ene-3,20-dione (XVII).—A solution of 10 g. of crude a-diketone 
XIX in 1200 ml. of ethanol was added to a mixture of 2850 g. of 
sucrose and 77 g. of active dry yeast in 21.2 1. of tap water. The 
mixture was stirred slowly for 15 days with daily additions of 60 
g. of yeast and 320 g. of sucrose. The reaction mixture was 
filtered through Super Cel and the product isolated from the 
filtrate by extraction with ethyl acetate as described above for
XIV. Concentration of the washed ethyl acetate extract to 150 
ml. gave 6.3 g. of crude crystalline product (66% pure by paper 
chromatographic assay), which was purified by acetylation with 
acetic anhydride (12.5 ml.) in pyridine (25 ml.). The crystal
line acetate XVIIa was precipitated by the addition of water and

recrystallized twice from ethyl acetate. This treatment afforded
3.0 g. of 6a,9-difluoro-ll/3,17,21aF-trihydroxy-21-methylpregna-
l,4-diene-3,20-dione 21-acetate (XVIIa), which had m.p. 256- 
257° dec., Xmax 237.5 my (16,200), [o]d +95°.

Anal. Calcd. for C24H30O6F2: C, 63.70; H, 6.68. Found: 
C, 63.51; H, 6.91.

Saponification of a 778-mg. sample of XVIIa with methanolic 
potassium carbonate in the usual way and recrystallization twice 
from ethyl acetate afforded an analytical sample which had m.p.
211-211.8°, Xmax 237 my (15,500), [a]n +102°. The infrared 
spectrum of XVII showed that it retained ethyl acetate of crys
tallization despite drying at 135° for 16 hr. The following analy
sis also indicates the presence of solvent of crystallization.

Anal. Calcd. for C kH jsOsF -V s CHjCOOCsH»: C, 63.44; H,
7.05. Found: C, 63.47; H, 7.13.

Treatment of 21-Methyl-6a,9-difluoro-l l+17,21«F-trihydroxy- 
pregna-l,4-diene-3,20-dione with Periodic Acid.—Treatment of 
64 mg. of XVII with periodic acid (55 mg.) in 2 ml. of dioxane and
1.5 ml. of water overnight at room temperature afforded 32 mg. of 
an acid, m.p. 257-260° dec., identical to the etio acid obtained 
from 6a,9-difluoroprednisolone34 under the same conditions.
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The diastereoisomers l-ethynyl-as-2-tolylcyclohexanol and l-ethynyl-foxms-2-tolylcyclohexanol, for the 0-, 
m-, and p-tolyl compounds, were separated by gas chromatography and characterized by n.m.r.. The n.m.r. 
spectra of all six isomers are consistent with structures in which the cyclohexane ring is in a chair conformation 
with the aromatic ring in an equatorial orientation. The long-range shielding effect of the aromatic ring causes 
different chemical shifts of the acetylenic hydrogen in cis and trans isomers. The aromatic o-hydrogen of each 
0- tolyl isomer exhibits a downfield chemical shift. Upon reduction of the ethynyl group to an ethyl group this 
downfield shift persists in the cis isomer (OH axial) and disappears in the trans isomer (OH equatorial).

The synthesis of l-ethynyl-2-tolylcyclohexanols was 
reported in an earlier publication.2 The separation of 
the resulting mixtures of cis and trans diastereoisomers 
has now been accomplished by gas chromatography for 
each of the 0 , m- and p-tolyl compounds. The com
ponents have been characterized and their stereochemis
try established by nuclear magnetic resonance.

The n.m.r. spectra of the six isomers are consistent 
with structures in which the cyclohexane ring has the 
chair conformation with the aromatic ring in an equa
torial orientation when measured in carbon tetrachlo
ride. This conformation is indicated for each isomer 
by the quartet given by the signal of the hydrogen on 
C-2, which, from first-order approximation, becomes the 
X  component of an ABX system; the two hydrogens on 
C-3 making up the A and B components. Figure 1 
shows this signal at r = 7.06 for 1-ethynyl-f rans-2-o- 
tolylcycloliexanol and at r = 6.92 for 1-ethynyl-cfs- 
2-o-tolylcyclohexanol. The other four isomers give 
analogous quartets. First-order treatment of the

(1) This investigation was supported  in p a rt by PH S research grants 
no. H-3843 (C2) and  no. HE-03843-04, from th e  N ational H eart In s titu te , 
Public H ealth  Service.

(2) A. C. Huitric, C. W. Roscoe. and R. A. Domenici, J .  O r g .  C h e m . ,  24, 
1353 (1959).

quartets give axial-axial (a,a) splitting of 11.5 c.p.s. 
and axial-equatorial (a,e) splitting of 3.5 c.p.s. for every 
isomer with the ethynyl group in equatorial orientation. 
For the compounds with the ethynyl group in axial ori
entation the splittings are as follows: a,a = 10 c.p.s. 
and a,e = 4 c.p.s. for the p-tolyl isomer; a,a = 10.5 c.p.s. 
and a,e = 3.9 c.p.s. for the m-tolyl isomer; a,a =
10.7 c.p.s. and a,e = 3.5 c.p.s. for the o-tolyl isomer. 
In every isomer it is necessary that the hydrogen at 
C-2 be in an axial orientation to account for the ob
served splitting pattern. This interpretation has been 
described earlier for related compounds.3-5 Selectively 
deuterated compounds are being prepared to determine 
if the observed splittings are true measures of the 
coupling constants because of the inherent danger of 
assigning coupling constants from first-order treat
ment.6-8

Configurations were established from the chemical 
shifts of the acetylenic hydrogens and the chemical

(3) A. C. H uitric and J. B. Carr, i b i d . ,  26, 2648 (1961).
(4) A. C. H uitric, W m. G. C larke, Jr., K. Leigh, and  D . C. Staiff, i b i d . ,  

27, 715 (1962).
(5) W m. F. T rager and  A. C. H uitric, i b i d . ,  27, 3006 (1962).
(6) J . I. M usher and E. J . Corey, T e t r a h e d r o n , 18, 791 (1962).
(7) F. A. L. Anet, C a n .  J .  C h e m . ,  39, 2262 (1961).
(8) R. J . A braham  and H. J. Bernstein, i b i d . ,  39, 216 (1961).
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Fig. 1.—N.ni.r. spectra of l-ethynyl-iraw.s-2-o-tolylcyclohexanol 
(upper curve) and l-ethynyl-c?'s-2-o-tolylcyclohexanol (60 Me.; 
about 1 M  in carbon tetrachloride at 230). Curves A and B show 
the signals of the aromatic hydrogens of the corresponding com
pounds where the ethynyl group has been reduced to an ethyl 
group.

shifts of the hydrogens on C-2. The chemical shifts 
of the hydroxyl hydrogens give additional supporting 
evidence for the assigned configurations. There is a 
significant difference in the chemical shift of the 
acetylenic hydrogen of the cis and trans components 
of each pair of diastereoisomers of the l-ethynyl-2- 
tolylcyclohexanol series (see Fig. 1 and Table I), 
but this is not the case for the cis and trans isomers 
of l-ethynyl-4-i-butylcyclohexanol. The difference is 
attributed to the long-range shielding effects of the 
aromatic ring, the largest effect being a shielding of the 
acetylenic hydrogen in those isomers having the 
ethynyl group equatorial. It can be shown with 
molecular models that in the l-ethynyl-cis-2-tolyl- 
cyclohexanols the equatorial ethynyl group hinders 
rotation of the tolyl group preventing coplanarity of 
the rings and causing the average time orientation of the 
aromatic ring to be more closely one in which the plane 
of the aromatic ring is perpendicular to the cyclohexane 
ring. With this orientation of the aromatic ring the 
equatorial acetylenic hydrogen is located in a region 
of shielding resulting from the magnetic anisotropy 
of the aromatic ring. The magnetic anisotropy of the 
benzene ring has been discussed elsewhere, 9~11 and 
regions and extent of positive and negative shielding 
have been mapped for the benzene ring by Johnson

(9) L. M . Jackm an, “A pplication of N uclear M agnetic Resonance Spec
troscopy in Organic C hem istry ,” Pergam on Press, 1959, Chap. 2 and  7.

(10) J . A. Pople, W. G. Schneider, and  H. J. Bernstein, “ H igh-Resolution 
N uclear M agnetic Resonance,” M cG raw -H ill Book Co., Inc., New York, 
N . Y., 1959, Chap. 7.

(11) C. E. Johnson, Jr., and  F . A. Bovey, J .  C h e m .  P k y s . ,  27, 1012 
(1958).

and Bovey.11 Calculations from Dreiding models, 
using the “Nuclear Shielding Values Table” of Johnson 
and Bovey,11 give a shielding value of 0.27 r units for 
the acetylenic hydrogen of l-ethynyl-m-2-tolylcyclo- 
hexanols (ethynyl group equatorial) when the rings 
are perpendicular to each other. Counterclockwise 
rotation12 of the aromatic ring by about 15° from per
pendicular would increase the shielding to a maximum 
of about 0.4 r units, and further rotation would result 
in a gradual decrease of the shielding effect. Rotation 
in a clockwise direction would cause a decrease of 
the shielding effect. The observed shielding values of 
about 0.2 p.p.m. for the para and meta tolyl isomers and 
0.24 p.p.m. for the ortho isomers, compared to cis- 
and irans-l-ethynyl-4-i-butylcyclohexanol (r = 7.69), 
are in good agreement with expected values. The 
greater shielding for the o-tolyl isomer is as expected 
because the additional steric hindrance of the o- 
methyl group will restrict the limits of oscillation of the 
aromatic ring.

In the l-ethynyl-irans-2-tolylcyclohexanol series the 
axial ethynyl hydrogen is in a region of deshielding when 
the rings are perpendicular to each other (calculated 
deshielding of about 0.2 p.p.m.), but it can be brought 
into a region of shielding by slight rotation of the 
aromatic ring in a clockwise direction, while counter
clockwise rotation would increase the deshielding effect. 
The effects appear to cancel out in the para and meta 
tolyl isomers, but, as expected, there is a deshielding 
effect in the ortho isomer where clockwise rotation 
would be hindered to a greater extent by the o-methyl 
group.

The signal of the acetylenic hydrogen was dif
ferentiated from that of the hydroxyl hydrogen for each 
isomer by measuring the n.m.r. spectrum at half the 
original concentration and also at increased tempera
ture. Under these conditions the signal of the hydroxyl 
group was shifted to higher field because of decrease in 
intermolecular hydrogen bonding, while that of the 
acetylenic hydrogen remained essentially constant. 
The same was true for the l-ethynyl-4-ieri-butylcyclo- 
hexanols.

The configurations assigned on the basis of the long- 
range shielding effects of the aromatic ring on the 
acetylenic hydrogens are substantiated by the larger 
chemical shift of the hydrogen at C-2 for the isomer 
with the hydroxyl group axial in each diastereoisomeric 
pair. This difference cannot be explained by inductive 
effect through bonding orbitals. The same phenome
non has been observed in cis- and irans-2-o-tolylcyclo- 
hexanol3 and in the three diastereoisomeric pairs of 2- 
(chlorophenyl)cyclohexanols,4 where it was pointed 
out that this is consistent with the magnetic anisotropy 
of the C-0 bond deshielding the hydrogen at C-2 
when the hydroxyl group is axial and shielding it when 
the hydroxyl group is equatorial. In the 1-ethynyl- 
cfs-2-tolylcyclohexanols the steric repulsion between 
the equatorial ethynyl group and the aromatic ring 
should cause a greater deshielding of the hydrogen on 
C-2 by the aromatic ring. In the 1-ethynyl-irans-2- 
tolylcyclohexanols the additional long-range effect 
resulting from the magnetic anisotropy of the ethynyl 
group must be considered. The long-range effects of

(12) The term s “ clockwise” and  “ counterclockwise” ro ta tion  refer to  th e  
structu res shown in Fig. 1. For the  m irror images ro ta tion  would be in 
opposite d irection to produce the  same effect.
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T a b l e  I

C h e m ic a l  S h i f t s '1

isomer = C —H 2 OH CHs AR = C —H o OH CHs A R
p-Methyl 7.88 7.38 8.15 7.73 2.92 7.72'' 7.50 8.06 7.72 2.92
wi-Methyl 7.88 7.36 8.23 7.69 2.91 7.67 7.49 7.92 7.67 2.86
o-Methyl 7.93 6.92 8.08 7.59 2.90; 7.61 7.06 8.02 7.65 2.98

2.67 2.58

7.26 7.75 3.07;
2.62

6.98' 7.64 3.03 7.70 7.77 9.15 7.68 7.17 9.14

a The chemical shifts are expressed as r values (p.p.m.) referred to tetramethylsilanc used as internal reference. 11 4 he signal of (l.is 
hydrogen is completely overlapped with the signal of the hydrogens of the methyl group. c The signal of (lie hydrogen at C-2 of this 
isomer is an unresolved multiplet.

the ethynyl triple bond give conical regions of shielding 
along the longitudinal axis at both ends of the ethynyl 
group, and deshielding elsewhere.13 If the magnetic 
anisotropy of the ethynyl group exerts any effect on 
the hydrogen on C-2 through space it must be one of 
shielding when the group is axial. The shielding effect 
of the axial ethynyl group is therefore in the same 
direction as that of the equatorial hydroxyl group. 
The extent and direction of the shielding effect on the 
hydrogen at C-2 resulting from the magnetic anisotropy 
of an equatorial ethynyl group is less certain but the 
effect is probably small. All factors affecting the chemi
cal shift of the hydrogen on C-2 are consistent with 
the observed chemical shifts and with the assigned 
configurations.

The larger downfield shift of the signal of the hy
droxyl hydrogen when the hydroxyl group is equatorial, 
compared to the corresponding isomer where it is 
axial, is in agreement with similar observations for the 
cis- and ¿rans-2-o-tolylcyclohexanol3 and the three 
diastereoisomeric pairs of 2-(clilorophenyl)cyclohexa- 
nols.4 The same phenomenon is observed for 1- 
ethynyl-4-iert-butylcyclohexanols (Table I). This 
could result from differences in degree of intermolecular 
hydrogen bonding.

The n.m.r. spectra of l-ethynyl-2-o-tolylcyclohexa- 
nols (Fig. 1) show a significant downfield shift of the 
signal of one aromatic hydrogen for each isomer,

(13) Ref. 9, pp. 17 and 112; ref. 7, p. 179.

the effect being larger for the isomer with the ethynyl 
group in axial orientation. This effect does not occur 
in any of the isomers with the methyl group mela or 
para. Furthermore, the phenomenon does not occur in 
either cis- or frans-2-o-tolylcyclohexanol.3 The ortho 
methyl group in the isomeric l-ethynyl-2-o-tolylcyclo- 
hexanols must cause the ortho hydrogen to be located 
in a region of long-range negative shielding and the 
ethynyl group must play a role in both isomers. 
Molecular models show that for both isomers the least 
hindered position of the aromatic ring is one where the 
two rings are essentially perpendicular to each other 
with the methyl group on top. Oscillation from this 
position is allowed, but clockwise rotation is hindered 
by repulsion of the methyl group and the equatorial 
substituents, especially the equatorial ethynyl group, 
and counterclockwise rotation is hindered by the 
repulsion of ortho hydrogen and the axial ethynyl group 
in the other isomer. In the favored conformation of 
the isomer with the ethynyl group axial the ortho 
hydrogen is located in close proximity to the ethynyl 
group about midway between the two sp carbon atoms, 
a region of negative shielding resulting from the 
magnetic anisotropy of the ethynyl group.13 In the 
isomer with the ethynyl group equatorial the ortho 
hydrogen comes closer to the no. 1 carbon atom of the 
ethynyl group and in relationship to the ethynyl 
group it appears to fall more closely in the line of 
demarcation between regions of shielding and de-
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shielding of the ethynyl group. The ortho hydrogen, 
however, is in very close proximity of the axial hydroxyl 
group and it seems likely that the downfield shift of the 
ortho hydrogen in this isomer results from a deshielding 
effect of the axial hydroxyl group, while the effect in 
the other isomer results from a deshielding of the 
ortho hydrogen by the axial ethynyl group. The 
long-range deshielding effect of the hydroxyl group is a 
recognized phenomenon.14 15 ~16 * This interpretation was 
tested by measuring the n.m.r. spectra of the hydro
genation product of the two ethynyl isomers and found 
to be correct. If the interpretation is correct the down- 
field shift of the ortho hydrogen should persist in 1- 
ethyl-ds-2-o-tolylcyclohexanol (ethyl group equatorial) 
and disappear in l-ethyl-frans-2-o-tolylcyclohexanol 
(ethyl group cis to the tolyl group). Curves A and B 
of Fig. 1 show that this is exactly what takes place. 
Actually the paramagnetic shift of the ortho hydrogen 
is greater with the equatorial ethyl group than with 
the equatorial ethynyl group. The signal of the 
hydrogen on C-2 of l-ethyl-cis-2-o-tolylcyclohexanol 
gives the typical quartet with a,a splitting of 11.2 
c.p.s. and a,e splitting of 3.5 c.p.s. Indicating the 
chair conformation with the aromatic group in equa
torial orientation as expected, while the signal of the 
C-2 hydrogen of l-ethyl-frans-2-o-tolylcyclohexanol 
gives a broad unresolved multiplet. This could result 
from an equilibrium between the two possible chair 
conformations in this isomer where the tolyl and ethyl 
groups are cis to each other; but it could also possibly 
result from the difference in long-range shielding effects 
of the axial ethyl group compared to the axial ethynyl 
group on the axial hydrogen on C-3. This point will 
be clarified by the preparation of selectively dsuterated 
compounds.

Experimental
The separation of the liquid mixtures of l-ethynyl-2-tolyl- 

cyelohexanols2 into their cis and trans components was accom
plished with a Beckman GC-2 gas chromatograph using a 10 ft.

(14) J. N . Shoolerey and M . T . Rogers, J .  A m .  C h e m .  C o c . ,  80, 5121 
(1958).

(15) W. H. T allent, J .  O r g .  C h e m . ,  27, 2968 (1962).
(16) Y. Kawazoe, Y. Sato, M. N atsum e, H . Hasegawa, T . Okam oto, and

K. T suda, C h e m , P h a r m .  B u l l . ,  J a p a n ,  10, 338 (1962).

X 6/s in. column packed with 18% Dow Corning Silicone QF-1 on 
acid-washed Chromosorb Wn at 160°.

l-Ethyl-ci'.s-2-o-tolylcylohexanol and l-Ethyl-irons-2-o-tolyl- 
cyclohexanol.—These compounds were obtained by catalytic 
hydrogenation of the corresponding 1-ethynyl-2-o-tolylcyclo- 
hexanols in ethyl acetate using 10% palladium on carbon under 
20 pounds pressure. The calculated amount of hydrogen was 
picked up rapidly. The products were purified by gas chroma
tography at 160° using the same column used to separate the 
ethynyl compounds. The products were also obtained by re
duction of the mixture of ethynyl compounds and subsequent 
separation of the isomers by gas chromatography with a 10-ft. 
column of 18% Carbowax 20M on acid-washed Chromosorb W 
at 196°.

Anal. Calcd. for Ci5H220: C, 82.51; H, 10.16. Found
for the cis isomer: C, 82.64; H, 10.21. Found for the irons iso
mer: C, 82.53; H, 10.29.

T able II
P hysical Constants and Analyses“

,---- Found, % ---- .
Com pound M.p., °C.h e H

l-Ethynyl-eis-2-p-tolyl-
cyclohexanol

36-37 83.95 8.16

l-Ethynyl-írans-2-p-tolyl-
cyclohexanol

65.5-66.5 83.95 8.73

l-Ethynyl-Cís-2-m-tolyl-
cyclohexanol

56-56.5 84.03 8.39

l-Ethynyl-íraras-2-m-tolyl-
cyclohexanol

C 84.06 8.23

l-Ethynyl-írans-2-o-tolyl-
cyciohexanol

56-57 84.29 8.40

l-Ethynyi-Ms-2-o-tolyl-
cyclohexanol

81-82 83.91 S.50

° Calcd. for C15H1S0: C, 84.07; H, 8.47. 6 Melting points 
were determined with a Kofler micro hot stage. c This com
pound was obtained as a viscous, colorless liquid.

l-Ethynyl-irans-4-i-butylcyclohexanol and 1-Ethynyl-m- 
4-i-butylcyclohexanol.—These two isomers were obtained by 
the method of Hennion and O’Shea.18 The configurations 
assigned by these authors on the basis of kinetics of saponifi
cation of the p-nitrobenzoate esters are in agreement with the 
observed chemicals shifts of the hydroxyl protons of these two 
isomers when compared to the relative chemical shifts of axial 
and equatorial hydroxyl protons of other cyclohexanols (Table I 
and ref. 3 and 4). Because of the variability in the chemical 
shifts of hydroxyl protons this observation does not constitute 
proof of conformation.

(17) W ilkens In s tru m en t and Research, Inc., W alnu t Creek, Calif.
(18) G. F. H ennion and  F. X . O’Shea, J .  A m .  C h e m .  S o c . ,  80, 614 (1958).
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An optically active alcohol has been isolated from the product of pulping Douglas fir via the kraft process. 
This has been identified by degradation and synthesis as 4S-4-(p-tolyl)-]-pentanol. I t is suggested that this 
alcohol is formed during the pulping process from y-curcumene, a terpene not previously identified in Douglas-fir 
extractives.

Among the organic products derived from the pulping 
of wood of the Douglas fir, Pseudolsuga menziesii, 
[Mirb. (Franco) ] by the kraft process are some with a 
considerable biological activity. In particular the 
toxicity of the by-product toward a number of species

(1) This pro ject was supported  by a  research g ran t, no. W P 0079-5  
from the Division of W ater Supply and Pollution Control, Public H ealth 
Service.

of fish has been thoroughly established. Recent work 
on this campus2 established that one or more of these 
toxic substances could be steam distilled. It occurred 
to us that some of the biologically active materials 
could be related chemically to the furocoumarin fish

(2) R obert A. M cH ugh, “ Prelim inary rep o rt on a s tu d y  of the  factors 
responsible for the toxicity  of waste from a m odern k ra ft pulp  m ill,” Oregon 
S ta te  U niversity , 1954.
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poisons such as xanthotoxin, bergapten, imperatorin, 
and the more complex derivatives like rotenone. 3 The 
formation of coumarins or benzofurans or both from 
the substituted y-phenylpropyl groupings present in 
lignin4 5 would not be surprising in an aqueous polysul
fide medium as is present in kraft pulping liquors. 
Work was initiated, therefore, aimed at the isolation and 
identification of the biologically active components in 
the by-products of the kraft pulping process.

A sample of the by-product materials from a kraft 
cook on Douglas fir was steam distilled and the organic 
materials in the distillate extracted with ether. There 
was obtained 63.4 g. of dark colored liquid which was 
separated into three fractions by distillation in vacuo. 
The fraction boiling from 56-95° (0.3 mm.) was chro
matographed 0 1 1  silicic acid and the major component of 
this fraction, 7.31 g. of colorless oil, exhibited a strong- 
toxicity toward fish. This component, labeled II-2, 
was shown to be uniform and attention was directed 
toward ascertaining its structure.

The infrared spectrum of II-2 showed the presence of 
a hydroxyl group (3400 cm.-1) and a benzene ring 
(1500 cm.-1). Although a small peak at 1625 cm. - 1  

and bands at 984 and 895 cm. - 1  suggested the possible 
presence of an olefinie double bond, the liquid failed to 
add hydrogen and did not react with perbenzoic acid. 
The spectrum suggested a primary alcohol and a 3,5- 
dinitrobenzoate formed readily. The analysis of both 
the original oil and the derivative were in good accord 
with the formula Ci2H]80 for the alcohol. The ultra
violet spectrum was not appreciably altered by the 
addition of alcoholic sodium hydroxide and the sub
stance was therefore an alcohol and not a phenol.

The pattern of bands between 1700 and 2000 cm. - 1  

and the band at 812 cm. - 1  suggested that the benzene 
ring was para disubstituted. This was confirmed by 
the formation of terephthalic acid via oxidation with 
alkaline permanganate. In order to ascertain the 
partitioning of the carbon atoms between the two 
chains a differential oxidation with nitric acid6 was 
carried out. Paper chromatography showed the pres
ence of p-toluic acid, malonic acid, and oxalic acid in the 
oxidation product. A crude sample of p-toluic acid was 
isolated which showed an infrared spectrum identical 
with that of an authentic specimen. Amongst the 
optically active alcohols to be considered at this point
4-(p-tolyl)-l-pentanol provided the most reasonable 
structure for the following reasons.

It seems clear that the alcohol could not arise from 
lignin, and since the optical activity necessitates a na
tural source a terpene precursor seemed likely. This 
structure conforms to the isoprene rule. It also pro
vides a ready rationale for the formation of malonic 
acid during the nitric acid oxidation. Finally a survey 
of the literature revealed that 4-(p-tolyl)-l-pentanol is 
known6 and forms a 3,5-dinitrobenzoate which melts at 
the same temperature. It seemed appropriate, there
fore, to prepare a comparison sample.

(3) For a  brief review  of these substances see N . Cam pbell in Rodd, 
“ Chem istry of C arbon Com pounds,”  Vol. IV  B, Elsevier, Am sterdam , 
1959, pp. 883-887.

(4) F. E. B rauns and  D. A. B rauns, “ T he C hem istry of L ignin Supple
m ental Volume Covering the L itera tu re  for the  Y ears 1949-1958,” Academic 
Press, New York, N. Y., 1960, pp. 616-629.

(5) L. N. Ferguson and A. I. Wims, J. Org. Chem., 25, 668 (1960).
(6) F. D. C arter, J. L. Simonsen, and M. O. Williams, J. Chem. Soc., 451

(1940).

Racemic 4-(p-tolyl)-l-pentanol was prepared from
3-(toluoyl) propionic acid by treatment with methyl 
Grignard and reduction of the 7 -(p-tolyl)-7 -valerolac- 
tone to 4-(p-tolyl)pentanoic acid by the Clemmensen 
method. This acid was reduced to the required alco
hol by lithium aluminum hydride. The alcohol ob
tained from the hydride reduction showed an infrared 
spectrum identical with that of the unknown alcohol 
and the 3,5-dinitrobenzoates had the same melting 
point. Therefore, II-2 is optically active 4-(p-tolyl)-l- 
pentanol, a substance not previously known to be 
formed during the kraft process.

Calculations using the conformational asymmetry 
model7 predict that the S configuration8 of 4-phenyl-l- 
pentanol should have a dextro rotation, [4>] = +40°. 
The molecular rotation of the 4-(p-tolyl)-l-pentanol iso
lated is +67° which suggests that it has an S configura
tion and is of high optical purity.

As was noted earlier the lack of structural relation
ship between this alcohol and the typical y-phenylpro- 
pyl skeleton of lignin breakdown products, and the di
rect relation to a sesquiterpene skeleton makes a terpene 
precursor seem reasonable. The sesquiterpene hydro
carbons, bisabolene, zingerberene, and the curcumenes, 9 

all have the proper carbon skeleton to be precursors of 
this alcohol. While none can be eliminated from con
sideration, only bisabolene10 and y-curcumene11 appear 
to have been isolated iron conifers. Though bisabolene 
is biologically the more reasonable parent due to its wide 
distribution in nature, the great ease of conversion of 7 - 
curcumene to an aromatic compound11 makes it chemi
cally the more appropriate ancestor.

The conditions of the kraft reaction involve a basic, 
aqueous sulfide medium which resemble those of the 
well investigated Willgerodt reaction, 12 except that a 
lower sulfur content is present under kraft conditions. 
Both oxidation and reduction of the organic substrate 
can occur during the Willgerodt reaction, and indeed 
oxidative cleavage of an olefinie double bond has been 
observed. 13 Willgerodt media low in sulfur content 
have been found12 to lead to partial oxidation so that 
aldehydes or ketones rather than acid derivatives are 
the products, and reduction of carbonyl groups by in
organic sulfides14 has been noted. Thus all of the re
actions required to convert 7 -curcumene to 4-(p-tolyl)-

1 -pentanol have been shown to occur at elevated tem
peratures in basic polysulfide media. No previous 
evidence for the presence of a sesquiterpene hydrocar
bon of this skeleton in Douglas fir extractives has come 
to the attention of the authors.

(7) J . M. Brewster, J. Am. Chem. Soc., 81, 5475 (1959).
(8) R. S. Calm, C. K . Ingold, and  V. Prelog, Experientia, 12, 81 (1956).
(9) J . Sim onsen and D . H. R. B arton , “ The Terpenes,”  Cam bridge Uni

versity  Press, Cam bridge, M ass., 1952, Vol. I l l ,  pp. 9-25.
(10) L. R uzieka and  E. C apato , Helv. Chim. Acta, 8 , 263 (1925).
(11) R . D. B a t t  and  S. N. Slater, J. Chem. Soc., 838 (1949).
(12) W . A. Pryor, “ M echanism s of Sulfur R eactions,” M cGraw-Hill 

Book Co., Inc., New York, N. Y., 1962, pp. 127-139.
(13) W . G. Toland, D. L. H agm ann, J . B. Wilkes, an d  F. J . B rutschy, 

J. Am. Chem. Soc., 80, 5423 (1958).
(14) E . Baum ann and  E . From m , B e r . ,  28, 907 (1895).
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It is interesting that 4-(p-tolyl)-l-pentanol is quite 
toxic to fish15 but since the percent of the total toxicity 
accounted for by this alcohol is lower than its weight 
percent in the initial sample, more toxic substances are 
present in the as yet uninvestigated residue. The alco
hol also shows inhibitory activity toward the cyto
chrome-oxidase system in vitro which rivals that of cya
nide ion. Such high biological activity seems unusual 
for a molecule of this structure.

Experimental
Sample Preparation.—Raw material for study was obtained 

from a kraft pulp mill pulping only Douglas fir chips, and pro
ducing unbleached pulp. Samples totalling 130 gal. of conden
sate from the low vacuum stage of the weak black liquor evapo
rator were collected at random intervals during the summer of 
1959. This liquor containing the steam distilled by-products 
of the kraft cook was distilled under reduced pressure at 85-90° 
in 5-gal. batches. Each batch was reduced to about 350-ml. 
residue which was discarded. The distillate was extracted with 
ether for 24 hr. in a liquid-liquid extractor. The ether extract 
was dried over anhydrous magnesium sulfate and the ether re
moved via distillation using a Fenske column. The residue 
consisted of 63.4 g. of viscous dark oil with a characteristic odor. 
This material was distilled in vacuo using a simple Claisen head. 
Three fractions were obtained: I, b.p. 30-56° (0.3 mm.), 5.4 g. 
of light yellow mobile oil; II, b.p. 56-95° (0.3 mm.), 11.0 g. of 
light yellow oil; and III, residue 46.5 g. of dark viscous oil. An 
attempt to distil a portion of the residue by molecular distilla
tion resulted in decomposition.

Fraction I.—Preparative gas chromatography using an 8.5 ft. X 
0.5 in. column of 20% Reoplex 400 on Celite at 170° permitted 
separation of fraction I into three portions: 1-1, 40 mg. of.color
less liquid; 1-2, 1.14 g. of light tan liquid; and 1-3, 4.25 g. of 
light brown liquid. A chromatogram of 1-1 on a 14 ft. X V» in. 
column of 10% Carbowax 20M on firebrick at 172° us:ng helium 
as carrier gas showed eighteen peaks. Fraction 1-2 was rechro
matographed on the original preparative column and two fractions, 
I-2a, 620 mg. of dark brown oil, and I-2b, 500 mg. of a light 
yellow oil, were collected.

Fraction I-2a was chromatographed on a 14 ft. X Vs in. 
column packed with 10% Carbowax 20M on firebrick at 133° 
showing eighteen peaks. This fraction was then chromato
graphed on a 12 ft. X Vs in. column packed with 10% Craig 
polyester on firebrick at 108°, showing fifteen peaks. The areas 
under the various peaks were used to provide an arbitrary inter
relationship between the peaks on the two columns through only 
about ten peaks could be reasonably identified in this way. 
Mixture of fraction t-2a with anisole, /3-pinene, B-cymene, 
citronellol, terpinolene, linalool, limonene, terpinene, methone, 
and menthofuran were run through both columns. When the 
related peaks on both columns were enlarged by addition of the 
same component, that component was considered to be satis
factorily identified. Thus limonene, terpinene, p-eymene, and 
anisole were found to be present.

Fraction I-2b was uniform to gas chromatography on the above 
columns. The liquid had the following properties: mol. wt., 
235 (osmometer), v  = 3400, 1725, 1680, Xmax 238 (ca. 27,000), 
280 {ca. 5000). A solution containing 43 mg. of I-2b :n ethanol 
was mixed with 1.5 ml. of a solution of 2,4-dinitropheny (hydrazine 
in diglyme. Two drops of hydrochloric acid were added and the 
solution allowed to stand 24 hr. The deep red precipitate was 
recrystallized from benzene and 2 mg. of orange crystals, m.p. 
>  300° were isolated.

Fraction 1-3 was uniform to gas chromatographic tests. I t  was 
distilled in vacuo giving 4.0 g. of colorless oil, b.p. 95° (0.3 mm.), 
v = 3480, 3050, 1610, 1605, 1513, and 750 cm .'i. One gram of 
1-3 was mixed with 0.7 g. of benzoyl chloride and the mixture 
boiled for 5 min. The mixture was poured onto ice and the 
residue triturated with 5% sodium carbonate solution. The 
solid residue was recrystallized from ethanol, m.p. 58°. A 
mixture with an authentic sample of guaiacol benzoate melted 
at 58°.

(15) The au thors are indebted  to D r. Charles W arren of the Fish and
Game D epartm ent, Oregon S ta te  U niversity , for the biological toxicity  de- 
te rm ina tion  which will be reported  in detail elsewhere.

Fraction II.—Elution chromatography of 6.98 g. of fraction II 
on 200 g. of predried silicic acid using 2 1. of ligroin, 2 1. of ben
zene, 1 1. of carbon tetrachloride, 1 1. of chloroform, 11. of ether, 
and 1 1. of methanol in that order as eluants separated five 
fractions as indicated by a plot of weight of material per tube 
against tube number. These were combined as the following 
fractions: II-1, 500 mg. of colorless liquid, II-2, 4.25 g. of light 
brown oil, II-3, 308 mg. of a dark oil, II-4, 263 mg. of a dark oil 
and II-5, 850 mg. of a viscous brown liquid.

Fractions II-l, II-3, and II-4 were shown by gas chroma
tography to contain 16, 17, and 16 components, respectively. 
These were not investigated further.

Fraction II-2.—was purified by chromatography on activity 
III (Brockman) alumina and the main fraction eluted in benzene. 
This was distilled to give 2.6 g. of a clear liquid, b.p. 72-74° 
(0.1 mm.), d 1.5051, d2s 0.9635; Xma* 237, 259, 265; v  =  
3400, 2900, 1860 w, 1760 w, 1622, 1500 s, 1050, 984, 895, 812, 
and 720 cm.-1; [ a ] 26D  +  38.1 (95% ethanol, 4.64 mg./ml.). 
This substance did not add hydrogen or react with perbenzoic 
acid.

Anal. Calcd. for Ci2Hi80: C, 80.85; H, 10.18. Found: 
C, 80.45, 80.74; H, 10.08, 9.98.

II-2 3,5-Dinitrobenzoate.—A solution containing 100 mg. of
II-2 and 200 mg. of 3,5-dinitrobenzoyl chloride in 0.3 ml. of 
pyridine was warmed on a steam bath for 10 min. The solution 
was poured into 4 ml. of water, the insoluble residue washed with 
2% sodium carbonate, and the solid material recrystalized from 
ethanol. Thus 50 mg. of bright yellow crystals, m.p. 78°, 
was obtained.

Anal. Calcd. for CisIW^Oe: C, 61.28; H, 5.14. Found: 
0,61.19,61.37; H, 5.37, 5.14.

Oxidation of II-2.—A solution containing 37.8 mg. of II-2 
and 250 mg. of potassium permanganate in 7.5 ml. of water was 
heated on a boiling water bath for 6 hr. The manganese dioxide 
was removed by filtration, the solution acidified with hydro
chloric acid, and extracted with ether. The ether extracts were 
dried over anhydrous mgnesium sulfate. Evaporation of the 
ether gave 28.2 mg. of white crystals which sublimed without 
melting at 250°. The infrared spectrum (KBr pellet) was identi
cal with that of an authentic specimen of terephthalic acid.

A solution of 77.5 mg. of II-2 in 1.5 ml. of 3.5 N nitric acid was 
heated under reflux for 12 hr. Sufficient 1 N sodium hyroxide was 
added to dissolve the precipitate, a small amount of powdered zinc 
added and the mixture heated for 1 hr. A portion of the solution 
was distilled to remove reduced nitration products, and the zinc 
removed from the residue. The aqueous solution was acidified, 
extracted with ether and the ether extracts dried. Paper chroma
tography of the extracts on Whatman no. 4 paper using ethanol- 
ammonia-water (S0:4:16) showed four spots, Ri 0.73, 0.44, 
0.26, and 0.00. Under the same conditions the following Rf 
values were observed: p-toluic acid 0.72, acetic acid 0.43, malonic 
acid 0.25, and oxalic acid 0.00. The ether was evaporated from 
the extracts and 29.9 mg. of white crystals, m.p. 158-166°, 
were recovered. The infrared spectrum was nearly identical 
with that of p-toluic acid.

Fraction II-5.—gave after standing in the cold a crystalline 
magna. After recrystallization from benzene-ligroin, 50 mg. of 
white crystals, m.p. 90-92°, were obtained. Theie showed 
infrared absorption at 3400, 2940, 2880, 1625 w, 1470, 1445, 
1420, 1380, 1170, 1125, 1010, 987, 947, 900 and 835 cm.-1.
II-5 decolorized potassium permanganate and bromine water but 
did not give a color with ferric chloride.

3,5-Dinitrobenzoate of II-5.—was prepared as described above 
for II-2. Recrystallization from ethanol gave 60 mg. of pale 
pink crystals, m.p. 170-171°, Amax 230 m^ (EJS> 774). 
The melting point suggests a di-3,5-dinitrobenzoate and, using 
Xmax 230 m^ (« 45,000) for the average for such derivatives, the 
mol. wt. of II-5 is estimated at 190 ±  20. Analytical data 
were unsatisfactory.

7-(p-Tolyl)-y-valerolactone.—To a solution containing 0.25 
mole of methyl Grignard reagent was added slowly a solution of
23.6 g. (0.123 mole) of 3-(p-toluoyl)propionic acid16 in ether. 
The reaction mixture was heated at reflux for 2 hr., then decom
posed with cold dilute sulfuric acid. The ether layer was sepa
rated, washed with dilute sodium hydroxide, and dried. After 
evaporation of the ether the lactone was distilled, b.p. 98° (0.05

(16) E . de B, B arnett and F. G. Saunders, J .  C h e m .  S o c . ,  4 34 (1933).
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m m .) ,  7  g .  ( 4 0 %  b a s e d  o n  a c id  u s e d ) ,  v =  177 5  c m . -1 . A  m e l t 
in g  p o i n t  o f  5 6 °  h a s  b e e n  r e p o r t e d 17 f o r  t h i s  l a c to n e .

4-(p-ToIyl)pentanoic Acid.— T h e  p r e v io u s  l a c to n e  w a s  r e d u c e d  
a c c o r d in g  t o  t h e  p r o c e d u r e  o f  M a r t i n . 18 1 2 3 4 5 6 7 8 9 A f t e r  22  h r .  t h e  to lu e n e  
l a y e r  w a s  s e p a r a t e d  a n d  e x t r a c t e d  w i th  d i l u t e  s o d iu m  h y d r o x id e .  
T h e  b a s ic  l a y e r  w a s  a c id if ie d  w i th  h y d r o c h lo r ic  a c id  a n d  e x t r a c t e d  
w i th  e t h e r .  T h e  e t h e r  e x t r a c t s  w e r e  d r ie d  a n d  t h e  p r o d u c t  
d i s t i l l e d ,  b . p .  1 1 5 °  ( 1 .5  m m .) ,  2 .7  g .  ( 3 8 % ) .  B o il in g  p o i n t s  o f 
1 7 3 °  (9  m m . ) 17 a n d  1 8 0 °  (1 4  m m .) 6 h a v e  b e e n  r e p o r t e d .

4-(p-Tolyl)-l-pentanol.— T h e  a b o v e  a c id  w a s  e s te r i f i e d  w i th  
e th a n o l  a n d  h y d r o c h lo r ic  a c id .  T h e  e s t e r ,  b . p .  144  (9  m m . ) ,6' 17

(17) H . Rupe and A , S te inback, Ber., 44, 584 (1911).
(18) E .  L .  M artin , J. Am. Chem. Soc. 58 ,  1438 (1936).

w a s  o b ta in e d  a s  a  c o lo r le s s  o il in  7 8 %  y ie ld .  A  s o lu t io n  c o n ta in 
in g  2 .3  g .  o f  t h e  e s t e r  in  e t h e r  w a s  a d d e d  d r o p w is e  t o  a  s o lu t io n  
c o n ta in in g  0 .4 7  g . o f  l i t h iu m  a lu m in u m  h y d r id e  a n d  t h e  s o lu t io n  
s t i r r e d  a t  ro o m  t e m p e r a t u r e  fo r  15 m in .  E x c e s s  h y d r id e  w a s  
d e s t r o y e d  w i th  m o is t  e t h e r .  T h e  p r o d u c t  w a s  d is t i l l e d  in vacuo, 
b . p .  7 2 - 7 4 °  (0 .1  m m .) ,  1 .2 8  g .  ( 6 2 % ) .  S im o n s e n 4 r e p o r t s  a  
b o i l in g  p o i n t  o f  1 5 1 °  (1 6  m m .)  f o r  t h i s  a lc o h o l .  I t s  in f r a r e d  
s p e c t r u m  w a s  id e n t ic a l  w i th  t h a t  o f  I I - 2  a n d  i t s  3 ,5 - d in i t r o b e n -  
z o a t e  m e l t s  a t  7 8 °  ( r e p o r t e d 6 m .p .  8 0 ° ) .

Infrared Spectra.— I n f r a r e d  s p e c t r a  w e re  c a r r ie d  o u t  u n le s s  
o th e r w is e  s p e c if ie d  o n  n e a t  l iq u id s  u s in g  a  P e r k in - E lm e r  M o d e l  
21 s p e c t r o m e t e r .

Gas Chromatography.— A  M o d e l  1 5 4 C  P e r k in - E lm e r  v a p o r  
f r a c to m e t e r  w a s  u s e d  w i th  h e l iu m  a s  t h e  c a r r ie r  g a s  u n d e r  t h e  
c o n d i t io n s  i n d i c a t e d  in  e a c h  c a s e .

T h e  m e s o  a n d  R a c e m i c  F o r m s  o f  2 , 4 - P e n t a n e d i o l  a n d  C e r t a i n  o f  T h e i r  D e r i v a t i v e s
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T h e  meso a n d  r a c e m ic  f o r m s  o f  2 ,4 - p e n ta n e d io l  h a v e  b e e n  s e p a r a te d  f ro m  t h e i r  m ix tu r e  via f r a c t i o n a l  d i s t i l l a 
t i o n  o f  t h e i r  c y c lic  s u l f i te  e s te r s ,  a n d  t h e i r  s t r u c t u r e s  id e n t i f ie d  t h r o u g h  t h e i r  p r o to n  r e s o n a n c e  s p e c t r a .  T h e  
s e p a r a te d  d io ls  h a v e  b e e n  c o n v e r te d  t o  d ia c e t a t e s ,  b i s - 3 ,5 - d in i t r o b e n z o a te s ,  d ic h lo r id e s ,  a n d  d ib r o m id e s  o f  c o r r e 
s p o n d in g  s t r u c t u r a l  s y m m e t r y  a n d  t h e  is o m e r ic  p a i r s  c h a r a c te r iz e d .  T h e  r e d u c t io n  o f  a c e ty l a c e to n e  b y  s o d iu m -  
e th a n o l ,  n ic k e l - h y d r o g e n ,  a n d  s o d iu m  b o r o h y d r id e  y ie ld e d  t h e  meso a n d  r a c e m ic  2 ,4 - p e n ta n e d io ls  in  t h e  r a t io s  
9 :1 1 ,  1 1 :9 ,  a n d  2 : 1 ,  r e s p e c t iv e ly .

The meso and racemic forms of 2,4-pentanediol and 
their derivatives are of topical interest as model systems 
for spectroscopic and chemical studies relating to poly
mers.1-6 This paper discusses a convenient prepara
tion for the isomeric diols, and their conversion to di
halides and other derivatives.

Previously reported separations of meso and racemic 
forms in 2,4-disubstituted pentane systems are as fol
lows. The sodium hydroxide complexes of the diol 
cyclic borate esters have been separated in aqueous 
solution by paper ionophoresis7 and by chromatography 
on the borate form of an anion-exchange resin3; the 
diol mono-p-bromobenzenesulfonate esters have been 
separated by solution chromatography on alumina.8 
The dichlorides have been separated in the vapor phase 
on a dioctyl phthalate column5 and the diamines were 
separated long ago via crystallization of their acetyl 
derivatives.9 Apart from the last system, the above 
separations are suitable only for small quantities unless 
very large sized equipment is used. It was, therefore, 
our aim to develop a simple distillation method for 
large-scale separation of the diol isomers in a pure state 
(via an ester derivative), using chromatography only as 
a method of analysis for the isomers. Then, the further 
goal was to study methods for converting each pure

(1) J .  T .  C la rke  and E .  R .  B lo u t, J. P o l y m e r  S c i . ,  1, 419 (1946). A
2.4- pentanediol m ixtu re  having  no u ltrav io le t absorption above 220 m/t 
had b .p . 201.0 to 201.2° (760 m m .) and n ™ D  1.4354.

(2) M . M atsum oto and K .  Im a i, K o b u n s h i  K a g a k u ,  15, 160 (1958).
(3) E .  Nagai, S . K u rib a ya sh i, M . S h ira k i, and M . U k ita , J .  P o l y m e r  S c i . ,  

35, 295 (1959). T h e  m elting points reported for the two isom eric form s of
2.4- pentanediol cyc lic  borate are 85° and 37°. Th e  m icroanalyses reported 
for 2,4-pentanediol isom ers separated v i a  the cyc lic  borates are incred ib ly 
bad.

(4) M . S h irak i and E .  N aga i, N i p p o n  K a g a k u  Z a s s h i ,  81, 976 (1960); 
R .  C hu jo , S. Satoh, T .  Ozeki, and E .  N aga i, R e p o r t s  P r o g .  P o l y m e r  P h y s i c s ,  

J a p a n ,  5, 248 and 251 (1962).
(5) T .  Shim anouchi and M . T asu m i, S p e c t r o c h i m ,  A c t a ,  17, 755 (1961).
(6 ) T .  T a k a ta , e t  a l . ,  K o b u n s h i  K a g a k u ,  16, 693 (1959 ); 18, 235 (1961).
(7 ) J .  L .  F ra h n  and J .  A . M ills , A u s t r a l i a n  J .  C h e m . ,  12, 65 (1959).
(8) H . B . Henbest and B . B . M illw a rd , J .  C h e m .  S o c . ,  3579 (1960).
(9 ) C . J. D ippel, R e c .  t r a v .  c h i p i , ,  50, 525 (1931),

form of the diol to some other useful 2,4-disubstituted 
pentane derivatives, without loss of isomeric purity.

Results and Discussion

Separation and Characterization of meso and Racemic
2,4-Pentanediol.— An experimental review of various 
methods of reduction of acetylacetone— a readily 
available starting material— showed that a most 
straightforward procedure for obtaining a high yield 
of good-quality diol mixture could be worked out 
using sodium borohydride, which we recommend in 
preference to other methods even though it gives an 
isomer ratio somewhat removed from 1:1 (see Experi
mental) .

A separation of the isomeric diols via fractional 
distillation of their cyclic sulfite esters10 was found to 
work quite successfully. Thus, the conversion of the 
diol mixture to a cyclic sulfite mixture through thionyl 
chloride was straightforward, requiring only the sim
plest apparatus; and direct fractionation of the reaction 
mixture without elaborate work-up was satisfactory. 
The meso and racemic cyclic sulfites, the b.p. of which 
differ by only 10° at 12 mm., apparently form a suffi
ciently non ideal boiling mixture for a clean separation 
to be achieved in a modestly efficient fractionating 
column (see Experimental). The hydrolysis of the 
individual cyclic sulfite isomers back to diols with 
aqueous sodium hydroxide was straightforward, and 
this type of process is known to occur by sulfur-oxygen 
bond fission, i.e., without the possibility of change of 
configuration.1112 The over-all yields of pure diol

(10) Cf. F .  M . Robertson and A . C . Neish, Can. J. Res., 25B, 491 (1947). 
These authors suggested th a t the meso and Zaeflo-2,3-butanediols m ight be 
easily  separated via fractio na l d istilla tio n  of the ir cyc lic  sulfites.

(11) C . A . Bunto n , P . B .  D . de la  M are , P . M . G reaseley, D . R .  L lew e llyn , 
N . H , P ra t t , and J .  G . T il le t t , J. Chem. Soc., 4751 (1958).

(12) C . A . Bunto n , P . B .  D . de la  M are , A . Len n ard , D . R .  L lew e llyn , 
R .  B . Pearson, J .  G . P ritch a rd , and J .  G . T il le t t , ibid., 4761 (1958).
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Fig. 1.—Proton resonance spectrum at 60 Me./sec. of a deu
terium oxide solution of the 2,4-pentanediol with m.p. 48-49° 
and having a bis-3,5-dinitrobenzoate with m.p. 179°. The scale is 
set arbitrarily at zero for the signal from OH protons and 250 
c.p.s. therefrom at a side band.

Fig. 2.—Proton resonance spectrum at 60 Me./sec. of a deu
terium oxide solution of the 2,4-pentanediol noncrystallizable at 
room temperature and having a bis-3,5-dinitrobenzoate with m.p. 
190°. (Scale as for Fig. 1.)

isomers separated from the mixture were 30% of meso 
plus 17% of racemic diol.

The 2,4-pentanediol isomers have not been well 
characterized in the past. Both microanalytical and 
infrared studies have left much to be desired,1_M3~17 
which may be due in part to the very hygroscopic nature 
of these diols.

Microanalysis of our diol products, separated by way 
of the diol cyclic sulfites, shows them to be acceptably 
pure and they are further characterized by bis-3,5-di- 
nitrobenzoates. As a method of identification of the 
isomers we have avoided the classical, optical resolution 
of the suspected racemic form in favor of direct compari
son of the proton resonance spectra of the diols in 
aqueous solution (c/. Fig. 1 and 2). The signals given 
by the hydroxyl and methyl groups and by the methenyl 
protons in 2- and 4-positions are very similar for both 
isomers (at 0, ca. 220, and ca. 50 c.p.s., respectively, on 
the scale of the figures). The hydroxyl proton signals 
are single resonance peaks, indicating rapid exchange of 
protons between the diols and the aqueous solvent.18 
For both compounds, the signal from the methyl groups

(13) M. Delepine and A . Horeau, Bull. soc. c h i m . ,  (5) 4, 31 (1937).
(14) H. Yonem oto, Y a k a g u k u  Z a s s h i ,  79, 143 (1959).
(15) J . M. Sprague and H . Adkins, J. A m .  C h e m .  Soc., 56, 2669 (1934.)
(16) P . S. S tu tsm an  and H. Adkins, i b i d . ,  61, 3303 (1939).
(17) L .  A . Pohoryles, S . Sarel, and R . Ben-Shoshan, J .  O r g .  C h e m . ,  24, 

1878 (1959).

is a doublet due to splitting by the neighboring methenyl 
protons in the molecule (coupling constant ca. 6.3 
c.p.s.) ; and the methenyl proton signal itself is an 
approximately symmetrical sextet of bands split by the 
five nearest neighboring protons on carbon (CH-to-CH2 
coupling constants close to 6.3 c.p.s.). However, the 
signals from the methylene group, at ca. 190 c.p.s., are 
diagnostically different for the two diols. One isomer 
is observed to give an almost symmetrical triplet with 
intensities approximately in the ratio 1:2:1 and separa
tion 6.3 c.p.s., which suggests that this isomer has its 
two methylene protons in almost identical magnetic 
environments and that they are coupled almost equally 
with the methenyl protons (allowing that the chemical 
shift between these two types of proton is sufficiently 
great compared to the coupling so that first-order 
spectra are observed).19 Both optical forms of the 
racemic diol give identical spectra and each should 
exist in a set of staggered conformations, the two most 
stable of which are probably those illustrated by struc
tures I and II. If facile rotations about the C-C bonds 
are permitted in aqueous solutions of the diols at room 
temperature, as is almost certainly the case, the racemic 
form should have methylene protons formally equiv
alent and there should also be equivalent coupling 
between the two methylene protons and each methenyl 
proton. Therefore, the observed simple triplet in Fig.
1 diagnoses the racemic diol. In all conformations of 
the ?neso-diol the methylene protons can never formally 
be exactly equivalent, and the effect of rapid rotation 
from one conformation to another should yield an 
observable, averaged chemical shift (barring accidental 
equality). The signal from the methylene protons in 
Fig. 2 can be construed as essentially two triplets (with 
apparent separations of 6.2 and 6.9 c.p.s., respectively) 
the centers of which appear to be separated by 2.8 
c.p.s. This suggests the following approximate in
terpretation. The coupling constant between protons 
set at the tetrahedral angle on the same carbon atom is 
about 12 c.p.s.20 and, if two such protons are chemically 
shifted, the general form of the spectrum is a quad
ruplet. Thus, for example, the quadruplet generated 
by two protons shifted by 9 c.p.s. with coupling constant 
12 c.p.s. would have a central doublet separated by 3 
c.p.s., and satellites 12 c.p.s. away having only one- 
ninth of the intensity of the main doublet. Hence, the 
spectrum of the methylene protons on Fig. 2 may be in
terpreted as a doublet separated by ca. 3 c.p.s., the mem
bers of which are split into triplets through slightly differ
ent coupling to the two methenyl protons, while the low- 
intensity, split satellites which are expected cannot be 
distinguished above the background noise under our ex
perimental conditions. This spectrum is then quite con
sistent with the structure of meso-2,4-pentanediol, the 
chemical shift between the methylene protons being 
probably close to 0.15 p.p.m. (9 c.p.s.). We consider 
this analysis to constitute plausible identification of the 
isomeric diols.

(18) For a simple account of n.m .r. spectra  of some a liphatic  alcohols 
see J . D. R oberts, “ N uclear M agnetic R esonance,” M cG raw -H ill Book Co., 
Inc., New York, N . Y ., 1959, pp. 48—51 and  64-66.

(19) A slightly  sim ilar s ituation  has been found for £rans-1.3~cyclohexane- 
diol. C f .  H. Finegold and H. K w art, J .  O r g .  C h e m . ,  27, 2361 (1962).

(20) M. K arplus, D. H . Anderson, T . C. F a rrar, and H. S. Gutoweky, 
J .  C h e m .  P h y s . ,  27, 597 (1957); H. S. G utow sky, M . K arplus, and O. M. 
G ran t, i b i d . ,  31, 1278 (1959).
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2,4-Dihalopentanes.— From some of the classical 
examples of alcohol-halide conversion in the literature, 
the outlook for converting the separated 2,4-pentane- 
diols to dihalides, without isomeric equilibration, 
appeared good. Thus, the conversion of a simple 
secondary alcohol, 2-octanol, to the corresponding chlo
ride by thionyl chloride in the presence of pyridine has 
been reported to occur with clean inversion of configura
tion.21'22 Furthermore, the racemic-erythro- and (+)- 
direo-3-chloro-2-butanols have been converted with 
clean inversion to pure racemic and meso-2,3-dichloro- 
butanes, respectively, by thionyl chloride in pyridine, 
demonstrating that the presence of the chlorine sub- 
stituent/neighboring the hydroxyl group being replaced, 
does not alter the reaction mechanism for this reagent 
through “participation.” 23

In accord with the previous results, the reaction of 
thionyl chloride and pyridine at 0° with each 2,4-pen- 
tanediol isomer gave a good yield of a 2,4-dichloro- 
pentane, in each case pure except for 2-3% of the al
ternative isomer, as determined by chromatographic 
analysis. This reaction would be expected to proceed 
principally with Walden inversion by the Sn2 mecha
nism24̂ 215 at both reaction cites, so that the resulting 
dihalide should have molecular symmetry identical 
with that of the 2,4-pentanediol isomer from which it 
was derived. It is unclear24 whether or not the produc
tion of the few % of alternative isomer was entirely due 
to competition of unimolecular internal substitution, 
by the chlorine in the chlorosulfite intermediate III, 
with the predominant bimolecular substitution by 
external chloride, since concomitant rearrangement of 
the product may well contribute (c/. bromides col. 2). 
The results of Lucas and Gould23 almost certainly 
preclude the possibility of some form of assisted SnI 
reaction, as in IV for the second stage of our reaction, 
which could result in retention of the steric configura
tion at one cite.

A previous study has shown that ethyl ( —)-lactate 
can be converted with little or no racemization to 
ethyl (-h)-a-bromopropionate by phosphorus penta-

(21) A. M cKenzie and T. M. A. Tudhope, J .  B i o l .  C h e m . ,  62, 551 (1924)-
(22) C f .  W. A. Cowdrey. E. D . Hughes, C. K . Ingold, S. M asterm an. 

and A. D. Scott, J .  C h e m .  S o c . ,  1266 (1937).
(23) H. .1. Lucas and C. W. Gould, J r., J .  A m .  C h e m .  S o c . .  63, 2541 

(1941).
(24) C f .  C. K. Ingold, “ S tructu re  and M echanism  in Organic C hem istry ,” 

Cornell U niversity Press. Ith aca , N. Y., 1953, pp. 391-395.
(25) C f .  E. S. Gould, “ M echanism  and  S tructu re  in Organic Chem is

try ,” H enry  H olt and Co., New York, N. Y ., 1959, C hap. 5 and 8.
(26) C f .  J . H ine. “ Physical Organic C hem istry ,” M cGraw-Hill Book Co., 

Ino., New York, N. Y„ 1962, pp. 139-141.

bromide and pyridine.27 28 The reagents, thionyl bromide 
and phosphorus tribromide, with or without pyridine, 
have produced considerable racemization, on the other 
hand.2128 There appears to be no evidence available 
concerning the effect of these reagents in the presence 
of neighboring bromine. However, it would be con
sistent with the foregoing facts to assume that phos
phorus pentabromide in pyridine would consistently 
invert the configuration in hydroxyl-bromide trans
formations.

Accordingly, phosphorus pentabromide in pyridine 
with the racemic 2,4-pentanediol produced a reason
able yield of dibromide containing only 2% of the 
meso isomer. With meso-2,4-pentanediol, meso-2,4- 
dibromopentane containing much larger amounts of the 
racemic form was produced (5-20% depending on ex
perimental procedure) essentially because the lower- 
boiling, racemic form tended to distil out fractionally in 
preference to the required meso product during isola
tion. Unfortunately, efficient fractionation was re
quired to remove one tenacious impurity from the di
bromides (not required for the dichlorides) and pro
longed boiling under reduced pressure was observed to 
induce rearrangement toward a 50-50 meso and racemic 
mixture. Small amounts of the raeso-dibromide con
taining 5-6% of the racemic form could nevertheless 
be obtained consistently.

P.m.r. spectra of these 2,4-dihalopentane isomers, 
which need not be detailed here,29 show characteristics, 
quite analogous to the diol case, which diagnose mo
lecular symmetry confirming the structures designated 
above. If the 2,4-dihalopentane isomers are required 
for purposes in which the presence of small amounts of 
the alternative isomer can be tolerated, it is our con
clusion that the processes described earlier are best 
suitable for the preparation of quantities in the order 
of tens of grams and more.

Experimental

Sodium-Alcohol Reduction of Acetylacetone.—Fifty-six grams 
of sodium was added in small amounts to a stirred solution of 40 
g. of acetylacetone in 750 ml. of ethanol held between 0-10°. 
After ca. 14 hr., methanol was added to destroy residual sodium 
quickly. The solution was neutralized with concentrated hydro
chloric acid, and the product freed from salt and alcohol yielding, 
after distillation, 12 g. (30% yield) of 2,4-pentanediols, b.p. ca. 
85° (6 mm.). With 100 g. of acetylacetone in the above proce
dure, the yield of diols was 21 g., representing a lower yield from 
the acetylacetone but more efficient use of the sodium and alcohol.

Fractional distillation of the diol mixture obtained by the above 
procedures through a 4-ft. column (described later) gave, apart 
from a small forerun, only fractions of constant refractive index, 
nmD 1.4342, and b.p. 74° (3 mm.). Vapor phase chromatography 
on diverse columns also failed to separate the two isomers present.

Nickel-Hydrogen Reduction of Acetylacetone.—Hydrogen at 
1000-2000 p.s.i. was passed into a suspension of ca. 20 g. of pyro
phoric Raney nickel in a solution consisting of 300 ml. of acetyl
acetone, 400 ml. of dioxane, and 50 ml. of triethylamine, at 135°. 
After 5 hr., 80% of the theoretical amount of hydrogen was ab
sorbed and the reaction solution remained colorless. Fractiona
tion yielded 196 g. (75% yield) of diols, b.p. 65° (2 mm.), nwd 
1.435. Higher yields were possible by running the reaction 
longer.

Sodium Borohydride Reduction of Acetylacetone.—A solution 
of 1 kg. of acetylacetone in 3 kg. of methanol was added slowly to

(27) W. G errard, J . K enyon, and H. Phillips, J • C h e m . .  S o c . ,  153 (1937).
(28) J . K enyon, H. Phillips, and  G. R. S hu tt, i b i d . ,  1663 (1935).
(29) See W. C. T incher, A bstracts  of 142nd N ational M eeting  of the  

Am erican Chem ical Society, A tlantic C ity , N. J ., Septem ber, 1962, Polym er 
C hem istry  Section, Appendix, p. 142; and fu rth er w ork to be published.
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a stirred solution of 250 g. of sodium borohjMride and 5 g. of 
sodium hydroxide pellets in 2.5 kg. of water, maintained below 
20°. The solvents were then removed rapidly at ca. 20 mm. pres
sure. Five kilograms of glycerol was added to the solid residue of 
sodium hydroxide-coordinated 2,4-pentanediol monoborates and 
the product was distilled under reduced pressure through a short 
fractionating column, yielding 88.5 g. (87% yield) of diols with 
n 20D 1.434.

Separation of 2,4-Pentanediol Mixture.—One equivalent of 
thionyl chloride (623 ml.) was added slowly to the ciol product 
from the sodium borohydride reduction above (885 g.) dissolved 
in 400 nd. of ether and contained in a large conical flask equipped 
with a magnetic stirrer. When the voluminous evolution of 
hydrogen chloride ceased, the solution was heated to 100° and 
dry nitrogen bubbled through for 1 hr. Further cleaning up of 
the reaction mixture by water washing was found to be unneces
sary and involved subsequent use of an unwieldy amount of 
drying agent owing to the high solubility of water in diese sulfite 
esters. Fractional distillation of the product using a 4-ft.- 
long, vacuum-jacketed column of 0.5-in. i.d., packed loosely with 
glass helices of 0.25-in. o.d. (which gave a 25-plate separation of 
benzene-carbon tetrachloride mixtures at atmospheric pressure), 
gave 70 g. of forerun, b.p. 64-72° (12 mm.), then 545 g. meso-
2,4-pentanediol cyclic sulfite, b.p. 72° (12 mm.), nwn 1.4403, and 
26 g. of cyclic sulfite mixture, b.p. 72-82° (12 mm.), and finally 
300 g. of racemic 2,4-pentanediol cyclic sulfite, b.p. 82° (12 mm.), 
n“D 1.4472. The reflux ratios required were about 100:1 for the 
forerun, which contained a number of impurities, and about 10:1 
for the remainder of the distillation. Chromatography (cf. 
Table I) show'ed the meso isomer to be quite pure. However, the 
racemic isomer consistently contained a very closely boiling im
purity (hence, the poor microanalysis that follows), but this did 
not seem to affect adversely the purity of the racemic diol finally 
prepared.

Anal. Calcd. for C5H,nO.,S: C, 40.0; H, 6.7; S, 21.35. 
Found: meso-sulfite, C, 40.1; H, 6 .6 ; S, 21.2; and racemic 
sulfite, C, 40.5; H, 6.9; S, 19.6.

Each cyclic sulfite was saponified, while stirring with five times 
its volume of water, by gradual addition of two equivalents of 
sodium hydroxide. The water was evaporated under vacuum 
and the residue extracted with chloroform. Distillation of the 
extract gave diol in 75% yield for this step: meso-diol, b.p. 73° 
(3 mm.), n wD 1.4327; racemic diol, b.p. 74° (3 mm.), m.p. 
48-49°, 1.4378. Both diols are very hygroscopic.

Anal. Calcd. for C5H12O2: C, 57.7; H, 11.5. Found: meso- 
diol, C, 57.5; H, 11.5; and racemic diol, C, 57.7; H, 11.0.

One gram of each diol isomer was stirred with 5 g. of 3,5-dinitro- 
benzoyl chloride in 20 ml. of dry pyridine at 0° for 2 hr. The 
mixture was diluted with water and the crude, insoluble ester 
washed with aqueous sodium bicarbonate, then with water, and 
recrystallized from acetone. The melting points were 190 and 
179° for the pure meso and racemic diesters, respectively. Yields 
were almost quantitative.

Anal. Calcd. for Ci9HieOi2N4: C, 46.3; H, 3.3; N, 11.4. 
Found: ineso-isomer, C, 46.4; H,3.5; N, 11.4; racemic form, C, 
46.6; H, 3.6; N, 11.3.

The diols were identified through their n.m.r. spectra, so 
identifying also the other derivatives.

2,4-Pentanediol Isomer Ratios and Diacetates.—Samples of 
the separated diol isomers were esterified to diacetates using, in 
turn, all three common reagents: acetic acid and anhydride, and 
acetyl chloride. Analysis of the products by vapor phase chro
matography (see p. 1549 and Table I) showed them to be isomeri- 
callypure. Physical data are: for meso-2,4-pentanediol diacetate, 
b.p. 70° (4 mm.), 203° (760 mm.), nmd 1.4172; and for the race
mic diacetate, b.p. 62° (4 mm.), 201° (760 mm.), n20i> 1.4142.30

Anal. Calcd. for C9Hi60 4: C, 57.4; H, 8.5. Found: meso- 
diacet,ate, C, 57.0; H,8.5; and racemic diacetate, C, 57.2; H,
8.5.

Samples of the diol mixtures from the first three preparations 
above were converted to diacetate mixtures which were shown by 
vapor phase chromatography to consist of meso and racemic forms 
in the ratios 9:11 (Na/EtOH), 11:9 (Ni/H2), and 2:1 (NaBH4). 
Fractional distillation of the diol diacetates was insufficiently 
efficient in our apparatus to give a good yield of completely 
separated products, and is not recommended.

(30) C f .  R . L. F rank , R. D. Em m iek, and R. S. Johnson, J .  A m .  C h e m .  

S o c 69, 2313 (1947). D a ta  reported  for a  m ixture were b.p. 88-91° (11 
m m .), n 20D 1.41 GO.

2.4- Pentanediol Cyclic Borates.—A previous report has 
claimed that the reduction of acetylaeetone by sodium boro-
hydride in aqueous methanol produces almost entirely the meso-
2,4-pentanediol (isomer ratio n . 45:1 ).31 We have repeated the 
cyclic borate work-up procedure31 -which led to this erroneous 
conclusion, as follows. Fifty grains of acetylaeetone was reduced 
with sodium borohydride as described.31 After evaporation of 
solvent, the residue was neutralized with 2 N  aqueous sulfuric 
arid and the slightly acid solution extracted with chloroform. 
Distillation of the extract yielded 43 g. of viscous oil, b.p. 136° 
(1 mm.), the tris-2,4-pentanediol di(eyclic borate). The oil was 
treated with 5 ml. of water and the resulting partly crystalline 
mixture of diol and diol (mono) cyclic borate was filtered. The 
solid material was recrystallized twice from benzene-petroleum 
ether and yielded 4 g. of large, white prisms, m.p. 83-85° (sealed 
tube). The infrared spectrum of this product as a Nujol mull 
was identical with that published for the pure, high-melting 2,4- 
pentanediol cyclic borate isomer.3

Anal. Calcd. for C6Hu0 3B: C, 46.2; H, 8.5. Found: C, 
45.9; H, 8.5.

The above experience is similar to that previously reported31 
and presumably led to the assumption that the entire product 
consisted of just the one form of 2,4-pentanediol cyclic borate. 
Modification of procedure, as follows, shows that the two 
forms are present. (No configurational rearrangements are sus
pected in these systems.) Thus, in a similar experiment, the 
viscous oil was treated with water, as before, then the whole 
mixture was crystallized from benzene-petroleum ether. The 
noncrystalline residue was treated with 6 g. of boric acid and 
fractionally crystallized from hexane. Altogether, there was ob
tained a series of white, crystalline fractions comprised of 7 g., 
m.p. ca. 80°; 28g., m.p. ca. 75-76°; 1 g., m.p. 65-70°; and some 
residual oil which could not easily be crystallized.

Anal. (cf. preceding). Found for the 75-76° material: C, 
45.9; H, 8.4.

Some of the 75-76° melting material was distilled with glycerol 
to recover diol, and this was converted to diacetate. Chroma
tography showed a mixture of 20% racemic with 80%, meso- 
diacetate.

2.4- Dichloropentane Isomers.—One hundred and sixteen 
grams of thionyl chloride was run slowly into a mixture of 26 g. of 
meso-2,4-pentanediol and 3 in,, of dry pyridine kept at ca. 0° by 
means of an ice-salt bath. After refluxing for 3 hr., the mixture 
was worked up by addition of iced water, then ether extraction. 
The ether layer was washed with aqueous sodium bicarbonate 
solution and water, dried over anhydrous magnesium sulfate, and 
fractionated yielding 21 g. of meso-2,4-dichloropentane, b.p. 40° 
(12 mm.), n20u 1.4423. Vapor phase chromatography showed 
this product to be quite pure apart from ca. 2% of its isomer. 
Pure racemic 2,4-pentanediol treated likewise gave racemic 2,4- 
dichloropentane of b.p. 36° (12 mm.), n20d 1.4390, which like
wise contained a few per cent of its isomer.32 (If the amount of 
pyridine is increased this does not alter the final result; it 
merely complicates the work-up.)

Anal. Calcd. for C5HioCf2: C, 42.6; H, 7.1; Cl, 50.3. 
Found: meso isomer, C, 42.4; H,7.2; Cl, 50.2; racemic form, C, 
42.4; H, 6.9; Cl, 50.2.

2,4-Dibromopentane Isomers.—A slurry of phosphorus penta- 
bromide was prepared by allowing 45.6 ml. of bromine to run 
very slowly on to 97.8 ml. of phosphorus tribromide dissolved in 
30 ml. of dry benzene arid stirred at 0° under a current of dry 
nitrogen. Fifty grams of racemic 2,4-pentanediol dissolved in 
45 ml. of dry pyridine was run in slowly over a period of 5 hr. 
attended by vigorous evolution of hydrogen bromide and heat. 
Passage of dry nitrogen and stirring was then continued over
night while the reaction mixture warmed to room temperature. 
Iced water was then added and the mixture extracted with 
benzene. The benzene extract was washed with aqueous sodium 
carbonate, then by water, dried (Na2S04), and evaporated under 
vacuum at room temperature. The residue was distilled rapidly 
at 4 mm. yielding ca. 52 g. of at least 96% pure 2,4-dibromopen- 
tane. Rapid fractionation of this material yielded racemic 2,4-

(31) J . Dale, J .  C h e m .  S o c . ,  910 (1961). N ote  th a t  the  reduction  of the  
very sim ilar system  1,3-diphenyl-1,3-propanedione by  the  sam e reagen t 
is reported  in th is reference to have given a diol isom er ra tio  of c a .  3 :2 , a 
m ore au then tic  resu lt quite  sim ilar to th a t  obtained  in the  p resen t work for 
acetylaeetone (2 :1) under parallel reaction conditions.

(32) C f .  D. V. Tischenko, J .  G e n .  C h e m .  U S S R ,  9, 1380 (1939). D a ta  
reported  for a  m ixture were b.p. 142-147° (761 m m .), w15d 1.4339.
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dibromopentane, b.p. 40° (4 mm.), j i20d  1.4968, containing only
2% of the meso isomer.

The same procedure repeated for the meso-diol gave meso- 
dibromide containing substantial quantities of the alternative 
isomer, 5-20% depending on reaction conditions and the method 
of isolation. However, fractional distillation of such material 
through the column described above usually resulted in 25%, re
covery of a pure dibromide mixture, b.p. 45° (5 mm.), nmD 
1.5015, containing not less than ca. 95% of the «¡eso-dibromide.33 
Isomeric equlibration was noted on prolonged boiling of the prod
uct at 4 mm., so setting a limit to the degree of separation of the 
higher boiling (meso) product attainable by fractional distillation.

Anal. Calcd. for CsHioB^: C, 26.1; H, 4.35; Br, 69.5. 
Found: meso-isomer, C, 26.1; H, 4.15; Br, 69.6; racemic 
form. C, 26.1; H, 4.6; Br, 69.4.

Vapor Phase Chromatography.—The retention times given in 
Table I were obtained with a column 10 ft. long and 0.4-in. i.d., 
packed with 8% by weight of Carbowax (mol. wt., 9000) on 
30/60-mesh firebrick, and with an inlet pressure of 40 p.s.i. of 
helium gas to an F. and M. Scientific Corporation Model 500 in
strument. The retention times quoted in the table were for 1- 
¡j.l. samples and a flow rate of 570 ml./min. The table also shows 
the maximum quantities of material in /xl. which could be sepa
rated under the conditions described, indicating the degree of 
spreading of the various samples on the column.

N.m.r. Spectroscopy.—Samples of each isomeric form of 2,4- 
pentanediol with four times their volume of deuterium oxide were 
degassed and sealed under vacuum in thin-walled tubes, 6 X 
0.5 in. in diameter. Spectra were run at room temperature on a

(33) R. G. Kelso, K . W. Greenlee, J. M . Derfer, and C. E. Boord, J .  A m .  

C h e m .  S o c . ,  77, 1751 (1955). D a ta  reported  for a  m ixture were b.p. 70° 
(17 m m .), n w D 1.4960.

T a b l e  I
R e t e n t i o n  T im e s  in  M i n u t e s  f o r  2 ,4 - D is u b s t i t u t e d  P e n t a n e  

D e r iv a t iv e s  u n d e r  C o n d it io n s  S p e c i f i e d  in  t h e  T e x t

Tem p., R eten tion  tim e Max. quant.
D erivative °C. m e s o Racemic 0*1.)

Diacetates 130 6.25 5.1 1
Cyclic sulfites 130 4.7 6.45 50
Dichlorides 80 3.8 3.15 1
Dibromides 100 6.7 5.5 10

Varian machine operating at 60 Me./sec., equipped with a 
Varian 12-in. electromagnet, flux stabilizer, and field-homogeneity 
stabilizer. A side band of 250 c.p.s. was set off at high field from 
the signal due to the hydroxyl protons. Hence, the arbitrary 
scale on Fig. 1 and 2 is set at zero for the exchanging hydroxyl 
protons in an alcohol-water-HDO-deuterium oxide mixture con
taining ca. 4% H and 96% D.
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A number of mono- and disubstituted ferrocenes have been acetvlated. It has been found that iodine is lost 
from iodoferrocene under the acetylation conditions employed. Contrary to another report, bromo- and chloro- 
ferrocenes are aeetylated to give 1 '-acetylbromo- and chloroferrocenes in good yield. Acetylation of acotamido- 
and urethanoferrocenes gives predominantly the heteroannularly substituted isomers, and these substituents are 
deactivating.

In recent years a number of reports have appeared 
on the electrophilic substitution reactions of ferrocene 
derivatives.3 Rosenblum4 5 has reported some studies 
of this type and has used a molecular orbital calculation 
to predict the effect of substituent groups. Recently 
Morrison and Pauson6 have shown that Friedel-Crafts 
acetylation of chloro-, methylthio- and methoxyferro- 
cenes leads to the replacement of the substituent by 
hydrogen. Thus chloroferrocene yields ferrocene and 
methoxyferrocene yields acetylferrocene. In connec
tion with our work on metallocenyl carbonium ions 
and for other reasons it was desirable to have in hand 
substituted ferrocenes. This led to a study of the 
acetylation reactions of iodo-, bromo-, chloro-, aceta- 
mido-, methoxycarbonylamino-, ethoxycarbonylamino-, 
l,l'-diethoxycarbonylamino-, and cyanoferrocenes.

(1) Supported in p a rt b y  a  g ran t from the  N ational Science Foundation .
(2) (a) This paper is based on the  Ph.D . thesis of D. W. H all, December, 

1962; (b) the D enver Research C enter of the M arathon  Oil Com pany.
(3) For a review see K. Plesske, A n g e i o .  C h e m . ,  74, 301,347 (1962).
(4) M . Rosenblum and  W. G. Howells, J .  A m .  C h e m .  S o c . . ,  84, 1167 (1962).
(5) J . G. M orrison and  P. L. Pauson, P r o c .  C h e m .  S o c .  (London), 177

(1962).

Results and Discussion

The results are summarized in Table I.
Structural assignments were made chiefly on the 

basis of infrared spectral correlations. The pertinent 
data are summarized in Table II. It can be seen that 
all disubstituted compounds assigned the 1,2-homo- 
annular structure possess bands near 9 and 10 y (1111 
and 1000 cm.-1) in accordance with the 9-10 rule set 
forth by Rosenblum.6 In addition the 1,2-disubstituted 
compounds clearly show hydrogen bonding between 
the amide hydrogen and the oxygen atom of the acetyl 
group.7 2-Acetyl-1, l'-di (ethoxycarbonylamino)ferro-
cene also possesses a spectrum indicative of hydrogen 
bonding whereas 3-ace tyl-1, l'-di (ethoxycarbonylam
ino) ferrocene does not. The compounds assigned the 
l,l'-disubstituted structure lack the bands near 9 and 
10 y but do show absorption near 8.95 y (1117 cm.-1) 
which is known to be indicative of a ferrocene possessing 
a cyclopentadienyl ring substituted only with an acetyl 
group.6

(6) M. Rosenblum , C h e m .  I n d .  (London), 953 (1958).
(7) R. E. R ichards and  H. W. Thom pson, J .  C h e m .  S o c . } 1248 (1947).
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T a b l e  I
A c e t y l a t io n  o f  M o n o -  a n d  D i - s u b s t it u t e d  F e r r o c e n e s

3

4 XT' Q
R

3'
r e

c f c R'

Starting  m aterial .------ Isom er yie lds, %  conversion
R R' Reagents recovered, % V- 2- 3-

Acetamido- H 1:1 Aluminum chloride-acetyl 42 37.4 0“ 0
chloride 0

Silicon tetraacetate and stannic 39.6 29.7 0“
chloride

Boron trifluoride and acetic 17.8 69.2 3.3 0
anhydride

Ethoxycarbonylamino- H Boron trifluoride and acetic Not determined Approx. 50 Under 5 0
anhydride

Ethoxycarbonylamino- R = R' Boron trifluoride and acetic 21'» 22'' 46
anhydride

Methoxycarbonylamino- H 1:1 Acetyl chloride-aluminum Not determined Approx. 50 Under 5 0
chloride

Cyano- H 1:1 Acetyl chlorice-aluminum 0 100 0 0
chloride

Bromo- H 1:1 Acetyl chlorice-aluminum 0 75 0 0
chloride

Chloro- H 1:1 Acetyl chlorice-aluminum 0 81 0 0
chloride

Iodo- H 1:1 Acetyl chlorice-aluminum A mixture of Only aeetylferrocene and 1,1'- diace
chloride iodoferrocene ferrocene were isolated

was
recovered

“ Probably present but not isolated. 4 Estimated; see Experimental.

In accord with the observations of other workers, the
2-substituted compounds were eluted from alumina 
before the other isomers.8’9

Ultraviolet absorption data are summarized in Table
III.

Under our conditions, the acetylation of bromo- and 
chloroferrocenes proceeded smoothly to yield the 
heteroannularly substituted products. There was no 
evidence for the presence of homoannularly substituted 
products in either of these two cases. Nesmeyanov 
has also found that acetylation of bromoferrocene gives 
only l'-acetylbromoferrocene.10 These results are in 
contrast with those of Morrison and Pauson6 and 
emphasize the influence of conditions on the course of 
these reactions. In the case of iodoferrocene, repeated 
attempts at acetylation led only to unchanged starting 
material and ferrocene, itself. Thus, as would be 
expected, the iodine is more susceptible to electrophilic 
displacement by a proton than is chlorine or bromine.

Acetylation of acetamido- and alkoxycarbonylamino- 
ferrocenes yielded predominantly the heteroannularly 
substituted isomer. In some cases a small yield of
1,2-isomer was isolated though never was any 1,3-prod
uct observed. The presence of predominantly hetero- 
annular product indicates that thé acetamido and 
alkoxycarbonylamino groups are deactivating substitu
ents.

Further confirmation for the deactivating effects

(8) M . Rosenblum , W . G . H owells, A . K .  Banerjee , and C . Bennett, J. 
Am. Chem. Soc., 84, 2726 (1962).

(9) K .  L .  R in e h a rt , J r . ,  K .  L .  M o tz , and S . M oon, ibid., 79, 2749 (1957).
(10) A . N . Nesm eyanov, V . A . Sazonova, and V . N . D rozd , Dokl. Akad.

Nauk, SSSR, 137, 102 (1961).

of these substituents comes from the study of the com
petitive acetylation of acetamidoferrocene and ferro
cene. In this reaction the ferrocene was found to be 
more reactive than its substituted analogue by a factor 
of about two.

The acetylation of 1,l'-di(ethoxycarbonylamino)- 
ferrocene with boron trifluoride and acetic anhydride 
yielded two or three times more 3-acetyl than 2-acetyl 
substituted product. These results are similar to those 
obtained in studies of the acetylation of 1,1'-dimethyl - 
ferrocene9 and l,l'-diethylferrocene.n’12 Formylation 
of l,l'-diethylferrocene produces only the 3-formyl 
product.11 Thus in the disubstituted case, the pre
dominance of 3-isomer stands in marked contrast to 
the absence of the 3*-substituted homoannular isomer 
in the acetylation of monosubstituted acetamido- and 
urethanoferrocenes.

Pauson13 has found that another powerfully electron- 
donating substituent,14 methylthio-, is also deactivating 
in the aminomethylation reaction of ferrocene.

The effects of the substituents so far discussed in 
deactivating the aromatic rings of ferrocene to further 
electrophilic substitution is quite different from the 
effects of these groups on the ease of removal of an 
electron from the iron atom. Thus, it has been found 
from chronopotentiometric oxidation studies that

(11) D . W . H a ll, unpublished research, C a lifo rn ia  In s titu te  of Tech 
nology.

(12) D . C . Garwood, P h .D . thesis, C a lifo rn ia  In s titu te  of Technology, 
1962.

(13) G . R .  K n o x , P . L .  Pauson, and G . V . D . T ie rs , Chem. Ind. (Lo n d o n ), 
1046 (1959).

(14) H . C . B row n and T .  In u ka i, J, Am, Chem. Soc., 83, 4825 (1961).
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T a b l e  I I

I n f r a r e d  A b s o r p t i o n  B a n d s  o f  S o m e  S u b s t i t u t e d  F e r r o c e n e s “

Compound Solvent '----------------- --------------- Absorption maxim a, cm. 1

Acetamidoferrocene CC14 3460 1694 1107 1005
CHCU 3450 1682 1103 1001
Nujol 3265

32206
1654 1289 1103 1001

2-Acetylacetamidoferrocene ecu 3340 1695,1653 1292 Poor resolution in
other regions

cs. 3360 1700, 1659 1300 1109 1004
Nujol 3345 1686,1650 1305 1107 1006

1 '-Acetylacetamidoferrocene ecu 3445 
(3320/

1695, 1666 1278 1117

CHCU 3450
(3320/

1686,1666 1279 1112

Methoxy carbonylaminoferrocene CC14 3450 1745 1106 1007
2-Acetylmethoxycarbonylamino- CCI, 3350 1740,1656 1296 1107 1005

ferrocene (3450/
1'-Acetylmethoxycarbonylamino- ecu 3450 1743,1673 1278 1115

ferrocene (3320/
Ethoxy carbonylaminoferrocene Nujol 3245 1715 1106 1001
2-Acetylethoxy carbonylaminoferrocene cs/' 3315

(3415/
1722, 1645 1287 1099 994

Smear” 3350 1730, 1655 1295 1105 1003
l'-Acetylethoxy carbonylaminoferrocene ecu 3445

(3320/
1738, 1671 1277 1115

Nujol 3270 1717, 1652 1282 1115
1,1 '-Di( ethoxy carbonylamino )ferrocene CCI/ 3450

(3375/
1735 1305"

2-Acetyl-l, 1 '-di( ethoxy carbonylamino)- CC14 3447“ 1735, 1654 1296
ferrocene 3345'

Nujol 3358 1723,1652 1301 1113*
3248 (1675/

3-Acetyl-1, l'-di(ethoxy carbonylamino)- CHCU 3450 1725,1664 1305
ferrocene

Nujol 3310 1726,1640 
1702

1304

Bromoferrocene Neat 1107 1005
ecu 1108 1005

1 '-Acetylbromoferrocene ecu 1682 1276 1114
Chloroferrocene cs2 1107 1003
1 '-Acetylchloroferrocene ecu'* 1690 1281 1118
Cyanoferrocene ecu 2232 1109 1012
1 '-Aeetylcyanoferrocene ecu 2234 1685 1277 1117

“ These spectra were determined on a Beckman IR-7 recording spectrophotometer. 6 Shoulder. c Very faint peak, presence is un
certain. d Spectrum appears to be shifted slightly due to improper tracking. e Spectrum of crude material after chromatography but 
before the material had solidified. J Solution was very concentrated. 0 May be due to intermolecular hydrogen bonding in the con
centrated solution. h Very weak, but definitely present. This peak is due to the urethane group in the 1'-position. ’ This peak is 
due to the urethane group in the 2-position; the shift is due to hydrogen bonding with the adjacent acetyl group.

acetamido, alkoxycarbonyl amino and methoxy groups 
are strongly electron donating substituents.15 16

If one accepts that the interaction of the electrophile 
with the iron atom is an important step in the detailed 
mechanism for the electrophilic substiution of metallo
cenes16’17 one would then expect factors which enhance 
the ease of oxidation also to facilitate electrophilic 
substitution. This is, however, not true in the present 
cases and leads to the suggestion that it is not the neu
tral species alone which are involved in the reactions 
just discussed but that the substrates exist in the reac
tion mixtures in large measure as conjugate acids which 
are markedly less reactive than either their neutral

(15) E .  A . H il l ,  I I I ,  D . W . H a ll, C . D , R u sse ll, and J .  H . R ich ard s , paper 
in  preparation.

(16) J .  H . R ichard s, presented a t the 135th N ational M eeting of the 
Am erican Chem ical Society , Boston, M ass ., A p r il, 1959; cf. A bstracts, p. 
86-0.

(17) T .  J .  Curphey, J .  O . Santer, M . Rosenblum , and J .  H . R ichards,
/ .  Am, Chem. Soc., 82, 5249 (I960)*

analog or than unsubstituted ferrocenes. In short, 
the observed effects are the complex result of equilibria 
between the neutral and protonated species and of the 
reaction rates for each of these forms.

Precedence for this view can be found in the work of 
Rosenblum18 on the anomalous acetylation of ferrocene 
and in work on the electrophilic substitution of acetanil
ide. Brown19 and Stock20 have reported that the acet- 
amino group is a powerful electron donator in mercura- 
tion and bromination reactions of acetanilide. In 
contrast to this, however, there are several studies 
which indicate that acetanilide is less reactive than 
benzene in certain nitration21 and acetylation22’23 reac
tions. In these lattef cases the formation of salts or

(18) M yro n  Rosenblum  and J . O. Santer, ibid., 81, 5517 (1959).
(19) H . C. Brown and  G. Goldm an, ibid., 84, 1650 (1962).
(20) L. M. Stock and F . W. B a ke r , ibid., 84, 1661 (1962).
(21) C. K .  Ingold and F . R .  Shaw , J .  C h e m .  Soc., 2918 (1927).
(22) F .  K u neke ll, Ber., 33, 2641 (1900).
(23) M i J i  Sacha and Si R i Pate l, J ,  I n d i a n  C h e m .  S o c , ,  33, 129 (1956).
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Table III
Ultraviolet Absorption Data for Some Substituted 

Ferrocenes"
Compound m̂ax, niu6 emax̂

Aeetylferrocene 22Sc,d 16,500°'
269 6,500

Acetamidoferrocene 268
1 '-Acetylacetamidoferrocene 222 18,300

262 8,000
2-Acetylacetamidoferrocene 233° 21,250°

265-270 10,700
338-339 3,750
237-238° 19,900°
269-271 9,400

1 '-Acetylethoxycarbonyl- 222-223 19,000
aminoferrocene

222-223° 20,200°
220° 23,400°
280 (broad shoulder) 3,000

2-Acetyl-l,l '-di(ethóxy- 230 22,500
carbonylamino)ferrocene 280 (broad shoulder) 7,550

3-Acetyl-1, l'-di(ethoxy- 226-227 22,150
carbonylamino )f erracene 290 (very broad 6,100

1 '-Acetylbromoferrocene
shoulder)

223-224
250-260 (inflection)

1 '-Aeetylcholoroferrocene 224-225
270

1 '-Acetylcyanoferrocene 221 19,900
253 10,600
325 (shoulder) 950
220-222°
254
310

a These spectra were taken on a Cary Model 11M recording 
spectrophotometer. b In methanol unless otherwise indicated. 
c In 95% ethanol. d Ref. 9. e In cyclohexane.

complexes with the amide group is highly likely making 
the substituent deactivating.

Experimental

All melting points are uncorrected and were determined on an 
Eimer and Amend melting point block unless otherwise indicated. 
Nuclear magnetic resonance spectra were determined on a Varian 
Associates Model A-60 spectrometer.24 Elemental analyses 
were performed by Elek Microanalytical Laboratory, Los An
geles, California, Spang Microanalytical Laboratory, A.nn Arbor, 
Michigan, and Schwartzkopf Microanalytical Laboratory, 
Woodside, New York.

All reactions were carried out under nitrogen. Chromatog
raphy was performed on columns wrapped with aluminum foil 
to protect the compounds from light.

Preparation of Substrates.—Carbazidoferroeene was prepared 
in part by a procedure reported in the literature wherein chloro- 
carbonylferrocene is treated with sodium azide.26-26 The proce
dure was modified in that the crude reaction product was purified 
by extraction with low-boiling petroleum ether in a Soxhlet 
apparatus. Quite pure carbazidoferroeene (m.p. 84.5-85°; 
lit.25-26 m.p. 74-75° and 84-86°) crystallized in the reboiling 
flask; the yield was about 65% based on the starting amount of 
ferrocenecarboxylic acid.

Carbazidoferroeene was also prepared in a conversion of 56% by 
adding an aqueous solution of sodium azide to the mixed anhy
dride formed by the reaction of ethylchloroformate witli a mix
ture of ferrocenecarboxylic acid and triethylamine. The pro
cedure is identical with that reported by Weinstock for the syn
thesis of a different carboxylic acid azide.27 This procedure for

(24) We are indebted  to  M r. M ilton I. Levenberg for the  n .m .r. spectral 
determ inations.

(25) F . S. A rim oto and  A. C. H aven, J .  A m .  C h e m .  S o c . ,  77, 6295 (1955).
(26) K. Schlogl and H, Seiler, N a t u r w i s s e n s c h a f t e n ,  45, 337 (1958).
(27) J . W einstock, J .  O r g .  C h e m . ,  26, 3511 (1961).

the preparation of carbazidoferroeene is very much faster than 
previously reported methods and it gives good conversion with 
little decomposition of starting material.

Acetamidoferrocene was prepared by heating carbazidoferro- 
cene in acetic anhydride at about 80° until nitrogen evolution 
ceased; the resulting diacetylated amine was hydrolyzed to 
acetamidoferrocene when the crude reaction product was stirred 
with water for 18 hr. at room temperature. After chromatog
raphy on alumina the product was isolated in 73% yield in the 
form of yellow platelets (m.p. 168-170°; lit.26 m.p. 170.5- 
172°). Careful recrystallization gave material melting at 173— 
173.5°.

Anal. Calcd. for C,:-H,,N02Fe: C, 59.29; H, 5.39; N,
5.76. Found (Elek): C,59.32; H, 5.44; N, 5.69.

Methoxycarbonylaminoferrocene and etlioxycarbonylamino- 
ferrocene were prepared from carbazidoferroeene by the proce
dure of Schlogl.26 l,l'-Di(ethoxycarbonylamino)ferrocene was 
prepared according to the procedure given by Rosenblum.28 
l,l'-Dibromoferrocene and bromo-, chloro-,29 cyano-,30 and iodo- 
ferrocenes31 were prepared by procedures reported by Nesmey- 
anov.

Acetylation Reactions.—Isomeric products were separated by 
chromatography on Merck acid-washed alumina. Isomer 
yields were calculated on the basis of the the weight of materials 
isolated after removal of solvent from the chromatographic 
fractions but before any further purification was done. The 
purity of the materials at this stage of purification was checked 
b}- comparing the infrared spectra with spectra determined from 
analytical samples.

A standard procedure was followed for the acetylation of the 
ferrocene compounds with acetyl chloride and aluminum chloride. 
The aeetylating reagent was made up according to the Perrier 
modification of the Friedel-Crafts synthesis by mixing acetyl 
chloride and excess aluminum chloride in dichloromethane at 0° 
under nitrogen; the excess aluminum chloride was filtered with 
glass wool. The aeetylating reagent was added by means 
of a dropping funnel equipped with a pressure-equalizing side 
tube over a period of about 1 hr. to a solution of the ferrocene 
compound in dichloromethane at 0°. The reaction mixture was 
stirred from one to three hours at 0° and then it was poured into 
ice-water. The organic phase was separated and then dichloro
methane washings of the aqueous phase were added to it. The 
organic solution was washed with saturated sodium bicarbonate 
solution and with water; it was then dried over anhydrous sodium 
sulfate. The mixture was filtered and solvent was flash-distilled 
under reduced pressure. The crude product was then chromato
graphed.

l'-Acetylacetamidoferrocene.—Acetamidoferrocene (2.2 g.,
9 mmoles) and an equimolar amount of the aeetylating reagent 
gave, after a reaction time of 1 hr., l'-acetylacetamidoferrocene 
(0.965 g., 37.4%, conversion) melting at 115.5-116°.

Anal. Calcd. for Ci4Hi5N02Fe: C, 58.97; H, 5.30; N,
4.91. Found (Elek): C, 59.00; H.5.41; N, 4.88.

Recovered acetamidoferrocene weighed 0.923 g. (42% re
covery). It is very possible that a small amount of 2-acetyl- 
aeetamidoferrocene was formed but was not detected.

l'-Acetylmethoxycarbonylaminoferrocene and 2-Acetylmeth- 
oxycarbonylaminoferrocene.—Methoxycarbonylaminoferrocene 
gave by this procedure a low yield of the 2-acetyl isomer; the 
compound was isolated in an impure state as an oil. l'-Acetyl- 
methoxycarbonylaminoferrocene (m.p. 135-136°) was isolated in 
a yield of approximately 50%. Only the 1 '-isomer was analyzed.

Anal. Calcd. for CnHi5N 03Fe: C, 55.84; H, 5.02; N,
4.65. Found (Spang): C, 56.00; H, 5.10; N, 4.54.

l'-Acetylbromoferrocene.—Bromoferrocene and a threefold 
excess of the aeetylating reagent were stirred for 1.5 hr. at 0° and 
then for an additional 1.0 hr. with the ice bath removed. Chrom
atography of the crude product which resulted after working up 
the reaction mixture in the usual manner gave only l'-acetyl- 
brornoferrocene (75% yield, m.p. 56-58°, lit.16 m.p. 61.5-63°). 
No bromoferrocene was recovered.

Anal. Calcd. for Ci»HnBrOFe: C, 46.95; H, 3.61; Br,
26.03. Found (Spang): C, 47.02; H, 3.65; Br, 26.10.

(28) M . Rosenblum , P h .D . thesis, H a rva rd  U n iv e rs ity , 1953.
(29) A . N . N esm eyanov, V . A . Sazonova, and V . N . D rozd , C h e m .  B e r . ,  

93, 2127 (1960).
(30) A . N . Nesm eyanov, E .  G . Perevalova , and L .  P . Ju r je v a , i b i d . ,  

2729 (1960).
(31) A . -N. N esm eyanov, E .  G . Perevalova , and O. A . Nesm eyanova, 

Dokl. Akad. Nauk., SSSR, 100, 1099 (1955).
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l'-Acetylchloroferrocene.—Chloroferrocene was acetylated un
der the same conditions as bromoferrocene. The acetylating 
reagent (9 mmoles) and chloroferrocene (0.585 g., 2.7 mmoles) 
gave, after purification by chromatography, only l'-acetyl- 
chloroferrocene (0.562 g., 81%; m.p., sealed tube, 53-55°). 
Although the ketone itself was not analyzed, the acetate of the 
alcohol resulting from its reduction with sodium borohydride 
was analyzed. The acetate is a red-orange liquid, n25d 1.5806.

Anal. Calcd. for C„H16C102Fe: C, 54.85; H, 4.93; Cl,
11.57. Found (Spang): C, 54.79; H, 5.06; Cl, 11.45.

Attempted Preparation of Acetyliodoferrocene.—Two runs on 
iodoferrocene, one at 0° and one at room temperature, using a 
slight excess of the acetylating reagent, failed to give any acetyl
iodoferrocene. In the run at 0° only acetylferrocene and a mix
ture of ferrocene and iodoferrocene were obtained. The n.m.r. 
spectrum of the nonketonic fraction indicated that ferrocene 
and iodoferrocene were present in about equal amounts. The 
second run gave acetylferrocene in a yield less than 1% and 1,1'- 
diacetylferrocene in a yield of about 15%. These two compounds 
were identified by comparing their melting points, infrared 
spectra, and n.m.r. spectra with those determined from authen
tic samples. A nonketonic fraction was isolated in a recovery 
of 45-50% (by weight, based on the weight of starting material). 
Any coupling products or diiodoferrocene which might have 
been present could have gone undetected in these two experi
ments even if they were present in quantities as great as 20% by 
weight of the total material recovered. It seemed that con
siderably more ferricinium ion was present at the end of the 
reactions than was noted in the case of the acetylation of bromo- 
and chloroferrocenes.

l'-Acetylcyanoferiocene.—Slightly more vigorous conditions 
were employed in the acetylation of cyanoferrocene than were 
generally used in the standard procedure. The acetylating 
reagent (60 mmoles) was added over a period of 20 min. to cyano
ferrocene (3.5 g., 17 mmoles) in dichloromethane (100 ml.) at 
0°. The ice bath was removed immediately after the addition 
was completed; the reaction mixture was then stirred for 5 hr. 
and worked up in the usual manner. Chromatography of the 
crude product gave only 1'-acetyleyanoferrocene (3.98 g., 
quantitative conversion; m.p. 99.8-101°).

Anal. Calcd. for Ci3HnNOFe: C, 61.94; H, 4.38; N, 5.54. 
Found (Elek): C, 61.82; H, 4.48; N, 5.41.

Acetylations Using Acetic Anhydride and Boron Trifluoride. 1 '- 
Acetyl- and 2-Acetylacetamidoferrocenes.—Acetamidoferrocene 
(2.55 g., 10 mmoles) and acetic anhydride (0.97 g., 10 mmoles) 
were dissolved in dichloromethane (150 ml.) in a 200-ml. three
necked, round-bottomed flask equipped with a magnetic stirrer 
and gas inlet and outlet tubes. The solution was flushed with ni
trogen and cooled with an ice bath. Boron trifluoride was bubbled 
into the solution for 3 min.; the color of the solution changed to 
a deep purple. The reaction mixture was stirred at 0° for 15 min. 
and then the ice bath was removed. The mixture was stirred for 
an additional 2.5 hr. and then it was hydrolyzed and worked up 
in the usual manner. Chromatography of the crude product gave 
three bands. A leading narrow orange band eluted with ether 
gave 2-acetylacetamidoferrocene (0.098 g., 4% based on un
recovered starting material) melting at 109-109.5°. A yellow 
band eluted with ether gave acetamidoferrocene (0.453 g., 17.8% 
recovery). A broad orange band eluted last with 3% methanol 
in benzene gave 1'-acetylacetamidoferrocene (2.068 g., 85% 
of theory based on unrecovered starting material) melting at
115.5-116°. This last compound was chromatographed a second 
time. Three fractions were collected; each fraction yielded only 
material having a melting point and infrared spectrum identical 
with those determined from the sample before chromatography. 
It should be noted that 1'-acetylacetamidoferrocene sometimes 
crystallizes in the form of long red-amber needles melting around 
50°. These needles will, if heated slowly, undergo transforma
tions at several intermediate temperatures and eventually melt at
115-116°. The infrared and ultraviolet spectra of the low- 
melting crystals are identical with those previously determined 
for the higher melting crystals. Only 2-acetylacetamidoferrocene 
was analyzed since the other isomer possessed physical proper
ties identical with those of a previously analyzed sample of 1'- 
acetylacetamidoferrocene.

Anal. Calcd. for Ci4Hi5N 02Fe: C, 58.97; H, 5.30; N,
4.91. Found (Schwarzkopf): C, 59.04; H, 5.31; N, 5.16.

1'-Acetyl- and 2-Acetylethoxycarbonylaminoferrocenes.—Eth- 
oxycarbonylaminoferrocene was acetylated according to the 
procedure used to acetylate acetamidoferrocene with these same

reagents. 2-Acetylet.hoxycarbonylaminoferrocene was isolated 
as an oil in low yield. l'-Acetylethoxycarbonylaminoferroeene. 
(m.p. 149.5-150°) was isolated in a yield of approximately 50%. 
Only the heteroannularly substituted isomer was analyzed.

Anal. Calcd. for C,6Hi,N03Fe: C, 57.16; H, 5.44; N,
4.44. Found (Schwarzkopf): C, 56.93; H, 5.50; N, 4.66.

2-Acetyl- and 3-Acetyl-l,l'-Di(ethoxycarbonylamino)ferro- 
cenes.—A solution of l,l'-di(ethoxycarbonylamino)ferroeene 
(0.40 g., 1.1 mmoles) and acetic anhydride (0.15 g., 1.5 mmoles) 
in dichloromethane (30 ml.) was saturated at 0° with boron tri
fluoride and then stirred for 5 hr. with the ice bath removed. 
Chromatography of the crude product resulting after work-up 
gave four distinct bands. The first two bands, a leading yellow 
band and an orange band were incompletely separated and were 
eluted together with 10% ether in benzene as fraction one. A 
broad orange band was eluted next with 20% ether in benzene as 
fraction two. A very narrow red-orange band remained at the 
top of the column; this band did not move down the column even 
upon elution with pure ether. The material (probably less than 
5 mg.) in this last band was not isolated.

Fraction two gave 3-acetyl-l,l'-di(ethoxycarbonylamino)ferro- 
cene (0.206 g., m.p. 140.8-142°).

The material isolated from fraction one was chromatographed a 
second time; a partial separation of starting material and 2- 
acetyl-l,l'-di(ethoxycarbonylamino)ferrocene was achieved. Two 
fractional crystallizations of samples richer in one or the other of 
the two compounds finally gave pure crystals of each compound. 
It is estimated that the two compounds were present in nearly 
equal amounts. Carefully purified crystals of 2-acetyl-l,l'- 
di(ethoxycarbonylamino)ferrocene melt at 109.5-110°. The 
yield of the 3-acetyl compound is 46% (58% based on the esti
mated amount of recovered starting material). The yield of the 
2-acetyl- isomer is 22%, based on the estimated amount of 
starting material recovered. Only the 3-acetyl isomer was 
analyzed; the many purification steps required gave pure 2- 
isomer in an amount to small for analysis.

Anal. Calcd. for Ci8H22N20 5Fe: C, 53.75; H, 5.51. Found 
(Schwarzkopf): C, 53.86; H, 5.68.

Acetylation with Silicon Tetraacetate and Stannic Chloride.— 
Acetamidoferrocene (0.27 g., 1.1 mmoles), silicon tetraacetate 
(0.16 g., 0.6 mmole), and stannic chloride (0.29 g., 1.1 mmoles) 
were dissolved in benzene (5 ml.) in a 10-ml. erlenmeyer flask 
and stirred at room temperature under a nitrogen atmosphere 
for 28 hr. The reaction mixture was worked up in the custo
mary manner and the crude reaction product was chromato
graphed on alumina. Three bands were eluted. A leading 
narrow orange band was eluted with benzene; this material was 
not isolated but it is likely that it was 2-acetylacetamidoferrocene 
on the basis of experiments conducted later with other acetylating 
reagents.

A yellow band eluted second with ether gave acetamidoferro
cene (0.107 g.). The melting point and infrared spectrum were 
identical with those of starting material.

A broad orange band eluted last with 3% methanol in benzene 
gave 1'-acetylacetamidoferrocene (0.094 g., 50% based on re
covered starting material).

Competitive Acetylation of Ferrocene and Acetamidoferrocene.
—A 1:1 mixture of acetyl chloride and aluminum chloride (6.07 
mmoles) was added over a period of 20 min. to ferrocene (1.13 g.,
6.07 mmoles) and acetamidoferrocerie (1.48 g., 6.07 mmoles) in 
60 ml. of dichloromethane at 0°. The reaction mixture was 
stirred for 0.5 hr. at 0°; the ice bath was removed and the mix
ture was hydrolyzed and worked up in the usual manner. Re- 
crystallization of the crude solid resulting gave well-formed 
platelets of acetamidoferrocene (0.854 g.). Chromatography of 
the filtrate on alumina gave ferrocene (0.837 g., 74% recovery), 
acetylferrocene (0.305 g., 22% conversion or 86% based on re
covered ferrocene), acetamidoferrocene (0.445 g., total amount 
recovered is 88%) and 1'-acetylacetamidoferrocene (0.135 g., 
7.8% conversion or 65% based on recovered acetamidoferro
cene).

In a second run the reaction was carried out at room tempera
ture. Ferrocene (1.052 g., 5.66 mmoles) and acetamidoferro
cene (1.377 g., 5.66 mmoles) added initially gave acetylferrocene 
(0.317 g., 24.5%, conversion or 96.5% based on recovered ferro
cene) and 1'-acetylacetamidoferrocene (0.174 g., 10.8% con
version or 120%, based on recovered acetamidoferrocene). 
Recrystallization of the 0.174 g. of 1'-acetylacetamidoferrocene 
isolated after chromatography gave 0.084 g. of well formed
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crystals (5.2% conversion of 58% based on recovered acetamido- 
ferrocene). Ferrocene isolated after chromatography of the 
crude acetylation products weighed 0.784 g. (74.5% recovery); 
acetamidoferrocene similarly recovered weighed 1.256 g. (91.2% 
recovery).
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The heats of reaction of a series of alkylpyridines with triethylaluminum have been measured. The order of 
the relative base strengths observed suggests steric factors were operative in qualitatively the manner predicted 
on the basis of the F strain concept of Brown and coworkers. The magnitude of these effects, however, was con
siderably smaller than observed previously with trimethylboron as the reference acid. The source of these dif
ferences together with some anomalous results obtained are discussed and suggested reaction schemes presented.

Brown and co-workers in a series of investigations 
have shown that the relative base strengths of alkylpyr
idines depend on the structure of the reference acid.3 4“5 
The basicity towards proton increases with alkyl group 
substitutions on the pyridine ring, as one would predict 
from simple inductive effects. On the other hand, as 
the “steric requirements” of the reference acid (Lewis 
acid) increase, the order of the observed relative base 
strengths of the alkylpyridines is different than for 
protonic acids. The basicity of the alkylpyridines de
pends on the size and position of the alkyl groups. One 
of the most dramatic examples cited is that of 2,6-luti- 
dine (2,6-dimethylpyridine). Although a strong base 
for protonic acid ( — AH = 19.5 kcal./mole for CH3- 
S03H), a very low heat of reaction was observed with 
trimethylboron.3| 4

This result has been interpreted by Brown and co
workers to be due to the steric repulsion of the alkyl 
groups of the reference acid and the alkyl groups sur
rounding the nitrogen atom of the pyridine ring. This 
type of contribution of steric factors to chemical reac
tivity has been called F strain.3 Due in large measure 
to the work of Brown and co-workers, an excellent fund 
of data is now available on the influence of steric strain 
in the reactions of hindered nitrogen bases with alkyl- 
boron compounds. In contrast, very little is known of 
the contribution of steric factors to the reactivity of 
hindered nitrogen bases with other structurally related 
organometallic compounds, in particular with trialkyl- 
aluminum.

In this present study, we have measured the heats of 
reaction of various alkylpyridines with triethylalumi
num. One objective of this work has been to compare

(1) R o y  C . Ingerso ll Research Center, Borg-W arner Corporation, W olf and 
Algonquin Roads, Des P la ines , 111., to whom requests for rep rints should 
be addressed.

(2) F ro m  the thesis of S. L iebm an subm itted in  p a rtia l fu lfillm en t of 
the requirem ents for the degree of M aster of Science, College of A rts  and 
Sciences, Am erican U n iv e rs ity , 1960.

(3) H . C . B ro w n , Rec. Chem. Progr., 14, No. 2 (1953).
(4) H . C . Browrn and X .  R . M iehm , J. Am. Chem. Soc., 77, 1723 (1955).
(5) (a) H . C . B row n  and D . G in tis , ibid., 78, 5378 (1958;. (b) Note

Added in Proof.— Pyrid ine  (F ish e r reagent grade) was d istilled from potas
sium  hydroxide in a nitrogen atmosphere through a 24-in. co lum n packed 
w ith  glass beads.

the importance of F strain in the chemical reactivity of 
alkylpyridines as the central atom of the reference acid 
was changed from boron to aluminum.

Experimental

Materials.—Normal decane was chosen as the solvent for 
these reactions because of its low vapor pressure at room tempera
ture. A practical grade of normal decane was rapidly stirred 
with concentrated sulfuric acid (3 1. of decane/1 1. of concen
trated sulfuric acid) for several days at room temperature. The 
ultraviolet spectrum of the decane was scanned to detect residual 
unsaturation (250-290 m,x). When no ultraviolet absorption 
was detected, the decane layer was separated, washed twice with 
dilute potassium hydroxide followed by three washings with 
distilled water. The «-decane was then dried with anhydrous 
calcium sulfate and finally stored over calcium hydride. The 
decane was purged with nitrogen and stored in a nitrogen at
mosphere.611 The middle third (b.p. 115.2°, lit. b.p. 115.3°, n®D 
1.5090, lit. b.p. 1.5092) was collected and stored over calcium hy
dride. The 2,6-dimethylpyridine (99% pure from Matheson, 
Coleman and Bell) was distilled from potassium hydroxide through 
a 12-in. Vigreux column under a reduced nitrogen pressure. 
The middle third (ra20D 1.4967) was collected and stored over 
calcium hydride. The 2-methyl-6-ethylpyridine, 2-methyl-6-«,- 
propylpyridine, and 2-methyl-6-isobutylpyridine were obtained as 
pure research samples from Reilly Tar and Chemical Company. 
Before use, they were stored over calcium hydride. The tri
ethylaluminum was obtained from the Ethyl Corporation. 
According to their analysis, this sample was 97.5% by weight tri
ethylaluminum (minimum), the remainder being primarily 
butylaluminum compounds. All handling of the triethylalumi
num was carried out under a protective blanket of dry nitrogen. 
All of the equipment used in preparing the triethylaluminum 
solutions in «-decane was rigorously dried.

Colorimetric Procedure.—The calorimeter and technique used 
for measuring the heats of reaction was similar to that described 
by Brown and Horowitz.6 Because of a slight difference in the 
geometry of the mixing chamber, we used 100 g. of mercury to 
provide the seal between the storage chambers. Thirty milli
liters each of the 0.1 M  solutions of the reagents were used in these 
experiments. All of these measurements were made at 27.4 ±  
0.02°.

Even after completion of the reaction, care was taken to avoid 
oxidation of the triethylaluminum. After completion of the 
run, the solution and mercury were drawn out under vacuum. 
The calorimeter was then rinsed with cyclohexane, disassembled, 
washed, and dried.

(6) H. C. Brown and R. H. Horowitz, J . A m . Chem. Soc., 77, 1730 (1955).
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As Brown and Horowitz described, the heating and cooling 
curve for the chemical reaction was reproduced electrically as 
closely as possible. The electrical energy input was determined 
by measuring the drop in potential across the heating element and 
across a standard 0.1-ohm resistor (on loan from the National 
Bureau of Standards) connected in series. The heating element 
consisted of a 12-in. Manganin wire threaded on a Teflon rod. 
Strips of 12-gage copper wire strapped to the sides of the heating 
element reduced current loss. The power supply consisted of a
12-v. storage battery connected to a variable resistor to atten
uate the current flow. Voltage changes in the bridge circuit were 
measured on a standard potentiometer.

The heat capacity of the total system was determined for 
several temperature changes, corresponding to those observed 
chemically.

T a b l e  I
H e a t  C a p a c i t y  o p  C a l o r i m e t e r  S y s t e m “

Voltage Voltage
drop drop

A T across across W atts Joules
Tem p ., heating standard con T im e , con

°Cb element resistor sumed sec. sumed Cp, c a l ./ ° C .
1 .60 1.3680 0 .2507 3 .430 110.6 379 .4 56 .6
1 .18 1.3681 0 .2508 3.431 8 0 .4 275 .9 55 .9
0 .94 1 .3605 0.2471 3 .362 6 6 .5 223 .6 5 6 .8
0 .7 4 1 .3615 0 .2470 3.363 51.1 171.8 55 .5

Av. = 56 .2  ± 0 . 5
“ Containing 100 g. of Hg, 30 ml. each of 0.1 N Et3Al and 

pyridine. 4 AT on dilution for Et3Al was found to be 0.04°. 
This may have been due to trace impurities in the decane.

The observed heats of reaction were calculated from the ex
pression — AH (cal./mole) = 33.33 (AT0„) Cp/N, where AT is 
the corrected temperature rise observed, Cp is the heat capacity 
of the system, N  is the molarity of the base solution, and the 
factor 33.33 arises from the use of 30 ml. of solution.

For the most part, the temperature-time curves for the reaction 
of pyridine and its derivatives with triethylaluminum were typical 
of rapid reactions which go to completion. Estimation of the 
temperature rise was made by standard procedures.7

Results

Pitzer and Gutowsky8 have measured the molal 
freezing point depression of triethylaluminum in ben
zene. Their data indicated that triethylaluminum was 
largely dimeric at low temperatures (ca. 90%). In the 
earlier studies of Laubengayer and Gilliam,9 triethyl
aluminum was found to be 12% associated even at 150°. 
Unfortunately, partial decomposition of the triethyl
aluminum at these high temperatures precluded the 
precise determination of the heat of dissociation. 
Further, no equilibrium data are available for triethyl
aluminum at lower temperatures.

In this present work, the triethylaluminum was 
clearly dimeric to a large degree. Lacking a value for 
the heat of dissociation of the triethylaluminum, the 
data are presented simply in terms of the observed heats 
of reaction under a variety or conditions. These re
sults are shown in Table II.

Discussion

A. F Strain in 1 :1  Molecular Addition Compounds.
— The heats of reaction with excess base were identical 
to those observed with equimolar concentrations of 
base and acid (Table II). This was the expected result 
for the formation of a 1:1 molecular addition compound 
of the following type.

(7) R. Livingston, “ Physico Chem ical Experim ents,” M acm illan Co., 
New York, N. Y., 1948, p. 124.

(8) K. S. P itzer and H. S. Gutow sky, ./. A m .  C h e m .  S o c . ,  68, 2204 (1946).
(9) A. W. Laubengayer and  W. P. Gilliam, ibid., 63, 478 (1941).

T a b l e  II
H e a t s  o f  R e a c t i o n  o f  (Et3Al)2 W i t h  A l k y l p y r i d i n e s

- A r cor, °C .--------' —A H , k c a l./m o le 6
B ase“ R 3A I, m o le s /li te r : 0 .1 0 .2 0.3 0 .1 0 .2 0.3
Pyridine 1.13 1.63 1.65 21.2 30.5 30.9
2,6-Dimethylpyridine 0.96 1.22 18.0 22.9
2-Methyl-6-ethyl-

pyridine 0.73 0.98 13.7 18.4
2-Methyl-6-/i-propyl-

pyridine 0.73 0.98 13.7 18.4
2-Methyl-6-isobutyl-

pyridine 0.73 0.98 13.7 18.4
“ 0.1 molar in decane; AT did not change as base concentra-

tion was increased over concentration of R3A1. 6 Based on
concentration of base.

R

< ^^N :A 1-R

R

The observed heat of reaction with equimolar amounts 
of pyridine and triethylaluminum is in fair agreement 
with that obtained by Bonitz10 (— AH = 19.4 kcal.).

The observed heats of reaction indicate that alkyl sub
stituents on the pyridine ring influence the stability of the 
triethylaluminum-alkylpyridine molecidar addition com
pounds in qualitatively the manner predicted on the basis 
of the F strain concept of Brown and co-workers. The 
contribution of “F strain” to the reactivity of alkylpyri
dines, however, is substantially less with triethylalu
minum than with trimethylboron. Thus, the reader 
will note in Table III, there was observed a difference of 
only 3 kcal./mole between the heat of reaction of tri
ethylaluminum with pyridine and 2,6-dimethylpyri- 
dine. This is contrasted to the results with trimethyl
boron; although it formed a stable addition compound 
with pyridine (15.3 kcal./mole), it showed almost no 
reaction with 2,6-dimethylpyridine.3 Since the tri
ethylaluminum molecule is considerably larger than the 
trimethylboron molecule, this result may seem puzzling. 
It has been observed, for example, that F strain is con
siderably greater in the reactions of tri-i-butylboron 
compared to trimethylboron.11 One might, therefore, 
have expected the larger triethylaluminum molecule to 
experience the greater “steric hindrance” to reaction.

T a b l e  III
R e l a t i v e  S t r e n g t h s  o f  P y r i d i n e  B a s e s

O j f i
N CH3 N

AH,° BMe33,4 15.3 0
AH,“’6 AlEt3 21.26 186

° Kcal./mole. 4 — AH on a comparative basis should be in
creased by AH of dissociation of dimeric (R3A1)2.

A consideration of the molecular models of addition 
compounds of triethylaluminum and trimethylboron 
with 2,6-dimethylpyridine suggests a plausible explana
tion. Skeletal models of the addition compounds have 
been drawn using observed and calculated interatomic 
distances, and are shown in Fig. 1. For the purpose of 
discussion, the most stable conformation of the 2,6-di- 
methylpyridine-triethylaluminum addition compound

(10) E .  Bon itz , Ber.. 88, 742 (1955).
(11) H . C . B row n, J. Am. Chem. Soc., 67, 1452 (1945).
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PLANES OF INTERSECTION OF

2.6 Lutidine-(C2H5)3AI 2.6 Lutidine-(CH3)3B

Fig. I .12—F strain in 1:1 molecular addition compounds of 2,6- 
lutidine with triethylaluminum and trimethylboron.

Scale: 1 cm. = 2.5 A

has been chosen in which the ethyl groups on the alu
minum atom are folded back away from the reaction 
center, and in which two of the ethyl groups lie equi
distant above the plane of the alkylpyridine ring. Non- 
bonded alkyl group interaction has been indicated by 
constructing Van der Waal spheres, using the value of
2.0 A. for the Van der Waal radii of methyl and meth
ylene groups.12“

A relative measure of the steric strain in the two struc
tures may be obtained by comparing the depth of pene
tration of the Van der Waal spheres. The greater steric 
strain in trimethylboron-2,6-dimethylpyridine model 
is apparent.13 Owing to the larger tetrahedral coval- 
lent radius of aluminum compared to boron (43% larger), 
the aluminum nitrogen bond may be established at a dis
tance which does not require so severe an interpenetration 
of the alkyl groups surrounding the reaction center. On 
this basis, F strain should generally be of less conse
quence in the reactions of hindered nitrogen bases with 
alkylaluminum compounds than with the corresponding 
alkylboron compounds.

Changing one of the substituents on the pyridine 
ring from methyl to ethyl caused a further drop in 
the heat of reaction with triethylaluminum (Table II); 
the heat of reaction, nevertheless, was still substantial 
(13.7 kcal./mole). It is interesting to note that further 
changes in the structure of one of the substituents from 
ethyl, to n-propyl, to isobutyl, did not affect materially 
the stability of the addition compounds formed with

(12) T he following prem ises were used in constructing  Fig. 1: (a) Boron
and  alum inum  would use s p 3 hybridized o rb itals in bonding in these com
pounds. (b) T he te trahed ra l covalent rad ii for boron and  alum inum  were 
taken  as 0.88 and  1.26, respectively (L. Pauling, “ N ature  of the Chemical 
B ond ,”  Cornell U niversity  Press, Ithaca , N . Y., p. 179). (e) T he bond
lengths were calculated on th e  basis of simple ad d itiv ity  of c o \a len t radii, 
(d) T he  radius of the nitrogen a tom  used in calculating the N-Al and  N-B 
interatom ic distance was taken  as 0.65 A. (interm ediate betw een a single 
and  double bond in charac te r); These bonds were fu rther shortened by 
0.02 A, each because of the form al charge placed on the nitrogen 'L. Pauling, 
i b i d . ,  p. 169). (e) The Van der W aal rad ii (nonbonded radii) of m ethyl and  
m ethylene groups used was 2.0 A. (L. Pauling, i b i d . , p. 190). (f) For sim 
p lic ity , the  pyridine ring was assum ed identical in shape to  the  benzene ring; 
hydrogen atom s are  not shown in th e  skeletal models; alkyl groups below 
th e  p lane of th e  pyridine ring are not shown.

(13) T he  penetra tion  of the  Van der W aal spheres in the model of the
triethylalum inum -2,6-dim ethylpyndine com pound in Fig. 1 is abou t the
sam e as th a t  obtained  for nonbonded m e thy l-m ethy l in teraction  in a model
of durene.

triethylaluminum. From the heats of reaction with 
unsubstituted pyridine, it is also apparent that triethyl
aluminum is a much stronger acid than trimethylboron.

B. Reactions with Excess Triethylaluminum.— 
As the concentration of triethylaluminum was increased, 
the heat of reaction increased. Above 2:1 moles of 
acid per mole of base, the heat of reaction remained 
constant (col. 2 and 3, Table II). Apparently, in ex
cess triethylaluminum a structure is involved which 
contains two molecules of triethylaluminum and one 
molecule of base. Brown has suggested that in excess 
triethylaluminum perhaps only half of the bridged 
dimer structure is opened.14 From the data obtained 
with pyridine in excess triethylaluminum, we estimate 
that the dissociation energy of dimeric triethylaluminum 
is in excess of 10 kcal./mole. The same order of basic
ity is observed with excess triethylaluminum, but sur
prisingly, the effect of ring substitution on the base 
strength of alkylpyridine appears greater for a 2:1 mole 
ratio of triethylaluminum to base. The difference in the 
heat of reaction of pyridine and 2,6-dimethylpyridine 
with equimolar amounts of triethylaluminum is about
3.2 keal. While in excess triethylaluminum, the dif
ference is 7.6 keal. Apparently, whatever structure is 
involved in excess triethylaluminum, it is more sensitive 
to alkyl substituents on the pyridine ring.

The possibility of ionic structures of the type

AIR,, analogous to the ■NAlCk
+
AlCh

suggested by Bax, et a/.,15 to explain the partial con
duction of benzene solutions of pyridine and alumi
num chloride were also considered. But this does not 
appear likely since conductometric titrations of pyridine 
in benzene solution with triethylaluminum showed a 
rise in conduction up to a 1:1 molar ratio of each. 
Further addition of triethylaluminum did not alter the 
conduction significantly (the maximum conduction of 
0.2 molar solution in benzene was 2 X 10-7 ohm^1 
emu1).“  Bonitz also did not find evidence for a stable 
2:1 R3Al-pyridine reaction product based on his con
ductivity studies.10’17 Ultraviolet15 and infrared18 spec
tral studies of the pyridine-triethylaluminum system 
have also failed to demonstrate the existence of a stable 
species containing two molecules of triethylaluminum.

The nature of the reaction product formed in excess 
triethylaluminum and responsible for the high heat of 
reaction observed remains uncertain. The data at 
present, however, are most consistent with the sugges
tion that in excess triethylaluminum only half of the 
bridged dimer structure of the triethylaluminum is 
opened up by the base to produce an un-ionized inter
mediate structure.
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The combination of prolonged reaction times (one to six months at room temperature) and a strongly basic 
catalyst (potassium tert-amylate in tert-amyl alcohol) permitted the preparation of hindered oximes in nearly 
quantitative yields. The high yields are surprising in view of the fact that up to a few years ago the ketoximes 
were considered to be incapable of direct synthesis from the hindered ketones. Among the hindered ketoximes 
synthesized was 2,3,4,6-tetramethylacetophenone oxime, the preparation of which was claimed by Claus in 
1887 and disputed by Meyer in 1896. Resolution of this dispute is attempted. Any reaction which necessitates 
prolonged reaction times and which cannot be forced by increasing the temperature is defined as a “lethargic 
reaction.” The term is coined to draw attention to the potentialities of these conditions.

The oximation of hindered ketones, previously be
lieved to be incapable of oximation,2 3 was accomplished 
when it was discovered that a very slow reaction oc
curred at room temperature.® The reaction was so 
slow that several months’ standing was necessary to 
bring about detectable oximation. At best the yields 
were low, and it was obvious that a more powerul rea
gent was needed to increase the yields to a range satis
factory for synthetic use.

The anion of hydroxylamine seemed to be the reagent 
of choice which possibly could react through the dian
ion if the medium were alkaline enough.

o T  0 ___  © O H " e  0
NH.OH NHOH NH,0 NHO

I II III IV

Combining the long reaction time with a strongly 
basic medium (potassium ferf-amylate in icrf-amyl al
cohol), it was found that the oximation of hindered 
ketones could be brought about in almost quantitative 
yields as shown in Table I.

T a b l e  I
Acetophenone Time, Crude yield

(or ketone) days of oxime, %
2,4,6-Trimethyl- 32 98

10 53
2,3,4,6-Tetramethyl- 180 90

10 30
Pentamethyl- 420 81
2,6-Dimethyl-4-ier<-butyl- 180 95
Benzoylmesitylene 450 16

From the results of Table I, there can be no doubt 
that the combination of prolonged standing at room 
temperature and of the use of a strongly basic medium 
has succeeded in elevating the yields of hindered ketone 
oximes to satisfactory values. Two other methods of 
making hindered oximes are available: oximation at 
very high pressures4 and oximation of the corresponding

(1) M .S. thesis, “ Oximes of 2,4,6-Tri- and  2 ,3 ,4,6-Tetram ethylacetophe- 
nones,” V anderbilt U niversity , 1959.

(2) R. G. Kadesch, J .  A m .  C h e m . S o c . ,  66, 1207 (1944).
(3) Frances Greer and D. E. Pearson, i b i d . , 77, 0649 (1955).
(4) W. H. Jones, E. W . T ristram , and  W. F . Benning, i b i d . ,  81, 2151

(1959).

imino ketone,5 but the lethargic method is recom
mended because of its simplicity and general appli
cability.

Attempts to oximate the hindered ketones in the 
strongly basic medium at reflux temperatures of tert- 
amyl alcohol gave appreciable amounts of ketoxime 
(ca. 50%), but the yields could not be raised beyond 
this figure. The relatively low yields were attributed to 
the incursion of a competing side reaction at the ele
vated temperatures, namely the decomposition of 
hydroxylamine to ammonia, water, and other prod
ucts.6

The attacking species was surmised to be II (and
III)7 rather than IV (see Experimental). IV possibly 
could be made in a more basic medium, but no attempt 
was made at this time to prepare IV.

Conditions were now at hand to settle a bitter con
troversy that began in 1887. Claus8 claimed that he 
had made the oxime of 2,3,4,6-tetramethylacetophenone 
and used this fact and others to criticize the steric 
hindrance theory of Meyer. In the words of Claus the 
more precisely and carefully one attempted to abide 
by Meyer’s rule, the more the rule had to be explained 
and expanded. In a crushing paper Meyer9 countered 
with the statement that he had attempted to duplicate 
Claus’ work on the oxime of the above compound, that 
one of his colleagues had attempted to do so and that 
neither could repeat a single result. In Meyer’s words, 
the results were “ganz unverständlich.” Meyer’s 
statement seemed to have settled the matter and cast a 
stigma on Claus’ work, for we read later in the obituary 
of Claus10 that experimental errors are to be found 
in the work of Claus but “who among us does not 
err.”

The question remains some sixty years later: Did 
Claus make the oxime of 2,3,4,6-tetramethylacetophe- 
none or did he not? Obviously, the new conditions 
permitted an easy synthesis of the oxime, and compari-

(5) C. R. H auser and D. S. Hoffenberg, i b i d . ,  77, 4885 (1955).
(6) For com m ents on instab ility : J . S. F ritz , S. S. Y atnam ura, and  E . C. 

Bradford, A n a l .  C h e m . ,  31, 260 (1959).
(7) This in term ediate  in alkaline solution has been proposed by  E. 

B arre tt and A. L apw orth , ./. C h e m .  S o c . ,  85 (1908).
(8) A. Claus and C. Foecking. B e r . ,  20, 3097 (1887).
(9) V. M eyer, B e r . ,  29, 830 (1896).
(10) G. N. Vis, J .  p r a k t .  C h e m . ,  [2] 62, 127 (1900).
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son of the properties of the true oxime with those of 
Claus’ is shown. 2,3,4,6-Tetramethylacetophenone ox
ime: Claus: m.p. 148°, leaflets; true oxime: m.p. 
136-137.5°, fine needles.

Unfortunately Claus gives very little data: no con
ditions, no analysis, no melting point range. Anyone 
of these data would have helped in making the final 
judgment, but we must make it on the basis of the 
melting point alone. And the melting points do not 
check well. Furthermore, if the oxime is isolated in 
small yield from a large amount of unchanged ketone, 
it has been our experience3 that the oxime melts low and 
over a wide range. Claus’ melting point is on the high 
side and yet not high enough to be the Beckmann re
arrangement product (m.p. 234°). Therefore, we are 
forced to conclude that Claus did not have the oxime. 
We do maintain, however, that the potentiality for 
making the oxime was in the hands of Claus and that 
any aspersions cast on his work should not have been 
based on his oximation experiments.

Liberty has been taken in this paper to coin a phrase 
which describes this type of reaction. The “lethargic, 
reaction” is defined as one which proceeds slowly but 
cannot be forced because of the incursion of side- 
reactions at elevated temperatures. If it were confined 
to oximation, the coining of the phrase would not be 
justified. But it is apparent from the work in this lab
oratory that other lethargic reactions can be found. 
Thus the name should draw attention to the ca
pabilities of this technique in application to ether reac
tion studies.

Experimental

Potassium to7-Amylate.—Oxide free potassium11 (98 g., 2.5 
moles) was dissolved in 1250 ml. of dry text-amyl alcohol; ealed. 
concentration, 0.19 mole/100 ml.; found by titration with acid, 
0.16 mole/100 ml. The solution was amber colored and slightly 
opaque from a small amount of suspended material. Aliquots 
were removed by means of a pipet.

2,4,6-Trimethylacetophenone Oxime.—To 125 ml. (0.2 mole) 
of potassium ierf-amylate solution were added 5.5 g. (0.08 mole) 
of hydroxylamine hydrochloride and 10 g. (0.062 mole) of 2,4,6- 
trimethylacetophenone in a 250-ml. erlenmeyer flask. The 
flask was stoppered tightly and allowed to stand at room tempera
ture for 32 days. No change other than the precipitation of 
sodium chloride was noted. The ¿eri-amyl alcohol was then re
moved by means of a rotating evaporator. Ammonium chloride 
(5.3 g., 0.1 mole) in 100 ml. of water was added to the thick resi
due and the mixture shaken well. If the oxime came out rather 
oily, more water was added to dissolve the traces of ieri-amyl 
alcohol. The precipitated oxime was filtered and washed 
thoroughly with water; 10.8 g., m.p. 98-101°, 98% yield. Sub
limation at 0.03 mm. gave 9.5 g. (8 6 %) of colorless crystals, m.p.
101.5-102.5°, reported3 102.5-104°. All of the hindered oximes 
in this paper are stable indefinitely on storage, a characteristic not 
true with regard to most unhindered oximes.

Variations in Oximation Studies.—Similar duplicate runs were 
made except that the time of oximation was reduced to 10 
days. The crude yields were about 53%. Another run for 10 
hr. was made at the reflux temperature of /erf-amyl alcohol. A 
57% yield of crude oxime, m.p. 96.5-99.5°, was obtained. At
tempts to raise the yield of the oxime using reflux failed.

Is the Dianion (eNHOe) the Active Reagent or the Monoanion 
(eNHOH or NH2Oe)?—Two runs were made at the same time. 
One run had the reagent ratios: ketone 0.02 mole, hydroxylamine 
hydrochloride 0.03, and potassium iert-amylate 0.06. The second

(11) D. E . Pearson in R. E. Ire land  and  M. S. Newm an, “ Reactions, Re
agents and  Techniques in Organic C hem istry ,” Academic Press, Inc., New 
York, N. Y., forthcom ing publication.

run had the ratios: ketone 0 .0 2 , hydroxylamine hydrochloride 
0.03, and potassium tcri-amylate 0.124. After 43 days, each run 
was worked up in the usual manner. The crude yields (8 8%) of 
acetomesitylene oxime were identical. It is to be noted that the 
first run had no excess base since 0.03 mole is needed to neutralize 
the hydrogen chloride combined with the hydroxylamine; the 
second run had sufficient base to convert the anion at least parti
ally to the dianion.

2,3,4,6-Tetramethylacetophenone Oxime.—We are indebted to 
Hutcheson12 for the preparation and characterization of 2,3,4,6- 
tetramethylacetophenone (acetoisodurene). The ketone (n 22d
l. 5251, 0.07 mole) was oximated as described for acetomesitylene 
except that the reaction mixture was allowed to stand for 6 
months. Following the usual isolation procedure, a powder was 
obtained in 90% yield based on oxime formation, m.p. 132-138°. 
The powder was recrystallized from aqueous isopropyl alcohol to 
give small needles, 75% based on starting material, m.p. 136- 
137.5° (previous sintering).

A n a l . Calcd. for CuHnNO: C, 75.35; H, 8.96; N, 7.32. 
Found: C, 75.71; H, 8.53; N, 7.31.

The oxime was rearranged in quantitative yield to N-acetyliso- 
duridine by refluxing with aqueous hydrochloric acid (von 
Auwer’s method13 14 for hindered oximes), m.p. 223-224°, reported11
m. p. 217.5°.

A n a l . Calcd. for C12H17NO: N, 7.32. Found: N, 7.26.
An oximation carried out for 10 days instead of 6 months gave a 

30% yield of methylisoduryl ketoxime and a 60% yield of re
covered ketone.

Oximation for 4 months using sodium ethoxide in ethanol 
rather than potassium teri-amylate in ferf-amyl alcohol gave a 5% 
yield (based on original ketone) of an unknown substance, m.p.
108.5-109°.

A n a l, (for the suspected oxime of the dypnone of acetoiso
durene). Calcd. for C24H29NO: C, 82.9; H, 8.4; N, 4.03. 
Found: C,81.7; H.9.13; N.4.18.

Since the analyses were poor and the characterization scanty, 
we do not claim to know the structure of the substance, m.p. 
109°.

Pentamethylacetophenone Oxime.—The corresponding ketone 
(m.p. 84-85°, 0.03 mole) was converted to the oxime in 96% 
crude yield, m.p. 175-179°. The time of oximation was 14 
months, probably a much longer time than necessary. The 
crude oxime was recrystallized from methylcyclohexane and re
sublimed to give a colorless solid in 81% over-all yield, m.p.
182-183°.

A n a l . Calcd. for C 1 3H 19NO: C, 76.05; H, 9.33. Found: C, 
76.05; H, 9.32.

The oxime was rearranged by von Auwer’s method13 to penta- 
methylacetanilide, m.p. 216.5-217°, reported15 m.p. 213°.

2.6- Dimethyl-4-feri-butylacetophenone Oxime.—In 6 months 
the ketone (0.15 mole) was converted to the oxime in 95% crude 
yield which after recrystallization from methyleylcohexane 
with Norit gave colorless leaflets in 72%, yield, m.p. 158-160°, 
reported16 m.p. 157.5-161.5°.

Benzoylmesitylene Oxime.—In 15 months the ketone (0.044 
mole) was converted to the oxime in 16% over-all yield, plates 
from methylcyclohexane, m.p. 147.5-148.5°, reported6’16 m.p.
142-144°.

Failures.—Anthraquinone in the terf-amylate solution contain
ing hydroxylamine gave a dark green precipitate. After 2 
months’ standing, the mixture was treated in the usual manner 
and yielded 48% anthraquinone, yellow needles from amyl ace
tate, m.p. 286.5-287.5°. The poor recovery of starting material 
together with no oxime formation and the appearance of the inter
mediate suggested the formation of an anthraquinhy’drone system.

2.3.5.6- Tetrachloroacetophenone was cleaved under the oxi
mation conditions to 1,2,4,5-tetraehlorobenzene, m.p. 141-142°, 
in 70% crude yield. This competing reaction was not unex
pected.17

(12) B. A. H utcheson, M aste r’s thesis, "T h e  Synthesis of Acetoiso
durene,” V anderbilt U niversity , 1957.

(13) K . von Auwers, M . Lechner, and  H . Bundesm ann, B e r . ,  58, 36 (1925).
(14) R. W. C ripps and D. H. Hey, J .  C h e m .  S o c . ,  14 (1943).
(15) A. W. Hofm ann, B e r . ,  18, 1824 (1885).
(16) Frances Greer, Ph .D . thesis, “ D erivatives of S terically  H indered 

K etones,” V anderb ilt U niversity , 1955.
(17) S. Lock, B e r . ,  68, 1505 (1935).
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An arabinoglucoglycan, composed of L-arabinose and D-glucose in a ratio of about 3:7, was isolated in 0.8-1.2% 
yield from the seed of Cicer arientinum. Periodate degradation revealed that all units were attacked. Polarime- 
try and hydrolysis of the methylated polysaccharide showed the predominance of the a-( 1 —*■ 4)-linked gluco- 
pyranoside units. The optical rotation in cuprammonium is discussed.

Chick-pea, Cicer a r ie n tin u m , is a leguminous plant 
which is widely grown in Middle Eastern countries. 
The seeds are of the size of peas and are borne in sep
arate pods. They have high nutritional value2 and are 
used as native food in different forms.

The polysaccharide was obtained in 0.8% or 1.2% 
yield from the ground seed by extraction with warm 
water or warm sodium hydroxide solution, respectively, 
and was purified via  its copper complex. Hydrolysis of 
the chick-pea polysaccharide followed by chromato
graphic separation of the products yielded crystalline 
L-arabinose and D-glucose. A quantitative estimate of 
the molecular proportions of the two sugars indicated 
that they were present in an approximate ratio of 1:2. 
This ratio remained essentially the same when three 
different methods for isolating the polysaccharide were 
applied, indicating the homogeneity of the arabinoglu
coglycan.

The polysaccharide then was exhaustively methylated 
with methyl sulfate and sodium hydroxide. The ara
binoglucoglycan exhibited considerable resistance 
toward complete méthylation and seven successive 
méthylation processes were required to yield a methyl
ated product containing 0.88 OCH3 group per hydroxyl 
group.

Examination of the fission products of the methylated 
polysaccharide on paper chromatograms showed the 
presence of tri-O-methylglucose and smaller quantities 
of di-O-methylglucose and mono-O-methylarabinose. 
No tetra-O-methylglucose or tri-O-methylarabinose was 
detected. The procedure used for detection of methyl
ated sugars on paper chromatograms is capable of 
detecting less than one part of tetra-O-methylglucose 
(indicative of end groups) in a hundred parts of tri-O- 
methylglucose3 and, therefore, the methylated material 
has a chain length greater than one hundred units.

Separation of the fission products of the methylated 
polysaccharide by partition chromatography yielded
2,3,6-tri-O-methyl-D-glucose (65%), 2,3-di-O-methyl- 
D-glucose (5%), 3,6-di-O-glucose (7%), and 3-O-methyl- 
L-arabinose (17%). Comparison of the molecular ratio 
of methylated arabinose to methylated glucose (1:2.9) 
with that of arabinose to glucose (1:2) in the original 
polysacchride showed that some arabinose units were 
lost during méthylation and hydrolysis. The large 
proportion of 2,3,6-tri-O-methyl-D-glucose showed a 
predominance of (1 -*■ 4)-linkages between the glucose 
units while the high positive value for the specific 
rotation of the polysaccharide indicated «-linkages. 
The isolation of 2,3-3,6-di-O-methyl-D-glucose would

(1) C hem istry D epartm ent, The Ohio S ta te  U niversity , Colum bus, Ohio.
(2) J. H enry, Sudan, Wellcome Chem ical Laboratory , A n n .  R e p .  G o v . 

A n a l y s t ,  6 (1947).
(3) L. Hough, J . K. N . Jones, and  W. H . W adm an, J .  C h e m .  S o c . ,  3393 

(1952).

suggest branching, forming (1 —► 6)- and (1 —► 2)- 
linkages. However, in view of the failure to detect 
any 2,3,4,6-tetra-O-methyl-D-glucose in the hydrolyzate 
of the methylated polysaccharide it is suggested that 
incomplete méthylation of the polysaccharide and 
déméthylation during hydrolysis might be the reason 
for the presence of all or most of the di-O-methyl de
rivatives. The isolation of 3-0-methyl-L-arabinose as 
the only L-arabinose derivative is suggestive of branch
ing at positions 1, 2, and 4 of the arabinopyranoside. 
However, similarly the presence of only mono-O- 
methyl-L-arabinose may be due to incomplete méthyla
tion or to déméthylation. Other authors4 5 have pre
viously made similar observations.

On oxidation by periodate, the arabinoglucoglycan 
consumed ca. one mole of oxidant per mole of sugar 
residue. This and the absence of arabinose in the 
hydrolyzate of the periodate oxidized polysaccharide 
indicated that the L-arabinose units were nonbranched.

The polysaccharide on reaction with Fehling’s solu
tion formed a copper complex which contained one-third 
atomic equivalent of copper per mole of sugar unit. 
Comparison of the specific rotation of the arabinogluco
glycan in dilute alkali (+385°) with that in cupram
monium ( — 12°) showed that a levorotatory complex 
was formed in cuprammonium. This has been shown4 5 6 
to occur in reactions involving the 2- and 3-hydroxyl 
groups of D-glucopyranoside as well as the 2- and 3- 
or the 3- and 4-groups of L-arabinopyranoside. Such 
shifts in the case of starch and glycogen where reaction 
involves all the sugar units are from +375° to — 715r 
and from +366 to —597, respectively.7 In the ara
binoglucoglycan in chick pea, the copper complex 
isolated involves only one-third of the sugar units and 
the levorotatory shift is about one-third of that of 
starch or glycogen.

E x p e r im e n ta l

All specific rotations are equilibrium values and were measured 
at room temperature. Chromatographic separations were carried 
out using the following solvent systems: (a) 1-butanol-ethanol- 
water (40:11:19 v./v.); (b) ethyl acetate-acetic acid-water 
(9:2 :2 v . / v . )  for unsubstituted sugars; and (c) benzene-ethanol- 
water ( 190:50:5 v ./v .) for methylated sugars. Separations were 
made by the descending technique on Whatman no. filter 
paper. Sugars were located on the paper by p-anisidine hydro
chloride spray reagent.8 Solutions were concentrated under re
duced pressure.

Isolation of the Polysaccharide.—(a) The finely ground seeds 
(200 g.) were stirred with water on the water bath (4 X 500 ml.;

(4) G. O. Aspinall, E. L. H irst, and  R. S. M oham ed, i b i d . ,  1734 (1954).
(5) C. P. J. G laudem ans and T. E. Timell, J .  A m .  C h e m . S o c . ,  80, 1209

(1958).
(6) R. E. Reeves, i b i d . ,  71, 1737 (1949).
(7) R. E. Reeves, A d v a n .  C a r b o h y d r a t e  C h e m ., 6 , 108 (1951).
(8) L. Hough, J . K. N. Jones, and  W. H . W adm an, J .  C h e m .  S o c . ,  1702 

(1950).
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ca. 1 hr. each time). After each extraction the residual seed 
material was separated on the centrifuge. The combined ex
tracts were treated with diastase for 24 hr., then poured with 
stirring into alcohol (4 1.). The solid precipitate was crashed 
with alcohol several times and dissolved in warm water (500 ml.). 
The solution was washed with chloroform (4 X 100 ml.) and it 
(solution A) was poured into ethanol (11.) yielding a white powder 
(1-6 g.).

Anal. Found: N, 1.95; sulfated ash, 2.7.
(b) The seeds (200 g.) were ground and heated on the water 

bath with 10% sodium hydroxide solution (2 1.) for 8 hr. with 
continuous stirring until a jelly-like mass was formed and no 
more ammonia was evolved. It was then poured with stirring 
into ethanol (4 1.). The precipitate was washed several times 
with ethanol, the polysaccharide extracted in warm 0.2% sodium 
hydroxide solution (4 X 500 ml.), treated with diastase for 24 
hr., and reprecipitated from the solution (solution B) by the 
addition of ethanol (51.) yielding a white powder (2.4 g.).

Anal. Found: N, 0.94; sulfated ash, 4.4.
(c) To solution A or solution B (1 1.) was added Fehling’s 

solution (200 ml.) and the mixture was allowed to stand for 7 
days. The resulting copper complex (2-3 g.) was separated on 
the centrifuge, washed with alcohol several times, and dried in a 
desiccator.

Anal. Calcd. for [(C+Hm.îOu-O.S Cu(NH3)2]„: Cu, 9.57.
Found: Cu, 9.0.

The polysaccharide was recovered from the copper complex by 
treatment with N  hydrochloric acid (100 ml.) with stirring and 
pouring into ethanol ( 150 ml. ). The white precipitate was filtered 
off, washed successively with ethanol and ether, then dried 
under reduced pressure. I t had [a]D +385° (c, 2.1, 0.9% sodium 
hydroxide).

Anal. Found: N, 0.5; sulfated ash, 0.5.
Hydrolysis of the Polysaccharide and Identification of the 

Products.—The polysaccharide (1.65 g.) in N  sulfuric acid (100 
ml.) was heated on the water bath for 15 hr. The reaction mix
ture was neutralized with barium carbonate and filtered. The 
filtrate was concentrated to a sirup which on examination on 
paper ehromatograms was observed to contain two components, 
R f 0.32 and 0.20. The sirup was fractionated on a cellulose 
column using 1-butanol-water (10:1 v./v.) as the mobile phase. 
Two fractions were obtained.

Fraction I gave crystals (1.03 g.) of D-glucose with m.p. 146° 
[<*]d +51.6° (c, 5.6, water). I t gave a crystalline phenylosazone 
with m.p. 205°, undepressed on admixture with an authentic 
specimen of D-glucophenylosazone.

Fraction II gave crystalline L-arabinose (0.46 g.) with m.p. 
160°, [a]D +104.8° (c, 2.2, water). I t yielded crystalline l- 
arabinophenylosazone with m.p. and m.m.p. 166°.

Méthylation of the Polysaccharide.—The arabinoglucoglycan 
(7 g.) was dissolved in sodium hydroxide solution (300 ml., 40%,) 
and methyl sulfate (300 ml.) was added in portions during 5 hr. 
with vigorous stirring.9'10 After being stirred overnight, the mix
ture was nearly neutralized with glacial acetic acid and dialyzed 
against tap water for 24 hr. The solution was concentrated to 
ca. 100 ml. and the méthylation procedure was repeated using 
50 g. of sodium hydroxide and 100 ml. of methyl sulfate, then 100 
g. of sodium hydroxide and 200 ml. of methyl sulfate. The 
mixture was neutralized, dialyzed, concentrated, and methylated 
five times as described. The final reaction mixture was dialyzed 
for 48 hr. against tap water, concentrated, and extracted with 
chloroform. After removal of the chloroform under reduced 
pressure the partially methylated polysaccharide (4.8 g.) was 
obtained.

Anal. Calcd. for 63% méthylation [CnHîüOçifOCHOs],;:
OCHa, 29.50. Found: OCH3, 30.00.

This material was refluxed in methanol (10 ml.) with methyl 
iodide (50 ml.) and silver oxide (10 g.; added in portions) for 30 
hr. The reaction mixture was then evaporated to dryness and the 
solid material extracted with chloroform. The chloroform extract 
was concentrated to a sirup which was treated with methyl iodide 
(15 ml.) and silver oxide (5 g.) as before, yielding a yellowish solid 
(4 g.).

Anal. Calcd. for 88% méthylation [CnH2iO-(OCH3)7]„:
OCH3, 39.2. Found: OCH3, 39.00.

Identification of the Products.—The methylated polysaccha
ride (ca. 2 g.) was allowed to stand in 40%, sulfuric acid (20 ml.),

(9) L . H o u g h  a n d  J ,  K . N . Ju n es  J . C h e m . S o c . ,  1199 (1950),
CIO) R . S. T ip so n  a n d  F . A. L, vene , J .  B i o l .  C h e m . ,  129, 575 (1939).

left at room temperature for 3 hr., then diluted again with 
water (40 ml.), and heated at 60° for 3 more hr. After further 
dilution with water (80 ml.), the reaction mixture was heated on 
the water bath for 14 hr. and neutralized with barium carbonate. 
The barium salts were filtered off and the filtrate concentrated 
to a sirup (1.42 g.) which on examination on paper chromato
grams, using solvent c, was found to contain at least six com
ponents with R, values of 0.0125, 0.075, 0.14, 0.336, 0.45, and 
0.75. The sirup was fractionated by paper chromatography, 
using solvent c, yielding four fractions.

Fraction I yielded crystalline 2,3,6-tri-O-methyl-D -g lucose 
(0.83 g.) which, after recrystallization from aqueous ethanol, had 
m.p. 123° [ a ] D  +70° (c, 1.25, methanol). Irvine and Hirst11 
record m.p. 121-123°, [or]d +70° (water).

1,4-Di-O-acetyl-2,3,6-tri-O-methyl-a -D-glucose.—A mixture of
2,3,6-tri-O-methyl-D-glucose (fraction I) (ca. 0.1 g.), dry pyridine 
(2 ml.), and acetic anhydride (2 ml.) was allowed to stand at 
room temperature for 24 hr. and then poured into ice-water (ca. 
20 ml.). The acetylated product was extracted with chloroform 
(3 X 20 ml.) and the combined extracts were washed successively 
with 2 N hydrochloric acid (2 X 20 ml.), saturated sodium hydro
gen carbonate (2 X 20 ml.) and water, and dried (Na2S04). 
Subsequent concentration gave a colorless sirup which crystal
lized on standing at 0° (yield, ca. 0.1 g.). After recrystallization 
from ethanol, the acetate had m.p. 67°. Micheel and Hess12 
record m.p. 67-68°.

Fraction II gave 2,3-di-O-methyl-u-glucose (0.069 g.) as crys
tals with m.p. 85°, [a]d +50° (c, 1.0, methanol). Irvine and 
Scott13 record m.p. 85-87°, [o]d +4S.3 (acetone).

Fraction III afforded 3-O-methyl-L-arabinose (0.215 g.) with 
[a]d +96.5° (c, 1.15, water). Hirst, et al.,u record [o]d +96° 
(water).

Anal. Calcd. for C6Hi20 5: C, 43.90; H, 7.32. Found: C, 
43.96; H, 7.03.

The compound (30 mg.) yielded the phenylosazone (45 mg.) 
as crystals with m.p. 163°. Smith15 records m.p. 163°.

Fraction IV yielded crystalline 3,6-di-O-methyl-D-glucose 
(0.091 g.) with m.p. 113°, [«]d +63° (c, 1.0, methanol). Per- 
cival and Duff16 record m.p. 113-116°, [«]d +61.5° (water). 
The compound (35 mg.) gave the phenylosazone as crystals (40 
mg.) with m.p. 152°.

Periodate Oxidation.—Aqueous sodium metaperiodate, 0.3 
M, (10 ml.) was added to the potysaccharide (ca. 0.1 g.) in water, 
the solution adjusted to 100 ml. with distilled water and stored 
in the dark. A blank was treated concurrently. At intervals the 
periodate uptake was estimated by transferring samples (5 ml.) 
from the oxidation mixture and from the blank into mixtures of 
phosphate buffer (pH 6.98; 25 ml.) and 20% potassium iodide 
(2 ml.), and the liberated iodine was titrated with 0.01 N  sodium 
thiosulfate using starch as indicator.17 Acid liberated during the 
oxidation was determined18 by taking samples (5 ml.) from the 
oxidation mixture and from the blank, adding ethylene glycol (2 
ini.), and, after 10 min., titrating with 0.01 N  sodium hydroxide 
using methyl red screened with methylene blue as indicator. 
Formaldehyde was determined colorimetrically with chroma- 
tropic acid19 using glucose as standard. The results, calculated 
in moles per mole of sugar unit are presented here in tabular form.

Time (hr.) 0.5 1 2 3 4
Uptake 0.34 0.52 0.70 0.74 0.78
Acid
c h 2o

0.06 0.07 0.09 0.10 0.12

Time (hr.) 6 9 13 32
Uptake 0.85 0.90 0.91 0.95
Acid
c h 2o

0.14 0.14 0.15 0.15
nil

(11) J. C. Irvine and E. L. H irst, J. C h e m .  Soc.. 121, 123 (1922).
(12) F . M icheli and K. Hess, B e r . .  60B, 1898 (1927).
(13) J . C. Irv ine and  J . P. Scott, J .  C h e m . S o c . ,  5 7 5  (1913).
(14) E. L. H irst, J. K. N- Jones, and E. W illiams, i b i d . , 1062 (1947).
(15) F. Sm ith, i b i d . ,  753 (1939).
(16) E . G. V. Percival and R. B. Duff, N a t u r e ,  158, 29 (1946).
(17) G. Neum uller and E. Vasseur. A r k i v  K e m i ,  5, 235 (1953).
(18) T . G. Halsall, E . L. H irst, and  J. K. N. Jones, J .  C h e m .  S o c . ,  1427 

(1947).
(19) G. F. O’D ea and R. A. Gibbons, B i o c h e m .  J . ,  55, 580 (1953).
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In a separate experiment the polysaccharide (100 mg.) was 
oxidized with1 periodate20 for 48 hr. as before. The excess perio
date was destroyed by the addition of ethylene glycol and the

(20) G. A. Adams, C a n .  J .  C h e m . ,  38, 280 (1960).

solution was dialyzed against tap water for 72 hr. The non- 
dialyzable material was recovered by concentration and hy
drolyzed with N sulfuric acid. The reaction mixture was neu
tralized with barium carbonate, filtered, and concentrated. On 
chromatographic examination neither glucose nor arabinose was 
detected.

A n In vestiga tion  o f  th e  H ydrolysis o f  a R educed 4 -O -M eth y lg lu cu ron oxy lan 1

Samuel C. M cK e e 2 and E. E. D ick ey 3 

The Institute of Paper Chemistry, A-ppleton, Wisconsin 
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Uronic acid groups in an elm 4-0-methylglucuronoxylan were reduced by diborane without a decrease in 
degree of polymerization of the polymer. Partial hydrolysis of the reduced polymer gave a neutral hetero
trisaccharide fraction from which a new trisaccharide, 0-ff-4-0-methyl-D-glucopyranosyl(l —*■ 2)-0-j3-D-xylo- 
pyranosyl(l —* 4)-D-xylopryanose, was isolated, and its crystalline phenylosazone was prepared and character
ized. An authentic specimen of the new sugar was prepared from the ubiquitous aldotriouronic acid by an 
adaptation of the diborane procedure. An hypothesis based on conformational resistance was presented to ac
count for the formation of the new trisaccharide and the aldotriouronic acid during partial hydrolysis of the 
reduced and unreduced 4-0-methylglucuronoxylan, respectively.

The 4-0-methylglucuronoxylans obtainable from 
most hardwoods consist of chains of 1 — 4 linked /3-d- 
xylopyranose units with single 4-O-methyl-D-gluco- 
pyranosiduronic acid units attached as side chains on 
C-2 of the xylose units4 5 as shown in Fig. 1.

Partial hydrolysis of such hemicelluloses in aqueous 
acid results in the formation of a polymer-homologous 
series of 0-1-4 xylodextrins6 7 and a closely related acidic 
series (Fig. 2). The linkage (a-1-2) between E and B, 
Fig. 1, is especially resistant, and the amorphous aldo- 
biouronic acid, therefore, is the chief acidic product of 
the acid hydrolysis of these polymers. The crystalline 
aldotriouronic acid (EBC)6 7 is the second most abun
dant product in the acidic series, but all efforts to find 
the isomeric acid (ABE) have failed. To account for 
these facts Hamilton and Thompson6 suggested that 
the uronic acid carboxyl “stabilized” the linkages B-E 
and B-C through an inductive effect. Marchessault 
and Ranby8 supported the stabilization hypothesis,9'10 
and further suggested that, simultaneously, the linkage 
A-B was “activated.”

In order to test these hypotheses, the carboxyl groups 
in a 4-0-methylglucuronoxylan, isolated from American 
elm sapwood (Ulmus americana), were reduced to pri
mary hydroxyl groups.11 12 Then upon partial hydrolysis 
of the 4-0-methyIglucoxylan in dilute aqueous acid, 
the products of the reduced apd the unreduced poly-

(1) A portion  of a  thesis subm itted  in  p a rtia l fulfillm ent of th e  require
m ents of T h e  In s titu te  of P aper C hem istry b y  S. C. M cK ee for th e  Ph.D . 
degree from Lawrence College, Appleton, W is., June, 1961.

(2) P resen t address, W eyerhaeuser Co., Longview, W ash.
(3) Research Associate, T he In s titu te  of P aper C hem istry, Appleton, 

Wis.
(4) G. O. Aspinall, “ Advances in C arbohydra te  C hem istry ,”  M . L. 

Wolfrom and R . S. Tipson, Ed., Yol. 14, Academic Press, Inc., New York, 
N. Y., 1959, p. 429.

(5) R. L. W histler and C.-C. Tu, J .  A m .  C h e m . S o c . ,  74, 4334 (1952).
(6) J . K . H am ilton  and  N. S. Thom pson, ibid., 79, 6464 (1957); c f .  J . E. 

M ilks and  C. B. Purves, ibid., 78, 3738 (1956).
(7) H. C. Srivastava, C. T . Bishop, and  G. A. Adams, paper presented a t 

the  136th N ational M eeting of the  Am erican Chem ical Society, A tlantic C ity, 
N. J .,  Septem ber, 1959, p. 5-D.

(8) R. H . M archessault and  B. C. RAnby, S v e n s k  P a p p e r s t i d n . ,  62, 230
(1959).

(9) C. A. B unton, T .  A. Lewis, D. R . Llewellyn, and  C. A. Vernon, J .  

C h e m . S o c . ,  4419 (1955).
(10) C. Armour, C. A. B unton, S. P a ta i, L. H. Selman, and  C. A. Vernon, 

ibid., 412 (1961).
(11) F . Sm ith and  A. M . Stephen, Tetrahedron Letters, No. 7, 17 (1960).

mers were compared. As expected, the 4-0-methyl- 
glucoxylan afforded two series of neutral, reducing 
oligosaccharides as shown in Fig. 2.

The hetero-trisaccharide component of the hy- 
drolyzate was isolated by a gradient elution technique 
on a carbon-Celite column12 followed by preparative 
paper chromatography. Although the trisaccharide

R = -COOH 4-O-METHYLÇLUCURONOXYLAN 
R=-CH2OH 4-O-METHYLGLUCOXYLAN

R

Fig. I.—Principili linkages in 4-O-methylglucuronoxylans.

Fig. 2.—log Rx vs. D.P. for saccharides from the partial acid 
hydrolysis of reduced and unreduced 4-0-methylglucuronoxylan.

(12) R. S. Alm, A c t a  C h e m .  S c a n d . ,  6, 1186 (1952); R . S. Alm, R. J. P. 
Williams, and  A. Tiselius, i b i d . ,  6, 826 (1952).
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component was chromatographically uniform, electro
phoresis on paper in a sodium borate buffer revealed two 
distinct components. The major component (about 
95% by visual inspection) had the greater mobility 
which corresponded closely with the mobility of the 
authentic hetero-trisaccharide (EBC); the minor com
ponent was presumed to be the isomer (ABE).'3 
Proximate analyses by paper chromatography of partial 
hydrolyzates of the reduced and unreduced polymers 
indicated that the yield of the hetero-trisaccharide was 
4% and the aldotriouronic acid, 7%. Furthermore, 
about 20% of the 4-O-methylglucose units were re
covered as the monosaccharide from the reduced poly
mer, but no 4-O-methylghicuronic acid was detected 
for the unreduced sample.

These observations illustrate the well known stability 
toward acid hydrolysis of glycuronides, in contrast to 
most glycosides, and are compatible with the hypo
thetical inductive effect of the uronic acid carboxyl. 
However, the fact that the new trisaccharide predomi
nated about 20:1 over the substance believed to be its 
isomer suggests that the inductive effect of the carboxyl 
probably does not extend to the glycosidic linkages of 
the xylan chain, and that the hypotheses of Hamilton 
and Thompson6 and Marchessault and Ranby8 may 
require modification. Thus, an alternate hypothesis, 
based on conformational resistance, suggested itself.

Assuming that glycosidic hydrolysis proceeds via the 
cyclic mechanism9’10 and that the formation of a car- 
bonium ion necessitates a transformation from the 
puckered chair form to a planar half-chair form, as sug
gested by Edward,14 the large bulky substituent on C-2 
of the xylose moiety will diminish its tendency toward 
the half-chair conformation. This resistance could be 
sufficient to cause a lower rate of hydrolysis for glyco
sidic bond B-C relative to A-B in the reduced and un
reduced polymers, and in turn would account for the 
predominance of isomer EBC in hydrolyzates of both 
polymers.

An authentic specimen of the new trisaccharide, O-a-
4-0-methyl-n-glucopyranosyl-(l 2)-0-|8-D-xylopy- 
ranosyl-(l —► 4)-D-xylopyranose, was prepared in a 
metastable crystalline form from the aldotriouronic 
acid (EBC), and was identical with the main hetero
trisaccharide obtained from the 4-O-methylglncoxylan; 
the phenylosazone was prepared and characterized.

Experimental
Paper Chromatography.—The following solvents were used in 

paper chromatography: (A) for uronic acids, ethyl acetate- 
acetic acid-water (9:2:2); (B) for neutral sugars ar.d oligosac
charides, ethyl acetate-pyridine-water (8:2:1); (C) for galae- 
turonic and glucuronic acids, ethyl acetate-pyridine-water- 
acetic acid (5:5:3:1); (D) for the separation of xylose and xylitol, 
butanol-pyridine-water (10:3:3); (E) for quantitative analysis, 
ethyl acetate-pyridine-water (8:2:1) and 0.15 N  in silver 
nitrate.

Sugars were detected in qualitative chromatography with p- 
anisidine hydrochloride15 for reducing sugars (for electrophoreto- 
grams monochloroacetic acid was added), and silver nitrate for

(13) A. B. Foster, “ Advances in C arbohydra te  C hem istry ,”  M . L. 
W olfrom and  R. S. Tipson, Ed., Vol. 12, Academic Press, Inc., New York, 
N . Y., 1957, p. 95.

(14) J . T. Edw ard , C h e m .  I n d .  (London), 1102 (1955).
(15) L. Hough, J . K, N, Jones, and  W. H, W adm an, J .  C h e m .  S o c . ,  1702 

(1950).

nonreducing substances.16 Aniline-monochloroacetic acid in 
ether was used for quantitative chromatography.17 *

Isolation of 4-O-Methylglucuronoxylan.—Five American elm 
(Ulrnus arnericana) trees, averaging 3.5-in. d.b.h. (diameter at 
breast height: 4.5 ft.) were cut, peeled, and chipped, and the 
sapwood portion ground in a no. 1 Wiley mill. The isolation of
4-O-methylglueuronoxylan was accomplished in an inverted 5- 
gal. polyethylene bottle with the bottom removed. About 1 kg. 
of the undried wood meal (54% oven dry) was extracted twice 
with 5.5 1. of 70% ethanol for 12 hr. at room temperature, 
washed with deionized water, and then leached with 8 1. of 0.1 A 
sodium hydroxide for 4 hr. at room temperature; the extract was 
discarded. The wood meal was washed thoroughly with de
ionized water, pressed to 25% moisture (oven-dry basis), ex
tracted with 5.5 1. of 10% potassium hydroxide at room tem
perature for 2 hr., and the extract was poured into two volumes of 
cold 95% ethanol containing sufficient acetic acid to bring the pH 
to about 6. The precipitated hemicellulose was washed and 
solvent-exchanged with 80%) ethanol, 95% ethanol, absolute 
ethanol, and petroleum ether (b.p. 30-60°), and dried in vacuo 
over calcium chloride; yield, 98 g. Analytical data for the large 
scale preparation and for three small scale experiments using 
different concentrations of potassium hydroxide are summarized 
in Table I.

T a b l e  I
E f f e c t  o f  P o t a s s i u m  H y d r o x i d e  C o n c e n t r a t i o n  o n  

H e m i c e l l u l o s e

Sample

70% ethanol extracts, % 
oven-dry wood 

0.1 N  NaOH extract (pptd.
by EtOH), oven-dry wood 

Concentration of KOH

l 2

1.5

3

0.2

4
(Large
scale)

soln., % by wt.
Yield of hemicellulose, %

5 10 24 10

oven-dry wood 
Analysis of hemicellulose

7.4 13.0 13.8 ~10

Moisture, % 8.45 7.94 7.56 9.22
Sulfated ash as K, % 4.17 6.95 7.77 2.85
CO% %
D.P.n

Yield, of hemicellulose (ash- 
and moisture-free), %

3.16 2.77 2.69 3.07
162

oven-dry wood 
C (V  % on ash- and mois

6.32 10.1 10.5 ~ 9

ture-free hemicellulose 
Xylose /  4-O-methyl-

3.70 3.54 3.51 3.51

glucuronic acid 
3 See ref. 18.

~ 7 .5 ■—'8 ~ 8 ~ 8

Reduction of 4-O-Methylglucuronoxylan.19—The 4-O-methyl- 
glucuronoxylan, 36.0 g., was aeetylated according to the method 
of Carson and Maclay20; yield, 90.3%.

Anal, of the aeetylated hemicellulose: sulfated ash, 0.03; 
moisture, 2.38; acetyl,2137.2. The theoretical acetyl content was 
37.4% for a polymer of D.P.„ = 162 and a xylose/uronic acid 
ratio of 8.

(16) W. E. T revelyan, D. P. Proctor, and J. 8. H arrison, N a t u r e ,  166, 
444 (1950).

(17) J. E. Jeffery, E. V. Partlow, and W. J. Polglase, A n a l .  C h e m . . ,  32, 1774
(I960).

(IS) B. L. Browning, T a p p i ,  32, 119 (1949).
(19) A fter th is  m anuscript was com pleted, a report was published on the  

reduction of a 4-O-m etbylglucuronoxylan obtained  from birch ( B e t u l a  

p a p y r i f e r a ,  M arch) by W. D. S. Bowering, R. H. M archessault, and  T . E. 
Tirnell, S v e n s k  P a p p e r s t i d n . .  64, 191 (1961). The reduction  was accom 
plished in a 50%  yield through the  action of sodium borohydride on the  
propyleneglycol ester of the  isolated xylan in aqueous m edium . D espite 
the  difference in m ethods, the  results reported  by these investigato rs  were 
in general accord w ith those reported herewith.

(20) J. F. Carson and  W. D . M aclay, J .  A m .  C h e m .  S o c . ,  70, 293 (1948).
(21) L. B. Genung and R. C. M allatt, I n d .  E n g .  C h e m . ,  A n a l : E d : ,  13/ 

369 (1941),
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The acetylated hemieellulose, was reduced with diborane (13.3 
moles/mole of carboxyl) according to the general procedure of 
Smith and Stephen.11 The diborane was generated in situ over a 
period of 4 hr. under mechanical stirring by the dropwise addition 
of 75.3 ml. of boron trifluoride etherate, diluted with 50 ml. of 
purified diglyme [bis(2~methoxyethyl) ether],22 to a solution of
17.0 g. of sodium borohydride dissolved in 440 ml. of diglyme in 
which 45.5 g. of the hemieellulose acetate was suspended. Stir
ring was continued for an additional 3 hr., the reaction mixture 
was allowed to stand overnight, and was decomposed by addition 
of ice-water. When the evolution of hydrogen ceased, the mix
ture was neutralized with 0.5 N  sodium hydroxide to pH 7 and 
poured into two volumes of 95% ethanol. The precipitate was 
dissolved in 5% potassium hydroxide, heated for 45 min. at 55°, 
and the 4-O-methylglucoxylan recovered in the usual way (see 
above isolation procedure); yield, 81.4% of the original hemi- 
cellulose, corrected for ash and moisture. Chromatographic 
examination (in solvents A and B) of the total hydrolyzate from 
the 4-O-methylglucoxylan showed that xylose and 4-O-methyl- 
glucose were the predominant constituents but that a trace of 
galactose remained.

Anal, moisture, 2.4; sulfated ash caled. as potassium ace
tate, 1.3; uronic acid C02,18 0.84; D.P.„, 171.

Partial Hydrolysis of 4-O-Methylglucoxylan.—4-O-Methyl- 
glucoxylan, 20.5 g., was dissolved in 420 ml. of 1.0 N  sulfuric 
acid, and the solution was heated at 70° (bath temperature) for 
8 hr. After cooling and centrifuging, the supernatant hydroly- 
zate was neutralized with barium hydroxide to pH 5.5, and the 
barium sulfate was removed by filtration. The hydrolyzate was 
sorbed on a charcoal-Celite column (5 cm. in diameter by 90 cm. 
long) which was packed with a mixture of 400 g. of Darco G-6022 23 
and 400 g. of Celite24 and treated with stearic acid.12 The column 
was washed with 2 1. of distilled water and with aqueous ethanol 
by the gradient elution technique as described by Aim and co- 
workers.12 Fractions were collected automatically and were 
monitored by paper chromatography. The hetero-oligosaccha
rides were recovered and further purified on Whatman 3MM 
paper in solvent B. Upon complete hydrolysis and chromato
graphic analysis each hetero-oligosaccharide yielded xylose and
4-O-methyIglucose.

Preparation of 0-ff-4-0-Methyl-D-glucopyranosyl-(l—*2)-O-0- 
D-xylopyranosyl-( 1 — 4)-D-xylopyranose.—Aldotriouronic acid, 
0.51 g., was refluxed with 30 ml. of acetic anhydride and 0.35 g. 
of anhydrous sodium acetate. The reaction mixture was poured 
into ice-water, extracted with chloroform, and the solvent was 
evaporated in vacuo; yield of aldotriouronic acid acetate, 0.85 g. 
The acetate was dissolved in purified tetrahydrofuran25 in a gas 
washing bottle supplied with a sintered glass gas disperser and 
diborane (15 moles/mole of carboxyl) was swept from the genera
tor into the solution by a stream of dry nitrogen over a 45-min. 
period. After a total reaction time of 3.8 hr., the reaction was 
terminated by the addition of methanol and allowed to stand 
overnight. The solvents were removed by evaporation in vacuo 
at 35° followed by three successive 30-ml. portions of methanol to 
remove boric acid as methyl borate; yield, 0.66 g. Deacetyla
tion with barium methylate,26 followed by neutralization with 
sulfuric acid and removal of barium sulfate, and concentration 
in vacuo gave a sirup; yield, 0.51 g.

Resolution of the crude sirup on Whatman 3MM paner in 
solvent B gave a sirup, 0.30 g., which became a slush of hygro
scopic, metastable crystals of a new trisaccharide which was 
assumed to be O-a-4-O-methyl-D-glucopyranosyl (1 —»• 2)-0-|3-d- 
xylopyranosyl( 1 —<- 4)-n-xylopyranose based on the previously 
determined structure of the starting material.6'7 The chromato
gram indicated that unreduced acid, xylobiose, xylose, and 4-0- 
methylglucose were also present in the product.

Comparison of the Trisaccharides.—The hetero-trisaccharide 
(“unknown” ) from the hydrolysis of reduced 4-O-methylglu-

(22) H. C. Brown and B. C. Subba Rao, J .  O r g . C h e m ., 22, 1135 (1957); 
J .  A m .  C h e m .  S o c .  82, 681 (1960).

(23) A dsorbent charcoal m anufactured  by Atlas Chem ical Industries, 
Inc., W ilm ington, Del.

(24) F ilter aid m anufactured  by  Johns-M anville, New York, N. Y.
(25) H. C. Brown and W. K orytnyk, J .  A m .  C h e m .  S o c . ,  82, 3866 (1960).
(26) H. S. Isbell, J .  R e s .  Natl. S i d .  S t d . ,  5, 1179 (1930).

curonoxylan and the new trisaccharide (“known” ) prepared from 
the aldotriouronic acid were indistinguishable by paper chroma
tography. Paper electrophoresis in 0.1 M  borate gave the follow
ing results: xylot.riose (MG =0.145); “unknown” mixed trisac- 
charide, major component (Mq = 0.147), minor component 
(Mo = 0.058); "known” trisaccharide (Ma = 0.145). Optical 
rotations of the “known” and “unknown” trisaccharides were 
measured after first drying the sirups in  vacuo over calcium 
chloride; “known” trisaccharide, [ a ] 2 iD  +45.7 (c 6.7, water); 
“unknown” trisaccharide, [q;]25d +34.0 (c 7.2, water).

Phenylosazones were prepared as follows: a mixture of 0.16 
g. of the “known” trisaccharide, 0.45 g. of sodium acetate tri
hydrate, 0.30 g. of phenylhydrazine, and 3.5 ml. of water were 
heated in a boiling water bath for 30 min.; osazone formation 
began at about 14 min.; yield, 0.057 g., after recrvstallization 
from 60% aqueous ethanol, 0.039 g., m.p. 240-241°. The 
phenylosazone of the “unknown” trisaccharide was prepared in 
a similar manner from 0.22 g. of the sugar and corresponding 
quantities of reagents; yield, 0.052 g., after recrystallization, 
0.047 g., m.p. 240-241°. The low yields of osazones were due 
primarily to large mechanical losses. The osazones were dried 
in  vacuo over phosphorus pentoxide at 56° for 1.5 hr. prior to 
analysis.27

A n a l. Caled. for C29R o012N4: C, 54.71; H, 6.33; N, 8.80; 
OCH3, 4.88. Found: “known,” C, 54.9; H, 6.2; N, 8.9; 
OCR, 4.0. “Unknown,” C, 53.9; H, 6.2; N, 8.8; OCR, 3.9.

Infrared absorption spectra and X-ray diffraction patterns 
were identical.

Methyl-4-O-methyl-a-D-glucopyranoside, xylose, and the 
“known” and “unknown” trisaccharides were dissolved sepa
rately in 0.5 N  hydrochloric acid, heated on a boiling water bath 
for 3 hr., neutralized with silver carbonate, and spotted for quan
titative chromatography28 in solvent E. The xylose/4-O- 
methylglucose ratios were as follows: “known,” 1.45; and “un
known,” 1.67; theoretical ratio, 2.0.

Comparison of the Partial Hydrolyzates of Reduced and 
Unreduced 4-O-Methylglucuronoxylan.—Approximately 0.1-g. 
samples of reduced and unreduced 4-0-methylglucuronoxylan 
were hydrolyzed with 2.0 ml. of N  sulfuric acid at 70° for 8 hr. 
After neutralization with barium acetate, the hydrolyzates were 
analyzed by quantitative paper chromatography in solvent A for 
the unreduced sample and solvent B for the reduced sample. 
Known quantities of aldotriouronic acid (for unreduced sample) 
and “known” trisaccharide (for reduced sample) were also 
spotted and served as controls. An aniline-monochloroacetic 
acid dip was used for spot development, and the quantity of tri- 
saccharide present was estimated by visual comparison with stand
ards using transmitted light; yield of aldotriouronic acid, approxi
mately 7% and of neutral hetero-trisaccharide, about 4%. Con
siderable 4-O-methylglucose was observed in the 4-O-methyl
glucoxylan hydrolyzate but no 4-O-methylglucuronic acid was 
detected in the unreduced polymer hydrolyzate. Movement on 
paper chromatograms of oligosaccharides from the hydrolyzates 
relative to xylose are shown in Fig. 2.

Viscosity Measurements.—Viscosity of the polymers was 
measured in molar cupriethylenediamine utilizing an Ubbelohde- 
t.ype viscometer manufactured by the Cannon Instrument Co. 
The degree of polymerization (D.P.„) was calculated from the 
relationship D.P.„ = iv[td, where K  = 166 ((calculated from the 
data of Gillham and Timell29) and [rj\ = intrinsic viscosity. The 
results are listed in Table I.
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(27) Analyses were performed b y H uffm an  M ieroanalytica l Laboratories, 
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(28) E .  F .  M cFa rren , K ,  B rand , and H . R . R u tko w sk i, A n a l ,  Chem., 23, 
1146 (1951).

(29) J .  K .  G illham  and T .  E .  T im e ll, Can. J. C h e m . ,  36, 410, 1467 (19 )8).
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The syntheses of various derivatives of the methyl a-D-glycoside of 2-amino-3-0-(D-l-carboxyethyl)-2-deoxy- 
D-glucose (niuramic acid) and of the disaccharide, methyl 6-0-(2-acetamido-3,4,6-tri-0-acet3d-2-deoxy-/3-D-glu- 
copyranosyi;-2-acetamido-4-0-acetyl-2-deoxy-3-0-[D-l-(methyl carboxylate)ethyl]-a-D-glucopyranoside are de
scribed.

. Muramic acid, a 3-0-(D-l-carboxyethyl) derivative 
of 2-amino-2-deoxy-D-glucose, and its parent hexose, 
2-amino-2-deoxy-n-glucose, have been shown to be 
the main components of the peptidoglyc an chain, 
which constitutes the backbone of the cell wall of 
numerous Gram-positive and Gram-negative bacteria.3 
The action of egg-white lysozyme on isolated cell walls 
releases various fragments including a tetrasaccharide 
and a disaccharide containing muramic acid and 2- 
amino-2-deoxy-o-glucose.4 The structure of an 0-2- 
acetamido-2-deoxy-o-glucopyranosyl-(l —»■ 6)-iV-acetyl- 
muramic acid was proposed for the latter compound.4-6 
It was, therefore, of great interest to synthesize this 
disaccharide, thereby allowing a comparison with the 
fragment obtained from the cell walls. The present 
paper described the synthesis of various derivatives of 
muramic acid including the 0-2-acetamido-2-deoxy-/3-D- 
glucopyranosyl-(l 6)-N-acetylmuramic acid disac
charide. It should also be noted that this represents 
the first constitutional synthesis of a 2-amino-2-deoxy- 
(2-amino-2-deoxyglucosyl)glucose disaccharide.

A stereospecific synthesis of 2-amino-3-0-(D-l-car- 
boxyethyl)-2-deoxy-D-glucose, and of several deriva
tives of it, has been described recently by Matsushima 
and Park.7'8 The method used in the present work for 
the preparation of methyl 2-acetamido-4,6-0-benzyli- 
dene - (d  -  1 - carboxyethyl) - 2 - deoxy - a  -  d  -  gluco- 
pyranoside (V) from methyl 2-acetamido-4,6-0-benzyli- 
dene-2-deoxy-a-D-glucopyranoside (III)9 follows essen
tially Matsushima and Park’s procedure and requires 
large quantities of methyl 2-acetamido-2-deoxy-a-D- 
glueopyranoside (II).

Glycosidation of 2-acetamido-2-deoxy-D-glucose (I) 
with methanol in the presence of an acid catalyst for a 
few hours gives II, contaminated with about 15 to 20% 
of the /3-anomer.10 Separation of both anomers can be

(1) Amino Sugars. X X X IV . This is publication no. 329 of The 
R o b ert W . L o v e tt M em orial U n it for the  S tudy  of C rippling Disease, 
H arvard  M edical School a t  the  M assachusetts G eneral H ospital, Boston 14, 
M ass. This investigation  has been supported  by  research g ran ts  from the 
N ational In s titu te  of A rthritis and M etabolic Diseases, N ational In s titu tes  
of H ealth, U nited S ta tes Public H ealth  Service (g ran t A-3564-C-2), and the 
N ational Science Foundation  (g ran t 9-2312). I t  was presented before the 
Division of C arbohydrate  C hem istry a t  the  142nd N ational M eeting of the  
Am erican Chem ical Society, A tlantic C ity , N . J ., Septem ber, 1962.

(2) On leave of absence from  th e  W eizm ann In s titu te , R ehovoth, Israel.
(3) M. R . J . Salton, in “T he B acteria ,” I. C. G unsalus and R . Y. Stanier, 

Ed-, Academic Press, New York, N . Y., I960, p. 127.
(4) J . M. G huysen and M . R. J. Salton, B i o c h i m .  B i o p h y s .  A c t a ,  36, 552 

(1959).
(5) J . M . G huysen and M . R . J . Salton, i b i d . ,  45, 355 (1960).
(6) IT, R. Perkins, B i o c h e m . J . ,  74, 182 (I960).
(7) Y. M atsushim a and J. T . P ark , F e d .  P r o c . ,  20, 782 (1961).
(8) Y. M atsushim a and J . T . Park , J .  O r q .  C h e m . ,  27, 3581 (1962),
(9) A. Neuberger, C h e m .  S o c . ,  50 (1941).
(10) R. K uhn, F. Zilliken, and A. G auhe, C h e m .  B e r . ,  86, 466 (1953).

accomplished by fractional crystallization of the 3,4,6- 
triacetate derivatives10 or by chromatography on char
coal.11 The first method, however, lengthens the syn
thesis by two additional steps, while the second one 
cannot be carried out conveniently on large amounts 
of material. It was found that the purification could 
be accomplished efficiently by crystallization at the 
step of the benzylidene derivative III, if the amount 
of a-anomer were increased in the original mixture. 
When the glycosidation is carried out for a considerable 
length of time, the amount of a-anomer reaches 87%, 
but marked de-iV-acetylation occurs. The crude mix
ture, consequently, was re-A-acctylated and crystalliza
tion gave, in 75-80% yield, a compound II containing 
about 10% of the /3-anomer. This compound II was 
condensed with benzaldehyde, affording a yield of about 
60% of III with m.p. 260-262° and [a]D +40° (in 
chloroform), in agreement with the values reported 
by Wiggins.12 A similar condensation of the mother 
liquors from II, containing about 65% of the a-anomer, 
gave an additional amount of III, raising the total 
yield to 49% calculated from I. Attempts to prepare 
III by methylation of 2-acetamido-4,6-0-benzylidene-
2- deoxy-/3-D-glucose in dimethyl sulfoxide solution, as 
described by Roth and Pigman,13 resulted in the forma
tion of the 3-O-methyl ether of III in addition to the 
required material.

Since the preparation of L-a-chloropropionie acid (IV) 
starting from L-alanine8'14 is expensive, it was replaced 
by the resolution of the commercial DL-a-chloro- 
propionic acid with cinchonine.16 The condensation 
of methyl 2-acetamido-4,6-0-benzylidene-2-deoxy-a-D- 
glucopyranoside (III) with IV was carried out as 
described by Matsushima and Park,8 giving methyl 
2 - acetamido - 4,6 - 0 - benzylidene - 3 - 0 - ( d - 1 -  car- 
boxyethyl)-2-deoxy-a-D-glucopyranoside (V).

The crystalline methyl ester VI was obtained by the 
reaction of diazomethane with V, and removal of the 
benzylidene group gave crystalline methyl 2-acetamido-
3- 0- [n-1-(methyl carboxylate)ethvl]-a-n-glucopyrano- 
side (VII). Alternatively, removal of the benzylidene 
group from V gave a glassy derivative VIII,® which was 
converted into crystalline VII by treatment with diazo
methane. Condensation of VII with triphenylchloro- 
methane resulted in the triphenylmethyl ether IX,

(11) F . Zilliken, C. S. Rose, G. A. B raun, and P. Gyorgy, A r c h .  B i o c h e m .  

B i o p h y s . ,  54, 392 (1955).
(12) L. F . Wiggins, J .  C h e m .  S o c . ,  18 (1947).
(13) W. R o th  and  W. Pigm an, J .  A m .  C h e m .  S o c . ,  82, 4608 (1960).
(14) Shou-Chen J . Fu, S. M. B irnbaum , and J. P. G reenstein, i b i d . ,  76, 

6054 (1954).
(15) A. D . G o tt and J. C. Bailar, J r., i b i d . ,  74, 4820 (1952).
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V. R = H 
VI. R = CH3

NHCOCH3
R' R " R '"

VII c h 3 H H
VIII H H H
IX c h 3 H C(C6H%
X c h 3 COCH, C(C6H%
XI c h 3 COCH, H

which was further acetylated at position 4 into X. 
Finally, removal of the triphenylmethyl group gave 
methyl 2-acetamido-4-0-acetyl-3-0-[D-l-(methyl car- 
boxylate)ethyl]-a-D-glucopyranoside (XI). All these 
derivatives were obtained crystalline and in excellent 
yields. For the preparation of large amounts of ma
terial, steps IX and X were combined and XI was 
obtained in an over-all yield of 57% from VIII.

Condensation of 2-acetamido-3,4,6-tri-0-acetyl-2-de- 
oxy-a-D-glucopyranosyl bromide (XII)16 with XI in 
the presence of mercuric cyanide in a mixture of chloro
form and nitromethane gave methyl 6-0 -(2-acetamido-
3,4,6 -tri - 0  - acetyl - 2 - deoxy - /3 - d - glucopyranosyl)- 
2-acetamido-4-0-acetyl-2-deoxy-3-0- [d -1 -(methyl car- 
boxylate)ethyl]-a-D-glucopyranoside (XIII). Although 
the yield in this condensation is low (10-15%), a con
siderable amount of unchanged XI can be recovered 
from the reaction mixture. Lower yields of a product 
identical to X lll  were obtained when the condensation 
was carried out in the presence of silver oxide. The 
/3-configuration of the disaccharide linkage formed is 
established by the low optical rotation ( [ « J d +54° in 
chloroform) of X III and by its mode of formation.

The synthesis of X III is a first step in the synthesis 
of the disaccharide isolated from bacterial cell walls. 
Removal of the methyl glycoside without scission of the 
disaccharide bond is being studied at present, and the 
synthesis of the benzyl glycoside of this disaccharide 
will be reported later.

Experimental
Melting points were taken on a hot stage, equipped with a 

microscope, and correspond to “ corrected melting point.”

(16) Y. Inouye, K. Onodera, S. K itaoka, and H. Ochiai, J .  A m .  C h e m .  

S o c . ,  79, 4218 (1937).

Rotations were determined in semimicro or micro (for amounts 
smaller than 3 mg.) tubes with lengths of 100 or 200 mm., using 
a Rudolph photoelectric polarimeter attachment, Model 200; 
the chloroform used was A.R. grade and contained approxi
mately 0.75% of ethanol. Infrared spectra w'ere determined on 
a Perkin-Elmer spectrophotometer Model 237. Chromatograms 
were made with the flowing method on “Silica Gel Davison,” 
from the Davison Co., Baltimore 3, Md. (grade 950, 60-200 
mesh), which was used without pretreatment. When deactiva
tion by contact with moist air occurred, reactivation was obtained 
by heating to 170-200° (manufacturer’s instructions). The 
sequence of eluents was hexane, benzene or chloroform, ether, 
ethyl acetate, acetone, and methanol individually or in binary 
mixtures. The proportion of weight of substance to be adsorbed 
to weight of adsorbent was 1:50-100. The proportion of weight 
of substance in grams to volume of fraction of eluent in milli
liters was 1:100. The ratio of diameter to length of column was 
1:20. Evaporations were carried out in vacuo, with an outside 
bath temperature kept below 45°. Amounts of volatile solvent 
smaller than 20 ml. were evaporated under a stream of dry nitro
gen. The microanalyses were done by Dr. M. Manser, Zurich, 
Switzerland.

Methyl 2-Acetamido-4,6-0-benzylidene-2-deoxy-a-D-glucopy- 
ranoside (III) from I.—Preliminary experiments with small 
amounts of material showed that the glycosidation of 2-acet- 
amido-2-deoxy-a-n-glueose (I) with 2% methanolic hydrochloric 
acid gave products having a positive ninhydrin test after 2 hr. 
After isolating the product as described below, the optical rota
tion in water reached a maximum of 120° after 48 hr. at reflux. 
Reaction for longer periods of time gave appreciable decomposi
tion.

In a 1-1. flask, 50 g. of commercial I was refluxed with 500 
ml. of 2% methanolic hydrochloric acid for 48 hr., with exclusion 
of moisture. The solution was cooled, then stirred overnight 
with an excess of finely powdered lead carbonate. After filtra
tion, the lead salts were washed with methanol, and the filtrate 
was evaporated to a sirup, which was dissolved in water and 
passed through a column of 300 ml. of Amberlite 45-R in the 
acetate form. The eluate and washings were evaporated to 
dryness, and the residue was dissolved in 100 ml. of methanol. 
In order to remove the last traces of hydrochloric acid, a small 
amount (0.5 to 1 g.) of silver acetate was added, then 15 ml. of 
acetic anhydride, and the mixture was left at room temperature
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overnight. I t then was refluxed for 30 min., filtered, and the 
filtrate evaporated to dryness. In order to remove the last 
traces of acetic anhydride, toluene was added twice and evapo
rated. The crystalline residue was recrystallized from a mixture 
of ethanol and ether, giving 41.8 g. of a mixture of II and its 
/3-anomer, m.p. ca. 195°, [«]24r> +109° in water. The mother 
liquors (12.7 g.) had [a]n +72°.

To 41.0 g. of the previously described compound was added 
32 g. of anhydrous zinc chloride and 125 ml. of benzaldehyde. 
The mixture was shaken at room temperature for 20 hr., then a 
mixture of 100 ml. of hexane and 100 ml. of water was added to it, 
and the shaking was resumed for 30 min. The liquid was de
canted, then the addition of water and hexane and decantation 
were repeated three times. The resulting solid was filtered, washed 
well on the filter with water and hexane, then dried overnight 
in a desiccator. I t was recrystallized from a mixture of water 
and methanol, giving 33 g. (55%) of needles (IV), m.p. 260- 
262°, [«] 24d +40° (in chloroform),17 and 4.5 g. with lower melting 
point and rotation. Tire mother liquors with [cr]n +72° after 
similar treatment with benzaldehyde gave an additional crop of
2.5 g., m.p. 258-260°, [a]n +39°, affording a riual yield of
35.5 g. (59% from impure II, and 49% from I).

Scission of the benzylidene group of III bv heating with 60%, 
acetic acid, or by catalytic hydrogenation, gave methyl 2-acet- 
amido-2-deoxy-a-D-glucopyranoside with melting point and 
optical rotation identical with those obtained by Kuhn, et al.,i0 
and by Roth and Pigman.13

Acetylation of II with acetic anhydride and pyridine gave the
3-O-acetyl derivative, m.p. 209-210°, [a]mD +38° (in chloro
form, c 0.47).18

Methyl 2-Acetamido-4,6-0-benzylidene-3-0-(D-l-carboxyeth- 
yl)-2-deoxy-«-r>-glucopyranoside (V).—This product was pre
pared from III and L-a-chloropropionic acid (IV)15 * according 
to Matsushima and Park,8 yielding 75-80%, of V, m. p. 261-262°, 
[«]18d +115° (in methanol, c. 1.28).

Anal. Calcd. for C%H29N 08: C, 63.68; H, 6.20; N, 2.97. 
Found: C, 63.64; H,6.29; N,3.00.

Methyl 2-Acetamido-4,6-0-benzylidene-2-deoxy-3-0-[D-l- 
(methylcarboxylate)ethyl]-a:-D-glucopyranoside (VI).—A solu
tion of 1.0 g. of V in 50 ml. of warm methanol was cooled to room 
temperature and a slight excess of diazomethane in ether was 
added. After 30 min., the solution was evaporated and the 
residue was recrystaflized from methanol to give 0.90 g. (85%) 
of needles, m. p. 210-211°, [a]24D +106° (in chloroform, c 0.87).

Anal. Calcd. for CmHovNCV. C, 58.67; H, 6.65; OCH3,
15.16. Found; C, 58.57; H, 6.66; OCH3, 15.34.

Methyl 2-Acetamido-2-deoxy-3-0-[D-l-(methyl carboxylate)- 
ethyl]-a-D-glucopyranoside (VII).—A solution of 0.93 g. of VI 
in 8 ml. of 60% acetic acid was heated at 100° for 30 min. The 
solution was evaporated and the residue co-evaporated succes
sively with water and toluene. The residue was crystallized 
from a mixture of acetone and ether, giving 0.50 g. (70%), 
melting after recrystallization from ethyl acetate at 151-152°, 
[a]27D +129° (inchloroform, c0.65).

Anal. Calcd. for C]3H23N 08: C, 48.59; H, 7.22; N, 4.36. 
Found: C, 48.57; H,7.21; N,4.43.

Methyl 2-Acetamido-2-deoxy-3-0-[D-l-(methyl carboxylate)- 
ethyl | -6-O-triphenylmethyl-a-D-glucopyranoside (IX).—To a
solution of 0.50 g. of VII in 2 ml. of dry pyridine was added 0.48 
g. of triphenylcliloromethane. The solution was left for 24 hr. 
at room temperature and then, after being maintained for 1 hr. 
at 100°, was poured onto cracked ice and extracted with chloro
form. The chloroform solution was washed three times with 
10% potassium bisulfate solution and three times with water, 
dried, and evaporated. The residue was recrystallized from 
benzene, giving 0.85 g. (95%) of prisms, m.p. 213-215°. Re
crystallization from methanol raised the m.p. to 217-218°, 
[«]25d +70° (inchloroform, el.10).

(17) N euberger9 reported  m.p. 255°, [« ]d + 1 9 °  (in chloroform, c 0.5); 
W iggins12 reported  m .p. 255-256°, [a]D + 4 0 .0 °  (in chloroform, c 1.5); 
R o th  and  P igm an18 reported  m .p. 261-262°, [a ]2nD 4-39.5° (in chloroform, 
c 0.5).

(18) W iggins12 reported  m .p. 203—205°, [«}d + 33 (in chloroform); M eyer 
zu Reckendorf and B onner19 reported m .p. 210-211°, [a]D + 37 .8° {in chloro
form , c 0.06).

(19) W. M eyer zu R eckendorf and  W. A. Bonnei, C h e m .  B e ' - . ,  94, 3293
(1961).

Anal. Calcd. for C32H37NOs: C, 68.19; II, 6.62; N, 2.49. 
Found: C, 68.35; H, 6.69; N,2.53.

Methyl 2-Acetamido-4-0-acetyl-2-deoxy-3-0-[D-l-(methyl car- 
boxylate)ethyl]-6-0-triphenylmethyl-a:-D-glucopyranoside (X). 
—A solution of 0.40 g. of IX in 2 ml. of acetic anhydride and 
2 ml. of pyridine was left overnight at room temperature. The 
temperature was then raised r,o 50° for 1. hr. After evaporation 
of the solution, the residue was recrystallized from methanol 
to give 0.40 g. (93%) of prisms, m. p. 213-215°. Further 
purification by chromatography on silicic acid did not raise the 
melting point, [a]26D +67° (in chloroform, c 1.74).

Anal. Calcd. for Cajl+gNOg: C, 67.42; H, 6.49. Found: 
C, 67.48; H,6.50.

Methyl 2-Acetamido-4-0-acetyl-2-deoxy-3-0-[D-l-(methyl car- 
boxylate)ethyl-a-D-glucopyranoside (XI). From X.—A solution 
of 130 mg. of XI in 5 ml. of 60% acetic acid was heated at 100° 
for 15 min. The residue obtained on evaporation was treated 
with water. After filtration the aqueous extract was evaporated 
and the residue crystallized from a mixture of benzene and hexane, 
giving 73 mg. of needles (92%), m.p. 136-138°. Recrystalliza
tion from a mixture of ethyl acetate and hexane raised the m.p. 
to 140-142°, [«] 23d +119° (in chloroform, c 0.62).

Anal. Calcd. for C15H25NO9: C, 49.58; H, 6.94; N, 3.86. 
Found: 0,49.50; H, 7.03; N,3.86.

From VII.—A solution of 4.0 g. of VII in 16 ml. of pyridine and 
3.84 g. of triphenylchlorometaane was kept overnight at room 
temperature. After raising the temperature to 100°, 16 ml. of 
acetic anhydride was added, the solution was allowed to cool 
and left at room temperature for 24 hr. The cooled solution 
then was poured into ice water and the precipitate separated, 
washed thoroughly with water, and dried.

The solid was heated with 5 ml. of 60% acetic acid at 100° for 
15 min., the solution evaporated, and the residue treated with 
water. Evaporation of the aqueous extract and recrystalliza
tion from a mixture of acetone and ether gave 2.6 g. (57%,) of 
needles, m.p. 138-140°, [a]2,D +119° (in chloroform, c3.12).

Methyl 6-0-( 2-Acetamido-3,4,6-tri-0-acetyl-2-deoxy-+n-gluco- 
pyranosyl) - 2 - acetamido - 4 - 0 - acetyl - 2 - deoxy - 3 - 0 - [d-
1- (methyl carboxylate)ethyl]-a-D-glucopyranoside (XIII). A. 
Using Mercuric Cyanide.—To a stirred solution of 1.06 g. of XI 
(0.003 mole) in 40 ml. of dry nitromethane was added 0.88 g. 
(0.0037 mole) of mercuric cyanide and a solution of 2-acetamido-
3,4,6-tri-0-acetyl-2-deoxy-a-n-glucopyranosyl bromide (XII) in 
15 ml. of chloroform, prepared from 1.5 g. of 2-amino-2-deoxv- 
n-glucose pentaacetate (0.0037 mole) according to Inouye, et 
al.u After 20 hr. at room temperature, the preceding quantities 
of mercuric cyanide and XII were again added and the reaction 
allowed to proceed a further 24 hr.

The reaction mixture was diluted with chloroform, washed 
with a little sodium bicarbonate solution and water, and evapo
rated. The residue was dissolved in ethyl acetate and chro
matographed on silicic acid. Ethyl acetate eluted 0.680 g. of 
unchanged XI melting at 138-140° after recrystallization from 
a mixture of acetone and ether. A mixture of ethyl acetate 
and acetone 1:1 eluted a crystalline product which, after one 
recrystallization from a mixture of alcohol and acetone, gave 0.23 
g. (12%) of white needles, m.p. 288-289°, [a]25n +54° (in chloro
form, c 2 .02).

Anal. Calcd. for C59H44N2C+: C, 50.26; H, 6.40; N, 4.04. 
Found: C ,49.76; H,6.57; N,3.92.

The preceding condensation was repeated twice, using XI 
recovered from the previous condensation, giving a further 0.17 
g., m.p. 288-289°, and 0.20 g. of unchanged XI, m.p. 138-140°.

B. Using Silver Oxide.—To a solution of 0.36 g. (0.001 mole) 
of XI in 25 ml. of dry chloroform was added 2 g. of silver oxide, 
2 g. of Drierite (dehydrated calcium sulfate), and XII, prepared 
from 0.0025 mole of 2-amino-2-deoxyglucose pentaacetate, added 
in two equal portions, 24 hr. apart. After 48 hr. at room tem
perature the solution was treated as in A, giving 0.015 g. (2%) 
of product, m.p. 287-288°, identical with the disaccharide 
described previously.
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6-Deoxy-2,3-0-isopropylidene-6-mercapto-D-fructofuranose and l,6-dideoxy-2,3-0-isopropyIidene-6-mercapto- 
D-fructofuranose are prepared. Acid hydrolysis of the former compound produces 6-deoxy-6-mercapto-D- 
fructose which seems to exist with sulfur in a pyranose ring. l,6-Dideoxy-2,3-0-isopropylidene-6-mercapto-D- 
fructofuranose is unstable in acid solution and readily dehydrates to methyl 2-thienyl ketone.

Previous workers2-6 have prepared a number of 
aldoses wherein the normal pyranose ring oxygen is 
replaced with a sulfur atom. Such sugars represent a 
new class of compounds which are not only of chemical 
interest but, where they are analogs of metabolic sugars, 
are also of biological interest. This work reports the 
preparation of 6-deoxy-6-mercapto-n-fructose, the first 
ketose which could cyclize with a sulfur atom in a 
pyranose ring.

The starting material was 2,.3-0-isopropylidene-l,6- 
di-O-p-tolylsulfonyl-D-fructofuranose (I).78 The 1-0- 
p-tolylsulfonoxy group of this compound, as in other 
analogous sulfonated ketoses,9'10 11 12 13 does not undergo 
nucleophilic displacement easily. Thus, reaction of the 
compound with sodium benzyl mercaptide in boiling 
methanol leads only to the displacement of the 6-0 -p- 
tolylsulfonoxy group with the production of 6-dcoxy-
2,3 - 0  - isopropylidene - 6 - thiobenzyl - 1 - 0 - p - 
tolylsulfonyl-D-fructofuranose (II).

The remaining ester group is hydrolyzed only with 
difficulty but is removed by lithium aluminum hydride, 
a reagent successfully employed11-13 for removal of p- 
tolylsulfonyl substituents. In most instances lithium 
aluminum hydride removes a primary p-tolylsulfonoxy 
group by alkyl-oxygen fission, but Schmidt and Karrer 
report that this reagent, on reaction with 2,3:4,o-di-0- 
isopropylidene - 1 - 0  - p - tolylsulfonyl - n - fructopy- 
ranose, produces the sugar alcohol. They believe this 
type of cleavage is a consequence of the sterically 
hindered position of the ester. Reaction of compound 
II with lithium aluminum hydride, however, involves 
desulfonoxylation since the major sugar derivative is
1,6 - dideoxy - 2,3 - 0  - isopropylidene - 6 - thiobenzyl- 
D-fructofuranose (IV). Evidence for this structure is

(1) Journal Paper no. 2039 of the Purdue A gricultural Experim ent S ta
tion, Lafayette, Ind .

(2) R. L. W histler, M. S. Feather, and  D. L. Ingles, J .  A m .  C h e m . S o c . ,  

84, 122 (1962).
(3) T . J . Adley and  L. N. Owen, P r o c .  C h e m .  S o c . ,  418 (1961).
(4) J . C. P. Schw artz and C. P. Yule, i b i d . ,  417 (1961).
(5) M . S. F eather and R. L. W histler, T e t r a h e d r o n  L e t t e r s , No. 15, 667

(1962).
(6) D . L. Ingles and  R . L. W histler, J .  O r g .  C h e m . ,  27, 3896 (1962).
(7) W. T. J . M organ and  T. Reichstein, H e lv .  C h i m .  A c t a ,  21, 1023 

(1938).
(8) E. L. H irst, W. E . A. M itchell, E. E. Pereival, and E. V. G. Percival, 

J .  C h e m .  S o c . , 3170 (1953).
(9) H . M uller and T. Reichstein, H e lv .  C h i m .  A c t a ,  21, 263 (1938).
(10) P . A. Levine and R. S. Tipson, J .  B i o l .  C h e m . ,  120, 607 (1937).
(11) G. W. K enner and M . A. M urray , J .  C h e m .  S o c . ,  406 (1950).
(12) H . Schm idt and  P. K arrer, H e lv .  C h i m .  A c t a ,  32, 1371 (1949).
(13) R . S. Tipson, A d v a n .  C a r b o h y d r a t e  C h e m ., 8, 108 (1953).

given by desulfurization with Raney nickel to produce 
the known 1,6-dideoxy derivative.

Examination of models indicates that the p-tolyl- 
sulfonyl ester is in a more sterically hindered position 
in the 2,3:4,5-di-0-isopropylidene-l-0-p-tolylsulfonyl- 
n-fructopyranose of Schmidt and Karrer than is the 
ester of compound II, thus supporting the view14 that 
the course of desulfonylation with lithium aluminum 
hydride is dependent on the steric make-up of the 
attacked molecule.

Desulfonylation of compound II with sodium 
amalgam produces 6-deoxy-2,3-0-isopropylidene-6-thio- 
benzyl-D-fructofuranose (III) in good yield. Desul
furization of this compound with Raney nickel produces 
the expected 6-deoxy derivative.

Reaction of compounds III and IV with sodium in 
iquid ammonia16 gives 6-deoxy-2,3-0-isopropyIidene-6-

mercapto-D-fructofuranose (V) and l,6-dideoxy-2,3-0- 
isopropylidene-6-mercapto-D-fructofuranose (VI), re
spectively.

Both mercapto compounds V and VI are unstable in 
acid solution. Either methanolysis or hydrolysis of VI

(14) L. W. Trevoy and  W. G. Brown, ./. A m .  C h e m .  S o c . ,  71, 1675 (1949).
(15) N. C. Jam ieson and R. K. Brown, C a n .  J .  C h e m . ,  39, 1765 (1961).
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produces multicomponent sirups. Paper chromato
graphic analyses indicate that, in some instances, the 
same compounds are produced by both methanolysis 
and hydrolysis. Compound VI is easily dehydrated in 
acid solution. Treatment of it with an acidic aqueous 
solution of 2,4-dinitrophenylhydrazine produces the 
crystalline 2,4-dinitrophenylhydrazone of methyl 2- 
thienyl ketone.

Hydrolysis of V likewise produces a complex mixture 
but with the reducing sugar as the major component.
6-Deoxy-6-mercapto-D-fructose is obtained from the 
mixture by Celite column chromatography.

Infrared spectra of this amorphous sugar shows no 
SH stretching or carbonyl absorption. Thus, it ap
pears that a major portion of the sugar exists in the 
pyranose ring form. As with D-xylothiapyranose,3 
only 80% of the total sulfur can be titrated iodometri- 
cally over a two-hour period.

Experimental
2,3-O-Isopropylidene-l ,6-di-O-p-tolylsulfonyl-D-fructofuranose

(I).—This compound was prepared as described by Morgan and 
Reichstein,7 starting with 100-g. portions of D-fructose. On 
recrystallization from ethyl acetate-hexane, the product had 
m.p. 131°, [«]25d +  22.1° (c 2.4, chloroform).

6-Deoxy-2,3-0-isopropylidene-6-thiobenzyl-l -O-p-tolylsulfo- 
nyl-n-fructofuranose (II).—A solution of sodium benzyl 
mercaptide was prepared by reaction of 15.3 g. of elemental 
sodium with 78.0 ml. of benzyl mercaptan in 900 ml. of anhydrous 
methanol.. During the reaction, the mixture was maintained 
under flowing oxygen-free, anhydrous nitrogen and was cooled 
by an ice bath. Following reaction of the sodium, 90.0 g. of 
compound I was added and the solution was refluxed for 4 hr. 
I t  was then concentrated under reduced pressure to a slurry, 
and after the addition of 1 1. of chloroform the mixture was ex
tracted twice with water, three times with saturated aqueous 
sodium hydrogen carbonate solution, and then with water until 
the washings were neutral. After drying the chloroform solu
tion over sodium sulfate, it was concentrated to a sirup which 
retained a slight odor of benzyl mercaptan. On standing several 
hours at 25°, crystallization occurred; yield 60 g. (74%). 
Several recrystallizations from ethyl acetate-hexane produced 
a pure compound; m.p. 120-121°, [«]25d —6.7° (c 2.0, chloro
form ).

Anal. Calcd. for C23H280 7S2: C, 57.47; H, 5.87; S, 13.34. 
Found: C, 57.55; H, 5.68; S, 13.20.

1,6-Dideoxy-2,3-0-isopropylidene-6-thiobenzyl-i>-fructofu- 
ranose (IV).—A solution of 25 g. of II in 250 ml. of tetrahydro- 
furan was cooled to 0°, and 3 g. of lithium aluminum hydride 
was added. After 0.5 hr. the solution was warmer, to 25° for 
2 hr., and then refluxed for 48 hr. Sufficient water was added 
to destroy excess reagent and 100 ml. of saturated aqueous sodium 
suBhte solution was added. The mixture was made slightly acidic 
wiffi dilute hydrochloric acid, and the tetrahydrofuran phase 
was drawn off. The aqueous phase was extracted three suc
cessive times with 100-ml. portions of chloroform. The chloro
form extracts and the removed tetrahydrofuran were combined 
and extracted once with w'ater. On drying the organic phase 
with sodium sulfate and evaporation to a sirup, crystals ap
peared; yield, 12.5 g. (77.5%). Two recrystallizations produced 
pure compound IV; m.p. 93°, [a]25D —34.8° (c 2.0, chloroform). 
A 1-g. portion of compound IV was dissolved in 30 ml. of ethanol 
containing 5 g. of freshly prepared Raney nickel. This suspen
sion Was stirred at reflux for 40 hr. and filtered. Concentration 
of the filtrate produced crystals which were sublimed at 60° 
(0.2 mm.). The resulting l,6-deoxy-2,3-0-isopropylidene-D- 
fructofuranose7 was recrystallized from ethyl acetate-hexane; 
m.p. 59-62°, [<*]26d  +8.2° (c3.6,methanol).

6-Deoxy-2,3-0-isopropylidene-6-thiobenzyl-D-fructofuranose
(III).—A 23-g. sample of II was slurried with 300 ml. of methanol 
and 150 g. of 5% sodium amalgam was added with vigorous 
stirring. After 2 hr., 50 ml. of water was added and stirring was 
continued for 24 hr. The decanted methanol solution was cooled 
to 0°, acidified with 5 N  hydrochloric acid solution, and ex

tracted with four successive 100-ml. portions of chloroform. 
The combined chloroform extracts were washed once with 
saturated sodium hydrogen carbonate solution, then with water, 
and dried over sodium sulfate. Concentration produced com
pound III, which crystallized; yield, 14.3 g. (07%). The 
compound was recrystallized from ethyl acetate-hexane; m.p.
95-96°, [a]26n —13.9° (c 2.4, methanol). A 1-g. sample of 
compound III was desulfurized with Raney nickel as described 
previously to produce 6-deoxy-2,3-0-isopropylidene-D-fructo- 
furanose7; m.p. 114°, [a]25D +6.5° (c3.2, methanol), after subli
mation at 115-130° and 0.2-mm. pressure.

l,6-Dideoxy-2,3-0-isopropylidene-6-mercapto-D-fructofuranose
(VI).—A 10-g. sample of compound IV was dissolved in 100 ml. 
of liquid ammonia held in an acetone-Dry Ice bath. The 
atmosphere above the solution was continuously swept with 
oxygen-free, anhydrous nitrogen and small pieces of sodium 
were added while the solution was stirred. The addition of 
sodium was continued until the characteristic blue color was 
maintained for 15 min. An excess of ammonium chloride (10 
g.) was then added, and the ammonia was allowed to evaporate 
in a stream of nitrogen. The dry solids were extracted three 
times with boiling chloroform in 50-ml. portions, and the com
bined extracts were washed with water and dried over sodium 
sulfate. Concentration of the chloroform produced a sirup 
which gave crystals of compound VI. This was recrystallized 
from ethyl acetate-hexane; yield, 5.8 g. (82%), m.p. 70-72°, 
[o:]26n —2.8° (c 2.7, chloroform).

Anal. Calcd. for C9H160 43: C, 49.07; H, 7.32; S, 14.56. 
Found: C, 49.32; H, 7.54; S, 14.68.

A 250-mg. portion of compound VI was dissolved in 10 ml. of 
methanol and 10 ml. of 2 ,V hydrochloric acid solution was 
slowly added. The progress of the hydrolysis, at 25°, was 
followed by periodically chromatographing aliquots on paper. 
Chromatograms were irrigated with 1-butanol-ethanol-water 
(40:11:19 v ./v .) and sprayed with silver nitrate solution.16 
After 4 hr. of hydrolysis, there were four chromatographic com
ponents of approximately equal intensity having I?Eiucose values 
of 1.9, 2.8, 4.4, and 4.9. Methanolysis of compound VI for 24 
hr. at 25° with 0.5% methanolic hydrogen chloride solution 
produced components with jRgiUCOB(, values of 2.3, 2.8,3.3,4.4, and
4.9.

A 0.5-g. portion of compound VI was dissolved in 5 ml. of 
30% perchloric acid solution containing 0.4 g. of 2,4-dinitro
phenylhydrazine. After warming the solution at 60° for 5 min. 
a crystalline precipitate appeared. Recrystallization from di- 
methylformamide produced material which had m.p. 244-245°.

Methyl 2-thienyl ketone was prepared as described elsewhere.17 
Its 2,4-dinitrophenylhydrazone was prepared as described for 
compound VI and was recrystallized from dimethylformamide; 
m.p. 244-245°,18 19 m.m.p. with the hydrazone of compound VI,
244-245°. The X-ray diffraction patterns of the two hydrazones 
were identical.

6-Deoxy-2,3-0-isopropylidene-6-mercapto-D-fructofuranose
(V).—This compound was produced by reduction of compound 
III with sodium in liquid ammonia as described before. Since 
precipitation occurred as the reaction progressed, it was neces
sary, for easy stirring, to employ 200 ml. of ammonia for each 
10 g. of compound III. After the blue color persisted for 0.5 
hr., compound V was isolated in the usual fashion, and re
crystallized from hexane; yield, 5.8 g. (81%), m.p. 76-77°, 
[a]25D +4.9° (c 2.1, methanol).

Anal. Calcd. for C9Hl60 5S: C, 45.75; H, 6.80; S, 13.57. 
Found: C, 45.79; H, 6.99; S, 13.75.

Compound V could be easily hydrolyzed to the free 6-deoxy-6- 
mercapto-D-fructose. A 5-g. portion of V was dissolved in 50 
ml. in 1 A7 hydrochloric acid in 50% aqueous methanol. The 
hydrolysis was allowed to proceed for 24 hr. at 25°. The solu
tion was neutralized with Amberlite IR-4B (OH) and concen

(16) W. E. Trevelyan, D. P. Procter, and J. S. H arrison, N a t u r e ,  166, 444 
(1950).

(17) J . R . Johnson and G. E . M ay, “Organic Syntheses,” Coll. Vol. II , 
John  Wiley and  Sons, Inc., New York, N. Y., 1943, p. 8.

(18) G. D. Johnson, J .  A m .  C h e m .  S o c . ,  75, 2720 (1953).
(19) R. V. Lemieux, C. T. Bishop, and G. E , Pelletier, C a n .  J .  C h e m . ,  34, 

1365 (1956).
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trated to a sirup. Paper chromatograms, irrigated and sprayed, 
with the reagents indicated previously, showed one major com
ponent having Rei„ cose 1 - 3 •

The sugar was purified by elution from a Celite column19 
using 1-butanol saturated with water as the mobile phase; 
[ a ] 25D  —179° (c 0.9, water).

Anal. Calcd. for C6Hi205S; S, 16.3. Found: S, 16.4.

A 26-mg. sample of this sugar was dissolved in 2% acetic acid 
solution and titrated with standard iodine solution. After 2 hr. 
at 25°, 2.0 ml. of 0.0530 N iodine solution was consumed.

A portion of the purified sugar was dissolved in water to an 
initial concentration of 3.8 mg./ml. and used in a. series of 
measurements in a vapor pressure osmometer. Calcd.: mol. 
wt., 196. Found: mol. wt., 198.

T h io g ly c o s id e s  o f  S -A m in o -S -d e o x y -D -m a n n o se 1
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The reaction of some D-mannose derivatives with ethanethiol and concentrated hydrochloric acid was in
vestigated. Mercaptolysis of methyl 3-amino-3-deoxy-<*-D-mannopyranoside hydrochloride (II) gives a mix
ture of the crystalline ethyl 3-ammo-3-deoxy-l-thio-a- and /S-D-mannopyranoside hydrochlorides (40% I and 
60% III) in high yield, readily separable as the crystalline tetraacetates (IV and VII). The structures of I 
and III were established by periodate oxidation data on the corresponding ,V-acetyl derivatives (V and VIII). 
The behavior of a number of simple sugars in the mercaptalation reaction was examined.

The objective of this investigation was to study ap
parent anomalies in the reactions of D-mannose deriva
tives with ethanethiol in concentrated hydrochloric 
acid solution and to devise a suitable preparative route 
to 1-thioglycosides of 3-amino-3-deoxy-D-mannose.

The reaction between aldoses and alkanethiols in 
concentrated aqueous acid, at about 0°, leads to the 
formation of the acyclic dithioacctals in high yield 
when these products are removed from the reaction 
sphere by crystallization2 or by rapid neutralization of 
the acid.3 If this, apparently initial, product is not so 
removed or if the dithioacetal is put back into the sys
tem ,4 5 1-thioglycosides are formed and hydrolysis to 
the aldose occurs. The 1-thioglycosides found, in the 
cases investigated, have been pyranosides. The reac
tion can be influenced by stefic factors, such as sugar 
configuration, and by polar factors, such as those intro
duced by the presence of an ammo group.

Prolonged treatment of D-mannose with ethanethiol 
and concentrated (12 N )  hydrochloric acid at room 
temperature, under conditions wherein any dithioacetal 
formed would not separate, gave a 31% yield of the 
ethyl 1-thio-a- and /3-D-mannopyranosides, isolated as 
the tetraacetates.3 In our hands, a paper chromato
graphic study of this reaction (Table I) showed that 
after five minutes all of the D-mannose had reacted, 
and that the diethyl dithioacetal was the principal prod
uct, although small proportions of two thioglycosides 
were present. Levene and Meyer6 reported isolation 
of D-mannose diethyl dithioacetal in 63% yield after 
five minutes under similar conditions. At longer reac
tion times, the intensities of the thioglycoside zones in
creased at the expense of the dithioacetal, and a weaker 
zone corresponding to D-mannose appeared. The dis
tribution of the four products, by visual comparison, 
was essentially constant after four hours.

(1) This work was supported  by  a g ran t no- CY-3232 (C5)(O .S.U .R .F . 
Proj. 759E) from th e  D epartm en t of H ealth , Education , and  Welfare, 
Public H ealth  Service, N ational In s titu te s  of H ealth , B ethesda, M d.

(2) E. Fischer, B e r . ,  27, 673 (1894).
(3) M. L. Wolfrom, M . R, Newlin, and E . E. Stahly, J .  A m .  C h e m .  S o c . ,  

53, 4379 (1931); M. L. W olfrom and  F. B. M oody, ibid., 62, 3465 (1940).
(4) E . Pacsu and  E. J . Wilson, Jr., i b i d . ,  61, 1930 (1939); P. Brigl, K. 

Gronemeier, and A. Schulz, B e r . ,  72, 1052 (1939).
(5) J. Fried and  D. E. Walz, J .  A m .  C h e m .  S o c . ,  71, 140 (1949).
(6) P. A. Levene and G. M. M eyer, J .  B i o l .  C h e m . .  74, 695 (1927).

T a b l e  I
P a p e b  C i-ib o m a t o g r a p h ic  D a t a “ o n  M e r c a p t o l y s is  o f  A l d o s e  

D e r i v a t i v e s  a t  25°

Com pound 
( c  10, 12 N  HC1)

n-Mannose^

Time
of re- ✓--------------- —Observed products^---- -—*——•

action, D ithio- Anonieric
min. Aldose acetal thiopyranosidesc

Rman 1.00 Rman 2.66 R m a n  2.11 /¿man 2.39

5
60

240
1440

+ + + +  +  
+  + + + +  + + +  
+  + + + +  + + +  

+ +  + + +  + + +

( + j
+ +

D-Glucosê

n-Galactose1*

© o fig 2.75 fig 2.23 Kg 2.52
5 (+ ) +  +  +  + ( +  )

60 (+ ) +  +  +  + +
240 +  + +  + +  + +

1440 +  +  ~f +  + +
Rg&i 1-00 figal 2.85 ^gal 2.17

5 + +  +  +  + +
60 +  +  + +

240 +  +  + +
1440 +  + ( +  ) +  +

“ Details given in Experimental. b Relative intensity, esti
mated visually. These values do not necessarily represent rela
tive absolute intensities since the components vary in their re
activity with the spray reagent. c Probable identities, not com
pared with known samples. The zone Rgai 2.17 was elongated 
and possibly a mixture of two incompletely resolved zones. 
d The R values refer to the respective parent aldose; mannose, 
glucose, or galactose, denoted as a subscript, with a 4:1:5 1- 
butanol-ethanol-water system.

Under similar conditions, D-glucose gives ethyl 1-thio- 
a-D-glucopyranoside in 15% yield, together with un
changed D-glucose and, probably, some /3-d anomer; no 
diethyl dithioacetal was detected.4 o-Glucose diethyl 
dithioacetal and ethyl 1-thio-a-D-glucofuranoside are 
converted into the acid-resistant7 ethyl l-thio-a-D- 
glucopyranoside by 22% hydrochloric acid under 
the same conditions, whether or not ethanethiol is 
present, and some D-glucose is formed.4 Our paper 
chromatographic studies confirm these results and show 
that the behavior of D-galactose is closely similar 
(Table I ) ; in each case the initial reaction of the sugar 
with ethanethiol and concentrated hydrochloric acid 
a t room temperature is rapid, with almost complete

(7) E. Pacsu and E. .T. Wilson, Jr., J . A m . Chem. Soc., 61, 1450 (1939).
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c h 2o h c h 2oh c h 2oh

EtSH, HCl EtSH, HCl

c h 2o r c h 2o h c h 2o r

IV.R = Ac 
V.R = H

VI VIL R = Ac 
VIII.R = H

conversion to the dithioacetal in five minutes. Subse
quently the dithioacetal undergoes conversion to other 
products and is present only in traces after twenty- 
four hours, while a small amount of the free sugar 
appears, and zones with the mobilities anticipated for 
thioglycosides form the principal detected products.

The results would suggest that the dialkyl dithio
acetal is formed by a rapid, kinetically controlled reac
tion, which is followed by a slower acid-catalyzed 
reaction which gives at equilibrium the distribution of 
products according to their thermodynamic stabilities 
in the system.

Glycosidically linked sugars can also react with 
alkanethiol and hydrochloric acid to give dialkyl 
dithioacetals,8 and this reaction is the basis of the 
mercaptolysis procedure9 for fragmentation of oligo- 
and polysaccharides into dialkyl dithioacetals of com
ponent sugars or oligosaccharides. It has been noted10 
that D-mannose derivatives exhibit anomalous reac
tivity. Mercaptolysis of mannosidostreptomycin gave 
ethyl 1-thio-a- and /3-D-mannopyranosides, rather 
than the expected dithioacetal, from the D-mannose 
moiety. Mercaptolysis of methyl a-D-maiinopyrano- 
side also gave the thioglycoside, ethyl l-thio-/3-D-man- 
nopyranoside,6 and, although the isolated yield (as the 
tetraacetate) was low (5%), the reaction offered for 
the present work the possibility of a one-step conver
sion of a mannopyranoside derivative into a 1-thio- 
mannopyranoside derivative with avoidance of possible 
complications in proceeding through the free sugar.

The results of this investigation show that methyl 
3 - amino - 3 - deoxy - d - mannopyranoside hydrochloride 
(II),11 which can be readily prepared12 from methyl 
a-D-glucopyranoside, can be converted by mercaptoly
sis into the ethyl 3-amino-3-deoxy-l-thio-a- and /3-d- 
mannopyranoside hydrochlorides (40% I and 60% III) 
in high (71%) yield. The two products are formed in

(8) F . J . M cEvoy, B. R. B aker, and M . J. Weiss, J .  A m .  C h e m .  S u e . ,  82, 
209 (1960).

(9) M. L. W olfrom and J . C. Sowden, i b i d . ,  60, 3009 (1938); C. Araki 
an d  S. H irase, B u l l .  C h e m .  S o c .  J a p a n ,  26, 463 (1953); A. N. O’Neill and 
D. K. R. S tew art, C a n .  J .  C h e m . ,  34, 1700 (1956); M. L. W olfrom and A. 
Thom pson, “ M ethods in  C arbohydrate  C hem istry ,”  R . L. W histler and 
M . L. W olfrom, Ed., Vol. I l l ,  Academic Press, New York, N. Y., 1963, p. 150.

(10) J . Fried and  H . E. Stavely, J .  A m .  C h e m .  S o c . ,  69, 1549 (1947); 
H. E . Stavely and J . Fried, i b i d . ,  71, 135 (1949).

(11) H. H. B aer and H, O. L. Fischer, i b i d . ,  83, 1132 (1961).

the indicated ratios, based on the rotation of 
the mixture, and are best separated through 
their acetylated derivatives (IV and VII).
O-Deacetylation of IV and VII with metha- 
nolic ammonia gave the corresponding ethyl
3-acetamido-3-deoxy-l-thio-a- and /3-D-man- 
nopyranosides (V and VIII). The pyrano- 
side ring structure in all six thioglycoside 
derivatives was established by periodate oxi
dation (Table II) of V and VIII, since in each 
case formaldehyde was not released in the oxi
dation. Both derivatives consumed one mole 
of oxidant per mole during a three-hour 
period and no further uptake was observed. 
The consumption of one mole of oxidant per 
mole by thioglycosides, in excess of that re
quired for a Malaprade type of oxidation, has 
been generally observed,13'14 and appears to 
involve, at the sulfur function, a reaction 
whose nature has not been fully established. 

The lack of further oxidation in the case of V and VIII 
is fully consistent with the pyranoside Structure, de
duced from the absence of formaldehyde in the oxida
tion product and establishes that V and VIII are 
anomers, assigned the ct-D  and /3-d  configurations, 
respectively, on the basis of Hudson’s rules of rotation.15 
The structures assigned to the derivatives I, III, IV, 
and VII follow from the identification of configuration 
and ring size in V and VIII.

Table III lists the molecular rotations of the six 
derivatives of ethyl 3-amino-3-deoxy-l-thio-D-manno- 
pyranoside, together with corresponding data on the 
ethyl 1-thio-D-mannopyranosides.5 The A value (rota
tory contribution of C-l) shows good correlation be
tween the three pairs of derivatives, and with the 
reported5 value for the anomeric ethyl 2,3,4,6-tetra-O- 
acetyl-l-thio-D-mannopyranosides.

The two thioglycosides I and III have paper chro
matographic mobilities Rm (Rm = mobility of II) 
of 1.43 and 1.22, respectively. The reaction product

T a b l e  II
P erio d ate  Oxidation  of E thyl 3-Acetam ido-3-deoxy-1- 

THIO-a- AND /J-D-MANNOrYRANOSIDES (V AND VIII)“
Com Time, Oxidant Form aldehyde Formic acid
pound min. uptake5 release^ release5

V 10 0 .67
20 .94
00 .98

120 0.00 0.00
180 .98
360 .98

1440 1.0 4 0.00
VIII 10 0 .6 1

20 .93
60 .95

120 .95 0.00 0.00
180 1.0 3
480 1.0 3

1440 1.0 3 0.00
a Details given in Experimental. 6 Moles per mole of sample.

(12) A. C. R ichardson, J .  C h e m .  S o c . ,  373 (1962).
(13) L. Hough and M. I. T aha, i b i d . ,  2042 (1956).
(14) S. Okui, Y a k u g a k u  Z a s s h i ,  75, 1262 (1955); M. L. W olfrom and Z. 

Yosizawa, J .  A m .  C h e m .  S o c . ,  81, 3477 (1959); M . L. W olfrom , Z. Yosizawa, 
and  B. O. Ju liano , J .  O r g .  C h e m . ,  24, 1529 (1959).

(15) C. S. H udson, J .  A m .  C h e m .  S o c . ,  31, 66 (1909).
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Table III
M o l e c u la r  R o t a to r y  D a t a

Com pound

Ethyl 3-amino-3-deoxy-l-thio-D-mannopyranoside hydrochloride (I and III) 
Ethyl 3-acetamido-2,4,6-tri-0-acetyl-3-deoxy-l-thio-D-mannopyranoside (IV and

VII)
Ethyl 3-acetamido-3-deoxy-l~thio-D-mannopyranoside (V and VIII)
Ethyl 2,3,4,6-tetra-O-acetyl-l-thio-D-mannopyranoside6 

a See ref. 15. b See ref. 5.

a-D-Anomer 
[o; ]d [M ]n 

degrees

(S-D-Anomer 
[ck]d [M ]d 

degrees Solvent

P artia l
molecular
ro ta tion0

A

+  137 35500 -9 5 -24650 h 2o 30,100

+  57 22300 -9 5 -37150 CHCh 29,700
+93 24650 -146 -38700 MeOH 31,650

+  104 40800 -6 7 -26300 CHCh 33,500

contained a third, minor component, Rm 1.85. Its 
mobility was that expected of the dithioacetal, but it 
could not be isolated in the crystalline state. In 
addition a trace of a zone Rm 0.70, with chromato
graphic behavior identical to that of 3-amino-3-deoxy- 
D-mannose hydrochloride (VI), was present. Chro
matographic analysis of the product at shorter reaction 
times (Table IV) revealed the presence of starting 
material (II), but at no intermediate time could a 
greater amount of the zone Rm 1.85 be detected. When 
the reaction was conducted for five days at 10° the 
isolated yield of crystalline I +  III was only 34%, 
although chromatography showed that the remaining 
sirup still contained these products. The zone Rm 
1.85 was still only a minor component, although sig
nificantly more of the zone Rm 0.70, apparently 3-amino-
3-deoxy-D-mannose hydrochloride (VI), was present 
in the sirup.

The results indicate that mercaptolysis of II is an 
excellent preparative route for I and III, but it was 
considered of interest to study the course of the mer- 
captalation reaction on free 3-amino-3-deoxy-D-mannose 
hydrochloride (VI).

Dithioacetal formation from 2-amino-2-deoxy-D- 
glucose hydrochloride is known to be sluggish,16 unless 
forcing conditions, with fuming hydrochloric acid, are 
used,17 or the charged amino group is eliminated by use 
of the acetamido analog.16 In contrast it was found 
that 3-amino-3-deoxy-D-mannose hydrochloride (VI) 
reacts rapidly with 12 N  hydrochloric acid and ethane- 
thiol at room temperature, and only a trace of VI was 
present after four hours (Table IV). Considerable 
conversion to the thioglycosides Rm 1.43 (I) and 1.22 
(III) had occurred after five minutes, and a relatively

T a b l e  IV
P a p e r  C h r o m ato g r aph ic  D a t a “ on M e r c a p t o l y s is  o f  3-

A m in o-3-d e o x y-d-m a n n o se  D e r iv a t iv e s  a t  25°

Com
pound <----- •——-—*—  Observed products6’0 —*—-
(c 10, Tim e of D ithio
12 N reaction, VI, II , II I , I, acetal,
HC1) min. R m  0.70 R m  1.00 R m  1.22

OO8Û3 R m  1.85

VI 5 + + +  + + + +
60 + +  + + + +  +  +

240 ( + ) +  + + + + + +
1440 ( + ) +  + + + + + + +

II 5 + +  +  + ( +  )
60 + +  + + + +

240 + ( + ) + +  + +  + +
1440 + + ( +  ) +  + +  +  + + +

a See footnote a  of Table I. 6 See footnote b  of Table I.
c Rm values denote mobility relative to II.

(10) M. L. Wolfrom and K. Anno, J .  A m . C h e m .  S o c . ,  74, 6150 (1952). 
(17) M . W . W hitehouse, P. W. K ent, and  C. A. P asternak , J .  C h e m .  S o c . ,  

2315 (1954).

larger proportion of product of Rm 1.85 (probably the 
dithioacetal) was also present. At longer reaction 
times, the thioglycosides became the preponderant 
products, although, even after one day, the proportion 
of the product of Rm 1.85 present was greater than that 
formed in the mercaptolysis of II. I t is evident that the 
reactivity of VI is very different from that of 2-amino- 
2-deoxy-D-glucose and is qualitatively closely similar 
to the behavior of n-mannose on mercaptalation. 
The lower over-all reaction rate of VI is presumably due 
to inhibition, by the positively charged -N H 3+ group 
in the molecule, of protonation at the glycosidic center, 
this protonation being the first stage in the mercap
talation reaction.

Experimental13
Reaction of Methyl 3-Amino-3-deoxy-a-n-mannopyranoside 

Hydrochloride (II) with Ethanethiol and Hydrochloric Acid.—
Methyl 3-amino-3-deoxy-a-D-mannopyranoside hydrochloride
(II) was prepared in 23% yield from methyl a-D-glucopyranoside 
by the sequence of Baer and Fischer11 with the modifications de
scribed by Richardson.12 A chilled solution of II (5 g.) in con
centrated hydrochloric acid (20 ml.) was treated with ethanethiol 
(10 ml.), and shaken for 24 hr. at room temperature. After 
dilution with ethanol (100 ml.) the solution was neutralized with 
lead carbonate, filtered, and the combined filtrate and ethanol 
washings concentrated to give a crystalline solid; yield 4.0 g. 
(71%), [«]%> +32 ±  1.5° (c 0.4, water). Paper chromatograms 
of this material showed zones of R,„ 1.22 and 1.43. Repeated 
fractional recrystallization gave fine needles of pure ethyl 3- 
amino-3-deoxy-l -thio-/3-D-mannopyranoside hydrochloride ( III ) ; 
Rm 1.22 as the less soluble component, m.p. 240-245° dec. 
(browning at 224°), [ « ] 21d  —95 ±  0.6° ( c  1.7, water); 3.0
(OH), 7.90 (SEt), 11.26 (axial H at C-l); X-ray powder dif
fraction data19: 12.72 s (2), 7.79 vs (1), 6.61 vw, 5.37 vw, 4.61 w,
4.37 m, 4.15 s (2,2), 3.99 m, 3.59 w, 3.29 m (3), 3.05 vw, 2.86 
vw.

Anal. Calcd. for C8H,8C1N04S: C, 36.99; H, 6.93; N, 5.39; 
S, 12.33. Found: C, 37.11; H, 7.48; N, 5.32; S, 12.02.

The second component, ethyl 3-amino-3-deoxy-l-thio-a-D- 
mannopyranoside hydrochloride (I), Rm 1.43, was isolated as 
needles from the mother liquors from crystallization of III ; m.p. 
218-220° dec. (browning at 195°), [a]21D +137 ±  1.8° (c 0.55, 
water); X™r(rt 3.0 (OH), 7.91 (SEt), 11.86 (equatorial H at 
C-l); X-ray powder diffraction data19: 11.63 s (2), 9.36 vw, 7.86 
vs (1), 6.71 vw, 6.21 m, 5.42 m, 4.78 vw, 4.52 s (2,2), 3.91 w,
3.57 m (3), 3.43 m, 2.95 vw.

(18) M elting points were taken with a  H ershberg apparatu s. Specific 
ro ta tions were determ ined in a 2-dm. polarim eter tube. In frared  spectra  
were determ ined on a  Perkin-E lm er Infracord infrared spectrophotom eter 
with pellets pressed from  a  finely ground m ixture of the  sam ple with dried 
analy tical reagent grade potassium  bromide. P aper chrom atography was 
carried o u t by  th e  descending technique with the upper layer of a  4:155
1-butanol-ethanol—w ater system , and H m  refers to  m obility  relative to  th a t  
of m ethyl 3~amino-3~deoxy-a-D-mannose hydrochloride. Zones were de
tected  by the silver n itra te /sod ium  hydroxide procedure [W. E. Trevelyan, 
D. P. Proctor, and J. S. Harrison, N a t u r e .  166, 444 (1950)].

(19) In te rp lan a r spacing, A., C uK a radiation. R elative in tensity ,
estim ated  visually: s, strong; m, m edium ; w, w eak; v, very. F irst few
lines are num bered (1, strongest); double num bers indicate approxim ately 
equal intensities.
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Anal. Calcd. for C8H,8C1N04S: C, 36.99; H, 6.93; N, 5.39; 
S, 12.33. Found: C, 37.24; H, 7.40; N, 5.58; S, 12.18.

The reaction was repeated with the same quantities of reac
tants, but with shaking 5 days at 10° before isolation of products. 
Crystalline I +  III were isolated; combined yield 34%. The 
residual sirup showed on chromatography zones Rm 1.22 and
l .  43 corresponding to III and I, plus additional zones Um 0.70 
and 1.85. The product Rm 0.70 showed chromatographic be
havior identical to that of 3-amino-3-deoxy-D-mannose hydro
chloride.

At reaction times shorter than 24 hr., at room temperature, the 
product contained some unchanged starting material, a weak 
zone Rm 1.85, and a product Rm 0.70, apparently 3-amino-3- 
deoxy-D-mannose hydrochloride.

Ethyl 3-Acetamido-2,4,6-tri-0-acetyl-3-deoxy-l-thio-/3-D-manno- 
pyranoside (VII).—The crystalline mixture of I and III from the 
preceding preparation (1.0 g.) was treated with pyridine (16 
ml.) and acetic anhydride (16 ml.) for 24 hr. at room tem
perature; the mixture was poured into iced water (50 ml.) and 
after 1 hr. the solution was extracted with two 50-ml. portions of 
chloroform. The extracts were washed with water, dried (mag
nesium sulfate), evaporated, and the sirup was crystallized from 
ether (50 ml.); yield 0.68 g. (45%). The product was recrystal
lized from ethanol with little loss to give pure VII as needles;
m. p. 162-164°, [ « ] 22d  -9 5  ±  1.3° (c 0.76, chloroform);
5.77 (OAc), 5.95, 6.60 (NHAc), 11.14 (axial H at C-l); X-ray 
powder diffraction data'9: 10.40 s (1), 7.69 vw, 6.76 s (3), 5.52 
vw, 4.63 m, 4.45 vw, 4.13 s (2), 3.81 m, 3.32 w, 2.77 w, 2.70 vw,
2.31 vw.

Anal. Calcd. for CisIGNOsS: C, 49.10; H, 6.39; N, 3.58. 
Found: C, 48.69; H, 6.47; N, 3.61.

The melting point of the product was undepressed on admixture 
with a sample of VII prepared from pure ethyl 3-amino-3-deoxy- 
l-thio-(3-D-mannopyranoside hydrochloride (III) by a similar 
acetylation procedure.

Ethyl 3-Acetamido-2,4,6-tri-0-acetyl-3-deoxy-l-thio-a-D-manno- 
pyranoside (IV).—Concentration of the ether mother liquors from 
the preceding preparation gave a sirup which crystallized on trit
uration with petroleum ether; yield 0.52 g. (35%). Recrystal
lization from ether gave pure IV as fine needles; m.p. 122-124°, 
[«]22o +57 ±  0.9° (c 0.52, chloroform); 5.75 (OAc),
6.05, 6.65 (NHAc), 11.86 (equatorial H at C-l); X-ray powder 
diffraction data19: 15.11 vw, 10.17 w, 9.03 m, 7.94 vs (1), 6.78 
m, 5.81 s (2), 5.32 vw, 5.05 vw, 4.62 s (3), 4.43 s (3,3), 4.18 vw, 
3.95 s (2,2), 3.70 w, 3.64 w.

Anal. Calcd. for Ci6H25NOaS: C, 49.10; H, 6.33; N, 3.58. 
Found: C, 49.36; H, 6.28; N, 3.66.

The melting point of the product was undepressed on admixture 
with a sample of IV prepared from pure ethyl 3-amino-3-deoxy- 
1 -thio-o’-D-mannopyranoside hydrochloride (I) by a similar 
acetylation procedure.

Ethyl 3-Acetamido-3-deoxy-l-thio-a-D-mannopyranoside (V).—
Dry ammonia gas was passed for 30 min. through a solution of 
ethyl 3-acetamido-2,4,6-tri-0-acetyl-3-deoxy-l-thio-«-D-manno- 
pyranoside (IV, 0.20 g.) in methanol (10 ml.) at 0°. After 1 hr. 
at room temperature the solution was evaporated and the crystal
line product was recrystallized from ethanol; yield 0.10 g. 
(74%,); m.p. 224-226°', [« P d +93 ±  1.5° (c 0.34, methanol); 
kL%> 3.0 (OH), 6.05, 6.45 (NHAc), 7.88 (SEt), 11.86 (equatorial 
H at C -l); X-ray powder diffraction data18: 8.42 m, 7.23 w, 6.39 
s (2), 5.81 vs (1), 4.90 vw, 4.80 w, 4.20 m (3), 3.88 vw, 3.67 vw,
3.51 vw, 3.20 vw, 2.99 vw.

Anal. Calcd. for C10H19NO5S: C, 45.28; H, 7.17; N, 5.28. 
Found: C, 45.06; H, 7.13; N, 5.17.

Ethyl 3-Acetamido-3-deoxy-l-thio-/j-o-mannopyranoside (VIII).
—This compound was prepared from ethyl 3-acetamido-2,4,6-tri- 
O-acetyl-3-deoxy-l-thio-d-D-mannopyranoside (VII) by the same 
procedure as that used for the a - D  anomer, and was obtained as 
needles from ethanol; yield 74%; m.p. 234-235°, [«]md —146 ±  
2° (c 0.25, methanol); X ^ (w 3.0(OH), 6.05, 6.50 (NHAc), 7.90 
(SEt), 11.26 (axial H at C-l); X-ray powder diffraction data19: 
11.87 m, 10.78 s (3), 4.73 vw, 4.47 s (2), 4.24 s (2,2), 3.74 s (1),
3.01 vw, 2.70 vw, 2.52 vw, 2.41 w, 2.20 vw.

Anal. Calcd. for CioHi9N 05S: C, 45.28; H, 7.17; N, 5.28. 
Found: C, 44.90; H, 7.02; N, 5.15.

Periodate Oxidation of Ethyl 3-Acetamido-3-deoxy-l-thio-a- 
and 0-D-mannopyranosides (V and VIII).—Solutions of the sample 
(20 mg., 0.75 mmoles) in water were treated with 0.25 M  sodium 
metaperiodate solution (10 ml., 2.5 mmoles) and at once made up 
to 100 ml. and stored at room temperature in the dark. Blanks 
were prepared similarly, omitting the sample. Periodate uptake 
was determined on 5-rnl. aliquots by the arsenite-iodine method,20 
and formic acid was determined after addition of 2 drops of 
ethylene glycol by titration with 0.02 N sodium hydroxide to the 
end point with methyl red. Formaldehyde was determined by 
the chromotropic acid method.21 The results are summarized in 
Table II.

Reaction of D-Mannose and 3-Amino-3-deoxy-D-mannose Hy
drochloride (VI) with Ethanethiol and Hydrochloric Acid at 25°. 
—A mixture of the sugar (100 mg.), concentrated hydrochloric 
acid (1.0 ml.), and ethanethiol (1.0 ml.) was shaken at room 
temperature (ca. 25°). Aliquots of the reaction were withdrawn 
at selected time intervals, neutralized by stirring with lead car
bonate in ethanol, filtered, and evaporated. Paper chromatog
raphy of the products revealed, in the case of D-mannose, the 
presence of a product Rmnn 2.66 corresponding to D-mannose 
diethyl dithioacetal, and two products, liman 2.11 and 2.39, be
lieved to be thioglycosides. In the case of 3-amino-3-deoxy-D- 
mannose hydrochloride, products with Rm 1.43 and 1.22, corre
sponding to I and III, respectively, together with a product Rm
1.85, believed to be the dithioacetal, and a product Rm 0.70, ap
parently starting material, were obtained. The approximate in
tensities of the zones on the chromatograms, estimated visually, 
at various reaction times, are listed in Table IV. Comparable 
data for the mercaptolysis of methyl 3-amino-3-deoxy-a-D-man- 
nopyranoside hydrochloride (II) also are listed.

Reaction of D-Glucose and of p-Galactose with Ethanethiol 
and Hydrochloric Acid at 25°.—The procedure used in the pre
ceding experiment was followed, and the results are recorded in 
Table I. The zones Re 1.00 and 7iEa 1 1.00 corresponded to the 
respective parent sugars, and the zones R s 2.75 and 7?eai 2.85 
corresponded in mobility and behavior to those given by the di
ethyl dithioacetals of D-glucose and o-galactose, respectively. In 
both cases rapid conversion of the free sugar to the dithioacetal 
appeared to take place, followed by a slower reaction wherein the 
dithioacetal disappeared, the free sugar was formed, and products 
with mobilities corresponding to thioglycosides appeared.

A c k n o w le d g m e n t.—The technical assistance of W. N. 
Rond is gra tefully acknowledged as is also the counsel of 
the late Dr. Alva Thompson.

(20) P . F. F leury  and J. Lange, J .  Pharm. C h i m . ,  1 7 ,  107, 196 (1933).
(21) J. F. O ’D ea and  R. A. Gibbons, B i o c h e m .  J . ,  55, 580 (1953).
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The synthesis of 19-hydroxyandrost-4-ene-3,17-dione, which has already been converted to a variety of C-19 
oxygenated biosynthesis intermediates, is described. Treatment of androstenolone acetate with hypochlorous 
acid gave 5a-chloro-3/3-hydroxyandrostan-17-one acetate. The nitrite ester derived from the foregoing chloro- 
hydrin gave, on photolysis, the corresponding 19-oxime, which, on treatment with zinc in acetic acid, gave the 
corresponding A6 compound, which furnished the 19-nitiile with acetic anhydride. Reduction of the 17-ketone 
with tri-i-butoxy lithium aluminum hydride, followed by partial reduction of the nitrile to the aldehyde with 
lithium aluminum hydride, gave 19-oxoandrost-5-ene-3/S,170-diol. The corresponding 19-alcohol was obtained 
with sodium borohydride, and Oppenauer oxidation gave the final product.

The determination of the biosynthetic pathway for 
the conversion of androgens to estrogens for some years 
has been an important problem. It has been demon
strated that 19-hydroxyandrost-4-ene-3,17-dione is an 
intermediate in the conversion of androst-4-ene-3,17- 
dione to estradiol.3 More recent research4 5 has been 
concerned with the nature of the intermediates follow
ing this 19-hydroxy steroid in the biosynthetic se
quence. This work indicates that the A1 derivative 
of either 19-hydroxyandrost-4-ene-3,17-dione or of the 
corresponding 19-aldehyde participates in the metabolic 
pathway.

Studies in the entire area have been hampered by 
poor availability of the C-19 oxygenated intermediates. 
Ehrenstein and co-workers6 have developed methods 
for the preparation from strophanthidin of 19-hydroxy- 
androst-4-ene-3,17-dione. This substance is a key 
material in the chemical synthesis of estrogen biosyn
thesis intermediates, since methods exist for its con
version to the following compounds: 19-hydroxy testo
sterone6 and its A1 derivative,6 19-oxoandrost-4-ene-
3,17-dione,6 the corresponding C-19-carboxylic6 acid, 
19-norandrostenedione,6 estrone,7 and estradiol.6

A direct chemical synthesis of 19-hydroxyandrost-
4-ene-3,17-dione from conventional steroids would be 
of value, therefore, since it would obviate the lengthy 
route from strophanthidin and also make possible the 
synthesis of C14-labeled biosynthetic intermediates. 
The synthesis of this 19-hydroxy steroid starting from 
androstenolone acetate by means of intramolecular 
lead tetraacetate oxidation recently has been disclosed.8 
The present work deals with an alternate preparation 
of this substance utilizing partial reduction of steroidal 
19-nitriles.

The preparation, in this laboratory, of the requisite

(1) P aper IV , N . Bhacca, M . E. Wolff, and  R. Kwok, J. Am. Chem. 
Soc., 84, 4976 (1962).

(2) From  the  P h .D . thesis of T . Jen , U niversity  of California, 1963. 
This investigation was supported  by  a PH S research g ran t (AM-05016) 
from th e  N ational In s titu te  of A rth ritis  and  M etabolic Diseases, U. S. 
Public H ealth  Service. T he n.m .r. spectrom eter used in th is  study  was 
provided by  a  g ran t (N SF-G  21268) from the N ational Science Foundation.

(3) J . E. Longcham pt, C. G ual, M . E hrenstein, and  R. I. Dorfm an, Endo
crinology, 66, 416 (1960).

(4) T . M orato, K. R aab, H. J . Brodie, M . H ayano, and  R. I. D orfm an, 
J. Am. Chem. Soc., 84, 3764 (1962).

(5) M . E hrenste in  an d  K . O tto , J, Org. Chem., 24, 2006 (1959), and  
references cited  therein.

(6) H. H agiw ara, J. Pharm. Soc. Japan, 80, 1675 (1960).
(7) H. Hagiwara, ibid., 80, 1671 (1960).
(8) (a) A. Bowers, R . V illotti, J . A. Edw ards, E . D enot. an d  O. H al-

pern, J, Am, Chem. Soc., 84, 3204 (1962); (b) K. H eusler, J . K alvoda, C.
M eystre, H. Ueberwasser, P . W ieland, G. Anner, an d  A. W ettste in , Ex-
perienlia, 13, 464 (1962); (c) also see K. T anabe, R. T akasaki, K. Sakai,
R . H ayashi, and  Y. M orisawa, Chem. Pharm. Bull. (Tokyo), 10, 1126
(1962).

3/3,17/3-dihydroxyandrost-5-ene-19-nitrile VIII via the 
Barton reaction on steroidal 5,6-chlorohydrins has been 
described9'10 and a modification of this method was 
used in the present study. Treatment of androstenol
one acetate with calcium hypochlorite and acetic acid11 * * 9 10 11 
gave the chlorohydrin I, which was allowed to react 
with nitrosyl chloride in pyridine solution to form the 
unstable 6-nitrite ester. Photolysis of the nitrite in 
toluene solution gave the colorless 19-nitroso dimer, 
which was rearranged in refluxing 2-propanol to afford 
the oxime II. Removal of the elements of hypo- 
chlorous acid from II by the action of zinc in acetic 
acid9 gave the A6 derivative III. It was possible to 
assign the syn oxime structure to III on chemical 
grounds. Acetylation of III gave the diacetate IV, 
which on melting readily formed VI. This facile

VI. R=Ac 
VII. R=H

OR2
I

III. Ri = Ac, Ra = H
IV. Ri = Ac, R2=Ac
V. R i = H ,R 2 = H

(9) R. Kwok, T . Jen , and  M. E. Wolff, A bstracts. 141st N ational M eeting  
of the  American Chem ical Society, W ashingt n, D. C-, M arch, 1962, p. 
43N ; T . Jen and M. E. Wolff, J. Med. Pharm. Chem., 5, 876 (1962).

(10) R. Gardi and  C. Pedrali, Gazz. chim. i t a h ,  91, 1420 (1961), have de
scribed an  a lte rna te  synthesis of com pound VI I I  nia the B arton reaction.

(11) Cf. S. M ori, J. Chem. Soc. (Japan), 64, 981 (1943).
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pyrolysis is known12 to proceed by cis elimination of 
acetic acid from syn oxime acetates. In preparative 
work, it was more convenient to prepare VI by heating 
III in acetic anhydride. Hydrolysis of VI gave VII,9 
which on reduction with lithium aluminum tri-(-butoxy- 
hydride gave the diol VIII.9’10

The next stage in the synthesis called for the reduc
tion of the nitrile function in VIII to an aldehyde. 
Although a number of methods exist which accomplish 
this conversion, a simple and convenient procedure was 
found in lithium aluminum hydride reduction. 
Whereas this reagent normally reduces nitriles to 
amines, in the present case the reduction was ex
ceedingly slow, and even after 120 hours the major 
product was the imine. I t is likely that this slow, 
partial reduction results from either poor solubility of 
the complexed reduction product in the reaction sol
vent, or the poor accessibility of the imine-metal com
plex to the hydride species. The 19-imine was not 
isolated, but was hydrolyzed in acid solution to the 
aldehyde IX, which was obtained in 60% yield from
VIII. Reduction of IX with sodium borohydride in 
methanol, or lithium aluminum hydride in boiling 
tetrahydrofuran, gave the triol X.

Brief (ten-minute) Oppenauer oxidation cf triol X 
gave XI in 26% yield, together with trace amounts of 
what were probably 19-hydroxytestosterone and 19- 
norandrostenedione. It is likely that the yield of XI 
could be raised if the reaction were run on a larger scale. 
The apparent formation of 19-norandrostenedione is 
probably due to elimination of formaldehyde from XI.

Experimental13
5a-Chloro-3j3,6+dihydroxyandrostan-17-one 3-Acetate (If.—A 

solution of 24.0 g. (0.0655 mole) of 3j3-hydroxyandrost-5-en-17- 
one acetate in 600 ml. of ether was shaken with a suspension of
60.0 g. of calcium hypochlorite, 1800 ml. of water, and 45 ml. of 
glacial acetic acid for 20 min., during which the insoluble product 
precipitated. After separation of the aqueous layer, the ether 
suspension was washed with water and filtered to provide 12.0 g. 
of the crude chlorohydrin, m.p. 225-230°. Crystallization from 
ethanol-acetone-water afforded 10.5 g. (38%) of crystals, m.p.
235-238° (inserted at 230°). Evaporation of the ether filtrate 
and recrystallization of the residue gave an additional 0.5 g. of 
product, m.p. 233-237° (11.0 g., 40% total yield). The analyti
cal sample, recrystallized from chloroform-methanol, had m.p. 
242-244° (inserted at 235°), [a]26D +11° (c, 0.4% in CHClj), 

2.88, 5.77, 8.03.
Anal. Calcd. for C2,H31C104: C, 65.89; H, 8.16; Cl, 9.26. 

Found: C, 65.44; H, 8.26; Cl, 9.48.
5a-Chloro-30,6(3-dihydroxy-19-oximinoandrostan-17-one 3- 

Acetate (II).—A solution of 10.0 g. (0.0243 mole) of I in 100 ml. 
of pyridine was treated with excess nitrosyl chloride at 15-20° 
and poured into 1 1. of ice-water. The precipitate was filtered, 
washed with water, and triturated with a small amount of 
methanol to remove impurities. The residue was filtered and 
dried at room temperature under vacuum to afford 10.4 g. (97%) 
of the unstable nitrite ester, m.p. 212-214°, 5.76, 6.05, 8.05,
12.85, 13.00.

A solution of 5.0 g. (0.0121 mole) of the nitrite ester in 200 ml. 
of toluene was irradiated with an immersed 200-w. high pres
sure mercury arc equipped with a borosilicate filter. After the

(12) D. Ambrose and 0 . L. B rady, J .  C h e m .  S o c . ,  1243 (1950).
(13) M elting points were determ ined with a  T hom as-H oover apparatu s  

and  are corrected. M icroanalyses were performed by the M icroanalytical
D epartm ent, U niversity  of California, Berkeley. O ptical ro ta tions were ob
ta ined  in a  0.5-dm. tube with a  R udolph photoelectric polarim eter. N .m .r. 
spectra were obtained  a t  a  field streng th  of 60 Me. on sam ples in deuterio- 
ehloroform  solution on a  V arian A-60 in strum ent using tetram ethylsilane 
as in te rna l s tandard . Resonance positions are reported  in 8 (p.p.m .) values 
where possible; unresolved hum ps are described in c.p.s. units (60 M e.).

nitrite test14 was negative, 3.0 g. (60%) of the precipitated 19- 
nitroso product was removed by filtration. One recrystalliza
tion from acetone-hexane at room temperature gave a product 
with double melting points: 145-146° (nitroso compound in
serted at 140°) and 24+243° (oxime).

A solution of 6.0 g. (0.0145 mole) of the crude nitroso com
pound in 300 ml. of 2-propanol was refluxed for 2 hr. The sol
vent was evaporated and the residue was washed with ether and 
filtered. Crystallization from acetonitrile provided 5.5 g. (54%, 
over-all) of the oxime, m .p. 242-244 ° (inserted a t230 °). Further 
recrystallizatioh gave the analytical sample, m.p. 243-245°, [a] 25i> 
+  18° (c, 1% in MeOH), 2.92, 2.98, 5.75, 5.85, 7.85.

Anal. Calcd. for C2,H3„C1N05: C, 61.23; H, 7.34. Found: 
C, 60.96; H, 7.26.

3|3-Hydroxy-x!/ii-19-oximinoandrost-5-en-l7-one Acetate (III).
A solution of 5.0 g. (0.0124 mole) of II in 60 ml. of glacial acetic 
acid (preheated to 85°) was stirred with 10.0 g. of zinc dust at 
90-95° for 30 min., cooled to 25°, and filtered. The acetic acid 
filtrate was poured slowly into 600 ml. of water. After standing 
for 1 hr., the precipitate was filtered, washed with water, and 
dried to furnish 3.S g. of crude product. Crystallization from 
aqueous ethanol yielded 3.3 g. (77%) of III, m.p. 176-182°. 
Further recrystallization gave the analytical sample, m.p.
182-185°, [«]%> -89° (c, 1% in MeOH), £  2.96, 5.80, 8.00.

Anal. Calcd. for C2,H29NO„: C, 70.17; H, 8.13. Found: 
C, 70.39; H, 8.05.

sim-19-Acetoxyimino-3+hydroxyandrost-5-en-17-one Acetate
(IV).—A solution of 0.15 g. of the oxime (III), 2 ml. of glacial 
acetic acid, 1 ml. of acetic anhydride, and 0.02 g. of p-toluene- 
sulfonic acid was kept at 27° for 5 hr. and poured into water to 
furnish 0.15 g. of the crude product, m.p. 136-139°. It was re
crystallized from aqueous methanol to give the analytical sample, 
m.p. 140-141°, [apD -142° (c, 1% in CHC13), m“ ' 5-66,
5.78, 8.03, 8.24

Anal. Calcd. for C23H31N 06: C, 68.80; H, 7.78. Found: 
C, 69.03; H, 7.91.

A sample of the diacetate was melted at a temperature of 142°, 
and allowed to cool. Recrystallization of the resulting solid 
from aqueous methanol gave VI, m.p. 189-190°.

3d-Hydroxy-si/tt-19-oximinoandrost-5-en-17-one (V).—A solu
tion of 0.6 g. (0.00167 mole) of (III) in 20 ml. of 5% methanolic 
potassium hydroxide was kept at 27° for 18 hr. Addition 
of water, followed by acidification of the solution, furnished 0.5 
g. (94%,) of V, m.p. 243-245°. Recrystallization from aqueous 
ethanol gave the analytical sample, m.p. 245-246° (inserted at 
235°), [<*Pd -95° (c,'l%  in MeOH), 2.91, 3.00, 5.78.

Anal. Calcd. for C19H27NO3: C, 71.89; H, 8.57. Found: 
C, 71.69; H, 8.5S.

3|3-Hydroxy-17-oxoandrost-5-ene-19-nitrile Acetate (VI).—A
solution of 1.0 g. (0.00278 mole) of III in 20 ml. of acetic an
hydride was refluxed for 2 hr. and poured into 200 ml. of ice 
water. After 1 hr., the precipitate was filtered and washed with 
water to furnish 0.9 g. (95%), of the crude material, m.p. 183— 
186°. Several recrystallizations from aqueous methanol gave 
the analytical sample, m.p. 189-190°, [a]25n —97° (c, 1% in 
MeOH), 4.50, 5.80, 7.96.

Anal. Calcd. for C2iH27N03: C, 73.87; H, 7.97. Found: 
C, 73.63; H, 7.80.

3+Hydroxy-17-oxoandrost-5-ene-19-nitrile (VII).—A solution 
of 0.80 g. (0.00224 mole) of VI in 40 ml. of methanol wTas com
bined with a solution of 4.0 g. of potassium hydroxide in 8 ml. of 
water and kept at 27° for 18 hr. I t was diluted with 100 ml. of 
water, and the resulting crystalline precipitate was filtered to 
furnish 0.6 g. of the crude material which was recrystallized from 
acetone-hexane to yield 0.55 g. (78%) of VII, m.p. 192-194°. 
The sample after further recrystallization had m.p. 193-195°, 
undepressed upon admixture with the sample obtained from 
selective oxidation of VIII.9 Identical infrared spectra were ob
tained from both samples.

30,17/3-Dihydroxyandrost-5-ene-19-nitrile. (VIII).—A solution 
of 6.0 g. (0.02 mole) of VII and 9.0 g. of tri-i-butoxy lithium alumi
num hydride in 60 ml. of tetrahydrofuran was kept at 0° for 1 hr. 
There was added 20%, hydrochloric acid until a clear solution was 
obtained. The tetrahydrofuran was evaporated under reduced 
pressure during which the steroid crystallized from the aqueous 
solution. It was diluted with water and filtered to give 5.4 g. 
(90%) of II, m.p. 206-209°, lit. m.p. 209-210°,10 208-209°.9

(14) F. Feigl, “ Spot T ests in Organic Analysis,” E lsevier Publish ing  Co., 
New York, N. Y., 1960, p. 178.
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19-Oxoandrost-5ene-30,17/3-diol (IX).—A stirred suspension 
of 5.0 g. (0.0167 mole) of VIII and 2.5 g. of powdered lithium 
aluminum hydride in 750 ml. of anhydrous tetrahydrofuran was 
boiled under reflux for 120 hr., chilled in an ice bath, and the 
excess hydride was decomposed with ethyl acetate. After acidi
fication with 20% hydrochloric acid, the mixture was refluxed for 
3 hr. The solution was clarified, if necessary, by addition of 
acid and was evaporated under reduced pressure until heavy 
precipitation occurred. Water was added to effect further 
precipitation. The solid was filtered and washed with water, 
and, after recrystallization from aqueous ethanol, gave 2.95 g. 
(60%) of IX, m.p. 184-190°. The analytical sample recrystal
lized from acetone-hexane had m.p. 185-188°, 3.00 (strong),
3.73 (sh), 5.84 (strong), loss of —CN band at 4.5, [a]25i> —247° 
(c, 1% in MeOH).

Anal. Calcd. for C19H28O3: C, 74.96; H, 9.27. Found:
C, 74.80; H, 9.13.

19-Oxoandrost-5-ene-3|3,17d-diol Diacetate.—A solution of IX 
in pyridine and acetic anhydride was kept at 27° for 18 hr. and 
poured into ice-water. Filtration of the precipitate gave the 
crude product, which on recrystallization from aqueous ethanol, 
had m.p. 150-153°, ,u“ r 3.68 (sh), 5.80, 8.03, H 25d  -252° 
(c, 1% in CHCI3), n.m.r.: 0.75 (C(18)-H), 2.00, 2.03 (acetate 
methyls), 258-293 c.p.s. (broad hump) (3<*H, 17a-H), 345-363 
c.p.s. (broad hump) (6-H), 9.75 (19-H).

Anal. Calcd. for C23H32O5: C, 71.10; H, 8.30. Found:
C,71.02; H, 8.27.

Androst-5-ene-3/3,17/3,19-triol (X).—A solution of 0.4 g. 
(0.00145 mole) of IX and 0.4 g. of sodium borohydride in 50 ml. 
of methanol was kept at 27° for 1 hr. and acidified with 10% hydro
chloric acid to pH 1. The clear solution was concentrated 
under reduced pressure, diluted with water, and filtered to give 
0.35 g. (87%) of X, m.p. 229-230°. The analytical sample, re
crystallized from acetonitrile, had m.p. 232-233°, n™ 3.03, 9.50,
9.70, [<*]25d  -48° (c, 0.5% in MeOH).

Anal. Calcd. for Ci9H30O3: C, 74.47; H,9.87. Found: C, 
74.62; H, 9.81.

The product could also be prepared by reduction of IX with 
lithium aluminum hydride in boiling tetrahydrofuran solution for 
1 hr.

19-Hydroxyandrost-4-ene-3,17-dione (XI).—A mixture of 10 
ml. of cyclohexanone and 15 ml. of toluene was heated to boiling

and 4 ml. of distillate was collected and discarded. Then 0.35 g. 
(0.00145 mole) of X was quickly dissolved in the hot anhydrous 
solution and 1.0 g. of powdered redistilled aluminum isopropoxide 
was added. The mixture quickly was brought to reflux and main
tained there for 10 min. The mixed solvent was removed in 
vacuo at 70-75°, and the residue was taken up in 200 ml. of 
chloroform which was washed with 1 N  sulfuric acid (100 ml.) 
and water and dried over sodium sulfate. Evaporation of the 
chloroform left a syrupy residue containing some cyclohexanone. 
The residue was chromatographed on 10.0 g. of neutral alumina; 
the following eluents were used: ( 4 X 5  ml.) ether; ( 4 X 5  ml.)
methanol-ether (1%); ( 4 X 5  ml.) methanol-ether (2%); (4 
X 5 ml.) methanol-ether (4%); ( 4 X 5  ml.) methanol-ether 
(8%); (4 X 5ml.) methanol-ether (16%); (4 X 5 ml.) methanol- 
ether (32%). From the 2% methanol-ether fractions, a trace 
of what was apparently 19-norandrostenedione was isolated in 
crystalline form, m.p. 160-167 (reported15 16 17 1 2 3 4 5 m.p. 171-172°), 

240 mu, 5.75, 6.00, 6.18 (absence of - OH band). 
From the 8% methanol-ether fractions, 0.09 g. (26%) of color
less crystals of XI was isolated, which, after recrystallization 
from acetone-hexane had m.p. 168-170°, 243 npx, log E
4.18, [ a ] 25D +195° (c, 0.9% in chloroform), /x*") 2.95, 5.75,
6.04, 6.18, (reported16 m.p. 168-170°, X̂ *°H 242 m/x, log E
4.18, [ « ] “ d  +178 ±  4° (chloroform), /x”„ film 2.94, 5.80, 6.06, 
6.17)."

Anal. Calcd. for Ci9H260 3: C, 75.46; H, 8.67. Found: 
C, 75.05; H, 8.65.

From the 16% MeOH-ether fractions there was obtained 0.01 
g. of what is probably 19-hydroxytestosterone, m.p. 199-201°, 
(reported6 7 201-203°), X®l°H 243 mM, 3.05, 6.10, 6.19.

(15) C. D jerassi, L. M iram ontes, 6 .  R osenkranz, an d  F . Sondheim er, 
J .  A m .  C h e m .  S o c . ,  76, 4092 (1954).

(16) A. S. M eyer, E x p e r i e n t i a ,  11, 99 (1955).
(17) Slightly differing physical constants for X I have been recorded in: 

M. Ehrenstein  and  M. D iinnenberger, J .  O r g .  C h e m . ,  21, 774 (1956); M . 
Nishikawa and  H. Hagiwara, C h e m .  P h a r m .  B u l l . ,  6, 226 (1958); and  in ref. 8. 
A double m.p., 169-172° and  180-182°, has been described in ref .5. We also 
som etim es have observed the double m .p. 169-172° and  180-182°. Since 
the double m.p. values are close together, resolidification of the  m elt prob
ably is influenced very much by the  ra te  of heating, presence of nuclei, etc ., 
and  frequently  only the lower m.p. is seen.

S olven t Effects in  th e M en sch u tk in  R eaction

J ohn D. R e in h e im e r , J ohn D. H arley , 1’2 and W ayne W. M ey e r s1 

Severence Chemistry Laboratory, The College of Wooster, Wooster, Ohio 
Received July 16, 1962

The rates of the reaction of pyridine with ethyl bromide and ethyl iodide have been determined in benzene, 
chlorobenzene, bromobenzene, and iodobenzene. The rate constant increase is proportional to the polarizability 
of the solvent, and is attributed to the interaction of the solvent with the leaving halide in the transition state.

The effect of the solvent upon the rate of the Men
schutkin reaction had been shown to be important by 
many workers.3"8 The reaction, in which ions are 
formed from electrically neutral reagents, proceeds 
more rapidly in solvents of high dielectric constant.

Attempts to correlate the solvent effect with physical 
properties of the solvent have been made by several 
authors. Eagle and Warner8 correlated the reaction

(1) From  the senior independen t s tu d y  theses of W ayne M eyers, 1961, 
and John H arley, 1962.

(2) Support of the U R P  program  of the N ational Science Foundation  is 
gratefully acknowledged.

(3) N. T. J . Pickles and  C. N. Hinshelwood, J .  C h e m .  S o c . ,  1353 (1936).
(4) J. Norris and S. Prentiss, J .  A m .  C h e m .  S o c . ,  50, 3042 (1928).
(5) G. Pom a and B. Tanzi, G a z z .  c h i m .  i t a l . ,  42, 425 (1912).
(6) H . M eCombie, H. A. Scarborough, pnd F. F. Sm ith, J .  C h e m .  S o c . ,  

£02 (1927).
(7) K. J . Laidler, i b i d . ,  1786 (1938).
(8) S. Eagle and J . W arner, J .  A m .  C h e m .  S o c . ,  61, 488 (1939).

rate constant with the dielectric constant in the mixed 
solvent alcohol-water. Kosower9 demonstrated that 
the rate constant for pure alcohol solvents correlate 
well with Z. A plot of log k vs. Z gave a linear relation
ship. Kerr10 attempted to correlate the dipole moment 
with the reaction rate constant, but acknowledged that 
he had achieved only limited success. Grim, Ruf, and 
Wolf11 showed that the rate constant varied with di
electric constant for solvents with a large range of D 
(dielectric constant), but could not demonstrate a 
quantitative relationship. A frequently used relation
ship between D and the rate constant is given in equa
tion I .12

(U) E. M. Kosower, ibid., 80, 3267 (1958).
(10) R. N. K err, J .  C h e m . S o c . ,  239 (1929).
(11) II . G. Grimm , H . Ruf, and  H. Wolf, Z .  P h y s . C h e m . ,  13B, 301 (1931).
(12) S. Glasstone, K. J. Laidler, and  H. Eyring, “ T he Ih e o ry  of R ate  

Processes,” M cG raw -H ill Co., Inc., New Y ork, N. Y., 1941, p. 419.
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Fig. 1.—Ethyl iodide +  pyridine in the solvent bromobenzene at 
99.85°.

In k2 = In k0 1 T [D  — 1) \ MA.1 I WB2 
k'T L(2D + 1) \ r J  +  rB3 S(] +

y  ; v r  (1)

where A2 is the rate constant in the solvent 2 ; k„ is the 
rate constant at D = 1; coA, con and co* arc the dipole 
moments of the reagents A and B and the transition 
state; rA, ?’ b ,  and r* are the radii of the reagents and 
the transition state, respectively; <f> is the contribution 
of nonelectrostatic forces.

Tommila13 has showed that this relationship may he 
used to express the effect of the mixed solvents acetone- 
water, acetone-benzene, acetone-dioxanc, and ace- 
tone-tetrahydrofuran on the reaction rate. He as
sumed that <j> wras negligible with respect to electro
static forces, and plotted In k vs. (D — 1)/(2D +  1). 
The result was a series of straight lines of different 
slopes.

Two other workers have suggested that this equation 
does not have universal applicability. Wanatabe and 
Fuoss14 have investigated the use of this equation for 
the reaction of butyl bromide with pyridine and 4- 
picoline in 5 solvents of relatively high D. The usual 
assumption that 4> is negligible was showed to be un
tenable. These investigators suggested that the tran
sition state probably is a solvated complex. An in
vestigation by Caldin and Peacock16 also showed that 
electrostatic forces alone cannot explain solvent effects. 
They demonstrated that “simple electrostatic theory 
fails to account for the solvent effects” by calculating 
the activation energy and the frequency factor from an 
equation similar to equation 1 and comparing their re
sults with the observed data. Their literature survey of 
five reactions, one of which was the Menschutkin reac
tion, led to a classification into three categories, namely 
aliphatic, aromatic, and hydroxylic solvents. The 
rate constants for the reactions in aromatic solvents 
were higher than those in aliphatic solvents They at
tributed this to the high polarizabilities of the aromatic 
solvents.

The present paper reports the results of an investiga
tion to determine if the polarizability of the solvent has

(13) E. Tom m ila, A c t a  C h c m . S c a n d . ,  13, 622 (1959).
(14) M . W anatabe and R. M. Fuoss, J .  A m .  C h c m .  S o c . ,  78, 527 (1956).
(15) E. F. Caldin and  J. Peacock, T r a n s .  F a r a d a y  S o c . ,  51, 1217 (1955).

a significant influence on the reaction rate constant of 
the Menschutkin reaction.

Experimental
Ethyl iodide and ethyl bromide, Fisher reagent grade, were 

dried over Drierite, distilled over copper, and stored over copper 
metal. All distillations were performed in a 24-in. silvered, 
vacuum-jacketed column packed with glass helices. Pyridine, 
Fisher reagent, was dried over potassium hydroxide and distilled. 
The solvents were refluxed with pyridine, washed with sulfuric 
acid, then with water. They were dried over Drierite and then 
distilled through the 24-in. column. The purity of the solvents 
was confirmed by boiling point range, refractive index, and gas 
chrom atography.

Procedure.—All burets and pipets were calibrated and the 
thermometers were compared with a thermometer which was cali
brated at the National Bureau of Standards. A sealed ampoule 
technique was used for the kinetic experiments, with seven to nine 
samples analyzed in each run. The rates were followed by a 
determination of the ion concentration by means of a potentio- 
metric titration. The rate constants were reckoned from the 
slope of a plot of 1/(C1~) vs. time, for the concentrations of the 
reagents were made equal. In all the experiments, the initial 
concentrations were 0.200 M . The rate constants were corrected 
for solvent expansion. The products crystallized from the cold 
reaction mixture and were isolated by filtration. The ethylpyri- 
dinium iodide that was isolated had m.p. 85-86°; lit.16 m.p. 
90.5°.

Discussion and Results
Pyridine was treated with ethyl iodide and ethyl 

bromide in benzene, chlorobenzene, bromobenzene, 
and iodobenzene. These solvents were chosen, for 
they give a large variation in polarizability of the sub
stituent group and a small change in D. The rate con
stants were determined at 80 and 100° with equal 
molar concentrations for the amine and alkyl halide. 
The reactions were run with initial concentrations of
0. 20 M. Good straight lines were obtained for the 
plot of 1/(7 vs. time, and the duplicate rate constants 
were reproducible to ±2%. A typical plot is given in 
Fig. 1 and the rate data and thermodynamic properties 
are presented in Table II. Comparison of our data 
with those of Winkler and Hinshelwood17 showed that 
the rate constant does not vary greatly with initial 
concentration. They reported 7.25 and 25.0 X 10-4
1. /mole sec. for the reaction of ethyl bromide and pyri
dine at 80 and 100°. Our values were 7.44 and 28.4 
X 10-4 l./mole sec. for the same reactions at twice the 
initial concentrations. Norris and Prentiss4 have re
ported initial rate constants for the reaction of ethyl 
iodide and pyridine in acetone, nitrobenzene, methyl 
alcohol, ethyl alcohol, and other aliphatic alcohols. 
Their initial concentrations varied from 0.37 to. 0.69 
for acetone, 0.23 to 1.00 for nitrobenzene, and 0.4 to 
0.68 for benzene. The largest variations in initial rate 
constant with initial concentration occurred with ben
zene, where k increased from 25 to 28, or about 10%. 
There was a similar increase with acetone and nitro
benzene, but the per cent increase was smaller. They 
also observed a slight drift in their rate constants with 
time. Our plots of 1/(7 vs. time showed no evidence of 
curvature, nor was this mentioned by Winkler and 
Hinshelwood.

(16) Beilstein, “ H andbuch der Organische Chem ie,” Vol. X X , 4th 
Ed., J . Springer Vorlag, Berlin, 1951, n. 214.

(17) C. A, W inkler and C. N. Hinshelwood, J .  C h e m .  S o c . ,  1147 (1935).
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T a b l e  I
R a t e  C o n s t a n t s  f o r  t h e  M e n s c h u t k in  R e a c t io n  in  V a r io u s  

S o l v e n t s

Ethyl iodide +  triethylamine“ at 100°

Solvent
R,b

cc./m ole z d Dc
k,

l./m ole  sec.
Benzene 1.10 2.27 4.0 X 10
Chlorobenzene 6.03 5.62 13.8
Bromobenzene 8.80 5.40 16.0
Iodobenzene 13.94 4.62 26.5
Nitrobenzene 34.8 138

Ethyl iodide + pyridine® at 25O

Benzene 2.27 7.9 X 10
n-Propyl alcohol 78.3 20.1 8.6
Ethanol 79.6 24.3 10.8
Methanol 83.6 32.6 19.4
Acetone 65.7 20.7 100
Nitrobenzene 34.8 197

“ Data from ref. 11. 6 Atomic refraction constants for the
substituent group on benzene for H„ line. Data from ref. 26. 
c C. P. Smythe, “Dielectric Behavior and Structure,” McGraw- 
Hill Book Co., New York, N. Y., 1955. N. A. Lange, “Lange’s 
Handbook of Chemistry,” 9th Ed., Handbook Publishers, 
Inc., Sandusky, Ohio, p. 1222. d Data from ref. 9. e Data 
from ref. 4.

T a b l e  II
T h e  R a t e s  a n d  T h e r m o d y n a m ic  P r o p e r t ie s  f o r  t i i e  R e a c 

t io n  o f  EtX a n d  P y r i d i n e  in  V a r io u s  S o l v e n t s  

Reagent EtBr at 79.3°
k  X 105, A S * , A E * ,

Solvent l./m o le  sec. cal./deg ./m ole kcal./m ole

Benzene 0.744 34.5 17.5
Chlorobenzene 2.72,2.72 35.2 16.45
Bromobenzene 3.22,3.28 34.9 16.30
Iodobenzene 5.22,5.32 33.2 16.70

Reagent EtBr at 99.4°
Benzene 2.84 34.8
Chlorobenzene 9.50,9.66 35.2
Bromobenzene 11.6, 11.2 35.3
Iodobenzene 19.3,18.7 33.0

Reagent EtI a t 80.0°
Benzene 4.26,4.48 36.0 15. «0
Chlorobenzene 11.8, 12.5 30.« 16.91
Bromobenzene 17.0,16.6 33.2 15.90
Iodobenzene 26.9,28.0 33.2 15.90

Reagent EtI at 100.0°
Benzene 14.5, 14.9 36.3
Chlorobenzene 45.0,45.1 31.0
Bromobenzene 56.8,57.4 33.4
Iodobenzene 92.4, 93.5 32.2

The most interesting observation that can be made 
from our data was that the solvent effect on the rate 
constant increases in the order iodobenzene > bromo- 
benzene > chlorobenzene > benzene, but several addi
tional observations may also be made.

(1) The rate constant varies with the polarizability 
of the substituent group on the benzene ring of the sol
vent. This is showed by the linear plot in Fig. 2.

(2) The relative rates do not seem to depend upon 
the temperature. The reaction of ethyl iodide and 
pyridine is 6.25 times as fast in iodobenzene as in ben
zene at 80° and 6.31 times as fast at 100°. For ethyl 
bromide, the numbers are 7.08 and 6.69 at the same 
temperatures.

Fig. 2.—Polarizability of the solvent vs. rate constant: circles, 
ethyl iodide +  pyridine; crosses, ethyl bromide 4- pyridine; 
squares, ethyl iodide +  triethyl amine; the scale on the right 
is exaggerated 5:1 for this reaction. The upper curves are 
reactions at 100°; the lower curve, 80°.

(3) The nature of the group displaced does not seem 
to have a great influence on the relative reaction rate 
constants. This can be seen by comparing the relative 
rate increases for ethyl iodide and ethyl bromide in the 
solvents benzene and iodobenzene. With ethyl bro
mide and pyridine, k^i/k^n is 7.08, while the same 
ratio is 6.25 for the reagent ethyl iodide at 80°. At 
100°, the ratios are 6.69 and 6.31, respectively.

(4) The nature of the amine does not seem to have 
a great effect on the relative reaction rate constants. 
The data of Grim, Ituf, and Wolf7 for the reaction of 
triethylamine and ethyl iodide are plotted in Fig. 2. 
The curve is similar to those for the reaction of pyridine, 
and the ratio k^i/k^n is 6.41 at 100°.

What the fundamental causes for the rate increases 
observed with the change of solvent from benzene to 
iodobenzene? Some of the possibilities are the effect 
of electrostatic forces on the activity coefficients of the 
reagents and the transition state, solvation of the re
agents and the transition state by forces other than 
electrostatic forces, catalysis by salts, and special salt 
effects in solvents of low dielectric constant.

The salt effects and the effect of electrostatic forces 
as the major causes for the rate constant increases 
were rejected for the following reasons.

(1) The only salt present in the reaction mixture is 
the reaction product, triethylpyridinium halide. If 
this is to cause tbe increases by means of surface cata
lysis or through the effect of its ionic strength, the rate 
should increase as the concentration of the product in
creases. The reaction should follow the course of an 
autocatalytic reaction, and the rate constant would in
crease during a run. There should be considerable 
curvature during the run of our plot of 1/(7 vs. time. 
We did not observe such curvature. A second argu
ment is that catalysis depends strongly on the amount
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of catalyst present. Changes in initial concentration 
would cause a different amount of catalyst to be formed 
when the reaction was proceeding. The data of Norris 
and Prentiss indicate that the changes in initial con
centration do not have a large effect, but one of the 
order of 10%. These effects are not large enough to 
account for our factor of 6-7.

(2) Salt effects of considerable magnitude have 
been observed by Winstein and co-workers.18 They 
have suggested that the salt effects can become very 
large in solvents of low D. Rate increases of factors of 
more than 10 have been observed for the ionization of 
alkyl toluenesulfonates. In Winstein’s relationship

k = h  [1 +  b(LiC104)]

the magnitude of b is a measure of the salt effect. In 
solvents of comparable D, for example acetone and 
acetic acid, the nonhydroxyllic solvent has the larger b. 
Generally, the larger b value is associated with lower D 
for solvents of the same type. For the special salt 
effect to apply to our data, the b values would have to 
be in the order iodobenzene > bromobenzene > chloro
benzene >  benzene. This is not the order of D, which 
is given in Table I. Further, the solvent of lowest D 
should have the highest rate if the special salt effect 
applies, but we observe the lowest rate for benzene.

(3) The quantitative relationship between electro
static forces and the rate constant is given by equation 
1. This equation represents the effect of electrostatic 
forces on the activity coefficients of the species present 
in the reaction mixture. If the assumption is made 
that 4> is small compared to the remainder of the 
equation, a plot of In k vs. [(Z> — l)/(2D +  1)] = X  
should give a straight line. If a>*2/ r*3 > (coa2/Va3 +  
[cob2A b 3]), then the second term of the equation is 
positive, and the reaction rate constant increases with 
increasing D. This seems reasonable, for the dipole 
moment of the transition state, in which ionic bonds are 
present, should be much greater than the dipole mo
ments of the uncharged reagents. Tommila13 has ob
served this relationship with mixed solvent systems in 
which acetone was one component of the binary sol
vent system. Fuoss and Wanatabe14 found the same 
relationship for the mixed solvent propylene carbonate- 
diphenyl ether. Fuoss has summarized the objections 
to the universal application of this equation however. 
If equation 1 is followed, then all solvents with D > 30 
should have the same solvent effect on a given reac
tion. This follows from the observation that X  varies 
from 0 to 0.476 as D varies from 1 to 30; further in
crease in D to infinity causes only a slight increase in X  
to 0.50. Fuoss noted exceptions to these deductions 
in that the rate constant for the reaction of butyl 
bromide with pyridine in tetramethylenesulfone (D = 
42) is about twice that in propylene carbonate (Z) = 
65). He attributes the unusually high rate in tetra
methylenesulfone to “specific short range forces which 
depend on structure in a way and are superimposed on 
the longer range electrostatic forces.” In the present 
research, the change in D is small and the observed 
changes in rate constant do not parallel the changes 
in the dielectric constant factor X. Electrostatic 
forces alone cannot explain our rate changes. It is in-

(18) S. Winstein, S. Smith, and D. Darwish. ./. A m . Chem. Soc., 81, 5511
(1959).

tercsting to note in passing that equation 1 seems to 
hold for mixed solvents. Glasstone, Laidler, and Eyr- 
ing19 have suggested that the transition state in the 
mixed solvent acetone-benzene is solvated by only one 
of the molecules, acetone. This suggests that the short 
range nonelectrostatic term which is presumably due 
to solvation, remains constant, while the D of the bulk 
of the solution varies. These are the conditions for the 
linear relationship between In k and X.

The linear relationship given in Fig. 2 indicates that 
the polarizability of the solvent is the determining factor 
in the observed rate increases. Caldin and Peacock 
have suggested that the high rate constants for the 
Menschutkin reaction in aromatic solvents is due to the 
greater polarizability of the benzene ring as compared 
to aliphatic solvents. We have plotted the polariz
ability of the substituent group on the ring, rather than 
that of the entire ring. The solvation of the transition 
state, as proposed by Fuoss, may be identified as the 
rate influencing factor and Fuoss “short range forces” 
are identified as London Forces.

In order to make an estimate of the magnitude of the 
London force energy of solvation, it is first necessary 
to know the site of solvation in the reagents and the 
transition state and the number of molecules of solva
tion. Gonikberg has provided evidence that the 
transition state is solvated and that not more than two 
molecules of solvent are present in the transition state.20 
Since the reagents were pyridine and two different alkyl 
halides, a reasonable hypothesis was that the common 
reagent, pyridine, was the site of solvation. As the 
pyridine molecule approaches the carbon atom of the 
alkyl halide, it develops a partial positive charge. 
This charge could attract solvent molecules through an 
ion-polarizable solvent molecule interaction. A study 
of the models showed that two solvent molecules could 
be conveniently placed in the transition state as nitro
gen solvating molecules. However, this site does not 
seem to be tenable for the reaction of triethylamine in 
the same solvents. In this case, the four ethyl groups 
completely cover the nitrogen, so that there is no space 
for the solvent molecules to occupy. Since the relative 
solvent effect is the same for the two amines, solvation 
of the nitrogen atom seems to be ruled out. The other 
likely site is the halogen atom, which also develops 
charge in the transition state, and which is not sterically 
hindered. The fact that the solvent effect is the same 
for both the alkyl iodide and the alkyl bromide seems 
to be a powerful argument against this site, for the 
absolute magnitude of the polarizability of the iodine 
atom and the iodide ion are greater than those for 
bromine. The surprising observation is that the per 
cent increase in polarizability in going from the atom 
to the transition state is the same for iodine and bro
mine. The figures are I —► I - 1/2 = 13.6 —► 16.4, or 
18.9%, and Br Br“ 1'2 = 8.8 10.7, or 21.6%. If
the change in rate constant is due to the difference in 
solvation of the halide ion in the transition state and the 
halogen atom of the reagent, the per cent increase 
should be the same for both halogens. Some support 
for the halogen as the site of solvation is given by spec-

(19) S. G lasstone, K .  J . Laidler, and  H, Eyring, ref. 12, p. 418.
(20) M. G. G onikberg and  B. S. E lyanov, C h e m .  A b s i r . ,  54, 9461 (1960); 

56, 12345 (1962); M. G. Gonikberg and  V. M. Zhulin, A u s t r a l i a n  J .  C h e m . ,  

11, 285 (1958).
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tral studies. Popovici and Popovici21 have observed 
that there is a shift in the center of the ethyl iodide ab
sorption band which is proportional to In k for the reac
tion of ethyl iodide and triethylamine in nonhydrox- 
ylic solvents. The per cent increase in polarizability 
for the bromine atom is slightly larger than that of the 
iodine atom. While this is in the expected order, for 
the solvent effect on ethyl bromide is slightly greater 
than for ethyl iodide, no quantitative significance is 
attached to the per cent increase.

Calculations of the London energy of interaction be
tween the polarizable solvent molecule and the leaving 
halogen atom were made with the aid of equation 2.22

u -21 + 2 T#5 Gr+k) <2>
U is the energy of interaction; aA and «b are the 
polarizabilities of the groups involved; l A and I s are 
the ionization potentials; R is the distance between the 
centers of the groups. The following assumptions were 
made in the calculations, (a) The dielectric constant 
was 1. (b) The average values of the radius, ioniza
tion potential, and the polarizability could be used for 
the transition state. The numerical values for the 
constants were taken from Pauling,23 Moellar,24 Rice,25 
and Ingold.26 (c) One molecule of solvent was in 
the transition state.

The results of these calculations are given in Table
III. The energies given in columns 2 and 3 were ob
tained with the van der Waal’s radii, while those in the 
4th column were obtained with an R 0.1 A. smaller. 
The AH of solvation is obtained by subtracting the 
values in column 2 from columns 3 or 4. The AH for 
transition statei has a positive value, while that of the 
transition state2 with the smaller R has the expected 
negative value. If the assumption is made that the 
AS* remains constant, the differences in AH give the 
AAF*. The experimental values for the reaction are 
given in the last column. The agreement is reasonable, 
and indicates that the London energies of interaction 
are of the correct order of magnitude to account for the 
observed rate changes.

(21) S. Popovici and  M. Popovici, C h e m .  A b s t r . ,  51, 11235g (1957).
(22) K. S. P itzer, “ Q uantum  C hem istry ,” Prentice-H all, Englewood, N. J., 

1960, pn. 201, 339.
(23) L. Pauling, “ The N ature  of the Chem ical B ond,” 3rd E d ., Cornell 

U niversity Press, Ithaca, N. Y., 1960, p. 518.
(24) T . M oellar, “ Inorganic C hem istry ,” John Wiley and  Sons, Inc., New 

York, N. Y., 1952, Chap. 5.
(25) O. K. Rice, “ Electronic S tructu re  and  Chem ical B inding,” M cGraw- 

Hill Co., Inc., New Y ork, N. Y., 1940, pp. 465—467.
(26) C. K . Ingold, “ S tructu re  and M echanism  in Organic C hem istry ,” 

Cornell U niversity Press, Ithaca , N. Y ., 1953, pp. 125-127.

T a b l e  III
E n e r g y  o f  S o l v a t io n  o f  E t h y l  B r o m id e  in  V a r io u s  S o l v e n t s

( — ) Energy of so lvation“

Solvent
R eagent

E tB r
Trans.b
sta te i

T rans.c
s ta te 2 A H d

AA F d  

Calcd.
AA F e  

Obsd.
Benzene 5.9 5.5 6.7 0.8 0 0
Chlorobenzene 13.4 12.6 14.9 1.5 0.7 0.8
Bromobenzene 15.1 14.4 16.8 1.7 0.9 1.1
Iodobenzene 16.4 15.8 18.2 1.8 1.0 1.3

a Energy of solvation for one molecule of solvent. All ener
gies are in kcal./mole. b The radius is the sum of the van 
der Waal’s radii. c The radius is the sum of the van der Waal’s 
radii minus 0.1 A. d For trans. state;. e Temperature, 80°.

The effect of the solvent on the reaction rate constant 
seems to involve H bonding, electrostatic forces, and 
London forces. Any one of these may be dominant 
under a given set of conditions. It does not seem 
likely that a single analytical expression with one 
physical property of the solvent as the variable can 
represent the solvent effects of an entire range of sol
vents. Vorob’ev and Titova27 have suggested that the 
loss of an alcohol of solvation accounts for the different 
solvent effects in alcoholic solvents. Caldin and Pea
cock’s classification of the reactions into hydroxylic, 
aliphatic, and aromatic type solvents suggests the im
portance of H bonding. Kosower’s Z correlates the 
rate constants of alcohols, but he points out that the 
rate in acetone is too great by a factor of 22. It seems 
probable that the solvation of the leaving halide has be
come important rather than the solvation of the amine 
reagent. Unfortunately, Z  values are not available for 
the aromatic solvents, so that it is not possible to see 
if acetone is a single exception, or if it represents a 
general class. Fuoss has pointed out the limits of 
equation 1 in which 4> is assumed to be constant. It 
appears that the effect of nonelectrostatic forces is quite 
important in nonhydroxylic solvents and these may 
be the major cause for the lack of correlation of solvent 
effects in pure solvents. The conclusion that there is 
no single measure of the solvation capacity is disap
pointing, but perhaps not unexpected.
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(27) N. K. Vorob’ev and G. F. T itova, C h e m .  A b s t r . ,  53, 1199h (1959).
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The addition reaction of bromotrichloromethane to butadiene induced by ionizing radiation has been studied. 
The products were characterized, and tiieir stereoconfigurations were determined by means of infrared and 
Raman spectroscopy. The kinetics were investigated over the temperature range 25 to 40°; the dose rates 
ranged from (1.4 to 6.5) X 101 2 3 4 rads min."1; and the mole ratio of bromotrichloromethane-butadiene was 
varied from 1:1 to 46:1. I t was observed that the adducts obtained were primarily 1,4-frans. The reactions 
are free radical chain reactions as evidence by the G values (200 to 800 molecules/100 o.v.), by the dose rate de
pendences (rate cc/°-5; G cc/~»-6), and by a positive activation energy (AEa = 5.5 keal. mole-1). I t also has 
been found that the reaction is zero order in butadiene.

The addition of bromotrichloromethane to butadiene 
is believed to be a chain reaction consisting of the fol
lowing steps.

trichloromethane to butadiene initiated by X-rays at 
25-40° and is concerned with the stereochemistry of the 
products as well as with the reaction kinetics.

BrCCh Br • + CCb
c i3c -  c h 2-  c h -  c h = c k 2

1,2 addition

CCh + c h 3= c h - c h = c h 2
\

1,4 addition

\ BrCCla

C13C—CH*—CH=CH—CH, 

Br
I

CUC—CH2—CH— CH=CH2
+

C13C—CH2—CH=CH—CH2Br
cis- and trans-

+
CCk

In peroxide- and in light-initiated reactions at 60-80°, 
Kharaseh and co-workers1 8-2 obtained ~75%  1,4-addi
tion product and ~25%  1,2-addition product. How
ever, the stereochemistry of the products (cis-trans) has 
not been investigated. In the polymerization of buta
diene and other dienes,3 the relative amounts of 1,2-, 
cfs-1,4, and trans-1,4 structure in the polymers have re
ceived much study. It has been found that the amount 
of 1,4-trans configuration increases with decreasing 
reaction temperatures.

Several free radical chain reactions induced by ioniz
ing radiation have been reported in the literature.4-8 
The advantage of studying the previously described 
addition reaction when initiation is induced by radiation 
lies in the fact that a much wider range of temperatures, 
especially lower temperatures, can be employed for the 
reaction. This provides a convenient way of studying 
at lower temperatures of the isomer distribution in the 
products. This paper deals with the addition of bromo-

(1) M. S. K haraseh and  M. Sage, J .  O r g .  C h e m . ,  14, 537 (1940).
(2) M. S. Kharaseh, E. Simon, and W. Nudenberg, i b i d . ,  18, 328 (1953).
(3) C. Walling, “ Free Radical Reactions in Solutions,” John  Wiley and  

Sons, Inc., New York, N. Y., 1957, pp. 228-232.
(4) L. C. Anderson, B. G. B ray, and J . J. M artin , In te rna tiona l Confer

ence on the  Peaceful Uses of Atomic Energy, Vol. 15, U nited N ations, New 
York, N . Y ., 1956, p. 235.

(5) A. M . Lovelace and  D. A. Rausch, W right A ir D evelopm ent Com
mand Technical R eport S-5-461, April, 1956.

(6) T. S. N ikitina  and Kh. S. B agdasaryan, ,/. P h y s .  C h e m . ,  U S S R ,  31, 
704 (1957).

(7) E. H eiba and L. C. Anderson, J .  A m .  C h e m .  S o c . ,  79, 4940 (1957).
(8) A. Fon tijn  and  J. W. T. Spinks, C a n .  J .  C h e m . ,  35, 1384-1413 (1957).

Experimental
Materials.—Research grade butadiene (purity, 99.35%) of 

Phillips Petroleum Co. was employed. Bromotrichloromethane 
(Eastman Kodak, practical grade) was fractionated (b.p. 104°); 
its purity was determined by gas chromatography.

Radiation Source.—X-Rays were obtained from a 250-kv. 
potential X-ray machine (General Electric Maxitron-250) 
operated at 6-30 ma., and filtered through 1 mm. each of alumi
num and copper. The output of the machine was constant within
3-5%,.

Dosimetry.—Dosimetry was conducted by using ferrous 
sulfate solution in the same reaction vessel as that employed in the 
radiation of experiments. Since filtration of 1 mm. of aluminum 
plusl mm. of copper was used, essentially no energy below about 
40 kev. was involved, and the average energy transmitted by the 
filters was determined previously to be about 150 kev.9 Thus, 
it was possible to proceed from ferrous sulfate values in the 
aqueous system to dose rate values in the various nonaqueous 
systems by using the mass absorption coefficients at 150 kev. 
for the aqueous and nonaqueous systems ignoring any contribu
tion from photoelectric effect.10 Different dose rates were 
achieved by varying the current with the sample being placed at 
a fixed distance from the target.

Identification of Products.—The products were identified 
by means of boiling point, elementary analysis, infrared spectros
copy (a Beckman IR-4 was used), refractive index, and gas 
chromatography (Podbielniak 9580; column packing, 12 ft. of 
15% w./w. Hy-Vac silicone grease on 60/80-mesh Chromosorb- 
W; column temperature, 166°; gas pressure, 15 p.s.i.g. of 
helium). The configuration of the main product was determined 
by means of Raman spectroscopy employing a photoelectric 
spectrometer described previously11 as well as by infrared.

Method of Following Kinetics.—The initial reaction rates 
(first 10-15%) were followed by means of optical absorption in 
the near infrared employing a Cary ultraviolet spectrometer 
Model 14. A reaction vessel, as shown in Fig. 1, consisting of 
a flattop cell for irradiation connected to two Pyrex optical cells 
of different thicknesses (for different concentrations) and provided 
with a side tube for sealing off was employed. Thus the contents 
can be transferred into each cell without having to open the sys
tem. Known amounts of reactants were charged into the radia
tion cell. (At atmospheric pressure and 25°, approximately 
1 mole of butadiene can bo dissolved in 1 mole of liquid bromo
trichloromethane.) The vessel was then attached to a vacuum 
line and the air removed by alternate freezing and melting three 
times. It was sealed off at the side tube while the mixture was 
frozen and under a vacuum of 10- 2-10" 3 mm. The vessel was 
then positioned underneath the X-ray target. The radiation 
cell containing the reaction mixture was centered directly under

(0) P rivate  com m unication from Dr. L. A. Siegel of these laboratories.
(10) G. J. H ine and  G. L. Brownell, E d., “ R adiation  D osim etry ,” Aca

demic Press, Inc., New York, N. Y., 1956.
(11) R. F. Stam m  and C. F. Salsm an, Jr., .7. O v t .  S o c .  A m . .  43, 126 

(1953).
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the target with the flat side up; the optical cells were shielded 
from radiation by lead sheets so as to prevent them from dis
coloring. The distance from the target to the surface of the 
reaction mixture was 10 cm. A constant temperature bath 
(precision, ± 0 .2°) was then raised so that the liquid level of 
the bath was above that of the reaction mixture.

Butadiene gives several peaks in the near infrared of which 
the strongest and sharpest is the peak at 1.63 ¡x (6134 cm.“1). 
Bromotrichloromethane is transparent in the near-infrared region, 
and the reaction product was also found not to interfere at 1.63 
n. The reactions were followed by the decrease of absorbance 
(Ai.ea) at 1.63 fx after appropriate intervals of irradiation. The 
disappearance of butadiene was calculated from an analytical 
working curve based on standards whose spectra were taken 
while employing the same cell thickness and the same parameters 
of the spectrometer.

Formation of 1:1 Adduct and 1:2 Adduct.—Two products 
have been isolated from reactions covering a wide range of con
ditions such as different mole ratios of bromotrichloromethane 
to butadiene (in this paper, unless stated to the contrary, the 
term mole ratio refers to moles of bromotrichloromethane to 
moles of butadiene), different dose rates, different total irradia
tion time (total dose), and different temperatures (26-40°).

The 1:1 adduct was a colorless material with a sharp odor, 
b.p. 44° (0.05 mm.); n25d 1.6318. A gas chromatogram of the 
product obtained from a 3 :1 starting mole ratio showed a big 
peak representing 96.3% of the total area with a small peak (2.3% 
area) immediately before it and another small peak (1.4% area) 
immediately after it. These are attributed to isomers and will 
be discussed in the next section.

Anal. Calcd. for CsHcBrCL: C, 23.83; H, 2.40; mol. wt., 
253.39. Found: C, 24.05; H, 2.55; mol. wt., 254.6.

The 1:2 adduct was a colorless material with a sharp odor, 
b.p. 95.5° (0.1 mm.).

Anal. Calcd. for CsH^BrCL: C, 35.53; H, 3.95; mol. wt.,
306.49. Found: C, 35.12; H,3.82; mol. wt., 304.5.

It was found that the relative amounts of 1:1 adduct and 1:2 
adduct in the products varied with the mole ratio and the total 
reaction time. An increase in irradiation time increased the total 
conversion; it also increased the relative amount of the 1:2 
adduct in the product mixture. Likewise, a lower mole ratio 
favored the formation of the 1:2 adduct. When the mole ratio 
of the reactants w'as 1: 1, it was found that at a conversion below 
15% there was no 1:2 adduct formed in the product mixture. 
For higher mole ratios, e.g. 6:1, essentially no 1:2 adduct was 
formed even at a high conversion (60%). It should be mentioned 
that the conditions which favored the formation of the 1:2 
adduct also favored that of nondistillable polymeric substances. 
Thus, in experiments where a high total dose and a low mole ratio 
were employed, a considerable amount (10- 20%) of polymeric 
residue was formed. In all experiments where the products 
were used for determination of configuration, material balance 
was maintained so that no fraction was lost, and the true ratio 
of the isomers was obtained. In kinetic studies, all the reactions 
were carried out so as not to exceed 15% conversion, and, in all 
these runs, the 1:1 adduct was the only product.

Results
Determination of Configuration by Infrared and 

Raman Spectroscopy.—From chemical analysis it was 
demonstrated that the best fraction of what was 
thought to be the 1:1 adduct of bromotrichloromethane 
to 1,3-butadiene probably had the empirical formula 
C5H6BrCl3. If the addition proceeded in a straight
forward fashion, the 1-1 adduct is expected to be 1- 
bromo-5,5,5-trichloro-(raws-2-pentene, or 4-bromo-
5,5,5-trichloropentene-l, or l-bromo-5,5,5-trichloro-m- 
2-pentene. At room temperature the cis isomer should 
be the least probable product.

By studying the infrared and Raman spectra of a 
sample of 1:1 adduct obtained from a reaction mixture 
having a mole ratio of 1:1, it was possible to show that 
the major component was the 1,4-trans isomer and that 
the main impurity probably was a monosubstituted 
ethylene. The details follow.

Fig. 1.—Irradiation vessel with attached optical cells. A is 
irradiation cell with flattened window (B). C and D are Pyrex 
absorption cells with optically flat windows and path lengths of 
10 mm. and 2 mm., respectively. E is constriction for sealing off 
after degassing.

Infrared.—1. A strong band at 970 cm.-1 was 
assigned to an out-of-plane H-bending mode of a 
frans-disubstituted double bond. (The region from 
675-730 cm.“ 1 normally contained in out-of-plane H- 
bending mode attributable to a cfs-disubstituted double 
bond was confused by intense asymmetrical C—Cl 
stretching frequencies.)

2. Two strong bands normally employed to show 
the presence of a monosubstituted ethylene should

H
appear at 990 cm.“ 1 (C=C twist) and 925 cm.-1 [

R
C=CH2 wag]. These bands were missing. However, 
the region near 925 cm.-1 was partly obscured by the 
side of a strong band centered at 944 cm.“ 1. From this 
it was possible to state only that the content of R C H = 
CFI2 was less than 15%.

3. The C=C  stretch region. contained only very 
weak bands which were of little value in a positive 
sense.

Raman.—1. There is a very strong C =C  stretch 
at 1670 cm.“ 1 and a much weaker (though well re
solved) C=C at 1640 cm.“1. From data presented in a 
review article12 on the Raman spectra of olefins, it is- 
seen that the line at 1670 cm.“ 1 could arise from the: 
following configurations.

H R It H R R
\ / / \ /

(a) C = lC , (b) . C - -C , or (c) C==C
/ \  / \ / \

11 H R R R It
(12) J . Goubeau, e l  a l . ,  A n g e w .  C h e m . ,  (A) 59, 87 (1947), Beiheft Nr. 56 

(Table 20).



1582 C h e n  a n d  Sta m m V o l . 28

2. The weak Raman lines at 1640 and 1405 point 
strongly to a monosubstituted ethylene as the minor 
component. Admittedly, the frequency of 1405 c m r1 
is low for the = C H 2 deformation and should be about 
1415. However, the band is quite weak and is really 
not clearly resolved from the low X side of 1426; thus 
the measurement of the peak is rendered uncertain. 
Also there are a few compounds possessing the structure

H H

R H
whose Raman spectra have the line in question near 
1405 cm."1, e.g. allyl alcohol (1407 cm.-1). (If 
this 1405 band showed up in the infrared spectrum, it 
would be evidence for a cis structure. However, there 
is nothing definite at this position in the infrared spec
trum on 25- or 60-min. runs.) As another possibility, 
if the Raman line at 1405 cm.-1 were assigned to the 
deformation of the = C H 2 group of a conjugated sys
tem, there would be further complications in the C=C  
region which are not present. (The C = C  stretch of 
the cis isomer would lie at 1647-1650 cm.-1 but does 
not appear in the Raman spectrum.)

Infrared and Raman.—1. The infrared and Raman 
bands at 1442 and 1292 cm.-1 are the CH2-deformation 
and CH2-wagging frequencies of one or more methylene 
groups.

C C
\ /

C
h 2

2. The infrared and Raman bands at 1426 and 1208 
cm.-1 are the same modes of the following group.

C Br
\ /

C
H2

3. The presence of strong infrared bands in the 
region 710 to 830 cm.-1 indicates that a —CC13 group 
could be present. The presence of a strongly polarized 
Raman line at 394 cm.-1 also indicates that a CC1?, 
group (390-430 cm.-1) could be present.13

4. The weak infrared band and medium intensity 
Raman line at 1310 cm.-1, (probably originating from 
an in-plane deformation involving two hydrogens) in
dicate a trans structure.

The spectroscopic data, when considered in conjunc
tion with the empirical formula data and the types of 
structures to be anticipated lead us to conclude that the 
major component is the 1,4-trans isomer, and the minor 
component is a monosubstituted ethylene presumably 
attributable to the 1,2-mode of addition. The assign
ment of a structure to the minor component practically 
on the basis of the cm.-1 value of one line, the C=C  
stretch, may appear unjustifiable. However, the fre
quency of this 0 = C  mode belonging to the type of 
structure postulated is well founded.

Probable Concentrations.—The intensities of the 
C =C  Raman lines (1670 and 1640 cm.-1) were used to

(13) H . Gerding and  H . G. Haring, R e c .  t r a v .  c h i r n . ,  47, 1400 (1955).

obtain concentration ratios of major to minor com
ponents. For the product (1:1 adduct) derived from 
the 1:1 starting mole ratio, the average ratio of C =C  
peak intensities from three photoelectric spectra was 
6.57:1 after correcting for overlapping. The Raman 
spectrum of the fraction obtained from the distillation 
of the product formed from a reaction mixture having 
an initial mole ratio of 3 :1 gave a lesser amount of the 
compound having the C =C  at 1640 cm.-1 (no longer 
clearly resolved), and an intensity ratio of 15.6:1 
(average from two spectra). When the two compounds 
are present in equal concentrations, the C =C  of the 
monosubstituted ethylene should be about 10% more 
intense than that of the trans isomer.12 These assump
tions lead to concentration levels of 88 and 12% for the 
fraction obtained from the 1:1 starting ratio, and 94.5 
and 5.5% for the fraction derived from the 3:1 starting 
ratio. The analytical results on the 1:1 adduct 
achieved by vapor phase chromatography (three com
ponents having per cents of 96.3, 2.3, and 1.4%) are 
not necessarily at variance with those achieved spec
troscopically since identical samples were not examined 
by both techniques. The spectroscopic results show 
that the major component is a ¿rans-substituted C=C  
and that a minor component is present which probably 
is a monosubstituted ethylene and not a cis C=C. 
The concentrations found by Raman effect are only 
semiquantitative since no working standards were 
available. However, the changes in concentration 
levels established by Raman effect in the 1:1 adduct 
derived from 1:1 and 3:1 starting mole ratios are defi
nite. From the fact that three peaks were measured 
in the sample of 1:1 adduct studied by v.p.c., we as
sume that they are attributable to trans, 1,2-, and cis, 
respectively. If there were 2-3% of the cis isomer 
present, the C=C  line would not have been observed 
in the Raman spectrum since it would be at 1650 cm.-1 
and would lie even closer to the intense trans C=C  
stretch. From the degree of fractionation that could 
be achieved and from the data which were obtained, no 
more precise statements can be made by the authors 
regarding the concentrations of these isomers. For the 
1:1 adduct from the 3:1 starting mole ratio, the agree
ment between v.p.c. and Raman effect is as good as 
could be expected.

Since the compound is probably 94-95% pure, the 
spectroscopic data are given in Table I. The infrared 
bands occur at essentially the same positions as the 
Raman lines with the following exceptions. Above 
600 cm.-1, the weak Raman lines 1185, 1273, 1405, and 
3127 cm.-1 do not appear in infrared. Conversely, 
the infrared bands at 1550, 1685, and 1723 cm.-1 (plus 
some higher overtones and combinations) do not appear 
in the Raman spectrum. The compound is known to 
be impure, thus there seems to be no point in attempt
ing to assign all the bands. However, this much 
should be stated: (1) The total number of Raman lines 
is 49 of which at least 2 belong to an impurity. Ac
cordingly, there are at least 8 lines present in addition 
to the 39 (3 N — 6 where N  is equal to 15, the number 
of atoms) which should appear as fundamentals. (2) 
In the trans configuration, there might be a plane 
of symmetry present in which case there would be 24 
vibrational modes of type A' symmetrical to the plane 
(perpendicular-type bands in infrared, polarized in
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T a b l e  I

R a m a n  S pe ct r u m  o p  l-BROMO-5,5,5-TRicHLOKO-irare#-2-PEN- 
t e n e ° ( P u r it y , 9 4 -9 5 % )

a/ Ie PnA A v I Pn An I Pn
150 0.9 0.51 708 16.9 0.74 1273 5.2 0.78
160 11.0 .31 773 20.2 .65 1292 10.8 .45
178 5.9 .73 797 15.8 .61 1310 14.3 .38
204 10.4 .61 837 4.2 1340 1.9
235 9.9 .61 865 2.1 1405" 1.8
287 28.0 .67 887 2.3 1426 9.5 .70
322 24.9 .40 943 4.2 .82 1442 7.8 .66
347 16.9 .30 975 2.4 1640" 9.1 P
394 14.4 .15 1027 10.9 .88 1670 119.8 0.33
407 21.5 .27 1065 2.3 2787 45.2 .18
428 3.4 .36 1087 7.7 .61 2830 5.5 .26
483 18.5 .21 1149 20.2 .68 2857 2.9
516 2.9 1185* 4.6 2872 11.6 .14
573 28.0 .14 1208 72.0 .44 2920 28.4 .13
612 67.4 .29 1226 13.1 .77 2967 38.0 .24
651* 1252 0.7 3023 23.6 .43

3127 6.2 .17
“ Toronto type spiral arc, Hg A 4358.35 A. excitation, NaNO 

filter, 5 cm.“1, spectral slit width, spectrum recorded photo- 
electrically. * Ar, cm." 1 (vac.). c I  = 100[7(Ar)//(CHCla, 
An 667 cm."1) X n2(CHCl3)/r!.2(X)]; direct photoelectric peak 
intensities. d Depolarization values obtained by method of 
Edsall and Wilson' using modification of Rank and Kagarise/ 
6 J. T. Edsall and E. B. Wilson, Jr., J. Chem. Phys., 6, 124 
(1938). f  D. H. Rank and R. E. Kagarise, J. Opt. Soc. Am., 40, 
89 (1950). " Believed due to isomer arising from 1,2-addition.
* Shoulders; poorly defined lines.

Raman effect) and 15 modes of type A" antisym- 
metrical to the plane (parallel-type infrared bands, de
polarized in Raman effect). Since all the Raman lines 
(save one weak line) are polarized, there probably is no 
plane of symmetry.

Kinetics.—The results on the standardizations of 
butadiene solutions in bromotrichloromethane of low 
(up to 6%), intermediate (6-10%), and high (10-25%) 
concentrations with regard to the absorbance [log 
(Io/I) ] at 1.63 /u are represented in Fig. 2. In all cases 
Beer’s law was obeyed, and it was also verified that ap
propriate concentrations of bromotrichloromethane and 
of the 1:1 adduct did not vitiate the calibration plots.

Typical kinetic plots for the X-ray induced reaction 
between bromotrichloromethane and butadiene are

T a b l e  II

D a t a  fo r  A d d itio n  of B r o m o tr ich lo ro m eth an e  to  B utadi
e n e  I n it ia t e d  b y  X -R a y s  (250 k v . P o t e n t ia l )

Mole ratio  T em perature, 
BrCChrC-iHe °C . ±  0.2

Dose rate® 
rads min. _1

R ate  X 103, 
moles kg. -1

min. -1 G value^

3.01:1 25 1447 1.22 797
3.08:1 25 3725 2.00 516
3.19:1 25 5977 2.44 394
0.95:1 25 5341 1.11 199
2.67:1 25 5898 2.62 428
4.69:1 25 6081 2.23 354
8.37:1 25 6187 2.54 382
18.4:1 25 6261 2.72 419

46:1 25 6300 2.59 397
2.70:1 32.5 5922 3.08 500
3.14:1 40 5973 3.54 572
2.67:1 40 5898 3.80 621
a Dose rate calculated, based on the composition of the

starting material, from the dose rate obtained for Fe +2~Fe +3
dosimeter under the same conditions. Filtration: 1 mm. of
aluminum +  1 mm. of copper. 6 Molecules of butadiene reacted 
per 100 e.v. absorbed.

PER CENT BUTADIENE
20 4.0 6.0 8.0 10.0 12.0

Fig. 2.—Standardization of butadiene solutions in bromotri
chloromethane. O: 10-mm. cell; geometrical slit width = 0.12
mm.; Ai.«a = 0.3309 (Cith %) +  0.049. • :  10-mm. cell; 
copper screen filter (T  = 0.1), slit width = 1.2 mm.; .4i.6.i = 
0.224 (C4H6 %) +0.381. A: 2-mm.cell; slit width = 0.12 mm.; 
A,.« = 0.03362 (C4H6 %) +  0.3464.

Fig. 3. Some typical plots in reactions between butadiene and 
bromotrichloromethane as expressed in disappearance of butadi
ene vs. time.

shown in Fig. 3. It is seen that the disappearance of 
butadiene is linear with time. The kinetic data cover
ing various experimental conditions are recorded in 
Table II. For the reaction at 25° when employing a 
mole ratio of 3:1, it was found that the rate was pro-
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Fig. 4.—Arrhenius plot for addition of bromotrichloromethane 
to butadiene. Mole ratio, 3:1; dose rate: 6 X 103 rads
min.-1.

portional to the 0.5 power of the dose rale (rate «
20-6) and that the G value was inversely proportional 
to the 0.5 power of the dose rate (G /  <* Table
III represents the dependence of rates or. the mole

T a b l e  III
D e p e n d e n c e  o f  R a t e  o n  t h e  C o n c e n t r a t io n  o f  B r o m o t r i

c h l o r o m e t h a n e “
Mote ratio [B rC C l j ] , Rate X 10s,

BrCCU-.CtHe moles kg. _1 moles -<g. '  min. “ !

0 . 9 5 : 1 3 . 9 2 1 . 1 8

2 . 6 9 : 1 4 . 5 8 2 . 6 5

3 . 1 9 : 1 4 . 6 2 2 . 4 6

4 . 6 9 : 1 4 . 7 7 2.22
8 . 3 7 : 1 4 . 8 8 2 . 5 1

1 8 . 4 : 1 4 . 9 7 2 . 6 7

4 6 : 1 5 . 0 1 2 . 5 3

“ Dose rate, 6025 rads min.-1.

fraction of bromotrichloromethane at 25°. Figure 4 
shows the Arrhenius plot involving temperatures of 
25, 32.5, and 40°. An activation energy of 5.45 kcal. 
mole-1 was calculated.

Discussion
Based on the results of infrared and Raman spectros

copy described in a previous section it can be stated 
that the radiation-induced addition of bromotrichloro- 
methane to butadiene in the vicinity of room tempera- 
tare (25-40°) produces primarily the 1,4-trans 1:1 
adduct. One might say that the addition is nearly 
stereospecific; however, the product obtained is also 
close to the equilibrium mixture of isomers which is 
high in trans-1,4. It is difficult to distinguish between 
addition products and isomerization product. It has 
also been found that higher ratios of bromotrichloro
methane to butadiene favor the 1,4-trans addition as 
well as the formation of 1:1 adduct as was indicated by 
the results in the Raman and infrared analyses for the 
products obtained from reactions involving 3:1 and 1:1 
mole ratios of the reactants. The fact that the ratio of 
1:2 adduct to 1:1 adduct increases with reaction time

suggests that the 1:2 adduct does not result from 
straight telomerization but rather from reaction of the 
1:1 adduct with butadiene.

Because of the pressure, reactions of high mole ratios 
of butadiene to bromotrichloromethane (>1:1) have 
not been studied. Also, by the present analytical 
method the peak at 1.63 ¡x would be too intense to be 
measured by Cary 14 spectrometer even with a 1-mm. 
cell. I t can be visualized that under those conditions 
other types of reactions, telomerization and polymeriza
tion, will be favored. Consequently, the rate of dis
appearance of butadiene probably will increase. It 
should be emphasized that in all the kinetic studies re
ported here the conditions were chosen so that the 1:1 
adduct was the only product. Therefore, the rates re
ported are those pertaining to the following reaction.

BrCCls +  CH2= C H —CH=CH2 — >
C13C—CH2—CH=CH—CH2Br 

Br

(+  c i3c —c h 2—OH—CH=CH2)
small amount

This reaction and other addition reactions of poly- 
halomethane-olefin systems initiated by light or 
peroxides have been demonstrated to be free radical 
chain reactions.1-3 The kinetics have been reported 
for the systems bromotricbloromethane-cyclohexene 
and bromotrichloromethane-vinyl acetate for reactions 
initiated by light by Melville and co-workers14 and 
Bengough and co-workers.15 Our results show that 
the addition reaction of bromotrichloromethane to 
butadiene induced by X-rays is a free radical chain re
action as indicated by the high G values (number of 
molecules reacted per 100 e.v.), by the dose rate de
pendences, rate cc 7°-6 and G ® and by the activa
tion energy (5.45 kcal. mole-1). These kinetic results 
together with the chemical and spectroscopic results 
discussed above lend credence to the following homo
geneous kinetic scheme.

I
Initiation: BrCCl g---AW AAV— -H» Br +  CC1S

h
Propagation: CC13 +  CH2=C H —CH=CH2— >

C13CCH2—CH=CH—c h 2

C13CCH2—CH=CH—CH2 +  BrCCl 3 —
C1jCCH2—CH=CH—CH2Br +  CC13

ki
Termination: 2CCIS---->• C2Cle

ks
2C13CCH2—CH=CH—CH2  >

(C13CCH2—CH=CH—CH2T-2

CC13 +  C13C—c h 2—c h = c h —c h 2
ci3c c h 2—c h = c h —c h 2—CCla

The linear plots (Fig. 3) obtained for concentrations 
of butadiene vs. time indicate that under the condi
tions investigated (Table II) the reaction is zero order

(14) H . W. Melville, J . C. Robb, and R. C. T u tto n , D i s c u s s i o ? i s  F a r a d a y  

S o c . .  10, 154. 224 (1951); 14 ,150  (10531.
(15) W. I. Bengough and  R. A. M. Thom son, T r a n s .  F a r a d a y  S o c . .  56, 

407, (1960); 57, 1928 (1961).
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in butadiene and that step 2 is not rate determining. 
Based on the results shown in Table III, from mole 
ratios of 1:1 to 3:1 the reaction is dependent on the con
centration of bromotrichloromethane. However, it is 
difficult to draw any conclusion about the dependence 
on bromotrichloromethane at higher mole ratios. 
For a great change in mole ratio from 3:1 to 46:1 only 
results in a 30% change in the absolute concentration 
of bromotrichloromethane.
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For comparison with the previously reported1 addition of bromotrichloromethane to butadiene induced by 
ionizing radiation, similar reactions involving isoprene and 2,3-dimethylbutadiene have been investigated. 
In the isoprene reaction using three moles of bromotrichloromethane to isoprene, the 1:1 adduct was shown 
to contain products resulting from 72% 1,4-addition, 26% 4,1-addition, and a small amount of 1,2- and 4,3- 
additions. In the 2,3-dimethylbutadiene reaction, in all mole ratios studied, the product obtained was ex
clusively the 1:1 adduct resulting from 1,4-addition. The kinetics of the reaction were investigated over the 
temperature range 25 to 40°; the dose rate ranged from (1.4 to 6.3) X 103 rads min."1; and the mole ratio of 
bromotrichloromethane:diene was varied from 1:2 to 10:1. It was observed that 2,3-dimethylbutadiene was 
the most reactive among the three dienes. The activation energies were 3.96 keal. mole" 1 for isoprene and
3.09 kcal. mole" 1 for 2,3-dimethylbutadiene. The G values (molecules of diene consumed/100 e.v. absorbed) 
ranged from 450-1000 fof isoprene and 1000-3650 for 2,3-dimethylbutadiene. The dose rate dependences 
were: for isoprene, rate oc dose rate'1-53; G « dose rate“0 48; for 2,3-dimethylbutadiene, rate cc dose rate0-58; 
G a dose rate"0-42. In the eases of both isoprene and 2,3-dimethylbutadiene, the reactions are zero order in 
the diene over the entire range of mole ratios investigated.

The addition reaction of bromotrichloromethane to 
butadiene induced by ionizing radiation has been found 
to yield primarily the 1,4-trans adduct.1 This investi
gation deals with the same type of reaction involving 
some substituted butadienes—2-methylbutadiene (iso
prene) and 2,3-dimethylbutadiene. One of our pur
poses was to study the modes of addition of bromotri
chloromethane to these dienes induced by ionizing 
radiation in the vicinity of room temperature. In the 
case of 2,3-dimethylbutadiene 1,2- and 1,4-additions 
similar to those described for the butadiene reaction1 
are possible, while in the case of isoprene all 1,2-, 1,4-,
4,1-, and 4,3-additions leading to various products are 
possible. Another purpose was that of comparing the 
reactions involving the unsubstituted and substituted 
butadienes from a kinetic point of view. It was hoped 
that these findings would help us to understand more 
clearly the mechanisms of the described reactions.

Experimental
Materials.—Research grade isoprene of Phillips Petroleum 

Co. was employed. Both 2,3-dimethylbutadiene and bromotri
chloromethane were supplied by Eastman Kodak Co. and purified 
by fractionation shortly before use.

The radiation source, dosimetry, and other experimental 
procedures were similar to those described for the butadiene 
reaction.1

Gas-liquid chromatographic analyses were carried out using 
a Podbielniak Co. instrument, Model 9580. A 12-ft. column 
packed with 15%, w./w. Hy-Vac silicone grease on 60/80-mesh 
Chromosorb-W solid support was used. The column temperature 
was 166°, and the helium gas pressure was 15 p.s.i.g.

N.m.r. spectra were obtained with a Varian V4300B high-

(1) C. S. Hsia Chen and R. F. Stamm, J . Org. Chem., 28, 1580 (1963).

resolution spectrometer at 40 Me. in carbon tetrachloride solu
tion with tetramethylsilane as an internal standard.

Identification of Products. Bromctrichloromethane-Isoprene 
Reaction.—Similarly to the bromotrichloromethane-butadiene 
reactions,1 the bromotrichloromethane-isoprene reactions pro
duced both the 1:1 adduct [CeHsCbBr, b.p. 49.0-54.3° (0.025 
mm.)] and the 1:2 adduct ICnHmChBr, b.p. 90° (0.075 mm.)].

A n a l. (1:1 adduct'. Calcd. for CeHsGl.iBr: C, 27.05; H, 
3.03; Cl,31.81; Br, 23.89. Found: C, 27.5S; H, 3.51. (1:2 
adduct). Calcd. for C„H,6Cl3Br: C, 39.49; H, 4.82; Cl, 31.81; 
Br, 23.89. Found: C, 39.33; H, 4.70.

However, the 1:2 adduct was obtained only in cases where the 
initial concentration of isoprene was high (1:1 mole ratio) or 
when the mixture was exposed to radiation for a long time; 
it was also formed in smaller amounts in comparison with the 
corresponding butadiene reactions.1

The 1:1 adduct (I) formed in the addition reaction of bromo
trichloromethane to isoprene (3:1 mole ratio) induced by X- 
ravs (dose rate: 6 X 103 rads min._1) was shown by infrared and 
Raman spectroscopy to contain less than 5% terminal double 
bond resulting from either 1,2-addition or 4,3-addition. The 
vibrational spectra showed conclusively the presence of —CHiBr 
and —CC13 groups as major components. In addition, the 
cleanness of the Raman spectrum indicated that the 1:1 adduct 
contained either a single compound or else a mixture of compounds 
whose structures were such as to yield identical spectra for the 
several components. However, these methods were unable to 
distinguish between cis and trans structures with regard to the 
locations of the H atom and —CH3 group on the residual double 
bond. Also, the amounts of 1,4- and 4,1-addition products could 
not be ascertained. A gas-liquid chromatograph of I showed two 
minor peaks, (1.5 and 1.5%,, before two major peaks, 26.1 and 
71.9%,. The n.m.r. spectrum of I showed a mixture of the 1,4- 
and 4,1-adduct with the component possessing a doublet at lower 
field being present in greater concentration. The compound Br— 
( ’II,—CH=C(GHs)—GH->—CGI, would be the more abundant 
component if the H resonances on the methylene adjacent to the 
Br atom appear at a lower field than those on the methylene 
adjacent to the —CC13 group. A preliminary look at the models 
Br—CH:i and CljC—CH3 showed that the difference was very 
slight and possibly in the reverse order. Another approach was
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PER CENT ISOPRENE
2.0 4,0 6.0 8.0 ¡0 0 12 0

Fig. 1.—Standardization of isoprene solutions in bromotri- 
chloromethane. O: 10-mm. cell; geometrical slit = 0.12 mm.;
Ai.es = 0.2175 (% C5H8) +  0.04100. A: 10-mm. ceil; copper
screen, T = 0.1; slit = 1.2 mm.; Ai.a = 0.1886 (% CsH5) +  
0.066. □: 2-mra. cell; slit = 0.12 mm.; „4 mb = 0.02927(% 
C5H8) +  0.1322.

PER CENT 2,3-DIMETHYLBUTADIENE

Fig. 2.—Standardization of 2,3-dimethylbutadiene solution in 
bromotrichloromethane. O: 10-mm. cell; geometrical slit =
0.12mm.; d o .627 =  0.2162 (%  CeH;o) +  0.0542. A: 10-mm. cell; 
copper screen, T = 0.1; slit = 1.2 mm.; Ai.en = 0.1776 (% 
C6H,„) +  0.3013. □: 2-mm. cell; slit = 0.12 mm.; =
0.03785 (%, C6H,o) +  0.1400.

then taken. Work by Hatch, et a l.,2 has shown that by using 
lithium aluminum hydride, the bromide in a compound such as 
BrCH:—< 41 - ( ;H—CH3 can be replaced by hydrogen in greater 
than 95% yield with the double bond remaining intacc. Thus, 
the 1:1 adduct (I) was treated with lithium aluminum hydride 
under mild conditions favoring replacement of Br in preference 
to the less reactive Cl. An 86% (or higher) yield of the reduced * 5943

(2) L. F. Hatch, P. D. Gardner, and R. E. Gilbert, J .  A m .  C h e m .  S o c . .  81,
5943 (1959).

product (II) was obtained. The results in gas-liquid chroma
tography showed that II was a mixture of three fractions in the 
relative amounts of A, 1.0%, B, 22.4%,, and C, 76.6%. Frac
tion C, had a slightly unsymmetrical peak which could not be 
resolved. Approximately 20 fil. each of fractions B and C were 
trapped from the gas chromatograph by employing 20 or more 
passes. N.m.r. spectra of fractions B and C were examined. 
Fraction C gave a spectrum corresponding roughly to three 
parts CH3—CH=C(CH3)—CH2—CC13, derived from BrCH2— 
CH=C(CH3)—OH,—CC1,, and one part CH,~C(CH3)=C H — 
CH2—CC13. The spectrum of fraction B corresponded to 
CH3—CH=C(CH3)—CH2—CHC12 derived from CH3—C H = 
C(CH3)—CH2—CC13 also, where, aside from the Br atom, one 
Cl atom was also replaced by H. The gross identity of fraction 
B was verified by mass spectrometry. Therefore, over-all, II 
was composed of (76.6 X 3A) +  22.4 = 79.9% of the products 
derived from the 1,4-addition product and 20.1% from the 4,1- 
addition product. Since the yield from the lithium aluminum 
hydride reduction was 86%, and since II contained 80% of 
products which were derived from the 1,4-addition compound, 
therefore, in I the largest fraction, 71.9%, must be the 1,4- 
addition compound, and the lesser fraction, 26.1%, the 4,1- 
addition product. The remaining minor fractions totaling 2% 
could be the 1,2- and 4,3-addition compounds or other impurities.

Bromotrichloromethane-2,3-Dimethylbutadiene Reaction.— 
Unlike the butadiene and isoprene reactions, the addition of 
bromotrichloromethane to 2,3-dimethylbutadiene yielded only 
the 1:1 adduct even at 100% conversion. Infrared and Raman 
spectroscopy established that the 1:1 adduct has the 1,4-con
figuration, CI3C—CH2—C(CH3)=C(CH3)—CH2Br, a clear liquid, 
b.p. 74° (0.2 mm.).

Anal. Calcd. for CrHioChBr: C, 29.98; H, 3.59. Found: 
C, 30.28; H, 3.60

Results
Kinetics.—The results oil the standardization of 

isoprene of different concentration ranges with regard 
to absorbance [log (.P /I )] at 1.63 ¡x are represented in 
Fig. 1. Similarly, the results on the standardization 
of 2,3-dimethylbutadiene are represented in Fig. 2. 
In all these cases Beer’s law is followed. In Fig. 3, 
the results on very concentrated solutions of 2,3-di
methylbutadiene in bromotrichloromethane are shown 
(30-50%). It is seen that Beer’s law is no longer fol
lowed and that a curve is obtained. This curve was 
used graphically for determining the CeHio concentra
tion in the reaction where the mole ratio was 1:2. 
(Mole ratio, unless specified otherwise, refers to bromo- 
trichloromethanediene.)

Typical kinetic plots for X-ray induced bromotri- 
chloromethane-isoprene and bromotrichloromethane-
2,3-dimethylbutadiene reactions are shown in Fig. 4 
and 5, respectively. In both figures all the plots are

T a b l e  I
D a t a  f o r  A d d it io n  o f  B r o m o t r ic h l o r o m e t h a n e  t o  I s o p r e n e

Mole ratio Temperature, Dose rate“
Rate X 10», 
moles kg.

BrCCh: CbHs °C. ±  0.2 rads min. -1 min. -1 G values*
2.90:1 25 1454 1.46 969
2.99:1 25 3807 2.30 883
2,98:1 25 5896 3.10 507
3.04:1 32.5 5798 3.60 556
3.18:1 40 5650 4.88 833
1.03:1 25 5235 2.82 520
2.05:1 25 5699 2.70 456
6.19:1 25 0097 3.65 577
8.36:1 25 6154 3.75 564

17.95:1 25 6257 3.46 525
11 Dose rate calculated from the composition of the system based 

on Fe+2-F c+3 dosimetry under the same conditions. Filtration, 
1 mm. of aluminum + 1  mm. of copper. " Molecules of isoprene 
reacted per 100 e.v. absorbed.
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T a b l e  II
D a t a  f o b  A d d i t i o n  o f  B r o m o t r i c h l o r o m e t h a n e  t o  2 ,3 -  

D i m e t h y l b u t a d i e n e

R ate  X 103,
Mole ra tio  T em perature , Dose ra te“ moles kg. 1

BrCChiCeH.o °C. ±  0.2 rads min. 1 min. 1 G value0

2.93:1 25 1423 5.39 3653
3.20:1 25 3611 7.33 1957
2.99:1 25 5749 12.88 2160
2.91:1 32.5 5896 14.32 2381
2.93:1 40 5778 18.63 2737
1:2.06 25 4347 4.80 1065
0.99:1 25 5020 11.17 2146
4.25:1 25 5904 11.67 2074
6.08:1 25 6043 13.54 2161

10.63:1 25 6160 15.23 2384
11.06:1 25 6106 16.23 2559
11.22:1 25 6158 16.19 2537
18.72:1 25 6223 15.41 2388

a Dose rate calculated from the composition of the system based 
on Fe+2-F e+3 dosimetry under the same conditions. Filtration, 
1 mm. of aluminum -f- 1 mm. of copper. b Molecules of 2,3-di- 
methylbutadiene reacted per 100 e.v. absorbed.

essentially linear. The kinetic data concerning various 
experimental conditions are recorded in Table I for iso- 
prene and in Table II for 2,3-dimethylbutadiene. 
When employing a mole ratio of 3:1 for isoprene at 
25°, it was found that the rate was proportional to the 
0.53 power of the dose rate (fc a 7°-63), and the G value 
was inversely proportional to the 0.48 power of the dose 
rate (G a / -0-48). For 2,3-dimethylbutadiene, the rate 
was proportional to the 0.58 power of the dose rate (k 
a 7°-S8), while the G value was inversely proportional 
to the 0.42 power of the dose rate (G a 7-0-42). Figure 
6 represents the dependence of rates on the mole frac
tions of bromotrichloromethane at 25° for both isoprene 
and 2,3-dimethylbutadiene. It shows that maximum 
rates are in the neighborhood of 0.8-0.9 mole fraction 
of bromotrichloromethane. Figure 7 shows the Ar
rhenius plots involving temperatures of 25, 32.5, and 
40°. An activation energy of 3.96 kcal. mole-1 was 
calculated for the addition to isoprene, and 3.09 kcal. 
mole-1 for that to 2,3-dimethylbutadiene.

Discussion
From the results obtained for the bromotrichloro- 

methane-isoprene system, it is seen that addition of the 
trichloromethyl radical (CCI3) is more favorable 
(3:1) at the end nearest to the methyl group (position 
1). Presuming that the initiation is BrCCl3 -*■ Br +  
C C I 3 ,  this is expected since CC13 is an “acceptor-type”3 
radical which preferentially attacks double bonds with 
electron-donating groups in the propagation step. In 
the displacement step the polar factor is also more 
favorable. This is also shown by the relative reaction 
rates obtained for the addition of bromotrichloro
methane to butadiene, isoprene, and 2,3-dimethyl
butadiene. For example, at 3:1 mole ratio, 25°, and a 
dose rate of 6 X 103 rads min.-1, the ratios in rates are

C4H6:C6H8:C6H10 = 1:1.27:5.28

In the rate vs. mole fraction of bromotrichlorometh
ane plots (Fig. 8), in the cases of both isoprene and 2,3- 
dimethylbutadiene, as well as in that of butadiene,1

(3) C. Walling, “ Free Radicals in  Solution,” John  Wiley and  Sons, Inc., 
New York, N. Y., 1957, Chap. 6.

Fig. 3.—Standardization of concentrated 2,3-dimethylbutadiene 
in bromotrichloromethane; 2-mm. cell; slit = 0.12 mm.

Fig. 4.—Some typical plots in reaction kinetics between iso
prene and bromotrichloromethane as expressed in disappearance 
of isoprene.

the maxima lie in the region of 0.7-0.9 mole fraction of 
bromotrichloromethane (especially in the case of 2,3- 
dimethylbutadiene) ; this is in agreement with the idea 
of radical reactivities.3 Since the radicals derived from 
the dienes are relatively stable due to resonance, these 
remain as the major radical species in the systems up to 
a high mole fraction of bromotrichloromethane. 
Among these three dienes, the steepest rise and highest 
maximum yield is observed with 2,3-dimethylbuta
diene. This may result from the greatest reactivity 
of this diene in the present “donor-acceptor” type 
reaction.

In all kinetic runs reported, the conditions were 
chosen so that the 1:1 adduct was the only product. 
Therefore, the rates pertain to reactions on p. 1588. 
The stepwise, free radical reaction schemes for the addi
tion reactions of these dienes are similar to that repre
sented for butadiene.1 The results from the kinetic 
studies show that the rates and G values are in the 
order of butadiene < isoprene < 2,3-dimethylbutadiene
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Fig. 5.—Some typical plots in reaction kinetics between 2,3- 
dimethylbutadiene and bromotrichloromethane as expressed in 
disappearance of 2,3-dimethylbutadiene vs. time. The scales on 
top and right of the graph belong to the uppermost plot.

Fig. 7.—Arrhenius plot of addition of bromotrichloromethane 
to diene. Mole ratio, 3:1, dose rate, 6 X 103 radsjriin.-1. 
•  , 2,3-Dimethylbutadiene; O, isoprene.

Fig. 6.—Dependence of rate on the mole fraction of bromotri
chloromethane at 25°. O, Isoprene; • ,  2,3-dimethylbutadiene.

Isoprene: BrCCh +  GIF—C—CH=CH2 ~~— >■
I

CH3
CI3C—CII-2—C=CH—CH2Br

I
c h 3

-7 5 %  +
C13C—CII2—C =C —CH2Br

H CH3 
-2 5 %

2,3-Dimethylbutadiene: BrCCla +  CH2= C ---- C=CH 2 ------- >-
I I

c h 3 c h 3
C13C—CH2—C(CH3)=C(CH3)—CIFBr

and that the activation energies are in the order of 
butadiene > isoprene > 2,3-dimethylbutadiene. Also, 
based on the dose rate dependence, the extent of allylic 
degradative chain transfer is in the order of 2,3-di
methylbutadiene > isoprene > butadiene. All these 
observations are in accordance with the structural fea
tures of these three dienes. The 2,3-dimethylbutadiene 
having two electron-donating groups which also carry 
six allylic hydrogens, is expected to be the most reac
tive, and the one capable of the highest allylic chain 
transfer among the three. However, the allylic chain 
transfer is not extensive in any case as is shown by the 
nearly square root dependence on the dose rate in all 
three cases. I t is conceivable that considerable attack 
on allylic hydrogens could have taken place, but the 
resulting radicals were able to attack the reactive 
bromotrichloromethane and still propagate the chain.

The linear plots obtained for concentrations of diene 
vs. time (Fig. 4 and 5) indicate that the reactions are 
zero order in the diene. Table III represents the dc-
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T a b l e  III
D e p e n d e n c e  o f  R a t e  o n  t h e  C o n c e n t r a t io n  o f

B r o m o t r ic h l o r o m e t iia n e "

Mole ratio [BrCClj],
R ate  X IO«, 
moles kg.

Diene B rC CR diene moles kg. ~ 1 min. ' 1

Isoprene 1.03:1 2.98 2.84
2.05:1 4.30 2.74
2.98:1 4.54 3.09
6.19:1 4.78 3.58
8.36:1 4.84 3.66

17.95:1 4.96 3.34
2,3-Dimethyl- 1:2.06 2.79 5.74

butadiene 0.99:1 3 . 5 6 12.29
2.99:1 4.43 13.10
4.25:1 4.60 12.70
6.08:1 4.72 13.38

10.63:1 4.85 14.88
11.06:1 4.86 15.95
11.22:1 4.86 15.83
18.72:1 4.93 14.97

“Dose rate: isoprene, 5860 rads min. >; 2,3-dimethylbuta- 
diene, 5920 rads min.-1.

pendence of rate on the concentration of bromotri- 
chloromethane when the rate in each case has been cor
rected to a common dose rate. I t is seen that in the 
cases of both isoprene and 2,3-dimethylbutadiene, in 
the mole-ratio range of 1:1 to 18:1, the rates of disap
pearance of the dienes are essentially constant with 
variation in the mole ratio (within 25% variation), the 
maximum rates occurring at a mole ratio of 8:1 for iso
prene and 11:1 for 2,3-dimethylbutadiene. However, 
the rate is much lower when a mole ratio of 1:2 is em
ployed as indicated in the case of 2,3-dimethylbuta
diene.
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The isomeric internal Bunte salts, S-3-amino-2-hydroxypropylthiosulfuric acid (I), iS-2-ammo-l-(hydroxy- 
methyl)ethylthiosulfuric acid (II), and S-2-amino-3-hydroxyprop>lthiosulfuric acid (III), have been prepared 
as the racemic forms. The last named has also been prepared in a levorotatory form. 3-Amino-2-bromo- 
1-propanol hydrobromide has been synthesized by the addition of hypobromous acid to the allylammonium ion; 
the isomeric l-amino-3-bromo-2-propanol hydrobromide was a minor product of the addition. The acid hy
drolysis of N ,0,S-triacetyl-L-cysteinol probably proceeds via a thiazoline intermediate.

In recent years, Bunte salts,2 (8-alkyl thiosulfates, 
have been the subject of investigation in many labora
tories. A Bunte salt related to glutathione, “S-sulfo- 
glutathione”, has been isolated from calf lens extracts.3 
Sulfite has been used to obtain soluble protein or peptide 
fractions from wool,4 flour,5 ribonuclease and insulin,6 
and from trypsinogen and a-chymotrypsinogen,7 the 
cystine disulfide bonds are cleaved under mild condi
tions to form “S-sulfocysteinyl residues”. The proper
ties and potential uses of the “S-sulfocysteinyl residues” 
have been discussed by Swan.8

Several examples of Bunte salts containing amino or 
alkylamino groups were prepared by Bretschneider.9 
These, like the amino acids, are internal salts and the 
simplest compound of this type, (S,-2-aminoethylthiosul- 
furic acid, was found to have significant radiation-pro
tective activity in mice. It was also 2.4 times less 
toxic than 2-aminoethanethiol (cysteamine) hydro

(1) This work was supported  by a  g ran t from the  Surgeon G eneral’s 
Office, M edical R esearch and  D evelopm ent Com m and, U. S. Arm y.

(2) H. B unte, B e r . ,  7, 646 (1874).
(3) S. G. Waley, B i o c h e m .  J . ,  71, 132 (1959).
(4) J . M . Swan, N a t u r e ,  180, 643 (1947); A u s t r a l i a n  J .  C h e m ., 14, 69 

(1961).
(5) E. E. M cD erm ott and  J . Pace, N a t u r e ,  184, 546 (1959).
(6) J. L. Bailey and R. D. Cole, J .  B i o l .  C h e m ., 234, 1733 (1959).
(7) J. F . Pechere, G. H. Dixon, R. H. M aybury , and  H . N eurath , i b i d . ,  

233, 1364 (1958).
(8) J . M. Swan, “ Sulfur in P ro teins,”  R. Benesch, e l  a l . ,  Ed., Academic 

Press, New York, N. Y., 1959, p. 3.
(9) H . B retschneider, M o n a t s h .  C h e m . ,  81, 372 (1950).

chloride.10 Other aminoalkyl thiosulfates have been 
prepared by Rosenthal and Citarel11 who found that 
they were stable compounds which possessed significant 
anti-radiation activity. The low activity of 3-amino-l- 
propanethiol compared to the activity of ,8-3-aminopro- 
pylthiosulfuric acid12 suggests that the protective ac
tivity of the Bunte salt is not, at least in this case, due to 
the formation of the thiol.

Aminoalkylthiosulfuric acids are, in general, stable, 
odorless, crystalline, water-soluble substances and are 
thus attractive potential anti-radiation drugs. This 
paper describes the synthesis of the three isomeric inter
nal Bunte salts I, II, and III.

CH2NH3® CH.OH CH.OH
I I I
CHOH CHSSO39 CHNH3®

c h 2sso39 c h 2n h 3® CH2SS03e
I .II III

Bunte salts are prepared conveniently by the reac
tion of alkyl halides with thallous thiosulfate,13 the 
insoluble thallous halide formed being removed easily 
from the reaction mixture. An aqueous solution of 1-

(10) B. H olm berg and  B. Sorbo, N a t u r e , 183, 832 (1959).
(11) N . A. R osenthal and  L. C itarel, 141st N ational M eeting of the 

American Chem ical Society, W ashington, D . C., 1962; A bstracts  of Papers, 
p. 29N.

(12) A. Kaluszyner, P . Czerniak, and E. D. Bergm ann, R a d i a t i o n  R e s . ,  

14, 23 (1961).
(13) H. Z. Lecher and  E. M. H ardy, J .  O r g . C h e m ., 20, 475 (1955).
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Fig. 1.—Hydrolysis of A',0,iS-triacetyl-L-cysteinol (2.08 X 
10”4 M ) in hydrochloric acid (1.7 N) at 90°: □—optical density 
at 231.5 mft; O—optical density at 261 m,u.

amino-3-chloro-2-propanol hydrochloride (IV),14’16 un
like 2-chloroethylamine hydrochloride,13 did not react 
readily with thallous thiosulfate at room temperature. 
Formation of the internal Bunte salt took place at higher 
temperatures but extensive decomposition also oc
curred. The corresponding bromo hydrobromide V

CH2X
I

CHOH
I

CH2NH3®Xe
IV. X = Cl
V. X = Br

CH2NH3®Bre
I

CHBr
I

CHoOH
VI

was originally prepared by condensation of potassium 
phthalimide with boiling epibromohydrin, followed by 
hydrolysis of the product with hydrobromic acid.16 
When Y,.Y-dimethylformamide was added in the con
densation step,17 the reaction proceeded at 35-40° and 
the yield was improved slightly. Under these condi
tions, the epoxide ring is slowly opened by the potas
sium phthalimide. This was demonstrated by the for
mation of a small amount of a diaminopropanol (pre
sumably l,3-diamino-2-propanol) after hydrolysis of the 
condensation product. The bromo hydrobromide re
acted more readily than IV with thallous thiosulfate 
and, after two days at 50°, the Bunte salt I, iS’-3-amino- 
2-hydroxypropylthiosulfuric acid, was isolated in 67% 
yield.

No suitable precursor for the Bunte salt II was known 
and attempts to prepare 3-amino-2-bromo-l-propanol 
hydrobromide (VI) from 2,3-dibromo-l-propanol and 
.from 2,3-dibromopropylamine and their derivatives, by 
selective displacements of the primary bromine atoms, 
were unsuccessful. The hydrobromide VI was even
tually obtained from the reaction of the ailylammo- 
nium ion with hypobromous acid. The latter was con
veniently generated in situ by the method of Leibman 
and Fellner18 whereby a mixture of bromine vapor and

(14) S. Gabriel and  H. Okie, B e r . ,  50, 819 (1917).
(15) Unless otherwise indicated, all com pounds containing an  asym m etric 

carbon atom  are  racem ic m ixtures.
(16) M. W eizm ann an d  S. M alkowa, B u l l ,  s o c . c h i m .  F r a n c e ,  47, 356 

(1930).
(17) J . C. Sheehan and  W. A. Bolhoffer, J .  A m .  C h e m .  S o c . ,  72, 2786 

(1950).
(18) K. C. L iebm an and S. K. Fellner, J .  O r g .  C h e m . ,  27, 435 (1962).

air is passed into the reaction solution which contains 
one equivalent of silver nitrate. Both isomeric amino- 
bromo alcohols were isolated, the desired 3-amino-2- 
bromo isomer VI being the major product. The hy
drobromide VI did not react with thallous thiosulfate 
at 40° but, at 75-80°, conversion to the Bunte salt II 
was essentially complete after twelve hours. Amine 
impurities, which hindered crystallization, were re
moved by chromatography on silica gel. Crystalliza
tion of the purified material from methanol-ether gave 
the pure Bunte salt II, S-2-amino-l-(hydroxymethyl)- 
ethylthiosulfuric acid, in 51% yield.

Bunte salts have also been prepared by the action of 
sulfites on disulfides in the presence of an oxidizing 
agent. Air or oxygen are often sufficient but cupric 
ions,19 iodosobenzoate, and tetrathionate6 have also 
been used. The oxidant converts the thiol formed in 
the reversible reaction (1) to disulfide and eventually 
this is completely converted to the Bunte salt.

RSSR +  s o r 2 ^  RSSOs9 +  RSe (1)

Cystinol dihydrochloride VII, 3,3 '-dithiobis [2- 
ainino-l-propanol]dihydrochloride, is, therefore, a suit
able precursor for the internal Bunte salt III. It was

c h 2o h  c h 2o h

CH—NH3®Cle CH—NH3®C1®

c h 2—s — s ------ c h 2
VII

prepared from 2-phenyl-2-thiazoline-4-methanol by 
Crawhall, et a/.20 These authors designated their prod
uct as the DL-form but the method of preparation 
would give a mixture of dl- and wieso-isomers. We 
used the L-isomer of the thiazoline in an attempt to ob
tain the pure L-isomer of VII but hydrolysis of the 
thiazoline ring required much more vigorous conditions 
than those reported20 and racemization occurred at this 
stage. The resultant DL-thiol (“cysteinol”) was oxi
dized without isolation and a crystalline, optically inac
tive mixture of, presumably, the dl- and 77ieso-forms of 
VII was obtained. No attempt was made to separate 
these isomers and the mixture was treated at room 
temperature with ammonium sulfite solution (pH 7) 
and oxygen. The reaction was followed by paper elec
trophoresis and was complete after six to seven hours. 
The product was freed from inorganic salts by fraction
ation on a column of a cation exchange resin in the 
lithium salt form21 and subsequent recrystallization 
from methanol-ether gave /S-2-amino-3-hydroxypropyl- 
thiosulfuric acid (III) in 65% yield.

L-Cysteinol, l-2- amino - 3 - mercapto -1 - propanol
(VIII), has been prepared recently by Enz and Cec- 
chinato22 by a method which should not cause appreci
able racemization. L-Cysteine ethyl ester was re
duced with lithium aluminum hydride and the L-cys- 
teinol formed was isolated as the V,0,¿»-triacetate (IX) 
in 29% yield. These authors hydrolyzed the triacetate 
with dilute hydrochloric acid and obtained L-cysteinol 
as the crystalline hydrochloride, although they did not 
record the specific rotation. Thin layer chromatog-

(19) I. M. Kolthoff and W. Stricks, J .  A m .  C h e m .  S o c . ,  73, 1728 (1951).
(20) J .  C. Crawhall, D. F. Elliott, and K. C. Hooper, J .  C h e m .  S o c . ,  4066 

(1956).
(21) J. K. N. Jones, R. A. Wall, and A. O. P ittet, C a n .  J .  C h e m . ,  38, 

2285 (1960).
(22) W. Enz and M . Cecehinato, H e l v .  C h i m .  A c t a ,  44, 706 (1961).
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raphy indicated that, during hydrolysis of the triacetate, 
an intermediate was rapidly formed and that this was 
slowly converted to cysteinol. In dilute hydrochloric 
acid at 90°, the absorption at 231.5 mn (thiolacetate) 
decreased rapidly. A second absorption at 261 
(thiazolinium cation) appeared, increased to a maxi
mum after ca. an hour and a half, and then decreased 
slowly (Fig. 1). It has been shown recently that tlii- 
azoline formation occurs in acid solutions of V-acetyl 
cysteine23 and X-2-mercaptoethylacetamide24 and hy
drolysis of cysteinol triacetate (IX) probably proceeds 
via the same mechanism.

c h 2— 0 — C O — c h 3
I

C H — N H — C O — C H 8

c h 2— s — g o — c h 3
I X

0 1 1 ,0 1 1
I

C H — N H — C O — C H 3

C H o S H
i
| H®

4
C H 2O H
I

C H — N H 39 
!

C H 2S H
V I I I

C H 5 0 H
I

C H — N H ®
\

C — c h 3 +  h 2o

C I I . ----- S

nh ®

C H .O H
I

C H — N H  O H
/

C
\

C H 2— s  c h 3

1
c h 2o h

I
■ C H — N H 3®

I
c h 2— S — C O — c h 3

L-Cystinol dihydrochloride was prepared from L-cys- 
teinol triacetate by acid hydrolysis followed by oxida
tion of the resultant thiol which was not isolated. The 
L-form of VII had a specific rotation of —108° and a 
much lower melting point than the values obtained for 
the mixtures of d l -  and meso-forms.

The internal Bunte salt (III) prepared from this di
sulfide had a higher melting point than the DL-form and 
a specific rotation of — 310 in water.

The three isomeric internal Bunte salts are stable 
crystalline solids, very soluble in water and slightly 
soluble in methanol. They decompose slowly in boiling- 
water. They have been submitted to the Walter Reed 
Army Institute of Research for testing as radiation-pro
tective agents.

Experimental
S o lu t io n s  w e re  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  b e lo w  4 0 ° .  

M e l t in g  p o in t s  w e re  d e te r m in e d  o n  a  K o f le r  m ic ro  h o t  s t a g e  o r  i n  a  
l 'h o m a s - H o o v e r  c a p i l l a r y  m e l t in g  p o i n t  a p p a r a t u s  a n d  a r e  u n 
c o r re c te d , a n d  o p t ic a l  r o t a t i o n s  w e re  m e a s u r e d  a t  5461  A  w i th  a n  
E T L - N P L  a u to m a t i c  p o l a r im e te r  ( T h e  B e n d ix  C o r p o r a t io n ,  
C in c in n a t i ,  O h io ) .  M o le c u la r  w e ig h ts  w e re  d e te r m in e d  in  t h e  
s o lv e n ts  sp e c if ie d  w i th  a  v a p o r  p r e s s u r e  o s m o m e te r  ( M e c h r o la b ,  
I n c . ,  M o u n ta in  V ie w , C a l i f . ) .

P a p e r  e le c t r o p h o re s is  w a s  c a r r ie d  o u t  o n  s t r i p s  o f  W h a t m a n  n o . 
.1 f i l te r  p a p e r ,  5  c m . w id e , i n  0 .2  M  a c e t a t e  b u f fe r ,  p H  5 , a n d  a t  a  
c u r r e n t  o f 5  m a .  W h a t m a n  n o . 1 f i l te r  p a p e r  w a s  a ls o  u s e d  fo r  
p a p e r  c h r o m a to g r a p h y  b y  t h e  d e s c e n d in g  m e th o d  u s in g  t h e  s o l
v e n t  s y s te m s  ( a )  1 - b u t a n o l - e t h a n o l - w a t e r  ( 3 : 1 : 1 )  a n d  ( b )  1- 
b u t a n o l - p y r i d i n e - w a t e r  ( 1 0 : 3 : 3 ) .  A s c e n d in g  t h i n  l a y e r  c h r o 
m a to g r a p h y  ( t . l . c . )  w a s  p e r fo r m e d  o n  0 .2 5 - m m . la y e r s  o f  “ S il ic a

(23) H. A. Smith and G. Gorin, J .  O r g .  C h e m . ,  26, 820 (1961).
(24) R. B. M artin, S. Lowey, E. L. Elson, anti J. T. Edsall, ./. A m .  C h e m .  

S o c . ,  81, 5089 (1959).

G e l G  a c c . t o  S t a h l ”  ( d i s t r ib u t e d  b y  B r in k m a n n  I n s t r u m e n t s ,  
I n c . ,  G r e a t  N e c k ,  L .  I . ,  N .  Y . ) .  C o m p o u n d s  w e re  lo c a te d  b y  th e  
n in h y d r in  s p r a y  o r  w i th  a n  a lk a l in e  p e r m a n g a n a te  s p r a y .  S ilic a  
g e l , g r a d e  9 5 0 , 6 0 -2 0 0  m e s h  f ro m  t h e  D a v is o n  C o . ,  B a l t im o r e  3 , 
M d . ,  w a s  u s e d  w i th o u t  p r e t r e a t m e n t  fo r  c o lu m n  c h r o m a 
t o g r a p h y .

T h e  m ic r o a n a ly s e s  w e re  d o n e  b y  M r .  C . D i P ie t r o  o f th i s  l a b o r a 
to r y  a n d  b y  D r .  S . M .  N a g } ' o f  t h e  M a s s a c h u s e t t s  I n s t i t u t e  of 
T e c h n o lo g y .

l-Amino-3-chloro-2-propanol Hydrochloride (IV).— A  s u s p e n 
s io n  o f p h th a l im id e  (1 4 7  g . ,  1 m o le )  in  e p ic h lo r o h y d r in  (3 0 0  m l .)  
w a s  b o i le d  u n d e r  re f lu x  fo r  10 h r .  T h e  m ix tu r e  w a s  a l lo w e d  to  
co o l a n d  r e s id u a l  p h th a l im id e  (5 6  g . )  w a s  r e m o v e d  b y  f i l t r a t io n .  
T h e  f i l t r a t e  w a s  c o n c e n t r a t e d  t o  a  y e llo w  s i r u p  w h ic h  c r y s ta l l iz e d  
f ro m  b e n z e n e .  A f te r  r e c r y s ta l l i z a t io n ,  t h e  p r o d u c t ,  A - (3 -c h lo ro -
2 - h y d ro x y  p r o p y l  ( p h th a l im id e  (7 7 .6  g . ,  5 2 %  b a s e d  o n  u n r e 
c o v e re d  p h th a l im id e ) ,  h a d  m .p .  9 3 - 9 7 ° .14

H y d r o ly s i s  o f  t h i s  p r o d u c t  w i th  2 0 %  h y d r o c h lo r ic  a c id 14 
g a v e  c r y s ta l l in e  l - a m in o - 3 - c h lo ro - 2 - p ro p a n o l  h y d r o c h lo r id e ,  m .p .
1 0 3 -1 0 6 ° , i n  73% , y ie ld .  G a b r ie l  a n d  O h le  r e p o r t e d  m .p .  1 0 3 -  
1 0 4 ° .14

l-Amino-3-bromo-2-propanol Hydrobromide (V).— P o ta s s iu m  
p h th a l im id e  (3 7 .0  g . ,  0 .2  m o le )  w a s  a d d e d  to  a  m ix tu r e  o f  e p ib ro -  
m o h y d r in  (2 7 .4  g . ,  0 .2  m o le )  a n d  iV ,V - d im e th y lf o r m a m id e  (1 0 0  
m l .)  a n d  t h e  s u s p e n s io n  w a s  s t i r r e d  m a g n e t ic a l ly  a t  3 5 - 4 0 °  f o r  5 
h r .  C h lo ro fo rm  w a s  a d d e d  a n d  t h e  m ix tu r e  w a s  p o u r e d  in to  
s t i r r e d  i c e - w a te r  (ca. 6 00  m l . ) .  T h e  tw o  la y e r s  w e re  s e p a r a te d  
a n d  t h e  a q u e o u s  l a y e r  w a s  e x t r a c t e d  tw ic e  w i th  c h lo r o fo r m . T h e  
c o m b in e d  c h lo ro fo rm  e x t r a c t s  w e re  w a s h e d  w i th  c o ld  0 .1  N  
s o d iu m  h y d r o x id e  s o lu t io n  (1 0 0  m l . )  a n d  w i th  w a te r  a n d  w e re  
d r ie d  o v e r  s o d iu m  s u l f a te .  C o n c e n t r a t io n  a f fo rd e d  a  w h i te  s o lid  
w h ic h  w a s  r e c r y s ta l l i z e d  tw ic e  f ro m  e th a n o l .  T h e  p r o d u c t ,  N- 
( 2 ,3 -e p o x y p ro p y l  ( p h th a l im id e  (3 2 .1  g . ,  7 9 % ) ,  h a d  m .p .  1 0 0 -1 0 2 ° . 
W e iz m a n n  a n d  M a lk o w a  r e p o r t e d  m .p .  9 3 - 9 4 ° .16

Anal. C a lc d .  fo r  C u H 9N 0 3: C ,  6 5 .0 2 ;  H ,  4 .4 6 ;  N ,  6 .8 9 . 
F o u n d :  C ,  6 5 .0 0 ;  H ,  4 .6 8 ;  N ,  6 .8 5 .

A  s o lu t io n  o f th i s  p r o d u c t  (1 0  g . )  in  4 8 %  h y d r o b r o m ic  
a c id  (1 0 0  g .)  w a s  b o i le d  u n d e r  re f lu x  f o r  5 h r .  P h t h a l i c  a c id ,  
w h ic h  c r y s ta l l iz e d  w h e n  t h e  s o lu t io n  w a s  a l lo w e d  t o  c o o l, w a s  r e 
m o v e d  b y  f i l t r a t io n  a n d  th e  f i l t r a t e  w a s  c o n c e n t r a t e d  t o  a  so lid  
(1 0 .1  g . ) .  P a p e r  e le c tr o p h o re s is  s h o w e d  t h a t  in  a d d i t i o n  t o  t h e  
m a in  p r o d u c t ,  a  s m a ll  a m o u n t  o f a  f a s t e r  m o v in g  c a t io n  w as  
p r e s e n t .  T h e  s o lid  w a s  d is s o lv e d  in  h o t  e th a n o l  a n d  m o s t  o f th e  
m in o r  c o m p o n e n t  c r y s ta l l iz e d  w h e n  t h e  s o lu t io n  w a s  c o o le d . I t  
w a s  c o l le c te d  b y  f i l t r a t io n  a n d ,  a f t e r  d r y in g ,  w e ig h e d  0 .4 0  g . a n d  
h a d  m .p .  1 9 7 -2 0 0 °  d e c . I t  a n a ly z e d  a s  a  d ia m in o p r o p a n o l  d i
h y d r o b ro m id e .

Anal. C a lc d . fo r  C 3H 10N 2O 2 H B r :  C ,  1 4 .3 0 ;  H, 4 .8 0 ;  N ,  
1 1 .1 2 ; B r ,  6 3 .4 3 . F o u n d :  C ,  1 4 .2 5 ; H, 4 .8 0 ;  N ,  1 0 .8 0 ; B r ,
6 2 .9 8 .

A f te r  r e m o v a l  o f t h i s  c o m p o u n d ,  t h e  s o lu t io n  w a s  c o n c e n t r a te d  
t o  a  p a le  o ra n g e  s o lid  ( 9 .7  g . )  w h ic h  w a s  d is s o lv e d  in  1 - b u ta n o l .  
T h e  s o lu t io n  w a s  b o i le d  w i th  c h a r c o a l ,  f i l te r e d  t h r o u g h  C e li te ,  a n d  
c o o le d . C r y s ta l l in e  l - a m in o - 3 - b ro m o - 2 -p r o p a n o l  h y d r o b r o m id e
(V )  w a s  o b ta in e d  w i th  m .p .  1 1 5 -1 1 7 °  ( l i t . 16 m .p .  1 1 3 -1 1 3 .5 ° ) .  
P a p e r  e le c tro p h o re s is  i n d ic a te d  t h e  p r e s e n c e  o f a  t r a c e  o n ly  o f 
t h e  p r e c e d in g  d ia m in o p r o p a n o l  d ih y d r o b r o m id e .

Anal. C a lc d .  fo r  C 3H sN O B r - H B r :  C ,  1 5 .3 4 ; H ,  3 .8 6 ;  N ,  
5 .9 6 ;  B r ,  6 8 .0 3 . F o u n d :  C ,  1 5 .3 6 ; H . 3 . 9 4 ;  N . 6 . 2 1 ;  B r ,  6 8 .1 7 .

Thallous Thiosulfate.— A  s o lu t io n  o f th a l lo u s  a c e t a t e  (5 2 .7  g . ,
0 .2  m o le )  in  w a te r  (6 0  m l . )  w a s  c la r if ie d  b y  f i l t r a t i o n  t h r o u g h  
C e l i te .  T o  t h e  v ig o r o u s ly  s t i r r e d  s o lu t io n  w a s  a d d e d  a  s o lu t io n  
o f s o d iu m  th io s u l f a te  p e n t a h y d r a t e  ( 2 4 .8  g . ,  0 .1  m o le )  in  w a te r  
(5 0  m l . ) .  T h e  h e a v y  w h i te  p r e c ip i t a t e  o f  th a l lo u s  th io s u l f a te  
w a s  c o l le c te d  b y  f i l t r a t i o n ,  w a s h e d  r e p e a t e d ly  w ith  w a te r ,  a n d  
d r ie d .  Y ie ld :  50  g . ,  9 6 % .

iS-3-Amino-2-hydroxypropylthiosulfuric Acid (I). (A) At
tempted Preparation from IV .— T h e  r e a c t io n  o f th a l lo u s  t h io 
s u l f a te  w i th  a n  a q u e o u s  s o lu t io n  o f  I V  w a s  fo llo w e d  b y  p a p e r  
c h r o m a to g r a p h y ,  p a p e r  e le c tro p h o re s is ,  a n d  t . l . c .  ( m e th a n o l ) .  
T h e  i n t e r n a l  B u n t e  s a l t  I  w a s  f o rm e d  in  t r a c e  a m o u n t s  a f t e r  1 d a y  
a t  4 0 °  ( c o m p a re  r e f .  1 3 ) . T h e  r a t e  o f r e a c t io n  w a s  in c r e a s e d  b y  
r a is in g  t h e  t e m p e r a t u r e  t o  7 0 , 8 5 , o r  1 0 0 ° , b u t  t h e  o c c u r re n c e  o f 
s id e  r e a c t io n s  a t  th e s e  t e m p e r a tu r e s  le d  t o  t h e  f o r m a t io n  o f  b y 
p r o d u c t s .  I n  a ll  e x p e r im e n ts ,  t h e  y ie ld  o f  I  a p p e a r e d  t o  b e  less  
t h a n  5 0 % .

(B) Preparation from V.— P r e l im in a r y  e x p e r im e n ts  in d ic a te d  
t h a t  t h e  r e a c t io n  o f  th a l lo u s  th io s u l f a te  w i th  a n  a q u e o u s  s o lu t io n  
o f V  g a v e  I  in  g o o d  y ie ld  a f t e r  2  d a y s  a t  5 0 ° .  A c c o r d in g ly ,  t h a l 
lo u s  th io s u l f a te  (4 0  g .)  w a s  a d d e d  to  a  m a g n e t ic a l ly  s t i r r e d  s o lu 
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t io n  of Y  ( 1 1 .7 5  g . )  in  w a te r  (5 0  m l . ) .  T h e  t e m p e r a t u r e  w as 
m a in t a i n e d  a t  5 0 °  w i th  a n  o il b a t h .  A f te r  1 d a y ,  a n  a d d i t io n a l  
2 0  g .  o f  th a l lo u s  t h io s u l f a te  w a s  a d d e d  a n d ,  a f t e r  2  c a y s ,  t h e  s u s 
p e n s io n  w a s  co o le d  to  0 °  a n d  f i l te r e d .  C o n c e n t r a t io n  o f t h e  fil
t r a t e  g a v e  a  s i r u p  w h ic h  w a s  d i lu te d  w i th  m e th a n o l ,  f i lte r e d  
t h r o u g h  C e li te ,  a n d  c o o le d . < S -3 -A m in o -2 -h y d ro x y p ro p y lth io -  
s u l f u r ic  a c id  ( I )  c r y s ta l l iz e d  a n d  w a s  c o l le c te d  b y  f i l t r a t io n ,  
w a s h e d  w i th  m e th a n o l ,  a n d  d r ie d .  T o ta l  y ie ld  w a s  0 .2 6  g .  ( 6 7 % ) ,  
m .p .  164—1 6 7 °  d e c . ,  Rt 0 .1 0  in  s o lv e n t  s y s te m  A .

Anal. C a lc d .  fo r  C 3H 9N 0 4S 2: C ,  1 9 .2 4 ; H ,  4 .S 4 ;  N ,  7 .4 8 ; 
S ,  3 4 .2 5 ;  m o l .  w t „  1 8 7 . F o u n d :  C ,  1 9 .3 4 ; I I ,  4 .7 4 ;  N ,  7 .5 0 ; 
S , 3 4 .4 6 ;  m o l .  w t . ,  187 ( in  w a te r ) .

3 -A m in o -2 - b ro m o - l -p r o p a n o l  H y d r o b r o m id e  ( V I ) .— A  s o lu 
t i o n  o f f re s h ly  d is t i l le d  a l ly la m in e  (1 9  g . ,  0 .3 3  m o le )  in  w a te r  (3 5 0  
m l . )  w a s  n e u t r a l i z e d  ( t o  p H  6 ) w i th  c o n c e n t r a t e d  n i t r i c  a c id  (ca. 
22  m l . ) .  S i lv e r  n i t r a t e  (5 6 .7  g . ,  0 .3 3  m o le )  d is s o lv e d  in  w a te r  
(1 5 0  m l .)  w a s  a d d e d  a n d  a  m ix tu r e  o f b r o m in e  v a p o r  a n d  a i r  w as  
d r a w n  in to  t h e  w e ll s t i r r e d  s o lu t io n  w h ic h  w a s  c o o le d  to  0 - 1 0 ° 
in  a n  ice  b a t h .  T o ta l  w e ig h t  o f b r o m in e  a d d e d  w a s  5 3 .3  g . ,  0 .3 3  
m o le . W h e n  t h e  a d d i t io n  of b r o m in e  w a s  c o m p le te d  (2 .5  h r . ) ,  
t h e  s o lu t io n  w a s  s t i r r e d  fo r  a n  a d d i t io n a l  h o u r  a t  ro o m  t e m p e r a 
t u r e ,  s i lv e r  b r o m id e  w a s  t h e n  r e m o v e d  b y  f i l t r a t io n  a n d  th e  
f i l t r a t e  w a s  n e u t r a l i z e d  w i th  t h e  w e a k ly  b a s ic  A m b e r l i te  io n -  
e x c h a n g e  r e s in  I R  4 5  ( O H ) .  C o n c e n t r a t io n  a f fo rd e d  a  s i r u p y  
r e s id u e  w h ic h  w a s  d i lu te d  -w ith w a te r .  T h e  s o lu t io n  w a s  a p p l ie d  
t o  a  c o lu m n  o f  D o w e x  io n -e x c h a n g e  re s in  5 0 W -X 2  ( I I )  (4 5 0  g . ) ,  
n i t r a t e  io n s  w e re  e lu t e d  w i th  w a te r ,  a n d  th e  a m in e s  w e re  th e n  
d e s o rb e d  w i th  9 .7 %  h y d r o b ro m ic  a c id .  T h e  a c id ic  e f f lu e n t  w a s  
c o l le c te d  in  4 0 0 - 5 0 0 -m l . f r a c t io n s ,  w h ic h  w e re  s e p a r a te ly  c o n 
c e n t r a t e d  w i th  r e p e a t e d  a d d i t io n s  o f m e th a n o l .  T h e  fo llo w in g  
f r a c t io n s  w e re  o b ta in e d :  ( 1 )  2 3 .2  g . ,  (2 )  1 5 .7  g . ,  ( 3 )  2 .0  g . 
T o ta l  y ie ld  o f m ix e d  b r o m o h y d r in s  w a s  4 0 .9  g . (5 2 %  ). F r a c t io n s  
1 a n d  3  c r y s ta l l iz e d  o n  s t a n d in g  a n d  f r a c t io n  2 c r y s ta l l i z e d  in  
p a r t .  A f te r  t r e a t m e n t  w i th  c h a r c o a l  a n d  r e c r y s t a l . i z a t i o n  f ro m  
1 - b u ta n o l ,  f r a c t io n s  1 a n d  2  y ie ld e d  la r g e  c o lo r le s s  p r is m s  o f 3 -  
a m in o - 2 - b r o m o - l - p r o p a n o l  h y d r o b r o m id e  ( V I )  (1 5  6  g . ,  2 0 % ) ,  
m .p .  1 0 7 .5 - 1 0 9 .5 ° ,  d e p r e s s e d  to  7 5 - 1 0 0 °  w h e n  a d m ix e d  w i th  1- 
a m in o - 3 -b r o m o -2 - p r o p a n o l  h y d r o b r o m id e  (V ) .  T h e  in f r a r e d  
s p e c t r u m  ( in  p o ta s s iu m  b r o m id e )  w a s  s im i la r  t o ,  b u t  n o t  id e n t ic a l  
w i th ,  t h a t  o f V .

Aiial. C a lc d .  fo r  C T L N O B r H B r :  C ,  1 5 .3 4 ; H ,  3 .8 6 ;  N ,  
5 .9 6 ;  B r ,  6 8 .0 3 . F o u n d :  C ,  1 5 .2 8 ; H ,  3 .9 5 ;  N ,  6 .0 9 ;  B r ,  
6 8 .1 4 .

A f te r  t r e a t m e n t  w i th  c h a rc o a l  a n d  r e c r y s ta l l i z a t io n  f ro m  1- 
b u t a n o l ,  f r a c t io n  3 y ie ld e d  p u r e  l - a m in o - 3 - b ro m o - 2 -p r o p a n o l  
h y d r o b r o m id e  (V )  (0 .9 1  g . ,  1% ,), m .p .  1 1 4 - 1 1 6 ° ,  u n d e p r e s s e d  b y  
a d m ix tu r e  w i th  a u th e n t i c  m a te r ia l .

iS -2 - A m in o - l- ( h y d ro x y m e th y l ) e th y l th io s u l fu r ic  A c id  ( I I ) . — A 
s o lu t io n  o f V I  (7 .0 5  g . ,  0 .0 3  m o le )  in  w a te r  (9 0  m l . )  w as  s t i r r e d  
m a g n e t ic a l ly  w i th  th a l lo u s  th io s u l f a te  (1 5 .6  g . ,  0 .0 3  m o le )  a t  7 5 -  
8 0 °  (o il b a t h ) .  T h e  r e a c t io n  w a s  fo llo w e d  b y  p a p e r  e le c t r o p h o re 
s is  a n d ,  a f t e r  2  h r . ,  a n  a d d i t io n a l  p o r t io n  o f th a l lo u s  th io s u l f a te  
(1 5 .6  g . ,  0 .0 3  m o le )  w a s  a d d e d .  A f te r  12 h r . ,  o n ly  a  t r a c e  of 
s t a r t i n g  m a te r i a l  r e m a in e d  a n d  th e  r e a c t io n  m ix tu r e  w a s  co o le d  
a n d  f i l te r e d .  C o n c e n t r a t io n  o f  t h e  f i l t r a t e  g a v e  a  s i r u p  w h ic h  
w a s  e x t r a c t e d  w i th  m e th a n o l ;  t h e  e x t r a c t s  w e re  f i l te r e d  a n d  c o n 
c e n t r a t e d  t o  a  s i r u p  (5 .8 3  g . ), w h ic h  s lo w ly  d e p o s i te d  c r y s ta ls  
w h e n  d i lu te d  w i th  m e th a n o l  (1 0  m l . ) .  T h e  c r y s t a l s  ( 0 .9 5  g .)  
w e re  c o l le c te d  b y  f i l t r a t io n  a n d  th e  r e s id u a l  s i r u p  w h ic h  c o n ta in e d  
s m a ll  a m o u n t s  o f  a m in e  im p u r i t i e s  (w h ic h  p r o b a b ly  h in d e r e d  
c r y s ta l l i z a t io n )  w a s  f r a c t i o n a t e d  o n  a  c o lu m n  of s i l ic a  g e l (3 0 0  g .)  
w i th  m e th a n o l  a s  s o lv e n t .  T h e  s i r u p y  p r o d u c t  (4 .6 3  g . )  s t i l l  
c o n ta in e d  o n e  im p u r i t y  (w h ic h  a p p e a r e d  o n  p a p e r  c h r o m a to 
g r a m s  to  b e  t h e  is o m e r ic  B u n te  s a l t  I ,  p r o b a b ly  a r i s in g  f ro m  t r a c e s  
o f t h e  b r o m id e  V  in  t h e  s t a r t i n g  m a te r i a l )  b u t  c r y s ta l l i z a t io n  f ro m  
m e th a n o l - e t h e r  g a v e  a  f u r t h e r  1 .9 0  g .  o f c r y s ta l l in e  m a te r i a l .  
T o ta l  y ie ld  o f < S -2 - a m in o - l - ( h y d ro x y m e th y l ) e th y l th io s u l f u r ic  
a c id  ( I I )  w a s  2 .8 5  g . ( 5 1 % ) ,  m . p .  1 6 4 -1 7 2 °  d e c " , Rf 0 .1 5  in  
s o lv e n t  s y s te m  A .

Anal. C a lc d .  fo r  C 3HC1N O 4S 2: C ,  1 9 .2 4 ; H ,  4 .8 4 ;  N ,  7 .4 8 ;  
S , 3 4 .2 5 .  F o u n d :  C ,  1 9 .1 4 ; H ,  4 .9 5 ;  N ,  7 .4 0 ;  8 ,3 4 . 6 3 .

P r e p a r a t i o n  o f O p tic a l ly  I n a c t iv e  ( m ,-  +  meso-) C y s tin o l D i 
h y d r o c h lo r id e  ( V I I ) .— i,- 2 -P h e n y l- 2 - th ia z o l in e - 4 - m e th a n o l  w as  
p r e p a r e d  f ro m  i ,- c y s te in e  h y d r o c h lo r id e  in  a n  o v e r -a ll  y ie ld  o f 2 5 %  
a c c o r d in g  to  C r a w h a l l ,  et al.m T h e  th ia z o l in e  ( m .p .  7 5 .5 - 7 6 ° )  
W'as d is s o lv e d  in  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  ( s p .  g r .  1 .191  a t  
6 0 ° F )  a n d  t h e  s o lu t io n  w a s  b o i le d  u n d e r  re f lu x  in  a  s t r e a m  of 
n i t r o g e n  f o r  6  h r .  F i f t y  p e r  c e n t  o f th e  s t a r t i n g  m a te r ia l  w a s  r e 
c o v e r e d  a s  i t s  c r y s ta l l in e  h y d r o c h lo r id e  ( c u b e s  f ro m  e th a n o l ) ,  
m . p .  1 3 5 -1 3 9 ° .

Anal. C a lc d .  fo r  C ,0H n N O S - H C l:  C ,  5 2 .2 7 ;  H ,  5 .2 6 ;  N ,  
6 .1 0 ;  S , 1 3 .9 5 ; C l ,  1 5 .4 3 . F o u n d :  C ,  5 2 .0 6 ;  H ,  5 .2 0 ;  N ,  6 .0 1 ;  
8 , 1 4 .0 7 ; C l ,  1 5 .4 8 .

U n d e r  th e s e  c o n d i t io n s ,  t h e  a b o v e  w o rk e rs  r e p o r t e d ly  o b ta in e d  
a  9 0 %  y ie ld  o f th io l ,  d e te r m in e d  b y  io d in e  t i t r a t i o n . 20 I n  t r i a l  
e x p e r im e n ts ,  w e  d e te r m in e d  t h e  e x t e n t  o f h y d r o ly s is  u n d e r  th e s e  
c o n d i t io n s  b y  io d in e  t i t r a t i o n  a n d  b y  th e  w e ig h t  o f  b e n z o ic  a c id  
l ib e r a te d .  I t  w a s  f o u n d  t o  b e  59% , a n d  82% , a f t e r  7  a n d  14 h r .  
r e s p e c t iv e ly .  A  s o lu t io n  o f  t h e  th ia z o l in e  ( 9 .5 5  g . )  in  c o n c e n 
t r a t e d  h y d r o c h lo r ic  a c id  (1 9 0  m l . )  w a s  b o i le d  u n d e r  re f lu x  in  a  
s t r e a m  o f  n i t r o g e n  fo r  17 h r .  T h e  c o o le d  s o lu t io n  w a s  e x t r a c t e d  
w i th  e th e r  ( tw o  1 0 0 -m l. p o r t io n s ) ;  b e n z o ic  a c id  ( 5 .3 5  g . ,  8 8 % )  
w a s  r e c o v e r e d  f ro m  d r ie d  e x t r a c t s .  T h e  a q u e o u s  la y e r  w a s  c o n 
c e n t r a t e d  t o  a  s i r u p  ( 7 .6  g . )  w h ic h  w a s  t a k e n  u p  in  w a te r  (9 0  m l . ) .  
T h e  p H  w a s  a d ju s te d  t o  8 - 9  w i th  a m m o n ia  a n d  th e  s m a ll  a m o u n t  
o f u n c h a n g e d  th ia z o l in e  w h ic h  p r e c ip i t a t e d  w a s  r e m o v e d  b y  f i l t r a 
t i o n .  A  s m a ll  c r y s t a l  o f  f e r r o u s  s u l f a te  w a s  a d d e d  to  t h e  f i l t r a t e  
a n d  a i r  w a s  d r a w n  th r o u g h  th e  s o lu t io n  u n t i l  t h e  m a u v e  c o lo r  
w a s  d is c h a rg e d  (ca. 8  h r . ) .  T h e  s o lu t io n  w a s  t h e n  c o n c e n t r a t e d  
t o  h a l f  i t s  v o lu m e ,  f i l te r e d  to  r e m o v e  a  l i t t l e  m o r e  th ia z o l in e ,  a n d  
e v a p o r a t e d  t o  d r y n e s s .  T h e  r e s id u e  w a s  c r y s ta l l i z e d  f ro m  a  m ix 
t u r e  of e th a n o l  a n d  c o n c e n t r a te d  h y d r o c h lo r ic  a c id  ( 3 : 2 )  g iv in g  
a n  o p t ic a l ly  i n a c t iv e  m ix tu r e  (d l -  a n d  meso-) o f c y s t in o l  d ih y d r o 
c h lo r id e s  ( V I I )  (5 .7 1  g . ,  8 1 % ) .  T h is  p r e p a r a t io n  h a d  m .p .  1 9 9 -  
2 0 2 ° .  T h e  s o -c a l le d  “ D L -c y s tin o l”  p r e v io u s ly  r e p o r t e d 20 w i th  
m .p .  1 8 3 °  w a s  v e r y  p r o b a b ly  a m ix tu re  o f d l - a n d  meso- f o rm s  a n d  
t h e  d if fe re n c e  in  m e l t in g  p o in t s  p r o b a b ly  re f le c ts  a  d if fe re n c e  in  
th e  r e la t iv e  a m o u n ts  o f th e s e  is o m e rs  in  t h e  tw o  p r e p a r a t io n s .

Anal. C a lc d .  fo r  C 6H , 6N 20 , S 2-2H C 1: C ,  2 5 .2 6 ;  H ,  6 .3 6 ;
N ,  9 .8 2 ;  8 , 2 2 .4 9 ;  C l ,  2 4 .8 5 . F o u n d :  C ,  2 5 .0 8 ;  H ,  6 .1 7 ;  N ,  
9 .8 5 ;  S , 2 2 .3 6 ;  C l ,  2 4 .6 8 .

iS-2-Ammo-3-hydroxypropylthiosulfuric A cid  ( I I I ) . — O x y g e n  
w a s  p a s s e d  t h r o u g h  a  s o lu t io n  o f th e s e  c y s t in o l  d ih y d r o 
c h lo r id e s ,  (2 .8 5  g . ,  0 .0 1  m o le )  in  a m m o n iu m  s u lf i te  s o lu t io n ,  p H  
7 (1 1 0  m l . )  ( p r e p a r e d  by ' a d d in g  c o n c e n t r a te d  a m m o n ia  t o  a  6 %  
a q u e o u s  s o lu t io n  o f s u l f u r  d io x id e ) .  T h e  r e a c t io n ,  w h ic h  w a s  
fo llo w e d  b y  p a p e r  e le c t r o p h o re s is ,  w a s  c o m p le te  in  6 - 7  h r .  a t  
ro o m  t e m p e r a t u r e .  T h e  s o lu t io n  w a s  l e f t  o v e r n ig h t  a t  r o o m  t e m 
p e r a t u r e  a n d  th e n  c o n c e n t r a te d  t o  d r y n e s s .  T h e  r e s id u e  ( 1 1 . 6  

g .)  w a s  e x t r a c t e d  w i th  a b s o lu te  m e th a n o l  ( 1 1 0  m l . )  a n d  t h e  
f i l te r e d  s o lu t io n  w a s  c o n c e n t r a te d  t o  a  s o lid  (7 .2  g . ) ,  w h ic h  c o n 
t a i n e d  b o th  B u n te  s a l t  a n d  in o rg a n ic  s a l t s .  A  p o r t io n  ( 1 .0  g . )  of 
th e  m ix tu r e  w a s  f r a c t i o n a t e d  o n  a  c o lu m n  (9 3  X  2 .3  c m .)  of 
D o w e x  c a t io n - e x c h a n g e  r e s in ,  5 0 W -X 2  ( 2 0 0 -4 0 0  m e s h )  in  t h e  
l i th iu m  s a l t  f o r m . 21 T h e  c o lu m n  w a s  e lu te d  w i th  w a te r  a n d  15- 
m l .  f r a c t io n s  w e re  c o l le c te d  a n d  te s te d  fo r  su lf i te  a n d  s u l f a te  
( w i th  b a r iu m  c h lo r id e  s o lu t io n )  a n d  fo r  a m in o - B u n te  s a l t  ( w i th  
n in h y d r in ) .  I n o r g a n ic  s a l ts  w e re  e lu te d  f i r s t  ( f r a c t io n s  7 - 1 3 )  
a n d  th e n  t h e  B u n te  s a l t  ( f r a c t io n s  1 8 - 2 2 ) .  C o n c e n t r a t io n  o f  t h e  
l a t t e r  f r a c t io n s  g a v e  a  s i r u p  (0 .4  g .)  w h ic h  c r y s ta l l i z e d  s lo w ly  
f ro m  m e t h a n o l - e t h e r .  T h e  r e m a in d e r  o f th e  s a l t  m ix tu r e  w a s  
s im i la r ly  f r a c t i o n a t e d  ( m a x im u m  lo a d  fo r  t h e  a b o v e  c o lu m n  w a s  
a b o u t  1 .5  g . )  a n d  3 .0 8  g . ( 8 2 % )  of c r y s ta l l in e  S -2 - a m in o - 3 -  
h y d r o x y p r o p y l th io s u l f u r ic  a c id  ( I I I ) ,  m .p .  1 5 3 -1 5 6 °  d e c . ,  w a s  
i s o la te d .  R e c r y s ta l l iz a t io n  f ro m  m e t h a n o l - e t h e r  g a v e  th e  p u r e  
B u n te  s a l t ,  m .p .  1 5 9 -1 6 1 °  d e c . ,  Ri 0 .1 6  in  s o lv e n t  s y s t e m  A . 
T h is  p r e p a r a t io n  o f I I I  h a d  n o  o p t ic a l  a c t i v i t y .

Anal. C a lc d .  fo r  C 3H 9N O .iS 2: C ,  1 9 .2 4 ; H ,  4 .8 4 ;  N ,  7 .4 8 ;  
8 , 3 4 . 2 5 ;  m o l .  w t . ,  187 . F o u n d :  C ,  1 9 .1 7 ; H ,  4 .6 7 ;  N ,  7 .3 1 ;  
S , 3 4 .1 6 ;  m o l .  w t . ,  184 ( in  w a te r ) .

P r e p a r a t i o n  o f L -C y s tin o l D ih y d r o c h lo r id e .— V ,0 ,S - T r i a c e t y l -  
r - c y s te in o l  ( I X )  w a s  p r e p a r e d  in  2 9 %  y ie ld  f ro m  L -c y s te in e  
e th y l  e s te r  h y d r o c h lo r id e .  T h e  o r ig in a l  p r o c e d u r e 22 w a s  m o d if ie d  
a s  fo llo w s . C r u d e  c y s te in o l  w a s  s e p a r a te d  f ro m  in o r g a n ic  s a l ts  
r e m a in in g  a f t e r  t h e  r e d u c t io n  s te p  b y  e th a n o l  e x t r a c t io n  o f  th e  
d r ie d  r e s id u e .  A f te r  a c e ty la t io n  o f  th i s  m a te r i a l  w i th  a c e t ic  
a n h y d r id e - s o d iu m  a c e t a t e ,  t h e  r e a c t io n  m ix tu r e  w a s  c o n c e n 
t r a t e d  t o  a  s o lid  w h ic h  w a s  e x t r a c te d  w i th  b e n z e n e .  C o n c e n t r a 
t io n  o f  t h e  b e n z e n e  e x t r a c t s  a f fo rd e d  th e  c r y s ta l l in e  t r i a c e t a t e  
( I X )  w h ic h  w a s  r e c r y s ta l l iz e d  f ro m  m e th a n o l - e t h e r .  T h e  p r o d u c t  
h a d  m . p .  1 0 1 - 1 0 2 ° ,  [ a ] 2T> - 4 5 °  (c  1 .9 2  in  w a te r ) ,  \ ” 2° 2 3 1 .5  
m u ,  e 4 3 0 0 .

A s o lu t io n  o f  I X  (2 .0 8  X  1 0 ~ 4 M) in  1 .7  N h y d r o c h lo r ic  a c id  
w a s  h e a te d  a t  9 0 - 9 2 °  u n d e r  n i t r o g e n  a n d  a l iq u o ts  w e re  r e m o v e d  
a t  i n te r v a l s  f o r  m e a s u r e m e n ts  o f  t h e  a b s o r p t io n s  a t  2 3 1 .5  mp a n d  
a t  261 mp. T h e  r e s u l t s  a r e  s h o w n  in  F ig .  1 .

I n  a  s e c o n d  e x p e r im e n t ,  a  s o lu t io n  o f I X  (4 .6 6  g . ,  0 .0 2  m o le )  in
1 .7  N  h y d ro c lo r ic  a c id  (2 0 0  m l . )  w a s  h e a t e d  a t  9 0 °  f o r  15 h r .  
T h e  s o lu t io n  w a s  th e n  c o n c e n t r a t e d  to  a  s i r u p  w h ic h  w a s  t a k e n  
uf> in  w a te r  (2 5  m l . ) .  T h e  p H  w as a d ju s te d  t o  7 - 8  w i th  a m m o n ia
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a n d  a i r  w a s  d r a w n  t h r o u g h  t h e  s o lu t io n .  T . l . c .  ( 1 -p r o p a n o l)  
i n d i c a t e d  a  s lo w  c o n v e r s io n  t o  t h e  d is u lf id e  w h ic h  w a s  e s s e n t ia l ly  
c o m p le te  a f t e r  2  d a y s .  T h e  s o lu t io n  w a s  c o n c e n t r a t e d  t o  a  s i r u p  
w h ic h  w a s  d is s o lv e d  in  m e th a n o l  c o n ta in in g  a  l i t t l e  h y d r o c h lo r ic  
a c id .  E t h e r  w a s  a d d e d  a n d  n -c y s t in o l  d ih y d r o c h lo r id e  ( V I I )  
(1 .9 1  g . ,  6 7 % )  c r y s ta l l iz e d .  A f te r  r e c r y s ta l l i z a t io n  f ro m  m e th 
a n o l - e t h e r  i t  h a d  m .p .  1 4 5 -1 4 6 ° , [ a ] 25n  — 1 0 8 °  (c  1 .0  in  m e t h 
a n o l ) .

Anal. C a lc d .  fo r  C 6H 16N 20 2S 2-2H C 1: C ,  2 5 .2 6 ;  H ,  6 .3 6 ;
N ,  9 .8 2 ;  S , 2 2 .4 9 ;  C l ,  2 4 .8 5 . F o u n d :  C ,  2 5 .0 9 ;  H ,  6 .1 5 ;  N ,  
9 .8 0 ;  S ,  2 2 .6 6 ;  C l ,  2 4 .5 7 .

L-«S-2-Amino-3-hydroxypropylthiosulfuric Acid (III).—The
B u n te  s a l t  I I I  w a s  p r e p a r e d  f ro m  i .- c y s t in o l  d ih y d r o c h lo r id e  a s  
d e s c r ib e d  p r e v io u s ly  fo r  t h e  D i.- iso m er e x c e p t  t h a t  s o d iu m  su lf i te  
w a s  u s e d  in s te a d  o f  a m m o n iu m  s u l f i te .  T h e  p r o d u c t  h a d  m .p .  
1 9 0 -1 9 3 °  d e c . ,  [ a ] 25r> —3 1 °  (c 0 .6 2  in  w a te r ) .
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V a r io u s  2 - s u b s t i t u t e d  a n th r a c e n e s  h a v e  b e e n  s y n th e s iz e d  a n d  t h e i r  r e a c t io n  w i th  m a le ic  a n h y d r id e  in v e s t i 
g a te d .  T h e  a m o u n ts  o f t h e  tw o  p o s s ib le  i s o m e rs  fo rm e d , syn a n d  anti, a f fo rd e d  a  m e d iu m  fo r  t h e  e v a lu a t io n  of 
t h e  e le c t r o n ic  e f fe c t  o n  t h e  s te r e o c h e m is t r y  o f  t h e  r e a c t io n .  T h e  r e s u l t s  o f th e s e  s tu d ie s  a r e  d is c u s s e d .

The Diels-Alder reaction, in which there is the possi
bility of the formation of more than one product, has 
been extensively investigated; however, the asym
metrical nature of reacting species has not permitted 
unequivocal evaluation of the electronic effect in deter
mining the isomer formed.3 The introduction of a 
group on the 2-position of the anthracene nucleus per
mits the formation of two isomeric products in the reac
tion with maleic anhydride. The amounts of syn (I) 
and anti (II) isomers formed would be a function of the

syn A d d u c t  ( I ) anti A d d u c t  ( I I )
a . R  =  N O . a .  R  =  N 0 2
b . R  =  N A c b . R  =  N A c
c. R  =  N ( M e ) 2 c. R  =  N ( M e ) 2

substituent.'-The symmetrical nature of the molecule, 
except for the substituent, would tend to minimize all 
other effects which determine the isomer ratio and thus 
reflect the importance of polar attractive forces in the 
two possible transition states. The substitution of an
thracene in the 2-position rather than the 1-position 
further removes any steric effect the group may have on 
the reacting centers.

The dimethylamino, acetamido, and nitro groups 
were selected as substituents. The method of Hodgson 
and Marsden4 for the replacement of a diazonium group 
by a nitro group was used to prepare the reported 2-ni- 
troanthracene.6 Excellent yields of 2-acetamidoan- 
thracene were obtained by the treatment of 2-aminoan- 
thracene with acetic anhydride6 and lithium aluminum 
hydride reduction of 2-N,N-dimethylaminoanthracene 
methiodide in tetrahydrofuran gave 2-N,N-dimethyl- 
aminoanthracene.7

(1) Taken in part from the dissertation of Fred Kaplan presented to the 
Faculty of the Graduate School of Yale University in candidacy for the 
degree of Doctor of Philosophy, September, 1959.

(2) Department of Chemistry, University of Cincinnati, Cincinnati 21, 
Ohio.

(3) J. M artin and R. Hill, C h e m .  R e v . ,  61, 537 (1961).
(4) H. Hodgson and E. Marsden, J. Chem. Soc., 22 (1944).
(5) M. Battegay and P. Boehler, Compt. r e n d . ,  203, 333 (1936).
(6) C. Lieberman and A. Bollert, B e r . ,  15, 228 (1882).
(7) A. Bollert, i b i d . ,  16, 1635 (1883),

All Diels-Alder reactions were carried out in refluxing 
benzene with a ten- to twentyfold excess of freshly sub
limed maleic anhydride present. 2-Dimethylaminoan- 
thracene reacted with the appearance of a transient 
deep red color and the insoluble 2-acetamidoanthracene 
dissolved slowly as it reacted. The yellow color of the 
2-nitroanthracene solution did not intensify as the reac
tion occurred and disappeared as the reaction ap
proached completion. The relative rates of reaction of 
2-nitroanthracene. anthracene, and 2-dimethylamino- 
anthracene were determined under pseudo first-order 
conditions similar to those used by Andrews and 
Keefer.8

Compound
2 - N i t r o a n th r a c o n e
A n th r a c e n e
2 - D im e th y la m in o a n th r a c e n e

k,
l./mole sec.

0 .0 8 6  X  1 0 -5  
.0 1 4  X  1 0 - 3 
.0 5 5  X  10  —3

The spectra of the products exhibited typical suc
cinic anhydride adsorption in the infrared at 5.34 and
5.60 y.° At least one intense band appearing in the 
spectrum of starting material was completely absent in 
all cases. The infrared spectra of chloroform, methyl
ene chloride, benzene, or dioxane solutions of pure syn- 
and aw(f-2-nitro-9,10-dihydroanthracene-9,10-endo-a,/3- 
succinic anhydrides (la and Ha) differed mainly in the
10.0- to 11.0-/I region. Their ultraviolet spectra were 
similar and as expected for adducts.10

The theoretical dipole moments of the two adducts, 
which contain rigid ring systems free of rotation, were 
computed from three main components; 9,10-dihydro- 
anthracene (0.4 Debye) ,11 succinic anhydride (4.2 De
byes),12 and nitrobenzene (3.9 Debyes).13 A value of
7.11 Debyes was obtained for the syn adduct and 2.11 
Debyes for the anti adduct. The measurement of the 
dielectric constant and refractive index of a series of

(8) L. Andrews and R. Keefer, ./. A m .  C h e m . .  S o c . ,  77, 6284 (1955).
(9) L. J. Bellamy, “ Infrared Spectra of Complex Molecules,” John 

Wiley and Sons, Inc., New York, N. Y ., 1958, p. 28.
(10) I. Gillet, B u l l .  s o c .  c h i m .  F r a n c e , 1135 (1950).
(11) I. Campbell, C. LeFévre, R. LeFévre, and E. Turner, J .  C h e m .  S o c . ,  

404 (1938).
(12) M. Raw and N. Anantanaragan, P r o c .  I n d i a n  A c a d .  S c i . ,  5A, 185 

(1937).
(13) L. G. Wesson, “ Table of Electric Dipole Moments,” The Technology 

Press, Massachusetts Institute of Technology, Cambridge, Mass., 1948, 
p. 29.
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dilute solutions of different concentrations in benzene at 
a constant temperature14 established the identities of 
the adducts.

D i p o i .e  M o m e n t , h , i n  D e b y e s

s y n  A n t i

C a lc u la te d  7 .1 1  2 .1 1
F o u n d  6 . 6  ±  0 . 9  2 . 4  ± 1 . 7

Reduction and acetylation of the syn- and anti-2- 
nitro-9,10-dihydroanthracene-9,10-ewdo-a,/3-succinic an
hydrides (la and Ila) to their respective 2-acetamido- 
anthracene adducts (lb and lib) were achieved by the 
method of Kishi.15 Major differences occurred in the
10.0-to 11,0-/i region of the infrared spectra of methylene 
chloride or dioxane solutions of these adducts. The 
presence of both adducts could not be readily detected in 
the spectrum of a chloroform solution. The composite 
spectrum of the syn and anti adducts was identical with 
the spectrum of the material obtained from t ie reaction 
of 2-acetamidoanthracene with maleic anhydride.

The syw-and anff-2-dimethylamino-9,10-dihydroan- 
thracene-9,10-endo-a,/3-succinic anhydrides (Ic and 
lie) were obtained by reduction and methylation of the 
corresponding nitro adducts.16 The products obtained 
possessed almost identical infrared spectra in a variety 
of solvents. The spectra were similar to that of the 
material obtained from the reaction of 2-dime'hylamino- 
anthracene with maleic anhydride. A difference in 
chemical shift of the N-methyl peak of the syn and anti 
adducts occurred in their nuclear magnetic resonance 
spectra17 in deuteriochloroform. The separation of 
these peaks was enhanced from 2.2 c.p.s. to 8.0 c.p.s. by 
use of benzene as solvent rather than deuteriochloro
form.18

Pure syn and anti adducts of the compounds studied 
were subjected to reaction conditions for longer periods 
of time and recovered unchanged. This established 
that the reaction mixtures obtained were kinetically 
controlled and that the isomer distribution was a meas
ure of the relative stabilities of the two poss ble transi
tion states.

The amounts of syn and anti adducts formed in the 
reactions of 2-nitroanthracene and 2-acetamidoanthra
cene with maleic anhydride were determined by quanti
tative infrared analysis. Comparison of reaction mix
ture spectra with ones of known concentration con
firmed calculated values. Nuclear magnetic resonance 
spectroscopy was used to analyze the 2-dimcthylamino- 
anthracene-maleic anhydride reaction mixture. Meas
urement of the relative areas of the two A-methyl peaks 
gave the ratio of the isomers. The following results 
were obtained:

(14) A. W eissberger, “ Physical M ethods of Organic C hem istry ,” Vol. 1, 
P a r t  I I ,  C hap. X X IV , Interscience Publishers, Inc., New York, N . Y., 
1949, pp. 1611-1650.

(15) N . Kishi, Japan  P a te n t 4161 (1952); C h e m .  A b s f , r ., 48, 5215c 
(1954).

(16) W. Em erson, U. S. P a te n t 2,414,031; C h e m .  A b s i r . ,  41, 2439b 
(1949).

(17) N uclear m agnetic resonance spectra  were taken  with a Varian 
Associates high resolution spectrom eter a t 60 megacycles per second. 
Chem ical shifts were m easured by th e  audio-oscillator side-band superposi
tion  m ethod w ith te tram ethy lsilane  as an  in te rna l reference in dilu te  solu
tions of th e  com pounds exam ined and  are  in cycles per second from te tra 
m ethylsilane.

(18) J . Pople, W. Schneider, and  H . B ernstein, “ H igh-R esolution N uclear 
M agnetic R esonance," M cG raw -H ill Book Co., Inc ., New York, N . Y., 
1959, p. 422-432.

G roup % s y n  %  A n t i

N 0 2 39  ±  1 61  ±  1
N A c  5 2  ±  1 4 8  ±  1
N ( M e ) 2 55  ±  2  4 5  ±  2

The isomer distribution studies show that the transi
tion state containing the maleic anhydride fragment 
above the electron-rich aromatic ring is more stable 
than the other possibility. The ratio of the isomers 
indicates that the free energies of activation of the two 
possible transition states differ only by approximately 
0.2 keal. per mole. Many small factors such as the 
electrostatic interaction19 of the carbonyl dipole of the 
maleic anhydride fragment and the greater electron 
density of one ring can easily account for this small dif
ference.

Although the 2-dimethylaminoanthracene reacts 
seventy times faster than 2-nitroanthracene the distri
bution of isomers is not so great. If the dimethylamino 
group is facilitating a charge transfer of any type, one 
must assume that the syn and anti forms resulting from 
this must be of nearly equivalent energies and do not in
fluence the isomer distribution. It is significant that no 
major electronic effect be explained in terms of the 
mechanism of the reaction.

Experimental
M e l t in g  p o in t s  w e re  d e te r m in e d  in  s o f t  g la s s  c a p i l l a r i e s  in  a  

H e r s h b e r g  a p p a r a t u s  a n d  a r e  u n c o r r e c te d .
B e n z in  re fe rs  t o  a  h y d r o c a r b o n  s o lv e n t  b o i l in g  a t  3 0 - 6 0 °  a n d  

p e t r o le u m  e th e r  re fe rs  t o  a h y d r o c a r b o n  s o lv e n t  b o i l in g  a t  
0 0 - 1 1 0 ° .  T h e  c o m p o s it io n  o f  s o lv e n t  m iz tu r e s  is  d e s c r ib e d  b y  
th e  v o lu m e  of t h e  c o m p o n e n t  b e fo re  m ix in g .

A n a ly s e s  w e re  c a r r ie d  o u t  b y  D r .  S . M . N a g y  a n d  h is  a s s o c ia te s  
a t  t h e  M a s s a c h u s e t t s  I n s t i t u t e  o f T e c h n o lo g y ,  C a m b r id g e ,  M a s s . ,  
a n d  H e r r  W . M a n s e r  a t  t h e  E id g .  T e c h n is c h e  H o c h s c h u le ,  Z u r ic h ,  
S w i tz e r la n d .

2 - A m in o a n th r a c e n e .— T h e  p r o c e d u r e  d e s c r ib e d  b y  R u g g l i  a n d  
H e n z i20 w a s  a l t e r e d  s l i g h t ly .  T o  a  d e e p  r e d  m ix tu r e  o f 2 0 0  g . 
( 0 .9  m o le )  o f 2 - a m in o a n th r a q u in o n e  in  1200  c c . o f  1 0 %  s o d iu m  
h y d r o x id e  s o lu t io n  s t i r r e d  a t  ro o m  t e m p e r a t u r e  w a s  a d d e d  12 0  g . 
o f z in c  d u s t .  T h e  m ix tu r e  w a s  t h e n  b r o u g h t  t o  a  g e n t le  re f lu x  
a n d  2 5  c c . o f 9 5 %  e th a n o l  w a s  a d d e d  t o  p r e v e n t  v io l e n t  f o a m in g .  
O n e  h u n d r e d  g r a m s  of z in c  d u s t  w a s  a d d e d  e v e r y  0 .5  h r .  u n t i l  a  
t o t a l  o f 3 2 0  g .  ( 5  m o le s )  w a s  p r e s e n t .  A f te r  r e f lu x in g  f o r  2 4  h r . ,  
th e  s o l id  m a te r i a l  in  t h e  b r o w n is h  y e l lo w  m ix tu r e  w a s  c o l le c te d  
a n d  w a s h e d  w i th  h o t  w a te r .  S o x h le t  e x t r a c t i o n  w i th  a c e to n e  r e 
m o v e d  t h e  2 - a m im ( a n th r a c e n e  (d e e p  g re e n  f lu o re s c e n c e  i n  a c e 
to n e ) .  C r y s t a l l i z a t i o n  f ro m  h o t  a c e to n e  g a v e  110  g .  (6 3 % ,)  o f  2 -  
a m in o a n th r a c e n e ;  m .p .  2 3 6 - 2 3 7 ° .  R e c r y s t a l l i z a t i o n  f ro m  t o l u 
e n e  a f fo rd e d  105  g . ( 6 0 % )  o f g re e n is h  g o ld  p l a t e s ;  m .p .  2 3 8 - 2 3 9 ° ;  
r e p o r t e d 20 m .p .  2 3 8 ° .

2 - A n th ra c e n e d ia z o n iu m  C o b a l t in i t r i te .— A m ix tu r e  o f 10  g . 
(0 .0 5 2  m o le )  o f 2 - a m in o a n th r a c e n e  a n d  20  c c . (0 .2 1  m o le )  of 
h y d r o c h lo r ic  a c id  ( 3 7 .5 % )  w a s  h e a te d  o n  a  s t e a m  b a t h  i n  100  c c . 
o f w a te r  fo r  1 h r .  t o  f o rm  t h e  g r a y is h  w h i te  h y d r o c h lo r id e  s a l t .  
T o  t h i s  a q u e o u s  m ix tu r e ,  m a in t a in e d  b e lo w  5 ° ,  w a s  a d d e d  a  
s o lu t io n  o f 4 .1 4  g . ( 0 .0 6  m o le )  o f s o d iu m  n i t r i t e  in  25  c c . o f w a te r .  
A d d i t io n a l  w a te r  (1 5 0  c c .)  w a s  a d d e d  s lo w ly  t o  t h e  r e s u l t in g  re d  
m ix tu r e  t o  d is s o lv e  t h e  in s o lu b le  d ia z o n iu m  h y d r o c h lo r id e .  
A f te r  2 0  m in . ,  s u f f ic ie n t  c a lc iu m  c a r b o n a te  w a s  a d d e d  (4  g . )  t o  
n e u t r a l i z e  a n y  r e m a in in g  a c id .  T h e  m ix tu r e  w a s  f i l te r e d  u n d e r  
v a c u u m  ( t o  r e m o v e  in s o lu b le  t a r s  a n d  ex cess  c a lc iu m  c a r b o n a te )  
i n to  a  s o lu t io n  o f 2 0 .2  g . ( 0 .0 5  m o le )  o f s o d iu m  c o b a l t i n i t r i t e  in  
5 0 0  c c . o f w a te r .  T h e  r e s u l t in g  r e d  p r e c ip i t a t e  w a s  c o l le c te d  a n d  
w a s h e d  w i th  c o ld  w a te r  a n d  f in a l ly  w i th  e th e r .

2 - N i t r o a n tn r a c e n e .— T h e  s o lid  2 - a n th r a c e n e d ia z o n iu m  e o b a l t i -  
n i t r i t e  w a s  a d d e d  s lo w ly  t o  a  s o lu t io n  o f s o d iu m  n i t r i t e  (1 0  g . ) ,  
c u p r ic  s u l f a te  (1 0  g . ) ,  a n d  c u p r o u s  o x id e  (4  g . )  i n  100  c c . o f w a te r  
s t i r r e d  a t  ro o m  t e m p e r a tu r e .  F o a m in g  o c c u r r e d  u p o n  a d d i t i o n .

(19) C. K . Ingold, “ S tructu re  and  M echanism  in  Organic C hem istry ,” 
Cornell U niversity  Press, Ith aca , N . Y., 1953, p. 716.

(20) P» Ruggli and  E. Henzi, I J e l v . C h i m t  A c t a ,  13, 409 (1930).
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A f te r  3  h r .  th e  p r e c ip i t a t e  w a s  c o l le c te d  a n d  w a s h e d  w i th  w a te r .  
S o x h le t  e x t r a c t i o n  o f  t h e  p r e c i p i t a t e  w i th  e t h e r  y ie ld e d  a  d e e p  
r e d  s o lu t io n .  A f te r  e x t r a c t io n  w i t h  3  N  h y d r o c h lo r ic  a c id  a n d  5 
N  s o d iu m  h y d r o x id e ,  t h e  e th e r e a l  s o lu t io n  w a s  d r ie d  o v e r  a n h y 
d r o u s  s o d iu m  s u l f a t e .  E v a p o r a t io n  t o  d r y n e s s  y ie ld e d  3 g .  o f  r e d  
s o l id .  T h e  m a t e r i a l  w a s  d is s o lv e d  in  a  m in im u m  a m o u n t  o f 
b e n z e n e  a n d  p la c e d  o n  a  c h r o m a to g r a p h y  c o lu m n  o f  a lu m in u m  
o x id e  ( W o e lm , n o n a lk a l in e ,  a c t i v i t y  I )  p r e p a r e d  in  p e t r o le u m  
e th e r .  E lu t io n  w i th  6 0 %  p e t r o l e u m  e t h e r - 4 0 %  b e n z e n e  r e m o v e d  
a n th r a c e n e .  A f te r  i t s  c o m p le te  r e m o v a l  ( a b s e n c e  o f i t s  c h a r 
a c te r i s t i c  b lu e  f lu o re s c e n c e  in  s o lu t io n ) ,  a  b r i g h t  y e l lo w  b a n d  w a s  
e lu t e d  w i th  b e n z e n e .  T h e  m a t e r i a l  o b t a in e d  u p o n  e v a p o r a t io n  o f 
th e  b e n z e n e  w a s  c r y s ta l l i z e d  f ro m  a  h o t  a c e to n e - p e t r o l e u m  e th e r  
m ix tu re  tw ic e  y ie ld in g  1 .4  g . ( 1 2 %  f ro m  2 - a m in o a n th r a c e n e )  of 
b r ig h t  y e l lo w  n e e d le s  o f  2 - n i t r o a n th r a c e n e ;  m .p .  1 8 1 - 1 8 2 ° ;  
r e p o r t e d 5 m .p .  1 7 1 - 1 7 2 ° .

2-Acetamidoanthracene.— A c e tic  a n h y d r i d e  (3 5  c c .)  a n d  8 .0  g . 
( 0 .0 4 2  m o le )  o f  2 - a m in o a n th r a c e n e  w e r e  r e f lu x e d  fo r  3  h r .  T h e  
b ro w n  s o lu t io n  w a s  c o o le d  t o  5 °  a n d  th e  r e s u l t in g  w h i te  p r e c ip i 
t a t e  c o l le c te d .  A f te r  t h e  s o l id  m a t e r i a l  w a s  w a s h e d  w i th  s a t u r a t e d  
s o d iu m  b ic a r b o n a te  s o lu t io n ,  i t  w a s  d is s o lv e d  in  h o t  a c e to n e  a n d  
p la c e d  o n  a  c h r o m a to g r a p h y  c o lu m n  o f  a lu m in a  ( F i s h e r ,  n o . 
A -5 4 0 ) p r e p a r e d  in  c h lo r o fo r m . A c e to n e  e lu t io n  f i r s t  r e m o v e d  a  
b la c k  i m p u r i t y .  C o n t in u e d  e lu t io n  w i t h  a c e to n e  y ie ld e d  2 - 
a c e t a m id o a n th r a c e n e .  O n e  c r y s t a l l i z a t i o n  f ro m  h o t  a c e to n e  g a v e
7 .7  g . ( 8 0 % )  o f  l i g h t  y e l lo w  p l a t e s  o f 2 - a c e t .a m id o a n th r a c e n e ;  
m .p .  2 4 4 - 2 4 5 ° ;  r e p o r t e d 21 m .p .  2 3 9 - 2 4 0 ° .

2-N,N-Dimethylaminoanthracene Methiodide.— A  m ix tu r e  o f
1 .9 3  g .  (0 .0 7  m o le )  o f  2 - a m in o a n th r a c e n e  a n d  1 .0 8  g .  (0 .0 2  m o le )  
o f s o d iu m  b ic a r b o n a te  w a s  h e a t e d  a t  1 1 0 °  i n  3 0  c c . o f  m e th y l  
io d id e  w i t h  a  t r a c e  o f m e th a n o l  f o r  8  h r .  T h e  p r e c i p i t a t e  w a s  
c o l le c te d  a n d  w a s h e d  w i t h  w a te r  a n d  e th e r .  I t  w a s  t h e n  c r y s t a l 
l iz e d  tw ic e  f ro m  h o t  d i l u t e  a m m o n iu m  h y d r o x id e  s o lu t io n  v e i ld in g  
2 .8 4  g . ( 7 3 % )  o f p a l e  y e l lo w  p l a t e s  o f  2 - d im e th y la m in o a n th r a c e n e  
m e th io d id e ;  m .p .  2 2 7 - 2 2 9 ° ;  r e p o r t e d 7 m .p .  2 1 5 °  d e c .

2-N,N-Dimethylaminoanthracene.— T h r e e  g r a m s  ( 8 .5 6  m m o le s )  
o f 2 - d im e th y la m in o a n th r a c e n e  m e th io d id e  a n d  1 .5 0  g .  (0 .0 4  
m o le )  o f l i t h i u m  a lu m in u m  h y d r id e  w e re  r e f lu x e d  in  p u r i f ie d  t e t r a -  
h y d r o fu r a n  f o r  4  h r .  A f te r  d e c o m p o s i t io n  o f ex ce ss  l i t h iu m  a l u 
m in u m  h y d r id e  b y  t h e  a d d i t i o n  o f w a te r ,  t h e  t e t r a h y d r o f u r a n  w a s  
r e m o v e d  u n d e r  v a c u u m . S o d iu m  h y d r o x id e  p e l l e t s  w e re  a d d e d  t o  
d is s o lv e  t h e  a lu m in u m  s a l t s  a n d  th e  a q u e o u s  l a y e r  w a s  e x t r a c t e d  
w i th  e th e r .  T h e  g r e e n is h  e th e r e a l  l a y e r  w a s  d r ie d  o v e r  a n h y d r o u s  
s o d iu m  s u l f a t e  a n d  e v a p o r a t e d  t o  d r y n e s s ,  y ie ld in g  1 .9  g .  o f  a  
b r ig h t  y e l lo w  s o l id .  T h e  m a te r i a l ,  d is s o lv e d  in  60% . b e n z e n e -  
4 0 %  p e t r o le u m  e th e r ,  w a s  c h r o m a to g r a p h e d  o v e r  a n  a lu m in u m  
o x id e  (W o e lm , a lm o s t  n e u t r a l ,  a c t i v i t y  I )  c o lu m n  p r e p a r e d  in  
p e t r o le u m  e th e r .  E lu t io n  w i th  4 0 %  b e n z e n e - 6 0 %  p e t r o le u m  
e th e r  f i r s t  y ie ld e d  a n t h r a c e n e .  C o n t in u e d  e lu t io n  w i th  t h i s  s o l
v e n t  m ix tu r e  g a v e  y e l lo w  m a te r i a l .  I t  w a s  c r y s ta l l i z e d  f ro m  a  
b e n z e n e - p e t r o le u m  e th e r  m ix tu r e  y ie ld in g  511  m g . ( 2 7 % )  of 
y e l lo w  n e e d le s  o f  2 - d im e th y la m in o a n th r a c e n e ;  m .p .  1 5 8 - 1 6 0 ° ;  
r e p o r t e d 7 m .p .  1 5 5 ° .

Reaction of 2-N,N-Dimethylaminoanthracene with Maleic 
Anhydride.— A  g re e n is l i  y e l lo w  s o lu t io n  o f  2 2  m g .  (0 .1  m o le )  o f 
2 - d im e th y la m in o a n th r a c e n e  in  1 c c . o f b e n z e n e  w a s  a d d e d  t o  a  
re f lu x in g  s o lu t io n  o f 2 0 0  m g . ( 2 .0  m m o le s )  o f  f r e s h ly  s u b l im e d  
m a le ic  a n h y d r id e  i n  1 c c . o f b e n z e n e .  A  d e e p  r e d  c o lo r  a p p e a r e d  
im m e d ia te ly .  A f te r  2  h r .  t h e  l i g h t  t a n  s o lu t io n  w a s  e v a p o r a t e d  
to  d r y n e s s  a n d  t h e  ex cess  m a le ic  a n h y d r id e  r e m o v e d  b y  s u b l im a 
t io n  a t  1 1 0 °  a n d  1 0 -3  m m . T h e  3 1 .3  m g .  ( 9 8 .5 % )  o b ta in e d  w a s  
u s e d  fo r  q u a n t i t a t i v e  a n a ly s i s .

Reaction of 2-Acetamidoanthracene with Maleic Anhydride.—
A  m ix tu r e  o f  3 4 .4  m g .  ( 0 .1 4  m m o le )  o f  2 - a c e ta m id o a n th r a c e n e  
a n d  105  m g . ( 1 . 1  m m o le s )  o f f r e s h ly  s u b l im e d  m a le ic  a n h y d r id e  
w a s  r e f lu x e d  in  1 .5  c c . o f  b e n z e n e .  A  d e e p  y e l lo w  c o lo r  r e s u l te d  
a s  t h e  in s o lu b le  2 - a c e t a m id o a n th r a c e n e  s lo w ly  w e n t  i n t o  s o lu 
t i o n .  .A fter 4 h r .  t h e  n o w  c o lo r le s s  s o lu t io n  w a s  e v a p o r a t e d  t o  
d r y n e s s  a n d  t h e  e x c e s s  m a le ic  a n h y d r id e  s u b l im e d  a t  1 1 0 ° a n d  
10 “ 3 m m . T h e  4 9 .3  m g . ( 1 0 0 % )  o b ta in e d  w a s  u s e d  f o r  
q u a n t i t a t i v e  a n a ly s is .

Reaction of 2-Nitroanthracene with Maleic Anhydride.— 1. A
y e l lo w  s o lu t io n  o f  3 5 .1  m g .  ( 0 .1 6  m m o le )  o f  2 - n i t r o a n th r a c e n e  
a n d  1 0 0  m g .  ( 1 .0  m m o le )  o f  f r e s h ly  s u b l im e d  m a le ic  a n h y d r id e  in  
2  c c .  o f b e n z e n e  w a s  r e f lu x e d  fo r  26  h r .  T h e  y e llo w  c o lo r  s t i l l  
r e m a in e d .  A n  a d d i t io n a l  100  m g . ( 1 .0  m m o le )  o f  m a le ic  a n h y 
d r id e  w a s  a d d e d  a n d  t h e  s o lu t io n  re f lu x e d  f o r  3 0  h r .  A  f a in t  
y e l lo w  c o lo r  s t i l l  r e m a in e d .  N o  c h a n g e  in  c o lo r  w a s  o b s e rv e d  o n

(21) P . Fedorov, I z v .  A k a d .  N a u k ,  U S S R ,  O l d .  K h i m ,  N a u k ,  582 (1951); 
C h e m ,  A b s t r . ,  46, 8077f (1951).

c o n t in u e d  re f lu x in g  o r  a d d i t io n  o f  m o re  m a le ic  a n h y d r id e .  T h e  
s o lv e n t  w a s  e v a p o r a t e d  a n d  t h e  ex cess  m a le ic  a n h y d r id e  r e m o v e d  
b y  s u b l im a t io n  a t  1 1 0 °  a n d  1 0 “ 3 m m . T h e  4 9 .9  m g . (9 8 .8 %  ) of 
m a te r i a l  o b ta in e d  w a s  u s e d  f o r  q u a n t i t a t i v e  a n a ly s is .

2 .  A  s o lu t io n  o f 1 .0 7 9  g .  (4 .8 3  m m o le s )  o f  2 - n i t r o a n th r a c e n e  
a n d  5 .8 8  g .  ( 6 0 .0  m m o le s )  o f  f re s h ly  s u b l im e d  m a le ic  a n h y d r id e  
in  50  c c . o f  b e n z e n e  w a s  r e f lu x e d  fo r  4 8  h r .  T h e  s l ig h t ly  y e llo w  
s o lu t io n  w a s  e v a p o r a t e d  to  d r y n e s s .  A n  e th e r e a l  s o lu t io n  o f th e  
r e m a in in g  m a te r ia l  w a s  e x t r a c t e d  w i th  s a t u r a t e d  s o d iu m  b i 
c a r b o n a te  s o lu t io n  to  r e m o v e  e x c e s s  m a le ic  a n h y d r id e .  E v a p 
o r a t io n  o f t h e  e th e r e a l  l a y e r ,  a f t e r  d r y in g  o v e r  a n h y d r o u s  s o d iu m  
s u l f a t e ,  g a v e  1 .5 5 0  g .  ( 1 0 0 % )  o f  a  y e l lo w is h  w h i te  s o l id .  T h e  
m a t e r i a l ,  d is s o lv e d  in  2 0 %  a c e to n e - 8 0 % . b e n z e n e ,  w a s  p la c e d  o n  a  
c h r o m a to g r a p h y  c o lu m n  o f  s ilic ic  a c id  ( M a l l i n c k r o d t  100  m e s h , 
n o .  2 8 4 7 )  p r e p a r e d  in  b e n z e n e . T h e  c o lu m n  w a s  th e n  w a s h e d  
w i th  p e t r o le u m  e t h e r  t o  q u e n c h  a n y  m o v e m e n t  c a u s e d  b y  t h e  
a c e to n e .  E lu t io n  w i th  b e n z e n e  f i r s t  r e m o v e d  t r a c e s  o f  im p u r i t i e s .  
T h e  n e x t  f r a c t io n s  c o n ta in e d  a n t i - 2 - n i t r o - 9 ,1 0 - d ih y d r o a n th r a c e n e -
9 ,1 0 -e n d o -a ,(3 -su c e in ic  a n h y d r id e ,  H a  ( id e n t if ie d  l a t e r ) ,  c h a r 
a c te r iz e d  b y  b a n d s  a t  1 0 .5 7  a n d  1 0 .8 7  y  in  i t s  in f r a r e d  s p e c t r u m  
in  m e th y le n e  c h lo r id e ,  c o n ta m in a t e d  w i th  s m a ll  a m o u n t s  o f th e  
syn a d d u c t  ( l a ) ,  c h a r a c te r iz e d  b y  a  b a n d  a t  1 0 .7 0  y .  A d d i t io n a l  
e lu t io n  w i th  b e n z e n e  g a v e  f r a c t io n s  c o n s is t in g  o f  a p p r o x im a te ly  
e q u a l  a m o u n ts  o f  b o t h  i s o m e rs .  F in a l ly ,  e n r ic h e d  f r a c t io n s  o f th e  
syn a d d u c t  w e re  o b ta in e d .  T h e  e n r ic h e d  f r a c t io n s  o f  e a c h  a d d u c t  
w e re  c ry s ta l l iz e d  m a n y  t im e s  f ro m  h o t  c h lo r o fo r m -p e tr o le u m  
e t h e r  u n t i l  p u r e  a d d u c t s  w e re  o b ta in e d  ( c o n s t a n t  m e l t in g  p o in t  
a n d  a b s e n c e  o f  b a n d s  o f  t h e  o th e r  a d d u c t  in  t h e  i n f r a r e d  s p e c 
t r u m ) .  T h is  p r o c e d u r e  g a v e  4 3 7  m g .  ( 2 8 % )  o f  w h i te  n e e d le s  of 
t h e  anti a d d u c t ,  m .p .  2 4 9 - 2 5 0 ° ,  a n d  3 8 9  m g . ( 2 5 % )  o f  w h ite  
p la te s  o f  t h e  syn a d d u c t ,  m . p .  2 7 9 - 2 8 0 ° .  T h e  a d d u c t s  w e re  c r y s 
ta l l i z e d  f o u r  t im e s  m o re  f ro m  h o t  a c e to n e - p e t r o l e u m  e th e r  a n d  
s t i l l  p o s s e s s e d  t h e  s a m e  m e l t in g  p o in t s  a n d  in f r a r e d  s p e c t r a .  
T h e s e  m a te r ia l s  w e re  u s e d  in  t h e  d ip o le  m o m e n t  d e te r m in a t io n  
a n d  q u a n t i t a t i v e  a n a ly s is .

Anal. [a /iii-2 -N itro -9 ,1 0 -d ih y d ro a n th ra c e n e -9 ,1 0 -e re ( to -a ,(3 -s u c -  
c in ic  a n h y d r id e  ( I l a ) ] .  C a lc d .  f o r  C is H u O s N : C ,  6 7 .2 9 , H ,  3 .4 8 ;  
N ,  4 .3 6 .  F o u n d :  C ,  6 7 .2 5 ;  H ,  3 .5 9 ;  N ,  4 .4 7 .  U l t r a v io le t  
s p e c t r u m  ( m e th a n o l ) :  Xmax 2 7 9 .5  m ,u, e 8 0 0 0 .

A nal. [syn- 2 -N  i t r o  - 9 ,1 0 -  d ih y d r o a n th r a c e n e  - 9 ,1 0 -  endo-a,0-
s u c c in ic  a n h y d r id e  ( l a ) ] .  C a lc d .  fo r  C is H u O s N : C ,  6 7 .2 9 ;  H ,  
3 .4 8 . F o u n d :  C ,  6 7 .1 9 ;  H ,  3 .4 5 . U l t r a v io le t  s p e c t r u m  ( m e th 
a n o l ) :  Xmax 28 2  m /j , e 8 9 0 0 .

Dipole Moment Determination.— T h e  syn- a n d  a ra /t-2 -n itro -  
a n th r a c e n e - m a le ic  a n h y d r id e  a d d u c t s  h a v e  b e e n  d e s c r ib e d  p r e 
v io u s ly .  A  se r ie s  o f d i lu te  b e n z e n e  ( b . p .  8 0 .0 - 8 0 .2 ° ,  n 25n  1 .4 9 8 1 ) 
s o lu t io n s  w e re  p r e p a r e d .

T h e  d ie le c tr ic  c o n s t a n t  m e a s u r in g  a p p a r a t u s 22 w a s  m a in t a in e d  
a t  2 5 ° .  T h e  b r id g e  m e a s u r in g  c i r c u i t  c o n s is te d  o f  a  3 0 0 - k c . / s e c .  
o s c i l la to r ,  tw o  e q u a l  r e s i s to r s ,  tw o  f ix ed  c a p a c i to r s ,  a  v a r ia b le  
c a p a c i to r ,  a n d  a  d e te c t io n  s y s t e m .  T h e  ce ll w a s  o f b r a s s  a n d  
a p p r o x im a te ly  3 .5  i n .  in  d i a m e te r  a n d  2  in .  in  h e ig h t  a n d  c o n 
ta in e d  a  v a r ia b le  a n d  a  f ix ed  c a p a c i to r .  T h e  v a r ia b le  c a p a c i to r  
w a s  a  m ic r o m e te r - e le c t r o d e  s y s te m  t y p e 23 a d a p te d  fo r  l iq u id s .

R e f r a c t iv i t i e s  w e re  m e a s u r e d  o n  a n  A b b e  r e f r a c to m e te r  a n d  
w e re  r e f e r r e d  to  t h e  s o d iu m  D  l in e  a t  2 5 ° .

D i p o i .e  M o m e n t , y  =  0 .0 1 2 8 [ ( /%  — 7’] 1/2

r-L Ri h
anti A d d u c t  2 19  ±  110 100 ±  109 2 . 4 0  ±  1 .7 1
syn A d d u c t  9 8 8  ±  141 101 ±  114 6 .5 8  ±  0 .S S

Reductive Acetylation of syn- and anii-2-Nltro-9,10-dihydro- 
anthracene-9,10-erado-a,(¡-succinic Anhydrides (la and Ila) to 
syn- and anO-2-Acetamido-9,10-dihydroanthracene-9,10-endo-a ,0 
succinic Anhydrides (Ila and lib).— A  s o lu t io n  o f  2 6 .0  m g .  (0 .0 8 1  
m m o le )  o f t h e  a n O -2 - n i t r o a n th r a c e n e - m a le i c  a n h y d r id e  a d d u c t  
in  5 c c . o f a c e t ic  a n h y d r id e  a n d  0 .5  c c . o f  g la c ia l  a c e t ic  a c id  w a s  
s t i r r e d  in  a n  a tm o s p h e r e  o f  h y d r o g e n  in  th e  p r e s e n c e  o f  R a n e y  
n ic k e l  f o r  3 h r .  a t  7 0 ° .  A  w h i te  s o lid  w a s  o b ta in e d  a f t e r  r e m o v a l  
o f t h e  c a t a l y s t  b y  f i l t r a t io n  a n d  e v a p o r a t io n  o f  t h e  f i l t r a t e .  E x 
t r a c t i o n  o f  th i s  s o lid  w i th  c h lo ro fo rm  g a v e  28  m g .  o f  m a te r ia l .  
T h is  m a te r i a l ,  d is s o lv e d  in  c h lo r o fo r m , w a s  f i l te r e d  t h r o u g h  a

(22) W e are indebted  to  M r. W illiam B. W estphal of Insu la tion  Research 
L aboratory , M assachusetts In s titu te  of Technology, Cam bridge, M ass., 
for th e  use of his apparatu s.

(23) A. von H ippel, “ D ielectric M aterials and  A pplications,-' Jo h n  W iley
an d  Sons, Inc., New York, N . Y., 1954, p. 50.
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s m a ll  c o lu m n  o f  s ilic ic  a c id  p r e p a r e d  in  c h lo r o fo r m . E th e r  e lu t io n  
y ie ld e d  26  n iff. ( 9 0 % )  o f  m a te r i a l  w h o s e  in f r a r e d  s p e c t r u m  (d io x -  
a n e )  p o s s e s s e d  a ll  m a jo r  b a n d s  p r e s e n t  in  th e  s p e c t r u m  of th e  
m a t e r i a l  o b ta in e d  f ro m  t h e  r e a c t io n  o f 2 - a c e ta m id o a n th r a c e n e  
w i th  m a le ic  a n h y d r id e  e x c e p t  o n e  a t  1 0 .7 0  y .  T h e  m a te r i a l  w a s  
c r y s ta l l iz e d  to  a  c o n s t a n t  m e l t in g  p o in t  f ro m  a n  a c e to n e - b e n z e n e  
m ix tu r e  b y  s lo w ly  b o i l in g  off t h e  a c e to n e .  T h e  w h i te  p l a t e s  o b 
t a in e d  c h a n g e d  a t  1 4 6 ° , b e c a m e  a m o r p h o u s  a t  1 0 0 3, a n d  l iq u id  
a t  1 0 6 ° . U l t r a v io le t  s p e c t r u m  ( m e th a n o l ) :  Xmax 25 3  m y ,  e 
1 6 ,0 0 0 ; X 28 7  m y ,  e 1:500.

Anal. C a lc d .  fo r  C . jH isO jN :  C ,  7 2 .0 6 ;  H ,  4 .5 4 ;  N ,  4 .2 0 . 
F o u n d :  C ,  7 1 .8 5 ; H ,  4 .6 2 ;  N , 4 . 2 6 .

R e d u c t iv e  a c e ty l a t i o n  o f  t h e  syn a d d u c t  y ie ld e d  m a te r ia )  w h ic h  
p o s s e s s e d  in  i t s  in f r a r e d  s p e c t r u m  a l l  b a n d s  p r e s e n t  in  t h e  s p e c 
t r u m  o f t h e  m a te r i a l  o b ta in e d  f ro m  th e  r e a c t io n  o f  2 - a c e ta m id o 
a n th r a c e n e  w i th  m a le ic  a n h y d r id e  e x c e p t  o n e  a t  1 0 .8 0  y .  C r y s 
t a l l i z a t io n s  f ro m  a c e to n e - b e n z e n e  g a v e  w h i te  n e e d le s ,  r a . p .  1 4 9 -  
1 5 0 ° . U l t r a v io le t  s p e c t r u m  ( m e th a n o l ) :  Xmax 25 3  m /q  e
1 6 ,0 0 0 ; Xmax 2 8 7  m M, e  1500 .

Anal. C a lc d .  fo r  C 20H 15O 4N :  C ,  7 2 .0 6 ;  H ,  4 .5 4 ;  N ,  4 .2 0 .  
F o u n d :  C ,  7 2 .5 3 ;  H ,  4 .7 3 ;  N . 4 . 0 1 .

Reductive Methylation of syn- and anti-2-Nitro-9,10-di- 
hydro anthracene-9, lC-e;/do-«,0-succinic Anhydrides (la and Ha) 
to syn- and a)?0'-2-Dimethylamino-9,10-dihydroanthracene-9,10- 
endo-a,iS-succinic Anhydrides (Ic and lie).— A  s o lu t io n  o f  1 2 8 m g . 
( 0 .4  m m o le )  o f  t h e  a n r i - 2 - n i t r o a n th r a c e n e - m a le ic  a n h y d r id e  
a d d u c t  in  5 c c . o f  9 5 %  e th a n o l ,  0 .5  c c . o f  g la c ia l  a c e t ic  a c id ,  a n d  
0 .4  c c .  o f  36% , f o r m a ld e h y d e  s o lu t io n  w a s  h y d r o g e n a te d  in th e  
p r e s e n c e  o f  15 m g . o f  A d a m ’s c a t a l y s t .  A n  u p t a k e  o f 5 5  cc. of 
h y d r o g e n  ( e x p e c te d  fo r  - N O .  t o  - N ( C H 3)2, 49  c c .)  o c c u r r e d  
o v e r  a  p e r io d  o f  2 4  h r .  T h e  s o lu t io n  w a s  e v a p o r a t e d  to  d r y n e s s  
a  t e r  r e m o v a l  o f t h e  c a t a l y s t .  T h e  m a te r i a l  w a s  e x t r a c t e d  w i th  
a q u e o u s  e t h e r .  T h e  e th e r e a l  e x t r a c t ,  a f t e r  d r y in g  o v e r  a n h y d r o u s  
s o d iu m  s u l f a te  a n d  e v a p o r a t io n ,  y ie ld e d  107 m g . o f m a te r i a l .  
T h e  w h i te  s o lid  w a s  re f lu x e d  in  30  c c . o f b e n z e n e  fo r  20  m in .  
A f te r  e v a p o r a t io n  o f  t h e  s o lv e n t ,  105 m g . (82%) of m a te r i a l  w a s  
o b ta in e d  w h o s e  in f r a r e d  s p e c t r u m  w a s  a lm o s t  id e n t ic a l  w i th  t h a t  
o f  t h e  m a te r i a l  o b ta in e d  f ro m  t h e  r e a c t io n  o f 2 -d in  e th v la m in o -  
a n th r a c e n e  w i th  m a le ic  a n h y d r id e .  C r y s ta l l i z a t io n s  f ro m  a  
m e th y le n e  c h lo r id e - p e t r o le u m  e th e r  m ix tu r e  a f fo rd e d  o ff-w h ite  
p la te s ,  m . p .  2 0 8 - 2 0 9 ° .  U l t r a v io le t  s p e c t r u m  ( m e th a n o l ) :  
Xmax 2 7 0  m M, e 1 2 ,0 0 0 ; Xmax 3 1 0  m M, e 2 4 ,0 0 0 .

R e d u c t iv e  m e th y la t i o n  o f  t h e  syn a d d u c t  r e q u i r e d  a  lo n g e r  
p e r io d  o f t im e .  T h e  in f r a r e d  s p e c t r u m  of t h e  m a te r i a l  o b ta in e d  
( 7 9 % )  w a s  s im i la r  b u t  n o t  id e n t ic a l  w i th  t h a t  o f t h e  anti a d d u c t .  
N o  m a jo r  d if fe re n c e  e x is te d .

Reaction Mixture Analysis.— T h e  r a t i o  o f  a d d u c t s  o b ta in e d  
f ro m  r e a c t io n  m ix tu r e s  o f  2 - n i t r o a n th r a c e n e  a n d  2 - a c e ta m id o -

a n th r a c e n e  w i th  m a le ic  a n h y d r id e  w e re  d e te r m in e d  b y  q u a n t i t a -  
l iv e  in f r a r e d  a n a ly s is .  A  v a r i a t i o n  o f  t h e  “ ce ll in - c e l l  o u t ”  
m e th o d 21 w a s  u s e d .  A  c o n s t a n t  in c id e n t  i n t e n s i t y  ( 1 0 0 %  t r a n s 
m is s io n )  a n d  z e ro  r e a d in g  (0 %, t r a n s m is s io n )  w e re  o b t a in e d  in  t h e
1 0 .5 -  t o  1.1 ,0 -m r e g io n  fo r  a ll  s a m p le s .  B e e r ’s  la w  f o r  a  tw o - c o m 
p o n e n t  s y s te m  w a s  u s e d  to  c a lc u la te  th e  c o m p o s it io n  o f t h e  m ix 
t u r e .

T h e  2 - n i t r o a n th r a e e n e - m a le ic  a n h y d r id e  r e a c t io n  m ix tu r e  w a s  
f o u n d  to  b e  c o m p o s e d  o f 3 9 .2 % , o f t h e  syn a d d u c t  a n d  6 0 .8 %  of 
th e  anti a d d u c t .  T h e  1 0 .5 7 - a n d  1 0 .87-ju b a n d s  o f  th e  anti a d d u c t  
a n d  th e  1 0 .7 0  y b a n d  o f  t h e  syn a d d u c t  w e re  u t i l iz e d  fo r  t h e  
a n a ly s is .  T h e  2 - a c e ta m id o a n th r a c e n e - m a le ic  a n h y d r id e  r e a c t io n  
m ix tu r e  c o n ta in e d  5 2 .0 %  of t h e  syn a d d u c t  a b s o rb in g  a t  1 0 .7 0  y 
a n d  4 S .0 %  of t h e  anti a d d u c t  a b s o rb in g  a t  1 0 .8 0  y .  A n a ly s e s  
w e re  p e r fo r m e d  o n  s o lu t io n s  o f k n o w n  c o n c e n t r a t io n  s im i la r  t o  
th o s e  o f  t h e  u n k n o w n s  u s in g  th e  s a m e  t e c h n iq u e .  T h e  a n a ly s e s  
w e re  in  g o o d  a g r e e m e n t  a n d  a c c u r a te  t o  0 .3 % .

T h e  c o m p o s it io n  o f t h e  r e a c t io n  m ix tu r e  o f 2 - d im e th y la m in o -  
a n th r a c e n e  a n d  m a le ic  a n h y d r id e  w a s  d e te r m in e d  b y  a n a ly s is  o f  
i t s  n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r u m  in  b e n z e n e  s o lu t io n .  
T h e  A f-m e th y l p e a k s  o f t h e  syn- a n d  o n f i - d im e th y la m in o  a d d u c t s  
a p p e a r e d  a t  141 a n d  149 c .p . s . ,  r e s p e c t iv e ly .  T h e  r e l a t i v e  a r e a s  
o f  th e  tw o  p e a k s  w e re  d e te r m in e d .  T h e  m ix tu r e  w a s  c o m p o s e d  
o f  4 5 %  of t h e  anti a d d u c t  a n d  5 5 %  of t h e  syn a d d u c t .  T h e  
m e th o d  o f  a n a ly s is  w a s  a c c u r a te  t o  2 % ,.

Attempted Equilibration o f syn- and arefi-Adducts.— T h e  in 
f r a r e d  s p e c t r u m  of 5 m g .  o f p u r e  syn- o r  anti- a d d u c t  in  0 .5  c c . o f 
b e n z e n e  w a s  r e c o r d e d .  T h e  in f r a r e d  s p e c t r u m  o f  t h e  s o lu t io n  
a f t e r  re f lu x in g  f o r  1 w e e k  w a s  id e n t ic a l  w i th  t h a t  o f  s t a r t i n g  
m a te r i a l .  T o  th i s  s o lu t io n  w a s  a d d e d  10 m g . o f  m a le ic  a n h y d r i d e .  
A f te r  re f lu x in g  t h e  s o lu t io n  fo r  24  hr., n o  c h a n g e  w a s  o b s e r v e d  in  
t h e  s p e c t r u m .  N o  c h a n g e  o c c u r r e d  in  t h e  n u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c t r a  o f t h e  2 - d im e th y la m in o a n th r a c e n e  a d d u c t s .

Kinetic Data.— B e n z e n e  s o lu t io n s  o f k n o w n  c o n c e n t r a t i o n  
(0 .0 0 4 6 9  M  a n th r a c e n e ,  0 .0 0 0 1 5 8  M  2 - d im e th y la m in o a n th r a c e n e ,  
0 .0 0 0 1 8 4  M  2 - n i t r o a n th r a c e n e — a ll  w i th  1 .2 8 0 6  M  m a le ic  a n 
h y d r id e )  w e re  p la c e d  in  a  1 - e m . q u a r t z  s p e c t r o p h o to m e t r i c  c e ll .  
F iv e  m in u te s  w e re  a l lo w e d  fo r  c o m p le te  m ix in g  to  o c c u r  b e fo re  
i n i t i a l  r e a d in g s  w e re  t a k e n .  M e a s u r e m e n ts  o f  o p t ic a l  d e n s i ty  
w e re  m a d e  w i th  a  B e c k m a n  D U  s p e c t r o p h o to m e te r  a t  4 2 0  m « . 
O n ly  s t a r t i n g  m a t e r i a l  w a s  f o u n d  t o  a b s o rb  a t  t h i s  w a v e  le n g th .  
T h e  v a lu e s  o f  t h e  r a t e  c o n s t a n t s ,  k, w e re  d e te r m in e d  f ro m  t h e  
f i r s t -o r d e r  r a t e  e x p re s s io n  k = 2.303\og(ODi/ODt)/(M A)t.

(24) P e r k i n - E l m e r  I n s t r u m e n t  N e w s ,  I I ,  3, 6 (1951).
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E th y le n e  d i i s o th io c y a n a te  ( I )  r e a c t s  w i th  a n  e x c e s s  o f  a q u e o u s  m e th y la m in e  a n d  e th y L a m in e  to  g iv e  1 - m e th y l-  
a n d  l - e th y l th io c a r b a m y l im id a z o l id in e - 2 - th io n e  (V a , b ) .  T h e  p h e n y l  a n a lo g  (V c.) h a s  b e e n  o b ta in e d  u p o n  a d d i 
t i o n  o f  a n i l in e  t o  I  in  a c e to n e  s o lu t io n ,  w h e r e a s  t h e  r e v e r s e  m o d e  o f a d d i t io n  y ie ld e d  th e  s u b s t i t u t e d  e th y le n e d i -  
th io u r e a  (II). S t r u c tu r e s  V a , b , a n d  c  h a v e  b e e n  p r e p a r e d  b y  in d e p e n d e n t  s y n th e s e s .  R e a c t io n  o f  I w ith  
e x c e ss  a q u e o u s  d im e th y la m in e  a n d  p y r r o l id in e  g a v e  a lm o s t  e x c lu s iv e ly  t h e  e th y l e n e d i th io u r e a s ; w i th  e x c e s s  o f 
a q u e o u s  p ip e r id in e ,  a  m ix tu r e  o f b is -  a n d  m o n o a d d u c t  w a s  fo rm e d . T h e  m o n o a d d u c ts  c o u ld  b e  c o n v e n ie n t ly  o b 
t a i n e d  f ro m  a ll  t h e  s e c o n d a r y  a m in e s  s tu d ie d ,  b y  a d d in g  th e m  to  I  i n  a c e to n e  s o lu t io n .  T h e  p r o p e r t i e s  o f  th e s e  
m o n o a d d u c ts  a r e  c o n s i s te n t  w i th  t h e  s t r u c t u r e s  1 - d ia lk y l -  a n d  l - a lk y le n e th io c a r b a m y l im id a z o l id in e - 2 - th io n e ,  
s im i la r  t o  th o s e  o f  V a , b ,  a n d  c.

Ethylene diisothiocyanate (I) has been reported to 
react with aqueous ammonia forming ethvlenedithio- 
urea (II. R = R ' = H) and a monoadduct for which 
structure III has been formulated.2 Alkylene dithio
ureas had been obtained previously by treating I with 
aniline,3 as well as by treating the homolog (CH2)4-

(1) P a rt of th is  w ork has been trea ted  in a  prelim inary com m unication: 
F. D ’Angeli and  A. Bandel, T e t r a h e d r o n  L e t t e r s ,  1, 5 (1961A

t2) G. D . T horn  and  R. A. Ludwig, C a n .  J .  C h e m . ,  32, 872 (1954).

(NCS)2 with ammonia, methylamine, and aniline,4 and 
(CH2)6(NCS)2 with aziridine.6

The structure of the monoadduct formed by the re
action of I with ammonia currently is being elucidated 
in our laboratories by X-ray diffraction.6 In this

(3) A. Ya. Y akubovic and  V. A. Klimova, J .  G e n .  C h e m .  U S S R  (Eng. 
T ransl.), 9, 1777 (1939); C h e m .  A l s i r . ,  34, 3685 (1940).

(4) J . v . B raun and G. Lemke, P e r . ,  55, 3552 (1922).
(5) A. G. Bayer, British P a ten t 753, 247; C h e m .  A b s t r . ,  51, 9681 (1957).
(6) Unpublished work.
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CH2NCS
I
CIRNCS

I

C H 2N H C S N R R '

C T R N H C S N R R '

I I

I R C —  C H -
I I

H N  N i l
I I

S C  c s
\ /
N
I

H
I I I

paper we report the chemical behavior of I toward pri
mary and secondary amines.

Ethylene diisothiocyanate (I) reacts with these 
amines at room temperature, giving two different types 
of compounds whose relative yields depend upon struc
tural factors and experimental conditions. This is 
shown in Table I.

C H 2N H 2 C I R N H C S N H R
I +  2  R N C S ----- >- I

C H = M I ,  C I R M Î C S N I I R
(1 )

proven by independent synthesis, using reaction l.7 
None of the monoadducts of I with the various amines 
showed the characteristic infrared absorption of the 
-XCS group in the 2100-cm.-1 region. This rules out 
structure IV for all the monoadducts.
I R C — C H , I R C — C H , H,C— CIR

1 1 
N NH

1 1
HN N -C -N R R /

1 1
HN N—C-

1! 1 
C  c s
Il 1

\ /  II \ /  II
c  S
II C O

II
0

Il 1
S  N R R '

H
S

I V V V I

T a b l e  I

F o r m a t io n  o f  M o n o -  a n d  B i s a d d u c t s  i n  R e a c t i o n s  o f  E t h y l 
e n e  D i i s o t h i o c y a n a t e  ( I )  w i t h  P r i m a r y  a n d  S e c o n d a r y  

A m i n e s

Amine

Moles of 
amine per 

mole 
of I Medium

Order
of

addition
of

reagents
% Yield of 

Monoadduct
products

Bisadduct
C H s N I R 5 h 2o 52 10
C 2H 5N H 2 5 h 2o 63 10
G A R N IR 5 a c e to n e a T ra c e s 4 6

1 a c e to n e b 42 T ra c e s
( C H 3)2N H 5 H 20 T ra c e s 72

5 a c e to n e a - 46
1 a c e to n e b 42 T ra c e s

Because of the well known tendency of bifunctional 
ethylenic systems to form imidazole derivatives,8 the 
possibility of the formation of structure V was first in
vestigated. The monoadducts obtained from I with 
primary amines are identical with the 1-alkyl-, and 1- 
phenylthiocarbamylimidazolidine - 2 - thiones obtained 
by the independent synthesis shown in reaction 2.9
IRC—CH, IRC— CIR

I | R "X  ! I RN CS
E N  NH ---- N  N H --------------------- >

\ / A . /
C r
II 1
s S R ”

V I I V i l l a .  R "  =  C « F 5C H 2
b  R ”  =  C A R

( C H 2)4N H 0 h 2o T ra c e s 66
5 a c e to n e a - 60
1 a c e to n e b 42 T ra c e s

( C H 2)6N H K H 20 3 0 3 0  ■
5 a c e to n e a - 97
1 a c e to n e b 75 T ra c e s

I  w a s  a d d e d  to  t h e  a m in e .  6 T h e  a m in e  w a s  a d d e d  to  I .

Aqueous Medium.—Excess aqueous methylamine 
and ethylamine transformed I for the most part into 
monoadducts. In addition, minor amounts of bis
adducts, namely the ethylenedithioureas (II) were 
formed. The pattern was reversed with secondary 
amines, which yielded largely (as with piperidine) or 
almost exclusively (as with dimethylamine and pyrroli
dine) the bisadducts II.

Acetone Solution.—In acetone solution, the products 
which were obtained depended upon the order of addi
tion, and possibly upon molar ratio.

In this paper no distinction is drawn between these 
two variables, since the purpose of the research was to 
elucidate the structure of the monoadducts from the re
actions of I with primary aliphatic amines and to find 
suitable conditions favoring monoadduct formation, 
rather than bisadduct formation with secondary 
amines. Addition of I to an excess of the secondary 
amines and aniline resulted in the formation of the di
thioureas. On the contrary, the addition of these 
amines to an equimolecular quantity of I yielded mostly 
the monoadducts.

The structures of some of the bisadducts II which 
had been described incompletely in the literature were

(7) E thylendiam ine reacts w ith isoth iocyanates also in  equim olecular 
ra tio ; th e  produced am ino-ethylthioureas have been transform ed in to  2- 
am ino-im idazolines. L. Helgen, O. S toutland an d  C. L. Agre, J .  O r g .  C h e m . ,  

24, 818, 884 (1959). G erm an P a te n t 842, 065; C h e m .  A b s t r . ,  52, 10208 
(1958).

h 2c — c b 2
I I

N  N — C — N H R
( —R"SH )

ISR”
IXa. R = CIR R” = C6IRCH2

b. R = C’A R." = < I .
c. R = R" = C,TR
d. R = C6H6 R” = CAR

IRC— CIR
I I

H N  N — C — N H R  (2 )

S
V a . R  =  C H 3

b . R  =  C ,H 6
c. R  =  C A R

Reaction 2 is an application of synthesis10 of 1,5-di- 
alky 1-2,4-dithiobiurets , RNHCSNHCSNHR, which are 
open chain analogs of structure V. It seems unlikely 
that under the mild conditions in which the last two 
steps were performed (0° or room temperature), the 
five-atom ring of 2-alkyl- and 2-benzylmercapto-2-imid- 
azoline (Villa, Vlllb) would undergo any transforma
tion besides the expected thiocarbamylation and sub
sequent thiohydrolysis.11

All monoadducts behaved in the same way upon acid 
and alkaline treatment. Thus they were stable to 
dilute acid, whereas all yielded imidazolidine-2-thione 
(VII) on alkaline hydrolysis.

(8) L. K. Hofm ann, “ Im idazole and  its  derivatives, P a rt 1,” Interscience 
Publishers, Inc., New York, N. Y., 1953.

(9) T he isosteric s truc tu re  VI has been a ttr ib u ted , apparen tly  with no 
experim ental evidence, to  the  compound obtaine 1 from ( —O IR N C O h and 
NHs. W. Nusshag, I n a u g .  D i s s .  z u r  E r l a n g .  d . W .  e i n e s  D r .  M e d .  V e t . .  

Berlin, 1913. 0 .  N itsche, C e n t r .  B L ,  2, 60 (1914). C f .  G. Schroeter and C. 
Seidler, J .  p r a k t .  C h e m . ,  105, 165 (1922); Th. C urtius and W. Ilechtenberg , 
i b i d . ,  106, 289 (1923).

(10) (a) F. H. S. Curd, D. G. D avey, D. N. R ichardson, and R. de B. 
Ashworth, J .  C h e m .  S o c . ,  1739 (1949); (b) A. E. S. Fairfull and D. Peak, 
J .  C h e m .  S o c . ,  796, (1955).

(11) I t  has been known for m any years th a t  N -thioearbam ylaziridines 
rearrange to  thiazoles. M ore recently, it has been reported th a t  N -th i >- 
earbam ylazetidines rearrange to  thiazines. N -Thiocarbam ylpyrrolidines do 
no t rearrange under com parable conditions. M. Tisler, ^4rc/i. P h a r m . ,  291, 
467 (1958); 293, 621.(1960); c f .  H . W. Heine, W. G. Kenyon, and E. M. 
Johnson, J .  A m .  C h e m .  S o c . ,  83, 2570 (1961).
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On the grounds of spectroscopic and chemical data, 
we also assign structure V to the monoadducts obtained 
from the reactions of I with secondary amines. Addi
tional evidence from independent synthesis and/or from 
physical studies will be reported in a subsequent paper.

Discussion
While in suitable conditions monoadducts were ob

tained both from primary and secondary amines, fur
ther research is needed to understand why, in aqueous 
medium, ring closure occurs preferentially with the 
former.

Compound IV was never observed to appear and, if 
it is formed at all in the course of the various reactions, 
it might act as an intermediate in the formation of the 
imidazole ring—possibly through scheme 3—because of 
a particularly favorable steric situation.

H 2C — C H . 

N RR'NH
II ------------ -c

h 2c -
I

N

s s
I

(+>c

( - ) J

- c h 2/fir
H  S 

I V

h 2c — c h 2
I (+ )  I

- N R R ' N  N - C - N R R '
—

H  S

s<->

h 2c — c h 2 

N  N — C — N R R ' 77  

?  S  
S H

H 2C — C H 2 

H N  N — C — N R R  

II ss

(3)

It has been reported, in fact, that acyclic dithiobiurets 
are not formed from alkyl or aryl isothiocyanates and 
thioureas.10a Research in progress on reactions of 
homologs of I with ammonia and amines confirms the 
importance of steric requirements in the formation of 
the imidazole derivatives V described here.12

Experimental13
E th y le n e  d i i s o th io c y a n a te  ( I )  w a s  o b t a in e d  b y  d e io m p o s in g  

( — C H 2N H C S S C O O C 2H 5)2 ( X )  a t  1 1 0 -1 2 0 °  in vacuo u n t i l  
a  c o n s t a n t  w e ig h t  w a s  r e a c h e d ;  e a c h  s a m p le  w a s  p r e p a r e d  a t  th e  
t im e  o f  u s e  a n d  t h i s  p r o c e d u r e  y ie ld e d  I  in  a  p u r e  s t a t e .  X  in  
t u r n  w a s  p r e p a r e d  f ro m  s o d iu m  e th y le n e  d i th i o c a r b a m a t e  ( X I )  
a n d  e t h y l  c h lo r o f o r m a te .3’14

C h r o m a to g r a p h y .— D e s c e n d in g  t e c h n iq u e ,  W h a t m a n  n o .  1 
p a p e r  s h e e t s ,  a n d  a  n - b u t y l  a lc o h o l - a c e t ic  a c i d - w a t e r  ( 4 : 1 : 5 )  
s o lv e n t  m ix tu r e  w e re  u s e d  t h r o u g h o u t .  G r o t e ’s  r e a g e n t 15 16 
g a v e  ( i )  b lu e  s p o t s  w i th  a l l  e th y l e n e d i th io u r e a s  ( a s  wTell a s  w i th  
e th y l e n e th io u r e a  V I I ) ;  ( i i)  r o s e  s p o t s  w i th  m o n o a d d u c t s  o b 
t a in e d  f ro m  p r i m a r y  a m in e s ;  ( i i i )  y e llo w  s p o t s  w i th  m o n o a d d u c ts  
o b ta in e d  f ro m  s e c o n d a r y  a m in e s .  S i lv e r  n i t r a t e  ( 1 %  in  e th a n o l )  
g a v e ,  r e s p e c t iv e ly ,  d a r k  y e l lo w , o c h r e ,  a n d  ro s e  t o  g r a y - r o s e  
s p o t s ;  f u r th e r m o r e  i t  g a v e  a  ro s e  s p o t  w i th  V I I ,  R, € .6 5 .115 Rt 
v a lu e s  a r e  r e p o r t e d  in  th e  fo llo w in g  p a r a g r a p h s  f o r  m o s t  o f th e  
c o m p o u n d s  o b ta in e d .

R e a c t io n  o f E th y le n e  D i is o th io c y a n a te  ( I )  w i th  M e th y la m in e .—
T o  9 .4  g . ( 0 .0 6 5  m o le )  o f  I  w a s  a d d e d  c a r e f u l ly  w i th  s t i r r in g  3 2 .5

( 1 2 )  F .  D ’ A n g e l i  a n d  V .  G i o r m a n i ,  P ro c . I s r a e l  Chem. soe., 1 1 A .  5  ( 1 9 6 2 ) .

( l . ' i )  M e l t i n g  p o i n t s  w e r e  t a k e n  i n  c a p i l l a r y  t u b e s  a n d  a r e  u n o o r r e c t e d .  

I n f r a r e d  s p e c t r a  w e r e  o b t a i n e d  w i t h  a  P e r k i n - E l m e r  M o d e l  2 1  s p e c t r o m e t e r  

e q u i p p e d  w i t h  s o d i u m  c h l o r i d e  o p t i c s .  S o l i d  c o m p o u n d s  w e r e  e x a m i n e d  in  

p o t a s s i u m  b r o m i d e  d i s k s .  W e  a r e  i n d e b t e d  t o  D r .  C .  P e c i l e  a n d  t o  t h e  I n 

s t i t u t e  o f  P h y s i c a l  C h e m i s t r y  o f  t h e  U n i v e r s i t y  o f  P a d o v a  f o r  t h e  i n f r a r e d  

s p e c t r a  a n d  t o  D r .  E l o i s a  C 'e lo n  f o r  t h e  m i c r o a n a l y s e s .

( 1 4 )  T r a n s f o r m a t i o n  o f  X I  i n t o  X  i s  f a v o r e d  b y  u s i n g  a  s l i g h t  d e f l i c i e n e v  

o f  C l C O O C a H s  a t  0 — 5 ° .  C r u d e  X  i s  b e s t  w a s h e d  w i t h  c o l d  e t h a n o l  t i l l  

a  r e c r y s t a l l i a a t i o n  f r o m  w a r m  e t h a n o l  b e c o m e s  p o s s i b l e ,  w i t h o u t  f o r m a t i o n  o f  

(— C H j N H C S O C t H i ) ! .

( 1 5 )  I .  W .  G r o t e ,  J .  B i o l .  Chem., 93, 2 5  ( 1 9 3 1 ) .

( 1 6 )  R< A. L u d w i g  a n i l  G .  D. T h o r n ,  Rec. t r a v ,  shim. P a v .  B a s ,  79, 1 6 0

( I 9 6 0 ) .

m l.  o f  a q u e o u s  s o lu t io n  o f  C H 3N H 2 (1 1 .4  g . ,  0 .3 6 5  m o le ) .  A n  
e x o th e r m ic  r e a c t io n  to o k  p la c e ,  a n d  a  so lid  w a s  g r a d u a l ly  f o r m e d :  
s t i r r in g  w a s  c o n t in u e d  o c c a s io n a l ly  f o r  1 h r . ,  I  b e in g  c o m p le te ly  
t r a n s f o r m e d  in to  a  w h i te  p o w d e r .  T h is  w a s  f i l t e r e d ,  f i r s t  w a s h e d  
w i th  w a te r ,  th e n  w i th  e th a n o l ;  t h e  c r u d e  c o m p o u n d  ( 5 .4 5  g . )  
w a s  r e c r y s ta l l iz e d  fo u r  t im e s  f ro m  a b o u t  7 0 0  p a r t s  of w a t e r ,  
y ie ld in g  s m a ll ,  c o lo r le s s  p r is m s ,  m .p .  2 0 2 - 2 0 3 ° ,  Rt 0 .8 7 .  
I t  is  s l ig h t ly  s o lu b le  in  c o ld , m o re  i n  w a r m  e th a n o l ,  s o lu b le  in  
a c e to n e  a n d  p y r id in e ,  s l ig h t ly  s o lu b le  in  c h lo ro fo rm  a n d  b e n z e n e ,  
a lm o s t  in s o lu b le  in  p e t r o le u m  e t h e r  a n d  c a r b o n  d is u lf id e . I t  w a s  
i d e n t ic a l  w i th  t h e  c o m p o u n d  o b ta in e d  th r o u g h  r e a c t io n  2 ( I I  
=  C H 3) w i th  r e g a r d  t o  m e l t in g  p o in t ,  m ix tu r e  m e l t in g  p o in t ,  

i n f r a r e d  s p e c t r u m ,  a n d  c h r o m a to g r a p h ic  b e h a v io r .
Anal. C a lc d . f o r  C 5H 8N 3S 2 ( V a ) :  C ,  3 4 .2 8 ;  H ,  5 .1 8 ;  N ,  

2 3 .9 9 ;  S ,  3 6 .5 4 .  F o u n d :  C ,  3 4 .1 0 ;  H ,  5 .3 7 ;  N ,  2 3 .9 6 ;  S ,  
3 6 .3 0 .

B y  g r a d u a l  c o n c e n t r a t i o n  a t  ro o m  t e m p e r a t u r e  o f  t h e  m o th e r  
l iq u o r ,  a  g r e e n  h e a v y  o il s e p a r a te d ,  fo llo w e d  b y  s e v e r a l  c r o p s  o f  
c o lo r le s s  c r y s t a l s  m e l t i n g  a t  1 2 0 - 1 3 0 ° ;  d e s p i te  t h e  lo w  m e l t in g  
p o in t s ,  p a p e r  c h r o m a to g r a p h y  of th e s e  f r a c t io n s  r e v e a le d  o n ly  
t h e  p r e s e n c e  o f  N .N '- d i m e t h y l e t h y l e n e d i t h i o u r e a  ( H a ) .  W h e n  
t h e  o r ig in a l  m o th e r  l i q u o r  w a s  e v a p o r a t e d  to  a  s i r u p  a n d  t h i s  w a s  
t a k e n  u p  w i th  e th a n o l ,  I l a  w a s  o b t a in e d  in  a b o u t  1 0 %  y ie ld .  
N o  d e p r e s s io n  w a s  o b s e rv e d  in  m ix tu r e  m e l t in g  p o in t  w i t h  a  
s a m p le  p r e p a r e d  a s  fo llo w s .

N ,N '- D im e th y le th y le n e d i th io u r e a  ( I l a ) . — T o  a  s o lu t io n  o f 
a n h y d r o u s  e th y le n e d ia m in e  ( 0 .3  g . ,  0 .0 0 5  m o le )  in  1 m l .  o f  e t h 
a n o l ,  m e th y l  i s o th io c y a n a te  ( 0 .8  g . ,  0 .0 1 1  m o le )  w a s  a d d e d .  
A f te r  a n  e x o th e r m ic  r e a c t io n ,  c o lo r le s s  p r i s m s  w e re  o b t a in e d  
(0 .9 3  g . ,  9 0 % ,);  c r y s t a l l i z a t i o n  f ro m  e th a n o l  y ie ld e d  m .p .  1 6 3 -  
1 6 4 ° 17; Rt 0 .7 6 .

Anal. C a lc d .  f o r  C tl I „ N ,R 2 ( I l a ) :  N ,  2 7 .1 7 ;  S , 3 1 .0 4 :  
F o u n d :  N ,  2 7 .0 1 ;  S ,  31 -11-

R e a c t io n  o f  E th y le n e  D i i s o th io c y a n a te  ( I )  w i th  E th y la m in e .—
A n  a q u e o u s  3 3 %  s o lu t io n  o f e th y la m in e  (5 0  m l . ,  0 .3 6  m o le )  w a s  
c a u t io u s ly  a d d e d  w i th  s t i r r in g  to  I  (9 .4  g . ,  0 .0 6 5  m o le ) .  I 
g r a d u a l ly  t u r n e d  r e d  a n d  a  h e te r o g e n e o u s  m a s s  w a s  f o r m e d ,  
w h ic h  w a s  v ig o r o u s ly  s t i r r e d  f o r  1 h r .  T h e  c o lo r le s s ,  c r y s t a l l i n e  
p o w d e r  o b t a in e d  ( 7 .8  g . ,  6 2 % )  g a v e ,  o n  r e c r y s t a l l i z a t i o n  f ro m  
w a te r ,  b u n c h e s  o f f in e  c o lo r le s s  n e e d le s ,  m .p .  1 6 6 - 1 6 7 ° ;  Rt 0 .9 0 .

Anal. C a lc d .  f o r  C 6H „ N 3S 2 ( V b ) :  C ,  3 8 .0 9 ;  H ,  5 .8 6 ;  N ,  
2 2 .2 1 ; S , 3 3 .8 3 . F o u n d :  C ,  3 8 .1 9 ;  H ,  6 .1 6 ;  N ,  2 2 .4 2 ;  S , 3 3 .8 0 .

T h e  in f r a r e d  s p e c t r u m ,  c h r o m a to g r a p h ic  b e h a v io r ,  e t c . ,  
p r o v e d  t h e  i d e n t i t y  o f  t h i s  c o m p o u n d  w i th  t h a t  o b t a in e d  t h r o u g h  
e q u a t io n  2 . E v a p o r a t i o n  o f  t h e  m o th e r  l iq u o r  g a v e  a  s e m is o l id  
m a s s  ( 1 .9  g . ) ,  w h ic h  w a s  s h o w n  b y  c h r o m a to g r a p h y  to  b e  a  m ix 
t u r e  o f  V b  a n d  o f  N  ,N  '- d i e th y l e th y l e n e d i th io u r e a  ( l i b ). T h e  l a t 
t e r  c o u ld  b e  id e n t i f ie d  c o n c lu s iv e ly  b y  c h r o m a to g r a p h ic  c o m p a r 
is o n  w i th  a  s p e c im e n  o b ta in e d  t h r o u g h  e q u a t io n  1 ( R  =  C 2H 5); 
m .p .  1 3 0 - 1 3 2 018; Rt 0 .8 9 .

R e a c t io n s  o f  E th y le n e  D i is o th io c y a n a te  ( I )  w i th  A n i l in e .  A .—
T h e  s o lu t io n  o f  I  (1 .6 2  g . ,  0 .0 1 1 2  m o le )  in  5 m l .  o f  a c e to n e  w a s  
a d d e d  d r o p  w ise  d u r in g  10  m in .  w i th  s t i r r in g ,  t o  a  s o lu t io n  o f 
a n i l in e  (5 .3 5  g . ,  0 .0 5 6  m o le )  i n  7  m l.  o f  a c e to n e .  T h e r e  w a s  a  
m i ld  e x o th e r m ic  r e a c t io n ;  t h e  s o lu t io n  g r a d u a l ly  y ie ld e d  a  y e l lo w  
p o w d e r  ( 1 .7  g . ,  4 6 % ) .  W a s h in g  w i th  a c e to n e  a n d  th e n  w i t h  h o t  
e th a n o l  p r o d u c e d  a  c o lo r le s s  s o lid  m e l t in g  n e a r  1 9 0 ° , a s  r e p o r t e d  
f o r  N ,N '- d i p h e n y le th y le n e d i th io u r e a  ( l i e ) 19; Rt 0 .9 4 .

B .— T h e  s o lu t io n  o f  I  (4 .7 5  g . ,  0 .0 3 3  m o le )  in  5 m l .  o f  a c e to n e  
w a s  c a r e f u l ly  a d d e d  d u r in g  10 m in .  w i th  a  s o lu t io n  o f  a n i l in e  
(3 .1  g . ,  0 .0 3 3  m o le )  in  5 m l .  o f  a c e to n e .  A  y e l lo w  s o lu t io n  w a s  
o b ta in e d  w h ic h  tu r n e d  r e d  in  2 0 - 3 0  m in .  a n d  g a v e  a  y e l lo w  p o w 
d e r  b y  s c r a tc h in g  o r  s e e d in g  (3 .2 8  g . ,  4 2 % ) .  T h is  w a s  w a s h e d  
w i th  a c e to n e  a n d  r e p e a t e d ly  c r y s ta l l i z e d  f ro m  e th a n o l ,  y ie ld in g  
s m a ll  c o lo r le s s  p r i s m s ,  m .p .  1 7 5 - 1 7 7 ° ;  K rO .9 6 .

Anal. C a lc d .  f o r  C ,n H „ N ,S s ( V c ) ;  C ,  5 0 .6 3 ;  H ,  4 .6 7 ;  N ,  
1 7 .7 2 ; S , 2 6 .9 8 . F o u n d :  C ,  5 0 .4 5 ;  H ,  4 .5 9 ;  N ,  1 7 .8 2 ; S , 
2 6 .7 2 .

T h is  c o m p o u n d  w a s  id e n t i c a l  w i th  t h e  o n e  o b ta in e d  a c c o r d in g  
t o  r e a c t io n  2 . T h e  m o th e r  l iq u o r  g a v e ,  o n  e v a p o r a t io n ,  a  s o lid  
c o m p o u n d  w h ic h  a p p e a r e d ,  b y  c h r o m a to g r a p h y ,  t o  c o n s i s t  of

( 1 7 )  S t r u c t u r e  I l a  h a d  b e e n  a s s i g n e d  p r e v i o u s l y  t o  a  c o m p o u n d  o f  m . p .  

8 5 - 8 6 ° ;  T .  N .  G o s h ,  «7. Indian Chem. Soc 1 0 ,  5 8 3  ( 1 9 3 3 ) .

( 1 8 )  H .  N a g e l e ,  Monaish. Chem.. 3 3 ,  9 5 8  ( 1 9 1 2 ) ;  P .  W .  P r e i s l e r ,  J. Am. 
Chem. Soc., 71, 2 8 4 9  ( 1 9 4 9 ) ;  O .  S t o u t l a n d ,  L .  H e l g e n ,  a n d  C .  L .  A g r e ,  J. 
Org. Chem.. 2 4 ,  8 1 8  ( 1 9 5 9 ) .

( 1 9 )  E .  L e l l m a n n  a n d  E .  W u r t h n e r ,  Liebigs Ann., 2 2 8 ,  2 3 4  ( 1 8 8 5 ) ;  K .  N .  

C a m p b e l l ,  B .  K .  C a m p b e l l  a n d  S .  J .  P a t e l s k y ,  Proc. Indiana Acad. Sei., 5 3 ,  

1 1 9  ( 1 9 4 3 ) ;  C h e m . Abstr39, 8 8 1  ( 1 9 4 5 ) .
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V c a lo n g  w i th  s e v e r a l  o t h e r  c o m p o u n d s ,  o n e  o f  w h ic h  w a s  p r o b 
a b l y  l i e  ( t r a c e s ) .

l-Methylthiocarbamyl-2-benzylthioimidazoline (IXa).— 2- 
B e n z y l th io - 2 - im id a z o l in e  h y d r o c h lo r id e  ( V i l l a ) 20 ( 1 1 .4  g . ,  
0 .0 5  m o le )  w a s  d is s o lv e d  in  15  m l .  o f  w a te r  a n d  t r e a t e d  w i th  
m e th y l  i s o th io c y a n a te  (3 .6 5  g . ,  0 .0 5  m o le ) ,  fo llo w e d  b y  e th a n o l  
t o  p r o d u c e  a  c le a r  s o lu t io n  (1 3  m l . ) .  T w e n t y  m i l l i l i te r s  o f  2 .5  
N  s o d iu m  h y d r o x id e  w a s  a d d e d  d r o p w is e  in  4 0  m in .  w i th  s t i r r in g ;  
a  s o lid  s u b s ta n c e  s e p a r a te d  a n d  t h e  s u s p e n s io n  w a s  s t i r r e d  f o r  a n  
a d d i t i o n a l  h o u r ,  t h e n  l e f t  o v e r n ig h t  a t  0 ° .  T h e  s o l id  w a s  fil
t e r e d ,  w a s h e d  w i th  w a t e r ,  t h e n  w i t h  d i l u t e  e th a n o l  ( 1 : 3 ) ,  a n d  
d r ie d  (1 2 .6  g . ,  9 4 % ) .  O n  c r y s t a l l i z a t i o n  f ro m  e th a n o l ,  c o lo r le s s  
s h in y  p r i s m s  w e re  o b t a in e d ;  m .p .  1 1 7 - 1 2 2 ° .

Anal. C a lc d .  fo r  C 12H 15N 3S2 ( I X a ) :  N ,  1 5 .8 3 ;  S , 2 4 .1 6 . 
F o u n d :  N ,  1 5 .9 ;  S , 2 4 .3 6 .

Picrate.— T o  0 .8  g . (0 .0 0 3  m o le )  o f  I X a  d is s o lv e d  a t  4 0 °  in  
4 5  m l .  o f  e th a n o l ,  16 m l .  o f  5 %  e th a n o l ic  p ic r ic  a c id  w a s  a d d e d .  
Y e l lo w  p r is m s  s e p a r a te d  w h ic h  w e r e  w a s h e d  w i th  e th a n o l ,  th e n  
w i th  e t h e r ,  a n d  r e c r y s ta l l i z e d  f r o m  d im e th y l f o r m a m id e  a n d  
w a te r ;  m .p .  1 6 0 - 1 6 4 ° ;  in s o lu b le  in  t h e  c o m m o n  s o lv e n ts  a t  
r o o m  t e m p e r a t u r e ;  o n  w a r m in g  th e r e  w a s  e v id e n c e  o f  d e c o m p o 
s i t io n  ( o d o r  o f  C 6H 5C H 2S H ) .

Anal. C a lc d .  f o r  C i2H i 5N 3S 2-C 6H 3N 30 7 : N ,  1 7 .0 0 ; S , 1 2 .9 4 . 
F o u n d :  N ,  1 7 .0 2 ; S , 1 2 .8 4 .

1 -Methylthiocarbamyl-2 -ethylthioimidazoline (IXb) .— 2-
E th y l th io - 2 - im id a z o l in e  h y d r o io d id e  ( V U I b ) 20 ( 5 .1 6  g . ,  0 .0 2  
m o le )  w a s  d is s o lv e d  in  w a te r  ( 2 .5  m l . )  a n d  t r e a t e d  w i th  m e th y l  
i s o th io c y a n a te  ( 1 .4 6  g . ,  0 .0 2  m o le )  t h e n  w i t h  e th a n o l  ( 5 .5  m l . ) .  
T h e  s o lu t io n  w a s  c o o le d  t o  0 °  a n d  2 .5  M  s o d iu m  h y d r o x id e  (8  

m l . ,  0 .0 2  e q u iv a l e n t )  w a s  a d d e d  d u r in g  3 0  m in .  w i th  s t i r r in g .  
A f t e r  2  h r .  o f  a d d i t i o n a l  s t i r r i n g ,  w a t e r  w a s  a d d e d  a n d  c o lo r le s s  
c r y s t a l s  w e re  o b t a in e d  ( 2 .9  g . ,  7 1 % ) :  t h e  m .p .  v a r i e d  b e tw e e n  
4 0  a n d  8 0 °  a n d  t h e  c r y s t a l s  e f f lo re s c e d  w h e n  k e p t  in vacuo.

Anal. C a lc d .  f o r  C 7H i3N 3S 2-2H 20 :  N ,  1 7 .5 6 ; S , 2 6 .7 9 . 
F o u n d :  N ,  1 7 .4 0 ; S ,  2 6 .5 7 .

Picrate.— T w o  t e n t h s  o f a  g r a m  o f  b a s e ,  d is s o lv e d  in  e th a n o l  (4  
m l . ) ,  w a s  t r e a t e d  w i th  4  m l .  o f  5 %  e th a n o l ic  p ic r ic  a c id ;  y e llo w  
c r y s ta l s  w e re  r e c r y s ta l l i z e d  b y  d is s o lv in g  th e m  in  a c e to n e  a n d  
d i lu t in g  w i t h  w a t e r ;  m .p .  1 4 7 - 1 4 8 ° .

Anal. C a lc d .  f o r  C 7H i 3N 3S 2-C 6H 3N 30 7 : N ,  1 9 .4 4 ; S ,  1 4 .8 3 . 
F o u n d :  N ,  1 9 .5 7 ;  S ,  1 4 .7 9 .

l-Ethylthiocarbamyl-2-ethylthioimidazoline (IXc).— I X c  h a s  
b e e n  o b ta in e d  a s  w a s  I X b ,  f ro m  V U I b ,  e t h y l  i s o th io c y a n a te ,  a n d  
s o d iu m  h y d r o x id e .  I t  s e p a r a te d  f ro m  t h e  a q u e o u s  a lc o h o lic  
s o lu t io n  a s  a  h e a v y  o il ;  w a t e r  w a s  a d d e d  to  c o m p le te  p r e c ip i t a 
t i o n  a n d  t h e  o il w a s  t a k e n  u p  in e t h e r .  T h e  e x t r a c t ,  w a s h e d  
( w a te r ) ,  d r ie d  ( s o d iu m  s u l f a t e ) ,  a n d  e v a p o r a t e d ,  l e f t  a  c o lo r le s s  
o il ( 6 5 - 7 0 % ) .  F o r  t h e  i d e n t i f i c a t io n ,  a  s a m p le  w a s  c o n v e r te d  
i n to  t h e  'picrate-, p r i s m s  f ro m  a c e to n e  a n d  w a te r ;  m .p .  1 3 6 ° .

Anal. C a lc d .  fo r  C 8H i5N 3S2-C 6H 3N 30 7 ; N ,  1 8 .8 2 ; S ,  1 4 .3 7 . 
F o u n d :  N ,  1 8 .6 0 ; S , 1 4 .2 4 .

l-Phenylthiocarbamyl-2-ethylthioimidazoline (IXd).— T h is  
c o m p o u n d  w a s  o b ta in e d  l ik e  I X b ,  u s in g  p h e n y l  i s o th io c y a n a te ;  
d u r in g  a n d  a f t e r  t h e  a d d i t i o n  o f  s o d iu m  h y d r o x id e ,  a  s o l id  s e p a 
r a t e d  w h ic h  w a s  f i l t e r e d  a f t e r  4  h r . ,  t h o r o u g h ly  w a s h e d  w i th  
w a te r ,  d r ie d ,  t h e n  w a s h e d  w i th  e th e r  le a v in g  a  c o lo r le s s  p o w d e r  
( 6 6 % ) ;  m .p .  8 3 - 8 5 ° .  I t  w a s  a n a ly z e d  a s  t h e  picrate-, m .p .  1 2 S -  
1 3 0 ° , a l t e r a t i o n  a b o v e  1 1 0 ° .

Anal. C a lc d .  f o r  C ^ H u ^ - C e K h N s O , :  N ,  1 6 .9 9 ; S , 
1 2 .9 7 . F o u n d :  N ,  1 7 .1 0 ; S ,  1 3 .0 1 .

Thiohydrolysis of IXa and IXb; IXc; IXd.— E a c h  th io e th e r  
h a s  b e e n  t r e a t e d  e i t h e r  w i t h o u t  a  s o lv e n t  ( I X a )  o r  in  a  s a t u r a t e d  
a lc o h o lic  s o lu t io n  ( I X b ,  I X c ,  a n d  I X d )  w i th  a n  e th a n o l ic  s o lu 
t io n  o f  e q u im o le c u la r  s o d iu m  h y d r o s u l f id e ,  o b t a in e d  b y  p a s s in g  
d r y  h y d r o g e n  s u lf id e  i n to  a  5 %  s o lu t io n  o f  s o d iu m  in  e th a n o l .  
I n  o n e  c a s e  ( I X d ) ,  b u b b l in g  o f  h y d r o g e n  s u lf id e  w a s  c o n t in u e d  
a f t e r  m ix in g  o f  t h e  r e a g e n t s ,  f o r  a n  a d d i t i o n a l  h o u r .  I n  a ll  
c a s e s  t h e  r e a c t io n  m ix tu r e  w a s  k e p t  w i th  o c c a s io n a l  s t i r r in g  a t  
ro o m  t e m p e r a t u r e  f ro m  3 0  m in .  t o  a  fe w  h o u r s ,  t i l l  n o  m o re  
c h a n g e s  c o u ld  b e  n o t e d .  T h e  r e s u l t i n g  c o lo r le s s  so lid s  w e re  
w a s h e d  f i r s t  w i th  w a te r  a n d  th e n  w i t h  e th a n o l ,  a n d  r e c r y s ta l l i z e d  
f ro m  a n  a p p r o p r i a t e  s o lv e n t .  N o  c a r e  w a s  t a k e n  to  s e c u re  
h ig h e s t  y ie ld s ;  t h e  fo llo w in g  h a v e  b e e n  o b ta in e d  in  t h e  in d ic a te d  
t im e s :  V a , 6 8 %  in  2 1  h r . ,  f ro m  I X a ;  6 5 %  in  3 0  m in .  f ro m  
I X b ;  V b , 7 3 %  in  3 0  m in .  f ro m  I X c ;  V c , 2 2 %  in  2 h r .  f ro m  
I X d .  T h e y  w e re  id e n t ic a l  w i th  t h e  c o m p o u n d s  d e s c r ib e d  p r e -

(20) J. E. B aer and  R . G, Lockwood, J t  A r m  G h e n t i  S o c . ,  76, 1162 (1954); 
W. Wilson, J .  C h e m .  S o c . ,  1389 (1955).

v io u s ly  w i th  r e s p e c t  t o  m e l t in g  p o i n t ,  m ix tu r e  m e l t in g  p o in t ,  in 
f r a r e d  s p e c t r a ,  a n d  c h r o m a to g r a p h ic  b e h a v io r .

Reactions of Ethylene Diisothiocyanate (I) with Dimethyl- 
amine. A.— T o  0 .8 6  g . ( 0 .0 0 6  m o le )  o f  I  w a s  c a r e f u l ly  a d d e d  
u n d e r  s t i r r in g  6 m l .  o f  a q u e o u s  2 2 %  d im e th y la m in e  (0 .0 3  m o le ) .  
A n  e x o th e rm ic  r e a c t io n  to o k  p la c e  a n d  a  s o lid  w a s  g r a d u a l ly  
f o r m e d  w h ic h  w a s  th o r o u g h ly  s t i r r e d  d u r in g  4 0  m in .  T h e  c o lo r
le s s  m ic r o c ry s ta l l in e  p o w d e r  w a s  f i l te r e d ,  w a s h e d  w i th  w a te r ,  
a n d  d r ie d  (1  g . ,  7 2 % ) .  I t  w a s  r e c ry s t .a l l iz e d  f ro m  w a te r ,  
y ie ld in g  c o lo r le s s  o p a q u e  n e e d le s ,  s o lu b le  in  a c e to n e  a n d  c h lo ro 
f o r m , le s s  so  in  e th a n o l ,  e t h e r ,  b e n z e n e ,  a n d  p e t r o le u m  e th e r ;  
m .p .  1 7 9 -1 8 1 ° ;  R, 0 .8 7 .

Anal. C a lc d .  f o r  C 8H i8N 4S 2 ( l i d ) :  N ,  2 3 .9 2 ;  S , 2 7 .3 2 . 
F o u n d :  N ,  2 3 .7 2 ;  S , 2 7 .3 9 .

B .  — A  s o lu t io n  o f  I  (1 .6 8  g . ,  0 .0 1 1 6  m o le )  in  5  m l.  o f  a n h y 
d r o u s  a c e to n e  w a s  a d d e d  d r o p w is e  w i th  s t i r r in g  d u r in g  10 m in . 
i n to  1 3 .2  m l .  o f  a n  a c e to n e  s o lu t io n  o f  d im e th y la m in e  (2 .8  g . ,  
0 .0 6 2  m o le ) .  T h e  r e a c t io n  w a s  s l ig h t ly  e x o th e r m ic  a t  t h e  b e 
g in n in g ;  a f t e r  3  h r .  o f s t i r r in g ,  s m a ll  c o lo r le s s  p r is m s  o f  l i d  
w e re  g r a d u a l ly  fo rm e d  ( 1 .2 6  g . ,  4 6 % ) .

C. — T o  t h e  s o lu t io n  o f  I  (4 .7 5  g . ,  0 .0 3 3  m o le )  in  i 4  m l .  o f 
a c e to n e ,  w a s  a d d e d  d ro p w is e  f o r  10 m in . ,  u n d e r  s t i r r in g ,  10  m l .  o f  
a n  a c e to n e  s o lu t io n  o f  d im e th y la m in e  (1 .4 9  g . ,  0 .0 3 3  m o le ) .  
T h e  d a r k  s o lu t io n  o b ta in e d  w a s  l e f t  o v e r n ig h t  w i th  c o n t in u e d  
3 t i r r in g ;  a  p in k - y e l lo w  p o w d e r  s e p a r a te d .  I t  w a s  f i l te r e d , 
w a s h e d  w i th  a c e to n e ,  a n d  th e n  w i th  h o t  e th a n o l  t o  r e m o v e  t r a c e  
o f  l i d ,  a n d  c r y s ta l l i z e d  f ro m  e th a n o l  in  t h e  p r e s e n c e  o f  c h a r c o a l .  
S m a ll  c o lo r le s s  p r i s m s  w e re  o b t a in e d ,  s o lu b le  i n  a c e to n e  a n d  
c h lo r o fo r m , le s s  so  in  e t h e r  a n d  c o ld  w a t e r  o r  e th a n o l ,  m o r e  in  th e  
w a r m ;  m . p .  1 8 6 - 1 8 7 ° ;  E f O .S l .

Anal. C a lc d .  f o r  C 6H UN 8S 2 ( V d ) :  C ,  3 S .0 9 ;  H ,  5 .8 6 ;  N ,  
2 2 .2 1 ;  S ,  3 3 .8 3 .  F o u n d :  C ,  3 8 .1 3 ;  H ,  6 .0 8 ;  N ,  2 2 .3 5 ;  S , 
3 4 .3 2 .

Reactions of Ethylene Diisothiocyanate (I) with Pyrrolidine.
A.-— I  (1 .6 7  g . ,  0 .0 1 1 6  m o le )  w a s  c a r e f u l ly  t r e a t e d  w i th  p y r r o l i 
d in e  (4 .1  g . ,  0 .0 5 9  m o le )  d i l u t e d  w i t h  w a t e r  t o  g iv e  a  3 0 %  s o lu 
t io n  . A  p in k - y e l lo w  m a s s  w a s  o b ta in e d  w h ic h  w a s  l e f t  o v e r n ig h t ,  
t h e n  h o m o g e n iz e d  in  a  m o r t a r  a n d  f i l t e r e d .  T h e  p o w d e r  w a s  
w a s h e d  w i th  w a t e r  a n d  e th a n o l  a n d  d r ie d  (2  g . ,  6 6 % ) ;  b y  s e v e ra l  
c r y s ta l l i z a t io n s  f ro m  e th a n o l ,  in  p r e s e n c e  o f  c h a r c o a l ,  c o lo r le s s  
p l a t e l e t s  a s s e m b le d  in  s t a r s  w e re  o b t a in e d ;  m .p .  2 2 3 - 2 2 4 ° ;  
Rt 0 .9 1 .

Anal. C a lc d .  f o r  C ^ H A N iS »  ( H e ) :  N ,  1 9 .5 6 ; S , 2 2 .3 8 . 
F o u n d :  N ,  1 9 .1 2 ; S , 2 2 .3 7 .

B .  — A  s a m p le  o f  I  ( 3 .3  g . ,  0 .0 2 3  m o le ) ,  d is s o lv e d  in  10  m l .  o f 
a c e to n e  w a s  a d d e d  d r o p w is e  d u r in g  20  m in .  w i th  s t i r r in g ,  t o  8 .2  g . 
(0 .1 1 5  m o le )  o f  p y r r o l id in e  d i lu t e d  w i th  10 m l .  o f  a c e to n e .  
S t i r r i n g  w a s  c o n t in u e d  2 h r .  a n d  3 .9  g .  (6 0 % ,)  H e  w a s  o b ta in e d .

C. — A n o th e r  s a m p le  o f  I  ( 4 .5  g . ,  0 .0 3 1  m o le )  d is s o lv e d  in  13 
m l .  o f  a c e to n e ,  w a s  t r e a t e d  d r o p w is e  (1 5  m in . )  w i th  p y r r o l id in e  
(2 .2 3  g . ,  0 .0 3 1  m o le )  d i l u t e d  w i th  13 m l .  o f  a c e to n e .  S t i r r in g  
w a s  c o n t in u e d  f o r  3 h r . ,  t h e n  t h e  o r a n g e  p o w d e r  w a s  f i l te r e d ,  
w a s h e d  ( a c e to n e  a n d  b e n z e n e ) ,  a n d  d r ie d  (1 .4 3  g . ) ;  e v a p o r a t io n  
o f  t h e  a c e to n e  m o th e r  l iq u o r  g a v e  a n  a d d i t i o n a l  1 .4  g . ( t o t a l  
4 2 % ) .  A f te r  e x t r a c t io n  w i th  b o i l in g  e th a n o l ,  t o  r e m o v e  t r a c e  
a m o u n t s  o f  l i e ,  i t  w a s  r e c r y s ta l l i z e d  f ro m  t h e  s a m e  s o lv e n t ,  
y ie ld in g  c o lo r le s s  s h in y  n e e d le s ,  m e l t i n g  a t  1 9 6 - 1 9 7 ° ;  Rt 0 .8 7 .

Anal. C a lc d .  f o r  C 8H ,3N 3S 2 ( V e ) :  C ,  4 4 .6 2 ;  H ,  6 .0 S ; N ,  
1 9 .5 2 ; S , 2 9 .7 8 . F o u n d :  C ,  4 4 .4 6 ;  I I ,  6 .1 5 ;  N ,  1 9 .7 3 ; S , 
2 9 .5 2 .

Reactions of Ethylenediisothiocyanate (I) with Piperidine. A-
— T h e  s u s p e n s io n  o f  I  ( 1 .7  g . ,  0 .0 1 1 8  m o le )  in  1 5 .2  m l .  o f  3 3 %  
a q u e o u s  s o lu t io n  o f  p ip e r id in e  ( 0 .0 5 5  m o le )  w a s  s t i r r e d  2 0  m i n . ,  
th e n  l e f t  o v e r n ig h t .  T h e  s o l id  w h ic h  f o r m e d  w a s  f i l t e r e d ,  w a s h e d  
w i th  e th a n o l  a n d  w a t e r ,  a n d  d r ie d  ( 2 .1 3  g . ) .  M o n o -  a n d  b i-  
d im e n s io n a l  c h r o m a to g r a p h y  ( s e c o n d  r u n  in  w a t e r )  i n d ic a te d  
t h a t  a  m ix tu r e  o f  I l f  a n d  V f h a d  b e e n  o b t a i n e d .  T h e  tw o  
c o m p o u n d s  w e re  s e p a r a te d  u s in g  e th a n o l  in  w h ic h  V f g a v e  s u p e r 
s a t u r a t e d  s o lu t io n s ;  t f ie i r  id e n t i f i c a t io n  is  d e s c r ib e d .

B .— A  s o lu t io n  o f  I  ( 1 .4  g . ,  0 .0 1  m o le )  in  5 m l .  o f  a c e to n e  w a s  
a d d e d  d r o p w is e  d u r in g  20  m in .  w i th  s t i r r in g ,  t o  p ip e r id in e  (4 .1 5  
g . ,  0 .0 5  m o le )  d i l u t e d  w i th  5  m l .  o f  a c e to n e .  A  c o lo r le s s  c r y s t a l 
l in e  p o w d e r  g r a d u a l ly  s e p a r a t e d ,  w h ic h  w a s  w a s h e d  w i th  a c e to n e  
a n d  d r ie d  ( 2 .9 5  g . s 9 7 % ) .  O n  c r y s t a l l i z a t i o n  f ro m  e th a n o l ,  
c o lo r le s s  p r i s m s  w e re  o b t a in e d ,  v e r y  s l ig h t ly  s o lu b le  in  w a te r ,  
e th a n o l  a n d  b e n z e n e ,  m o re  so  in  d io x a n e ;  m .p .  2 0 7 - 2 0 9 ° ;  
Rt 0 .9 1 ;  in  w a t e r ,  Rt 0 .5 6 .

Anal. C a lc d .  f o r  C i4H 2eN 4S 2 ( I l f ) :  N ,  1 7 .8 2 ;  S , 2 0 .3 6 . 
F o u n d ;  N ,  1 7 .9 5 ; S , 2 0 .4 4 .
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C .— A  s o lu t io n  o f  I  (3 .2 9  g . ,  0 .0 2 2  m o le )  in  a c e to n e  (1 0  m l . )  
w a s  t r e a t e d  d r o p w is e  d u r in g  10 m in .  w i th  p ip e r id in e  ( 1 .9  g . ,  
0 .0 2 2  m o le )  in  a c e to n e  (1 0  m l . )  a n d  s t i r r i n g  w a s  c o n t in u e d  3 .5  
h r .  T h e  y e l lo w  p o w d e r  ( 3 .5 5  g . ,  7 0 % )  w a s  e x t r a c t e d  w i th  h o t  
e th a n o l  t o  r e m o v e  t r a c e s  o f  I l f ,  t h e n  c r y s ta l l i z e d  f ro m  e th a n o l ;  
c o lo r le s s  p r i s m s ,  i n .p .  1 8 0 - 1 8 1 ° ;  Rt 0 .8 8 ;  in  w a te r ,  / i f  
0 .7 5 .

Anal. C a lc d .  f o r  C » H „ N ,S ,  ( V f ) :  C ,  4 7 .1 5 ;  H ,  6 .7 0 ;  
N ,  1 8 .3 3 ; S , 2 7 .9 2 .  F o u n d :  C ,  4 6 .8 0 ;  H ,  6 .6 9 ;  N ,  1 8 .2 8 ; 
S ,  2 7 .7 0 .

Reactions of Ethylene Diisothiocyanate (I) with Diethylamine.
— I  w a s  t r e a t e d  w i th  d i e th y l a m in e  in  w a t e r  a n d  in  a c e to n e  a c c o r d 
in g  to  r u n s  A  t o  B .  T h e  p r e s e n c e  o f  b o t h  m o n o -  a n d  b is -  
a d d u c t s  w a s  a s c e r ta in e d  b y  c h r o m a to g r a p h y  (R( v a lu e s :  0 .9 0  
a n d  0 .8 7 ,  r e s p e c t iv e ly ) .  T h e  p r o d u c t s  w e re  n o t  i n v e s t ig a te d  
f u r t h e r .

H y d r o ly s i s .— A ll m o n o -  a n d  b i s a d d u c t s  w e r e  s t a b le  to w a r d s  
d i l u t e  a c id .  T h e  s u b s t i t u t e d  e th y l e n e d i th io u r e a s  w e re  a ls o  
s t a b le  to w a r d s  a lk a l i .  T h e  m o n o a d d u c t s ,  o n  t h e  c o n t r a r y ,  
■were h y d r o ly z e d  b y  d i lu t e  s o d iu m  h y d r o x id e  w i th  f o r m a t io n  of 
t h e  k n o w n  im id a z o l id in e -2 - th io n e  ( V I I ) .  T h is  w a s  c o l le c te d  in  
m in u te  a m o u n t  a f t e r  re f lu x in g  3 0  m in .  o n  t h e  w a t e r  b a t h  V f 
(1 0 0  m g .)  w i th  n o r m a l  s o d iu m  h y d r o x id e  (1 0  m l . ) ;  in  t h e  o th e r  
c a s e s ,  V I I  w a s  id e n t i f ie d  b y  c h r o m a to g r a p h y  o f  t h e  a lk a l in e  
s o lu t io n s  b y  c o m p a r is o n  w i th  a  s t a n d a r d  s a m p le .  I n  m o s t e a s e s ,  
a d d i t i o n a l  s p o t s  d u e  to  u n id e n t i f ie d  c o m p o u n d s  a p p e a r e d  in  t h e  
c h r o m a to g r a m s .  A c id if ic a t io n  o f  t h e  a lk a l in e  s o lu t io n  c a u s e d  
e v o lu t io n  o f  h y d r o g e n  s u lf id e .
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C a ta ly t i c  t r im e r i z a t i o n  o f  p h e n y l ,  p - to ly l ,  a n d  p - m e th o x y p h e n y l  i s o c y a n a te s  h a s  b e e n  o b s e rv e d  w i th  s e v e ra l  
c o m p le x  m e ta l  h y d r id e s ,  w i th  a n d  w i th o u t  s o lv e n t .  E x c e s s  s o d iu m  b o r o h y d r id e  in  re f lu x in g  d ig l.v m e  ( d ie th y le n e  
g ly c o l d im e th y l  e t h e r )  t r a n s f o r m s  p h e n y l  is o c y a n a te ,  i t s  d im e r  a n d  t r im e r ,  a n d  Ai-fo rm y l-/Y ,A r '- d ip h e n y lu r e a  
i n to  a  m ix tu r e  o f a n i l in e ,  Y - m e th y la n i l in e ,  t r is ( J V - m e th y la n i l in o ) b o r in e ,  a n d  fo rm a n i l id e . T h e  l a t t e r  c o m 
p o u n d  is i ts e lf  c o n v e r te d  i n to  a n i l in e ,  Y - m e th y la n i l in e ,  a n d  t h e  a m in o b o r in e  u n d e r  t h e  s a m e  c o n d i t io n s .  P h e n y l  
i s o th io c y a n a te  y ie ld s  o n ly  A '-m e th y la n i l in e  a n d  t r a c e s  o f  t h e  a m in o b o r in e  a t  h ig h  te m p e r a tu r e ,  b u t  a t  lo w e r  
t e m p e r a tu r e s  th io fo r m a n i l id e  is fo rm e d .  A  m e c h a n is m  fo r  t h e  f o r m a t io n  o f  t h e  o b s e rv e d  p r o d u c t s  is  p r o p o s e d .

The reaction of phenyl isocyanate with lithium 
aluminum hydride in refluxing ether has been reported 
by several workers3'4 5 to give A'-methylaniline in high 
yield. In a careful quantitative study Finholt and co
workers6 reported the following stoichiometry for the 
following reaction.

4 P h N C O  +  3 L iA lH 4 —  ( P h N C I I 3)4A lL i +  2 L iA 1 0 2

Hydrolysis of the intermediate complex then gave A'- 
methylaniline.

In addition, other reports6'7 have appeared on the 
reduction to substituted methylamines of other iso
cyanates with lithium aluminum hydride.

Formanilide3 and phenyl isothiocyanate4'6 also yield 
A-methylaniline with lithium aluminum hydride while 
Ä'//m-di phonylurea4 was recovered unchanged after 
thirty hours in contact with lithium aluminum hydride.

This investigation extends complex metal hydride 
reactions with aryl isocyanates to sodium borohydride.

Results and Discussion
In the presence of catalytic amounts of sodium boro

hydride phenyl, p-tolyl, and p-methoxyphe:iyl iso
cyanates are converted into the corresponding trimers

(1) Presented  before the  142nd N ational M eeting of th e  Am erican Chemi
cal Society, A tlantic C ity, N. J ., Septem ber, 1962.

(2) One of the  laboratories of the  Southern  U tilization Research and  De
velopm ent Division, A gricultural R esearch Service, U. S. D epartm ent 
of Agriculture.

(3) F . Wessely and W. Swoboda, M o n a t s h .  C h e m ., 82, 621 (1951).
(4) W. R ied and  F. M üller, C h e m .  B e r . ,  85, 470 (1952).
(5) A. E. Finholt. C. D. Anderson, and C. L. Agre, J .  O r g .  C h e m ., 18, 1338 

(1953).
(6) H . H. Zeiss and W. B. M artin , Jr., J .  A m .  C h e m .  S o c ., 75, 5935 (1953).
(7) R. L. D annley, R. G. Taborsky, and  M. Lukin, J .  O r g .  C h e m . ,  21, 

1318 (1956).

(isocyanurates) in high yield. Identity of the products 
was established by mixture melting points and com
parison of their infrared curves with those of authentic 
samples. The formation of trimers was exothermic in 
either dioxane or diglyme without external heating 
when as little as 0.01 mole of sodium borohydride per 
mole of isocyanate was present. When the catalyst 
concentration was one tenth this value moderate heat
ing was required to initiate reaction. Treatment of 
phenyl isocyanate with a catalytic amount of lithium 
aluminum hydride in ether also afforded the trimer.

Bulk polymerization of phenyl isocyanate by a 
catalytic amount of sodium borohydride also afforded 
triphenyl isocyanurate, although in this case moderate 
heating was required. Lithium aluminum hydride, 
lithium tri-Z-butoxyaluminohydride, and potassium 
borohydride are also effective catalysts in the bulk 
polymerization of phenyl isocyanate. The two lithium 
hydrides gave exothermic reactions while potassium 
borohydride, like sodium borohydride, required mod
erate heating to initiate a reaction.

The catalytic bulk or solution trimerization of phenyl 
isocyanate by lithium aluminum hydride is noteworthy 
in view of the several reports of the formation of A’- 
methylaniline from the isocyanate and equivalent 
quantities of this hydride. An explanation may be 
that, in the presence of excess hydride, reduction is the 
predominant reaction. Alternatively, an equilibrium 
may exist between the isocyanate monomer and the 
initially formed trimer, with gradual catalytic detri- 
merization to the monomer as reduction of the latter 
proceeds. Purely thermal displacement of the equi
librium in favor of the monomer is an unsatisfactory 
explanation for the failure to isolate trimer in refluxing 
ether since triphenyl isocyanurate represents a struc
ture which is very stable to thermal attack.
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T a b l e  I
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-Product and yield--- -— •—-—-
Tris(iV-methylamlino)-

Compound Moles Mmoles
nilinea-----------

%
-—iV-Methylanil 

Mmoles
inea—'
%

-•----- ——borine
Mmoles

Ï_______ %

%
✓----Form an

M moles
ilidea’r---- .

% Total %
P h N C O 0 .1 4 . 8 4 . 8 2 5 .7 26 1 3 .4 40 3 . 3 3 .3 74
( P h N C O  )2 .0 2 5 3 4 G.S 1 1 .0 22 5 .6 34 63
( P h N C O  )3 .0 1 7 2 .1 4 .1 1 7 .2 3 4 4 .7 28 1 .7 3 .3 69
P h N H C H O .1 1 5 .2 15 2 1 .4 21 1 1 .2 34 5 .7 5 .7 76
P h N ( C H O ) C O N H P h .0 2 4 4 .0 10 1 5 .1 31 5 . 2 32 0 . 8 1 .7 75
P h N C S .0 5 4 5 .3 01 0 .3 1 .8 93

“ Y ie ld s  d e te r m in e d  b y  g a s  c h r o m a to g r a p h y .  6 C r u d e  p r o d u c t .  c M in im u m  y ie ld .

An example of detrimerization of an isocyanurate has 
been reported by Shapiro and co-workers8 who found 
that tris(m-chlorophenyl) isocyanurate was converted 
to ethyl ?re-chlorophenylurethane upon reaction with 
ethanol for three hours at 120° in the presence of lithium 
ethoxide. The alkoxide was also a trimerization 
catalyst for the isocyanate.

When 0.5 mole of sodium borohydride per mole of 
phenyl isocyanate was employed in diglyme at tem
peratures up to 60°, triphenyl isocyanurate was isolated, 
irrespective of the order of addition of reagents. 
When the hydride was added to the isocyanate, how
ever, a better yield of trimer was realized. In the case 
of reverse addition, reactions leading to reduction 
products probably predominated, although this pos
sibility was not investigated fully.

No trimerization occurred with n-butyl, o-tolyl, and
o-chlorophenyl isocyanates and catalytic amounts of 
sodium borohydride, even with heating. The un
changed isocyanates were recovered as the correspond
ing ureas after reaction with water. Steric factors 
may account for the lack of reaction in the case of the
o-substituted phenyl isocyanates, although trimers 
have been obtained from these compounds using potas
sium acetate.9 No reason for the lack of trimerization 
of n-butyl isocyanate is apparent, although the tri
merization of alkyl isocyanates has been reported.10

Utilization of catalyst in the reduction of the nitro 
group11 in p-nitrophenyl isocyanate may account for 
the color change noted when this isocyanate was treated 
with sodium borohydride. No trimer was obtained 
and the unchanged isocyanate was converted to urea.

Trimer formation catalyzed by complex metal hy- 
hydrides may follow the path outlined in equation 1.

2 A rN C O
A r N = C = 0  +  M H r  — >  A r N C H --------- ^

II
O .M H 3

0  C
-  |l II

A r N — C — N A r  - M H r  0
I --------- >  / \

M H S • 0 = C — N — C = 0  A r N  N A r
1 ■ I I  (1 )

H  A r  0 = C  C = 0

A r

In refluxing diglyme (b.p. 162°) the reaction of 
phenyl isocyanate and excess sodium borohydride takes

(8) S. L. Shapiro, V. Bandurco, and L. Freedm an, 26, J .  O r g ,  C h e m . ,  

3710 (1961).
(9) I. C. Koffon, J .  A m .  C h e m .  S o c . ,  78, 4911 (1956).
(10) J . H. Saunders and  R. J . Slocombe, C h e m .  R e v . ,  43, 203 (1948).
(11) C. E . Weill and  G. S. Panson, J .  O r g .  C h e m . ,  21, 803 (1956).

an entirely different course. After addition of dilute 
acetic acid to the cooled reaction mixture, aniline, N- 
methylaniline, and tris(N-methylanilino)borine were 
identified as reaction products, with yields of 4.8, 26, 
and 40%, respectively. No attempt was made to sep
arate the small quantity of aniline from N-methyl- 
aniline and diglyme, but it was possible to analyze the 
mixture by gas chromatography on a silicone column. 
Reaction of the mixture with tosyl chloride and alkali 
afforded the p-toluenesulfonamides of the two amines. 
These derivatives were identified by mixture melting 
points and infrared spectra. . In addition, the gas 
chromatogram of the amine mixture indicated the 
presence of a peak with the same retention time as 
formanilide. The yield of formanilide calculated by 
this analysis was 3.3%. This and the other values for 
formanilide reported in Table I probably represent only 
minimum yields of this product since its isolation from 
the reaction mixtures was not attempted in view of its 
high water solubility and because of the complex nature 
of the mixtures.

The identity of the aminoborine was established by 
mixture melting point with an authentic specimen and 
by comparison of infrared curves of the two samples.

In addition to phenyl isocyanate, several related com
pounds were subjected to the same reaction conditions 
with sodium borohydride, one mole of the hydride being 
used for each equivalent of compound. The same prod
ucts were obtained from phenyl isocyanate dimer, tri
mer, and A-formyl-A/iV'-diphenylurea as from phenyl 
isocyanate, except that no formanilide was detected in 
the amine fraction obtained from the dimer (although 
this was no doubt a product of the reaction). These 
derivatives of phenyl isocyanate probably function as 
phenyl isocyanate generators under the influence of 
heat and/or the catalytic activity of sodium boro
hydride. In addition to the isocyanate, thermal dis
sociation of the urea derivative yields formanilide. 
Formanilide gave the two amines and the aminoborine 
upon treatment with sodium borohydride in refluxing 
diglyme. Some formanilide was unchanged (Table I).

In contrast to the formation of trimer from phenyl 
isocyanate and excess sodium borohydride, at 15° 
phenyl isothiocyanate gave reasonable yields of thio- 
formanilide, the primary reduction product expected 
from the isothiocyanate. The presence of aniline and 
A-methylaniline in the reaction mixture was not in
vestigated. However, at 90° no thioformanilide was 
isolated, but the main product was A-methylaniline 
(74%), accompanied by aniline (6%), and a small 
amount of a solid, m.p. >200°, which was probably tris- 
(A’-methylanilino)borine. At still higher temperatures
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(162°) the reaction gave predominantly A'-methyl- 
aniline and a trace of the aminoborine, but no aniline 
(Table I).

No attempt was made to determine the actual hy
dride balance in the various reactions, but in all cases 
an excess of hydride was employed, as indicated by the 
gas evolution upon acidification of the reaction mix
tures.

Several likely pathways can be considered for the 
formation of the observed products in the various 
reactions in refluxing diglyme. Initial attack by the 
hydride on phenyl isocyanate probably occurs at the 
carbon-oxygen bond since the form Ic makes the 
largest contribution to I. In the case of phenyl iso-

P h N — C = Y  P h N = C = Y  P h N = C — Y
a  b  c

I .  Y  =  O  
I I .  Y  =  S

thiocyanate, initial attack is more likely at the car
bon-nitrogen bond since Ha would be expected to make 
the greatest contribution to II, in view of the greater 
electronegativity of nitrogen relative to sulfur. The 
sequences of equations 2 and 3 represent the proposed 
course of the reactions.

The intermediate VI may result from formanilide 
through reduction and salt formation.

An alternate route to aniline may involve hydrolysis 
via the route VI —► VII.

It was determined that tris(X-methylanilino)borine 
was not appreciably hydrolyzed under the weakly acidic 
conditions used in working up the various reaction 
mixtures (85-96% recovery). Reaction of IX and 
sodium borohydride (1:3.5 molar ratio) in refluxing 
diglyme for one hour gave a 44% yield of XI and re
covered IX (12%). The sequence VI -> VIII IX 
+  XI cannot be the sole route by which X-methyl- 
aniline is formed since, in practice, the amount of the 
amine formed relative to the amount of the amino
borine isolated is much greater than that predicted by 
the above sequence. For these reasons it is likely that 
intermediates such as IX and X are precursors for most 
of the IV-methylaniline.

The higher yield of the aminoborine from phenyl iso
cyanate compared to its sulfur analog would seem to in
dicate the formation in the former case of an inter
mediate VI in which many of the boron atoms are 
bound to three or four nitrogen atoms, while in the 
latter case most of the boron atoms are probably bound 
more or less equally to nitrogen and sulfur.

P h N C Y

I. Y  =  0

I I .  Y  =  S
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Hydrolysis of the intermediate III leads to form
anilide (via its tautomeric form), which in turn is partly 
hydrolyzed to aniline (actually, aniline was found in 
about 10% yield when formanilide was subjected to the 
acidic conditions used in working up the various reac
tions). Further reduction by the hydride of III and 
IV would eventually lead to the (possibly polymeric) 
intermediate VI. Random distribution of nitrogen and 
oxygen (or sulfur) on boron in VI would be expected to 
furnish, following hydrogenolysis of carbon-oxygen (or 
carbon-sulfur) bonds by more hydride, intermediates 
such as VIII and X and tris(N-methylanilino)borine
(IX). Acid hydrolysis of VIII and X leads to IV- 
methylaniline (XI) and IX.

The formation of tris(X-methylanilino)borine by 
reaction of sodium borohydride and phenyl isocyanate, 
its generators, formanilide, and phenyl isothiocyanate is 
apparently the first case of the formation of a com
pound containing a stable boron-nitrogen bond from 
sodium borohydride and a compound containing a 
carbon-nitrogen double bond,12 although the analogous 
formation of boron-oxygen13 or boron-carbon14 bonds

(12) W . G e rra rd , “ T h e  O rgan ic  C h e m is try  of B o ro n ,”  A cadem ic  P ress , 
In c ., N ew  Y o rk , N . Y ., 1061.

(13) N . G . G ay lo rd , “ R ed u c tio n  w ith  C om plex  M e ta l H y d r id e s ,”  I n te r 
science P u b lish e rs , In c ., N ew  Y o rk , N . Y ., 1966, p. 121.

(14) H . C . B row n , “ O rg an o m eta llic  C h e m is try ,”  H . Zeiss, E d ., R e in h o ld  
P u b lish in g  C o rp ., N ew  Y o rk , N . Y ., 1960, p. 154.
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from compounds containing carbon-oxygen or carbon- 
carbon double bonds, respectively, are known.

Reduction of amides by sodium borohydride ap
parently has not been reported previously.18

Experimental16
I n f r a r e d  s p e c t r a  w e re  r e c o r d e d  o n  a  P e r k in - E lm e r  M o d e l  21 

s p e c t r o p h o to m e te r  u s in g  p o ta s s iu m  b r o m id e  d i s k s . G a s  c h r o m a 
to g r a p h ic  a n a ly s e s  w e re  m a d e  o n  t h e  A e r o g ra p h  M o d e l  A -7 0 0  
g a s  c h r o m a to g r a p h  u s in g  a c id - w a s h e d  C h r o m o s o r b  P  c o a te d  w i th  
s i l ic o n e  h ig h  v a c u u m  g r e a s e . 17

Reagents and Solvents.— L iq u id  i s o c y a n a te s  w e re  r e d is t i l le d  
a n d  p - n i t r o p h e n y l  i s o c y a n a te  w a s  r e c r y s ta l l i z e d  b e fo re  u s e . 
S o d iu m  b o r o h y d r id e  w a s  p u r i f ie d  a c c o r d in g  to  B r o w n . 18 D ig ly m e  
w a s  r e f lu x e d  o v e r  s o d iu m  b o r o h y d r id e  a n d  r e d i s t i l l e d .  D io x a n e  
w a s  p u r if ie d  a c c o r d in g  t o  F i e s e r . 19

Solution Trimerization of Phenyl Isocyanate.— A  s o lu t io n  o f
6 .0 0  g . (0 .0 5  m o le )  o f  p h e n y l  i s o c y a n a te  in  2 0  m l .  o f  d io x a n e ,  
p r o t e c t e d  w i th  a  c a lc iu m  c h lo r id e  d r y in g  t u b e ,  w a s  co o le d  to  3 °  
in  a n  ic e  b a t h  a n d  1 m l .  ( 0 .5  m m o le )  o f  s o d iu m  b o r o h y d r id e  
s o lu t io n  in  d ig ly m e  ( 0 .3 8  g .  in  20  m l . )  w a s  a d d e d  a s  t h e  s o lu t io n  
w a s  s t i r r e d  b y  a  m a g n e t ic  s t i r r e r .  W i th in  2  m in .  t h e  t e m p e r a t u r e  
ro s e  t o  1 5 °  a s  a  s o lid  p r e c i p i t a t e d .  A f te r  15 m in .  in  t h e  ice  b a t h ,  
5 0  m l.  o f  e t h e r  w a s  a d d e d  t o  t h e  m ix tu r e  a n d  t h e  f i l te r e d  s o lid  
w a s  w a s h e d  w i th  e t h e r .  T h e  w e ig h t  o f  t r ip h e n y l  i s o c y a n u r a t e ,  
m .p .  2 7 9 - 2 8 0 ° ,  w a s  5 .0 3  g .  ( 8 4 % ) .  R e c r v s ta l l iz a t io n  f ro m  a  
m e th y le n e  c h lo r id e - p e t r o le u m  e t h e r  ( b .p .  3 0 - 6 0 ° )  m ix tu r e  g a v e  
w h i te  n e e d le s ,  m .p .  2 8 0 - 2 8 1 °  ( l i t . 9 m .p .  2 8 0 - 2 8 1 ° ) ,  m .m .p .  
w i th  a n  a u th e n t i c  s a m p le  2 7 8 - 2 7 9 ° .  T h e  in f r a r e d  s p e c t r u m  w a s  
i d e n t i c a l  w i th  t h a t  o f  a n  a u t h e n t i c  s a m p le .

I n  a  s im i la r  m a n n e r  t r i s ( p - m e th o x y p h e n y l )  i s o c y a n u r a t e ,  m .p .  
2 6 3 - 2 6 4 °  ( l i t . 9 m .p .  2 5 9 - 2 6 0 ° ) ,  a n d  t r i s ( p - t o l y l )  i s o c y a n u r a t e ,  
m .p .  2 6 8 - 2 6 9 °  ( l i t . 9 m .p .  2 6 4 - 2 6 5 ° ) ,  w e re  o b t a in e d  in  y ie ld s  o f 
8 6  a n d  9 1 % ,  r e s p e c t iv e ly ,  f ro m  t h e  c o r r e s p o n d in g  i s o c y a n a te s  
w i th  c a t a l y t i c  a m o u n t s  o f  s o d iu m  b o r o h y d r id e  in  d io x a n e . 
I d e n t i f i c a t io n  o f  t h e  i s o c y a n u r a t e s  w a s  m a d e  b y  m ix tu r e  m e l t in g  
p o in t s  a n d  c o m p a r is o n  o f  in f r a r e d  c u r v e s  w i th  a u t h e n t i c  s a m p le s .

A  p h e n y l  i s o c y a n a te  t o  c a t a l y s t  m o la r  r a t i o  o f  1 :0 .0 0 1  r e 
q u i r e d  h e a t in g  f o r  4 5  m in .  a t  7 0 °  i n  d io x a n e  to  o b t a in  t h e  t r im e r  
( 9 3 %  y ie ld ) .

A d d i t io n  o f  s o d iu m  b o r o h y d r id e  (0 .0 5  m o le )  in  d ig ly m e  to  a  
s o lu t io n  o f  p h e n y l  i s o c y a n a te  (0 . 1  m o le )  in  d ig ly m e  a t  ro o m  
t e m p e r a t u r e  c a u s e d  o f  p h e n y l  i s o c y a n a te  ( 0 . 1  m o le )  in  d ig ly m e  
a t  ro o m  t e m p e r a t u r e  c a u s e d  t h e  s o lu t io n  t o  h e a t  u p  t o  6 0 ° . 
A f te r  p o u r in g  t h e  m ix tu r e  i n to  w a t e r  a n d  a c id i f y in g  w i th  2 0 %  
a c e t ic  a c id ,  t h e  t r im e r  w a s  r e c r y s ta l l i z e d  f ro m  9 5 %  e th a n o l ,  
m .p .  2 7 7 -2 7 8 °  ( 6 9 % ) .  W h e n  t h e  o r d e r  o f  a d d i t i o n  w a s  r e 
v e r s e d  a  m u c h  lo w e r  y ie ld  o f  t r im e r  w a s  o b t a i n e d .

U n s u c c e s s fu l  a t t e m p t s  w e re  m a d e  t o  t r im e r iz e  o - c h lo ro p h e n y l ,  
(1 h r .  a t  7 0 ° ) ,  o - to ly l  ( 1 .5  h r .  a t  7 0 ° ) ,  p - n i t r o p h e n y l  ( 0 .5  h r .  a t  
8 0 ° ) ,  a n d  ? i- b u ty l  (1  h r .  a t  7 0 ° )  i s o c y a n a te s  in  d io x a n e  w i th  
c a t a ly t i c  a m o u n t s  o f  s o d iu m  b o r o h y d r id e .  I n  th e s e  c a s e s  t h e  
c o r re s p o n d in g  u r e a s  w e re  i s o la te d  a n d  id e n t i f ie d  b y  m ix tu r e  m e l t 
in g  p o in t s  a n d  in f r a r e d  d a t a  a f t e r  t h e  u n c h a n g e d  i s o c y a n a te s  w e re  
t r e a t e d  w i th  w a t e r  a n d  a c e to n e .

T r im e r i z a t io n  o f  p h e n y l  i s o c y a n a te  b y  l i t h iu m  a lu m in u m  h y 
d r id e  ( 0 .0 1  m o le  p e r  m o le  o f  i s o c y a n a te )  in  e t h e r  a t  ro o m  t e m 
p e r a t u r e  w a s  a c h ie v e d  in  a t  l e a s t  6 0 %  y ie ld  ( t h e  o d o r  o f  t h e  r e a c 
t io n  m ix tu r e  i n d i c a t e d  t h e  p r e s e n c e  o f  so m e  u n c h a n g e d  i s o 
c y a n a t e )  w i th in  5  m i n .

Bulk Trimerization of Phenyl Isocyanate.— T r ip h e n y l  i s o 
c y a n u r a t e  w a s  o b ta in e d  b y  b u lk  p o ly m e r iz a t io n  o f t h e  i s o c y a n a te  
u s in g  a  r a t i o  o f  1  m o le  o f  i s o c y a n a te  t o  0 .0 1  m o le  o f  t h e  fo llo w in g  
h y d r id e s  ( %  y ie ld s ) :  l i t h iu m  a lu m in u m  h y d r id e  ( 7 8 % ) ,  l i th iu m

(15) Ref. 13, p. 5y2.
(16) M e ltin g  p o in t3  a re  u n co rrec ted .
(17) M e n tio n  of t r a d e  n am es  a n d  firm s does n o t  im p ly  th e ir  en d o rsem en t 

by  th e  D e p a r tm e n t c f  A g ricu ltu re  o v e r s im ila r  p ro d u c ts  o r firm s n o t  m en
tio n ed .

(18) H . C . B row n, E . J .  M ead , a n d  B. C . S u b b a  R ao , J .  A m .  C k e m .  S o c . ,  

77, 6209 (1955).
(19) L. F . F ieser, “ E x p e rim e n ts  in  O rgan ic  C h e m is try ,”  3 rd  E d ., D . C. 

H e a th  a n d  C o., B oston , M ass ., 1955, p. 284.

t r i - i - b u to x y a lu m in o h y d r id e  (8 9 % i) , p o ta s s iu m  b o r o h y d r id e  
( 7 4 % ) ,  a n d  s o d iu m  b o r o h y d r id e  ( 7 4 % ) .  T r im e r iz a t io n  w i th  th e  
f i r s t  tw o  h y d r id e s  w a s  v e r y  e x o th e r m ic  w h ile  t h e  l a t t e r  tw o  
r e q u i r e d  h e a t in g  to  7 0 - 8 0 °  t o  i n i t i a t e  r e a c t io n .

B u lk  p o ly m e r iz a t io n  o f  o - to ly l  a n d  o -c h lo ro p h e n y l  i s o c y a n a te s  
w a s  u n s u c c e s s fu l  w h e n  a t t e m p t e d  a t  8 0 °  f o r  2  h r .

Reaction of Phenyl Isocyanate with Excess Sodium Boro
hydride at High Temperature.— T o  a  s lu r r y  o f  3 .7 8  g . (0 .1  m o le )  
o f  s o d iu m  b o r o h y d r id e  in  50  m l .  o f  d ig ly m e  a t  re f lu x  w a s  a d d e d  
o v e r  15 m in .  w i th  s t i r r in g  a  s o lu t io n  o f  1 1 .9 2  g . (0 .1  m o le )  of 
p h e n y l  i s o c y a n a te  in  3 0  m l .  o f  d ig ly m e .  T h e  r e a c t io n  m ix tu r e  
w a s  p r o t e c t e d  b y  a  c a lc iu m  c h lo r id e  t u b e . D u r in g  th e  e x o th e rm ic  
r e a c t io n  m o s t  o f  t h e  s o d iu m  b o r o h y d r id e  d is s o lv e d . S t i r r in g  
a n d  r e f lu x in g  w a s  c o n t in u e d  f o r  1 h r .  a f t e r  th e  a d d i t io n  w a s  c o m 
p le t e d ,  a n d  t h e  y e llo w  s o lu t io n  w a s  c o o le d  a n d  p o u r e d  i n t o  7 50  
m l .  o f  ice  a n d  w a t e r .  A f te r  c a r e f u l ly  a c id i f y in g  w i th  1 00  m l. 
o f  2 0 %, a c e t ic  a c id  t o  d e c o m p o s e  e x c e s s  h y d r id e ,  t h e  m ix tu r e  w a s  
l e f t  in  a  r e f r ig e r a to r  o v e r n ig h t .  T r i s f V - m e th y la n i l in o lb o r in e  
w a s  f i l te r e d  a n d  w a s h e d  w e ll w i th  w a t e r ,  4 .4 2  g . ( 4 0 % ) ,  m .p .  2 0 6 -  
2 1 1 ° .  T h e  in f r a r e d  s p e c t r u m  o f  a n  e th e r - w a s h e d  s a m p le  sh o w e d  
w e a k  b a n d s  n e a r  3 a n d  6  m> i n d i c a t in g  t h e  p r e s e n c e  o f  t r a c e s  o f 
s j /m - d ip h e n y lu re a .  U p o n  h y d r o ly s is  o f  t h e  c r u d e  a m in o b o r in e  
w i th  re f lu x in g  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id ,  3 %  ( b a s e d  o n  th e  
w e ig h t  o f  c r u d e  s a m p le )  s j /w - d ip h e n y lu r e a  w a s  o b ta in e d  in  
a d d i t i o n  t o  89% , o f  t h e  th e o r e t i c a l  a m o u n t  o f  A7- m e th y la n i l in e  
a n d  a  t r a c e  o f a n i l in e  ( p r o b a b ly  f ro m  h y d r o ly s is  o f  t h e  u r e a ) .  
T h e  a m in o b o r in e  w a s  s t a b le  t o  h y d r o ly s is  b y  a c e t ic  a c id  o f th e  
c o n c e n t r a t io n  u s e d  in  t h e  w o r k -u p  o f  t h e  r e a c t io n  m ix tu r e .  
S u b l im a t io n  o f t h e  c r u d e  a m in o b o r in e  a t  1 8 5 °  (ca. 0 .0 0 1  m m .)  
g a v e  t h e  p u r e  p r o d u c t ,  m . p .  2 0 9 - 2 1 3 °  ( l it .®  m .p .  2 1 0 ° )  a n d  
m .m .p .  w i th  a n  a u t h e n t i c  s a m p le  2 1 2 - 2 1 5 ° .  I t s  in f r a r e d  
s p e c t r u m  w a s  i d e n t i c a l  w i th  t h e  in f r a r e d  s p e c t r u m  o f  a n  a u th e n t i c  
s a m p le .

Anal. C a lc d .  fo r  C 21H 24B N 3 : C ,  7 6 .6 0 ;  H ,  7 .3 5 ;  N ,  1 2 .7 6 . 
F o u n d ;  C ,  7 6 .8 1 ;  H , 7 . 4 1 ;  N ,  1 2 .7 3 .

T h e  b o r o n - c o n ta in in g ,  w a te r - s o lu b le  s u b l im a t io n  r e s id u e  g a v e  
in f r a r e d  p e a k s  n e a r  3  a n d  6  m -

A f te r  f i l t r a t i o n  o f t h e  a m in o b o r in e ,  t h e  a c id ic  f i l t r a t e  o f  th e  
o r ig in a l  r e a c t io n  m ix tu r e  w a s  t r e a t e d  w i th  c o n c e n t r a t e d  h y d r o 
c h lo r ic  a c id  a n d  e t h e r  e x t r a c t e d .  T h e  w a t e r  l a y e r  w a s  m a d e  
a lk a l in e  w i th  s o d iu m  h y d r o x id e  a n d  e x t r a c t e d  w i t h  e t h e r  a f t e r  
s a t u r a t i n g  w th  s a l t .  A f te r  w a s h in g  th e  e x t r a c t  w i th  s a l t  so lu 
t i o n  a n d  d r y in g  o v e r  s o d iu m  s u l f a t e ,  t h e  e t h e r  w a s  e v a p o r a t e d  
a n d  th e  r e s id u e  a n a ly z e d  b y  g a s  c h r o m a to g r a p h y .  I n  a d d i t io n  
t o  t r a c e s  o f  e t h e r  a n d  a  l a r g e  a m o u n t  o f  d ig ly m e , t h e  r e s id u e  
c o n ta in e d  0 .4 5  g . ( 4 .8 %  y ie ld )  o f  a n i l in e  a n d  2 .7 6  g .  (2 6 %  
y ie ld )  o f  A - m e th y la n i l in e .  T r e a t m e n t  o f  t h e  m ix tu r e  w i th  to s y l  
c h lo r id e  a n d  s o d iu m  h y d r o x id e  a l lo w e d  t h e  i s o la t io n ,  a f t e r  th e  
u s u a l  w o r k -u p ,  o f  t h e  p - to lu e n e s u l f o n a m id e s  o f  a n i l in e  a n d  N- 
m e th y la n i l in e ,  m . p .  1 0 3 -1 0 4 °  a n d  9 4 - 9 5 ° ,  r e s p e c t iv e ly .  I n  
a d d i t io n  t o  t h e  tw o  a m in e s  t h e  g a s  c h r o m a to g r a m  in d ic a te d  t h e  
p r e s e n c e  o f  0 .4 0  g . ( 3 .3 %  y ie ld )  o f  fo rm a n i l id e .

P h e n y l  i s o c y a n a te  d im e r ,  t r im e r ,  f o r m a n i l id e ,  AT- fo rm y l-  
A , lV '- d ip h e n y lu r e a ,  a n d  p h e n y l  i s o th io c y a n a te  w e re  t r e a t e d  w i th  
s o d iu m  b o r o h y d r id e  in  t h e  s a m e  w a y  e x c e p t  t h a t  t h e  s o lid  c o m 
p o u n d s  w e re  m ix e d  w i th  t h e  h y d r id e  p r io r  t o  r e f lu x in g . O n e  m o le  
o f  b o r o h y d r id e  w a s  u s e d  fo r  e a c h  m o le  o f p h e n y l  i s o c y a n a te  
e q u iv a l e n t .  T h e  y ie ld s  o f  t h e  v a r io u s  p r o d u c t s  a r e  c o m p a r e d  
w i th  t h o s e  f ro m  p h e n y l  i s o c y a n a te  in  T a b le  I .

Thioformanilide.— T o  a  s u s p e n s io n  o f  0 .9 5  g . ( 0 .0 2 5  m o le )  
o f  s o d iu m  b o r o h y d r id e  in  15  m l .  o f  d ig ly m e  w a s  a d d e d  d r o p  w ise  
w i t h  s t i r r in g  o v e r  15 m in .  6 .7 5  g . ( 0 .0 5  m o le )  o f  p h e n y l  i s o th io 
c y a n a t e  w h ile  k e e p in g  t h e  t e m p e r a t u r e  n e a r  1 0 - 1 5 °  w i th  a n  ice  
b a t h .  T h e  y e llo w  r e a c t io n  m ix tu r e  ( o d o r  o f h y d r o g e n  su lf id e )  
w a s  t h e n  s t i r r e d  a n o t h e r  1 .5  h r .  in  t h e  ic e  b a t h ,  p o u r e d  in to  2 50  
m l. o f  i c e - w a t e r ,  a n d  a c id if ie d  w i th  8  m l .  o f 6  A  h y d r o c h lo r ic  
a c id ,  h e a t e d  to  7 0 ° ,  a n d  th e n  c o o le d  in  a n  ic e  b a t h .  T h e  y ie ld  
o f  c r u d e  th io f o r m a n i l id e ,  m .p .  1 3 7 ° , w a s  4 .8 0  g . ( 7 0 % ) .  R e -  
c r y s ta l l i z a t io n  f ro m  h o t  w a te r  g a v e  w h i te  n e e d le s ,  m .p .  a n d  
m .m .p .  w i th  a n  a u t h e n t i c  s a m p le  1 3 9 -1 4 0 °  ( l i t . 15 16 17 18 19 20 21 m .p .
1 3 8 ° ) ,  3 .4  g . T h e  p r o d u c t  g a v e  a n  i n f r a r e d  c u r v e  id e n t ic a l  
w i th  t h a t  o f  a n  a u t h e n t i c  s a m p le .  T h e  p r e s e n c e  o f  a n i l in e  a n d  
A - m e th y la n i l in e  in  t h e  r e a c t io n  m ix tu r e  w a s  n o t  in v e s t i g a t e d .

(20) A. D ornow  an d  H . H, G e h rt, A n g e w .  C h e m - ,  68, 619 (1956).
(21) A. R e isse rt, B e r . ,  37, 3708 (1904).
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A  r e a c t io n  t im e  o f  1 h r .  a t  2 5 °  ( 1 : 1  m o la r  r a t i o  o f  r e a c t a n t s )  
d e c r e a s e d  t h e  y ie ld  o f t h io f o r m a n i l id e  t o  4 9 % ;  r e a c t io n  f o r  1 h r .  
a t  9 0 °  ( 1 :1  m o la r  r a t i o  o f  r e a c t a n t s )  g a v e  o n ly  a n i l in e  ( 6 % ) ,  
A - m e th y la n i l i n e  ( 7 4 % ) ,  a n d  a  s o l id  m e l t in g  a b o v e  2 0 0 °  w h ic h  
w a s  p r o b a b l y  t r is ( iV - m e th y la n i l in o ) b o r in e  ( 9 % )  b u t  w a s  n o t  
f u r t h e r  in v e s t i g a t e d .
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T h e  r e a c t io n  o f  N - h y d r o x y p h th a l im id e  w i th  c o ,w '-d ib ro m o a lk a n e s  y ie ld s  u - (p h th a l im id o o x y ) a lk y l  b r o m id e s ,  l a ,  
a n d  w ,w '- b is ( p h th a l im id o b x y )a lk a n e s ,  l b .  R e a c t io n  o f  l a  w i th  th io u r e a ,  fo llo w e d  b y  h y d r o ly s is ,  le a d s  t o  a  f a c i le  
s y n th e s i s  o f  S - [ « - ( a m in o b x y ) a lk y l ] i s o th iu r o n iu m  s a l t s ,  l i e .  H y d r o ly s is  o f  l b  m a k e s  a v a i la b le  a> ,w '-b is (am in o - 
o x y  ) a lk a n e s  w h ic h  w e re  c h a r a c te r iz e d  b y  t h e i r  s a l t s ,  a m id e  a n d  s u l f o n a m id e  d e r iv a t iv e s .

To continue our studies2 on the synthesis of potential 
prophylactic agents capable of protecting animals from 
otherwise lethal doses of ionizing radiation, we turned 
our attention to the synthesis of S-[a>-(aminooxy)alkyl]- 
isothiuronium salts, lie. Such molecules are analogs
and homologs of the active 2-aminoethanethioi and the

+
corresponding isothiuronium salt, H3N-(CH2)2~S-C- 
(~NH2)= N H 2+ 2X~h Structure He meets the criteria 
seemingly essential for protective activity: a basic 
group, in this instance the aminooxy moiety, in close 
vicinity of a thiol or potential thiol group, viz., the 
isothiuronium group.

In designing these molecules, the aminooxy function 
was to be liberated last by the acid hydrolysis of the 
corresponding phthalimidooxy derivative.3 The key in
termediates in the synthesis of He were the o>-(phthali- 
midooxy)alkyl bromides, la, which became readily avail
able from the reaction of N-hydroxyphthalimide and 
co,co'-dibromoalkanes.

a GO

^ N - 0 - ( C H 2) „ - Z  H 3N +— 0 — ( C H 2)n —Z B r~

CO II
I

Displacement of the bromo group in la with thiourea 
furnished the S-[&)-(phthalimidooxy)alkyl]isothiuro- 
nium bromide, Ic, which was hydrolyzed readily by hy- 
drobromic acid to the aminooxy isothiuronium salt, 
lie. This sequence of reactions was used to prepare 
five homologs of lie  (n = 2 to 6).

The formation of the w-(phthalimidooxy)alkyl bro
mide la, was invariably accompanied by some w,co'- 
bis(phthalimidooxy)alkane, lb The mixture was sep
arated either by fractional crystallization or column 
chromatography. Hydrolysis with hydrobromic acid 
of lb afforded the corresponding co,a/-bis(amiiio6xy)- 
alkane dihydrobromides, lie. The free bases were char
acterized by solid amide or sulfonamide derivatives.

These series of reactions are described somewhat in 
detail for one member of the series, viz., when n =  2. 
N-Hydroxyphthalimide was treated with 1,2-dibromo- 
ethane in the presence of triethylamine at room temper
ature and gave a mixture of la  and lb (n = 2). The 
reaction of la  with thiourea afforded the crystalline 
salt, Ic from which the phthaloyl moiety was readily 
cleaved off with hydrobromic acid to produce lie  (n =
2). A similar reaction of la with N-methylthiourea 
furnished the crystalline N-methyl analog of Ic (n =

where the substituent Z is, in

( a ) B r ( d )  S  — Sf>3 ' N a  +
CO * ( e )  ( > - N H 3+ B r -

( b ) O -N f f )  S H

(c ) S - C ( - N H 2) = N H 2+ B r -

(1) T his pro ject was sponsored by  the  office of the  Surgeon General 
U. S. A rm y M edical R esearch and Developm ent Com m and, whose 
generous support through a research con trac t (DA-49-193-M D-2047) is 
gratefu lly  acknowledged.

(2) O ur previous paper, L. Bauer and T. L. Welsh, J .  O r g . C h e m . ,  27,4382 
(1962), sum m arizes the  background in this field.

(3) The in troduction  of th e  aminooxy group in to  a molecule v i a  the  ph tha l
imidooxy derivative  was first described by A. F. M cK ay, e t  a l . ,  C a n .  J .  C h e m . ,  

38, 343 (1960), and  p resents certa in  advantages. T he a lkylation  of N - 
hydroxyphthalim ide is rapid and  usually affords a  crystalline derivative  which 
is hydrolyzed with g rea t ease by  hydrobrom ic acid (3-5  m in.). O ther 
m ethods are available for th e  preparation  of am inooxyalkyl com pounds v i a  

suitab le  derivatives of hydroxylam ine. R ecently, E . L. Schulraann, e t  a l . ,  

J .  M e d .  P h a r m .  C h e m . ,  5, 464 (1962), used acetoxim e and  benzonydroxam ie 
acid to  prepare a  series of aminooxy acids; R. M . K liom utov, J .  G e n .  C h e m . ,  

U S S R  (Eng. T ransl.), 31, 1863 (1961), used e thyl N -hydroxyacetim idate, 
CH3— C(=N O H )O C2H 5, for the in itial alkylation . The three  references 
quoted here sum m arize this field.

2) but hydrolysis led to an oily salt, I i3N -0-(C H 2)2-S - 
C(“NH2')=NHCH3+2Br'”, which was characterized 
as a crystalline dipicrate. When lb (n = 2) was hy
drolyzed with hydrobromic acid, l,2-bis(aminooxy)- 
ethane was isolated as the crystalline dihydrobromide. 
The free base was characterized as its benzamide (C6- 
H6CONHOCH-)2, its p-toluenesulfonamide, (p-CH3-  
C6LLS02NII0CH2“)2, and its p-acetamidobenzenesul- 
fonamide. The last one of these was hydrolyzed fur
ther to the sulfanilamide analog, (p-H2N-C6H4S02-
n h o c h 2-)2.

It was also possible to remove the protective phthal
oyl group from la (n = 2) with hydrobromic acid to 
give /3-(aminooxy)ethyl bromide hydrobromide (Ha. 
n  =  2 ) .

Benzoylation of this compound produced the crystal
line derivative CeH6CONHO(CII2)2Br which reacted 
further with thiourea to give the isothiuronium salt, 
C6H6CONHO(CH2)2SC(-NH2)= N H 2+Br-. An at
tempt to prepare 2-(aminooxy)ethanethiol, Ilf (n = 
2), from la in = 2) hy the following approach was un
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successful. The reaction of la  (n = 2) with sodium 
thiosulfate yielded the crystalline Bunte salt Id (n = 
2) which on hydrolysis4 5 with hydrobromic acid gave 
phthalic acid and no other identifiable product.

Other members of these series of compounds behaved 
similarly and important variations are mentioned in the 
Experimental section. An interesting reaction was en
countered when N-hydroxyphthalimide was treated 
with the unsymmetrical 1,3-dibromobutane. There 
was isolated a bromo compound to which either struc
ture III or IV could be assigned and a small quantity of
1,3-bis (phthalimidooxy) butane. Structures III and IV 
arise if displacement had occurred either at the primary

*ir
r  J l  n - o - c h 2- c h 2—  c h - c h 3

111 C H ,S

r ^ r C°  Ill N — O —C H — C H 2— C H 2B r-

IV

or secondary carbon atom, respectively. To establish 
the structure of this phthalimidooxyalkyl bromide, the 
rates of reaction of 1- and 2-bromobutane with N-hy
droxyphthalimide were compared. Under identical 
conditions, 1-bromobutane reacted with N-hydroxy
phthalimide for 48 hours to give N-butoxyphthalimide 
in 64% yield while the 2-isomer gave N-(l-mcthyl- 
propoxy)phthalimide in 23% yield. As expected these 
experiments indicated that the same reagent displaced 
the primary bromo group faster than the secondary 
one.

To establish structure of our product, III or IV, it
was hydrolyzed to give a salt for which either structure

+ + 
H3NO-(CH2)2CH(Br)CH3 B i-  or H3NOCH(CH3)- 
(CH2)2Br Br~ is plausible. Reduction of this amino- 
oxyalkyl bromide hydrobromide with lithium aluminum 
hydride6 produced only 1-butanol, thus confirming the 
structure of the phthalimidooxyalkyl bromide in ques
tion to be III. Thiourea was able to displace the 
bromo group of III to give the corresponding isothiu- 
ronium salt. An attempt to desulfurize this salt with 
Raney nickel to the corresponding aminooxybutane 
was unsuccessful.

Experimental6
« - ( P h th a l im id o o x y  ) a lk y l  B r o m id e s ,  l a ,  a n d  w ,o > '-b is (p h th a l

im id o o x y  ) a lk a n e s ,  l b . — A  ty p i c a l  r e a c t io n  is  d e s c r ib e d ,  t h a t  fo r  
t h e  p r e p a r a t i o n  o f  l a  a n d  l b  w h e n  n = 2 .  A  s o lu t io n  o f  N -  
h y d r o x y p h th a l im id e 7 ( 1 6 .3  g . ;  0 .1  m o le )  i n  N ,N - d im e th y l f o r m -  
a m id e  (1 2 0  m l . ) ,  e th y l e n e  b r o m id e  (3 7  g . ;  0 .2  m o le ) ,  a n d  t r i -  
e th y l a m in e  (2 0  g . ;  0 .2  m o le )  w e re  a l lo w e d  t o  s t a n d  a t  2 5 °  u n t i l  
t h e  r e d  r e a c t io n  m ix tu r e  h a d  tu r n e d  c o lo r le s s  (1 7  h r . ) .  T h e  
p r e c i p i t a t e  w h ic h  h a d  f o rm e d  w a s  f i l te r e d  off a n d  w a s h e d  w i th  
w a te r  t o  f re e  i t  f ro m  t r i e th y l a m m o n iu m  b r o m id e .  T h is  p r o d u c t

(4) F o r  re fe rences  of th e  h y d ro ly s is  of B u n te  s a lt s  b y  m in era l a c id  see» 
E . E . R e id , “ O rgan ic  C h e m is try  of B iv a le n t S u lfu r ,”  V ol. I ,  C hem ica l 
P u b lish in g  C o ., Ine.» N ew  Y o rk , 1958, p p . 32 , 328,

(5) A lip h a tic  halo  g ro u p s  a re  f re q u e n tly  red u ce d  to  a lk a n e s  b y  li th iu m  a lu 
m in u m  h y d rid e . B . J .  R . N ico laus , G . P ag an i, a n d  E . T e s ta , H e l v .  C h i ^ i .  

A c t a ,  45, 358 (1962), h a v e  show n  t h a t  l i th iu m  a lu m in u m  h y d rid e  in  boiling  
e th e r reduced  2 -(ca rb e th o x y am in o o x y )e th an o l, C 2l l 502C N H 0 (C H 2)2 0 H , to  
e th y len e  glycol.

(6) All m e ltin g  p o in ts  a re  u n co rrec ted . T h e  m icro an a ly se s  rep o rte d  were 
perfo rm ed  b y  M iero -T ech  L a b o ra to r ie s , Skokie, 111., a n d  D r. K u r t  E der, 
G en ev a , S w itze rland .

(7) W . R . O rndorff a n d  D . S. P r a t t ,  A m .  C h e m .  J ., 47, 89 (1912).

( 5 .0  g . ;  2 S %  b a s e d  o n  N - h y d r o x y p h th a l im id e )  c o n s is te d  m a in ly  
o f  l ,2 - b is ( p h th a l im id o o x y ) e th a n e ,  m .p .  2 5 0 ° .  R e c r y s ta l l iz a t io n  
f ro m  N .N - d im e th y l f o r m a m id e  a f fo rd e d  c o lo r le s s  n e e d le s ,  m .p .  
2 5 4 ° .  A n a ly t i c a l  d a t a  o f  i t  a n d  i t s  h o m o lo g s  a r e  p r e s e n te d  in  
T a b le  I I .

T h e  p r e c e d in g  f i l t r a t e  w a s  d i l u t e d  w i th  w a te r  (8 0 0  m l . )  a n d  
t h e  s o lid  w h ic h  p r e c i p i t a t e d  w a s  f i l t e r e d  o ff. I t  w e ig h e d  1 3 .6  g . 
( 5 0 %  b a s e d  o n  N - h y d r o x y p h th a l im id e ) ,  m .p .  8 0 - 8 9 ° .  T h is  
p r o d u c t ,  a s  w e ll a s  th o s e  l i s t e d  in  T a b le  I  w e re  c r y s ta l l i z e d  f ro m  
d i lu t e  e th a n o l .  A n a ly t ic a l  d a t a  o f i t  a n d  i t s  h o m o lo g s  a r e  a ls o  
r e p o r te d  in  T a b le  I .

T a b l e  I

« - ( P h t h a l im id o o x y )a l k y l  B r o m id e s , I a

n  in Y ield, M .p ., M ol. fo rm u la A nalysis , %
Ia % ° c . (m ol. w t.) C H N

2 50 9 4 -0 6 C ioH 8N 0 3B r C a lc d . 4 4 .4 6 2 .9 8 5 .1 8
( 2 7 0 .1 ) F o u n d 4 4 .5 6 3 .0 8 5 .1 5

3 35 6 0 -6 5 C „ H l0N O 3B r C a lc d . 4 6 .5 0 3 .5 4 4 .9 2
( 2 8 4 .1 ) F o u n d 4 6 .7 0 3 .6 5 4 .9 0

4 37 7 0 -7 2 C 12H ]2N 0 3B r C a lc d . 4 8 .3 4 4 .0 5 4 .6 9
(2 9 S .1 ) F o u n d 4 8 .2 8 4 .2 4 4 .7 4

5 49 7 1 -7 3 C I3H l4N 0 3B r C a lc d . 5 0 .0 2 4 .5 2 4 .4 8
( 3 1 2 .2 ) F o u n d 5 0 .1 7 4 .6 1 4 .5 4

6 36 6 6 -6 9 C 14H I6N 0 3B r C a lc d . 5 1 .5 5 4 .9 4 4 .2 9
( 3 2 6 .2 ) F o u n d 5 1 .7 1 5 .0 6 4 .2 4

R “ 45 8 6 -8 9 C 12H 12N 0 3B r C a lc d . 4 8 .3 4 4 .0 5 4 .6 9
F o u n d 4 S .4 3 4 .1 4 4 .6 6

° R  r e p re s e n ts  th e  - C H 2C H 2C H ( C H 3) -  g ro u p , s t r u c t u r e  I I I .

W h e n  o n ly  1 m o le  o f  e th y le n e  b r o m id e  w a s  u s e d  t h e  y ie ld  o f  0- 
( p h th a l im id o o x y ) e th y l  b r o m id e  w a s  3 3 %  a n d  t h a t  o f  1 ,2 -b is -  
( p h th a l im id o o x y ) e th a n e  w a s  3 9 % .

I n  t h e  r e a c t io n  o f th e  h o m o lo g s  b o t h  p r o d u c t s  r e m a in e d  in  t h e  
N ,N - d im e th y l f o r m a m id e  s o lu t io n  a n d  w e re  p r e c i p i t a t e d  b y  w a te r  
a s  a  m ix tu r e .  O th e r  m e th o d s  o f  s e p a r a t i o n s  w e re  r e s o r t e d  t o .  
T h e  c r u d e  r e a c t io n  p r o d u c t  w a s  w a s h e d  w i th  p e t r o l e u m  e th e r  
( b .p .  3 0 - 6 0 ° )  t o  r e m o v e  e x c e s s  d ib r o m o a lk a n e  a n d  s e p a r a t io n  
e f fe c te d  in  th e  fo llo w in g  w a y .

T h e  p r o d u c t s  f ro m  t h e  r e a c t io n  s t a r t i n g  w i th  1 ,3 - d ib ro m o p r o -  
p a n e  a n d  1 ,4 - d ib r o m o b u ta n e  w e re  b o i le d  w i th  a q u e o u s  m e th a n o l  
a n d  2 - p ro p a n o l ,  r e s p e c t iv e ly ,  in  w h ic h  t h e  b i s ( p h th a l im id o o x y ) -  
a lk a n e s  w e re  in s o lu b le ;  t h e  ( p h th a l im id o o x y ) a lk y l  b r o m id e s  
c r y s ta l l iz e d  o n  c o o lin g  th e  a q u e o u s  a lc o h o l  s o lu t io n s .

T h e  r e a c t io n s  w h ic h  in v o lv e d  1 ,3 - d ib r o m o b u ta n e ,  1 ,5 - d ib ro -  
m o p e n ta n e  a n d  1 ,6 - d ib ro m o h e x a n e  y ie ld e d  a  m ix tu r e  o f  tw o  
p r o d u c t s  w h ic h  w e re  s e p a r a te d  b y  c h r o m a to g r a p h y  o n  a lu m in a  in  
t h e  fo llo w in g  m a n n e r .  A  b e n z e n e  s o lu t io n  c o n ta in in g  1 .5  g .  o f 
th e  m ix tu r e  w a s  p la c e d  o n  a  c o lu m n  o f  a c id - w a s h e d  a lu m in a  (3 0  
g . ;  M e rc k  R e a g e n t ) .  E lu t io n  w i th  b e n z e n e  ( in  2 0 -m l. f r a c t io n s )  
g a v e  th e  p h th a l im id o o x y  a lk y l  b r o m id e  a n d  t h e  b i s ( p h th a l im id o -  
o x y )  a lk a n e s  w e re  e lu t e d  b y  m e th y le n e  c h lo r id e .

S - [ « - ( P h th a l im id o o x y ;a lk y l ] i s o th iu r o n iu m  B r o m id e s ,  I c .—  
T h is  g e n e r a l  m e th o d  is  i l l u s t r a t e d  b y  p r e p a r a t i o n  o f  S - [ ^ - ( p h th a l 
im id o o x y  ) e th y l ] i s o th iu r o n iu m  b r o m id e ,  ( I c .  n = 2 ) .  A  s o lu t io n  
o f  ( ¡ - p h th a l im id o o x y ) e th y l  b r o m id e  ( 2 .7  g . ;  0 .0 1  m o le )  a n d  t h io 
u r e a  (1 .1  g . ;  0 .0 1 4  m o le )  in  e th a n o l  (3 0  m l . )  w a s  h e a t e d  u n d e r  
re f lu x  fo r  4 .5  h r .  T h e  r e a c t io n  m ix tu r e  w a s  c o o le d  a n d  u p o n  a d d i 
t i o n  o f  e t h e r ,  t h e  s a l t  c r y s ta l l i z e d .  P u r i f i c a t io n  p r o c e d u r e s ,  
y ie ld s ,  c o n s t a n t s ,  a n d  a n a l y t i c a l  d a t a  a r e  g iv e n  f o r  i t  a n d  th e  
h o m o lo g s  in  T a b le  I I I .  I n  o th e r  c a s e s  e q u im o la r  q u a n t i t i e s  o f 
( p h th a l im id o o x y  ) a lk y l  b r o m id e  a n d  t h i o u r e a  w e re  u s e d  a n d  th e  
t im e  o f  re f lu x  w a s  v a r ie d  f ro m  3 .5  t o  4 .5  h r .

N-Methyl-S-[3-(phthalimidooxy)ethyI]isothiuronium bromide 
w a s  o b ta in e d  w h e n  I a  (n =  2 )  ( 5 .4  g . ;  0 .0 2  m o le )  r e a c t e d  w i th  
N - m e th y l th io u r e a  ( 1 .8  g . ;  0 .0 2  m o le )  in  e t h a n o l  (5 0  m l . )  f o r  5 
h r .  a s  d e s c r ib e d  b e f o re .  T h e  r e a c t io n  m ix tu r e  w a s  c o o le d  a n d  
e t h e r  a d d e d  w h e n  a  w h i te  c r y s ta l l in e  p r o d u c t  s e p a r a te d .  I t  was 
d is s o lv e d  in  c o ld  w a te r ,  f i l t e r e d ,  a n d  t h e  s o lv e n t  r e m o v e d  in 
vacuo. T h e  r e s id u e  w a s  d is s o lv e d  in  m e th a n o l  a n d  p r e c ip i t a t e d  
w i th  e th e r ,  m .p .  1 8 3 -1 8 5 °  ( 4 .0  g . ;  5 5 % ) .

Anal. C a lc d .  f o r  C ^ H n N - O s S B r  ( 3 6 0 .2 ) :  C ,  4 0 .0 1 ;  H ,  
3 .9 1 ;  N ,  1 1 .6 7 . F o u n d :  C ,  4 0 .1 6 ;  H ,  4 .0 9 ;  N ,  1 1 .4 6 .

A  r e a c t io n  b e tw e e n  l - ( p h th a l im id o o x y ) - 3 - b r o m o b u ta n e ,  I I I ,  
(2 .9  g . ;  0 .01  m o le )  a n d  th io u r e a  ( 0 .7 6  g . ;  0 .0 1  m o le )  i n  t e t r a -  
h y d r o f u r a n  (5 0  m l . )  a t  re f lu x  f o r  4 8  h r .  d id  n o t  a f fo rd  a  c r y s ta l l in e  
h y d r o b r o m id e .  T h e  s o lv e n t  w a s  e v a p o r a t e d  in vacuo t o  y ie ld  a
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T a b l e  I I
u>,w'-B is( P h t h a l im id o ö x y)a l k a n e s , lb

n  in Yield, Solvent of M.p., Mol. formula ------------------------- A n al y sis, %------------
lb % crystallization ° c . (mol. wt.) C H N

2 2 8 H C O N ( C H 3)2 254 c 18h 12n 2o 6 C a lc d . 6 1 .3 6 3 . 4 3 7 .9 6
( 3 5 2 .3 ) F o u n d 6 1 .5 7 3 .4 6 8 .0 8

3 3 C 2H sO H 1 7 9 -1 8 1 C i 9H 14N 20 s C a lc d . 6 2 .2 9 3 .8 5 7 .6 4

( 3 6 6 .3 ) F o u n d 6 2 .3 3 4 .0 5 7 .6 7

4 18 H C O N ( C H 3)2 2 6 0 -2 6 5 c 20h 16n 2o 6 C a lc d . 6 3 .1 6 4 .2 2 7 .3 6

( 3 8 0 .3 ) F o u n d 6 3 .3 4 4 .3 7 7 .4 6

5 11 c h 3o h - c h c i 3 1 7 2 -1 7 4 C 2iH í8N 20 g C a lc d . 6 3 .9 6 4 .6 0 7 .1 0
( 3 9 4 .4 ) F o u n d 6 3 .8 9 4 .6 6 7 .2 0

6 10 c h 3o h - c h c i 3 1 7 5 -1 7 6 C 22H 20N 2O 6 C a lc d . 6 4 .6 9 4 .9 3 6 .8 6
( 4 0 8 .4 ) F o u n d 6 4 .6 3 5 .0 7 6 .9 2

R “ 3 c h 3o h - c h c i 3 1 9 0 -1 9 2 C 2oH ]6 N 206 C a lc d . 6 3 .1 6 4 .2 2 7 .3 6

( 3 8 0 .3 ) F  o u n d 6 3 .1 9 4 .4 1 7 .1 6

“ R  s t a n d s  fo r  — C H 2C H 2C H ( C H 3)- g r o u p in g .

T a b l e  I I I

S-[w-(P h th alim id o0x y )a l k y l ]iso th iu ro n iu m  B r o m id es , I c

n in Yield. Solvent of M.p., Mol. formula c—------------------------Analysis, % ---
Ic % crystallization ° c (mol. wt.) c H N

2 61 C sH 6- C H 3O H 188-189 C i ,H i2N 30 3S B r C a lc d . 3 8 .16 3.4 6 12 .14
(346.2) F o u n d 38.44 3 .7 7 12.0 6

3 58 c 6h 6- c h 3o h 182-183 C i2H i4N 30 3S B r C a lc d . 40.01 3 .9 1 11 .6 6
(360.2) F o u n d 40.09 4.09 1 1 .7 6

4 74 c 6h 6- c h 3o h 161-164 C i3H i6 N 30 3S B r C a lc d . 4 1.7 2 4.30 11 .2 3
(374.3) F o u n d 4 1.6 4 4 .54 1 1 . 1 3

5 75 h 2o 194-196 C u H 18N 30 3S B r C a lc d . 43.30 4 .6 7 10.82

(388.30) F o u n d 43.20 4.60 10.64

6 63 C H 30 H - ( C 2H 3)20 128-130 C 15H 20N 3O 3S B r C a lc d . 4 4 .77 5.0 1 10 .44

(402.3) F o u n d 44.82 5.03 10 .4 7

T a b l e  IV

S-[co-(A m in o ö x y)a l k y l ]iö o th io u rea  D ih y d r o b r o m id e s , l i e
n in Yield, Solvent of M.p , Mol. formula Analysis, % —'
lie % crystallization ° c . (mol. wt.) c H N

2 77 C 2H 3O H - (  c 2h 5 )2o 1 3 5 -1 3 7 C 3H i iN 3O S B r2 C a lc d . 1 2 .1 3 3 .7 3 1 4 .1 5
( d e c .) ( 2 9 7 .0 ) F o u n d 1 2 .2 2 3 .8 0 1 4 .1 0

3 85 C H 30 H - C H C 1 3 1 5 9-161 C 4H 13N 3O S B r2 C a lc d . 1 5 .4 4 4 .2 1 1 3 .5 1
( d e c .) ( 3 1 1 .0 ) F o u n d 1 5 .7 3 4 .3 1 1 3 .2 2

4 67 c h 3o h - c h c i 3 1 5 8 -1 5 9 C 5 H i5N 3O S B r2 C a lc d . I S .  47 4 .6 5 1 2 .9 2
( d e c .) ( 3 2 5 .0 ) F o u n d 1 8 .7 1 4 .7 6 1 2 .8 5

5 72 C H 30 H - ( C 2H 5)20 1 3 7 -1 3 9 C 6H „ N 3O S B r2 C a lc d . 2 1 .2 5 5 .0 5 1 2 .3 9
( d e c .) ( 3 3 9 .1 ) F o u n d 2 1 .3 5 5 .1 0 1 2 .5 9

6 91 C H 30 H - ( C 2H 5)20 1 4 1 -1 4 4 C 7H i9N 3O S B r2 C a lc d . 2 3 .8 1 5 .4 3 1 1 .9 0
( d e c .) ( 3 5 3 .1 ) F o u n d 2 3 .8 9 5 .6 1 1 2 .0 8

W a te r - so lu b le  g u m m y  r e s id u e  w h ic h  d id  n o t  c r y s t a l l i z e . I t  f o rm e d  
a  p i c r a t e  ( m .p .  2 3 0 - 2 3 2 ° )  w h ic h  c r y s ta l l i z e d  f r o m  a c e to n e ;  m .p .
2 3 3 - 2 3 5 ° .

Anal. C a lc d .  f o r  C u H ^ N s O io S  ( 5 2 2 .4 ) :  C ,  4 3 .6 7 ;  H ,  3 .4 7 ;  
N ,  1 6 .0 9 . F o u n d :  C ,  4 3 .9 5 ;  H ,  3 .5 7 ;  N ,  1 6 .2 8 .

S-[w-(Aminooxy)alkyl] isothiourea Dihydrobromide (lie from 
I c ) . — T h e  h y d r o ly s is  o f  I c  t o  g iv e  l i e  is  d e s c r ib e d  fo r  o n e  m e m b e r  
o f  t h e  s e r ie s ,  viz., n — 2: A  s u s p e n s io n  o f  S - [ /3 - (p h th a l im id o o x y ) -
e th y l ] i s o th iu r o n iu m  b r o m id e  (3 .8  g . ;  0 .0 1 2  m o le )  in  g la c ia l  
a c e t ic  a c id  (1 0  m l . )  a n d  4 8 %  h y d r o b r o m ic  a c id  (1 5  m l . )  w a s  
b o i le d  f o r  3 - 5  m in .  u n t i l  s o lu t io n  w a s  e f f e c te d .  O n  c o o l in g , 
p h t h a l i c  a c id  (1 .8  g . ;  9 9 % ;  m .p .  2 0 6 ° ,  m .m .p .  2 0 6 ° )  s e p a 
r a t e d  a n d  w a s  f i l te r e d  o ff. S o lv e n ts  w e re  r e m o v e d  in vacuo, 
e t h e r  a d d e d  t o  t h e  r e s id u e ,  a n d  t h e  s o l id  w a s  f i l te r e d .  R e c o 's t a l -  
l i z a t io n  s o lv e n t ,  y ie ld s ,  m e l t in g  p o in t s ,  a n d  a n a ly s e s  a r e  l i s t e d  
f o r  a l l  m e m b e r s  o f  t h e  s e r ie s  i n  T a b le  I V .

H y d r o ly s i s  o f N - m e th y l - S - [ /3 - ( p h th a l im id o o x y ) e th y l ] i s o th iu r o -  
n iu m  b r o m id e  d id  n o t  y ie ld  a  c r y s t a l l i n e  p r o d u c t .  T h e  r e s id u e  
o b ta in e d  a f t e r  e v a p o r a t in g  t h e  s o lv e n ts  in vacuo, th e r e f o r e  w a s  
d is s o lv e d  in  w a t e r  a n d  t r e a t e d  w i th  a q u e o u s  p ic r ic  a c id  w h e n  N -  
m e th y l-S - [ (3 - (a m in o o x y )e th y l]  i s o th io u r e a  d ip i c r a t e  s e p a r a te d .  
I t  w a s  c r y s ta l l i z e d  f ro m  e th a n o l ;  m .p .  2 0 4 ° .

Anal. ' C a lc d .  f o r  C 16H „ N 90 16S  ( 6 0 7 .4 ) :  C ,  3 1 .6 3 ;  H ,  2 .8 2 ;  
N ,  2 0 .7 5 .  F o u n d :  C ,  3 1 .8 0 ;  H ,  2 .9 3 ;  N ,  2 0 .6 5 .

w,w'-Bis(aminooxy)alkane Dihydrobromides, lie.—T h e  h y 
d r o ly s is  o f  w ,a > '-b is (p h th a l im id o 6 x y )a lk a n e s  w a s  c a r r ie d  o u t  a s  
h a s  b e e n  d e s c r ib e d  fo r  t h a t  o f  S - [ a > - (p h th a l im id o o x y ) a lk y l ] -  
i s o th iu r o n iu m  b r o m id e s .  P h t h a l i c  a c id  w a s  o b ta in e d  in  7 0 - 9 0 %  
y i e l d . T h e  r e s id u e  a f t e r  e v a p o r a t in g  off th e  s o lv e n ts  w e re  w a s h e d  
w i th  c h lo r o fo r m , f i l te r e d ,  a n d  c r y s ta l l i z e d  f ro m  m e t h a n o l -  
c h lo ro fo rm  u n le s s  i n d ic a te d  o th e r w is e  in  T a b le  V .

w,a/-Bis(benzamido6xy)alkanes.— T h e  d ib e n z o y l  d e r iv a t iv e s  
w e re  p r e p a r e d  f ro m  l i e  a s  s h o w n  fo r  a  t y p i c a l  e x a m p le  (n = 2 ) :  
T o  a n  a q u e o u s  s o lu t io n  o f l , 2 - b i s ( a m in o b x y ) e th a n e  d ih y d r o 
b r o m id e  ( 1 .0  g .  in  15 m l .)  w a s  a d d e d  s o d iu m  a c e t a t e  t r i h y d r a t e  
( 2 .5  g . )  a n d  b e n z o y l  c h lo r id e  ( 1 .0  m l . )  a n d  th e  m ix tu r e  s h a k e n  fo r  
0 .5  h r . ,  th e n  p o u r e d  o n to  ic e . T h e  s o lid  s o  o b t a in e d  w a s  p u r i f ie d  
a n d  i t s  y ie ld ,  m e l t in g  p o in t ,  a n d  a n a ly s e s  fo r  i t  a n d  s im i la r  
d e r iv a t iv e s  a r e  a s s e m b le d  in  T a b le  V .

l ,3 - B is ( b e n z a m id o o x y ) p r o p a n e  a n d  l ,5 - b is ( b e n z a m id o o x y ) -  
p e n t .a n e  c o u ld  n o t  b e  o b t a in e d  in  c r y s ta l l in e  fo rm  a n d  h e n c e  t h e i r  
d i- p - to lu e n e s u l fo n y l  d e r iv a t iv e s  w e re  p r e p a r e d .

w,w'-Bis(arenesulfonamido6xy)alkanes.— T h e  g e n e r a l  m e th o d  
i s  g iv e n  f o r  t h e  p r e p a r a t i o n  o f  l ,2 - b is ( p - to lu e n e s u l f o n a m id o 6 x y ) -  
e t h a n e .  p - T o lu e n e s u l fo n y l  c h lo r id e  ( 3 .2  g . )  w a s  a d d e d  s lo w ly  to  
a n  ic e -c o ld  s o lu t io n  o f  l i e  (n = 2 )  i n  p y r id in e  ( 2 .0  g . in  10 m l . ) .  
A f te r  t h e  a d d i t i o n ,  t h e  m ix tu r e  w a s  w a r m e d  fo r  10 m in .  a t  1 0 0 ° , 
th e n  p o u r e d  o n to  ic e , a n d  t h e  p r o d u c t  p u r i f ie d  ( s e e  T a b le  V ) .
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Analytical data for the diverse sulfonamides are tabulated in 
Table V.

In similar fashion, from the reaction of lie ( n  =  2) and p -  
acetamidobenzenesulfonyl chloride there was prepared 1 ,2- 
bis(p-acetamidobenzenesulfonamidooxy)ethane (see Table Y). 
Hydrolysis of the latter (8.2 g.) with 10% sodium hydroxide 
solution (50 ml.) at 100° for 1 hr., followed by acidification with 
acetic acid to pH 6.5 gave l,2-bis(p-aminobenzenesulfonami- 
dooxy)ethane also listed in Table V.

l-Aminooxy-2-bromoethane Hydrobromide.—Hydrolysis of 
la ( n  = 2) with hydrobromic acid as described above for S-[a>- 
(phthalimidooxy)alkyl]isothiuronium salts, Ic, formed the salt, 
(71% yield) m.p. 185-187° (from methanol-chloroform).

A n a l .  Calcd. for C2H7NOBr2 (220.9): C, 10.87; H, 3.19; 
N, 6.34. Found: C, 11.02; H, 3.33; N, 6.46.

Benzoylation as reported in the procedure for w,w'-bis(benz- 
amidooxy(alkanes gave 2-benzamidooxy-l-bromoethane (97%), 
m.p. 85-87° (from benzene).

A n a l .  Calcd. for CHDoNChBr (244.1): C, 44.28; H, 4.12; 
N, 5.73. Found: C, 44.24; H, 4.01; N, 5.59.

S-[2-(Benzamidooxy)ethyl]Isothiuronium Bromide.—A solu
tion of 2-(benzamidooxy)-l-bromoethane (2.44 g., 0.01 mole) 
and thiourea (0.76 g., 0.01 mole) in tetrahydrofuran was heated 
under reflux for 3 hr. The solvent was evaporated i n  v a c u o ,  
and the gummy residue triturated with anhydrous ether. The 
solid so obtained was purified by several recrystallizations 
from methanol-ether; m.p. 127-129°.

A n a l .  Calcd. for C,oHi4N30 2SBr (320.2): C, 37.51; H, 
4.40; N, 13.13. Found: C, 37.61; H, 4.54; N, 13.05.

l-(Aminooxy)-3-bromobutane Hydrobromide.—This salt was 
prepared in 40% yield by the hydrolysis of l-(phthalimidooxy)-3- 
bromobutane, III, as described for the conversion of Ic to lie. 
The salt was crystallized from methanol and ether; m.p. 121- 
124°.

A n a l .  Calcd. for CiHuNOBr* (248.9): C, 19.30; H, 4.45; 
N, 5.63. Found: C, 19.38; H, 4.59; N, 5.74.

Reduction of l-(aminooxy)-3-bromobutane Hydrobromide with 
Lithium Aluminum Hydride.—The salt (5 g.) was added gradu
ally to a stirring suspension of lithium aluminum hydride (1.4 g.) 
in anhydrous ether (300 ml.) along with a trace of aluminum 
chloride. The reaction mixture was cooled during addition and 
then heated under reflux for 3 hr. Methanol (8 ml.) in ether (8 
ml.) was added after the reaction, followed by water (40 ml.) 
and 6 N  sulfuric acid (40 ml.). The ether layer was separated, 
dried over anhydrous sodium sulfate, and distilled. The fraction 
boiling between 70-90° at 50 mm. was collected.

The infrared spectrum was identical with that of 1-butanol.
The identity was further established by heating the liquid 

(100 mg.) under reflux with 48% hydrobromic acid (5 ml.) and 
thiourea (0.5 g.) for 1.25 hr. The solvent was evaporated in  
v a c u o  and the residue treated with aqueous picric acid. The 
crystals so obtained were purified from ethanol, undepressed on 
admixture with one authentic specimen; m.p. 178-179°.

The Reaction of 1- and 2-Bromobutane with N-Hydroxyphthal- 
imide.—1-Bromobutane (6.8 g., 0.05 mole) reacted with N- 
hydroxyphthalimide (8.15 g., 0.05 mole) at 25° for 48 hr. as 
described for the preparation of la to yield N-butoxyphthalimide 
(7.0 g.; 64%), b.p. 145-151° at 0.3 mm.

A n a l .  Calcd. for Ci2Hi3N03 (219.2): C, 65.74; H, 5.97; N, 
6.38. Found: C, 65.77; H, 5.93; N, 6.65.

Under identical conditions, 2-bromobutane reacted to give a 
mixture of unchanged N-hydroxyphthalimide (2.1 g.) and N-(l- 
methylpropoxy)phthalimide (2.5 g., 23%); m.p. 50-53°
(from aqueous ethanol).

A n a l .  Calcd. for C12H13NOs (219.2): C, 65.74; H, 5.97; 
N, 6.38. Found: C, 65.95; H, 6.17; N, 6.50.

The yield of the product increased to 40% when the reaction 
mixture stood for 3 weeks.

l-(Aminooxy)butane Hydrobromide.—This was obtained in 
64% yield by hydrolyzing l-(phthalimidooxy)butane as has been 
described for the transformation of Ic to lie. The salt crystal
lized from 48% hydrobromic acid; m.p. 158°.

A n a l .  Calcd. for C4H12NOBr (170.0): N, 8.23. Found: 
N, 8.51.

The hydrochloride (m.p. 152°, lit. m.p. 155-156°8b, 152-153°®*) 
was prepared in a similar way except that the heating time was 
20 min.

(8) (a) L. Neuffer and  A. L. Hoffm an, J .  A m .  C h e m .  S o c . ,  47, 1686 (1925); 
(b) P . M am alis, J . Green, and  D. M chale, J .  C h e m . ,  S o c . ,  229 (1960).
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N - ( l - M e t h y l p r o p o x y ) p h th a l i m i d e  ( 4 .4  g . )  o n  h y d r o ly s is  w i th  
h y d r o b r o m ic  a c id  g a v e  0 .7  g . o f  a  s a l t  ( 3 1 % ) ,  m .p .  1 2 8 -1 3 0 °  
w i th  a n a ly s is  f o r  h y d r o x y la m m o n iu m  b ro m id e .

Anal. C a lc d .  fo r  N H 4O B r :  N ,  1 2 .1 5 ; H ,  3 .5 3 ;  B r ,  7 0 .1 3 . 
F o u n d :  N ,  1 2 .1 1 ; H ,  3 .8 0 ;  B r ,  7 0 .6 0 .

S o d iu m  S - [ 2 - ( P h th a l im id o o x y ) e th y l ] th io s u l f a te .— A  m ix tu re  
o f  j3 - ( p h th a l im id o ô x y )e th y l  b r o m id e  l a  (n =  2 ) ;  (2 5  g . ,  0 .0 9 2  
m o le )  a n d  s o d iu m  th io s u l f a t e  p e n t a h y d r a t e  (2 4  g .,  0 .0 9 6  m o le )

w a s  r e f lu x e d  in  5 0 %  e th a n o l  (3 0 0  m l . )  f o r  3 .5  h r .  T h e  r e a c t io n  
m ix tu r e  w a s  e v a p o r a t e d  to  d r y n e s s  a n d  t h e  r e s id u e  e x t r a c t e d  
tw ic e  w i th  b o i l in g  a b s o lu te  e th a n o l .  O n  c o o lin g  t h e  s a l t  ( 1 5  g . ,  
5 0 % )  w a s  o b ta in e d ;  m .p .  1 4 4 ° . R e c r y s t a l l i z a t i o n  f ro m  m e th a n o l  
r a is e d  t h e  m .p .  t o  1 5 3 -1 5 6 ° .

Anal. C a lc d .  f o r  C 10H 8N O „S 2N a  ( 3 2 5 .3 ) :  C ,  3 6 .9 2 ;  H ,  
2 .4 7 ;  N ,  4 .3 0 ;  S , 1 9 .7 1 ; N a ,  7 .0 6 .  F o u n d :  C ,  3 6 .7 2 ;  H ,  
3 .0 2 ;  N ,  4 .2 6 ;  S ,  1 9 .6 8 ; N a ,  6 .9 4 .

S om e C hem ical R eaction s o f  3 ,9 -D ich loro-2 ,4 ,8 ,10-tetraoxa- 
3,9-d iphosphasp iro[5 .5]undecane 3,9-D ioxide
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T h e  p r e p a r a t io n  of p u r e  3 ,9 - d ic h lo r o - 2 ,4 ,8 ,1 0 - te t r a o x a - 3 ,9 -d ip h o s p h a s p i r o [ 5 .5 ]u n d e c a n e  3 ,9 -d io x id e  a n d  i t s  
c h e m ic a l  r e a c t i v i t y  a r e  d e s c r ib e d .

Condensation products of pentaerythritol with phos- 
phqryl chloride have been described.1'2 With an ex
cess of phosphoryl chloride in the presence of pyridine 
as an acid acceptor, the open-chain structures I and II 
were obtained,1 the latter in the form of its neutral cal
cium salt. Condensation of pentaerythritol with an 
excess of more than two moles of phosphoryl chloride in 
the absence of an acid acceptor apparently led to the di
functional cyclic spiro... structure III in contaminated 
crude form. The analytical data reported for III are 
incomplete, however, and no reference is made to at
tempted purification.2

C 5H 5N
C ( C H 2O H ) 4 +  4 P 0 C 1 3 +  ---------->- C ( C H 2O P O C l2)4

(excess)
1

I ■ . o
H2O CdCOa f

I  — ^  C [ C H 2O P O ( O H ) 2]4 ---------->- 4 C a 2+ [ C ( C H 20 P 0 2)4]8"
I I

C ( C H 2O H ) 4 +  2 P O C I 3 —
.. 2 1 II 10

o — c h 2 c h 2— 0
3/  \ e , /  \  9

0 1 — P  C  P — C l +  4 H C 1
l \  /  \  / I

o  o — c h 2 c h 2— o  o4 5 7
I I I

In the present study, we have found that, for the 
preparation of pure III, a large excess of phosphoryl 
chloride has to be employed. The crude reaction prod
uct finally obtained must be subjected to treatment with 
several solvents, followed by recrystallization from gla
cial acetic acid. The compound so obtained, 3,9-di- 
chloro - 2,4,8,10 - tetraoxa - 3,9 - diphosphaspiro[5.5]- 
undecane 3,9-dioxide, melted at 233-235°, contrary to a 
previous report.2

Anhydrous dimethylformamide dissolves the phos- 
phospirane in all proportions at room temperature with 
the formation of clear and colorless solutions. On pro
longed standing the solutions remain clear, but become 
deep yellow after a few hours. Upon careful evapora
tion at reduced pressure, a yellow-brown glassy ma
terial is obtained which possesses the properties of a

(1) V. B ellavita and  O. T iberi, R i c e r c a  s c i . ,  1952, 69.
(2) R. C haronnat, J. Y. .Harispe, M. H arispe, O. Efim ovsky, and  M. L.

Chevillard, A n n .  p h a r m .  f r a n c } ,  10, 666 (1951).

salt. Structure IV is assigned to this product, which 
resembles the structure of the so-called Vilsmeier-Haak 
adducts, since it is soluble in water and contains ionic 
chlorine.

Such adducts with dimethylformamide are known 
for highly reactive phosphorus halides, such as 
phosphoryl chloride3 and dialkyl phosphorochloridates.4 
The structural formula IV is also supported by the 
presence of a strong absorption band at approximately
6.0 p, in its infrared spectrum, indicative of the presence 
of C =N  groups, and the presence of a group of absorp
tions characteristic of the phosphospirane structure ap
pearing at 10.85-14.60 p (cf. tables of infrared spectra).

A surprising result was obtained when the yellowish 
solutions of III in dimethylformamide were refluxed in 
the presence of equimolar amounts of aliphatic com
pounds containing hydroxyl groups, such as ethylene 
glycol, 1,4-butanediol, 1,4-hydroxymethylcyclohexane, 
and 1-octanol. A quantitative amount of the well crys
tallized acidic dimethylammonium salt (V) separated 
from the solution after a short heating period. I t ii 
apparent that the dimethylammonium cation must have 
been formed by cleavage of the amide. The relation
ship of this salt to the hitherto unknown free acid, 3,9- 
dihydroxy - 2,4,8,10 - tetraoxa - 3,9 - diphosphaspirc-
[5.5]undecane 3,9-dioxide (VI), was demonstrated con
vincingly by titration of an authentic sample, obtained 
by direct hydrolysis of III in water at 90°, with one mole 
of dimethylamine. This titration resulted in a crystal
line material, m.p. 263°, identical in all respects with V.

The unexpected reaction of solutions of III in dimeth
ylformamide with aliphatic alcohols will be discussed in 
detail for the case of 1,4-butanediol. In the absence of 
solvent, III was converted by the diol into VI. Con
siderable amounts of tetrahydrofuran, 1,4-dichloro- 
butane, and 4-chlorobutanol were detected in this reac
tion. Scheme 1 describes in detail the fate of the phos
phorus-containing component in the course of this reac
tion.

Identification of the diacid VI obtained by the three 
different routes indicated was made by titration, analy
sis, and infrared spectrum. The titration curve of VI

(3) H. Bredereck, R. G orapper, K. K lem m , and  H . Rem pfer, B e r . ,  92, 
837 (1959).

(4) F. C ram er an d  M . W inter, i b i d . ,  989 (1961).
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0 — C H 2 C H ,— 0

( C H 3)2N = C H — O —V V O — C H = N ( C H 3),
l \  /  \  / \

o  o — c h 2 c h 2— 0  o

I V

indicates the presence of two strongly acidic hydrogen 
atoms, both of equal strength. The infrared spectrum 
shows the broad and shallow P-OH absorption at 
2700-2560 cm.-1, typical of hydroxyl groups attached 
to phosphorus5 (other principal absorptions are listed in 
Table I). The diacid VI is best prepared from the 
easily accessible V by ion exchange, since the direct hy
drolysis of III produces this compound only in moder
ate yield. The identity of all samples of VI was proved 
by mixture melting points and comparison of their in
frared spectra.

hydrofuran arid water, b.p. 68°. Two other 
liquid products, isolated from the reaction 
mixture by distillation at reduced pressure, 
were identified as 1,4-dichlorobutane and as
4-chlorobutanol, also by vapor phase chro
matography.

The formation of tetrahydrofuran and water during 
the reaction of III with 1,4-butanediol can be easily 
explained by cyclization of the 1,4-diol under the in
fluence of VI, the latter forming during the same reac
tion. It could be demonstrated that only small 
amounts of VI were sufficient for the conversion Of large 
amounts of the diol, and that therefore VI is an excellent 
catalyst for the intramolecular etherification of 1,4-bu
tanediol. Upon heating a sample of pure VI in a large 
excess of 1,4-butanediol for only a short period and sub
sequent cooling to room temperature, white leaflets of

V

(HOCH2CH2)2 
or H 20

1 mole(CH3)2NH 
Anhydrous
HCON(CH3)2 
a t  150°

o - c h 2 C H 2 - 0  
/  \  /  \

H O - P  C  P - O H
/ \  / \  /  \

O  0 - C H 2 c h 2— o  0

V I

m .p . 2 6 2 -2 6 3 °  
y  ie ld  97 .4 %

V I I ,  m .p .  2 1 4 - 2 1 5 °  
S c h e m e  1

T a b l e  I

I n f r a r e d  S p e c t r u m  o f  C o m p o u n d  I I I

Assignm ent 

C H  s t r e t c h in g  
C H 2 d e f o rm a t io n  
C H 2 v ib r a t io n

N o t  a s s ig n e d  

P - > 0

N o t  a s s ig n e d

C — O — P  s t r e t c h in g  v ib r a t io n  
N o t  a s s ig n e d ;  p r e s e n t  in  a ll  c o m 

p o u n d s  c o n ta in in g  t h e  2 ,4 ,8 ,1 0 -  
t e t r a o x a - 3 ,9 - d ip h o s p h a s p i r o -
[5 .5] u n d e c a n e  u n i t

The equations given show the conversion of III dur
ing the reaction with 1,4-butanediol, but not the fate of 
the latter. By running the reaction with or without di
me thylformamide as a solvent, a low-boiling mobile 
liquid product was separated and identified by vapor 
phase chromatography as the 20 to 1 azeotrope of tetra-

(5) L. J . Bellamy, “ The In fra red  Spectra of Complex M olecules,” John  
Wiley and  Sons, Inc., New Y ork, N . Y., 1954, pp . 259, 262.

Absorption 
peaks, p

3 . 5  
6 .7 5  
6 .8 5  

i7 .2 0  
( 7 .3 0  
7 .7 0  
’8 .0 5  
8 .4 0  

[ 8 .7 0  
[ 9 .3 5  
9 .8 0  

1 0 .8 5  
1 1 .7 5  

‘ 1 2 .9 0  
1 4 .6 0

the empirical formula C9H20P2O10 separated.; This 
empirical formula is in agreement with a 1:1 complex of 
VI and 1,4-butanediol. The infrared spectrum (Table
II) of this compound shows distinct OH-absorption, but 
the OH-band is shifted to a higher wave length, indica
tive of hydrogen-bonded hydroxyl groups. Whereas in 
the free diacid VI, the P -*■ O absorption appears in a 
region typical qf nonhydrogen-bonded phosphoryl com
pounds (7.9 m)j,this absorption is shifted to 8.2 fj, in the 
adduct, a phenomenon usually observed on hydrogen- 
bonded P -*■ O groups.6'7

Scheme 2 (p. 1610) shows the formation, tentative 
structures, and thermal behavior of the adduct (VIII) 
of 1,4-butane.didl and VI. Alternatively, only one hy
droxyl of 1,4-butanediol might be involved in the 
hydrogen-bonded complex (Villa).

Nuclear magnetic resonance P 81 measurements con
ducted on VIII in orthophosphoric acid solution indi
cated the presence of only one type of phosphorus-atom 
bonding. In addition, the complete chemical inertness 
toward phenyl isocyanate supports structure VIII over 
Villa. Upon heating of VIII at 125°, dissociation into 
the free diacid VI, m.p, 314°, and a mixture of tetrahy-

(6) L. F . ^ .udrieth and  R„ S teinm ann, J .  A m .  C h e m .  S o c . ,  63, 2115
(1941). " ;

(7) K . N iedenzu and  J .  W. Dawson, A n g e w .  C h e m . ,  72, 920 (1960).
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T a b l e  I I

I n f r a r e d  S p e c t r a

A ssignm ent

O H , h y d r o g e n -b o n d e d  
P -  O H

N o t  a s s ig n e d

C H 2 d e f o rm a t io n  
N o t  a s s ig n e d
P  —>• O , n o t  h y d r o g e n -b o n d e d  
P  —* O , h y d r o g e n -b o n d e d

N o t  a s s ig n e d

C — O — P  s t r e t c h in g  
C — O — P  s t r e tc h in g  
O H  d e f o rm a t io n
N o t  a s s ig n e d ;  p r e s e n t  in  a l l  c o m 

p o u n d s  c o n ta in in g  t h e  2 ,4 ,8 ,1 0 -  
te t r a o x a - 3 ,9 - d ip h o s p h a s p i r o -
[5 .5] u n d e c a n e  u n i t

-—Absorption 
Compound 

VI

3 . 5 - 4 . 0  
f 5 .6 0  
( 6 .7 5  

6 .8 0  
7 .4 0  
7 .8 5

9 .7 0
9 .9 0

peaks, fj.—- 
Compound 

V III

3 .1 5  
3 . 5 - 4 . 0

6 .7 5
6 .8 0
7 .3 0

9 .7 0

under the influence of hydrogen chloride to yield VI and 
the 4-hydroxybutyl carbonium ion which can either 
cyclize to tetrahydrofuran or form the chlorinated prod
ucts by reaction with hydrogen chloride. From the 
work reported here and from analogous reactions of 
other alcohols (among them some which form phos
phorus esters with difficulty or not at all),9 we believe 
that in dimethylformamide solution a Vilsmeier-Haak 
adduct such as IV or IX forms initially and reacts fur
ther as indicated in equations 1-4.
I l l  +  H C O N ( C H 3)2 -— >

C l -  (1 )

8 .3 5
O . AU
8 .3 2 r  O — C H ,  C H , -

/  \  /
O

\
8 .4 3 C l— P  0 \01P. H = N ( C H 3)2

8 .7 5 8 .7 1 1 \  /  \ / I
9 .3 5 9 .3 0 O  O — C H . C H , - - 0  o __

I X

10.35
0 — C H . C H ,- - O

11.00 11.03
/  \  / \11.77 11.78 — P  C h0

‘ 1 0 1

12.75 12.88 i \  /  \ / I
14.50 14.50 O  O — C H . C H r - O  0  J

+

160°
V I  +  ( C H 2C H 2O H ) 2 — > t e t r a h y d r o f u r a n

j  125°

O c h 2 c h . — 0
160° / \  / \

----------------- >  H O — P c p — <
then cooled /  \ / I

0  0 — c h 2 c h . O  0

Ê O — c h 2— c h ,— c h 2— C H 2— O È
V I I I

C o lo r le s s  le a f le ts

O — C H 2 C H 2— O
/  \  /  \

H O — P  C  P — O H
J \  /  \  / I

o  o — c h ,  c h ,— o  o  h o — c h 2
i I
! C H ,
: I

V i l l a  H O — C H 2 C H ,

[ ( C H ,) 2N = C H C 1 ] + C 1 -  (2 )  
X I

X I  +  H O C H 2C H ,C H 2C H 2O H  —
( H O ) 2C H — N ( C H 3)< +  C 1 C H 2C H 2C H ,C H ,C 1  (3 )

'------->  H C O N ( C H 3)2 +  h 2o

V I  +  H C 0 N ( C H 3)2 — V  +  C O  (4 )

Equation 1 indicates the formation of the Vilsmeier- 
Haak semi-adduct IX. Its decomposition into a poly
meric phosphate with anhydride P-O-P bonds (X) 
and the amide chloride (XI) is indicated by equation 2. 
This reaction is analogous to the behavior of the reac
tion product (XII) of dimethylformamide and phosgene 
which decomposes easily to the amide chloride XI and 
carbon dioxide.10

H C O N ( C H 3)2 +  C O C 1 ,— ^  [ ( C H 3)2N = C H 0 C 0 C 1 ] + C 1 -
X I I

100°
V I I I  +  H C O N ( C H 3)2 ---------------V , m .p . 2 6 2 -2 6 3 °

A nhydrous
conditions

S c h e m e  2

drofuran and 1,4-butanediol was observed. The latter 
could be easily detected by reaction with phenyl isocya
nate, resulting in the formation of the bis(N-phenyl- 
urethane) of 1,4-butanediol, m.p. 183°. I t is 
furthermore of interest that the addition product 
VIII yielded on heating in anhydrous dimethylforma
mide at 100° compound V in a very high yield. Since 
the dimethylammonium cation in V must be derived 
from the amide, the adduct VIII has a similar ability to 
cleave anhydrous dimethylformamide, as observed on
VI. Compound VIII might rearrange to V illa  at 
elevated temperature and the latter might then act as 
the intermediate necessary to from tetrahydrofuran 
during heating of VI with excess 1,4-butanediol.

The formation of VI, tetrahydrofuran, 1,4-dichloro- 
butane, and 4-chlorobutanol by direct interaction of III 
and 1,4-butanediol can be explained as an attack on 
phosphorus by the alcohol,8 with the formation of the 
bis (4-hydroxybutyl) estef, followed by dealkylation

(8) W . Gerrard» W* J . Greeni and  R : A; N utkinsj J .  C h e w .  #oc;* 4076 
(1052);

Amide chlorides of type XI are known to act as 
powerful chlorinating agents toward aliphatic hydroxyl 
groups, forming the amide and water (equation 3). 
The formation of water is essential to the hydrolytic 
cleavage of the polymer X to the diacid VI. I t was 
demonstrated in an independent experiment that VI 
is able to cleave dimethylformamide, forming the acidic 
dimethylammonium salt (V) and carbon monoxide.

The chlorination of the aliphatic hydroxyl groups by 
the amide chloride XI, as indicated in the over-all equa
tion 3, proceeds via an arnido ester chloride X III ac
cording to equation 3a.
X I  +  H O C H 2C H 2C H 2C H 2O H  — ^

[ ( C H 3)2N H — C H C 1 0 C H 2C H 2C H 2C H ,0 H ]  + C 1 - ( 3 a )  
X I I I

X III and the symmetrical analog, [(CH3)2NH—CHC1—
O—CH2CFI2-]22+ 2C1~, are extremely unstable com
pounds which undergo cleavage on warming, yielding 
the chlorinated hydrocarbon and dimethylformamide. 
The latter presumably arises through loss of hydrogen 
chloride by the intermediate formyl dimethylammo
nium chloride.

(9) U npublished work done in th is laborato ry .
(10) H . Elingsfeld, M» Seefelder and  H . W eidinger, A n g e w ; G h e m i j  7 2 j  

836 (I960).
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Experimental
3,9-Dichloro-2,4,8,10-tetraoxa-3,9-diphosph a s p i r e  [5.5 [unde

cane 3,9-D'oxide (III).— P e n t a e r y t h r i t o l ,  2 7 2 .3  g . ( 2 .0  m o le s ;  
E a s t m a n  W h i t e  L a b e l ) ,  a n d  66 0  g . o f  f r e s h ly  d i s t i l l e d  p h o s p h o r v l  
c h lo r id e  ( 4 .3  m o le s )  w e re  p la c e d  in  a  3 -1 . r o u n d - b o t to m  f la sk  
u n d e r  r e f lu x , p r o t e c t e d  f ro m  a tm o s p h e r ic  m o is tu r e .  T h e  m ix tu r e  
w a s  h e a t e d  f o r  2 h r .  a t  9 0 ° ,  a n d  h e ld  fo r  20  h r .  a t  1 0 0 °  u n t i l  e v o lu 
t i o n  o f  h y d r o g e n  c h lo r id e  h a d  c e a s e d  a n d  t h e  m ix tu r e  w a s  a  
c o lo r le s s  h a r d  c a k e .  T h e  p r o d u c t  w a s  c r u s h e d  a n d  r e t u r n e d  to  
t h e  f la s k , d is p e rs e d  b y  a d d i t i o n  o f  5 0 0  g .  o f  p h o s p h o r y l  c h lo r id e ,  
a n d  r e f lu x e d  f o r  2  h r .  T h e  v ig o ro u s  e v o lu t io n  o f  g a s  w h ic h  in i 
t i a l l y  o c c u r r e d  h a d  c e a s e d  e n t i r e ly  a f t e r  t h e  2 - h r .  p e r io d .  M o s t  
o f t h e  ex ce ss  p h o s p h o r y l  c h lo r id e  w a s  r e c o v e r e d  b y  d e c a n ta t i o n ;  
t h e  r e s t ,  b y  h e a t in g  to  1 2 0 °  a t  10 m m . T h e  c r u d e  s o l id  w a s  
w a s h e d  f o u r  t im e s  w i th  2 0 0 -m l. p o r t io n s  o f  c a r b o n  t e t r a c h lo r id e .  
B e fo re  t h e  l a s t  w a s h in g , t h e  p r o d u c t  w a s  c o l le c te d  o n  a  B u c h n e r  
fu n n e l ,  d r ie d  i n  a i r ,  a n d  c r u s h e d  t o  a  f in e  p o w d e r .  I n  o r d e r  to  
r e m o v e  a  s m a ll  a m o u n t  o f  g r e a s y  b y - p r o d u c t ,  o n e  w a s h in g  w i th  
4 5 0  m l .  o f  c o ld  a b s o lu te  e th a n o l  w a s  n e c e s s a ry ,  fo l lo w e d  b y  r in s 
in g  w i th  e th e r .  T h e  p r o d u c t ,  a  c o lo r le s s  p o w d e r ,  m .p .  2 2 9 - 2 3 2 °  
( F i s h e r - J o h n s  b lo c k ) ,  w a s  o b ta in e d  in  8 0 %  y ie ld ,  4 7 8  g .  T h e  
m a te r i a l  w a s  r e c r y s ta l l i z e d  f ro m  g la c ia l  a c e t ic  a c id  a s  f in e  n e e d le s .  
T h e  m e l t in g  p o in t  o f t h e  d ic h lo r id e  d e p e n d e d  o n  t h e  r a t e  o f 
h e a t in g .  I n  o r d e r  t o  o b t a in  r e p r o d u c ib le  m e l t in g  p o in t s ,  a  r a t e  
o f  6 °  a  m in u te  w a s  a p p l i e d .  A f te r  t h e  t h i r d  r e c r y s t a l l i z a t i o n ,  t h e  
m e l t in g  p o i n t  w a s  d e te r m in e d  a s  2 3 3 - 2 3 5 ° ,  w i th  n o  f u r t h e r  i n 
c re a s e .

Anal. C a lc d .  f o r  C 6H 8C120 6P 2: C , 2 0 .2 2 ;  H ,  2 .7 2 ;  C l ,  2 3 .8 8 ; 
P ,  2 0 .8 6 . F o u n d :  C ,  2 0 .2 3 , 2 0 .3 5 ;  H ,  2 .9 9 , 3 .2 8 ;  C l ,  2 3 .9 2 ; 
P ,  2 0 .9 0 , 2 1 .0 0 .

Vilsmeier-Haak Type of Adduct from III and Dimethylform- 
amide.— O n e  g r a m  o f  I I I  w a s  d is s o lv e d  in  10 m l .  o f  a n h y d r o u s  d i-  
m e th y l f o r m a m id e  ( D M F ) .  T h e  s o lu t io n  d e v e lo p e d  a  y e l lo w  
c o lo r  o n  s t a n d in g  fo r  s e v e ra l  h o u r s  a t  ro o m  t e m p e r a t u r e  o r  u p o n  
h e a t in g  a t  1 0 0 °  f o r  5 m i n . ,  b u t  n o  s e p a r a t i o n  o c c u r r e d .  T h e  m ix 
t u r e  w a s  r e f lu x e d  f o r  2 0  m in .  a n d  a l lo w e d  t o  s t a n d  a t  ro o m  t e m 
p e r a tu r e .  E x c e s s  s o lv e n t  w a s  d i s t i l l e d  a f t e r  3 d a y s ,  le a v in g  1 .2  
g . o f a  y e l lo w - o ra n g e  g la s s  w h ic h  w a s  s u b je c te d  to  s e v e ra l  e th e r  
w a s h in g s . N o  r e c r y s t a l l i z a t i o n  w a s  p o s s ib le .  T h e  m a te r i a l  
c o n ta in e d  n i t r o g e n ,  c h lo r in e , a n d  t h e  p h o s p h o s p i r a n e  s t r u c t u r e .  
I t  p o ss e s se d  3 a l t - l ik e  p r o p e r t i e s ,  s u c h  a s  w a te r  s o lu b i l i ty ,  s i lv e r  
c h lo r id e  p r e c ip i t a t i o n  u p o n  a d d i t i o n  o f  s i lv e r  io n  to  t h e  a q u e o u s  
s o lu t io n ,  a n d  h y d r o g e n  c h lo r id e  e v o lu t io n  if  b r o u g h t  in  c o n ta c t  
w i th  c o ld  c o n c e n t r a t e d  s u lf u r ic  a c id .  T h e  p o s s ib i l i ty  o f  a  d i-  
m e th y la m in e  s a l t  is  e x c lu d e d , s in c e  b o t h  o f  t h e  p o s s ib le  s a l t s  
w i th  d im e th y la m in e  w e re  p r e p a r e d ,  a n d  t h e y  a r e  in s o lu b le  in  
d im e th y l f o r m a m id e .  S t r o n g  in f r a r e d  a b s o r p t io n  a t  6 .0  n s u p 
p o r t e d  s t r u c t u r e  I V .

3,9-Dihy droxy-2,4,8,10-tetraoxa-3, 9-diphosphaspiro [5.5 ] und e- 
cane 3,9-Dioxide Monodimethylammonium Salt (V).— N in e te e n  
g ra m s  o f  c r u d e  I I I  ( 0 .0 6 4  m o le )  w a s  d is s o lv e d  in  150  m l .  o f  tw ic e -  
d i s t i l l e d  a n h y d r o u s  d im e th y l f o r m a m id e  ( b .p .  1 5 2 - 1 5 4 ° ,  7 5 0  m m .)  
a n d  5 .7 5  g . 1 ,4 - b u ta n e d io l  ( 0 .0 6 4  m o le )  w a s  a d d e d  in  o n e  p o r t io n .  
T h e  m ix tu r e  w a s  r e f lu x e d  f o r  4 0  m i n . ;  o n  c o o l in g  t o  ro o m  t e m 
p e r a tu r e ,  1 7 .5  g .  o f V  p r e c ip i t a t e d  a n d  a n  a d d i t i o n a l  1 .5  g .  w a s  
re c o v e re d  f ro m  t h e  f i l t r a t e  a f t e r  s e v e r a l  d a y s ’ s t a n d in g ,  a m o u n t 
in g  to  1 9 .0  g .  ( 9 7 .4 %  y ie ld ) ,  m .p .  2 6 6 ° ,  a f t e r  r e c r y s ta l l i z a t io n  
f ro m  1 ,4 - b u ta n e d io l  ( t h e  s o lv e n t  s h o u ld  n o t  b e  h e a t e d  a b o v e  130° 
o r  s lo w  e v o lu t io n  o f  d im e th y la m in e  o c c u r s ) .

Anal. C a lc d .  f o r  C ,H 19N 0 8P 2: C ,  2 7 .3 7 ;  H ,  6 .2 3 ; N ,  4 .5 6 ;  
P ,  2 0 .1 7 . F o u n d :  0 , 2 7 . 5 8 , 2 8 . 1 8 ;  H ,  5 .7 1 , 5 .8 5 ;  N ,  4 .5 0 ,  4 .7 0 ;  
P , 2 0 .1 0 .

F r o m  t h e  d im e th y l f o r m a m id e  f i l t r a t e ,  2 .4  g .  o f  m o b i le  l iq u id  
w a s  r e c o v e r e d ,  b . p .  6 6 ° ,  7 5 0  m m . ;  i t  w a s  id e n t i f ie d  b y  v a p o r  
p h a s e  c h r o m a to g r a p h y  a s  a  t e t r a h y d r o f u r a n - w a te r  m ix tu r e .

I l l  ( 5 .9 4  g . ,  0 .0 2  m o le )  w a s  d is s o lv e d  in  15 0  m l .  o f  tw ic e -  
d i s t i l l e d  a n h y d r o u s  d im e th y l f o r m a m id e  a n d  2 .8 8  g .  o f  1 ,4 -b is -  
( h y d r o x y m e th y l) c y c lo h e x a n e  ( 0 .0 2  m o le )  w a s  a d d e d  t o  t h i s  s o lu 
t i o n  w i t h  s h a k in g  u n t i l  a  c le a r  a n d  c o lo r le s s  m ix tu r e  r e s u l te d .  
A f te r  15  m in .  o f  re f lu x in g , 6 .0  g .  o f  a  c r y s t a l l i n e  w h i te  s o l id  
s e p a r a te d ,  w a s  f i l t e r e d ,  a n d  w a s h e d  tw ic e  w i th  a c e to n e .  I t  
m e l te d  a t  2 6 4 - 2 6 6 ° ,  g a v e  n o  m e l t i n g  p o in t  d e p r e s s io n  w i th  t h e  
p r o d u c t  f i r s t  o b t a in e d ,  a n d  w a s  e v id e n t ly  V  ( 9 8 .4 %  y ie ld ) .  
D im e th y l f o r m a m id e  in  t h e  f i l t r a t e  w a s  r e m o v e d  b y  d i s t i l l a t i o n  
a t  5 m m . ( o i l - b a th  t e m p e r a t u r e  f in a l ly  1 3 0 ° ) .  A  y e l lo w is h  o il, 
to g e th e r  w i th  a  m in o r  a m o u n t  o f  s o l id  m a te r i a l ,  r e m a in e d .  
E th e r  d is s o lv e d  t h e  o i l  a n d  le f t  t h e  s o l id .  A f te r  r e m o v a l  o f  t h e  
e th e r ,  t h e  o il  w a s  s u b je c t e d  t o  v a c u u m  d i s t i l l a t i o n ;  b . p .  8 4 -  
8 5 °  (0 .0 8  m m .) ,  C h lo r in e  a n a ly s i s ,  v a p o r  p h a s e  c h r o m a to g r a p h y ,

a n d  t h e  a b i l i t y  o f  t h e  o il  t o  d e c o lo r iz e  b r o m in e  in  c a r b o n  t e t r a 
c h lo r id e  s o lu t io n  i n d i c a t e d  t h a t  i t  c o n s is te d  o f a  m ix tu r e  o f  1 ,4 -  
b i s ( c h lo r o m e th y l) c y c lo h e x a n e  a n d  1 - v in y l- 4 - c h lo ro m e th y lc y c lo -  
h e x a n e .  I n  a d d i t i o n ,  t h e  i n f r a r e d  s p e c t r u m  d id  n o t  s h o w  a n y  
O H - a b s o r p t io n  b u t  i n d ic a te d  u n s a t u r a t i o n .

Interaction of III and 1,4-Butanediol in the Absence of Di
methylformamide.— I I I  ( 1 7 .8 2  g . ,  0 .0 6 0  m o le )  w a s  p la c e d  in  a  
1 0 0 -m l. r o u n d - b o t to m  f la s k  a n d  m ix e d  t h o r o u g h ly  w i t h  5 .4  g .  of
1 ,4 - b u ta n e d io l  ( 0 .0 6  m o le ) .  T h e  jo i n t  o f  t h e  f la s k  w a s  c o n n e c te d  
via a n  a d a p t e r  t o  a  5 0 -m l. r e c e iv e r .  T h e  s y s te m  w a s  p u r g e d  w i th  
d r y  n i t r o g e n .  T h e  m ix tu r e  w a s  h e a t e d  t o  1 1 0 ° , w h e r e u p o n  r e a c 
t i o n  o c c u r r e d ,  w i th  h y d r o g e n  c h lo r id e  e l im in a t io n ;  in  t h e  ic e -  
c o o le d  r e c e iv e r ,  2 g .  o f a  c o lo r le s s  m o b i le  l iq u id  ( r i25D 1 .4 1 4 0 ) 
c o l le c te d ,  id e n t i f ie d  a s  a  m ix tu r e  o f t e t r a h y d r o f u r a n  a n d  w a te r  
b y  g a s  p h a s e  c h r o m a to g r a p h y .  A f te r  1 h r .  a t  1 1 0 ° , t h e  t e m p e r a 
t u r e  w a s  r a is e d  t o  1 4 5 °  f o r  3  h r .  A p p l ic a t io n  o f a  1 4 -m m . p r e s s u re  
a t  1 4 5 °  c a u s e d  f a s t  d i s t i l l a t i o n  o f  1 g .  o f  a n  a lm o s t  c o lo r le s s  o il 
a n d  f o r m a t io n  o f r e s id u a l  g r a y  p o w d e r y  m a t e r i a l  ( 1 6 .5  g . ) .  B y  
v a p o r  p h a s e  c h r o m a to g r a p h y  a n d  in f r a r e d  a n a ly s i s ,  t h e  o i l  w a s  
f o u n d  t o  b e  a  m ix tu r e  o f 8 5 %  1 ,4 - b u ta n e d io l  a n d  1 5 %  4 -c h lo ro -  
b u t a n o l .  T h e  s o l id  r e s id u e ,  e x t r a c t e d  w i t h  h o t  e th a n o l ,  g a v e  
a b o u t  9  g .  o f  a n  in s o lu b le  c o lo r le s s  s o l id  m ix tu r e .  T h is  m ix tu r e  
w a s  s e p a r a te d  b y  t r e a t m e n t  w i th  50  m l .  o f  c o ld  w a te r ,  r e s u l t in g  
in  4 .5  g .  o f w a te r - in s o lu b le  u n r e a c t e d  I I I  a n d  4 .4  g .  p u r e  V I ,  t h e  
l a t t e r  b e in g  o b ta in e d  b y  e v a p o r a t io n  o f t h e  w a te r  a t  ro o m  t e m 
p e r a t u r e .  A n  a d d i t i o n a l  c ro p  o f 3 .8  g . o f V I  w a s  o b ta in e d  b y  
e v a p o r a t io n  o f  t h e  e th a n o l  e x t r a c t  t o  d r y n e s s  a n d  t r e a t m e n t  of 
t h e  r e s id u e  w i th  30  m l .  o f a c e to n e ,  w h ic h  d is s o lv e d  t h e  h y g r o 
sc o p ic  b r o w n  g la s s .  T h e  c o m b in e d  f r a c t io n s  o f V I  w e ig h e d  8 .3  g . 
( 5 3 .2 %  y ie ld ,  7 1 %  c o n v e r s io n ) ,  p y r a m id a l  c r y s t a l s ,  a f t e r  r e 
c r y s t a l l i z a t i o n  f ro m  g la c ia l  a c e t ic  a c id ,  m .p .  3 0 6 - 3 0 7 ° .  M ix tu r e  
m e l t in g  p o i n t  w i th  a n  a u t h e n t i c  s a m p le  o f  V I  g a v e  n o  d e p re s s io n .

Reaction of III and l,4-Bis(hydroxymethyl)cyclohexane.— An 
a p p a r a t u s  s im i la r  t o  t h a t  j u s t  d e s c r ib e d  w a s  c h a r g e d  w i t h  5 .9 4  g . 
o f  I I I  ( 0 .0 2 0  m o le )  a n d  2 .8 8  g .  o f  l ,4 - b is ( h y d r o x y m e th y I ) c y c lo -  
h e x a n e .  T h e  r e a c t io n  s t a r t e d  s m o o th ly  a t  1 5 0 ° , t h u s  m a k in g  i t  
p o s s ib le  t o  r a is e  t h e  t e m p e r a t u r e  g r a d u a l ly  t o  1 9 5 °  w h e re  i t  w as  
k e p t  f o r  5  h r .  A d d i t io n a l  3 - h r .  h e a t in g  a t  1 7 5 °  a t  0 .1  m m . g a v e  
n o  d i s t i l l a t e ,  o n ly  a  c r y s ta l l in e  s o l id .  S e p a r a t i o n  w a s  a c h ie v e d  
b y  tw o  e x t r a c t io n s  w i th  2 0 -m l. p o r t io n s  o f  c o ld  a c e to n e ,  w h ic h  
le f t  5 .5  g .  o f  s o l id  u n d is s o lv e d .  T h e  s o l id  r e s id u e  w a s  c o m p o s e d  
c h ie f ly  o f V I  b u t  a d m ix e d  w i th  a  m in u te  a m o u n t  o f  a  p o ly m e r ic  
m a te r i a l .  U p o n  t r e a t m e n t  w i t h  c o ld  w a te r ,  V I  d is s o lv e d  c o m 
p le te ly ,  b u t  t h e  p o ly m e r  ( m .p .  2 6 5 - 2 7 5 ° )  d id  n o t .  E v a p o r a t io n  
o f  t h e  a q u e o u s  s o lu t io n  a n d  r e c r y s ta l l i z a t io n  f r o m  g la c ia l  a c e t ic  
a c id  y ie ld e d  p r i s m a t ic  c r y s ta l s ,  m . p .  3 0 6 ° ;  a  m ix tu r e  m e l t in g  
p o i n t  t a k e n  w i th  a u th e n t i c  V I  s h o w e d  n o  d e p r e s s io n .

A f te r  r e m o v a l  o f  t h e  s o lv e n t  f ro m  t h e  a c e to n e  e x t r a c t ,  a  c h lo 
r in e -c o n ta in in g  y e l lo w  o il  r e m a in e d .  F r a c t i o n a l  d i s t i l l a t i o n  g a v e
1 .5  g .  o f  a  c o lo r le s s  l i q u id  f r a c t i o n ,  b . p .  8 2 - 8 4 °  ( 0 .0 8  m m .) ,  n 16D
l .  4 9 6 3 . T h e  r e s e m b la n c e  t o  t h e  i n f r a r e d  s p e c t r u m  o f t h e  o il 
o b t a in e d  f ro m  I I I  a n d  l ,4 - b is ( h y d r o x y m e th y l ) c y c lo h e x a n e  in  
d im e th y l f o r m a m id e  s u g g e s te d  t h e  f o r m a t io n  o f  a  s im i la r  p r o d u c t  
in  t h i s  e x p e r im e n t ,  t h o u g h  d im e th y l f o r m a m id e  w a s  a b s e n t .

3,9-Dihydroxy-2,4,8,10-tetraoxa-3,9-diphosphaspiro [5.5]un- 
decane 3,9-dioxide (VI). a. By Hydrolysis of III.— A  s a m p le  o f
3 .4  g . o f  I I I  w a s  s u s p e n d e d  in  3 0  m l .  o f  d i s t i l l e d  w a te r  a n d  t h e  s u s 
p e n s io n  h e a te d  w i t h  a g i t a t i o n  a t  9 0 °  f o r  15  m in .  D u r in g  th i s  
p e r io d ,  m o s t  o f  t h e  m a t e r i a l  w e n t  i n to  s o lu t io n  w i th  s t r o n g ly  
a c id ic  r e a c t io n .  E v a p o r a t io n  t o  d r y n e s s  o f  t h e  f i l te r e d  s o lu t io n  
a t  r o o m  t e m p e r a tu r e  g a v e  a  c r y s t a l l i n e  r e s id u e  w h ic h  w a s  t r e a t e d  
f i r s t  w i th  c o ld  a b s o lu te  e th a n o l ,  fo l lo w e d  b y  o n e  a c e to n e  w a s h in g . 
T h e  s o lv e n t  t r e a t m e n t  r e s u l te d  i n  1 .7  g .  o f  c r y s t a l s  ( 5 7 %  y ie ld ) ,
m .  p .  3 1 4 °  a f t e r  o n e  r e c r y s t a l l i z a t i o n  f ro m  g la c ia l  a c e t ic  a c id .

Anal. C a lc d .  f o r  C 6H 10O 8P 2: P ,  2 3 .8 2 % . F o u n d :  P ,  2 3 .3 % ,.
b .  From V and Dowex Exchange Resin.— C r u d e  V  ( 2 .2  g .)  

w a s  d is s o lv e d  in  25  m l .  o f  d i s t i l l e d  w a te r  a n d  t h e  s o lu t io n  p o u r e d  
o v e r  a  D o w e x -5 0 -W -X -8  c o lu m n , h a v in g  a  c a p a c ity ' o f  1 .7  m e q . / -  
m l .  w e t  r e s in .

T h e  s o lu t io n  o b ta in e d  w a s  e v a p o r a t e d  a t  r o o m  te m p e r a tu r e ,  
r e s u l t in g  in  1 .9  g .  o f  V I ,  m .p .  2 8 7 ° .  A  s e c o n d  r u n  th r o u g h  t h e  
s a m e  c o lu m n  g a v e  t h e  s a m e  a m o u n t  o f  V I ,  b u t  o f  h ig h e r  m .p .  
( 3 0 4 ° ) .  B ip y r a m id a l  c r y s ta l s ,  m .p .  3 1 4 ° ,  w e re  o b ta in e d  a f te r  
o n e  r e c r y s ta l l i z a t io n  f ro m  g la c ia l  a c e t ic  a c id ;  y ie ld ,  9 8 .8 % .

Anal. C a lc d .  f o r  C 6H 10O 8P 2: C ,  2 3 .0 9 ;  H ,  3 .8 8 ;  P ,  2 3 .8 2 . 
F o u n d :  0 , 2 3 . 2 4 , 2 3 . 0 0 ;  H ,  3 .7 4 , 3 .6 0 ;  P ,  2 3 .3 2 .

c. From V and Hydrochloric Acid.— T o  2 g .  o f  V , 10  m l .  o f 
4 0 %  h y d r o c h lo r ic  a c id  w a s  a d d e d  w i th  e x t e r n a l  c o o l in g . 1  he  
s o lu t io n  o b ta in e d  w a s  e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s 
sure at room temperature. From the resulting mixture of crys
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t a l s ,  d im e th y l ,a m m o n iu m  c h lo r id e  ( m .p .  1 0 8 -1 7 0 ° )  w r.s e x t r a c te d  
b y  h o t  c h lo r o fo r m . T h e  r e s id u e ,  in s o lu b le  i n  c h lo ro fo rm  ( V I ,
1 .6  g . ,  9 4 % ) ,  w a s  r e c r y s ta l l iz e d  f ro m  g la c ia l  a c e t ic  a c id ,  y ie ld in g  
c r y s t a l s ,  m .p .  3 0 8 ° .

T i t r a t i o n  o f  V I .— a .  C o n d u c to m e t r ic  t i t r a t i o n  o f  2 6 1 .9 6  m g . 
o f  V I  w i th  0 .1 0 6  N  a q u e o u s  d im e th y la m in e  r e q u i r e d  18 .9  m l.  to  
r e a c h  t h e  e n d  p o i n t ;  i.e., 2 m e q .  o f  a c id  w e re  p r e s e n t .  E q u iv .  
w t . :  2 6 1 .9 6 /2  =  1 3 1 . C a lc d .  f o r  V I :  130 .

T h e  t i t r a t e d  a q u e o u s  s o lu t io n  w a s  e v a p o r a t e d  to  d r y n e s s ,  t h e  
s o l id  w a s  d is s o lv e d  in  e th a n o l ,  f i l te r e d ,  a n d  r e p r e c ip i t a te d  b y  a c e 
to n e ,  t o  y ie ld  c o lo r le s s  c r y s ta l s ,  m .p .  2 1 4 - 2 1 0 ° .  A s e v id e n c e d  b y  
m ix tu r e  m e l t in g  p o in t  a n d  in f r a r e d  s p e c t r u m ,  t h i s  cc m p o im d  V I I  
w a s  id e n t ic a l  w i th  c r y s t a l s  o b ta in e d  f ro m  V  a n d  ex cess  d im e th y l -  
a m in e .  V I  ( 0 .5  g . )  w a s  d is s o lv e d  in  10 m l .  o f 2 5 %  a q u e o u s  d i 
m e th y la m in e ,  f i l te r e d ,  a n d  ex cess  a c e to n e  w a s  a d d e c .;  a  c o lo r le s s  
o i l  s e p a r a te d .  T h e  a q u e o u s  a c e to n e  w a s  d e c a n te d  t h e  o il  w a s  
d is s o lv e d  in  3 m l .  o f  e th a n o l  a n d  ex cess  a c e to n e  w a s  a d d e d ;  t h e  
r e s u l t in g  o i l  c r y s ta l l iz e d  w i th in  a n  h o u r  t o  a  s o l id ,  m .p .  2 1 4 -  
2 1 5 ° .

b .  T i t r a t i o n  o f  2 6 1 .9 6  m g . o f  V I  w i th  9 .4 5  m l  o f  0 .1 0 6  N  
a q u e o u s  d im e th y la m in e  s o lu t io n  g a v e  a f t e r  e v a p o r a t io n  c o lo r le s s  
c r y s t a l s ,  m .p .  2 6 1 - 2 6 2 ° ,  a f t e r  o n e  w a s h in g  w i th  a b s o lu te  e th a n o l .  
I n f r a r e d  s p e c t r u m  a n d  m ix tu r e  m e l t in g  p o i n t  d e t e r m in a t io n  
p r o v e d  th e  i d e n t i t y  o f  t h i s  m a te r i a l  w i th  V , p r e v io u s ly  o b ta in e d  
f ro m  I I I  a n d  1 ,4 - b u ta n e d io l  in  d im e th y l f o r m a m id e .

c . T i t r a t i o n  o f  5 7 .6 1  m g . o f  V  r e q u i r e d  4 .6 5  m l .  o f  0 .0 9 4 7  N  
s o d iu m  h y d r o x id e .  E q u iv .  w t .  C a lc d . :  1 3 0 .0 . F o u n d :  1 3 0 .8 .

A  c r y s t a l l i n e  d is o d iu m  s a l t  s e p a r a te d  u p o n  e v a p o r a t io n  o f  t h i s  
s o lu t io n  a t  ro o m  te m p e r a tu r e .

H y d r o g e n -B o n d e d  A d d u c t  V I I I  O b ta in e d  f ro m  V I a n d  1 ,4 - 
B u ta n e d io l .— V I  ( 1 .0  g . )  in  a  2 0 -m l. d i s t i l l in g  f la sk  w a s  s u s p e n d e d  
in  4  g . o f  1 ,4 - b u ta n e d io l .  W h e n  th e  f la sk  w a s  h e a t e d  in  a n  o il 
b a t h  a t  1 0 0 ° , a  v io le n t  r e a c t io n  o c c u r r e d ,  w i th  d i s t i l l a t i o n  o f  1 .8  
g . o f  a  t e t r a h y d r o f u r a n - w a te r  a z e o t r o p e ,  b . p .  6 8 °  (7 5 0  m m .) .  
S h in y  le a f le ts  s e p a r a te d  w h e n  t h e  m ix tu r e  c o o le d  to  r o o m  t e m 
p e r a t u r e .  A f te r  f i l t r a t io n  a n d  d r y in g  o v e r  p h o s p h o r ic  a n h y d r id e ,  
0 .9  g . o f a  s o l id  w a s  o b ta in e d  w h ic h  o n  h e a t in g  o n  a  F i s h e r - J o h n s  
p l a t e ,  p a r t i a l ly  m e l te d  a t  1 2 5 ° , r e s o lid if ie d  a t  1 8 5 ° , a n d  r e m e l te d  
a t  3 1 4 ° .

Anal. C a lc d .  fo r  C sH aO io P i,: C , 3 0 .8 5 ;  H ,  5 .7 3 ;  P ,  1 7 .7 1 . 
F o u n d :  C ,  3 0 .9 5 ,  3 1 .0 6 ;  H ,  5 .7D , 6 .1 4 ;  P ,  1 6 .9 9 .

E q u iv .  w t . :  3 9 .7 6  m g . r e q u i r e d  2 .2 5  m l .  o f  a n  a q u e o u s  0 .1 0 2  N  
d im e th y la m in e  s o lu t io n .  O n ly  o n e  in f le c t io n  w a s  o b s e rv e d .  
C a lc d .  f o r  C 9H » O u P 2: 1 7 5 . F o u n d :  1 7 5 .

D r y  d i s t i l l a t i o n  o f a  s a m p le  o f V I I I  r e s u l te d  in  e l im in a t io n  o f  a  
m ix tu r e  o f  t e t r a h y d r o f u r a n  a n d  1 ,4 - b u ta n e d io l .  T h e  l a t t e r  c o n 
d e n s e d  in  t h e  u p p e r  c o o l p a r t  o f  t h e  f la s k . R e a c t io n  w i th  
e x c e s s  p h e n y l  i s o c y a n a te  r e s u l t e d  i n  a  c r y s t a l l i n e  m a t e r i a l ,  m .p .  
1 8 3 ° , a f t e r  w a s h in g  w i th  e th e r  a n d  s t a n d in g  f o r  2  h r .  o n  a  c la y  
p l a t e .  M ix tu r e  m e l t in g  p o i h t  w i th  a n  a u th e n t i c  s a m p le  o f  t h e  b is -  
( N - p h e n y l ) u r e th a n e  o f  1 ,4 - b u ta n e d io l ,  m .p .  1 8 3 ° , p 'e p a r e d  a s  
d e s c r ib e d  in  t h e . l i t e r a t u r e , 11 d id  n o t  sh o w  a n y  d e p r e s s io n .

(11) J . H am onet, B u l l .  s o c .  c l i i t n .  F r a n c e ,  [3] 33, 525, (1905)*

A c id ic  A m m o n iu m  S a l t  V  f r o m  V I  a n d  A n h y d r o u s  D im e th y l 
f o r m a m id e — A  s a m p le  o f  1 .0  g . o f  V I  w a s  d is s o lv e d  in  h o t  a n h y 
d r o u s  d im e th y l f o r m a m id e  a n d  re f lu x e d  f o r  a  s h o r t  p e r io d .  A f te r  
s t a n d in g  o v e r n ig h t ,  1.1 g . o f V , m .p .  2 6 4 - 2 6 0 ° ,  h a d  s e p a r a te d .

A c id ic  A m m o n iu m  S a l t  V  f r o m  V I I I  a n d  A n h y d r o u s  D im e th y l 
f o r m a m id e .— A  s a m p le  o f  0 .5  g .  o f  V T II  w a s  h e a t e d  in  5 m l .  o f 
a n h y d r o u s  d im e th y l f o r m a m id e  f o r  a  s h o r t  p e r io d  to  re f lu x  t e m 
p e r a t u r e  a n d  a l lo w e d  t o  s t a n d  2  d a y s  a t  ro o m  t e m p e r a t u r e ;  0 .3  
g . o f  c r y s ta l s ,  m . p .  2 6 3 - 2 6 5 ° ,  s e p a r a te d .  M ix tu r e  m e l t i n g  p o i n t  
d e t e r m in a t io n  w i t h  a n  a u t h e n t i c  s a m p le  o f  V  d id  n o t  s h o w  a n y  
d e p r e s s io n .

D im e th y la c e ta m id e  S a l t  o f  V I .— I n  c o n tr a s t ,  t o  d i m e t h y l 
f o rm a m id e ,  d im e th y l  a c e ta m id e  is  n o t  c le a v e d  b y  V E  T h u s ,  
f ro m  a  s o lu t io n  o f  1 g .  o f  V I  in  10  m l .  o f  a n h y d r o u s  d i m e t h y l 
a c e ta m id e  p r e p a r e d  b y  g e n t le  h e a t in g  o f  t h e  m ix tu r e ,  f in e  n e e d le s  
s t a r t e d  t o  s e p a r a te  a f t e r  3 d a y s ’ s t a n d in g .  T h e  y ie ld  w a s  0 .7  g . 
P a r t i a l  m e l t in g  w a s  o b s e rv e d  a t  1 7 5 ° , r e s o l id i f ic a t io n  a t  2 2 0 ° , a n d  
f in a l  m e l t in g  a t  3 0 3 .5 °  ( a p p a r e n t ly  t h e  m e l t i n g  p o i n t  o f  V I ) .  
N i t r o g e n  a n a ly s i s  a n d  in f r a r e d  s p e c t r a  s u p p o r t e d  t h e  a s s u m p t io n  
o f  a n  a c id ic  s a l t  o f  V I  w i th  o n e  m o le  o f  d im e th y la c e t a m id e .

Anal. C a lc d .  fo r  C 9H 18N O 9P 2: N ,  4 .0 5 .  F o u n d :  N ,  4 .0 0 .
P o ly m e r iz a t io n  o f  V I  b y  A n h y d r id e  F o r m a t io n .— T h is  e x p e r i 

m e n t  w a s  c o n d u c te d  t o  d e m o n s t r a t e  t h e  p o s s ib i l i ty  o f  t h e  e x i s t 
e n c e  o f  p o ly m e r ic  X  a s  a s s u m e d  in  t h e  r e a c t io n  m e c h a n is m . T h e  
p r e s e n c e  o f P - O - P  l in k a g e s  i n  X  f o re c a s ts  h y d r o ly t i c  s e n s i t iv i ty .  
T h e  a n h y d r i z a t io n  w a s  c o n d u c te d  a c c o r d in g  t o  t h e  w o r k  o f 
G r u n z e ,  D o s ta l ,  a n d  T h i lo 12 o n  in o r g a n ic  p h o s p h a te s .

O n e  g r a m  o f  V I  w a s  s u s p e n d e d  in  4 0  m l .  o f  a  1 :1  m ix tu r e  o f  
g la c ia l  a c e t ic  a c id  a n d  a c e t ic  a n h y d r id e .  A f te r  t h e  m ix tu r e  h a d  
b e e n  a l lo w e d  to  s t a n d  o v e r n ig h t  a t  ro o m  t e m p e r a t u r e ,  n o  v is ib le  
c h a n g e  w a s  o b s e rv e d .  R e f lu x in g  o f  t h e  m ix tu r e  f o r  1 .5  h r .  r e 
s u l t e d  in  a  c le a r  a n d  c o lo r le s s  s o lu t io n  f ro m  w h ic h  n o  c r y s t a l s  
s e p a r a te d  u p o n  s t a n d in g  fo r  a  p e r io d  o f 3 d a y s .  T h e  s o lu t io n  w a s  
e v a p o r a t e d  to  d r y n e s s  a t  8 5 °  a t  10 m m . T h e  d e e p  b r o w n  r e s id u e ,  
k e p t  f o r  2 h r .  a t  1 2 5 °  a t  0 .1  m m . ,  g a v e  0 .8  g .  o f  s h in y  b r o w n  
m a te r i a l  w h ic h  d is s o lv e d  in  w a te r  t o  fo rm  a  s t r o n g ly  a c id  s o lu t io n .  
T h e  s o l id  s o f te n e d  a t  9 2 - 1 0 5 ° ,  a n d  m e l te d  a t  a p p r o x im a te ly  
1 5 0 ° . V e r y  s h o r t  f ib e rs  c o u ld  b e  d r a w n  f ro m  th i s  m e l t .

T h e  in f r a r e d  s p e c t r a  w e re  m e a s u re d  b y  u s e  o f  t h e  P e r k in - E lm e r  
M o d e l  2 1 . T h e  s a m p le s  w e re  e m b e d d e d  in  p o ta s s iu m  b r o m id e .
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R eaction  o f  3 ,9-D ieh loro-2 ,4 ,8 ,10-tetraoxa-3 ,9-d ip hosphasp iro[5 .5]und ecane
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3 ,9 - D ic h lo ro - 2 ,4 ,8 ,1 0 - te tr a o x a - 3 ,9 - d ip h o s p h a s p ir o [ 5 .5 ]u n d e c .a n e  3 ,9 -d io x id e  r e a c t s  w i th  d im e th y l  s u lfo x id e  
t o  f o rm  a  n e w  t y p e  o f s u lfo x o n iu m  s a l t  n  a lm o s t  q u a n t i t a t i v e  y ie ld .  M e th y l  c h lo r o m e th y l  su lf id e  is f o rm e d
a s  a  b y - p r o d u c t  d u r in g  th i s  r e a c t io n ,  a n d  is c o n v e r te d  b y  ex cess  d im e th y l  s u lfo x id e  in to  m e th y l  m e th a n e th io l -  
s u l f o n a te .  T h e  l a t t e r  r e a c t io n  e x e m p lif ie s  a  n e w  m o d e  o f f o r m a t io n  f o r  m e th y l  a lk a n e th io ls u l f o n a te s .

The preparation of pure 3,9-dichloro-2,4,8,10-tetra- 
oxa - 3,9 - diphosphaspiro[5.5]undecane 3,9 - dioxide- 
(I) from pentaerytliritol and excess phosphoryl chloride 
has been described in the preceding paper.1 In the 
present report, we describe the exothermic reaction of

(1) R . R iitz and  O. J . Sweeting, J .  O r g .  C h e m . ,  28, 1608 (1963).

this compound with dimethyl sulfoxide to form a crys
talline solid, C7IL6O9R2S, plus formaldehyde and liquid 
phosphorus-free materials. The material balance 
showed that all of the phosphorus was present in the 
crystalline product, which we believe is the first repre
sentative of hitherto unknown sulfoxonium phosphates, 
for which structure V was elucidated by chemical and



J u n e , 1963 A N e w  T y p e  o f  S u l f o x o n iu m  S a l t 1613

0 — C H 2 C l  [ , - - ( )
/

C l— P c

0  o — C H 2 C H ,— 0  0  
I

p — c i  +  ( c n 3) . .s o  ■ 
' X

O — C H , C H — 0
7 \ /

C  P — 0 — S ( C I I 3)2( C H s)iS — a — p

4 \  . .
0  o — c h 2 c h 2— 0

I I

2 C P

I I 2 [C T Ij— S = C 1 I 2]

r  o— c h 2 c i i 2— o

/  \  /  \
+ O — P  c  P — 0

1 \  /  \  / X
O  O — C H , C H , -  O  O

I I I

+  2H C 1

I I I

O — C H , 

H O —  V

C H ,— O
\

P — O H  +  C H 3S C H 2C I

O  0 — C H 2 C H ,— O  O
IV

IV  +  ( C H 3),S O  — >  [ ( C H 3),S — O H ] +

spectroscopic means. We find no previous report of the 
isolation and identification of defined reaction products 
deriving from reactions of phosphorus halides with di
methyl sulfoxide.

The probable steps in the formation of V are as indi
cated above.

It is postulated that the unstable intermediate II is 
first formed; by loss of a proton from a methyl group, 
another unisolated intermediate III forms, with a 
methylenesulfonium cation associated at either end. 
Action of the hydrogen chloride present results in for
mation of the free acid IV and methyl chloromethyl sul
fide. IV formed the sulfoxonium salt V in the presence 
of excess dimethyl sulfoxide, but methyl chloromethyl 
sulfide could not be separated. Rather, methyl meth- 
anethiolsulfonate (IX) was isolated.

The validity of the proposed route from dimethyl sulf
oxide to V via IV is supported by the fact that a solu
tion of an independently prepared authentic sample of 
IV in dimethyl sulfoxide, upon cooling, deposited the 
same acidic sulfoxonium salt V. The existence of 
methyl chloromethyl sulfide as an intermediate in the 
formation of the isolated by-product methyl methane- 
thiolsulfonate (IX) was supported by treating authentic 
methyl chloromethyl sulfide, synthesized according to 
known procedures,2-4 with excess dimethyl sulfoxide. 
The products isolated were IX, paraformaldehyde, and 
an oily chlorine-containing material, probably trimeth- 
ylsulfonium chloride,6 which could not be freed en
tirely from admixed dimethyl sulfoxide.

Thus the over-all reaction appears to be

C H 3S C H 2C1 +  3 ( C H 3)2S O  — >
C H 3S O ,S C H 3 +  [ ( C H 3)3S ] +C 1 -  +  C I I 20  +  ( C H 3)2S

It was demonstrated that the first step in the reaction 
of methyl chloromethyl sulfide and dimethyl sulfoxide 
is probably the formation of an oxidized form of a salt
like addition compound of equimolecular amounts of 
both reactants with the tentative structure VI, indi
cated in the following possible scheme of reactions,

(2) H . Böhme, B e 69, 1610 (1936); 70, 379 (1937).
(3) L. A. W alter, L. H. Goodson, and  R. J . Fosbinder, J .  A m .  C h e m .  

S o c . ,  67, 655 (1945).
(4) W. E . Truce, G. H. B irum , and  E . T. M cBee, i b i d . ,  74, 3594 (1952).
(5) H. B lättler, M o n a l s h . ,  40, 417 (1920).

O — C H 2 C H ,— O
/  \  /  \

H O — P  C  P — O
i \  /  \  / i
O  O — C H , C H ,— O O

V

C H 3S C H ,C 1  +  2 ( C H 3)2S O  — >-
O  O
t  f

[ C H 3S C H 2S ( C H 3)2] + C R  +  ( C H 3)2S 
V I

O
t

V I  — ^  [ C H 3S C H 2O S ( C H 3)2] + C 1 - 
V I I

V I I  +  ( C H 3)2S O  — ^
O  O
t  f

c h 3s — s c h 3 +  C H 3C1 +  C H 3S C H 3 +  C H 20  
V I I I

V I I I  — >  C H 3S 0 2S C H 3 

I X

C H 3C1 +  C H 3S C H 3 — >- K C H 3)3S] + C I -

which accounts for all of the isolated products (VII and 
VIII are hypothetical).

Compound VI showed a powerful absorption peak at 8 
M which is indicative of the presence of S—*0 groupings 
in sulfoxonium salts, R3SO +.6 Detection by vapor phase 
chromatography of considerable amounts of dimethyl 
sulfide supports the view that dimethyl sulfoxide had 
acted as an oxidizing agent before or after the combina
tion of dimethyl sulfoxide with methyl chloromethyl 
sulfide. We assume that, after rearrangement of VI into 
VII, the latter degrades under the influence of excess 
dimethyl sulfoxide to form dimethyl disulfoxide (VIII), 
which rearranges to form the thiolsulfonate (IX).

By infrared and nuclear magnetic resonance spectra, 
complete elemental analysis, and comparison with phys
ical data in the literature,7 the formation of IX from 
methyl chloromethyl sulfide and dimethyl sulfoxide was 
well established. The strong absorption bands formed 
at 7.6 n and 8.8 ¡x are typical of the sulfonyl grouping; 
the absence of S—»-0 absorption in the 9.0-10.0-^ region 
excludes structure VIII. The possible participation of 
dimethyl disulfide as an intermediate in the conversion 
of methyl chloromethyl sulfide into IX is unlikely, 
since it was found that dimethyl sulfoxide cannot oxidize 
dimethyl disulfide to IX, a result giving further support 
to the route illustrated.

(6) R . K uhn  an d  H . Trischm ann, A n n . ,  611, 117 (1948).
(7) H . J . Backer, R e v .  t r a v .  c h i m . ,  69, 1127 (1950).
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In the past, esters of alkanethiolsulfonic acids have 
been prepared mainly by oxidation of disulfides with 
dilute nitric acid8 or peracetic acid,9 by alkylation of 
alkali alkanethiolsuifonates,'0 or by oxidation of meth- 
anesulfenyl chloride with concentrated nitric acid.11 
The synthesis of alkyl alkanethiolsuifonates by interac
tion of alkyl a-haloalkylsulfides with dimethyl sulfoxide 
is an entirely new route to this class of compounds.

The novel and unexpected reaction between an a- 
chloromethyl thioether and dimethyl sulfoxide was ex
tended to ethyl chloromethyl sulfide. An almost quan
titative yield of methyl ethanethiolsulfonate, C H 3C H 2- 

S O 2S C H 3, instead of C H 3C H 2S 0 2S C H 2C H 3, gave further 
support to the above route and proved that the —S C H 3 

group in IX and in its ethyl homolog, C 2H 5S O 2S C H 3, 

must arise from dimethyl sulfoxide.
Chemical reactions performed on V showed that this 

compound is an acidic sulfoxonium salt of IV. Simple 
heating of V resulted in dimethyl sulfoxide and small 
amounts of dimethyl sulfide as volatile materials, and 
the diacid IV remained as a distillation residue. Com
pound V can be precisely titrated with dimethylamine 
solution as a monobasic acid resulting in compound X. 
Heating of an aqueous solution of V with excess calcium 
carbonate replaces the sulfoxonium cation, with the for
mation of the calcium salt XI. Diazomethane reacts 
with V in the same way as with IV, to form the dimethyl 
ester XII. These transformations are shown above.

Infrared measurements performed on V in dimethyl- 
formamide showed a very distinct OH absorption at 
2.95 id. Since the P—OH group in V cannot cause this 
absorption and the presence of moisture was discounted 
by the absence of any band at 6.1 n, the structure of the 
sulfoxonium cation of V can be assumed to be

C I I 3 C H j

I I+S—OH, rather than H—S+ •— O
C H j  C H j

Experimental
R e a c t io n  o f  3 ,9 - D ic h Io r o - 2 ,4 ,8 ,1 0 - te t r a o x a - 3 ,9 -d ip h o s p h a s p i r c .-  

[ 5 .5 ] u n d e c a n e  3 ,9 - D io x id e  ( I )  a n d  D im e th y l  S td f o x id e .— -E ig h t 
g r a m s  o f  d im e th y l  s u l f o x id e , b . p .  7 4 °  (1 0  m m .) ,  w a s  c h a r g e d  in to  
a n  u p r i g h t  7 .5  X  1 in .  t u b e ,  3 .0  g . o f  f in e ly  g r o u n d  I  w a s  a d d e d ,

(8) R. O tto, A n n . ,  145, 317 (1868); B e r . ,  13, 1282 (1880); 16,121 (1882)-
(9) L. D. Small, J. H. Bailey, and  C. J. Cavallito, J .  A m .  C h e m .  S o c ., 71, 

3565 (1949).
(10) M . A. Belous and I, Ya. Postovskii, Z h .  O b s h c h .  K h i r . i t  (/»  G e n .  

C h e m . ) ,  20, 1701 (1950) [ C h e m .  A b s t r . ,  45, 239 (1951)].
(11) H . B rin tz inger and  M. Langheck, B e r . ,  86, 557 (1953).

a n d  t h e  t u b e  w a s  c o n n e c te d  b y  a  U - tu b e  
t o  a  s id e -a r m  t e s t - t u b e  r e c e iv e r  im m e rs e d  

[(GHj)iS O H ] + ; n  a  b e a k e r  f ille d  w i t h  p o w d e r e d  D r y  
I c e .  A f te r  a  b r ie f  i n t e r v a l ,  a n  e x o 
th e r m ic  r e a c t io n  o c c u r r e d  w h ic h  i t  w a s  
n e c e s s a ry  t o  m o d e r a te  b y  c o o l in g  t h e  r e -  

! -  a c t io n  t u b e  f r e q u e n t ly  w i th  i c e - w a t e r .
A c le a r  c o lo r le s s  s o lu t io n  r e s u l t e d  w h ic h  

P — O f in a l ly  s o lid if ie d . T h e  r e c e iv e r  c o n ta in e d
i  a  fe w  d r o p le t s  o f  c o n d e n s e d  f o r m a l 

d e h y d e .  T h e  s o l id  r e s id u e  w a s  w a s h e d  
tw ic e  w i th  1 5 -m l. p o r t io n s  o f d r y  c h lo r o 
fo rm  ( p re v io u s ly  d r ie d  o v e r  a n h y d r o u s  
p o ta s s iu m  c a r b o n a te )  a n d  f i l te r e d .  T h e  

- O C H 3 c h lo ro fo rm  f i l t r a te s  (A )  w e re  c o m b in e d
a n d  s tu d ie d  ( s e e  fo llo w in g  t e x t ) .

T h e  d r y  s o lid  w e ig h e d  3 .7  g . ,  m o s t  o f  
i t  s o lu b le  in  w a te r  ( s o m e  in s o lu b le  m a 
te r ia l  w as  id e n t i f ie d  lay c o n v e n t io n a l  
m e th o d s  a s  p a r a f o r m a ld e h y d e ) .  U p o n  

r e c r y s ta l l i z a t io n  f ro m  a b s o lu te  e th a n o l ,  s m a ll  c o lo r le s s  n e e d le s ,  
m .p .  1 7 4 -1 7 6 ° , w e re  o b t a in e d .  T h e  c o m p o u n d  w a s  c h lo r in e -  
f re e ;  t i t r a t i o n  a n d  e le m e n ta r y  a n a ly s i s  a r e  in  a g r e e m e n t  w i th  
s t r u c t u r e  V .

Anal. C a lc d .  fo r  C 7H 16P 2S ()9: C ,  2 4 .9 2 ;  H ,  4 .7 3 ;  P ,  1 8 .3 2 ; 
S , 9 .4 7 .  F o u n d :  C ,  2 4 .8 2 ;  H , 4 . 9 1 ;  P . 1 8 . 6 5 ;  S , 9 . 1 8 .

E q u iv .  W t .  C a lc d . :  169 . F o u n d :  168 . A  3 1 .7 4 - m g .s a m p le  
r e q u i r e d  2 .9 7  m l.  o f 0 .0 6 3 6  N  a q u e o u s  d im e th y la m in e  t o  t i t r a t e  
t o  a  p h e n o lp h th a le in  e n d  p o i n t .  T h e  t i t r a t e d  s o lu t io n  w a s  e v a p 
o r a t e d  a t  ro o m  t e m p e r a t u r e  a n d  k e p t  fo r  a  s h o r t  t im e  o v e r  p h o s 
p h o r u s  p e n to x id e .  A  c r y s ta l l in e ,  e x t r e m e ly  h y g r o s c o p ic  s a l t  
( X ) ,  m .p .  1 6 0 ° , r e m a in e d .

I n f r a r e d  S p e c t r u m  o f  V .— T h e  in f r a r e d  s p e c t r u m  o f  t h e  s u l-  
fo x iu m  s a l t  V  w a s  d e te r m in e d  in  a n h y d r o u s  d im e th y l f o r m a m id e  b y  
u s e  o f t h e  P e r k in - E lm e r  M o d e l  21 w i th  c a r e f u l ly  p u r if ie d  
d im e th y l f o r m a m id e  in  t h e  re fe re n c e  b e a m .  A  ce ll 0 .1  m m .  
th i c k  w a s  u s e d .  A  s t r o n g  O H - a b s o r p t io n  w a s  f o u n d  a t  2 .9 5  
it . T h e  p r e s e n c e  o f w a te r  w a s  d is c o u n te d  b y  th e  a b s e n c e  o f  
a  s t r o n g  a b s o r p t io n  a t  6 .1  ß .  B e c a u s e  o f  h y d r o g e n  b o n d in g ,  
t h e  P - O H  g r o u p  c a n n o t  b e  r e la te d  t o  t h i s  a b s o r p t io n .  T h e  
n o n h y d r o g e n -b o n d e d  P  O  a b s o r p t io n  a p p e a r e d  a t  7 .8 0  ß a n d  
t h e  C - O - P  a b s o r p t io n  a t  9 .7 0  ß. A s o b s e rv e d  in  o th e r  c o m 
p o u n d s  o f  th i s  t y p e ,  a b s o r p t io n s  o c c u r r e d  a t  1 1 .3 - 1 1 .9  ß a n d  a t  
1 3 .0  ß .  I n  a ll  p h o s p h o r u s  a c id s  e x a m in e d ,  b r o a d  s h a l lo w  a b s o r p 
t io n s  a p p e a r  in  t h e  r a n g e  o f  2 7 0 0 -2 5 6 0  c m . “ 1, i n s te a d  o f  in  t h e  
n o r m a l  r e g io n .12

E x a m in a t io n  o f F i l t r a t e s  ( A ) .— T h e  s o lv e n t  w a s  r e m o v e d  b y  
d i s t i l l a t io n  a t  a tm o s p h e r ic  p r e s s u r e  a n d  a t  a  b a t h  t e m p e r a t u r e  
n o t  e x c e e d in g  7 0 ° .  A  y e llo w  o il ( 5 .2  g .)  r e m a in e d ,  w h ic h  w a s  
d is t i l le d  f ro m  a  2 5 - m l.  C la is e n  f la sk  a t  r e d u c e d  p r e s s u r e .  A b o u t  
2 g . d is t i l le d  a t  45  t o  6 0 °  10 .5  m m . ) ,  a p p a r e n t l y  a  m ix tu r e  o f  d i 
m e th y l  s u lfo x id e  a n d  a  d is t i l la b le ,  w a te r - s o lu b le  c o m p o u n d ,  p r o b 
a b ly  t r im e th y ls u l f o n iu m  c h lo r id e  ( th is  c o m p o u n d  is k n o w n  to  
b e  s ta b le  u p  to  1 0 0 ° “). A d d i t io n  o f a  d r o p  o f  t h i s  m ix tu r e  t o  
c o ld  c o n c e n t r a t e d  s u lfu r ic  a c id  l ib e r a te d  c o p io u s  a m o u n t s  o f  
h y d r o g e n  c h lo r id e ,  in d ic a t in g  t h e  p r e s e n c e  o f  io n ic  c h lo r in e .

F o llo w in g  th i s  f o r e r u n ,  a  2 -g . f r a c t io n  d is t i l le d  a t  6 1 °  a t  0 .5  
m m . ( b a t h  t e m p e r a t u r e  7 5 ° ) ,  w h ic h  h a d  a  r e f r a c t iv e  in d e x ,  a 22» 
1 .5 0 3 9 , a n d  w a s  c h lo r in e - f r e e  a f t e r  r e d i s t i l l a t io n .  A n a ly t ic a l  
r e s u l t s ,  in f r a r e d  s p e c t r a ,  a n d  c o m p a r is o n  o f  p h y s ic a l  p r o p e r t i e s  
w i th  th o s e  o f a n  a u th e n t i c  s a m p le  o f  m e th y l  m e th a n e th io l s u l f o n -  
a t e ,  p r e p a r e d  a s  d e s c r ib e d  l a t e r ,  in d ic a te d  th i s  p r o d u c t  t o  b e  
m a in ly  I X .

Anal. C a lc d .  fo r  C 2H 6S 20 2: C ,  1 9 .0 5 ; H ,  4 .7 6 ;  S , 5 0 .8 0 .  
F o u n d :  C ,  2 0 .3 6 ;  2 0 .3 8 ;  H ,  6 .2 3 , 6 .0 8 ;  8 ,4 9 .0 6 .

T h e  in f r a r e d  s p e c t r u m  e x h ib i te d  s t r o n g  a b s o r p t io n s  a t  8 .8 5  
a n d  7 .6 0  ß, c h a r a c te r i s t i c  o f th e  s u lfo n e  g r o u p in g .  A b s e n c e  o f a n  
a b s o r p t io n  in  t h e  9 .1  to  1 0 .0 -m r e g io n  e l im in a te d  f ro m  c o n s id e ra 
t i o n  t h e  s t r u c t u r e  ( C H jS O )2.

P r e p a r a t io n  o f M e th y l  M e th a n e th io ls u l f o n a te  ( IX )  f ro m  M e th y l  
C h lo r o m e th y l  S u lf id e  a n d  D im e th y l  S u l f o x id e .— M e th y l  c h lo r o 
m e th y l  s u lf id e  w a s  p r e p a r e d  f ro m  1 2 .2  g . o f p a r a f o r m a ld e h y d e  
s u s p e n d e d  in  25  g . o f m e th a n e th io l  e s s e n t ia l ly  a c c o r d in g  to  th e  
p r o c e d u r e  o f B ö h m e .2 T h e  f la s k , e q u ip p e d  w ith  re f lu x  c o n d e n s e r  
a n d  g a s  in le t  t u b e ,  w a s  im m e rs e d  in  i c e - s a l t  a n d  a  s lo w  s t r e a m  of 
h y d r o g e n  c h lo r id e  w a s  i n t r o d u c e d .  A f te r  4  h r . ,  a  c le a r  v is c o u s  
s o lu t io n  w a s  o b ta in e d .  A f te r  a d d i t io n  o f 3 0  g . o f a n h y d r o u s  ca l-

(12) L. J . Bellamy, ‘'T he  In frared  Spectra of Complex M olecules,” 
John  Wiley and Sons, Inc ., New York, N. Y., 1954, pp . 259, 262.
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c iu m  c h lo r id e  t h e  m ix tu r e  w a s  a l lo w e d  t o  s t a n d  o v e r n ig h t .  T h e  
u p p e r  la y e r  w a s  d is t i l le d  a t  a tm o s p h e r ic  p r e s s u r e ,  y ie ld in g  11 g . ,  
b .p .  1 1 2 -1 1 4 °  (7 6 9  m m .) ,  m“ d  1 .4 9 2 3 .

(a) Reaction of Excess Dimethyl Sulfoxide with Methyl 
Chloromethyl Sulfide.— F o u r  a n d  th r e e - t e n t h s  g r a m s  o f m e th y l  
c h lo r o m e th y l  su lf id e  w a s  m ix e d  w i th  15 g .  o f  a n h y d r o u s  d im e th y l  
su lfo x id e  a n d  a l lo w e d  t o  s t a n d  a t  r o o m  t e m p e r a t u r e .  A f te r  4  h r . ,  
a  g e la t in o u s  m a s s  h a d  b e e n  f o rm e d  a n d  n o  f u r t h e r  v is ib le  c h a n g e  
to o k  p la c e  o v e r n ig h t .  B y  c o n s e c u t iv e  a d d i t io n s  o f th r e e  1 5 -m l. 
p o r t io n s  o f d r y  c h lo r o fo r m , s o lid  p a r a f o r m a ld e h y d e  w a s  s e p a r a te d  
w h ic h  a f t e r  f i l t r a t i o n  w a s  o b ta in e d  t a c k - f r e e  b y  o n e  a d d i t io n a l  
a c e to n e  w a s h in g . T h e  d r y  p r o d u c t  w e ig h e d  1 .4  g . ( c a lc d . ,  1 .3 4  
g . ) .  T h e  c o m b in e d  c h lo r o fo r m  e x t r a c t s  w e re  c a r e f u l ly  e v a p o r a t e d  
a t  10 m m . ( m a x im u m  b a t h  t e m p e r a t u r e  3 7 ° )  t o  y ie ld  4 .5  g . o f a  
y e llo w  o il. T h e  c h lo ro fo rm  d i s t i l l a t e  p o s s e s s e d  a  r e p u g n a n t  o d o r .  
V a p o r  p h a s e  c h r o m a to g r a p h ic  a n a ly s is  d e t e c t e d  d im e th y l  s u lf id e , 
d im e th y l  s u lfo x id e , a n d  t r a c e  a m o u n t s  o f d im e th y l  d is u lf id e . 
T h e  y e llo w  o il g a v e  in  w a te r  a  s t r o n g  c h lo r id e  r e a c t io n  w i th  s i lv e r  
n i t r a t e ;  s t r o n g  e v o lu t io n  o f  h y d r o g e n  c h lo r id e  w a s  o b s e rv e d  
w h e n  a  d r o p le t  w a s  m ix e d  w i th  c o ld  c o n c e n t r a t e d  s u lfu r ic  a c id .  
T h e  o il w a s  d is t i l le d  a t  r e d u c e d  p r e s s u r e  t o  g iv e , a f t e r  a  c h lo r in e -  
c o n ta in in g  f o r e r u n ,  a m a i n  f r a c t io n  d is t i l l in g  a t  61 ° ( 0 .5 m m .) ,  nwn 
1 .5 1 2 3 . T h e  c o lo r le s s , w a te r - in s o lu b le  o il w a s  f re e  f ro m  c h lo r in e  
a f t e r  r e d i s t i l l a t io n .  T h e  in f r a r e d  s p e c t r u m  s h o w e d  s t r o n g  
- S O 2-  g r o u p  a b s o r p t io n  a t  7 .6 0  m a n d  8 .8 5  //, a n d  w a s  n e a r ly  
id e n t ic a l  w i th  t h e  s p e c t r u m  of m a t e r i a l  o b ta in e d  a s  a  b y - p r o d u c t  
d u r in g  t h e  f o r m a t io n  o f V  in i t i a l l y .  A n a ly s is  b y  v a p o r  p h a s e  
c h r o m a to g r a p h y  in d ic a te d  a  p u r i t y  o f  a t  l e a s t  9 8 % .

Anal. C a lc d .  f o r  C 2H 6S20 2: C ,  1 9 .0 5 ; H ,  4 .7 6 ;  S , 5 0 .8 0 . 
F o u n d :  C .1 9 .1 2 ,  1 9 .0 3 ; H ,  4 .8 4 ,  4 .8 7 ;  8 , 5 0 . 7 9 .

(b) Reaction of Dimethyl Sulfoxide and Methyl Chloromethyl 
Sulfide in 1:1 Mole Ratios.— A n h y d r o u s  d im e th y l  s u lfo x id e  
( 0 .6 2 5  g . )  w a s  m ix e d  w i th  0 .7 7 2 4  g . o f m e th y l  c h lo r o m e th y l  s u l 
f id e  a n d  a llo w e d  to  s t a n d  fo r  3 d a y s  a t  r o o m  t e m p e r a t u r e .  A f te r  
2 h r . ,  t h e  m ix tu r e  h a d  b e c o m e  l ig h t  y e l lo w , a n d ,  a f t e r  3  d a y s ,  t h e  
f la s k  c o n te n t s  w a s  a  p a s t y  m ix tu r e  o f  a  s o lid  a n d  a  h e a v y  o il. 
S e p a r a t io n  o f  t h e  s o lid  w a s  e f fe c te d  b y  a d d in g  5 - m l. p o r t io n s  of 
d r y  e th e r ,  w h ic h  d is s o lv e d  t h e  o il a n d  c o n v e r te d  t h e  s o l id  g r a d u 
a l ly  in to  a  p o w d e r .  T w o  w a s h in g s  w i th  1 0 -m l. p o r t io n s  o f  d r y  
a c e to n e  g a v e  0 .4  g . o f  a  s o l id ,  f re e  f ro m  o ily  c o n ta m in a t io n .  
A t t e m p te d  r e c r y s ta l l i z a t io n  o f t h i s  s e n s i t iv e  d e l iq u e s c e n t  m a te r i a l  
w a s  u n s u c c e s s fu l .  I t  w a s  f i r s t  b e l ie v e d  t h a t  p u r i f ic a t io n  c o u ld  
b e  a c h ie v e d  by d is s o lv in g  t h e  c r y s ta l s  in  c o ld  w a te r ,  fo llo w e d  b y  
c a r e f u l  e v a p o r a t io n  a t  ro o m  t e m p e r a t u r e .  B e a u t if u l  c r y s ta ls  
a p p e a r e d ,  b u t  o n ly  o n  th e  u p p e r  p a r t  o f t h e  p o r c e la in  d is h ,  w h ile  
t h e  m a in  p o r t io n  r e m a in e d  t a c k y ,  e v e n  a f t e r  p ro lo n g e d  s t a n d in g  
o v e r  p h o s p h o r u s  p e n to x id e .  T h e  c r u d e  m a te r i a l  m e l te d  b e tw e e n  
72  a n d  7 4 °  w i th  d e c o m p o s i t io n .  A  s a m p le  e v o lv e d  h y d r o g e n  
c h lo r id e  w h e n  b r o u g h t  i n to  c o n ta c t  w i th  c o ld  c o n c e n t r a t e d  s u l 
fu ric  a c id .  T h e  in f r a r e d  s p e c t r u m  s h o w e d  a  s t r o n g  S  —» O  a b 
s o r p t io n  a t  8 .1 5  it. A ll o f  th e s e  o b s e r v a t io n s  a r e  c o n s i s te n t  w i th  
th e  a s s ig n e d  s t r u c t u r e  V I .

E x c e s s  d im e th y l  s u lfo x id e  c o n v e r te d  t h e  c r y s ta l s  a t  ro o m  t e m 
p e r a tu r e  in to  a n  o il a n d  p a r a f o r m a ld e h y d e .  T h r e e - t e n th s  
g ra m  o f  t h e  m a te r i a l  w a s  d is p e rs e d  in  10 m l .  o f a n h y d r o u s  d i 
m e th y l  su lfo x id e  a n d  a l lo w e d  to  s t a n d  24  h r .  D r y  c h lo ro fo rm  
w as  a d d e d ,  w h ic h  le f t  t h e  p a r a f o r m a ld e h y d e  u n d is s o lv e d .  F r o m  
th e  f i l t r a t e ,  t h e  c h lo ro fo rm  a n d  ex cess  d im e th y l  s u lfo x id e  w e re  
r e m o v e d  b y  d i s t i l l a t io n ,  a n d  th e  s m a ll  a m o u n t  o f r e s id u a l  o il  w a s  
d is t i l le d  a t  r e d u c e d  p r e s s u r e .  T h e  a m o u n t  o f d i s t i l l a te  w a s  su ffi
c ie n t  o n ly  f o r  r e f r a c t iv e  in d e x  (? i 20d  1 .5 1 0 0 )  a n d  in f r a r e d  s p e c 
t r u m  . B o th  in d ic a te d  t h a t  t h i s  o il w a s  I X .

Attempted Oxidation of Dimethyl Disulfide by Dimethyl 
Sulfoxide.— D im e th y l  d is u lf id e  (4 .7 1  g . ,  0 .0 5 0  m o le )  w a s  d is 
s o lv e d  in  1 5 .6  g . (0 .2 0  m o le )  o f  a n h y d r o u s  d im e th y l  s u lfo x id e , 
a n d  t h e  m ix tu r e  w a s  a llo w e d  to  s t a n d  a t  ro o m  t e m p e r a t u r e  fo r  3 
d a y s .  D i s t i l l a t io n  s e p a r a te d  t h e  m ix tu r e  i n to  tw o  f r a c t io n s :  
(1 )  3 5 g . ,  b . p .  4 2 °  ( 1 .6  m m . ) ,  w 20d  1 .5 2 6 1  ( h 20d  1 .5 2 8 2  fo r  p u r if ie d  
a u th e n t i c  C H s S S C H a ) ; (2 )  1 4 .0  g . ,  b . p .  4 9 °  ( 1 .6  m m . ) ,  » » d 1 .4 8 0 2  
[ n son  1 .4 7 8 3  fo r  p u r i f ie d  a u th e n t i c  C H 3S ( 0 ) C H 3] .  N e i t h e r  a  
h ig h e r  b o i l in g  t h i r d  f r a c t i o n ,  n o r  a  d i s t i l l a t io n  r e s id u e  w a s  o b 
ta in e d ,  t h u s  i n d ic a t in g  t h a t  n o  I X  w a s  f o rm e d .

T h e r m a l  D e c o m p o s i t io n  of V.— A  s a m p le  o f  0 .2 8 1 2  g . o f V  in  a
1 0 -m l. d is t i l l a t io n  f la s k  w i th  b e n t  s id e  a r m  le a d in g  in to  a  r e c e iv e r  
co o le d  w i th  D r y  I c e  w a s  h e a t e d  to  1 9 0 °  ( o i l - b a th  t e m p e r a t u r e ) ;  
d i s t i l la t io n  o f a  l iq u id  w a s  o b s e rv e d .  P r e s s u r e  w a s  r e d u c e d  to  
0 .0 1  m m . fo r  a  s h o r t  p e r io d .  T h e  g r a y  s o lid  r e s id u e ,  w e ig h in g  
0 .2  g . a f t e r  r e c r y s ta l l i z a t io n  f ro m  g la c ia l  a c e t ic  a c id ,  o b ta in e d  as 
b ip y r a m id a l  c r y s ta l s ,  m e l te d  a t  2 9 5 - 2 9 7 ° ,  T h o u g h  t h e  m e l t in g

p o i n t  is  s o m e  1 0 °  lo w ,1 t h e  m a te r i a l  a p p e a r e d  t o  b e  3 ,9 -d ih y d ro x y -
2 ,4 ,8 ,1 0 - te t r a o x a - 3 ,9 - d ip h o s p h a s p i ro  [5 .5 ] u n d e c a n e  3 ,9 - d io x id e .

T h e  d is t i l le d  l iq u id  w a s  f o u n d  b y  v a p o r  p h a s e  c h r o m a to g r a p h y  
t o  c o n s is t  m a in ly  o f  d im e th y l  s u lfo x id e  a d m ix e d  w i th  s o m e  d i
m e th y l  s u lf id e .

Reaction of V with Calcium Carbonate.— A  s a m p le  o f 0 .5  g .  of
V  w a s  d is s o lv e d  in  6  m l .  o f d is t i l le d  w a te r ,  e x c e s s  c a lc iu m  c a r b o n 
a t e  ( M a l l in c k r o d t  a n a ly t i c a l  r e a g e n t )  w a s  a d d e d  to  th i s  s o lu t io n  
u n t i l  n o  m o r e  c a r b o n  d io x id e  w a s  e v o lv e d ,  u n c h a n g e d  c a lc iu m  
c a r b o n a te  w a s  r e m o v e d  b y  f i l t r a t i o n ,  a n d  to  t h e  c le a r  f i l t r a te  
ex ce ss  e th a n o l  w a s  a d d e d .  S e p a r a t io n  o f  a  m ic r o c r y s ta l l in e ,  
co lo r le ss  c a lc iu m  s a l t  ( X I )  ( 0 .4  g . )  o c c u r r e d ,  w h ic h  d id  n o t  m e l t  
b e lo w  3 1 5 ° .

3,9-Dimethoxy-l,4,8,10-tetraoxa-3,9-diphosphaspirol5.5]- 
undecane 3,9-dioxide (XII) w a s  p r e p a r e d  b y  a c t io n  o f  d ia z o m e th 
a n e  o n  b o t h  I V  a n d  V .

(a) From IV and Diazomethane. A  s o lu t io n  o f  100  m l .  o f
e th e r  c o n ta in in g  2 g .  o f  d ia z o m e th a n e  w a s  p la c e d  in  a  2 5 0 -m l. 
r o u n d - b o t to m e d  f la s k , a n d  2  g .  o f  r e c r y s ta l l i z e d  f in e ly  d iv id e d  
I V  w a s  a d d e d  in  f iv e  e q u a l  p o r t io n s  a t  1 0 -m in . i n t e r v a l s .  A  
v ig o ro u s  e v o lu t io n  o f n i t r o g e n  o c c u r r e d  a f t e r  e a c h  a d d i t io n .  
A f te r  12 h r . ,  g a s  e v o lu t io n  h a d  c e a s e d  a n d ,  b y  f i l t r a t i o n ,  2 .1  g . of 
t h e  s o lid  e s te r  ( X I I )  w a s  r e c o v e r e d .  A f te r  r e c r y s ta l l i z a t io n  f ro m  
a b s o lu te  e th a n o l ,  c o lo r le s s  p l a t e s ,  m .p .  2 0 8 ° ,  s o lu b le  w i th  n e u t r a l  
r e a c t io n  in  w a te r ,  w e re  o b ta in e d .

Anal. C a lc d .  f o r  C7H h0 8P 2: C ,  2 9 .1 8 ;  H ,  4 .8 6 ;  P ,  2 1 .5 5 . 
F o u n d :  0 , 2 9 . 1 0 , 2 9 . 3 0 ;  H ,  5 .0 1 , 5 .1 5 ;  P ,  2 1 .5 0 , 2 1 .2 0 .

(b) FromV and Diazomethane.— I n  s im i la r  m a n n e r  0 .5  g . o f  V  
w a s  a d d e d  in  t h r e e  p o r t io n s  t o  50  m l .  o f  e th e r  c o n ta in in g  1 .0  g .  of 
d i a z o m e th a n e .  T h e  y ie ld  o f  e th e r - in s o lu b le  e s t e r  w a s  0 .4 4  g . 
R e c r y s ta l l iz a t io n  a s  b e f o re  g a v e  s m a ll  n e e d le s ,  m .p .  2 0 8 ° , w h ic h  
g a v e  n o  d e p re s s io n  b y  m ix tu r e  m e l t in g  p o i n t  w i th  t h e  p r o d u c t  of 
m e th o d  a .

A s f u r t h e r  c o n f i rm a t io n  o f  t h e  c o r r e c tn e s s  o f  t h e  r e a c t io n s  
fo rm in g  m e th y l  m e th a n e th io l s u l f o n a te ,  t h e  e th a n e th io l  a n a lo g  w a s  
p r e p a r e d  b y  t h e  fo llo w in g  m e th o d .

Ethyl chloromethyl sulfide w a s  p r e p a r e d  s im i la r ly  b y  t r e a t i n g
2 4 .2  g .  o f p a r a f o r m a ld e h y d e  w i th  5 0 .0  g . o f  e th a n e th io l  t o  y ie ld
3 8 .5  g . o f th e  d e s i re d  su lf id e , b . p .  1 2 7 -1 2 9 °  (7 5 0  m m .) ,  ?i20d 
1 .4 8 9 2 .

Methyl ethanethiolsulfonate w a s  p r e p a r e d  f ro m  6 .2  g .  o f d o u b le -  
d is t i l le d  e t h y l  c h lo r o m e th y l  s u lf id e  a n d  16 g .  o f a n h y d r o u s  d i 
m e th y l  s u lfo x id e . T h e  m ix tu r e  s to o d  o v e r n ig h t ,  f o rm in g  a  g e l, 
w h ic h  w a s  b r o k e n  b y  t r e a t i n g  w i th  th r e e  2 0 - m l.  p o r t io n s  o f d r y  
c h lo r o fo r m . A  s o l id ,  1 .6  g . ,  id e n t i f ie d  a s  p a r a f o r m a ld e h y d e  
( 9 5 .4 % )  w a s  s e p a r a te d .  T h e  c o m b in e d  c h lo r o fo r m  e x t r a c t s  
g a v e  a  y e llo w  o il w h e n  e v a p o r a t e d  a t  3 9 °  a t  10 m m . F r a c t io n a l  
d i s t i l l a t io n  r e s u l te d  in  th r e e  f r a c t io n s :  (1 )  3 .0  g . ,  b . p .  6 9 - 7 6 °  (0 .7  
m m .)  w 20d  1 .5 1 0 0 , s o lu b le  in  w a te r ,  im m e d ia te  s i lv e r  c h lo r id e  p r e 
c ip i t a t e  w i th  s i lv e r  io n ,  h y d r o g e n  c h lo r id e  e v o lu t io n  w i th  c o ld  c o n 
c e n t r a t e d  s u lfu r ic  a c id ;  ( 2 )  2 .1  g . ,  b . p .  7 6 °  ( 0 .7  m m .) ,  n 20D 1 .4 9 6 0 , 
s p a r in g ly  s o lu b le  in  w a te r ,  c o n ta in e d  o n ly  t r a c e s  o f c h lo r in e ;  (3 )
3 .0  g . ,  b . p .  7 8 °  (0 .7  m m .) ,  nwo 1 .5 0 2 1 , in s o lu b le  in  w a te r ,  f re e  of 
c h lo r in e .  F r a c t io n  3  w a s  s u b je c te d  to  tw o  r e d i s t i l l a t io n s ;  e a c h  
t im e  a  s m a ll  f o re r u n  w a s  d i s c a r d e d .  A f te r  t h e  s e c o n d  r e d is t i l la 
t i o n  t h e  l iq u id  h a s  a  r e f r a c t iv e  in d e x ,  n 20d  1 .5 0 3 7 .

Anal. C a lc d .  f o r  C 3H 8S20 2: C ,  2 5 .6 8 ;  H ,  5 .7 1 ;  S , 4 5 .7 4 . 
F o u n d :  C ,  2 6 .2 5 , H ,  6 .1 4 , S , 4 5 .5 0 .

T h e  a n a ly t i c a l  r e s u l t s  a r e  in  s a t i s f a c to r y  a g r e e m e n t  w i th  
m e th y l  e th a n e th io l s u l f o n a te ,  C 2H 5S 0 2S C H 3, o r  i t s  is o m e r , e th y l  
m e th a n e th io l s u l f o n a te ,  C H 3S 0 2S C 2H 6. T h e  in f r a r e d  s p e c t r u m  is 
v e r y  s im i la r  t o  t h a t  o f I X ,  b u t  s h o w s  s o m e  S  —> O  a b s o r p t io n  in  
t h e  1 0 4 0 -c m .“ 1 r e g io n , p r o b a b ly  a s  a  r e s u l t  o f s l ig h t  c o n ta m in a t io n  
b y  d im e th y l  s u lfo x id e .

N u c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r a  in d ic a te d  a  m e th y l  g r o u p  
a t t a c h e d  to  a  m e th y le n e  g r o u p ,  a n d  t h a t  t h e  m e th y le n e  g r o u p  is  
a t t a c h e d  to  a n  e le c t r o n e g a t iv e  s p e c ie s .  T h is  r e s u l t  s t r o n g ly  
f a v o r s  t h e  m e th y l  e th a n e th io l s u l f o n a te  s t r u c t u r e ,  C H 3C H 2S 0 2- 
S C H 3, b u t  d o e s  n o t  e l im in a te  c o m p le te ly  t h e  p o s s ib i l i ty  o f  th e  
is o m e r ic  s t r u c t u r e  C H 3S 0 2S C H 2C H 3. O n e  u n e x p la in e d  p e a k  
w a s  a t t r i b u t e d  to  so m e  s u lfo x id e , p o s s ib ly  t h e  fo l lo w in g  is o m e r

O  0
t  t

C H 3C H 2S— s c h 3

o r  t r a c e s  o f  d im e th y l  s u lfo x id e .
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The title reaction is effected with a variety of reagents, leading in part to the formation of 3-methoxyestra- 
l,3,5(10),14-tetraen-16-one.

Although two different synthetic routes to the C-17a 
bromides of 16-ketoandrostanes1 and estratriencs2 
have been described in the literature, few of the reac
tions of these compounds have been described. To 
explore the chemical reactivity of this «-halo ketone 
system as well as the biological activity of resulting 
products, several transformations of the 17-bromo 
ketone la were investigated.

One of the initial phases of this problem involved 
production of 17/3-halo steroids by displacement reac
tions. Accordingly, the brorno ketone la was treated 
with lithium chloride in dimethylformamide. To 
effect complete reaction, as measured by the absence 
of bromine in the product, extended treatment at 100° 
was necessary. This can be contrasted to the analogous 
displacement in the 16«-bromo ketone 10 in which 
case the reaction is complete within a few hours at 
room temperature.2 This large difference in reaction 
rates affords a measure of the relative steric accessibility 
of the bromine atoms in these two electronically similar 
systems.

The major product, isolable by direct crystallization, 
was an unsaturated ketone, C19H22O2, (Xma, 5.89 p 
and Xmax 231 mp), initially assigned the structure 3. 
This product was thought to have been formed by the 
elimination of the C-17« bromine atom with a simul
taneous retropinacolic rearrangement. Due to the 
trans diaxial arrangement of the bromine atom and 
carbon atoms 13, 17, and 18, this reaction would be 
expected to occur with fair ease.3'4 * That the assigned 
structure was incorrect became clear on inspection of 
its n.m.r. spectrum: the absorption of the methyl 
group, although shifted, showed that the group was still 
tertiary and not attached to a carbon-carbon double 
bond; further, a single vinyl proton showed clearly. 
The structure 2 was then postulated as best fitting this 
data. Additional evidence for this structure was 
obtained by hydrogenation of the unsaturated ketone, 
a reaction which occurred rapidly. The product, the 
cyclopentanone 5 (Xma* 5.75 p), showed a molecular 
rotatory dispersion curve typical of cfs-hydrindanones; 
its n.m.r. spectrum was seen to have a tertiary methyl 
group (72 c.p.s.), but no vinyl proton. A preliminary 
infrared comparison indicated the unsaturated ketone 
2 to correspond to the racemic isomer R of this structure

(1) (a) J .  Fajkos and  J. Joska, C o l l e c t i o n  C z e c h .  C h e m . C o m m u n . ,  26, 
1118 (1961); (b) J. Fajkos, J . Joska, and  F. Sorm, i b i d . ,  27, 64 (1962); 
(c) J . F ishm an, J .  O r g .  C h e m . ,  27, 1745 (1962).

(2) G. P . M ueller and  W. F . Johns, i b i d . ,  26, 2405 (1961).
(3) D . II. R . B arton, J .  C h e m .  S o c . ,  1027 (1953).
(4) See W. F. Johns, J .  O r g .  C h e m . ,  26, 4583 (1961), for references to  and

the description of sim ilar rearrangem ents in the  steroidal D-ring.

prepared by Wilds and Doban by total synthesis.6 
A more complete infrared comparison of the saturated 
ketone 5 with their racemic trans-syn-cis isomer of that 
structure confirmed the identity.

A second compound obtained from the lithium chlo
ride reaction was isolated after chromatography. Its 
analysis and spectrum showed clearly that it was the 
17/3-chloro ketone 4b. A comparison with a sample 
prepared by epimerization2 of the 17«-chloro ketone 
lb proved the structure of this product.

The unsaturated ketone 2 had also been isolated in 
earlier epimerization studies of the 17«-bromo ketone 
la. The acid-catalyzed epimerization of this com
pound is a very slow reaction, successful conversion 
requiring prolonged treatment in boiling acetic acid 
containing toluenesulfonie acid.2 When ethanolic sul
furic acid was used, an anomalous change in the rotation 
was seen. Instead of the levorotatory shift expected 
of the 17« to /3 isomerization, a marked dextrorotatory 
change was observed. Analysis of the product by 
chromatography showed that this phenomenon was 
due to the competitive formation of ketone 2, a process 
precluding measurement of the 17 a-/3 equilibrium ratio 
here. It is interesting to note that no dehydrohalogen- 
ation (to yield ketone 2) was seen when toluenesulfonie 
acid-acetic acid was used.

Further work was undertaken to define better the 
conditions necessary to produce ketone 2 and also to 
determine the feasibility of producing ketone 3. To 
this end a more normal type of elimination reaction 
was tried, that using collidine. Again the reaction of 
the 17«-bromo ketone la required much more vigorous 
conditions than did the 16-bromo-17-ketoandrostane.6 
The product from a sixteen-hour reflux in collidine 
contained both 17a- and 17j8-bromo ketones (la, 4a) 
as well as the unsaturated ketone 2. After the reaction 
had proceeded for forty hours, no 17«-bromo compound 
remained. The major product was the unsaturated 
ketone 2. Also found were smaller amounts of the 
17/3-bromo ketone 4a and the reduction product,
3-methoxyestratrien-16-one (C-14a isomer of 5). No 
trace of the isomer 3 was seen despite careful chromato
graphic inspection.

The reaction of the 17«-bromide with sodium rnethox- 
ide was expected a priori to effect epimerization of the 
bromide1'2 and, secondly, to produce the hydroxy ketal

(5) We wish to  th an k  Prof. Alfred W ilds for m aking possible th is  com
parison; see R obert C. D oban, Ph .D . thesis, U niversity  of W isconsin, 
1952; A. L. W ilds and T . L. Johnson, J .  A m .  C h e m .  S o c . ,  70, 1166 (1948); 
D onald W. S toutam ire, Ph .D . thesis, U niversity  of Wisconsin, 1957.

(6) R. Pappo, B. M . Bloom, and  W. S. Johnson, J .  A m .  C h e m .  S o c . ,  78, 
6347 (1956).
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9.2 The first of these possibilities was realized by 
slurrying the a-bromo ketone la in methanolic sodium 
methoxide, causing a rapid change in crystal form. 
Filtration of the reaction mixture afforded in good 
yield the 17/3-isomer 4a. The same procedure on the 
17a-chloro compound lb similarly effected ready 
epimerization.7

The second product anticipated, the hydroxy ketal 9. 
is a normal by-product of the Favorskii reaction.8 
The analogous compound 11 was formed in excellent 
yields from the 16a-bromo ketone 102 and it was of 
interest to see if this reaction path would again be 
favored over the other possibilities available. Using 
sodium methoxide in a homogeneous reaction effected 
quick elimination of halogen and afforded a number of 
products. (The same products were also obtained by 
prolonged treatment with potassium carbonate in 
aqueous methanol at room temperature.) The unsatu
rated ketone 2 was readily isolated and identified by 
chromatography. Also isolated were two methoxy 
ketones, easily recognized by their n.m.r. spectra and 
elemental analyses. One of these was identified by 
comparison to the known 3,l7a-dimethoxyestratrien-
16-one (6),9 presumably formed by direct displacement 
of the C-17/3 bromide with methoxide ion.

The second methoxy ketone (7) was shown to be 
epimerized by base to another methoxy ketone (8), 
also isolable in small amounts from the original reaction 
mixture. This interconversion led to an equilibrium 
consisting approximately of 60% of 8 and 40% of 7. 
Assignment of structures to this pair was made possible 
by observing their clear physical and spectral dissimilar
ity to any of the known 17-methoxy-16-ketones or 16- 
methoxy-17-ketones.9 Deep-seated rearrangements are 
unlikely because of the normal n.m.r. signal for the 
angular methyl group. Thus, by elimination there 
remains only the structures 7 and 8 for this epimeric 
pair.

Introduction of the 15-methoxyl can be postulated 
as occurring by an Sn2' reaction,10 involving the inter
mediate i. Configurational assignments cannot be

i ii
made from mechanistic considerations, since it is 
possible that the C-17 bromine may be in either config
uration before the displacement occurs. The n.m.r. 
spectra also presents a confused picture of the methoxyl 
configurations. Tentative assignments are made on 
the basis of the preponderance of the epimer 8 at 
equilibrium and also on the shift observed in the infra
red: the pseudo-equatorial isomer (8) exhibits a max-

(7) Fajko8, see ref. la , has since reported  the  use of dilute potassium  
hydroxide a t  room tem pera tu re  as a  quick and  efficient m ethod for this 
epim erization in the androstane series.

(8) See A. S. Kende, O r g .  R e a c t i o n s ,  11, 201 (.I960), for a description of 
this side reaction and  leading references.

(9) Four isomeric a-m ethoxy ketones have been prepared and identified in 
these laboratories by  D r. T yner and will be fully described by him in a 
forthcom ing publication.. We wish to thank  him for his generous coopera
tion in this area.

(10) (a) J . S. G. Cox, J .  C h e m .  S o c . ,  4509 (1960); (b) The n.m .r. d a ta  
given by Y. Kawazoe, e t  a l . ,  C h e m .  P h a r n i .  B u l l .  (Tokyo), 10, 338 (19b2), 
for the  C-18 m ethyl signal of epimeric 15-hydroxylated steroids supports 
th e  configurations assigned here.

imum at a slightly lower wave length than the /3, 
methoxy ketone 7.10b

This type of dehydrohalogenation previously has been 
described in the literature, most typically in the case of 
2-bromo-3-keto steroids (although in low yield)11 and 
in similarly substituted decalins.12 The simplest 
mechanistic path for the reaction would be a vinylogous 
elimination (through the intermediate ii).18 Other 
mechanisms involving initial carbonium ion formation 
at C-17 followed by a hydride ion shift, or alternatively, 
passage through a Favorskii rearrangement intermedi
ate14 can be envisioned, but are less likely. Isomeriza
tion to the C-17 bromine to C-15 during the acid- 
catalyzed elimination is also improbable.15

In simpler steroids the C-17 a hydroxyl or halide is 
readily eliminated with simultaneous angular methyl

4a. X = Br 
b. X = C1

OCH3

migration in contrast to the much more stable C-17/3 
substituted molecules. In the present case, since the 
17 a  halide exists in a definite equilibrium concentrati n 
with its epimer, a similar rearrangement would be 
expected. That this reaction does not occur can be 
attributed to the presence of the adjacent carbonyl 
group. Although the carbonyl group is not normally 
thought of as hindering elimination of an adjacent halo
gen,16 in this case, at least, such a hindrance dees exist,

(11) C. Djerassi and C. R. Soholz, J .  A m .  C h e m .  S o c . ,  69, 2404 (1947).
(12) M. Y anagita and K. Y am akaw a, ./. O r g .  C h e m . ,  21, 500 (1956).
(13) A nother even closer exam ple appeared in the lite ra tu re  a fte r com

pletion of th is work: W. G. D auben, G. A. Boswell, and  W. H. Tem pleton, 
J .  A m .  C h e m .  S o c . .  83, 5006 (1901), have described the  dehydrobrom ination 
of l-brom o-A -noreholstan-2-one.

(14) H. O. House and W. F. Gilmore, i b i d . ,  83, 3972 (1901).
(15) C f .  C. W. P. Crowne, e l  a l ,  J .  C h e m .  S o c . ,  4351 (1950).
(10) See for exam ple the facile dehydrohalogenation of the stereoidal A- 

ring a-brom o ketones by collidine, as in ref. 11.
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leaving the indirect reaction, seen here, as the kinetically 
favored one.

No significant biological activity was found for any 
of the new compounds described here.

Experimental1718
The Reaction of the 17a-Bromo Ketone la with Lithium Chlo

ride.—A solution of 1.60 g. of the bromo ketone la; (m.p. 135— 
137°) in 50 ml. of dimethylformamide containing 3.2 g. of lithium 
chloride was heated on the steam bath for 40 hr. The solution 
was cooled and diluted with water. The pale yellow crystals 
which formed were collected on a filter, washed with water, and 
dried in a stream of air, yielding 0.40 g. of crystals, m.p. 135— 
137°. Recrystallization from ether gave 0.13 g. of the analyti
cally pure 3-methoxyestra-l,3,5(10),14-tetraen-16-one (2), m.p. 
138-140°; [«]d +319°; Xmax 5.82 (sh), 5.89, 5.93 (sh) 6.20,
6.33 v ,  75 (C1s-CH3), 350 (CUH) c.p.s.

A n a l .  Calcd. for Ci9H2202: C, 80.81; H, 7.85. Found: C, 
80.88; H, 8.05.

The infrared spectrum of this material was very similar to a 
previously recorded spectrum compound prepared by Wilds 
and Doban5; insufficient compound was available for successive 
recordings on the same spectrograph. The ultraviolet absorp
tion, Xmax 231 (25,000) m/i, was also recorded with an equimolar 
amount of estrone methyl ether in the reference cell to substract 
the absorption of the aromatic A-ring from the total absorption, 
thus showing the maximum of the cyclopentenone system: 
Xmax 234 (19,700) m/i.

The aqueous mother liquors from the reaction were extracted 
with chloroform and the extract was washed three times with 
water. Concentration of the dried extract gave 0.9 g. of a stiff 
foam which was combined wdth the mother liquors of the crystal
lization and chromatographed on 80 g. of silica. Elution with 
1% ethyl acetate in benzene gave 0 .2 2  g. of material recrystallized 
from acetone-petroleum ether to yield 0.13 g. of 3-methoxy-17+ 
chloroestra-l,3,5(10)-trien-16-one (4b), m.p. 202-208°. Re
crystallization from chloroform-methanol gave rods, melting in 
part at 205°, resolidifying, and melting at 211-213°. This 
material was identical to an authentic sample2 by infrared com
parison. Eluted at 5% ethyl acetate in benzene was 0.65 g. of 
crude unsaturated ketone 2 , recrystallized from acetone-petro
leum ether to yield an 0.40 g. of pure 2, m.p. 137-139° (identify 
confirmed by infrared comparison).

In an earlier run, using the same concentration of reactants, 
essentially no reaction was seen after 24 hr. at room temperature. 
When the solution was heated at 100° for 4 hr., a halogen analysis 
of the product indicated the mixture to consist of 70% bromo 
ketone, 1 0% monochloro ketone, and, by difference, 2 0 % de- 
hydrohalogenated compounds.

A n a l .  Calcd. for Ci9H23Br02: Br, 22.00. Found: Br,
16.14; Cl, 1.20.

3-Methoxy-14/j-estra-l,3,5(10)-trien-16-one (5).—A solution 
of 0.16 g. of the unsaturated ketone 2 in 30 ml. of ethanol con
taining 0.10 g. of 5% palladium on carbon was stirred in an 
atmosphere of hydrogen, absorbing one equivalent of gas in 15 
min. The solution was filtered and concentrated.19 The residue 
was recrystallized from chloroform-methanol yielding 0.13 g. 
of the ketone 5, m.p. 155-157°; [< * ]d  +217°; X™r 5.72 n ;  

72 (C18-CH3) c.p.s. This compound was identical in the infrared 
to the dl compound.6 The rotatory dispersion curve had a posi
tive Cotton effect: Xmax 314.5 ([a] +3610°) and 324 (+3160°) 
mg; Xmi„318 ( +  3040°) and 284 ( — 240°) m/x.20

A n a l .  Calcd. for Ci9H2402: C, 80.24; H, 8.51. Found: C, 
80.31; H,8 .8 6 . 17 18 19 20

(17) We wish to acknowledge the assistance of D r. E. G. D askalakis and 
staff for the  chrom atographic work and  D r. R . T . D illon and staff for the 
analyses and  spec tra  described here.

(18) M elting points were taken  on a  F isher-Johns m elting poin t apparatu s 
and are no t corrected. R otations were determ ined in  chloroform (1% ), 
u ltrav io le t spectra  in  m ethanol, and  n.m .r. spec tra  in  deuteriochloroform . 
T he n.m .r. spectroscope was M odel A-60, V arian Associates, Inc ., operating 
a t  60 M e; the  values repo rted  a re  A u  from te tram ethy lsilane as an  in te rna l 
s tandard . The petroleum  e th e r used had  b.p. 60-80°.

(19) W e wish to  th an k  M r. W. Selby for conducting th is hydrogenation.
(20) We wish to thank  D r. N. L. M cN iven for th is  determ ination . C. 

D jerassi, J. Fishm an, and T. N am bara, E x p e r i e n t i a ,  12, 565 (1961), describe 
the  dispersion curves of analogous ketones.

The mother liquors provided another 15 mg. of 5; no t ran s  
isomer was isolated.

Acid-Catalyzed Epimerization of the 17a-Bromo Ketone la.—
A solution of 1.0 g. of the bromo ketone la in 40 ml. of 95% 
ethanol and 4 ml. of concentrated sulfuric acid was heated at 
reflux. After 6 days, the solution was cooled, diluted with water, 
and extracted with benzene. The extract was washed with 
aqueous potassium bicarbonate solution, then dried, and concen
trated. The residue (0.78 g., [<*]d +90°) was chromatographed 
on 110 g. of silica. (An aliquot of the reaction withdrawn after 
2 days and worked up in the same way exhibited [o]d +19°.) 
Eluted with 0-2%, ethyl acetate in benzene was 0.56 g. of semi
crystalline material, recrystallized from methylene chloride- 
methanol twice to give 0.35 g. of the starting material la, m.p. 
130-133°. (A paper chromatogram of the mother liquors 
showed the presence of approximately 10%, of the 17/3-epimer 
4a.) Elution with 5% ethyl acetate in benzene provided 0.21 
g. of residue recrystallized from ether to provide 50 mg. of pure 
2, m.p. 135-137° (identity confirmed by spectral comparison with 
authentic material.)

Reaction of the 17«-Bromo Ketone la with Collidine.—2,4,6- 
Collidine (30 ml.) containing 1.68 g. of the ketone la was heated 
at reflux under nitrogen for 42 hr. The solution was cooled, 
diluted with water and excess 5% hydrochloric acid, and the re
sulting mixture was extracted with benzene. The extract was 
washed with aqueous potassium bicarbonate, dried, and con
centrated under reduced pressure. The product, 1.15 g. of oil, 
was chromatographed on 60 g. of silica. Elution with benzene 
provided 0 .1 0  g. of material, recrystallized from methylene 
chloride-methanol to yield 80 mg. of the 3-methoxy-17/3-bromo- 
estra-l,3,5(10)-trien-16-one (4a), m.p. 221-224°, identical in 
the infrared to an authentic sample.2 Further elution with ben
zene gave 0 .1 2  g. of residue, recrystallized from petroleum ether 
(Darco) to yield 40 mg. of 3-methoxyestra-l,3,5(10)-trien-16- 
one (5 with 14«-H), m.p. 122-124°, identical in the infrared to 
an authentic sample. Eluted with 2% ethyl acetate in benzene 
was 0.60 g. of material, recrystallized from ether to give 0.46 
g. of the unsaturated ketone 2, m.p. 138-140° (spectral compari
son satisfactory).

In an earlier run, after 16 hr. at reflux, the product was chro
matographed and shown to consist of 30%, of a mixture of 17a- 
and 17+bromo ketone fractions. Also present was 40% of the 
unsaturated ketone 2 .

Reaction of the 17a-Bromo Ketone la with Sodium Methoxide.
A. Reaction in a Heterogeneous System.—A slurry of 1.0 g. 
of the bromo ketone la in 40 ml. of methanol containing 3.5 g. 
of sodium methoxide was stirred at room temperature for 25 min. 
Although the mixture remained heterogeneous, a definite change 
in crystal form was seen. The mixture was filtered, the precipi
tate being washed with methanol and then with water, leaving 
0.62 g. of crystals, m.p. 175-215°. Rccrystallization from 
methylene chloride-methanol gave 0.36 g. of the pure 17/3- 
bromide 4a, m.p. 218-222°, identical to the authentic material 
by the standard comparisons.

The 17a-chloro ketone (lb, 0.10 g.) was similarly epimerized 
by slurrying in 4 ml. of methanol containing 0.50 g. of sodium 
methoxide for 10 min. The product, isolated by filtration and 
purified by recrystallization from aqueous methanol, gave 30 
mg. of the pure chloro ketone 4b, m.p. 196-201°, identical by 
normal criteria to the authentic material.2

In a similar experiment, a solution of 0.10 g. of the chloro 
ketone lb in 6 ml. of methanol and 2 ml. of 5% aqueous potas
sium hydroxide was allowed to stand at room temperature for 
20 min. The product, isolated by benzene extraction, was 
demonstrated by analysis to have lost halogen.

A n a l .  Calcd. for Ci9H23C102: Cl, 11.12. Found: Cl, 1.14.
B. Reaction in a Homogeneous System.—To a solution of 

9 g. of sodium methoxide in 200 ml. of methanol was added a 
solution of 1.50 g. of la in 10 ml. of benzene at 5°. A precipitate 
formed very quickly and remained unchanged despite vigorous 
stirring and removal of the cooling bath. After 1 hr., the solu
tion was filtered, yielding 0.80 g. of the 17/S-bromo ketone 4a, 
m.p. 200-215° (infrared comparison). This material (0.78 g.) 
was dissolved in 80 ml. of benzene and added to the sodium meth
oxide solution within 30 min. of the filtration. After a total of 
5 hr. the homogeneous solution was treated with excess acetic 
acid and water. The product (1.3 g. of oil) was isolated by 
benzene extraction and chromatographed on 85 g. of silica.
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E lu t e d  w i th  b e n z e n e  a n d  0 .5 %  e th y l  a c e t a t e  in  b e n z e n e  w a s  0 .6 2  
g .  o f  a  c r y s ta l l in e  m ix tu r e .  A  p a p e r  c h r o m a to g r a m  o f  th e s e  
f r a c t io n s  s h o w e d  tw o  c o m p o n e n ts  to  b e  p r e s e n t  in  r o u g h ly  e q u a l  
a m o u n t s .  P a r t i a l  s e p a r a t i o n  o f  th e s e  c o m p o u n d s  w a s  e f fe c te d  
b y  c r y s t a l l i z a t i o n  f ro m  m e th a n o l  a n d  f ro m  p e t r o le u m  e th e r  
a s s i s te d  b y  m e c h a n ic a l  s e p a r a t i o n ,  g iv in g  r e c t a n g u la r  p l a t e s ,  
m .p .  1 2 6 - 1 2 8 ° ,  a n d  p r i s m s ,  m .p .  1 5 8 - 1 6 3 ° .  T h e  lo w e r  m e l t in g  
m a te r i a l  w a s  s e e n  to  b e  id e n t i c a l  t o  th e  k n o w n  3 ,1 7 a - d im e th o x y -  
e s t r a - l ,3 ,5 ( 1 0 ) - t r i e n - 1 6 - o n e  ( 6 ) 9 b y  c o m p a r is o n  o f  t h e  in f r a r e d  
s p e c t r a .  T h e  s e c o n d  c o m p o n e n t  w a s  r e c r y s ta l l i z e d  f ro m  p e t r o 
le u m  e t h e r  t o  g iv e  t h e  p u r e  3 ,1 5 0 - d im e th o x y e s t r a - l ,3 ,5 ( lO ) -  
tr ie n -1 6 - o n e  ( 7 ) ,  m .p .  1 6 5 - 1 6 8 ° ;  [ a ] n  — 1 5 ° ;  Ama* 5 .7 5  n p u  
63 (Ci8-CH3), 2 1 0  ( 1 5 -O C H 3) c .p . s .

Anal. C a lc d .  fo r  C 2„H 260 3: C ,  7 6 .4 0 ;  H ,  8 .3 4 .  F o u n d :  C , 
7 6 .1 2 ; H ,  8 .5 0 .

A lso  e lu t e d  w i th  1%, e t h y l  a c e t a t e  in  b e n z e n e  w a s  80  m g . o f  a  
c r y s ta l l in e  m ix tu r e  r e c r y s ta l l i z e d  f ro m  p e t r o le u m  e t h e r  a n d  th e n  
f ro m  m e th a n o l  t o  y ie ld  3 0  m g . o f  3 ,1 5 a - d im e th o x y e s t r a - l ,3 ,5 ( 1 0 ) -  
t r ie n -1 6 - o n e  ( 8 ) ,  m .p .  1 0 0 - 1 0 2 ° ;  Amas 5 .7 2  m p ;  5 7  ( C i8- C H 3), 
2 1 8  ( 1 5 -O C H 3) c .p . s .

Anal. C a lc d .  f o r  C 2oH260 3: C ,  7 6 .4 0 ;  H ,  8 .3 4 .  F o u n d :  
C ,  7 7 .0 9 ;  H ,  8 .3 2 .

A t  5 %  e t h y l  a c e t a t e  i n  b e n z e n e  w a s  e lu t e d  0 .1 9  g .  o f  m a t e r i a l ,  
r e c r y s ta l l i z e d  f ro m  a c e to n e - p e t r o l e u m  e t h e r  t o  y ie ld  0 .1 1  g .  o f 
t h e  u n s a t u r a t e d  k e to n e ,  2 ,  m .p .  1 3 0 -1 3 5 °  ( s p e c t r a l  c o m p a r is o n  
s a t i s f a c t o r y ) .

Reaction of the Bromo Ketone la with Potassium Carbonate.—
T o  a  s o lu t io n  o f  0 .6  g .  o f  p o t a s s iu m  c a r b o n a t e  in  6 m l .  o f  w a te r  
a n d  2 0 0  m l .  o f  m e th a n o l  w a s  a d d e d  0 .3 0  g .  o f  t h e  b r o m o  k e to n e

l a .  A f te r  7 2  h r .  t h e  s o lu t io n  w a s  p o u r e d  i n to  w a te r  c o n ta in in g  
e x c e s s  a c e t ic  a c id .  T h e  r e s u l t in g  m ix tu r e  w a s  i s o la te d  w i th  
b e n z e n e  in  t h e  u s u a l  w a y .  T h e  c r u d e  p r o d u c t  ( 0 .2 5  g . )  w a s  
a n a ly z e d  b y  p a p e r  c h r o m a to g r a p h y  a n d  w a s  s e e n  t o  c o n s is t  of 
4 0 - 4 5 %  o f t h e  1 5 0 - m e th o x y  c o m p o u n d  7 , 3 5 - 4 0 %  o f  t h e  1 7 a -  
m e th o x y  c o m p o u n d  6  a n d  3 - 5 %  o f  t h e  1 5 a - c o m p o u n d  8 . N o  
b r o m o  k e to n e s  w e re  s e e n  a n d  le s s  t h a n  5 %  o f  t h e  u n s a t u r a t e d  
k e to n e  2 w a s  in  e v id e n c e .  C h r o m a to g r a p h y  o n  s i l ic a  le d  to  
i s o la t io n  o f  t h e  tw o  m a jo r  p r o d u c t s  a s  d e s c r ib e d  fo r  th e  s o d iu m  
m e th o x id e - c a ta ly z e d  r e a c t io n .

I n  a n  e a r l i e r  e x p e r im e n t ,  u s in g  s im i la r  c o n d i t io n s ,  t h e  r e a c t io n  
w a s  s t o p p e d  a f t e r  18 h r .  A t  t h a t  t i m e ,  a n a ly s i s  o f  t h e  p r o d u c t  
b y  p a p e r  c h r o m a to g r a p h y  s h o w e d  4 5 %  o f  t h e  17 /3 -b rom o  k e to n e  
4 b ,  2 0 %  o f  t h e  1 7 a - b ro m o  k e to n e  l a ,  a n d  15% . e a c h  o f  t h e  m e th -  
o x y  k e to n e s  6 a n d  7 .

Equilibration of the Methoxy Ketones 7 and 8 .— A  s o lu t io n  o f 
40  m g . o f  t h e  m e th o x y  k e to n e  7  a n d  0 .2  g .  o f  p o t a s s iu m  c a r b o n a te  
in  10 m l .  o f  m e th a n o l  a n d  2 m l .  o f  w a t e r  w a s  h e a t e d  a t  re f lu x  
fo r  1 h r .  T h e  s o lu t io n  w a s  d i lu t e d  w i th  w a t e r  a n d  e x t r a c t e d  
w i th  b e n z e n e .  I s o l a t i o n  o f  t h e  p r o d u c t  in  t h e  u s u a l  w a y  a f fo rd e d  
4 0  m g . o f  s e m ic r y s ta l l in e  r e s id u e .  T h is  m a t e r i a l  w a s  s e e n  b y  
p a p e r  c h r o m a to g r a p h y  a n d  n . m . r .  ( m e th o x y l  a b s o r p t io n  a t  21 0  
a n d  2 1 8  c . p . s . )  t o  c o n s i s t  o f  a b o u t  6 0 %  o f  k e to n e  8  a n d  4 0 %  
o f  k e to n e  7 . A t t e m p t s  a t  s e p a r a t i o n  b y  f r a c t i o n a l  c r y s t a l l i z a 
t io n  w e re  o n ly  p a r t i a l l y  s u c c e s s fu l .

R e t r e a t m e n t  o f  t h e  e q u i l ib r iu m  m ix tu r e  w i th  p o ta s s iu m  c a r 
b o n a t e  i n  m e th a n o l  fo r  a n  a d d i t i o n a l  2 h r .  le d  t o  n o  a p p r e c ia b le  
c h a n g e  in  t h e  p r o p o r t i o n  o f  is o m e r s  7  a n d  8  a s  s e e n  b y  p a p e r  
c h r o m a t o g r a p h y .

Acyl T ransfer d u rin g  C hrom iu m  T rioxide O xidation  in  th e  P regn an e Series. Som e
R eaction s o f 5 /3-A ndrostane-16,17-ketoIs1,2

C. H. Kuo, D. Taub, and N. L. Wendler

Merck Sharp and Dohme Research Laboratories, Merck and Company, Inc., Rahway, New Jersey

Received January 17, 1963

R e a c t io n  o f  3 a ,1 6 a - d ia c e to x y - 1 7 a - h y d r o x y p r e g n a n e - l l ,2 0 - d io n e  ( l b )  w i th  c h r o m iu m  t r io x id e  in  a c e t i c  a c id  
p ro c e e d e d  in  p a r t  a n o m a lo u s ly  t o  g iv e  t h e  1 7 a - a c e to x y - l l ,1 6 - 2 0 - t r io n e  V . T h e  l a t t e r  c o m p o u n d  w i th  b a s e  
u n d e r w e n t  /3 -k e to n ic  c le a v a g e  o r  r e a r r a n g e m e n t  t o  g iv e  p r im a r i ly  th e  5 - la c to n e  V I I I .  V a r io u s  r e a c t io n s  o f  th e  
1 7 /3 -h y d ro x y  k e to l  s y s t e m  V i l a  a r e  d is c u s s e d .

In connection with work on the D-homoannulation 
of the 3a, 16-17a-trihydroxy-11, 20-diketopregnanes la 
and Ila ,3 we had occasion to degrade the corresponding 
16a- and 16/3-acetates, lb and lib, to the respective 
16-acetoxy 17-ketones by two routes in order to con
firm that ring D in the parent compounds was five- 
membered. In each case, successive treatment with 
sodium borohydride in aqueous dimethylformamide4 
and sodium metaperiodate3'6 led to the ketol acetates
III and IV, respectively. Both ketol acetates III and
IV gave positive blue tetrazolium tests and showed a 
characteristic shift in the 17-carbonyl infrared band to 
5.70 p from the normal 5.77 p due to interaction with 
the 16-acetyl function. This shift was independent 
of configuration at C-16.6

(1) Presented in p a rt before the Am erican Chem ical Society, N orth  
Jersey Section, M eeting-in-M iniature, F ebruary  1, 1960.

(2) In  a recent publication entitled , “ 16-Broino-D-Hom o Stero ids," 
by  N. L. W endler and  H . L. S lates [ J .  O r g .  C h e m . ,  26, 4738 (1961)], these 
authors inadverten tly  failed to  m ake reference to  the reports of C. D jerassi 
and T. N akano [ C h e m .  I n d .  (London), 1385 (I960)] as well as M . Uskokovi6,
M . G ut, and R. I. D orfm an [J . A m .  C h e m .  S o c . ,  82, 958 (I960)] bearing on 
the isom erization and elim ination  reactions of A and  D  ring a-halo  ketones 
in related steroid system s. Apologies are herew ith expressed for th is 
oversight.— N. L. W.

(3) N. L. W endler, D. T aub, and C. H-. Kuo, i b i d . ,  82, 5701 (1960).
(4) D. T aub, R. D. Hoffsommer, and  N. L. W endler, i b i d . ,  81, 3291 

(1959).
(5) G. Cooley, B. Ellis, F . H artley , and V. Petrow , J .  C h e m .  S o c . ,  4373 

(1955), utilized an  analogous, sodium  borohydride-periodate sequence to 
degrade the side chain in  the 3/M 6-diacetoxy-5-pregnen-20-one series.

Ic. R = Hi = Ac

Although the second method of side chain degrada
tion, namely, chromium trioxide in acetic acid, gave 
analogous results in the 16/3-acetoxy series, similar 
treatment of the 16a-acetate lb gave a second neutral 
tetrazolium positive substance (20-25% yield) in addi
tion to the 16a-acetoxy 17-ketone III (30-35%)7 plus 
a minor amount of 3a-acetoxy-ll-ketoetiobilianic acid 
(VIb). The infrared spectrum of the new material 
[Xmax 5.68, 5.79, 5.84, 8.00 p] indicated the possible 
presence of an acetate function adjacent to a carbonyl 
group as in the ketol acetates III and IV. However, 
the high negative specific rotation of this substance,

(6) C f .  R . N. Jones and G. R oberts, C h e m .  I n d .  (London), 1269 (1957).
(7) Cooley, e t  a l . ,  ref. 5, on chrom ium  trioxide oxidation of 3/3,16a-di- 

aeetoxy-17a-hydroxy-5a-pregnan-20-one observed form ation of one neutral 
product, the expected 16a-acetoxyandrostan-17-one.
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V i l a .  R  =  H  
V l l b .  R  =  A c

V I I I

[aI'd' —164°, contrasted with the positive rotations 
of la  (+98°), III (+133°), and IV (+129°) and was 
suggestive of a marked structural change. In connec
tion with this problem we had ascertained that the 
3a,16a-diacetate lb was converted in part to the 3a,- 
16a,17a-triacetate Ic under normal acetylation condi
tions (acetic anhydride-pyridine at 25°). Acetylation 
was complete at 90°, and its relative ease in comparison 
with acetylation of the 17a-hydroxyl group in the ab
sence of the 16a-hydroxyl function suggested the opera
tion of an acyl transfer process8 in the formation of the 
triacetate Ic. As formulated below the acetyl group 
may undergo transfer from the C-16 to the C-17 hy
droxyl group through the orthoacetate intermediate A 
to yield the 17a-acetate B which would be readily 
acetylated to Ic.

The possibility that acyl transfer might also be in
volved in the chromium trioxide-acetic acid oxidation 
of lb led to consideration of the 17a-acetoxy-16,20- 
diketo structure V for the new substance. Formula V 
is in accord with the elemental analysis (C26H34O6), 
infrared spectrum and the n.m.r. spectrum which indi

(8) F o r exam ples of acyl transfer in the steroid series, see for exam ple:
(a) D . K. Fukushim a, N. S. Leeds, H. L. Bradlow, T. H . K ritchevsky, M. B. 
Stokem, and  T . F. Gallagher, J .  B i o l .  C h e m . ,  212, 449 (1955) [C-17 -► C- 
201; (b) P. W ieland, K. Heusler, and  A. W ettstein , H e l v .  C h i n .  A c t a ,  41, 
1G57 (1958) [C-18 —*■ C-17]; (c) D . Taub, R. D. Hoffsommer, and N. L. 
W endler, J .  A m .  C h e m .  S o c . ,  81, 3291 (1959) [C-21 C-20]; ( i )  R. Gardi,
R . V itali, and  A, Ercoli, T e t r a h e d r o n  L e t t e r s ,  13, 448 (1961) [C-17 —*• C-21].

cated the presence of three acyl methyl functions (7.(55,
7.72 r ,  17-COCH3, -OCOCH3; 7.86 r ,  3-OCOCIi3).

The ability of the tertiary ketol system V to give a 
positive tétrazolium test characteristic of primary or 
secondary ketols may appear on first inspection to be 
inconsistent with its structure. However, under the 
alkaline conditions of the test, secondary ketol systems 
are generated. Thus treatment of V with dilute 
methanolic sodium hydroxide followed by acidification 
led primarily to a new tetrazolium-positive substance. 
This substance, C2iH30O6, had the base solubility proper
ties of a lactone and absorbed in the infrared at 2.76,
2.94 (OH), 5.74 (5-lactone), 5.85 (11 C = 0) and 9.3 g 
(lactone ether oxygen). It was consequently formu
lated as VIII; the n.m.r. spectrum confirmed the pres
ence of the CH3CO grouping attached to C-17a (7.60 
t). The above reaction sequence evidently involves 
cleavage of the j3-diketone system of V as formulated 
below [V -*■ IX -*■ VIII]. Alternatively, an internal 
rearrangement pathway via Vb is also possible.

V V a

c h 3 c h 3

C O
1

C O

. A ^ C O O H

I X

V a O H -
(minor)

o
V I I I

c h 3 
I ^

H O - c - c r

A 5 5
X

V i l a

The lactone VIII contains a potential secondary 
ketol system and would be expected to give a positive 
tetrazolium test by conversion in alkali to the anion of 
the corresponding acid IX. The ability of V to give a 
positive test, therefore, is due to cleavage of its /3-di
ketone system to the secondary ketol system IX. Paper 
chromatographic evidence indicated the presence of a 
minor amount of the 17/3-hydroxy 16-ketone V ila which 
may be formed by the indicated alternate cleavage of 
the /3-diketone system (Va Vila).

We previously had prepared the 17/3-hydroxy 10- 
ketone Vila by equilibration of the ketol acetates III 
and IV in methanolic sodium hydroxide in the absence 
of oxygen.3 Acetylation of V ila gave the correspond
ing 3a-17/3-diacetate V llb3 which clearly differed from 
III and IV and must, therefore, be a 17-acetoxy 16-kc- 
tone. Calcium and liquid ammonia reduction9 of 
Vllb gave the corresponding 16-ketone Xa which on 
hydrolysis and oxidation at C-3 gave 5/3-androstane-
3,11,16-trione (Xc), identical with an authentic sam
ple.10 The 17/3, quasi equatorial configuration for the

(9) M ethod of J. H . C hapm an, J. Elks, G. H. Phillips, and  L. J . W ym an, 
J .  C h e m .  S o c . ,  4344 (1956).

(10) D. Taub, R. D. Hoffsommer, and N. L. W endler, J .  O r g .  C h e m . ,  26, 
2849 (1961).



J u x e , 1963 S o m e  R e a c t io n s  o f  5/3-A x d r o s t a n e - 1 6 ,1 7 - k e t o l s 1621

O A c
1, Ca(NH3)
2, O H -
3, C r03

V l lb X a ,  3 a - a c e t a t e  
X b ,  3 a -o l  
X c ,  3 -o n e

17-hydroxyl group in Vila is the predicted one for a 
thermodynamically equilibrated product and is in 
accord with results in the estrane and 5a-androstane 
series.11 12

The ketol Vila was best prepared from the readily 
available 17-ketone XI by a new and simple route. 
Bromination of the latter in chloroform-acetic acid 
produced the bromo compound XII (probably mainly

Some further reactions of the ketol V ila are now dis
cussed.

Sodium borohydride reduction of Vila in aqueous 
dimethylformamide4 led to the 16,17-m-/3-glycol XVIa 
the structure of which was confirmed by conversion to 
the isopropylidene derivative XVII and to the 3a, 16/3,- 
17/3-triacetate XVIb. Treatment of V ila with benzal- 
dehyde and alkali did not lead to the expected 15- 
benzylidene derivative. The crude product which had 
slight ultraviolet absorption in the 290-m/i region and 
weak absorption in the 5.70-m region in the infrared 
was more polar than Vila on paper [benzene-chloro- 
form(l : 3)-formamide system]. I t  is believed to con
sist primarily of the trims glycol XVIII formed by 
crossed Canizzaro reaction,16'17 together with a small 
amount of unchanged ketol.

X I  X I I  V i l a
W i5 f + 1 5 0 °  [ « IS 1 + 1 3 5 °

16a12). Treatment of the latter with dilute potassium 
hydroxide in ¿-butyl alcohol in the absence of air pro
duced the ketol V ila in moderate (45-50%) over-all 
yield from the 17-ketone X I.13 In the presence of air 
3a-hydroxy-ll-ketoetiobilianic acid Via was an impor
tant by-product and in some runs the major product. 
Its structure was secured by conversion to the corre
sponding 3a-acetoxy anhydride X III.14 * The reaction 
may be formulated as involving addition of oxygen to 
the anion XIV to give an intermediate 17-hydroperoxide 
XV, which can rearrange as indicated to the diacid 
Via. The ketol acetates III and IV similarly were 
oxidized in part to the diacid Via on treatment with 
alcoholic alkali in the presence of air.16

X V I I I  X V I I

By contrast with the benzaldehyde case, the ketol 
Vila did condense with formaldehyde in the presence 
of potassium hydroxide in aqueous ¿-butyl alcohol to 
give in part a base-soluble substance with 
272 m/i, € 6800, which is formulated as the 15-methyl- 
diosphenol XIX on the basis of its properties and by

O H  O H

X X I

(11) M. N. Huffm an and  M. H. L o tt, J .  A m .  C h e m .  S o c . ,  7 1 ,  719 (1949), 
see footnote 9, ref. l i b ;  N. 8. Leeds, D . K. Fukushim a, and T . F. Gallagher, 
i b i d . ,  76, 2943 (1954); (c) W. S. Johnson, B. G astam bide, and  R. Pappo, 
i b i d . ,  79, 1991 (1957); (d) J . F ishm an, i b i d . ,  82, 6143 (1960).

(12) The 17-carbonyl group of X II  absorbed in  the  infrared a t  5.71 n ,  

b u t the sh ift from the  norm al 5.75 n  cannot be used in struc tu ra l argum ents 
concerned with the  configuration of th e  16-bromine substituen t. J . Fajkos, 
C o l l e c t i o n  C z e c h . C h e m .  C o m m u n . ,  20, 312 (1955), found in a  related series 
th a t  both  16«- and 16j3-bromo 17-ketones absorb a t  5.70 g.. See also C. W. 
Shoppee, R. H. Jenkins, and G. H. R. Summ ers, J .  C h e m . S o c . ,  3048 (1958). 
The 16a-brorno assignm ent in the p resen t case is based on analogy with 
the  work of Fajkos and Shoppee, e t  a l . ,  and  is supported  by  the  optical ro ta 
tion  data .

(13) T he procedure of Leeds, Fukushim a, and G allagher (rearrange
m ent of the  16a,17a-epoxy-17/3-acetate, ref. l ib )  proceeded poorly in the 
presen t ll-keto-h/S-androstane series. A lternate procedures, acyloin con
densation of the dim ethyl ester of VI [ c f .  J. C. Sheehan, R. E . Coderre, and 
P. A. C ruikshank, J .  A m .  C h e m .  S o c . ,  75, 6231 (1953)] and  reduction  of the  
16-oximino 17-ketone [ c f .  M. N. Huffm an, J .  B i o l .  C h e m . ,  169, 167 (1947); 
F. H. Stodola, E. C. Kendall, and B. F. M cKenzie, J .  O r g .  C h e m . ,  6, 841 
(1941)j were no t investigated.

(14) N. L. W endler, D. Taub, S. D obriner, and D. K. Fukushim a, J .  A m .

C h e m .  S o c . ,  78, 5027 (1956).

analogy with the same reaction in the D-homo series.18 
Acetylation of XIX gave the enol acetate XX, Xma?H 
244 m¡x (9700). Hydrogenation of XX over palladium 
on charcoal reduced the double bond to form the 15- 
methylketol acetate XXI which gave a characteristic

(15) A utoxidation of the above 16,17-ketols io air with aqueous base 
appears to be considerably more facile th an  th a t  of simple ketones which in 
general require i-alkoxide and oxygen. C f .  W. E. D oering and W. M. 
Haines, i b i d . ,  76, 482 (1954); E. E lkik, B u l l .  s o c .  c h i m .  F r a n c e ,  933 (1959); 
E . J . Bailey, D. H. R. B arton, J . Elks, and  J . F. Tem pleton, J . C h e m .  S o c . ,  

1578 (1962). I t  is of in te rest th a t  autoxidation  of 2a- or 2/3-hydroxy- 
testosterone in  aqueous potassium  hydroxide proceeded only to the  A1,4-2- 
hydroxy-3-keto stage [R. L. C larke, J .  A m .  C h e m .  S o c . ,  82, 4629 (I960)].

(16) F o r ,a n  exam ple of reduction on a ttem p ted  benzylidene derivative 
form ation  in  'the D-hom o series and  a  discussion of mechanism , see N . L. 
W endler and  D. T aub, J .  O r g .  C h e m . ,  23, 953 (1958).

(17) The characterization  and additional chem istry of the present prod
u c t is under study.

(18) N. L. W endler. D. Taub, and R. P. G raber, T e t r a h e d r o n , 7, 173 
(1959).
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blue tétrazolium test. Under the assumption that 
hydrogenation occurred from the rear face of ring D the 
groups at C-15 and C-16 in XXI may be formulated
as 13.

X X II X X III

Cupric acetate-methanol oxidation19 of Vila pro
vided, in part, the alkali soluble 16,17-dione XXII as an 
amorphous yellow solid, m.p. 55- 170°, which was 
not obtained analytically pure. The dione XXII had 
negligible ultraviolet absorption in methanol and must 
exist, correspondingly, almost entirely in the a-diketone 
(or hemiacetal of the diketone) form in this solvent. In 
methanolic alkali XXII absorbed at 300 mg (e -~1500) 
showing the presence of the corresponding enolate 
anion. By contrast the 15-methyl-16,17-dione XIX 
exists in methanol in the diosphenol form as shown by 
strong absorption at 272 mg. On acetylation XXII 
was converted into the amorphous enol acetate XXIII, 
Xmax0H 236 mg (5000).

Finally, an additional example of acyl transfer was 
observed in the following sequence.

O A c  O A c  O A c

O H  O M s  O

£
X X V  X X V I I  X I

1

Sodium borohydride-aqueous dimethylformamide 
reduction of the ketol acetate Vllb led to a glycol 
monoacetate which was mesylated and treated with 
ethanolic potassium hydroxide. The product, which 
should have been the 17-ketone XI, was in fact a 40:60 
mixture of the 17-ketone and the 16-ketone Xa as in
dicated by paper chromatography and infrared spec
troscopy, from which a small quantity of XI was iso
lated by crystallization. Evidently acetyl transfer 
occurred during the reduction step7b’c to give a mixture 
of glycol monoacetates XXIV and XXV which was 
capable of resolution on paper at the acetate mesylate 
(XXVI and XXVII) and ketone (XI and Xa) stages.

Experimental20
Chromium Trioxide Oxidation of 3a,16a-Diacetoxy-17a- 

hydroxypregnane-11,20-dione (lb). 3a,16«-Diacetoxy-5/'Vandro-
(19) C f .  M. N. Huffm an, J .  B i o l .  C h e m . ,  167, 273 (1947).
(20) M elting points were taken  on a  micro h o t stage and are corrected. 

Paper chrom atogram s were run on strips of W hatm an no. 4 filter paper using 
the form am ide based system s of A. Zaffaroni, R . B. B urton , and E . H. 
K eutm ann, S c i e n .c n ,  111, 6 (1950). N .m .r. spectra  were run in deuterio- 
chloroform a t  60 M e. [see N. R. T renner, B. H. Arison, D. Taub, and N. L. 
W endler, P r o c .  C h e m .  S o c . ,  214 (1961), for procedural details!.

stane-ll,17-dione (III), 3«,17a-Diacetoxy-5/3-pregnane-l 1,16,20- 
trione (V), and 3«-Acetoxy-l 1-keto etiobilianic Acid (VIb).—
T o  a  s t i r r e d  s o lu t io n  o f  2 .0  g . o f  t h e  1 6 a - a c e t a t e  l b  in  4 0  m l .  
o f  a c e t ic  a c id  w a s  a d d e d  1 .0  g . o f  c h r o m iu m  t r io x id e  in  4 0  m l .  
o f  a c e t ic  a c id  a n d  0 .8  m l .  o f w a te r .  A f te r  20  h r .  a t  2 5 ° ,  w a te r  
w a s  a d d e d  a n d  t h e  m ix tu r e  w a s  e x t r a c t e d  w i th  c h lo r o fo r m  
T h e  l a t t e r  e x t r a c t  w a s  w a s h e d  w i th  w a te r ,  a q u e o u s  p o ta s s iu m  
b ic a r b o n a te ,  s a t u r a t e d  a q u e o u s  s o d iu m  c h lo r id e ,  d r ie d  o v e r  m a g 
n e s iu m  s u l f a t e ,  a n d  c o n c e n t r a t e d  t o  d r y n e s s .  T h e  r e s id u e  (1 .8  
g . )  w a s  c h r o m a to g r a p h e d  o v e r  8 5  g . o f F lo r is i l .  F r o m  t h e  
b e n z e n e - c h lo r o f o r m  e lu a t e s  w a s  o b ta in e d  5 0 0  m g . o f  3 a , l 7 a -  
diacetoxy-5/3-pregnane-ll,16,20-trione (V), c r y s ta l l i z e d  f ro m  
a c e to n e - e t h e r ,  m .p .  2 0 1 - 2 0 3 ° ,  [ a ] D  — 1 6 4 ° ;  \°^L 5 .6 8 , 5 .7 9 ,
5 .8 4 ,8 .0 0  m- N .m . r .  s p e c t r a :  7 .6 5 ,7 .7 2  r  ( 1 7 -C O C H s , O C O C H 3),
7 .8 6  t  ( 3 -O C O C H 3), 8 .7 0  r  ( C V m e t h y l ) ,  9 .1 4  r  ( C 18- m e th y l ) .

A n a l .  C a lc d .  fo r  C 26H 340 , :  C ,  6 7 .2 3 ;  H ,  7 .6 2 .  F o u n d :  C ,  
6 7 .0 8 ;  H ,  7 .3 0 .

F r o m  th e  l a t e r  b e n z e n e -c h lo r o fo r m  a n d  c h lo ro fo rm  e lu a te s  
w a s  o b ta in e d  7 2 0  m g . o f  t h e  k n o w n  3a,17a-diacetoxy-5/3-andro- 
stane-ll,17-dione ( I I I ) ,  d o u b le  m .p .  1 9 4 - 1 9 8 ° ,  2 0 8 - 2 1 2 °
( f ro m  a c e t o n e - e t h e r ) ,  i d e n t ic a l  w i th  a n  a u t h e n t i c  s a m p le 3 b y  
m ix tu r e  m e l t in g  p o in t  a n d  in f r a r e d  c o m p a r is o n .

O n  a c id i f ic a t io n  o f  t h e  o r ig in a l  b i c a r b o n a te  e x t r a c t  w i th  d i l u t e  
h y d r o c h lo r ic  a c id  106 m g . o f  3a-acetoxy-ll-ketoetiobilianic acid 
( V I b ) 14, m .p .  2 4 7 - 2 5 0 ° ,  w a s  o b ta in e d .

Chromium Trioxide Oxidation of 3a,16/3-Diacetoxy-17a-hy- 
droxypregnane-ll,20-dione (lib). 3«, 16/3-Diacetoxy-5/?-andro- 
stane-ll,17-dione (IV).— T r e a t m e n t  o f  1 .0  g . o f  t h e  1 6 /3 -a c e ta te  
l i b  in  20  m l .  o f  a c e t ic  a c id  w i th  5 0 0  m g . o f  c h r o m iu m  t r io x id e  in  
2 0  m l .  o f  a c e t ic  a c id  a n d  0 .4  m l .  o f  w a te r  a s  p r e v io u s ly  d e s c r ib e d , 
le d  t o  3a,16/3-diacetoxy-5/3-androstane-ll,l7-dione (IV), m .p .
1 7 6 -1 8 0 , u n d e p r e s s e d  m ix tu r e  m e l t in g  p o i n t  w i th  a n  a u t h e n t i c  
s a m p le 3 a s  t h e  o n ly  o b s e rv e d  p r o d u c t .

3 a , 16«, 17a-Triacetoxypregnane-11,20-dione (Ic) .— T r e a t m e n t  
o f  2 0 0  m g . o f  3 a ,1 6 a - d i a c e to x y - 1 7 a - h y d r o x y p r e g n a n e - l l ,2 0 -  
d io n e  ( l b )  w i th  1 m l .  o f  a c e t ic  a n h y d r id e  in  2 m l .  o f  p y r id in e  a t  
9 0 - 9 5 °  ( s t e a m  b a t h )  f o r  18 h r .  a n d  c r y s ta l l i z a t io n  o f  t h e  r e s id u e  
f ro m  e t h e r - b e n z e n e  le d  t o  t h e  3 a ,16a,17a-triacetate Ic (1 4 4  m g .) ,  
m.p. 2 4 4 - 2 4 5 ° ;  5 .7 0 - 5 .8 5 ,  7 .9 - 8 .0  n [no  - O H ] .

A n a l .  C a lc d .  f o r  C 2,H 380 8: C ,  6 6 .1 0 ;  H ,  7 .8 1 . F o u n d :  C , 
6 5 .7 9 ;  H ,  7 .7 1 .

A  s im i la r  e x p e r im e n t  a t  2 5 °  le d  t o  a  m ix tu r e  o f  l b  ( m a jo r )  
a n d  I c  ( m in o r )  a s  e v id e n c e d  b y  p a p e r  c h r o m a to g r a p h y  [ b e n z e n e -  
c y c lo h e x a n e  ( 1 : 1 0 ) - f o rm a m id e  s y s t e m ] .  A t  9 0 °  f o r  1 h r .  I c  
w a s  t h e  m a jo r  c o m p o n e n t .

Reaction of V with Methanolic Sodium Hydroxide. 3 a -  
Hydroxy - 17a - acetyl -17 - oxa - d  - homo -  5/3 - androstane -11,16- 
dione (VIII).— T o  a  s o lu t io n  o f  150  m g . o f  t h e  1 1 ,1 6 ,2 0 -  
t r io n e  V  in  10 m l .  o f  m e th a n o l  ( u n d e r  n i t r o g e n )  w a s  a d d e d  150 
m g . o f  s o d iu m  h y d r o x id e  in  2 m l.  o f  w a t e r .  A f te r  1 hF . a t  2 5 °  
th e  m ix tu r e  w a s  a c id if ie d  w i th  d i l u t e  h y d r o c h lo r ic  a c id  a n d  th e  
m e th a n o l  r e m o v e d  b y  c o n c e n t r a t io n  u n d e r  v a c u u m .  W a t e r  
w a s  a d d e d  a n d  th e  m ix tu r e  e x t r a c t e d  w i th  e th e r .  T h e  e t h e r  
e x t r a c t  w a s  w a s h e d  w i th  5 %  a q u e o u s  p o ta s s iu m  b i c a r b o n a t e ,  2 %  
a q u e o u s  s o d iu m  h y d r o x id e ,  s a l t  s o lu t io n ,  d r ie d  o v e r  m a g n e s iu m  
s u l f a te ,  a n d  c o n c e n t r a t e d  to  d r y n e s s .  T h e  b a s ic  e x t r a c t s  w e re  
a c id if ie d  w i th  d i l u t e  h y d r o c h lo r ic  a c id ,  e x t r a c t e d  w i th  c h lo r o fo r m , 
t h e  l a t t e r  e x t r a c t s  d r ie d  o v e r  m a g n e s iu m  s u l f a t e ,  a n d  c o n c e n 
t r a t e d  t o  d r y n e s s .  T h e  b ic a r b o n a te  e x t r a c t e d  m a t e r i a l  ( w h i te  
s o l id ,  53  m g .)  w a s  r e c r y s ta l l i z e d  f ro m  a c e t o n e - e t h e r  t o  g iv e  t h e  
lactone VIII 3 4  m g . ,  m .p .  2 5 2 - 2 5 6 ° ;  [ a ]n  - 1 0 6 ° ;  2 .7 6 ,
2 .9 4  fi ( 3 a - O H ) ,  5 .7 4  M ( 3 - la c to n e ) ,  5 .8 5  M ( l l , 2 0 - C = O ) ,  9 .3  ^  
( l a c to n e  e t h e r  o x y g e n ) ;  in  m o r p h o lin e  t h e  5 .74-^j b a n d  s lo w ly  
d im in is h e d  w i th  c o n c o m i t a n t  f o r m a t io n  o f  a  c a r b o x y la t e  a n io n  
b a n d  a t  6 .1 5 - 6 .2 0  ¡j . N . m . r .  s p e c t r a :  5 .3 6  r ( 1 7 a a - H ) ,  7 .6 0  r  
(1 7 a /3 -C O C H 3), 8 .8 0  r  ( 1 9 -C H 3) , 8 .8 5  r  ( 1 8 -C H 3).

A n a l .  C a lc d .  f o r  C 2iH 30O 5: C ,  6 9 .5 8 ;  H ,  8 .3 5 .  F o u n d :  
0 , 6 9 . 6 8 ;  H , 8 . 3 1 .

T h e  s o d iu m  h y d r o x id e  e x t r a c t e d  m a t e r i a l  (4 6  m g .)  c r y s ta l l i z e d  
w i th  d i f f ic u l ty  a n d  p r o b a b ly  c o n ta in e d  a d d i t i o n a l  l a c to n e  V I I I  
a s  e v id e n c e d  b y  p a p e r  c h r o m a to g r a p h y  (b e n z e n e - c h lo ro f o r m  
( 1 :5 ) - f o r m a m id e  s y s t e m )  a lo n g  w i th  p o l a r  c o m p o n e n ts .

T h e  o r ig in a l  n e u t r a l  e th e r  e x t r a c t  (3 0  m g .)  p r o b a b ly  c o n ta in e d  
t h e  k e to l  V i l a  a s  in d ic a te d  b y  p a p e r  c h r o m a to g r a p h y .

3a-Acetoxy-5d-androstane-ll,16-dione (Xa).— T o  a  s t i r r e d  
s o lu t io n  o f  3 0 0  m g . o f  c a lc iu m  tu r n in g s  in  30  m l .  o f  l iq u id  a m m o n ia 9 
w a s  a d d e d  (5  m in . )  4 0 0  m g . o f  3 a ,1 7 ( 3 -d ia c e to x y -5 /3 -a n d ro s ta n e -
1 1 ,1 6 -d io n e  ( V l l b )  in  5 m l.  o f  d r y  to lu e n e .  A f te r  a n  a d d i t i o n a l  
10 m in .  0 .5  m l .  o f  b r o m o b e n z e n e  w a s  a d d e d  d r o p w is e  fo llo w e d
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by 1.0 ml. of water, and the ammonia was allowed to evaporate. 
Water (50 ml.) was added and the mixture extracted with chloro
form. The latter extract was washed with salt water, dried 
over magnesium sulfate, and concentrated to dryness under 
vacuum. The residue (~300 mg.) was chromatographed over 15 
g. of neutral alumina. Recrystallization of the crystalline and 
single spot [benzene-cyclohexane (1:5)-formamide system] pe
troleum ether-benzene eluates (104 mg.) from ether-petroleum 
ether gave analytically pure Xa, m.p. 135-137°; X'„”, 5.74, 5.83,
7.99 n; negative tetrazolium test.

Anal. Calcd. for C2iH30O4: C, 72.80; H, 8.73. Found: 
C, 72.51; H, 8.43.

Attempted deacetylation of Vllb by refluxing with zinc in 
acetic acid failed.21

5/3-Androstan e-3,11,16-trione (Xc).—To a solution of 50 mg. 
of Xa in 2.5 ml. of methanol was added 50 mg. of sodium hy
droxide in 1 ml. of water. After 30 min. at 25°, 0.3 ml. of acetic 
acid was added and the methanol removed under vacuum. Water 
was added and the mixture was extracted with chloroform. 
The latter extract was dried over magnesium sulfate and con
centrated to dryness. The residue crystallized from ether 
to give 3a-hydroxy-5/3-androstane-ll, 16-dione (Xb), m.p. 130- 
133°; 2.71, 2 .8- 2 .9, 5.74, 5.84 m- To a solution of 50 mg.
of Xb in 1 ml. of acetic acid was added 30 mg. of chromium tri
oxide in 1 ml. of 90% acetic acid. After 17 hr. at 25° water was 
added and the mixture extracted with chloroform. The latter 
extract was washed with 5% aqueous potassium bicarbonate, 
salt water, dried over magnesium sulfate, and concentrated to 
dryness. Crystallization of the residue from acetone-ether gave 
Xc, m.p. 185-190°, undepressed on mixture melting point with an 
authentic sample, m.p. 189-1910.10 The respective paper chro
matographic mobilities [benzene-cyclohexane (l:l)-formamide 
system] and infrared spectra were identical.

3a-Acetoxy-16a-bromo-5/3-androstane-l 1,17-dione (XII).—To 
a stirred solution (¿, 10°) of 25.3 g. (73 mmoles) of 3a-acetoxy- 
5j9-androstane-ll, 17-dione (XI) in 400 ml. of chloroform and 
1 drop of 15% hydrogen bromide in acetic acid was added drop- 
wise 11.7 g. (73 mmoles) of bromine in chloroform. Addition 
was complete in 90 min. After an additional 5 min. the pale 
yellow solution was concentrated to dryness under vacuum 
and the residue crystallized from ether to give 28.8 g. (93%) 
of XII, m.p. 191-195°. Recrystallization from ether-acetone 
raised the m.p. to 198-202°; [ a ] D  +135°; X]“ , 5.71, 5.80, 5.84, 
8 . 0  m *

Anal. Calcd. for C21H290 4Br: C, 59.29, H, 6.87, Br, 18.79. 
Found: C, 58.96; H, 6.49; Br, 18.61.

3«, 17/3-Dihydroxy-5(3-androstane-11,16-dione Vila.—To a
stirred solution of 28 g. of the 16a-bromo 17-ketone XII (m.p. 
191-195°) in 1800 ml. of ¿-butyl alcohol maintained under 
nitrogen was added 1800 ml. of 2% aqueous potassium hydroxide. 
After 17 hr. at 25° the mixture was neutralized with cold 2 N  
hydrochloric acid and the ¿-butyl alcohol was removed under 
vacuum. The mixture was extracted with 1:1 benzene-ethyl 
acetate and the latter extract washed with saturated salt solution, 
dried over magnesium sulfate, and concentrated to dryness. 
Two crystallizations of the residue from acetone-ether gave 10.5 
g. (50%) pure Vila, m.p. 199-202°,3 with additional material in 
the mother liquors.

Pyridine-acetic anhydride acetylation of Vila (200 mg.) 
gave the corresponding 3a,17/3-diacetate V llb ,3 m.p. 184-186°.

3«-Hydroxy-ll-ketoetiobilianic acid (Via). (A) From XII.— 
A solution of the 16a-bromo 17-ketone XII (1.0 g.) in 6 ml. of 
tetrahydrofuran and 6 ml. of 2% aqueous potassium hydroxide 
was kept exposed to air at 25° overnight. The tetrahydrofuran 
was removed under vacuum and the alkaline solution extracted 
with ethyl acetate. The latter extract was washed with saturated 
salt solution, dried over magnesium sulfate and concentrated to 
dryness. Trituration of the residue with ether gave 200 mg. of 
the 17/3-hydroxy-16-ketone Vila. Acidification of the basic 
aqueous layer and extraction with ethyl acetate gave 3a-hydroxy-
11-ketoetiobilianic acid Via (360 mg.), m.p. 227-232;
3.0-3.6 (broad), 5.82, 5.91 m-

Anal. Calcd. for Ci9H280 6: C, 64.75; H, 8.01. Found: C, 
64.26; H, 7.75.

Reaction of Via (100 mg.) with 0.5 ml. of acetic anhydride 
and 1 ml. of pyridine overnight at room temperature gave the * 4367

(21) Cf. R .  S. Rosenfeld and T .  F .  Gallagher, J. Am. Chem. Soc., 7 7 ,

4367 (1955). Clemmensen reduction of 17-hydroxy-16-keto system s has 
g iven 16-keto steroids [M . N . H uffm an and M . H . L o tt , ibid., 7 3 ,  878 
(1951)].

known 3a-aeetoxy-ll-ketoetiobilianie acid anhydride (XIII), 
m.p. 207-215° (reported m.p. 213-215014), undepressed on mix
ture melting point with an authentic sample.

(B) From Ketol Vila.—Treatment of 3a,17/3-dihydroxy- 
5fl-androstane-ll, 16-dione (Vila) (100 mg.) in 4 ml. of 
methanol with 4 ml. of 2.5% aqueous sodium hydroxide in air 
for 2 hr. at room temperature led to 70 mg. of acid Via.

Analogous treatment of the ketol acetates III and IV with 
aqueous methanolic sodium hydroxide in air also led to the etio- 
bilianic acid Via.

3«, 16/3,17/3-TrLhydroxy-5/3-androstane-l 1-one (XVIa).—To a
stirred solution of 400 mg. of ketol Vila in 10 ml. of dimethyl- 
formamide was added 100 mg. of sodium borohydride in 5 ml. 
of water. After 3 hr. (negative tetrazolium test) 2 ml. of 10% 
aqueous acetic acid was added dropwise followed by saturated 
salt water. The mixture was extracted with chloroform, the 
latter extract washed with saturated salt solution, dried over 
magnesium sulfate and concentrated to dryness. The residue 
was crystallized from aqueous methanol, 287 mg., m.p. 262-268°, 
raised to 270-274° on repeated crystallization; X”"”1 2.9-3.0,
5.89 m-

Anal. Calcd. for C19H30O4: C, 70.77; H, 9.38. Found: C, 
70.53; H, 9.20.

3a-1 6/3,17/3-Triacetoxy-5/3-androstane-l 1-one (XVIb).—The
triol XVIa (120 mg.) was acetylated in 2 ml. of acetic anhydride 
and 3 ml. of pyridine overnight at 25°. The mixture was con
centrated to dryness under vacuum, flushing twice with benzene. 
Crystallization of the residue from acetone-ether gave the tri
acetate XVIb. m.p. 204-207°; Xcm„  5.75, 5.85, 8.0 m-

Anal. Calcd. for CasHasO,: C, 66.94; H, 8.09. Found: C, 
66.41; H, 8.05.

Isopropylidene Derivative (XVII).—A solution of 100 mg. 
of triol XVIa in 10 ml. of acetone and 0.1 ml. of concentrated 
sulfuric acid was kept at 25° overnight. A small quantity of 
solid was removed by filtration, the filtrate was neutralized with 
potassium bicarbonate and the acetone removed under vacuum. 
Water was added and the mixture extracted with chloroform. 
The latter extract was dried over magnesium sulfate and concen
trated to dryness. Crystallization of the residue from acetone- 
ether gave the isopropylidene derivative XVII (110 mg.), m.p.
182-184°.

Anal. Calcd. for C22H340 4: C, 72.89; H, 9.45. Found: 
C, 72.84; H.E.65.

Reaction of Ketol Vila with Benzaldehyde.—To a solution of
2.0 g. of Vila in 25 ml. of ethanol was added 1.40 g. of benzal
dehyde and 13 ml. of 15% aqueous potassium hydroxide. The 
solution was stirred at room temperature under nitrogen for 
18 hr. and most of the ethanol removed under vacuum. On 
addition of water a gum precipitated which crystallized on chilling 
and stirring. It was filtered and dried in air (1.66 g.), m.p. 138- 
146°; x:„“ 2.7-2.9 (strong), 5.72 (weak), 5.85m (strong). Crystal
lization from methanol-water did not raise the melting point. 
On paper chromatography (benzene-chloroform (1 ^ -fo rm - 
amide) the material showed a major spot (Rt - 0.4) with nearly 
the same mobility as the triol XVIa and a minor, more mobile 
spot (+  tetrazolium test) of identical mobility as Vila.

3a, 16-Eihydroxy-15-methyl-5/3-androst-15-ene-l 1,17-dione
(XIX) .—To a solution of 250 mg. of ketol Vila in 10 ml. of t- 
butyl alcohol was added 1.0 g. of potassium hydroxide in 1 ml. 
of water and 0.5 ml. of 37% aqueous formaldehyde. The mixture 
was refluxed under nitrogen for 1 hr., the ¿-butyl alcohol removed 
under vacuum, water added and the mixture extracted with 
chloroform. The aqueous phase was acidified with dilute hydro
chloric acid, extracted with chloroform, and the latter extract 
washed with dilute sodium bicarbonate, saturated salt solution, 
dried over magnesium sulfate, and concentrated to dryness. 
Trituration with ether gave 75 mg. of the diosphenol XIX, 
m.p. 158-169°, unchanged on crystallization from chloroform- 
ether; x le°H 272 mM (6800); Xc“„ 2.78, 2.9, 5.85, 6.05 m-

The original chloroform extract contained 50 mg. of crude 
starting ketol Vila, m.p. 178-190°.

3a, 16-Diacetoxy-15-methyl-5/3-androst-15-ene-11,17-dione
(XX) .—The diosphenol XIX (80 mg.) was kept overnight at 25° 
in 2 ml. of pyridine and 1 ml. of acetic anhydride. The mixture 
was concentrated to dryness under vacuum and the residue crystal
lized from ether to give the enol acetate XX, 50 mg. with addi
tional material in the mother liquor, m.p. 200-203°; X“[fH 
244 him (9700); Xcnl  5.66, 5.78,5.84 (shoulder), 6.05 m*

Anal. Calcd. for C24H320 6: C, 69.21; H, 7.74. Found: C, 
69.11; H, 7.52.
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3a, 16-Diacetoxy-IS-methyl-5(3-androstane-ll,17-dione (XXI).
—A solution of the enol acetate XX (250 mg.) in 12 ml. of ethyl 
acetate was hydrogenated at 25° and 1 atm. over 150 mg. of 10% 
palladium on charcoal catalyst. Uptake of one molar equivalent 
of hydrogen was complete in 2 hr. The mixture was filtered, 
the filtrate taken to dryness, and the residue crystallized from 
ether-petroleum ether to give the saturated diacetate XXI, 
m.p. 176-178°; X';,1% 5.70, 5.78, 5.83 y; positive tetrazolium 
test.

Anal. Calcd. for C24H34O6: C, 68.87; H, 8.19. Found: C, 
68.72; H, 8.38.

3a-Hydroxy-5i3-androstane-ll,16,17-trione (XXII).—A stirred 
mixture of ketol Vila (150 mg.), cupric acetate monohydrate 
(440 mg.) in 20 ml. of methanol was refluxed for 3 hr., cooled, 
and the methanol removed under vacuum. Dilute hydrochloric 
acid wras added and the mixture extracted with 1:1 benzene- 
ether. The latter extract was washed with dilute sodium bi
carbonate and 1 N  sodium hydroxide. The sodium hydroxide 
extract was washed with 1:1 benzene-ether, acidified with dilute 
hydrochloric acid, and extracted with 1:1 benzene-ether. The 
latter extract was washed with saturated salt solution, dried over 
magnesium sulfate and concentrated to dryness to give the base 
soluble 11,16,17-trione XXII, which on trituration with ether was 
obtained as an amorphous yellow solid, 60 mg., m.p. 127-130°; 
ultraviolet in methanol, no maximum; in methanol containing 
0.1% sodium hydroxide, X,„„x 300 my (1500); 2.75, 2.8-
2.9, 5.72, 5.85 y; negative tetrazolium test.

An analytically pure specimen was not obtained.
Acetylation of XXII (20 mg.) in 0.5 ml. of acetic anhydride 

and 1 ml. of pyridine overnight at room temperature gave the 
noncrystalline 3a, 16-diacetoxy-5/3-androst- 15-ene-ll,l7-dione
(XXIII); X„rH 236 my (5000).

Conversion of 3a,l7/3-Diacetoxy-5/3-androstane-ll,16-dione 
(Vllb) to 40:60 Mixture of 3a-Acetoxy-5/3-androstane-ll,17- 
dione (XI) and 3a-Acetoxy-5/3-androstane-l 1,16-dicne (Xa).— 
The ketol acetate Vllb (360 mg.) in 10 ml. of dimethylformamide 
was treated with 70 mg. of sodium borohydride in 3.5 ml. of 
water as described above for the reduction of Vila. The amor
phous product [XXIV and XXV (350 mg. ) negative tetrazolium 
test; A])“* 2.75, 5.75, 5.84 //] in 2 ml. of pyridine at 0°] was

treated with 0.3 ml. of methanesulfonyl chloride for 17 hr. 
Iced water was added and the mixture extracted with chloroform. 
The latter extract was washed successively with dilute hydro
chloric acid, dilute aqueous potassium bicarbonate, saturated 
salt solution, dried over magnesium sulfate and concentrated to 
dryness under vacuum to give an amorphous mixture of 16,17- 
acetate-mesylates XXVI and XXVII (430 mg.) as evidenced by 
paper chromatography [two spots iff ~  0.3 and ~0.7; benzene- 
cyclohexane (1: l)-formamide system]. The acetate-mesylate 
mixture in 20 ml. of ethanol and 20 ml. of 1 N  aqueous potassium 
hydroxide was refluxed for 1 hr. The ethanol was removed 
under vacuum, water added, and the mixture extracted with 
chloroform. The chloroform extract was washed with saturated 
salt solution, dried over magnesium sulfate, and concentrated 
to dryness. The residue (340 mg.) crystallized slowly from ether 
to yield 14 mg. of 3a-hydroxy-5/3-androstane-ll,17-dione, m.p. 
182-187°, identical infrared spectrum and undepressed mixture 
melting point with authentic sample, m.p. 186-189°. Remain
der of product was acetylated (2 ml. of pyridine, 1 ml. of acetic 
anhydride at 25° overnight). Paper chromatography (ligroin- 
formamide) along with samples of the individual compounds, 
showed the acetylation product to consist of a nearly equivalent 
mixture of 3a-acetoxy-5d-androstane-ll,17-dione (XI) and 3a- 
acetoxy-5/3-androstane-l 1,16-dione (Xa). Infrared spectroscopy 
vs. known mixtures of XI and Xa indicated the mixture to consist 
of 40%, XI and 60% Xa.

In a second run the sodium borohydride reduction product 
(350 mg.) of Vllb was in part acetylated to give in good yield 
the triacetate XVIb, m.p. 204-206°, and in part saponified (dilute 
aqueous methanolic sodium hydroxide, 25° for 40 min.) to give 
a good yield of the triol XVIa, m.p. 265-270°, indicating the 
reduction product to be a clean mixture of 16(i,17/3-glycol mono
acetates.
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2,2-Diarylpropanes were prepared by hydride transfer reactions of 2-arylpropanes, arenes, and hydride ion 
acceptors. Hydride ion transfer and alkylation by the cumyl carbonium ion compete with alkylation by the 
hydride ion acceptors, isomerization, and transalkylation. Conversions of 2-arylpropanes to 2,2-diarylpropanes 
were surprisingly good in view of all these competing reactions.

Introduction
2,2-Diarylpropanes were needed in this laboratory as 

intermediates in oxidation studies. This led to a 
study of their synthesis as they are difficult to prepare 
by known methods. Most methods depend on alkyla
tion of arenes with a cumyl cation formed from such 
reagents as a-methylstyrenes,2 2-chloro-2-phenylpro- 
panes,3 or 2-phenylpropanol-2.4 Unfortunately these 
reagents readily dimerize to indanes and, except for one 
reaction,3 give only a small amount of the alkylation 
products. Furthermore, ring-substituted a-methyl
styrenes, 2-phenyl-2-chloropropanes, or 2-phenyl-2- 
propanols are not readily available, whereas a large

(1) Presented at the 142nd N ational M eeting of the Am erican Chem ical 
Society, A tlan tic  C ity , N . J . ,  September, 1962.

(2) R . R . H ia t t , U . S. Patent 2,719,871 (October 4, 1955).
(3) A . T .  Coseia, J .  T .  Penniston, and J .  C . Petropoulos, J. Org. Chem., 

26, 1398 (1961).
(4) K .  T .  Serijan  and P . H . W ise, J. Am. Chem. Soc., 73, 4766 (1951).

number of ring-substituted cumenes can be easily pre
pared.

We wished to form the cumyl cations directly from 
2-arylpropanes by hydride transfer to another car
bonium ion in the following way.

H3C ?  CH3 h 3c  © c h 3
c  c

The formation of many types of hydrocarbons by 
hydride transfer reactions has been reported, such as 
alkylation of arenes with paraffins,5 formation of diaryl-

(5) J . T . K elly  a n d  R . J . Lee, I n d .  E n g .  C h e m . ,  47, 757 (1955).
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T able I
R eaction  of C um ene  and B en z e n e“

-̂-----— ---- -— — —-— ---- — -------------Products------
<---- -—.—-2,2-Diphenylpropane——•—-—-

------ — -Reactants------— •—-—-— -----■— ----- •—■> M ole %  on
Cumene, Benzene, recovered

moles moles H yd ride  ion acceptors Moles Moles Mole %6 cumene .—— -——------ -------Other-

0.5 2.5 ¿-Butyl chloride 0.5 0.0535 10.7 28.0 ¿-Butylbenzene 0.3 mole
1.0 1.0 ¿-Butyl chloride .5 .0590 12.0 12.5 ¿-Butylbenzene . 26 mole
0.5 2.5 ¿-Butyl chloride 1.0 .0865 17.0 37.0 ¿-Butylbenzene .91 mole

.5 2.5 ¿-Butyl chloride 2.0 .117 24.0 34.0 ¿-Butylbenzene 1.02 moles

.5 2.5 ¿-Butyl chloride' 0.5 .059 12.0 35.0 ¿-Butylbenzene 0.24 mole

.5 2.5 ¿-Butyl chloride“1 8 .5 .020 4.0 11.0

.5 2.5 ¿-Butyl chloride“ .5 .040 8.0 18.5

.5 2.5 ¿-Butyl chloride-1 .5 .039 7.8 17.5 ¿-Butylbenzene 0.16 mole

. 5 2.5 n-Propyl chloride .5 None Propylbenzene .03 mole

.5 2.5 Benzhydryl chloride .5 0.107 21.4 37.0 . Diphenylmethane . 145 mole"
T riphenylme thane . 28 mole

.5 2.5 Benzhydryl chloride-1 .5 .0873 17.4 29.0 Diphenylmethane . 18 mole

.25 1.3 Trityl chloride .25 None

.5 2.5 2-Methylbutene-2,‘ .5 0.030 6.0 22.2
0 Conditions: except as noted all reactions at 20-25° using 0.05 mole of aluminum chloride as catalyst. 6 Mole % yield based on 

cumene. c Using 1.0 mole of cyclohexane as a diluent. d Using 0.05 mole of anhyd. ferric chloride as catalyst. ‘ At 0°. ■''At 55°.
0 29% of theory for hydride transfer. h With a slow stream of dry hydrogen chloride gas.

T a ble  I I
R eactions o f Ar en es  and 2-Arylpropanes"

—-------- --------- ------ .— .---- • P  r o d u cts—-—■——*— ------ -
M ole %  on

— —-Reactants—*—— — — recovered
2-Aryl- 2-aryl-
propane Moles Arene Moles 2,2-D iarylpropane Moles Mole %h propane -̂----•—— —Other products--------------•

p-Cymene 0.5 Toluene 2.5 2,2-Ditolylpropanes' 0.038 7.6 29 ¿-Butyltoluene 0.375 mole
p-Cymene Q.5d Toluene 2 .5d 2,2-Ditolylpropanes .065 13.0 27 Diphenylmethane . 20 mole

Triphenylmethane . 2 mole
Cumene 0.5 Toluene 2.5 2,2-Diphenylpropane .004 0.8 e ¿-Butyltoluene . 26 mole

2-Phenyl-2-tolylpropane .014 2.8 6 Cymenes . 25 mole
2,2-Ditolylpropanes .047 9.4

p-Cymene 0.5 Benzene 2.5 2,2-Diphenylpropane .036 7.2 17.0 ¿-Butylbenzene .3 mole
2-Phenyl-2-tolylpropane .0095 1.9 4.5
2,2-Ditolylpropanes .0155 3.1 7.4

a Condition: except as noted all runs at 20-25° using 0.05 mole of aluminum chloride as catalyst and 0.5 mole of ¿-butyl chloride.
6 Based on 2-arylpropane. ° 35 %p,p'; 28% p,m'; 37 % m,m’. See Experimental. Using 0.5 mole of benzhydryl chloride instead of 
¿-butyl chloride. e Most of the unchanged cumene was transalkylated to cymene isomers.

methanes,0-8 formation of indans9 10 and 1,1-diaryl- 
ethanes,910 and alkylation of arenes with cycloalkanes.11 
The preparation of 2,2-diarylpropanes by hydride 
transfer has been reported in the patent literature12; 
however, only one reaction, the formation of 2,2-di- 
phenylpropane was actually described. The object of 
the present work, then, was to make a more thorough 
study of the preparation of 2,2-diarylpropanes by hy
dride transfer reactions involving 2-arylpropanes and 
arenes.

Discussion
Tables I and II summarize the reactions for the 

preparation of 2,2-diarylpropanes by hydride transfer. 
While we obtained low yields of 2,2-diarylpropanes 
with ferric chloride, aluminum chloride was a much

(6) L .  Schm erling, J .  P . L u v is i , and R . W . W elch, J. Am. Chem. Soc., 81, 
2718 (1959).

(7) B . S . F riedm an , F .  L .  M o rritz , C . J .  M orrissey, and R . Konos, ibid.. 
80, 5867 (1958).

(8) S . P . M alch ick  and R . B , Plannan, ibid., 81, 2219 (1959).
(9) H . P ines and J .  T .  A rrigo , ibid., 80, 4369 (1958).
(10) A . Schneider, U . S. Patent 2,742,516 (A p ril 17, 1956).
(11) L .  Schm erling, R . W . W elch , and J .  P . L u v is i , J. Am. Chem. Soc., 79, 

2636 (1957).
(12) A . Schneider, U . S. Patent 2,742,512 (A p ril 17. 1956).

more effective catalyst, and was used in most reactions. 
The effect of changing other reaction variables for the 
preparation of 2,2-diphenylpropane from benzene and 
cumene are summarized in Table I. Optimum condi
tions so far determined are equimolar amounts of 
cumene and hydride ion acceptor in a five-mole excess 
of benzene at 20-25°. Conversions to 2,2-diphenyl
propane were increased by increasing the ¿-butyl chlo
ride; however, a fourfold increase in i-butyl chloride 
gives only a twofold increase in 2,2-diphenylpropane, 
and the yield based on recovered cumene is approxi
mately the same as reactions using equimolar amounts 
of ¿-butyl chloride and cumene. The best hydride ion 
acceptor was benzhydryl chloride. The second hy
dride transfer product, diphenylmethane, was also iso
lated in this reaction.

Reaction of toluene and p-cymene (Table II) gave 
the expected 2,2-ditolylpropane isomers. The yield of 
these ditolylpropanes was slightly lower than the yield 
of 2,2-diphenylpropane from the benzene-cumene reac
tion; however, the yield of 2,2-diarylpropanes from 
either reaction is about the same when based on reacted 
2-arylpropane. Use of benzhydryl chloride instead of 
¿-butyl chloride as the hydride ion acceptor also in
creased the conversion to 2,2-ditolylpropanes.
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Reaction of cumene with toluene and p-cymene with 
benzene are summarized in Table II. Both reactions 
should yield 2-phenyl-2-tolylpropane. This product 
was found but was not the major product in either reac
tion. The p-cymene-benzene reaction gave mostly
2.2- diphenylpropane, whereas the cumene-toluene reac
tion gave more of the 2,2-ditolylpropanes. These un
expected products appear to arise mainly by trans
alkylation of the expected 2-phenyl-2-tolylpropanes in 
one case with benzene to yield the 2,2-diphenylpropane, 
or with the excess toluene in the toluene-cumene reac
tion to yield ditolylpropanes. Most of the unchanged 
cumene in the latter reaction also was converted to 
cymene by transalkylation with toluene.

However, the total yields of 2,2-diarylpropanes from 
both the toluene-cumene and p-cymene-benzene reac
tions were approximately the same as the yield of 2,2- 
diarylpropanes from the benzene-cumene and p- 
cymene-toluene reactions. The yields of 2,2-diaryl
propanes from all the reactions studied are the same 
when based on changed cumene or cymene.

Steric hindrance to normal alkylation was the main 
driving force for many of the hydride transfer reactions 
previously reported.4'11 In our study, steric hindrance 
is not so important, as it is as easy for the hydride ion 
acceptor to alkylate benzene and toluene as to undergo 
hydride transfer with cumene or cymene. The main 
driving force for the reactions described in Tables I 
and II may be that with the ¿-butyl and benzhydryl 
cations the main alkylation reaction is the most readily 
reversible; therefore, equilibria favorable for at least 
some hydride transfer are established.

Concerning the actual hydride transfer step ap
parently the tertiary hydrogen of the cumene or cymene 
is extracted exclusively, for no diarylmethanes or 1,2- 
diarylpropanes were found. No indanes were found.

Conclusion
In the preparation of 2,2-diarylpropanes by hydride 

transfer reactions, the number and complexity of pos
sible over-all alkylation reactions is great and the driv
ing force for the desired reactions is small. In addition,
2.2- diarylpropanes containing aryl methyl groups 
undergo isomerization and transalkylation, so that 
yields of pure single isomer are quite low. In light of 
this situation, it is surprising that diarylpropanes are 
actually obtained, albeit in rather low yields. How
ever, the reaction gives sufficiently high yields to be of 
preparative value for 2,2-diphenylpropane. This com
pound as well as certain mixtures of the tolylpropanes 
can be obtained in 20-25% yields when using benz
hydryl chloride as the hydride ion acceptor.

Experimental
Alkylation of Benzene with Cumene.—A typical hydride trans

fer reaction involving benzene and cumene was run by adding 
46 g. (0.5 mole) of i-butyl chloride dropwise over 0.5 hr. at 22° 
to a rapidly stirred mixture of 195 g. (2.5 moles) benzene, 60.0 
g. (0.5 mole) cumene, and 6.5 g. (0.05 mole) of anhydrous alum
inum chloride. The mixture was stirred another hour after 
addition and hydrolyzed with water. The hydrocarbon mixture 
was water-washed, dried over sodium sulfate, then fractionated 
through a 10-plate Oldershaw column. Fraction 1 was taken 
from 75-230° at 1.0 atm. (wt. 91.5 g.) and fraction 2 was the re
maining undistilled pot residue (wt. 12.5 g.). Both fractions 
were analyzed directly by gas chromatography.

Fraction 1 contained seven components; only three of the most 
interest (comprising 94% of the fraction) were identified. These 
components and their concentration as calculated from the gas 
chromatogram were: unchanged cumene 37.0 g. (0.31 mole), 
¿-butylbenzene 40.0 g. (0.3 mole, 60 mole % of theory for simple
i-butylation), and i-butylcumene 9.0 g. (0.05 mole). The other 
components, although not separated and identified, may be the 
various isomerization, de-alkylation, and/or disproportionation 
products expected by reaction of alkylarenes with aluminum 
chloride.

Fraction 2 was 86%) of the desired 2 ,2-diphenylpropane. The 
remaining 14% was composed of four higher boiling unidentified 
components. The yield of 2 ,2-diphenylpropane was 10.5 g. 
(0.0535 mole, 10.7 mole % based on cumene). The yield based 
on recovered cumene (0.31 mole) was 28 mole %. The identity 
of this product was established by comparison of physical 
properties, and infrared and mass spectra with authentic 2 ,2- 
diphenylpropane. Authentic 2,2-diphenylpropane was prepared 
in 30% yield from a-methylstyrene and benzene by a modifica
tion of the method reported for the preparation of 2 ,2-ditolyl
propane3 and had m.p. 28-29°, b.p .74-76° (0.15 mm.) [280° (1 
atm.)] and k 20d  1.5705. 2,2-Diphenylpropane has been syn
thesized by two different methods4’13 with reported physical 
properties identical to the preceding values.

Alkylation of Toluene with p-Cymene.—Reaction of 230 g. 
(2.5 moles) of toluene, 67.0 g. (0.5 mole) p-cymene, 46 g. (0.5 
mole) of i-butyl chloride, and 0.05 mole of aluminum chloride 
at 20° gave six simple alkyl-arene components boiling at 107- 
240° atmospheric pressure. Among these components were 49.5 
g. (0.37 mole) of cymene isomers and 55.5 g. (0.375 mole) of 
i-butvltoluene isomers. The next highest boiling product came 
over at 300° and was the first of the desired hydride transfer 
products. The following high boiling hydride transfer products 
were found by gas chromatography (250°, apiezon L columns).

Component
Estim ated  b .p. 
a t 1 atm ., °C . %

Calcd . 
w t ., R.

to, to '-Ditolylpropane 300 21 2.4
TO,p'-Ditolylpropane 310 27 3.1
p,p '-Ditolylpropane 320 26 3.0
Unknown (4 components) 325-350 26 3.0

Fractional distillation through a 100-plate spinning band column 
gave only gradual enrichment of the components but not com
plete separation. Pure components were obtained directly 
from the gas chromatograph by trap-out procedures. The 
total yield of the three ditolylpropane isomers was 8.5 g. (0.038 
mole, 7.6 mole % based on cymene). The yield was 29.3% based 
on recovered cymene.

The p,p'-ditolylpropane was identified by comparison of its 
physical properties and infrared and mass spectra with authentic 
p,p'-ditolylpropane, which was obtained by low temperature 
crystallization of mixed ditolylpropane isomers prepared from 
toluene, 2,2-dichloropropane, and aluminum chloride as pre
viously described.14 The pure p,p'-ditolylpropane had m.p.
76-7S°. The reported m.p. is 78-80°.1,2 Oxidation15 of this 
pure p,p'-isomer gave a 90 mole % yield of 2,2-di(p-carboxy- 
phenyl)propane, neutral equivalent, 142 (calcd., 142), melting 
at 313-314° (reported3,14 313-315°). The m,m'- and m,p'- 
ditolylpropane isomers are only tentative assignments of struc
ture; no comparison was made with authentic materials. How
ever, mass spectra show they are 2,2-ditolylpropane isomers 
and infrared analysis and method of formation strongly indicate 
the m,m'- and to,p'-isomers. These two isomers are also identical 
to the two isomers (in addition to the p,p'-ditolylpropane) 
produced by reaction of toluene and 2,2-dichloropropane de
scribed previously.

The highest boiling products (325-350°) from the hydride 
transfer reaction have not been identified. At least four com
ponents were obtained; however, mass spectra show none 
is a 2,2-ditolylpropane isomer.

Alkylation of Toluene with Cumene. A mixture of 230 g. 
(2.5 moles) of toluene, 60.0 g. (0.5 mole) of cumene, 46 g. (0.5 
mole) of i-butyl chloride, and 6.5 g. (0.05 mole) of aluminum

(13) R . S ilva , Bull, soc. chim. France, (2) 34, 674 (1880).
(14) C . E .  Schweitzer, U . S . Patent 2,794,822 (June  4, 1957).
(15) A . Saffer and R . S . B a rke r , U . S . Pa ten t 2,833,816 (M a y  6, 1958),
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c h lo r id e  w a s  t r e a t e d  a n d  t h e  p r o d u c t s  w e re  w o r k e d  u p  in  th e  
s a m e  w a y  a s  t h e  p - c y m e n e - to lu e n e  r e a c t io n .  T h e  lo w -b o ilin g  
s im p le  a lk y la r e n e s  c o n ta in e d  7 g . ( 0 .0 5 8  m o le )  o f  c u m e n e , 47  
g . (0 .3 5  m o le )  o f c y m e n e  i s o m e r s ,  a n d  3 8  g . ( 0 .2 6  m o le l  o f  t- 
b u ty l to lu e n e  is o m e r s .  T h e  fo llo w in g  h ig h  b o i l in g  h y d r id e  
t r a n s f e r  p r o d u c t s  w e re  d e te r m in e d  b y  g a s  c h r o m a to g r a p h y  a n d  
m a s s  s p e c t r o m e t r y .  T h e  t o t a l  c o n v e r s io n  to  id e n t i f ie d  2 ,2 -

E stim ated  b.p.

Com ponent
a t  1 atm ., 

°C . %
Calcd. 
\vt., ie. Moles

2 ,2 - D ip h e n y lp r o p a n e 28 0 4 . 7 0 .7 5 0 .0 0 4
2 - P h e n y l - 2 - to ly lp r o p a n e 2 9 0 1 8 .8 2 . 9 .0 1 4
? ? i.,m '-D ito ly lp ro p a n e 30 0 3 2 .5 5 .0 .0 2 2
m,p '- D i to ly lp r o p a n e 31 0 2 5 .5 3 .9 .0 1 8
p ,p '- D i to ly lp r o p a n e 3 20 1 0 .5 1 .6 .0 0 7
U n k n o w n 3 2 5 -3 5 0 8 . 0 1 .2

d ia r y lp r o p a n e s  w a s  0 .0 6 5 m o le  (1 3 .0 m o le % on c u m e n e ) .
A u th e n t ic  2 - p h e n y l- 2 - to ly lp r o p a n e  w a s  p r e p a r e d  in  7 5 % y ie ld  
f ro m  « - m e th y ls ty r e n e  a n d  to lu e n e  u s in g  a  m o d if ic a tio n  o f th e  
m e th o d  r e p o r t e d  fo r  t h e  p r e p a r a t io n  o f  2 ,2 - d i to ly lp r o p a n e .3 
I t  h a d  b . p .  9 2 - 9 4 °  (0 .1 5  m m . ) , w m d  1 .5 6 4 3 .

Anal. C a lc d .  f o r  C i6H i8: C ,  9 1 .4 2 ;  H ,  8 .5 8 .  F o u n d :  C ,  
9 1 .0 2 ;  H ,  8 .4 2 .

O x id a t io n 16 g a v e  f in e  w h i te  n e e d le s  ( f ro m  1 :1  e th a n o l - w a t e r )  
o f 2 - (p - c a r b o x y p h e n y l ) - 2 - p h e n y lp r o p a n e ,  m .p .  1 4 7 - 1 4 8 ° ,  a n d  
n e u t r a l  e q u iv a l e n t ,  2 3 8  ( c a l c d . ,  2 4 0 ) .

Alkylation of Benzene with p-Cymene.— B e n z e n e , 195  g . (2 .5  
m o le s ) ,  p - c y m e n e  6 7  g . (0 .5  m o le ) ,  i - b u ty l  c h lo r id e ,  46  g . (0 .5  
m o le ) ,  a n d  a lu m in u m  c h lo r id e  (0 .0 5  m o le )  w e re  t r e a t e d  a n d  th e  
p r o d u c t s  w o r k e d  u p  a s  d e s c r ib e d . T h e  lo w e r  b o il in g  a lk y la r e n e s  
c o n ta in e d  3 4 .5  g . (0 .2 9  m o le )  o f u n c h a n g e d  c y m e n e  a n d  4 0 .0  g . 
(0 .3  m o le , 6 0  m o le  %) o f  t - b u ty lb e n z e n e .  T h e  fo llo w in g  h y d r id e  
t r a n s f e r  p r o d u c t s  w e re  f o u n d  b y  g a s  c h r o m a to g r a p h y .

Com ponents

E stim ated  b.p. 
a t  1 a tm ., 

°C. %
Calcd. 
w t., g. Moles

2 ,2 - D ip h e n y lp r o p a n e 2 8 0 5 0 .5 7 . 0 0 .0 3 6 0
2 - P h e n y l- 2 - to ly lp r o p a n e 29 0 1 4 .5 2 . 0 .0 0 9 5
m,m '- D i to ly lp r o p a n e 3 0 0 1 3 .0 1 .8 .0 0 8 0
in , p '- D i to ly lp r o p a n e 31 0 1 2 .2 1 .7 .0 0 7 5
U n k n o w n 3 3 0 -3 5 0 9 . 8 1 .2

T h e  t o t a l  c o n v e r s io n  to  2 ,2 - d ia r y lp r o p a n e s  w a s  0 .0 6 1  m o le  
(1 2 .2  m o le  % o n  c y m e n e ) .

P olyn u clear  A rom atic  H ydrocarbons. X I .1 T he S y n th esis  o f  M olecularly
O vercrowded B en zo (c)p h en an th ren es. I

D o n a l d  D. P h i l l i p s 2 a n d  M i c h a e l  F. B r u n o 3 
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T h e  r e a c t io n  b e tw e e n  /3 -m e th a lly ls u e c in ic  a n h y d r id e  a n d  p -x y le n e  h a s  b e e n  e x a m in e d  a s  a  m e a n s  o f  o b t a i n 
in g  m o le c u la r ly  o v e rc r o w d e d  b e n z o ( c ) p h e n a n th r e n e s .  T h e  s y n th e s is  o f  l ,4 ,5 ,5 - te t r a m e th y l - 5 ,6 - d ih y d r o b e n z o -  
( c ) p h e n a n th r e n e  ( X X I I )  f ro m  th e s e  s t a r t i n g  m a te r ia l s  is d e s c r ib e d .

lu an earlier communication,4 5 the preparation of 
benzo(c)phenanthrene derivatives (I) from the Friedel- 
Crafts reaction products of /3-methallylsuccinic an
hydride (II) and benzene was outlined. In this paper, 
the feasibility of using p-xylene to prepare 1- and/or

4  5

10
I

12-substituted derivatives is discussed. The latter are 
of interest for resolution studies as well as for testing as 
carcinogens.

The starting material, ,8-methallylsuccinic anhydride 
(II), was prepared conveniently from maleic anhydride 
and isobutylene according to the method described by 
Alder and co-workers8 and revised by Phillips and 
Johnson.4 When the anhydride (II) was condensed 
with p-xylene in the presence of aluminum chloride, a 
mixture of three acids6 (see Chart 1) and a hydro

(1) Paper X , D. D. Phillips and  D. N . C hatterjee , ./. A m .  C h e m .  S o c ., 80, 
4364 (1958).

(2) To whom inquiries regarding th is  article should be sent; Shell De
velopm ent Co., M odesto, Calif.

(3) From  the thesis subm itted  by M. F. B runo to Cornell U niversity  in 
partial fulfillment of the  requirem ents for the  Ph.D . degree, September, 
1959.

(4) D. D. Phillips and A. W. Johnson, ./. A m .  C h e m .  S o c . ,  77, 5977 (1955).
(5) K. Alder, F. Pascher, and A. Schm itz, B e r . ,  76B, 47 (1943).
(6) A. W. Johnson, thesis, Doctor of Philosophy, Cornell U niversity,

1957.

carbon7 was obtained. The tetralone acid (IV) usually 
crystallized from the acid mixture as the major product, 
while the other two acids (III and V) remained as an oil. 
However, these acids were separated easily by frac
tional distillation of their methyl esters. While the 
intramolecular acylation product (V) is of no use for 
the synthesis of benzo(c) phenanthrenes, III has all the 
carbons necessary to prepare 1,12-substituted deriva
tives of benzo(c)phenanthrene and IV provides a means 
of preparing either the 1-substituted or the 1,12-sub
stituted derivatives.

As illustrated in Chart 1, catalytic reduction of Ilia 
afforded methyl a-(d-p-xylylethyl)-7 -methyl-y-(p- 
xylyl)valerate (Via), which in turn was saponified to 
the corresponding acid (VI). The same acid, VI, was 
prepared in 15% yield by condensation of p-xylene 
with a-(.fl-p-xylylethyl)-7 -methyl-y-valerolactone
(VIII), which in turn was obtained through catalytic 
reduction of the corresponding lactone (VII). The 
lactone (VII) was prepared by condensation of the an
hydride (II) with p-xylene in the presence of antimony 
pentaehloride. However, VII was obtained in a 
maximum yield of only 19% and consequently was a 
less convenient precursor to VI than was III.

Cyclization of VI with anhydrous hydrogen fluoride 
gave a mixture of tetralones (IX) which was subse
quently reduced with lithium aluminum hydride to 
give a mixture of tetralols. Treatment of the tetralol

(7) Almost invariably, hydrocarbons were obtained in the  neutra l frac
tion when catalysts  such as alum inum  chloride or an tim ony pentaehloride 
were used in the presence of benzene or p - xylene. These hydrocarbons will 
be the  subject of a forthcom ing publication.
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mixture (X) with sulfuric acid gave XI, the cyclode
hydration product, and XII, the dehydration product. 
Attempts then were made to dehydrogenate XI and
XII to l,4,5,9,12-pentamethylbenzo(c)phenanthrene
(XIII).

Earlier work by Phillips and Johnson4 suggested that 
both XI and XII should be capable of aromatization 
to XIII. However, catalytic dehydrogenation with 
30% palladium-on-charcoal catalyst failed to give XIII 
and dehydrogenation with selenium gave only an 
unidentified hydrocarbon. The recovery of starting 
material from the dehydrogenation was poor, carboniza
tion occurring rather than aromatization. However, 
this was not entirely unexpected since aromatization to
XIII would force two methyl groups into overcrowded 
positions which would result in considerable strain in 
the molecule. Also, complete aromatization would re
quire the removal of one of the gem-dimethyl groups as 
methane, a reaction which is in itself difficult. New
man and Wolf8 were able to prepare 1,12-dimethyl - 
benzo(c)phenanthrene (XV) from 5,6,6a,7,8,12b-hexa- 
hydro - 1,12 - dimethylbenzo(c)phenanthrene - 5,8- 
diol (XIV). In this instance however, preliminary de
hydration of the diol afforded unsaturation in each 
ring, and this undoubtedly facilitated the aromatiza
tion to XV.

Another route to reduced benzo(c)phenanthrenes, 
employing the available keto acid (IV), was investigated 
(Chart 2). In order to prepare the lactone of 1-phenyl-

(8) M. S. N ewm an and  M. Wolf, J .  A m .  C h e m .  S o e . ,  74, 3225 (1952).

4,4,5,8-tetramethyl-l-tetralol-2-acetic acid (XVI), IV 
was treated with phenylmagnesium bromide. How
ever, the majority of IV was recovered along with the 
Grignard coupling product, biphenyl. In a similar 
attempt to prepare XVI, the keto ester (IVa) was con
densed with phenylmagnesium bromide. In this case, 
the neutral product contained unidentified hydro
carbons and 4,4,5,8-tetramethyl-2-phenacyl-l-tetralone 
(XVII), identified by its 2,4-dinitrophenylhydrazone 
derivative; only a small amount of crude lactone XVI 
was obtained.

The inability of phenylmagnesium bromide to react 
with the keto group of IV and IVa was probably due to 
the steric hindrance provided by the C-8 and/or C-4 
methyl groups. Therefore, condensation of IV with 
phenyllithium, which has smaller steric requirements, 
was investigated and proved to be more successful for 
preparing the lactone, XVI.

Reduction of XVI to the acid (XVIII) did not pro
ceed so easily as had been anticipated. Clemmensen 
reduction afforded only a trace of acid (XVIII), and 
catalytic reduction failed completely. Therefore, in a
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more circuitous route, dry hydrogen chloride was bub
bled through a methanolic solution of the lactone (XVI) 
to give methyl l-phenyl-4,4,5,8-tetramethyl-3,4-dihy- 
dronaphthalene-2-acetate (XIX). The ester (XIX) 
was catalytically reduced to give methyl 1-phenyl-
4,4,5,8-tetramethyltetralin-2-acetate (XVIIIa). Sapon
ification of XVIIIa followed by cyclization of the 
resultant acid (XVIII) with anhydrous hydrogen fluo
ride afforded the ketone (XX) as a brown viscous oil 
which showed infrared absorption at 5.95 p. The 
ketone (XX) could not be obtained in a pure condition, 
nor could a constant melting derivative be obtained.

At a later date it was discovered that the reduction of 
XVI to XVIII could be accomplished with phosphorus 
and iodine according to the method described by Marvel 
and co-workers.9 10 11 However, the acid (XVIII) was not 
the only product obtained from the reduction. In one 
instance, the lactone (XVI) was converted almost 
quantitatively to a mixture containing ketone XX 
and hydrocarbon XXI. In an effort to separate XX 
and XXI, the mixture was chromatographed on acid- 
washed alumina to give the hydrocarbon (XXI) and 
the acid (XVIII). Although pure ketone XX was 
not obtained from this reaction, it must have been 
present since the acid (XVIII) could only have come 
from the hydrolysis of XX on the alumina column.

(9) C. S, M arvel, F, D. H ager, and  E. C. Caudle, “ Organic Syntheses,” 
Coll. Vol. I ,  John  Wiley and  Sons, Inc., New York, N. Y., 1941, p. 224.

(10) B. Riegel and J. G. B urr, J r ., J .  A m .  C h e m .  S o c . ,  70, 1070 (1948).
(11) D. D. Phillips and  E. J . M cW horter, i b i d . ,  76, 4948 (1954).

Reduction of lactones to acids1011 and of conjugated 
ketones to the corresponding methylenic derivatives12 
has been accomplished with iodine (or hydriodic acid) 
and phosphorus. This method has also proved success
ful for the synthesis of a-tetralone from /3-benzoylpro- 
pionic acid.13 In the latter case, both reduction and 
cyclization occurred. However, the reduction of XVI 
by this method seems to be the first case in which a lac
tone has been reduced to an acid, the acid cyclized to a 
ketone, and the ketone reduced to a hydrocarbon, all 
in one reaction.

When heated with selenium in a sealed tube at 330°, 
the hydrocarbon (XXI) was converted to 1,4,5,5- 
tetramethyl-5,6-dihydrobenzo(c)phenanthrene (XXII). 
Complete aromatization to l,4,5-trimethylbenzo(c)- 
phenanthrene could not be accomplished.

A third route to the benzo(c)phenanthrene skeleton 
envisioned the use of the lactone (XXIII) derived from

(12) C. G raebe and F. T runipy , B e r .  31, 375 (1»98).
(13) K. M iescher and J. R .  Billeter, I I  e l v .  C h i m .  A c t a ,  22 , 601 (1939).
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F ig . 1 .— U l t r a v io le t  a b s o r p t io n  s p e c t r u m  of X X I I  in  1)5%  
e th a n o l .

the reduction of keto acid IV. Condensation of XXIII 
with benzene in order to form XVIII proved abortive, 
however, and the route consequently was abandoned.

Experimental14
M ethyl a  -((3-jo-Xylylethyl)-y-methyl-7-(p-xylyl)valerate (V ia). 

a. From Ilia.— T h e  r e s id u e  ( 7 .3  g . )  o b t a in e d  f ro m  t h e  d i s t i l l a 
t i o n  o f  3 5  g . o f  I V a 6 w a s  d is s o lv e d  in  150  m l .  o f  9 0 %  m e th a n o l  
c o n ta in in g  1 .0  g . o f  1 0 %  p a l la d iu m - o n - c h a r c o a l  c a t a l y s t  a n d  
h e a t e d  w i th  s h a k in g  t o  6 0 °  u n d e r  4 8  p . s . i .  o f  h y d r o g e n .  T h e  
c a t a l y s t  w a s  r e m o v e d  a f t e r  2 4  h r .  a n d  th e  s o lv e n t  d is t i l l e d  in 
vacuo t o  g iv e  7 .1  g . o f  e s t e r  V i a  a s  a  v is c o u s  o il. C h r o m a to g r a p h y  
o n  a c id - w a s h e d  a lu m in a  a f fo rd e d  t h e  e s t e r  ( V i a )  a s  a  c o lo r le s s  
v is c o u s  o il, » a D 1 .5 3 0 0 ; 5 .7 5  a n d  6 .2 1  p .

Anal. C a lc d .  fo r  C 25H M0 2: 0 , 8 1 . 9 3 ;  H ,  9 .3 5 . F o u n d :  C , 
8 2 .2 3 ;  H ,  9 .2 3 .

b. From the Lactone (VII).— « - ( 2 ,5 - D i in e th y lp h e n a c y l ) - - )- 
m e th y l-y - v a le r o la .c to n e  ( V I I )  w a s  p r e p a r e d  b y  a d d in g  6 2 .5  m l.  
( 0 .4 8 3  m o le )  o f a n t im o n y  p e n ta c h lo r id e  o v e r  1 .5  h r .  a t  ro o m  
t e m p e r a t u r e  t o  a  m ix tu r e  o f 25  g .  ( 0 .1 6 2  m o le )  o f  a n h y d r id e  ( I I )  
in  75  m l .  o f  n i t r o b e n z e n e  a n d  150  m l .  o f p - x y le n e .  T h e  r e s u l t in g  
b r o w n  c o m p le x  w a s  s t i r r e d  u n d e r  n i t r o g e n  fo r  12 h r .  a t  2 5 ° ,  
3 6  h r .  a t  5 0 ° ,  a n d  12 h r .  a t  3 0 ° .  T h e  c o m p le x  t h e n  w a s  p o u r e d  
in to  a n  i c e - h y d r o c h lo r ic  a c id  m ix tu r e  a t  5 - 1 0 °  a n d  s t e a m  d i s 
t i l l e d  f o r  3 h r .  T h e  r e s id u e  w a s  e x t r a c t e d  w i th  b e n z e n e  a n d  a d d e d  
t o  t h e  o r g a n ic  p o r t io n  o f  t h e  d i s t i l l a t e .  T h is  s o lu t io n  w a s  e x 
t r a c t e d  w i th  s e v e r a l  7 5 -m l. p o r t io n s  o f  10% , p o ta s s iu m  h y d r o x id e .  
T h e  a q u e o u s  e x t r a c t  w a s  a c id if ie d , e x t r a c t e d  w i th  e th e r ,  a n d  t h e

(14) All m elting points and boiling points are uncorrected. Infrared  
absorption spectra  of solids were taken in potassium  brom ide or chloroform 
on a Perkin-E lm er Model 21 spectrophotom eter. Infrared  absorption 
spectra  of oils were taken  between sodium chloride plates. U ltraviolet 
absorption spectra were measured in 95%  ethanol with a Beckman Model 
D K  au tom atic  recording spectrophotom eter, except where noted. Analyses 
were perform ed by th e  Schwarzkopf M icroanalytical Laboratory , Wood- 
side, N. Y.

e th e r e a l  la y e r  d r ie d  o v e r  m a g n e s iu m  s u l f a te .  R e m o v a l  o f  t h e  
s o lv e n t  l e f t  8 .9  g .  o f  a  b la c k  t a r r y  m a te r i a l .  T h e  n e u t r a l  o rg a n ic  
l a y e r  w a s  d r ie d  o v e r  m a g n e s iu m  s u l f a te  a n d  t h e  s o lv e n t  w a s  
r e m o v e d  in vacu.o t o  a f fo rd  2 3 .8  g . o f  a  b r o w n  l iq u id .  C h r o m a 
t o g r a p h y  of t h e  n e u t r a l  m a te r i a l  o n  a c id - w a s h e d  a lu m in a  y ie ld e d  
15 g . o f  u n id e n t i f ie d  h y d r o c a r b o n s  a n d  8 .0  g . ( 1 9 % )  o f  l a c to n e
( V I I ) .  R e c r y s ta l l iz a t io n  f ro m  a c e to n e - h e x a n e  a f fo rd e d  t h e  
l a c to n e  a s  c o lo r le s s  p l a t e s ,  m .p .  8 6 .0 - 8 6 .5 ° ;  \™,°H 2 4 7  mju
(lo g  € 3 .8 8 )  a n d  2 9 2 .5  m/» ( lo g  « 3 .1 6 ) ;  X1)®) 3 .3 7 ,  3 .4 2 ,  5 .6 3 ,
5 .9 3 ,6 .1 7 ,  a n d  6 .3 8  m -

Anal. C a lc d .  fo r  C iriH 20O 3: C ,  7 3 .8 2 ;  H ,  7 .7 4 . F o u n d :  C , 
7 4 .0 0 ; H ,  7 .8 5 .

a-(d-p-Xylylethyl)-7-methyl-y-valerolactone (VIII).— A  s o lu 
t io n  o f 1 6 .8  g . ( 0 .0 6 5  m o le )  o f k e to  l a c to n e  V I I  d is s o lv e d  in  160 
m l. o f  9 5 %  e th a n o l  c o n ta in in g  1 .7  g . o f  1 0 %  p a l la d iu m - o n -  
c h a r c o a l  c a t a l y s t  w a s  h e a t e d  w i th  s h a k in g  t o  6 0 °  u n d e r  4 5  p . s . i .  
o f h y d r o g e n .  T h e  c a t a l y s t  w a s  r e m o v e d  a f t e r  20  h r .  a n d  t h e  
s o lv e n t  d is t i l l e d  in vacuo to  y ie ld  14 .1  g . ( 8 9 % )  o f  l a c to n e  V I I I  
a s  a  c o lo r le s s  v is c o u s  o il w h ic h  s lo w ly  c r y s ta l l i z e d .  R e c r y s t a l  
l iz a t io n  f ro m  a c e to n e - p e n ta n e  a f fo rd e d  t h e  l a c to n e  a s  c o lo r le s s  
m ic r o e r y s t a l s ,  m .p .  5 6 .5 - 5 7 .0 ° ;  X ™ H 2 7 6 .5  m/u ( lo g  e 2 .9 1 )  a n d  
26 8  m M(lo g  £ 2 .8 9 ) ;  X™r 3 .4 2 , 3 .5 2 , a n d  5 .6 9  M.

Anal. C a lc d .  fo r  C ,6H ,20 2: C , 7 8 .0 1 ;  H ,  9 .0 0 . F o u n d :  C ,  
7 7 .5 8 ; H ,  8 .9 0 .

W h e n  th i s  l a c to n e  ( V I I I )  w a s  t r e a t e d  w i th  e x c e s s  p - x y le n e  
a n d  a lu m in u m  c h lo r id e  a t  ro o m  t e m p e r a t u r e ,  i t  w a s  c o n v e r te d  
in  15%, y ie ld  t o  XT, id e n t i f ie d  b y  i t s  in f r a r e d  s p e c t r u m .

4 .4 .5.8- Tetramethyl-2-(2-7J-xylylethyl)-l-tetralone and 5,8- 
Dimethyl-2-( 2-methyl-2-;>xylylpropyl) -1 -tetralone ( IX) .— T  o
4 .8  g . ( 0 .0 1 3  m o le )  o f  a c id  V I ,  o b ta in e d  b y  s a p o n if ic a t io n  of 
e s te r  V i a ,  w a s  a d d e d  90  m l .  o f  a n h y d r o u s  h y d r o g e n  f lu o r id e . 
T h e  d a r k  b r o w n  r e a c t io n  m ix tu r e  w a s  a l lo w e d  to  r e m a in  f o r  1 
h r .  a t  ro o m  t e m p e r a t u r e ,  w i th  o c c a s io n a l  s h a k in g ,  a n d  th e n  w a s  
d e c o m p o s e d  b y  p o u r in g  o n to  c r a c k e d  ic e . T h e  a q u e o u s  m ix tu r e  
w a s  e x t r a c t e d  w i th  e t h e r  a n d  t h e  e th e r e a l  s o lu t io n  w a s h e d  w i th  
1 0 %  s o d iu m  c a r b o n a te  s o lu t io n .  T h e  n e u t r a l  e t h e r e a l  s o lu t io n  
w a s  d r ie d  o v e r  m a g n e s iu m  s u l f a te  a n d  e v a p o r a t e d  t o  g iv e  3 .4  
g . (7 8 % ,)  o f t e t r a lo n e  m ix tu r e  I X .

C h r o m a to g r a p h y  o f  a  s m a ll  p o r t io n  o f t h e  n e u t r a l  m a t e r i a l  
a f fo rd e d  th e  t e t r a l o n e  m ix tu r e  ( I X )  a s  a  c o lo r le s s  v is c o u s  o il 
w h ic h  s lo w ly  c r y s ta l l i z e d ,  m .p .  7 9 - 8 1 ° ;  5 .9 5  a n d  6 .2 5  ft;
X®™ 25 9  mft ( lo g  e 4 .1 6 )  a n d  3 0 8  m,u ( lo g  £ 3 .2 6 ) .

Anal. C a lc d .  fo r  C 2jH 3o<): G , 8 6 .1 7 , H ,  9 .0 4 . F o u n d :  C , 
8 6 .0 1 ;  H , 9 .2 6 .

4.4.5.8- Tetramethyl-2-(2-p-xylylethyl)-l-tetralol and 5,8- 
Dimethyl-2-(2-methyl-2-p-xylylpropyl)-l-tetralol (X).— T o  a  
s t i r r e d  s lu r r y  o f  0 .8 0  g . (0 .0 2 1  m o le )  o f  l i th iu m  a lu m in u m  h y d r id e  
in  35  m l .  o f d r y  e t h e r ,  a t  ro o m  t e m p e r a t u r e  u n d e r  n i t r o g e n ,  w a s  
a d d e d ,  o v e r  1 .5  h r . ,  3 .0  g . (9 .0  m m o le s )  o f  t e t r a l o n e  m ix tu r e
I X .  T h e  r e s u l t in g  m ix tu r e  w a s  s t i r r e d  a t  r o o m  t e m p e r a t u r e  
f o r  24  h r .  a n d  w a s  d e c o m p o s e d  b y  th e  a d d i t i o n  o f  a  s a t u r a t e d  
s o lu t io n  o f a m m o n iu m  c h lo r id e  a n d  w o r k e d  u p  in  t h e  u s u a l  f a s h io n  
to  g iv e  2 .5  g . ( 8 3 % )  o f  t e t r a lo l  m ix tu r e  X ;  X ^ 1 2 .9 5  ft.

l,4,5,5,9,12-Hexamethyl-5,6,6a,7,8,13-hexahydrobenzo(c)- 
phenanthrene (XI) and 2-(2-7)-Xylylethyl)-4 ,4 ,5,8-tetramethyl-
3,4-dihydronaphthalene and 2-(2-Methyl-2-p-xylylpropyl)-5,8- 
dimethyl-3,4-dihydronaphthalene (XII).— T w o  m i l l i l i t e r s  o f 
c o n c e n t r a t e d  s u lfu r ic  a c id  w a s  a d d e d  d r o p  w ise  o v e r  3 m in .  t o
2 .5  g . (7 .3  in m o le s )  o f  t e t r a lo l  m ix tu r e  ( X ) .  T h e  d a r k  b r o w n  
c o m p le x  w a s  s t i r r e d  fo r  a n  a d d i t io n a l  m in u te ,  p o u r e d  i n to  a n  i c e -  
w a te r  m ix tu r e ,  a n d  e x t r a c t e d  w i th  e th e r .  T h e  e t h e r e a l  s o lu t io n  
w a s  d r ie d  a n d  e v a p o r a t e d  to  g iv e  2 .1  g . (8 9 %  ) o f  a  y e l lo w  b r o w n  
o il .  C h r o m a to g r a p h y  of t h e  oil o n  a c id - w a s h e d  a lu m in a  a f fo rd e d  
th e  h y d r o c a r b o n  m ix tu r e  (X T  a n d  X I I )  a s  a  c o lo r le s s ,  v is c o u s  
o il;  X O T  26 9  lYi/j ( lo g  e 3 .1 9 )  a n d  27 7  m/< ( lo g  £ 3 .1 6 ) .

Anal. C a lc d .  fo r  C 21H 30: C ,  9 0 .5 1 ;  H ,  9 .4 9 .  F o u n d :  C , 
9 0 .4 0 ,  9 0 .5 5 ;  H ,  9 .5 5 ,  9 .5 0 .

Attempted Synthesis of l,4,5,9,12-Pentamethylbenzo(c)phen- 
anthrene (XIII). a. By Catalytic Dehydrogenation of XI and
XII.— A  m ix tu r e  o f  0 .5 0  g . (1 .5 7  m m o le s )  o f  X I  a n d  X I I  a n d  
0 .2 8  g . o f  3 0 %  p a l la d iu m - o n - c h a r c o a l  c a t a l y s t  w a s  h e a t e d  fo r  
4  h r .  a t  3 8 0 °  in  a  P y re x  tu b e  f i t t e d  w i th  a  re f lu x  c o n d e n s e r .  T h e  
c o o le d  m e l t  w a s  t a k e n  u p  in  h e x a n e  a n  c h r o m a to g r a p h e d  o n  
a c id - w a s h e d  a lu m in a  to  g iv e  0 .3  g . o f s t a r t i n g  m a te r i a l .

b. By Selenium Dehydrogenation of XI and XII.— A  m ix tu r e  
o f  0 .6 2  g . ( 7 .6  m m o le s )  o f  s e le n iu m  p o w d e r  a n d  0 .3  g . (0 .9 4  
m m o le )  o f X I  a n d  X I I ,  in  a  s e a le d  t u b e ,  w a s  h e a t e d  f o r  19 h r .  
a t  3 1 0 °  a n d  0 .5  h r .  a t  3 6 0 ° .  T h e  m ix tu r e  w a s  c o o le d  a n d  th e  
m e l t  t a k e n  u p  in  h e x a n e - b e n z e n e  a n d  c h r o m a to g r a p h e d  o n  a c id -  
w a s h e d  a lu m in a  t o  g iv e  50  m g . o f  a  h y d r o c a r b o n  w h ic h  sh o w e d
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ultraviolet absorption; 239 m̂ t (log e 4.09), 249 m̂ t (log «
4.17), 262 m/i (log e 3.58), 273 m/i (log e 3.83), 284 rem (log «
4.01), 307 mu (log e 3.25), 321 him (log e 3.42), and 335 mn 
(log e 3.60). (Measured with a Cary Mode 14 automatic re
cording spectrophotometer using 318 as the molecular weight.)

Lactone of l-Phenyl-4,4,5,8-tetramethyl-l-tetralol-2-acetic 
Acid (XVI). a. Via Phenyllithium.—To a stirred solution of
6.0 g. (0.023 mole) of keto acid IV in 200 ml. of dry ether was 
added dropwise, over 0.3 hour, 0.046 mole of phenyllithium 
prepared by heating under reflux a mixture of 7.3 g. (0.046 mole) 
of bromohenzene, 0.80 g. (0.115 g.-atom) of lithium, and 75 
ml. of dry ether. The resulting mixture was heated under 
nitrogen at 55° for 40 hr., cooled, and the complex destroyed by 
the addition of 100 ml. of 6 N  hydrochloric acid. The acidified 
mixture was stirred at room temperature for 2 hr. to ensure 
lactonization and worked up in the usual manner to give 3.3 g. 
of unchanged keto acid IV and 3.8 g. of neutral material as 
a brown mushy solid. Washing of the neutral material with 
hexane afforded 2.9 g. (49% based on the amount of acid used) 
of a tan solid. Recrystallization from hexane-acetone afforded 
the lactone as colorless, short needles, m.p. 186-187°; X™„ci!
5.64 and 6.25 X®“ H 274.5 mM (log e 2.87) and 282.7 (log * 
2.87).

Anal. Calcd. for C22H240 2: C, 82.47; H,7.55; mol. wt., 320. 
Found: C, 82.65; H, 7.58; mol. wt., 305.

b. Via Phenylmagnesium Bromide. 1. From IV.—To a 
stirred solution of 10.0 g. (0.038 mole) of keto acid (IV) in 200 
ml. of dry tetrahydrofuran at room temperature was added 
slowly 25.6 ml. (0.077 mole) of 3 M  phenylmagnesium bromide. 
The amber mixture was stirred under nitrogen at 65° for 24 hr., 
cooled, and the complex destroyed with 200 ml. of 6 N  hydro
chloric acid. The solvent was distilled and the mixture worked 
up in the usual fashion to give 9.7 g. of unchanged keto acid and
6.5 g. of neutral material identified as biphenyl.

Subsequent attempts, under various experimental conditions, 
to prepare the lactone (XVI) from keto acid IV were unsuc
cessful.

2. From IVa.—To a solution of 8.7 g. (0.033 mole) of keto 
ester IVa in 250 ml. of dry tetrahydrofuran, stirred under 
nitrogen at 55°, was added, over 1 hr., 22 ml. of 3 M  (0.066 
mole) phenylmagnesium bromide. The complex was destroyed 
and worked up in the usual way to give 12.4 g. of a brown neutral 
oil. The oil was taken up in 60 ml. of methanol and heated 
under reflux with 10 ml. of water and 6 g. of potassium hydroxide. 
After 4 hr. the methanolic solution was poured into 200 ml. of 
water and extracted with several portions of ether. Evapora
tion of the ethereal solution provided 6.0 g. of a brown neutral 
oil. The neutral oil was chromatographed on acid-washed 
alumina and separated into two major fractions. Fraction 1 
was a mixture of unidentified hydrocarbons. Fraction 2, 
iX^«' 5.94, 6.24, and 6.37 /x was the diketone, 4,4,5,8-tetramethyl- 
:2-phenacyl-l-tetralone (XVII), identified by its 2,4-dinitro- 
-¡phenylhydrazone derivative, m.p. 209-210°.

Anal. Calcd. for C28H28N40.i: C, 67.19; H, 5.64; N, 11.14. 
Found: C, 67.25; H.5.52; N, 11.32.

The aqueous solution was acidified to pH 3 with 6 N  hydro
chloric acid, heated at 60° for 2 hr., cooled, and extracted with 
ether. The ethereal solution was extracted with several portions 
of 5% sodium carbonate solution, dried, and evaporated to give
1.04 g. of crude lactone XVI. The carbonate solution was 
acidified and extracted with ether. Evaporation of the ethereal 
solution gave 4.7 g. of unchanged keto acid IV; X™” 3 5.84 and
5.95 M.

Reduction of Lactone XVI. A. Clemmensen Reduction.—
Forty grams of mossy zinc, 4 g. of mercuric chloride, 80 ml. of 
water, and 1 ml. of concentrated hydrochloric acid were shaken 
for 10 min. The solution was decanted and the zinc washed with 
several portions of water. To the activated zinc was added 40 
ml. of water, 20 ml. of concentrated hydrochloric acid, and 7.5 
g. of crude lactone in 25 ml. of toluene. The resulting mixture 
was heated under reflux for 47 hr., cooled, and extracted with 
•several portions of 5% potassium hydroxide solution. The 
usual work-up gave 7.2 g. of unchanged starting material and a 
trace of acid (XVIII).

B. Catalytic Reduction.—A solution of 7.1 g. of lactone XVI 
in 100 ml. of 95% ethanol and 40 ml. of benzene containing 0.7 
:g . of 10% palladium-on-charcoal catalyst was heated with 
shaking to 60° under 47 p.s.i. of hydrogen. The catalyst was 
removed after 44 hr., and the solvent distilled in vacuo to yield
7.0 g. of unchanged lactone.

C. Phosphorus and Iodine Reduction. Run 1.—To a
solution of 1.35 g. (4.15 mmoles) of lactone (XVI), m.p. 186— 
187°, in 50 ml. of glacial acetic acid was added 1.0 g. (3.94 
mmoles) of iodine, 3.0 g. (0.097 mole) of red phosphorus, and 1 
ml. of water. The mixture was heated under reflux for 24 hr., 
cooled, and filtered. The filtered solution was added to 300 ml. 
of water containing 1.0 g. of sodium bisulfite and extracted with 
ether. The ethereal solution was extracted with 10% potassium 
hydroxide, dried, and evaporated to give 1.27 g. of neutral 
material which showed weak absorption in the carbonyl region 
(5.93 m) and strong aromatic absorption. Chromatography' of 
the neutral material on acid-washed alumina afforded 0.2 g. of 
hydrocarbon XXI, eluted with benzene, and 0.8 g. of acid 
XVIII, eluted with methanol.

Obtention of the acid (XVIII) indicates that the ketone (XX) 
was formed during the reduction but that it opened to the acid
(XVIII) on the alumina column.

Although the hydrocarbon (XXI) was not obtained in a pure 
condition, it was assumed to be l,4,5,5-tetramethyl-5,6,6a,7,8,-
13-h'exahydrobenzo(c)phenanthrene because of its ultimate 
conversion to 1,4,5,5-tetramethyl-5,6-dihydrobenzo(c)phenan- 
threne (XXII), identified by its ultraviolet absorption spectrum.

Run 2.—In a similar experiment, a mixture containing 1.55 
g. (4.85 mmoles) of lactone XVI, 65 ml. of glacial acetic acid,
4.0 g. (0.13 mole) of red phosphorus, 1.1 g. (4.32 mmoles) of 
iodine, and 1 ml. of water was heated under reflux for 36 hr. 
The mixture was cooled, filtered, and worked up in the usual 
way to give 0.62 g. of neutral material XX and XXI and 0.45 
g. (31%) of acid XVIII, m.p. 210-217°. Recrystallization 
from hexane-acetone afforded XVIII as colorless crystals, m.p. 
227-228°; 5.87 M; \™ H 264 (log e 2.73), 267 mu (log
e 2.74), 270 m/jt (log e 2.80), and 280 m¡x (log 1 2.67).

Anal. Calcd. for C22H260 2: C, 81.95; H, 8.13. Found: C, 
82.16; H, 8.13.

Methyl 1-Phenyl-4,4,5,8-tetramethyl-3,4-dihydronaphthalene-
2-acetate (XIX).—Dry hydrogen chloride was bubbled for 
21 hr. through a solution of 175 ml. of 90%; methanol contain
ing 3.7 g. (0.014 mole) of crude lactone XVI. Distillation of 
the solvent in vacuo afforded 3.7 g. (97%) of ester XIX as a 
brown viscous oil; 5.73 and 6.21 ¡x.

Methyl 1 - Phenyl -4,4,5,8 - tetramethyltetralin - 2 - acetate
(XVIIIa).—A solution of 3.6 g. (0.011 mole) of ester XIX in 130 
ml. of 90%, methanol containing 0.4 g. of 10% palladium-on-char
coal catalyst was heated with shaking to 60° under 42 p.s.i. of 
hydrogen. The catalyst was removed after 36 hr. and the sol
vent distilled in vacuo to yield 3.5 g. (97%) of ester XVIIIa as 
a viscous yellow oil; X̂ % 5.75 and 6.21 ¡x.

l,4,5,5-Tetramethyl-8-keto-5,6,6a,7,8,13-hexahydrobenzo(c)- 
phenanthrene (XX).—Forty milliliters of anhydrous hydrogen 
fluoride was added to 1.65 g. (5.2 mmoles) of acid XVIII 
in a polyethylene bottle. The complex was destroyed after 10 
hr. and worked up in the usual fashion to afford 1.2 g. (77%) 
of ketone XX as a brown viscous oil; X̂ "°' 5.95 and 6.21 ¡x.

l,4,5,5-Tetramethyl-5,6-dihydrobenzo(c)phenanthrene (XXII). 
—An intimate mixture of 0.20 g. (1.08 mmoles) of XXI and 
0.30 g. (3.8 mmoles) of selenium was heated for 12 hr. at 330° 
in a sealed Pyrex tube. The cooled melt was taken up in ben
zene-hexane, treated with charcoal, and chromatographed on 
acid-washed alumina to give 30 mg. of hydrocarbon XXII; 
X™H 224 m/i (log t 5.10), 278 m/x (log e 3.87), and 322 m« (log t 
2.86).15 The ultraviolet absorption spectrum of XXII was 
identical to that reported by Johnson,6 except for the small peak 
at 322 m/x (see Fig. 1).

Lactone of 4,4,5,8-Tetramethyl-l-tetralol-2-acetic Acid (XXIII). 
a. By Catalytic Reduction of IV.—A solution of 7.8 g. (0.03 
mole) of keto acid IV in 125 ml. of ethanol containing 0.3 g. 
of platinum oxide and 1 ml. of concentrated sulfuric acid was 
shaken for 24 hr. under 45 p.s.i. of hydrogen pressure. Removal 
of the solvent and catalyst afforded 7.8 g. of material which 
showed infrared absorption at 5.67 /x (lactone), 5.77 /x (ester), 
and 5.96 n (ketone). This material was saponified by heating 
under reflux for 5 hr. with 10.0 g. (0.18 mole) of potassium hydrox
ide in 150 ml. of ethanol. The reaction mixture was poured into 
200 ml. of 6 N  hydrochloric acid and extracted with ether. The 
ethereal solution was extracted with 10%, sodium carbonate, 
dried, and evaporated giving 2.4 g. (33%) of XVI as a colorless 
solid. Recrystallization from hexane-acetone afforded colorless

(15) M easured with a C ary Model 14 recording spectrophotom eter.
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cubic crystals, m.p. 146-147°; x',"cl3 5.64, 6.82, 7.73, 8.60, 
10.32, and 11.00 y\ X!/°H 272.5 (log t 2.05) and 280.8 m/n 
(log e 2.95).

Anal. Calcd. for C,cH2o02: C, 78.64; H, 8.26. Found: 
C, 78.50; H, 8.44.

b. By Sodium Borohydride Reduction of IV.—To a stirred, 
refluxing solution of 26.0 g. (0.10 mole) of keto acid IV, neu
tralized to the plienolphthalein end point, in 200 ml. of 50%

methanol was added 1.25 g. (0.033 mole) of sodium borohydride 
over 0.5 hr. The reaction mixture was refluxed for 22 hr., de
composed with 6 N  hydrochloric acid, and worked up in the usual 
fashion to give 12.15 g. of unchanged acid IV and 12.35 g. 
(47.5%) of lactone XXIII, m.p. 136-138°. Recrystallization 
from hexane-acetone afforded colorless microcrystals of XXIII, 
m.p. 146-147°, identical in all respects to the lactone prepared by 
catalytic reduction (see method a preceding).
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Of the four possible cyanide addition products of ( — )-carvone (I), three have now been isolated in pure form 
and the presence of the fourth one demonstrated chromatographically. Through a combination of chemical 
transformations, optical rotatory dispersii n measurements, and dipole moment data, it has been possible to 
assign the correct stereochemistry to the two newly generated asymmetric centers and to assign plausible con
formations to the four isomeric 3-cyano-2,3-dihydrocarvones.

Many years ago, Lapworth4 studied the 1,4-addition 
of cyanide to (+)-carvone (antipode of I5) anc isolated 
two crystalline, isomeric nitriles, both of which ex
hibited mutarotation. Their chemistry was studied in 
extenso, but no stereochemical assignments were made, 
and no further work appears to have been done on these 
substances during the past fifty years. In the cyanide 
addition to carvone, two new asymmetric centers are 
generated, thus creating the possibility of four stereo
isomers (II-V). Furthermore, since we are dealing 
here with a flexible ring system, eight conformers (IIA 
or B-VA or B) must be considered, if we restrict our
selves to chair forms; and many more, if boat and 
twist forms are also brought into play. It was de
cided, therefore, to attack this interesting stereochemi
cal problem by attempting the isolation of as many of 
the dihydroearvone isomers as possible and to subject 
them to optical rotatory dispersion scrutiny6 in the 
light of the octant rule.7 The latter has been shown8 
to be of considerable utility in the solution of conforma
tion problems, and it was of interest to examine its 
applicability to the present cases and to confirm the 
conformational conclusions by dipole moment measure
ments.9

(1) (a) For preceding paper see C. Beard, O. D jerassi, J. Sicker, F. Sipos, 
and M. Tichv, Tetrahedron, in press; (b) for preceding paper see J. M. Conia, 
,J. L. Ripoll, L. A. Tushaus, C. L. N eum ann, and N. L. Allinger, J. Am.. Chem. 
Soc., 84, 4982 (1962).

(2) Financial support was provided by  th e  N ational Cancer In s titu te  
(g ran t no. C RTY -506I) of the  N ational In s titu te s  of H ealth  to S tanford 
U niversity , and by the N ational Science Foundation  (grants no. 19981 
ami G -10346) to W ayne S ta te  U niversity.

(3) Recipient of an undergraduate research fellowship a t  S tanford U ni
versity  from the  N ational Science Foundation.

(4) (a) A. Lapw orth, J. Chem. Soc., 89, 945, 1819 (1906); (b) A. Lap- 
w orth and  V. Steele, iMd. 99, 1877 (1911).

(5) All s truc tu ra l form ulas in th is  paper represent correct absolute con
figurations according to  th e  steroid notation.

(6 ) C. D jerassi, “ Optica! R o ta to ry  Dispersion; Applications to Organic 
C h em istry /’ M cGraw-Hill Book Co., New York, N. Y.. 1960.

(7) W. M offitt, R . B. W oodward, A. M oscowitz, W. Klyne, and C. 
D jerassi, J. Am. Chem,. Soc., 83, 4013 (1961).

(8) For pe rtinen t discussion and earlier references see C. D jerassi and W.
Klyne, J. Chem. Soc., 4929 (1962); Pro''. Natl. Acad. Sci., U. S., 48, 1093
(1962); ./. Chem. Soc., 2390 (1963).

In the present work, ( — )-carvone of known absolute 
configuration (I)10 was employed and duplication of 
Lapworth’s conditions4“ (potassium cyanide in ethanol- 
water-acetic acid at room temperature) yielded about 
70% of the highest melting isomer II (m.p. 95.5°) of
3-cyano-2,3-dihydrocarvone, the physical constants 
being in reasonable agreement with those reported by 
Lapworth4“ for the antipode. Thin-layer chromatog
raphy on silica gel was found to be an excellent method 
for determining the purity of the dihydrocarvones, since 
a solvent system was used that effected separation of 
all four isomers. In fact, this method showed that the 
crude cyanodihydrocarvone prepared by Lapworth’s 
first4“ procedure consisted principally of isomer II, 
contaminated with some IV and traces of III.

By conducting the cyanide addition in refluxing 
aqueous ethanol—in the absence of acetic acid—Lap- 
worth413 encountered a second isomer (m.p. 84°, now 
shown to be III) in high yield. Attempts in our hands 
to duplicate quantitatively these results failed, since 
thin-layer chromatography always demonstrated the 
existence of approximately equal amounts of isomers II 
and III, as well as traces of IV. By means of gradient 
elution chromatography, it was possible to isolate the 
pure second isomer III (m.p. 86.5°), with constants in 
reasonable agreement with those recorded413 for its 
antipode.

The question then arose whether the two cyanodi- 
hydrocarvones (now known to be II and III) of m.p.
95.5 and 86.5° were isomeric at C-2 and/or at C-3, since 
both these centers are invertible. In order to gain 
information on this point, each pure isomer was sub
jected to equilibration in ethyl acetate solution in the 
presence of p-tolucnesulfonic acid, the course of the 
reaction being followed by thin-layer chromatography. 
Complete equilibration was reached at room tempera-

(9) For discussion and  earlier references of the  use of dipole m om ent 
studies in conform ational analysis, see N. L. Allinger, M . A. DaRooge, M. A. 
M iller, and  B. Waegeli, J. Org. Chem., 28, 780 (1963).

(10) See A. J. Birch, Ann. Reports Progr. Chem., 47, 192 (1951),
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ture in about one week, at which time the equilibration 
mixture of isomer II (m.p. 95.5°) consisted of two 
spots, corresponding to II and a new isomer (IV) 
(15%), but none of isomer III (m.p. 86.5°). When this 
experiment was conducted on a larger scale and separa
tion was effected by partition chromatography on Celite 
impregnated with formamide, the new pure isomer was 
obtained in 13% yield as a low-melting (m.p. 13.5°) 
solid, which proved to be homogeneous by thin-layer 
chromatography. Conversely, equilibration of pure 
III (m.p. 86.5°) did not show any spot attributable to 
II or IV, but did exhibit a faint spot due to a fourth 
isomer (V), which, unfortunately, was formed in such 
small quantity as to preclude preparative isolation.

Previously discussed equilibration experiments sug
gested strongly that the two readily available cyano- 
dihydrocarvones (II and III) are isomeric at C-3 and 
are thermodynamically more stable than their epimers 
at C-2, since equilibration led only to small (II -*■ IV) or 
negligible (III V) amounts of new isomers. To sub
stantiate this conclusion, the substituent at C-3 in both 
II and III was altered in such a manner as to prevent 
further epimerization at that center. The pure higher 
melting (m.p. 95.5°) 3-cyano-2,3-dihydrocarvone (II) 
was reduced with lithium aluminum hydride to a 
crystalline mixture (VI) of epimeric amino alcohols, 
which was transformed to the corresponding benzamide 
mixture VII and oxidized with chromium trioxide in 
acetone solution.1112 The resulting 2-methyl-3-benz- 
amidomethyl-5-isopropenylcyclohexanone (VIII) was 
a sharp melting (m.p. 180.5°) solid, homogeneous by 
thin-layer chromatography, in which only C-2 was now 
equilibratable.

By the same sequence of reactions, the lower melting 
(m.p. 86.5°) 3-cyano-2,3-dihydrocarvone (III) was 
transformed via the amino alcohol (X) and benzamido 
alcohol (XI) mixtures into a crystalline, chromato- 
graphically homogeneous, 2-methyl-3-benzamidometh- 
yl-5-isopropenylcyclohexanone (XII) of m.p. 145°. 
Most importantly, while this amide was largely unaf
fected by methanolic potassium hydroxide, identical base 
treatment of the m.p. 180.5° benzamide VIII (derived 
from II) gave preponderantly (65%) a new 2-methyl-3- 
benzamidomethyl-5-isopropenylcyclohexanone (IX) of
m.p. 104°. Since only C-2 is invertible in all of the 
benzamidocyclohexanones, it follows that the amides 
VIII (m.p. 180.5°) and XII (m.p. 145°), and, hence 
their precursor 2-cyano-2,3-dihydrocarvones (II and
III), must differ in configuration at C-3.

This crucial point could also be settled by another 
method in which epimerization at C-2 was made im
possible, while equilibration at C-3 could be examined. 
Thus it was found that sodium borohydride reduction 
of the highest melting isomer II produced an alcohol, 
which on reoxidation regenerated essentially pure II, 
thin-layer chromatography indicating the presence of a 
trace of its C-2 epimer IV. On the other hand, when 
the alcohol, produced by sodium borohydride reduction 
of II, was heated with methanolic potassium hydroxide— 
conditions which could epimerize only the C-3 center— 
and the resulting mixture reoxidized, thin-layer chro- 11 12

(11) K. Bowden, T. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon, 
J .  C h e m .  S o c 39 (1946).

(12) This procedure does not cause any perceptible epim erization of the 
adjacent asym m etric center [see ref. 1 as well as G. Ohloff, J . Osiecki, and 
C. D jerassi, B e r . ,  95, 1400 (1962)].

matography now demonstrated the existence of two 
strong spots corresponding to the original 2-cyano-2,3- 
dihydrocarvone (II, m.p. 95.5°) and its C-3 epimer III 
(m.p. 86.5°). Thus it has been conclusively estab
lished that the original 2-cyano-2,3-dihydrocarvone 
(II, m.p. 95.5°) and its m.p. 86.5° epimer III differ in 
configuration at C-3 and are of the same or
ientation at C-2, while II and IV must differ at 
C-2 but be the same at C-3. With the relative config
urations of these compounds established on the basis 
of chemical evidence, it is now possible to consider the 
optical rotatory dispersion curves of these ketones and to 
derive stereochemical assignments from them.

From a qualitative standpoint, consideration of chair 
forms is probably sufficient and that conformation, 
labelled A in the formula flow sheet, is considered to be 
energetically favored over its “flipped” conformer B. 
A decision between a given conformer pair, A-B, was 
made by the use of the following energetic parameters. 
The energy of an axial methyl group adjacent to a car
bonyl group in a simple cyclohexanone is of the order 
of 1.6 kcal./mole13; that of an axial cyano group ¡3 to a 
carbonyl group is unknown, but must be quite small as 
an axial cyano group in a cyclohexane has an energy of 
only 0.2 kcal./mole.14 Finally, the energy of an axial iso-

(13) (a) N. L. Allinger and H. M. B latter, J .  Am. Chem. Soc., 83, 994 
(1961); (b) B. Rickborn, ibid., 84, 2414 (1962).

(14) (a) N. L, Allinger and  W. Szkrybalo, J. Org. Chem., 27, 4601 (19621; 
(b) B. R ickborn and  F. Jensen, ibid., 27 , 4606 (1962).
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propylidene function is not known with certainty, but 
is probably somewhat lower than that (2.1 kcal./mole) 
of an axial isopropyl substituent.15

The acid-catalyzed equilibration experiments dem
onstrated that the two cyanodihydrocarvones of m.p.
95.5 and 86.5° are more stable than their epimers at 
C-2. Both ketones exhibit positive Cotton effects of 
appreciable molecular amplitude (a as defined in ref. 8), 
that (Fig. 1) of the higher melting isomer exhibiting 
a = +69 and that (Fig. 1) of the lower melting one, a 
= +53. While these amplitude values cannot be em
ployed to differentiate securely between the two alter
native representations IIA and IIIA, there is available 
also the rotatory dispersion curve (Fig. 1) of the C-2 
epimer (IV) of the m.p. 95.5° (II) cyanodihydrocar- 
vone. Its amplitude (a = + 22) is considerably lower 
than that of its more stable epimer, thus eliminating 
immediately the possibility that we are dealing with the 
pair IIIA —*- VA, since the axial methyl group in VA 
would have resulted in a more positive (rather than 
more negative) Cotton effect, the molecular amplitude

(15) (a) N. L. Allinger and  S. Hu, ./. O r y .  Chum., 27, 3417 (1902); (b) A. 
H. Lewin and S . W instein, J .  Am. Ckem. Sue., 84, 2464 (1962).

increment1 being nearly +70. We suggest, therefore 
that the m.p. 86.5° isomer of 2-cyano-2,3-dihydrocar- 
vone should be represented by stereoformula IIIA, 
since the alternate conformer IIIB possesses three 
axial substituents. In view of the known113 equil
ibrium position between an axial and equatorial 2- 
methylcyclohexanone (over 90% in favor of the latter), 
it is not surprising that thin-layer chromatography in
dicated the presence of only trace quantities of VA in 
the acid-catalyzed equilibration of IIIA.

If expression IIIA is associated with the m.p. 86.5° 
isomer, then the principal conformer of the higher melt
ing one (m.p. 95.5°) must be represented by stereo
formula IIA, the alternate conformer (IIB) again being 
less stable because of the additional axial substituents. 
It will be noted from an inspection of Fig. 1 that the 
molecular amplitude dropped [+69 (IIA) -»■ +22 
(IVA)] upon epimerization at C-2. If conformation 
IVB were the correct representation for this C-2 epimer 
(m.p. 13.5°), then its molecular amplitude should be 
approximately +136 (due to the +67 contribution1 
of the axial 2-methyl group). Since the amplitude 
actually decreased, we conclude that the principal con
former of the third isomer (m.p. 13.5°) of 2-cyano-2,3-



J u n e , 1963 O p t ic a l  R o t a t o r y  D is p e r s i o n  S t u d i e s . L X X X I I 1635

dihydrocarvone should probably be represented by the 
stereoformula IVA.16

Next, dipole moment studies were undertaken to sub
stantiate the conformational conclusions derived from 
the optical rotatory dispersion measurements. Such 
independent confirmation was desired since the rotatory 
dispersion arguments are based in part on the assump
tion that conformation VA represents the predominant 
rotational contributor in the equilibrium VA •*—► VB, 
an assumption which may not necessarily be justified. 
The geometry of cyclohexanone is known fairly ac
curately, the coordinates of all the atoms being avail
able.17 The cyanodihydrocarvones contain three func
tionalities—the olefinic linkage, the ketone and the 
cyano group—which contribute to the resultant dipole. 
The directions of the moments of the carbonyl and 
cyano groups are known and the magnitudes of these 
group moments may be approximated by those of 
cyclohexanone (3.06 D .)18 19 and of isobutyronitrile 
(3.6 D .).10 The magnitude of the moment of the olefin 
can be taken as 0.4 D .,20 but as the isopropylidene group 
rotates, the vector sweeps out a cone which will add in 
an uncertain way to the resultant of the other groups. 
If free rotation is assumed, then the olefin contributes 
a component of 0.4 D. acting along the line from the 
ring carbon (to which it is bound) to the attached olefinic 
carbon atom. Since the moment is small, it seems a 
good approximation to consider the group as freely 
rotating, even though this is a physically unreasonable 
assumption.

Having a set of dipole vectors, specified in magnitude 
and in direction, for conformations IIA, IIIA, IVA, 
IVB, VA, and VB (the most plausible chair conforma
tions for the four possible isomeric 3-cyano-2,3-dihydro- 
carvones), it was possible to calculate the dipole mo
ment of each isomer with an IBM 650 computer and the 
previously described9 program. The dipole moments 
of the two principal isomers, II and III, were then de
termined by dielectric constant measurements, the cal
culations being carried out by essentially the method 
of Halverstadt and Kumler,21 except that an IBM 650 
computer and a previously described program22 were 
utilized. Comparison of the calculated moments 
(Table I) with those found experimentally for the two 
predominant cyanodihydrocarvone isomers of m.p. 
95.5° and m.p. 86.5° fully confirm the stereochemical 
assignments IIA and IIIA.

Previous stereochemical conclusions automatically 
apply to the derived benzamidomethyl derivatives 
VIIIA, IXA, and XIIA. The optical rotatory dis
persion curve (Fig. 2) of VIIIA differs substantially

(16) A tw ist form of IV B  would be expected (ref. 8) to  give a s trongly posi
tive  C otton effect. In  order to  explain the  stronger positive C otton  effect 
of IIA  over IVA, one m ust assum e th a t  an isopropenyl group (axial or 
equatorial) (3 to  a carbonyl group makes a stronger ro ta to ry  contribution 
than  an equatorial or axial /S-cyano substituen t. T he lim ited available 
examples [C. D jerassi and  W. Klyne, J .  C h e m .  S o c . ,  2390, (1963); J. Osiecki, 
Ph.D . thesis, S tanford U niversity , I960] are in com plete accord with this 
conclusion.

(17) (a) N. L. Allinger and  J . Allinger, T e t r a h e d r o n , 2, 64 (1958); (b) 
E. J. Corey and  R. A. Sneen, J .  A m .  C h e m .  S o c . ,  7 7 ,  2505 (1955); (c) see 
also footnote 10 in ref. 7.

(18) N. L. Allinger, J . Allinger, M. A. DaRooge, and S. Greenberg, 
J .  O r g .  C h e m . ,  28, in press.

(19) M, T . Rogers, J .  A m .  C h e m .  S o c . ,  69, 457 (1947).
(20) L. G. Wesson, “ Tables of Electric Dipole M om ents,” The Tech

nology Press, Cam bridge, M ass., 1947.
(21) I. F. H alverstad t and  W. D. Kum ler, J .  A m .  C h e m .  S o c . ,  64, 2988 

(1942).
(22) N. L. Allinger and  J . Allinger, J .  O r g .  C h e m . ,  24, 1613 (1959).

T a b l e  I
Va lues  for  R esu lta n t  D ipo le  M oments (D eby e  U n it s )

S tructu re Calculated Found

IIA 5.30 5.16 (m.p. 95.5° isomer)
IIB 3.13
IIIA 2.74 2.88 (m.p. 86.5° isomer)
IVA 3.13
IVB 5.30
VA 2.74
VB 5.84

from that (Fig. 1) of its derived cyanodihydrocarvone 
(IIA), the negative background, upon which the posi
tive Cotton effect is superimposed, apparently being as
sociated with the amide absorption in the far ultra
violet. This is supported by the observation that the 
corresponding acetamido analog XVA exhibits a similar 
dispersion curve (Fig. 2) and that the corresponding 
benzamido (VII) and acetamido (XIV) precursor alco
hols show plain negative dispersion curves. The benz
amidomethyl ketone IXA possesses a stronger positive 
Cotton effect (Fig. 2) than does (Fig. 1) the corre
sponding cyanodihydrocarvone (IVA); a comparison 
of the cyanodihydrocarvone (IIIA) optical rotatory 
dispersion c urve (Fig. 1) with that (Fig. 2) of its benz
amidomethyl derivative XIIA actually demonstrates 
an inversion in the sign of the Cotton effect. These 
apparently contradictory observations are easily ac
commodated by the assumption that the rotational con-
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tribution of the hitherto not studied benzamidomethyl 
grouping is larger than that of a cyano as well as that of 
an isopropenyl substituent [—CH2NHCOC6H6 > 
—C (=C H 2)CH3 > CN].

One last point must be emphasized. While the 
stereochemistry of the isomeric 3-cyano-2,3-dihvdro- 
carvones can be considered as completely settled, the 
conformational assigments made in this paper to those 
ketones, where no dipole moment measurements could 
be performed for lack of material, should be considered 
to be only of qualitative significance, especially since 
we do not take into consideration the possible (minor) 
contributions of nonchair forms. Whether electro
static repulsion between the C = 0  and CN dipoles in 
an axially oriented 3-cyanocyclohexanone plays a 
significant role is a moot point; it should be noted, how
ever, that the difference in molecular amplitude of the 
Cotton effect of the axially oriented cyano ketone IIA 
in methanol vs. isooctane solution (see Experimental) 
is somewhat larger than the difference observed between 
these two solvents in the equatorial epimer IIIA.

Experimental23
2/5-Methyl-3£i-cyano-5a!-isopropenylcyclohexanone (II).24—

Following the procedure of Lapworth,4» 15.0 g. of ( — )-carvone 
(I )26 in 40 cc. of 95% ethanol was mixed with 9.0 g. of potassium 
cyanide in 20 cc. of water, followed by the dropwise addition of 
6 g. of glacial acetic acid over a 30-min. period, with continuous 
stirring but without external cooling. After a further 30 min., 
fine crystals had appeared, whereupon 20 cc. of water was added 
and after an additional 30 min., precipitation was completed 
by the addition of 40 cc. of water and cooling in ice. The re
sulting crystals were collected (12.75 g., m.p. 87-91.5°) and were 
found by thin-layer chromatography to consist largely of II, 
contaminated with some IV and traces of III. Recrystalliza
tion from aqueous ethanol provided 8.76 g. of chromatographically 
homogeneous II, m.p. 93.5-95°, while the analytical sample 
[after sublimation at 70° (0.1 nun.)] exhibited m.p. 95-95.5°, 
[<*]24d -6 .2 °  (c 2.75), (lit.4 m.p. 93.5-94.5°, [a]12i> +13.5° 
for antipode). The relevant infrared bands are listed in Table 
II, while the rotatory dispersion curve is reproduced in Fig. 1. 
R.D. in methanol (c 0.103): [o+ss —12°, [ck]3is +1400°, [a]3u
+  1360°, [o+io +1400°, [a]27o -2490°, [a+to -2300°. The 
molecular amplitude a = +69 was reduced to +54 in isooctane 
solution.

Anal. Calcd. for CiiH15NO: C, 74.54; H,8.53. Found: C, 
74.75; H, 8.81.

2fi-Methyl-3a-cyano-5a -isopropenylcyclohexanone (III).24—To
a refluxing mixture of 12.0 g. of ( —)-carvone (I) and 7.5 cc. of 
ethyl acetate was added a hot solution of 6.0 g. of potassium 
cyanide in 15 cc. of water and 17 cc. of 95%, ethanol and heating 
continued for 20 min., two phases remaining during this period. 
The cooled solution was extracted with ether, dried, and evapo-

(23) All m elting po in ts were tak en  in  capillaries and  are corrected. Ro
ta tio n s  were m easured in 95%  ethanol and  infrared spectra  in chloroform 
solution. T he optical ro ta to ry  dispersion curves were determ ined by  M rs. 
R u th  Records w ith a N ippon Bunko (Japan Spectroscopic Co.) au to 
m atically  recording spectropolarim eter (M odel O R D -2); while th e  micro
analyses are due to M essrs. E. M eier and J. Consul. Thin-layer chrom ato
gram s were perform ed on silica gel G (E. M erck, D arm stad t) plates, 10% 
ethy l ace ta te  in benzene being used as th e  developing agent. The approxi
m ate  R f  values were: I I  (0.37), I I I  (0.52), IV (0.42), and  V (0.40).

(24) In  order to  sim plify the  nom enclature and. since the absolute con
figuration of all products is known, we are employing the  steroid notation 
(ref. 5) based on the  following representation.

Y

Me
(25) T he m aterial [[« Id —60.7° (neat), n -5n 1.4968] was purchased from 

F arm er’s Chem ical Co., Kalam azoo, M ich., and was homogeneous according 
to  gas-phase chrom atography.

T a b l e  II
I nfrared  M axima (C hloroform ) o f  2-M ethyl-3-cyano-5-

ISOFROI’ENYECYCLOHEXANONES“
W ave length Com pound I I  Com pound II Com pound

4.47 S s S
5.85 S
5.86 s S
6,10 111 111 m
7.47 w
7.56 min in m
7.01 w
7.75 min min w
8.00 (broad) m
8.33 (broad) m m
8.71 m
8.75 m
8.81 m
8.95 w w
9 .20 w
9.87 w min

10.06 min m m
10.29 m min
10.46 min m min
10.68 min min w
11.07 s
11.17 s s
a Listed arc maxima of important functional groups

maxima which are not the same for all three isomers.

rated to yield 13.2 g. of a yellowish, pasty mass of crystals, which 
by thin-layer chromatography was shown to contain approxi
mately equal amounts of II and III, as well as traces of IV and 
less intense spots of very low Rt value (presumably acids and/or 
amides). Separation was not feasible by gas phase chroma
tography, three very closely overlapping peaks being observed, 
and recourse had to be taken to gradient elution chromatography 
on 850 g. of neutral alumina (activity II), starting with hexane- 
benzene (3:1) and adding benzene-hexane (3:1). Fractions 
of 50 cc. each were collected, using an automatic fraction col
lector, and were divided into three groups on the basis of thin- 
layer chromatographic analysis. Fractions 1-47 contained only 
traces (40 mg.) of carvone (I), while fractions 48-70 consisted 
largely of the desired isomer III (2.2S g., m.p. 30-79°), the re
maining fractions representing varying proportions of II, III, 
and IV. One recrystallization from aqueous ethanol provided
l .  58 g. of III, m.p. 78..5-84.5°, raised to 85.5-86.5° (0.96 g.) 
upon recrystallization from hexane-benzene. The analytical 
specimen was sublimed at 85° (0.1 mm.), whereupon it showed
m. p. S6-S6.50, [a]D +47° (c 1.72) (lit.4b m.p. 84°, [a]D -42.1°
for antipode). R.D. (Fig. 1) in methanol (c 0.104): [a]5s9
+42° [o+io +1250, [a]27o —1740°, [a+5o —1580°, the molecular 
amplitude being practically unchanged in isooctane solution. 
The characteristic infrared peaks are listed in Table II.

Anal. Calcd. forCiiH15NO: C, 74.54; H, 8.53. Found: C, 
74.3S; H ,8.52.

2a-Methyl-3d-cyano-5a-isopropenylcyclohexanone (IV).24—A
solution of 2.37 g. of 2+methyl-3/3-cyano-5a-isopropenylcyolo- 
hexanone (II) in 30 cc. of benzene and 15 cc. of ethyl acetate 
containing 2.4 g. of p-toluenesulfonic acid was kept at room 
temperature for 4 days and then washed with sodium bicarbonate 
solution and water. Evaporation left a residue, which by thin- 
layer chromatography was found to consist of a mixture of II 
and IV with the former predominating. Separation was effected 
by hexane elution from a column of 170 g. of Celite,26 impregnated 
with 75 cc. of formamide. The first fractions (0.34 g.) were 
combined and recycled to furnish 0.31 g. of a colorless oil, which 
was virtually pure IV as demonstrated by thin-layer chroma
tography. Recrystallization from hexane-ethyl acetate between 
— 8° and —22° led to colorless needles, chromatographically 
homogeneous, which were distilled at 90° (0.1 mm.) to give the 
analytical sample of IV with m.p. 11.5-13.5°. R.D. (Fig. 1) 
in methanol (c 0.082): [a]» —10°, [a+ i5+446°, [a]27o — S06°,

(26) Com m ercial Celite 545 was washed overnight w ith concen trated  
hydrochloric acid, then  successively w ith dilute acid, w ater, sodium  bicar
bonate  solution, and  finally w ater. The m aterial was dried a t 110° for 20 hr. 
before use.



J u n e , 1963 O p t ic a l  R o t a t o r y  D is p e r s i o n  S t u d i e s . L X X X I I 1637

[a]250 —049°, the characteristic infrared bands being listed in 
Table II.

Anal. Calcd.forCuHuNO: C, 74.54; H, 8.53. Found: C, 
74.13; H, 8.56.

Epimerization Experiments at C-2.—A solution of either isomer 
II or III and an equal weight of p-toluenesulfonic acid in ethyl 
acetate solution produced in each case two spots in a thin- 
layer chromatogram: II —► II +  IV; III —► III +  V. Within 
1 week at room temperature, the ratio of intensities for a given 
pair (II and IV, or III and V) ceased to change and, even after 
3 months, no spot corresponding to the other pair appeared. 
In the equilibration of III, the spot corresponding to its C-2 
epimer (V) was so faint that isolation of this isomer was not 
attempted.
. Under more forceful conditions, such as alcoholic potassium 
hydroxide, the same effects were noted in a matter of seconds, 
but epimerization also occurred at C-3 as demonstrated by the 
appearance of all four spots after a very short while.

Epimerization Experiments at C-3.—In a model experiment, 
128 mg. of II was dissolved in methanol and left for 1 hr. with 
a solution of 33 mg. of sodium borohydride in 2 cc. of 50% 
aqueous methanol. After acidification, the product was isolated 
with ether and shown to lack completely any infrared carbonyl 
absorption. The entire alcohol (124 mg.) was oxidized in 10 
cc. of acetone at 0° with 8 N  chromic acid solution,11’12 small 
quantities of anhydrous magnesium sulfate being added simul
taneously. Thin-layer chromatography of the oxidation product 
showed that it consisted virtually of only the starting ketone 
II, contaminated with nonoxidized alcohol and traces of IV.

The sodium borohydride (10 mg.) reduction of 20 mg. of II 
was repeated but, prior to reoxidation, the alcohol was heated 
under reflux for 20 min. with 10% aqueous-methanolic potassium 
hydroxide solution. Thin-layer chromatography of this oxida
tion mixture demonstrated the presence of strong spots due to II 
and III, as well as a trace of IV. Conversely, when this sequence 
was repeated with pure III, thin-layer chromatography clearly 
showed the production of II, weak spot) in addition to a strong 
spot corresponding to III, but no indication of spots associated 
with IV or V.

2/3-Methyl-38-benzamidomethyl - 5 a  -isopropenylcyclohexanone
(VIII) .24—20-Methyl-30-cyano-5«-isopropenylcyclohexanone (II) 
(1.02 g.) was reduced with 0.6 g. of lithium aluminum hydride 
by heating under reflux for 30 min. in ether (150 cc.) solution 
and decomposing the reaction mixture by the sodium sulfate 
technique. The resulting mixture of alcohols (VI) [0.99 g., 
m.p. 63-84°, [a]D -10° (c 1.19), A^01* 2.77, 2.95, 6.10, and
l l .2 a, but no bands between 4.0-6.0 /x] was used directly in the 
next step.

Anal. Calcd. for CnH2iNO: C, 72.08; II, 11.55. Found: 
C, 72.25; H, 11.55.

The amino alcohol (1.25 g. of VI) was dissolved in a mixture 
of 100 cc. of chloroform and 15.8 cc. of 2% sodium hydroxide 
solution and benzoyl chloride (0.87 cc.) in 15 cc. of chloroform 
was added with vigorous stirring at room temperature over a 
period of 30 min. After 1.5 hr., the basic aqueous solution was 
separated and the organic layer washed to neutrality, dried, and 
evaporated. The crystalline benzamido alcohol mixture VII 
(1.85 g.), m.p. 105-130°, [a]D -22° (c 1.35). R.D. in methanol 
(c 0 .10): plain negative curve, [o+oo —76°, [a]4oo —102°, 
[<*[300 —218°, [a]28o —384°, showed two spots in a thin-layer 
chromatogram (2:3 ethyl acetate-benzene) and was oxidized 
without further separation.

Anal. Calcd. for Ci8H25N0 2: C, 75.22; H, 8.77. Found: 
C, 74.85; H, 8.80.

A portion (133 mg.) of this mixture (VII) was oxidized at 
room temperature in acetone solution with 8 N  chromic acid 
solution,u>12 and the quantitatively produced ketone VIII 
(m.p. 176-179.5°) was recrystallized twice from benzene and 
sublimed at 150° (10~6 mm.), whereupon the analytical specimen 
exhibited m.p. 179-180.5°, [a]D - 68° (c 0.59), A™01’ 5-87,
6.05, and 11.22 ¿x. R.D. (Fig. 2) in methanol (c 0.071): [ajsss 
-62°, [<*]„„ +160°, [a]254 -5130°.

Anal. Calcd. for Ci8H23N 02: C, 75.75; H, 8.12. Found: C, 
75.73; H, 8.13.

2«-Methyl-3(3-benzamidomethyl-5a-isopropenylcyclohexanone
(IX) .24—The above-described 20-methyl isomer VIII (174 mg.) 
was left at room temperature for 1 hr. in 25 cc. of methanol 
containing 350 mg. of potassium hydroxide. The solution was 
neutralized, the methanol evaporated, and the product (168 mg.) 
extracted with methylene chloride. Recrystallization from

benzene provide 30 mg. of the starting material yVIII), m.p. 
175-179°, and, since chromatography on alumina did not effect 
any good separation of the mother liquor material, it was sub
jected to fractional crystallization from acetone-hexane. From 
the less soluble portion an additional 23 mg. of VIII (m.p. 171- 
174°) could be isolated,.while the more soluble mater...l y elded 
in three crops a total of 81 mg. of IX. Two additional recrystal
lizations from acetone-hexane and one from benzene-hexane 
gave colorless needles of IX which were homogeneous by thin- 
layer chromatography; m.p. 102-104°, [ « [ d  +19° ( c  0.G5), 
AS1013 5.87, 6.05, and 11.19 R.D. (Fig. 2) in methanol (c 
0.098): [«U  +24°, [«%„ +1260°, [«]273 -1730°, [«]» -1020°.

Anal. Calcd. for CisH^NO.: C, 75.75; H, 8.12. Found: 
C, 75.30; H, 8.17.

On the basis of the weights of the isolated substances in the 
base-catalyzed epimerization reaction, the equilibrium composi
tion is approximately 39% VIII vs. 61% IX. In order to obtain 
an independent value, 13 mg. each of pure VIII and of pure IX 
was allowed to stand at room temperature for 30 min. in 1%, 
methanolic potassium hydroxide solution. Each mixture was 
worked up under identical conditions and in each instance a 
melting point of 96-145° was encountered for the total crude 
product (12 mg.). The rotatory dispersion curves were deter
mined in methanol solution (c 0.10) and the equilibration mix
ture of VIII exhibited a peak at [0 + 0 3  +1000°, while that of IX 
showed [a+04 +930°. Using the rotations observed at 310 m/x 
(VIII, +210°; IX, +1260°; equilibrium mixtures, +925°), 
one arrives at a 32% (VIII)-68% (IX) equilibrium composition.

2+Methyl-3«-benzamidomethyl-5o-isopropenylcyclohexanone 
(XII).24—The lithium aluminum hydride reduction of 20-methyl- 
3a-cyano-5a-isopropenylcyclohexanone (III) was performed 
exactly as described for II and the crude alcohol mixture
(X), tepresenting a viscous liquid, was benzoylated in 92% 
yield to produce the benzamide mixture XI, m.p. 161-173°. 
R.D. in methanol (c 0.107): [a]i89 +47°, [a]40o +94°, [«[¡¡oo 
+  140°, [«]26„ +210°.

Anal. Calcd. for CjsHaNOa: C, 75.22; H, 8.77. Found: C, 
74.88; H, 8.84.

Oxidation of XI in acetone solution provided 97% of colorless 
crystals, m.p. 124.5-133.5°, which after two recrystallizations 
from acetone-hexane led to the analytical specimen of XII 
m.p. 143.5-145°, [<*]D +23° (c 1.37), A™cl! 5.87, 6.05, and 11.22 
xx. R.D. (Fig. 2) in methanol (c 0.10): [a]o89 +19°, [a+ 0 3  — 280°, 
[ a ] 255 +1070°.

Anal. Calcd. for Ci8H23N 02: C, 75.75; H, 8.12. Found: C, 
75.64; H, 8.21.

Base-catalyzed equilibration of this amide XII in an attempt 
to prepare the 2a-epimer XIII yielded a product, m.p. 135- 
140°, [R.D. in methanol (c 0.107): [a]689 +  9°, [«[360-320 +35° 
(broad plateau), [0+93 —170°, [q+ tc 0°] which showed two spots 
in a thin-layer chromatogram, the new spot (corresponding to 
XIII) being very faint. Attempts to isolate the new epimer by 
fractional crystallization proved unsuccessful.

T a b l e  III
D i p o l e  M o m e n t  D a t a , B e n z e n e  S o l u t i o n , 25° ( E x p e r i m e n t a l  

E r r o r  ±0.03 D . )

20-Methyl-30-cyano-5a-isopropenylcyelohexanone (IIA)24
N! d n €12

0.00000000 0 .8 7 3 3 2 2 2 .2 7 6 2

.0 0 0 7 9 4 4 6 .8 7 3 5 4 1 2 .3 0 5 1

.0 0 1 5 1 7 6 7 .8 7 3 7 3 2 2 .3 3 1 9

.0 0 2 3 0 8 2 5 .8 7 3 9 8 2 2 .3 6 1 0

.0 0 2 9 9 2 3 0 .8 7 4 1 7 0 2 .3 8 7 0

«  =  3 7 .0 2 9 ei =  2 .2 7 5 9 A1 =  0 .8 7 3 3 2

0  =  0 . 2 8 5 P 2a) =  5 9 5 . 3 ix =  5 . 1 6  D .

2/3-Methyl-3a-cyano-5a-isopropenylcyclohcxanone (IIIA)24
N : d \ i €12

0.00000000 0.873345 2.2763
.00043163 .873407 2.2812
.00088528 .873526 2.2868
.00113033 .873513 2.2892
.00162884 .873730 2.2947

a =  11.374 e, =  2.2764 =  0.87331
0 = 0.243 P2co= 222.0 /x = 2.88 D.
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2/3-Methyl-3/3-acetamidomethyl-5a:-isopropenylcyclohexanone
(XV).24—To a vigorously stirred and ice-cold solution of 626 mg. 
of the 2/3-methyl-3/3-aminomethyl-5a-isopropenylcyclohexanol 
mixture (VI) in 200 cc. of pyridine and 30 cc. of dry benzene, 
349 mg. of acetic anhydride in 150 cc. of benzene was added 
dropwise over a period of 4 hr. After one additional hour at ice- 
bath temperature, the mixture was poured into water, the product 
isolated in the usual manner with ether, then chromatographed 
on 10 g. of neutral alumina (activity III), elution being effected 
first with 250 cc. of methylene chloride, followed by 150 cc. of 
ethyl acetate. The desired acetamido alcohol mixture (XIV) 
was obtained as a colorless oil (135 mg.), which crystallized 
spontaneously; m.p. 70-96.5°. R.D. in methanol (c 0.12): 
[«]5S9 —21°, [a]5oo —29°, [o;]400 —50°, [«boo —134°, [a 200 —183°. 
This material was directly oxidized with chromium trioxide in 
acetone solution11,12 and recrystallized from acetone-hexane to

give the desired, chromatographically homogeneous ketone XV, 
m.p. 98-99°, X“ c'3 2.90, 5.87, 6.00 and 11.20 y. R.D. (Fig. 2) 
in methanol (c 0.105): [oF m —48°, [«bus T704°, [a]240 —2280°.

Anal. Calcd. for Ci3H21N02: C,69.92; H, 9.48. Found: C, 
69.72; H, 9.58.

Dipole Moment Measurements.—The dipole moments were 
measured in benzene solution at 25°, using the previously de
scribed27 apparatus, the data being summarized in Table III. 
References to the method of calculation are given in the Discus
sion. The molar refractivity (50.25 cc.) was calculated from 
tables28 and atomic polarization was neglected.

(27) N. L. Allinger, H. M. B latter, M. A. DaRooge, and  L. A. F reiberg. 
J .  O r g .  C k c m . ,  26, 2550 (1951).

(28) A. I. Vogel, W. T. Cress well, G. J. Jeffrey, and  J. Leicester, C h e m .  

I n d .  (London), 358 (1950).

T h e C o n stitu tio n  o f O tob ain

N. S .  B h a c c a 1 a n d  R o b e r t  S t e v e n s o n

Department of Chemistry, Brandeis University, Waltham 54, Massachusetts 
Received October 9, 1962

A new lignan, otobain, for which the structure 5,6-methylenedioxy-2,3-dimethyl-4-(3',4'-methylenedioxy- 
phenyl)-l,2,3,4-tetrahydronaphthalene (VI) is proposed, has been isolated from the fruit of Myristica otoba.

The fat expressed from the fruit of Myristica otoba is 
reputedly used in Colombia as a medicament for skin 
diseases of domestic animals. It was first examined 
over one hundred years ago by Uricoechea,2 who iso
lated a product which he named “otobite” and to which 
he attributed the empirical formula CbilTfiOs. A more 
extensive examination was performed by Baughman and 
co-workers,3 who reported the isolation of isomers, C2o- 
H20O4, which they named otobite and isootobite, and 
suggested that the previously isolated product was a 
mixture. From a sample of otoba fat collected in 1960 
in the Departmento of Tolima, Colombia,4 we have 
isolated a lignan for which the name otobain was pro
posed in a preliminary communication.6 Gilchrist, 
Hodges, and Porte6 since have described work on the 
isolation and structure elucidation of the same product 
to which they have fortunately assigned the same name 
in conformance with lignan nomenclature. The as
sumption that otobite and otobain are identical6 we 
regard as questionable on the basis of reported differ
ences of behavior (e.g., Zeisel determination, action of 
bromine).3-5

Empirical analyses and molecular weight deter
mination established that otobain had a molecular 
formula, C20H20O4. The absence of absorption bands 
in the infrared spectrum characteristic of hydroxyl and 
carbonyl groups indicated that all four oxygen atoms 
were present as ether functions. The absence of 
methoxyl groups, established by Zeisel determination, 
suggested the likelihood that the oxygen functions 
were two methylenedioxy groups. That at least one 
such group was present was apparent from the infra

(1) P resen t address, V arian Associates, Palo Alto, Calif.
(2) E. Uricoechea, A n n . ,  91, 369 (1854).
(3) W. F . B aughm an, G. S. Jam ieson, and  D. H . B rauns, J .  A m .  C h e m .  

S o c . ,  43, 199 (1921).
(4) We wish to acknowledge our indebtedness to D r. A lvaro Fernandez- 

P 6rez of the  In s titu to  de Ciencias N aturales, U niversidad Nacional de 
Colombia, th rough whose kind  efforts th e  m aterial was supplied.

(5) R . Stevenson, C h e m .  I n d .  (London), 270 (1962).
(6) T . G ilchrist, R . Hodges, and  A. L. Porte, J .  C h e m .  S o c . ,  1780 (1962).

We wish to  th an k  Drs. Hodges and Porte  for com m unicating their findings
after the appearance of our com m unication and prior to the ir publication.

red spectrum (potassium bromide disk) which showed a 
strong band at 928 cm.-1, with a weak overtone 
at 1850 cm.-1, considered most characteristic for 
methylenedioxy groups7; the presence of strong 
bands at 1362, 1242, 1130, and 1045 cm.-1, particularly 
in the demonstrated absence of aromatic methoxyl 
groups, supports this assignment. Chemical evidence 
for the presence of two methylenedioxy groups was 
obtained by treatment of otobain with phosphorus 
pentachloride followed by sodium carbonate. The 
isolated product, C20Hi6O6. had an infrared absorption 
band at 1830 cm.-1 characteristic of hve-membered 
ring strained carbonyl systems8 of which the derived 
benzenoid cyclic carbonate is typical.

Kuhn-Roth C-methyl determination indicated the 
presence of two such groups, leaving unaccounted 
only two carbon atoms to be incorporated in a ring. 
This preliminary characterization strongly suggested 
that otobain is a lignan010 of the phenyltetralin class, 
of which structure I based on unexceptional biogenetic 
considerations,11-13 is the most obvious possibility. 
Integration of the nuclear magnetic resonance spectrum 
of otobain established the presence of five aromatic 
protons, and the ultraviolet absorption spectrum was 
also consistent with this formulation. Closely related 
to I are the lignans, isolated from Hirnantandra species 
by Hughes and Ritchie,14 named galbulin (II) and 
galcatin (III), the absolute stereochemical assign
ments being proposed by two independent groups.16-16

(7) L. H. Briggs, L. D. Colcbrook, H. M. Fales, and W. C. W ildm an, 
A n a l .  C h e m . ,  29, 904 (1957).

(8) J. L. Hales, J . I .  Jones, and W. K ynaston , J .  C h e m .  S o c . ,  018 (1957).
(9) R . D. H aw orth, i b i d . ,  448 (1942).
(10) II. M . H earon and  W. S. M acGregor, C h e m .  R e v . ,  65, 957 (1955).
(11) H. E rd tm an , “ M odern M ethods of P la n t A nalysis,” Vol. 3, Springor- 

Verlag, Berlin, 1955, p. 428.
(12) H. E rd tm an  and  C. A. W achtm eister, “ F estschrift A rth u r S toll,” 

B irkhauser, Basle, 1957, p. 144.
(13) D . H . R . B arton  and T . Cohen, i b i d . ,  p. 117.
(14) G. K . H ughes and E. R itchie, A u s t r a l i a n  J .  C h e m . ,  7, 104 (1956).
(15) A. W. Schrccker and  J . L. H artw ell, J .  A m .  C h e m .  S o c . ,  77, 432 

(1955).
(16) A. J . B irch, B. M illigan, E . Sm ith, and R. N . Speake, J .  C h e m .  S o c . ,  

4471 (1958).
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T a b l e  1“

A s s ig n m e n t s  o f  P r o t o n  M a g n e t ic  R e s o n a n c e  D a t a  ( L ig n a n  N u m b e r in g )
-O C H üO - -O C H üO - M ethyl M ethyl

Com pounds Hi H ü Hs H , H i H i Hs H ,' H b' He' ring A ring C on C-2 on C-3

Otobain 2.63 ca. 1.44 ca. 1.44 3.43 .. 6.65 6.65 6.58 6.58 6.58 5.58 5.88 0.96 0.96
and or or
5.64 1.04 1.04

Dehydrootobain 7.48 7.02 7.24 6 .6 8 6.63 6.78 5.78 6.05 2.42 2.08
Dehydroepigalbacin 7.43 6 .6 8  . . 7.00 6 .6 8 6.63 6.89 5.89 6 .0 0 2.40 2.08
Dinitrootobain 2.93 ca. 1.57 ca. 1.57 4.77 .. 7.33 6.48 7.33 5.72 6.03 0.98 0.98

or or and or or
7.37 7.37 5.80 1.09 1.09

Dibromootobain 2.76 ca. 1.45 ca. 1.45 4.23 .. 6.95 6.43 6.95 5.62 5.89 0.92 0.92
or or and or or

7.02 7.02 5.68 1.06 1.06
“ Tabulation of chemical shifts are indicated in parts per million of the respective protons.

Galbulin and galcatin were unaffected by bromination 
in carbon tetrachloride solution, and no pure nitro 
derivatives could be prepared by treatment with nitric 
acid in glacial acetic acid under a variety of conditions,14 
the latter behavior being regarded as characteristic of 
the phenyltetralin class of lignans.9 In contrast, oto- 
bain readily gave in our hands crystalline dibromo and 
dinitro derivatives. At this juncture, we considered 
that this difference in behavior could be explained by 
otobain differing in configuration from II and III at 
one or more of the three asymmetric carbon atoms, par
ticularly since the specific rotation of otobain (—40°) 
differed from the values for II ( — 8°) and III ( — 9°) 
more than would be expected by replacement of ortho 
dimethoxy groups by methylenedioxy groups. From the 
sequel, it is now evident that the behavior of phenyl
tetralin lignans on nitration cannot be regarded as 
diagnostic unless the ether substitution pattern is 
known.

Dehydrogenation of otobain with palladium-carbon 
yielded an optically inactive product, dehydrootobain, 
CmH160 4, m.p. 185-187°. A compound to which struc
ture (V) had been assigned,1416 prepared by acid 
isomerization of galbacin (IV) followed by dehydrogena
tion, had been reported with melting point, 168°. 
Since a comparison specimen was unavailable, we have

—OCHzO -

Figure 1

repeated the isomerization and dehydrogenation of 
galbacin17 to give a product, m.p. 171-172°, referred to 
as dehydroepigalbacin, presumably the same as that 
previously reported. Since we find that dehydro
otobain and dehydroepigalbacin differ and the struc
ture (II) of dehydroepigalbacin has recently been 
confirmed by an independent synthesis,6 otobain can
not have structure I.

Of alternative formulations in agreement with the 
above physical and chemical data and consistent with 
the theory of biogenesis, that represented by VI, in

(17) W e wish to  th an k  Professor A, J . Birch, M anchester U niversity , 
England, for a  generous sam ple of galbacin.
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which the ring A methylenedioxy group is located at 
C-5 and C-6 rather than C-6 and C-7 of I, was con
sidered most probable. A study of the nuclear mag
netic resonance spectra of otobain (Fig. 1), dehydro- 
otobain (Fig. 2), dehydroepigalbacin (Fig. 3), dinitro- 
otobain (Fig. 4), and dibromootobain (Fig. 5) confirmed 
this conclusion. The assignments of the observed peaks 
to functional groups are summarized in Table l .18

In the spectrum of otobain, the pair of overlapping 
doublets at <5 0.96 and 1.04 with 5 c.p.s. coupling are

(18) The num bering system  used for otobain (VI), conventional for lignan
nom enclature, is also used for com parison purposes with the dehydrogenated
phenylnaphthalene derivatives (V and  V II).

assigned to the ring B secondary methyl groups. 
The broad unresolved signal at 8 1.44 can be attributed 
to the H(2) and H® protons which couple with each 
other, with the 2- and 3-methyl groups and with the 
H(1) and H(4) protons. As expected, the integral in
tensity of the signals due to these two sets of protons 
adds to eight protons. The peaks at 8 2.63, represent
ing two protons, are characteristic of a benzylic methyl
ene group, the corresponding function in a-tocopherol19 
displaying a chemical shift at 8 2.62. The multiplicity 
of the signals, which show an ABM pattern would 
strongly indicate the nonequivalence of the methylene 
protons. The doublet signal at 8 3.43 can be attributed 
to the dibenzyl methine proton at C-4. The pair of 
doublets at 8 5.58 and 5.64 indicates the nonequiva
lence of the two protons of a methylenedioxy group. 
They exhibit a chemical shift of 0.06 p.p.m. and a spin
coupling of 1.5 c.p.s. A similar case of nonequivalence 
of methylenedioxy protons was observed in dicentrine 
and bulbocapnine methyl ether.20'21 This observation is 
consistent with the location in ring A of the methylene
dioxy group at C-5 and C-6 where the methylene pro
tons are unsymmetrically distributed with regard to 
ring C and inconsistent with any of the other two pos
sible ring A locations. The second methylenedioxy 
group on ring C shows a normal singlet at 8 5.88, the 
same shift value as reported for safrole.22

Integration of the aromatic proton region confirmed 
the presence of five aromatic protons, the two signals 
showing respectively the intensities of three protons and 
two protons located at 5 6.58 and 6.65. Comparison 
with the spectrum of safrole22 indicates by analogy that 
the peak at 5 6.58 can be assigned to the ring C aro
matic protons, a degenerate ABC resonance pattern 
being exhibited in both cases. The two remaining 
ring A aromatic protons must consequently be re
sponsible for the peak at 8 6.65. The absence of ob
servable coupling is unusual for ortho protons; this 
ambiguity is resolved, however, by examination of the 
spectra of dehydrootobain (VII) and dehydroepigalba
cin (V) from which it may be concluded that the H(7) 
and H(8) protons of otobain must have the same chemi
cal shift and hence do not exhibit any spin-spin cou
pling. An analogous situation exists in the spectrum 
of protopine23 where two similarly situated aromatic 
protons show a single peak at 8 6.69.

The n.m.r. spectra of dehydrootobain (Fig. 2) and 
dehydroepigalbacin (Fig. 3) are rather similar, although 
the few differences can be used to advantage in support
ing structure VI of otobain. In accordance with the 
empirical formulas, integration data of both compounds 
account for sixteen protons, six from two aromatic 
methyl groups, four from two methylenedioxy groups, 
and six aromatic protons. The sharp signals at 8
2.08 and 2.42 (or 2.40) of both are characteristic of 
aromatic methyl protons. The resonance at 5 2.42 is 
slightly broader, indicating that these protons are 
slightly spin coupled to the adjacent H(u proton, and 
is consequently assigned to the 2-methyl group; the
3-methyl group, closer to ring C, has the higher field

(19) N. S. Bhacca, L. F . Johnson, and  J . N . Shoolery, “ N M R  Spectra  
C atalog ,”  no. 366, V arian Associates, 1962.

(20) S. Goodwin, J . N. Shoolery, and L. F . Johnson, P r o c .  C h c m .  S o c . ,  

306 (1958).
(21) Ref. 19, no. 333 and  342.
(22) Ref. 19, no. 253.
(23) Ref. 19, no. 339.



J u n e , 1 9 6 3 C o n s t it u t io n  o f  O t o b a in 1641

signal. In contrast to otobain, both methylenedioxy 
groups in the spectrum of dehydrootobain give single 
resonances at 5 5.78 and 6.05. This is as anticipated, 
since formation of the naphthalene A/B rings imparts 
planarity to the system and therefore equivalence of 
the ring A methylenedioxy protons with regard to the 
benzenoid C-ring. Again, the higher field aromatic 
resonance can be attributed to the ring A methylene
dioxy protons.

The peaks shown by dehydrootobain at <5 6.68, 6.63, 
and 6.78 are the resonances of H f2'), H (6'), and 11(6'), re
spectively. They present an ABC pattern with H (6') and 
H{6') coupled to each other with 8 c.p.s. orf/io-coupling, 
while H(6'j is further coupled to H(2') with a meta-coupling 
of about 1.5 c.p.s. This ABC pattern is very similar to 
that exhibited in the spectrum of dehydroepigalbacin. 
The chemical shifts from H (2') and H(5') in both spec
tra are virtually identical. The resonance at 8 6.78 
from H (6') in VII is at a higher field than the similar 
resonance of V at 5 6.89. This shift is conceivably due 
to the proximity of the oxygen atom of the ring A 
methylenedioxy group and supports formulation VII 
for dehydrootobain. The resonances at 8 7.02 and 
7.24 of dehydrootobain present a typical AB pattern, 
with a characteristic 8 c.p.s. ortho-spin coupling, due to 
Bit?, and H(s). In the spectrum of V, the ring A pro
tons have their resonances at 8 6.68 due to H(5> and S
7.00 due to H(8), the upheld shift of the H(6) peak being 
caused by the proximity of the benzenoid ring C. The 
remaining resonances at 5 7.48 and 7.43 in VII and V, 
respectively, are attributable to the H (l) proton.

The spectrum of dinitrootobain (Fig. 4) is consistent 
with the formula proposed for otobain and leads to the 
tentative conclusion that the nitro groups are located at 
C-8 and C-6'. Of the three aromatic protons, two 
resonate at considerably lower held (5 7.33 and 7.37) 
suggesting that they are o r t h o  to nitro groups. The ob
served downheld shift of the H (1) and H(4) protons is 
also consonant with nitro groups being located at C-8 
and C-6'. The spectrum of dibromootobain (Fig. 5) 
is similar, except that the shifts are less pronounced 
with reference to otobain.

A stereochemical interpretation of the nuclear mag
netic resonance spectrum of otobain has been pre
sented.6

A cell culture cytotoxicity test24 carried out on 
otobain gave an ED6o value of 1.0 X 102 ¿ug./ml. The 
constitution o$>somc minor constituents which we have 
isolated from M y r i s t i c a  o t o b a  will be reported later.

Experimental25
Isolation of Otobain (VI).—Otoba fat (100 g.) was steam dis

tilled for 4 hr. to yield a steam-volatile fraction (5.9 g.). The 
residue was suspended in water (1000 ml.), potassium hydroxide 
(30 g.) was added, followed by methanol (500 ml.) and the mix
ture heated under reflux for 5 hr. and allowed to stand overnight 
at room temperature. Most of the methanol was then removed 
by distillation, the cooled mixture extracted with ether, the ex
tract well washed with water, dried (sodium sulfate), and the 
ether removed to give a dark oil (19.5 g.). Otobain crystallized 
from an ethanol solution of this oil as fibrous needles (6.0 g.), 
m.p. 125-128°, raised to m.p. 132-134° on one recrystallization.

(24) C. G. Sm ith, W . L. Lum mis, and J . E. G rady, C a n c e r  R e s . ,  19, 843 
(1959).

(25) M elting points were determ ined on a  G allenkam p m elting poin t
apparatus. Specific ro ta tions and infrared  spectra  were determ ined in 
chloroform solution. U ltrav io le t absorption spectra  were determ ined in 
ethanol solution.

An analytical sample was prepared by filtration of a petroleum 
ether (b.p. 30-60°) solution through Merck alumina and crystal
lization of the eluate from ethanol, yielding otobain (VI) as 
long needles, m.p. 137-138°, [<*]d —40.5° (c 3.2), X 234 (<• 
9300) and 287 ( e  6700).

Anal. Calcd. for C2oH200 4: C, 74.05; H, 6.22; O, 19.73;
2-CMe, 9.27. Found: C, 74.16; H, 6.14; O, 19.77; -O M e, 
0.00; —CMe, 7.06. X 3.41, 3.49, 6.21, 6.65, 6.75, 6.90,
7.36, 7.76, 8-8.4 (broad), 8.87, 9.13, 9.23, 9.48, 9.63, 9.83,
10.65 (broad), 10.78 (broad), 11.59 ju.

Dibromootobain.—A solution of bromine (640 mg.) in ether 
(4 ml.) was added to a solution of otobain (257 mg.) in ether (10 
ml.). The mixture was allowed to stand at room temperature 
for 2 hr., then shaken with sodium thiosulfate solution, water, 
dried (sodium sulfate), and evaporated to give a pale yellow gum 
(410 mg.) which 3rielded a solid (147 mg.). Crystallization from 
chloroform-methanol gave dibromootobain as hard prisms, m.p. 
197-199°, [« ]d  +  64° (c, 2.7).

Anal. Calcd. for C2oHi80 4Br2: C, 49.82; H, 3.76; O, 13.27; 
Br, 33.15. Found: C, 49.74; H, 4.02; O, 13.48; Br, 33.49. 
X 3.45, 3.51, 6.18, 6.27, 6.73, 6.78, 6.92, 7.15, 7.26, 7.37, 8-
8.4 (broad), 8.79, 9.04, 9.19, 9.46, 9.65, 10.18, 10.76, 11.67,
11.89 ix.

Dinitrootobain.—Concentrated nitric acid (0.2 ml.) was added 
to a solution of otobain (90 mg.) in acetic acid (2.5 ml.), warmed 
on the steam bath for 1 min., allowed to stand at room tempera
ture for a further 30 min., and diluted with water. Crystal
lization of the precipitate twice from chloroform-methanol gave 
dinitrootobain as pale yellow felted needles, m.p. 234-236° 
dec., M d —170° (c 2.45).

Anal. Calcd. for C2oH180 8N2: C, 57.97; H, 4.38; N, 6.76;
2-CMe, 7.26. Found: C, 58.12; H, 4.60; N, 6.62; —CMe,
6.56. X 3.43, 3.50, 6.19, 6.60, 6.75, 6.89, 7.08, 7.30, 7.53, 
7.72, 7.9-8.35 (broad), 8.71, 9.08, 9.44, 9.70, 10.70, 11.50 M.

Otobain Biscarbonate.—Phosphorus pentachloride (5 g.) 
was added to a solution of otobain (1.0 g.) in dry toluene (10 
ml.). The solution turned orange and hydrogen chloride was 
immediately liberated. The mixture was heated under reflux 
for 4 hr., during which the color faded to yellow, concentrated 
to ca. 5-ml. volume, cooled, and aqueous sodium carbonate 
solution added until effervescence ceased. It was extracted with 
ether, the extract washed with water, dried (sodium sulfate), 
and the solvent removed to give a yellow gum which solidified 
on trituration with methanol. Three recrystallizations of this 
solid (504 mg., m.p. 169-172°) from chloroform-methanol yielded
5,6-carbony Idioxy-2,3 - dimethyl - 4 - (3' ,4' - carbonyldioxyphenyl )-
1,2,-3,4-tetrahydronaphthalene26 as dense prisms, m.p. 178- 
180°, [«]d -19° (c 2.1).

Anal. Calcd. for CioHi60 6: C, 68.18; H, 4.58. Found: 
C, 68.17; H, 4.74. X 3.52 , 5.47 , 6.12 , 6.73 , 6.93 , 7.44, 7.62,
7.78, 7.9-8.4 (broad), 8.60, 8.78, 9.13, 9.30, 9.71, 10.08, 10.42,
10.55, 10.83, 11.55 p.

Dehydrogenation of Otobain.—A solution of otobain (932 
mg.) in diethylene glycol (25 ml.) was heated under reflux with 
palladium on carbon (10%, 462 mg.) for 2 hr., filtered, diluted 
with water, and the resultant precipitate crystallized from meth
anol to give a solid (470 mg.), m.p. 111-114°, M d —29° (sug
gesting 75% unchanged otobain). This was dissolved in petro
leum ether (b.p. 30-60°, 60 ml.) and chromatographed on alumina 
(Merck, acid washed). Elution with light petroleum (480 mg.), 
and light petroleum-benzene (3:1, 130 ml.) gave no residue. 
The same eluent mixture (390 ml.) gave a semisolid (340 mg.), 
yielding crude otobain (m.p. 125-127°) on crystallization from 
chloroform-methanol, and the following 260 ml. eluted a solid (73 
mg.) which on two recrystallizations from chloroform-methanol 
gave dehydrootobain [2,3-dimethyl-3',4',7,8-bismethylenedioxy- 
1-phenylnaphthalene (VII)] as spiky needles, m.p. 185-187°, 
M d ± 0° (r 2.0 ).

Anal. Calcd. for C2nHi60 4: C, 74.99; H, 5.03. Found: 
C, 74.64; H, 5.17. X 352 (e 3800), 311 (7800), 297 (9200), 
243 (52,000), 220 mM (43,500). X 3.45. 3.58, 6.07, 6.22, 6.35,
6.64 (sh), 6.71, 6.87 (sh), 6.95, 7.32, 7.55, 7.78, 7.9-8.4 
(broad), 8.80, 8.98, 9.13, 9.29, 9.65, 10.22, 10.7 (broad), 11.42 m-

Acid Rearrangement and Dehydrogenation of Galbacin (IV).— 
Perchloric acid (70-72%, 0.5 ml.) added to a solution of galbacin 
(600 mg.) in acetic acid (20 ml.) caused an immediate pink —>- 
yellow color change. The mixture, after standing at room 
temperature for 3 days, was poured into 50% aqueous sodium

(26) In  system atic nom enclature, num bering is based on nayhthalene and 
consequently differs from lignan num bering.
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hydroxide solution (40 ml.), and extracted with chloroform. 
Removal of the chloroform gave a residual gum which was heated 
under reflux in diethyleneglycol (20 ml.) for 1 hr. The mixture 
was filtered, the filter washed with methanol, and the combined 
filtrate diluted with water, extracted with ether, and worked up 
in the usual way. The product was dissolved in light petroleum- 
benzene (3:1) and chromatographed on alumina (Merck, acid- 
washed). Elution with the same solvents (300 ml.) gave an 
oil (9 mg.) followed by a solid (160 mg.), eluted with the next 
600 ml. solvent. Recrystallization of this product from chloro
form-methanol gave 2,3-dimethyl-3',4',6,7-bismethylenedioxy- 
1-phenylnaphthalene [dehydroepigalbacin (V)] as prisms, m.p.
171-172°.

Anal. Calcd. for CMHI60 4: C, 74.99; H, 5.03; O, 19.98. 
Found: C, 75.40; H, 5.04; O, 19.63. X 332 (€ 4900), 325 
(2800), 318 (3300), 292 (10,200), 284 (9900), 234 mM (48,500). 
X 3.45, 3.58, 6.20, 6.65, 6.71, 6.85, 7.37, 7.50, 8 .1-8.4 (broad),
8.59, 8.90, 9.09, 9.68, 10.5-10.8 (broad), 11.34 y.

Nuclear Magnetic Resonance Spectra.—All samples were 
run in deuteriochloroform solution with tetramethylsilane added 
as an infernal reference. The peak positions are relative to 
this standard and were obtained directly from a Varian A-60 
spectrometer. The spectra reproduced in Fig. 1-5 were ob
tained, however, from Varian HR-60 and HR-100 spectrometers. 
The chemical shifts were measured in the following manner. 
For sharp lines, the shifts are rounded off to the nearest c.p.s. 
and converted to p.p.m. In the case of multiplets, the centers 
of the appropriate multiplets were located within a c.p.s. and 
also converted to p.p.m. When higher order perturbation was 
evident in the intensity distribution of a multiplet, the center of 
gravity was estimated to the nearest c.p.s. and converted to 
p.p.m.

Acknowledgment.—The award of a research grant 
(G-14528) from the National Science Foundation is 
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Carbon diselenide has been treated with primary amines to give good yields of seieno-2-benzimidazolinone, 
seleno-2-benzoxazolinone, seleno-2-benzothiazolinone, seleno-2-imidazolidinone, selenotetrahydro-2( lii)-pyrim- 
idinone, and several substituted selenoureas. The diselenocarbamate salts and isoselenocyanates appear to be 
intermediates in the reaction.

Carbon diselenide has been prepared by the reaction 
of hydrogen selenide with carbon tetrachloride2-3 and, 
more satisfactorily, by the reaction of selenium with 
methylene chloride.4 In many respects carbon di
selenide behaves like carbon disulfide. It reacts with 
alcohols to form diselenocarbonates,2-3 with secondary 
alkyl amines to form diselenocarbamates,5 and with 
chlorine to form perchloromethylselenol.4 However, 
carbon diselenide differs from carbon disulfide in that 
it polymerizes readily,3-5 especially in the presence of 
ammonia or amines. This polymerizability, along 
with the disagreeable odor frequently obtained when 
working with selenium compounds, apparently has dis
couraged a more complete study of the chemistry of 
carbon diselenide. However, with the potential com
mercialization of carbon diselenide in mind, we have 
undertaken such a study. In our initial work, we have 
found that carbon diselenide can react smoothly with 
primary amines to form the expected products. Most 
of the products reported are new compounds.

Barnard and Woodbridge5 studied the reaction of 
carbon diselenide with secondary amines, and found 
that it was essential to avoid a localized excess of the 
diselenide in order to prevent polymer formation. By 
the slow addition of a 10% solution of carbon diselenide 
in dioxane to an alkaline solution of the secondary 
amine at —10°, they obtained high yields of dialkyl- 
diselenocarbamates. The only work previously re
ported on reactions of carbon diselenide with primary 
amines is that of Grimm and Metzger3 who prepared
1,3-diphenylselenourea in low yield by the addition of

(1) This work was supported by a  research con tract with The Selenium 
and  Tellurium  Developm ent Com m ittee.

(2) B. R athke, A n n . ,  152, 181 (1869).
(3) H. G. G rim m  and  H . M etzger, B e r . ,  69B, 1356 (1936).
(4) D. J . G. Ives, R . W. P ittm an , and  W. W ardlaw, J .  C h e m .  S a c . ,  1080 

(1947).
(5) D. B arnard  and D. T . W oodbridge, i b i d . ,  2922 (1961)«

a dilute solution of carbon diselenide to an excess of 
aniline.

We have treated carbon diselenide with aniline in re
fluxing carbon tetrachloride and obtained 1,3-diphenyl
selenourea in essentially quantitative yield. The reac
tion of carbon diselenide with the dibasic o-phenyl- 
enediamine gave the cyclic selenourea, namely, seleno- 
2-benzimidazolinone.6 Reactions with o-aminophenol 
and o-aminothiophenol gave the cyclic products, seleno- 
2-benzoxazolinone and seleno-2-benzothiazolinone, re
spectively. The primary aliphatic amines, benzyl- 
amine, ethylamine, n-butylamine, ethylenediamine, 
and 1,3-diaminopropane also gave analogous products 
in good yield.

Polymer formation was eliminated by maintaining 
extremely low concentrations of carbon diselenide in 
most cases. This was done by slowly adding a dilute 
solution of carbon diselenide to the vigorously stirred 
amine solution held usually at about 80° to ensure im
mediate reaction of the added carbon diselenide. Such 
precautions were not necessary in reactions with o- 
aminophenol and o-aminothiophenol, because these 
amines were not basic enough to promote polymeriza
tion of the carbon diselenide.

The reaction of carbon diselenide with a primary 
amine apparently proceeds in a manner similar to that 
of carbon disulfide.7 Thus, the amine salt of the disel
enocarbamate lornis first, and, upon heating, decom
poses with the evolution of hydrogen selenide and the 
formation of the isoselenocyanate and amine. The 
isoselenocyanate then reacts with the amine to form a 
selenourea.

(6) In frared  spectra and n.m .r. spectra were obtained  in an  a tte m p t to 
establish the  keto-enol equilibria of the  products. However, several refer
ence com pounds m ust be studied before a  sound in te rp reta tion  of the  spectra 
can be made. This work, coupled with alkylation  studies, is  in progress 
and will be reported later.

(7) D. C. Sehroeder, C h e m , R e v . ,  55, 189 (1955).
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0  ©
2RNH2 +  CSc, , RNHCSe NH,R (1)

II
Se

RNHCSe NH3R — ^  RNCSe +  RNH. +  II.Se (2)
II
Se

RNCSe +  RNH, — >- RNHCNHR (3)
II
Se

When the primary amine is o-phenylenediamine, o- 
aminophenol or o-aminothiophenol, the isoselenocya- 
nate intermediate cyclizes intramolecularly through the 
adjacent amino, hydroxyl, or sulfhydryl group.

A = NH, O, or S

Evidence in support of the previous sequence was ob
tained by the preparation of a mixed selenourea using 
an amine in step 3 that was different from that used 
in step 1. The diselenocarbamate salt formed from 
benzylamine at room temperature was treated with a 
large excess of diethylamine and refluxed overnight. 
A nearly quantitative yield of l,l-diethyl-3-benzylsele- 
nourea resulted.

In all cases good yields of product were obtained 
if the reactions were stopped as soon as hydrogen sele- 
nide evolution subsided. The over-all rate-determining 
step, therefore, appears to be either step 1 or step 2. 
When an aliphatic amine was used, there was no 
polymer formation even at room temperature; how
ever, prolonged heating was necessary to complete 
the evolution of hydrogen selenide. Therefore, with 
aliphatic amines step 1 is rapid (no carbon diselenide 
accumulates to undergo polymerization) and step 2 
must be the rate-determining step. With aromatic 
amines, such as aniline or o-phenylenediamine step 1 
was much slower (heating was necessary to prevent 
polymer formation), and step 2 was much faster (hydro
gen selenide evolution subsided in less than an hour 
after the last carbon diselenide was added).

The diselenocarbamate salt intermediates were 
found to be extremely susceptible to air oxidation which 
resulted in the formation of red or black elemental 
selenium. All reaction mixtures were protected from 
air by nitrogen until hydrogen selenide evolution was 
completed.

The selenoureas and related products obtained are 
given in Table I. They are colorless, crystalline, and 
practically odorless solids which melt with decomposi
tion in the presence of air. They have been stored in 
closed containers at 0° for several months with no ap
parent decomposition. In the presence of air at room 
temperature or in solvents containing dissolved oxygen, 
they gradually darken, presumably from the formation 
of elemental selenium. The 1,3-diethylselenourea is 
particularly sensitive to air. Work on the isolation of 
oxidation products is in progress.
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Experimental
The carbon diselenide used initially in this work was prepared 

in this laboratory by the method of Ives, et al}  Subsequently, 
experimental quantities of carbon diselenide were obtained from 
Noranda Research Centre, Pointe Claire, Quebec.

It has been our experience that redistilled carbon diselenide has 
an odor very similar to that of carbon disulfide. However, when 
carbon diselenide vaporizes and becomes mixed with air, ex
tremely repulsive stenches are gradually formed. Many of the 
reaction residues gave foul odors that were rather persistent. 
By using an effective hood and working with rather small quan
tities of materials, as well as using a charcoal trap, Dry Ice trap, 
or a potassium hydroxide decontamination bath whenever it 
seemed advisable, pleasant working conditions were maintained.

I t should be noted that some of the volatile selenium com
pounds produced may be extremely toxic as well as foul. For 
example, hydrogen selenide, a by-product of the reactions de
scribed, is about as toxic as hydrogen cyanide. An effective hood, 
therefore, is essential from a safety standpoint and a trap con
taining caustic solution is advisable, especially when larger quan
tities are involved.

1,3-Diphenylselenourea.—A solution of 0.32 ml. (0.005 mole) 
of carbon diselenide in 100 ml. of carbon tetrachloride was added 
dropwise over a 1-hr. period with stirring to a refluxing solution 
of 4.6 ml. (0.05 mole) of aniline in 50 ml. of carbon tetrachloride. 
The refluxing was continued 30 min. longer, whereupon hydrogen 
selenide evolution could no longer be detected by moistened lead 
acetate paper. A stream of nitrogen was passed through the reac
tion mixture during the entire period. At the end of the reflux 
period, the mixture was cooled and filtered to give 1.36 g. (98%) 
of 1,3-diphenylseIenourea, m.p. 190-192° dec. The product was 
colored pale gray from a trace of elemental selenium. Recrystal
lization from ethanol, using a stream of nitrogen to displace air, 
gave a colorless product with no increase in melting point,.

Modifications of the above procedure for the preparation of

other products are given in Table I. Small amounts of black 
elemental selenium were sometimes removed by filtering the hot 
reaction mixtures. In some cases the solutions were concentrated 
on a rotating evaporator and taken up in the recrystallization 
solvent in order to obtain crystalline products.

Seleno-2-benzoxazolinone.—A mixture of 0.32 ml. (0.005 mole) 
of carbon diselenide and 0.44 g. (0.004 mole) of o-aminophenol in 
100 nd. of benzene was refluxed with stirring under nitrogen for 
16 hr. The mixture was filtered while hot to remove a small 
amount of insoluble impurities. The filtrate upon cooling yielded 
0.48 g. of nearly colorless needles, m.p. 198-200° dec. Concen
tration of the mother liquors to 25 ml. yielded an additional 0.14 
g., m.p. 194-196° dec. The total yield was 78%. Recrystalliza
tion of the product from benzene gave colorless needles, m.p.
201-203° dec.

Seleno-2-benzothiazolinone was prepared similarly.
l,l-Diethyl-3-benzylselenourea.—A solution of 0.32 ml. (0.005 

mole) of carbon diselenide in 50 ml. of benzene was added drop- 
wise over a 20-min. period with stirring to 1.6 ml. (0.015 mole) of 
benzylamine in 100 ml. of benzene at room temperature under 
nitrogen. A solution of 51.5 ml. (0.50 mole) of diethylamine in 
100 ml. of benzene was then added over a 15-min. period with 
stirring at room temperature. After the addition was complete, 
the mixture was refluxed for 16 hr. The resulting dark brown 
mixture was concentrated to a sirup, redissolved in 100 ml. of 
benzene, and filtered to remove a small amount of black precipi
tate. The clear yellow filtrate was washed with 60 ml. of 0.2 N 
hydrochloric acid followed by three washings with 50 ml. of 
distilled water. The benzene layer was dried over anhydrous 
magnesium sulfate, concentrated to a sirup, and cooled. Filtra
tion followed by washing with a benzene-pentane mixture gave
l .  15 g. of l,l-diethyl-3-benzylselenourea as pale yellow needles,
m. p. 62-67°. A second crop of 0.15 g., m.p. 65-68°, was ob
tained by the addition of pentane to the mother liquor. The 
total yield was 96%. Recrystallization of the first crop from a 
benzene-hexane mixture gave 0.91 g., fine colorless needles, m.p. 
93-94°, that was used as an analytical sample.

T h e C laisen  R earran gem en t o f  A llyl E thers o f  a -H yd roxyb en za laeetop h en on es1

R. P e r c y  B a r n e s  a n d  F r a n c i s  E. C h i g b o 2 
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The allyl ethers of several phenylbenzylglyoxals have been prepared and rearranged to the corresponding C- 
allvl glyoxals. The electron-donating CH:- 0 -  group in the o- and ¡»-position of the benzyl nucleus promotes 
the rearrangement, whereas the similarly placed electron-withdrawing N0 2-  group retards the rearrangement.

The Claisen rearrangement has been shown to be 
intramolecular,3 4 5"6 and the kinetics of the reaction 
have been established as first order.7 Studies of a series 
of n-X-phenyl ethers8 and p-X-cinnamyl phenyl ethers9 
indicate that both the aryloxy and allyl groups assume 
partial radical character in the transition state.

While the allyl ethers of the enolic modification of 
%-diketones have been subjected to the Claisen re
arrangement, those of the a-diketones have not. Since 
the allyl ethers of the a-diketones possess the structural 
requirements necessary for this rearrangement, one 
might expect them to rearrange.

(1) T h is  work w as supported b y  a  grant from Research Corporation of 
New Y o rk .

(2) In  partia l fu lfillm ent of the requirem ents for the P h .D . degree.
(3) C . H urd  and L .  Schm erling , J. Am. C h e m .  Soc., 59, 107 (1937).
(4) A . S. Semenow and J .  D . Roberts, J. Chem. Educ., 33, 2 <1356).
(5) J .  P . R ya n  and P . R . O ’ Connor, J. Am. Chem. Soc., 74, 5366 (1952).
(6) Y .  Docker, Proc. Chem. Soc., 141 (1961).
(7) J .  K in ca id  and D . T a rb e ll, J. Am. Chem. Soc., 61, 3085 (1939).
(8) H . Goering and R . Jacobson, i b i d . ,  80, 3277 (1958).
(9 )  (a) W . F ife  and W . W hite , 138th N ational M eeting of Am erican 

Chem ical Society, New Y o rk , N . Y , ,  September, 1960, A b stracts of Papers, 
p . 86; (b ) W . W h ite , et alJ.  O r g .  Chew., 26, 627 (1961).

In order to test this hypothesis, the chalcones (I- 
VII) were prepared by condensing the appropriate 
aldehyde and acetophenone. The chalcones were con
verted to the corresponding oxides (VIII-XIV). 
Oxide (VIII) was converted to the glyoxal (XV) by 
way of the chlorohydrin; oxides (IX-XIV) were iso- 
morized with alkali to the diketones (XVI-XXI). 
These glyoxals in turn were treated in acetone solution 
in the presence of potassium carbonate with allyl 
bromide, yielding the allyl ethers (XXII-XXVIII), 
which were subjected to the conditions of rearrange
ment (p. 1645).

The ethers were refluxed in N,N-dimethylaniIine in 
an atmosphere of nitrogen for twenty-four hours. The 
extent to which rearrangement occurred is

XXII — j-X X IX  18%,
XXIII ---->- XXX 20
XXIV — >  XXXI 75
XXV — ^ XXXII SO
XXVI — ^ XXXIII 0
XXVII — > XXXIV 0
XXVIII — s- XXXV 00
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RCH=CHCOR' RCH—CHCOR'

(I-VII) (VIII-XIV)

RCHçCOCOR'

R—CH=CCOR'
I
OH

(XV-XXI)

RCH=CCOR'

Allyl

(XXII-XXVIII)
I, VIII, XV, XXII, XXIX,
II, IX, XVI, XXIII, XXX,
III, X, XVII, XXIV, XXXI,
IV, XI, XVIII, XXV, XXXII,
V, XII, XIX, XXVI, XXXIII,
VI, XIII, XX, XXVII, XXXIV,
VII, XIV, XXI, XXVIII, XXXV,

RCHCOCOR'

Allyl

RC=CCOR'
\

Allyl OH 
(XXIX-XXV)

R = CcHr,; R' = C6H5 
R = CgHs; R' = Mes 
R = o-CH3OC6H4; R' = Mes 
R = p-CHsOC6H4; R' = Mes 
R  = o-N02C6H4; R' = Mes 
R  = p-NO»C6H4; R' = Mes 
R = Mes; R' = CsHs

When N,N-diethylaniline was substituted for N,N- 
dimethylaniline, ethers XXVI and XXVII rearranged 
to XXXIII and XXXIV to the extent of 5% and 6%, 
respectively.

These results indicate that rearrangement is facili
tated by the electron donating methoxyl group and 
retarded by the electron withdrawing nitro group, and 
that temperature is a factor.

Experimental
Preparation of the Chalcones. I ,10 II,11 III,12 IV,13 V, VI, and 

VII.14 15—Chalcones V and VI were prepared in the conventional 
manner by adding slowly a solution of 2.0 g. of sodium hydroxide 
in 6 cc. of water to a stirred alcoholic solution of 7.5 g. of the 
nitrobenzaldehyde and 8.0 g. of acetomesitylene. After standing 
overnight, the mixture was stirred, chilled, filtered, washed with 
water until free of alkali, dried, and recrystallized from alcohol.

The yellow o-nitrochalcone melted at 93°; the yellow p-isomer 
melted at 110-117°.

Anal. Calcd. for Ci8Hi70 3N (V): C, 73.3; H, 5.8. Found: 
C, 73.1; H, 5.8.

Anal. Calcd. for Ci8H170 3N (VI): C, 73.3; H, 5.8. Found: 
C, 73.2; H, 5.9

Preparation of the Oxides. VIII,16 17 IX,11 X,12 XI,13XII, XIII, and
XIV.14—Oxides XII and XIII were prepared according to the 
method of Barnes and Lucas,12 and recrystallized from methanol. 
The o-nitro compound melted at 115°; the p-isomer melted at 
118°.

Anal. Calcd. for C18H170 4N (XII): C, 69.5; II, 5.5. Found: 
C, 69.8; H, 5.8.

Anal. Calcd. for C18H170 4N (XII): C, 69.5; H, 5.5. Round: 
C, 69.8; H, 5.8.

Preparation of the Glyoxals. XV,16 XVI,11 XVII,12 X ym ,13 
XIX, XX, and XXI.14—Glyoxals XIX and XX were prepared 
according to Barnes.11 The resulting yellow crystalline solids 
produced a red color with alcoholic ferric chloride. The 0- 
nitro compound melted at 120°; the p-isomer melted at 122°. 
The o-nitro isomer was 80% enolic according the modified Kurt
H. Meyer method47; the p-isomer was 99%, enolic.

Anal. Calcd. for C18H170 4N (XIX): C, 69.5; H, 5.5. Found: 
C, 69.8; H, 5.8.

Anal. Calcd. for ClsH „04N (XX): C, 69.5; H, 5.5. Found: 
C, 69.4; H, 5.2.

Preparation of the Allyl Ethers of the Glyoxals. XXII, XXIII,11 
xxrv, XXV, XXVI, XXVII, and XXVIII.—Ah of the allyl ethers 
were prepared according to Barnes.11 After refluxing the glyoxal 
and allyl bromide in acetone solution with anhydrous potassium 
carbonate, the inorganic salts were removed by filtration and the 
acetone by distillation. The residue was dissolved in ether and 
extracted with Claisen’s alkali in order to remove any unchanged 
glyoxal. The ethereal solution was dried over anhydrous sodium

(10) "O rganic Syntheses,”  C o ll. Vo l. I ,  John W iley  and Sons, In c ., New 
Y o rk , N . Y . ,  1941, p. 78.

(11) R . P . Barnes, ./. Am, Chem. S o c . ,  57, 937 (1935).
(12) R . P . Barnes and W. M . Lucas, ibid., 64, 2260 (1942).
(13) R . P . Barnes and H . Delaney, i b i d . ,  65, 2155 (1943).
(14) R . P . Barnes and R . J .  B row n, ibid., 65, 412 (1943).
(15) E .  W eitz and A . Scheffer, Ber., 54, 2344 (1921).
(16) E .  P . Ko h le r and R . P . Barnes, J .  Am. Chem. Soc., 56, 211 (1934).
(17) S. R . Cooper and R . P . Barnes, Ind. Eng. Chem., A n a l .  Ed., 10, 379 

(1938).

T a b l e  I

Ally! M .p.,
Reaction 
with Ale.

e ther ° c . FeC h Analysis
X X II Yellow oil N egative Ci8Hl60 2 Caled.: C, 81 .8 ; H, 6 .1  

Found: C, 8 1 .5 ; H, 6.6
X X IV 103-104 N egative C22H 24O3 Caled.: C, 78 .6 ; H ,7 .1  

Found: C, 78 .8 ; H, 7 .3
XXV 73-74 N egative C22H24O3 Caled.: C, 78 .6 ; H, 7.1 

Found: C, 78 .8 ; H, 7 .2
X X V I 80-81 N egative C2iH 2i04 Caled.: C, 71 .8 ; H, 6 .0  

Fcund: C, 71 .9 ; H, 5 .7
X X V I 119 Negative C21H 24O4N Caled.: C. 71 .8 ; H, 6 .0  

Found: C, 7 2 .0 ; H, 5 .7
X X V III L ight yellow N egative C21H 22O2 Caled.: C. 82 .3 ; H, 7 .2  

Found: C, 82 .9 ; H, 7 .3

sulfate, filtered, and distilled. The residual oil was crystallized 
from methanol where possible. (See Table I.)

Rearrangement of the Allyl Ethers. XXII-XXVIII to the a -  
Allylglyoxals XXIX-XXXV.—A solution of 2.0 g. of the allyl 
ether in 20 cc. of N,N-dimethylaniline was refluxed in an atmos
phere of nitrogen for 20 hr. The dimethylaniline was vacuum 
distilled under a stream of nitrogen, and the residue was dis
solved in benzene. The benzene solution was extracted with 
Claisen’s alkali. The alkaline extract was neutralized with dilute 
hydrochloric acid and extracted with ether. The ethereal ex
tract was dried over anhydrous sodium sulfate, filtered, and the 
ether removed by distillation. The residue was crystallized from 
methanol where possible.

Recovery of the unchanged ether was effected in good yield 
from the benzene solution which had been extracted with Clai
sen’s alkali. The benzene was distilled and the residue was 
crystallized where possible. When the recovered allyl ether could 
not be crystallized, it was hydrolyzed to the glyoxal by refluxing 
with dilute hydrochloric acid and alcohol.

In the case of ethers XXVI and XXVII where no rearrange
ment occurred, recovery was effected to the extent of more than 
90%. When N,N-diethylaniline was substituted for N,N-di- 
methylaniline, ethers XXVI and XXVII rearranged to the ex
tent of 5% and 6%, respectively, and recovery of unchanged 
ether was effected to about 90%. (See Table II.)

T a b l e  II
Reaction

a -

Allyl- M .p.,
%

Con
with
Ale.

glyoxal ° c . version FeCls Analysis
X X IX Oil 18 Red CisHwO* Calcd.: 

Found.
C, 81 .8 ; 
C, 81 .5 ;

H, 6.1
H, 6.6

X X X 109 20 Red C 21H 22O2 Calcd.: 
Found:

C, 82.3; 
C, 82.9;

H, 7 .2  
H, 7 .4

X X X I Oil 75 Red C22H 24O3 Calcd.: 
Found:

C, 78 .6 ; 
C, 78 .8 ;

H, 7.1
H, 7 .3

X X X II 113-114 80 Red C22H 24O3 Calcd.: 
Found:

C, 78.6; 
C, 78 .8 ;

H, 7 .1  
H, 7 .2

X X X III Oil 5 C21I Í24O4N Calcd.: 
Found;

C, 71 .8 ; 
C, 72 .0 :

H, 6 .0  
H, 5 .7

X X X IV Oil 6 C21H 21O4N Calcd.: 
Found:

C, 71 .8 ; 
C, 72 .0 ;

H, 6 .0  
H, 5 .7

X X X V Oil 60 R ed C21H 22O2 Caled.: 
Found:

C, 82 .3 ; 
C, 82.9;

H, 7 .2  
H, 7 .3

Spectroscopic Analysis.—Infrared absorption measurements 
were made using a Perkin-Elmer infrared spectrophotometer, 
Model 21. The solvent used was carbon tetrachloride.
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Bands were found at 3.425 and 6.00 m for the ehalcones which 
are regions of C—H and conjugated carbonyl absorptions, 
respectively. The enols absorbed at 2.95, 3.425, and 6.00 y. 
The diketone (XXI)11 which is 100% ketonic, adsorbed at 3.425,
5.85, and 5.95 n- There was no band at 2.95 u- These obser
vations are in agreement with the findings of Barnes and Pink
ney.18 When the enols were converted to the allyl ethers, the 
band at 2.95 n disappeared in each case. Upon equilibration of 
the enols with deuterium oxide, the band at 2.95 ji disappeared. 
This observation justified the assignment of this band to O—H 
stretching frequency.

Ferguson and Barnes19 studied the ultraviolet spectra of 
some 1,3-diketones and related intermediates. They observed 
that the main chromophoric system in the ehalcones is

- C = 0

probably due to the resonating form

+ C=C—O'

They concluded that groups such as alkoxyl which readily ac
cept a positive charge, will have a bathochromic effect while neg
ative groups such as NO2 will have the opposite effect.

Spectra in the ultraviolet region were olitained using the Beck
man Model DU spectrophotometer with 95% ethanol as the 
solvent. The effects observed by Barnes and Ferguson19 were 
also observed in the following cases with the exception of the 
p-nitrobenzalacetomesitylene (VI) and the a-hydroxy-p-nitro- 
benzalacetomesit.ylene (XX). Complete agreement with the 
observation was obtained in the allyl ethers of the enols. The 
completely ketonic glyoxal (XXI) absorbs at 255 mg. (See 
Table III.)

(18) R . P . Barnes and G, E . P inkney , ./ . Am. Chem. Soc., 75, 47!) (1953).
(19) L .  N . Ferguson and R . P . Barnes, ibid., 70, 3907 (1948).

T a b l e  III
W a v e  L e n g t h  o f  t h e  M a x im e m  A b s o r p t io n  B a n d s

I. c 6h 5c h = c h c o c 6h 5

kmax,
(laß)

305 (313)'
II. C6H5CH=CHCO Mes 292

III. o-CH3OC6H4CH=CHCO Mes 335
V. o-02NC6H4CH=CHCO Mes 250 (252)'

VI. p-02NC6H4CH=CHC0 Mes 305
XVI. C6IÎ5CH=C CO MesI 318

XVII.
OH

o-CH3OC6H4CH=C CO MesI 345

XIX.
OH

o-02NC6H4CH=C CO Mes 295

XX.
OH

p-02NC6H4CH=C CO Mes 345

XXI.
OH

Mes CH2COCOC6H5 255
XXIV. o-CH,OCr,H,CH CO Mes 335

XXVI.

1
O
\

Allyl
n-02NC6H4CH=C CO Mes1 265

XXVII.

1
O
\
Allyl

p-02NC6H4CH=C CO Mes1 275

a See ref. 20.

i
O
\

Allyl
6 See ref. 19.

(20) (a) D . Radu lescu , Ber., 64, 2243 (1931); (b ) A . R u sse ll, J .  Todd , 
and C. L .  W ilson, J. Chem. Soc., 1940 (1934); (c) V . A le xa , Bull. Chim. 
Soc. Chim. Romania, [2] 1, 77 (1939).

S tru ctu res o f  S u b stitu ted  F u lven es. T h e R eaction  P rod u cts from  A ceton e  and
D im eth y lfu lv en e

D onald M. Fenton and M arvin J. FIurwitz 
Rohm & Haas Company, Research Division, Bristol, Pennsylvania 
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Acetone has been shown to substitute on to the ring carbons of 6,6-dimethylfulvene rather than the side-chain 
carbons. The structures of the mono-, di-, tri-, and tetrasubstituted 6,6-dimethvlfulvenes are discussed. The 
presence of methanol in the reaction medium leads to the formation of ethers.

In 1906, Thiele1 reported that, in addition to the 
production of 6,6-dimethylfulvene (I), the reaction of 
acetone and cyclopentadiene in a basic methanolic 
solution led to the formation of an ether whose analysis 
corresponded closely to that of CmFFoO. A compound 
of very similar properties could be obtained after some 
purification from acetone and 6,6-dimethylfulvene in a 
basic alcoholic solution. The analysis, the typical 
fulvene physical properties of color and oxygen uptake,

CH3 c h 3

M7

I

H R
y

CHOHR

RHCOH
III

II
(1 ) J .  Th ie le  and H . Ba lho rn , Ann., 348, 1 (1906).

and the fact that the ether appeared to be composed of 
one cyclopentadiene and three acetone moieties led 
Thiele to postulate II for the structure of the ether. 
Courtot2 speculated that compounds of structure III 
were possible when aldehydes (RCHO) reacted with 
cyclopentadiene under basic conditions. Ziegler3 there
fore considered II, IV, and V as possible structures for 
Thiele’s ether and showed that the reaction product,

(2 ) C . Co urto t, Ann. Chim. (P a r is ) 4, 168 (1915).
(3) K. Ziegler and F. Cro8sm an} Ann», 511, 89 (1934).



J u n e , 19 6 3 T h e  R e a c t io n  P r o d u c t s  f r o m  A c e t o n e  a n d  D im e t h y l f u l v e n e 1 6 4 7

VI, of /3-p-anisylethyl methyl ketone and cyclopenta- 
diene under basic conditions gave, after hydrogenation 
and cleavage, the phenol, VII, a compound which was 
quite different from the hydrogenated phenolic deriva
tive of 6,6-dimethylfulvene and p-anisaldehyde. 
Therefore, the anisaldéhyde skeleton had to be attached 
to a ring and not a side-chain carbon.

For this reason, structure II was considered unlikely, 
and emphasis was placed on structures IV and V as the 
permissible alternatives. More recently, Bergmann4 
has considered VIII as a possible structure for Thiele’s 
ether.

In connection with other work in these laboratories, 
it was decided to elucidate further the structure of the 
more highly substituted products of 6,6-dimethylful
vene.

Discussion and Theory
Preliminary experiments showed that two compounds 

similar to Thiele’s ether could be isolated from the reac
tion products when 6,6-dimethylfulvene and acetone 
reacted in a basic methanolic solution. One compound 
had the formula C14H20O and will continue to be called 
Thiele’s ether, while the other had C15H22O and is pos
sibly a methyl ether.6

Because the solvent apparently entered into one of 
the reaction products, experiments were run without 
solvent in order to maximize the yield of Thiele’s ether. 
However, when alcohols were omitted from the reaction 
media, only hydrocarbon products were isolated. Most 
of this report concerns the structure of these hydro
carbon products.

Five products were obtained by fractional distillation 
from the reaction mixture prepared from cyclopenta- 
diene and acetone, with a less than stoichiometric 
amount of potassium hydroxide catalyst. All five 
products were hydrocarbons and their analyses in
dicated that they correspond to the addition and sub
sequent dehydration of first one, then two, three, four

T a b l e  I
Th ie le ’s product C a r H ydro Th ie le ’s product C a r H ydro
from methanol bon gen from ethanol bon gen

C a lcd . for C 14H 20O 82.35 9 .80 Calcd . for C 14H 20O 82 .35 9 .8 0
Calcd , for C 16H 22O 82.51 10.16 Calcd . for C 16H 24O 82.70 10.41
Found 82 .87 9 .86 Found 82 .95 10.18

(4) E .  D . Bergm ann, J .  Cook’s “ Progress in  Organic C h em istry ,”  Vol. 3, 
B u tterw o rth  Scientific Pub lications, London, 1955, p. 81.

(o) Reexam ination of T h ie le ’s lim ited  data showed that his reaction prod
uct m ay also be interpreted as having either the form ula C 14H 21O  or C 16H 22O. 
S im ila r ly , Th ie le ’s product from the basic ethanolic solution m ay be C 16U 24O, 
see Tab le  I*

and, finally, five acetone moieties to one cyclopenta- 
diene. When methanol was used as a solvent, the five 
products mentioned above were formed, in addition to 
the two products containing oxygen. The individual 
compounds are described in the following sections.

Product CnHM(X).—The following four structures 
were considered for compound ChHm, X through XIII, 
and X was chosen to be the correct structure, based 
upon the following experiments.

The reaction of cyclopentadiene and diacetone 
alcohol under basic conditions led to the formation of a 
mixture of products from which 6,6-dimethylfulvene 
and compound ChHi4 could be fractionally distilled. 
That this compound was really the same product ob
tained from the acetone reaction was indicated by the 
similarity of physical constants and the preparation of 
the same adduct with dimethyl acetylenedicarboxylate. 
Moreover, since some 6,6-dimethylfulvene was formed, 
the C11H14 compound could not be assigned structures 
XII or XIII unequivocally because prior dissociation 
into acetone was probable.

Thiele had shown that the reaction of mesityl oxide 
and cyclopentadiene under basic conditions produced a 
typical fulvene color, but no products were isolated. 
This reaction was repeated and a product was isolated 
and is designated XII because of its physical constants 
and method of synthesis. XII is quite different from 
the C„H14 compound from acetone and further sug
gests that the fulvenes formed from diacetone alcohol 
under these conditions are the same as those from ace
tone. On standing, XII formed a new compound with 
a much higher boiling point, with a molecular weight of 
260, but with the same analysis. The molecular weight 
of XII in refluxing benzene was found to be 230-240. 
It is probable that a reversible dimerization reaction 
occurs under these conditions.

When isopropylcyclopentadiene6 reacted with ace
tone under basic conditions, a CnHi6 compound was 
isolated. This compound must be either dihydro X or 
dihydro XI. Hydrogenation of the CnHi6 compound 
produced a saturated hydrocarbon and a mixture of 
olefins. This same mixture of olefins was obtained 
when the CnH14 compound obtained from acetone was 
hydrogenated under similar conditions as determined 
by physical constants and gas-liquid chromatography 
(g.l.c.). Therefore, the product obtained from acetone 
had to be either X or XI.

Nametkin7 has shown that under similar conditions 
the hydrogenation of 6,6-dimethylfulvene led to the 
production of isopropylcyclopentane, isopropylidene- 
cyclopentane, and 1-isopropylcyclopentene. This 
work was repeated using platinum oxide as catalyst, 
and quite similar results were obtained. The hydro
genation of X, as stated before, led to the production of 
a mixture of olefins, of which one made up 75% of the 
product. However, in one run a diolefin was also pro-

(6) K .  Ziegler, H . G e lle rt, H . M artin , K .  Nagel, and J .  Schneider, Ann., 
589, 91 (1954).

(7 ) S. S . N am etkin and M . A ; Volodina; Zh. Obshch. Khimt, 21; 331 (1951).
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duced. The olefin mixture could not be hydrogenated 
with Raney nickel at 1000-p.s.i. hydrogen pressure at 
100°, but the mixture did readily pick up bromine.

Hydrogenation of XII with a platinum dioxide 
catalyst gave a mono olefin which was quite different 
from those obtained from the hydrogenation of X.

The CnHi4 compound from acetone reacted with 
two equivalents of maleic anhydride to give a solid 
adduct. A consideration of the Diels-Alder reaction 
of 6,6-dimethylfulvene and maleic anhydride, which 
leads to the formation of XIV,8 would indicate that XV 
and XVI would be the mono adducts from X and XI, 
respectively. Only XV contains a conjugated system 
and would be expected to react further to give a double 
adduct, XVII. Although there may be other struc
tures present, X must be considered as the main con
stituent of the CnHi4 fraction.

tion of the hindered fulvene ketone, both XX and XXI 
are consistent for the structure of the Ci4Hi8 compound. 
If Thiele’s ether arises from the same sequence of 
reactions as does the CuHig compound, then structure 
IV is quite possible for Thiele’s ether. Structure VII 
would be unlikely because of special considerations.

Structure of Cj7H22 and C2oH26 Compounds —The 
orange-red liquid, CnH^, was hydrogenated to give a 
mixture of diolefins. By analogy with the CmH^ 
compound, this compound has either structure XXII or 
XXIII.

It was of interest to determine if a compound of type 
XI could be obtained under these basic conditions of 
fulvene formation. To this end, an aqueous glutar- 
aldehyde solution was treated with a basic cyclopenta- 
diene mixture. A very small amount of the fulvene 
XVIII was obtained. This dihydroazulene was readily 
dehydrogenated with chloranil to give azulene.

A*
XVIII

Product Ci4H ]8 —The orange liquid, ChH,8, rapidly 
picked up oxygen on exposure to air. This crude 
oxygenated product was hydrogenated on the Paar 
apparatus to give a bright red liquid, a fulvene ketone, 
C14H22O. Unsubstituted fulvene ketones are not 
stable because of dimerization reactions,9 but tri- and 
tetra-substituted derivatives have been characterized.10 
The fulvene ketone Ci4H20O, in alcohol, would not form 
a 2,4-dinitrophenylhydrazone, possibly because of 
steric factors or because of redox reactions.11 For 
these reasons, the most likely structure is XIX.

The C14H18 compound from acetone was hydro
genated to give a mixture of olefins and dienes. Al
though the carbon skeleton is indicated by the forma-

(8) K .  A lder and K .  Ruhm ann , A n n . ,  566, 1 (1950).
(9) C. Depuy and C. Lyons, J .  A m .  C h e m .  S o c ., 82, 631 (1960).
(10) C. Allen  and J . V an  A llan , i b i d . ,  72, 5165 (1950 ); P . Pauson and B. 

W illiam s, J .  C h e m .  S o c . ,  4162 (1961).
(11) W. Josten, B e r . ,  71, 2230 (1938).

The dark red liquid, C2oH26, was hydrogenated to 
give a mixture of dienes and trienes. Analogously to 
the other members in this series, only structure XXIV 
is possible.

Discussion of Experimental.—In the experiments 
leading to the formation of the fulvenes without the 
alcohol solvent, the base, potassium hydroxide, wras 
mainly insoluble in reaction medium. However, after 
an induction period, during which some color formation 
was noted, an exothermic reaction ensued leading to the 
formation of a colored organic layer and an aqueous 
layer. External heating and the use of large amounts 
of acetone favored the production of the higher boiling 
compounds. Although the reaction was sometimes 
neutralized by the addition of acid to the basic mixture, 
in the case where ion exchange resins were used this 
step was certainly not necessary.12

If oxygen is allowed to enter into the reaction medium 
or come in contact with the fulvenes during isolation, a 
great deal of polymeric material is formed. If large 
amounts of oxygen are present, a very viscous pot resi
due, in some cases cross linked, will remain after dis
tillation of the fulvenes. Special care was taken to pre
vent oxygen from contaminating the analytical samples, 
although the refractive indices ŵ ere taken in the nor
mal manner and may, therefore, be subject to some
e r r o r .

T able I I
Frac-
tion B.p., °C. Color Yield, g. n 25 D

1 3 0 - 62 (0 .6  mm.) Yellow 25.3 1.5173
2 63— 71 (0 .6  mm.) Yellow-orange 14.2 1.5280
3“ 72— 84 (0 .6  mm.) Orange 57 .0 1.5458
4 85—105 (1 .0  mm.) Orange-red 5 .0 1.5438
5 105-115 (1 .2  mm.) Red 6 .4 1.5580
0 115-125 (1 .2  mm.) Red 24.9 1.5691

n Fraction 3 was redistilled to give Thiele’s ether, b.p. 69-71° 
(1.0 mm.), 23.5 g., n2iD 1.5261. Anal. Calcd. for ChH20O: 
C, 82.35; H, 9.80 Found: C, 82.96; H, 9.92. Methyl ether, 
b.p. 76-79° (0.6 mm.), orange, n 25D  1.5281, 26.5 g. Anal. 
Calcd. for Ci6H220: C.82.51; H, 10.16; mol. wt., 218. Found: 
C, 82.40; H, 10.02; mol. wt., 219 ±  2.

(12) G. M cCain, J .  O r g .  C h e m . ,  23, 632 (1958).



J u n e , 196 3 T h e  R e a c t io n  P r o d u c t s  f r o m  A c e t o n e  a n d  D im e t h y l f u l v e n e 1649

T a b l e  III
— Caled.-—-—■—■» /•—— 1— F ound '------ -—•

H y d ro - H y dro -
C o m p o u n d B.p., °C . C olor Y ield , g. n25 d C arb o n gen C arb o n g e n

I, CsH.o 56-60 (25 mm.) Y ellow 1003 1.5372 90.50 9.50 90.04 9.18
ChH ,4 75-S0 (10 mm.) Yellow 30 1.5268 90.35 9.6S 90.09 9.38
C14H18 80-85 (1 mm.) Yellow-orange 110 1.5372 90.26 9.74 90.29 9.50
C17H220 105-110 (1 mm.) Red 15 1.5476 90.20 9.80
C20H26 134-138 (0.8 mm.) Red 24 1.5635 90.16 9.84 90.50 9.68

Pot residue Red 91
“ This sample was very difficult to purify by repeated distillation and contained an oxygenated impurity.

-̂----- M ol. w t.-------•>

C aled . F o u n d

186 193

The fulvenes could not be isolated by g.l.c. using a 
Tween 80 stationary phase column with helium as the 
carrier gas, although their hydrogenated derivatives 
were easily separated. The molecular weights were 
taken by cbulliometry using an internal standard.

Experimental
Reaction of 6,6-Dimethylfulvene and Acetone in Methanol.—

To 166 g. (1.57 moles) of 6,6-dimethylfulvene were added 11.8 g. 
of potassium hydroxide, 190 g. (3.28 moles) of acetone and 150 g. 
of methanol. The mixture was magnetically stirred under 
nitrogen in a 1-1., three-necked, round-bottom flask equipped 
with a nitrogen inlet tube, a thermometer and a reflux con
denser. The mixture reacted exothermically, the temperature 
rising to 31° and a red solution was formed. Heat was applied 
and the solution was refluxed for 4 hrs. After standing over
night, two 300-ml. layers had formed. The layers were not 
acidified but the water layer was washed with ether and the ether 
extract was added to the organic fraction. The combined or
ganic fraction was washed with water and dried over magnesium 
sulfate. The dry organic liquid was fractionally distilled.

Reaction of Cyclopentadiene and Acetone without Added Sol
vent. A. With Stoichiometric Amounts of Acetone.—To 954.2 g. 
(14.4) moles of freshly distilled cyclopentadiene in a 5-1., three
necked flask equipped with a nitrogen inlet tube, thermometer, 
mechanical stirring apparatus and a reflux condenser were added 
85 g. of XE-150, a mixed bed ion exchange resin manufactured by 
Rohm & Haas Co., and 840 g. (14.4 moles) of acetone. The 
mixture was heated and stirred under nitrogen to a temperature of 
42°. Heating was discontinued as an exothermic reaction be
gan. After 1 hr. at reflux, the now dark red mixture was cooled 
in an ice bath and allowed to stir at room temperature overnight. 
The resin was filtered and the filtrate separated into two layers. 
The water layer weighed 174 g. The red organic layer was frac
tionally distilled. See Table III.

B. With Excess Acetone.—To 20.0 g. of potassium hydroxide 
in a 1-1., three-necked flask equipped as described previously were 
added 100 g. (1.51 moles) of freshly distilled cyclopentadiene and 
400 g. (6.88 moles) of acetone. The mixture was stirred and 
heated under nitrogen. Around 30° an exothermic reaction 
occurred which necessitated the use of an ice bath in order to con
trol the reaction at gentle reflux. The base completely dissolved 
during this period and a bright red solution was formed. The 
exothermic reaction lasted for about 2 hr. and then an additional 
hour of heating at reflux was applied (61°). After standing over
night at room temperature, a solution of 40 ml. of concentrated 
hydrochloric acid in 250 ml. of water was slowly added to the 
stirred solution which was cooled in an ice bath. The organic 
layer was washed with water, dried over magnesium sulfate, and 
fractionally distilled.

T a b l e  IV
F rac tio n B.p., °C . n25D Y ield , g.

1 62-64 (30 mm.) 1.5368 3.6
2 78-82 (20 mm.) 1.5281 3.1
3 100-106 (20 mm.) 1.5351 17.9
4 105-110 (1.2 mm.) 1.5468 10.2
5 120-125 (0.4 mm.) 1.5692 66.1
6 Pot residue 100

Reaction of Mesityl Oxide and Cyclopentadiene in Basic 
Methanol.—To 200 g. (2.02 moles) of mesityl oxide in a 2-1., 
three-necked flask equipped as described previously were added

130 g. (1.97 moles) of freshly distilled cyclopentadiene and 500 
ml. of methanol containing 30 g. of sodium hydroxide. The solu
tion was mechanically stirred under nitrogen and reacted exo
thermically to 60° and maintained this temperature for 2 hr. 
before cooling. The flask was refrigerated at 5° for 36 hr. and 
was then acidified with 50 ml. of glacial acetic acid. To the 
organic layer was added 500 ml. of ether and the ether solution 
was washed with water, dried over magnesium sulfate, and frac
tionally distilled. See Table V.

Dimerization of XII.—XII was stored in the refrigerator at 5° 
but after 7 months partial dimerization had occurred. The 
yellow liquid formed, b.p. 106-110° (0.5 mm.), n25D 1.5412, did 
not have the typical fulvene structure in the infrared but did have 
weak absorption in the conjugated diene region at 1660,1630, and 
1610 cm."1.

Anal. Calcd. for C22H28: C, 90.35, H, 9.65; mol. wt., 292. 
Found: C, 90.63; H,9.72; mol. wt., 260.

The freshly distilled XII gave a molecular weight of 230-240 
in refluxing benzene.

Reaction of Cyclopentadiene and Diacetone Alcohol.—In
addition to 6 ,6-dimethylfulvene, there was a fraction isolated 
from the reaction of 100 g. of cyclopentadiene, 50 g. of potas
sium hydroxide and 126 g. of diacetone alcohol, which fraction 
was a yellow-orange liquid, b.p. 68-71° (9 mm.), n"5n 1.5241,
12.3 g.

Anal. Calcd. for ChHi4: C, 90.35; II, 9.65. Found: C, 
90.30; H, 9.56.

A solution of 10.0 g. of this product, ChHh, and 10.0 g. of di
methyl acetylenedicarboxylate containing an inhibitory amount 
of phenothiazine was heated to 150° for 0.5 hr. under nitrogen. 
The yellow solution was distilled and the fraction boiling at 150- 
160° (0.35 mm.), re25d 1.5252, a very viscous orange liquid, was 
collected, 2 g.

Anal. Calcd. for C17H20O4: C, 70.81; H, 6.99. Found: C, 
70.66; H, 7.23.

The Reaction of the ChHh Compound (from Acetone) and 
Dimethyl Acetylenedicarboxylate.—From a solution of dimethyl 
acetylenedicarboxylate and the ChHh compound from acetone 
was isolated a viscous orange liquid, b.p. 150-154° (0.4 mm.), 
n2b d  1.5248.

Anal. Calcd. for C17H20O4: C, 70.81; H, 6.99. Found: C, 
70.93; H, 7.05.

The infrared spectra of this adduct and that adduct from the 
fulvene from diacetone alcohol were virtually identical.

The Reaction of Maleic Anhydride and the CnH14 Compound 
From Acetone.—To 6.2 g. (0.042 mole) of compound CuHi4 
from acetone were added 9.0 g. (0.092 mole) of maleic anhydride 
and 50 ml. of xylene. This yellow solution was refluxed under 
nitrogen for 2 hr. On cooling, a yellow precipitate formed which 
was recrystallized from moist chloroform to give a light yellow 
solid. The infrared spectrum showed the presence of acid groups.

Anal. Calcd. for Ci„H220 8: C, 60.31; H, 5.86. Found: C, 
60.59; H, 5.73.

Preparation of Isopropylcyclopentadiene.—Following the pro
cedure given by Ziegler,6 the reduction of dimethylfulvene by 
lithium aluminum hydride gave a colorless liquid, b.p. 38-43° 
(14 mm.), n2bo 1.4608 (reported b.p. 28-30° (18 mm.), n25D
1.4639]. Alter standing 1 month in a closed container the refrac
tive index had changed, n2b n 1.4862, indicating possible dimeriza
tion. This new material was cracked at a pot temperature 
around 210° to give the monomer back.

Condensation of Acetone and Isopropylcyclopentadiene.— 
To 92 g. (0.85 mole) of isopropylcyclopentadiene in a 500-ml. 
flask equipped with the usual attachments were added 50 g. (0.86 
mole) of acetone and 20 g. of potassium hydroxide pellets. The 
mixture was stirred under nitrogen and heated to reflux for 1 hr.
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Com pound Color B.p., «C.

T a b l e  V

n 25 d Yield, g. Carbon
-Calcd.—•—•------■-

Hydrogen Carbon
Found—-—■—*— 

Hydrogen

XII Orange 33-35 (0.5 mm.) 1.5185 176 90.35 9.65 89.00 10.20
Thiele’s ether Orange 59-61 (0.4 mm.) 1.5276 82.35 9.80 82.37 9.95
Methyl ether Orange 70-72 (0.8 mm.) 1.5290 82.51 10.16 82.23 10.31

T a b l e  VI
Com pound

hydrogenated
Com pounds

formed B.p., °c. n 25 d Color Form ula C arbon Hydrogen Carbon H ydrogen Calcd. Found

I Alkane 126-128 1.4292 Colorless
(atm.)

Very light
Olefin 130-134 1.4334 yellow

(atm.)
CnHn Olefin 178-180 1.4542 Very light C11H20 86.76 13.34 85.63 12.91

(atm.)
50-53

yellow

(1.2 mm.)
C14H18 Diene 190-192 melting Colorless C i i H ,8 87.93 12.07 88.46 11.94

(atm.) point
83-86 74-74.5°

(25 mm.)
Olefin 62-66 1.4762 Colorless c14h 24 86.51 13.49 86.07 13.11

(0.5 mm.)
Diene 230-234 1.4845 Very light CI4H22 87.42 12.58 87.42 12.71

(atm.)
61-64

yellow

(0.8 mm.)
c „h 22 Diene 86-90 1.4913 Light yellow c „h 3„ 87.10 12.90 86 .9S 12.87 234 215

(1 mm.)
C20ÏÏ26 Diene 116-120 1.4814 Light yellow c 20h 36 86.86 13.12 S6.88 13.32

(1.0 mm.)
Triene 134-138 1.4829 Light orange C20H34 87.52 12.48 87.34 12.87 274 273

(1.5 mm.)
Thiele’s ether Saturated 52-55 1.4574 Colorless CI4H260 79.93 12.46 80.20 13.03 210 211

ether (0.5 mm.)
Compound CnH,6 Alkane 25-27 1.4380 Colorless CilIÎ22 85.63 14.37 85.94 14.05

(0.7 mm.)
Olefin 28-30 1.4531 Very light

(0.7 mm.) yellow
XII Olefin 180-182 1.4563 Colorless C,lH20 86.76 13.34 86.58 13.00

(atm.) 
68-72 

(14 mm.)

After stirring overnight at room temperature, the mixture was 
cooled in an ice bath. A solution of 40 ml. of concentrated hydro
chloric acid in 500 ml. of water was slowly added to the mixture. 
The organic layer was washed with water, dried over magnesium 
sulfate, and distilled to give three fractions.

Fraction 1, b.p. 45-48° (0.9 mm.), yellow liquid, ?f25i) 1.5219, 
64 g.

Anal. Calcd. for ChH16: C, 89.12; H, 10.88. Found: C, 
88.80; H, 9.55.

Fraction 2, b.p. 79-81° (0.9 mm.), n26d 1.5029, yellow-orange.
Fraction 3, b.p. 110-115° (0.9 mm.), n26d 1.5308, orange-red.
Preparation of 5,6-Dihydroazulene (XVIII).—To 800 g. (2.0 

moles) of a 25% solution of glutaraldehyde in water in a 3-1., 
three-necked flask equipped as described were added 140 g. 
(3.9 moles) of freshly distilled cyclopentadiene, sufficient ethanol 
to give a cloudy dispersion, and 50 g. of potassium hydroxide pel
lets. The mixture, which was slightly exothermic was stirred 
overnight under nitrogen. The mixture was acidified with acetic 
acid. Water and ether were added until two layers easily 
formed. The ether layer was washed with water and then it 
was concentrated at aspirator pressures. Hexane was added to 
the viscous concentrate and the mixture was stirred until no 
more concentrate was seen to dissolve. The hexane solution 
was distilled and the red liquid collected, b.p. 38-40° (2 mm.),
3.6 g., which crystallized on cooling into a red solid, m.p. 46- 
50°.

Anal. Calcd. for Ci0H]0: C, 90.91; H, 9.09. Found: C, 
90.76; Id, 9.09.

Dehydrogenation of XVIII.—To 2.5 g. of the crude XVIII was 
added 5 g. of ehloranil in ethanol. The solution was heated to re
flux and turned a dark green-blue. The concentrated solution 
was chromatographed on alumina with a hexane eluent. Azulene 
was isolated as dark blue plates, m.p. 98-101°, 1.3 g. (reported 
m.p. 98.5-99°13).

Anal. Calcd. for Ci0H8: C, 93.71; H, 6.29. Found: C. 
93.47; H, 6.43.

Oxidation and Hydrogenation of the ChHis Compound from 
Acetone.—After standing in contact with air for 35 days, 21 g. 
of the ChH18 compound, now a very viscous red liquid was hy
drogenated in an ether solution utilizing platinum dioxide as 
catalyst on the Paar hydrogenation apparatus. The initial 
hydrogen pressure was 50 p.s.i. and after 3 hr. at room tempera
ture the pressure had dropped to 38 p.s.i. No more hydrogen 
was absorbed after this time. The mixture was filtered and the 
filtrate distilled. After a forerun, a red liquid was collected, 
b.p. 110-112° (0.3 mm.), n2id 1.5026, 1.7 g. The infrared spec
trum showed a strong band at 1715 cm.“1 and a weak but very 
broad band at 1610-1650 cm.-1. The reported band range for 
the carbonyl of fulvene ketones is 1697-1736.14

(13) P . P la ttn e r and  S. T . P tau , H e l v .  C h i m .  A c t a ,  20, 224 (1937).
(14) E . D. Bergmann, see ref. 4, p. 118.



J u n e , 196 3 P r e p a r a t io n  o f  D o d e c a m e t h y l c y c l o h e x a s il a n e 1651

Anal. Calcd. for CuHjoO: C, 81.50; H, 10.75. Found: C, 
81.53; H, 10.84.

Several attempts were made to prepare a 2,4-dinitrophenyl- 
hydrazone but none was successful.

Hydrogenation Studies.—The data (see Table VI, p . 1650) 
describes the hydrogenation on the Paar apparatus at a maximum 
hydrogen press of 50 p.s.i. at room temperature with a platinum

dioxide catalyst. The mixtures were mechanically shaken until 
no more hydrogen was consumed.

Acknowledgment.—The authors wish to thank Mr. 
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Directions are given for an improved method of preparation of dodecamethylcyclohexasilane; a proposed 
mechanism of catalysis by triphenylsilyllithium in this synthesis is considered.

The reaction of dichlorodimethylsilane with sodium 
at temperatures above 100° in hydrocarbon solvents 
has been shown to lead to an insoluble polymer as the 
principal product, with dodecamethylcyclohexasilane 
(I) being obtained in a low, unspecified yield.1 It has 
been reported recently that the yield of I is only 0.05%, 
when the reaction mixture was worked up by methanol 
extraction rather than by the vacuum distillation pro
cedure used by Burkhard, and that the use of lithium 
and tetrahydrofuran at high temperatures increased 
the yield to 2.5%.2 3 Low yields of I also have been ob
tained from the treatment of dichlorodimethylsilane 
with sodium8 and lithium4 upon extended refluxing in 
tetrahydrofuran. In the latter case,4 the yield of 
dodecamethylcyclohexasilane was 33%, even when di
chlorodimethylsilane was added to the lithium at a slow 
rate.

If the reaction with lithium in the presence of tetra
hydrofuran is allowed to proceed in the presence of 
silyllithium compounds, we have found that the yields 
of dodecamethylcyclohexasilane are increased signifi
cantly to the range of 60-70%.

Initially, dichlorodimethylsilane in tetrahydrofuran 
is added to lithium in the presence of a small amount 
of triphenylsilyllithium. Thereafter, the addition of 
dichlorodimethylsilane is controlled such that silyl
lithium compounds are present in the reaction mixture 
throughout the course of the reaction.

The proposed mechanism of catalysis by triphenyl
silyllithium is illustrated in the following equations.

(C6H5)3SiLi +  ClSi(CH3)2R — >
(C6H6)3Si-Si(CH3)2R

(C6H6)3SiLi +  LiSi(CH3)2R 
II

(R is Cl, Si(C6H5)3, or [Si(CH3)2]„R)

Chlorosilanes may then react with either triphenyl
silyllithium or with intermediates such as II. Tri
phenylsilyllithium can also be regenerated by reactions 
joining dimethylsilylene units, as shown in the following 
example.6

R(CH3)2Si-Li +  R(CH3)2Si-Si(C6H6)3 —->■ R(CH3)2SiSi(CH3)2R
+

(CeHdaSiLi
(R is Cl, Si(C6H5)3, or [Si(CH3)2J„R)

These reactions are supported by the observation 
that 2,2-dimethyl-l,l,l,3,3,3-hexaphenyltrisilane, upon 
treatment with lithium in tetrahydrofuran, afforded 
good yields of dodecamethylcyclohexasilane and tri
phenylsilyllithium, with the latter forming a derivative 
with chlorotrimethylsilane. In this case, by means of 
the cleavage reactions shown in the preceding equations, 
the formation of the observed products may be il
lustrated by the following mechanistic pathway. The

- 6 (C 6H6) 3SiLi
6(C6HE)3SiSi(CH3)2Si(C6H5)3 +  6L i-------------->-

4Li, ~4(CeH6)3SiLi
3( C6H5)3Si [Si( CH3)2] 2Si( C6H5)3------------- — >

2LÍ
(C6H6)3Si[Si(CH3)2]6Si(C6H5)3------------ >-

- (  Cells) aSiLi

(CH3)2

(CH3)2Si Si(CH3)2
/ L i  I

(CH3)2Si Si(CH3)2
%  Hi

(C6H5)3Si (Ch 3)2

—(C6Hs)3SiLi (CH3)12S16
I

cyclization reaction given here undoubtedly occurs in 
the reaction involving dichlorodimethylsilane. How
ever, other ring-closure reactions cannot be discounted.

The proposed mechanism of catalysis is further sup
ported by the reaction of five molar equivalents of di
chlorodimethylsilane with two equivalents of triphenyl
silyllithium in the presence of the calculated amount of 
lithium. From this reaction, dodecamethylcyclohexa
silane was isolated in a 25% yield; there were also ob
tained crystalline solids which apparently are mixtures 
of polydimethylsilanes containing terminal triphenyl- 
silyl units. However, only 2,2-dimethyl-l,l,l,3,3,3- 
hexaphenyltrisilane could be separated in a pure state.

The formation of substituted-dimethylsilylithium 
intermediates may also occur by the lithium cleavage 
of tetramethyldisilanyl units. This was demonstrated 
by allowing the mixture obtained from the triphenyl-

(1) C. A. B urkhard , J .  A m .  C h e m , S o c . ,  71, 963 (1949).
(2) (a) E. Hengge and  H. R euter, N a t u r i v i s s e n s c h a f t e n ,  49, 514 (1962); 

(b) See, also, the rep o rt which ju s t  appeared  by U. G raf zu Stolberg, A n -  

g e w .  C h e m . ,  75, 206 (1963).
(3) R. P. Anderson, private  com m unication.
(4) H . G ilm an and G. L. Schwebke, unpublished studies.

(5) T he form ation of hexaethyldisilane upon tre a tm en t of 1,1,1-tr ie  th y  1- 
2 ,2 ,2-triphenyldisilane with lithium  in te trahydrofuran  has been proposed to 
occur by  a  sim ilar m echanism. See, H. G ilm an and H. J .  S. W inkler, “ Or- 
ganosilylmetallic C hem istry ,’' i n  H. Zeiss, Ed., “ O rganom etallic C hem istry ,”  
Reinhold Publishing Corp., New York, N. Y., 1960, p. 277; and H. Gilman, 
G. D . Lieh ten waiter, and D. W ittenberg, J .  A m .  C h e m .  S o c . ,  81, 5320 (1959).
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silyllithium-catalyzed reaction of dichlorodimethyl- 
silane to stir with excess lithium. The resulting solu
tion was shown to contain a silyllithium content greater 
than the amount of triphenylsilyllithium used, by 
means of a recently developed double-titration tech
nique involving allyl bromide.6 An attempt to form 
derivatives of the resulting silyllithium compounds with 
chlorotriphenylsilane gave no isolable products other 
than dodecamethylcyclohexasilane in low yield and 
14.8% of hexaphenyldisilane. The latter compound 
evidently was formed by a halogen-metal interconver
sion reaction, followed by a coupling reaction between 
the thus formed triphenylsilyllithium and chlorotri
phenylsilane. Similar results were obtained from the 
lithium cleavage of dodecamethylcyclohexasilane. In 
addition, the insoluble dimethylsilylene polymer4 re
acted with lithium in tetrahydrofuran to give a 32% 
yield of dodecamethylcyclohexasilane, evidently formed 
by an intramolecular-cyclization reaction along the 
polymer chain. Furthermore, this reaction provided a 
considerable amount of distillable products containing 
silicon-hydrogen groups, apparently formed by the 
acid hydrolysis of silyllithium compounds.

Attempts to isolate other cyclic polydimethylsilanes 
from the catalyzed reaction of dichlorodimethylsilane 
have not been successful. Waxy solids have been ob
tained by sublimation which show only dimethylsilyl 
groups in their infrared spectra. By vapor phase 
chromatographic analysis, this material was shown to 
consist principally of three major components. The 
second fraction to come off of the column was collected 
and identified as dodecamethylcyclohexasilane. It is 
believed that the first and third fractions are deca- 
methylcyelopentasilane and tetradecamethylcyclo- 
heptasilane, respectively. However, the identities of 
these materials have not yet been established.

Experimental
All reactions were carried out in oven-dried glassware under 

atmospheres of oxygen-free, dry nitrogen. Tetrahydrofuran 
(THF) was dried and purified by refluxing for at least 24 hr. 
over sodium, followed by distillation into lithium aluminum hy
dride and redistillation from the hydride immediately before use, 
except in the preparation of dodecamethylcyclohexasilane, where 
drying by storage over sodium wire was found to give satisfactory 
results. The temperatures reported are uncorrected.

Preparation of Dodecamethylcyclohexasilane.—A solution of 
300 ml. (318 g., 2.5 moles)7 of dichlorodimethylsilane in 700 ml. 
of sodium-dried tetrahydrofuran was added in a drop wise f ashion 
to 38 g. (5.45 g.-atoms) of lithium wire (cut into ca. 5-mm. 
pieces), and 0.01 mole of triphenylsilyllithium in 15 ml. of 
tetrahydrofuran. The rate of addition was carefully con
trolled such that the reaction mixture maintained a definite 
light brown coloration.8 9 Initially, the reaction was sufficiently 
exothermic that external heating was not required to maintain 
reflux. After about one-half of the solution was added, it was 
necessary to heat the mixture to keep it refluxing. The total 
addition time was between 24 and 36 hr. A small amount of 
lithium usually remained, after the completion of the addition, 
which was separated by decantation through a Büchner funnel.9 
The lithium-free reaction mixture is hydrolyzed in dilute aeid_

(6) H . G ilm an and  S. Y. Sim, unpublished studies.
(7) Excellent yields also were obtained from  runs using from  0.2-1 mole of 

dichlorodim ethylsilane.
(8) The ra te  of addition is ra th e r sensitive and a  too rapid  addition nulli

fies the  cataly tic  action. If the  reaction m ixture loses th e  brow n coloration, 
s to p  th e  add ition  of dichlorodim ethylsilane. R ein itia tion  m ay be accom
plished b y  one or a  com bination of the following procedures: s tir  a t  reflux 
for an  hour or so; add a  few pieces of freshly cu t lith ium ; an d /o r  add  an
other portion  of triphenylsilyllithium . R epea t if necessary.

(9) The presence of salts tends to m ake lith ium  rem oval diflicult.

The aqueous layer was separated and extracted three times with 
ca. 100-ml. portions of ether. The combined ether extracts and 
organic layer was washed with water until neutral to litmus. 
The organic phase was filtered to remove 1-2% of insoluble 
polymer. The solvents were removed under reduced pressure 
and the residue treated with cold acetone and filtered to give 
96 g. (67%) of impure dodecamethylcyclohexasilane, m.p. 
220-240° (m.p. block preheated to 200°). Recrystallization10 
was accomplished by dissolving the product in 10-20 ml. of 
petroleum ether (b.p. 60-70°) and adding ca. 200 ml. of hot 
acetone. Upon cooling, there was obtained 86 g. (60%) of 
pure product, m.p. 250-252° (m.p. block preheated to 2400).11 
The crystal form most frequently observed was diamond-shaped 
plates. However, feathery needles also were encountered.

Anal. Calcd. for Ci2H36Si6: mol. wt., 348.9. Found: mol. 
wt., 349 (vapor pressure osmometer).

The solvents were removed from the original mother liquor 
and the residue heated to 150° (0.5 mm.), affording 25 g. (ca. 
17.5%) of volatile material, most of which sublimed and was 
collected in the side arm of the distillation flask. Attempts to 
recrystallize this material gave only waxy materials melting in 
the range 120-190°. Sublimation at 40° (0.005 mm.) did not 
succeed in separating the components. Vapor phase chromato
graphic analysis, using a silicone-gum rubber packed column 
heated to 175°, showed three major peaks, with retention times 
about 5 min. apart. Infrared spectra on each of the samples 
collected showed only the presence of dimethylsilylene units. 
The second fraction was identified as dodecamethylcyclo
hexasilane, m.p.11 250-252° (m.m.p.). The first and third 
major components were not collected in sufficient amounts to 
establish their structures, but they are believed to be deca- 
methylcyclopentasilane and tetradecamethylcycloheptasilane. 
They were waxy solids with indefinite melting points between 
160-200°.

Dichlorodimethylsilane and Excess Lithium in the Presence 
of a Trace of Triphenylsilyllithium.—The reaction was carried 
out as described in the preparation of dodecamethylcyclo
hexasilane, using 15.9 g. (0.12 mole) of dichlorodimethylsilane,
2.1 g. (0.3 g.-atom) of lithium and 0.001 mole of triphenyl
silyllithium in a total of 97 ml. of tetrahydrofuran. Subsequent 
to completion of the addition, the reaction mixture was stirred 
at room temperature for 24 hr. Double titration8 gave the 
silyllithium content as 0.033 mole. The reaction mixture was 
decanted from the remaining lithium and added to 10,3 g. (0.03 
mole) of chlorotriphenylsilane. Subsequent to acid hydrolysis, 
filtration afforded 1.3 g. (14.8%) of hexaphenyldisilane, 
m.p. 360-365° (m.m.p.). The filtrate was worked up in the 
usual manner and the solvents were removed. Petroleum ether 
(b.p. 60-70°) was added to the residue to give 1.4 g. (11.5%) 
of triphenylsilanol, m.p. 148-155°, identified by its infrared 
spectrum. The solvent was removed from the mother liquor and 
the residue heated at 100° (0.2 mm.) to give 0.5 g. (7%) of sub
limate, identified as dodecamethylcyclohexasilane, m.p. 248- 
250° (m.m.p.). Attempts to isolate other compounds were un
successful.

Reaction of Dichlorodimethylsilane and Triphenylsilyllithium 
(5:2 Mole Ratio, Respectively) in the Presence of Lithium.— 
Triphenylsilyllithium was prepared by the cleavage of 10.4 g. 
(0.02 mole) of hexaphenyldisilane with 1.4 g. (0.2 g.-atom) of 
lithium. To the resulting mixture, there was added 12.9 g. 
(0.1 mole) of dichlorodimethylsilane in 50 ml. of tetrahydrofuran 
solution at a rate which maintained a light brown coloration in 
the reaction mixture. The addition required 3 hr. The re
action mixture was decanted from the small amount of remaining 
lithium and hydrolyzed in dilute acid. Subsequent to the usual 
work-up and solvent removal, petroleum ether was added to the 
residue. Filtration afforded 9.7 g. of insoluble material melting 
over the range 129-180°. By fractional recrystallization from 
benzene, there was isolated 1.1 g. [9.6%) of 2,2-dimethyl-l,l,l,-
3,3,3-hexaphenyltrisilane, m.p. 222-225° (m.m.p.). Attempts 
to purify the remaining solids gave crystalline solids with 
wide melting point ranges. The infrared spectra of the various

(10) Lor sm aller quantities of product, acetone alone m ay be used as the 
crystallization solvent.

(11) On slow heating from room tem perature , dodecam ethylcyeloliexa- 
Bilane undergoes num erous crystal transform ations and  appears to m elt 
partia lly  and resolidify a t tem peratures below 200°. Sublim ation also 
occurs. W hen added to the  m .p. block a t  240°, the  m ateria l melts 
a t  250-252°, w ith considerable sintering from 240°.
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fractions indicated the presence of silicon-methyl and silicon- 
phenyl groups. The solvent was removed from the original 
mother liquor and the residue heated at 100° under a pressure of 
0.5 mm. to give 1.5 g. (25.9%) of sublimate, identified as dodeea- 
methylcyclohexasilane, m.p. 250-253° (m.m.p.). Attempts 
to obtain products from the sublimation residue were unsuccess
ful.

2,2-Dimethyl-1,1,1,3,3,3-hexaphenyltrisilane. Preparation.—
To 2.6 g. (0.02 mqle) of dichlorodimethylsilane, there was added 
0.04 mole of triphenylsilyllithium in 50 ml. of tetrahydrofuran. 
The reaction mixture was hydrolyzed in dilute acid and filtered. 
The solids were washed with water, methanol, and ether, and 
dried to give 8.2 g. (71.4%,) of product, m.p. 222-226°. Two 
recrystallizations from a mixture of benzene and cyclohexane 
gave 5.5 g. (47.7%) of pure 2,2-dimethyl-l,l,l,3,3,3-hexaphenyl- 
trisilane, m.p. 223-227°.

Anal. Calcd. for C38H36Si3: Si, 14.60. Found: Si, 14.48,
14.58.

Reaction with Lithium.—A few milliliters of tetrahydrofuran 
was added to a stirred mixture of 5.8 g. (0.01 mole) of the tri
silane and 0.7 g. (0.1 g.-atom) of lithium. The reaction mixture 
became yellow after 5 min. A total of 25 ml. of tetrahydrofuran 
was added over a 30-min. period and the reaction mixture was 
stirred for an additional 3 hr. To the resulting dark green 
mixture, 3.4 g. (0.03 mole) of chlorotrimethylsilane was added 
rapidly. The colorless solution was decanted away from the 
lithium and hydrolyzed in dilute acid. Subsequent to the usual 
work-up, the solvents were removed and the residue crystallized 
from ethanol to give 4.3 g. (65.1%) of 1,1,1-trimethyl-2,2,2- 
triphenyldisilane, m.p. 106-108° (m.m.p.). The solvents were 
removed from the mother liquor and the residue heated to 
100° (12 mm.) to yield 0.4 g. (66%) of impure dodecamethyl- 
cyclohexasilane, m.p. 200-230°. Recrystallization from acetone 
afforded 0.3 g. (50%) of pure product, m.p. 250-252° (m.m.p.).

Cleavage of Dodecamethylcyclohexasilane with Lithium in 
Tetrahydrofuran.—Triphenylsilyllithium was prepared by the 
reaction of 0.13 g. (0.00025 mole) of hexaphenyldisilane and 0.7 
g. (0.1 g.-atom) of lithium in a small volume of tetrahydrofuran.

To this, 5.25 g. (0.015 mole) of dodecamethjdcyclohexasilane 
was added in 25 ml. of tetrahydrofuran.12 The resulting mixture 
was stirred at room temperature for 24 hr. Titration of the 
brown solution showed the silyllithium content to be 0.009 mole.6 
Chlorotriphenylsilane, 3.5 g. (0.012 mole), was added. The 
colorless solution was hydrolyzed and filtered to give 0.2 g. of 
hexaphenyldisilane, m.p. 360-365° (m.m.p.). The filtrate was 
worked up in the usual manner and the solvents were re
moved. Petroleum ether (b.p. 60-70°) was added to the 
residue and filtration afforded 1.6 g. (50%) of triphenylsilanol, 
m.p. 150-155° (m.m.p.). The solvent was removed from 
the filtrate and the residue crystallized from acetone to give
1.9 g. (36.4%) of recovered dodecamethylcyclohexasilane, m.p. 
250-252° (m.m.p.). Attempts to isolate other pure products 
were unsuccessful.

Reaction of Lithium with the Insoluble Dimethylsilylene 
Polymer.—About 0.7 g. (0.1 g.-atom) of lithium, which had 
been used for the preparation of triphenylsilyllithium, and 5.8 
g. of the insoluble dimethylsilylene polymer13 were stirred for 
52 hr. in 20 ml. of tetrahydrofuran. The dark brown reaction 
mixture was hydrolyzed in excess dilute acid and filtered to give 
0.7 g. (12%) of recovered polymer. Subsequent to the usual 
work-up, the solvents were removed and the residue distilled 
under reduced pressure and afforded a large number of fractions 
boiling in the range 65° (0.4 mm.) to 100° (0.003 mm.). The 
total amount of distillable material was 4.5 g. (77.8%). All of 
these fractions showed strong absorption bands in their infrared 
spectra for silicon-hydrogen and silicon-methyl groups. One 
fraction, b.p. 100-105° (0.4 mm.), partially solidified. Re- 
crystallization from acetone afforded l.S g. (32%) of dodeca
methylcyclohexasilane, m.p. 250-252° (m.m.p.).

(12) An a tte m p t to  cleave dodecam ethylcyclohexasilane w ith un treated  
lithium  in te trahydrofuan  gave no indication of a  reaction a fte r 48 hr., and 
starting  m aterial was recovered in a  90% yield.

(13) O btained from the uncatalyzed reaction of dichlorodim ethylsilane 
with lithium  in te trahyd ro fu ran .4
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The reaction of 3-(4,4-dimethyl-2,6-dioxocyclohexyl)levulinic acid (I) with bromine resulted in an unusual 
intramolecular reaction. The structure of this product and the reactions of some related model compounds 
are discussed.

The investigation of the reaction of bromine with 
ketones has resulted in an understanding of the mech
anism of this reaction. It has been shown that the 
rate of reaction is dependent on the concentration of 
the ketone and catalyst (acid or base) but is independ
ent of the concentration of the halogen. From this 
and other data, it is believed that the rate-determining 
step is the formation of the enol which is then rapidly 
attacked by halogen.3 4 In connection with our struc
tural studies on some cyclic /3-diketones,4 we became 
interested in the reaction of bromine with certain 
d-diketones, and this paper describes some novel reac
tions which we have observed with this system.

(1) T his investigation  w as supported  generously by  research g ran t 
CY5527 from the  N ational C ancer In s titu te , N ational In s titu te s  of H ealth , 
Public H ealth  Service.

(2) The research described in  this paper was used in partia l fulfillm ent 
of the  requirem ents for the  Bachelor of Science degree.

(3) A num ber of reviews on  th is  sub jec t have been published; see, for 
example, E . S. Gould, “ M echanism  and  S tructu re  in  Organic C hem istry ,”  
H enry  H olt and Co., New Y ork, N . Y ., 1959, p. 372.

(4) F o r the previous paper of th is  series, see H. J . Schaeffer and  I t. Vince, 
/ .  O r g .  C h e m ., 27, 4502 (1962).

When 3-(4,4-dimcthyl-2,6-dioxocyclohexyl)levulinic 
acid (I) was allowed to react with an aqueous solution 
of bromine, a neutral product (II) was obtained which 
had undergone substitution of a bromine for a hydrogen 
atom. An examination of the infrared spectrum of the 
brominated product revealed hydroxyl absorption at 
3620 and 3340 cm.-1 and carbonyl absorption at 1785 
and 1725 cm.-1. Furthermore an examination of the 
ultraviolet spectrum revealed that the /3-diketone sys
tem was no longer capable of enolization since the char
acteristic absorption of an enolizable /3-diketone was 
absent; in fact, the only absorption exhibited was at 
298 mu with an e of 90 which is characteristic of an 
isolated ketone.5 In addition, the bromine must be 
located in this compound in a unique position since 
when it is allowed to react with sodium hydroxide, a 
25% yield of 3-(4,4-dimethyl-2,6-dioxocyclohexyl)levu- 
linic acid (I) is obtained. In order to obtain more

(5) W. R. Brode. “ Chem ical Spectroscopy,”  2nd E d., John  Wiley and  Sons 
Inc., New Y ork, N . Y ., 1943, p. 221-220.
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information about these reactions, a study of model 
systems which are related to I was undertaken.

In order to assess the effect of an exocyclic ketone on 
the bromination of cyclic /3-diketone, the model com
pound, 2-(2-oxopropyl)-5,5-dimethylcyclohexane-l,3- 
dione, was treated with bromine; the resultant product 
(III) lost the typical ultraviolet absorption of an eno- 
lizable /3-diketone.6 Its infrared spectrum did not 
exhibit hydroxyl absorption but did exhibit typical 
carbonyl absorption at 1740 and 1715 cm.-1. Thus, 
the exocyclic ketone did not alter the course of this 
reaction, as is evidenced by the isolation of the normal 
bromination product III.

The effect of a /3-carboxyethyl chain on the bromina
tion of a /3-diketone was investigated by allowing 2-(2- 
carboxyethyl)-5,5-dimethylcyclohexane-l,3-dione (IV) 
to react with bromine. The product of this reaction 
was assigned structure V on the grounds that it lost 
the typical ultraviolet absorption of an enolizable 
/3-diketone and that it exhibited typical infrared ab
sorption due to acidic hydrogen (2650 — 2000 cm.-1), 
and C = 0  of a /3-diketone and carboxylic acid at 1745 
and 1710 cm.-1, but it did not exhibit hydroxyl absorp
tion that was found in II. Thus, a /3-carboxyethyl 
does not affect the formation of the expected product 
on bromination of a /3-diketone. Only in the case where 
as exocyclic ketone and a /3-carboxyethyl group are 
present in a /3-di,ketone, as in I, do we find participation 
by these groups in the bromination reaction.

Several interesting reactions were observed on V. 
For example, when V was recrystallized from absolute 
methanol, a neutral compound was obtained in a 
72% yield which was shown to be the methyl ester
(VI). The structure of VI was shown to be correct 
by an alternate synthesis; i.e., when the methyl 
ester of IV was allowed to react with bromine, a good 
yield of VI was obtained. The formation of the 
methyl ester (VI) from the acid (V) merely by heating

(6) T he u ltrav io le t spectrum  of a  typical cyclic /3-diketone, for exam ple I 
or IV , exhibits absorption a t  264 m p  when determ ined in  e thano l and  a t
289 m m w hen determ ined in  0.1 N  sodium  hydroxide. T he m olecular ex
tinc tion  coefficient for the m axim a are of the order of 103 to 104.

of V in methanol most probably occurs by the elimina
tion of a small amount of hydrogen bromide from V, 
which thereby catalyzes the esterification. If, how
ever, V is heated in water, rather than methanol, a 
different neutral compound is obtained which has lost 
the elements of hydrogen bromide. This product 
exhibited infrared absorption at 1790, 1750, and 1715 
cm.-1 and has been assigned structure VII.

Compound VII can also be obtained by allowing 
compound V to react with either sodium bicarbonate 
or magnesium hydroxide. If VII is allowed to react 
with excess sodium hydroxide at 0°, the /3-diketone 
system is cleaved and the lactone is opened to generate 
the dicarboxylic acid VIII whose infrared spectrum 
exhibited the predicted peaks at 1730 (C =0, ketone) 
and 1700 (C =0, acid). Distillation or sublimation 
of VIII gave the corresponding lactone (IX). An 
attempt to prepare the diester of VIII gave the 
corresponding monoester of IX. As expected, IX 
was recovered unchanged upon treatment with sodium 
bicarbonate but regenerated VIII upon treatment with 
sodium hydroxide solution. Finally, it was found that 
when V was allowed to react with sodium hydroxide, 
a 30% yield of IV was obtained. The reversal of the 
bromination reaction by sodium hydroxide also occurs 
with II and III and can be explained by assuming the 
release of Br+ to the attacking base, followed by 
protonation of the corresponding enolate anion.7

As a consequence of our studies on model compounds, 
we felt that in the bromination of I, the bromine 
must have attacked carbon-2 as the initial reaction, 
followed by further intramolecular reaction to give 
the neutral product (II). In an attempt to determine 
the carbon skeleton of the brominated product, II 
was treated with zinc dust and acetic acid. The major 
product of the reaction was 2,6,6-trimethyl-3-carboxy- 
methyl-4-oxo-4,5,6,7-tetrahydrobenzofuran (XI) which,

(7) The generation of B r + or its  equivalent from a  brom o ketone by  the  
a tta ck  of a  nucleophile has am ple precedence; see, fo r exam ple, H . E . 
Zim m erm an, J .  O r g .  C h e m ., 20, 549 (1955). O ther re la ted  reactions are the 
generation of B r + when N -brom osuccinim ide is allowed to react w ith  sodium 
hydroxide.
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as we have shown earlier,4 is the product formed when I 
is treated with acid; however, a second product was 
isolated in low yield which was found to be X 4. In 
order to remove the bromine atom from II under neu
tral conditions, II was allowed to react with hydrogen 
using a palladium-on-charcoal catalyst in the presence 
of magnesium oxide which caused the formation of X 
in good yields. Finally, treatment of II with a sus
pension of magnesium oxide in 95% ethanol resulted 
in the formation of XII, a compound whose infrared 
spectrum was similar to the infrared spectrum of VII. 
On these grounds, the assignment of structure II to 
the bromination product I is the most probably justi
fied. The formation of XII from II establishes that 
the bromine atom is at carbon-2, and the formation 
of X from II establishes the gross carbon skeleton. 
That X is formed from II also establishes the location 
of the hydroxyl group in II since we visualize the reac
tion as proceeding in two steps: (a) hydrogenolysis of 
the bromine atom and (b) dehydration of the resulting 
/3-hydroxy ketone to give X.

Experimental8
Bromination of 3-(4,4-Dimethyl-2,6-dioxocyclohexyl)levulinic 

Acid.— T o  a  s o lu t io n  o f  513  m g . (2 .0 1  m m o le s )  o f  3 - (4 ,4 - d im e th y l -
2 ,6 -d io x o c y c lo h e x y l) le v u l in ic  a c id 4' 9 ( I )  i n  50  m l .  o f  w a te r  w a s  
s lo w ly  a d d e d  a  s a t u r a t e d  s o lu t io n  o f  b r o m in e  in  w a te r  u n t i l  a  
y e llo w  c o lo r  p e r s i s t e d .  T h e  p r e c i p i t a t e  w h ic h  fo rm e d  w a s  c o l
l e c te d  b y  f i l t r a t i o n ,  w a s h e d  w i th  w a te r ,  a n d  d r ie d  in vacuo a t  
ro o m  t e m p e r a t u r e ;  y ie ld ,  6 0 6  m g . ( 9 0 .9 % ) ,  m .p .  1 2 0 °  d e c . 
R e c r y s ta l l iz a t io n  f ro m  a  m ix tu r e  o f  b e n z e n e  a n d  h e x a n e  g a v e  th e  
a n a ly t i c a l  s a m p le ;  y ie ld ,  4 0 4  m g . ( 6 0 .7 % ) ,  m .p .  1 1 7 -1 1 8  d e c . 
v in  c m . - 1  ( c h lo ro f o r m ) :  3 6 2 0  a n d  3 3 4 0  ( O H ) ,  17S 5 a n d  1725 
( C = 0 ) .

Anal.10 C a lc d .  f o r  C m H n O s B r: C ,  4 6 .8 8 ;  H ,  5 .1 5 ;  B r ,
2 3 .9 8 . F o u n d :  C ,  4 6 .9 9 ;  H ,  5 .2 2 ;  B r ,  2 4 .1 1 .

T h is  c o m p o u n d  is  s e n s i t iv e  t o  h e a t  s in c e  i t  d e c o m p o s e d  o n  
d r y in g  in vacuo a t  6 5 ° .  T h e  m e l t in g  p o i n t  is  a  p o o r  c r i t e r io n  fo r  
p u r i t y ;  w e  h a v e  f o u n d  t h a t  t h e  m e l t in g  p o i n t  o f  t h e  a n a ly t i c a l  
s a m p le  m a y  v a r y  f ro m  11 5  t o  1 2 4 °  d e c .  w h e n  d e te r m in e d  in  a n  
o il b a t h  a n d  m a y  b e  a s  h ig h  a s  1 5 0 °  d e c . w h e n  d e te r m in e d  o n  
t h e  K o f le r  H e iz b a n k .

2-(2-Oxopropyl)-2-bromo-5,5-dimethylcyclohexane-l,3-dione
(III).— T o  a  s o lu t io n  o f 5 0 0  m g . (2 .5 4  m m o le )  o f 2 - (2 -o x o p ro p y l) -
5 ,5 - d im e th y lc y c lo h e x a n e - l ,3 - d io n e 4 i n  25  m l .  o f  w a te r  w a s  a d d e d  
a  s o lu t io n  of b r o m in e  w a te r  u n t i l  a  y e llo w  c o lo r  p e r s i s te d ,  a n d  th e  
r e a c t io n  m ix tu r e  w a s  c h i l le d . T h e  w h i te  p r e c i p i t a t e  w h ic h  
f o rm e d  w a s  c o l le c te d  b y  f i l t r a t i o n  a n d  w a s h e d  w i th  w a te r ;  
y ie ld ,  66 7  m g . ( 9 6 .8 % ) ,  m .p .  1 1 2 ° . O n e  r e c r y s ta l l i z a t io n  o f t h e  
c ru d e  p r o d u c t  f ro m  m e th a n o l  g a v e  t h e  a n a ly t i c a l  m a te r i a l ,  
m .p .  1 1 1 ° . v i n  c m . 4  ( p o ta s s iu m  b r o m id e ) :  1740  a n d  1715  
( 0 = 0 ) .

Anal. C a lc d .  f o r  C „ H i 60 3B r :  C , 4 8 .0 2 ;  H ,  5 .4 9 ;  B r ,  2 9 .0 4 . 
F o u n d :  C , 4 7 .8 2 ;  H ,  5 .5 2 ;  B r ,  2 9 .3 3 .

2-(2-Carboxyethyl)-2-bromo-5,5-dimethylcyclohexane-l,3- 
dione (V).— 2 -( 2 - C a r b  o x y e th y l  ) -5 ,5 - d im e th y lc y c lo h e x a n e - l , 3 -d i-  
o n e 11 (1 .0 0  g . ,  4 .7 2  m m o le s )  w a s  d is s o lv e d  i n  2 5 .0  m l .  o f  w a te r  a n d
1 0 .0  m l .  o f m e th a n o l  w i th  h e a t in g .  A f te r  c o o lin g  t o  ro o m  t e m 
p e r a t u r e  t h e  c le a r  s o lu t io n  w a s  t r e a t e d  w i t h  b r o m in e  w a te r  u n t i l  
a  s l ig h t  y e llo w  p e r s i s t e d .  T h e  r e a c t io n  s o lu t io n  w a s  c h i l le d , a n d  
t h e  w h i t e  p r o d u c t  w h ic h  p r e c i p i t a t e d  w a s  c o lle c te d  b y  f i l t r a t io n  
a n d  w a s h e d  w i th  w a te r ;  y ie ld ,  1 .0 6  g . ( 7 2 % ) ,  m .p .  1 2 7 ° . » c m . 4  

( p o ta s s iu m  b r o m id e ) :  2 6 5 0 -2 0 0 0  ( a c id ic  h y d r o g e n ) ,  174 5  a n d  
1710  ( C = 0 ) ;  X®°H 3 0 0  (e 2 1 4 ) .

(8) T h e  in f ra re d  s p e c t ra  w ere  d e te rm in e d  on  a  P e rk in -E lm e r M o d e l 137 
sp ec tro p h o to m e te r, a n d  th e  u lt r a v io le t  w ere  d e te rm in e d  o n  a  P e rk in -E lm e r 
M odel 4000A  sp e c tro p h o to m e te r . E x c e p t w here  n o te d , th e  m e ltin g  p o in ts  
w ere d e te rm in ed  o n  a  K ofler H e iz b an k  a n d  a re  co rrec ted .

(9) I . N . N aza ro w  a n d  S. 1. Z a v y a lo v , J .  G e n .  C h e m .  U S S R ,  25, 508 
(1955).

(10) T h e  an a ly ses  re p o r te d  in  th e  p a p e r  w ere p erfo rm e d  b y  G a lb ra i th  
M ic ro a n a ly tica l L a b o ra to r ie s , K noxv ille , T en n .

(11) H . S te t te r ,  H . K esse ler, a n d  H . M eisel, B e r . ,  87, 1617 (1954).

Anal. C a lc d .  fo r  C n H 450 4B r :  C , 4 5 .3 9 ;  H ,  5 .1 9 ;  B r ,
2 7 .4 5 . F o u n d :  C , 4 5 .4 7 ;  H ,  5 .0 6 ;  B r ,  2 7 .5 2 .

Reaction of 2-(2-Carboxyethyl)-2-bromo-5,5-dimethylcyclo- 
hexane-l,3-dione with Methanol. — A  s o lu t io n  o f 0 .6 0 2  g . 
(2 .0 7  m m o le s )  2 - (2 - c a r b o x y e th y l ) - 2 - b ro m o - 5 ,5 -d im e th y lc y c lo 
h e x a n e - l ,3 - d io n e  (V )  in  2 5 .0  m l.  o f m e th a n o l  w a s  re f lu x e d  f o r  1 
hr., c o n c e n t r a te d  in vacuo t o  a b o u t  10 m l . ,  a n d  c h i l le d . T h e  
w h i te  s o lid  w h ic h  p r e c i p i t a t e d  w a s  r e m o v e d  b y  f i l t r a t io n  a n d  
w a s h e d  w i th  w a te r ;  y ie ld ,  0 .4 5 0  g . ( 7 2 % ) ,  m .p .  7 0 ° .  v c m . - 1  

( p o ta s s iu m  b r o m id e ) :  1745  a n d  171 0  ( C = 0 ) ;  X®*°H 26 2  ( e 4 4 2 ) .
Anal. C a lc d . fo r  C i2H „ 0 4B r :  C ,  4 7 .2 3 ;  H ,  5 .6 1 ;  B r ,

2 6 .1 8 . F o u n d :  C , 4 7 .5 0 ;  H ,  5 .6 9 ;  B r ,  2 6 .1 1 .
2-(2-Carbomethoxyethyl)-2-bromo-5,5-dimethylcyclohexane-

1 .3- dione ( V I) .— 2 - (2  - C a r b o m e th o x y e th y l )  -5 ,5  -d im e th y lc y c lo -
h e x a n e -1 ,3 -d io n e  (1 0 0  m g .,  0 .4 4 2  m m o le )  w a s  d is s o lv e d  in  1 m l. 
o f e th a n o l  a n d  1 m l .  o f w a te r  a t  r o o m  t e m p e r a tu r e .  B r o m in e  
w a te r  w a s  a d d e d  d ro p w is e  t o  t h e  s o lu t io n  u n t i l  a  s l ig h t  y e llo w  
c o lo r  p e r s i s te d .  A d d i t io n  o f w a te r  (5  m l .)  t o  t h e  r e a c t io n  
m ix tu r e  c a u s e d  p r e c ip i t a t i o n  o f  a  w h i te  s o lid  w h ic h  w a s  c o lle c te d  
b y  f i l t r a t io n ;  y ie ld ,  101 m g . ( 7 5 % ) ,  m .p .  7 1 ° .  v c m . “ 1 

( p o ta s s iu m  b r o m id e ) :  1745  a n d  171 0  ( C = 0 ) .  T h e  p r o d u c t
o b ta in e d  in  th i s  r e a c t io n  w a s  id e n t ic a l  i n  a ll  r e s p e c ts  w i th  t h e  
p r o d u c t  o b ta in e d  b y  e s te r i f ic a t io n  o f  V .

The Lactone of 3-(4,4-Dim ethyl-2,6-dioxo-l-hy droxycyc'o- 
hexyl (propionic Acid (VII).— ( a )  T o  4 7 7  m g . (1 .6 4  m m o le s )  of 
2 -  (2  -  c a r b o x y e th y l )  -  2 -  b r o m o  - 5 ,5  -  d im e th y lc y c lo h e x a n e -
1 .3 -  d io n e  (V )  w a s  a d d e d  5 m l.  of w a te r  a n d  0 .1  m l .  o f m e th a n o l .  
T h e  m ix tu r e  w a s  r e f lu x e d  fo r  5 m in .  d u r in g  w h ic h  t i m e  s o lu t io n  
d id  n o t  o c c u r ,  b u t  t h e  p H  d r o p p e d  t o  a p p r o x im a te ly  1 . T h e  
r e a c t io n  m ix tu r e  w a s  c h i l le d , a n d  t h e  w h i te  s o lid  w a s  c o l le c te d  b y  
f i l t r a t io n ;  y ie ld ,  26 0  m g . ( 7 5 .5 % ) ,  m .p .  2 1 0 ° . T h e  c r u d e  p r o d 
u c t  w a s  s u b l im e d  f ro m  a n  o il b a t h  a t  1 2 0 ° (0 .1 0  m m .)  a n d  g a v e  
2 5 6  m g . o f t h e  a n a ly t i c a l  s a m p le  ( V I I ) ,  m .p .  2 1 0 ° .  v i n  c m . - 1  

( p o ta s s iu m  b r o m id e ) :  17 9 0  ( C = 0 ,  y - la c to n e ) ,  1 7 5 0 , a n d  1710  
( C = 0 ) .

Anal. C a lc d .  f o r  C u H i 40 4: C ,  6 2 .8 4 ;  H ,6 .7 1 .  F o u n d :  C ,  
6 2 .9 0 ;  H , 6 .6 8 .

( b )  T o  a  s o lu t io n  o f 2 0 0  m g . ( 0 .6 8 6  m o le )  o f 2 - (2 -c a rb o x y -  
e th y l ) - 2 - b r o m o - 5 ,5 - d im e th y lc y c lo h e x a n e - l ,3 - d io n e  (V )  in  2 0  m l. 
of e th e r  w a s  a d d e d  2 0  m l.  o f  5 %  s o d iu m  b i c a r b o n a te  s o lu t io n .  
A f te r  t h e  m ix tu r e  w a s  s t i r r e d  fo r  10 m i n . ,  a  w h i te  s o l id  f o rm e d  a t  
t h e  i n t e r f a c e  o f  t h e  e th e r  a n d  w a te r .  T h e  m ix tu r e  w a s  c h il le d , 
a n d  t h e  s o l id  ( V I I )  w a s  r e m o v e d  b y  f i l t r a t i o n ;  y ie ld ,  103 m g . 
( 7 1 .5 % ) ,  m .p .  2 1 1 ° .  v in  c m . - 1  ( p o ta s s iu m  b r o m id e ) :  1790 , 
1 7 5 0 , a n d  1 7 1 0 . T h is  p r o d u c t  w a s  id e n t i c a l  in  a l l  r e s p e c ts  w i th  
t h e  n e u t r a l  c o m p o u n d  o b ta in e d  b y  re f lu x in g  V  w i th  w a te r .

3,3-Dimethyl-5-oxo-hydroxyazelaic Acid (VIII).— A  m ix tu r e  
o f 1 .6 2  g . (7 .7 1  m m o le s )  o f  3 - (4 ,4 - d im e th y l - 2 ,6 - d io x o - l - h y d r o x y -  
c y c lo h e x y l(p ro p io n ic  a c id  l a c to n e  ( V I I )  a n d  16  m l .  o f 1 0 %  
s o d iu m  h y d r o x id e  w a s  s t i r r e d  f o r  1 h r .  i n  a n  ic e  b a t h .  T h e  c o ld  
r e a c t io n  m ix tu r e  w a s  a c id if ie d  w i t h  h y d r o c h lo r ic  a c id ,  a n d  th e  
w h i te  s o lid  w h ic h  p r e c ip i t a t e d  w a s  c o l le c te d  b y  f i l t r a t io n ;  y i e 'd ,
1 .2 9  g . ( 6 8 .0 % ) ,  m .p .  1 2 1 ° . R e c r y s t a l l iz a t i o n  f ro m  a  m ix tu r e  of 
p - d io x a n e  a n d  h e x a n e  g a v e  t h e  p u r e  p r o d u c t ,  m .p .  1 2 2 ° .  v in  
c m . “ 1 ( p o ta s s iu m  b r o m id e ) :  3 3 2 0  ( O H ) ,  173 0  ( C = 0 ,  k e to n e ) ,
17 0 0  ( C = 0 ,  a c id ) ;  X®l° H 2 9 0  m M (e 4 0 .3 ) .

Anal. C a lc d .  f o r  C n H iS0 6: C , 5 3 .6 5 ;  H ,  7 .3 5 ;  n e u t .  e q u iv . ,
123 .0 . F o u n d :  C ,  5 3 .3 5 ;  H ,  7 .5 7 ;  n e u t .  e q u iv . ,  1 2 4 .5 ,
1 2 4 .3 .

The 7 -Lactone of 3,3-Dimethyl-5-oxo-6-hydroxyazelaic Acid 
(IX).— 3 ,3 - D im e th y l- 5 - o x o -6 - h y d r o x y a z e la ic  a c id  ( V I I I )  (4 0 6  
m g ., 1 .5 8  m m o le s ) w a s  s u b l im e d  f ro m  a n  o il b  a t h  a t l 3 0 ° ( 0 . 1 m m . )  
a n d  2 7 0  m g . ( 7 1 .6 % )  o f a  w h i t e  s o l id  w a s  c o l le c te d , m .p .  6 4 - 6 6 ° .  
R e s u b l im a t io n  g a v e  t h e  p u r e  p r o d u c t  ( I X ) ,  m .p .  6 4 - 6 6 ° .  v in 
c m . - 1  ( p o ta s s iu m  b r o m id e ) :  2 6 5 0 -2 1 0 0  ( a c id ic  h y d r o g e n ) ,  1780
( C = 0 ,  7 - l a c to n e ) ,  17 3 0  ( C = 0 ,  k e to n e ) ,  1 7 0 0  ( C = 0 ,  a c id ) .

Anal. C a lc d .  fo r  C n H 160 6: C ,  5 7 .8 8 ;  H ,  7 .0 6 . F o u n d :  C , 
5 7 .7 1 ;  H ,  7 .1 4 .

The Lactone of 8-Carbomethoxy-7,7-dimethyl-5-oxo-4-hydroxy- 
octanoic Acid.— A  m ix tu r e  o f 5 0 0  m g . (2 .0 3  m m o le s )  o f 3 ,3 -d i-  
m e th y l -5 - o x o - 6 -h y d r o x y a z e la ic  a c id  ( V I I I ) ,  2 0 5  m g . (6 .4 0  
m m o le s )  o f m e th a n o l ,  a n d  10  X 1. o f e th a n e s u l fo n ic  a c id  i n  5 .5  m l.
1 ,2 - d ic h lo ro e th a n e  w a s  r e f lu x e d  fo r  18  h r .  T o  t h e  c o ld  r e a c t io n  
m ix tu r e  w a s  a d d e d  20  m l .  o f w a te r  a n d  25  m l .  o f  e th e r .  T h e  tw o  
p h a s e s  w e r e  s e p a r a te d ,  a n d  t h e  a q u e o u s  p o r t io n  w a s  e x t r a c te d  
w i th  e th e r  (2  X  2 5  m l . ) .  T h e  c o m b in e d  e th e r  e x t r a c t s  w e r e  
w a s h e d  w i th  5 %  s o d iu m  h y d r o x id e  s o lu t io n .  T h e  o rg a n ic  p h a s e  
w a s  d r ie d  w i th  a n h y d r o u s  m a g n e s iu m  s u l f a te ,  f i l te r e d ,  c o n c e n 
t r a t e d  in vacuo a n d  g a v e  4 8 5  m g . ( 9 9 % )  of c r u d e  p r o d u c t .  D i s t i l 
l a t i o n  in  a  m ic ro  d i s t i l l a t io n  a p p a r a t u s  (o il  b a t h  t e m p e r a tu r e ,



1656 M a l l o r y  a n d  V a r im b i V o l . 28

1 1 0 ° , 0 .0 7  m m .)  g a v e  2 6 6  m g . o f  p u r e  p r o d u c t ,  v i n  c m . - 1  

( f i lm ) :  179 0  ( la c to n e ) ,  1740 ( C = 0 ,  e s te r ) .
Anal.' G a lc d . f o r  C u H ig O s: C , 5 9 .4 7 ;  H ,  7 .4 8 . F o u n d :  C , 

5 8 .9 5 ;  H ,  7 .4 0 .
Action of Zinc and Acetic Acid on the Bromination Product of

3-(4,4-Dimethyl-2,6-dioxocyclohexyl)levulinic Acid ( I I ) . — A  m ix 
t u r e  o f 2 7 6  m g . ( 0 .8 3 0  m m o le )  o f I I  a n d  4 2 5  m g . o f  z in c  d u s t  in  10 
m l .  o f g la c ia l  a c e t ic  a c id  w a s  s t i r r e d  f o r  1 .5  h r .  a t  8 0 ° .  A f te r  
f i l t r a t i o n ,  2 5  m l .  o f w a te r  w a s  a d d e d  t o  t h e  f i l t r a te ,  a n d  t h e  m ix 
t u r e  w a s  e x t r a c t e d  w i th  e th e r  (3  X  25  m l . ) .  T h e  c o m b in e d  
e t h e r  e x t r a c t s  w e r e  w a s h e d  w i th  w a te r  (3  X  2 5  m l . )  a n d  th e n  
e x t r a c t e d  w i th  5 %  s o d iu m  b ic a r b o n a te  s o lu t io n  (3  X  2 5  m l . ) .  
T h e  e th e r e a l  l a y e r ,  a f t e r  d r y in g  w i th  m a g n e s iu m  s u l f a te ,  w a s  
e v a p o r a t e d  t o  d r y n e s s  a n d  g a v e  16  m g . ( 8 .2 % )  o f  X ,  m .p .  1 6 7 ° . 
v in  c m . - 1  ( p o ta s s iu m  b r o m id e ) :  1805  ( e n o l l a c to n e ) ,  1645  (a,fi-
u n s a t u r a t e d  k e to n e ) .  T h is  p r o d u c t  w a s  id e n t ic a l  w i th  X  p r e 
p a r e d  b y  a  d i f f e r e n t  m e t h o d . 4 T h e  b ic a r b o n a te  e x t r a c t s  w e re  
a c id if ie d  w i th  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  a n d  e x t r a c t e d  w i th  
e t h e r  (3  X  25  m l . ) .  T h e  c o m b in e d  e th e r  e x t r a c t s  a f t e r  t h e  u s u a l  
p ro c e s s in g  g a v e  101 m g . ( 5 2 .0 % )  of 2 ,6 ,6 - t r im e th y l - 3 - c a r b o x y -  
m e th y l - 4 - o x o - 4 ,5 ,6 ,7 - te t r a h y d r o b e n z o f u r a n  ( X I )  ( m .p .  1 2 5 ° ) ,  
w h ic h  w a s  id e n t i c a l  w i th  t h e  p r o d u c t  p r e v io u s ly  p r e p a r e d  b y  a  
d i f f e r e n t  p r o c e d u r e . 4

Hydrogenolysis of the Bromination Product of 3-(4,4-Dimethyl- 
2,6-dioxocyclohexyl)levulinic Acid (II).— A  m ix tu r e  o f 6 6 6  m g .

( 2 .0 0  m m o le s )  o f I I ,  100  m g . o f m a g n e s iu m  o x id e , a n d  1 5 0  m g .  o f 
5 %  p a l la d iu m -o n - c h a r c o a l  c a t a l y s t  i n  2 0 0  m l .  o f a b s o lu te  e th a n o l  
w a s  h y d r o g e n a te d  a t  a n  i n i t i a l  p r e s s u r e  o f  6 0  p . s . i .  u n t i l  t h e  
th e o r e t i c a l  a m o u n t  o f h y d r o g e n  h a d  b e e n  a b s o r b e d .  A f te r  
f i l t r a t io n ,  t h e  r e a c t io n  m ix tu r e  w a s  c o n c e n t r a t e d  in vacuo t o  1 0  

m l. ,  a n d  t h e  w h i te  s o l id  ( X ) ,  w h ic h  p r e c i p i t a t e d  f r o m  s o lu t io n ,  
w a s  c o l le c te d  b y  f i l t r a t io n ;  t h e  y ie ld  o f  X  w a s  321  m g . ( 6 8 .2 % ) ,  
m .p .  1 6 7 ° . v in  c m . _1 ( p o ta s s iu m  b r o m id e ) :  18 0 5  ( e n o l  l a c to n e ) ,  
1645  ( a , /3 - u n s a tu r a te d  k e to n e ) .  T h is  p r o d u c t  w a s  i d e n t i c a l  in  
a ll  r e s p e c ts  w i th  c o m p o u n d  X  p r e p a r e d  b y  a  d i f f e r e n t  p r o c e 
d u r e . 4

The Lactone of 3-Acetyl-3-(4,4-dimethyl-2,6-dioxo-l-hydroxy- 
cyclohexyl)propionic Acid (XII).— A  s o lu t io n  o f  3 3 3  m g . (1 .0 0  
m m o le )  t h e  b r o m in a t io n  p r o d u c t  o f 3 - (4 ,4 - d im e th y l -2 ,6 - d io x o -  
c y c lo h e x y l) le v u l in ic  a c id  ( I I )  a n d  5 0  m g . o f  m a g n e s iu m  o x id e  i n  
100  m l. i n  9 5 %  e th a n o l  w a s  s t i r r e d  f o r  2 .5  h r .  a n d  a l lo w e d  t o  
s t a n d  o v e r n ig h t .  T h e  s o lu t io n  w a s  f i l te r e d  t o  r e m o v e  e x c e s s  
m a g n e s iu m  o x id e . T h e  f i l t r a t e  w a s  c o n c e n t r a t e d  t o  5 0  m l .  in 
vacuo, c h i l le d , a n d  t h e  w h i te  s o lid  p r o d u c t  w h ic h  p r e c i p i t a t e d  w a s  
r e m o v e d  b y  f i l t r a t io n ;  y ie ld ,  1 67  m g . ( 6 6 .2 % ) ,  m .p .  2 1 2 ° .  S u b 
l im a t io n  f ro m  a n  o il b a t h  a t  1 3 0 °  (0 .1  m m .)  g a v e  t h e  a n a ly t i c a l  
m a te r ia l ,  m .p .  2 1 0 ° .  v in  c m . - 1  ( p o ta s s iu m  b r o m id e ) :  17 9 0  
( l a c to n e ) ,  1745  a n d  1720  ( C = 0 ) .

Anal. C a lc d .  fo r  C 13H i 60 5: C ,  6 1 .8 9 ;  H ,  6 .3 9 .  F o u n d :  C , 
6 2 .0 5 ;  H ,  6 .5 8 .
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T r e a t m e n t  o f  e i t h e r  2 ,4 -  o r  2 ,3 - d in i t r o a n i l in e  in  a lk a l in e  m e th a n o l  s o lu t io n  a t  5 0 °  w i th  a q u e o u s  s o d iu m  h y p o 
c h lo r i te  g iv e s  r is e  t o  a n  u n u s u a l  s u b s t i t u t io n  r e a c t io n  w h ic h  p r o c e e d s  b y  w a y  o f  t h e  c o r re s p o n d in g  n i t r o b e n z o -  
f u r a z a n  o x id e  a s  a n  i n t e r m e d ia t e .  T h e  p r o d u c t  i n  e a c h  c a s e  i s  a  c h lo r o m e th o x y b e n z o fu r a z a n  o x id e  i i i  w h ic h  
t h e  n i t r o  g ro u p  in  t h e  n i t r o b e n z o f u r a z a n  o x id e  in t e r m e d ia t e  h a s  b e e n  r e p la c e d  b y  a  c h lo ro  g r o u p  a n d  a n  a d j a c e n t  
r in g  h y d r o g e n  in  t h i s  i n t e r m e d ia t e  h a s  b e e n  r e p la c e d  b y  a  m e th o x y  g r o u p .  A n  a n a lo g o u s  r e a c t io n  t a k e s  p la c e  
w i t h  e a c h  o f  t h e  tw o  n i t r o b e n z o f u r a z a n s .  T h e  s t r u c t u r e s  o f  t h e  c h lo r o m e th o x y  p r o d u c t s  w e re  p r o v e d  b y  s p e c 
t r a l  a n d  c h e m ic a l  m e a n s . A  m e c h a n is m  fo r  t h i s  r e a c t io n  i s  s u g g e s te d .

In 1912 Green and Rowe reported4 that 2,4-dinitro- 
aniline Underwent an unexpectedly complex reaction 
when it was treated in alkaline methanol solution at 
50° with aqueous sodium hypochlorite. Such treat
ment constitutes a well known method for the prepara
tion of benzofurazan oxides from o-nitroanilines ; how
ever, the product from 2,4-dinitroaniline was found not 
to be the corresponding nitrobenzofurazan oxide but 
rather a chloromethoxybenzofurazan oxide. The 
chloro and methoxy groups were formulated by Green 
and Rowe as having the positions relative to the hetero
cycle which are indicated in structure I ,5 although the 
structural evidence consisted only in satisfactory 
analyses for N, Cl, and CH30  and also the observations

O

(1) P a r t  I I :  F . B . M a llo ry  a n d  C . S. W ood , J .  O r g .  C h e m . ,  27 , 4109 
(1962).

(2) P re se n te d  befo re  th e  O rgan ic  D iv is ion  a t  th e  144 th  N a tio n a l M ee tin g  
of th e  A m erican  C hem ica l S ocie ty , L os A ngeles, C alif., A p ril, 1963.

(3) N a tio n a l S cience F o u n d a tio n  C o o p e ra tiv e  G ra d u a te  Fellow , 1960- 
1961.

(4) A . G . G reen  a n d  F . M . R ow e, J .  C h e m .  S o c . .  101, 2452 (1912).
(5) T h e  fu ra z a n  ox ide s tru c tu re  fo r m olecules in  th is  fam ily  a n d  th e  l a  ^  

l b  ty p e  of e q u ilib ra tio n  b y  w ay  of o -d in itro sobenzenes  h av e  b ee n  dem on
s t r a te d  b y  re c e n t w ork . (See ref. 1 fo r p e r t in e n t  references.)

that the compound underwent several reactions typical 
of furazan oxides.

The use of ethanol in place of methanol in hypo
chlorite oxidation of 2,4-dinitroaniline was found4 to 
give a chloroethoxybenzofurazan oxide whose structure 
was formulated on similar grounds to be analogous to I.

There appears to be only one other mention in the 
literature of this unusual type of substitution reaction 
in which an aromatic nitro group and a ring hydrogen 
are replaced by chloro and alkoxy groups; in 1958 
Dyall and Pausacker reported6 that treatment of 2,3- 
dinitroaniline in alkaline ethanol with aqueous sodium 
hypochlorite gave a product which they formulated 
solely on the basis of analyses for C, H, and Cl as X- 
chloro-4-ethoxybenzofurazan oxide.

We have reinvestigated these reactions and have 
found that in each case the structure which previously 
was assigned4'6 to the product is incorrect. Thus, 
we have established that the product from 2,4-dinitro
aniline in methanol has structure II and thè product 
from 2,3-dinitroaniline in methanol has structure III. 
I t is suggested that in substituted benzofurazan oxides 
of this sort steric compression of the exocyclic oxygen 
and the adjacent substituent on the six-membered ring 
may destabilize significantly the configurations such as 
Ila  and Ilia  so that the equilibrium mixture would con
tain predominantly the configurations such as lib  and

(6) L . K . D y a ll a n d  K . H . P au sa c k e r , A u s t r a l i a n  J .  C h e m . ,  11, 491 
(1958).
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C H ; ¿ f tm  Ic i

Ilia

Illb  in which such steric strain would not be so severe. 
Thus, to simplify the nomenclature in the present work 
these two products will be designated as 5-chloro-4- 
methoxybenzofurazan oxide (lib) and 4-chloro-5- 
methoxybenzofurazan oxide (Illb), respectively.

The proof that the product melting at 80.6-82.0°, 
which was obtained from the reaction first described 
by Green and Rowe, has structure II is based on both 
spectral and chemical evidence. Thus, this product 
was shown to be a furazan oxide by the characteristic 
peaks in the 6-7-g region in its infrared spectrum and 
also by catalytic hydrogenation to give a compound 
with properties of an o-phenylenediamine; this di
amine, which is formulated as 4-chloro-3-methoxy-l,2- 
phenylenediamine (IV), was characterized by its con
version to a quinoxaline derivative (V) by treatment 
with benzil and also by its conversion to a diacetyl 
derivative (VI). Both V and VI gave analyses for C, 
H, Cl, N, and CH30  in excellent agreement with the ex
pected values. Further evidence that II is a furazan 
oxide was obtained by its reduction with copper powder 
in ethanol containing concentrated hydrochloric acid 
to give a compound shown by its infrared spectrum and 
elemental analyses to be a nitroaniline which was for
mulated as 3-chloro-2-methoxy-6-nitroaniline (VII); 
this type of reduction is characteristic of benzofurazan 
oxides.7 Finally, hypochlorite oxidation of this pre
sumed o-nitroaniline VII regenerated II.

All of the structural evidence given thus far is con
sistent with the formulation of the furazan oxide as II 
and the nitroaniline derived from II as VII but it would 
also be consistent with the formulation of the furazan 
oxide as I and the nitroaniline as 5-chloro-4-methoxy- 
2-nitroaniline. These two possibilities were . distin
guished by the proton n.m.r. spectrum of the furazan 
oxide which showed the resonance pattern for the ring 
protons to be that of an AB system with a coupling 
constant of 9.5 c.p.s. This value is typical8 for adjacent 
aromatic protons regardless of other neighboring sub
stituents and is an order of magnitude greater than the 
value that is characteristic8 for para ring protons; thus, 
the validity of structure II as opposed to structure I 
for the furazan oxide is established.

Further proof that structure II is correct was pro
vided by chemical means. The nitroaniline VII was 
converted to 2,6-dichloro-3-nitroanisole (IX) .by a 
Sandmeyer reaction. Several attempts at. reduction 
of IX followed by diazotization and deamination to 
give 2,6-dichloroanisole failed to yield any useful 
product; therefore, the more lengthy process of inde
pendent synthesis of IX was carried out as is shown. 
Commercially available 2,6-dichloro-4-nitrophenol was 
methylated and the resulting 2,6-dichloro-4-nitroanisole 
was reduced and subsequently acetylated to give 4- 
acetamido - 2,6 - dichloroanisole (X). Mononitra
tion of X gave 4-acetamido-2,6-dichloro-3-nitroanisole 
(XI) which was hydrolyzed to give 4-amino-2,6-di- 
chloro-3-nitroanisole (XII); both XI and XII were 
found to have infrared spectra and elemental analyses 
in agreement with the assigned structures. Deamina
tion of XII gave IX.

N 0 2 C H a C O N H

h n o 3
h 2so 4

N .C6H5

C l "  " Y  ' N ^ C e H s  

C H 30

V

, N H C O C H sXXC l ^ T ^ N H C O C H a

C H ;,0

VI

Deamination of VII by diazotization and subsequent 
treatment with hypophosphorous acid gave 2-chloro-5- 
nitroanisole (VIII); the identity of VIII was es
tablished by comparison with an authentic sample of 
this known compound which had been synthesized 
from commercially available 2-amino-5-nitroanisole by 
a Sandmeyer reaction.

(7) J. H. Boyer, R. F. Reiniach, M. J. Danzig, G. A. Stoner, and F.
Safahar, J . A m . Ckem. Soc., 77, 5688 (1955).

1. H N 02
2. h 3p o 2

h 2so 4
h 2o

C H 3C O N H

XI

The structure of the furazan oxide, melting at 136.2- 
137.2° which was obtained from the hypochlorite oxida
tion of 2,3-diriitroaniline in .methanol, was readily es
tablished to be III. The method of synthesis, the 
elemental analyses, and the characteristic peaks in the

(8) (a) H . jOs. G u to w sk y , C . H . H olm , A. S a ik a , a n d  G . A . W illiam s, i b i d . ,  

79 , 4596 (1£&7); (b) R . E . R ic h a rd s  a n d  T . P . S chaefe r, T r a n s .  F a r a d a y  S o c . ,  

64V 1280 ':® t958); (c) J .  B . L ean e  a n d  R . E . R ic h a rd s , i b i d . ,  65 , 707 (1959).
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infrared spectrum of this product indicate that it is a. 
chloromet.hoxybenzofurazan oxide. The preton n.m.r. 
spectrum of this compound exhibits an AB resonance 
pattern for the ring protons with a coupling constant of 
9.5 c.p.s. which demonstrates that these two protons are 
on adjacent ring carbons.8 Reduction of this furazan 
oxide with copper powder and hydrochloric acid in 
ethanol gave a product characterized by its infrared 
spectrum and elemental analyses as a nitroaniline and 
formulated as 2-chloro-3-ethoxy-6-nitroaniline (XIII); 
the exchange of the methoxy group for an ethoxy group 
under these reaction conditions presumably is due to 
the influence of the para nitro group in XIII. De
amination of X III gave 2-chloro-4-nitrophenetole as 
shown by comparison with an authentic sample of this 
known compound which had been synthesized by ethyla
tion of commercially available 2-chloro-4-nitrophenol. 
That X III is an o-nitroaniline was shown by its con
version to a furazan oxide by hypochlorite oxidation; 
this compound is formulated as 4(7)-chloro-5(6)~ 
ethoxybenzofurazan oxide (XIV) and agrees in melting 
point with the compound obtained6 from the hypo
chlorite oxidation of 2,3-dinitroaniline in ethanol. 
The only structure for the furazan oxide, melting at 
136.2-137.2°, which is in accord with all of these ob
servations is III.

O

f r S
c H 3 0 '> y ' ' ' N
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M b
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C 2H 5( T  Y  "N  
C l
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We have shown from two lines of evidence that the 
substitution reactions leading to II and III are not 
reactions characteristic of the dinitroanilines them
selves, but rather proceed by way of the corresponding 
nitrobenzofurazan oxides which are presumed to be 
formed by hypochlorite oxidation of the dinhroanilines 
under the reaction conditions. Thus, 5(6)-nitrobenzo- 
furazan oxide (XV), synthesized independently by

O
t

X V b

X V I b

hypochlorite.9 Furthermore, no chloromethoxy prod
ucts were observed from any of the several compounds 
related to 2,4-dinitroaniline but having structural 
modifications that precluded furazan oxide formation 
which have been subjected to the conditions of this 
substitution reaction; the compounds investigated 
were V-methyl-2,4-dinitroaniline, 2,4-dinitro-W-phenyl- 
aniline, 2,2,,4,4:,-tetranitrodiphenylamine, 2,4-dinitro- 
phenol, and m,-dinitrobenzene.

In accord with the presumption that this substitution 
reaction is not a general one for aromatic nitro com
pounds but rather depends on the presence of the 
heterocycle it was found that the nitrobenzofurazans 
also undergo this reaction: 5-nitrobenzofurazan (XVII), 
a new compound prepared by deoxygenation of the re
lated furazan oxide XV with triphenylphosphine,10 gave 
5-chloro-4-methoxybenzofurazan (XVIII); and 4-nitro- 
benzofurazan (XIX) gave 4-chloro-5-methoxybenzo- 
furazan (XX). The structures of XVIII and XX w-ere 
proved by comparison in each case with a sample which 
had been obtained by deoxygenation with triphenyl
phosphine of the corresponding furazan oxide II or III, 
respectively.
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The most satisfactory mechanism that we have been 
able to devise for this type of substitution reaction is 
presented for the case of the reaction of 5-nitro- 
benzofurazan (XVII). The postulate of the reversible

C H 3O e  +  X V I I CIO ©

L I  p  +  n o 2© +  o h

C l ^ ^ N

e

o c h 3

X V I I I

formation of the adduct of XVII and methoxide ion is 
reasonable by analogy with other systems11; the fura
zan ring would help accommodate the negative charge in 
this adduct, for which structure XXI is only one of the 
possible resonance forms. It is suggested that hypo
chlorite ion could react with XXI to give XVIII, 
nitrite ion, and hydroxide ion in a concerted process by 
way of a five-membered cyclic transition state in-

pyrolysis of 2,4-dinitrotriazobenzene, and 4(7)-nitro- 
benzofurazan oxide (XVI), synthesized independently 
by nitration of benzofurazan oxide, were found to be 
Converted to the corresponding chloromethoxybenzo
furazan oxides II and III, respectively, by treatment 
in alkaline methanol solution with aqueous sodium

(9) T h e  in s ta b ili ty  of b o th  X V  a n d  X V I in  a lk a lin e  so lu tio n  n e c e ss i ta te d  
ca rry in g  o u t  th e se  re a c tio n s  b y  s im u ltan e o u s  a d d itio n  of th e  fu ra z a n  ox id e  
a n d  th e  h y p o ch lo rite  so lu tio n  to  h o t a lk a lin e  m e th a n o l;  also , th is  m e th o d  
w as chosen  in  o rd e r  to  ap p ro x im a te  th e  reac tio n  c o n d itio n s  u n d e r  w h ich  XV 
a n d  X V I a re  p re su m e d  to  b e  g en e ra ted  i n  s i t u  from  th e  co rre sp o n d in g  d in i tro -  
an ilin e s. R ea c tio n s  ca rried  o u t  in th is  w ay  g av e  v a r ia b le  y ie ld s  ow ing  ter 
d ifficu lties in  rep ro d u c in g  th e  te ch n iq u e  ex a c tly .

(10) G . E n g le r t  a n d  H. P r in z b a c h , Z .  N a t u r f o r s c h . ,  1 7 b , 4 (1962):
(11) J ,  M eisen h e im er, A n n . ,  323, 205 (1902)*
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volviog synchronous attack of the chlorine of the hypo
chlorite ion on C-5 and of the oxygen of the hypo
chlorite ion on the hydrogen attached to C-4 with con
comitant aromatization of the six-membered ring and 
expulsion of nitrite ion. An analogous mechanism in
volving attack of hypochlorite ion on the adduct XXII 
that is shown is proposed as a plausible path from 4-

C H :

H N02 

XXII

nitrobenzofurazan (XIX) to 4-chloro-5-methoxybenzo- 
furazan (XX). Similar mechanisms are suggested 
for the corresponding reactions of the nitrobenzo
furazan oxides XV and XVI to give the chloromethoxy- 
benzofurazan oxides II and III, respectively.

In the absence of specific evidence for the existence 
of more than one mechanism for this unusual type of 
substitution reaction it is reasonable on simplicity 
grounds to reject as a working hypothesis any mech
anism which can be demonstrated not to be applicable 
to all four examples of this reaction (involving the 4- 
and 5-nitrobenzofurazans and the two corresponding 
nitrobenzofurazan oxides) which have been found to 
date. On this basis a mechanism involving cine-sub
stitution of a methoxy group for a nitro group12 followed 
by electrophilic chlorination ortho to the methoxy 
group can be excluded since 5(6)-methoxybenzofurazan 
oxide has been found not to undergo chlorination to 
give the chloromethoxy compound III under the condi
tions that III is formed from 4(7)-nitrobenzofurazan 
oxide. Similarly, mechanisms involving initial re
placement of the nitro group by a chloro group can be 
discarded since 5(6)-chlorobenzofurazan oxide has been 
found not to give the chloromethoxy compound II 
under the conditions that II is formed from 5(6)-nitro- 
benzofurazan oxide.

Experimental13 14
S-Chloro-4-methoxybenzofurazan Oxide (II) from 2,4-Dinitro- 

aniline.— T h e  d e e p  r e d  s o lu t io n  o b ta in e d  b y  d is s o lv in g  0 .9 2  g . 
( 0 .0 0 5  m o le )  o f  2 ,4 - d im t r o a n i l in e  a n d  1 .0  g .  ( 0 .0 1 5  m o le )  o f 
p o ta s s iu m  h y d r o x id e  i n  5 0  m l .  o f  m e th a n o l  w a s  h e a t e d  a t  4 8 -  
5 0 °  a n d  s t i r r e d  m a g n e t ic a l ly  d u r in g  t h e  a d d i t i o n  o v e r  a  p e r io d  o f 
5 m in .  o f  8 0  m l .  o f  a n  a q u e o u s  s o lu t io n  (ca. 5 % )  o f  s o d iu m  h y p o 
c h lo r i te .15 T h e  r e s u l t in g  y e l lo w  s o lu t io n  w a s  m a in t a in e d  a t  
4 8 - 5 0 °  fo r  a n  a d d i t i o n a l  2 m in .  a n d  t h e n  w a s  c o o le d  r a p id ly  u s in g  
a n  ic e  b a t h  t o  g iv e  a  p r e c i p i t a t e  w h ic h  w a s  c o l le c te d  b y  s u c t io n  
f i l t r a t io n .  T h is  c r u d e  s o lid  w a s  s u b l im e d  t o  g iv e  0 .6 4  g .  ( 6 3 % )  
o f  b r i g h t  y e llo w  5 -c h lo ro - 4 - m e th o x y b e n z o fu r a z a n  o x id e  ( I I ) ,  
m .p .  8 0 .6 - 8 2 .0 °  ( l i t . 4 m .p .  8 0 ° ) .  T h e  y ie ld s  w e re  m u c h  lo w e r  
( c a . 3 0 % )  f ro m  r e a c t io n s  c a r r ie d  o u t  o n  t w e n t y  t im e s  t h i s  s c a le .

T h e  6 0 -M c . p r o to n  n . m . r .  s p e c t r u m 16 o f  I I  in  c a r b o n  t e t r a 
c h lo r id e  s o lu t io n  w i th  t e t r a m e th y l s i l a n e  a s  a n  i n t e r n a l  s t a n d a r d

(12) A n  ex am p le  of su ch  a  reac tio n , th e  co n v e rs io n  of 2 ,3 -d in i tro n a p h th a -  
lene  t o  l -m e th o x y -3 -n i tro n a p h th a le n e  b y  t r e a tm e n t  w ith  sod ium  m eth o x id e  
in  m e th an o l a t  4 5°, h a s  b ee n  re p o r te d  b y  D . C . M o rriso n , J .  O r g .  C h e m . ,  

27, 296 (1962).
(13) A ll m e ltin g  p o in ts  a re  u n c o rre c te d . A n aly ses  w ere perfo rm ed  

b y  G a lb ra i th  L a b o ra to r ie s , In c ., K nox v ille , T e n n . In f ra re d  sp e c tra  w ere 
o b ta in e d  w ith  a  P e rk in -E lm e r  In fra c o rd  s p e c tro p h o to m e te r . S u b lim atio n s  
w ere ca rr ie d  o u t a t  a  p re ssu re  of a b o u t  0.0S m m . u s ing  a n  a p p a ra tu s  d e 
scribed  e lsew h ere .11

(14) F. B. M allo ry , J. C h e m .  E d u c . ,  39 , 261 (1962).
(15) T h e  aq u e o u s  so d iu m  h y p o ch lo r ite  so lu tio n  u sed  in  a ll of o u r  w ork  

w as th e  com m ercia l p ro d u c t “ C lo ro x ."
(16) T h is  sp e c tru m  w as o b ta in e d  w ith  a  V a rian  H R -6 0  s p e c tro m e te r

th ro u g h  th e  c o u rte sy  of M h  E . A n d erso n  of th e  B ell T e lep h o n e  L a b o ra 
to ries , M u rra y  H illi N . i t

s h o w e d  a  s in g le t  f o r  t h e  m e th o x y  g r o u p  p r o to n s  w i th  t =  5 .4 7  
a n d  a n  A B  q u a r t e t  fo r  t h e  r in g  p r o to n s  w i th  t h e  r e s o n a n c e  o f  th e  
A  p r o to n  c e n te r e d  a t  r  =  2 .7 2  a n d  th e  r e s o n a n c e  o f  t h e  B  p r o to n  
c e n te r e d  a t  t  =  2 .8 6  w i th  a  c o u p l in g  c o n s t a n t  o f  9 .5  e .p . s .

Hydrogenation of 5-Chloro-4-methoxybenzofurazan Oxide (II). 
— A  s o lu t io n  o f  1 0 .0  g .  ( 0 .0 5 0  m o le )  o f  I I  i n  1 00  m l .  o f  e th y l  
a c e t a t e  w a s  s h a k e n  f o r  21 h r .  w i th  0 .1  g . o f  p l a t i n u m  d io x id e  in  a  
P a r r  a p p a r a t u s  u n d e r  a n  i n i t i a l  p r e s s u r e  o f  3 0  p . s . i .  o f  h y d r o g e n .  
T h e  c a t a l y s t  w a s  r e m o v e d  b y  g r a v i t y  f i l t r a t i o n  u n d e r  a  n i t ro g e n  
a tm o s p h e r e  a n d  t h e  f i l t r a t e  w a s  d iv id e d  in to  th r e e  p o r t io n s .

A  1 0 -m l. p o r t io n  o f  t h e  f i l t r a t e  w a s  e v a p o r a t e d  t o  d r y n e s s  u n d e r  
r e d u c e d  p r e s s u r e  a n d  t h e  r e s id u e  w a s  s u b l im e d .  R e c r y s ta l l iz a 
t i o n  o f t h e  s u b l im a te  f ro m  w a te r  u n d e r  a  n i t r o g e n  a tm o s p h e r e  
g a v e  g r a y  c r y s t a l s  o f  4-chloro-3-methoxy-l,2-phenyIenediamine
(IV), m .p .  4 9 - 5 1 ° .

A  s e c o n d  1 0 -m l. p o r t io n  o f  t h e  o r ig in a l  f i l t r a t e  w a s  a d d e d  t o  a  
s o lu t io n  o f  1 .0  g . ( 0 .0 0 5  m o le )  o f  b e n z i l  in  100  m l .  o f g la c ia l  a c e t ic  
a c id  a n d  th e  r e s u l t in g  s o lu t io n  w a s  r e f lu x e d  f o r  3 0  m in .  T h e  
e t h y l  a c e t a t e  w a s  r e m o v e d  b y  d i s t i l l a t io n  a n d  t h e  r e m a in in g  
d a r k  c o lo re d  s o lu t io n  w a s  p o u r e d  i n t o  5 0 0  m l .  o f  i c e - w a te r .  
T r e a t m e n t  o f  t h e  r e s u l t in g  tu r b id  m ix tu r e  w i th  d i l u t e  h y d r o 
c h lo r ic  a c id  g a v e  a  p r e c i p i t a t e  w h ic h  w a s  c o l le c te d  b y  s u c t io n  
f i l t r a t io n  a n d  s u b l im e d .  T w o  r e e r y s ta l l i z a t io n s  o f  t h e  s u b l im a te  
f ro m  m e th a n o l  g a v e  0 .1 0  g .  o f  w h i t e ,  c r y s t a l l i n e  6-chloro-5- 
methoxy-2,3-diphenylquinoxaline (V), m . p .  1 3 7 .2 - 1 3 7 .5 ° .

Anal. C a lc d .  fo r  C 2iH 15C 1N 20 :  C ,  7 2 .7 3 ;  H ,  4 .3 6 ;  C l, 
1 0 .2 2 ; N ,  8 .0 8 ;  C H sO , 8 .9 5 .  P o u n d :  C ,  7 2 .5 6 ;  H ,  4 .2 5 ;  
C l ,  1 0 .4 1 ; N ,  7 .9 2 ;  C H sO , 8 .9 9 .

T h e  s o lv e n t  f ro m  t h e  r e m a in in g  p o r t io n  o f  t h e  o r ig in a l  f i l t r a t e  
w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  t o  g iv e  a  d a r k  r e d  o il  w h ic h  
w a s  d is s o lv e d  b y  t h e  a d d i t i o n  o f  2 0 0  m l .  o f  w a te r  a n d  3  m l.  
( 0 .0 3 6  m o le )  o f  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id .  T h is  s o lu t io n  
w a s  s t i r r e d  m a g n e t ic a l ly  a n d  t r e a t e d  a t  r o o m  t e m p e r a tu r e  w i th  
16  g . ( 0 .1 6  m o le )  o f  a c e t ic  a n h y d r id e  fo llo w e d  b y  8  g . ( 0 .1 0  m o le )  
o f  s o d iu m  a c e t a t e ;  t h r e e  8 -g . p o r t io n s  o f  a c e t ic  a n h y d r id e  w e re  
a d d e d  d u r in g  t h e  s u b s e q u e n t  2  h r .  T h e  p r e c i p i t a t e  w a s  c o l
l e c te d  b y  s u c t io n  f i l t r a t i o n  a n d  s u b l im e d  t o  g iv e  5 .8  g .  o f A 'J V '-  
diacetyl-4-chloro-3-methoxy-l,2-phenylenediamine (VI), m .p .
2 0 9 .4 - 2 1 0 .0 ° .  F iv e  r e e r y s ta l l i z a t io n s  f ro m  9 5 %  e th a n o l  g a v e  
w h i te  c r y s t a l s  o f  V I  m e l t in g  a t  2 0 9 .6 - 2 1 0 .0 ° .

Anal. C a lc d .  f o r  C n H i3C lN 20 3: C ,  5 1 .4 7 ;  H ,  5 .1 0 ;  C l ,  
1 3 .8 1 ; N ,  1 0 .9 1 ; C H sO , 1 2 .0 9 . F o u n d :  C ,  5 1 .6 2 ;  H ,  5 .2 3 ;  
C l ,  1 3 .8 4 ; N ,  1 0 .9 2 ; C H 30 ,  1 2 .1 8 .

3-Chloro-2-methoxy-6-nitroaniline (VII).— T h e  r e d u c t io n  o f  I I  
w a s  a c c o m p lis h e d  b y  a  m e th o d  p r e v io u s ly  d e s c r ib e d .!  T o  a  
s o lu t io n  o f  2 0 .0  g .  (0 .1 0  m o le )  o f  I I  in  5 0 0  m l .  o f  9 5 %  e th a n o l  
w a s  a d d e d  9 .5  g .  (0 .1 5  g . - a to m )  o f  c o p p e r  p o w d e r  a n d  2 0  m l .  o f 
c o n c e n t r a t e d  h y d r o c h lo r ic  a c id .  T h e  m ix tu r e  w a s  h e a t e d  u n d e r  
r e f lu x  a n d  s t i r r e d  m a g n e t ic a l ly  f o r  2 4  h r .  a f t e r  w h ic h  i t  w a s  c o n 
c e n t r a t e d  t o  a b o u t  3 5 0  m l .  a n d  f i l te r e d  b y  g r a v i t y  t o  r e m o v e  in 
o rg a n ic  m a te r i a l .  T h e  f i l t r a t e  w a s  t r e a t e d  w i th  15 0  m l .  o f  2 5 %  
a q u e o u s  s o d iu m  h y d r o x id e  s o lu t io n  a n d  t h e  r e s u l t i n g  m ix tu r e  
w a s  r e f lu x e d  f o r  2  h r .  a n d  th e n  t h e  h o t  m ix tu r e  w a s  f i l te r e d  b y  
g r a v i t y .  T h e  f i l t r a t e  w a s  r e f r i g e r a t e d  fo r  10  h r .  a n d  th e  p r e c ip 
i t a t e  w a s  c o l le c te d  b y  s u c t io n  f i l t r a t i o n  a n d  s u b l im e d  t o  g iv e
1 1 .6  g .  ( 5 7 % )  o f  o r a n g e  c r y s t a l s  o f  3 -c h lo ro -2 -m e th o x y * 6 -n i t ro -  
a n i l in e  ( V I I )  w i th  m .p .  8 6 .0 - 8 7 .4 ° .  F o u r  r e e r y s ta l l i z a t io n s  
f ro m  9 5 %  e th a n o l  g a v e  a  s a m p le  o f  V I I  w i t h  m . p .  8 7 .2 - 8 7 .6 ° .

Anal. C a lc d .  fo r  C 7H 7C 1N 20 3: C ,  4 1 .5 0 ;  H ,  3 .4 8 ;  N ,
1 3 .8 3 . F o u n d :  C ,  4 1 .5 4 ;  H ,  3 .4 4 ;  N ,  1 3 .6 5 .

5-Chloro-4-methoxybenzofurazan Oxide (II) from 3-Chloro-2- 
methoxy-6-nitroaniline (VII).— T h e  r e d  s o lu t io n  p r e p a r e d  b y  
h e a t in g  1 .0  g .  ( 0 .0 0 5  m o le )  o f  V I I  a n d  0 .3  g . ( 0 .0 0 5  m o le )  o f 
p o ta s s iu m  h y d r o x id e  in  2 5  m l .  o f  9 5 %  e th a n o l  w a s  c o o le d  t o  0 °  
u s in g  a n  i c e - s a l t  b a t h .  T h e  r e a c t io n  t e m p e r a t u r e  w a s  m a in ta in e d  
a t  0 °  d u r in g  t h e  s lo w  a d d i t io n  o f  5 0  m l .  o f  a q u e o u s  s o d iu m  h y p o 
c h lo r i te  s o lu t io n .16 A  r e d  g u m m y  m a t e r i a l  w a s  r e m o v e d  b y  
s u c t io n  f i l t r a t i o n  a n d  s u b l im e d  t o  g iv e  0 .1 0  g .  ( 1 0 % )  o f  y e llo w  
c r y s ta l s  m e l t in g  a t  6 8 .5 - 7 4 .0 ° .  T h is  m a t e r i a l  w a s  id e n t i f ie d  a s  
I I  b y  c o m p a r is o n  o f  i t s  i n f r a r e d  s p e c t r u m  w i th  t h a t  o f  t h e  m a 
t e r i a l  o b t a in e d  b y  h y p o c h lo r i te  o x id a t io n  o f  2 ,4 - d in i t r o a n i l in e  a s  
d e s c r ib e d  a b o v e .

2-Chloro-5-nitroanisole (VIII).— T h e  d e a m in a t io n  o f  VII w a s  
c a r r ie d  o u t  b y  a  p r o c e d u r e  p r e v io u s ly  r e p o r t e d .17 A  s o lu t io n  o f
1.0 g .  (0.005 m o le )  o f  VII i n  15 m l.  o f  g la c ia l  a c e t i c  a c id  w a s  
a d d e d  s lo w ly  t o  a  m a g n e t ic a l ly  s t i r r e d  s o lu t io n  o f  0.4 g .  (0.000 
m o le )  o f  s o d iu m  n i t r i t e  in  3 m l .  o f  c o n c e n t r a te d  s u lf u r ic  a c id , 
m a in ta in e d  a t  0-5°, u s in g  a n  i c e - s a l t  b a t h .  T o  th i s  c o ld  s o lu t io n

(17) H. H* Hodgson and Walker, J j Gfwmi S o a j 1680 (1983).
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w a s  a d d e d  7  m l .  ( 0 .0 6 7  m o le )  o f  5 0 %  a q u e o u s  h y p o p h o s p h o r o u s  
a c id .  T h e  r e s u l t in g  m ix tu r e  w a s  s t i r r e d  f o r  o n e  a d d i t i o n a l  h o u r  
a t  0 - 5 °  a n d  t h e n  a l lo w e d  t o  s t a n d  a t  ro o m  t e m p e r a tu r e  fo r  24  
h r .  T h e  m ix tu r e  w a s  d i lu te d  w i th  w a te r  t o  100  m l .  a n d  th e  
y e l lo w  s o lid  w a s  c o l le c te d  b y  s u c t io n  f i l t r a t io n  a n d  w a s h e d  w i th  
5 0  m l .  o f  2 0 %  a q u e o u s  s o d iu m  h y d r o x id e  s o lu t io n  fo llo w e d  b y  
s e v e r a l  p o r t io n s  o f  w a t e r .  S u b l im a t io n  o f  t h e  c r u d e  p r o d u c t  
g a v e  0 .7 0  g .  ( 7 6 % )  o f  2 -c h lo ro -5 -n it ro a n is o le  ( V I I I ) ,  m . p .  8 1 .0 -  
8 1 .8 ° .  T h r e e  r e c r y s ta l l i z a t io n s  f ro m  9 5 %  e th a n o l  g a v e  0 .6 0  g ,  
( 6 5 % )  o f V I I I  w i th  m .p .  8 1 .8 - 8 2 .5 °  ( l i t . 18 m .p .  8 3 ° ) .

A  s o lu t io n  p r e p a r e d  b y  h e a t in g  3 .4  g . ( 0 .0 2 0  m o le )  o f  2 - m e th -  
o x y - 4 -n i t r o a n i l in e ,  10  m l .  o f  c o n c e n t r a te d  h y d r o c h lo r ic  a c id ,  a n d  
10  m l .  o f  w a te r  w a s  c o o le d  to  0 °  u s in g  a n  i c e - s a l t  b a t h .  T o  th is  
c o ld  m ix tu r e  w a s  a d d e d  slow dy a  s o lu t io n  o f  1 .6  g .  ( 0 .0 2 3  m o le )  of 
s o d iu m  n i t r i t e  in  3 m l .  o f w a t e r .  T h e  r e s u l t in g  d ia z o n iu m  c h lo 
r id e  s o lu t io n  w a s  th e n  a d d e d  c a u t io u s ly  t o  a  c o ld  s o lu t io n  o f 2 .0  
g .  ( 0 .0 2 0  m o le )  o f  c u p r o u s  c h lo r id e  in  15 m l .  o f  c o n c e n t r a t e d  
h y d r o c h lo r ic  a c id .  W h e n  th e  g a s  e v o lu t io n  h a d  s u b s id e d  th e  
m ix tu r e  w a s  w a r m e d  t o  ro o m  t e m p e r a tu r e  a n d  d i lu t e d  t o  4 0 0  m l. 
w i th  w a t e r .  T h e  p r e c i p i t a t e  w a s  c o l le c te d  b y  s u c t io n  f i l t r a t io n ,  
w a s h e d  w i th  1 0 %  a q u e o u s  s o d iu m  h y d r o x id e  s o lu t io n ,  a n d  s u b 
l im e d  t o  g iv e  2 .4  g .  ( 6 9 % )  o f  2 - c h lo ro - 5 -n it ro a n is o le ,  ( V I I I ) ,  
m .p .  8 1 .0 - 8 2 .6 ° .  A f te r  tw o  r e c r y s ta l l i z a t io n s  f ro m  9 5 %  
e th a n o l  t h i s  s a m p le  o f  V I I I  m e l te d  a t  8 2 .4 - 8 3 .0 °  ( l i t . 18., m .p .  
8 3 ° ) .  C o m p a r is o n  o f in f r a r e d  s p e c t r a  a n d  a  m ix tu r e  m e lt in g  
p o i n t  d e t e r m in a t io n  s h o w e d  th i s  m a t e r i a l  t o  b e  id e n t i c a l  w i th  
t h a t  o b t a in e d  b y  d e a m in a t io n  o f  3 -c h lo ro - 2 - m e th o x y - 6 - n i t r o a n i -  
l in e  ( V I I )  a s  d e s c r ib e d .

2 ,6 - D ic h lo ro - 4 - n i t r o a n is o le .— A  p r e v io u s ly  d e s c r ib e d  m e th o d 19 
w a s  e m p lo y e d .  A  s u s p e n s io n  p r e p a r e d  f ro m  1 0 .4  g . ( 0 .0 5 0  m o le )  
o f  2 ,6 - d ic h lo ro -4 ~ n itro p h e n o l ,  20  m l .  (4 6  g . ,  0 .3 2  m o le )  o f  m e th y l  
io d id e ,  2 7  g .  (0 .2 0  m o le )  o f  a n h y d r o u s  p o t a s s iu m  c a r b o n a t e ,  a n d  
8 0  m l .  o f a c e to n e  w a s  h e a t e d  u n d e r  re f lu x  fo r  6 h r .  a n d  w a s  th e n  
a l lo w e d  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  12 h r .  T h e  r e a c t io n  
m ix tu r e  w a s  e v a p o r a t e d  to  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  a n d  
t h e  r e s id u e  w a s  t r e a t e d  w i th  100  m l. o f  w a t e r .  T h e  in s o lu b le  
y e l lo w  s o lid  w a s  c o l le c te d  b y  s u c t io n  f i l t r a t i o n  a n d  s u b l im e d  to  
g iv e  9 .5  g .  ( 8 6 % )  o f  2 ,6 - d ie h lo ro - 4 -n i t r o a n is o le ,  m . p .  9 5 .2 -  
9 7 .4 °  ( l i t . 20 m .p .  9 8 ° ) .

4 -A m in o -2 ,6 - d ic h lo ro a n is o le .— H y d r o g e n a t io n  o f  4 .5  g .  (0 .0 2  
m o le )  o f  2 ,6 - d ic h lo ro - 4 -n i t r o a n is o le  in  70  m l .  o f  e t h y l  a c e t a t e  w a s  
c a r r ie d  o u t  b y  s h a k in g  th e  s o lu t io n  in  a  P a r r  a p p a r a t u s  f o r  1 h r .  
w i th  0 .2  g .  o f p l a t i n u m  d io x id e  u n d e r  a n  i n i t i a l  p r e s s u r e  o f 25  
p . s . i .  o f  h y d r o g e n .  S u b l im a t io n  o f  t h e  c r u d e  p r o d u c t  g a v e  3 .4  
g .  ( 8 7 % )  o f  4 -a m in o -2 ,6 - d ic h lo ro a n is o le ,  m .p .  7 6 .5 - 7 9 .0 °  ( l i t . 20 
m . p .  8 0 .0 - 8 0 .5 ° ) .

4 -A c e ta m id o -2 ,6 - d ic h lo r o a n is o le  (X).— A  s o lu t io n  o f  6 .3  g . 
(0 .0 3 3  m o le )  o f  4 -a m in o -2 ,6 - d ic h lo ro a n is o le  in  SO m l .  ( 1 .4  m o le )  
o f  g la c ia l  a c e t ic  a c id  w a s  h e a t e d  u n d e r  re f lu x  f o r  8  h r .  a n d  th e n  
s lo w ly  p o u r e d  in to  a  s o lu t io n  o f  5 2  g . ( 1 .3  m o le )  o f  s o d iu m  h y 
d r o x id e  in  100  m l .  o f  w a t e r .  T h e  p r e c i p i t a t e  w a s  r e m o v e d  b y  
s u c t io n  f i l t r a t i o n  a n d  s u b l im e d  t o  g iv e  5 .5  g . ( 7 2 % )  o f 4 - a c e t -  
a m id o - 2 ,6 -d ic h lo r o a n is o le  ( X ) ,  m . p .  1 9 6 .2 - 1 9 7 .6 °  ( l i t . 20 m .p .
1 9 6 - 1 9 7 ° ) .

4 -A c e ta m id o -2 ,6 - d ic h lo r o -3 - n i t ro a n is o le  (XI).— A  s o lu t io n  of 
0 .8 0  g .  (0 .0 0 3 4  m o le )  o f  X  in  1 .6  m l .  o f  g la c ia l  a c e t ic  a c id  a n d  4 
m l .  o f  c o n c e n t r a t e d  s u lfu r ic  a c id  w a s  c o o le d  t o  — 1 0 °  in  a  D r y  
I c e - a c e to n e  b a t h .  F u m in g  n i t r i c  a c id  ( 0 .4  m l . ,  m in .  9 0 % )  w a s  
a d d e d ,  t h e  m ix tu r e  s t i r r e d  m a g n e t ic a l ly  a n d  m a in t a in e d  a t  — 10 
to  0 °  f o r  1 .7 5  h r . ,  a n d  t h e n  p o u r e d  i n to  2 5  m l .  o f  i c e - w a t e r .  T h e  
r e s u l t in g  y e l lo w  c r y s ta l l in e  s o lid  w a s  c o l le c te d  b y  s u c t io n  f i l t r a 
t i o n  a n d  a m o u n te d  t o  0 .9 3  g . ( 9 8 % )  o f  4 -a c e ta m id o -2 ,6 - d ic h lo r o -
3 - n i t r o a n is o le  ( X I ) ,  m .p .  1 6 2 .8 - 1 6 3 .4 ° .  A  s m a ll  s a m p le  o f X I  
w h ic h  w a s  r e c r y s ta l l iz e d  fo u r  t im e s  f ro m  9 5 %  e th a n o l  m e l te d  a t
1 6 3 .4 - 1 6 3 .8 ° .

Anal. C a lc d .  fo r  C9 H 5CI2N 2 O4 : 0  , 3 8 .7 3 ;  H ,  2 .S 9 . F o u n d :  
C ,  3 8 .5 5 ;  H ,  2 .7 0 .

4 -A m in o -2 ,6 -d ic h lo ro -3 -n it ro a n is o le  (XII).— A  s o lu t io n  of 
6  m l .  o f  c o n c e n t r a te d  s u lfu r ic  a c id  a n d  6 m l .  o f  w a te r  w a s  
a d d e d  t o  0 .6 0  g . (0 .0 0 2  m o le )  o f  X I  a n d  t h e  m ix tu r e  w a s  s t i r r e d  
m a g n e t ic a l ly  a n d  m a in t a in e d  a t  1 0 0 °  f o r  1 .5  h r .  T h e  r e s u l t in g  
o r a n g e  s o lu t io n  w a s  co o le d  t o  ro o m  t e m p e r a t u r e  a n d  t h e n  p o u r e d  
i n to  a  s o lu t io n  o f  8  g .  o f  s o d iu m  h y d r o x id e  in  3 5  m l .  o f  w a te r .  
T h e  p r e c i p i t a t e  w a s  c o l le c te d  b y  s u c t io n  f i l t r a t i o n  a n d  a m o u n te d  
to  0 .4 0  g .  ( 7 9 % )  o f  4 -a m in o -2 ,6 - d ic h lo ro - 3 - n i t r o a n is o le  ( X I I ) ,  
m .p .  8 2 .5 - 8 7 .0 ° .  F o u r  r e c r y s ta l l i z a t io n s  f ro m  e th a n o l - w a t e r

(18) E . L. H olm ea, C . K . In g o ld , a n d  E . H . In g o ld , J .  C h e m .  S o c . ,  1689 
(1926).

(19) J .  P . B ro w n  a n d  E . B . M cC all, i b i d . ,  3681 (1955).
(20) C . de T ra z , H e l v .  C h i m .  A c t a ,  30 , 232 (1947).

a n d  o n e  s u b l im a t io n  g a v e  o ra n g e  n e e d le s  o f  X I I  w i th  m . p .  8 8 .2 -  
8 9 .0 ° .

Anal. C a lc d .  fo r  C 7H 6C l2N 20 3: C ,  3 5 .4 7 ;  1 1 ,2 .5 5 .  F o u n d :  
C ,  3 5 .6 8 ;  H ,  2 .7 3 .

2 ,6 - D ic h lo ro - 3 - n it r o a n is o le  ( I X ) .— T h e  p r o c e d u r e  f o r  d e a m i
n a t io n  o f X I I  w a s  th e  s a m e  a s  t h a t 17 d e s c r ib e d  b e fo re  f o r  th e  
p r e p a r a t io n  o f 2 -c h )o ro -5 -n i t ro a n is o le  ( V I I I ) .  F r o m  0 .5 0  g .  
(0 .0 0 2 1  m o le )  o f X I I ,  0 .2 0  g .  (0 .0 0 2 9  m o le )  of s o d iu m  n i t r i t e ,  
a n d  7 m l.  (0 .0 6 7  m o le )  o f 5 0 %  a q u e o u s  h y p o p h o s p h o r o u s  a c id  
w a s  o b ta in e d  a f t e r  s u b l im a t io n  0 .2 5  g . ( 5 3 % )  of 2 ,6  d ic b lo ro -3 -  
n i t ro a n is o le  ( I X ) ,  m .p .  4 6 .0 - 4 6 .8 ° .  A  m ix tu r e  m e l t in g  p o in t  d e 
t e r m in a t io n  a n d  in f r a r e d  s p e c t r a l  c o m p a r is o n s  s h o w e d  th i s  s a m p le  
o f I X  to  b e  id e n t ic a l  w i th  t h a t  o b ta in e d  f ro m  V I I  a s  d e s c r ib e d .

D ia z o t iz a t io n  o f 3 -c h lo ro  2 - m e th o x y - 6 - n i t r o a n i l in e  ( M I )  
w a s  c a r r ie d  o u t  b y  th e  m e th o d 17 d e s c r ib e d  in  c o n n e c t io n  
w i th  t h e  p r e p a r a t io n  o f V I I I .  A  s o lu t io n  o f  4 .0  g . ( 0 .0 2 0  m o le )  
o f V I I  in  3 0  m l.  o f  g la c ia l  a c e t ic  a c id  w a s  a d d e d  s lo w ly  to  a  
m a g n e t ic a l ly  s t i r r e d  s o lu t io n  o f  1 .6  g . (0 .0 2 3  m o le )  o f s o d iu m  
n i t r i t e  in  16 m l .  o f  c o n c e n t r a t e d  su lfu r ic  a c id  w h ic h  w a s  m a in 
t a in e d  a t  1 0 - 2 0 ° .  T h e  r e s u l t in g  s o lu t io n  w a s  a d d e d  d r o p w is e  t o  
a  s o lu t io n  o f  2 .0  g . (0 .0 2 0  m o le )  o f  c u p r o u s  c h lo r id e  in  15 m l .  of 
c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  w h ile  t h e  r e a c t io n  t e m p e r a t u r e  
w a s  m a in ta in e d  b e lo w  3 0 ° .  T h e  m ix tu r e  w a s  s t i r r e d  fo r  a n  
a d d i t i o n a l  2 h r .  a n d  th e n  p o u r e d  o n to  c ru s h e d  ic e . T h e  c r u d e  
s o lid  w a s  c o l le c te d  b y  s u c t io n  f i l t r a t io n  a n d  s u b l im e d  to  g iv e  3 .8  
g . ( 8 7 % )  of 2 ,6 - d ic h lo ro - 3 -n i t r o a n is o le  ( I X ) ,  m .p .  4 5 .8 - 4 6 .4 ° .  
F o u r  r e c r y s ta l l i z a t io n s  f ro m  95% , e th a n o l  g a v e  y e llo w  c r y s ta l s  
o f  I X  m e l t in g  a t  4 6 .4 - 4 6 .8 ° .

Anal. C a lc d .  fo r  C ,H 5C12N 0 3: C ,  3 7 .8 5 ;  H ,  2 .2 7 ;  C l ,
3 1 .9 3 . F o u n d :  C ,  3 7 .9 0 ;  H ,  2 .4 4 ;  C l ,  3 1 .7 4 .

3 C h lo r o - 2 -m e th o x y - 6 -n i t r o b e n z o n i t r i le .— T h is  n i t r i l e  w a s  s y n 
th e s iz e d  u s in g  a  p r e v io u s ly  r e p o r t e d  m e t h o d 21 a s  t h e  f i r s t  s t e p  
in  a  s c h e m e  fo r  p r o v in g  th e  s t r u c t u r e  o f V I I  w h ic h  w a s  a b a n d o n e d  
o w in g  t o  e x p e r im e n ta l  d if f ic u lt ie s  l a t e r  in  t h e  s c h e m e . S o lu t io n s  
o f 1 8 .0  g .  (0 .2 8  m o le )  o f  p o ta s s iu m  c y a n id e  in  7 5  m l .  o f  w 'a te r ,
S .3  g .  (0 .0 3 5  m o le )  o f n ic k e l  c h lo r id e  h e x a h y d r a t e  i n  2 5  m l .  o f 
w a te r ,  a n d  75  g . (0 .7 1  m o le )  o f a n h y d r o u s  s o d iu m  c a r b o n a t e  in  
15 0  m l .  o f w m ter w e re  c o m b in e d  a n d  c o o le d  t o  5 °  u s in g  a n  ice  
b a t h .  T o  th i s  c o o le d , m a g n e t ic a l ly  s t i r r e d  s o lu t io n  w a s  a d d e d  
o v e r  a  p e r io d  o f 5 h r .  t h e  d ia z o n iu m  s u l f a te  s o lu t io n  w h ic h  h a d  
b e e n  p r e p a r e d  f ro m  1 0 .0  g .  (0 .0 4 9  m o le )  o f 3 -c h lo ro - 2 - m e th o x y - 6 -  
n i t r o a n i l in e  ( V I I )  in  9 0  m l.  o f g la c ia l  a c e t ic  a c id  a n d  4 .0  g .  ( 0 .0 5 8  
m o le )  o f s o d iu m  n i t r i t e  in  30  m l .  o f c o n c e n t r a t e d  s u lf u r ic  a c id  b y  
th e  m e th o d 17 d e s c r ib e d  in  c o n n e c t io n  w i th  t h e  p r e p a r a t io n  
o f  V I I I .  D u r in g  t h e  5 - h r .  a d d i t io n  p e r io d  a n  a d d i t i o n a l  75  g . 
o f  a n h y d r o u s  s o d iu m  c a r b o n a te  in  150  m l. o f  w a te r  w a s  a d d e d  in  
th r e e  e q u a l  p o r t io n s .  T h e  r e a c t io n  m ix tu r e  w a s  t h e n  h e a t e d  a t  
8 0 °  o n  a  s te a m  b a t h  fo r  3 0  m in .  b e fo re  i t  w a s  p o u r e d  o n to  c r u s h e d  
ic e . T h e  r e s u l t in g  s o lid  w a s  c o l le c te d  b y  s u c t io n  f i l t r a t i o n  a n d  
s u b l im e d  t o  g iv e  7 .7  g . (7 3 % ,)  o f  3 - c h lo ro - 2 - m e th o x y - 6 - n i t r o -  
b e n z o n i t r i le ,  m .p .  1 0 8 .5 - 1 1 0 .0 ° .  A  s m a ll  s a m p le  o f  t h i s  n i t r i l e  
w a s  r e c r y s ta l l i z e d  th r e e  t im e s  f ro m  9 5 %  e t h a n o l  t o  g iv e  p a le  
y e llo w  n e e d le s  m e l t in g  a t  1 1 0 .5 - 1 1 1 .2 ° .

Anal. C a lc d .  f o r  C 8H „C 1N 20 3: C ,  4 5 .2 0 ;  H ,  2 .3 7 ;  N ,
1 3 .1 8 . F o u n d :  C ,  4 5 .3 2 ;  H ,  2 .6 6 ;  N ,  1 3 .1 4 .

4 - C h lo r o -5 - m e th o x y b e n z o f u ra z a n  O x id e  ( I I I )  f ro m  2 ,3 - D in i t r o  
a n i l in e .— A c e ty la t io n  o f m - n i t r o a n i l in e  w i t h  a c e t ic  a n h y d r id e  b y  
a  p r e v io u s ly  r e p o r te d  p r o c e d u r e 22 g a v e  m - n i t r o a c e ta n i l id e ,  m . p .
1 5 2 .2 - 1 5 3 .0 °  ( l i t . 22 m .p .  1 5 2 ° ) .

N i t r a t i o n  o f m - n i t r o a c e ta n i l id e  fo llo w e d  b y  r e c r y s t a l l i z a t i o n  
o f  t h e  c r u d e  m ix tu r e  o f  i s o m e rs  f ro m  b e n z e n e - a c e to n e  ( 2 : 1 )  
a c c o r d in g  t o  a  p r o c e d u r e  p r e v io u s ly  d e s c r ib e d 23 g a v e  2 ,3 - d in i t r o -  
a c e ta n i l id e ,  m . p .  1 8 5 .8 - 1 8 7 .0 °  ( l i t . 23 m .p .  1 8 7 ° ) .

T h e  2 ,3 - d in i t r o a c e ta n i l id e  w a s  h y d r o ly z e d  b y  a  p r e v io u s ly  
r e p o r t e d  m e t h o d .24 25 A  m ix tu r e  o f  1 .0  g . ( 0 .0 0 4  m o le )  o f  2 ,3 -  
d in i t r o a c e ta n i l id e ,  5 m l .  o f c o n c e n t r a t e d  h y d r o c h lo r ic  a c id ,  a n d  
15 m l .  o f  a b s o lu te  e th a n o l  w a s  h e a t e d  u n d e r  re f lu x  fo r  1 h r .  
T h e  r e s u l t in g  y e llo w  s o lu t io n  w a s  p o u r e d  i n to  100  m l .  o f  i c e -  
w a te r  a n d  t h e  p r e c ip i t a t e  w a s  c o l le c te d  b y  s u c t io n  f i l t r a t i o n .  
R e c r y s ta l l iz a t io n  o f  t h e  c r u d e  p r o d u c t  f ro m  9 5 %  e th a n o l  g a v e  0 .5  
g .  (6 1 % ,)  o f 2 ,3 - d in i t r o a n i l in e , m .p .  1 2 9 .6 - 1 3 0 .S °  ( l i t . 26 m . p .  
1 2 7 ° ) .

A  s o lu t io n  o f  1 .0  g .  (0 .0 1 5  m o le )  o f  p o ta s s iu m  h y d r o x id e  in  15 
m l.  o f  m e th a n o l  w a s  a d d e d  to  a  s o lu t io n  o f 0 .9 2  g . ( 0 .0 0 5  m o le )  o f

(21) F . R . S to rrie , J .  C h e m .  S o c . ,  1746 (1937).
(22) H . I. X . M ag e r  a n d  W . B ere n d s, R e c .  t r a v .  c h i m . ,  78 , 5  (1959).
(23) B . C . P l a t t  a n d  T . M . Sharp., J .  C h e m .  S o c . ,  2129 (1948).
(24) K .  I I . P a u sa e k e r  a n d  J .  G. S eroggie, C h e m .  I n d .  (L o n d o n ) , 1290 

(1954).
(25) P . G . V an  d e  V lie t, R e c .  t r a v .  c h i m . ,  43 , 606 (1924).
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2 ,3 - d in i t r o a n i l in e  in  10 m l.  o f  m e th a n o l  a t  5 0 °  t o  g iv e  a  p a le  r e d  
s o lu t io n  w h ic h  w a s  s t i r r e d  m a g n e t i c a l l y  a n d  h e a t e d  a t  4 8 - 5 2 °  
d u r in g  th e  a d d i t io n  o v e r  a  p e r io d  o f  6  m in .  o f  100  m l .  o f  a n  
a q u e o u s  s o lu t io n  o f  s o d iu m  h y p o c h lo r i te .15 T h e  r e s u l t in g  p a le  
o ra n g e  s o lu t io n  w a s  m a in t a in e d  a t  4 8 - 5 2 °  f o r  a n  a d d i t i o n a l  1 
m in . a n d  th e n  c o o le d  u s in g  a n  ice  b a t h  t o  g iv e  a  p r e c ip i t a t e  w h ic h  
w a s  c o l le c te d  b y  s u c t io n  f i l t r a t i o n .  T h e  c r u d e  p r o d u c t  w a s  s u b 
lim e d  a n d  t h e  s u b l im a te  r e c r y s ta l l i z e d  f ro m  9 5 %  e th a n o l  t o  g iv e  
0 .2 0  g .  ( 2 0 % )  o f  y e l lo w  4 -c h lo ro - 5 - m e th o x y b e n z o fu r a z a n  o x id e
( I I I ) ,  m .p .  1 3 4 .0 - 1 3 4 .8 ° .  T h is  m a te r i a l  w a s  id e n t i f ie d  a s  I I I  
b y  c o m p a r is o n  o f  i t s  i n f r a r e d  s p e c t r u m  w i th  t h a t  o f  t h e  s a m p le  o f 
I I I  o b t a in e d  f ro m  t h e  h y p o c h lo r i te  o x id a t io n  o f 4 ( 7 ) - n i t ro b e n z o -  
f u r a z a n  o x id e  ( X V I )  a s  d e s c r ib e d  l a t e r .

T h e  6 0 - M c . p r o to n  n . m . r .  s p e c t r u m 26 o f  I I I  in  d e u te r io c h lo ro -  
fo rm  s o lu t io n  w i th  t e t r a m e th y l s i l a n e  a s  a n  i n t e r n a l  s t a n d a r d  
s h o w e d  a  s in g le t  fo r  th e  m e th o x y  g r o u p  p r o to n s  w i th  r  =  5 .9 7  
a n d  a n  A B  q u a r t e t  fo r  t h e  r in g  p r o to n s  w i t h  t h e  r e s o n a n c e  o f t h e  
A  p r o to n  c e n te r e d  a t  r  = 2 .7 3  a n d  t h e  r e s o n a n c e  o f t h e  B  p r o to n  
c e n te r e d  a t  t  =  2 .9 3  w i t h  a  c o u p l in g  c o n s t a n t  o f  9 .5  c .p . s .

2 -C h lo ro -3 -e th o x y -6 -n i t ro a n il in e  ( X I I I ) .— T h e  m e th o d  w a s  
s im i la r  t o  t h a t 7 d e s c r ib e d  p r e v io u s ly  fo r  t h e  p r e p a r a t io n  o f  V I I .  
T r e a t m e n t  o f  2 .5  g .  ( 0 .0 1 2  m o le )  o f  I I I  w i th  1 .1  g . ( 0 .0 1 7  m o le )  
o f c o p p e r  p o w d e r ,  2 .5  m l .  o f c o n c e n t r a t e d  h y d r o c h lo r ic  a c id ,  a n d  
S 7 m l .  o f  9 5 %  e th a n o l  g a v e  o n  s u b l im a t io n  1 .4 0  g . ( 5 5 % )  of 
X I I I  m e l t in g  a t  8 6 - 9 4 ° .  S ix  r e c r y s ta l l i z a t io n s  f ro m  9 5 %  
e th a n o l  g a v e  2 -c h lo ro - 3 - e th o x y -6 - n i t ro a n i l in e  ( X I I I )  w i th  m .p .
1 0 0 .0 - 1 0 0 .8 ° .

Anal. C a lc d .  fo r  C sH gC lN oC b: C ,  4 4 .3 5 ;  H ,  4 .1 9 .  F o u n d ;  
C ,  4 4 .5 9 ;  H ,  4 .2 2 .

2 C h lo r o - 4 -n i t r o p h e n e to le .— T h e  d e a m in a t io n  o f  X I I I  w a s  
c a r r ie d  o u t  b y  th e  p r o c e d u r e 17 d e s c r ib e d  a b o v e  f o r  t h e  p r e p a r a 
t io n  o f  V I I I .  T r e a t m e n t  o f  0 .5 0  g .  (0 .0 0 2 3  m o le )  o f X I I I  
w i th  0 .2 0  g .  (0 .0 0 2 9  m o le )  o f  s o d iu m  n i t r i t e  a n d  3 .5  m l .  (0 .0 3 4  
m o le )  o f  5 0 %  a q u e o u s  h y p o p h o s p h o r o u s  a c id  g a v e  o n  s u b l im a 
t io n  0 .3 0  g .  ( 6 5 % )  o f  m a t e r i a l  m e l t in g  a t  7 9 .8 - 8 0 .6 ° .  T h r e e  
r e c r y s ta l l i z a t io n s  f ro m  9 5 %  e th a n o l  g a v e  2 -c h lo ro - 4 - n i t r o p h e n e -  
to le  w i th  m .p .  8 1 .0 - 8 2 .6 °  ( l i t . 27 m .p .  8 2 ° ) .

A  m ix tu r e  o f 0 .8 7  g .  ( 0 .0 0 5  m o le )  o f 2 - c h lo ro - 4 - n i t r o p h e n o l ,  4 .1  
m l .  (5 .9  g . ,  0 .0 5 4  m o le )  o f e th y l  b r o m id e ,  2 .5  g .  (0 .0 1 8  m o le )  o f  
a n h y d r o u s  p o ta s s iu m  c a r b o n a te ,  a n d  2 0  m l .  o f a c e to n e  w a s  
h e a t e d  u n d e r  re f lu x  a n d  s t i r r e d  m a g n e t i c a l l y  fo r  16 h r .  T h e  
r e a c t io n  m ix tu r e  w a s  e v a p o r a t e d  to  d r y n e s s  u n d e r  r e d u c e d  p r e s 
s u r e  a n d  t h e  r e s id u e  w a s  t r e a t e d  w i th  5 0  m l .  o f  w a te r .  T h e  
in s o lu b le  m a t e r i a l  w a s  c o l le c te d  b y  s u c t io n  f i l t r a t i o n  t o  g iv e  1 .0  
g . ( 9 9 % )  o f  2 -c h lo ro - 4 - n i t r o p h e n e to le ,  m . p .  8 0 .8 - 8 2 .0 °  ( l i t . 27 
m .p .  8 2 ° ) .  T h is  m a t e r i a l  w a s  s h o w n  b y  a  m ix tu r e  m e l t in g  p o in t  
d e t e r m in a t io n  a n d  in f r a r e d  s p e c t r a l  c o m p a r is o n s  t o  b e  i d e n t ic a l  
w i th  t h e  2 -c h lo ro - 4 - n i t r o p h e n e to le  o b t a in e d  f ro m  d e a m in a t io n  
o f X I I I  a s  d e s c r ib e d  a b o v e .

4 -  C h lo r o - 5 -e th o x y b e n z o f u r a z a n  O x id e  (X IV ) f ro m  2 -C h lo ro -3 -  
e th o x y - 6 -n i t r o a n i l in e  ( X I I I ) .— T h e  r e d  s o lu t io n  o b ta in e d  b y  
a d d in g  0 .1 0  g . (0 .0 0 0 5  m o le )  o f  X I I I  t o  a  s o lu t io n  o f  0 .2 0  g . 
(0 .0 0 3  m o le )  o f  p o ta s s iu m  h y d r o x id e  in  3 m l .  o f  9 5 %  e th a n o l  w a s  
s t i r r e d  m a g n e t ic a l ly  a t  ro o m  t e m p e r a t u r e  d u r in g  t h e  a d d i t io n  
o v e r  a  p e r io d  o f  5  m in .  o f 10 m l .  o f  a n  a q u e o u s  s o lu t io n  o f  s o d iu m  
h y p o c h lo r i te .16 T h e  r e a c t io n  m ix tu r e  w a s  e x t r a c t e d  w i th  e th e r  
a n d  t h e  e th e r  e x t r a c t  w a s  d r ie d  o v e r  a n h y d r o u s  s o d iu m  s u l f a te .  
T h e  e th e r  w a s  r e m o v e d  b y  e v a p o r a t io n  u n d e r  r e d u c e d  p r e s s u r e  
a n d  t h e  r e s id u a l  s o l id  w a s  s u b l im e d  a n d  th e  s u b l im a te  r e c r y s t a l 
l iz e d  f ro m  9 5 %  e th a n o l  t o  g iv e  y e l lo w  c r y s t a l s  o f  4 -c h lo ro -5 -  
e th o x y b e n z o f u r a z a n  o x id e  ( X I V )  m e l t in g  a t  9 9 .8 - 1 0 2 .0 °  ( l i t . 6 
m .p .  1 0 1 - 1 0 2 ° ) .  T h is  m a t e r i a l  w a s  s h o w n  b y  a  m ix tu r e  m e l t in g  
p o in t  d e t e r m in a t io n  a n d  c o m p a r is o n  o f  i n f r a r e d  s p e c t r a  t o  b e  
id e n t ic a l  w i th  t h e  s a m p le  o f  X I V  o b ta in e d  f ro m  4 (7 ) - n i t ro b e n z o -  
f u r a z a n  o x id e  ( X V I )  a s  d e s c r ib e d  la t e r .

5 -  C h lo r o - 4 -m e th o x y b e n z o f u r a z a n  O x id e  ( I I )  f ro m  5 (6 ) - N i t ro -  
b e n z o f u r a z a n  O x id e  (X V ).— T h e  m e th o d  f o r  t h e  p r e p a r a t i o n  o f 
X V  w a s  e s s e n t ia l ly  t h a t  d e s c r ib e d .28 A  s o lu t io n  o f 2 2 .0  g . 
(0 .1 2  m o le )  o f  2 ,4 - d in i t r o a n i l in e  in  175  m l .  o f  g la c ia l  a c e t ic  a c id  
a n d  88  m l .  o f  c o n c e n t r a t e d  s u lfu r ic  a c id  w a s  s t i r r e d  m a g n e t i 
c a l ly  a n d  m a in t a in e d  a t  0 - 5 °  d u r in g  t h e  s lo w  a d d i t i o n  o f  9 .8  g . 
(0 .1 4  m o le )  o f  s o d iu m  n i t r i t e  d is s o lv e d  in  a  m in im u m  v o lu m e  o f 
w a te r .  T o  t h e  r e s u l t in g  c le a r  s o lu t io n  w a s  a d d e d  s lo w ly  a  
s o lu t io n  o f  1 7 .6  g .  (0 .2 7  m o le )  o f  s o d iu m  a z id e  in  50  m l .  o f  w a te r .

(26) T h is  sp e c tru m  w as o b ta in e d  w ith  a  V a rian  A -60 sp ec tro m e te r  
th ro u g h  th e  co u rte sy  of D r. H . C . B eachell, U n iv e rs ity  of D e law are , N ew ark , 
D el.

(27) F . R ev e rd in  a n d  F . D ü rin g , B e r . ,  32, 156 (1899).
(28) R . J .  G au g h ran , J .  P . P ic a rd , a n d  J .  V. R . K a u fm a n , J .  A m .  C h e m .  

S o c . ,  76 , 2233 (1954).

T h e  p r e c ip i t a t e d  2 ,4 - d in i t r o t r i a z o b e n z e n e  w a s  c o l le c te d  b y  s u c 
t io n  f i l t r a t i o n  a n d  w a s h e d  w i th  w a te r .  A  m ix tu r e  o f  t h i s  c r u d e  
m a te r i a l  in  50  m l .  o f  w a te r  w a s  h e a t e d  o n  a  s t e a m  b a t h  fo r  2 
h r .  u n t i l  t h e  e v o lu t io n  o f  g a s  h a d  c e a s e d .  T h e  r e a c t io n  m ix tu r e  
w a s  c o o le d  a n d  t h e  s o lid  w a s  r e m o v e d  b y  s u c t io n  f i l t r a t i o n .  
S u b l im a t io n  o f t h e  c r u d e  s o lid  g a v e  1 8 .1  g . ( 8 3 % )  o f  5 ( 6 ) - n i t ro -  
b e n z o f u r a z a n  o x id e  (X V ), m .p .  6 8 .8 - 7 0 .6 °  ( l i t . 28 m .p .  7 2 ° ) .

A  s o lu t io n  o f  1 .0  g .  ( 0 .0 1 5  m o le )  o f  p o ta s s iu m  h y d r o x id e  in  25  
m l.  o f m e th a n o l  in  a  2 0 0 -m l. 3 -n e c k  f la s k  w a s  s t i r r e d  m a g n e t i 
c a l ly  a n d  m a in t a in e d  a t  4 8 - 5 0 °  d u r in g  t h e  s im u l ta n e o u s  a d d i t io n  
to  th i s  f la s k  o f  a  s o lu t io n  o f  0 .9 1  g . ( 0 .0 0 5  m o le )  o f X V  in  2 5  m l .  o f 
m e th a n o l  f ro m  a  d r o p p in g  f u n n e l  a n d  100  m l .  o f a n  a q u e o u s  
s o lu t io n  o f s o d iu m  h y p o c h lo r i te 15 f ro m  a n o th e r  d r o p p in g  fu n n e l .  
T h e  r a t e s  o f a d d i t io n  w e re  r e g u la t e d  so  t h a t  t h e  t im e  r e q u i r e d  fo r  
th e  a d d i t io n  o f  e a c h  s o lu t io n  w a s  2 5  m in .  T h e  s t i r r e d  r e a c t io n  
m ix tu r e  w a s  m a in t a in e d  a t  4 8 - 5 0 °  f o r  a n  a d d i t i o n a l  10 m in .  a n d  
th e n  c o o le d  u s in g  a n  ic e  b a t h .  T h e  p r e c i p i t a t e  w a s  c o l le c te d  b y  
s u c t io n  f i l t r a t i o n  a n d  s u b l im e d  t o  g iv e  0 .3 7  g .  ( 3 7 % )  of m a te r i a l  
m e l t in g  a t  7 0 .6 - 7 5 .4 ° .  R e c r y s ta l l iz a t io n  o f t h e  s u b l im a te  f ro m  
9 5 %  e th a n o l  g a v e  0 .2 5  g . ( 2 5 % )  o f  5 -c h lo ro - 4 - m e th o x y b e n z o -  
f u r a z a n  o x id e  ( I I ) ,  m .p .  7 9 .0 - 7 9 .5 ° ,  s h o w n  b y  a  m ix tu r e  m e lt in g  
p o in t  d e t e r m in a t io n  a n d  in f r a r e d  s p e c t r a l  c o m p a r is o n s  t o  b e  
id e n t ic a l  w i th  t h e  s a m p le  o f I I  o b t a in e d  f ro m  2 ,4 - d in i t r o a n i l in e  
a s  d e s c r ib e d .

4 - C h lo r o -5 - m e th o x y b e n z o f u ra z a n  O x id e  ( I I I )  f ro m  4 (7 ) -  
N i t r o b e n z o f u r a z a n  O x id e  (X V I) .— T h e  t e c h n iq u e  w a s  s im i la r  to  
t h a t  d e s c r ib e d  fo r  t h e  p r e p a r a t i o n  of I I  f ro m  X V .  S im u l
ta n e o u s  a d d i t io n  o v e r  a  p e r io d  o f 12 m in .  o f  125 m l. o f  a n  a q u e o u s  
s o lu t io n  o f s o d iu m  h y p o c h lo r i te 15 a n d  a  s o lu t io n  o f  0 .9 1  g . (0 .0 0 5  
m o le )  o f X V I  in  6 0  m l .  o f m e th a n o l  t o  a  m a g n e t i c a l l y  s t i r r e d  
s o lu t io n  o f 1 .0  g .  (0 .0 1 5  m o le )  o f p o t a s s iu m  h y d r o x id e  in  25  m l .  
o f m e th a n o l  m a in t a in e d  a t  4 8 - 5 2 °  fo llo w e d  b y  a n  a d d i t i o n a l  8 
m in .  o f s t i r r in g  a t  4 8 - 5 2 °  g a v e  0 .4 0  g . ( 4 0 % )  of y e l lo w  4 -c h lo ro -
5 - m e th o x y b e n z o f u r a z a n  o x id e  ( I I I ) ,  m .p .  1 3 7 .4 - 1 3 8 .2 ° .  A  
s m a ll  s a m p le  o f  I I I  f ro m  a  s im i la r  p r e p a r a t i o n  w a s  r e c r y s ta l l iz e d  
fo u r  t im e s  f ro m  9 5 %  e th a n o l  t o  g iv e  a  m .p .  o f  1 3 6 .2 - 1 3 7 .2 ° .

Anal. C a lc d .  fo r  C vH sC lN gO s; C ,  4 1 .9 1 ;  H ,  2 .5 1 ;  N ,  1 3 .9 7 . 
F o u n d :  C ,  4 2 .0 6 ;  H ,  2 .6 8 ;  N ,  1 3 .8 0 .

4 -  C h lo r o - 5 -e th o x y b e n z o f u r a z a n  O x id e  (X IV ) f ro m  4 ( 7 ) - N i t r o -  
b e n z o f u r a z a n  O x id e  (X V I) .— T h e  p r o c e d u r e  w a s  id e n t ic a l  t o  
t h a t  d e s c r ib e d  fo r  t h e  c o n v e r s io n  o f  X V I  to  I I I  e x c e p t  t h a t  
e th a n o l  w a s  u s e d  in  p la c e  o f m e th a n o l  a n d  t h a t  i t  w a s  n e c e s s a ry  a t  
th e  c o m p le t io n  o f  t h e  r e a c t io n  to  c o n c e n t r a t e  t h e  r e a c t io n  m ix tu r e  
u s in g  a  r o ta ry ' e v a p o r a to r  in  o r d e r  t o  o b t a i n  a  p r e c ip i t a t e .  
R e c r y s ta l l iz a t io n  o f  t h e  c r u d e  p r o d u c t  f ro m  9 5 %  e th a n o l  g a v e
4 - c h lo ro - 5 - e th o x y b e n z o fu r a z a n  o x id e  ( X I V )  m e l t in g  a t  1 0 2 .4 -  
1 0 3 .2 °  ( l i t . 6 m .p .  1 0 1 - 1 0 2 ° ) .

5 -  C h lo r o - 4 -m e th o x y b e n z o f u r a z a n  (X V II I ) .— T h e  d e o x y g e n a 
t io n  o f 5 ( 6 ) - n i t r o b e n z o f u r a z a n  o x id e  ( X V )  w a s  c a r r ie d  o u t  u s in g  
a  m e th o d  p re v io u s ly ' d e s c r ib e d .10 A  s o lu t io n  o f  0 .9 1  g . (0 .0 0 5 0  
m o le )  o f X V  a n d  1 .4 4  g . (0 .0 0 5 5  m o le )  o f  t r ip h e n y lp h o s p h in e  in  
50  m l .  o f x y le n e  w a s  h e a t e d  u n d e r  re f lu x  fo r  2 h r .  T h e  r e a c t io n  
m ix tu r e  w a s  e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  a n d  
th e  r e s id u e  w a s  s u b l im e d  t o  g iv e  0 .6 3  g .  ( 7 6 % )  o f  5 -n i t r o b e n z o -  
f u r a z a n  (X V II ) ,  m .p .  6 4 .6 - 6 5 .4 ° .  T w o  r e c r y s ta l l i z a t io n s  f ro m  
95% ) e th a n o l  g a v e  m a t e r i a l  m e l t in g  a t  6 5 .4 - 6 6 .2 ° .

Anal. C a lc d .  f o r  C 6H 3N 30 3 ; C ,  4 3 .6 4 ;  H ,  1 .8 3 . F o u n d ;  
C ,  4 3 .5 4 ;  H ,  1 .6 9 .

A  s o lu t io n  o f  0 .2 0  g .  (0 .0 0 3 0  m o le )  o f  p o t a s s iu m  h y d r o x id e  in  
5 m l .  o f m e th a n o l  w a s  s t i r r e d  m a g n e t ic a l ly  a n d  m a in t a in e d  a t  
4 8 - 5 2 °  d u r in g  t h e  s im u l ta n e o u s  a d d i t i o n  o v e r  a  p e r io d  o f  5  m in .  
o f 3 0  m l .  o f  a n  a q u e o u s  s o lu t io n  o f  s o d iu m  h y p o c h lo r i te 15 a n d  a  
s o lu t io n  o f  0 .2 0  g . (0 .0 0 1 2  m o le )  o f  X V I I  in  5 m l .  o f  m e th a n o l .  
T h e  s t i r r e d  r e a c t io n  m ix tu r e  w a s  m a in t a in e d  a t  4 8 - 5 2 °  f o r  a n  
a d d i t i o n a l  5  m in .  a n d  th e n  c o o le d  u s in g  a n  ic e  b a t h .  T h e  
p r e c ip i t a t e  w a s  c o l le c te d  b y  s u c t io n  f i l t r a t i o n  a n d  s u b l im e d  to  
g iv e  0 .1 0  g .  ( 4 5 % )  o f  m a t e r i a l  m e l t in g  a t  6 2 .2 - 6 4 .6 ° .  R e 
c r y s ta l l i z a t io n  o f  t h e  c r u d e  p r o d u c t  f ro m  9 5 %  e t h a n o l  g a v e  5 -  
c h lo r o -4 - m e th o x y b e n z o f u ra z a n  ( X V I I I ) ,  m .p .  6 9 .6 - 7 0 .6 ° ,  s h o w n  
b y  c o m p a r is o n s  o f  in f r a r e d  s p e c t r a  a n d  a  m ix tu r e  m e l t in g  p o in t  
d e t e r m in a t io n  t o  b e  id e n t ic a l  w i t h  t h e  m a t e r i a l  o b t a in e d  b y  d e 
o x y g e n a t io n  o f  I I  a s  s u b s e q u e n t ly  d e s c r ib e d .

R e d u c t io n  o f 1 .0  g .  ( 0 .0 0 5  m o le )  o f 5 - c h lo ro - 4 - m e th o x y b e n z o -  
f u r a z a n  o x id e  ( I I )  w i th  t r ip h e n y lp h o s p h in e  in  re f lu x in g  x y le n e  
b y  th e  m e t h o d 10 d e s c r ib e d  f o r  t h e  p r e p a r a t i o n  o f  5 - n i t r o -  
b e n z o f u r a z a n  ( X V I I )  g a v e  0 .7 3  g .  ( 7 9 % )  o f  s u b l im e d  X V I I I  
w i th  m .p .  7 1 .0 - 7 2 .4 ° .  A  s m a ll  s a m p le  o f  t h e  p r o d u c t  f ro m  a  
s im i la r  p r e p a r a t io n  w a s  r e c r y s ta l l i z e d  th r e e  t im e s  f ro m  9 5 %  
e th a n o l  t o  g iv e  p a le  y e llo w  5 - c h lo ro - 4 - m e th o x y b e n z o fu r a z a n ,  
m . p .  7 1 .& -7 2 .6 ° .
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Anal. C a lc d .  fo r  C 7H 5C1N 202: C ,  4 5 .5 4 ;  H ,  2 .7 3 .  F o u n d :  
C, 4 5 .3 3 ;  H ,  2 .7 S .

4 - C h lo r o -5 - m e th o x y b e n z o f u ra z a n  (XX).— A s o lu t io n  o f  1 3 .6  g .  
(0 .1  m o le )  o f  b e n z o f u r a z a n  o x id e , p r e p a r e d  b y  a  m e th o d  p r e 
v io u s ly  d e s c r ib e d ,29 in  4 4 .5  m l .  o f  c o n c e n t r a t e d  s u lfu r ic  a c id  w a s  
s t i r r e d  m a g n e t ic a l ly  a n d  m a in t a in e d  a t  5 - 1 2 °  d u r in g  t h e  a d d i t io n  
o v e r  a  p e r io d  o f 4 5  m in .  o f  a  m ix tu r e  o f 5 m l.  o f  fu m in g  n i t r i c  
a c id  ( m in .  9 0 % )  a n d  20  m l .  o f c o n c e n t r a te d  s u lf u r ic  a c id .  T h e  
s t i r r e d  r e a c t io n  m ix tu r e  w a s  c o o le d  in  a n  ice  b a t h  f o r  a n  a d d i 
t io n a l  1 .5  h r .  a n d  th e n  p o u r e d  in to  i c e - w a te r .  T h e  s o lid  w a s  
c o l le c te d  b y  s u c t io n  f i l t r a t i o n ,  w a s h e d  w i th  w a te r ,  a n d  r e c r y s t a l 
liz ed  f ro m  100  m l .  o f  g la c ia l  a c e t ic  a c id  ( N o r i t )  t o  g iv e  9 .8  g . 
( 5 4 % )  of 4 ( 7 ) - n i t r o b e n z o f u r a z a n  o x id e  (XVI), m .p .  1 4 1 .6 - 1 4 3 .2 °  
( l i t . 28 m .p .  1 4 3 ° ) .

R e d u c t io n  o f 0 .9 1  g . (0 .0 0 5  m o le )  o f X V I  w i th  t r ip h e n y lp h o s -  
p h in e  i n  re f lu x in g  x y le n e  a c c o rd in g  t o  t h e  p r o c e d u r e 10 d e s c r ib e d  
f o r  t h e  p r e p a r a t io n  o f  5 - n i t r o b e n z o f u r a z a n  ( X V I I )  g a v e  
o n  s u b l im a t io n  0 .3 7  g .  ( 4 5 % )  o f 4 - n i t r o b e n z o f u r a z a n  (XIX), 
m .p .  9 6 .6 - 9 8 .2 °  ( l i t . 30 m .p .  9 8 ° ) .

T h e  p r o c e d u r e  f o r  t h e  c o n v e r s io n  o f  X I X  t o  4 -c h lo ro -5 -  
m e th o x y b e n z o f u r a z a n  ( X X )  w a s  id e n t i c a l  t o  t h a t  d e s c r ib e d  
fo r  t h e  c o n v e r s io n  o f X V I I  t o  5 - c h lo ro - 4 - m e th o x y b e n z o fu r a z a n  
( X V I I I ) .  F r o m  0 .2 0  g . (0 .0 0 1 2  m o le )  o f  X I X  w a s  o b ta in e d  o n  
s u b l im a t io n  0 .1 5  g . ( 6 7 % )  o f 4 - e h lo ro - 5 - m e th o x y b e n z o fu r a z a n  
( X X )  w i th  m .p .  1 3 0 .2 - 1 3 0 .8 ° .  T h r e e  r e c r y s ta l l i z a t io n s  o f th e  
s u b l im a te  f ro m  9 5 %  e th a n o l  s h a r p e n e d  t h e  m .p .  t o  1 3 0 .4 -  
1 3 0 .8 ° .  M ix tu r e  m e l t in g  p o in t  d e t e r m in a t io n  a n d  c o m p a r is o n  
o f in f r a r e d  s p e c t r a  s h o w e d  th i s  m a t e r i a l  t o  b e  id e n t ic a l  w i th

(29) F . B . M allo ry , O r g .  S y n . ,  37, 1 (1957).
(30) P . D ro s t ,  A n n . ,  307 , 49 (1899).

s a m p le  o f X X  o b ta in e d  b y  d e o x y g e n a t io n  o f 4 -e h lo ro - 5 - m e th o x y -  
b e n z o f u r a z a n  o x id e  ( I I I )  a s  s u b s e q u e n t ly  d e s c r ib e d .

T r e a t m e n t  o f 0 .7 0  g .  (0 .0 0 3 5  m o le )  o f  I I I  w i th  1 .0  g .  ( 0 .0 0 3 8  
m o le )  o f  t r ip h e n y lp h o s p h in e  in  3 5  m l .  o f r e f lu x in g  x y le n e  
a c c o r d in g  t o  t h e  m e t h o d 10 d e s c r ib e d  f o r  t h e  p r e p a r a t i o n  o f
5 - n i t r o b e n z o f u r a z a n  ( X V I I )  g a v e  0 .5 3  g . ( 8 2 % )  o f  4 -c h lo ro -5 -  
m e th o x y b e n z o f u ra z a n  ( X X )  w h ic h  m e l te d  a t  1 2 9 .0 - 1 3 0 .2 °  a f t e r  
o n e  r e c r y s ta l l i z a t io n  f ro m  9 5 %  e th a n o l .  T w o  s u b s e q u e n t  r e 
c r y s ta l l i z a t io n s  f ro m  9 5 %  e th a n o l  g a v e  p a le  y e llo w  c r y s t a l s  o f X X  
m e l t in g  a t  1 3 0 .2 - 1 3 0 .6 ° .

Anal. C a lc d .  fo r  C d R O l N / b :  C ,  4 5 .5 4 ;  H ,  2 .7 3 . F o u n d :
C ,  4 5 .6 0 ;  H ,  2 .8 0 .

M e c h a n is t i c  E v id e n c e .— A  m e c h a n ic a l ly  s t i r r e d  s o lu t io n  o f 3 .4  
g . ( 0 .0 2  m o le )  o f 4 - m e th o x y -2 - n i t ro a n i l in e  a n d  3 .4  g . ( 0 .0 5  m o le )  
o f  p o ta s s iu m  ly y d ro x id e  in  20 0  m l .  o f m e th a n o l  w a s  h e a t e d  to  5 0 °  
a n d  4 0 0  m l .  o f a n  a q u e o u s  s o lu t io n  o f s o d iu m  h y p o c h lo r i te 15 w a s  
a d d e d .  T h e  r e a c t io n  m ix tu r e  w a s  c o o le d  a n d  f i l te r e d  b y  s u c t io n  
t o  g iv e  2 .4  g .  ( 7 2 % )  o f  5 ( 6 ) - m e th o x y b e n z o f u r a z a n  o x id e ,  m . p .
1 1 2 -1 1 5 °  ( l i t . 28 m .p .  1 1 8 ° ) .  T h e  in f r a r e d  s p e c t r u m  o f  t h i s  
m a te r ia l  s h o w e d  t h e  a b s e n c e  o f  s e v e ra l  in te n s e  p e a k s  c h a r a c t e r i s 
t ic  o f  4 - e h lo ro - 5 - m e th o x v b e n z o fu r a z a n  o x id e  ( I I I ) .

A  m e c h a n ic a l ly  s t i r r e d  s o lu t io n  o f 3 .4  g .  ( 0 .0 2  m o le )  o f  4 -  
c h lo r o -2 - n i t ro a n i l in e  a n d  5 .3  g .  (0 .0 8  m o le )  o f p o ta s s iu m  h y 
d ro x id e  in  2 0 0  m l .  o f  m e th a n o l  w a s  h e a t e d  to  5 0 °  a n d  4 0 0  m l .  o f  
a n  a q u e o u s  s o lu t io n  o f  s o d iu m  h y p o c h lo r i te 15 w a s  a d d e d .  T h e  
r e a c t io n  m ix tu r e  w a s  c o o le d  a n d  th e  p r e c i p i t a t e  w a s  c o l le c te d  a n d  
r e c r y s ta l l i z e d  f ro m  m e th a n o l  t o  g iv e  2 .1  g .  ( 6 3 % )  o f  5 (6 ) - c h lo ro -  
b e n z o f u r a z a n  o x id e ,  m .p .  4 3 - 4 5 °  ( l i t . 28 m .p .  4 8 ° ) .  T h e  i n f r a 
r e d  s p e c t r u m  o f t h i s  m a te r i a l  w a s  e s s e n t ia l ly  id e n t i c a l  w i th  t h a t  
o f  a n  a u th e n t i c  s a m p le  o f 5 (6 ) - c h lo r o b e n z o fu r a z a n  o x id e  a n d  
s h o w e d  th e  a b s e n c e  o f s e v e ra l  in te n s e  p e a k s  c h a r a c t e r i s t i c  o f
5 -c h lo ro - 4 - m e th o x y b e n z o fu r a z a n  o x id e  ( I I ) .
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T h e  p o o r  c o r r e la t io n  b e tw e e n  v a r io u s  e le c t r o n  d e n s i ty  c a lc u la t io n s  a n d  e x p e r im e n ta l  o b s e r v a t io n s  r e la t iv e  
t o  t h e  p u r in e  r in g  h a s  r e s u l te d  in  a  c a re fu l r e - e x a m in a t io n  o f  n u c le o p h il ic  s u b s t i t u t io n  in  t h a t  r in g  s y s te m . I t  
n o w  h a s  b e e n  o b s e rv e d  t h a t  t h e  p o s i t io n  o f n u c le o p h il ic  a t t a c k  c a n  b e  c h a n g e d  b y  te m p o r a r i ly  b lo c k in g  t h e  
im id a z o le  h y d r o g e n  w h ic h  p r e v e n ts  a n io n  f o r m a t io n  in  t h e  p re s e n c e  o f  s t r o n g  n u c le o p h ile s .  A c id - c a ta ly z e d  
n u c le o p h il ic  d is p la c e m e n t  a ls o  m a y  r e s u l t  in  a  c h a n g e  o f o r ie n ta t io n .  T h e s e  e f fe c ts  a r e  d is c u s s e d  in  t e r m s  o f 
a  u n if ie d  t h e o r y .  I t  is s u g g e s te d  t h a t  s im i la r  r e s u l t s  m ig h t  b e  e x p e c te d  f ro m  o th e r  r e l a t e d  n i t ro g e n  h e t e r o 
c y c lic  s y s te m s .

Nucleophilic attack by various reagents on 2,6,8-tri- 
cbloropurine was first studied by Fischer2 and extended 
by later investigators.3 4 5 6 7' 8 In all cases, with strong 
bases, nucleophilic displacement occurs first at position 
6 followed by position 2 and finally position 8. The re
activities of the various chlorine atoms are such that 
selective substitution often can be accomplished under 
the appropriate reaction conditions. When 7-methyl-
2,6,8-trichloropurine (I) or 9-methyI-2,6,8-trichloro- 
purine (II) was similarly studied by Fischer,9 he found

(1) T h is  re sea rc h  w as s u p p o r te d  b y  g ra n t N S F -G 13291 from  th e  N a tio n a l 
S cience F o u n d a tio n .

(2) E . F isch er, B e r . ,  30, 2220, 2226 (1897).
(3) R . K . R o b in s  a n d  B. E . C h ris te n se n , ,7. A m .  C h e m .  S o c . ,  74 , 3624 

(1952).
(4) J .  B ad d iley , J . G . B u c h a n a n , F . J . H aw k er, a n d  J .  E . S tep h en so n , 

./ . C h e m .  S o c . ,  4659 (1956).
(5) S. R . B re sh ea rs , S. S. W a n g , S. G . B ec h to lt , a n d  B . E . C h ris te n se n , 

J .  A m .  C h e m .  S o c . ,  81 , 3789 (1959).
(6) R . K . R o b in s , ,/ . O r g .  C h e m . ,  26 , 447 (1961).
(7) H . B allw eg , A n n . ,  649 , 114 (1961).
(8) B . G . B o ld y re v  a n d  R . G. M a k itra , J .  A p p l .  C h e m , U S S R ,  28, 399 

(1955 ).
(9) (a) E . F isch e r , B e r . ,  28, 2490 (18 9 5 ); (b) 30 , 1846 (1897 ); (c) 31, 

104 (1898 ); (d) 32, 267 (1899).

that in most instances substitution occurred first at 
position 8. This would seem at first inspection to be at 
variance with expectation since modern theory would 
require that the methyl group at position 7 or 9 should, 
by the inductive effect, increase the electron density in 
the imidazole ring and thus favor attack by a nucleo
philic reagent in the pyrimidine ring (position 6). Re
cent electron density calculations for purine10 would pre
dict nucleophilic substitution at position 6 followed by 2 
then 8 . Pullman11 has calculated the localization 
energy for nucleophilic attack on the purine nucleus and 
has taken into account induced polarization under these 
conditions. According to these calculations there is an 
equal possibility for nucleophilic attack at either posi
tion 6 or 8 of the purine ring. Electron density calcula
tions by Mason12 for nucleophilic attack predict position

(10) R . L . M ille r  a n d  P . G . L ykos, T e t r a h e d r o n  L e t t e r s ,  493 (1962); R . L. 
M ille r , P . G . L ykos, a n d  H . N . S chm eising , J .  A m .  C h e m .  S o c . ,  84 , 4623 
(1962).

(11) B. P u llm a n , J .  C h e m .  S o c . ,  1621 (1959).
(12) S. F . M ason , in  “ T h e  C h e m is try  a n d  B io logy  of P u r in e s ,” a  C’ib a  

F o u n d a tio n  S y m p o s iu m , W olstenho lrne  a n d  O ’C o n n o r, E d . ,  L i tt le , B ro w n  
a n d  C o., B o s to n , M ass, ,1957, p . 72.
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8 most susceptible, followed by position 6 then position 
2 of the purine ring.

In an effort to study this problem it was decided to 
reinvestigate the earlier work of Fischer with 7- and 9- 
methyl-2,6,8-trichloropurine. Since Fischer prepared 
these derivatives (I and II) by sealed-tube chlorination 
procedures,9 new methods were devised which now 
make I and II readily available. 7-Methyl-2,6,8-tri- 
chloropurine (I) was prepared by the action of phos- 
phoryl chloride on 8-chlorotheobromine. 9-Methyl- 
2,6,8-trichloropurine (II) was prepared most readily by 
the methylation of 2,6,8-trichloropurine6 in dimethyl sul
foxide with methyl iodide patterned after the general 
method employed by Montgomery and Temple13 for

C H 3
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c h 3i  
k 2c o 3 ’

(CHaLSO

alkylation of 6-chloropurine. In every instance stud
ied, nucleophilic attack on I and II did indeed give the 
products noted by Fischer,9 and in all cases structural 
assignments were verified. It should be noted that 6,8- 
dichloropurine14 is similar to 2,6,8-trichloropurine in 
that strong bases attack position 6 in preference to 8.

An explanation is now proposed which will account 
for all known facts regarding nucleophilic displacement 
in the purine ring and which may be extended to other 
heterocyclic systems. In the case of the reaction of 
strong bases, such as hydroxide, alkoxide, alkylamines, 
alkyl mercaptides, etc., with 2,6,8-trichloropurine, the 
first step involves the removal of the acidic proton from 
the imidazole ring. Thus, the species which actually 
reacts with the excess nucleophile is in reality the anion 
which is stabilized by resonance. Thus, the anions 
Ilia  and Illb  actually increase the electron density at

Ilia Illb

position 8 and make nucleophilic attack at this position 
more difficult. Hence, nucleophilic attack under these 
conditions occurs preferentially at position 6. In the 
instances where an imidazole anion cannot form, i.e.,
7- and 9-methyl-2,6,8-trichloropurine, nucleophilic sub
stitution occurs preferentially (or equally as well) at 
position 8. In order to examine this hypothesis more 
closely, it was proposed to block the imidazole anion for
mation by some group which could readily be removed. 
Thus, one should be able to control the orientation of 
nucleophilic displacement by this means. The block
ing group chosen for study was the tetrahydropyranyl

(13) J .  A. M o n tg o m e ry  a n d  C . T e m p le , J r . ,  J .  A m .  C h e m .  S o c . ,  83 , 630 
(1961).

(14) R . K , R ob in s, i b i d . ,  80 , 6671 (1958).

S c h e m e  1

group since 9-(tetrahydro-2'-pyranyl) purines16 are easily 
prepared, and the tetrahydropyranyl group is readily 
removed with acid. 2,6,8-Trichloropurine and 2,3-di- 
hydropyran readily gave 9-(tetrahydro-2'-pyranyl) -
2,6,8-trichloropurine (IV) in good yield. The structure 
of IV was established by comparison of the ultraviolet 
absorption spectra with those of the model compounds 
I and II. When IV was treated with excess sodium 
ethylate in ethanol at room temperature, 2-chloro-6,8- 
diethoxy - 9 - (tetrahydro - 2 ' - pyranyl)purine (V) was 
obtained in good yield. The structure of V was es
tablished by treatment with hydriodic acid which 
yielded 6,8-dihydroxypurine.14 When only one mole of 
sodium ethoxide was employed, the major product was 
the 8-ethoxy derivative (VI), although a small amount 
of 6-ethoxy-2,8-dichloro-9-(tetrahydro-2'-pyranyl) pu
rine was detected. The structure of VI was determined 
by conversion to 8-hydroxypurine with hydriodic acid. 
Mild acid hydrolysis of VI and V gave an excellent 
yield of 2,6-dichloro-8-ethoxypurine (VIII) and 2- 
chloro-6,8-diethoxypurine (VII), respectively. The 
syntheses of VII and VIII are recorded here for the 
first time since these compounds are inaccessible by 
other routes. Thus, in effect, 2,6-dichloro-8-ethoxy- 
purine (VIII) has been prepared from 2,6,8-trichloro
purine which by direct reaction with ethoxide ion 
yields 2,8-dichloro-6-ethoxypurine.2 Similarly, an ex
cess of sodium ethoxide and 2,6,8-trichloropurine yields
8-chloro-2,6-diethoxypurine.2 With IV and excess 
sodium ethoxide in ethanol, 2-chloro-6,8-diethoxypurine
(VII) was obtained via V.

An extension of this study with ethanolic ammonia 
and 9 - (tetrahydro - 2' - pyranyl) - 2,6,8 - trichloro- 
purine (IV) at room temperature revealed that in this 
instance both 8-amino-2,6-diehloro-9-(tetrahydro-2'- 
pyranyl)purine (X) and 6-amino-2,8-dichloro-9-(tetra-

(15) R. K. Robins, E. F. Godefroi, E. C. Taylor, L. R. Lewis, and A*
Jackson, ib id ,, 83, 2574 (1961).
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S chem e 2

hydro-2'-pyranyl)purine (XI) were formed. X, how
ever, was obtained in a much greater proportion. The 
structures of X and XI were established by conversion 
with hydriodic acid to the known 8-aminopurine16 and 
adenine, respectively. Mild acid hydrolysis provided 
the previously unknown 8-amino-2,6-dichloropurine 
(XII). The reaction of ammonia and 2,6,8-trichloro- 
purine directly yields 6-amino-2,8-dichloropurine.2 As 
expected, IV and excess sodium sulfide at room tem
perature gave 2-chloro-9-(tetrahydro-2'-pyranyl)-6,8- 
purinedithiol (XIII). The structure of X III was es
tablished by treatment with Raney nickel in refluxing 2- 
ethoxyethanol. At this temperature the pyran and 
mercapto groups wrere removed simultaneously to yield 
2-chloropurine.17

When 9 - (tetrahydro - 2' - pyranyl) - 2,6,8 - trichloro- 
purine (IV) was treated with dilute aqueous sodium 
hydroxide in dioxane at room temperature, only the 
chlorine at position 8 was removed to yield 2,6-dichloro- 
8 - hydroxy - 9 - (tetrahydro - 2' - pyranyl)purine 
(XIV). The structure of XIV was determined by its

C l

c i ^ ' n

C l

N ^ C l
Y  a q .N a O H  ^
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Q  U i N

N .OH
N

H I
N

O

IV X I V

.O H

N

11 
N

I X

conversion to 8-hydroxypurine (IX) with hydriodic 
acid.

Further indication of the stabilizing effect of anion 
formation in the imidazole ring is found in the fact that 
8-chlsropurine18 is extremely stable to base. Four nor
mal boiling sodium hydroxide and 8-chloropurine gave 
unchanged starting material after one hour and forty-five 
minutes.18 In contrast, 6-chloropurine is reported to 
yield hypoxanthine in the presence of boiling 0.1 N  so
dium hydroxide.19

It is of considerable interest that in the case of 6,8-di- 
chloropurine, thiourea in refluxing ethanol gives 6,8- 
purinedithiol.14 Similarly, Ballweg7 has reported that

(16) A. A lb e r t a n d  D . J . B row n, J . C h e m .  S o c . ,  2060 (1954).
(17) J .  A. M o n tg o m e ry , J .  A m .  C h e m .  S o c . ,  78 , 1928 (1956).
(18) A . G . B e a m a n  a n d  R . K .  R o b in s , J .  A p p l .  C h e m . ,  12, 482 (1962).
(19) A . B en d ich , P . J .  R usse ll, J r . ,  a n d  J .  J . F ox , J .  A m .  C h e m .  S o c . ,  76, 

6073 (1954).

T a b l e  I

U ltraviolet Absorption  S pectra  of 
9-(T e trahydro-2 '-pyra n yl) P u rin es

R i

C om  p H  1 p H  11
p o u n d Amax Amax

no. R i R , m/x € m fi e
I V C l C l 2 79 1 2 ,6 0 0 2 8 2 .5 1 1 ,4 0 0
V C üH tO c 2h 5o 2 67 1 4 ,1 0 0 2 6 6 1 4 ,9 0 0
V I C l C A P O 251 4 ,5 9 0 251 7 ,3 5 0

2 8 1 .5 1 2 ,0 0 0 2 8 0 .5 1 2 ,8 0 0
X C l N I P 24 3 6 ,2 0 0 2 2 6 .5 1 0 ,2 0 0

2 8 9 .5 1 3 ,8 0 0 2 6 5 7 ,4 8 0
2 9 9 .5 1 1 ,8 0 0

X I n h 2 C l 2 6 7 .5 1 5 ,2 0 0 2 6 8 1 6 ,4 0 0
2 7 5 “ 1 2 ,9 0 0

X I I I S H S H 275 6 ,7 5 0 2 6 7 1 5 ,9 0 0
3 6 2 .5 1 7 ,6 0 0 34 2 1 8 ,5 0 0

X I V C l O H 2 4 9 .5 6 ,5 5 0 2 2 9 .5 1 3 ,1 0 0
289 1 3 ,7 0 0 2 7 0 1 0 ,1 0 0

3 0 2 1 3 ,0 0 0

° Inflection.

T able I I

U ltraviolet Absorption  Spectra  of Various P u r in e s

R i
1 H

" V r
— -N

2

C om  p H  1 p H  11
p o u n d Amax Amax

no. Ri Ri m*i É m/i e

V I I c 2h 5o C 2H 5 0 2 6 5 .5 1 3 ,5 0 0 2 7 4 .5 1 3 ,8 0 0
V i l i C l C A I / ) 2 8 2 .5 1 2 ,3 0 0 2 2 8 .5 1 4 ,2 0 0

289 1 0 ,7 0 0
X I I C l n h 2 2 4 8 .5 4 ,0 8 0 2 3 7 1 6 ,9 0 0

2 9 0 1 5 ,9 0 0 3 0 2 1 4 ,3 0 0
X V C l p - C lC e H ,N H 2 9 9 .5 1 8 ,9 0 0 3 0 5 .5 2 8 ,0 0 0

2,6,8-trichloropurine under the same conditions yields 
2-chloro-6,8-purinedithiol. In these two instances it is 
clear that nucleophilic attack occurs without formation 
of the anion Ilia  or Illb . Thiourea is an example of a 
good nucleophile but a weak base; therefore, displace
ment at carbon 8 does occur in the absence of a strongly 
basic nucleophile.

In this regard it is interesting to consider the reaction 
of 2,6,8-trichloropurine and strong acid. Fischer2 
showed that in the presence of strong acid, reaction oc
curs at position 8 to give 2,6-dichloro-8-hydroxypurine. 
Similarly, Robins14 has shown that under acidic condi
tions 6,8-dichloropurine yields 6-chloro-8-hydroxy- 
purine. Robins14 has postulated protonation in the 
imidazole ring under these conditions, which would 
greatly lower the electron density at position 8 thus 
favoring nucleophilic attack at that position.

It is quite probable that in order to obtain good cor
relation between electron density calculations of nitro
gen heterocyclic compounds and laboratory experi
mental observations, careful examination of the actual 
species undergoing reaction is a most important factor 
to be considered. Heterocyclic systems often form 
ionic species in the reaction media which considerably
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change the electron distribution of the isolated mole
cule. Such a situation has recently been observed20 
for pyrazole and imidazole and is probably quite gen
eral for similar heterocycles.

Experimental21 22
2 - C h lo r o -6 ,8 - d ie th o x y - 9 - ( te tr a h y d r o - 2 '- p y r a n y l ) p u r in e  ( V ) .—

9 - ( T e t r a h y d r o - 2 '- p y r a n y l ) - 2 ,6 ,8 - t r i c h lo r o p u r in e  ( I V ,  1 g . )  w a s  
s t i r r e d  fo r  3 h r .  a t  r o o m  t e m p e r a t u r e  w i th  15  m l .  o f  e th a n o l  
c o n ta in in g  0 .2 3  g . o f d is s o lv e d  s o d iu m . T h e  r e s u l t in g  s o lu t io n  
w a s  c o o le d  a n d  f i l t e r e d .  T h e  c r u d e  p r o d u c t  w a s  w a s h e d  w i th  
w a te r  a n d  r e c r y s ta l l i z e d  f ro m  e th a n o l  t o  y ie ld  0 .9  g . ( 8 4 .8 % )  of 
c r y s ta l s ,  m . p .  1 3 0 - 1 3 1 ° .

Anal. C a lc d .  f o r  C i4H i9C lN 40 3: C ,  5 1 .3 ;  H ,  5 .8 ;  N ,  1 7 .1 . 
F o u n d :  C ,  5 1 .3 ;  H ,  6 .1 ;  N ,  1 7 .2 .

9 - M e th y l - 2 ,6 ,8 - t r ic h lo ro p u r in e  ( I I ) . — A n h y d r o u s  2 ,6 ,8 - t r i -  
c h lo r o p u r in e 6 (8 6  g . ) ,  102  g . o f m e th y l  io d id e ,  5 4 .4  g . o f a n 
h y d r o u s  p o ta s s iu m  c a r b o n a te ,  a n d  3 8 0 0  m l .  o f  d im e th y l  su lfo x id e  
w e re  s t i r r e d  m e c h a n ic a l ly  a t  r o o m  t e m p e r a t u r e  fo r  24  h r .  A t  t h e  
e n d  o f th i s  p e r io d  100 0  g .  o f ic e  w a s  a d d e d  a n d  p r e c ip i t a t i o n  o c 
c u r r e d .  T h e  w h i te  s o lid  w a s  f i l te r e d ,  w a s h e d  w i th  i c e - w a te r ,  a n d  
d r ie d  t o  y ie ld  4 5  g .  o f c r u d e  p r o d u c t ,  m .p .  1 6 8 .5 - 1 7 6 ° .  T w o  
r e c r y s ta l l i z a t io n s  f ro m  e th a n o l  g a v e  29  g . o f w h i te  c r y s ta l l in e  
n e e d le s ,  m .p .  1 7 6 -1 7 6 .5 °  ( l i t . 9 m .p .  1 7 6 .5 ° ) .  U l t r a v io le t  
a b s o r p t io n  d a t a :  A“” ,1, 27 9  m /u, e 1 8 ,1 0 0 ; 2 8 0 .5  m/t, e
1 7 ,8 0 0 ; A“ ™  2 8 0  £ 1 7 ,5 0 0 .

Anal. C a lc d .  f o r  C e H s C h N u  C , 3 0 .3 ;  H ,  1 .3 ;  N ,  2 3 .5 . 
F o u n d :  C . 3 0 . 5 ;  H ,  1 .5 ;  N ,  2 3 .8 .

7 - M e th y l - 2 ,6 ,8 - t r ic h lo r o p u r in e  ( I ) . — 8 - C h lo r o th e o b r o m in e 22 
(4 4  g . )  a n d  54 0  m l .  o f  p h o s p h o r u s  o x y c h lo r id e  w e re  r e f lu x e d  fo r  
24  h r .  T h e  e x c e s s  p h o s p h o r u s  o x y c h lo r id e  w a s  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e ,  e m p lo y in g  a  s t e a m  b a t h  a s  a  s o u rc e  o f h e a t ,  
u n t i l  t h e  r a t e  o f  d i s t i l l a t io n  s lo w e d  d o w n  t o  a  fe w  d r o p s  p e r  
s e c o n d . T h e  r e s id u e  w a s  t h e n  p o u r e d  o n to  1000  g . o f  a n  ic e  a n d  
w a te r  m ix tu r e  a n d  t h e  s u s p e n s io n  a l lo w e d  to  s t a n d  fo r  15 m in .  
w i th  o c c a s io n a l  s t i r r in g .  T h e  p r o d u c t  w a s  t h e n  f i l te r e d ,  w a s h e d  
w i th  w a te r  t o  r e m o v e  t h e  a c id ,  a n d  f in a l ly  w a s h e d  w i th  e th a n o l  to  
g iv e  17 g . o f  a  y e llo w -w h ite  s o l id .  R e c r y s ta l l iz a t io n  o f t h e  c r u d e  
p r o d u c t  f ro m  e th a n o l  g a v e  9 .6  g .  ( 1 9 .7 % )  o f lo n g , s le n d e r  w h ite  
n e e d le s ,  m . p .  1 5 8 .5 - 1 6 0 .5 °  ( l i t . 9 1 5 9 - 1 6 1 ° ) .  T h e  a c id ic  
f i l t r a t e  w a s  s e t  a s id e  in  t h e  r e f r ig e r a to r  fo r  2  d a y s  t o  y ie ld  2 0  g . 
o f  8 - c h lo ro th e o b r o m in e .  U l t r a v io le t  a b s o r p t io n  d a t a :  A'®,1, 285  
m M, e 1 1 ,3 0 0 ; A““, " ,  2 8 5  m M, e 1 0 ,4 0 0 ; X“ ° H 2 8 4  m M, <= 1 0 ,7 0 0 .

Anal. C a lc d .  fo r  C 6H 3C l3N 4: C ,  3 0 .3 ;  H ,  1 .3 ;  N ,  2 3 .5 . 
F o u n d :  C ,  3 0 .6 ;  H ,  1 .3 ;  N ,  2 3 .8 .

2 -C h lo r o -6 ,8 - d ie th o x y p u r in e  ( V I I ) .— 2 -C h lo r o -6 ,8 - d ie th o x y -9 -  
( t e t r a h y d r o - 2 '- p y r a n y l ) p u r in e  (V , 3 g . )  w a s  d is s o lv e d  in  2 0 0  m l .  
of e th a n o l .  T h e  s o lu t io n  w a s  a c id if ie d  t o  p H  1 w i th  1 N h y d r o 
c h lo r ic  a c id  a n d  a llo w e d  to  e v a p o r a t e  a t  ro o m  t e m p e r a t u r e .  T h e  
r e s id u e  w a s  w a s h e d  w i th  w a te r  a n d  r e c r 3rs ta l l iz e d  f ro m  b e n z e n e  to  
y ie ld  1 .4  g . ( 6 2 .8 % )  o f 2 -c h lo ro - 6 ,8 - d ie th o x y p u r in e  ( V I I ) ,  m . p .
2 0 2 - 2 0 4 .5 ° .

Anal. C a lc d .  fo r  C s H u C l N A :  C ,  4 4 .5 ;  H ,  4 .5 ;  N ,  2 3 .1 . 
F o u n d :  C ,  4 4 .6 ;  H ,  4 .7 ;  N ,  2 3 .3 .

2 ,6 -D ic h lo ro -8 -e th o x y -9 - (  t e t r a h y d r o - 2  '- p y ra n y l  )p u r in e  (V I ) .—  
T o  e th a n o l  (7 5  m l . ) ,  c o n ta in in g  0 .3 7  g . o f d is s o lv e d  s o d iu m , w a s  
a d d e d  5 .0  g .  o f  9 -(  t e t r a h y d r o - 2 '- p y r a n y l  ) -2 ,6 ,8 - t r ic h lo r o p u r in e
( I V ) .  T h e  s o lu t io n  w a s  s t i r r e d  f o r  3 h r .  a t  ro o m  t e m p e r a t u r e ,  
a n d  th e n  50  g . o f  ic e  w a s  a d d e d  w i th  v ig o ro u s  s t i r r in g .  T h e  r e 
s u l t in g  p r e c ip i t a t e  w a s  f i l te r e d ,  w a s h e d  w i th  w a te r ,  a n d  d r ie d  t o  
y ie ld  4 .6  g . o f  a  w h i te  s o l id  w h ic h  w a s  r e c r y s ta l l iz e d  f ro m  n- 
h e p ta n e  to  y ie ld  3 .2  g . o f  p r o d u c t  c o n ta m in a t e d  w i th  a  s m a ll  
a m o u n t  o f  2 ,8 -d ic h lo ro -6 -e th o x y -9 - (  t e t r a h y d r o - 2  '- p y r a n y l  ( p u r in e . 
T h is  c r u d e  p r o d u c t  w a s  tw ic e  m o r e  r e c r y s ta l l iz e d  f ro m  n - h e p ta n e  
to  y ie ld  1 .1 8  g . o f 2 ,6 - d ic h lo ro - 8 - e th o x y - 9 - ( te t r a h y d r o - 2 '- p y r a n y l )  
p u r in e  ( V I ) ,  m .p .  1 1 4 - 1 1 6 .5 ° .

Anal. C a lc d .  fo r  C i2H u C 12N 40 2: C ,  4 5 .4 ;  H ,  4 .4 ;  N ,  1 7 .7 . 
F o u n d :  C ,  4 5 .2 ;  H ,  4 .4 ;  N ,  1 7 .6 .

T h e  F o r m a t io n  o f  6 ,8 -D ih y d ro x y p u r in e  f ro m  2 - C h lo ro -6 ,8 -d i-  
e th o x y -9 -(  t e t r a h y d r o - 2 ' -  p y ra n y l  )p u r in e  (V ) .— 2 - C h lo ro  -  6 ,8  -  d i-
e t h o x y - 9 - ( t e t r a h y d r o - 2 '- p y r a n y l ) p u r in e  ( V ,  1 .1  g . )  w a s  t r e a t e d  
w ith  22  m l .  o f  4 7 %  h y d r io d ic  a c id  u n d e r  re f lu x  f o r  2  h r .  T h e  
s o lu t io n  w a s  f i l te r e d  a n d  e v a p o r a t e d  t o  d r y n e s s  o n  t h e  s te a m

(20) H . H am a n o  a n d  H . F . H a m e k a , T e t r a h e d r o n ,  18, 985 (1962).
(21) A ll m e lting  p o in ts  a re  u n c o rre c te d  a n d  w ere  d e te rm in e d  on  a  F ish er-  

Jo h n s  m e lting  p o in t a p p a ra tu s  u n le ss  o th e rw ise  s ta te d .
(22) H . B iltz  a n d  E . T o p p , B e r . ,  44, 1524 (1911).

b a t h ,  a n d  2 0  m l.  o f c o n c e n t r a te d  a q u e o u s  a m m o n ia  w a s  a d d e d  to  
th e  r e s id u e .  T h e  s o lu t io n  w a s  t h e n  h e a t e d  o n  t h e  s t e a m  b a t h  fo r  
10  m in .  a n d  f i l te r e d ,  a n d  t h e  f i l t r a t e  w a s  a c id if ie d  t o  p H  1 w i th  
c o n c e n t r a te d  h y d r o c h lo r ic  a c id .  T h e  p r e c ip i t a t e d  s o lid  w a s  
f i l te r e d  w i th  s u c t io n ,  w a s h e d  w i th  w a te r ,  a n d  r e c r y s ta l l i z e d  f ro m  
b o ilin g  w a te r  t o  y ie ld  0 .3  g . T h e  a c id ic  f i l t r a t e  w a s  a l lo w e d  to  
e v a p o r a te  a t  ro o m  t e m p e r a t u r e ,  a n d  t h e  r e m a in in g  r e s id u e  w a s  
w a s h e d  w i th  a n d  r e c r y s ta l l iz e d  f ro m  w a te r  t o  g iv e  0 .1  g . T h e  
o v e r -a ll  y ie ld  w a s  0 .4  g . ( 7 8 .3 % )  o f  6 ,8 - d ih y d r o x y p u r in e .  T h e  
c o m p o u n d  g a v e  a  n e g a t iv e  t e s t  f o r  h a lo g e n  ( s o d iu m  fu s io n ) .  
T h e  u l t r a v io l e t  a b s o r p t io n  s p e c t r a  w e re  id e n t ic a l  t o  th o s e  o f  6 ,8 -  
d ih y d r o x y p u r in e  .14

Anal. C a lc d .  f o r  C 6H 4N 4 0 2; C ,  3 9 .5 ;  H ,  2 .6 ;  N ,  3 6 .8 . 
F o u n d :  C , 3 9 . 7 ;  H ,  2 .7 ;  N , 3 6 . 8 .

9 - ( T e t r a h y d r o - 2 '- p y r a n y l ) - 2 ,6 ,8 - t r ic h lo r o p u r in e  (IV).— 2 ,6 ,8 -  
T r ic h lo r o p u r in e 6 (6 3  g . ,  a n h y d r o u s )  w a s  d is s o lv e d  in  4 0 0  m l .  o f 
e th y l  a c e t a t e  a n d  s lo w ly  h e a te d  t o  3 5 °  w i th  s t i r r in g .  p - T o lu e n e -  
s u lfo n ic  a c id  (1 0 0  m g .)  w a s  t h e n  a d d e d ,  fo llo w e d  b y  d ro p w is e  
a d d i t io n  o f  43  g . o f 2 ,3 - d ih y d r o - 4 f l - p y r a n  o v e r  a  1 0 -m in . p e r io d .  
T h e  t e m p e r a tu r e  ro s e  t o  5 5 ° ;  t h e  s o u rc e  o f h e a t  w a s  r e m o v e d ,  
a n d  s t i r r in g  w a s  c o n t in u e d  fo r  a n o th e r  15 m in .  T h e  s o lu t io n  w a s  
th e n  r a p id ly  c o o le d  t o  r o o m  t e m p e r a t u r e  a n d  e x t r a c t e d  w i th  fo u r  
2 5 -m l. p o r t io n s  o f  a q u e o u s  ( s a t u r a t e d )  s o d iu m  c a r b o n a te ,  fo l
lo w e d  b y  w a s h in g  w i th  f iv e  2 5 -m l. p o r t io n s  o f w a te r  u n t i l  t h e  
s o lu t io n  w a s  n e u t r a l .  T h e  r e s u l t in g  s o lu t io n  w a s  d r ie d  o v e r  a n 
h y d r o u s  s o d iu m  s u l f a te  fo r  5 h r .  a n d  f i l t e r e d ,  a n d  th e  ex cess  e th y l  
a c e t a t e  w a s  e v a p o r a t e d  a t  5 0 °  u n d e r  r e d u c e d  p r e s s u r e .  T h e  r e 
s u l t in g  s o lid  w a s  r e c r y s ta l l iz e d  f ro m  n - h e p ta n e  t o  y ie ld  5 2 .5  g .  
( 6 0 .8 % )  o f a  w h i te  c r y s ta l l in e  s o l id ,  m .p .  1 1 7 - 1 1 9 ° .

Anal. C a lc d .  fo r  C i„H 9C I3N 40 :  C ,  3 9 .1 ;  H ,  2 .9 ;  N ,  1 8 .2 . 
F o u n d :  C ,  3 8 .8 ;  H ,  3 .1 ;  N ,  1 8 .0 .

2 ,6 -D ic h lo ro -8 -e th o x y p u r in e  (VIII).— 2 ,6 - D ic h lo ro - 8 - e th o x y -
9 -( t e t r a h y d r o - 2 '- p y r a n y l  (p u r in e  ( V I ,  2 0 8  m g .)  w a s  d is s o lv e d  in  
e th a n o l  t o  w h ic h  w a s  a d d e d  2 d r o p s  o f 1 N  h y d r o c h lo r ic  a c id .  
T h e  s o lu t io n  w a s  a llo w e d  t o  e v a p o r a t e  a t  ro o m  t e m p e r a t u r e ,  
a n d  t h e  r e s id u e  w a s  w a s h e d  w i th  w a te r  a n d  r e c r y s ta l l i z e d  f ro m  
b e n z e n e  t o  y ie ld  2 ,6 - d ic h lo ro - 8 -e th o x y p u r in e  ( V I I I ) ,  m .p .
1 9 4 .5 - 1 9 6 ° .

Anal. C a lc d .  fo r  C ,H 6C12N 40 :  C ,  3 6 .1 ;  H ,  2 .6 ;  N ,  2 4 .1 . 
F o u n d :  C ,  3 6 .2 ;  H ,  2 .4 ;  N ,  2 4 .1 .

T h e  F o rm a tio n  o f 8 - H y d ro x y p u r in e  (IX) f ro m  VI.— 2 ,6 - D i-  
c h lo r o - 8 - e th o x y - 9 - ( te t r a h y d r o - 2 '- p y r a n y l ) p u r in e  ( V I ,  3 0 0  m g .)  
w a s  t r e a t e d  w i th  10  m l.  o f  4 7 %  h y d r io d ic  a c id  u n d e r  re f lu x  f o r  2  
h r .  T h e  s o lu t io n  w a s  f i l te r e d  a n d  e v a p o r a t e d  t o  d r y n e s s  o n  t h e  
s t e a m  b a t h .  W a t e r  (5  m l . )  w a s  a d d e d  t o  t h e  r e s id u e ;  t h e  p H  w a s  
a d ju s te d  t o  11 w i th  4  N  s o d iu m  h y d r o x id e ,  a n d  t h e  s o lu t io n  w a s  
f i l te r e d .  T h e  u l t r a v io l e t  a b s o r p t io n  s p e c t r a  o f  t h e  f i l t r a t e  s h o w e d  
o n ly  8 - h y d r o x y p u r in e .  R, v a lu e s  in  s o lv e n ts  A , B ,  a n d  D  w e re  
id e n t ic a l  t o  th o s e  o f a n  a u t h e n t i c  s a m p le  o f  8 - h y d r o x y p u r in e .23

8 - A m in o -2 ,6 -d ic h lo ro -9 - ( te tr a h y d ro -2  '- p y r a n y l ( p u r in e  (X )  a n d
6 -A m in o -2 ,8 -d ic h lo ro -9  - ( t e t r a h y d r o  - 2 '  - p y r a n y l  (p u r in e  ( X I ) .— 9 - 
( T e t r a h y d r o - 2 '- p y r a n y l ) - 2 ,6 ,8 - t r i c h lo r o p u r in e  ( I V ,  3  g . )  in  120  
m l. o f  e th a n o l ic  a m m o n ia  ( s a t u r a t e d  a t  0 ° )  w a s  s t i r r e d  fo r  3  h r ,  
a t  r o o m  t e m p e r a t u r e  in  a  c lo s e d  c o n ta in e r .  T h e  r e s u l t in g  m ix tu r e  
w a s  f i l te r e d  a n d  th e  c r u d e  p r o d u c t  w a s h e d  w i th  w a te r  a n d  r e -  
c r y s ta l l iz e d  f ro m  w a te r  a n d  e th a n o l  t o  y ie ld  1 .9 5  g .  ( 6 9 .5 % )  o f 8 - 
a m in o - 2 ,6 - d ic h lo r o - 9 - ( te t r a h y d r o - 2 '- p y r a n y l ) p u r in e  ( X ) ,  m .p .  
>  3 0 0 ° .

Anal. C a lc d .  fo r  C ioH u C 12N 60 :  C ,  4 1 .7 ;  H ,  3 .8 ;  N ,  2 4 .3 .  
F o u n d :  C ,  4 1 .5 ;  H ,  4 .0 ;  N ,  2 4 .1 .

T h e  f i l t r a t e  f ro m  t h e  a b o v e  r e a c t io n  m ix tu r e  w a s  e v a p o r a t e d  
a n d  th e  r e s id u e  w a s h e d  w i th  w a t e r .  T h e  c r u d e  p r o d u c t  w a s  r e 
c r y s ta l l iz e d  f ro m  e th a n o l  t o  y ie ld  0 .7  g . ( 2 4 .9 % )  o f  6 -a m in o -2 ,8 -  
d i c h lo r o - 9 - ( te t r a h y d r o - 2 '- p y r a n y l ) p u r in e  ( X I ) ,  m . p .  >  3 0 0 ° .

Anal. C a lc d .  fo r  C ioH „ C 12N 60 :  C ,  4 1 .7 ;  H ,  3 .8 ;  N ,  2 4 .3 .  
F o u n d :  C ,  4 1 .8 ;  H ,  4 .0 ;  N ,  2 4 .0 .

T r e a t m e n t  o f X  a n d  X I  w i th  h y d r io d ic  a c id  g a v e  o n ly  8 -  
a m in o p u r in e  a n d  a d e n in e ,  r e s p e c t iv e ly .  N o  c o n ta m in a t io n  b y  
t h e  o th e r  i s o m e r  w a s  d e t e c t e d  b y  p a p e r  c h r o m a to g r a p h y .

8 - A m in o -2 ,6 -d ic h lo ro p u r in e  (XII).— 8 -A m in o -2 ,6 -d ic h lo ro -9 -  
( t e t r a h y d r o - 2 '- p y r a n y l ( p u r i n e  ( X ,  150  m g .)  w a s  d is s o lv e d  in  
10 0  m l .  o f  e th a n o l .  T h e  s o lu t io n  w a s  a c id if ie d  t o  p H  1 w i th  1 N 
h y d r o c h lo r ic  a c id ,  a l lo w e d  to  s t a n d  o v e r n ig h t  a t  ro o m  t e m p e r a 
t u r e ,  a n d  t h e n  r e d u c e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  T h e  
r e s id u e  w a s  w a s h e d  w i t h  w a te r  a n d  r e c r y s ta l l iz e d  f ro m  w a te r  a n d  
m e th a n o l  t o  y ie ld  9 0  m g . ( 8 5 .0 % )  o f  8 -a m in o -2 ,6 - d ic h lo ro p u r in e  
( X I I ) ,  m .p .  >  3 0 0 ° .

(23) S. F . M aso n , J .  C h e m .  S o c . ,  2071 (1954).
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Anal. C a lc d .  fo r  C U L C fiN s : C ,  2 9 .4 ;  H ,  1 .5 ;  N ,  3 4 .3 . 
F o u n d :  C ,  2 9 .4 ;  H ,  1 .3 ;  N ,  3 3 .7 .

Reduction of 2-Chloro-6 ,8-dimercapto-9-(tetrahydro-2 '-pyr- 
anyl)purine (XIII) with Raney Nickel to Yield 2-Chloropurine.—
2 - C h lo r o - 6 ,8 - d im e r c a p to - 9 - ( te t r a h y d r o - 2 '- p y r a n y l ) p u r m e  ( X I I I ,  
2 5 0  m g .)  w a s  d is s o lv e d  in  4 0  m l .  o f  2 - e th o x y e th a n o l  t o  w h ic h  w a s  
a d d e d  3  g .  o f  R a n e y  n ic k e l ,  a n d  t h e  s o lu t io n  w a s  r e f lu x e d  f o r  2  
h r .  T h e  u l t r a v io l e t  a b s o r p t io n  s p e c t r a  a n d  p a p e r  c h r o m a to 
g r a p h ic  d a t a  in  s o lv e n ts  A , B ,  a n d  C  r u n  o n  t h e  f i l t r a t e  o f th e  
r e a c t io n  m ix tu r e  s h o w e d  2 -e h lo ro p u r in e 16 a s  t h e  o n ly  p u r in e  d e r iv a 
t i v e  p r e s e n t .

2-Chloro-6,8-dimercapto-9-(tetrahydro-2'-pyranyl)purine (XIII).
— 9 - ( T e t r a h y d r o - 2 '- p y r a n y l ) - 2 ,6 ,8 - t r i c h lo r o p u r in e  ( I V ,  1 g .)  
w a s  a d d e d  t o  1 .0 3  g .  o f  s o d iu m  su lf id e  ( c o n ta in in g  2 .7  m o le  
e q u iv a le n t s  o f w a te r )  in  15  m l .  o f  e th a n o l .  T h e  s o lu t io n  w a s  
s t i r r e d  fo r  3  h r .  a t  r o o m  t e m p e r a tu r e ;  t h e  m ix tu r e  w a s  th e n  
f i l te r e d  a n d  t h e  e th a n o l  e v a p o r a t e d  a t  5 0 °  u n d e r  r e d u c e d  p r e s s u re .  
T h e  y e l lo w , g u m m y  p r o d u c t  w a s  s im i la r ly  e v a p o r a t e d  s e v e ra l  
t im e s  w i th  5 0  m l .  o f  b e n z e n e  u n t i l  a  p o w d e r y  s o l id  r e m a in e d .  
T h is  s u b s t a n c e  w a s  t h e n  d is s o lv e d  in  b e n z e n e  a n d  m e th a n o l ,  
t r e a t e d  w i th  c h a r c o a l ,  f i l te r e d ,  a n d  e v a p o r a t e d  t o  d r y n e s s  t o  
y ie ld  0 .9 5  g . ( 9 6 .7 % )  o f  a  y e llo w  p o w d e r ,  m .p .  >  3 0 0 ° .

Anal. C a lc d .  f o r  C 10H 11C IN 4O S 2: C ,  3 9 .6 ;  H ,  3 .6 ;  N ,  1 8 .5 . 
F o u n d :  0 , 3 9 . 7 ;  H ,  3 .3 ;  N ,  1 8 .5 .

2,6-Dichloro-8-hydroxy-9-(tetrahydro-2'-pyranyl)purine (XIV). 
— 9 - ( T e t r a h y d r o - 2 '- p y r a n y l ) - 2 ,6 ,8 - t r i c h lo r o p u r in e  ( I V ,  5  g .)  
w a s  d is s o lv e d  in  5 0 0  m l. o f a n h y d r o u s  p - d io x a n e  c o n ta in in g  4 8 .8

m l. o f 0 .9 9 6 5  N  s o d iu m  h y d r o x id e .  T h e  s o lu t io n  w a s  s t i r r e d  fo r  
22  h r .  a t  r o o m  t e m p e r a t u r e ,  a n d  t h e  ex cess  p - d io x a n e  w a s  r e m o v e d  
u n d e r  v a c u u m .  W a t e r  w a s  a d d e d  t o  t h e  r e s id u e ,  a n d  a  s m a ll  
a m o u n t  o f  p r e c ip i t a t e  w h ic h  f o r m e d  w a s  f i l t e r e d .  T h e  f i l t r a t e  
w a s  a c id if ie d  t o  p H  1 w i th  1 N  h y d r o c h lo r ic  a c id ,  a n d  t h e  s o lid  
t h a t  a p p e a r e d  w a s  f i l te r e d ,  t r i t u r a t e d ,  a n d  w a s h e d  w i th  w a te r ,  
a n d  d r ie d  t o  y ie ld  2 .0  g . ( 4 2 .6 % )  o f a  p u r e  w h i te  p o w d e r ,  m .p .  
>  3 0 0 ° ,  w h ic h  c o u ld  n o t  b e  r e c r y s ta l l iz e d  s u c c e s s fu l ly .

Anal. C a lc d .  fo r  C i0H 10C12N 4O 2: C ,  4 1 .5 ;  H ,  3 .5 ;  N ,  1 9 .4 . 
F o u n d :  C ,  4 1 .3 ;  H ,  3 .7 ;  N ,  1 9 .5 .

H y d r o ly s is  o f X V  w i th  h y d r io d ic  a c id  a s  fo r  V I  g a v e  8 - h y d r o x y -  
p u r in e  id e n t i f ie d  b y  u l t r a v io l e t  a b s o r p t io n  s p e c t r a  a n d  R f v a lu e s  
i n  s o lv e n ts 24 A , B ,  a n d  D .
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(24) Solvent A, i~ P rO H :H 2 0 ::6 :4 — descending; B ,  n -B u O H :H 2 0 :H O A c  
(g la c ia l) : :  5 :4 :1 — descending; C , n -B u O H  saturated w ith  H 2O plus 1%  
N H 4O H — descending; D , ¿ -P rO H : D M F : N H 4O H : : 6 5 :2 5 :1 0 — descending; 
E ,  5 %  N H 4H C O 3 in  H 2O— descending; F , 5 %  N a iH PC h  in  H 2O saturated 
w ith  isoam yl alcohol— descending; G , n -B u O H  saturated w ith  H 2O— descend
ing ; H, E tO H :H z O : :7 :3 — ascending; I ,  n -B u O H : H 2O : H O A c (g la c ia l) : :  
5 :4 :1 — ascending; J , (N H ^ S O i : !  JV N a O A c :i-P rO H : : 4 0 :9 :1— ascending.
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T h e  a - h a lo g e n a te d  p y r id in e s  r e a c t  w i th  p o ta s s iu m  f lu o r id e  in  v a r io u s  s o lv e n ts  t o  g iv e  r e p la c e m e n t  o f  t h e  
a - h a lo g e n  b y  f lu o rin e . A  5 0 %  y ie ld  o f 2 - f lu o ro p y r id in e  w a s  o b ta in e d  f ro m  2 -c h lo ro p y r id in e  b y  h e a t in g  w i th  p o t a s 
s iu m  f lu o r id e  in  d im e th y l  s u lfo n e  o r  t e t r a m e th y le n e  s u lfo n e  f o r  tw e n ty - o n e  d a y s ;  2 -b ro m o p y r id in e  g a v e  a  s im ila r  
y ie ld  w i th  a  h e a t in g  p e r io d  o f  o n ly  s e v e n  d a y s . T h e  « -h a lo g e n s  o f  t h e  p o ly h a lo p y r id in e s  u n d e r g o  t h e  e x c h a n g e  
r e a c t io n  m o r e  r e a d i ly  t h a n  d o  t h e  h a lo g e n s  o f t h e  « -m o n o h a lo p y r id in e s .  T h e  p r o p o s e d  s t r u c tu r e s  o f  t h e  f lu o ro -  
p y r id in e s  a r e  s u p p o r t e d  b y  a l t e r n a t e  s y n th e s e s  a n d  b y  n .m .r .  s tu d ie s .

It previously has been found by Finger and co
workers that chlorine in certain positions in poly
chlorobenzenes6 can be replaced by fluorine using the 
potassium fluoride exchange reaction. For example, 
hexachlorobenzene will react with potassium fluoride to 
give l,3,5-trichloro-2,4,6-trifluorobenzene as a major 
product,6 and small amounts of dichlorotetrafluoro- 
benzene and chloropentafluorobenzene.6 This shows 
that chlorine is not only a strong activating group from 
the meta position as expected in nucleophilic reactions,7 
but is also a significant activator even from the ortho 
and para positions.

In this study halogen activation has been demon
strated also in the polychloropyridines. A second halo
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sea rch  F u n d , a d m in is te re d  b y  th e  A m erican  C h em ica l S o c ie ty  fo r  p a r t ia l  
s u p p o r t of th i s  researc h .
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N ew  O rleans , L a .
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g ress  o f P u re  a n d  A pp lied  C h e m is try , P a r is , J u ly , 1957, p . 303. A lso u n 
p u b lish e d  re s u lts .

(6) J .  T . M a y n a rd , J .  O r g .  C h e m . ,  28 , 112 (1963).
(7) J . F . B u n n e t t  a n d  R . E . Z ah ler, C h e m .  R e v . ,  49 , 273 (1951).

gen atom (chlorine or bromine) either adjacent to or 
opposite an a-chlorine on the pyridine ring gives in
creased lability to atoms in the «-position for reaction 
with potassium fluoride. These findings make it 
possible to synthesize many fiuoropyridines more simply 
than can be done by the multi-step Schiemann opera
tions.

Several years ago in the early stages of this study 
progress was slow with the reaction media then in use,8 
until it was discovered that dimethyl sulfone9 was a 
better solvent medium for many exchange reactions. 
Unfortunately early work with 2-chioropyridine9-11 
and potassium fluoride led to the belief that activation 
by a ring nitrogen alone was insufficient for an exchange 
reaction; however, it has now been established that on 
prolonged heating 2-fluoropyridine (I) can be obtained 
in a significant yield. For instance, heating a mixture 
of 2-chloropyridine and potassium fluoride in dimethyl 
sulfone for twenty-one days gave a 50% yield of 2-fluoro- 
pyridine.12 2-Bromopyridine in dimethyl sulfone

(8) G . C . F in g e r  a n d  C . W . K ruse , J .  A m .  C h e m .  S o c . ,  7 8 ,  6034 (1956).
(9) L . D . S ta r r  a n d  G . C. F in g e r , C h e m .  I n d .  (L o n d o n ), 1328 (1962).
(10) G . C . F in g e r  a n d  L . D . S ta r r ,  J .  A m .  C h e m .  S o c . ,  81 , 2674 (1959).
(11) J .  H a m e r, W . J .  L ink , A . J u r je v ic h , a n d  T . L . V igo, R e c .  t r a v .  c h i m . ,  

81, 1058 (1962).
(12) A s im ila r  re s u lt  w as o b ta in e d  w ith  te tr a m e th y le n e  su lfo n e  (“ S u lfo 

la n e ” ) a s  a  re a c tio n  so lv en t.
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gave a similar yield in seven days. Somewhat greater 
activation exists in 2,6-dichloropyridine as a 52% of the 
difluoro analog was reported,13 for a heating period of 
one hundred hours in dimethyl sulfone.
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The other halopyridines which were studied also 
showed a-chlorine or bromine replacement by fluorine, 
giving compounds II-V. The 4-halopyridines were 
not studied because of their reported thermal insta
bility.14

It was found that heating 2,5-dichloropyridine with 
potassium fluoride in dimethyl sulfoxide gave both
5-chloro-2-fluoropyridine (Ilia) and 5-chloro-2-methyl- 
thiopyridine; the latter compound was obtained in the 
larger amount. In the absence of potassium fluoride 
neither 2,5-dichloropyridine nor 5-chloro-2-fluoropyri- 
dine reacted with dimethyl sulfoxide to give the thio- 
ether which apparently resulted from the reaction of 
some intermediate with the solvent. The use of di
methyl sulfone,9 however, avoided this difficulty, as the 
sulfone structure prevented the sulfur from acting as an 
effective nucleophile. Furthermore, this solvent gave 
a much higher yield of the desired 5-chloro-2-fluoro- 
pyridine. From this example it is seen, that in certain 
cases, dimethyl sulfone is a superior solvent in that it 
affords higher yields and minimizes side reactions in
volving the solvent.

Dhnethyl sulfone was found to be a satisfactory reac
tion medium in the remainder of the exchange reactions 
which were studied. That the 2-chlorine in 2,5-di
chloropyridine was replaced was confirmed by the 
Schiemann conversion of 2-amino-5-chloropyridine 
to 5-chloro-2-fluoropyridine which was identical with 
that obtained from 2,5-dichloropyridine. The same 
2-chlorine replacement was observed with 5-bromo-2- 
chloropyridine. The replacement of the 2-chlorine by 
fluorine in 2,3-dichloropyridine and 2,3,5-trichloro- 
pyridine was possible with potassium fluoride in di
methyl sulfone and gave 3-chloro-2-fluoropyridine (II) 
and 3,5-dichloro-2-fluoropyridine (IV), respectively. 
These examples illustrate that a chlorine adjacent to the 
chlorine which is being replaced provides increased 
activation and does not interfere sterically with the 
replacement. 2-Amino-3,5-dichloropyridine subjected 
to the Schiemann synthesis gave 3,5-dichloro-2-fluoro- 
pyridine which served as an authentic reference sample. 
The infrared spectrum of this material and that from 
the exchange reaction were identical.

The reaction of 2,3,5,6-tetrachloropyridine with 
potassium fluoride in dimethyl sulfone, which gave a 
33% yield of 3,5-dichloro-2,6-difluoropyridine (V) 
in only twenty-four hours of heating is of special interest

(13) A p r iv a te  co m m u n ic a tio n  b y  G . C . F . to  D r . W . J .  L in k  su g g es ted  th e  
use of d im e th y l su lfone  as  a  so lv en t. T h is  m a te r ia lly  a s s is te d  th e  T u la n e  
g roup  in  o b ta in in g  2 -flu o ro p y rid in e  a n d  2 ,6 -d iflu o ro p y rid in e11 b y  th e  ex
chan g e  reac tio n .

(14) J . P . W ib a u t a n d  F . W . B ro ek m an , R e c .  t r a v .  c h i m . ,  58, 885 (1039).

as it provided further convincing evidence not only of 
the exchangeability of the a-chlorine atoms but also 
of the activating influence of adjacent chlorine atoms. 
By contrast, 2,6-dichloropyridine gave a 50% yield of
2,6-difluoropyridine in one hundred hours.11 As two 
chlorines were replaced, presumably stepwise, it ap
peared that the introduction of the first fluorine did not 
cause the deactivation7 which might have been expected 
in the replacement of the second chlorine atom.

The structures proposed for II and V are supported 
by their n.m.r. spectra, in comparison with the spectrum 
of the related compound of known structure, 3,5-di- 
chloro-2-fluoropyridine (IV).15 16 17

The proton spectrum of IV corresponds to the ab part 
of an abx system. 16-17a Analysis of this spectrum is 
straightforward; there is one splitting common to the 
resonance lines from both protons. This is ./46HH; the 
observed coupling of 2.45 c.p.s. agrees well with the 
value of 1.9 c.p.s. found in pyridine.17b The two values 
found for the H- F coupling are 7.60 and 1.45 c.p.s. 
Of these, the 7.60-c.p.s. value is assigned as «/24FH and 
1.45 c.p.s., as J 26FH- This is based upon the similarity 
in the H-H coupling constants for benzene16 and 
pyridine17bin combination with the 6.3- to 8.3-c.p.s. range 
found for the meta H-F coupling in fluorobenzenes.16

The proton spectrum of V is a simple 1:2:1 triplet 
which shows that the two fluorine atoms in the molecule 
are equivalent. The 7.75 c.p.s. H-F coupling constant 
agrees well with the corresponding value of 7.60 c.p.s. 
for J u u in IV. However, this alone is not proof that V 
has the structure shown. In fact, in the fluorobenzenes 
it was found that the ortho H-F coupling ranges from
7.8 to 10.1 c.p.s., which overlaps the range for meta 
H-F coupling. Therefore, in principle the same proton 
spectrum might result if V were 2,6-dichloro-3,5-di- 
fluoropyridine. However, on the basis of the general 
chemical data, the latter possibility is excluded.

The correctness of this approach is borne out by the 
detailed analysis18 made of the much more complicated 
proton spectrum of II, for which the coupling constants 
obtained agree with those found in IV and V, and for 
which the proton chemical shifts are similar to those in 
pyridine.17b The proton spectrum of II indicates the 
presence of three nonequivalent protons, and the values 
found for the H-H and H-F coupling constants elim
inate all structures other than II.

Experimental19
Procedure A. Fluoropyridines by Halogen Exchange.— T h e

f lu o ro p y r id in e s  w e re  p r e p a r e d  in  d im e th y l  s u l f o x id e 10-20 o r  d i 
m e th y l  s u l f o n e 9-20 b y  t h e  a c t io n  o f a n h y d r o u s  p o ta s s iu m  f lu o r id e , 
u s u a l ly  2  m o le s  o f p o ta s s iu m  f lu o r id e  fo r  e a c h  a to m  of h a lo g e n  to

(15) T h e  n .m .r . s p e c t ra  of co m p o u n d s  I I ,  IV , a n d  V w ere  o b se rv ed  w ith  a  
V a rian  A sso c ia te s  M od el A -60 h ig h  re so lu tio n  sp e c tro m e te r . C o m p o u n d s  
IV  a n d  V  w ere  ru n  in  s a tu r a te d  so lu tio n s  of ca rb o n  te tr a c h lo r id e  a n d  I I  as 
th e  p u re  liq u id , a ll a t  room  te m p e ra tu re .

(16) H . S. G uuow sky, C. H . H o lm , A . S a ik a , a n d  G . A. W illiam s, ./. A m .  

C h e m . S o c . ,  79 , 4596 (1957).
(17) J .  A. P o p le , W . G . S chneider, a n d  H . G . B e rn s te in , “ H ig h -re so lu tio n  

N u c le a r  M a g n e tic  R eso n an c e ,”  M c G ra w -H ill B ook  C o., In c .,  N ew  Y o rk , 
N . Y ., 1959; (a) p . 132; (b) p . 266.

(18) H . S. G u to w sk y  a n d  R . A . M ein z er, p a p e r  to  b e  s u b m it te d  to  J .  M o l .  

S p e c t r y .  See a lso  th e  rec e n t a r t ic le , W . B rugel, Z .  E l e k t r o c h e m . ,  66, 159 
(1962), w h ich  su m m a rize s  th e  p ro to n  s p e c tra  of a  la rg e  n u m b e r  o f s u b s t i tu te d  
p y rid in es , in c lu d in g  t h a t  of 2 -fluo ropy rid ine .

(19) U n less  o th e rw ise  specified , a ll m e ltin g  a n d  bo ilin g  p o in ts  a re  u n c o r
rec ted .

(20) T h ese  so lv en ts  a re  com m ercia lly  d e s ig n a te d  as  D M S O  a n d  D M S O 2, 
re sp ec tiv e ly .
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b e  r e p la c e d ,  o n  t h e  a p p r o p r i a t e  h a lo p y r id in e ;  g o o d  s t i r r in g  is 
e s s e n t ia l  t h r o u g h o u t  t h e  r e a c t io n .  W i t h  d im e th y l  s u lfo n e  ( m .p .  
1 0 9 ° )  t h e  h a lo p y r id in e  a n d  s o lv e n t  w e r e  h e a t e d  t o g e th e r  u n t i l  
t h e  l a t t e r  m e l t e d  a n d  s o lu t io n  w a s  c o m p le te .  W h e n  t h e  t e m 
p e r a t u r e  r e a c h e d  a b o u t  1 1 0 ° , t h e  p o ta s s iu m  f lu o r id e  w a s  a d d e d  
a n d  t h e  m ix tu r e  h e a t e d  to  t h e  d e s i r e d  r e a c t io n  t e m p e r a t u r e .  
T h is  t e m p e r a t u r e  w a s  m a in t a in e d  u n t i l  t h e  r e a c t io n  w a s  s e n s ib ly  
c o m p le te  a s  v e r if ie d  b y  t h e  u s u a l  p r o b e  t e s t ,  t h e n  th e  m ix tu r e  w a s  
c o o le d ,  d i l u t e d  w i th  w a r m  w a te r ,  a n d  s t e a m  d i s t i l le d .  T h e  
p r o d u c t  w a s  s e p a r a te d  f ro m  t h e  d i s t i l l a te  b y  e x t r a c t io n  w i th  
e t h e r  o r  c h lo ro fo rm  o r  b y  f i l t r a t i o n ,  w h ic h e v e r  w a s  a p p r o p r i a t e ,  
a n d  p u r i f ie d  b y  d i s t i l l a t io n  o r  r e c r y s ta l l i z a t io n .

Procedure B. Fluoropyridines by the Schiemann Reaction.— 
T h e  a m in o p y r id in e  w a s  a d d e d  in  s m a ll  p o r t io n s  t o  5 0 %  f lu o b o r ie  
a c id .  P o w d e r e d  D r y  I c e  w a s  a d d e d  a s  n e e d e d  t o  p r e v e n t  e x c e s
s iv e  h e a t in g .  I f  t h e  a m in e  d id  n o t  d is s o lv e  r e a d i ly ,  t h e  a m in e -  
f lu o b o r ie  a c id  m ix tu r e  w a s  h e a t e d  ( ca. 4 0 - 6 5 ° )  u n t i l  t h e  a m in e  
d is s o lv e d  c o m p le te ly  a n d  t h e n  c o o le d  t o  0 ° .  T h e  f lu o b o ra te  
s a l t  o f  t h e  a m in e  s e p a r a te d  d u r in g  c o o l in g . P o w d e r e d  s o d iu m  
n i t r i t e  w a s  s lo w ly  a d d e d  t o  th i s  s l u r r y  a n d  e th e r  w a s  a d d e d  a s  
n e e d e d  to  c o n t r o l  fo a m in g .  T h e  m ix tu r e  w a s  s t i r r e d  f o r  a p p r o x i 
m a t e l y  3 0  m in .  a t  0 ° ,  t h e n  h e a t e d  t o  5 0 ° ,  c o o le d  to  0 ° ,  p o u r e d  
o n to  ic e , n e u t r a l i z e d  w i th  s o d iu m  c a r b o n a te ,  a n d  s t e a m  d is t i l le d .  
T h e  p r o d u c t  w a s  c o l le c te d  a n d  p u r if ie d  a s  d e s c r ib e d  in  p r o c e 
d u r e  A .

2 -  Fluoropyridine (I).—(1 )  From 2-Chloropyridine.— A  m ix tu r e  
o f  2 - c h lo ro p y r id in e  (3 4 .1  g . ,  0 .3  m o le ) ,  a n h y d r o u s  p o ta s s iu m  
f lu o r id e  (3 5  g . ,  0 .6  m o le ) ,  a n d  d im e th y l  s u lfo n e  (1 3 8  g . )  h e a t e d  
f o r  5 1 0  h r .  (ca. 21  d a y s )  a t  2 0 0 -2 1 0 °  b y  p r o c e d u r e  A  g a v e  a  y ie ld  
o f 1 4 .4  g .  o r  4 9 .5 %  o f  2 - f lu o r o p y r id in e , b . p .  1 2 6 - 7 ° ,  ra23-6d  1 .4 6 6 3  
( l i t . 31 b . p .  1 2 5 ° , n 20D 1 .4 6 7 8 ) . W i th  t e t r a m e th y le n e  s u lfo n e  
( “ S u lfo la n e ” ) a s  a  s o lv e n t ,  a  y ie ld  o f  5 8 %  w a s  o b ta in e d .

( 2 )  From 2-Bromopyridine.— A  m ix tu r e  o f 2 - b ro m o p y r id in e  
(1 5 8  g . ,  1 m o le ) ,  p o ta s s iu m  f lu o r id e  (1 1 6  g . ,  2  m o le s ) ,  a n d  d i 
m e th y l  s u lfo n e  (4 5 0  g . )  w a s  h e a t e d  a t  2 0 0 °  b y  p r o c e d u r e  A . 
A f te r  2  d a y s  o f  h e a t in g ,  a d d i t io n a l  p o ta s s iu m  f lu o r id e  (5 8  g . ,  1 
m o le )  w a s  a d d e d ,  a n d  h e a t in g  w a s  c o n t in u e d  fo r  a  t o t a l  r e a c t io n  
t im e  o f  7 d a y s .  Y ie ld  o f p u r e  2 - f lu o r o p y r id in e ,  41  g . ( 4 2 % ) ,  b .p .  
1 2 4 - 1 2 5 ° .

3- Chloro-2-fluoropyridine ( I I ) . — A  m ix tu r e  o f 2 ,3 -d ic h lo ro -  
p y r id in e  (1 4 .8  g . ,  0 .1  m o le ) ,  a n h y d r o u s  p o t a s s iu m  f lu o r id e  (1 1 .6  
g . ,  0 .2  m o le ) ,  a n d  d im e th y l  s u lfo n e  (3 0  g .)  w a s  h e a t e d  a t  1 9 2 -  
2 0 1 °  fo r  4 8  h r .  b y  p r o c e d u r e  A  t o  g iv e  3 - c h lo ro -2 - f lu o ro p y r id in e ;  
y ie ld ,  8 .6 4  g .  ( 6 5 % ) ,  b . p .  9 2 - 9 6 °  (1 0 0  m m .) .  A  s e c o n d  d i s t i l l a 
t i o n  g a v e  a  p u r i f ie d  p r o d u c t ;  y ie ld ,  7 .4 9  g .  ( 5 6 % ) ,  b . p .  9 4 - 9 5 °  
(1 0 0  m m .) ,  n26D 1 .5 0 2 0 .

Anal. C a lc d .  fo r  C s H a C IF N : C ,  4 5 .6 5 ;  H ,  2 .3 0 ;  N ,  1 0 .6 5 ; 
C l , 2 6 . 9 5 .  F o u n d :  C ,  4 5 .5 8 ;  H ,  2 .3 5 ;  N ,  1 0 .4 8 ; C l ,  2 6 .9 1 .

5-Chloro-2-fluoropyridine (Ilia).— (1 ) A  m ix tu r e  o f  2 ,5 -d ic h lo -  
r o p y r id in e  (4 5 .0  g . ,  0 .3 0 4  m o le ) ,  a n h y d r o u s  p o ta s s iu m  f lu o r id e  
(3 5 .3  g . ,  0 .6 0 8  m o le ) ,  a n d  d im e th y l  s u lfo x id e  (1 8 0  m l . )  u p o n  
h e a t in g  a t  1 7 0 -1 7 5 °  f o r  5 2  h r .  b y  p r o c e d u r e  A  g a v e  a  p r o d u c t  
w h ic h  w a s  d is t i l le d  i n to  tw o  c r u d e  f r a c t io n s :  ( 1 )  1 3 .0 7  g . ,  b .p .
8 4 - 9 5 °  (1 0 0  m m .) ;  (2 )  2 6 .3 7  g „  b .p .  1 1 8 -1 3 0 °  ( 4 0 -4 5  m m .) .  
F r a c t i o n  1 w a s  r e d is t i l le d  t o  g iv e  5 -e h lo ro -2 - f lu o ro p y r id in e ;  
y ie ld ,  1 1 .5 9  g .  ( 2 9 % ) ,  b .p .  8 1 - 8 3 .5 °  (1 0 0  m m .) ,  b 25d  1 .4 9 7 3 .

F r a c t i o n  2  w a s  d is t i l le d  tw o  m o re  t im e s  t o  g iv e  5 -c h lo ro -2 -  
m e th y l th io p y r id in e ; y ie ld ,  1 9 .3 7  g .  ( 3 9 % ) ,  b . p .  1 2 9 -1 3 0 °  (4 0  
m m .) ,  n 26D  1 .6 0 0 0 .

(21) A . E . C h ic h ib ab in  a n d  N . D . R ja z a n c e v , ./ . R u s s .  P h y s .  C h e m .  S o c . ,  
47, 1571 (1915).

Anal. C a lc d .  f o r  C 6H 6C 1 N S : C , 4 5 . 1 5 ;  H ,  3 .7 9 ;  0 1 , 2 2 .2 1 ;  
S ,  2 0 .0 8 .  F o u n d :  C ,  4 5 .3 7 ;  H ,  3 .7 6 ;  C l ,  2 2 .0 0 ;  S ,  2 0 .3 5 .

( 2 )  A  m ix tu r e  o f 2 ,5 - d ic h lo ro p y r id in e  ( 4 5 .0  g . ,  0 .0 3 4  m o le ) ,  
a n h y d r o u s  p o ta s s iu m  f lu o r id e  (3 5 .3  g . ,  0 .6 0 8  m o le ) ,  a n d  d im e th y l  
s u lfo n e  (1 8 0  g . )  u p o n  h e a t in g  a t  1 9 4 -2 0 5 °  fo r  2 4  h r .  b y  p r o c e d u r e .  
A  g a v e  5 - c h lo ro -2 - f lu o ro p y r id in e ;  y ie ld ,  2 7 .9  g .  ( 7 0 % ) ,  b . p .  8 8 °  
(1 0 0  m m .) ,  « 25d  1 .4 9 7 0 .

(3 )  2 - A m in o -5 -c h lo ro p y r id in e  ( 4 0 .0  g . ,  0 .3 1 1  m o le ) ,  5 0 %  flu o -  
b o r ic  a c id  (8 0 0  m l . ) ,  a n d  p o w d e r e d  s o d iu m  n i t r i t e  (3 2 .2  g . ,  0 .4 6 4  
m o le )  b y  p r o c e d u r e  B  g a v e  5 -c h lo ro -2 - f lu o ro p y r id in e ;  y ie ld ,  3 7 .6  
g .  ( 6 1 % ) ,  b . p .  8 6 - 8 9 °  (1 0 0  m m .) ,  n% > 1 .4 9 4 8 . A  c e n te r  c u t  
[ b .p .  8 9 °  (1 0 0  m m .) ,  n25D 1 .4 9 4 3 ] f ro m  a  d is t i l l a t io n  w a s  u s e d  fo r  
a n a ly s is .

Anal. C a lc d .  fo r  C 6H 3C 1 F N : C ,  4 5 .6 5 ;  H ,  2 .3 0 ;  C l ,  2 6 .9 5 . 
F o u n d :  C ,  4 5 .4 5 ;  H ,  2 .1 8 ;  C l ,  2 6 .8 4 .

5-Bromo-2-fluoropyridine (Illb).— ( 1 )  A  m ix tu r e  o f  5 - b ro m o -2 -  
c h lo r o p y r id in e  ( 1 7 .0  g . ,  0 .0 8 8  m o le ) ,  a n h y d r o u s  p o ta s s iu m  flu o 
r id e  ( 1 0 .3  g . ,  0 .1 8  m o le ) ,  a n d  d im e th y l  s u lfo n e  (7 0  g . )  u p o n  h e a t 
in g  a t  2 0 4 °  f o r  2 4  h r .  b y  p r o c e d u r e  A  g a v e  5 - b ro m o - 2 - f lu o r o p y r i-  
d in e ;  y ie ld ,  1 0 .6 8  g .  ( 6 8 % ) ,  b . p .  6 2 - 6 3 °  (1 5  m m .) ,  w26d  1 .5 3 0 0 .

( 2 )  2 -A m in o -5 - b ro m o p y r id in e  (1 7 .3  g . ,  0 .1  m o le ) ,  5 0 %  f lu o -  
b o r ic  a c id  (4 0 0  m l . ) ,  a n d  p o w d e r e d  s o d iu m  n i t r i t e  b y  p r o c e d u r e  
B  g a v e  5 - b ro m o -2 - f lu o ro p y r id in e ;  y ie ld ,  1 0 .7 6  g . ( 6 1 % ) ,  b . p .  
6 3 °  (1 5  m m .) ,  m 26d  1 .5 2 9 3 -1 .5 2 9 6 . A  c e n te r  c u t ,  ti25d  1 .5 2 9 4 , 
f ro m  th i s  d i s t i l l a t io n  w a s  u s e d  f o r  a n a ly s is .

Anal. C a lc d .  fo r  C 5H 3B r F N :  C ,  3 4 .1 2 ;  H ,  1 .7 2 ; B r ,  
4 5 .4 1 ;  N ,  7 .9 6 .  F o u n d :  C ,  3 4 .2 7 ;  H ,  1 .7 5 ; B r ,  4 5 .2 4 ;  N ,
7 .8 5 .

3.5- Dichloro-2-fluoropyridine (IV).— (1 )  A  m ix tu r e  o f  2 ,3 ,5 -  
t r i c h lo r o p y r id in e  ( 2 0 .0  g . ,  0 .1 1  m o le ) ,  a n h y d r o u s  p o ta s s iu m  
f lu o r id e  (1 2 .8  g . ,  0 .2 2  m o le ) ,  a n d  d im e th y l  s u lfo n e  (6 5  g . )  u p o n  
h e a t in g  a t  2 0 0 -2 0 5 °  fo r  2 4  h r .  b y  p r o c e d u r e  A  g a v e  a  c o lo r le s s  
s o lid  ( 8 .6  g . ,  m .p .  2 9 - 3 7 .5 ° )  w h ic h  w a s  f i l te r e d  f ro m  t h e  s t e a m  
d i s t i l l a t e .  T h is  w a s  s u b l im e d  t o  g iv e  5 .3 1  g .  o f  p u r e  3 ,5 - d ic h lo ro -  
2 - f lu o ro p y r id in e , m .p .  4 1 - 4 2 ° .  T h e  f i l t r a t e  f ro m  th e  s t e a m  d i s t i l 
l a t i o n  u p o n  e x t r a c t io n  w i th  e th e r  a n d  w o rk in g  u p  in  t h e  u s u a l  
m a n n e r  g a v e  1 .6  g .  o f  r e s id u e  w h ic h  w a s  s u b l im e d  a n d  r e c r y s t a l 
l iz e d  f ro m  e th a n o l  a n d  w a te r  t o  g iv e  a n  a d d i t io n a l  0 .6 6  g .  o f  3 ,5 -  
d ic h lo r o -2 - f lu o r o p y r id in e , m . p .  4 2 - 4 3 ° .  T h e  t o t a l  y ie ld  w a s
5 .9 7  g .  ( 3 3 % ) .

( 2 )  2 -A m in o -3 ,5 -d ic h lo ro p y r id in e  ( 1 0 .0  g . ,  0 .0 6  m o le ) ,  5 0 %  
f lu o b o r ie  a c id  (2 0 0  m l . ) ,  a n d  p o w d e r e d  s o d iu m  n i t r i t e  ( 6 .3 5  g . ,  
0 .0 9  m o le )  b y  p r o c e d u r e  B  g a v e  3 ,5 -d ic h lo ro - 2 - f lu o r o p y r id in e  a s  
a  w h i te  s o l id ;  y ie ld ,  5 .0  g . ( 4 9 % )  m .p .  4 2 - 4 3 ° .  R e c r y s ta l l iz a 
t i o n  f ro m  p e t r o le u m  e th e r  d id  n o t  a l t e r  t h e  m e l t in g  p o in t .

Anal. C a lc d .  f o r  C 5H 2C12F N :  C ,  3 6 .1 8 ;  H ,  1 .2 1 ; N ,  8 .4 4 ;  
C l ,  4 2 .7 2 . F o u n d :  C ,  3 6 .1 9 ;  H ,  1 .1 7 ; N ,  8 .4 4 ;  C l ,  4 2 .5 7 .

3.5- Dichloro-2,6-difluoropyridine (V).— A  m ix tu r e  o f  2 ,3 ,5 ,6 -  
t e t r a c h lo r o p y r id in e 22 ( 1 0 .0  g . ,  0 .0 4 6  m o le ) ,  a n h y d r o u s  p o ta s s iu m  
f lu o r id e  ( 1 0 .7  g . ,  0 .1 8 4  m o le ) ,  a n d  d im e th y l  s u l f o n e  (3 0  g . )  b y  
p r o c e d u r e  A  w i th  h e a t in g  a t  2 0 5 °  fo r  24  h r .  g a v e  a  s m a ll  a m o u n t  o f 
a  s e m is o l id  w h ic h  w a s  e x t r a c t e d  f ro m  t h e  s t e a m  d i s t i l l a t e  w i th  
e t h e r .  A f te r  t h e  e th e r  w a s  d r ie d  a n d  e v a p o r a t e d ,  t h e  r e s id u e  
( 3 .8 4  g . )  w a s  s u b l im e d  to  g iv e  3 ,5 - d ic h lo ro - 2 ,6 -d i f lu o ro p y r id in e  
a s  a  w h i te  s o l id ;  y ie ld ,  2 .8  g . ( 3 3 % ) ,  m .p .  4 5 - 4 6 .3 ° .  R e c r y s t a l 
l i z a t io n  f ro m  p e t r o le u m  e th e r  a n d  s u b l im a t io n  d id  n o t  s ig n if i 
c a n t ly  a l t e r  t h e  m e l t in g  p o in t .

Anal. C a lc d .  fo r  C sH C laF ^ N : C ,  3 2 .6 4 ;  H ,  0 .5 5 ;  C l ,  3 8 .5 4 ;  
N ,  7 .6 1 .  F o u n d :  C ,  3 2 .5 7 ;  H ,  0 .5 0 ;  C l ,  3 8 .4 3 ;  N ,  7 .6 3 .

(22) T h e  a u th o rs  th a n k  th e  D ow  C h em ica l C o., M id la n d , M ic h ., fo r th is  
co m p o u n d .
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The reaction of I,4-dimethoxy-2-(bromomethyl)naphthalene with picoiinaldoxime or 2-benzoylpyridine, 
followed by cyclization with concomitant ether-cleavage and oxidation, has afforded 6a-azonianaphthacene- 
quinones. These are the first compounds known to contain both a quinone and a quinolizinium nucleus.

The synthesis of a number of quinolizinium benzologs 
or azonia3 polycyclic aromatic hydrocarbons has been 
reported,4 but to date none of the related quinones has 
been described.

It seems unlikely that the quinolizinium ion could 
yield a stable para quinone since such a compound 
would be an acylammonium salt capable of reacting 
with a hydroxylic solvent. The simplest possible para 
quinone of the series would be 8a-azonia-l,4-anthra- 
quinone (I) or its angular isomers.

We wish to report the synthesis of a benzolog of I. 
The reaction of 2-bromomethyl-l,4-dimethoxynaph- 
thalene (II), with picoiinaldoxime, afforded a 99% yield 
of the quaternary salt III. Cyclization, ether-cleav
age, and oxidation of III were carried out by heating 
it for twenty-four hours in 48% hydrobromic acid, 
affording a small quantity (15%) of an insoluble prod
uct. This product had the composition expected for 
a monooxime (IV) of 6a-azonianaphthacenequinone. 
When the monooxime (IV) was boiled for forty-eight 
hours with a mixture of glacial acetic and 48% hydro
bromic acid, a small quantity of 6a-azonianaphthacene- 
quinone (V) was obtained. The quinone V could be 
obtained more directly by the use of 2-(l,3-dioxolan-2- 
yl)pyridine,5 via the quaternary salt VI in an over-all 
yield of 63%. If air was bubbled through the cycliza
tion mixture, a 70% yield of the quinone was obtained 
at the end of seven hours. A comparable experiment 
without bubbling in air afforded only an intractable 
gum.

The infrared absorption spectrum of the quinone 
monooxime (IV) and the quinone (V) afforded some 
evidence as to the correctness of the formulation of V. 
Anthraquinone monooxime has a strong absorption 
band at 5.98 g while anthraquinone has one at 5.93 //

(1) F o r  th e  p reced ing  c o m m u n ic a tio n  of th is  series, see C. K . B radsher 
a n d  J .  C . P a rh a m , J .  O r g .  C h e m . ,  28 , 83 (1963).

(2) T h is  researc h  w as s u p p o r te d  b y  a  researc h  g ra n t N S F -G 6 2 1 5  of th e  
N a tio n a l Science F o u n d a tio n .

(3) T h e  1957 re p o r t  of th e  IU P A C  N o m e n c la tu re  C o m m ittee , J .  A m .  

C h e m .  S o c . ,  82, 5545, 5572 (1960), su g g ests  th e  d e s ig n a tio n  a z o n i a  as  th e  
q u a te rn a ry  n itro g e n  c o u n te rp a r t  of th e  tr iv a le n t n itro g en  a z a .  I n  th is  
sy s te m  of n o m e n c la tu re , th e  q u ino liz in ium  ion  w ould  becom e 4 a-az o n ian a p h - 
th a len e .

(4) E . g ., (a) C . K . B ra d sh e r  a n d  L. E . B ea v e rs , i b i d . ,  78, 2459 (1956); 
(b) C. K . B ra d sh e r  a n d  J .  H . Jo n es , J .  O r g .  C h e m . ,  23 , 430 (1958); (c) 
C . K . B rad sh e r a n d  T . W . G . S olom ons, J .  A m .  C h e m .  S o c . ,  82, 1808 (1960).

(5) A recen t p a p e r  (ref. 1) h as  d escribed  th e  use of 2 -(l ,3 -d ioxo lan -2 -y l)- 
p y iid in e  in  th e  sy n th e s is  of th e  ac rid iz in iu m  ion .

(6) T h e  ac cep te d  v a lu e  fo r th e  ca rb o n y l a b s o rp tio n  o f a n th ra q u in o n e  
is  5 .95 n  (M . S. F le t t ,  J .  C h e m .  S o c . ,  1441 (1948). W e h av e  used  th e  v alue  
5.93 g, ob serv ed  on ou r in s tru m e n t, for p u rp o ses  of co m p ariso n  w ith  o th e r 
o b se rv ed  values.

OCH; NOH ch3o

NOH (or isomer) 
, IV

O
4 JU 6 ©7

M o j o ) !
X [[12 11 10

0
V

(a 0.05-g difference). The 6a-azonianaphthacenequi- 
none monooxime (IV) has an absorption at 5.94 n 
(0.04 ¡jl lower than anthraquinone monooxime), but 
the quinone obtained upon hydrolysis, has an absorp
tion at 5.89 yu (again a 0.05-g difference). The oximido 
group appears more likely to be at position 12 (IV) 
rather than at position 5 for mechanistic reasons.7 
The formation of the oxime is most likely a true re
arrangement, for when the quinone (V) was heated in 
hydrobromic acid with one mole of hydroxylamine 
hydrochloride, under the conditions of the cyclization, 
no oxime was obtained, and the quinone iras recovered.

By use of 2-benzoylpyridine with 2-bromomethyl-
1,4-dimethoxynaphthalene (II) 1 l-phenyl-6a-azonia- 
naphthacenequinone VIII was synthesized in an over-all 
yield of 44% via the quaternary salt (VII).

The 6a-azonianaphthacenequinones (V and VIII) 
were yellow salts which gave a blue (in the case of V) 
or green (in the case of VIII) solution is distilled water

(7) I f  a s  th e  ev idence  in d ica tes , th e  tr a n s fe r  of h y d ro x y la m in e  from  
ca rb o n  11 is  in tram o lecu la r, i t  ap p e a rs  m ore lik e ly  t h a t  i i  w ill be m ade to  
neigh b o rin g  ca rb o n  12 of th e  qu inone , r a th e r  th a n  th e  m ore d is ta n t  c a rb o n  5.
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and in common polar organic solvents such as methanol, 
ethanol, acetonitrile, and acetone.

The formation of the blue and green colors was re
versed by the addition of acid, and acidified solutions 
were found to be most effective in recrystallizing sam
ples. When an acidified solution of V in distilled water 
was back titrated with standard base, the color change 
occurred at a pH of about 3.1. These observations 
suggest that even in distilled water the quinone salts 
are partially hydrolyzed to a highly colored pseudobase. 
It would be predicted that the adjacent quinone nucleus 
would make the carbon at position 6 more positive 
than the comparable (6) position of the acridizinium 
nucleus, and that the quinone salts would be in equi
librium with significant concentrations of the pseudo- 
base at a pH lower than that required for pscudobase 
formation in the acridizinium system.

It may be seen from the ultraviolet absorption spec
tra in Table I that there is only a small difference be-

T a b l e  I

U l t r a v i o l e t  A b s o r p t i o n  M a x i m a  ( a n d  l o g  E x t i n c t i o n  

C o e f f i c i e n t s ) o f  Gu- A z o n i a n a p h t h a c e n e q u i n o n e  S a l t s

--------------------- N  e u t  ral------------------- '
A ci dified F re sh ly A fte r

C o m p o u n d ( r a .  10--a M  H  +) p rep a re d exposu re

V 2 37 ( 4 .4 5 ) 2 4 7  ( 4 .4 7 ) 2 2 8  ( 4 .6 7 )
( B r o m id e ) 248*" ( 4 .3 7 ) 3 2 2 * ( 3 .8 6 ) 2 4 3 *  ( 4 .6 7 )

31 2 * ( 3 .8 1 ) 3 5 7 * ( 4 .1 1 )
3 5 8 * ( 4 .1 2 ) 3 7 2 *  ( 4 .1 3 )
37 2 ( 4 .1 5 )

V I I I 2 53 ( 4 .5 5 ) 2 5 3  ( 4 .5 4 )
( P e r c h lo r a t e ) 363 * ( 4 .1 4 ) 3 6 3 * ( 4 .1 3 )

377 ( 4 .1 6 ) 37 7  ( 4 .1 5 )

a A n  a s te r i s k  in d ic a te s  a  s h o u ld e r .

tween the spectra of the acidified (yellow), and the 
neutral (blue) solution of 6a-azonianaphthacenequinone
(V) and only an insignificant difference in the case of 
the phenyl analog (VIII). The neutral (blue) solution 
of V, when exposed to diffuse daylight for only five 
days, changes to yellow-brown and the absorption 
spectrum is greatly altered. The change does not occur 
in the dark, and can be prevented by acidification of the 
solution.

Experimental

A ll a n a ly s e s  w e re  b y  D r .  I n g .  A . S c h o e lle r ,  M ik r o a n a lv t i s c h e s  
L a b o r a to r iu m ,  K r o n a e h ,  W e s t  G e r m a n y .  M e l t in g  p o in t s  w e re  
d e te r m in e d  u s in g  a  L a b o r a to r y  D e v ic e s  M e l-T e m p  b lo c k  a n d  
a r e  u n c o r r e c te d .  I n f r a r e d  s p e c t r a  w e re  m e a s u re d  in  p o ta s s iu m  
b r o m id e  p e l le ts  u s in g  th e  P e r k in - E I m e r  M o d e l  21 s p e c t r o p h o 
to m e te r .  T h e  u l t r a v io l e t  a b s o r p t io n  s p e c t r a  w e re  r e c o r d e d  u s in g  a  
C a r y  M o d e l  14 r e c o r d in g  s p e c t r o p h o to m e te r  w i th  m e th a n o l  a s  
t h e  s o lv e n t .  W a v e  le n g th s  a r e  r e c o r d e d  in  m il l im ic r o n s  a n d  
s h o u ld e r s  a r e  i n d i c a t e d  b y  a n  a s te r i s k  (* ) .

2 - B r o m o m e th y l - l ,4 - d im e th o x y n a p h th a le n e  ( I I ) . — A  s u s p e n s io n  
o f 1 ,4 - d im e th o x y n a p h th a le n e  (1 3  g . )  a n d  p a r a f o r m a ld e h y d e  (2 .5  
g . )  i n  a  m ix tu r e  of g la c ia l  a c e t ic  a c id  (3 0  m l .)  a n d  c a r b o n  t e t r a 
c h lo r id e  (2 0 0  m l . )  w a s  s a t u r a t e d  w i th  h y d r o g e n  b r o m id e  a t  ro o m  
t e m p e r a t u r e .  T h e  r e a c t io n  w a s  c o n s id e re d  c o m p le te  w h e n  c o m 
p le t e  s o lu t io n  o c c u r r e d .  T h e  c a r b o n  te t r a c h lo r id e  w a s  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u re  ( a s p i r a to r )  a n d  w a te r  w a s  a d d e d  t o  t h e  
r e s id u e .  T h e  m ix tu r e  w a s  e x t r a c t e d  th o r o u g h ly  w i th  b e n z e n e . 
T h e  b e n z e n e  e x t r a c t s  w e re  w a s h e d  w i th  w a te r  a n d  th e n  w i th  
s o d iu m  b i c a r b o n a te  s o lu t io n .  T h e  d r ie d  (m a g n e s iu m  s u l f a te )  
b e n z e n e  s o lu t io n  w a s  c o n c e n t r a te d  ( s te a m  b a t h )  a n d  t h e  r e s id u e  
c r y s ta l l iz e d  f ro m  h e x a n e  y ie ld in g  1 6 .6  g . ( 8 6 % )  of a  y e llo w  s o l id ,  
m .p .  9 6 .5 - 9 8 .5 “ . T h e  a n a ly t i c a l  s a m p le  c r y s ta l l iz e d  f ro m  h e x a n e  
a s  y e llo w  n e e d le s ,  m .p .  9 8 - 9 9 .5 ° .

Anal. C a lc d .  fo r  C i3 H i3B r 0 2: C ,  5 5 .5 3 ;  H ,  4 .6 6 ;  B r ,  2 8 .4 3 . 
F o u n d :  C ,  5 5 .7 0 ;  H ,  4 .5 0 ;  B r ,  2 8 .8 7 .

l - (  1 ,4 - D im e th o x y -2 - n a p h th y lm e th y l ) - 2 -o x im id o m e th y lp y r i-  
d in iu m  ( I I I )  B r o m id e .— A  s o lu t io n  c o n ta in in g  7 .6  g .  o f  2 - b ro m o -  
m e th y l - l ,4 - d im e th o x y n a p h th a l e n e  a n d  3 .7  g . o f  p ic o l in a ld o x im e  
in  2 0  m l.  o f  d im e th v l f o r m a m id e  w a s  a l lo w e d  t o  s t a n d  f o r  2 4  h r .  
a t  ro o m  t e m p e r a tu r e .  T h e  y e llo w  p r o d u c t  w a s  c o l le c te d  a n d  
w a s h e d  w i th  e th y l  a c e t a t e ,  y ie ld  1 0 .7  g . (9 9 % ,) , m .p .  1 7 9 - 1 8 0 ° .  
R e c r y s ta l l iz a t io n  o f t h e  s a l t  f ro m  w a te r  a f fo rd e d  s h o r t  p a le  .yellow  
n e e d le s ,  m .p .  1 7 6 - 1 7 6 .5 ° .

Anal. C a lc d .  fo r  C ig H ig B r^ C h :  C , 5 6 .5 8 ;  H ,  4 .7 5 ;  N ,  6 .9 5 . 
F o u n d :  C , 5 6 .7 8 ;  H ,  4 .9 3 ;  N ,  7 .3 8 .

T h e  p e r c h lo r a te  w a s  p r e p a r e d  f ro m  a n  a q u e o u s  s o lu t io n  o f t h e  
b r o m id e  a s  y e llo w  n e e d le s ,  m .p .  1 6 5 .5 - 1 6 6 ° .

Anal. C a lc d .  f o r  C ,9H i 9C 1N 20 7 : C ,  5 3 .9 7 ;  H ,  4 .5 3 ;  N ,  6 .6 3 . 
F o u n d :  C ,  5 4 .0 9 ;  H ,  4 .7 5 ;  N ,  6 .8 0 .

T h e  c h lo r id e  w a s  p r e p a r e d  b y  a  q u a t e r n i z a t io n  r e a c t io n  u s in g
2 - c h lo r o m e th y l - l  ,4 - d im e th o x y n a p h th a le n e 8 in  t h e  q u a t e r n i z a t io n  
r e a c t io n  (1 9  d a y s ,  5 8 %  c r u d e  y ie ld ) .  T h e  a n a ly t i c a l  s a m p le  
f o rm e d  y e llo w  n e e d le s  f ro m  e th a n o l ,  m .p .  1 8 8 - 1 8 9 ° .

Anal. C a lc d .  fo r  C i.H is C IN .O s : C ,  6 3 .5 9 ;  H ,  5 .3 4 ;  N ,  7 .8 1 .  
F o u n d :  C , 6 3 .7 2 ;  H ,  5 .4 5 ;  N ,  7 .9 1 .

6 a - A z o n ia n a p h th a c e n e q u in o n e  M o n o o x im e  ( IV )  B r o m id e .—  
A  s u s p e n s io n  o f 1 .8  g . o f t h e  q u a t e r n a r y  b r o m id e  ( I I I )  i n  4 8 %  
h y d r o b r o m ic  a c id  w a s  h e a te d  fo r  24  h r .  o n  t h e  s t e a m  b a t h .  T h e  
m ix tu r e  w a s  c o o le d  a n d  t h e  b r o w n  p r e c i p i t a t e  c o l le c te d , 0 .2 5  g .
( 1 5 % ) ,  m .p .  > 3 5 0 ° .  N o  p u r e  p r o d u c t  c o u ld  b e  i s o la te d  f ro m  t h e  
f i l t r a te .  R e c r y s ta l l iz a t io n  o f t h e  b r o w n  p r e c i p i t a t e  f ro m  m e th a n o l  
y ie ld e d  s h o r t  r e d  n e e d le s ,  m .p .  > 3 5 0 ° .

Anal. C a lc d .  fo r  C n H n B r N 20 2: C , 5 7 .4 8 ;  H ,  3 .1 2 ;  N ,  7 .8 9 .  
F o u n d :  C , 5 7 .6 6 ;  H ,  3 .2 2 ;  N ,  7 .7 5 .

T h e  in f r a r e d  s p e c t r u m  of t h i s  c o m p o u n d  c o n ta in e d  a  b a n d  in  
t h e  c a r b o n y l  r e g io n  a t  5 .9 4  n , a n d  a  s t r o n g  b a n d  i n  t h e  C = N  
re g io n  ( 6 .0 8 - 6 .1 9  /u).

T h e  p e r c h lo r a te  c r y s ta l l i z e d  f ro m  m e th a n o l  a s  r e d  n e e d le s ,  
m .p .  > 3 5 0 ° .

Anal. C a lc d .  f o r  C „ T I „ C I N 20 6: C ,  5 4 .4 8 ;  H ,  2 .9 6 ;  N ,  7 .4 7 .  
F o u n d :  C ,  5 4 .5 2 ;  H ,  2 .9 9 ;  N ,  7 .3 7 .

l - ( l ,4 - D im e th o x y - 2 - n a p h th y lm e th y l ) - 2 - ( l ,3 - d io x o la n - 2 - y l ) -  
p y r id in iu m  (V I)  B r o m id e .— A  s o lu t io n  o f 10 g . o f 2 - b r o m o m e th y l -
1 ,4 - d im e th o x y n a p h th a le n e  a n d  6 g .  o f 2 - ( l ,3 - d io x o la n - 2 - y l ) -  
p y r id in e 6 in  25  m l .  o f d im e th y l f o r m a m id e  w a s  a l lo w e d  t o  s t a n d  
a t  ro o m  t e m p e r a t u r e  f o r  2 4  h r .  T h e  g u m m y  p r e c i p i t a t e ,  fo rm e d  
w h e n  e th y l  a c e t a t e  w a s  a d d e d ,  so lid if ie d  o n  v ig o r o u s  s t i r r in g ,  
y ie ld  14  g . ( 9 0 % ) ,  m .p .  1 4 3 .5 - 1 4 5 ° .  T h is  m a te r i a l  c r y s ta l l iz e d  
f ro m  m e t h a n o l - e t h y l  a c e t a t e  a s  c o lo r le s s  n e e d le s ,  m .p .  1 4 6 .5 -  
1 4 7 ° .

Anal. C a lc d .  fo r  C 2,H 22B r N 0 4: C , 5 8 .3 4 ;  H ,  5 .1 3 ;  N ,  3 .2 4 .  
F o u n d :  C ,  5 8 .3 4 ;  H , 5 . 0 9 ;  N , 3 . 4 5 .

T h e  p e r c h lo r a te  w a s  r e c r y s ta l l iz e d  f ro m  m e th a n o l - e t h y l  a c e 
t a t e ,  m .p .  1 4 9 - 1 4 9 .5 ° .

Anal. C a lc d .  fo r  C 2,H 22C 1 N 0 8: C ,  5 5 .8 1 ;  H ,  4 .9 1 ;  N ,  3 .1 0 .  
F o u n d :  C , 5 6 .1 0 ;  H ,  4 .7 5 ;  N ,  3 .1 5 .

( ja -A z o n ia n a p h th a c e n e q u in o n e  (V )  B r o m id e .  (A )  B y  C y c liz a -  
t io n  o f  Q u a te r n a r y  S a l t  ( V I ) .— A  m ix tu r e  o f  4  g .  o f c r u d e  1 - (1 ,4 -  
d im e th o x y -2 - n a p h th 3 d m e th y l  )-2 -( 1 ,3 - d io x o la n -2 -y l  ) p y r id in e  ( V I ) 
w i th  4 0  m l .  o f 4 8 %  h y d r o b ro m ic  a c id  w a s  h e a t e d  o n  t h e  s te a m  
b a t h  f o r  7 h r . ,  w h ile  a i r  w a s  p a s s e d  t h r o u g h .  T h e  s o lu t io n  w a s  
d i lu t e d  w i th  100 m l .  o f w a te r  a n d  c o o le d , a f fo r d in g  2 .2  g .  ( 7 0 % )  
of a  y e llo w  s o l id ,  m .p .  a b o v e  3 5 0 ° .  R e c r y s ta l l iz e d  f ro m  w a te r  
c o n ta in in g  a  t r a c e  o f h y d r o b ro m ic  a c id ,  t h e  p r o d u c t  w a s  o b ta in e d  
a s  y e llo w  n e e d le s ,  m .p .  a b o v e  3 5 0 ° ,  in f r a r e d  a b s o r p t io n  a t  5 .8 9  v 
( c a r b o n y l  r e g io n  ).

(B )  B y  H y d r o ly s is  o f  t h e  M o n o o x im e  ( IV )  B r o m id e .— A
s m a ll  s a m p le  o f t h e  m o n o o x im e  ( I V )  b r o m id e  w a s  r e f lu x e d  fo r  48  
h r .  i n  a  m ix tu r e  of a c e t ic  a n d  4 8 %  h y d r o b r o m ic  a c id s .  A  p a r t  of 
t h e  m a te r i a l  a p p e a r e d  t o  d is s o lv e . T h e  u n c h a n g e d  m o n o o x im e  
w a s  r e m o v e d  b y  f i l t r a t io n ,  a n d  t h e  f i l t r a t e  w a s  c o n c e n t r a te d  a f 
fo rd in g  a  y e llo w  c o m p o u n d ,  m .p .  > 3 5 0 ° ,  w h ic h  w a s  id e n t ic a l  in  
in f r a r e d  s p e c t r u m  w i th  t h e  m a te r i a l  o b ta in e d  b y  m e th o d  A .

Anal. C a lc d .  fo r  C i? H io B rN 0 2: C ,  6 0 .0 2 ;  H ,  2 .9 6 ;  N ,  4 .1 2 .  
F o u n d :  C ,  5 9 .7 5 ;  H , 3 . 2 6 ;  N ,  4 .4 0 .

N e u t r a l  s o lu t io n s  o f  6 a - a z o n ia n a p h th a c e n e q u in o n e  s a l t s  in 
d i s t i l l e d  w a t e r  o r  c o m m o n  o r g a n ic  s o lv e n ts  s u c h  a s  m e t h a n o l ,  
e th a n o l ,  a c e to n i t r i l e ,  a n d  a c e to n e  w e re  b lu e .  T h e  c o lo r  o f  t h e  
s o lu t io n  t u r n e d  t o  y e l lo w  u p o n  a c id i f ic a t io n  w i th  m in e r a l  a c i d .

(8) B. R. Baker and G. II. Carlson, J . A m . Chem . iSoc., 64, 2657 (1942).
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B y  d is s o lv in g  a  s a m p le  o f  t h e  q u in o n e  in  h y d r o c h lo r ic  a c id  a n d  
t i t r a t i n g  w i th  s o d iu m  h y d r o x id e  i t  w a s  d e t e r m in e d  t h a t  t h e  p H  
o f  t h e  c o lo r  c h a n g e  w a s  a b o u t  3 .0 7 .

A  s a m p le  o f  6 a - a z o n ia n a p h th a c e n e q u in o n e  b r o m id e  w a s  h e a t e d  
fo r  2 4  h r .  o n  t h e  s t e a m  b a t h  w i t h  a n  e q u im o la r  a m o u n t  o f  h y -  
d r o x y la m in e  h y d r o c h lo r id e  i n  4 8 %  h y d r o b r o m ic  a c id  (c y c l iz in g  
c o n d i t io n s ) .  N o  in s o lu b le  m a t e r i a l  w a s  f o rm e d ,  a n d  o n ly  s t a r t i n g  
m a te r i a l  c o u ld  b e  r e c o v e r e d  f ro m  th e  s o lu t io n .

T h e  p e r c h lo r a te  o f  6 a - a z o n ia n a p h th a c e n e q u in o n e  (V )  c r y s t a l 
l iz e d  f ro m  w a t e r  a s  yellow - n e e d le s ,  m . p .  3 3 1 .5 - 3 3 2 ° .

Anal. C a lc d .  f o r  C n H I0C lN O 6: C ,  5 6 .7 6 ;  H ,  2 .8 0 ;  N ,  3 .9 1 .  
F o u n d :  C ,  5 6 .8 7 ;  H ,  2 .9 1 ;  N ,  4 .0 7 .

l - (  1 ,4 - D im e th o x y -2 - n a p h th y lm e th y l ) - 2 -b e n z o y lp y r id in iu m  
B r o m id e  ( V I I ) .— A  s o lu t io n  o f  4  g . o f  2 - ( b r o m o m e th y l ) - l ,4 - d i -  
m e t h o x y n a p h th a l e n e  a n d  3 .1  g . o f  2 - b e n z o y lp y r id in e  in  10  m l .  o f  
d im e th y l f o r m a m id e  w a s  a l lo w e d  t o  s t a n d  a t  ro o m  t e m p e r a t u r e  f o r  
4  d a y s .  T h e  a d d i t i o n  o f  e t h e r  p r e c i p i t a t e d  3 .9  g . ( 6 0 % )  o f  a  
y e llo w  s o l id ,  m .p .  1 3 2 - 1 3 3 ° .  T h e  a n a l y t i c a l  s a m p le  c r y s ta l l i z e d  
f ro m  m e th a n o l - e t h y l  a c e t a t e  a s  y e l lo w  n e e d le s ,  m .p .  1 3 2 - 1 3 3 ° .

Anal. C a lc d .  fo r  C 25H 22B r N 0 3: C ,  6 4 .6 6 ;  H ,  4 .7 8 ;  N ,  3 .0 2 . 
F o u n d :  C ,  6 4 .4 4 ;  H , 4 . 6 9 ;  N ,  3 .3 9 .

l l - P h e n y l - 6 a - a z o n ia n a p h th a c e n e q u in o n e  ( V I I I )  B r o m id e .— A
m ix tu r e  c o n ta in in g  1 .5  g .  o f  t h e  2 - b e n z o y lp y r id in iu m  s a l t  ( V I I )  
a n d  15 m l .  o f  4 8 %  h y d r o b r o m ic  a c id  w a s  h e a t e d  f o r  16 h r .  o n  th e  
s t e a m  b a t h .  T h e  a c id  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e ,  a n d  
t h e  y e llo w  r e s id u e  r e c r y s ta l l i z e d  f ro m  m e t h a n o l - e t h y l  a c e t a t e ,  
y ie ld  0 .9 9  g . ( 7 4 % ) ,  m .p .  a b o v e  3 5 0 ° .  T h e  a n a l y t i c a l  s a m p le  
f o rm e d  y e l lo w  p l a t e s ,  m .p .  > 3 5 0 ° ,  a n d  a  s t r o n g  a b s o r p t io n  a t
5 .8 7  n ( c a r b o n y l  r e g io n ) .

Anal. C a lc d .  f o r  C 23H i4 B r N 0 2-V 2 H 20 :  C ,  6 4 .9 5 ;  H ,  3 .5 6 ;  
N ,  3 .2 9 .  F o u n d :  C ,  6 4 .8 4 ;  H , 3 . 4 8 ;  N , 3 . 5 4 .

T h is  c o m p o u n d  fo rm e d  g r e e n  s o lu t io n s  in  d is t i l l e d  w a te r  a n d  in  
t h e  c o m m o n  p o la r  o rg a n ic  s o l v e n t s . T h e  g r e e n  c o lo r  w a s  t u r n e d  
to  y e l lo w  b y  t h e  a d d i t i o n  o f  m in e r a l  a c id .

T h e  p e r c h lo r a te  c r y s ta l l i z e d  f ro m  m e th a n o l  a s  v e llo w  p l a t e s ,  
m .p .  3 3 2 - 3 3 4 ° .

Anal. C a lc d .  fo r  C 23H UC 1 N 0 6: C ,  6 3 .3 8 ;  H ,  3 .2 3 ;  N ,  3 .2 1 . 
F o u n d ;  C ,  6 3 .1 1 ;  H ,  3 .2 4 ;  N ,  3 .3 8 .

T he R eaction  o f  3-A cyl-4-h ydroxycou m arins w ith  A m m o n iu m  S a lts1

Robert A. Kloss2 and Charles Wiener

Department of Biochemistry, University of Wisconsin, Madison 6, Wisconsin 
Received October 15, 1962

A m m o n iu m  a c e t a t e  o r  a m in e s  i n  a c e t ic  a c id  r e a c t  r e a d i ly  w i th  3 - a c e ty l -  o r  3 - b e n z o y l-4 - h y d r o x y c o u m a r in  t o  
f o r m  a m in o  o r  im in o  s u b s t i t u t i o n  p r o d u c ts .  B y  u s in g  H 20 18 i t  w a s  s h o w n  t h a t  t h e  s u b s t i t u t i o n  to o k  p la c e  in  t h e  
3 a - p o s i t io n  o f  t h e  3 - a c y lc o u m a r in .

The reaction of 3-acyl-4-hydroxycoumarins with am
monium salts represents an interesting extension of the 
well established3 reaction of /3-diketone systems with 
amines.

la . R  =  C H 3
l b .  R  =  C 6H 5

In our initial experiments ammonium acetate, the 
acylcoumarin, and ethyl cyanoacetate were refluxed in 
benzene in an attempted Knoevenagel condensation.
3-Acetyl- (Ia) and 3-benzoyl-4-hydroxycoumarin (lb) 
yielded the corresponding amino or imino compounds II 
and III. It is of interest to note that Iguchi and Hisa- 
tune4 assigned structure II to a product obtained by 
treatment of Ia with ammonia. No supporting evidence 
was given.

When 3-carbethoxy-4-hydroxycoumarin, 4-hydroxy- 
coumarin, and dibenzoylmethane were treated with am
monium acetate in benzene, no imino compounds were 
formed. When ethylamine, isopropylamine, aniline, or 
ethanolamine reacted with equimolar quantities of ace
tic acid and lb, good yields of the corresponding amino 
or imino compounds were obtained. Diethylamine and 
piperidine under the same conditions gave only the salts 
of lb.

The nitrogen function could enter Ia and lb either at 
the 2-, 4-, or 3a-position. Substitution at the 2-position

(1) P u b lish e d  w ith  th e  a p p ro v a l of th e  d ire c to r  of th e  W isconsin  A gricu l
tu r a l  E x p e r im e n t S ta t io n . S u p p o r te d  in  p a r t  b y  th e  R e sea rc h  C o m m itte e  of 
th e  G ra d u a te  Schoo l fro m  fu n d s  su p p lie d  b y  th e  W isco n sin  A lu m n i R esea rch  
F o u n d a tio n . T h is  w o rk  is  fro m  th e  P h .D . th e se s  o f R o b e r t  A . K loss, 1956, 
a n d  C . W iener, 1960, d o n e  u n d e r  th e  su p e rv is io n  of P ro fe sso r K a rl P a u l L ink .

(2) D e p a r tm e n t of C h e m is try , N o r th e rn  I ll in o is  U n iv e rs ity , D e K a lb , 111.
(3) N . H . C rom w ell, C h e m .  R e v . ,  38, 83 (1946).
(4) S. Ig u c h i a n d  K . H is a tu n e , J .  P h a r m .  S o c .  J a p a n ,  77 , 98  (1957).

was considered least likely since aniline5 and morpho
line6 substitute in position 4 of 4-hydroxycoumarin
(IV) . If ammonium acetate reacted with Ia labeled 
with O18 in position 4, the position of the nitrogen sub
stitution could be shown by the retention or loss of the 
O18. Scheme A shows the approach used. Hydroly
sis of o-hydroxyacetophenone oxime (V) in acidified 
H20 18 formed o-hydroxyacetophenone-C=018 (VI). 
This was condensed with diethyl carbonate to form 4- 
hydroxy-018-coumarin (VII). 3-Acetyl-4-hydroxy-O18- 
coumarin (VIII) was obtained by the reaction of VII 
with acetyl chloride in pyridine. I t was found that 
VIII (1.42 atom % excess) and ammonium acetate 
yielded II (1.91 atom % excess). The calculated value 
was 1.89 atom % excess for II if the nitrogen entered the 
3a-position.

Both Davis and Hurd7 and Dudek and Holm8 have 
assigned specific structures to the /?-diketone derivatives 
they investigated; we feel that the analogy between the

I I .  1.91 a to m  % V I I I .  1 .42  a to m  %

S c h e m e  A

(5) R . A n sc h u tz , A n n . ,  367, 204 (1909).
(6) O. P . S p au ld in g , H . S. M osher, a n d  F . C . W h itm o re , J .  A m .  C h e m .  

S o c . ,  72 , 5338 (1950).
(7) R . B . D a v is  a n d  P . H u rd , i b i d . ,  77 , 3284 (1955).
(8) G . O. D u d e k  a n d  R . M . H o lm , i b i d . ,  84 , 2691 (1962).
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T a b l e  I

R e a c t i o n  o r  3 - B e n z o y l -4 - h y d r o x y c o u m a r in  w i t h  P r im a r y  A m in e s

-Analysis-
M .p., /--------------C a rb o n - ---------- - ----------H y d ro g en -----------■

R — ° c . Y ield , % F o rm u la C alcd . F o u n d C alcd . F o u n d

c h 3c h 2— 1 2 9 -1 3 0 7 8 .5 c 18h 16n o 3 7 3 .7 7 7 3 .3 7 5 .1 6 5 .5 6
c h 2o h — c h 2— 1 1 9 -1 2 1 91  0 c 18h 16n o 4 6 9 .8 9 6 9 .2 8 4 .8 9 5 .0 7
CsHf,—
C H ,

1 5 5 -1 5 7 9 5 .0 C ^ H jsN O s 7 7 .4 0 7 7 .7 7 4 .4 3 4 .4 3

^ > C H —

C H ,

1 3 6 -1 3 8 9 7 .2 C i „ H „ N 0 3 7 4 .2 5 7 4 .7 2 5 .5 8 5 .9 1

reported compounds and ours is not sufficiently close to 
permit assignment of a specific tautomer.

The reaction sequence shown in Scheme A could not 
be used to locate the nitrogen in the product from lb, 
since lb cannot be synthesized directly from VII.9

Compound III, when hydrolyzed in acetic acid-sulfu
ric acid-H20 18, gave lb containing 0.66 atom % excess 
O18. The lb was in turn hydrogenolyzed10 to 3-benzyl-4- 
hydroxycoumarin (IX), which was found to contain 
0.085 atom % excess 0 1S. This approach is shown in 
Scheme B.

I X .  0 .0 8 5  a to m  %

S c h e m e  B

A control experiment showed that lb became labeled 
by exchange when subjected to the conditions used for 
the hydrolysis of III. Hydrogenolysis of this labeled lb 
(0.57 atom % excess) gave IX with a residual O18 con
tent of 0.089 atom % excess.

The control experiment shows that the 3«-position in 
lb exchanges extensively, but if the nitrogen were not at 
the 3«-position of III, two positions would become 
labeled during hydrolysis. The structure 3-(a-imino- 
benzyl)-4-hydroxycoumarin (III) is, therefore, assigned.

The residual O18 in the samples of IX obtained by 
hydrogenolysis of lb shows that there is some exchange 
of oxygen in the 4-hydroxycournarin moiety. This 
would be expected from O18 studies which showed that 
the carbonyl oxygen of dimedone is replaced in the acid- 
catalyzed formation of dimedone enol ether.11

The definitive proof of structure of the products re
sulting from the reaction of the two 3-acyl-4-hydroxy- 
coumarins with various amines has not been attempted.

(9) H . R . E ise n h au e r, a n d  K . P . L in k , J .  A m .  C h e m .  S o c . ,  76 , 2046 (1953).
(10) I. M . H e ilb ro n  a n d  D . W . H ill, J .  C h e m .  S o c . ,  1927, 1705,
(11) K . B . "Wiberg a n d  K . A . S ae g e b a rth , J .  O r g .  C h e m , . ,  25, 332 (1960).

Experimental
P r e p a r a t io n  o f I m in o c o u m a r in s .— T h e  s y n th e s i s  o f  I I  a n d  I I I

i l lu s t r a te s ' t h e  m e th o d .  T h e  s a m e  m e th o d s  w e re  u s e d  w i th  o t h e r  
a m m o n iu m  s a l t s  a n d  w i th  t h e  v a r io u s  a m in e s  a n d  a c e t ic  a c id .  
S ee  T a b le  I  fo r  c o m p o u n d s  o b ta in e d  f ro m  a m in e s .

3 -  ( a - I m in o e th y l ) - 4 - h y d ro x y c o u m a r in  ( I I ) — 3 -A c e ty l-4 - h y d r o x y -  
e o u m a r in ( I a ) 12-13 (1 0 .2  g . ) a n d  4 .0  g . o f a m m o n iu m  a c e t a t e  r e f lu x e d  
in  50  m l .  o f e th a n o l  f o r  12 h r .  g a v e  1 0 .5  g . ( q u a n t i t a t i v e  y ie ld )  
o f  I I ,  m .p . ,  2 2 1 - 2 2 5 ° .  R e c r y s ta l l iz a t io n  f ro m  d io x a n e  g a v e  I I ,  
m .p .  2 3 0 - 2 3 1 ° ;  X™( 3 .0 5  ( w ) ,  3 .4 3 , 5 .8 5  (w ) ,  6 .2 0  M.

Anal. C a lc d .  fo r  C n H 9N 0 3: C ,  6 5 .0 2 ;  H ,  4 .4 6 .  F o u n d :  C ,  
6 4 .8 3 ; H ,  4 .5 0 .

3 - ( a - I m in o b e n z y l ) - 4 -h y d r o x y c o u m a r in  ( I I I ) .— 3 - B e n z o y l- 4 -  
h y d r o x y c o u m a r in  ( l b ) 9 (6 .6 5  g . )  i n  50  m l .  o f a b s o lu te  e th a n o l  
g a v e , w h e n  t r e a t e d  w i th  2 g . o f  a m m o n iu m  a c e t a t e ,  6 .3  g .  ( 9 4 % )  
o f  c o lo r le s s  c r y s ta l s ,  m .p .  2 2 3 - 2 2 6 ° ;  3 .0 0 , 3 .1 5 ,  3 .4 4 , 5 .9 6 ,
6 . 1 5 , 6 . 2 1 m -

Anal. C a lc d .  f o r  C ,6H u N 0 3: C ,  7 2 .4 3 ;  H ,  4 . I S .  F o u n d :  
C ,  7 2 .3 0 ;  H ,  4 .5 3 .

M a te r i a l s  a n d  M e th o d s  U s e d  in  t h e  O x y g e n -1 8  A n a ly s e s .—
T h e  m e th o d s  u s e d  fo r  O 18 a n a ly s e s  w e re  s im i la r  t o  th o s e  r e p o r t e d  
b y  R i t t e n b e r g  a n d  P o n t i c o r v o .14

E a c h  o f  t h e  s a m p le s  ( 8 - 1 0  m g .)  w a s  m ix e d  w i th  100  m g . o f 
m e r c u r ic  c h lo r id e  a n d  h e a t e d  in  a  P y r e x  t u b e  a t  5 1 0 - 5 5 0 °  f o r  1 .5  
h r .

W h e n  th e  r a t i o  o f  m a s s e s  4 6 :4 4  o f t a n k  c a r b o n  d io x id e  d e v ia t e d  
f r o m  t h e  n o r m a l  ( 0 .0 0 4 0 9 ) ,  t h e  m e a s u re d  r a t i o s  fo r  t h e  e n r ic h e d  
s a m p le s  w e r e  c o r r e c te d  a c c o r d in g ly .15 T h e  O 18 c o n te n t s  w e re  
d e te r m in e d  in  d u p l ic a te  o r  t r ip l i c a t e .  T h e  d e v ia t io n s  f ro m  th e  
m e a n  w e r e  le s s  t h a n  1 .5 %  o f t h e  a v e r a g e  v a lu e .

o - H y d r o x y a c e t o p h e n o n e - C = 0 18 ( V I ) .— T o  O 18 e n r ic h e d  w a te r  
( 1 .8  m l . ,  6 .4 8  a to m  %  e x c e s s )  s a t u r a t e d  w i th  h y d r o g e n  c h lo r id e  
w a s  a d d e d  1 5 .1  g .  o f o - h y d r o x y a c e to p h e n o n e  o x im e . T h e  s o lu 
t i o n  w a s  re f lu x e d  fo r  1 .5  h r . ,  c o o le d , a n d  e x t r a c t e d  tw ic e  w i th  5 0 -
m l .  p o r t io n s  o f e th e r .  T h e  e th e r  w a s  d r ie d  ( m a g n e s iu m  s u l f a te )  
a n d  e v a p o r a t e d .  T h e  r e m a in in g  o il  w a s  d is t i l le d  a t  9 5 - 9 8 °  ( 0 .0 5
m m .  ) .

4 -  H y d r o x y - 0 18- c o u m a r in  ( V I I ) .— A  m e th o d  s im i la r  t o  t h a t  r e 
p o r t e d  b y  D ic k e n s o n 16 w a s  u s e d .  D ie th y l  c a r b o n a te  (5 0  g . ) ,
3 .4  g .  o f s o d iu m  e th o x id e ,  a n d  10 g . o f  t h e  l a b e le d  o - h y d r o x y 
a c e to p h e n o n e  ( V I )  w e re  h e a t e d  o n  a  s t e a m  b a t h  4  h r .  W a t e r  
(1 5 0  m l . )  w a s  a d d e d  a n d  t h e  a q u e o u s  la y e r  w a s  s e p a r a te d  a n d  
a c id if ie d  w i th  h y d r o c h lo r ic  a c id .  C r y s ta l l i z a t io n  f ro m  e t h a n o l -  
w a te r  y ie ld e d  5 .2  g . ,  m .p .  2 0 9 - 2 1 2 ° ,  O 18 c o n te n t ,  1 .9 9  a to m  %  
e x cess .

3 -A c e ty l-4 -h y d ro x y -0 18- c o u m a r in  ( V I I I ) .— A  p r o c e d u r e  s im i la r  
t o  t h a t  r e p o r t e d  b y  E is e n h a u e r  a n d  L in k 13 w a s  u s e d  f o r  t h i s  
p r e p a r a t i o n .  T h e  p r o d u c t  f ro m  3 .0  g . of 4 - h y d r o x y - 0 18- e o u m a r in  
w a s  c r y s ta l l iz e d  f ro m  e th a n o l - w a te r  t o  y ie ld  2 .1  g . ,  m . p .  IS O - 
1 3 1 0, O 18 c o n te n t ,  1 .4 2  a to m  %  e x cess .

(12) T . U k ita , N . S hosiciii, an d  H . M a ts u in o to , J .  A m .  C h e m .  S o c . .  72 , 
5143 (1950).

(13) H . R . E ise n h a u e r  a n d  K . P . L in k , i b i d . ,  75, 2044 (1953).
(14) D . R it te n b e rg  a n d  L. P o n tic o rv o , J .  A p p l .  R a d i a t i o n  I s o t o p e s ,  1, 208 

(1956).
(15) W . G . M ille r  a n d  L. A nderson , A n a l .  C h e m . ,  3 1 , 1668 (1959).
(16) H . G . D ick en so n , TJ. S. P a te n t  2 ,449,162 (1949).
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3 - ( r t - I m in o e th y l ) - 4 - h y d ro x y - 0 18- c o u m a r in  ( L a b e le d  I I ) .  3 -
A c e ty l - 4 - h y d r o x y - 0 ls- c o u m a r in  ( 1 .0  g .)  a n d  0 .3  g . o f a m m o n iu m  
a c e t a t e  w e re  r e f lu x e d  in  10 m l .  o f a b s o lu te  e th a n o l  fo r  9 h r .  
T h e  s o lid  w h ic h  s e p a r a te d  o n  c o o lin g  w a s  r e c r y s ta l l i z e d  f ro m  
a b s o lu te  e th a n o l ;  y ie ld  0 .9  g . ,  m .p .  2 3 3 - 2 3 5 ° ,  O 18 c o n te n t ,  1 .91  
a to m  %  e x cess .

3 -B e n z o y l- 4 -h y d r o x y - 0 18- c o u m a r in  ( L a b e le d  I B ) .  A . B y  th e  
H y d r o ly s is  o f  I I I  in  a n  O 18 E n r ic h e d  M e d iu m .— A c e tic  a c id  (3 .1 0  
m l . ) ,  1 .6 8  m l.  o f O 18 e n r ic h e d  w a te r  (6 .4 8  a to m  %  e x c e s s ) ,  0 .2 1  
m l.  o f c o n c e n t r a te d  s u lf u r ic  a c id ,  a n d  0 .3  g . o f I I I  w e re  r e f lu x e d
1 .5  h r .  T h e  p r o d u c t  w h ic h  s e p a r a te d  w a s  c r y s ta l l i z e d  tw ic e  f ro m  
a b s o lu te  e th a n o l ;  y ie ld  0 .2  g . ,  m .p .  1 4 5 ° , O 18 c o n te n t ,  0 .6 6 7  a to m  
%  e x c e s s .

T h is  s e e m in g ly  lo w  O 18 v a lu e  r e s u l t s  f ro m  is o to p ic  e x c h a n g e  
w i th  t h e  a c e t ic  a n d  s u lf u r ic  a c id s .11 T h e  th e o r e t i c a l  O 18 c o n te n t  
is  0 .7 0  a to m  %  e x cess .

B . B y  E q u il ib r a t io n  o f 3 - B e n z o y l-4 -h y d ro x y c o u m a r in  w ith  a n  
O 18 E n r ic h e d  S o lu t io n  ( C o n tr o l  E x p e r im e n t ) .— -W h en  0 .3  g . o f  l b
w a s  t r e a t e d  in  t h e  s a m e  m a n n e r  a s  r e p o r te d  fo r  t h e  h y d r o ly s is  o f 
I I I ,  t h e  p r o d u c t  h a d  a n  O 18 c o n t e n t  o f 0 .5 6 1  a to m  %  e x c e s s .

3 - B e n z y l- 4 -h y d ro x y c o u m a r in  ( IX ) .  A . B y  H y d r o g e n o ly s i s  o f 
O 18 L a b e le d  l b  O b ta in e d  f ro m  I I I . — L a b e le d  l b  o b ta in e d  f ro m  17

(17) T . C . H o erin g  a n d  J . W . K en n ed y , J .  A m .  C h e m .  S o c . ,  79 , 56 (1957).

th e  h y d r o ly s is  o f I I I  ( 8 0  m g .)  w a s  s h a k e n  f o r  3 h r .  in  10  m l .  o f  
a n h y d r o u s  m e th a n o l  w i th  80  m g . o f 1 0 %  p a l la d iu m  o n  c h a r c o a l  
a n d  h y d r o g e n  a t  3 8 - 4 0  p . s . i .  T h e  c a t a l y s t  w a s  r e m o v e d  a n d  th e  
s o lv e n t  w a s  e v a p o r a t e d  t o  1 m l .  b y  a  s t r e a m  o f n i t r o g e n .  C o o lin g  
t o  — 1 0 ° y ie ld e d  4 0  m g . o f  p r o d u c t ,  m .p .  2 0 5 ° ,  O 18 c o n te n t ,  0 .0 8 5  
a t o m  %  e x c e s s .

B . B y  H y d r o g e n o ly s is  o f  O 18 L a b e le d  l b  O b ta in e d  f ro m  E q u il i 
b r a t io n  w ith  O 18 W a t e r  ( C o n tr o l  E x p e r im e n t ) .— 3 -B e n z o y l-4 -  
h y d r o x y - 0 18- c o u m a r in  o b ta in e d  in  t h e  e x c h a n g e  e x p e r im e n t  w i th
3 -b e n z o y l-4 - h y d r o x v c o u m a r in  a n d  O 18 w a te r  w a s  r e d u c e d  a s  in  
p a r t  A . T h e  s t a r t i n g  m a te r i a l  h a d  a n  O 18 c o n t e n t  o f  0 .5 6 1  a to m  
% e x c e s s ;  t h e  p r o d u c t  w a s  f o u n d  t o  h a v e  a n  O 18 c o n te n t  o f 0 .0 8 9  
a to m  %  e x c e s s .
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F r o m  t h e  s y n th e s is  o f  p h e n y lg ly o x a l  d i e th y l  a c e ta l  b y  t h e  r e a c t io n  o f n i t ro s y l  c h lo r id e  w i th  a c e to p h e n o n e  in  
e th a n o l  s o lu t io n ,  c o n s id e ra b le  y ie ld s  o f  a n  u n k n o w n  b y - p r o d u c t  w e re  i s o la te d .  T h is  p r o v e d  t o  b e  1 ,1 ,2 ,2 - te t r a -  
e th o x v e th a n e  a n d  r e s u l t e d  f ro m  t h e  a c t io n  o f  n i t r o s y l  c h lo r id e  u p o n  e th a n o l ,  p r e s u m a b ly  b y  w a y  of o x id a t io n  of 
t h e  i n t e r m e d ia t e  e th y l  n i t r i t e .  T r e a t m e n t  o f  a  la r g e  e x c e ss  o f  e th a n o l  w i th  n i t r o s y l  c h lo r id e  a f fo rd e d  a b o u t  50% , 
y ie ld s  o f  1 ,1 ,2 ,2 - te t r a e th o x y e th a n e ,  a s s u m in g  f o u r  m o le s  o f  n i t r o s y l  c h lo r id e  a r e  r e q u i r e d  fo r  t h e  o x id a t io n ,  a t  SO
SO0 a n d  w i th  a  r e a c t io n  t i m e  o f  th r e e  t o  f o u r  h o u r s .  T h e  r e a c t io n  w a s  n o t  a c c e le r a te d  u p o n  i l l u m in a t io n  w i th  a n  
i n t e n s e  s o u rc e  o f  v is ib le  l ig h t .  A p p l ic a t io n  o f t h e  r e a c t io n  t o  1 -p ro p a n o l  le d  t o  a n  i n s e p a r a b le  m ix tu r e  w h ic h , 
h o w e v e r ,  y ie ld e d  d e r iv a t iv e s  o f  p y r u v a ld e h y d e  u p o n  t r e a t m e n t  w i th  c a r b o n y l  r e a g e n ts .  I s o p r o p y l  a lc o h o l w i th  
n i t r o s y l  c h lo r id e  a f fo rd e d  a  lo w  y ie ld  o f  p y r u v o h y d r o x a m y l  c h lo r id e  a s  t h e  o n ly  is o la b le  p r o d u c t .  B o t h  e th y le n e  
g ly c o l a n d  p r o p y le n e  g fy co l y ie ld e d  c o m p le x  m ix tu r e s  u p o n  t r e a t m e n t  w i th  n i t r o s y l  c h lo r id e . A l th o u g h  n o n e  of 
t h e  r e a c t io n  p r o d u c t s  w e re  p o s i t iv e ly  id e n t i f ie d  in  e i t h e r  c a se , i t  w a s  p o s s ib le  t o  d e m o n s t r a t e  t h e  p r e s e n c e  of 
g lv o x a l-v ie ld in g  c o m p o u n d s  in  t h e  e th y le n e  g ly c o l p r o d u c t  a n d  p y r u v a ld e h v d e - y ie ld in g  c o m p o u n d s  i n  t h e  p r o p y l 
e n e  g ly c o l p r o d u c t  b y  t r e a t m e n t  o f t h e  d is t i l le d  p r o d u c t s  w i th  2 ,4 - d in i t r o p h e n y lh y d r a z in e  a n d  id e n t i f i c a t io n  o f t h e  
c o r r e s p o n d in g  2 ,4 - d in i t r o p h e n y lo s a z o n e  d e r iv a t iv e s .

During a recent study1 of the preparation of phenyl
glyoxal diethyl acetal by the reaction of nitrosyl chlo
ride with acetophenone in ethanol solution, a by-product 
[b.p. 80-84° 10 (mm.) ] was observed in yields amounting 
to as much as one-third of the weight of the desired 
phenylglyoxal acetal. Elemental and infrared analyses 
and molecular weight determination suggested the iden
tity of the by-product to be 1,1,2,2-tetraethoxyethane 
(I). Confirmation of the structure then was obtained

C A O
\

C H — C H
/

C A O
I

O C A

O C A

by acid hydrolysis of the by-product to ethanol and 
glyoxal followed by conversion of the latter to gly- 
oxime by reaction with hydroxylamine. The possi
bility that the glyoxal acetal (I) arose solely from reac
tion of nitrosyl chloride with the solvent then was con
sidered. Nitrosyl chloride was fed to a large excess of 
ethanol while maintaining the solution at slightly above 
room temperature. Upon warming to 38° a vigorous

(1) D a v id  T . M an n in g  a n d  H a r ry  A. S ta n s b u ry , J r . ,  J .  O r g .  C h e m . ,  26, 
3755 (1961).

reflux of ethyl nitrite occurred and an exothermic reac
tion began, accompanied by rapid evolution of a mix
ture of nitric oxide, nitrous oxide, and nitrogen. The 
reaction mixture was allowed to stand for several hours 
and, after treatment with hot aqueous sodium hy
droxide to remove any acidic or ester by-products, was 
distilled to give 1,1,2,2-tetraethoxyethane in an amount 
equivalent to 38.5% of the weight of nitrosyl chloride 
employed. In subsequent trials the time required for 
completion of the nitrosyl chloride reaction was found 
to be as short as three to four hours. Despite the un
certainty surrounding the mechanism, it is likely that 
at least three and possibly four moles of nitrosyl chlo
ride are required for oxidation of the methyl and meth- 
ylol groups of ethanol, the latter situation being repre
sented by the following over-all equation.

4N O C 1  +  5 C A O H  — >  ( C A O ) 2C H C H ( O C A ) 2 +
2H ,0  +  2NO +  N20  +  41 ICI (1)

A requirement of three moles of nitrosyl chloride cor
responds to a yield of 37% while a four-mole require
ment would indicate a 49% yield.

Study of this surprising oxidation occurring under 
the mild condition of a ketone nitrosation was then
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extended to other alcohols. The reaction of nitrosyl 
chloride with a large excess of 1-propanol for five hours 
at 30-52° yielded a complex liquid mixture, b.p. 45- 
120° (3 mm.), amounting to approximately 38% by 
weight of the nitrosyl chloride employed. Infrared 
analysis of the distillate revealed the presence of car
bonyl, ether, and acetal-type functions. The presence 
of pyruvaldehyde derivatives in the distillate was con
firmed by acid hydrolysis of the combined fractions 
followed by reaction with hydroxy lamine, yielding 
methylglyoxime. In another similar experiment, ma
terial distilling at 63-73° (5 mm.) yielded the 2,4-dini- 
trophenylosazone of pyruvaldehyde upon treatment 
with 2,4-dinitrophenylhydrazine.

The reaction of nitrosyl chloride with isopropyl alco
hol proceeded in a different manner. Distillation of 
the reaction ¡mixture afforded no high-boiling liquid 
fraction. The bulk of the reaction product occurred 
in a rather sizeable residue from which was isolated a 
low yield of pyruvohydroxamyl chloride (II), probably 
arising from the following sequence.

H
o x id a n t

C H s— C H — O N O  — -— =- C H 3— C H — O N O  (4 )
- H -

C H .3— C H — O N O  — >  C H 3C H O  +  N O  (5 )

N O C l N 0C 1
CH3C H O -------- >- H O N =C H C H O -----— I +  N20  (6 )

C 2H 5O H  C sH sO H

h*
N O C l — >• N O -  +  C l- ( 7 )

H

C l- +  C H .3— C H  - O N O  — H C 1  +  C H ,— C H — O N O  ( 8 )

Exposure of our reaction system to intense visible light 
failed, however, either to increase the yield or rate of 
acetal formation, or to accelerate the decomposition of 
nitrosyl chloride as judged by disappearance of brown 
color from the reaction mixture. Other possible means 
of accomplishing step 4 include oxidation (a) by mo
lecular chlorine generated from the thermal decomposi
tion of nitrosyl chloride and (b) by dinitrogen tetroxide, 
present as an impurity in the nitrosyl chloride.

C H 3~ C H — c h 3 
I

O H

N O C I
->■ C H s— C H — C H 3 

O N O

C H a - c — c h 3 
II
o

I n o c i

C l
/  2  n o c i

c h 3— c — c  -<------------ c h 3— c — C H = N O H
Il \  II

O  N O H  O  (2 )
I I

Reaction of both ethylene glycol and propylene 
glycol with nitrosyl chloride produced complex mix
tures which could not be resolved by fractional dis
tillation. The presence of glyoxal-yielding compounds 
in the product from ethylene glycol and of pyruvalde- 
hyde-yielding compounds in the propylene glycol 
product was demonstrated, however, by treatment of 
the distilled reaction mixtures with 2,4-dinitrophenyl
hydrazine and isolation of the appropriate 2,4-dinitro- 
phenylosazones.

The reaction of nitric acid with ethanol to give gly- 
oxal has been reported.2 Nitrosyl chloride, however, 
is known to react rapidly with ethanol3 yielding ethyl 
nitrite and hydrogen chloride according to the following 
equilibrium.

C 2H 6O H  +  N O C I  C 2H 5O N O  +  H C l  ( 3 )

No further decomposition of this system, under mild 
conditions, apparently has been observed. Previous 
preparations of 1,1,2,2-tetraethoxyethane have involved 
the acid-catalyzed reactions of glyoxal4 or of a deriva
tive6 thereof with ethanol and have resulted in low (23- 
26%) yields even after prolonged reaction periods.

The mechanism of the present reaction, though un
clear, may involve the general steps 4-6.

It was felt that hydrogen abstraction (step 4) might 
be accomplished by a chlorine atom as in the photo- 
nitrosation of hydrocarbons by nitrosyl chloride.6

(2) A . H a n tz sc h , A n n . ,  222, 65 (1884).
(3) L. J . B ec k h am , W . A. F essier, a n d  M . A. K ise, C h e m .  R e v . ,  48, 366 

(1951).
(4) C . H a rr ie s  a n d  P . T e ram e, B e r . ,  40, 165 (1907).
(5) H . F ie sse lm an n  a n d  F . H ô rn d le r , C h e m .  B e r . ,  87, 906 (1954).
(6) M . A. N a y lo r  a n d  A. W . A n d erso n , J .  O r g .  C h e m . ,  18, 115 (1953).

Experimental7
I d e n t i f i c a t io n  o f  t h e  L o w -B o ilin g  B y - p r o d u c t  f ro m  t h e  S y n th e s i s  

o f  P h e n y lg ly o x a l  D ie th y l  A c e ta l .— I n  a  s e r ie s  o f  p r e p a r a t io n s  o f  
p h e n y lg ly o x a l  d i e t h y l  a c e t a l  b y  t h e  r e a c t io n  o f  n i t r o s y l  c h lo r id e  
w i th  a c e to p h e n o n e  a n d  e th a n o l ,  v a r io u s  s a m p le s  o f  t h e  r e a c t io n  
p r o d u c t  w e re  f o u n d  t o  c o n ta in ,  in  a d d i t i o n  t o  p h e n y lg ly o x a l  d i 
e t h y l  a c e t a l ,  lo w -b o ilin g  f r a c t i o n s  ( a p p r o x im a te ly  7 6 ^ 1 3 0 °  (1 0  
m m .) ,  a m o u n t in g  t o  1 9 - 2 7 %  o f t h e  t o t a l  w e ig h t  o f  o r g a n ic  
p r o d u c t .  S e v e r a l  o f  t h e  lo w -b o ilin g  f r a c t io n s  w e re  c o m b in e d  
( w e ig h t  2 9 5 .6  g . )  a n d  r e d is t i l le d  t o  y ie ld  a  m a in  f r a c t i o n  w e ig h in g
1 9 7 .4  g . ,  b . p .  8 0 - 8 4 °  (1 0  m m .) ,  ra20d  1 .4 0 7 4 . T h e  m a t e r i a l  s h o w e d  
n o  a r o m a t ic  a b s o r p t io n  u p o n  in f r a r e d  a n a ly s i s  w h ic h  r e v e a le d  
o n ly  tw o  s t r o n g  b a n d s  a t  8 .9  a n d  9 .2  m in  a d d i t i o n  t o  a l i p h a t i c  
C - H  a b s o r p t io n .  E le m e n ta l  a n d  m o le c u la r  w e ig h t  a n a ly s is  
g a v e  th e  fo llo w in g  r e s u l t s  in  a c c o r d  w i th  t h e  e m p ir ic a l  f o r m u la  
C ioH 220 4 .

Anal. C a lc d .  f o r  C i0H 22O 4: C ,  5 8 .2 2 ;  H ,  1 0 .7 5 ; m o l .  w t . ,
2 0 6 .3 .  F o u n d :  C ,  5 8 .2 6 ;  H ,  1 0 .7 0 ;  m o l .  w t . ,  2 1 0 .

T h e  r e p o r te d  b o i l in g  p o i n t  o f 1 ,1 ,2 ,2 - t e t r a e th o x y e th a n e  
( C ioH 22C>4) is  8 8 - 8 9 °  (1 4  m m .)  o r  c lo se  t o  t h a t  o d s e rv e d .  A  c o m 
p a r i s o n  o f  t h e  p r e v io u s ly  m e n t io n e d  in f r a r e d  s c a n  w i t h  a  s c a n  o f
l ,  1 ,2 ,2 - t e t r a b u t o x y e t h a n e  s h o w e d  th e m  t o  b e  a lm o s t  i d e n t i c a l .

A  4 1 .3 - g . ( 0 .2  m o le )  s a m p le  o f  t h e  m a t e r i a l  w a s  h y d r o ly z e d  b y
r e f lu x in g  u n d e r  a  s t i l l  w i th  20 0  m l .  o f  w a t e r  c o n ta in in g  15  d r o p s  
o f  c o n c e n t r a t e d  s u lf u r ic  a c id  f o r  a  2 - h r .  p e r io d .  E t h a n o l  w a s  
t h e n  r e c o v e r e d  b y  d is t i l l in g  t h e  m ix tu r e ,  w h ic h  g a v e  a n  a q u e o u s  
s o lu t io n  c o n ta in in g  5 9 %  e th a n o l ,  b y  w e ig h t .  T h e  y ie ld  o f  
e th a n o l  (2 8 .3  g .)  w a s  7 6 .S %  a n d  t h e  c o m p o s it io n  o f  t h e  a q u e o u s  
e th a n o l  s o lu t io n  w a s  c o n f irm e d  b y  m a s s  s p e c t .ro m e tr ic  a n a ly s i s .

T h e  d i s t i l l a t io n  r e s id u e  w a s  th e n  f i l te r e d  a n d  t o  i t  w a s  a d d e d  
2 8  g .  ( 0 .4 0 3  m o le )  o f  h y d r o x y la m in e  h y d r o c h lo r id e  a n d  4 0  g .  o f 
a n h y d r o u s  s o d iu m  a c e t a t e .  T h e  r e s u l t i n g  m ix tu r e  w a s  h e a t e d  o n  
t h e  s t e a m  b a t h  f o r  1 h r .  a n d  w o r k e d  u p  t o  g iv e ,  u p o n  d r y in g ,  9 .5  
g .  o f  w h i te  c r y s ta l l in e  g ly o x im e , m .p .  1 7 7 - 1 7 7 .5 °  ( r e p o r t e d 8
m .  p .  1 7 8 ° ) .  A n  a d d i t io n a l  c ro p  o f  2 .3  g . w a s  o b t a in e d  f ro m  th e  
f i l t r a t e .  T h e  t o t a l  y ie ld  o f g ly o x im e  w a s  6 7 .1 % .

R e a c t io n  o f  N i t r o s y l  C h lo r id e  w i th  E th a n o l .— T o  1 1 . o f  e th a n o l  
w a s  a d d e d ,  w i th  s t i r r in g ,  114 g .  (1 .7 4  m o le s )  o f n i t r o s y l  c h lo r id e 9 
th r o u g h  a  g a s  d if fu s e r  o v e r  a  p e r io d  o f  a p p r o x im a te ly  1 h r .  w h ile  
m a in t a in in g  a  t e m p e r a t u r e  o f  2 3 - 3 1 ° .  U p o n  c o m p le t in g  th e  
f e e d , t h e  t e m p e r a t u r e  o f  th e  m ix tu r e  w a s  r a is e d  to  3 8 °  w h e r e u p o n  
a  v ig o ro u s  re f lu x  o f  e th y l  n i t r i t e  o c c u r r e d  a n d  a  c o lo r le s s  g a s  w a s  
e v o lv e d  w h ic h  h a d  t h e  c o m p o s i t io n :  n i t r i c  o x id e , 8 6 .6 % ;  n i t r o 
g e n ,  1 0 .3 % ;  n i t r o u s  o x id e , 3 .2 % .

T h e  r e a c t io n  m ix tu r e  w a s  h e ld  a t  3 8 - 4 3 °  f o r  21  m in .  a n d  th e n  
s to r e d  o v e r n ig h t .  T h e  s o lu t io n  w a s  t h e n  s t i r r e d  a n d  h e a t e d  to  
5 8 ° ,  6 6 7  g .  o f  2 0 %  s o d iu m  h y d r o x id e  s o lu t io n  w a s  a d d e d ,  a n d

(7) A ll te m p e ra tu re s  a re  u n co rrec ted .
(8) H eilb ro n , D ic t io n a ry  of O rgan ic  C o m p o u n d s ,”  O xfo rd  U n iv e rs ity  

P ress, N ew  Y ork , N . Y „  1953.
(9) P u rc h a se d  from  th e  M a th e so n  Co. a n d  used  w ith o u t fu r th e r  p u rif ica 

tion .
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t h e  m ix tu r e  t h e n  r e f lu x e d  f o r  1 .5  h r .  A f te r  r e m o v in g  e th a n o l  a t  
r e d u c e d  p r e s s u r e ,  t h e  r e s id u e  w a s  e x t r a c t e d  w i th  e t h e r  a n d  t h e  
e x t r a c t  e v a p o r a t e d  t o  g iv e  t h e  c r u d e  l iq u id  p r o d u c t .  D i s t i l l a 
t i o n  o f  t h e  l a t t e r  a f fo r d e d  4 3 .9  g . o f  1 ,1 ,2 ,2 - t e t r a e th o x y e th a n e ,  
b . p .  6 5 - 7 9 °  (1 0  m m .) ,  w h ic h  h a d  a n  in f r a r e d  s p e c t r u m  id e n t ic a l  
t o  t h a t  o f t h e  m a te r i a l  p r e v io u s ly  e s ta b l i s h e d  a s  1 ,1 ,2 ,2 - t e t r a 
e th o x y e th a n e .  T h e  m a in  p o r t io n  d is t i l le d  a t  7 8 .5 - 7 9 °  (1 0  m m .)  
a n d  g a v e  th e  fo l lo w in g  a n a ly s i s .

Anal. C a lc d .  f o r  C ioH 220 4: C ,  5 8 .2 2 ;  H ,  1 0 .7 5 . F o u n d :  
C ,  5 8 .4 7 ;  H ,  1 0 .6 5 .

T h e  fo llo w in g  y ie ld s  w o u ld  c o r r e s p o n d  to  t h e  r e q u i r e m e n t  of 
e i t h e r  3 o r  4  m o le s  o f  n i t r o s y l  c h lo r id e  p e r  m o le  o f a c e t a l :  f o r  3 
m o le s ,  3 6 .8 %  y ie ld ;  f o r  4  m o le s ,  4 9 .0 %  y ie ld .

T h e  p o s s ib le  in f lu e n c e  o f  l i g h t  u p o n  t h e  n i t r o s y l  c h lo r id e -  
e th a n o l  r e a c t io n  th e n  w a s  s tu d ie d  a s  fo llo w s : n i t r o s y l  c h lo r id e
(1 1 4  g . ,  1 .7 4  m o le s )  w a s  f e d ,  w i th  s t i r r i n g ,  t o  1 1 . o f  e th a n o l  o v e r  a  
1 -h r .  p e r io d  w h ile  i l l u m in a t in g  t h e  s y s t e m  w i th  th r e e  2 7 5 - w a t t  
s u n  la m p s  p la c e d  c lo s e  t o  a n d  s u r r o u n d in g  t h e  r e a c t io n  f la s k . 
T h e  t e m p e r a t u r e  o f  t h e  e x o th e r m ic  r e a c t io n  w a s  m a in ta in e d  a t  
2 5 - 2 8 °  d u r in g  t h e  f e e d  p e r io d  b y  e x t e r n a l  c o o lin g . F o l lo w in g  t h e  
f e e d  p e r io d ,  t h e  r e a c t io n  m ix tu r e  w a s  a l lo w e d  to  w a r m  to  31  ° a n d  
th e n  g r a d u a l ly  t o  5 1 ° ,  w i th  s t i r r in g  o v e r  a  3 .6 8 - h r .  i n t e r v a l  a t  
w h ic h  t im e  t h e  b r o w n  c o lo r  o f  n i t r o s y l  c h lo r id e  h a d  d i s a p p e a r e d .  
T h e  r e a c t io n  m ix tu r e  w a s  t h e n  w o r k e d  u p  in  th e  p r e v io u s ly  d e 
s c r ib e d  m a n n e r .  A  t o t a l  y ie ld  o f  4 9 .5  g . ( 0 .2 4  m o le )  o f  c r u d e
1 .1 .2 .2 -  t e t r a e t h o x y e t h a n e ,  b o i l in g  o v e r  t h e  r a n g e  o f 6 2 - 7 8 °  (1 0  
m m .) ,  w a s  o b ta in e d .

T h e  p r e v io u s  p r o c e d u r e  w a s  r e p e a t e d  in  id e n t i c a l  f a s h io n ,  
b u t  w i t h o u t  t h e  i l l u m in a t io n .  F o l lo w in g  t h e  1 - h r .  f e e d  p e r io d  
t h e  d i s a p p e a r a n c e  o f  n i t r o s y l  c h lo r id e  c o lo r  w a s  a c tu a l ly  s o m e 
w h a t  f a s t e r  t h a n  in  t h e  p r e s e n c e  o f  l i g h t ,  r e q u i r in g  o n ly  2 .8 7  
h r .  a t  2 9 - 5 0 ° .  W o r k in g  u p  t h e  r e a c t io n  m ix tu r e  a t  th i s  p o in t  
y ie ld e d  5 5 .2  g . (0 .2 6 9  m o le )  o f c r u d e  a c e t a l ,  b .p .  5 7 - 7 8 °  (1 0  
m m .) .

R e a c t io n  o f  1 - P r o p a n o l  w i th  N i t r o s y l  C h lo r id e .— T o  1 1. o f  1-
p r o p a n o l  w a s  a d d e d ,  w i t h  s t i r r in g ,  2  m o le s  o f  n i t r o s y l  c h lo r id e  
(9 2  m l .  a t  — 3 0 ° )  o v e r  a  p e r io d  o f  69  m in .  w h ile  m a i n t a i n i n g  a  
t e m p e r a tu r e  o f  2 4 - 2 8 °  w i th  c o o l in g . T h e  r e a c t io n  m ix tu r e  w a s  
a llo w e d  t o  w a r m  t o  3 2 °  o v e r  a  1 9 -m in . p e r io d  a n d  t h e n ,  in  s e 
q u e n c e ,  h e ld  a t  3 0 - 3 6 °  f o r  a  p e r io d  o f  2 .5 8  h r .  a n d  a t  5 1 - 5 2 °  
fo r  1 h r .  V o la t i le  m a te r i a l s  (7 8 8  g . )  w e re  t h e n  f la s h e d  f ro m  th e  
m ix tu r e  le a v in g  91  g . o f  r e s id u e .  T h e  l a t t e r  w a s  e x t r a c t e d  w i th  
l ig ro in  ( m o s t  o f  i t  d is s o lv e d )  a n d  t h e  e x t r a c t  d is t i l le d  t o  g iv e  4 9 .9  
g . o f  l iq u id ,  b . p .  4 5 - 1 2 0 °  (3  m m .) .  T h is  w a s  r e d i s t i l l e d  t o  g iv e  a  
t o t a l  o f  f o u r t e e n  f r a c t i o n s  b o i l in g  o v e r  t h e  r a n g e  o f  6 3 - 1 4 1 °  (5  
m m .)  a n d  f a i r ly  u n i f o rm  in  s iz e . T h e  f r a c t io n s  p o s s e s s e d  r e m a r k 
a b ly  s im i la r  i n f r a r e d  s p e c t r a  in c lu d in g  s t r o n g  c a r b o n y l  a b s o r p 
t i o n  a t  5 .6 - 5 .7  ft a n d  b a n d s  a t  8 .9  a n d  9 .3  ft s im i la r  t o  t h o s e  o f
1 .1 .2 .2 -  t e t r a e t h o x y e  t h a n e .

I n  o r d e r  t o  d e m o n s t r a t e  t h e  p r e s e n c e  o f  p y r u v a ld e h y d e - y ie ld in g  
c o m p o u n d s  in  t h e  d i s t i l l a t i o n  f r a c t io n s ,  e le v e n  o f  t h e  c u t s ,  t o t a l 
in g  3 3 .1  g . ,  w e re  c o m b in e d  a n d  r e f lu x e d  w i t h  a  s o lu t io n  o f  10 
d r o p s  o f  c o n c e n t r a t e d  s u l f u r ic  a c id  i n  2 0 0  m l .  o f  w a te r  f o r  a  14- 
h r .  p e r io d  t o  h y d r o ly z e  t h e  a c e t a l  a n d / o r  k e t a l  l in k a g e s .  A t  th e  
e n d  of t h i s  t im e ,  a  s o lu t io n  o f  2 8 .0  g . ( 0 .4 0 3  m o le )  o f  h y d r o x y l-  
a m in e  h y d r o c h lo r id e  a n d  4 0  g . ( 0 .4 8 8  m o le )  o f  a n h y d r o u s  s o d iu m  
a c e t a t e  in  100 m l .  o f  w a te r  w a s  a d d e d  t o  t h e  m ix tu r e  a n d  t h e  n e w  
m ix tu r e  r e f lu x e d , w i t h  s t i r r i n g ,  fo r  a  p e r io d  o f  7 h r .  W o r k in g  u p  
th e  m ix tu r e  g a v e  a  s m a ll  a m o u n t  o f  p y r u v a ld e h y d e  d io x im e  
w h ic h  w a s  p u r i f ie d  b y  v a c u u m  s u b l im a t io n  t o  g iv e  f in e  w h i te  
c r y s t a l s ,  m .p .  1 4 6 -1 4 7 °  ( r e p o r t e d 8 m .p .  1 5 3 ° , 1 5 7 ° ) .

Anal. C a lc d .  f o r  C 3H 60 2N 2: C ,  3 5 .2 9 ;  H ,  5 .9 2 ;  N ,  2 7 .4 4 . 
F o u n d :  C ,  3 5 .8 7 ;  H ,  6 .5 7 ;  N ,  2 6 .5 7 .

T h e  in f r a r e d  s p e c t r u m  c o n f i rm e d  t h e  s t r u c t u r e  a s  t h a t  of 
p y r u v a ld e h y d e  d io x im e .

T h e  p r e v io u s  r u n  w a s  r e p e a t e d  o n  a  l a r g e r  s c a le  g iv in g , 
u p o n  w o r k - u p ,  9 5  g .  o f  a  f la s h e d  d i s t i l l a t e ,  b . p .  3 5 - 1 0 9 °  (1  m m .) .

F r a c t i o n a l  d i s t i l l a t i o n  o f  t h i s  g a v e  t h i r t e e n  c u t s  o f  f a i r ly  u n if o rm  
s iz e , s e v e r a l  o f  w h ic h  w e re  t e s t e d  f o r  t h e  p r e s e n c e  o f  p y r u v a ld e 
h y d e  d e r iv a t iv e s  b y  r e a c t in g  s a m p le s  o f  t h e m  w i th  2 ,4 - d in i t r o -  
p h e n y lh y d r a z in e  r e a g e n t .  O n ly  t h e  f i r s t  tw o  c u t s ,  b o i l in g  o v e r  
t h e  c o m b in e d  r a n g e  o f  6 3 - 7 5 °  (5  m m .) ,  g a v e  p y r u v a ld e h y d e  2 ,4 -  
d in i t r o p h e n y lo s a z o n e .  T h e  d e r iv a t iv e  o f  c u t  1 , b . p .  6 3 - 6 8 °  (5  
m m . ) ,  m e l te d  a t  2 9 8 °  ( r e p o r t e d 8 fo r  p y r u v a ld e h y d e  2 ,4 - d in i t r o -  
p h e n y lo s a z o n e ,  m .p .  2 9 9 - 3 0 0 ° ) ,  a n d  g a v e  t h e  fo llo w in g  a n a ly s is .

Anal. C a lc d .  fo r  C i5H i2N s0 8: N ,  2 5 .9 2 .  F o u n d :  N ,  2 5 .3 3 .

R e a c t io n  o f  I s o p r o p y l  A lc o h o l w ith  N i t r o s y l  C h lo r id e .— O n e  
l i t e r  o f  i s o p r o p y l  a lc o h o l  w a s  s t i r r e d  w h ile  2  m o le s  (9 2  m l.  a t  
—3 0 ° )  o f  n i t r o s y l  c h lo r id e  w e re  f e d  o v e r  a  p e r io d  o f  1 .2 7  h r . ,  
m a in t a in in g  a  t e m p e r a t u r e  o f  2 6 - 2 9 ° .  E v o lu t io n  o f  n i t r i c  o x id e  
b e c a m e  a p p a r e n t  a t  t h e  e n d  o f  t h e  fe e d  p e r io d  a n d  t h e  s t i r r e d  
m ix tu r e  w a s  a llo w e d  t o  w a r m  to  3 0 - 3 3 °  w h e re  i t  w a s  h e ld ,  w i th  
g e n t le  r e f lu x , fo r  a  1 .6 7 -h r .  p e r io d .  A t  t h i s  t im e ,  t h e  r e a c t io n  
m ix tu r e  w a s  h e a t e d  to  5 0 - 5 1 °  a n d  s t i r r e d  a t  t h i s  t e m p e r a tu r e  
fo r  a  1 - h r .  p e r io d .

V o la t i le  m a t e r i a l  (7 7 7  g . )  t h e n  w a s  r e m o v e d  f ro m  t h e  r e a c t io n  
m ix tu r e  u n d e r  r e d u c e d  p r e s s u r e  le a v in g  a  r e s id u e ,  w e ig h t  65  g . 
A t t e m p t e d  d i s t i l l a t io n  o f  t h e  l a t t e r  le d  t o  p a r t i a l  d e c o m p o s i t io n  
a n d  so m e  c r y s ta l l in e  m a t e r i a l  s u b l im e d  in to  t h e  lo w e r  p a r t  o f  th e  
c o lu m n . A  p o r t io n  ( 0 .6  g . )  o f  t h i s  m a te r i a l  w a s  r e c r y s ta l l iz e d  
f ro m  b e n z e n e  a n d  f u r t h e r  p u r i f ie d  b y  v a c u u m  s u b l im a t io n  t o  g iv e  
c r y s t a l s  o f  p y r u v o h y d r o x a m y l  c h lo r id e ,  m . p .  1 0 6 -1 0 7 °  ( r e 
p o r t e d 10 m .p .  1 0 5 - 1 0 6 ° ) .

Anal. C a lc d .  f o r  C 8H 4N 0 2C1: C ,  2 9 .6 5 ;  H ,  3 .3 2 ;  N ,  1 1 .5 3 ; 
C l ,  2 9 .1 7 . F o u n d :  C ,  2 9 .7 0 ;  H ,  3 .5 1 ;  N ,  1 1 .4 6 ;  C l ,  2 9 .7 3 .

T h e  in f r a r e d  s p e c t r u m  w a s  id e n t i c a l  t o  t h a t  o f  a n  a u th e n t i c  
s a m p le  o f  p y r u v o h y d r o x a m y l  c h lo r id e .

R e a c t io n  o f  E th y le n e  G ly c o l w i th  N i t r o s y l  C h lo r id e .— T o  1 1. 
o f e th y le n e  g ly c o l w a s  a d d e d ,  w i th  s t i r r in g  a n d  c o o l in g , 131 g . 
( 2 .0  m o le s )  o f  n i t r o s y l  c h lo r id e  o v e r  a  p e r io d  o f  1 .7 8  h r .  T h e  
m ix tu r e  t h e n  w a s  w a r m e d  t o  3 5 °  a n d  h e ld  a t  t h i s  t e m p e r a t u r e ,  
w h e re  a  m ild ly  e x o th e r m ic  r e a c t io n  o c c u r r e d ,  f o r  a  2 - h r .  p e r io d .  
T h e  r e a c t io n  m ix tu r e  w a s  t h e n  h e a t e d  t o  6 1 °  a n d  s t i r r e d  a t  t h i s  
t e m p e r a t u r e  fo r  a  p e r io d  o f  1 .2 5  h r .

T h e  r e a c t io n  m ix tu r e  w a s  t h e n  d i s t i l l e d  t o  g iv e  a  s e r ie s  of 
f r a c t io n s  ( t o t a l  w t . ,  1101 g . )  b o i l in g  o v e r  t h e  a p p r o x im a te  r a n g e  
o f  4 0 - 9 3 °  (0 .5  m m .) .  A ll t h e  f r a c t io n s  r e a c t e d  w i t h  2 ,4 - d in i t r o -  
p h e n y lh y d r a z in e  t o  g iv e  t h e  c r u d e  2 ,4 - d in i t r o p h e n y lo s a z o n e  o f 
g ly o x a l ,  m .p .  3 1 1 - 3 1 7 °  d e c .  ( r e p o r t e d 11 m .p .  3 1 8 °  d e c ) .

R e a c t io n  o f  P r o p y le n e  G ly c o l w i th  N i t r o s y l  C h lo r id e .— T o  1 1. 
o f  p r o p y le n e  g ly c o l w a s  a d d e d ,  w i t h  s t i r r i n g ,  131 g . ( 2 .0  m o le s )  o f 
n i t r o s y l  c h lo r id e  o v e r  a  1 .6 7 - h r .  p e r io d  w i th  c o o lin g  t o  m a in t a in  
t h e  t e m p e r a t u r e  a t  2 5 - 2 6 ° .  T h e  r e a c t io n  m ix tu r e  w a s  a llo w e d  
t o  w a r m ,  e x o th e r m ic a l ly ,  t o  3 5 - 3 8 ° ,  w h e r e  i t  w a s  s t i r r e d  fo r  1 
h r .  a t  w h ic h  t im e  t h e  b r o w n  r e a c t io n  s o lu t io n  h a d  b e c o m e  c o lo r 
le s s .  T h e  m ix tu r e  w a s  th e n  h e a t e d  t o  6 0 °  a n d  s t i r r e d  a t  th i s  
t e m p e r a t u r e  f o r  1 h r .

T h e  r e a c t io n  m ix tu r e  w a s  n e x t  d i s t i l l e d  a t  r e d u c e d  p r e s s u r e  t o  
g iv e  a  s e r ie s  o f  f r a c t io n s  [ f in a l b . p .  1 1 0 °  ( 0 .5  m m .) ]  a l l  o f  w h ic h  
r e a c t e d  w i th  2 ,4 - d in i t r o p h e n y lh y d r a z in e  t o  g iv e  t h e  2 ,4 - d in i t r o 
p h e n y lo s a z o n e  o f  p y r u v a ld e h y d e .  T h e  i d e n t i t y  o f  t h e  m a te r ia l  
f ro m  tw o  r e c r y s ta l l iz e d  ( n i t r o b e n z e n e )  p r e p a r a t io n s  ( b o t h  m e l t in g  
a t  2 9 7 ° )  w a s  v e r if ie d  b y  d e t e r m in in g  th e  m e l t in g  p o i n t  u p o n  
m ix tu r e  w i th  a u t h e n t i c  m a te r i a l .
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C o m p e t i t io n  r e a c t io n s  s h o w  t h a t  t h e  r e a c t iv i t i e s  o f  t e r m in a l  o le f in s  t o w a r d  f re e  r a d ic a l  a d d i t i o n  b y  m e r -  
c a p t a n s  a r e  in f lu e n c e d  b y  th e  e x t e n t  o f s u b s t i t u t io n  o n  t h e  4 - c a r b o n  of t h e  o le fin . A n  o r d e r  o f r e a c t i v i t y  o f 2 -  
m e t h y l - l - p e n t e n e  >  2 ,4 - d im e th y l - l - p e n te n e  >  2 ,4 ,4 - t r im e th y l - l - p e n te n e  to w a r d  a d d i t io n  b y  n - a m y l  m e r c a p ta n  
a t  8 0 °  h a s  b e e n  d e m o n s t r a te d .  T h is  o r d e r  o f  r e a c t iv i t y  is  p a r a l le l  t o  t h a t  p r e d ic te d  b y  N e w m a n ’s e m p ir ic a l  
“ r u le  o f  s ix .’ ’ A d d i t io n  o f m e th y l  m e r c a p ta n  is n o t  so  m a r k e d ly  in f lu e n c e d  b y  s u b s t i t u t io n  o n  th e  4 - c a r b o n  of 
t h e  o le f in  a s  a r e  a d d i t io n s  o f  n - a m y l  a n d  n - d o d e c y l  m e r c a p ta n s .  T h e r e  a r e  n o  a p p r e c ia b le  d if fe re n c e s  i n  t h e  
r e a c t iv i t i e s  o f th e s e  o le f in s  t o w a r d  a d d i t io n  o f b r o m o tr ic h lo r o m e th a n e .  A n  e x p la n a t io n  is  p r o p o s e d  f o r  t h e  
a n o m a lo u s  b e h a v io r  o f th e s e  o le f in s  t o w a r d  a d d i t io n  o f th e s e  r e a g e n ts  a n d  a n  e x p la n a t io n  o f t h e  n a t u r e  o f t h e  e f fe c t  
o f th e s e  r e m o te ly  p o s i t io n e d  g r o u p s  o n  t h e  r e a c t iv i t i e s  o f  th e s e  o le f in s  to w a r d  a d d i t io n  o f m e r c a p ta n s  is  s u g g e s te d .

The generally accepted mechanism for the free radical 
addition of a reagent XY across the double bond of an 
olefin involves the following two free radical chain 
propagating reactions.2 3

Y -  +  C H 2= C H R  — Y C H 2C H R  (1 )

Y C H 2C H R  +  X Y ----- ^  Y C H s C X H R  +  Y -  (2 )

Relative reactivities of olefins toward addition by 
free radicals can be determined by competition reactions 
of two or more olefins with an adding reagent. Re
moval of olefin by reaction of the adduct radical with 
olefin rather than with the adding reagent (reaction 2) 
can be eliminated as a complicating factor by using very 
reactive adding reagents such as bromotrichlorometh
ane or mercaptans. Such studies have been reported 
by Kharasch and co-workers who used bromotrichloro
methane8 to determine the relative reactivities of 
various olefins toward addition by trichloromethyl 
radicals (Y-= C13C-) and by Walling and Helmreich 
who used mercaptans4 to obtain the relative reac
tivities of olefins toward addition by thiyl radicals 
(Y- = RS-). Reversibility of the addition of thiyl 
radicals to olefins, a possible complicating factor as 
far as reactivities toward addition by thiyl radicals are 
concerned, has been demonstrated by the rapid isomer
ization of unchanged olefin in the addition of methyl 
mercaptan to cis- and to irans-2-butene.4 Walling and 
Helmreich have, however, demonstrated that reliable 
ratios of reactivities of various olefins toward mercaptan 
addition can be obtained by maintaining a constant mer
captan: olefin concentration ratio. Their values for the 
relative reactivities of several olefins toward addition by 
thiyl radicals are in general agreement with those found 
by Kharasch and co-workers for the trichloromethyl 
radicals.

We have employed the method of competition reac
tions to determine the effect of groups remotely posi
tioned from the reaction center on the reactivities of 
terminal olefins toward free radical addition of various

(1) T h is  w o rk  w as s u p p o r te d  b y  a  g r a n t  from  th e  P e tro leu m  R esea rch  
F u n d , a d m in is te re d  b y  th e  A m erican  C hem ica l S ocie ty .

(2) C . W alling , “ F re e  R ad ica ls  in  S o lu tio n ,“  J o h n  W iley  a n d  S ons, Inc ., 
N ew  Y ork , N . Y ., 1957, p. 240.

(3) M . S. K h a ra sch  a n d  H . N . F r ie d la n d e r , .7. O r g .  C h e m . ,  14. 239 (1949); 
M . S. K h a ra sc h  a n d  M . S age, i b i d . ,  14 , 537 (1949); M . S. K h a ra sc h , E . 
S im on , a n d  W . N u d en b e rg , i b i d . ,  18, 328  (1953).

(4) C . W a llin g  a n d  W . H elm re ich , J .  A m .  C h e m .  S o c . ,  81, 1144 (1959).

mercaptans and bromotrichloromethane. The olefins 
used in our investigation were 2-methyl-l-pentene (I),
2,4-dimethyl-l-pentene (II), 2,4,4-trimethyl-l-pentene 
(III), and 2,3,3-trimethyl-l-butene (IV).

CH3CH2CH2C(CH3)==CH2 +  XY —i*-
I CH3CHtCH2CX(CH3)CH2Y (3)

(CH3)2CHCH2C(CH3)= C H 2 +  x y -^4 -
II  (CH3)2CHCH2CX(CH3)CH2Y (4)

(CH3)3CCH2C(CH3)= C H 2 +  XY
III  (CH3)3CCH2CX(CH3)CH2Y (5)

kiv
(CH3)3CC(CH3)=C H 2 +  XY — > (CH3)3CCX(CH3)CH2Y (G)

IV

These particular olefins were chosen because they 
could involve the type of steric effect suggested by New
man’s “rule of six,” namely that reaction at an un
saturated linkage is sterically hindered by the atoms or 
groups positioned six atoms from the site at which the 
reaction is taking place.5 In olefin I, there are three 
hydrogens in the 6-position. Substitution of a second

H
' 6 
— H
\
H

methyl on the 4-carbon of the olefin would result in a 
compound with six such hydrogens and substitution of a 
third methyl on the 4-carbon would result in nine such 
hydrogens. Since the primary steric factors (all are 
terminal olefins), resonance factors, and any polar con
tributions are essentially the same in I, II, and III, 
any observed differences in the reactivities of these ole
fins toward addition must very likely result from the 
extent of substitution on the 4-carbon. Olefin IV has 
no hydrogens in the 6-position that might exert a 
steric influence on the addition reaction. However, IV 
does have two less allylic hydrogens available to sta
bilize the adduct radical and might be expected to be 
lower in reactivity with respect to I, II, and III toward 
radical addition.

Relative reactivity ratios of these olefins toward free 
radical addition by various mercaptans and bromotri-

(5) M . S. N ew m an , “ S te ric  E ffec ts  in  O rgan ic  C h e m is try ,“  M . S. N ew m an , 
E d ., J o h n  W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1956, p. 206.
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chloromethane were determined by allowing mixtures 
of known quantities of two of the olefins to react with 
the adding reagent. The adding reagent was always 
present in a large excess to eliminate any polymerization 
of the olefin. Further, the mole ratio of the adding 
reagent to the total olefin content was kept constant in 
all cases. The chain reactions were initiated either 
chemically with azobisisobutyronitrile (AIBN) or 
photochemically with a sun lamp and were allowed to 
proceed until an appreciable amount of each olefin 
had reacted to allow for the calculation of the reactivity 
ratio. The amounts of the olefins that had reacted 
were determined by gas chromatographic analyses of the 
reaction mixtures. The relative reactivity ratio of two 
olefins A and B (kA/ k B) could be found by substituting 
the values for the amounts of the olefins before and 
after reaction in the equation

k A / k B
lo g  {At/A  ) 
lo g  (B„/B)

where A o and Bo are the amounts of the olefins before 
reaction and A and B are the amounts after reaction. 
In our hands, this method gave reactivity ratios of these 
olefins toward addition that were fairly consistent 
for two or more runs (see Table I). In the duplicate 
runs for each reactivity ratio, the initial amount of each 
olefin was significantly altered. The reliability of the 
values for the reactivity ratios is further supported by 
the cross-check experiments.

The relative reactivities of these olefins, using the 
reactivities of 2-methyl-1 -pentene (I) as a standard, to 
addition by the various reagents serve better to il
lustrate the following discussion (see Table II).

to the terminal carbon of the double bond) does mark
edly lower the reactivity of an olefin toward addition 
by mercaptans; (2) this effect is not observed in the 
addition of bromotrichloromethane; and (3) the reac
tivity of an olefin with no hydrogens in the 6-position 
but with two less allylic hydrogens (olefin IV) is the 
same to addition by mercaptans and bromotrichloro
methane. If these reactivity ratios are to be taken 
as the relative reactivities of the olefins to addition 
by thiyl radicals and trichloromethyl radicals, one 
might conclude that thiyl radical additions are sterically 
hindered by remotely positioned groups whereas tri
chloromethyl radical additions are not. Such a con
clusion would be surprising in light of the similar effects 
of other factors (primary steric, resonance, and polar) 
on the reactivities of various other unsaturates to addi
tion by these radicals. We find in our own work that a 
structure change that decreases the resonance factor 
has the same effect on the reactivity of the olefin to 
addition by both mercaptans and bromotrichloro
methane.

One explanation for these anomalous results is that 
reversibility of the thiyl radical addition to olefins may 
be an important factor in our work in spite of our efforts 
to minimize this factor by maintaining a constant 
mercaptan: olefin ratio. Examination of the kinetic 
aspects of the chain sequences for the additions of 
mercaptans (reactions 7 and 8) and for the additions 
of bromotrichloromethane (reactions 9 and 10) show

R S  • +  C H 2= C R 'C H 3 I tS C H 2C R 'C H 3 ( 7 )
h —¿1

T able I

C ompetition R eaction Studies op Olefins toward F ree 
R adical Addition

Reac No.
Adding T em p., tivity of Average
reagent °C. Init. ratio V alue runs deviation

w -C s H n S H 80 A I B N k i / k n 3 , 8 4 0 . 6
n - C 6H n S H 80 A I B N k i / k j u 1 3 .0 4 2 . 7
re-C3H n S H 80 A I B N k i / k i v 2 . 6 4 0 . 2
n -C ó H n S H 8 0 A I B N k u / k m 2 . 9 2 .3
n - C 5H „ S H 8 0 A I B N k i v / k m 4 . 2 2 .0 5
n- C ,2H 25S H 8 0 A I B N k i / k m 13.3 4 3 . 0

C H s S H 0 h v k j / k u i 6 . 3 2 0 . 9

B rC C U 4 0 h v k i / k n 1 .0 5 8 .1 1

B r C C l , 4 0 h v k i / k m 0 .9 9 6 .0 5
B rC C ls 0 h v k i / k j u 1 .0 1 2 .0 5
B rC C I i 4 0 h v k u / k m 0 .9 6 2 .0 8
B rC C ls 4 0 h v k i / l ' i v 2 . 4 3 .1 0

T able I I

R elative R eactivities of Olefins to Addition by Various 
Adding R eagents

O lefin n -■CsHnSH“ C H sS H 1 n-C isH ssSH “ B rC C ls '

C H 3C H 2C H 2C ( C H 3) = C H 2 1 .0 0 1 .0 0 1 .0 0  1 .0 0
( C H 3 )2C H C H 2C ( C H 3) = C H 2 0 .2 6 1 .0 5
( C H 3)3C C H 2C ( C H 3) = C H 2 .0 8 0 .1 6 0 .0 8  0 .9 9
( C H 3)3C C ( C H 3) = C H 2 .3 9 .4 2

“ T e m p . ,  8 0 ° . b T e m p . ,  0 ° .  'T e m p . ,  4 0 '’.

Examination of the relative reactivities shown in Table 
II shows that: (1) increasing the number of methyl
groups on the 4-carbon of the olefin (and hence increas
ing the number of hydrogens in the 6-position relative

• fctr

R S C H s C R 'C H a  +  R S H  — ^  R S C H 2C H R 'C H 3 +  R S -  (8 )  

C 1 ,C - +  C H 2= C R C H 3 - ^ >  C13C C H 2C R C H 3 ( 9 )  

C h C C H s C R C H s  +  B r C C l3
C k C C H s C B r R C H s  +  C13C -  (1 0 )

that the reversibility of the thiyl radical addition is the 
only kinetic factor that is significantly different.6 
In the bromotrichloromethane reactions, it follows that 
the relative rates of removal of the olefins from the 
reaction mixture (what we are actually measuring in 
our competition reactions) is dependent only on the 
relative rates of addition of the trichloromethyl radical 
to the olefins. In the mercaptan additions, the relative 
rates of removal of the olefins are equal to the relative 
rates of addition of the thiyl radicals only if the rates of 
elimination (fc_a) are the same for all of the adduct rad
icals and the rates of chain transfer are the same (reac
tion 8). This latter requirement is met by maintaining 
a mercaptan:olefin ratio that is significantly greater 
than one and essentially constant for various runs. 
Since there is no difference in the reactivities of olefins 
I, II, and III to addition by trichloromethyl radicals, 
we might conclude that the rates of addition of thiyl 
radicals to these olefins is also the same. This leaves 
only the elimination of the thiyl radicals from the

(6) Skell and Woodworth found that th e re  was no isomerization of the 
unchanged olefins in the addition of bromotrichloromethane to ais-2~butene 
and to i r o n s - 2-butene. P. S. Skell and R , C . Woodworth, J . A m .  C h e m .  S o c . ,  

77 , 4638 (1955).
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adduct radicals to explain the reactivities of olefins 
I, II, and III to addition by mercaptans.

The order of reactivity I > II >  III toward mer
captan addition is consistent with this conclusion that 
the elimination of the thiyl radical is the determining- 
factor for their different reactivities. The adduct rad
icals A-, B-, and C- resulting from addition of a thiyl 
radical to I, II, and III, respectively, can assume (among 
many others) the cyclic conformations shown.

( l l )

(12)

(13)

The reaction rate constants for formation of these 
auduct radicals may well be the same, that is ka = 
k j  = k".  Relief of strain caused by steric crowding 
that results when the adduct radical is in a cyclic con
formation may well accelerate the elimination of the 
thiyl radical. Since the extent of crowding would 
depend on the number of methyl groups on the 4-carbon 
(and presumably on the number of hydrogens in the 
6-position), the predicted order of the rate constants 
for the elimination reactions would be /c_a" > /c_a' 
>  fc_a. The elimination reaction of the adduct radical 
must be faster than its chain transfer reaction with the 
mercaptan as evidenced by the isomerization of the 
2-butenes.4 Thus, the concentration of a crowded 
adduct radical would be lower than that of a less 
crowded one in a competition reaction and its rate of 
removal, and consequently that of the olefin from which 
it was formed, would be slower.

The lower reactivity of IV with respect to I toward 
addition by n-amyl mercaptan very likely results from 
its lower reactivity to addition by the thiyl radicals 
themselves. This conclusion appears valid in light of 
the very similar relative reactivity ratio of these two 
olefins to addition by trichloromethyl radicals. Fur
ther, the alkyl chain in the adduct radical obtained from 
IV is not long enough to permit the type of crowding 
that is encountered in the adduct radicals obtained from 
the pentenes. The lower reactivities of II and III 
compared to that of IV indicate that the elimination 
reaction is accelerated to a much greater extent when 
there are two or three methyls on the 4-carbon than 
when there is only one.

R S - +  I

R S -  +  I I
k  _a

A -

R S - +  I I I
k  _a

M e VM e  -S R - 
, M e  

M e

The smaller difference in the reactivities of I and III 
toward addition of methyl mercaptan compared to the 
larger differences noted with «-amyl and dodecyl mer
captans is also consistent with the above explanation. 
Cyclic conformations of the n-amyl and n-dodecyl 
groups may be responsible for some of the crowding in 
the adduct radicals making elimination of «-amyl and 
«-dodecyl thiyl radicals more favorable than the elim
ination of methyl thiyl radicals.

In summary, it appears that /3-elimination of thiyl 
radicals is markedly accelerated if the radical, which is 
undergoing fragmentation, can assume conformations 
which involve crowding near the reaction site. The 
addition of the radical is not, however, stericallv hin
dered by remotely positioned groups.

Experimental
M a te r i a l s .— « -A m y l m e r c a p ta n ,  « - d o d e c y l  m e r c a p t a n  ( b o th  

f ro m  A ld r ic h  C h e m ic a l  C o . ,  I n c . ) ,  a n d  m e th y l  m e r c a p ta n  ( M a th e -  
s o n )  w e re  u s e d  w i th o u t  f u r t h e r  p u r i f i c a t io n .  B r o m o tr ie h lo r o -  
m e th a n e  ( D o w  C h e m ic a l  C o .)  w a s  r e d is t i l le d  u n d e r  v a c u u m  u n t i l  
i t  g a v e  a  s in g le  p e a k  o n  g a s  c h r o m a to g r a p h ic  a n a ly s is .  2 - 
M e th y l - l - p e n te n e  a n d  2 ,4 ,4 - t r im e th y l - l - p e n te n e  ( b o t h  f ro m  
P h i l l ip s ,  P u r e  G r a d e )  w e re  r e d is t i l le d  a n d  e a c h  g a v e  a  s in g le  p e a k  
o n  g a s  c h r o m a to g r a p h ic  a n a ly s is .  2 ,4 - D im e th y l - l - p e n te n e  
( b .p .  8 0 ° )  w a s  p r e p a r e d  b y  t h e  a c e t a t e  p y r o ly s is  o f  2 ,4 - d im e th y l -  
1 -a c e to x y p e n ta n e  w h ic h  w a s  o b ta in e d  f r o m  a n  a u th e n t i c  s a m p le  
o f 2 ,4 - d im e th y l - l - p e n ta n o l  ( K  a n d  K  L a b o r a to r i e s ) .  2 ,3 ,3 -  
T r im e t h y l - l - b u t e n e  ( b .p .  7 7 ° )  w a s  p r e p a r e d  b y  t h e  d e h y d r a t io n  o f 
2 ,3 ,3 - t r im e th y l - 2 - b u ta n o l  o v e r  a lu m in a  a t  5 5 0 ° .  T h is  a lc o h o l  
w a s  p r e p a r e d  b y  a  s t a n d a r d  G r ig n a r d  r e a c t io n  o f  m e th y l  m a g 
n e s iu m  io d id e  w i th  p in a c o lo n e .

T h e  a z o b is is o b u ty r o n i t r i le  ( M a th e s o n  C o le m a n  a n d  B e ll)  
w a s  u s e d  w i th o u t  f u r t h e r  p u r i f i c a t io n .  T h e  p h o to c h e m ic a l  
r e a c t io n s  w e re  in d u c e d  w i th  a  2 7 5 - w a t t  S y lv a n ia  S u n la m p .

E x p e r im e n ta l  P r o c e d u r e .— T h e  r e a c t i v i t y  r a t i o s  r e p o r t e d  in  
T a b le  I  w e re  a l l  d e te r m in e d  in  t h e  fo llo w in g  m a n n e r .  A  m ix tu r e  
c o n s is t in g  o f  0 .1  t o  0 .3  g . e a c h  o f t h e  tw o  o le f in s , t h e  a m o u n t  o f  
e a c h  a c c u r a te ly  d e te r m in e d  o n  a n  a n a ly t i c a l  b a la n c e ,  w a s  d i lu te d  
w i th  a n  ex cess  o f t h e  a d d in g  r e a g e n t .  I n  t h e  c a s e  o f t h e  m e r c a p 
t a n s ,  t h e  in i t i a l  m o le  r a t i o  o f t h e  a d d in g  r e a g e n t  t o  t h e  t o t a l  
a m o u n t  o f t h e  o le f in s  w a s  4 : 1  in  a ll  r u n s .  A  s a m p le  o f t h e  
m ix tu r e  (0 .0 1  m l . )  w a s  r e m o v e d  b y  m e a n s  o f  a  p i p e t  a n d  in je c te d  
o n  t h e  g a s  c h r o m a to g r a p h ic  c o lu m n  t h r o u g h  a  F i s h e r  s a m p le  
in je c t io n  v a lv e .  T h e  a r e a s  o f  t h e  tw o  o le f in  p e a k s  ( a n d  in  s o m e  
c a s e s  t h e  a d d in g  r e a g e n t  p e a k )  w e re  d e te r m in e d .  I n  t h e  A I B N  
in d u c e d  r e a c t io n s ,  a b o u t  5 m g .  o f  t h i s  i n i t i a t o r  w a s  a d d e d  t o  t h e  
r e a c t io n  m ix tu r e .  T h e  r e a c t io n  m ix tu r e s  w e re  s e a le d  in  P y r e x  
t u b e s  a n d  t h e  t u b e s  im m e r s e d  in  a  c o n s t a n t  t e m p e r a t u r e  o il b a t h  
s e t  a t  8 0 °  f o r  t h e  c h e m ic a l ly  i n i t i a t e d  r e a c t io n s .  T h e  p h o to -  
c h e m ic a l ly  in d u c e d  r e a c t io n s  w e re  p e r f o r m e d  b y  im m e r s in g  t h e  
t u b e  in  c o n s t a n t  t e m p e r a t u r e  w a te r  b a t h s  s e t  a t  e i t h e r  4 0 °  o r  0 ° .  
T h e  r e a c t io n  m ix tu r e  w a s  th e n  i l lu m in a te d  b y  a  s u n  la m p  w h ic h  
w a s  p la c e d  a b o u t  6 in .  f ro m  t h e  s id e  o f  t h e  b a t h .  T h e  r e a c t io n s  
w e re  s t o p p e d  in  a ll  c a s e s  b e fo re  e i t h e r  o f t h e  tw o  o le f in s  w a s  
c o m p le te ly  c o n s u m e d .  T h e  tu b e  w a s  r e m o v e d  f ro m  t h e  c o n 
s t a n t  t e m p e r a t u r e  b a t h  a n d  a llo w e d  t o  c o m e  to  ro o m  t e m p e r a t u r e  
b e fo re  a n o th e r  0 .0 1 - m l.  s a m p le  w a s  r e m o v e d  b y  m e a n s  o f  a  p i p e t  
a n d  s u b je c te d  t o  g a s  c h r o m a to g r a p h ic  a n a ly s is  u n d e r  t h e  s a m e  
c o n d i t io n s  u s e d  fo r  t h e  f i r s t  s a m p le .  D e te r m in a t io n  o f  th e  
a m o u n ts  o f  e a c h  o f  t h e  o le f in s  r e m a in in g  in  t h e  r e a c t io n  m ix tu r e  
w a s  m a d e  b y  c o m p a r is o n  o f  t h e  o le f in  p e a k  a r e a s  w i th  t h o s e  o b 
t a i n e d  b e fo re  r e a c t io n .  T h e  d a t a  w e re  t r e a t e d  in  t h e  m a n n e r  
d e s c r ib e d  p r e v io u s ly .
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d - L im o n e n e ,  f ro m  r e c t i f ie d  o r a n g e  e s s e n t ia l  o il, i n  t h e  p r e s e n c e  o f  s il ic a  g e l a t  e le v a te d  t e m p e r a tu r e s  e x h ib i te d  
d i s p r o p o r t io n a t io n  via a  tw o - p h a s e  p ro c e s s .  A  s t u d y  w a s  m a d e  s h o w in g  t h e  d i s a p p e a ra n c e  o f  d - l im o n e n e  w i t h  
t im e  a t  1 0 0 °  a n d  1 5 0 °  t o  g iv e  in i t i a l ly  a - te r p in e n e ,  7 - t e r p in e n e ,  te r p in o le n e ,  a n d  is o te r p in o le n e  w h ic h , s u b s e 
q u e n t ly ,  d i s p r o p o r t io n a te d  i n t o  1 -p -m e n th e n e ,  / r a re s -2 -p -m e n th e n e , 3 - p -m e n th e n e , / - 8 (9 ) -p - m e n th e n e ,  a n d  p- 
c y m e n e . T h e  i s o m e r iz a t io n  p r o d u c t s  o f  d - I im o n e n e  a ls o  w e re  s tu d ie d .  T h e  r e a c t io n s  w e re  m o n i to r e d  b y  g a s  
c h r o m a to g r a p h y  a n d  c o n s t i t u e n t  i d e n t i t y  c o n f irm e d  b y  in f r a r e d  s p e c tro s c o p y .

As part of the study of flavor changes in orange prod
ucts it became necessary to elucidate the chemical com
position of the whole oil. The procedure for the sepa
ration of the terpenes from the terpenoids on a silicic 
acid column, published by Kirchner and Miller,2 was 
employed using silica gel. It had been observed that 
terpene hydrocarbons isomerized when passed through a 
silica gel column at room temperature;3 Rudakov and 
Shestaeva4 5 have shown that silica gel free of aluminum 
oxide did not promote isomerization of a-pinene at 
100°; further, they showed that deposition of 0.1% 
aluminum oxide on silica gel raised the activation 1500- 
fold equivalent to the level of clays.

The disproportionation of d-limonene in the presence 
of palladium-barium sulfate catalyst6 and palladized 
asbestos6 has been reported to occur under rather 
vigorous conditions to give mostly p-cymene and p- 
menthane with some p-menthenes in the former. It has 
been shown also that p-menthenes undergo isomeriza
tion in the presence of sodium organo-sodium catalyst 
under reflux.7 The present paper shows that these 
reactions can be accomplished using silica gel under 
mild conditions.

Limonene (I) was isomerized at 100° into terpinolene 
(II), a-terpinene (III), y-terpinene (IV), and isoter
pinolene. Isomerization began immediately exhibiting 
very little disproportionation as shown in Fig. 1. 
These reactions can be explained by assuming adsorbed 
carbonium ions on the surface of the catalyst. It is 
proposed that hydrogen transfer takes place in the 
presence of silica gel as observed by Turkevitch and 
Smith8 in the interconversion of 1-butene to 2-butene. 
d-Limonene (I) must extract a proton from the surface 
of the catalyst to give the 8-menthenyl carbonium ion 
which can give up the remaining tertiary proton to 
form terpinolene (II). The 8-menthenyl ion experiences 
a proton shift to give the 4-menthenyl carbonium ion 
which, upon loss of a proton, gave both a-terpinene and 
y-terpinene. This reversible hydrogen shift is further 
evidenced by the presence of trace quantities of dipen- 
tene during the silica gel isomerization of II, III, IV, 
and V.

(1) O ne of th e  la b o ra to r ie s  of th e  S o u th e rn  U til iz a tio n  R e sea rc h  a n d  
D ev e lo p m e n t D iv is io n , A g ric u ltu ra l R e se a rc h  S erv ice, U . S. D e p a r tm e n t of 
A g ricu ltu re . R e fe re n ces  to  specific p ro d u c ts  o f com m erc ia l m a n u fa c tu re  
a re  fo r i l lu s tr a t io n  o n ly  a n d  do  n o t  c o n s t i tu te  e n d o rse m e n t b y  th e  U . S. 
D e p a r tm e n t of A g ricu ltu re .

(2) J .  G . K irc h n e r  a n d  J .  M . M iller, I n d .  E n g .  C h e m . ,  44 , 318  (1952).
(3) B . A .'A rb u z o v  a n d  Z. G . Is a e v a , I z v .  A k a d .  N a u k ,  S S S R ,  O t d e l .  K h i m .  

N a u k ,  843 (1953); C h e m .  A b s t r . ,  49 , 1654i (1955).
(4) G. A . R u d a k o v  a n d  M . M . S h e s ta e v a , Z h .  O b s h c h .  K h i m . ,  29 , 2062 

(1959); C h e m . A b s t r . ,  54, 8880h  (1960).
(5) H . E . E sch in az i a n d  H . P in es , J .  A m .  C h e m .  S o c . ,  78 , 1176 (1956).
(6) H . E . E sch in az i a n d  E . D . B e rg m an n , i b i d . ,  72 , 5651 (1950).
(7) H . P in es  a n d  H . E . E sch in az i, i b i d . ,  78 , 1178 (1956).
(8) J .  T u rk e v itc h  a n d  S m ith , J .  C h e m .  P h y s . ,  16, 466 (1948).

I l l  I V

Figure 2 shows the initiation and short duration of the 
isomerization phase at 150° as evidenced by the rapid 
conversion of d-limonene into p-menthadienes requiring 
only two minutes. Isoterpinolene (V) appears only 
after terpinolene (II) had achieved very close to its 
maximum concentration which is attributed to isom
erization of II to the more stable conjugated con-
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F ig .  2 .— I s o m e r iz a t io n  a n d  d i s p r o p o r t io n a t io n  o f d - l im o n e n e  a t
1 5 0 ° .

figuration as is also the case with the predominant for
mation of III over IY. Figure 3 shows the dispropor
tionation of these substances as the latter phase pro
gressed to give 1-p-menthene (VII), ¿-2-p-menthene
(VI), 3-p-menthene (VIII), f-8-(9)-p-mentbone (IX), 
and p-cymene (X). None of the other isomeric p- 
menthenes have been found to be present in the mix
tures. Further treatment of these products with silica 
gel failed to yield p-menthane, the completely dispro- 
portionated product. Treatment of VI and VIII sepa
rately with silica gel at 150° for one hour yielded only 
the starting materials; however, IX under these con
ditions, isomerized to VIII. It was observed that the 
concentration of IX increased in proportion to the de
crease in the concentration of d-limonene with subse
quent formation of p-cymene (X). Since the concen
tration of IX remained proportional to that of d-limo- 
nene during the transformations it is postulated that IX 
is a direct disproportionate of I. Its concentration re
mained small due to isomerization to 3-p-menthene
(VIII). Eschinazi and Bergmann6 had observed this 
disproportionation and, in addition, reported the pres
ence of p-menthane. They propose a scheme based on 
the hydrogen transfer studies of Ipatieff, et. al.9 This 
same mechanism could account for the presence of VII 
and VIII from III and IV, respectively. The absence 
of 4(8)-p-menthene is attributable to steric factors in
hibiting the proposed . concerted mechanism. Hydro
gen transfer appeared to oceur by 1,4-addition as a 
consequence of polarization of the conjugated diene. 
This postulation is based on the absence of 4(8)-p- 
menthene which would be expected from a 1,2-addition

(9) V. N. Ipatieff, H. Pines, and R. C. Olberg, J . A m . Chem. Roc., 70,
2123 (1948).

2

I

V I I I

of II. a-Terpinene gave VI which is believed to be its 
principal source, and II gave VIII contributing to its 
abnormally high yield.

It is proposed that a catalytic hydrogenation oc
curred concurrently with the disproportionation reac
tions described above. p-Cymene (X) dimerized9 to 
give 1,3,3,6-tetramethyl-l-p-tolylinden (XII) and two 
moles of hydrogen. Compound XII has been found to 
be a constituent of the polymeric residue.

It was of interest to study the behavior of the iso
meric products of d-limonene. 7-Terpinene (IV), a- 
terpinene (III), terpinolene (II), and isoterpinolene (V) 
were individually treated with silica gel at 150° accord
ing to the method used for d-limonene. In each case 
isomerization occurred rapidly to give the product ob
tained from d-limonene including dipentene followed 
by the typical disproportionation compounds exhibited 
by d-limonene on silica gel. Dimers and polymers were 
formed at 150° as has been reported in heterogeneous 
catalytic systems with terpenes.10 11~12 These were ob
served to occur primarily during disproportionation.

The major source of the endocyclic p-menthenes is 
probably through disproportionation of the isomeric p- 
menthadienes. As an example a-terpinene reacts with 
the catalyst to form a carbonium ion.

An exchange reaction probably occurs.

IV

(10) G. D u p o n t, R . D u lou , a n d  G. T h u e t, B u l l .  R o c .  C h i r n . ,  8 , 891 (1941); 
C h e m .  A b s t r . ,  37 , 4716 (1943).

(11) V. E . T ish c h en k o  a n d  G . A. R u d a k o v , Z h .  P r i k l .  K h i m . ,  6 , 691 
(1933 ); C h e m .  A b s t r . ,  28, 4052 (1934).

(12) M . Y a. L ev sh u k , e t  a l . ,  Z .  P r i k l .  K h i m . ,  13, 1178 (1940).



A proton is lost to give p-cymene.
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X

The presence of an abundance of hydrogen acceptors 
probably was responsible for the absence of p-menthane.

Experimental
A n a ly t ic a l  P r o c e d u r e .— R e a c t io n s  w e re  m o n i to r e d  f ro m  in i t i a 

t i o n  t o  c o m p le t io n  b y  g a s  c h r o m a to g r a p h y  u s in g  a n  F  a n d  M  
f la m e  io n iz a t io n  d e t e c to r  in  c o n ju n c t io n  w i th  a  2 5 0  f t .  X  0 .0 2 0  
in .  i . d .  c a p i l l a r y  c o lu m n . T h e  c o lu m n  w a s  c o a te d  w i th  C a rb o w a x  
2 0  M  a n d  m a in t a in e d  a t  a  t e m p e r a t u r e  o f  8 5 ° .  A  p r e p a r a to r y  
c o lu m n  m e a s u r in g  0 .5  i n .  X  3 6  f t .  c o n ta in in g  3 0 %  C a rb o w a x  20 
M  o n  C h r o m o s o r b  P  a t  a  t e m p e r a t u r e  o f  1 3 0 °  w a s  u s e d  to  o b t a in  
s u f f ic ie n t m a te r i a l  f o r  in f r a r e d  a n a ly s i s .  T h e  m a te r i a l  r e p r e s e n te d  
b y  e a c h  p e a k  w a s  t r a p p e d  a n d  id e n t i f ie d  b y  c o m p a r is o n  o f  t h e i r  
i n f r a r e d  s p e c t r a  w i th  th o s e  o f a u t h e n t i c  c o m p o u n d s  o r  s p e c t r a .  
T h is  s y s te m  w a s  in c a p a b le  o f  s e p a r a t i n g  i - 8 (9 ) -p - m e n th e n e  f ro m  
i - 2 - p - m e n th e n e ;  th e r e f o r e ,  t h e  f o r m e r  w a s  e s t im a te d  b y  i t s  
c h a r a c t e r i s t i c  p e a k s  a t  1620  c m . “ 1 a n d  8 83  c m . “ 1 i n  t h e  i n f r a r e d . 5 

S in c e  t h e  a n a l y t i c a l  p r o c e d u r e  m u s t  a c c o m m o d a te  v e r y  s m a ll  
q u a n t i t i e s ,  t h e  a n a ly s i s  w a s  a c c o m p l is h e d  e n t i r e ly  b y  g a s  c h r o 
m a to g r a p h y .  T h e  i n s t r u m e n t  w a s  c a l i b r a t e d  fo r  1-^1. in je c t io n  
o f d - l im o n e n e .  T h e  q u a n t i t i e s  o f  e a c h  c o n s t i t u e n t ,  a s  s h o w n  in  
F ig .  1 - 3 ,  w e re  e s t im a te d  a s  a  p a r t  o f  t h e  t o t a l  c h r o m a to g r a p h ic  
p e a k  a r e a .  T h e  n o n v o la t i l e  c o n s t i t u e n t s  w e re  c a l c u l a t e d  t o  b e  
t h e  d if fe re n c e  b e tw e e n  t h e  a r e a  r e p r e s e n te d  b y  o n e  m ic r o l i t e r  o f 
d - l im o n e n e  a n d  t h a t  o b t a in e d  f ro m  t h e  t o t a l  p e a k  a r e a  o f  t h e  
v o l a t i l e  c o n s t i t u e n t s .

d - L im o n e n e  ( I ) . — C h r o m a to g r a p h ic a l ly  p u r e  d - l im o n e n e  w as 
o b ta in e d  b y  r e c t i f ic a t io n  o f  c o ld  p re s s e d  V a le n c ia  o r a n g e  o i l . 13

S il ic a  G e l .14— T h e  s i l i c a  g e l  u s e d  f o r  th e s e  'e x p e r im e n ts  w a s  
F i s h e r  e a t .  n o .  S 1 5 7 , 2 8 - 2 0 0  m e s h  s u i t a b l e  fo r  c h r o m a to g r a p h y .  
T h is  m a t e r i a l  w a s  m o r e  a c t i v e  t h a n  M a l le n e r o d t ’s a n a ly t i c a l  
r e a g e n t  g r a d e  p r e c ip i t a t e d  s i l ic ic  a e id  s u i t a b l e  fo r  c h r o m a to g 
r a p h y  w h ic h  g a v e  th e  s a m e  p r o d u c ts ,  b u t  r e q u i r e d  m o r e  t im e .  
L e a s t  a c t i v e  w a s  B a k e r ’s s i l i c a  g e l s u i t a b l e  f o r  c h r o m a to g r a p h y  
w h ic h  r e q u i r e d  a  2 0 - fo ld  r e a c t io n  p e r io d  t o  g iv e  t h e  s a m e  p r o d u c ts .  
R e s e a r c h  S p e c ia l t i e s ’ s i l i c a  g e l-G  f o r  t h in - l a y e r  c h r o m a to g r a p h y  
w a s  a ls o  s h o w n  t o  c o n ta in  a  v e r y  h ig h  a c t i v i t y .  T h e s e  m a te r ia l s  
v a r y  f ro m  lo t  t o  l o t  a n d  t h e i r  a c t i v i t y  s h o u ld  b e  d e te r m in e d  b e 
fo re  u s e  o n  s y s te m s  w h ic h  a r e  p r o n e  to  i s o m e r iz a t io n  o r  d i s p r o 
p o r t io n a t io n .

d - L im o n e n e  ( 1 0 0 ° ) .— A  s lu r r y  o f  d - l im o n e n e  a n d  s i l ic a  g e l  w a s  
d iv id e d  in to  f o u r  t e s t  t u b e s .  T h e  c o m p o s i t io n  o f  t h e  s l u r r y  w a s  
n o t  f o u n d  t o  b e  c r i t ic a l ;  h o w e v e r ,  i t  w a s  s u c h  t h a t  a  t h i n  l a y e r  o f 
l i q u id  f o rm e d  a t  t h e  t o p .  T h e  t e s t  t u b e s  w e re  p la c e d  in  a  w a te r  
b a t h  a t  1 0 0 ° . T h e  f i r s t  t u b e  w a s  a n a ly z e d  a f t e r  r e m a in in g  in  t h e  
b a t h  fo r  10  m in .  E a c h  s u c c e s s iv e  t u b e  w a s  r e m o v e d  in  1 0 - m in .  
in t e r v a l s  a n d  a n a ly z e d  so  t h a t  t h e  l a s t  t u b e  r e m a in e d  in  t h e  b a t h  a  
t o t a l  o f  40  m in .  T h e  r e a c t io n  w a s  q u e n c h e d  b y  c o o l in g  i n  t a p  
w a te r  u p o n  r e m o v a l  f ro m  t h e  b a t h .  A  m ic r o l i t e r  o f  m a te r i a l  w a s  
w i th d r a w n  d i r e c t ly  o u t  o f  t h e  s lu r r y  f o r  a n a ly s is .  T h e  r e m a in d e r  
w a s  f i l te r e d  a n d  u p o n  s t a n d in g  i n  t h e  r e f r ig e r a to r  s h o w e d  n o  
c h a n g e  in  c o m p o s i t io n .  T h e  y ie ld  o f  v o l a t i l e  c o n s t i t u e n t s  w a s  
9 5 %  o r  b e t t e r ,  b e in g  w i th in  e x p e r im e n ta l  e r ro r .

d - L im o n e n e  ( 1 5 0 ° ) .— T h e  p r o c e d u r e  d e s c r ib e d  a b o v e  w a s  r e 
p e a te d  u s in g  a  S i l ic o n e  71 0  b a t h  a t  1 5 0 ° . S a m p le s  w e re  a n a ly z e d  
a t  in t e r v a l s  o f  1 , 2 , 5 , 1 0 , 20 , a n d  30  m in .  f o r  a n a ly s is  o f  t h e  v o la 
t i l e  c o n s t i t u e n t s  s h o w n  in  F ig .  2 . T h e  r a t i o  o f v o la t i l e  c o n s t i t u 
e n t s  t o  p o ly m e r  f o r m a t io n  w e re  c a r r ie d  o u t  fo r  lo n g e r  p e r io d s  t o  
s h o w  a  l e v e l in g  o u t  o f  p o ly m e r  f o r m a t io n  a f t e r  1 h r .  (S e e  T a b le

L )
7 - T e r p in e n e  ( IV ) .— F i f t y  m i l l i l i t e r s  o f  d - l im o n e n e  w a s  s lu r r ie d  

w i th  s i l ic a  g e l  a n d  h e a te d  a t  1 0 0 °  f o r  30  m in .  a n d  c o o le d . T h e  
s i l ic a  g e l w a s  r e m o v e d  b y  f i l t r a t i o n  a n d  2 0  m l .  o f  t h e  f i l t r a t e  w a s

(13) O b ta in ed  from  B ird s  E y e  D iv is io n  of G en era l F o o d s, F lo ren c e  V illa, 
F la .

(14) K . G. M iesserov , D o k l .  A h a d .  N a u k ,  U S S R ,  87, 627 (1952); C h e m .

A b s t r . ,  47, 3675 (1953).

LEGEND

•---------- p - MENTHADIENES
--------- 8 (9 )- p-M ENTHENE
---------2 - p -  MENTHENE
----------I- p -  MENTHENE
............  3 - p -  M ENTHENE
------- — p -C Y M E N E

8 12 16 
T IM E , MIN.

2 4  2 8

F ig .  3 .— D is p r o p o r t io n a t io n  o f  t h e  jo -m e th a d ie n e s  f r o m  lim o n e n e  
a t  1 5 0 ° .

T a b l e  I
Yield of

T im e, volatiles,
m in. %

0 100
10 62
30 46
60 33

120 30

p la c e d  o n  t h e  p r e p a r a t iv e  s c a le  g a s  c h r o m a to g r a p h . 15 T h e  v a r io u s  
c o n s t i t u e n t s  w e re  t r a p p e d  in  l i q u id  n i t r o g e n  c o o le d  t r a p s  a n d  
t h u s  m a d e  a v a i l a b l e  t h e  p r o d u c t s  o f  b o n d  m ig r a t io n  f o r  f u r t h e r  
s t u d y .  7 - T e r p in e n e  w a s  s lu r r i e d  w i th  s i l i c a  g e l a n d  h e a t e d  a t  
1 5 0 °  fo r  10 to  4 0  m in .  T h e  c o m p o s i t io n  o f  t h e  p r o d u c ts  w a s  e s 
s e n t ia l l y  t h a t  s h o w n  in  F ig .  3  f o r  d - l im o n e n e  u n d e r  s im i la r  
c o n d i t io n s  in c lu d in g  d ip e n te n e .

a - T e r p in e n e  ( I I I ) . — a - T e r p in e n e  w a s  o b ta in e d  a s  a  t r a p p e d  
p r o d u c t  f ro m  t h e  p r e p a r a t iv e  s c a le  g a s  c h r o m a to g r a p h ic  s e p a r a 
t i o n  a s  d e s c r ib e d  p r e v io u s ly .  I t  w a s  s lu r r i e d  i n  s i l i c a  g e l  a n d  
h e a t e d  a t  1 5 0 °  f o r  20  m in .  t o  g iv e  e s s e n t ia l ly  t h e  c o m p o s it io n  o f 
p r o d u c t s  o b ta in e d  fo r  7 - te r p in e n e .

I s o te r p in o le n e  ( V ) .— I s o te r p in o le n e  a p p e a r e d  a s  t h e  l a s t  p e a k  o n  
t h e  c h r o m a to g r a p h  a n d  w a s  c o l le c te d  a s  d e s c r ib e d  p r e v io u s ly .  I t  
w a s  s lu r r i e d  w i th  s i l ic a  g e l fo r  2 0  m in .  a t  1 5 0 °  t o  g iv e  e s s e n t ia l ly  
t h e  s a m e  c o m p o s it io n  o f  p r o d u c t s  o b ta in e d  f ro m  7 - t e r p in e n e  w i th  
t h e  e x c e p t io n  o f  a  n o t ic e a b le  in c r e a s e  in  a - t e r p in e n e  a n d  7 - t e r 
p in e n e .

T e r p in o le n e  ( I I ) . — T e r p in o le n e  w a s  o b ta in e d  f ro m  a  p r e p a r a 
t i v e  s c a le  g a s  c h r o m a to g r a p h ic  s e p a r a t i o n  o f  c o m m e r c ia l  terpino-> 
le n e .  I t  w a s  s lu r r i e d  w i th  s i l ic a  g e l  a n d  h e a t e d  f o r  20  m in .  a t  
1 5 0 °  t o  g iv e  e s s e n t ia l ly  t h e  s a m e  c o m p o s it io n  o f  p r o d u c t s  o b 
t a i n e d  f ro m  7 - te r p in e n e .

1 ,3 ,3 ,6 - T e t r a m e th y l - l - p - to ly l in d e n  ( X I I ) .— T h e  m ix tu r e  o b 
t a in e d  in  t h e  d i s p r o p o r t io n a t io n  o f  d - l im o n e n e  w a s  v a c u u m  d is 
t i l l e d  a n d  a  f r a c t io n  b o i l in g  a t  1 5 5 -1 6 0 °  ( 5 .5  m m .)  w a s  s u b je c te d  
to  in f r a r e d  a n a ly s is .  T h e  s p e c t r a  a n d  b o i l in g  p o i n t  w e re  t h e  s a m e  
a s  t h a t  r e p o r te d  b y  I p a t ie f f ,  el al.s

15 C o lu m n — 1.5 in . X  80 f t . ,  co n ta in in g  3 0 %  C arbow ax  20 M  o n  C h ro 
m o so rb  P  a t  a  te m p e ra tu re  of 150°.
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8 ( 9 ) - p - M e n th e n e  ( IX )  I s o m e r iz a t io n .— A  s a m p le  o f  I X  o b 
t a in e d  f r o m  T h e  G l id d e n  C o .15 w a s  t r e a t e d  w i th  s i l ic a  g e l a t  150° 
a s  d e s c r ib e d ,  f o r  2 0  m in .  T h e  g a s  c h r o m a to g r a p h ic  a n d  
i n f r a r e d  a n a ly s i s  s h o w e d  c o m p le te  i s o m e r iz a t io n  to  3 - p -m e n th e n e
( V I I ) .

3 - p - M e n th e n e  (V II )  I s o m e r i z a t io n .— 3 - p - M e n th e n e ,  o b ta in e d  
b y  a  p r e p a r a t i v e  s c a le  g a s  c h r o m a to g r a p h ic  s e p a r a t i o n  o f  d- 
l im o n e n e  d i s p r o p o r t io n a t io n  p r o d u c ts ,  w a s  t r e a t e d  f o r  1 h r .  a t  
1 5 0 °  o n  s i l i c a  g e l .  A n a ly s is  b y  g a s  c h r o m a to g r a p h y  a n d  in f r a r e d  
s p e c t r o s c o p y  s h o w e d  n o  is o m e r iz a t io n .

2 - p - M e n th e n e  (V I)  I s o m e r iz a t io n .— 2 - p - M e n th e n e ,  o b ta in e d

(16) C o n tr ib u te d  b y  T h e  G lid d en  C o ., Jack so n v ille , F la .

b y  c h r o m a to g r a p h y  a s  d e s c r ib e d , w h e n  t r e a t e d  f o r  1 h r .  a t  
1 5 0 °  o n  s i l ic a  g e l, s h o w e d  n o  is o m e r iz a t io n .
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T h e  a c t io n  o f  p h o s p h o r o y l  c h lo r id e  o n  p y r a z in e  N -o x id e s  is  d e s c r ib e d . T h u s ,  p y r a z in e  1 -o x id e  is  c o n v e r te d  
t o  2 - e h lo ro p y r a z in e ,  w h ile  p y r a z in e  1 ,4 -d io x id e  y ie ld s  2 ,6 - d ic h lo ro p y r a z in e . B y  c o n t r a s t ,  2 - m e th y lp y r a z in e
1 ,4 -d io x id e  g iv e s  a  m ix tu r e  o f d ic h lo r o m e th y lp y r a z in e  a n d  a  m o n o c h lo r o m e th y lp y r a z in e  N -o x id e  w h ic h  is  is o 
m e r ic  w i th  t h e  N -o x id e  p r o d u c e d  b y  d i r e c t  o x id a t io n  o f  2 - c h lo ro - 3 - m e th y lp y r a z in e  o r  2 - c h lo ro - 6 - m e th y lp y r a z in e .
T h e  m e c h a n is m s  o f  h a lo g e n a t io n  o f  th e s e  p y r a z in e  N -o x id e s  a r e  d is c u s s e d  a n d  t h e  ro le  o f  p o s s ib le  in te r m e d ia te s  
is  e x a m in e d .

Since its demonstration by Meisenheimer16 1 2 3 4 5 and 
later by Bobranski and associates,4a the conversion of 
heterocyclic N-oxides by chlorinating agents to nuclear 
substituted chlorine derivatives has served as a useful 
syntheses.415-0 Among pyrazines, this procedure was 
used by Newbold and Spring6 and Klein and Spoerri6 
to prepare 2-chloro-3,6-dimethylpyrazine from 2,5- 
dimethylpyrazine 1-oxide. When the di-N-oxide was 
used, the 2,5-dichloro-3,6-dimethylpyrazine was ob
tained. In this report, additional experiments are 
presented, describing the action of phosphoryl chloride 
on pyrazine mono- and di-N-oxide and by contrast, 
on 2-methylpyrazine 1,4-dioxide.

After the work presented here was completed and 
this manuscript was in preparation, the present authors 
learned of a paper by Bernardi and associates7 also 
describing the action of phosphoroyl chloride on 
pyrazine 1,4-dioxide, 3-chloropyrazine 1-oxide, and
3-carboxamidopyrazine 1-oxide. Their observations 
were in essential agreement with portions of the 
work reported in this paper.

Pyrazine 1-oxide on treatment with phosphoryl 
chloride gave 2-chloropyrazine, which on further 
treatment with hydrogen peroxide in acetic acid 
formed 3-chloropyrazine 1-oxide. This agreed with 
an earlier observation that N-oxidation of a pyrazine 
bearing a halogen or an electron-donating substituent 
in the nucleus will take place on the nitrogen furthest 
from that substituent.8 Oxidation of either 2-chloro-

(1) P o r tio n s  of th is  w o rk  w ere re p o rte d  a t  th e  140 th  N a tio n a l M ee tin g  
of th e  A m erican  C hem ica l S ocie ty , C h icago , 111., S ep te m b er, 1861.

(2) T h e  w ork  re p o r te d  here  w as su p p o rte d  in  p a r t  b y  a g r a n t  (C Y -5343) 
from  th e  N a tio n a l In s t i tu te s  of H e a lth .

(3) J .  M eisenhe im er, B e r . ,  59, 1848 (1926).
(4) (a) B . B o b ran sk i, L . K o eh an sk a , a n d  A. K ow a leska , i b i d . ,  7 1 B , 2385 

(1938); (b) G. B . B a c h m a n  a n d  D . E . C ooper, J .  O r g .  C 'h e m . ,  9, 302 
(1944); (c) R . W . G ou lay , G . W . M oersch , a n d  H . S. M oshe r, J .  A m .  

C h e m .  S o c . ,  69, 303 (1947).
(5) G . T . N ew bo ld  a n d  F . S. S p ring , J .  C h e m .  S o c . .  1183 (1947).
(6) B . K le in  a n d  P . E . S poerri, J .  A m .  C h e m .  S o c . ,  73 , 2951 (1951).
(7) L . B e rn a rd i, G . P a la m id e ss i, A. L eone, a n d  G . L a rin i, G a z z .  c h i m .

i t a l . ,  91, 1431 (1961); C h e m .  A b s t r . ,  57, 2223e (1962).

or 2-ethoxy-3,6-dime thylpyrazine produced the 4-oxide 
only. These compounds resisted further oxidation. 
The present investigators have prepared 2-ethoxy- 
pyrazine 1,4-dioxide by direct oxidation of 2-ethoxy- 
pyrazine.9

When pyrazine 1,4-dioxide was heated with excess 
phosphoryl chloride, 2,6-dichloropyrazine was ob
tained. Initially, the course of the reaction was 
thought to be: pyrazine 1,4-dioxide -► pyrazine 1- 
oxide 2-chloropyrazine —► 2,6-dichloropyrazine:

0 “

+r N x / I K

-  í 3+Y Y
-  0 -  0

I I I

Support for this reaction sequence was derived from: 
(a) phosphorus halides are recognized deoxygenating 
agents10; (b) the formation of 2,6-dichloropyrazine 
from 2-chloropyrazine and chlorine11; (c) treatment 
of 2-hydroxypyrazine with phosphoryl bromide pro
duced a mixture of 2-bromopyrazine and 2,6-dibromo- 
pyrazine.12'13

This assumption was quickly shown to be incorrect, 
since treatment of 2-chloropyrazine with excess phos
phoroyl chloride failed to produce 2,6-dichloropyrazine. 
Further, the smaller yield of 2-chloro pyrazine from 
pyrazine 1-oxide obtained under similar conditions 
(without the formation of the 2,6-dichloro compound) 
would indicate that they could not arise in sequence 
from the same precursor. A simultaneous or sequential 
ionic chlorination of both N-oxide functions would

(8) R . A .  B ax te r , G . T . N ew bo ld , a n d  F . S. S p rin g , J .  C h e m .  S o c . ,  1859 
(1948).

(9) U n p u b lish ed  o b se rv a tio n s .
(10) E . O chia i, J .  O r g .  C h e m . ,  17, 534 (1953).
(11) W . E . T a f t, U . S. P a te n t  2 ,797,219 (J u n e  25, 1957).
(12) A. E . E rickson  a n d  P . E . S poerri, J .  A m .  C h e m .  S o c . ,  68, 400 (1946).
(13) K . S chaaf a n d  P . E . S poerri, i b i d . ,  7 1 , 2043 (1949).
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favor formation of 2,5-dichloropyrazine or to a lesser 
extent the 2,3-isomer. This was demonstrated by 
treating 3-chloropyrazine 1-oxide, an intermediate in 
such a sequence, with phosphoroyl chloride. The 
dichloropyrazine thus obtained closely resembled the 
physical characteristics of 2,5-dichloropyrazine.14

A mechanism of chlorination of heterocyclic N-oxides 
was suggested by Eisch and Gilman.15 16 17 18 19 20 As applied to 
pyrazine N-oxides and phosphoryl chloride, this would 
involve initial formation of the N-O-dichlorophosphite 
salt, followed by attack by chloride on the electron- 
deficient a-carbon and removal of the oxygen.

. N .Oc
Ï - *  .
0 — P,

H

+  +i
-C l

I T c i
0

+  p o 2c r

+  H  +

This mechanism would provide a plausible explana
tion for the formation of 2-chloropyrazine and other sim
ple ring-substituted chloropyrazines. It would appear 
that the formation of 2,6-dichloropyrazine is more 
complex.

Two other possible reaction pathways, well docu
mented in pyridine chemistry,16-19 are being considered. 
Both involve halogenation of an intermediate quater
nary pyrazinium salt. This is now under study.

In the reaction of 2-methylpyrazine 1,4-dioxide with 
phosphoryl chloride,20a an even more complex mechanism 
is suggested. A mixture of halogenated products was 
obtained containing mostly an intense lachrymator 
and vesicant and a smaller amount of a chloromethyl- 
pyrazine N-oxide. The former compound appeared 
similar to the dichloromethylpyrazine reported by 
Behun and Levine20b who prepared it by hypohalite 
oxidation of pyrazyl methyl ketone. Attempts to 
convert the compound to the dimethyl acetal reported 
by Behun and Levine20b were unsuccessful. In every 
attempt, a product still containing halogen was ob
tained, whose elemental analysis and infrared spectrum 
indicated a mixture of the desired dimethoxy derivative 
and a chloropyrazyl ether. Difficulty in the prepara
tion of substituted pyrazyl diethers by conventional 
methods has also been reported by Karmas and 
Spoerri.21

Baxter and associates22 describes an example of side- 
chain halogenation of 2-ethoxy-3,6-dimethylpyrazine
1,4-dioxide with phosphoryl chloride in which a mix
ture of the expected 2-chloro-5-ethoxy-3,6-dimethyl- 
pyrazine and 2-ethoxy-6-methyl-3-chloromethylpyra- 
zine were formed.

Of further interest in this regard are the recent ob
servations of Hirschberg and Spoerri28 and Gainer and 
associates24 that gaseous chlorine, at atmospheric 
pressure and with only moderate warming produced 
only ring halogenation of methylpyrazine and 2,5- 
dimethylpyrazine. Yet the same reaction conditions 
caused side-chain halogenation of 2,6-dimethylpyrazine.

The minor product of the reaction between 2-methyl
pyrazine di-N-oxide and phosphoryl chloride was iso
meric with the 2-ehloro-3-methylpyrazine 4-oxide ob
tained by direct oxidation of 2-chloro-3-methylpyrazine 
and the N-oxide produced by direct oxidation of 2- 
chloro-6-methylpyrazine. The position of the N-oxide in 
2-chloro-3-methylpyrazine 4-oxide was established by 
rearrangement with acetic anhydride and hydrolysis 
to 2-chloro-3-pyrazylmethanoI. As demonstrated ear
lier,25 this rearrangement among pyrazine N-oxides 
occurs only when the N-oxide is adjacent to a methyl
bearing carbon. Attempts similarly to rearrange the 
N-oxide of the compound under examination with

(14) A. A . M iller, U . S. P a te n t  2 ,573 ,268  (O cto b er 30 , 1951).
(15) J .  E isch  a n d  H . G ilm an , C h e m .  R e v . ,  57, 561 (1957). See also , 

R . C . E lderfield , “ C h e m is try  of Q u in o lin e ,”  in  “ H ete ro c y c lic  C o m p o u n d s ,” 
R . C . E lderfie ld , E d ., Vol. 4 , J o h n  W iley  a n d  S ons, In c ., N ew  Y o rk , ref. 11, 
p .  241.

(16) E . S haw , “ P y r id in e  N -O x id es ,”  in  “ H e te ro cy c lic  C o m p o u n d s , P y r i
d in e  a n d  D e riv a tiv e s ,”  E rw in  K lin g sb erg , E d ., In te rsc ien ce  P u b lish ers , N ew  
Y o rk , N . Y ., p a r t  I I ,  p p . 34, 124.

(17) F . R am irez  a n d  P . v o n  O stw a ld en , C h e m .  I n d .  (L o n d o n ), 46 (1957); 
J .  A m .  C h e m .  S o c . ,  81, 156 (1959).

(18) B . M . B a in  a n d  J .  E . S ax to n , J .  C h e m .  S o c . ,  5216 (1961).
(19) E . E . G arc ia , C . V. G reco , a n d  I .  M . H u n sb e rg e r, J .  A m .  C h e m .  S o c . ,  

82, 4430 (1960).
(20) (a) N o t e  A d d e d  i n  P r o o f .— S ince th is  m a n u sc r ip t w as su b m it te d , th e

n .m .r . s p e c tru m  of th e  p ro d u c t re s u l t in g  from  th e  p h o sp h o ry l c h lo r in a tio n  
of 2 -m e th y lp y ra z in e  1 ,4-d ioxide w as d e te rm in e d . T h re e  resonances  w ere 
no ted , th e  f irs t, u n s p l i t  a t  7 .4  r , th e  second , b a re ly  s p l i t  a t  5.1 r , a n d  a 
th i r d  g ro u p  a t  1.6 r  (a ll re la tiv e  to  te tra m e th y ls i la n e ) ,  in  a r e a  r a t io s  5 :1 :3 . 
T h is  w o u ld  in d ic a te  t h a t  th e  p ro d u c t is  a  m ix tu re  of a  d ic h lo ro m e th y lp y ra 
zine a n d  a  m o n o c h lo ro m e th y lp y raz in e . T h e  a u th o rs  a re  g ra te fu l to  D r. 
D a v id  I .  S chuste r, D e p a r tm e n t of C h em is try , N ew  Y o rk  U n iv e rs ity , fo r 
th is  d e te rm in a tio n , (b) J .  D . B e h u n  a n d  R . L ev ine , J .  O r g .  C h e m . ,  23, 
406 (1958).

(21) G. K a rm a s  a n d  P . E . S poerri, J .  A m .  C h e m .  S o c . ,  79 , 680 (1957).

0
I

F l o w  C h a r t

acetic anhydride were unsuccessful, indicating that the 
N-oxide was not adjacent to the C-methyl. Possible 
structures for this compound include 2-chloro-5- 
methylpyrazine 1-oxide or even the 2-chloromethyl 
derivative. Some evidence is available that N-oxida-

(22) R . A . B ax te r , G . T . N ew bo ld , a n d  F . S. S p rin g , ./ . C h e m .  S o c . ,  1859 
(1948).

(23) A. H irsch b e rg  a n d  P . E . S poerri, J .  O r g .  C h e m . ,  26 , 2356 (1961).
(24) H . G ain e r, M , K o k o ru d z , a n d  W . K . LangdoD , i b i d . ,  26 , 2360

(1961).
(25) B. K lein , J . B erk o w itz , a n d  N . E . H e tm a n , i b i d . ,  26 , 126 (1961).



1 6 8 4 K l e in , H e t m a n , a n d  O ’D o n n e l l V o l . 2 8

tion of chloromethylpyrazines stabilizes the compound.26 
The identification of this compound is under further 
study.

The reactions described in this paper are summarized 
in the accompanying flow chart.

Experimental27’28
2 -  C h lo r o p y r a z in e .— I n  a n  o v e n - d r ie d  tw o - n e c k  f la s k  c o n ta in in g  

a  T e f lo n  m a g n e t ic  s t i r r in g  b a r ,  f i t t e d  w i th  a n  e f f ic ie n t c o n d e n s e r  
w h o s e  u p p e r  e n d  w a s  c lo s e d  w i th  a n  o v e n - d r ie d  c o t to n  p lu g ,  w a s  
p la c e d  1 5 .7  m l .  (0 .1 7 3  m o le )  o f  p h o s p h o r y l  c h lo r id e .  T h is  w a s  
w a r m e d  w i th  s t i r r in g  t o  a b o u t  5 5 °  a n d  8 .3  g .  ( 0 .0 8 6  m o le )  o f 
p y r a z in e  1 -o x id e 89 w a s  a d d e d  in  s m a ll  p o r t io n s  o v e r  a  3 0 - m in . 
p e r i o d ,30 a t  a  r a t e  t o  m a i n t a i n  g e n t le  b o i l in g . W h e n  th e  a d d i t io n  
w a s  c o m p le te ,  t h e  m ix tu r e  w a s  h e a t e d  u n d e r  re f lu x  f o r  a n  a d d i 
t i o n a l  15  m in .  A  d a r k  s o lid  f o rm e d  d u r in g  t h i s  t i m e .  T h e  d a r k  
m ix tu r e  w a s  c h i l le d  a n d  p o u r e d  c a u t io u s ly  o n to  2 0 0  g . o f  c h o p p e d  
ic e  w i th  g o o d  s t i r r in g .

T h e  f i l t e r e d  m ix tu r e  w a s  n e u t r a l i z e d  w i t h  5 0 %  s o d iu m  h y 
d r o x id e  a n d  b r o u g h t  t o  p H  9  w i th  1 0 %  s o d iu m  h y d r o x id e .  T h e  
s o lu t io n  w a s  e x t r a c t e d  w i th  s e v e n  1 2 5 -m l. p o r t io n s  o f  e t h e r  -w ith 
c a r e f u l  m ix in g  t o  a v o id  e m u ls i f ic a t io n .  T h e  c o m b in e d  e x t r a c t s  
w e re  w a s h e d  w i th  w a te r  a n d  d r ie d  o v e r  c a lc iu m  c h lo r id e .

T h e  s o lv e n t  w a s  r e m o v e d  a t  a tm o s p h e r ic  p r e s s u r e  a n d  t h e  r e s i 
d u e  d i s t i l l e d ,  c o l le c t in g  2 .4 4  g . ( 2 5 % )  p r o d u c t ,  b . p .  6 0 .5 °  (2 6  
m m .) ,  n™°d  1 .5 3 4 3  [ l i t .6 b . p .  6 2 .5 °  (2 9  m m .) ,  n 23° d  1 .5 3 4 0 ] .

T h e  d a r k  s o lid  w a s  in s o lu b le  in  m o s t  o rg a n ic  s o lv e n ts  a n d  w a s  
n o t  f u r t h e r  c h a r a c te r iz e d .

3 -  C h lo r o p y r a z in e  1 -O x id e .— T o  a  s o lu t io n  o f  1 3 .8  g . (0 .1 2  m o le )  
o f  2 - c h lo r o p y r a z in e 31 in  36  m l .  o f  g la c ia l  a c e t ic  a c id  2 3 .3  m l .  o f  
3 0 %  h y d r o g e n  p e r o x id e  w a s  a d d e d  a n d  t h e  s o lu t io n  w a s  h e a t e d  
f o r  17  h r .  a t  6 5 - 7 5 ° .  T h e  s o lu t io n  w a s  c o n c e n t r a t e d  t o  o n e - th i r d  
v o lu m e ,  d i l u t e d  w i th  a n  e q u a l  q u a n t i t y  o f  w a t e r ,  a n d  r e c o n 
c e n t r a t e d .  T h e  r e s id u e  w a s  e x t r a c t e d  w i th  c h lo ro fo rm  a n d  th e  
c o m b in e d  o rg a n ic  e x t r a c t s  w e re  c ro s s  w a s h e d  w i th  w a te r  a n d  
d r ie d  o v e r  c a lc iu m  c h lo r id e . T h e  s o lv e n t  w a s  s t r i p p e d  le a v in g  a  
r e s id u e  o f  6 .8  g . ,  m .p .  8 5 - 9 1 ° .

T h e  a q u e o u s  p o r t io n  w a s  b r o u g h t  t o  p H  8 .5 - 9  a n d  r e - e x t r a c t e d  
w i th  c h lo r o fo r m . F r o m  th i s  e x t r a c t ,  o n  r e m o v a l  o f  s o lv e n t ,  a n  
a d d i t i o n a l  0 .9  g . w a s  o b t a in e d .  T o t a l  y ie ld :  7 .7  g . ( 4 9 % ) .  
R e c r y s t a l l iz a t i o n  f ro m  9 5 %  e th a n o l  b r o u g h t  t h e  m .p .  t o  9 5 - 9 6 ° .32

Anal. C a lc d .  f o r  C 4H 3N 20 C 1 : C ,  3 6 .8 0 ;  H ,  2 .3 1 ;  N ,  
2 1 .4 7 % . F o u n d :  C ,  3 6 .9 4 ;  H , 2 . 5 1 ;  N ,  2 0 .9 8 .

2 ,6 - D ic h lo ro p y r a z in e .— T o  73  m l .  ( 0 .8  m o le )  o f  p h o s p h o r y l  
c h lo r id e  a b o u t  1 g . o f  p y r a z in e  1 ,4 -d io x id e 29 w a s  a d d e d  a n d  th e  
s u s p e n s io n  w a s  g r a d u a l ly  h e a t e d  w i th  s t i r r in g  u n t i l  t h e  e x o th e r m ic  
r e a c t io n ,  w h ic h  o c c u r s  a t  a b o u t  8 0 ° , s u b s id e d .  T h e  r e m a in d e r  o f 
a  t o t a l  o f  2 2 .4  g .  ( 0 .2  m o le )  w a s  a d d e d  g r a d u a l ly  i n  s m a ll  p o r 
t i o n s .  A f t e r  t h e  a d d i t i o n  w a s  c o m p le te  (5 0  m i n . ) ,  a  p r o b e  s a m p le  
s h o w e d  a n  a b s o r p t io n  a t  2 1 8  a n d  29 6  mu w i th  a  s h o u ld e r  a t  2 75  
niM- H e a t in g  u n d e r  r e f lu x  w a s  c o n t in u e d  f o r  a n  a d d i t i o n a l  45  
m i n .33

T h e  d a r k  m ix tu r e  w a s  c o o le d  a n d  p o u r e d  c a u t io u s ly  o n  c h o p p e d  
ic e  w i th  g o o d  s t i r r in g .  A f t e r  t h e  d e c o m p o s i t io n  w a s  c o m p le te ,  
t h e  p r e c ip i t a t e d  s o lid  w a s  c o l le c te d  a n d  w a s h e d  w i th  i c e - w a te r .  
T h is  w e ig h e d  1 1 .0  g . ,  m .p .  4 9 - 5 2 ° .

F r o m  t h e  f i l t r a t e ,  o n  e x t r a c t io n  w i th  c h lo ro fo rm , a n o t h e r  1 .0  
g .  o f  p r o d u c t ,  m .p .  5 0 - 5 4 ° ,  w a s  o b t a in e d .  T o ta l  y ie ld :  1 2 .0  g . 
( 4 0 .4 % ) .  A  p o r t io n  w a s  s u b l im e d  f o r  a n a ly s is ,  m .p .  5 1 - 5 3 ° .  
M ix tu r e  m e l t in g  p o i n t  w i t h  a u t h e n t i c  m a t e r i a l 34 * p r o d u c e d  n o

(26) B . K le in  an d  N . E . H e tm a n , u n p u b lish e d  o b serv a tio n s .
(27) M e ltin g  p o in ts  w ere ta k e n  o n  a h e a te d  m e ta l b lock  a n d  a re  u n co r

rec ted .
(28) M icro a n a ly se s  b y  S ch w arzk o p f M ic ro a n a ly tic a l L a b o ra to ry , W ood- 

s id e  77, N . Y ,
(29) B . K le in  a n d  J .  B erk o w itz , J .  A m .  C h e m .  S o c . ,  81 , 5160 (1959).
(30) P y ra z in e  m ono- a n d  d i-N -ox ides  re a c t w ith  a lm o s t explosive v io lence, 

w h en  m ixed  w ith  p h o sp h o ro y l ch lo rid e  a n d  h e a te d  ab o v e  60°.
(31) T h e  a u th o rs  a re  g ra te fu l to  M r. F re d  D o rf, A m erican  C y a n a m id  

C o ., C alco  D iv is ion , B o u n d  B rook , N . J . ,  fo r a  g ene rous  s u p p ly  of 2-ch lo ro 
p y ra z in e  a n d  2 ,6 -d ich lo ropy razine .

(32) T h e  m e ltin g  p o in ts  of th is  com p o u n d  w as rep o rted , w ith o u t expe ri
m e n ta l d e ta ils , a s  96° b y  H . S h indo , C h e m .  P h a r m .  B u l l .  (J a p a n ) , 8 , 33 
(1960). B e rn a rd i, e t  a l .,7 give th e  m .p . as  9 7 -9 8 ° .

(33) A m ong- m a n y  a t te m p ts  to  m o d e ra te  th e  v ig o r of th e  reac tio n , one
e x p e rim e n t w as c o n d u c ted  in  th e  p resence  of d im e th y lan ilin e . A p u rp le
co lo red  so lid  soon fo rm ed . T h is  is d o u b tle s s  s im ila r to  th e  o b se rv a tio n  b y
N . A. C o a ts  a n d  A. R . K a tr i tz k y , J .  O r g .  C h e m . ,  24, 1836 (1959).

d e p r e s s io n .  C o m p a r is o n  o f  u l t r a v io l e t  a n d  in f r a r e d  a b s o r p t io n  
s p e c t r a  a ls o  e s ta b l is h e d  t h e i r  i d e n t i t y .

Anal. C a lc d .  f o r  C 4H 2N 2C12: C ,  3 2 .2 4 ;  H ,  1 .3 6 ;  N ,
1 8 .8 1 . F o u n d :  C ,  3 2 .4 9 ;  H ,  1 .4 0 ; N ,  1 8 .3 3 .

2 ,5 - D ic h lo ro p y r a z in e .— T o  1 2 .4  m l .  (0 .1 3  m o le )  o f  w a r m  p h o s 
p h o r o y l  c h lo r id e  ( 6 0 ° )  6 .0  g . (0 .0 4 6  m o le )  o f  3 - c h lo r o p y r a z in e  1- 
o x id e  w a s  a d d e d  in  s m a ll  a m o u n t s  w i th  g o o d  s t i r r in g ,  k e e p in g  t h e  
r e a c t io n  u n d e r  g o o d  c o n t r o l  u n t i l  a l l  w a s  a d d e d .  T h e  s o lu t io n  
d a r k e n e d  w h ile  b e in g  h e a t e d  u n d e r  r e f lu x  f o r  a n  h o u r .  T h e  s o lu 
t i o n  w a s  c h il le d  a n d  p o u r e d  c a u t io u s ly  o n to  15 0  g . o f  c h o p p e d  ic e  
w i th  g o o d  s t i r r i n g . T h e  p r o d u c t  w a s  i s o la te d  b y  e x t r a c t i o n  i n to  a  
t o t a l  o f  150  m l .  o f  c h lo r o fo r m . T h e  e x t r a c t  w a s  w a s h e d  w i th  
w a t e r ,  25  m l .  o f  5 %  s o d iu m  b ic a r b o n a te ,  a g a in  w i th  w a te r ,  a n d  
d r ie d  o v e r  c a lc iu m  c h lo r id e .

A f te r  r e m o v a l  o f  t h e  s o lv e n t  a t  a tm o s p h e r ic  p r e s s u r e  t h e  r e s id u e  
w a s  d is t i l le d  c o l le c t in g  4 .4  g . ( 6 4 .2 % )  o f  p r o d u c t ,  b . p .  9 0 - 9 1 °  
(4 4  m m .) ,  re2,° d  1 .5 5 9 2 , w h ic h  so lid if ie d  c o m p le te ly  o n  s to r a g e  in  
a  f re e z e r  ( l i t . 14 m .p .  0 0 ) . 36

Anal. C a lc d .  f o r  C 4H 2N 2C12: C ,  3 2 .2 4 ;  H ,  1 .3 6 ; N ,
1 8 .8 1 . F o u n d :  C ,  3 2 .6 0 ;  H ,  1 .4 6 ; N ,  1 8 .9 0 .

2 - M e th y lp y r a z in e  1 ,4 -D io x id e .— T h e  p r e p a r a t io n  o f  t h i s  c o m 
p o u n d  h a s  b e e n  s im p lif ie d  a n d  im p r o v e d .

O n e  m o le  (9 4 .0  g . )  o f  2 - m e th y lp y r a z in e  in  5 7 0  m l .  o f  g la c ia l  
a c e t ic  a c id  w a s  t r e a t e d  w i th  4 0 0  m l .  o f 3 5 %  h y d r o g e n  p e r o x id e  
a n d  t h e  s o lu t io n  w a s  h e a t e d  16 h r .  o n  a  s t e a m  b a t h  u n d e r  a  re f lu x  
c o n d e n s e r .

T w o - th i r d s  o f  t h e  l iq u id  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e ,  
t h e  v o lu m e  w a s  r e s to r e d  w i th  w a te r ,  a n d  t h e  s o lu t io n  w a s  r e 
c o n c e n t r a t e d .  T h is  w a s  r e p e a t e d  tw ic e  m o r e  t o  r e m o v e  m o s t  o f 
t h e  a c e t ic  a c id  a n d  t h e  s o lu t io n  w a s  f in a l ly  t a k e n  t o  d r y n e s s  u n d e r  
r e d u c e d  p r e s s u r e  ( w a te r  a s p i r a to r  a n d  r o t a r y  f la s h  e v a p o r a t o r ) .  
T h e  c r u d e  p r o d u c t  w a s  r e c r y s ta l l iz e d  f ro m  9 0 %  m e th a n o l .  
Y ie ld :  9 9 .0  g . ( 7 6 .3 % ) ,  m .p .  2 3 0 - 2 3 1 ° .36

D ic h lo r o m e th y lp y r a z in e .— T o  91  m l .  ( 1 .0  m o le )  o f  w a r m  ( 7 0 ° )  
p h o s p h o r o y l  c h lo r id e ,  3 1 .5  g . (0 .2 5  m o le )  o f  2 - m e th y lp y r a z in e
1 ,4 -d io x id e  w a s  a d d e d  in  s m a ll  p o r t io n s  o v e r  5 0  m in .  A n  e x 
o th e r m ic  r e a c t io n  e n s u e d  fo llo w in g  e a c h  a d d i t i o n  a n d  h e a t  w a s  
a p p l ie d  o n ly  w h e n  r e q u i r e d  to  m a in t a in  r e f lu x . A f te r  t h e  a d d i 
t i o n  w a s  c o m p le te ,  t h e  d a r k  s o lu t io n  w a s  h e a t e d  u n d e r  re f lu x  fo r  
a n  a d d i t io n a l  3 0  m in .  A  p r o b e  s a m p le  s h o w e d  a n  a b s o r p t io n  a t  
221  a n d  29 8  mu, w i t h  a  s h o u ld e r  a t  27 8  m/j..

T h e  d a r k  m ix tu r e  w a s  c h i l le d  a n d  p o u r e d  c a r e f u l ly  o v e r  3 0 0  g .  
o f  c h o p p e d  ic e . A f te r  a l l  t h e  ex ce ss  r e a g e n t  w a s  d e c o m p o s e d ,  t h e  
o ily  l a y e r  w a s  t a k e n  u p  in  e th e r  a n d  t h e  a q u e o u s  l a y e r  w a s  e x 
t r a c t e d  w i th  m o r e  e th e r ,  t h e  c o m b in e d  e x t r a c t s  w e re  d r ie d  o v e r  
a n h y d r o u s  m a g n e s iu m  s u l f a te ,  a n d  t h e  s o lv e n t  w a s  s t r i p p e d  a t  
a tm o s p h e r ic  p r e s s u r e .  T h e  r e s id u e  w a s  in te n s e ly  l a c h r y m a to r y  
a n d  c o n ta in e d  a  s m a ll  a m o u n t  o f c o lo r le s s  c r y s ta l s .

T h e  r e s id u e  w a s  r e -d is s o lv e d  in  e th e r  a n d  e x t r a c t e d  w i th  50  
m l .  o f  2 0 %  s o d iu m  h y d r o x id e .  T h e  e t h e r  l a y e r  w a s  w a s h e d  w ith  
w a te r  a n d  d r ie d  ( M g S 0 4). R e m o v a l  o f  t h e  s o lv e n t  l e f t  a  r e s id u e  
w h ic h  w a s  d is t i l le d  c o lle c t in g  a  t o t a l  o f  1 7 .9  g . ( 4 4 % )  o f  p r o d u c t  in  
f o u r  f r a c t io n s ,  b .p .  1 0 9 -1 1 5 °  ( 2 7 -3 1  m m .) ,  n 23°u  1 .5 5 4 2 - 1 .5 5 5 4 ;  
a n d  a n o t h e r  l iq u id  f r a c t io n ,  0 .4  g . ,  b . p .  1 2 1 - 1 2 3 °  (2 8  m m .) ,  
n 23°D 1 .5 6 0 3 -1 .5 6 1 0 , in  w h ic h  a  c o lo r le s s  s o lid  d e p o s i te d ,  m .p .
1 2 0 - 1 3 4 ° .

F o r  a n a ly s is  t h e  f i r s t  l iq u id  w a s  r e d is t i l le d  c o l le c t in g  t h e  f r a c 
t io n ,  b.p . 1 0 5 -1 0 8 °  (1 8  mm .), ?i26°d 1 .5 4 9 5 .

O n  s t a n d in g  th i s  l iq u id  u n d e r w e n t  a  s e r ie s  o f  c o lo r  c h a n g e s ,  
f i r s t  t o  p a le  b lu e ,  t h e n  g re e n , a n d  f in a l ly  d a r k e n e d  t o  a  d u l l  b r o w n  
w i th  s p e c k s  o f  p o ly m e r ic  m a te r i a l  t h a t  a d h e r e d  to  t h e  w a lls  o f 
t h e  c o n ta in e r .

B e h u n  a n d  L e v in e 20 g iv e  t h e  b . p .  o f  t h e i r  c o m p o u n d  a s  8 7 - 9 0 °  
(1 0  m m .)

Anal. C a lc d .  fo r  C 6H 4N 2C12: C ,  3 6 .8 4 ;  H ,  2 .4 7 ;  N ,
1 7 .1 9 . F o u n d :  C ,  3 7 .0 3 ;  H ,  2 .7 3 ;  N ,  1 7 .3 4 .

(34) T h e  a u th o rs  acknow ledge w ith  th a n k s  th e  g ift of a n  a u th e n tic  
specim en  of 2 ,6 -d ich lo ro p y raz in e  b y  D r. W . E . T a f t ,  L ed erle  L a b o ra to r ie s , 
P e a r l R iv e r, N . Y.

(35) B e rn a rd i a n d  asso c ia tes7 re p o rte d  t h a t  b o th  2 ,3 -d ich lo ro - a n d  2 ,6- 
d ic h lo ro p y raz in e  in  a b o u t  eq u a l am o u n ts  w ere o b ta in e d  fo llow ing a  reac tio n  
s im ila r to  th e  one d escribed . I t  is d ifficu lt to  ac c o u n t fo r th e  a p p e a ra n c e  
o f th e  2 ,6 -d ich lo ro  iso m e r u n d e r  th e se  c ircu m stan c es . T h e  p re s e n t a u th o rs  
looked  d ilig e n tly  fo r th e  2 ,3-isom er, b y  slow ly  coo ling  th e  p ro d u c t  t o  com 
p le te  so lid ifica tion  a n d  slow ly  a llow ing  th e  te m p e ra tu re  to  rise. A ll th e  
p ro d u c t re liquefied  be tw een  0 -4 ° .  T h e  m e ltin g  p o in t of th e  2 ,3 -d ich lo ro - 
p y raz in e  is g iv en  a s  2 3 -2 4 ° .^

(36) T h is  is  in  c lose r ag ree m en t w ith  th e  m e ltin g  p o in t  re p o rte d  by  
K oelsch  a n d  G u m p re c h t th a n  b y  th e  p re s e n t a u th o rs .30 C . F . K oelsch  a n d  
W . H . G u m p rech t, J .  O r g .  C h e m . ,  23 , 1603 (1958).



J u n e , 1963 P h o sph o r o y l  N -O x id e s

T h e  s o lid  o b t a in e d  in  t h e  l a s t  f r a c t io n  w a s  s h o w n  t o  b e  t h e  
h y d r o c h lo r id e  o f  a  c h lo r o m e th y lp y r a z in e  N - o x id e ,  s in c e  i t  g a v e  
a n  im m e d ia te  p r e c i p i t a t e  w i th  a q u e o u s  s i lv e r  n i t r a t e .  A  s o lu t io n  
o f  t h e  m a te r i a l  i n  m e th a n o l  w a s  p a s s e d  th r o u g h  a  s m a ll  c o lu m n  
c o n ta in in g  4 .0  g . A m b e r l i te  I R A - 4 0 0  ( O H - ) a n d  e lu t e d  w i th  
m e th a n o l  t o  g iv e  n e e d le s  w h ic h  o n  r e c r y s ta l l i z a t io n  f ro m  9 5 %  
e th a n o l  m e l te d  1 1 4 - 1 1 5 ° .

Anal. C a lc d .  fo r  C 5H 6N 20 C 1 : C ,  4 1 .5 3 ;  H ,  3 .4 9 ;  N ,
1 9 .3 8 . F o u n d :  C , 4 1 .4 6 ;  H , 3 . 8 1 ;  N ,  1 9 .4 8 . 

2 -C h lo r o -3 - m e th y lp y ra z in e  4 - O x id e .— 2 - C h lo r o -3 - m e th y lp y r -
a z in e ,  b . p .  7 4 - 7 5 °  (2 3 .5  m m .) ,  ra25°D 1 .5 2 9 0 -1 .5 2 9 9 , w a s  p r e 
p a r e d  in  8 1 %  y ie ld  f ro m  2 - h y d r o x y - 3 - m e th y lp y r a z in e  b y  t h e  
m e th o d  o f  K a r m a s  a n d  S p o e r r i .37

T o  a  s o lu t io n  o f  1 2 .9  g .  (0 .1  m o le )  o f 2 - c h lo ro - 3 - m e th y lp y r a z in e  
in  3 0  m l .  o f  g la c ia l  a c e t ic  a c id ,  9 .7  m l .  o f  3 5 %  I ty d ro g e n  p e r o x id e  
w a s  a d d e d  a n d  t h e  s o lu t io n  w a s  h e a t e d  o n  a  w a te r  b a t h  a t  7 0 °  fo r
3 .5  h r .  A  s im i la r  q u a n t i t y  o f  h y d r o g e n  p e r o x id e  w a s  a d d e d  a n d  
t h e  h e a t in g  w a s  c o n t in u e d  fo r  a n o t h e r  3 .5  h r . ,  d i l u t e d  w i th  30
m l .  o f  w a te r ,  a n d  r e f r ig e r a te d  o v e r n ig h t .

T h e  s o lu t io n  w a s  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  in  a  
r o t a r y  f la s h  e v a p o r a to r  t o  a b o u t  o n e - q u a r te r  t h e  o r ig in a l  v o lu m e ,  
d i lu te d  w i th  w a te r ,  a n d  r e c o n c e n t r a t e d .  T h is  w a s  r e p e a t e d  tw ic e  
m o r e  t o  r e m o v e  m o s t  o f  t h e  a c e t ic  a c id .  T h e  r e s id u e  w a s  b r o u g h t  
t o  p H  8 .5  w i t h  2 0 %  s o d iu m  h y d r o x id e  a n d  t h e  p r o d u c t  e x t r a c te d  
w i th  c h lo r o fo r m . T h e  e x t r a c t  w a s  w a s h e d  w i th  w a te r ,  d r ie d  
o v e r  c a lc iu m  c h lo r id e , a n d  c o n c e n t r a t e d  a t  a tm o s p h e r ic  p r e s s u r e .  
T h e  r e s id u e  w e ig h e d  6 .2  g .  ( 4 3 % )  a n d  m e l te d  6 9 - 7 1 .5 ° .38 39

F o r  a n a ly s i s  a  p o r t io n  w a s  s u b l im e d  in vacuo ( 1 2 0 ° ,  14 m m .)  
a n d  m e l t e d  7 1 - 7 2 .5 ° .

Anal. C a lc d .  f o r  C 5H 5N 2O C I: C ,  4 1 .5 3 ;  H ,  3 .4 9 ;  N ,
1 9 .3 8 . F o u n d :  C ,  4 1 .4 2 ;  H , 3 . 4 3 ;  N ,  1 9 .4 5 . 

2 - C h lo r o -6 - m e th y lp y ra z in e  4 - O x id e .— 2 - C h lo r o - 6 - m e th y lp y r -
a z in e , m .p .  4 7 - 4 9 ° ,  w a s  p r e p a r e d  in  6 3 %  y ie ld  f ro m  2 - h y d ro x y - 6 -  
m e th y lp y r a z in e  ( K a r m a s  a n d  S p o e r r i38).

O n e  g r a m  ( 0 .0 0 8  m o le )  i n  2 .4  m l .  o f  g la c ia l  a c e t ic  a c id  w a s  
t r e a t e d  w i th  a  t o t a l  o f  1 .6  m l .  o f  3 5 %  h y d r o g e n  p e r o x id e  in  tw o  
p o r t io n s ,  t h e  s e c o n d  a d d e d  m id w a y  in  t h e  8 - h r .  h e a t in g  p e r io d  
( 6 5 - 7 0 ° ) .  T h e  s o lu t io n  w a s  w o r k e d  u p  a s  d e s c r ib e d  p r e v io u s ly  t o  
g iv e  0 .3  g .  ( 2 6 % )  o f  y e l lo w is h  n e e d le s ,  m .p .  9 7 - 1 1 0 ° .  T h is  w a s  
r e c r y s ta l l iz e d  f ro m  a b s o lu te  e th a n o l ,  m . p .  1 0 8 -1 1 0 ° .

F o r  a n a ly s is  a  s a m p le  w a s  s u b l im e d  in vacuo, m .p .  1 0 9 -1 1 0 ° . 

Anal. C a lc d .  fo r  C 6H 6N 20 C 1 : C ,  4 1 .5 3 ;  H ,  3 .4 9 ;  N ,
1 9 .3 8 . F o u n d :  C ,  4 1 .3 8 ;  H , 3 . 3 9 ;  N ,  1 9 .4 8 . 

2 -C h lo r o -3 - p y ra z y lm e th a n o l .— T o  a  s o lu t io n  o f  3 .8  g . (0 .0 2 6
m o le )  o f  2 - e h lo ro - 3 - m e th y lp y r a z in e  4 -o x id e  in  7 .4  m l .  o f  g la c ia l  
a c e t ic  a c id ,  5 .3  g . (0 .0 5 2  m o le )  o f  a c e t ic  a n h y d r id e  w a s  a d d e d  a n d  
t h e  s o lu t io n  h e a t e d  u n d e r  re f lu x  f o r  4 5  m in .  A  p r o b e  s a m p le  a t  
t h i s  t im e  s h o w e d  a  s in g le  p e a k  a t  27 3  m /i, in d ic a t in g  t h a t  t h e  
N -o x id e  p e a k  h a d  d i s a p p e a r e d .23 T h e  s o lu t io n  w a s  p o u r e d  in to  
ice  w a te r ,  n e u t r a l i z e d  w i th  5 0 %  s o d iu m  h y d r o x id e ,  a n d  b r o u g h t  
t o  p H  9  w i th  1 0 %  s o d iu m  h y d r o x id e .

T h e  p r o d u c t  w a s  e x t r a c t e d  w i th  e th e r ,  t h e  e x t r a c t  w a s  w a s h e d  
w i th  w a te r  a n d  d r ie d  ( M g S 0 4) a n d  t h e  s o lv e n t  r e m o v e d  a t  a tm o s 
p h e r ic  p r e s s u r e .  T h e  r e s id u e  w h ic h  w a s  a  s t r o n g  l a c h r y m a t o r  w a s  
d is t i l le d  c o l le c t in g  1 .4  g .  ( 3 7 .3 % )  p r o d u c t ,  b . p .  1 2 0 -1 2 3 °  (1 0
m m .  ) ,  n !1°D 1 .5 6 0 0 .

Anal. C a lc d .  f o r  C 6H 5N 20 C 1 33: C ,  4 1 .5 3 ;  H ,  3 .4 9 ;  N ,
1 9 .3 8 . F o u n d :  C ,  4 1 .1 6 ;  H ,  3 .5 3 ;  N ,  1 9 .3 2 .

(37) G . K a rm a s  a n d  P . E . S poerri, J .  A m .  C h e m .  S o c . ,  74 , 1583 (1952). 
T h e  a u th o rs  a re  g ra te fu l to  D r. G eo rge  K a rm a s , O r th o  R esea rc h  F o u n d a 
tio n , R a r i ta n , N . J . ,  fo r a  g en e ro u s  q u a n t i ty  o f 2 -h y d ro x y -3 -m e th y lp y raz in e  
a n d  2 -h y d ro x y -6 -m e th y lp y raz in e .

(38) A tte m p ts  t o  p re p a re  th is  co m p o u n d  u s in g  red is tilled  com m ercia l
2 -ch lo ro -3 -m eth y Ip y raz in e , b .p . 8 1 -8 4 °  (42 m m .), n %  1.5278, o b ta in e d  
from  W y a n d o tte  C h em ica ls  C o rp ., W y a n d o tte , M ich ., re su lted  in  a m ixed  
p ro d u c t , c o n ta in in g  m o s tly  th e  co m p o u n d  ju s t  d escribed  a n d  a  second  m ono- 
ch lo ro m e th y lp y ra z in e  N -oxide, m .p . 5 1 -5 2 ° , co lorless need les from  p e tro leu m  
e th e r  (b .p . 3 0 -6 0 ° )  a f te r  re p e a te d  c h ro m a to g ra p h y  o n  n e u tra l a lu m in a  w ith  
m uch  loss.

A n a l .  C a lcd . fo r C sH bN zO CI: C , 41 .53; H , 3 .49 ; N , 19.38. F o u n d : C, 
41.78; H , 3 .30 ; N , 19.30.

xS l?  223 m u (log e 4 .23), 266 nip (log e 4 .12), 299 nm  (log « 3 .71), 308 m u 
(sh) (3 .63). T h is  m a y  be th e  N -o x id e  o f 2 -ch lo ro -5 -m eth y lp y raz in e  
w hich  w as rep o rted  fo rm ed  a s  a  b y -p ro d u c t o f th e  a c tio n  of ch lo rin e  on  
2 -m e th y lp y raz in e  (see H irsch b e rg  a n d  S p o e rri24) o r  a n  iso m e r of 2 -chloro-
6 -m e th y lp y ra z in e  4 -ox ide (p r iv a te  c o m m u n ic a tio n  from  W y a n d o tte  C h em i
ca ls  C o rp .) . H ow ever, see p reced in g .

T a b l e  I

U l t r a v i o l e t  A b s o r p t i o n  S p e c t r a

m/n,
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C o m p o u n d S o lv en t m ax. log €

P y r a z in e
2 - C h lo r o - “ E th a n o l 2 6 8 3 .8 0

2 7 4 3 .8 0
p H  1 27 3

2 - C h lo r o -3 - m e th y l - M e th a n o l 2 7 5 .5  
2 9 5  ( s h )

4 .1 3

2 - C l i lo ro -6 -m e th y l- M e th a n o l 2 7 6
2 9 5  ( s h )

3 .7 0

2 - H y d r o x y - 3 - m e th y l- i> W a te r 2 2 2 3 .9 2
311 3 .8 3

2 - H y d r o x y - 6 - m e th y l- W a te r 2 33 3 .6 2
3 24 3 .9 7

2 ,5 - D ic h lo ro - c M e th a n o l 2 1 5 4 .0 3
2 7 8 3 .8 4

2 ,6 - D ic h lo ro - <; M e th a n o l 2 1 4 .5 4 .0 3
2 7 8 3 .8 4

2 - D ie h lo ro m e th y l - M e th a n o l 2 15 3 .9 5
2 7 8
2 9 2  ( s h )

3 .8 1

3 -C h lo ro - ,  1 -o x id e W a te r 22 3 4 .1 4
2 6 8 4 .1 5

2 - C h lo ro -3 -m e th y l- , W a te r 21 9 4 .1 4
4 -o x id e 26 6 4 .0 1

3 0 5  ( s h ) 3 .6 0

( x ) C h lo ro -2 -m e th y l- , W a te r 2 1 8 4 .2 4
N -o x id e 25 9

2 9 0  ( s h )
3 .9 1

2 - C h lo r o -6 - m e th y l W a te r 2 2 2 .5 4 .0 3
4 -o x id e 2 6 8 4 .0 2

3 0 0 3 .5 3
30 9 3 .4 6

2 -C h lo r o -3 - p y ra z y l - M e th a n o l 27 4 3 .9 8
m e th a n o l

2 - C h lo ro  3 ,5 - d im e th y l - M e th a n o l 27 9 4 .2 4

“ F .  H a lv e r s o n  a n d  R .  C . H i r t  [ ./ .  Chem. Phys., 19, 711 (1 9 5 1 )]
g iv e  X0myat h“ " e 2 7 0  mu ( lo g  e 3 .8 ) ;  3 0 3  m u  ( s h ) .  6 J .  
D u tc h e r  [ / .  Biol. Chem., 171 , 321  (1 9 4 7 )]  g iv e s  x “ ° H 2 2 5  m u  
( lo g  e 3 .8 ) ,  3 2 0  mit ( lo g  t  3 .7 ) .  '  H a lv e r s o n  a n d  H i r t  
( s e e  a) g iv e  X ^ 01““ " ' 2 ,5 - d ic h lo ro p y r a z in e :  2 1 7  m u  ( lo g  e
3 .8 ) , 2 7 3  m u  ( lo g  e 3 .6 ) ,  3 0 3  my ( s h ) ;  2 ,6 - d ie h lo ro p y r a z in e :  
21 7  mit ( lo g  e 3 .9 ) ,  2 7 3  mit ( lo g  e 3 .9 ) ,  3 0 3  m u  ( s h ) .

2 - C h lo r o -3 ,5 - d im e th y lp y r a z in e .  T o  3 1 .5  m l .  ( 0 .3 5  m o le )  o f 
w a r m  p h o s p h o r o y l  c h lo r id e  ( 6 0 - 7 0 ° ) ,  1 0 .9  g . ( 0 .0 8 7  m o le )  o f  3 ,5 -  
d im e th y lp y r a z in e  1 -ox ide w a s  a d d e d  p o r t io n w is e  o v e r  4 0  m i n . a n d ,  
a f t e r  t h e  a d d i t io n  w a s  c o m p le te ,  h e a t e d  u n d e r  re f lu x  f o r  a n  a d d i 
t io n a l  2 0  m in .  A  p r o b e  s a m p le  a t  t h i s  t im e  in d i c a t e d  a  s in g le  
a b s o r p t io n  p e a k  a t  2 9 5  m it .

E x c e s s  r e a g e n t  w a s  r e m o v e d  b y  d i s t i l l a t i o n  u n d e r  r e d u c e d  
p r e s s u re  a n d  t h e  d a r k  r e s id u e  w a s  p o u r e d  o n to  c h o p p e d  ic e  w i th  
g o o d  s t i r r in g .  T h e  s o lu t io n  w a s  b r o u g h t  t o  p H  8  w i th  2 0 %  
s o d iu m  h y d r o x id e  a n d  t h e  p r o d u c t  e x t r a c t e d  w i th  e th e r .  T h e  
c o m b in e d  e x t r a c t s  w e re  w a s h e d  w i th  w a te r  a n d  d r ie d  ( M g S O ,) .  
T h e  r e s id u e ,  a f t e r  r e m o v a l  o f  s o lv e n t ,  w a s  d is t i l l e d  c o lle c t in g  a

(39) I t  h a d  been  assu m ed  th a t  th e  rea c tio n  p ro d u c t w as th e  exp ec ted  2- 
ch lo ro -3 -p y ra zy lm e th a n o l a c e ta te . A fte r  th e  re su lts  of th e  e lem en ta l 
an a ly s is  w ere rece ived , in d ic a tin g  a  co m p o u n d  of low er ca rb o n  c o n te n t, an  
ex a m in a tio n  of th e  in fra re d  a b s o rp tio n  sp e c tru m  in d ic a te d  th e  p resen ce  of 
h y d ro x y l (2.9 n )  a n d  a lso  th e  ab sen ce  of a n y  a b s o rp tio n  in  th e  ca rb o n y l 
region .

E x a m p le s  of s im ila r  ea se  o f h y d ro ly s is  of p y ra z y lm e th a n o l a c e ta te s  h a v e  
b e e n  re p o rte d  (ref. 26 ). T h is  h as  b ee n  show n  to  b e  a  co m m o n  o cc u rre n ce  
a m o n g  N -h e te ro c y c lic  m e th a n o la c e ta te s  (B . K le in  a n d  N . E . H e tm a n , 
u n p u b lish e d  o b se rv a tio n s ) . See A b s tra c ts  of N ew  Y o rk -N ew 7 Je rse y  
S ection  R eg ional M ee tin g , N ew  Y ork , N . Y ., J a n u a ry ,  1962.
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t o t a l  o f  9 .7  g .  ( 7 8 .3 % )  in  t h r e e  f r a c t io n s ,  b . p .  8 7 - 9 1 °  (2 2  m m .) ,  
n 27°D 1 .5 2 4 1 - 1 .5 2 5 9 .  T h is  p r o d u c t  w a s  a  c o lo r le s s  o il ,  w i th  s m a ll  
a m o u n t s  o f  s u s p e n d e d  c o lo r le s s  s o l id .  O n  r e f r ig e r a t io n  t h e  e n t i r e  
p r o d u c t  c r y s ta l l iz e d  in  la r g e  n e e d le s ,  w h ic h  r e l iq u e f ie d  o n  w a r m 
in g  t o  r o o m  t e m p e r a t u r e .  T h is  w a s  r e d is t i l le d  c o l le c t in g  a  t o t a l  
o f 7 .3  g . ,  b . p .  9 2 - 9 4 °  (4 2  m m .) ,  n 27°d  1 .5 2 4 6 - 1 .5 2 4 8 . K a r m a s  
a n d  S p o e r r i37 g iv e  t h e  b o i l in g  p o in t  o f  th i s  c o m p o u n d  a s  1 1 1 -1 1 2 °  
(7 0  m m .) ,  n 24° D  1 .5 2 3 0 .40

A b s o rp t io n  S p e c t r a .— T h e  u l t r a v io l e t  a b s o r p t io n  s p e c t r a  w e re  
t a k e n  e i t h e r  o n  a  B e c k m a n  D U  s p e c t r o p h o to m e te r  o r  a  B a u s c h  
a n d  L o m b  M o d e l  5 05  r e c o r d in g  s p e c t r o p h o to m e te r .  T h e s e  a r e  
g iv e n  in  T a b le  I .  I n f r a r e d  a b s o r p t io n  s p e c t r a  w e r e  t a k e n  o n  a

P e r k in - E lm e r  M o d e l  21 r e c o r d in g  s p e c c t r o p h o to m e te r  c a l i b r a t e d  
w i th  a  p o ly s ty r e n e  f ilm .

(40) A fte r  th is  m a n u sc r ip t w as co m p le ted , th e  p re s e n t a u th o rs  w e re  in 
fo rm e d  b y  D r. R o b e i t  I .  M e ltze r, W a rn e r  L a m b e r t R e se a rc h  In s t i t u te ,  
M o rr is  P la in s . N . J . ,  t h a t  th e  second  p ro d u c t re s u lt in g  from  th e  d ire c t 
c h lo r in a tio n  o f 2 -m e th y lp y ra z in e  (ref. 23 a n d  24) h a d  b e e n  id e n tif ie d  a s  
2 -ch lo ro -6 -m e th y lp y raz in e . O n  th e  b a s is  of th is  a n d  o th e r  w o rk  co n ta in e d  
in  a  p a p e r  s u b m it te d  fo r p u b lic a t io n  b y  D r. M e ltz e r  a n d  h is  a s s o c ia te s , i t  is  
now  b e liev ed  t h a t  th e  5 1 -5 2 °  m o n o c h lo ro m e th y lp y raz in e  N -o x id e  (ref. 38) 
is p ro b a b ly  2 -eh lo ro -3 -m eth y lp y raz in e  1-oxide. T h e  p re s e n t a u th o rs  a re  
g ra te fu l to  D rs . M e ltz e r  a n d  W ilson  B . L u tz  a n d  th e ir  co -w o rk ers  fo r  th e  
o p p o r tu n i ty  to  read  th e ir  p a p e r  p r io r  to  p u b lic a tio n .

C arbonium  Io n  In term ed ia tes  in  th e  D ea m in a tio n  o f
3 -M eth y l-2 -b u ty la m in e  and Iso p en ty la m in e 1
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T h e  p r o d u c t s  f ro m  t h e  s o lv o ly s is  o f  3 - m e th y l - 2 - b u ty l  t o s y l a t e  a n d  t h e  d e a m in a t io n  o f 3 - m e th y l - 2 - b u ty la m in e  
a n d  i s o p e n ty la m in e  in  a q u e o u s  a c e t ic  a c id  h a v e  b e e n  d e te r m in e d .  C o m p a r is o n  o f t h e  t o s y l a t e  s o lv o ly s is  w i th  
t h e  d e a m in a t io n  o f  3 - m e th v l - 2 - b u ty la m in e  le a d s  t o  t h e  c o n c lu s io n  t h a t  a n  o p e n  3 - m e th y l - 2 - b u ty l  c a r b o n iu m  
io n  is  a n  i m p o r t a n t  i n t e r m e d ia t e  in  t h e  l a t t e r  r e a c t io n .  T h e  ¿ -p e n ty l  c a r b o n iu m  io n  f ro m  d e a m in a t io n  o f  3 - 
m e th y l - 2 - b u ty la m in e  a n d  th e  ¿ -p e n ty l  a n d  3 - m e th y l - 2 - b u ty l  c a r b o n iu m  io n s  f ro m  d e a m in a t io n  o f i s o p e n ty la m in e  
d o  n o t  b e h a v e  a s  n o r m a l  s o lv o ly t ic  c a r b o n iu m  io n s . F o r m a t io n  o f  1 ,2 - d im e th y lc y c lo p ro p a n e  in  t h e  d e a m in a 
t i o n  r e a c t io n s  is  c o n s id e re d  in  r e la t io n  t o  t h e  g e n e ra l  q u e s t io n  o f  c y c lo p r o p a n e  f o r m a t io n ,  1 ,3 - h y d r id e  s h i f t s ,  a n d
1 ,2 -a lk y l  m ig r a t io n s  in  s im p le  c a r b o n iu m  io n  s y s te m s .

Our general interest in exploring the relationship 
between the mode of formation and the behavior of 
carbonium ions has led to an investigation of carbonium 
ions generated in halide solvolyses and amine deamina
tions. Figure 1 diagrams the system chosen for our 
initial research; an earlier report has considered2 
reactions of (-pentyl and neopentyl starting materials 
in terms of the intermediates in the upper part of Fig. 
1. The present paper analyzes carbonium ion reactions 
of 3-methyl-2-butyl and isopentyl compounds using 
an approach whose merits and limitations were evalu
ated previously2 (cf. Fig. 1).

(C H 3) 3C C H 2+

( C I I :,)2C H C h T ^ - - C H 2 (C H 3) 2C H C H = C H 2

(C H 3) 2C H C H 2C H 2+  ---------------- ----------- - (C H 3)2C H C H 2C H 2X

F ig u r e  1

(1) S u p p o r te d  b y  a  g ra n t from  T h e  P e tro le u m  R e sea rc h  F u n d , a d m in is 
te re d  b y  th e  A m erican  C hem ica l S ocie ty . G ra te fu l a c k n o w led g m en t is 
h e re b y  m a d e  to  th e  d o n o rs  of th is  fu n d .

(2) M . S. S ilv e r, J .  A m .  C h e m >  S o c . ,  83 , 3482 (1961).

Results
Table I records the observed composition of the prod

ucts from the deamination of 3-methyl-2-butylamine 
and isopentylamine, as determined by gas-liquid parti
tion chromatography (g.l.p.c.) and infrared analysis. 
Reproducibility in duplicate runs is seen to be good. 
Control runs established the stability of the acetates 
and (-pentyl alcohol, the instability of 3-methyl-2-buta- 
nol and isopentyl alcohol and the selective destruction 
of 2-methyl-2-butene under the deamination conditions. 
The Experimental discusses determination of correc
tions for product instability and Table II summarizes 
product compositions after such corrections. Compari
son of lines 7 and 11 to lines 13 and 14 (Table I) and of 
Table I to Table II demonstrates that corrections for 
the instability of the two alcohols alter the composition 
of the substitution product detectably but not signifi
cantly. The same comparisons reveal that corrections 
for olefin fractionation are more important. Since the 
fact that relatively little 2-methyl-2-butene is formed in 
the deaminations will play a prominent part in our dis
cussion, we have applied maximum corrections for 2- 
methyl-2-butene destruction. The observation that 
the uncorrected olefin compositions for runs 9 and 12 
agree with the corrected values for runs 7 and 11 (Table 
I), respectively, confirms the validity of these correc
tions. The first two reactions produced large quanti
ties of olefin, and in such instances olefin fractionation 
becomes insignificant. The degree of olefin fractiona
tion also diminishes as the water content of the solvent 
increases, as may be seen by comparing the data in 
Tables I and II for different solvent compositions.

Discussion
The 3-Methyl-2-butyl System.—Winstein and Taka

hashi3 established neighboring group rate enhancement
(3) S. Winstein and J. Takahashi, Tetrahedron, 2, 316 (1958).
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T a b l e  I

C om positio n  o f  th e  P r o d u c t  M ix t u r e  I s o l a t e d  from  th e  D ea m in a tio n  o f  3 -M e t h y l -2-b u t y l a m in e  an d  I s o p e n t y l a m in e  in

A q u eo u s  A c e t ic  A cid “ - '  a t  55°
1,2-Mes-

2-Me-l- 2- Me-2- 3-Me-1- cyclopro
HOAc, Amine, NaNCh, RX. Olefin, !-X,e s-X,e p-X,e butene/ butene/ butene/ pane/1°

Hun Compd. % g. g. g. (%P g. <%)d % % % % % % %
1 p-NHs 25 20 30 11(51) 2.3(14) 41 20 39 4 11 85 —
2 25 20 30 14(61) — 42 19 39 — — — —
3 50 20 30 14(59) 2.9(18) 33 20 47 8 16 77 —
4 75 20 30 15(59) 22 19 59 — — - —
5 100 25 30 19(58) : V 19 16 65 15 17 68 —
6 100 25 29 21(66) — 19 15 66 — — — —
7 100 27 50 21(54) 3.6(17) 20 16 64 15 19 64 1.5
8 100 20 30 — — — — — 18 17 66 —
9 lOO5 66 100 — 12 — — — 17 22 60 1.9

10 s-NH. 50 20 30 12(52) 4(25) 39 61 19 34 34 13
11 100 20 30 8(38) 3.7(28) 27 73 20 24 38 IS
12 10Û4 24 45 10(33) 8(41) 27 73 18 32 35 15
13 p-NH, 100'' 18 20 63 14 25 59 1.5
14 s-NIT o © 24 76 18 33 31 18
“ Abbreviations are as follows: p = isopentvl; s = i3-methyl-2-butyl; t = ¿-pentyl ;; R = p  +  s +  t; X = alcohol +  acetate.

Mole % used throughout. '  A dash (—) indicates quantity not measured. d % Yield based on unrecovered amine. e Total
RX = 100%. f  Total CîHki fraction = 100%. 5 Trans-cis was about 2:1; no attempt was made to determine relative stability of
these compounds under reaction conditions. h No correction was applied to olefin from this run because of the high yield of olefin. 
’ Corrected composition of run 7. 1 Corrected composition of run 11.

Table IT
P ro d u cts  from  t h e  So l v o l y s is  o f  S ome R e l a t e d  C 5 

C om po u nd s  a t  55° in  A q u eo u s  A c e t ic  A c id “-5
2- 2- 3- 1,2-Mea-

HOAc, Í-X, s-X, P - X , Me-1- Me-2- Me-1- cyclo-
Compd. % % % % butene butene butene propane

p-NH2 25 35 24 41 4 11 85
50 28 24 48 7 18 76
75 19 23 58 — — —

100 17 20 64 15 23 60 2
s-NHi 50 36 64 19 38 31 13

100 24 76 18 33 33 17
s-OTs 94 96 4 13 86 1

100 92 8 13 86 1
100' 90 10 21 77 2

t - N H / 0 61 39
50 58 42
75 64 36

100 63 37
¿-C1" 50“ 20 80

75 21 79
t - B P 94 23 77

100 26 74

“ The footnotes of Table I pertain where applicable. b This 
work unless otherwise noted. '  Ref. 3, 75°. a Ref. 2. e 78°.

by the tertiary hydrogen in the acetolysis of 3-methyl- 
2-butyl tosylate. This hydrogen participation re
inforces the natural tendency4 of a tosylate or halide to 
undergo E 1 elimination in the Saytzeff sense, and 
nearly all the acetolysis product from 3-methyl-2-butyl 
tosylate is derived from loss or rearrangement of the 
tertiary hydrogen (Table II).3 Only a trace of 3-meth- 
yl-l-butene and a few per cent of 3-methyl-2-butyl ace
tate are formed. The immediate precursors of the 
products cannot be assigned, but the difference between 
the products from acetolysis of ¿-pentyl halides and 3- 
methyl-2-butyl tosylate establishes that the ¿-pentyl 
carbonium ion is not the sole precursor in reactions of 
the latter.3

The neighboring tertiary hydrogen plays a consider
ably smaller role in the acetic acid deamination of 3-

(4) A. Streitwieser. Jr., C h e m .  R e v . ,  56, 571 (1956).

methyI-2-butylamine than in the acetolysis of 3-methyl- 
2-butyl tosylate. The amine yields about 75% unre
arranged substitution product, where the tosylate gives 
less than 10% (Table II) . A direct displacement mech
anism does not explain the large amount of 3-methyl-2- 
butyl substitution product in the deamination, since 2- 
butylamine gives only 28% inversion in acetic acid and 
22% inversion in water.5 Involvement of the tertiary 
hydrogen in the tosylate reaction also magnifies the 
usual2 difference in olefin composition from halide sol- 
volyses and deaminations, and 3-methyl-2-butyiamine 
affords far more 3-methyl-l-butene than does the tosy- 
iate. Postulation of an open 3-methyl-2-butyl car
bonium ion as an intermediate in the deamination pro
vides the most economical rationalization for the above 
results (we ignore methyl-bridged intermediates for 
now). The open carbonium ion presumably undergoes 
rearrangement and directly forms 3-methyl-l-butene, 2- 
methyl-2-butene, and 3-methyl-2-butyl product (Fig. 
1).

An estimate of the lower limit to the amount of 2- 
methyl-2-burene arising from this open 3-methyl-2- 
butyl carbonium ion is useful for subsequent discussion. 
The estimate can be made by comparing the deamina
tion of 3-methyl-2-butylamine and 2-butylamine,6'7 and 
by employing the following facts: (1) statistically, in
ternal elimination8 is favored in the 2-butyl system by a 
factor of two; (2) thermodynamically, internal elimina
tion is favored in the 3-methyl-2-butyi system, where a 
trisubstituted ethylene is formed; (3) the effect of rela
tive conformational considerations5 for the two amines 
on the amounts of internal and external elimination is 
difficult to predict; (4) 2-butylamine in water gives6-7 
about 3 for the ratio 2-butene/1-butene. On the basis 
of these considerations, a prediction that the open 3-

(5) A. Streitw ieser, J r ., J .  O r g .  C h e m . ,  22, 861 (1957), and  citations 
therein.

(6) A. Streitw ieser, J r., and  W. D . Schaeffer, J .  A m .  C h e m .  S o c . ,  79, 2888 
(1957).

(7) W. B. Sm ith and  W. H. W atson, J r., i b i d . ,  84, 3174 (1962).
(8) In te rna l e lim ination equals form ation of th e  m ore highly substitu ted  

olefin; external elim ination, the  opposite.
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CH3CHCHNH2CH3 — s- c h 3c= c h c h , +  c h 3c h c h = c h 2
I [ I

c h 3 c h 3 c h 3

c h 3c h c h n h 2c h 3 — >- c h 3c= c h c h 3 +  c h 3c h c h = c h .

methyl-2-butyl carbonium ion from deamination of 3- 
methyl-2-butylamine yields approximately equal 
amounts of 2-methyl-2-butene and 3-methyl-l-butene 
appears reasonable. Because the reaction produces the 
two olefins in nearly a 1:1 ratio (Table II) most of the
2- methy 1-2-butene certainly must come from the open
3- methyl-2-butyl carbonium ion.

The ¿-pentyl carbonium ion generated in the deamina
tion of 3-methyl-2-butylamine, therefore, gives rise to 
very little 2-methyl-2-butene, but considerable quanti
ties of 2-met,hyl-l-butene and ¿-pentyl substitution 
product (Table II). Since the ¿-pentyl carbonium ion 
from ¿-pentylamine shows the same behavior (Table II), 
we conclude that ¿-pentyl carbonium ions from the two 
deaminations are similar. The observation that the 
ratio of ¿-pentyl substitution product to 2-methyl-l- 
butene is about 2.0 for the acetic acid deamination of 3- 
methyl-2-butylamine (Table I) and ¿-pentylamine,2 but
5.9 for the solvolyis of 3-methy 1-2-butyl tosylate (Table
II) and 3.2 for the solvolysis of ¿-pentyl bromide2 in 94% 
acetic acid9 supports this conclusion.

The possible role of a hydrogen-bridged intermediate 
in the deamination of 3-methyl-2-butylamine is un
clear.10 Such a species should favor formation of f- 
pentyl substitution product and 2-methy 1-2-butene. 
Since the intermediates already invoked adequately 
account for the former and more than account for the 
latter, no benefit derives from introducing further com
plications.

Isopentylamine.—Acetic acid deaminations of iso- 
pentylamine (Table II), 3-phenyl-l-butylamine,11 and
1-butylamine6 yield 60, 62, and 65% nonrear- 
ranged substitution product, respectively. The degree 
of rearrangement is remarkably constant for these de
aminations where an initial primary carbonium ion, or 
precursor thereof, can rearrange to a secondary car
bonium ion by hydride shift.12 The products of this 
rearrangement are relevant to our argument.

Since isopentylamine furnishes about equal amounts 
of secondary and tertiary substitution products (Table
II), relatively more secondary product is formed than in 
the acetolysis of 3-methyl-2-butyl tosylate but less than 
in the deamination of 3-methyl-2-butylamine. One 
possible explanation is that a hydrogen-bridged inter
mediate, which produces considerable amounts of 
secondary substitution product and 3-methyl-l-butene, 
intervenes between the primary and secondary car
bonium ions (Fig. 1). Any carbonium ions formed 
thereafter are then “normal.” Concerted displace
ment-rearrangement reactions, akin to Sn2' reactions,

(9) Because of the corrections made in determining the products of the 
deaminations, we hesitate to put too much reliance on ratios of substitution 
to elimination.

(10) For an extended discussion of ethylene protonium ions see D. J. 
Cram and J. Tadanier, J .  A m .  C h e m .  S o c . ,  81, 2737 (1959).

(11) A. W. Fort and R. E. Leary, ibid., 82, 2494 (1960).
(12) L. G. Canned and R. W. Taft, Jr., i b i d . ,  78, 5812 (1956), report

th a t  t-butylamine in water gives only about 10% nonrearranged substitu
tion product. The greater amount of rearrangement must a t least in part
stem from the fact that here a  tertiary carbonium ion arises from hydride
shift.

H H
1 ^ -*  I .

R -C H -C H a —► R -C H —CH2 + N2 + H +t n  i
SO *N2 so

H
II

can also be visualized as leading to 3-methyl-2-butyl 
product (II).

Although arguments such as these, with suitable 
modifications, will explain all data, we prefer simply 
postulating open carbonium ions as the prime inter
mediates. The ratio of secondary to tertiary product 
suggests that the 3-methy 1-2-butyl carbonium ion from 
isopentylamine is identical to the 3-methyI-2-butyl car
bonium ion from neither 3-methyl-2-butyl tosylate nor
3-methyl-2-butylamine, but partakes of some of the 
properties of each.13 Such a hybrid 3-methyl-2-butyl 
species can also rationalize the trace of 1,2-dimethylcy- 
clopropane from the deamination of isopentylamine.

Examination of olefin compositions (Table II) further 
illuminates the nature of the intermediates in the deam
ination of isopentylamine. A solvolytic ¿-pentyl car
bonium ion produces about three times as much 2-meth- 
yl-2-butene as 2-methyl-1-butene (Table II). If a sol
volytic ¿-pentyl carbonium ion were formed in the acetic 
acid deamination of isopentylamine, about 45% 2-meth- 
yl-2-butene should be produced from this intermediate 
(Table II), together with 2-methyl-2-butene from the
3-methyl-2-butyl carbonium ion. Because the 23%
2- methyl-2-butene actually found is not enough to 
satisfy these conditions, the ¿-pentyl carbonium ion 
from isopentylamine cannot be a normal solvolytic 
one.15 This nonsolvolytic ¿-pentyl carbonium ion 
can be formulated as arising from isopentylamine by 
successive 1,2-shifts16 or a single 1,3-shift.17̂ 19 The 
absence11 of 2-phenyl-2-butanol from the deamination 
of 3-phenyl-l-butylamine implies that the 1,3-shift is 
unlikely, although it transforms a primary carbonium 
ion into a tertiary one.

In conclusion, deamination of 1-butyl-,7 neopentyl-,2
3- methyl-2-butyl-, or isopentylamine gives rearranged 
carbonium ions which differ in behavior from the corre
sponding solvolytic species. As the water content of 
the solvent increases in reaction of the last twm com
pounds (Table II), the per cent of rearrangement (at 
least in substitution product), the ratio of ¿-pentyl to 3- 
methyl-2-butyl product, and the ratio of 2-methyl-2- 
butene to 2-methyl-l-butene all increase. Although the 
first trend presumably arises in part from the diminish
ing importance of ion-pair reactions,20 together the 
three trends may reflect the increasing importance of

(13) A referee has objected to  term ing th is  a “ w arm ”  3-m ethyl-2~butyl 
carbonium  ion .14

(14) J. A. Berson and  D. A. Ben-Efraim , J .  A m .  C h e m .  S o c . ,  81, 4094 
(1959), considered b u t discarded “ w arm ” carbonium  ions as in term ediates 
in  the  deam ination of endo-norbornylam ine.

(15) The fact th a t  the  ratio  of i-pentyl substitu tion  p roduct to  2-m ethy l- 
l-bu tene  is abou t 3 .1 :3 .2  in acetic acid som ew hat m ais th e  appeal of th is  
a rgum ent (see first section of Discussion).

(16) By tw o m igrations concerted with loss of nitrogen from th e  alkyl- 
diazonium  ion [W. H . Saunders, J r ., J .  A m .  C h e m .  S o c . ,  78, 6127 (1956)], 
rearrangem ent from bridged ion to bridged ion , 11 etc.

(17) O. A. R eutov and T. N. Shatkina, T e t r a h e d r o n ,  18, 237 (1962).
(18) G. J . K arabatsos and C. E. Orzech, Jr., J .  A m .  C h e m .  S o c . ,  84, 2838

(1962).
(19) P . S. Skell and  R. J . Maxwell, i b i d . ,  84, 3963 (1962).
(20) Two recent reviews of the  am ine-n itrous acid reaction are (a) J. H . 

R idd, Q u a r t .  R e v . ,  15, 418 (1961) an d  (b) H. Zollinger, “ Azo* and  D iazo 
C hem istry ,” Interscience Publishers, Inc., New York, N. Y., 1961.
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solvolytic carbonium ions in more highly aqueous sol
vents.

Cyclopropane Formation.21— Investigations of cyclo
propane formation,221,3-hydrogen shifts and 1,2-methyl 
migrations in carbonium ion reactions have undergone 
a recent renaissance. In the deamination of n-propyl- 
amine, cyclopropane is formed, 1,3-hydrogen migration 
occurs and methyl migration is absent.17'18 23 In the 
deoxidation of 2-methyl-1-butanol, all three processes 
take place.19 A brief study of the deamination of 2- 
methyl-l-butylamine, which is related to our system of 
amines, gave results in general agreement with those for 
the corresponding deoxidation.

Deamination of 3-methyl-2-butylamine affords 15%
1.2- dimethylcyclopropane and less than 1% 2-methyl-l- 
butyl substitution product, the result of 1,3-hydrogen 
shift. The hydrogen shift should be insignificant, as it 
converts a secondary to a primary carbonium ion.24
1.2- Methyl migration is undetected, but not unexpected, 
since the acetolysis of 3-methyl-2-butyl tosylate gives25
1-2% methyl migration. Deamination of isopentyl- 
amine yields 2% 1,2-dimethylcyclopropane, and no 
detectable 1,1-dimethylcyclopropane. 1,3-Hydrogen 
and 1,2-isopropyl shifts have not yet been studied. 
Table III summarizes the experimental data.

T a b l e  III
T abulation  o f  C yclopropane F orm ation , 1,3-H ydride S h i f t s  
and 1,2-Alkyl M igrations in  Some S im ple  “ H o t” C arbonium  

I on R eactions“
Cyclo

propanes,6 Shift, Shift,
System % % 1,3-H % 1,2-R

n-Propyl 10 8-12 0
2-Methyl-l-butyl 4 >1 Much
3-Methyl-2-butyl 15 <1 Probable
Isopentyl 0 “ ? ?
Neopentyl 0 0 100

0 For references, see text. 6 % of 
No 1,1-dimethylcyclopropane.

hydrocarbon fraction.

Skell19'22 combines cyclopropane formation and 1,3- 
hydride shift in, and excludes 1,2-alkyl shifts from, the 
category of “ 1,3-interactions.” An interplay between
1,2-alkyl shifts and “ 1,3-interactions” is hinted at in the 
realization that the greatest cyclopropane formation 
(Table III) occurs where intermediate III is symmetri
cal and is expected to have the highest stability relative 
to its nonbridged isomers.26 For this and other reasons, 
we believe that it may be more useful to examine the 
reasons for the presence or absence of all three effects in

CH3
/  + \  R = H, Me 

CHR=CHR 
III

any particular reaction. For example, an explanation 
of why there is no 1,3-hydride shift or cyclopropane

(21) A prelim inary repo rt of th is work has appeared: M . S. Silver, J .

A m .  C h e m .  S a c . ,  82, 2971 (1960).
(22) T he work of P. S. Skell and  I. S tarer, i b i d . , 84, 3962 (1962), dem on

stra te s  th a t  cyclopropane form ation is no t th e  result of a  earbene in te r
mediate.

(23) P. S. Skell and I. S tarer, i b i d . ,  82, 2971 (1960).
(24) Because the  deam ination of 2 -m ethy l-l-bu ty lam ine gives prim arily  

rearranged products, a sm all am ount of 1,3-hydride shift cannot be ex
cluded.

(25) A. J . F inlayson and  C. C. Lee, C a n .  J .  C h e m . ,  37, 940 (1959).
(26) I I I  is also helpful in  in te rp reting  the  ratio  of t r a n s  to  c i s  1,2-dim ethyl

cyclopropane.

formation by the “hot” neopentyl carbonium ion2-27 
should be part of any satisfactory theory. We are un
able to offer such a theory at the present.

Comparison to a Similar System.— The 3-methyl-2- 
butyl, isopentyl series is analogous to the 3-phenyl-
2-butyl,28 3-phenyl-l-butyl11 series in many ways. 
Acetolysis of 3-phenyl-2-butyl tosylate gives almost 
exclusive phenyl and hydrogen participation, whereas 
deamination of 3-phenyl-2-butylamine involves phenyl, 
hydrogen, and methyl participation plus open carbonium 
ions.28 These results closely parallel the observation 
that acetolysis of 3-methyl-2-butyl tosylate proceeds 
with almost exclusive hydrogen participation,3 26 while 
deamination of 3-methyl-2-butylamine gives much 
more methyl participation (as witnessed by cyclopro
pane formation) and open carbonium ion reaction. 
Comparison of Fort and Leary’s data11 for 3-phenyl-l- 
butylamine with our results with isopentylamine is not so 
satisfying. Fort and Leary report11 no 2-phenyl-2-bu- 
tene, 2-phenyl-2-butanol, or phenylisopropylcarbinol 
from the deamination of 3-pheiiyl-l-butylamine. They 
analyze their data in terms of a 3-phenyl-2-butyl car
bonium ion which, surprisingly, shows an even smaller 
variety of reactions than does the normal solvolytic 3- 
phenyl-2-butyl carbonium ion. These observations 
are at variance with those on the isopentyl, 3-methy 1-2- 
butyl, neopentyl2 and 1-butyl7 systems, which lack a 
phenyl group and which yield “hot” rearranged car
bonium ions.

Experimental29
Materials.—3-Methyl-2-butyl tosylate had m.p. 19-21° (lit.30 

m.p. 20.1-20.8°). Isopentylamine was purchased from Mathe- 
son Coleman and Bell. 3-Methy]-2-butylamine, prepared ac
cording to Buck and Hjort,31 had b.p. 85-87° (lit.32 b.p. 84-87°); 
the phenyl isocyanate derivative had m.p. 141-143° (lit.33 m.p. 
144°). We attempted to check the purity of the amines with 
g.l.p.c. The quality of the chromatograms was poor, but each 
amine appeared to be free of isomeric amines. A mixture of cis- 
and trans-l,2-dimethylcyclopropane was prepared34 and the iso
mers separated by g.l.p.c. over col. A. The trans isomer, b.p .36 
28.2°, had the lower retention time (cis, b.p .35 37.0°). The in
frared spectrum of the cis isomer agreed with the A.P.I. spectrum 
of the same material. 1,1-Dimethylcyclopropane was prepared 
according to Shortridge, et al.36

G.l.p.c.—All chromatograms were run on a Perkin-Elmer 
154-C vapor fractometer, utilizing columns A (diisodecyl phthal- 
ate), K (Carbowax 1500), and Ag (homemade column containing 
a saturated solution of silver nitrate in ethylene glycol). Calibra
tion solutions were used throughout to determine retention times 
and the relative response of the detector to different components.

Acetolysis of 3-Methyl-2-butyl Tosylate.—The procedure was 
that previously described2 for the acetolysis of ¿-pentyl bromide. 
The ester (33.5 g.) was heated at 55° for 4.5 days with 150 ml. of 
acetic acid and 17.4 g. of potassium acetate. There was obtained
5.7 g. of acetates (30%) and 4.7 g. of olefin (46%). The com
position of the acetate was determined on col. A at 100° and the

(27) P . S. Skell, I. S tarer, and  A. P. K rapcho, J .  A m .  C h e m .  S o c . ,  82, 
5257 (1960). 1,2-Methy] m igration to  give the ¿-pentyl carbonium  ion may 
be 80 favorable th a t  hydride shift cannot com pete; I I I  will be highly asym 
m etric if it is present.

(28) D . J. Cram  and  J. E. M cC arty , i b i d . ,  79, 2866 (1957).
(29) Typical procedures are given.
(30) S. W instein and  H. M arshall, J .  A m .  C h e m .  S o c . ,  74, 1120 (1952).
(31) J . S. Buck and A. M . H jo rt, i b i d . ,  59, 2567 (1937).
(32) D . T rasc ia tti, G a z z .  c h i m . i t a l . ,  29, I I ,  92 (1899) [ C h e m .  Z e n t r . ,  70, 

I I ,  801 (1899)).
(33) A. M ailhe, B u l l .  s o c .  c h i m .  F r a n c e ,  29, 219 (1921).
(34) Procedure of J. D. Bartleson, R. E. Burk, and H . P. Lankelm a, 

J .  A m .  C h e m .  S o c . ,  68, 2513 (1946).
(35) R. G. Kelso, K. W. Greenlee, J . M. Derfer, and C. E . Boord, i b i d . ,  

77, 1751 (1955).
(36) R. W. Shortridge, e t  a l . ,  i b i d . ,  70, 946 (1948).



1 6 9 0 S il v e r V o l . 2 8

composition of the olefin on col. A at room temperature. Com
parison of the infrared spectra of the reaction products and stand
ard solutions confirmed the g.l.p.c. analysis.

Deamination Reactions.—The procedure was that previously 
described2 for the deamination of ¿-pentylamine. Realization 
that some of the reaction products were unstable led us to settle 
on a standard reaction of 20 g. of Cj-amine and 30 g. of sodium 
nitrite. This standardization simplified the application of cor
rections for product instability. Some early runs were not run 
under standard conditions. Product analysis was primarily by 
g.l.p.c. Col. A at 100° readily resolved tertiary and second
ary products and isopentyl acetate. However, isopentyl alcohol 
had the same retention time as ¿-pentyl acetate on col. A and was 
determined with col. K at 70°. For ease in tabulation, we report 
only the sum alcohol plus ester in Tables I and II. Col. A at 
room temperature clearly resolved 3-methyl-l-butene, 2-methyl-
2-butene, and 2-methyl-l-butene.

Substitution Products from the Deamination Reaction.—A 
mixture (7 g.), 53% ¿-butyl alcohol and 47% ¿-butyl acetate, was 
treated with 17 g. of 2-butylamine and 30 g. of sodium nitrite in 
200 ml. of 75% acetic acid. The recovered ester-alcohol layer 
contained these materials in the relative amounts 52.5% and 
17.5%, respectively. From this and earlier work2 we deduce that 
¿-pentyl alcohol and acetate are entirely stable under the reaction 
conditions. However, many control studies indicated that the 
primary and secondary alcohols are partially destroyed during 
the course of the deamination (oxidation?) while the correspond
ing acetates are stable. The destruction amounted to about 
0 .8- 0 .9 g. of alcohol, and appeared to be fairly independent of 
solvent, the nature of the alcohol, or the amount of alcohol ini
tially present. We assumed that 0.9 g. of 3-methyl-2-butanol 
and isopentyl alcohol were destroyed in each deamination in 
determining the corrected composition of the alcohol-ester frac
tion (Table II). Here is an example of controls on the destruc
tion of isopentyl alcohol: 10 g. and 6 g. of a solution which was 
26% isopentyl alcohol (E) and 74% isopentyl acetate (F) were 
treated with 19.5 ml. of isopropylamine and 30 g. of sodium nitrite 
in 200 ml. of acetic acid. The recovered ester-alcohol layer from 
the former showed 20% E, 80% F, and from the latter, 17% E, 
83% F, corresponding to losses of 0.8 g. and 0.7 g., respectively. 
In the same way 4.6 g. and 3.3 g. of a solution which was 81% 3- 
methyl-2-butanol (G) and 19%, 3-methyl-2-butyl acetate (H) was 
treated with 19.5 ml. of isopropylamine and 30 g. of sodium 
nitrite in 300 ml. of 50% acetic acid. The recovered ester-alcohol 
layer from the former showed 76% G, 24% H and from the latter, 
75% G, 25% H, corresponding to losses of 0.9 g. and 0.8 g., 
respectively, of 3-methvl-2-butanol. G.l.p.c. analyses of a few 
of the alcohol-ester fractions were confirmed by infrared 
analyses.

An effort was made to determine if 2-methyl-l-butyl acetate 
was formed in the deamination of 3-methyl-2-butylamine in 
acetic acid. On col. A at 100°, a small peak appeared in the 
chromatogram of the reaction mixture at the same retention 
time as this ester. On col. K at 75°, there was a very slight bump 
in the chromatographic curve of the reaction mixture at the 
point where this ester should appear. By observing the chromato
gram of the reaction mixture to which a known amount of 2-

methyl-l-butyl acetate had been added, it was determined that 
less than 1% of this ester could have been originally present.

Olefins from the Deamination Reaction.—We previously re
ported2 that, in the deamination of ¿-pentylamine, some fractiona
tion occurs between 2-methyl-2-butene and 2-methyl-l-butene. 
Similar effects were encountered in the present work. In 200 
ml. of acetic acid were placed 18 g. of 2-butylamine and 3.9 g. of a 
mixture which was 22% 2-methyl-l-butene (B), 42% 2-methyl-2- 
butene (C), and 37% 3-methyl-l-butene (D). After the addition 
of 30 g. of sodium nitrite, the per cents were 24, 32, and 45, 
respectively. A duplicate run gave values of 24, 34, and 42. 
These particular controls were used to correct the olefin composi
tion from the deamination of 3-methyl-2-butylamine in acetic 
acid. In another control run, 18 g. of n-butylamine and 3.2 g. of a 
mixture which was 13% B, 13% C, and 74% D were treated with 
30 g. of sodium nitrite. The recovered olefin had per cents
14, 3, and 83, respectively, and a duplicate run gave values of
15, 6, and 79. These controls were applied to the deamination 
of isopentylamine in acetic acid. In agreement with previous ex
periments,2 fractionation of olefin decreased with decreasing 
acetic acid content of the solvent. For example, a mixture (3.2 
g.) which was initially 15% B, 14% C, and 72% D was 16%, B, 
12% C, and 72%, D after treatment with 18 g. of ra-butylamine 
and 30 g. of sodium nitrite in 300 ml. of 50% acetic acid. No 
controls were run for olefin destruction in 25% acetic acid or far 
runs 9 and 12 of Table I (see Results). Infrared analysis of some 
reaction mixtures confirmed the correctness of the g.l.p.c. analysis.

1.2- Dimethylcyclopropane from the Deamination of 3-Methyl-2- 
butylamine.—With col. K and Ag in series, g.l.p.c. cleanly  ̂sepa
rated cis- and ¿raas-l,2-dimethylcyclopropane from the other 
C5H10 hydrocarbons present and from each other. The C5H« 
fraction from the deamination showed peaks with retention times 
corresponding to those of the cyclopropanes. In operations with 
other g.l.p.c. columns, these peaks behaved entirely in accord 
with this assignment. When the C5H10 fraction was stirred with 
aqueous permanganate for 23 hr. at 25°, the band assigned to the 
trans isomer increased to 61% from 10%. At the time of this 
experiment, we had not yet found a way to separate the cis isomer 
from 2-methyl-2-butene. After permanganate treatment, this 
composite band had also increased in size, in agreement with the 
supposition that cis-1,2-dimethylcyclopropane was present. 
The infrared spectrum of the hydrocarbon recovered from the 
permanganate treatment was nearly identical to that of a mixture 
of 66% trans- and 34% cis-1,2-dimethylcyclopropane. The 
slight differences in the two spectra were readily accounted for by 
the small amounts of C5H10 olefin that had survived the per
manganate treatment.

1.2- Dimethylcyclopropanes from the Deamination of Isopentyl
amine.—Consideration of the C5H10 fraction from this reaction, in 
the manner outlined, indicated the possibility of the pres
ence of traces of 1,2-dimethylcyclopropanes. Many passes of 
small samples of the hydrocarbon fraction from one deamination 
through col. Ag enabled us to collect a dilute solution of the cyclo
propanes in carbon tetrachloride. The infrared spectrum of this 
solution confirmed the formation of 1,2-dimethylcyclopropanes. 
We were unable to detect with g.l.p.c. any 1,1-dimethylcyclopro- 
pane in the C5H10 fraction.
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H ugo H . Sephto n2 and N elson K. R ichtmyer

National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Public Health Service, 
United States Department of Health, Education, and Welfare, Bethesda 14, Maryland

Received November 20, 1962

In addition to the well known D-manno-heptulose and the recently discovered D-faio-heptulose and D-glycero- 
D-manno-octulose, the avocado contains very small amounts of a second octulose. The new sugar was isolated 
as an amorphous solid, with [ a ] “ D about —60°. Its structure was proved to be o-glycero-^galado-octulose by 
degradation with lead tetraacetate and with oxygen in alkaline solution, and was confirmed by synthesis, both 
enzymatic and chemical. Although aldoheptoses have been reported previously as constituents of bacterial 
polysaccharides, the isolation of n-glycero-v-galacto-heptose from the avocado marks the first known appear
ance of an aldoheptose in the plant world.

LaForge3 discovered n-mcmno-heptulose in the avo
cado in 1917 and in the same year LaForge and Hudson4 5 
discovered sedoheptulose (D-aZiro-heptulose) in S e d u m  
sp ec ta b ile  Bor. More than forty years elapsed before 
any additional higher-carbon ketoses were found in 
nature. In 1959-1960 Charlson and Richtmyer6 re
ported the isolation of n -g ly c e ro -D -m a n n o -o c tu lo se  
(I) from both the avocado and from S e d u m  species, 
and obtained strong evidence for the presence of d- ta lo -  
heptulose, also, in the avocado.

We have now extracted 95 kg. of the ripe pulp from 
400 California avocados (Calavo, Hass variety) with 
20% ethanol and, after precipitating the gums with 
methanol, deionizing, and removing most of the per- 
seitol, D-manno-heptulose, G -e ry th ro -D -g a la c to -o c tito lf  
and rayo-inositol by crystallization, obtained 304 g. of a 
residual sirup. This material was chromatographed 
and the octulose-nonulose fraction rechromatographed 
several times on columns of cellulose powder by elution 
with aqueous 1-butanol; some improved techniques 
that we believe have not been published before are de
scribed in the Experimental section. After the faster- 
moving, dextrorotatory n -g ly c e ro -D -m a n n o -o c tu \o se  (I) 
had been separated, a very small amount of a second 
octulose was obtained that appeared to be homogeneous 
and was a colorless, hygroscopic, amorphous solid 
showing [ a ] 20D —57° in water. It was characterized 
further through its crystalline 2,5-dichlorophenylhy- 
drazone melting at 178-180°. This second octulose 
from the avocado was proved to be T>-glycero-\j-galacto- 
octulose (II) by the following reactions. First, upon 
degradation with two molecular equivalents of lead 
tetraacetate in glacial acetic acid, according to the 
procedure of Perlin and Brice,6 it yielded an aldose 
with the mobility of D-gulose (III) on paper chromato
grams, together with a pentose indistinguishable from 
D-xylose on paper chromatograms and formed probably 
by further degradation of the D-gulose. Second, upon 
degradation with oxygen in alkaline solution, according 
to the procedure of Spengler and Pfannenstiel,7 it yielded

(1) A prelim inary account of a  p a r t  of th e  work on th e  octulose was pre
sented before th e  Division of C arbohydrate  Chem istry, 140th N ational M eet
ing of the  American Chem ical Society, Chicago, 111., Septem ber, 1961. Unfor
tunately , th e  octulose was reported  incorrectly  a t  th a t  tim e as n - g l y c e r o -  

D-iaZo-octulose; A bstracts  of papers, p. ID .
(2) Visiting Scientist of th e  Public H ealth  Service, Septem ber, 1959, to  

October, 1962.
(3) F . B. LaForge, J.  B i o l .  C h e m . ,  28, 511 (1917).
(4) F . B. LaForge and  C. S. Hudson, ibid., 30, 61 (1917).
(5) (a) A. J . C harlson and N. K . R ichtm yer, J. A m .  C h e m .  S o c . ,  81, 1512 

(1959); (b) 82, 3428 (1960).
(6) A. S. Perlin and C. Brice, C a n .  J. C h e m . ,  34, 541 (1956).

an acid and a lactone with the same mobilities on paper 
chromatograms as D -glycero-iu-galacto-heptonic acid and 
its lactone (IV). Third, while the mobilities of the deg
radation products do not distinguish between enantio- 
morphs, a comparison of rotations gave a good clue. 
Hudson8 called attention to the similarity of physical and 
chemical properties of the higher-carbon sugars to those 
of a corresponding hexose that possessed like configura
tion for the asymmetric carbon atoms 2, 3, 4, and 5. 
Montgomery and Hudson9 compared D-raanno-heptulose 
and D-mannose similarly. Wolfrom found that compar
isons of rotations were valid also when extended to in
clude octuloses10 and nonuloses.11 Since the second octu
lose (II) isolated from the avocado had a molecular rota
tion ([MJ20d —13,680) similar to that of L-galactose 
(—14,450), L-<;aZacfo-heptulose ( — 18,000), and l - 
g lycero -i-ga lac to -octn lo se  (—14,88012), it was assumed 
to have configuration II rather than that of the enanti- 
omorph of II.

Finally, the D -glycero-i.-galacto-octulose  (II) was ob
tained through synthesis, both enzymatic and chemical. 
Jones and Sephton12 earlier had condensed 1,3-dihy- 
droxy-2-propanone phosphate (V) with D-xylose (VI) in 
the presence of rabbit muscle aldolase and obtained an 
octulose phosphate from which they prepared 6 mg. of a 
product that was believed to be, but not positively iden
tified as, B -glycero-'L -galado-octu lose  (II). We repeated 
their enzymatic synthesis, with slight modifications, and 
obtained a product whose mobilities on paper chroma
tograms in four different solvent systems were identical 
to those of the second avocado octulose. These results, 
together with those described in the next paragraph, 
give confirmatory proof of the structure of the octulose 
of Jones and Sephton.

Chemical synthesis of the octulose (II) was achieved 
by application of Sowden’s 2-nitroethanol synthesis, 
previously used only for the preparation of heptuloses 
from pentoses.13 For this, D-gulose (III) was condensed 
with 2-nitroethanol (VII) in the presence of sodium 
methoxide. The solid product, isolated as a mixture of

(7) O. Spengler and  A. Pfannenstiel, Z .  W i r t s c h a f t s g r u p p e  Z u c k e r i n d . ,  85, 
Tech. Tl. 547 (1935).

(8) C. S. H udson, A d v a n .  C a r b o h y d r a t e  C h e m . ,  1, 26 (1945); R . M. Hann, 
A. T. M errill, and  C. S. Pludson, J .  A m .  C h e m .  S o c . ,  66, 1912 (1944), and 
earlier papers from the ir laboratory.

(9) E . M . M ontgom ery an d  C. S. Hudson, i b i d . ,  61, 1654 (1939).
(10) M . L. W olfrom and P. W. Cooper, i b i d . ,  72,  1345 (1950).
(11) M . L .  Wolfrom and  H . B. Wood, Jr ., i b i d . ,  77, 3096 (1955).
(12) J . K . N. Jones and  H . H . Sephton, C a n .  J .  C h e m . ,  38, 753 (1960).
(13) J . C. Sowden, J. A m .  C h e m .  S o c . ,  72, 3325 (1950); A d v a n .  C a r b o 

h y d r a t e  C h e m . ,  6 , 291 (1951); J. C. Sowden and D . R. Strobach, J .  A m .  

C h e m .  S o c . ,  80, 2532 (1958).
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sodium salts (VIII), was decomposed with sulfuric acid 
to give the desired octulose (II) aud, presumably, its 
epimer, o-glycero-h-talo-octnlose (IX).14 Separation on 
a cellulose column afforded amorphous v-glycero-ij-ga- 
lacto-octulose (II), which showed [ a ] 20D —61° in water, 
a value similar to that ( — 57°) observed for the second 
avocado octulose. Paper chromatography and infrared 
spectroscopy failed to reveal any difference between the 
synthetic and the natural octuloses and both octuloses 
afforded the same 2,5-dichlorophenylhydrazone.

Although several aldoheptoses have been reported as 
constituents of the polysaccharides of Gram-negative 
bacteria,16 including D-glycero-n-galacto-heptose (X) 
from Chromobacterivm violaceum (Birch), they have not 
been found previously as the free sugar, or in either 
plant or animal sources.16 We have found, unexpect
edly, that D-glycero-o-galacto-heptose (X) was a heavy 
contaminant in several of the fractions containing the 
avocado octuloses and nonuloses.17 Its presence was 
first suspected after a portion of one of the octulose 
fractions was oxidized with two molecular equivalents 
of lead tetraacetate and D-arabinose was detected; 
this could not be derived from either avocado octulose, 
I or II. Later, the v-glycero-n-galacto-heptose was

Cl4) To be described in a la te r paper,
(15) See the  review by D. A. L. Davies, A d v a n . C a r b o h y d r a t e  C h e m . ,  15, 

271 (1960).
(16) For a recent review of the  higher-carbon sugars, bo th  aldoses and 

ketoses, na tu ra l and syn thetic, see J . M. W ebber, i b i d . ,  17, 15 (1962).
(17) In  fact, i t  was th e  presence of th is  heptose th a t  was chiefly responsible 

for ou r earlier incorrect identification of th e  second avocado octulose; see 
ref. 1 .
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found to be separable from the second octulose by elec
trophoresis or by paper chromatography in borate buf
fers, and finally it was obtained directly from an octu
lose fraction as its 2,5-dichlorophenylhydrazone and 
from an octulose-nonulose fraction by direct crystalli
zation. Although n-glycero-D-galacto-heptose is closely 
related to D-manwo-heptulose, we do not believe that our 
solutions were ever sufficiently alkaline to bring about a 
Lobry de Bruyn-Alberda van Ekenstein transformation 
of ketose to aldose. It is conceivable, however, that the 
heptose may have been a component of an oligosac
charide and was liberated by acid hydrolysis (see Ex
perimental section), but the precise origin of X has not 
been established.

Experimental
Paper chromatography was carried out on Whatman no. 1 

filter paper by the descending method at room temperature. 
The following solvent systems were used: A, ethyl acetate-acetic 
acid-formic acid-water (18:3:1:4); B, 1-butanol-ethanol- 
water (40:11:19); C, 1-butanol-pyridine-water (6:4:3); andD, 
ethyl acetate-pyridine-water saturated with boric acid (12:5:4). 
Spray reagents used were aniline hydrogen phthalate for aldoses, 
orcinol-hydrochloric acid for ketoses, alkaline hydroxylamine- 
ferric chloride for lactones and esters (acids were detected by first 
converting them into esters by hanging the chromatograms for 10 
min. in a tall cylinder containing diazomethane vapors), and silver 
nitrate (ammoniacal, or in conjunction with sodium hydroxide in 
ethanol) or sodium metaperiodate-potassium permanganate for 
alditols, sugars, and other polyhydroxy substances in general. 
All concentrations were carried out in vacuo at temperatures not 
over 50°; the final drying of sirups was completed in evacuated 
desiccators over granular calcium chloride. Melting points were 
determined on a Kofler micro hot stage.

Isolation of Sugars from Avocado Pulp and Chromatographic 
Separation into Fractions.—Four hundred ripe avocados (Cali
fornian Calavo, Hass variety18 *) were freed from skin and seeds, 
and the pulp (95 kg.) was extracted with 20% ethanol; the ex
tract was freed from gums and deionized as described earlier66 
and then concentrated until perseitol began to crystallize when 
the solution was cooled to room temperature. The perseitol 
weighed 162 g., and on further concentration and cooling the 
mother liquor deposited two additional crops (the last being 
slightly contaminated with ?i?.j/o-inositol); the total was 332 g. of 
perseitol. The mother liquor was concentrated to 700 ml., 
diluted with an equal volume of methanol, and the solution ino
culated with seed crystals of perseitol, n-erythro-D-galado-octito\,i 
and mj/o-inositol, and cooled slowly to 0°. After removal of the 
first crop (28 g.), the filtrate was concentrated to a sirup; this 
was dissolved in 700 ml. of methanol at 45°, and the solution ino
culated and cooled to 0°. The second batch (5 g.) was removed, 
and the filtrate concentrated to a sirup; this was dissolved in 300 
ml. of methanol and the solution diluted at 40° with ethanol to 
incipient cloudiness, inoculated, and cooled slowly to 0°. The 
total yield of mixed polyhydric alcohols was 42 g. The final fil
trate was concentrated to 420 g. of a thick sirup that was dis
solved in 300 ml. of methanol at 45° and inoculated with n-manno-

(18) Charlson and  R ichtm yer (ref. 5) used the  F uerte  varie ty  of Calavo;
the  choice of avocado has been d ic ta ted  only by th e  varie ty  availab le in  th e
m arke t a t  th e  tim e th e  researches were begun.
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heptulose. After standing for a week at 0° the D-mcmreo-heptulose 
(109 g.) was filtered and the filtrate concentrated to a dry sirup 
weighing 304 g.

The residual sirup was dissolved in 200 ml. of methanol and to 
the solution was added 150 g. of Whatman standard grade cellu
lose powder that had previously been washed well with hot water 
and then acetone and dried. The slurry was stirred and 200 ml. 
of 1-butanol, half saturated with water, added to precipitate the 
sirupy material onto the cellulose. The methanol was removed 
on a rotary vacuum evaporator and the free-flowing slurry in 1- 
butanol transferred to the top of a large cellulose column (100 
cm. X 12 cm.); the column had been prepared by packing it 
under air pressure with an acetone slurry of 2.5 kg. of washed 
Whatman cellulose powder and the acetone displaced later with 
half-saturated aqueous 1-butanol. Elution of the column was 
effected with half-saturated aqueous 1-butanol gradually in
creasing to fully saturated aqueous 1-butanol. With an auto
matic collector, 52 fractions, each containing 2.21., were obtained 
and combined later according to their contents as assayed by 
paper chromatography. Fractions 1-24 contained lower mono
saccharides and D-raarmo-heptulose totaling 228 g. Fractions 
25-27 consisted principally of D-glycero- D- ma?ma-octulose5 (I ,
11.2 g.). Fractions 28-37 (total 18.3 g.) appeared to contain the 
same octulose (I), a second octulose, and also two nonuloses; a 
partial examination of these fractions will be described later. 
Fractions 38-52 (36 g.) contained mostly oligosaccharides com
posed of both aldoses and ketoses, and these fractions, together 
with fractions 1-27, were saved for further examination at a 
later date.

Fractions 28-30 and 31-37, being already partially resolved 
into octulose and nonulose components, respectively, were dis
solved separately in small amounts of methanol and additional 
amounts of polyhydric alcohols (0.5 and 2.6 g., respectively) iso
lated by slow concentration and crystallization of the solutions at 
0°. The filtrates were concentrated to sirups whose paper chro
matographic examination showed the presence of oligosac
charides. Accordingly, these components were hydrolyzed by 
dissolving the sirups each in 5 ml of 0.2 N  aqueous hydrochloric 
acid and heating 12 hr. at 95°. The hydrolyzates were deacidified 
with Duolite A-4 ion-exchange resin. Examination of these 
hydrolyzates by paper chromatography indicated that the 
liberated sugars were principally manno-heptulose and xylose, 
with lesser amounts of fructose, glucose, and arabinose.

To maintain the partial separation of octuloses and nonuloses 
already achieved and to effect their further separation and puri
fication, a cellulose column (85 cm. X 5 cm.) was prepared; on 
top of this were placed the combined, hydrolyzed fractions 28-30 
that had been precipitated onto cellulose and slurried in half- 
saturated aqueous 1-butanol as described above; the cellulose in 
the slurry was allowed to settle in a horizontal layer and the sol
vent was drained to the level of that layer; and finally fractions 
31-37 were deposited similarly in a layer on top of fractions 28-30. 
Elution of this column with half-saturated aqueous 1-butanol re
moved the lower monosaccharides (2.7 g.), D-iuarwio-heptulose 
(3.3 g.), r>-glycero-D-manno-octu\ose (2.3 g.), then five fractions 
(total 4.4 g.) of partially separated octuloses and nonuloses, and 
finally 2.1 g. of unhydrolyzed oligosaccharides plus some of the 
second nonulose.

The five fractions that contained most of the remaining octul
oses and nonuloses were concentrated to dryness and an additional 
0.3 g. of polyhydric alcohols was removed by dissolving the resi
dues in small amounts of methanol and filtering. The five fil
trates were precipitated separately onto cellulose powder and the 
slurries deposited on the top of a cellulose column (100 cm. X 3 
cm.) in layers in the same order in which they had been eluted 
from the previous column. Elution with quarter-saturated aque
ous 1-butanol increasing to half-saturated aqueous 1-butanol 
yielded seven fractions. Fraction A (0.49 g.) was chromatographi- 
cally pure v-glycero-D-manno-octu\ose (I) with [c*]20d +26.5° in 
methanol (c 5; previously reported6 +20°). Fraction B (0.50 
g.) was a mixture of the two octuloses (I and II) and a heptose. 
Fraction C (0.32 g.) contained the second octulose (II) and a 
heptose (X) separable from it by electrophoresis and by chro
matography in solvent D but not in solvents A, B, or C. Fraction 
D (0.49 g.) contained the second octulose (II), the first nonulose, 
and some heptose (X). Fraction E (1.08 g.) contained principally 
the first nonulose, fraction G (0.42 g.) principally the second 
nonulose, and fraction F (0.50 g.) a mixture of the two nonuloses.

Isolation of o-glycero-L-galaclo-Octvlose (II) from Fraction B.— 
The 0.5 g. of fraction B was dissolved in 100 ml. of water and the

heptose contained therein destroyed by adding 0.5 g. of barium 
carbonate and 0.5 ml. of bromine and stirring vigorously for 10 
min. at room temperature. The excess of bromine was removed 
by aeration, the solids were removed by filtration, and the filtrate 
was deionized by passage through Dowex 50 and Duolite A-4 ion- 
exchange resins. Concentration left 0.27 g. of a dry sirup. This 
residue was dissolved in 10 ml. of methanol, precipitated onto 
cellulose powder, and the slurry put on top of a cellulose column 
(100 cm. X 2.5 cm.) in the manner described earlier in this 
publication. Elution with quarter- to half-saturated aqueous 1- 
butanol afforded one fraction that appeared to be homogeneous 
and to contain only the second octulose (D-glycero-L-galacto- 
octulose, ID when examined by paper chromatography in all 
four solvent systems. After filtration through activated carbon 
(Darco X) the solution was concentrated to a colorless, amor
phous, hygroscopic solid that weighed 57 mg. and showed [a]20D 
— 57° in water (c 2).

A 19-mg. portion of the second octulose (II) was heated with 
twice its weight of 2,5-aichlorophenylhydrazine in 1 ml. of 
methanol on the steam-bath until near dryness. Additional 
methanol was added and the heating repeated until a total of 5 
ml. of methanol had. been used and the total heating time had 
been 45 min. Upon cooling to room temperature the residue 
crystallized in part; it was washed with ethyl ether seven times 
by decantation to remove the excess of reagent and the residue 
was recrystallized from methanol. The D-glycero-h-galado- 
octulose 2,5-dich!orophenylhydrazone separated into aggregates of 
nearly colorless, small needles that melted at 178-180°. The 
recrystallized first crop weighed only 1.6 mg.; two additional 
crops (6.5 mg.) were obtained by reheating the original mother 
liquor with the ethyl ether extract containing the excess of rea
gent from the first crop of crystals.

Anal. Calcd.forC„H20Ci2N2O7: Cl, 17.8. Found: Cl, 18.1.
Degradation of v-glycero-h-galacto-Oclnlose (II) to D-Gulose 

(III) and D-Xylose (VI) with Lead Tetraacetate.—To a solution 
of 10 mg. of the second octulose (II) in 10 ml. of glacial acetic acid 
wras added 2 ml. of 0.04 M  lead tetraacetate in glacial acetic acid 
(2 molecular equivalents). After 15 min. at room temperature 
the lead was precipitated as the oxalate by the addition of a slight 
excess of a 10% solution of oxalic acid in acetic acid. The precip
itate was removed by centrifugation and the acetic acid evap
orated by a current of air. The residue was heated in 10 ml. of 
5% aqueous acetic acid for 8 hr. on the steam bath to hydrolyze 
formyl and glycolyl groups, and the solution was then deacidified 
¡with Duolite A-4 ion-exchange resin and concentrated. The 
product, on paper chromatographic examination in solvents A, B, 
and C, showed aldose spots corresponding to gulose and xylose 
only.

Degradation of D-glycero-L-galado-Ociulose (II) to D-glycero-L- 
galacto-Heptonic Acid with Oxygen in Alkaline Solution.—A 2-
mg. portion of the second octulose was deposited on the inside 
surface of a 25-ml. flask by concentrating its solution in 1 ml. of 
methanol on a rotary evaporator. By means of a three-way stop
cock, the flask was evacuated and filled with oxygen from a bal
loon attached to one branch of the stopcock; through another 
branch, 0.5 ml. of N  aqueous potassium hydroxide was intro
duced; and the flask, with oxygen balloon attached, was rotated 
overnight. The solution was diluted with water, decationized 
with Dowex 50 resin, and concentrated. Paper chromatographic 
examination in solvents A, B, and C showed that the product 
contained an acid and a lactone with the same mobilities as d- 
glycero-h-galado-beptomc acid and lactone (IV). The lactone 
was readily distinguishable from D-glycero-L-talo-heptomc lac
tone on paper chromatograms.

Enzymatic Synthesis of D-glycero-i,-galacto-Octulose (II) from 
D-Xylose (VI).—The Jones and Sephton12 procedure was modified 
as follows. A mixture of 0.1 g. of n-fruc-tose 1,6-diphosphate tri- 
(cyclohexylammonium) salt, 0.05 g. of D-xylose, and 20 mg. of a 
commercial muscle aldolase in 9 ml. of wTater at pH 6.7 was kept 
at room temperature for 3 days. The proteins were coagulated 
by heat and filtered; the filtrate was cooled and adjusted to pH 
5; and 30 mg. of acid phosphatase was added to hydrolyze the 
sugar phosphates. The solution was then deproteinized, de
ionized, and concentrated. Paper chromatographic examination 
of the product showed, besides fructose and xylose, an octulose 
with the same mobility in all four solvent systems as the second 
octulose (II) from the avocado.

The 2-Nitroethanol Synthesis of n-glycero-i.-galacto-Octulose 
(II) from n-Gulose (III).—A solution of D-gulose was prepared by 
deionizing 20 g. of a-D-gulose • CaCl2 ■ H20  with Dowex 50 and
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Duolite A-4 resins, and concentrated to a dry sirup. To a solu
tion of this sirup in 20 ml. of methanol was added 10.5 g. of 2- 
nitroethanol (VII, freshly distilled from a commercial product) in 
15 ml. of methanol followed by a solution of sodium methoxide 
made by dissolving 2.6 g. of sodium in 60 ml. of methanol. The 
mixture was stirred vigorously at room temperature for 6 hr., 
then cooled to 0°, and the precipitated sodium salts were filtered 
and washed in succession with cold methanol, ethyl ether, and 
petroleum ether (b.p. 90-100°). While still moist, the filter cake 
was dissolved in ice-cold water and decationized without delay 
by passage through a column of Dowex 50 resin. Concentration 
of the effluent yielded 11.6 g. of a dry sirup containing the 2- 
deoxy-2-nitrooctitols but attempts to crystalline them from 
methanol and ethanol were unsuccessful. The sirup, therefore, 
was dissolved in a cold solution containing 1.7 g. of sodium hy
droxide in 35 ml. of water and the solution added dropwise, with 
stirring, to 30 ml. of cold aqueous 50% sulfuric acid. The solu
tion was warmed to 30°, deionized with Dowex 50 and Duolite 
A-4 resins, and concentrated to a sirup. Paper chromatography 
indicated that the sirup contained the two expected octuloses and 
two other orcinol-positive compounds (possibly anhydrooctuloses) 
in addition to a small amount of D-gulose. These components 
were separated on a cellulose column (100 cm. X 4 cm.) by elu
tion with quarter- to half-saturated aqueous 1-butanol. The 
sirupy D-glycero-h-galacto-octnloee fraction (1.36 g., 8.8% over 
all from the D-gulose calcium chloride compound) showed [ « ] 20d  
— 61° in water (c 12) as compared with the value [o : ] 20d  —57° 
observed for the second avocado octulose (II).19 The infrared 
spectrum (dried film from methanol) of the chemically synthe
sized octulose was almost identical with that of the second octu
lose (II) from the avocado, and paper chromatography in all 
four solvent systems indicated the identity of the chemically 
synthesized octulose, the enzymatically synthesized octulose, and 
the second octulose from the avocado.

The 2,5-dichlorophenylhydrazone of this synthetic v-glycero-h- 
galado-octu\ose was prepared as described for the second avocado 
octulose, but in better yield (59 mg. from 50 mg. of octulose sirup). 
The twice-recrystallized product melted at 179-181° alone and 
when mixed with the previously described compound. The in
frared spectra of the two products in Nujol mulls were almost 
identical.

Anal. Calcd. for CuH20C12N2O,: C, 42.12; H, 5.05; Cl, 
17.76; N, 7.02. Found: C, 42.11; H, 5.43; Cl,17.57; N, 6.93.

Lead Tetraacetate Oxidation of Fraction C to D-Arabinose. 
Isolation of o-glycero-n-galacto-Heptose (X) from Fraction C.—A 
13-mg. portion of fraction C was oxidized with two molecular 
equivalents of lead tetraacetate in the manner described earlier 
in this paper for D-glycero-L-galacto-oetu\ose (II). The 9 mg. of 
resulting sirup showed [«]%> —72° in water (c 3). On paper 
chromatograms developed with solvents A, B, and C the main 
component of the sirup was found to be a pentose with the same 
mobility as arabinose but readily separable from lyxose, ribose, 
and xylose. A 3.2-mg. portion of this sirup and 3.5 mg. of 1,1- 
diphenylhydrazine in 1 ml. of ethanol, kept in the dark at room 
temperature for 3 days, deposited crystals that were identified as

(19) T he values [q;]28d —43.4 —>■ —13.4° reported by  Jones and  Sephton 
(ref. 12) refer to  a very  small and  obviously ra th e r im pure sam ple of 
enzym atically synthesized n - g l y c e r o - L - g a l a c t o - o c t u l o a e .

D-arabinose 1,1-diphenylhydrazone by its m.p. of 197-199° and 
m.m.p. of 198-201° with authentic material prepared similarly.

Another portion (25 mg.) of fraction C in 0.05 ml. of water was 
applied in a 28-cm. streak to a sheet of S & S no. 589 electro
phoresis paper moistened with sodium borate butter at pH 10. 
Separation of the heptose and octulose was obtained by' applying 
a 900-v. potential (38-55 ma.) for 3.5 hr. at —5°. The posi
tions of the sugars were determined by spraying test strips 
with 0.06% sodium metaperiodate in 10% aqueous acetic 
acid (10 min.) followed by 2% p-anisidine in 2% aqueous acetic 
acid. The slower-moving component was recovered by extraction 
with methanol, removal of ions and boric acid in the usual man
ner, and concentration to 10 mg. of dry sirup. The product, 
crystallized readily from methanol, weighed 4 mg. and was identi
fied as D-glycero-fi-v-galacto-heptose by m.p. 139-141° and m.m.p. 
140-141° with an authentic sample of that sugar recrystallized 
from methanol.

Another portion (27 mg.) of fraction C was refluxed for 2 hr. 
with 40 mg. of 2,5-dichlorophenylhydrazine in 10 ml. of methanol 
and then evaporated carefully to dryness on a steam bath. The 
residue solidified on cooling and was freed from excess of reagent 
by washing by decantation several times with ether. The d -  
glycero-o-galado-heptose 2,5-dichlorophenylhydrazone, on re
crystallization from methanol, separated in clusters of small 
needles (18.4 mg.), m.p. 203-204°. The 2,5-dichlorophenyl
hydrazone prepared in the same way from an authentic specimen 
of the heptose also melted at 203-204°, and a mixture melting 
point was not depressed. The infrared spectra (Nujol mulls) of the 
two derivatives were identical.

Anal. Calcd. for C13Hi8C12N20 6: C, 42.29; H, 4.91; Cl, 
19.2; N, 7.6. Found (derivative of compound from avocado): 
C, 42.19; H, 5.23; Cl, 19.2; N, 7.6.

Direct Crystallization of D-glycero-0-D-galacto-lieptose from 
Fraction D.—The 0.49 g. of fraction D, containing n-glycero-D- 
galacto-heptose and also some of the second octulose (II) and 
first nonulose, was dissolved in 1 ml. of methanol and nucleated 
with a tiny crystal of authentic D-glycero-fj-v-galado-heptose. 
During the course of several weeks at room temperature a mass of 
prismatic crystals formed. The product, filtered and washed 
with methanol and air dried, weighed 58 mg., melted at 139-140° 
alone and at 140-141° when mixed with authentic heptose. It 
mutarotated from [a] 20d  +47° (5 min.) to +64° (7 hr., constant) 
in water (c 0.5). Montgomery and Hudson20 reported m.p. 
145° and [< *]20d  +43.9° (4.8 min.) to +69.1° (equilibrium) for 
anhydrous v-glycero-fi-T>-galacto-heptose.

Anal. Calcd. for CiHnCb: C, 40.00; H, 6.71. Found: C,
40.19, 40.16; H, 7.07, 6.94.

Acknowledgment.—The authors wish to thank Mr. 
Harold G. McCann and his associates in the Analytical 
Services Unit of this laboratory for obtaining the 
infrared spectra and elemental analyses, and Dr. John
C. Keresztesy and his associates in the Section on 
Fractionation and Isolation, also of this Institute, for 
their help in obtaining and concentrating the avocado 
pulp extracts.

(20) E. M. M ontgom ery and C. S. H udson, J .  A m .  C h e r a .  S o c . ,  64, 247 
(1942).
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The hexachloroantimonate salts of several stable carbonium ions have been prepared by the reaction of anti
mony pentachloride with certain hydrocarbons.

In connection with another problem it was observed 
that cycloheptatriene reacted with antimony penta
chloride to produce tropylium hexachloroantimonate. 
This observation was not unexpected since there are 
several reported instances of analogous reactions of 
cycloheptatriene and strong Lewis acids. For example, 
phosphorus pentachloride,1 stannic chloride,2 and boron 
halides3 each react with cycloheptatriene under various 
conditions to produce salts of the tropylium cation.

However, the present reaction with antimony penta
chloride was intriguing in that the yields of tropylium 
salt appeared to be high and also because of the fact 
that the reaction could be carried out smoothly at 
ambient temperatures and in such inert solvents as 
dry carbon disulfide or benzene. These factors sug
gested that the method might be useful for the isolation 
of salts of other carbonium ions which have been ob
served to be stable for prolonged periods, but only in 
solutions which did not allow for their isolation, e.g., 
the carbonium ions formed upon protonation of aroma
tic hydrocarbons in strong acids.4 5 The results of 
several such attempts are discussed.

Results and Discussion
The reaction of antimony pentachloride with cyclo

heptatriene in 2:1 molar ratio proceeds readily at 0° 
in solvents such as carbon disulfide and benzene to 
give a gray, crystalline precipitate of tropylium hexa
chloroantimonate and simultaneous formation of anti
mony trichloride and hydrogen chloride. In large 
scale preparations the salt formed is much darker and 
contains small amounts of polymeric material which 
possibly results from the impurity in the cyclohep
tatriene (~5% ) or from other possible side reactions.

The reaction between triphenylmethane and anti
mony pentachloride in carbon disulfide followed a 
similar course6 to produce yellow, crystalline triphenyl- 
methyl hexachloroantimonate together with antimony 
trichloride, both in practically quantitative yields. 
The stoichiometry of the reaction is found to be as 
shown in the following equation.

Ph3CH +  2SbCls — >- Ph3C+SbCI6-  +  SbCh +  HC1

The triphenylmethyl salt obtained in this reaction 
is identical with that obtained from the reaction of

(1) (a) D . N . K ursanov an d  M. E . Volpin, D o k l .  A k a d .  N a u k , S S S R ,  113, 
339 (1957); (b) D . B ryce-Sm ith and  N. A. Perkins, J .  C h e m .  S o c . ,  1339 
(1962).

(2) U npublished work of H . J .  D auben and  K . M . H arm on (personal 
com m unication). C ycloheptatriene also form s tropy lium  salts  w hen 
tre a ted  w ith s tann ic  chloride and  ¿-butyl chloride [D. B ryce-Sm ith an d  
N. A. Perkins, J . C h e m .  S o c . ,  2320 (1961)]; w hether th is  reaction involves 
hydride abstrac tion  by  stannic  chloride is no t clear.

(3) K . M . H arm on, A. B. H arm on, an d  F. E . Cum m ings, J .  A m .  C h e m .  

S o c . ,  83, 3912 (1961).
(4) V. Gold and  F . L. Tye, J .  C h e m .  S o c . ,  2172 (1952).
(5) T he isolation of a  complex from th is  reaction was first reported  by

S. H ilpert and  L. W olf [ B e r . ,  46, 2218 (1913)] b u t th e  natu re  of the  m aterial
was not then  discussed.

triphenylmethyl chloride and antimony pentachloride. 
I t reacted immediately with water to produce triphenyl- 
methanol and with cycloheptatriene to give tropylium 
hexachloroantimonate and triphenylmethane, a reac
tion typical of the triphenylmethyl cation.6

The antimony trichloride produced in these reactions 
was identified by conversion to the cesium chloride 
complex7 and comparison of this with authentic mate
rial.

Utilizing the same reaction we have isolated the 
hexachloroantimonate salt of the 9-anthracenium a 
complex (I). 9,10-Dihydroanthracene when treated 
with two moles of antimony pentachloride in cold 
anhydrous benzene produced a yellow, microcrystalline 
precipitate of the SbCl6_ salt of I in yields of better 
than 95%. Quantitative amounts of antimony tri
chloride were formed and hydrogen chloride was again 
liberated. There can be little doubt that the reaction 
has taken the same course as indicated below. The 
isolation of quantitative amounts of antimony tri
chloride indicates that the salt is not an antimony 
pentachloride-hydrocarbon complex of the a type 
or charge transfer type.8

The salt, I, rapidly decomposes on exposure to 
moist air. I t reacts immediately with water to form 
anthracene. Solutions of the salt in nitromethane, 
when treated with cycloheptatriene, give rise to 
tropylium hexachloroantimonate.

In a similar manner, reaction of antimony penta
chloride with dihydrotetracene gave a yellow precipi
tate to which addition of water produced tetracene. 
Although in this instance the yield of salt was less 
than the previous cases (25% based on recovered 
tetracene) it seems certain that the material involves 
the protonated tetracene <r complex II. The salt also 
rapidly decomposes on exposure to air.

H H

III

(6) H. J . D auben, J r ., F . A. Gadecki, K. M. Harm on, and  D. L. Pearson, 
J .  A m .  C h e m .  S o c . ,  79, 4557 (1957).

(7) G. W. W att, I n o r g .  S y n . ,  4, 6 (1953).
(8) W. I. Aalbersberg, G. J . H oijtink, E. L. M aekor, and  W . P . W eijland, 

J .  C h e m .  S o c . ,  3055 (1959).
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In view of the stability of the protonated anthracene 
cation attempts were made to prepare the chloroanti- 
monate salt of the diphenylmethyl cation (III) in a 
similar manner from diphenylmethylane and antimony 
pentachloride. Although copious amounts of hydrogen 
chloride were liberated, the reaction did not lead to 
the separation of a solid salt. However, it seems most 
likely that a salt of the cation III is formed to some 
extent at least. The ultraviolet spectrum of a solution 
of diphenylmethane in methylene chloride containing 
antimony pentachloride shows a strong absorption at 
451 m/ij this same peak appears in the spectrum of 
the hexachloroantimonate salt of III prepared as 
described later. Gold and Tye4 report that the cation 
displays a strong broad absorption peak at 446 m^ 
when dissolved in concentrated sulfuric acid.

The hexachloronatimonate salt of III is easily pre
pared by treatment of antimony pentachloride with 
diphenylchloromethane in an inert solvent such as 
carbon disulfide.9 The yellow salt is fairly stable when 
kept in an inert atmosphere; when treated with water 
it forms bisdiphenylmethyl ether and it reacts with 
cycloheptatriene to give tropylium hexachloroantimon
ate and diphenylmethane.

As yet we have no evidence for any mechanism which 
might apply in the reactions just described. A direct 
hydride ion abstraction seems to be the simplest explan
ation.

RH2 +  SbCl5 — > RH+ +  HSbCfi- 
HSbCfi- +  SbCl5 — >- SbCl6-  +  SbCU +  HC1

However, in view of the charge transfer reactions 
known to occur between aromatic hydrocarbons and 
strong Lewis acids,8 a possible alternative for the first 
step in this sequence is indicated.

RH2 +  SbCl6 — >- RH2+ +  SbCl5-  — >  RH+ +  H SbClr

I t should be noted that Harmon and co-workers3 
have shown, in the case of cycloheptatriene at least, 
that such a direct hydride abstraction is not the 
mechanism common to all Lewis acids.

Experimental
Tropylium Hexachloroantimonate.—A solution of antimony 

pentachloride (30.0 g.) in carbon disulfide (30 ml.) was added 
dropwise with stirring to a solution of cycloheptatriene (5.2 g.) 
in carbon disulfide (100 ml.) contained in an ice-water bath. 
After the addition, the mixture was stirred for 10 min. and the 
brown precipitate of tropylium hexachloroantimonate (22.0 g.) 
was filtered. The pure salt was obtained as pale yellow prisms, 
m.p. 190°, from nitromethane.10

Anal. Calcd. for C7H7SbCl6: C, 19.72; Cl, 50.00; H, 1.64. 
Found: C, 20.01; Cl.49.99; H, 1.44.

In a separate experiment on 0.2 the preceding scale the mother 
liquors from the initial reaction gave, upon evaporation, 2.3 g. of 
antimony trichloride. This was converted to the (CsCl)3-(SbCl3)2 
complex in the manner described. The X-ray powder pattern 
of this material was identical to that of an authentic sample.11

(9) This sam e salt of I I I  has also been p repared  by  an  identical m ethod 
by  H . J . D auben and co-workers (personal com m unication from II. J . 
D auben). These workers also found th a t  I I I  abstrac ts  hydride ion from 
cycloheptatriene.

(10) The m elting point appears to  vary  as m uch as 10° depending on the 
ra te  of heating.

(11) We th an k  M r. D avid B utler for providing the X -ray  data .

Triphenylmethyl Hexachloroantimonate.—Antimony penta
chloride (18.0 g.) in carbon disulfide (20 ml.) was added slowly to 
a solution of triphenylmethane (7.3 g.) in carbon disulfide (100 
ml.) and the mixture was stirred at room temperature for 1 hr. 
The yellow crystals of triphenylmethyl hexachloroantimonate 
were collected (17.0 g.); evaporation of the mother liquors af
forded white prisms of antimony trichloride (6.1 g.). The salt 
crystallized from nitromethane in yellow prisms, m.p. 218°.10

Anal. Calcd. for C19H16SbCl6: C,39.45; H, 2.60; Cl, 36.85. 
Found; C, 39.58; H, 2.57; Cl, 36.73.

The same salt was obtained in quantitative yield upon vigorous 
shaking of equimolar amounts of triphenylmethyl chloride and 
antimony pentachloride in carbon tetrachloride.

Reaction of the salt (5.0 g.) in dry nitromethane (20 ml.) with 
cycloheptatriene (1.0 g.), followed by addition of dry ether, gave 
tropylium hexachloroantimonate (3.5 g.) and, upon evaporation 
of the solvent, triphenylmethane (2.0 g.).

9-Anthracenium Hexachloroantimonate.—Antimony penta
chloride (6.0 g.) in carbon disulfide (20 ml.) was added to a stirred 
solution of 9,10-dihydroanthracene (1.8 g.) in dry carbon di
sulfide (100 ml.) at 0°. The yellow precipitate was collected 
upon a pad of Celite under nitrogen, then washed several times 
with dry carbon disulfide and benzene. Evaporation of the 
mother liquors gave antimony trichloride (2.3 g.). The salt, 
together with the Celite, was immediately shaken with a mixture 
of benzene and dilute hydrochloric acid. The benzene layer, after 
drying and treatment with decolorizing charcoal, gave, upon 
evaporation of the solvent, anthracene (1.7 g.).

The salt had a Xma* at 448 mu (log e, 4.0).12 When treated with 
cycloheptatriene in nitromethane in the usual manner the material 
gave tropylium hexachloroantimonate.

9-Tetracenium Hexachloroantimonate.—Dihydrotetracene 
(0.40 g.) in dry benzene (75 ml.) was treated with antimony penta
chloride (1.5 g.) in the usual way. The yellow material which 
separated was collected on Celite, washed several times with 
benzene, then shaken with a mixture of benzene and dilute hydro
chloric acid. The residue obtained after evaporation of the 
benzene and trituration with hot ethanol was tetracene (0.10 g.), 
identified by means of its characteristic ultraviolet absorption 
spectrum and comparison with that of an authentic specimen.

Diphenylmethyl Hexachloroantimonate.—Antimony penta
chloride (8.0 g.) in carbon disulfide (50 ml.) was added with 
stirring to diphenylchloromethane (5.0 g.) in carbon disulfide 
(150 ml.). The yellow precipitate was collected under nitrogen, 
washed several times with dry carbon disulfide, then transferred 
to a flask, and the excess solvent removed under reduced pressure. 
The yield of salt is quantitative; m.p. 98-99°; Xmaz, 451 
(log e 4.6).

Anal. Calcd. for Ci3HuSbCl6: C, 31.11; H, 2.19. Found: 
C, 31.02; H, 2.62.

The salt derived from 5.0 g. of diphenylchloromethane was 
added at —10° to nitromethane (30 ml.) containing cyclohepta
triene (2.5 g.). The mixture was allowed to warm to 10° and dry 
ether (300 ml.) then added. Tropylium hexachloroantimonate 
(4.4 g.) separated and was collected. The mother liquors were 
washed several times with water and dilute hydrochloric acid; 
removal of the solvent followed by chromatography of the residue 
on alumina and elution with pentane gave diphenylmethane (1.1 
g.) identified by a comparison of its infrared spectrum and v.p.c. 
retention time with that of an authentic sample.

In a separate experiment, the salt derived from 5.0 g. of di
phenylmethyl chloride was shaken vigorously with a mixture of 
benzene and water. Evaporation of the organic layer and re
crystallization of the residue from ethanol afforded bisdiphenyl
methyl ether (1.6 g.), m.p. 109-110°.

Acknowledgment.—We thank the Robert A. Welch 
Foundation and the Alfred P. Sloan Foundation for 
financial assistance.

(12) T he spectra were determ ined in  m ethylene chloride. T he sa lt 
decomposes slowly in th is  solvent and  th e  log e  values q uo ted  w ere obtained  
by  extrapolation  to  zero tim e. Solutions in  m ethylene chloride containing 
1 % antim ony pentachloride a re  much more stable.
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The reaction of enamines with acetylenic esters lias 
been reported.1 I t appeared of interest to determine 
whether the closely related ketene acetals, 0,N-acetals, 
and N,N-acetals would undergo similar reactions with 
acetylenic esters, and this indeed proved to be the case.

The products derived from the reaction of ketene 
acetals with acetylenic esters are those arising from the 
cyclobutene rearrangement of the initially formed 
cycloaddition products. This is illustrated for the re
action of ketene diethyl acetal with diethyl acetylene- 
dicarboxylate.

II
co o c2h 5 c - co o c2h 5 
c o o c2h 5~" C -C O O C 2Hs

C(OC2H5)2
I

COOC2H5
c h 2 c
II +  III
C(OC2H5)2 c

COOC2H5 

( C 2 H 5 O )  2 - w

McElvain2 previously had reported the reaction of ex
cess ketene diethyl acetal with diethyl acetylenedicar- 
boxvlate under rather drastic conditions (i.e., 195° for 
21 hr.) to lead in poor yield to a product ultimately 
converted to 3,5-diethoxyphthalic acid. It appears 
reasonable that McElvain’s product could have arisen 
from a Diels-Alder addition of I and another mole of 
the ketene acetal.

Experimental3
Materials.—1-Ethoxy-N,N-dimethylvinylamine was prepared 

by the method of Meerwein4 5 except that one equivalent of 
alcohol-free sodium ethoxide suspended in ether was used in 
place of excess ethanolic sodium ethoxide. Yields of 73% and 
70% were obtained in runs of 1 and 3 moles, respectively.

1,1-Dipiperidinoethylene was prepared by the method of 
Baganz and Domaschke.6 Ketene diethyl acetal6 and dimethyl- 
ketene dimethyl acetal7 were prepared as described by McElvain.

(1) Paper I I  of th is  series: K. C. B rannock, R. D. B urp itt, V. W. G oodlett, 
and J. G. T hw eatt, J .  O r f f .  C h e m . ,  28, 1464 (1963,).

f2) S. M. M cE lvain and  H . Cohen, A m .  C h e m .  S o c . ,  64, 260 (1942).
(3) Boiling points an d  m elting points are uncorreeted. M elting points 

were determ ined using a F isher-Joh„s apparatu s.
(4) H. M eerwein, W. Florian, N . Schon, and  G. Stopp, A n n .  C h e m . ,  641, 

1 (1961).
(5) H. Baganz and L. Dom aschke, C h e m .  B e r . .  95, 2095 (1962).
(6) S. M. M cE lvain and  D. Kundiger, “ Organic Syntheses,”  Coll. Vol. 

I l l ,  John  Wiley and Sons, Inc., New York, N. Y., 1955, p. 506.
(7) S. M. M cE lvain and J. T . Venerable, J .  A m .  C h e m .  S o c . ,  72, 1661 

(1950).

Ketene Diethyl Acetal with Diethyl Acetylenedicarboxylate.—
Diethyl acetylenedicarboxylate (29.2 g., 0.17 mole) was added to 
a mixture of ketene diethyl acetal (20 g., 0.17 mole) and aceto
nitrile (50 ml.). The addition was made rapidly over a 4-min. 
period and the temperature of the reaction mixture rose to a 
maximum of 66° after 8 min. After standing for 1.5 hr., the 
mixture was distilled through a 4-in. Vigreux column to give, 
after removal of a 12-g. forerun, 26 g. (53%) of diethyl 2-(di- 
ethoxymethylene)-3-methylenesuceinate, b.p. 116-120° (co. 0.5 
mm.), nwD 1.4741.

Anal. Calcd. for ChH2206: C, 58.8; H, 7.7. Found: C, 
58.8; H, 7.8.

To diethyl 2-(diethoxymethylene)-3-methylenesuccinate (5 
g., 0.017 mole) was added water (5 ml.), ethyl alcohol (5 ml.), 
and concentrated hydrochloric acid (1 drop). The temperature 
of the resulting mixture rose immediately to 38°. After 5 min., 
the mixture was heated to 55° on the steam bath. A solution of 
potassium hydroxide (5 g., 0.09 mole) in water (10 ml.) was 
added and the mixture was heated for 1 hr. on the steam bath at 
80-85°. I t  was then made acidic with concentrated hydrochloric 
acid (10 ml.) and heated an additional hour. The mixture was 
then cooled and extracted twice with an equal volume of ether. 
Evaporation of the ether on the steam bath left 1.7 g. (75%) of 
crude itaconic acid, which was recrystallized once from an ethyl 
acetate-hexane mixture to give 1.3 g. (57%), m.p. 165-166°. 
The infrared spectrum of the material was identical with that of 
an authentic sample.

Dimethylketene Dimethyl Acetal with Dimethyl Acetylenedi
carboxylate.—Dimethylketene dimethyl acetal (38.6 g., 0.33 
mole) and dimethyl acetylenedicarboxylate (47.3 g., 0.33 mole) 
were combined and refluxed for 2 hr. and 10 min. Distillation of 
the reaction mixture through a 6-in. Vigreux column gave 51 g. 
(59%) of dimethyl 2-(dimethoxymethylene)-3-isopropylidene- 
succinate, b.p. 95-110° (ca. 0.5 mm.), n20D 1.4978.

Anal. Calcd. for Ci2Hi80 6: C, 55.8; H, 7.0. Found: C,
56.1; H , 7.1.

Dimethyl 2-(dimethoxymethylene)-3-isopropylidenesuccinate 
(25.8 g., 0.1 mole) was combined with water (25 ml.) and meth
anol (25 ml.) containing 2 drops of concentrated hydrochloric 
acid. The mixture was refluxed for 30 min. and then distilled 
through a 6-in. Vigreux column to give, after removal of the 
methanol and water, 21.5 g. (88%) of dimethyl 2-isopropylidene-
3-methoxycarbonylsuccinate, b.p. 96-103° (0.5-0.7 mm.),
nwo 1.4701.

Anal. Calcd. for C„H,60 6: C, 54.2; H, 6.6. Found: C,
54.4; H, 6.8.

Dimethyl 2-isopropylidene-3-methoxycarbonylsuccinate (20 g., 
0.082 mole) was combined with a solution of potassium hydroxide 
(25 g., 0.45 mole) in water (50 ml.). An insoluble salt was formed 
and the mixture was diluted to 250 ml. to give a homogeneous 
solution which was heated under reflux for 2 hr. The solution 
was then acidified with concentrated hydrochloric acid (50 ml.) 
and heated on the steam bath for 1 hr. The solution was chilled 
and the solid which separated was collected and dried in the 
vacuum oven to give 9.1 g. (70%) of crude teraconic acid, m.p.
171-172.5°. A sample of this was recrystallized from water, 
m.p. 174-175°. The infrared spectrum of the material was 
identical with that of authentic teraconic acid.

Dimethylketene Dimethyl Acetal with Methyl Propiolate.— 
Dimethylketene dimethyl acetal (28 g., 0.24 mole) and methyl 
propiolate (20 g., 0.24 mole) were combined and heated under 
reflux for 20 hr., during which time the temperature of the reac
tion mixture rose from 101° to 169°. Distillation of the reaction 
mixture through a 6-in. Vigreux column gave 23 g. (42%) of 
methyl 2-(dimethoxymethylene)-4-methyl-3-pentenoate, b.p. 72- 
75° (ca. 1 mm.), nwu 1.4903.

Anal. Calcd. for C10H16O4: C, 59.9; H, 8.1. Found: C, 
59.7; H, 8.0.

l-Ethoxy-N,N-dimethylvinylamine with Dimethyl Acetylene
dicarboxylate.—Dimethyl acetylenedicarboxylate (28.4 g., 0.2 
mole) was added to a solution of l-ethoxy-N,N-dimethylvinyl- 
amine (23 g., 0.2 mole) in 50 ml. of ether at a rate such as to
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maintain the mixture at reflux. The solution was then heated 
under reflux for 1 hr. and distilled to give 30 g. (58%) of dimethyl
2- [(dimethylamino)(ethoxy)methylene] - 3 -methylenesuccinate, 
b.p. 121-124° (0.5 mm.), ra1 2»D 1.5270.

Anal. Calcd. for Ci2H19N 05: C, 56.0; H, 7.5: N, 5.5. 
Pound: C, 56.1; H, 7.5; N, 5.5.

1,1-Dipiperidinoethylene with Dimethyl Acetylenedicarboxyl- 
ate.—Dimethyl acetylenedicarboxylate (7.8 g., 0.055 mole) was 
added in portions to 1,1-dipiperidinoethylene (10.6 g., 0.055 
mole) in 25 ml. of ether with cooling to keep the temperature at 
25-300. Chilling and filtration of the reaction mixture gave 15 g. 
(82%) of dimethyl 2-(dipiperidinomethylene)-3-methylenesuc- 
cinate, m.p. 101-102°.

Anal. Calcd. for CisHksNiO.,: C, 64.3; H, 8.4. Pound: C, 
64.6; H, 8.6.

D eterm ination of the Configuration of C-9 in 
Levopimarie Acid1

W il l ia m  G. D a ü b e n  a n d  R o b e b t  M. C o a t e s 2

Department of Chemistry, University of California, Berkeley, 
California

Received December 26, 1962

Although the gross structure of levopimaric acid has 
been well known for many years,3 the stereochemistry 
of the material is known with less certainty. The 
absolute steric arrangement of C-4. C-5, and C-10 
(steroid numbering) was established by conversion of 
levopimaric acid to abietic acid which, in turn, has been 
related to lanosterol.4’5 In agreement with these re
sults is the more recent work relating pimaric acid, 
which has been related to abietic acid,6’7 to cholesterol.8

The configuration of C-9 in levopimaric acid has been 
more difficult to determine with certainty because the 
position is allylic to the reactive diene system and most 
interconversion studies have involved acid-catalyzed 
reactions. If the stereochemistry of this center were 
the less stable arrangement, these chemical studies 
might well have led to inversion of the center. Never
theless, much chemical evidence has been presented in 
favor of an amfa'-backbone for levopimaric acid. For 
the most part the «-configuration at C-9 has been as
signed by correlation with abietic and neoabietic 
acids,9-11 the configuration in the latter materials hav
ing been assigned on the basis of conformational con
cepts and rotatory dispersion studies.3 10 11’12’13 Recent 
investigations of the maleic anhydride adduct of levo-

(1) This work was supported in p a rt by  g ran t no. A-709, U. S. Public 
H ealth  Service.

(2) N ational Science Foundation  Cooperative Predoc to ral Fellow , 1960- 
1962.

(3) D. H . R. B arton, Q u a r t .  R e v . ,  3, 36 (1949).
(4) E . K yburz, B. R iniker, H. R . Schenk, H. Heusser, and O, Jeger, H e l v .  

C h i m .  A c t a ,  36, 1891 (1953).
(5) R . B. W oodward, A. A. P a tch e tt, D. H. R. B arton, D. A. ,7. Ives, and 

R . B. Kelley, J .  C h e m .  S o c . ,  1131 (1957).
(6) L. R uzicka, G. B. R. deGraaff, M . W. Goldberg, and  B. F rank , H e l v .  

C h i m .  A c t a ,  15, 915 (1932).
(7) E. W enkert and  J . W. Cham berlain, J .  A m .  C h e m .  S o c . ,  81, 688 

(1959).
(8) G. W. A. M ilne and H . Sm ith, C h e m .  I n d .  (London), 1307 (1961).
(9) W. H . Schuller and R. V. Lawrence, J .  A m .  C h e m .  S o c  , 83, 2563 

(1961).
(10) P . F . R itchie and L. F . M cB urney, ibid., 71, 3736 (1949).
(11) J . C . W. Chien, i b i d . ,  82, 4762 (1960).
(12) W. Klyne, J .  C h e m .  S o c . ,  3072 (1953).
(13) C. D jerassi, R . R iniker, and  B. R iniker, J .  A m .  C h e m .  S o c . ,  78, 6362

(1956).

pimaric acid14 also were best interpreted by assuming a 
C-9 «-configuration.

Purely physical methods also have been employed by 
various workers interested in this stereochemistry 
question. By comparison of the molecular rotations 
of levopimaric acid and A2’4-cholestadiene, it was con
cluded that the C-9 hydrogen has a ^-orientation.12 
More recently it has been established that the direction 
of the skew of the diene rather than the configuration 
of the allylic center determines the sign of the Cotton 
curve of an optically active cyclohexadiene.15 Using 
this concept, it was concluded that, if levopimaric acid 
did possess a 9«-configuration, the diene containing ring 
must assume a folded conformation (I) rather than the 
expected extended form II .15 Surface film measure
ments were well in accord with this hypothesis.16

With such an accumulation of data, the «-assign
ment at C-9 appears preferable. However, since a 
rather unusual conformation is required to explain the 
dispersion curve, an unequivocal determination would

I II

be desirable. In the course of another study, we have 
obtained the unsaturated keto ester V which has per
mitted settlement of this stereochemistry problem.

V I  V

Selective hydroboration of methyl levopimarate 
(III) with disiamylborane17 gave mainly one un
saturated alcohol (IV) in 40% yield. Oxidation of IV 
to the ketone followed by base-catalyzed isomerization 
of the double bond into the a,/3 position afforded the 
conjugated isomer V. Hydrogenation of V yielded 
the saturated ketone VI which showed a positive Cot
ton curve.18 Application of the Octant Rule showed 
that only with a trans 8/3,9« B/C ring fusion would

(14) W. L. M eyer and R. W. Huffm an, T e t r a h e d r o n  L e t t e r s ,  691 (1962).
(15) A. W. Burgs tahler, H. Ziffer, and  U. Weiss, J .  A m .  C h e m .  S o c . ,  83,

4660 (1961); A. M oscowitz, E. Charney, U. Weiss, and H. Ziffer, i b i d . ,  83,
4661 (1961); U. Weiss, H. Ziffer, and E. Charney, C h e m .  I n d .  (London), 1286 
(1962).

(16) U. Weiss and N . L. Gershfeld, E x p e r i e n t a ,  18, 355 (1962).
(17) G. Zweifel, K. Nagase, and H. C. Brown, J .  A m .  C h e m .  S o c . ,  84, 190 

(1962).
(18) W e are indebted  to Professor C. D jerassi for de term ination  of the 

optical ro ta to ry  dispersion curve.
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such a Cotton result be expected.19’20 Accordingly 
the hydrogen on C-9 must have an axial (a) orientation 
in the ketone VI. Since none of the reactions and con
versions from levopimaric acid should affect the geom
etry at C-9, this center must be a in the resin acid itself.

Experimental21
Hydroboration of Methyl Levopimarate.—A 300-ml., three

necked, round-bottomed flask was equipped with an addition 
funnel and a mechanical stirrer. The third neck was covered 
with a serum cap to permit removal of aliquots by means of a 
syringe. The system was flushed with dry nitrogen and cooled 
in an ice bath. Sodium borohydride (2.04 g., 0.054 mole) and 
a solution of 9.52 g . (0.132 mole) of 2-methyl-2-butene in 25 ml. 
of dry diglyme were placed in the cooled flask and a solution of
9.36 g. (0.066 mole) of boron trifluoride etherate in 25 ml. of 
dry diglyme was added, with stirring, over a period of 30 min. 
The mixture was allowed to stir for an additional 15 min. and 
then allowed to stand at ice temperature for 12 hr.

A solution of methyl levopimarate (prepared from 9.04 g. of 
levopimaric acid,22 [q:]16 *d  —252°, Amax 272 m,u (e 6500), by re
action with excess diazomethane) in 25 ml. of dry diglyme was 
added, at 0°, to the above reagent over a period of 45 min. 
The course of the reaction was followed by observing the dis
appearance of the maximum in the ultraviolet. After 5 days, 
about 50% of the diene had been consumed. At this time, an 
additional 33 mmoles of disiamylborane was added to the re
action mixture. At the end of 4 additional days the optical 
density in the ultraviolet had dropped to 10% of the original 
absorption.

To the reaction mixture there was added, slowly (frothing), 
30 ml. of 3 N  sodium hydroxide solution followed by the addition 
of 40 ml. of 30% hydrogen peroxide. The mixture was stirred 
at 0° for 1 hr. and then at room temperature for 2 hr. The 
reaction was diluted with water and the product extracted with 
benzene. The benzene solution was washed with water, acidic 
5% ferrous sulfate solution, water, and then dried. The solvent 
was removed under reduced pressure and the white waxy product 
dried overnight at 70° (5 mm.), yield 10.0 g.

The crude product was chromatographed on 300 g. of ac
tivity III alumina. Elution with pentane separated diglyme 
and nonhydroxylated material. Elution with pentane-benzene 
(3:1 and 5:2) gave a total of 795 mg. of a minor alcohol. Pen
tane-benzene (2:1) yielded mixtures of two alcohols and elution 
with pentane-benzene (1:1), benzene, and benzene-ether (20:1) 
gave 4.79 g. of a major alcohol. Elution with ether yielded 
200 mg. of a diol which was not examined further.

The major alcohol was recrystallized from methylcyclo- 
hexane, yield 4.01 g. (40%), m.p. 120-125°. This material 
was shown to be homogeneous by thin layer chromatography on 
silica gel (pentane-ether 1:1). An analytical sample was ob
tained by repeated crystallization from both methylcyclohexane 
and from methanol, m.p. 126.0-127.5°, [a]25n +56° (c 1.49), 
e2o°H 10,000. Major peaks in the n.m.r. were found at r 4.62,
6.08, and 6.34.

Anal. Calcd. for C2iH340 3 (334.48): C, 75.40; H, 10.25. 
Found: C, 75.45; H, 10.48.

The major alcohol was acetylated with acetic anhydride in 
pyridine and the crude product chromatographed on alumina. 
The acetate was recrystallized from aqueous methanol, m.p.
85.5-86.5°, [a]“» +60° (c 2.00), e£5OH 9300. The n.m.r. 
spectrum showed peaks a t r  4.72, 5.08, 6.38, and 8.05.

Anal. Calcd. for C23H360 4 (376.52): C, 73.36; H, 9.64. 
Found: C, 73.08; H, 9.52.

J u n e , 1963

(19) R . H . Bible, Jr., and  R . R . B urtner, J .  O r g .  C h e m . ,  26, 1174 (1961).
(20) Although the  isopropyl group is probably equatorial, its  configuration 

does not affect the predictions based on the O ctan t Rule.
(21) All m elting points were taken  in evacuated  sealed capillaries and are 

uncorrected. O ptical ro ta tions were m easured in  chloroform. T he n.m .r. 
spectral d a ta  are relative to  te tram ethylsilane as an in ternal standard . 
Chrom atographies were perform ed of W oelm neu tra l alum ina which had  been 
deactivated  to  the  desired activ ity  by  the add ition  of distilled w ater. All 
analyses were conducted b y  the M icroanalytical Laboratory , College of 
Chem istry, U niversity  of California.

(22) The acid was obtained from P i n u s  p a l u s t r i s  oleoresin (Sheldon N aval
Stores Co., Valdosta, Ga.) by  the procedure of Loeblich, Baldwin, O ’Connor,
and  Lawrence (J . A m .  C h e m .  S o c . ,  77, 6311 (1955)).

The minor alcohol was recrystallized from hexane and from 
aqueous methanol, m.p. 133.5-134.0 and 139.5-141.0°, [a]27D 
— 43° (c 1.88), <Jo°H 9000. The major peaks in the n.m.r. were 
at t  4.88, 6.30, and 6.71.

Anal. Calcd. for ChH340 3 (334.48): C, 75.40; H, 10.25. 
Found: 0,75.66; H,9.98.

Methyl 12-Keto-A8'I‘l-dihydrolevopimarate.—To a solution of
the major alcohol (402 mg., 1.2 mmoles, m.p. 120-125°) in 8 ml. 
of C.p . acetone cooled in an ice bath there was added 0.45 ml. 
(1.80 mmoles) of standard chromic acid-sulfuric acid solution 
(prepared from 26.7 g. of chromium trioxide and 23 ml. of con
centrated sulfuric acid diluted to 100 ml. with water) over a 
period of 5 min. The mixture was allowed to stir for an addi
tional 3 min. and then the reaction quenched with methanol. 
The mixture was diluted with water and extracted with ether 
The ether layer was washed, dried, and then evaporated to dry
ness to yield 348 mg. of solid yellow material. The compound 
crystallized well from either hexane or methanol but little if 
any purification was obtained as shown by the m.p. range of
123-135° and the presence of two spots on thin layer chromatog
raphy (silica gel, pentane-ether 1:1).

The crude material was chromatographed on 10 g. of 
Woelm activity III alumina. Elution with pentane-benzene 
mixtures and with pure benzene yielded 164 mg. (41%) of the 
/3,y-unsaturated ketone. There also was obtained about 50 mg. 
of more polar material but it vras not examined. The un
saturated ketone is sensitive to air and should be isomerized im
mediately.

The (by-unsaturated ketone (164 mg.) was dissolved in 15 ml. 
of methanol, the solution flushed with nitrogen, sodium meth- 
oxide (75 mg.) added, and the solution allowed to stir for 5 hr. 
under a nitrogen atmosphere. The isomerization was followed 
by observing the development of a maximum at 238 my.. The 
reaction was stopped by addition of 10% sulfuric acid, most of 
the methanol was removed under reduced pressure, and the 
product isolated by chloroform extraction. After evaporation 
of the chloroform the product was chromatographed on 5 g. of 
activity II alumina and the eluted material recrystallized from 
aqueous methanol, yield 48 mg. (12% from starting alcohol), 
m.p. 102.0-102.5°, [«]26d  +54° (c 1.15), X™,H 238 mju (« 8800). 
The major n.m.r. bands were found at r 3.78, 6.39, and 7.25.

Anal. Calcd. for C2iH320 3 (332.47): C, 75.86; H, 9.70. 
Found: C, 75.96; H,9.78.

Methyl 12-Ketotetrahydrolevopimarate.—The a,|3-unsaturated 
ketone (220 mg., 0.66 mmole) was hydrogenated in ethanol over 
prereduced platinum oxide (25 mg.) at atmospheric pressure. 
Theoretical hydrogen uptake was obtained in 90 min. The 
product was isolated in the usual manner and recrystallized from 
aqueous methanol, yield 114 mg. (51%), m.p. 98.5-99.5°, 
[a]27d  11 ±  1° (c 1.27). The rotatory dispersion curve (c 
0.106 in methanol) showed a peak at 311 m/x (amplitude +604°) 
and a trough at 269 my (amplitude —755°).

Anal. Calcd. for C,4H340 3 (334.48): C, 75.40; H, 10.25. 
Found: C, 75.06; H, 10.06.

/3-Bromocrotonolactone from the  Brom ination of 
Furoic Acid

T o m  J. M a b r y 1

The Plant Research Institute and Department of Botany, 
University of Texas, Austin, Texas

Received December 10, 1962

We wish to report the isolation, albeit in low yield, of 
/3-bromocrotonolactone (CilBBrCb,. m.p. 78°) from the 
bromination of furoic acid. The controversy211 regard
ing the early reports3 (unconfinned by later workers4)

(1) This work was carried o u t in the  D epartm en t of C hem istry, Rice 
U niversity, H ouston, Tex.

(2) A. P. Dunlop and  F. N. Peters, “ T he Furans,”  R einhold Publishing 
Corp., New York, N. Y., 1953; (a) pp. 173—175; (b) pp. 118-121.

(3) (a) H. Lim prickt, A n n . ,  165, 253 (1873); (b) H. H. Hodgson and
R. R. Davies, ./. C h e m .  S o c . ,  806 (1939).

(4) P. S. Bailey and J. V. Waggoner, J .  O r g .  C h e m . ,  15, 159 (1950).
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that the bromination of furoic acid produced an 84-85° 
melting CJEBrCh compound has not been resolved. 
However, our first experiment provided a few crystals 
of a substance (m.p. 84°) whose infrared and ultraviolet 
spectra were identical to those observed for /3-bromo- 
crotonolactone which was isolated in all other experi
ments. This suggests that the higher melting product 
may be a polymorphic crystalline form of /J-bromocroto- 
nolactone.

Hodgson and Davies3b described their compound 
(m.p. 85°) as 2-bromo-.3-hydroxyfuran and reported its 
reduction to an unauthenticated product, 3-hydroxy- 
furan. If 3-hydroxyfuran were actually the product, it 
would probably exist i n its tautomeric keto form in ac
cordance with results observed by Eugster and co
workers5 regarding the keto-enol equilibrium of related 
compounds. Limpricht8a also reduced his bromo com
pound but did not obtain sufficient quantities to investi
gate the product. Only unidentified dark oils were 
produced when the reduction procedures of Hodgson and 
Davies8b were applied to /3-bromocrotonolactone.

The identity of our 78° melting bromo compound was 
established by comparing its properties with those ob
served for an authentic sample of /3-bromocrotono- 
lactone prepared by hydrobromination of hydroxyte- 
trolic acid.6 The small coupling constant (J  = 1.8 
c.p.s.) between the a and 7-hydrogens observed in the
n.m.r. spectrum7 of /3-bromocrotonolactone supports the 
previous assignment2b’8 of the bromine to the /3-position 
in this isomer. The a-hydrogen appeared as a triplet 
centered at 3.67 r while the two 7-hydrogen gave rise to 
a doublet at 5.14 r.

4-Bromo-2-furoic acid4a”9 may be an intermediate in 
the conversion of furoic acid to /3-bromocrotonolactone. 
Hill and Cornelison10 demonstrated that the action of 
bromine water on 4-bromo-2-furoic acid produced ¡3- 
bromocrotonolactone, while the isomeric a-bromocroto- 
nolactone was formed from the treatment of 4,5-di- 
bromo-2-furoic acid,8*’9 with hydrobromic acid. The 
bromination of furoic acid may initially produce a small 
amount of 4-bromo-2-furoic acid which might be con
verted to /3-bromocrotonolactone during the steam dis
tillation.

In some experiments the crude products obtained 
from the bromination of furoic acid were not submitted 
to steam distillation but were worked up directly. In 
these instances bromofuroic acids corresponding to those 
reported by Bailey and Waggoner4 were found.

Experimental
Bromination of 2-Furoic Acid.—Ten grams of furoic acid (m.p. 

133°) was mixed with 10 ml. of water. Following Hodgson and
(5) C. H. Eugster, R . E. R osenkranz, K . Allner, and  A. Hofm ann, 

A n g e w .  C h e m . ,  73, 737 (1961).
(6) R . Lespieau and P . L. Viguier, C o m p t .  r e n d . ,  146, 295 (1908); 148, 

419 (1909).
(7) For this n.m .r. spectrum  the au tho r is indebted to  D r. J. C. D avis, J r., 

of the  D epartm en t of Chem istry, U niversity  of Texas. The spectrum  
was taken  in  dueteriochioroform  on the  V arian HR-60 spectrom eter using 
tetram ethylsilane as an in ternal reference.

(8) The controversy regarding the position of the  brom ine in the  two
isomeric brom ocrotonolaetones (m.p. 58° and m.p. 78°) was clarified by
(a) R . J . V ander Wal, I o w a  S t a t e  C o l l .  J .  o f  S c . ,  11, 128 (1936-37) [ C h e m .  

A b s t r . ,  31, 2207 (1937)]; (b) M. C. W hiting, J .  A m .  C h e m .  S o c . ,  71, 2946
(1949); (c) L. N. Owen and M. U. S. Sultanbaw a, J .  C h e m .  S o c . ,  3105
(1949); (d) K. Sukigara, Y. H a ta , Y. K urita , and  M . Kubo, T e t r a h e d r o n ,  4, 
337 (1958); (e) Y . H ata, S. Senoh, and M . M urakam i, N i p p o n  K a g a h u

Z a s s h i ,  79, 1531 (1958) [ C h e m .  A b s t r . ,  54, 24620 (I960)]; (f) M. M urakam i, 
S. Senoh, and Y. H ata, M e m .  I n s t .  S c i . ,  I n d .  R e s .  O s a k a  U n i s . ,  16, 219 
(1959) [ C h e m .  A b s t r . ,  54, 22555 (I960)].

Davies’ procedure,315 the paste was stirred vigorously at 28-30° 
for 40 min. during the addition of 30 g. of bromine. After stirring 
the mixture for an additional 20 min., it was dissolved in 100 ml. 
of water and steam distilled. Extraction of the first 500 ml. of 
distillate with three 100-ml. portions of ether afforded, on evapo
ration, 340 mg. (3% yield) of 0-bromocrotonolactone, m.p. 78°; 
h™ 224.5 mu (e 13,500); 1782, 1609, 1470, 1250, 1140.
1020, 860, and 758 cm .-1.

The same product (m.p. 78°) was also obtained in low yield 
when the reaction was carried out by Hodgson and Davies’ 
alternate procedure3b using chloroform as the reaction medium.

Our /3-bromocrotonolactone showed no depression in melting 
point when mixed with a sample of /3-bromocrotonolactone pre
pared by the method of Lespieau and Viguier6 (see following); the 
/3-anilino derivative10 of our compound, m.p. 217-219°, agrees 
in melting point with that of the /3-anilino derivative from the 
Lespieau and Viguier preparation (217-218° 10; 220° u).

In the first experiment using the chloroform reaction medium a 
few crystals of an 84° melting substance were obtained from the 
ether extract of the steam distillate. This compound was 
characterized only by infrared (carbon disulfide) and ultraviolet 
(water) spectra which were identical in all respects to those ob
served later for /3-bromocrotonolactone. Lack of material pre
vented further investigation of this compound.

When the product obtained from the bromination of furoic 
acid in water was not steam distilled but rather allowed to stand 
overnight in 100 ml. of water, crystals were obtained, m.p. 
186-187°, corresponding to the 5-bromo-2-furoic acid (m.p. 
186-187°) isolated by Bailey and Waggoner.4 Similarly, the 
crude product from the bromination in the chloroform medium 
was dissolved in an ether-petroleum ether solution. On cooling 
this solution, a crystalline product (m.p. 158-160°) was obtained 
which corresponds to the 2,3,4,5-tetrabromotetrahydro-2-furoic 
acid (m.p. 159-160°) isolated by Bailey and Waggoner4 from a 
similar reaction.#

Attempts to Reduce /3-Broinocrotonolactone.—/3-Bromocrotono- 
lactone was submitted to Hodgson and Davies’ reduction proced
ure35 using 30% aqueous sodium hydroxide and 2.5% sodium 
amalgam and alternatively, sodium and ethyl alcohol. In both in
stances only a small amount of a dark brown oil, not character
ized, was obtained.

/3-Bromocrotonolactone from Hydroxytetrolic Acid.—Propargyl 
alcohol (16.8 g., b.p. 112-114°) was converted to hydroxytetrolic 
acid (13.3 g., m.p. 115-116°) by the procedure developed by 
Haynes and Jones12 and modified by Henbest, Jones, and Walls.13 
Hydrobromination of hydroxytetrolic acid (10 g.) by Lespieau 
and Viguier’s method6 produced /3-bromocrotonolactone (12.1 g.), 
m.p. 78°.

Acknowledgment.—The author expresses his thanks 
to Dr. M. G. Ettlinger for his helpful guidance during 
the course of this work.

(9) The question relating to the position of the  brom ine in these substi
tu ted  furoic acids was resolved by; (a) H. G ilm an and G. F. W right, C h e m .  

R e v . ,  11, 323 (1932); (b) H. Gilman, R. J. Vander Wal, R . A, F ranz , and 
E . V. Brown, J .  A m .  C h e m .  S o c . ,  57, 1146 (1935).

(10) H. B. Hill and R . W. Cornelison, A m .  C h e m .  J . ,  16, 188, 277 (1894).
(11) L. Wolff and  W. Schimpff, A n n . ,  315, 151 (1901).
(12) L. J .  H aynes and E . R. H. Jones, J .  C h e m .  S o c . ,  503 (1946).
(13) H . B. H enbest, E . R . H. Jones, and I. M. S. W alls, i b i d . ,  3646 

(1950).

T riethylsilyltriethylgerm ane1
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We wish to report the synthesis and some properties 
of triethylsilyltriethylgermane which appears to be the

(1) Presented in p a rt a t  th e  Symposium on O rganom etallic Com pounds, 
U niversity  of British Columbia, Vancouver, C anada, Septem ber, 1962.

(2) E . I. du P on t de Nem ours and  Co., Inc., W ilm ington, Del.
(3) To whom all inquities should be addressed.
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first fully alkylated mixed-metal compound of group 
IY-A metals reported to date. The, compound was 
prepared by a mixed Wurtz coupling reaction of 
triethylbromosilane, triethylbromogermane, and so
dium, in the absence of solvent, and was separated and 
purified by gas phase chromatography.

In the reaction of equimolecular quantities of tri
ethylbromosilane and triethylbromogermane in the 
presence of a slight excess of sodium, it was found 
that the first product produced was hexaethyldiger- 
mane, followed by triethylsilyltriethylgermane, and 
then hexaethyldisilane. The possibility that the 
triethylsilyltriethylgermane arises by cleavage of hexa- 
ethyldigermane was ruled out by examining the reac
tion of triethylbromosilane, hexaethyldigermane, and 
sodium at 230-260°. The only product produced was 
hexaethyldisilane with no evidence for the cleavage of 
the digermane. It appears, therefore, that in the reac
tion of triethylbromosilane, triethylbromogermane, and 
sodium, three coupling reactions compete to produce 
the digermane, mixed-metal compound, and the disilane 
in decreasing rates, respectively.

Hexaethyldigermane was prepared by coupling 
triethylbromogermane in the presence of lithium in 
tetrahydrofuran (THF). In an effort to prepare 
hexaethyldisilane by the same method, it was found 
that the major product consisted of tetrahydrofuran 
cleavage products containing silicon. Infrared, partial 
elemental analysis (C, H only), and molecular weight 
data on the two major components indicate they are 
butoxytriethylsilane derivatives.4 This result con
trasts with that reported for the reaction of triphenyl- 
silyllithium with tetrahydrofuran where the major- 
product is 4-triphenylsilylbutanol-l.5 This difference 
can be accounted for in terms of the greater stability 
of the triphenylsilyl anion compared to the triethylsilyl 
anion. In particular, triethylsilyl bromide may un
dergo preferential nucleophilic attack by tetrahydrofuran 
rather than significant metalation. The apparent ab
sence of tetrahydrofuran cleavage products in the reac
tion of triethylbromogermane with lithium in tetra
hydrofuran may be due to the greater ease of forming 
triethylgermyllithium which, in turn, more rapidly 
attacks triethylbromogermane than tetrahydrofuran.

The properties of the three ethylated intermetallics 
are summarized in Table I. An interesting fact is that 
the molar refraction [I?d ] of the mixed-metal com
pound is very close to the average for disilane and

T a b l e  I
P r o p e r t i e s  o f  H e x a e t i i y l a t e d  D i s i l a n e , “ S i l y i .g e r m a n e , 

v  a n d  D i g e r m a n e “

B.p., °C . (760 mm.) n « d d » t  [Hd)

Et3SiSiEt3 252.0 1.4771 0.8407 77.49
Et3SiGeEt3 254.5 1.4860 0.9791 80.65
EtsGeGeEt.a 266.3 1.4952 1.1168 83.48

a Literature values: Et3SiSiEt3, b.p. 251.7° (760 mm.), n20d
1.4790; Et3GeGeEt3, b.p. 265° (760 mm.). H. C. Kaufman, 
“Handbook of Organometallie. Compounds,’'' D. Van Nostrand 
Company, Inc., 1961, pp. 617, 742.

(4) T he indicated  analy tical evidence suggests th a t  they a re  n-butoxy- 
triethylsilane and its  next higher homolog, 4-trie thylsiloxybutyl n-butyl 
ether. One of the  referees has suggested th a t  the  la tte r  m ight instead  be
4-trie thylsiIoxybutyltriethylsilane. Calcd. for Ci6H 3aOSi2: C, 63.55; H,
12.63; mol. wt., 303.

to)(a) H. G ilm an, e t  a l ., W  A D C  T e c h n i c a l  R e p o r t ,  53-426, (June 1059); 
(b) H . G ilm an and D . W ittenberg, J .  A m .  C h e m .  S o c . ,  80, 2677 (1958).

digermane values. Similarly, the infrared spectrum 
of the mixed-metal compound appears, in general, to 
be a composite between those of the disilane and 
digermane. Distinguishing differences can however 
be noted at 15.2-15.4 ¡1 (broad band), 10.65 fi (shoulder), 
8.55 m (weak band), and at about 8.25 /i (shoulder) for 
triethylsilyltriethylgermane in the liquid state.

Experimental6
Hexaethyldigermane.—Two methods were used. The first 

method consisted of refluxing triethylbromogermane and sodium 
for 6 days followed by distillation of the product.7 Triethyl
bromogermane was prepared in near quantitative yield by bromi- 
nating tetraethylgermane in ethyl bromide with an equimolecular 
quantity of bromine. The second method, which was similar to 
that employed for the preparation of hexaphenyldisilane,8 con
sisted of reacting triethylbromogermane with lithium in tetra
hydrofuran. To a solution of 12.0 g. (0.05 mole) of triethyl
bromogermane in 50 ml. of tetrahydrofuran was added 0.35 g. 
(0.05 g.-atom) of lithium under argon. After dissolution of the 
lithium, the mixture was refluxed about 6 hr. The tetrahydro
furan was removed at this point and the mixture heated until the 
pot temperature rose to 212°'(2 hr.). The product was distilled 
in vacuo to yield 5 g. (63% yield) of hexaethyldigermane, b.p. 
69-72° (0.1 mm.). Hexaethyldigermane was then purified to 
99.9% purity or better by gas phase chromatography employing 
a 244 cm. long X 1.65 cm. i.d. preparative scale column packed 
with regular grade Chromosorb W (60-80 mesh) containing 20% 
by weight of a silicone rubber gum stock coating (Union Carbide, 
W95). The column was programmed to rise from 50-200° at a 
rate of 7.9°/min. (75 ml./min. helium flow). The retention time 
at 200° was 33.0 min.

Anal. Calcd. for Ci2H30Ge2: C, 45.10; H, 9.46; mol. wt., 
320. Found: C.44.8; H,9.50; mol. wt., 321 (osmometric).

Hexaethyldisilane.—A mixture of 19.5 g. (0.10 mole) of tri
ethylbromosilane and 5.8 g. (0.25 g.-atom) of sodium was re
fluxed for 24 hr. during which time the temperature rose from 
160-210°. The excess sodium and sodium bromide were removed 
by filtration and the residue was distilled in vacuo to yield about 
7 g. (60% yield) of hexaethyldisilane, b.p. 67-70° (0.5 mm.). 
Hexaethyldisilane then was purified by gas phase chromatog
raphy employing the column described for hexaethyldigermane. 
The retention time of hexaethyldisilane at 200° (75 ml./min. He 
flow) was 25.5 min.

Anal. Calcd. for Oi2HsoSi2: C, 62.53; H, 13.12. Found: C, 
62.48; H, 13.25.

Triethylsilyltriethylgermane.—A mixture of 19.5 g. (0.10 mole) 
of triethylbromosilane, 24.0 g. (0.10 mole) of triethylbromoger
mane, and 5.3 g. (0.23 g.-atom) of sodium was refluxed with stir
ring under argon. The original pot temperature was 178° and 
this slowly rose to 225° over a period of 5 days. The mixture 
was then cooled, taken up in diethyl ether, and filtered to remove 
excess sodium and sodium bromide. The filtrate was concen
trated and distilled in vacuo to yield 24 g. of a fraction, b.p. 76- 
86° (0.50-0.35 mm.). Analysis of this fraction by gas phase 
chromatography (5% silicone rubber on Chromosorb W) indi
cated the presence of four components: the first amounting to 
4% by weight (retention time, 20.3 min.); the second 28% by 
weight (retention time, 25.5 min.); the third 27%. by weight (re
tention time, 29.0 min.); and the fourth 42% by weight (retention 
time, 33.0 min.). The first component was tentatively identified 
as the cyclic tetramer of diethylsiloxane, [Et2SiO]4,9 by infrared 
analysis and molecular weight determination, the second as 
hexaethyldisilane, and the fourth as hexaethyldigermane—the 
latter two having the same retention times as authentic samples 
of the two compounds. The third component was separated and 
repurified by gas phase chromatography employing the column

(6) A ll b o i l in g  p o i n t s  a r e  u n c o r r e c te d  b u t  w e re  d e te r m in e d  b y  t h e  s a m e  
m e th o d .

(7) C . A . K r a u s  a n d  E .  A . F lo o d ,  J.  Am. d i e m .  S o c . ,  54, 1 6 3 5  (1 9 3 2 ).
(8) (a )  M . V . G e o rg e , D . J .  P e te r s o n ,  a n d  H . G i lm a n ,  ib id . ,  8 2 , 40 3  (1 9 6 0 );  

(b )  H .  G i lm a n ,  D .  J .  P e te r s o n ,  a n d  D . W it t e n b e r g ,  C h em . I n d .  ( L o n d o n ) ,  
1 479  (1 9 5 8 ).

(9) T h is  p r o d u c t  w h o s e  a s s ig n m e n t  is  t e n t a t i v e  w a s  a ls o  p r e s e n t  in  t h e  
h e x a e th y ld is i la n e  p r e p a r a t i o n  b u t  n o t  in  t h a t  o f h e x a e th y ld ig e r m a n e .  A c 
c o rd in g ly ,  i t  is  b e l ie v e d  t o  a r i s e  e i t h e r  f ro m  a n  i m p u r i t y  in  t h e  s t a r t i n g  t r i 
e th y lb r o m o s i la n e  o r  b y  a  c a t a l y t i c  b r e a k d o w n  o f  t h e  s i l ic o n e  r u b b e r  p a c k in g .
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described for digermane. The separation was conducted at 185° 
at a flow rate of 450 ml./min. of helium and yielded triethyl- 
silyltriethylgermane of 99.9% purity or better, the retention 
time being 54.2 min.

Anal. Calcd. for Ci2H3oSiGe: C, 52.40; H, 10.99; mol. wt., 
275. Found: C, 52.15; H, 10.89; mol. wt., 279 (osmometric).

The other properties of this compound are shown in Table I 
and are compared with those of hexaethyldisilane and hexa- 
ethyldigermane.

Repetition of this experiment with periodic removal of ali
quots which were analyzed by gas phase chromatography showed 
that hexaethyldigermane was formed first, the mixed metal com
pound second, and the disilane was formed last.

Two subsequent runs were made employing 0.19 mole of tri- 
ethvlbromogermane, 0.19 mole of triethylbromosilane, and 0.48 
g.-atom of sodium at 175-230° for 2 days, and 0.23 mole of tri- 
ethylbromogermane, 0.23 mole of triethylbromosilane, and 0.43 
g.-atom of sodium at 175-195° for 8 days. In the first of these 
runs, 38 g. of high boiling product was obtained consisting of 7% 
by weight [EtjSiO]4, 28% by weight E t3SiSiEt3, 21% by weight 
E t3SiGeEt3, and 44% by weight E t3GeGeEt3. In the second 
run, 35 g. of high boiling product was obtained consisting of 19% 
by weight [Et2SiO]4, 7% by weight E t3SiSiEt3, 21% by weight 
E t3SiGeEt3, and 54% by weight E t3GeGeEt3.

Attempted Preparation of Hexaethyldisilane.—A mixture of
19.5 g. (0.10 mole) of triethylbromosilane, 50 ml. of tetrahydro- 
furan and 2.1 g. (0.30 g.-atom) of lithium was refluxed under 
argon overnight. The slightly colored mixture was then added to 
diethyl ether, filtered to remove lithium bromide, and distilled to 
yield several products, b.p. 65-130° (50-0.3 mm.). The in
frared spectrum of each of the two major fractions, b.p. 82-90° 
(0.3 mm.) and 104-115° (0.3 mm.), i i * d  1.4465, had strong bands 
at 9.25 and 10.0 y, indicative of the presence of C-O-C and Si- 
O-C groups, respectively. There were no bands indicative of 
OH groups in the 3-y region. The molecular weights (ebullio- 
metric in chloroform) were 215 and 250, respectively. The higher 
boiling fraction had the following analysis consistent with that 
calculated for 4-triethylsiloxy-n-butyl ether.2 3 4 5

Anal. Calcd. for C,4H326 2Si: C, 64.56: H, 12.39, mol. wt. 
260. Found: 64.22; H, 12.99; mol. wt., 250 (ebulliometrie).

Attempted Preparation of Triethylsilyltriethylgermane by 
Cleavage of Hexaethyldigermane.—A mixture of 17.8 g. (0.056 
mole) of hexaethyldigermane, 23 g. (0.118 mole) of triethylbromo
silane, and 1.1 g. (0.048 g.-atom) of sodium was refluxed for 24 
hr. Analysis of an aliquot indicated the presence of a small 
amount of the disilane with none of the mixed-metal compound 
present. Two additional increments of 1.1 g. (0.048 g.-atom) of 
sodium were then added in 24-hr. intervals while continuing to 
reflux the reaction mixture. Analysis after each of these 24-hr. 
intervals indicated that the disilane content increased with no 
change in the digermane content. In no case was there any 
evidence for the presence of triethylsilyltriethylgermane by gas 
phase chromatography.

Acknowledgment.—The authors wish to thank Mr. 
Kenneth Abel for the chromatography work, Mr. 
Lester D. Shubin and Mrs. Marguerite Hoppke for the 
infrared spectra, and Mrs. Lois Sims for the elemental 
analysis.

Chlorination of 2,3-DimethyIpyrazine
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Upon reinvestigation of the reaction of chlorine and
2,5-dimethylpyrazine, Hirschberg and Spoerri3 found

(1) (a) T he w ork herein reported  is based  on a  thesis subm itted  b y  R obert 
A. Pages in p a rtia l fulfillm ent of the  requirem ents for the degree of Bachelor 
of Science (C hem istry) a t  th e  Polytechnic In s titu te  of B rooklyn, June, 19G2; 
(b) N ational Science F oundation  U ndergraduate  Sum m er Research Program  
partic ipan t, 1961.

that a rapid, exothermic reaction took place, even in the 
absence of light, to yield 2-chloro-3,6-dimethylpyrazine. 
2-Methylpyrazine was found to undergo a similar reac
tion to yield 2-chloro-3-methylpyrazine. When the 
reaction was extended to 2,6-dimethylpyrazine, how
ever, it was found that the reaction proceeded ex
tremely slowly until the solution was irradiated with 
ultraviolet light. The product of this reaction was 
shown to be the unstable 2,6-bis-(a-chloromethyl)- 
pyrazine. Accordingly, it seemed of interest to extend 
this work to the remaining dimethyl isomer, 2,3- 
dimethylpyrazine (I). This compound was prepared 
by a sequence of reactions first described by Gabriel 
and Sonn4 in 1907.

However, in order to obtain high yields of I several 
modifications of Gabriel’s procedure were necessary. 
The preparation is described in the experimental part. 
A number of attempts to prepare I according to a 
recent procedure by Ishiguro and Matsumura6 gave 
unsatisfactory yields.

In the manner specified by Hirschberg and Spoerri,3 
chlorine was rapidly bubbled through a solution of I 
in carbon tetrachloride in the absence of light. After 
an initial evolution of heat, no precipitate was observed 
to form. Passage of chlorine was continued for an ad
ditional 20 min. after which only a small amount of 
a white precipitate had formed. The solution was then 
illuminated with ultraviolet light and the passage of 
chlorine resumed. This apparently speeded the reac
tion for within 20 min. a substantial amount of a 
white solid precipitated. In order to insure complete
ness of the reaction, the passage of chlorine was con
tinued for an additional 100 min. Examination 
of the white precipitate showed it to be a hydrochloride 
of I.

Evaporation of the carbon tetrachloride filtrate 
left a residual, lachrymatory oil, which polymerized 
to a tacky solid on standing and which could not be 
distilled. By analogy with the a-cliloromethylpyra- 
zines3 it seemed that this material was 2,3-bis-(a- 
chloromethyl)pyrazine (II) and, accordingly, it was 
treated with an excess of sodium ethoxide in absolute 
ethanol.

The stable liquid obtained from this alcoholysis 
exhibited a strong peak in the infrared at 1102 c m r1 
consistent with an aliphatic ether.6 Elemental analy
sis showed it to be a bisether and, hence, that the oil 
originally obtained was 2,3-bis-(a-chloromethyl)pyra- 
zine.

In order to verify this, I was treated with two 
equivalents of N-chlorosuccinimide and a catalytic 
amount of benzoyl peroxide in carbon tetrachloride. 
The unstable, lachrymatory oil thus obtained afforded 
the same bisether previously obtained as shown by a 
comparison of their infrared spectra.

cl
A* (48%) N v

2NCS
B z20 2 (75%)

CH2C1

c h 2ci

II

(2) To whom inquiries should be addressed.
(3) A. H irschberg and  P. E . Spoerri, J .  Org. C h e m . ,  26, 2356 (1901).
(4) S. Gabriel and  A. Sonn, B e r . , 40, 4855 (1907).
(5) T . Ish iguro  and M . M atsum ura, Yakugaku Zassh'i, 78, 229 (1958); 

C h e m .  A b s t r . ,  52, 11862a (1958).
(6) N. B. C olthup, J .  O p t .  S c i .  A m e r . ,  40, 397 (1950).
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For purposes of comparison, the monoethyl ether 
was also prepared with one equivalent of N-chlorosuc- 
cinimide and alcoholysis of the resulting unstable, 
lachrymatory oil. The stable liquid thus obtained 
exhibited a strong peak in the infrared at 1100 c m r 1 
consistent with an aliphatic ether.6 This was verified 
by elemental analysis.

Experimental7
A. 2,3-Dimethylquinoxaline.—In 2 1. of 2.5% acetic acid, 135 

g. of o-phenylenediamine (1.25 moles) was dissolved at 65°. A 
solution of 107.6 g. of biacetyl (1.25 moles) in 750 ml. of water 
was added, with stirring, over a period of 15 min. The mixture 
was stirred for an additional 15 min., neutralized with 20% 
potassium hydroxide, and allowed to stand overnight at 5°. The 
crude product was filtered, washed with cold water, and recrystal
lized from aqueous ethanol after treatment with Norit. The 
product, which crystallizes as the dihydrate, was dried at 60° 
overnight and was found to weigh 180 g. (91%). It had a melt
ing pointof 105.5-106.5° (lit. m.p. 106°).

B. 5,6-Dimethylpyrazine-2,3-dicarboxylic Acid.—2,3-Di
methyl quinoxaline (40 g., 0.253 mole) was dissolved in 2 1. of 
water at 80° in a 3-1. flask fitted with an efficient stirrer and a 
thermometer. Potassium permanganate (240 g., 1.52 moles) 
was added in 3-5-g. portions with vigorous stirring at a rate suffi
cient to maintain the temperature at 85°. The addition required
1.5-2 hr. The reaction mixture was then stirred at 90° for an 
additional hour. The hot mixture was filtered and the cake of 
manganese dioxide washed with hot water until the test washings 
no longer gave a pink color with 1 % ferrous sulfate solution. The 
combined filtrate and washings were evaporated to about 1 1. 
under reduced pressure and 126 ml. of 37%, hydrochloric acid 
(1.52 moles) cautiously added with stirring. Evaporation under 
reduced pressure was continued until 500 ml. remained. The 
mixture was then cooled and the crude diacid-dihydrate removed 
by filtration. The filtrate was evaporated to dryness under 
reduced pressure. Fifty milliliters of water was added followed 
by 750 ml. of acetone and the mixture refluxed 15 min., filtered, 
and the filtrate evaporated to dryness. The resulting solid was 
dissolved by refluxing in 750 ml. of acetone, treated with Norit, 
filtered, and evaporated to dryness to yield the acid as a light tan 
crystalline solid. The crude product was recrystallized from 
water after treatment with Norit and dried in a vacuum desiccator 
over Drierite. The pure product weighed 34 g. (69%) and had a 
melting point of 192-193° dec. (lit.8 m.p. 190°); neut. equiv.,
98.51 (theoretical 98.08).

C. Derivatives of 5,6-Dunethylpyrazine-2,3-dicarboxylic Acid. 
1. Anhydride.—Anhydrous acid (4.90 g., 0.025 mole) in 15 
ml. of acetic anhydride was heated on a water bath for 4 hr., 
cooled at 0°, and filtered to yield 2.8 g. of colorless crystals having 
a melting point of 171-171.5°. Evaporation of the mother 
liquor followed by treatment with Norit yielded an additional 
0.94 g. of anhydride; total yield, 3.74 g. (84%,).

Anal. Caled. for C8H6N20 3: C, 53.94; H, 3.40; N, 15.73. 
Found: C,54.00; H,3.48; N, 15.71.

2. Methyl Hydrogen Ester.—One gram of anhydride (0.006 
mole) was refluxed in 5 ml. of absolute methanol for 15 min. and 
evaporated to dryness on a water bath. The residue was 
recrystallized from benzene-cyclohexane to yield 0.97 g. (82%) of 
colorless crystals melting at 107-107.5°; neut. equiv., 208.9 
(theoretical 210.2).

Anal. Caled. for C9H,0N2O4: C, 51.43; H, 4.80; N, 13.33. 
Found; C, 51.38; H, 4.86; N, 13.31.

D. 2,3-Dimethylpyrazine.—Anhydrous 5,6-dimethylpyrazine-
2,3-dicarboxylic acid (58.9 g., 0.30 mole) was refluxed in 350 ml. 
of quinoline, under a stream of nitrogen, until no more carbon 
dioxide was evolved (approximately 4 hr.). The mixture was 
then carefully fractionated under vacuum to yield 30.2 g. (93%,) 
of 2,3-dimethylpyrazine (I) boiling at 45-46.5° (11 mm.).

Physical properties: b.p. 155.5-156.5° (lit.9 156°); nwu
1.5076; d264 1.005.

(7 ) A ll m e l t in g  p o in t s  a r e  c o r r e c te d .  I n f r a r e d  s p e c t r a  -were d e te r m in e d  
o n  a  P e r k in - E lm e r  I n f r a c o r d  s p e c t r o p h o to m e te r .  M ic r o a n a ly s e s  w e re  
p e r f o r m e d  b y  S p a n g  M ic r o a n a ly t ic a l  L a b o r a to r y ,  A n n  A r b o r ,  M id i . ,  o r  
b y  S c h w a rz k o p f  M ic r o a n a ly t ic a l  L a b o r a to r y ,  W o o d s id e ,  N .  V .

(8 ) K. A . B o t tc h e r ,  B e r . ,  46, 3 0 8 4  (1 9 1 3 ).
(9 ) J o r r e ,  D is s e r t a t i o n ,  K ie l,  1 8 9 7 ; B e i ls t e in ’s “ H a n d b u e h  d e r  o r g a n is c h e r

C h e m ie ,”  4 t h  E d . ,  S p r in g e r  V e r la g ,  B e r l in ,  2 3 , p . 5 9 .

I was identified by preparation of a picrate, m.p. 149.5- 
150.5° (lit.9150°).

A methiodide was prepared by a method given by Shriner, 
Fuson, and Curtin10 which had m.p. 183-184°.

Anal. Caled. for C7H11N2I: N.11.22. Found: N, 11.21.
E. 2-(a-Chloromethyl)pyrazines. 2-(a-Chloromethyl)-3- 

methylpyrazine and 2,3-bis(a-chloromethyl)pvrazine (II) were 
prepared by the reaction of N-ehlorosuccinimide with an equi
molar quantity of 2,3-dimethylpyrazine (I), using a catalytic 
amount of benzoyl peroxide (procedure A). In addition, 2,3- 
bis(a-chloromethyl)pyrazine (II) was also prepared by treatment 
of I with chlorine in the presence of ultraviolet light (procedure
B ) .

These a-chloromethylpyrazines are unstable, lachrymatory 
oils, which decompose on standing, and could not be purified by 
fractional distillation. Accordingly, after isolation, they were 
immediately used in the preparation of the corresponding pyra- 
zinylmethyl ethyl ethers.

Procedure A. All (a-Chloromethyl)pyrazines.—I (5.4 g., 0.05 
mole) in 250 ml. of carbon tetrachloride containing 1 or 2 equiv
alents of N-chlorosuccinimide and 0.1 g. of benzoyl peroxide was 
refluxed 12 hr., cooled to 0°, filtered, and the residue washed with 
two additional 25-ml. portions of carbon tetrachloride. The 
combined filtrate and washings were evaporated under vacuum at 
room temperature. The residual oils were immediately used for 
the preparation of the corresponding ethyl ethers. The yields of 
these oils ranged from 75-80% (assuming the oils to be pure).

Procedure B. 2,3-Bis-(chloromethyl)pyrazine.—To 250 ml. of 
carbon tetrachloride was added 10.8 g. of I (0.1 mole). Chlorine 
was rapidly bubbled in through a sintered glass gas addition tube 
while the flask was irradiated with ultraviolet light (Burdick-Type 
QA-250N). A white precipitate formed after only a few minutes. 
The passage of chlorine was continued for 2 hr. The mixture was 
then filtered and the residue washed with two 50-ml. portions of 
fresh carbon tetrachloride. The filtrate and washings were 
evaporated under reduced pressure leaving 4.0 g. II as a yellow 
oil which was immediately used in the preparation of the cor
responding ethyl ether. A 23% conversion to II was obtained, 
based on recovery of 5.6 g. I from its hydrochloride. The yield 
was 48% (assuming the oil to be pure).

F. 2,3-Bispyrazinylmethyl Ethyl Ether.—To 0.12 mole of 
sodium ethoxide in 200 ml. of absolute ethanol was added 0.035 
mole of II (6.2 g.) in 25 ml. of absolute ethanol and the mixture 
refluxed 12 hr., cooled, filtered, and the residue of sodium chloride 
washed with several portions of absolute ethanol. The combined 
filtrate and washings were diluted with 25 ml. of water and con
centrated on a water bath until most of the alcohol had been 
removed. The residual oil was then extracted from the alkaline, 
aqueous layer with diethyl ether. The ether extracts were dried 
over anhydrous magnesium sulfate and concentrated on a water 
bath. The residual oil was then carefully fractionated to yield
1.4 g. (20%) of the bisethyl ether which had a boiling point of
115-116° (10 mm.), re20D 1.4890.

Anal. Caled. for C10Hi6N2O2: C, 61.20; H, 8.22; N, 14.27. 
Found; C, 61.15; H,8.31; N, 14.41.

(1 0 ) R .  L . S h r in e r ,  R .  C . F u s o n ,  a n d  D . Y . C u r t in ,  “ T h e  S y s t e m a t i c  
I d e n t i f i c a t i o n  o f O rg a n ic  C o m p o u n d s ,”  4 th  E d . ,  J o h n  W ile y  a n d  S o n s , I n c . ,  
N e w  Y o r k ,  N . Y . ,  1 9 5 0 , p . 2 28 .

The Cleavage of Aryl Ethers by Alkali Metals in 
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The cleavage of aryl ethers by alkali metals in inert 
solvents at room temperature was detected by electron

(1 )  P r e s e n te d  in  p a r t  a t  t h e  1 4 1 s t  N a t io n a l  M e e t in g  o f t h e  A m e r ic a n  
C h e m ic a l  S o c ie ty ,  W a s h in g to n ,  D .  C . ,  1962.

(2) P r e s e n t  a d d r e s s :  T h e  G e o rg e  W a s h in g to n  U n iv e r s i ty ,  W a s h in g to n
6, D .  C . W o rk  d o n e  a t  W a s h in g to n  U n iv e r s i ty ,  S t .  L o u is ,  M o .
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spin resonance techniques. Some aryl ethers have pre
viously been cleaved by alkali metals,3 but only under 
extreme conditions and with no immediate indication of 
products. In the present research, the cleavage of 
several types of aromatic ethers was investigated in a 
variety of inert aliphatic ether solvents employing the 
alkali metals lithium, sodium, potassium, rubidium, and 
cesium (Table I). The reaction was first detected in a 
study of spin exchange in the singly and doubly charged 
anions of biphenylyl ether.4

T a b l e  I
P r o d u c t  A n a l y s e s

.----------- Products, % —
Aryl ether Alkali m etal ArOH ArH ArAr

(p-PhC6H4)20 Li, Na, K, Rb 60.2 36.0a 6.6
O C 10H7)20 Na, K 56.2 42.2° 13.8
(a~C,0H7)2O Na, K 43.1 6.3“ 31 .9
( p-N CeCöBU Na, K, Cs Negative ion, no cleavage
C6H5OCH3 Na, K 9.7 c a ,b

(C6H6)20 Na 7.6 c a ,b

a Product detected as negative ion. 6 Incomplete cleavage
yields based on 100% ether initially. Solvents used were 1,2- 
dimethoxvethane, tetrahydrofuran, tetrahydropyran, and 2- 
methyltetrahydrofuran. c Not detected.

The products of the reaction were, in each case ex
amined, the arylphenol, the aryl hydrocarbon, and 
small amounts of unidentified high melting neutral ma
terial. Product yields and reactivity were greatest 
with the larger aryl groups—60% p-phenylphenol from 
biphenylyl ether to ca. 8% phenol from diphenyl ether. 
In the case of anisole and diphenyl ether, some un
changed material was recovered. Bis-(p-nitrophenyl) 
ether formed a mononegative ion which failed to cleave 
and decomposed (losing radical activity) on standing 
several days. Even the most rigorous conditions, 
cesium and dimethoxyethane did not succeed in cleav
ing this ether.5 Anisole remained completely inert to 
sodium in tetrahydrofuran, even after standing one 
week and after subjection to temperatures from —80 to 
50°, but reacted readily with potassium in dimethoxy
ethane. A transient deep yellow color was observed 
initially in the latter experiment, but, if this species was 
paramagnetic, it could not be detected, since the im
mediate formation of biphenyl negative ion covered any 
other species with its strong signal. Diphenyl thio- 
ether (diphenyl sulfide) in dimethoxyethane under 
treatments similar to those of anisole, yieldec no para
magnetic products. The reaction rate depended in 
some measure upon the solvent in the approximate 
order dimethoxyethane >  tetrahydrofuran > tetrahy
dropyran > methyltetrahydrofuran8-7; however, sol
vent variation alone did not appear to change sig
nificantly the relative product ratios of per cents. 
The alkali metals were found to be reactive in the order

(3) P. P. Shorygin, B e r . ,  57B, 1627 (1924); C o m p .  r e n d .  a c a d .  S c i .  

U R S S ,  14, 505 (1937) [ C h e m .  A b s i r . ,  31, 5777 (1937)]; M  Tom ita, Y. 
Inubush i, and  II. Niwa, J .  P h a r m .  S o c .  J a p a n ,  72, 206 (1952) [ C h e m .  A b s t r . ,  

47, 0428& (1955)]; A, A. M orton and  A. E. Brachm an, J .  A m .  C h e m .  S o c . ,  

76, 2973 (1954).
(4) D. H. Eargle, J r ., and  8. I. W eissman, J .  C h e m .  P h j s . ,  34, 1840 

(1961).
(5) S p litting  by cesium (I = 7 /2 ) was detected  in the  negative ion spec

trum , which was much broader (47.8 gauss) th an  the  potassium  spectrum  
(30.9 gauss), b u t no t quite  so broad as the spectrum  of cesium -nitrobenzene 
(53.9 gauss).

(6) N. D. Scott, J . F . W alker, and  V. L. Hansley, J . A m .  C h e m .  S u e . ,  58, 
2442 (1936).

(7) D. E. Paul, D. L ipkin, and  S. I. W eissman, i b i c l . , 78, 113 (1956).

expected: lithium < sodium <  potassium <  rubidium 
< cesiutn.

Several color changes were evident during the reac
tion stages. In general, the singly charged negative ion 
was amber or orange, whereas the dinegative ion (de
tected only with the larger aryl groups) was a greenish 
color. The color of the product mixture was generally 
very dark green or blue, owing to the predominant color 
of the aryl hydrocarbon or the diaryl negative ions.

Stages of reaction were easily followed with e.s.r. 
signals typical of the compounds under study.4'8 In 
the carefully studied case of /J-naphthyl ether, increas
ing reduction of the ether to the orange paramagnetic 
ion resulted in increasing signal amplitude until the for
mation of green diamagnetic dinegative ion caused a 
decrease in signal strength. Further reduction of the 
mixture resulted in immediate cleavage of the ether and 
appearance of a strong naphthalene negative ion spec
trum. An attempt to produce a paramagnetic nega
tive ion of sodium /3-naphtholate resulted only in a dia
magnetic and very fluorescent material; therefore, it is 
not likely that the presence of phenolate anions in the 
product mixtures would interfere with the hydrocar
bon spectra.

Product analysis and the e.s.r. spectra indicate that 
the reaction proceeds through a heterolytic cleavage of 
the aryl carbon-oxygen bond of the dinegative ion. 
During cleavage the two paired electrons are most 
likely localized in the aryl, rather than the aryloxy, 
fragment. The aryl fragment may then extract a

Ar-O-Ar (Af-O-Ar)-  5=4 (Ar-^O-Arf2- ^  (Ar)~ + ArO“
solvent: \

2 fragments-Na-\

(ArH)-  (Ar-Ar )“

hydrogen atom from the solvent or combine with an
other aryl fragment to form the products obtained. 
The high-melting neutral products (unidentified) noted 
earlier are compounds which probably result from com
bination with aryl fragments of solvent radicals gen
erated by hydrogen atom extraction.

so lven t:H
(At)- --------- (ArH)“ +  (solvent-)

In the cleavage of 1-naphthyl ether only the strong 
signal of naphthalenide ion was detected in the product 
mixture; however, product analysis indicated that 1,1'- 
dinaphthyl was the more abundant product. Conse
quently, experiment proved that somewhat less of an 
equivalent of naphthalene added to one equivalent of 
l,l'-dinaphthylide ion indeed resulted in exchange of 
the electrons to naphthalene. Studies are being under
taken to determine the reason for this anomaly, since 
generally, the larger aryl system possesses the greater 
electron affinity.9

Experimental
General Remarks.—All samples were prepared in a glass ap

paratus described previously5 for use in an instrument described 
earlier.10 In those experiments in which the major products were 
separated and examined, 1 g. of sample was used; in those in

(8) N. M. A therton  and S. I. Weissman, i b i d . ,  83, 1330 (1961); M. G. 
Townsend, J .  C h e m .  S o c . ,  51 (1962).

(9) G. J. H oijtink , in private  com m unication, reports no ting  th is  behavior 
of cx-dinaphthyl.

(10) R. L. W ard and  S. I. W eissman, J .  A m .  C h e m .  S o c . ,  79, 2086 (1957).
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which the reaction was examined only by means of the e.s.r. 
signal, samples of 2-3-mg. size were used. The alkali metals, ex
cept for lithium, were distilled into the sample tubes under a 
vacuum of about 10_6 torr; lithium metal was carefully melted 
(with partial reaction with the glass) in a side-arm tube.

Cleavage of /3-Naphthyl Ether.—As a typical example, the 
cleavage by sodium and subsequent work-up of /3-naphthyl ether 
is described. After introduction of /3-naphthyl ether (i.00 g., 
0.0037 mole) into the sample tube, the system was outgassed and 
a small chunk (ca. 0.2 g.) of freshly cut sodium was distilled three 
times through constrictions in a side tube, each constriction being 
sealed off after use. About 4 cc. of dimethoxyethane was distilled 
into the sample tube (using liquid nitrogen as coolant), and the 
sample and solvent were thoroughly degassed. The sample tube 
was then sealed from the vacuum system and shaken two or three 
times to allow the solution to contact the metal mirror. An 
orange color immediately developed, which was found to be the 
color of the mononegative ion. Subsequent shaking caused the 
mixture to turn a dark blue-green, indicative of the formation of 
naphthalene negative ion. The mixture was shaken 1 hr. longer, 
and the sample tube was broken open and the contents exposed to 
air, whereupon the blue-green color rapidly disappeared. The 
mixture was neutralized with dilute sulfuric acid and 20 cc. of 
ether added to it. Extraction of the products was accomplished, 
first with sodium bicarbonate solution, then with sodium hy
droxide, the neutral material remaining unchanged. The acidified 
bicarbonate extract in this case, as in all others, yielded only a 
very thin film (after evaporation of the ether solvent) having an 
odor of aliphatic acids. The acidified sodium bicarbonate ex
tract yielded a white material, which, after sublimation, weighed 
0.30 g., m.p. 122°. The melting point upon admixture with 
authentic /3-naphthol was unchanged; yield, 56%. The ether 
was removed from the neutral material, which was fractionally 
sublimed. The first and easiest obtained fractions were of an 
aromatic white material, 0.20 g., m.p. 80-83°, mixture melting 
point with authentic naphthalene unchanged. Subsequent frac
tions yielded a white compound, 0.13 g., m.p. 181-183.5 (mixture 
melting point with /3-dinaphthyl unchanged), and a small amount 
(0.01 g.) of very high-melting material which was not identified. 
We assume some product loss occurred during the work-up and 
sublimation procedure; the product yields are all based on pure 
material recovered.

Acknowledgment.—The author is indebted to Dr.
S. I. Weissman and Dr. D. Lipkin for their assistance 
and guidance in this project and to theU. S. Air Force 
Office of Scientific Research and Development Com
mand and the Office of Naval Research for support of 
this work.
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Menthofuran, II, has been prepared from isopule- 
gone, I, and from pulegone, la, as shown in Dia
gram I.46'6

(1) Terpenes. IV . C onstitu tion  and  Absolute Configuration of Erem o- 
philenolide, T e t r a h e d r o n , in press. Terpenes. I l l ,  C h e m .  I n d .  (London), 
38 (1962). Terpenes. I I ,  J .  O r g .  C h e m . ,  27, 3635 (1962). Terpenes. I, 
i b i d . ,  26, 981 (1961).

(2) Holder of N ational Science Foundation  Sum m er Fellowship for 
G raduate Teaching Assistants, Summ er, 1962. N ational In s titu te s  of 
H ealth  Fellow, 1962-63.

(3) P a rtic ip an t in N ational Science Foundation  College Chem istry 
Teachers Research P articipation  Program  a t  O klahom a S ta te  U niversity , 
Summ er, 1962.

(4) W. Treibs, B e r . ,  70, 85 (1937).
(5) H . Fritel and M. Fetizon, J .  O r g .  C h e m . ,  23, 481 (1958).

D i a g r a m  I

We now report the isolation of optically pure men
thofuran as the major product of the pyrolysis of 2- 
acetoxypulegone, V (Diagram 2). This unusual reac
tion prompted us to reinvestigate the structure of the 
product obtained by treating pulegone with mercuric 
acetate; structure V was assigned to this product by 
earlier workers.7 Structure III previously had been 
assigned to the product obtained by treating isopulegone 
with mercuric acetate; on pyrolysis III gave mentho
furan.

The product isolated on treatment of pulegone with 
mercuric acetate according to the procedure of Reit- 
sema7b was found to have physical properties identical 
with those previously reported. However, gas chroma
tography (hydrogen flame detector) showed that it was 
a mixture containing approximately equal amounts of 
two components; attempts to separate these two com
pounds using column chromatography failed. Never
theless, an examination of the n.m.r. spectrum of the 
product showed that III was not one of these compo
nents, and that the mixture consisted of the cis and trans 
isomers of 2-acetoxypulegone, V. The methyl protons 
of the isopropylidene group in V (cis and trans isomers) 
appeared at 5 1.76 (3 protons) and at S 1.84 (3 protons). 
In both the cis and trans isomers the methyl protons of 
the isopropylidene group cis to the carbonyl group would 
be expected to show a paramagnetic shift compared 
with the methyl protons trans to the carbonyl group 
(see Diagram 2).8 Structure III would be expected to 
show only three protons in this region of its n.m.r. spec
trum. The protons of the C-3 methyl group in V ap-

Va cis (acetoxy group up)
CH3 at C3: 5 0.96; doublet 

J  = 7 c.p.s.
H at C2: 5 5.10; doublet,

J  = 5.5 c.p.s.
Vb trans (acetoxy group down) 

CH3 at C3: S 1.05; doublet 
j  — 5 5 c p s 

H at C2: $ 4.64; doublet 
J  = 10.5 c.p.s.

D ia g r a m  2.—Position (5) of protons in n.m.r. spectrum of 
2-acetoxypulegone.

(6) W . Treibs, G. Lucius, H. Kogler, and  H. Breslauer, A n n . ,  581, 59 
(1953).

(7) (a) W. Treibs and H. Bast, i b i d . ,  561, 165 (1949); (b) R. H. Reitsem a, 
J .  A m .  C h e m .  S o c . ,  79, 4465 (1957).

(8) L. M. Jackm an, “ Applications of N uclear M agnetic Resonance 
Speetroseopy in Organic C hem istry,”  Pergam on Press, New York, N. Y., 
1959.

c h 3 0

(1.76)CH3 X'CH3(1.84)
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peared as a pair of doublets. The cis isomer, Va (see 
Diagram 2), showed a doublet centered at 5 0.96 (J = 7 
c.p.s., 1.8 protons), whereas the trans isomer, Vb, 
showed a doublet centered at 8 1.05 (J = 5.5 c.p.s., 1.2 
protons). The proton at C-2 in the cis isomer appeared 
as a doublet centered at 5 5.10 (J = 5.5 c.p.s., 0.6 pro
ton) whereas in the trans isomer it appeared as a doublet 
centered at 5 4.64 (J = 10.5 c.p.s., 0.4 proton). The 
coupling constants of cis 1,2 protons are known to be 
smaller than the corresponding trans isomers.8 For 
structui’e III, one would expect an unsplit signal corre
sponding to two protons in this region of the n.m.r. spec
trum.

Pyrolysis of the mixture of cis- and ¿raws-2-acetoxy- 
pulegone gave essentially optically pure menthofuran, 
II, in 43% yield. The optical purity of the mentho
furan shows that the reaction could not have proceeded 
via intermediate VI, the expected pyrolysis product.

VI

Examination of Dreiding models indicated that in 
¿rans-2-acetoxypulegone with the cyclohexane ring in a 
boat conformation, and in cfs-2-acetoxypulegone with 
the cyclohexane ring in a chair conformation, the car
bonyl group of the acetoxy group can be in close proxim
ity to the hydrogen atoms of one of the methyl groups of 
the isopropylidene substituent. In the trans isomer, 
this carbonyl can actually approach a hydrogen atom of 
the isopropylidene group more closely than it can ap
proach the cis hydrogen atom at C-3. The route shown 
in Diagram 3 is suggested.9

Diagram 3

In view of our findings we decided to repeat the reac
tion of isopulegone with mercuric acetate to determine if 
the product was indeed III. Following the procedure 
previously described6 a product was obtained which was 
identical in all respects with the product we obtained 
from pulegone, namely a mixture of cis- and trans-2- 
acetoxypulegone. In addition, the recovered unchanged 
starting material was found by gas chromatography to 
be approximately 80% pulegone and 20% isopulegone.

the Yarian A-60 spectrometer using carbon tetrachloride as 
solvent and tetramethylsilane as an internal standard (5 = 0). 
(las chromatograms, except where noted, were obtained with the 
Aerograph Hy-Fi gas chromatograph using a hydrogen flame 
detector and a column Vs in. by 5 ft. of 5% SE-30 on acid-washed 
Chromosorb W, with hydrogen and nitrogen flow rates of 30 ml. 
per min.

2-Acetoxypulegone.—(+  )-Pulegone was obtained by fractional 
distillation of oil of pennyroyal, and converted to 2-acetoxypule- 
gone as described by Reitsema.7b The 2-acetoxypulegone used in 
the pyrolysis experiment had the following properties: b.p.
110-li2° at 1.4 mm. (reported7 102° at 4 mm.); [*]s d —14.46° 
(c 2.31 in ethanol) (reported1 [ « ] k d  —15.88°); X®°H 252 my, 
c 6214 (reported7 X% 252 my, e 6010). Gas chromatography at 
170° showed two components in approximately equal amounts 
with retention times of 5 and 5.3 min.

Pyrolysis of 2-Acetoxypulegone.—A solution of 4.85 g. of 2- 
acetoxypulegone in 25 ml. of benzene was slowly passed through a
1.5 cm. X 17 cm. Pyrex column packed with 3/ 32-in. glass 
helices, at 450°; the solution was forced through the column 
under positive nitrogen pressure. The gas chromatogram, using 
a thermistor detector, of the benzene eluent showed two com
ponents in the ratio of 0.33 to 0.67. The component in 
smaller amount was very similar in retention time to 3-meth- 
ylcyclohexanone, and may be 3-methyl-2-cyclohexenone, which 
could arise by the formation of piperitenone followed by re- 
troaldolization during the course of the pyrolysis. This 
product was shown not be be thymol by gas chromatographic 
comparison with an authentic sample. The component of longer 
retention time and in larger amount was found to be menthofuran. 
Removal of the benzene at reduced pressure also resulted in the 
removal of the compound of lower molecular weight, and gas 
chromatographic analysis showed only the presence of mentho
furan with minor impurities (less than 5%). The benzene eluent 
was found to contain 1.5 g. of menthofuran (43% yield) and no 
unchanged 2-acetoxypulegone. Charred products remaining 
on the pyrolysis column presumably accounted for the remainder 
of the starting material. When the pyrolysis was conducted at 
temperatures lower than 450° unchanged 2-acetoxypulegone 
was found to be present according to the gas chromatogram.

The menthofuran had the following properties after distilla
tion: 220 my, e 5852; M 2+  +87.46° (c 1.87 in ethanol)
(reported [ a ) 25D  +81°10il for natural menthofuran, and [ a ] D  
+92 for menthofuran prepared from pulegenol sulfonic ester); 
the infrared spectrum was identical in all respects with that 
previously recorded11; the n.m.r. spectrum showed the methyl 
group on the cyclohexane ring as a doublet (J = 5.5 c.p.s.) 
centered at S 1.07, the methyl on the furan ring as a doublet 
(J  = 1 c.p.s.) centered at 5 1.85, and the aromatic hydrogen on 
the furan ring at & 6.84. The autoxidation product (m.p. 186- 
187°) and maleic anhydride adduct (m.p. 132-133°) of the 
isolated menthofuran were identical in melting points to those 
previously reported.10a,b

2-Acetoxypulegone from Isopulegone.—( — )-Isopulegone was 
pared from isopulegol acetate as follows: a solution of 15.5 g. of
isopulegol acetate, 2.4 g. sodium, and 30 ml. of 95%, ethanol was 
refluxed for 4 hr. After cooling, the solution was adjusted 
to pH 6 with dilute sulfuric acid, and then extracted with ether. 
The ether extract, after washing with water and drying over 
anhydrous magnesium sulfate, gave on distillation 8.9 g. (73%,) of 
isopulegol, b.p. 40-41° at 0.1 mm.; r61™ 3450, 1643, 890 cm.-1.

A solution of 8.6 g. of isopulegol in 50 ml. dry acetone was 
cooled in an ice bath and treated with Jones’ reagent12 until 
the brown color persisted. Water was added and the solution 
extracted with ether. After washing with water and drying over 
anhydrous magnesium sulfate, the extract was distilled to give
5.1 g. (60%) of isopulegone, b.p. 52-54° at 0.7 mm.; i/*'," 
1710, 1643, 891 cm.-1; [ « ] 25d  +4.33° ( c  2.50 in ethanol). This 
optical rotation indicates the presence of 11% ( +)-iso-isopule- 
gone, [ o ] d  +144.4°, and 89%, ( — )-isopulegone, [a]n —13.5°.13 
The infrared spectrum and gas chromatogram of this product 
indicated the absence of any pulegone.

Experimental
Melting points were taken on a Fisher-Johns apparatus and 

are uncorrected. Infrared spectra were recorded on a Beckman 
IR-5 spectrophotometer; n.m.r. spectra were determined with

(9) We wish to th an k  the  referee for suggesting such a  mechanism.

(10) (a) P. Z. Bedoukian, J .  A m .  C h e m .  S o c ., 70, 621 (1948); (b) R . B. 
W oodward and R . H. E astm an , i b i d . , 72, 399 (1950),

(11) Y, R. Naves, C o m p t .  r e n d . ,  237, 704 (1953); S o c .  c h i m .  F r a n c e , 
1954, 657.

(12) A. Bowers, T. G. Halsall, E. R. H. Jones, and A. J .  Lem in, J.  C h e m .  

S o c . ,  1953, 2555.
(13) G. Ohloff, J . O siecki, and C. D jerassi, B e r . t 95, 1400 (1962).
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The prepared isopulegone was treated with mercuric acetate as 
previously described. The acetoxy ketone fraction obtained in 
25% yield was found to be identical in infrared and n.m.r. spectra, 
and in its gas chromatogram with the product obtained from (+  )- 
pulegone. The gas chromatogram of the residue showed 
only the presence of 80%) pulegone and 20%, isopulegone.

Reductions w ith Triphenyltin Hydride

Donald H. Lorenz1 and E rnest I. Becker2,3

C hem ical Laboratories o f  the P oly techn ic  In s titu te  o f  B rook lyn , 
B ro o k ly n  1, N e w  Y o rk

Received N ovem ber 2, 1962

As part of a continuing study on the scope of hydro- 
genolyses with triphenyltin hydride we are reporting on 
the reactions of organo-isocyanates, isothiocyanates, 
and Schiff bases with triphenyltin hydride.

When phenyl isocyanate or a-naphthyl isocyanate 
was treated with two equivalents of triphenyltin hy
dride, the corresponding arylformamides were pro
duced in 40-50% yield. This is distinctly different

Ar— N==C=0 +  2 PhsSnH — >  ArNHC=0 +  (Ph.,Rn)2

H
Ar=Ph, «-Naphthyl

from the reaction of isocyanates with lithium aluminum 
hydride4 which produces the corresponding N-methyl- 
amines. Another advantage of this reaction is that no 
hydrolysis step is required as in the case of lithium 
aluminum hydride reactions.

The reaction of phenyl isothiocyanate with triphenyl
tin hydride takes a different course. From this reac
tion mixture, hexaphenylditin, and bis-(triphenyltin) 
sulfide were isolated and identified by mixture melting 
points with known samples. This indicates that the 
carbon-sulfur bond is more labile than the carbon- 
oxygen bond to hydrogenolysis by triphenyltin hydride. 
In addition to the above products a basic liquid mixture 
which had a strong odor of an isocyanide was obtained. 
Infrared spectra indicated the presence of an aryl iso
cyanide and aromatic amines. Diazotization of the 
distilled reaction products and treatment with /3-naph- 
thol gave an orange product indicating the presence of a 
primary aromatic amine. Strong, but not completely 
conclusive, evidence for the identification of the prod
ucts were the vapor phase chromatographs, using two 
different columns and three different temperatures, 
which showed three bands whose retention times in all 
cases matched those of known samples of aniline, N- 
methylaniline and phenyl isocyanide.

These reductions of the isothiocyanates by triphenyl
tin hydride may be contrasted with the reduction with 
lithium aluminum hydride which reacts with aryl iso
thiocyanates to give the corresponding N-methyl- 
amines.5

(1) Taken  from a portion of the d issertation subm itted to the facu lty  of 
the Polytechnic In stitu te  of B ro o k lyn  in  partia l fu lfillm ent of the require
ments for the degree of Doctor of Philosophy in  Chem istry , 1963.

(2) T o  whom inquiries should be sent.
(3) Sponsored by the U . S . A rm y  Research Office (D u rh am ), whose sup^ 

port we are happy to acknowledge.
(4) R . W esseley and W . Swoboda, Monatsh., 82, 621 (1951).
(5) W . R ied  and F .  M u lle r, Chem> Ber., 85, 470 (1932);

Since the presence of aniline in the reaction of tri
phenyltin hydride with phenyl isothiocyanate suggested 
the presence of a Schiff base as a possible intermediate, 
benzalaniline was treated with triphenyltin hydride. 
The product N-phenylbenzylamine was isolated in 35% 
yield. The low yield of the amine is probably due to 
decomposition of the hydride by the amine formed. 
This amine decomposition has been noted by a number 
of workers.6 The other product of the reaction was 
hexaphenylditin, which was identified by mixture melt
ing point with a known sample.

Experimental
«-Naphthyl Isocyanate with Triphenyltin Hydride.—«-Naph

thyl isocyanate (3.38 g., 0.02 mole) was added to 14 g. (0.040 
mole) of triphenyltin hydride and heated at 80° for 1 hr. Ex
traction of the cooled, completely solidified, reaction mixture 
with hot chloroform followed by filtration and cooling afforded a 
white solid, m.p. 210-220°. An additional crop, m.p. 200-210°, 
was obtained from the mother liquor. The chloroform was finally- 
removed under vacuum leaving a yellow-white solid, melting at
118-124°. This solid was washed with ethanol leaving behind a 
white solid, m.p. 220-225°. The ethanol solution was concen
trated depositing a white solid, m.p. 190-200°. Water was added 
to the hot ethanol solution until cloudy, and on cooling a needle
like crystalline product was obtained, m.p. 116-128°. This 
product was dissolved in hot ethanol (charcoal), and cooled to 
give a white product, m.p. 123-126°. Recrvstallization from 
benzene-heptane gave 1.43 g. (41%) of colorless a-naphthyl- 
formamide, m.p. 137.8-138.5°, whose infrared spectrum was 
superimposable upon that of known «-naphthylformamide. A 
mixture melting point with authentic «-naphthylformamide 
showed no depression (1:1 mixture, m.p. 137.8-138.8°).

The combined solids melting around 200° were recrystallized 
four times from benzene-heptane to give hexaphenylditin, m.p.
228-231°. A mixture melting point -with known hexaphenylditin 
showed no depression.

Phenyl Isocyanate with Triphenyltin Hydride.—A mixture of
2.4 g. (0.02 mole) of phenyl isocyanate and 15 g. (0.043 mole) of 
triphenyltin hydride was heated at 100° for 4 hr. On cooling, the 
reaction mixture solidified. I t  was extracted overnight with 
water in a Soxhlet extractor. Distillation of the water in vacuo 
gave a yellow oil, which was recrystallized from ether-pentane to 
give a product, m.p. 45.4-47.0°. Recrystallization from ether- 
pentane (charcoal) did not alter the melting point, 1.35 
g. (55%). The infrared spectrum was superimposable upon 
that of known N-phenylformamide and admixture melting point 
with a known sample of N-phenylformamide showed no depres
sion (1:1 mixture, m.p. 45.6-47.1°).

The hexaphenylditin left after extraction was recrystallized from 
benzene-heptane to give a product, m.p. 230-231°, showing no 
depression upon admixture with a known sample of hexaphenyldi
tin.

Phenyl Isothiocyanate with Triphenyltin Hydride.—A mixture 
of 2.8 g. (0.02 mole) of phenyl isothiocyanate and 28 g. (0.080 
mole) of triphenyltin hydride was heated at 90° for 3 hr. Upon 
cooling, the reaction mixture solidified. It was then heated to 
170° under vacuum and the vapors were collected in a flask in a 
Dry Ice-acetone bath. Vapor phase chromatography of the 
liquid product, which smelled strongly of an isocyanide, showed 
three bands which were identified as aniline, N-methylaniline 
and phenyl isocyanide by comparison with the vapor phase 
chromatographic behavior of known standards, using two dif
ferent columns [K-polyethylene glycol (Carbowax 1500), R- 
polyglycol (Ucon LB-550-X)] and three different temperatures 
(179°, 189°, 194°) for comparison. The infrared spectrum 
showed the presence of aromatic amines and an aromatic isocy
anide [NH stretch 3450 cm.-1 and 3400 cm.-1 (shoulder), C—N 
1345 cm y1 (primary amine) and 1265 c m r1 (secondary amine), 
R—N =C  2145 cm.-1]. Diazotization of the distilled reaction 
products and treatment with «-naphthol gave rise to an orange 
product indicating the presence of a primary aromatic amine.

(6) (a) A . Stern  and E .  I. Becker, J. Org. Chem., 27, 4052 (1962). (b)
G . J .  M . va n  der K e rk , J .  G . Noltes, and J .  G . A . L u ijte n , Rec. trav* &him*r 
61, 853 (1962).
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The solid reaction mixture left after the distillation was ex
tracted with hot chloroform and filtered. On cooling it deposited 
a white solid melting 200-210°. Recrystallization of this solid 
from chloroform and then from benzene-heptane raised the 
melting point to 228-231°, which showed no depression on admix
ture melting point with known hexaphenylditin.

The chloroform filtrate was evaporated in vacuo and the 
resulting yellow solid was washed with ethanol leaving a white 
solid, m.p. 120-130°, and a yellow ethanol solution. Iiecrystal- 
lization of this white solid from benzene-heptane gave a product 
melting 143.5-145.0°. A mixture melting point with a sample of 
known bis-(triphenyltin) sulfide showed no depression.

Benzalaniline with Triphenyltin Hydride.—Benzalaniline (1.81 
g., 0.10 mole) was mixed with 10.5 g. (0.030 mole) triphenyltin 
hydride and heated at 124° for 22 hr. On cooling, the reaction 
mixture solidified and was extracted with hot methanol. Ihe 
solid remaining was recrystallized from chloroform and an ad
mixture melting point with hexaphenylditin showed no depres
sion.

The methanol solution was evaporated under vacuum leaving a 
brownish oil, which was taken up in ether and extracted with 10% 
hydrochloric acid. Treatment with 10%, sodium hydroxide, ex
traction with ether, drying the ether layer over sodium sulfate, 
and distillation of the ether left a brownish red oil to which pen
tane was added. Upon standing in a refrigerator overnight, a 
solid was obtained, m.p. 32.6-35.3°. Recrystallization from 
ethanol-water gave 0.65 g. (35%) of colorless product, 35.4- 
36.5° (lit. 37°).

The phenylthiourea derivative was prepared by mixing 0.185 g. 
of the N-phenylbenzylamine with 0.135 g. of phenyl isothiocyan
ate and allowing the mixture to stand overnight. Addition of 
hexane with cooling and scratching gave a white solid with a 
melting point of 80-83°. Recrystallization from ethanol-water 
gave colorless crystals, m.p. 104.6-105.6° (lit. 103°).

M ulti-nuclear Ferrocenes. I. Biferrocenylla,b

S t a n l e y  I. G o l d b e r g , D a n a  W. M a y o ,10 a n d  J o h n  A . A l f o r d 111

Department of Chemistry, University of Smith Carolina, Columbia, 
S. C., and the Materials Laboratory, Wright-Patterson Air Force 

Base, Ohio

Received November 83, 1963

In its initial isolation, biferrocenyl (I) was obtained 
in small yield during distillation of the reaction prod
ucts produced from treatment of a mixture of lithio- 
and dilthioferrocene with tri-n-hexylbromosilane23; 
since publication of a preliminary account of this work,4 
a number of additional reports concerning biferrocenyl 
have appeared.5-9 Russian workers prepared bi-

(1) (a ) T h is  research was supported in  p a rt b y  grants from  Research 
Corporation (F red erick  G ardner C o ttre ll Fu nd ) and N ational Science 
Foundation (G-24083) fo r which the authors express sincere gratitude. 
G rate fu l acknowledgm ent is further made to N ational Science Foundation 
for an institutional grant which allowed purchase of the n .m .r . spectrom eter 
used in  th is w ork ; (b ) p re lim inary aspects of th is w ork were presented be
fore the D iv is ion  of Organic C h em istry , 135th N ational M eeting of the 
Am erican Chem ical Society, Boston, M ass ., A p r il, 1959; (c ) Departm ent of 
C hem istry , Bow doin College, B run sw ick , M e .; . (d ) N ationa l Science 
Foundation Undergraduate Research P a rtic ip an t.

(2) S . I .  Goldberg, D . W . M ayo , M . Vogel, H . Rosenberg, and M . Rausch , 
J. Org. Chem., 24, 824 (1959).

(3) Form ation of b iferrocenyl, as described in  th is w ork , was f irs t ob
served in 1957 b y D . W . M ayo (W rig h t A ir  Developm ent Center technical 
report 57-02, P a rt  I I ,  F eb ru a ry , 1958; A S T IA  docum ent no. 150979). 
E ffo rts  to accum ulate additional m ateria l fo r investigation were aided b y a 
subsequent preparation carried out by M . D . R ausch . In  th a t case, tri-n- 
dodecylbromosilane was used instead of the tri-n-hexylbrom osilane employed 
in f i e  orig inal and in subsequent runs.

(4) S. I. Goldberg and D. W. M ayo, C h e m .  Jnd. (London), 071 (1959).
(5 ) A . N . Nesm eyanov, V . A . Sazonova, and V . N . D rozd , Dokl. Akad. 

Nauk, SSSR, 126, 1004 (1959).
(0 ) O . A . Nesm eyanova and E .  G . Perevalova , ibid., 126, IOC7 (1959).
(7 ) E .  G . Perevalova and O . A . Nesm eyanova, ibid., 132, 1093 (1960).
(8 ) H . Shechter and J .  F ,  H elling , J, O r g .  Chem., 26, 1034 (1961).

ferrocenyl via reaction of ammoniacal silver oxide with 
ferroceneboronic acid,6'10 and by catalytic pyrolysis of 
diferrocenylmercury.6'11 Shechter and Helling8 have 
shown that biferrocenyl may be obtained from ferro
cenyl Grignard reagents, while still another method for 
preparation of biferrocenyl parallels the Ullmann 
procedure for biaryls in that iodoferrocene is heated in 
the presence of activated copper bronze.7'9

Because of the increasing interest in biferrocenyl, 
and because our spectral data13 have been used to es
tablish identity of biferrocenyl obtained by various 
methods,8-9'12 we wish to report the experimental evi
dence upon which our original structural assignment 
to biferrocenyl was based, and present additional evi
dence in confirmation of that structure.

Initial data (combustion analysis, molecular weight 
determinations, and infrared C—H stretching absorp
tion)4 were clearly consistent with the biferrocenyl 
formulation, and comparison of absorption intensities 
(absorbance) of the 9- and 10-bands14 of biferrocenyl 
with those of ferrocene showed the unsubstituted ring 
content of the former to be equal to that of the latter 
(Table I).

T able I
9-10-Band Absorbance o f  F errocene a n d  B iferrocenyl“

M o la r i t y  --------------- 9 - B a n d --------------- < —̂ -----------1 0 - B a n d  ----------•
X  10  -3 F e r ro c e n e B i fe r ro c e n y l F e r ro c e n e B i f e r r o c e n y l

3.41 0.054 0.061 0.056 0.054
5.08 .082 .076 .082 .076
8.49 .134 .141 .136 .123

11.1 .176 .179 .177 .165
14.1 .222 .218 .223 .200

a Measurements carried out in carbon disulfide solution.

The possibility of fortuitous agreement in this case 
was ruled out by examining similarly the 9-10 infrared 
absorption of a variety of known ferrocene derivatives 
(see Experimental). For each compound a Lambert- 
Beer plot was made of absorbance vs. molarity (carbon 
disulfide solution). Straight line relation ships were ob
tained, while upper limits of concentration were deter
mined for ferrocene, palmitoylferrocene, and hexadecyl- 
ferrocene. Deviations from linearity for these com
pounds occurred above concentrations of 14 X 10~3 M 
for the 9-band, and above concentrations of 22 X 10~3 
M  for the 10-band. Working concentrations for all 
compounds, therefore, were kept below these limits. 
Difficulties due to base-line variations were overcome 
by use of the so-called base-line technique introduced 
by Wright.15 A more serious limitation, however, lay 
in the fact that in some cases the 9- and/or the 10-band 
may be greatly distorted by the close proximity of 
other absorption. In such cases quantitative use of 
the 9-10 Rule is not applicable. For this reason the

(9) M . D . R ausch, i b i d . ,  26, 1802 (1961).
(10) T he experim ental procedures originally reported  in  ref. 5 have 

been transla ted  in to  G erm an and  republished [A. N . N esm eyanov, V. A. 
Sazonova, and  V. N . Drozd, C h e m .  B e r . ,  93, 2717 (1960)].

(11) M ost of the  work reported in ref. 6 has been repeated  by  M . D. 
R ausch .12

(12) M . D. R ausch, I n o r g .  C h e m , . , 1, 414 (1962).
(13) In frared  and  u ltrav io le t spectra  of biferrocenyl are given in ref. 4.
(14) M . Rosenblum , Doctoral dissertation, H arvard  U niversity , 1953; 

K . L. R inehart, J r .,  K . L. M otz, and S. Moon, J .  A m .  C h e m .  S o c . ,  79, 2749 
(1957); M . Rosenblum  and  R. B. W oodward, i b i d . ,  80, 5443 (1958); A. N. 
N esm eyanov, L. A. K azitsyna, B. V. Lokshin, and  V. D . V ilchevskaya, 
D o k l .  A k a d .  N a u k ,  S S S R ,  125, 1037 (1959).

(15) N . W right, I n d .  E n g .  C h e m . ,  A n a l .  E d . ,  13, 1 (1941).
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9-bands of a-hydroxyethylferrocene and acetylferrocene 
were found to be unusable, but the 10-band of each 
gave satisfactory results. Likewise, while the 10-band 
of p-phenoxyphenylferrocene proved to be too distorted 
by other close-lying absorption, its 9-band gave the 
expected results.

It was found, not unexpectedly, that in quantitative 
comparisons of 9-10 absorption of two given ferrocene 
derivatives (one of which treated as an unknown), a 
lack of close agreement between absorbance was 
usually the case. Nevertheless, the ultimate deter
mination—the number of unsubstituted cyclopenta- 
dienyl rings—is one for which a relatively large lack of 
precision may be tolerated. Differences in measured 
absorbance between compounds which contain an equal 
number of unsubstituted rings or between compounds 
which contain a 100% difference in the number of un
substituted rings (one vs. two), fell between 15 and 25%. 
In no case, except in those with the serious band dis
tortions noted above, was there any difficulty in 
judging the unsubstituted ring content of the “un
known.”

These data, therefore, constituted the basis of our 
structural assignment to biferrocenyl.4 Confirmation 
of that assignment may now be seen in the n.m.r. 
spectrum obtained from biferrocenyl.19 The pattern 
of signals displayed—two symmetrical four-proton tri
plets (5.82 and 5.68 r 17, J  = 2 c.p.s.) arising from the 
two equivalent A2B2 systems18 present in I, and a ten- 
proton signal (6.03 r) due to the ten equivalent pro
tons in the two unsubstituted rings of I—is typical of 
that given by a monosubstituted ferrocene.19

In view of the known high nucleophilic character of 
ferrocene, one may expect two directly bonded ferro
cene nuclei to exert a mutal shielding effect on all pro
tons present. That this is the case may be seen from 
the fact that the n.m.r. signal which arises from protons 
in the unsubstituted rings of biferrocenyl (6.03 t ) 

appears upheld from that due to the protons in ferro
cene itself (5.95 t ) .  Assignment, therefore, of the 
higher field triplet (5.82 r) is made to the a-protons and 
the lower field triplet (5.68 r) to the /3-protons.

The effect of conjugation between the two ferrocene 
nuclei of biferrocenyl may be seen from its ultraviolet 
spectrum.13 The situation is analogous to the effect 
of conjugation between two benzene nuclei as seen in the 
ultraviolet spectra of benzene and biphenyl.20 Ben
zene gives rise to a K-band at 202 mn (log e 3.8), 
while in biphenyl this band appears at 252 m,u (log e
4.3). A similar bathochromic shift, as well as a 
similar increase in extinction, was found in a compari
son of the ultraviolet absorption of ferrocene—K-band 
below 220 m/i (log e ~  3.7, cyclohexane)—with that 
of biferrocenyl-absorption shoulder at 257 m/t (log 
e 4.1, cyclohexane).21

(16) N .m .r . spectrum  of b iferrocenyl [saturated solution in  chloroform 
containing tetram ethylailane (3 % , v ./ v . ) ] ,  determined w ith  a V arian  A- 
60 spectrom eter (room tem perature probe).

(17) G . V . D . T ie rs , ./ . P h y s .  C h e m . ,  63, 701 (1959).
(18) L .  M . Jackm an , “ N uclear M agnetic Resonance Spectroscopy,”  

Pergamon Press, New Y o rk , N . Y . ,  1959, p. 92 ff.
(19) See for example the n .m .r . spectrum  of p-nitrophenylferrocene in , 

“ High Reso lution N .M .R . Spectra C ata log ,”  V arian  Associates, Pa lto  
A lto , C a lif .

(20) E .  A . Braude in  “ D eterm ination of Organic Structu res b y  Physica l 
M ethods.”  E .  A . Braude and F . C . Naehod. E d ., Academ ic Press, In c ., New 
Y o rk , N . Y . ,  1955.

(21) W e are grateful to P ro f. K .  L .  R in eha rt , U n ive rs ity  of Illin o is , for 
calling our attention to th is analogy.

H(f )

I
It is tempting to ascribe the mode of formation of bi

ferrocenyl in this work to a free radical process. Al
though no direct evidence for participation of ferrocenyl 
free radicals was obtained, generation of this species via 
thermally induced homolysis of ferrocenyl-silicon 
bonds22 was indicated by results of a separate experi
ment in which ferrocene was formed in 16% yield when 
pure tri-n-hexylsilylferrocene2 was heated in air to 
about 250°. While no biferrocenyl was detected in 
the sublimate of ferrocene obtained, conclusions re
garding its formation could not be drawn since the 
compound, if formed, would not have survived the con
ditions of the experiment. Other attempts to promote 
the suspected homolysis of ferrocenyl-silicon bonds, 
carried out in the absence of air, were not successful. 
Apparently, a limited amount of air or some other 
activating agent is required, while in the presence of 
air, enough for the formation of ferrocene, biferrocenyl 
is known to suffer decomposition. Homolytic cleav
age of arene-silicon bonds also seems to be indicated 
by the formation of biphenyl during heating of 1,5-bis- 
(4-biphenylyl)hexamethyltrisiloxane.23

In this regard it is pertinent to note that all pres
ently known methods for biferrocenyl produc- 
tion9 —8-12,24 also give rise to ferrocene. While it is 
true that co-formation of ferrocene and biferrocenyl 
was not reported in one case9 which involved heating 
iodoferrocene in the presence of activated copper

(22) G eneration of ferrocenyl free radicals v i a  lith io- an d  dilithioferro- 
cene, analogous to  the  work w ith dilithiobiphenyl [G. W ittig  and  G. Leh
m ann, C h e m .  B e r . ,  90, 875 (1957)], does no t appear to  be applicable here 
since no suitable m etal halides were presen t in  the  reaction m ixtures under 
discussion. F urtherm ore, a ttem p ts  b y  Prof. P . D . Shaw (U niversity of 
Illinois, personal com m unication) to  prom ote coupling of the  iithioferro- 
eenes by  in troduction  of various m etal halides (c/., W itting and Lehm ann, 
ref. given) were n o t successful.

(23) R. L. Sehaaf and P . T . K an, W ri gh t A ir D evelopm ent C enter tech
nical rep o rt 58-187, P a r t  I I I ,  1960, p. 27.

(24) A. N . N esm eyanov, E. G. Perevalova, and  O. A. N esm eyanova, 
I z v .  A k a d .  N a u k  S S S R ,  O t d .  K h i m .  N a u k ,  47 (1962).



bronze, Russian workers7 have noted the formation of 
ferrocene in this modified Ullmann process. The 
reaction been repeated several times in this lab
oratory—each run giving rise to a significant amount 
of ferrocene in addition to biferrocenyl (Table II), even 
under conditions slightly milder than those previously 
reported.7-9

T a b l e  I I

P r o d u c t s  f r o m  T r e a t m e n t s  o f  I o d o f e r r o c e n e  (20 g ., 0.064 
M o l e ) w i t h  A c t iv a t e d  C o p p e r  B r o n z e  a t  00° d u r in g  24 

H r . u n d e r  N it r o g e n

—̂•— Biferrocenyl®---------- - ✓----------- Ferrocene®— --------- ■>

1710

Run Grams % Yield5 Grams % Y ield5

1 7.50 63.4 2.80 2 3 .7
2 7.50 63.4 2.90 24 .3
3 8.20 69.4 2.50 20.9

a Data obtained from purified products. s Calculations based 
on complete conversion of iodoferrocene.

Experimental25

Biferrocenyl from Silylferrocenes.—Isolation of biferrocenyl 
from the complex reaction mixtures obtained from treatment of 
lithioferrocenes with trialkylbromosilanes may be illustrated by 
one such procedure in which tri-n-hexylbromosilane was used. 
After preparation of a mixture of lithio- and dilithioferrocene by 
reaction of ferrocene (18.0 g., 0.097 mole) with n-butyllithium 
(0.71 mole), and then treatment with tri-M-hexylbromosilane 
(35.0 g., 0.096 mole), the reaction mixture was prepared for 
distillation as previously described.2 Distillation was carried 
through collection of a forerun [150-165° (0.2 mm.)] and then 
collection of tri-n-hexylsilylferrocene [1S4-1S70 (0.05 mm.)]. 
At pot temperature of 200-220° (0.05 mm.) biferrocenyl appeared 
as an orange colored, crystalline sublimate in the column. After 
all of the material had sublimed and the apparatus was allowed 
to cool to room temperature, the sublimate was washed out in 
chloroform solution. Evaporation of the chloroform yielded 
170 mg. of crude biferrocenyl (0.11% yield based on 0.097 mole 
of ferrocene). Initial purification, accomplished by chroma
tography on alumina and evaporation of the elution solvent, ben
zene, afforded reasonably pure biferrocenyl. Constant melting 
material (227.5-229.0°) was obtained, however, only after 
repeated recrystallizations from benzene-petroleum ether (b.p. 
40-50°). Melting range determinations of biferrocenyl were 
carried out in carefully evacuated capillary tubes since decompo
sition of the compound (pure or slightly impure) usually started 
near 200° in the presence of air.

Anal. Calcd. for (CioHgFek: C, 64.91; H, 4.90; Fe, 
30.19; mol. wt., 372. Found: C, 65.03; H, 5.08; Fe, 30.39; 
mol. wt. (cryoscopic), 3S5, 389 (camphor), and 397, 361 (naph
thalene).

Ferrocene via Thermal Decomposition of Tri-n-hexylsilylferro- 
cene.—Tri-a-hexylsilylferrocene2 (5.00 g., 10.7 moles) was 
slowly heated in a 100-ml. flask fitted with an air condenser. 
The amber-colored fluid started to darken at about 220°, and 
decomposition proceeded rapidly near 250°. During the rapid 
period of the decomposition a mass of orange colored, crystalline 
material sublimed into the air condenser. The sublimate was 
collected and shown to be ferrocene (16%. yield) by means of 
comparison of infrared spectra and by admixture melting with 
authentic material. An ultraviolet spectrum of the sublimate 
also was found to be identical with that of ferrocene. It did not 
exhibit any of the intense absorption characteristic of the presence 
of biferrocenyl.4

Similar treatment of another sample of tri-n-hexylsilylferrocene 
except that heating was carried out in an atmosphere of purified 
nitrogen, merely caused the material to reflux gently with no 
sign of decomposition.

Biferrocenyl and Ferrocene from Iodoferrocene.26—Iodoferro
cene (20 g., 0.064 mole), prepared by means of treatment of 
chloromercuriferrocene27 with iodine in methylene dichloride

(25) All tem pera tu re  readings are uncorrected. Analysis by  the  Schwartz- 
kopf M icroanaly tical L aborato ry , W oodside, N . Y. M olecular weight 
de te rm ina tions by  the  H uffm an M icroanalytical Laboratories, W heatridge, 
Colo.

(26) P rocedure  based upon those previously reported*7*»
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T a b l e  III 
C o m p o u n d s  U s e d

Compound 9-B and 10- B and

Ferrocene 9.012 9.942
Biferrocenyl 8.986 9.985
m-Tolylferrocene 9.029 9.978
Diferrocenylketone 9.025 9.971
2-Biphenylylferroeene 9.034 9.942
a-Hydroxyethylferrocene 9.036 9.977
Diferrocenylmercury 9.029 9.979
Palmitoylferrocene 9.027 9.976
Hexadecylferrocene 9.036 9.983
Chloromercuriferrocene 9.037 9.990
Trimethylsilylf erro cene 9.025 9.975
Benzoylferrocene 9.019 9.963
Benzylferrocene 9.035 9.979
p-Phenoxyphenylferrocene 9.031 9.978
Acetylferrocene 8.996 9.968

solution according to the procedure reported by Shechter and 
Helling,8 and activated copper bronze28 (40 g.) were intimately 
mixed and placed into a 100-ml. Kjeldahl flask. The flask 
and contents were flushed with purified nitrogen during 30 min. 
at room temperature, and then maintained under a slight head of 
nitrogen during 20 hr. while the system was heated at 90°. Some 
of the ferrocene formed during the reaction could be seen sub
limed on the neck of the flask after several hours. When the 
reaction mixture had been allowed to cool to room temperature 
it was extracted with 15-ml. portions of warm benzene until the 
extracts appeared colorless. Evaporation of the combined ex
tracts in vacuo yielded a mass of crystalline material which was 
dissolved in hot hexane and the resulting solution allowed to 
cool to room temperature. The initial crop of crystalline ma
terial was collected, and the supernatent reduced slightly in 
volume. This caused a second crop of crystalline material to be 
deposited which was collected, and again the volume of the 
supernatent reduced. By repeating this procedure many times 
it was possible to effect a clean separation between biferrocenyl 
and ferrocene, the former being less soluble in hexane. Indi
vidual crops were each recrystallized from hexane giving, in this 
representative run, purified biferrocenyl (7.5 g., 63.4%) and 
purified ferrocene (2.9 g., 24.3%) which each gave rise to infra
red and ultraviolet spectra identical to those obtained from 
respective authentic samples.

Infrared Measurements.—All of the compounds examined 
(Table III) were samples of analytical purity. Measurements 
were carried out with a Perkin-Elmer Model 21 double beam 
recording spectrophotometer, equipped with a sodium chloride 
prism interchange unit. Absorption intensity data were re
corded at the wave lengths given in Table III, with slitset.tings of 
0.0212 and 0.0282 ¡i at 9 and 10 u, respectively. Measure
ments were made from several concentrations (usually four) of 
each ferrocene derivative in solutions of purified carbon disulfide. 
The same liquid absorption cell of 1-mm. thickness was used 
throughout the study. Absorbences were calculated with the 
use of base lines15 drawn in each case as nearly parallel as possible 
to the background radiation of the solvent. Background radia
tion was checked before and after a series of runs.

(27) A. N . N esm eyanov, E . G. Perevalova, R . V. Golovnya, and  O. A* 
N esm eyanova, D o k l .  A k a d . N a u k ,  S S S R ,  97, 459 (1954).

(28) A. I .  Vogel, “ A T extbook of P ractical Organic C hem istry ,” Long
m ans, G reen and  Co., Inc., New Y ork, N. Y ., 1948, p. 188.

Preparation of Iiicyclo[4.3.l]dec-7-en-10-one

R ic h a r d  D. Sa n d s
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Although bicyclo [4.3.1 ]dec-7-en-10-one has not 
been reported, the preparation of a few derivatives has

N otes
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been accomplished by alkylation of carbethoxycyclo- 
heptanone with either l,3-dichloro-2-butene or 1-chloro-
3-butanone followed by ring closure at the other «-car
bon to give l-carbethoxy-7-methylbicyclo[4.3. l]dec-7- 
en-10-one and the corresponding acid.1

Similarly, l-carbethoxy-4-methylbicyclo [3.3.1 ]non-
3- en-9-one and its acid, as well as the derivatives of 
larger carbethoxycycloalkanones, have been prepared.1 
Other bicyclo [3.3.1 ]nonane derivatives have become 
available through alkylation of carbethoxycyclohex- 
anone with /3-chloropropionaldehyde or /3-ehloropropion- 
aldehyde diethyl acetal.2 3

Substitution of a methyl group for the carbethoxy 
group has also been shown to permit formation of 
a substituted bicyclo [3.3.1 ]nonane system.4 When, 
however, the carbethoxy group or the methyl group is 
not present, cyclization preferentially is accomplished 
by reaction with the carbonyl group of the cyclic ketone 
rather than by reaction with the «-hydrogen. 2-(3- 
Chlorocrotyl)cycloheptanone, for example, gave bicyclo- 
[5. 4 .0]undec-7-en-9-one,1 and 2-(3-chlorocrotyl) cyclo
hexanone gave 45% of A1(9)-2-octalone and a trace of
4- methylbicyclo [3.3.1 ]non-3-en-9-one.4 Examination 
of models indicates that the tendency to react with the 
«-hydrogen on the opposite side of the carbonyl carbon 
would be enhanced greatly if the 3-chlorocrotyl group is 
maintained in an axial position. Since, when there is 
neither a methyl nor a carbethoxy group present on the 
same «-carbon, the 3-chlorocrotyl group most likely 
would assume an equatorial position, it is reasonable 
that cyclization then would take place by reaction with 
the more accessible carbonyl group if a reaction path is 
available.

The use of 1,3-dichloropropene instead of 1,3-dichlo- 
ro-2-butene for the preparation of bicyclic compounds 
offers the same advantages of an allyl halogen for the 
alkylation of the carbethoxycyclohexanone together 
with a vinyl halogen, inert in the initial alkylation but 
available for the later sulfuric acid-induced cyclization. 
Furthermore, 2-(3-chloroallyl)cycloheptanone does not 
have a methyl group available for reaction with the 
carbonyl group when the carbethoxygroup is absent, 
and the alternate mechanism of ring closure, therefore, 
is not available.

That the use of 1,3-dichloropropene is indeed a 
satisfactory method of preparing bicyclic compounds 
was established by preparation of the known 1-car- 
bethoxybicyclo[3.3.1]non-3-en-9-one.2 Once it was 
demonstrated that the method would work, 2-car- 
bethoxy-2- (3-chloroallyl) cycloheptanone was prepared 
and stirred with sulfuric acid. Chromatographic 
analysis of the product mixture before distillation 
established the presence of a little 2-(3-chloroallyl)- 
cycloheptanone in addition to higher boiling materials. 
The heat of the fractional distillation, however, resulted 
in the formation of a compound not present before 
distillation. The new compound was identified as 
bicyclo[4.3.1]dec-7-en-10-one, derived from the loss of 
the carbethoxy group of the 1-carbethoxybicyclo- 
[4.3.1 ]dec-7-en-10-one formed in the cyclization.5

The preparation of bicyclo[4.3.l]dec-7-en-10-one

(1) V . Prelog, P . B a rm an , and M . Z im m erm an, H e l v .  C h i m .  A c t a ,  32, 
1284 (1949).

(2) A . C . Cope and M . E. Synerholm , J .  A m .  C h e m .  S o c . ,  72, 5228 (1950).
(3 ) A . C . Cope and E . S . G raham , i b i d . ,  73, 4702 (1951),
(4) S . A . Ju lia , B u l l .  s o c .  c h i m .  F r a n c e ,  780 (1954);

from 2-(3-chloroallyl) cycloheptanone, however, proved 
to be a more economical method.6 This preparation 
served both as a proof of structure of the product and as 
a means of establishing that the product resulted from 
the decarbethoxylation of 1-carbethoxybicyclo [4.3.1]- 
dec-7-en-10-one during fractionation, rather than from 
the cyclization of 2-(3-chloroallyl) cycloheptanone pres
ent before, or formed during distillation. The 2-(3- 
chloroallyl)cycloheptanone was fractionated through 
the same stainless steel sponge-packed column as the 
product mixture from the reaction of 2-carbethoxy-2-(3- 
chloroallyl) cycloheptanone without formation of any 
bicyclo [4.3.1 ]dec-7-en-10-one.

The identity of the products of the two methods was 
established by boiling points, refractive indices, identi
cal gas chromatographic traces individually or mixed, 
and finally by mixture melting points and infrared 
spectra of their 2,4-dinitrophenylhydrazones.

Experimental7
Starting Materials.—1,3-Dichloropropene was obtained by the 

method of Hill and Fischer,8 starting with epichlorohydrin 
(Eastman White Label) and by careful fractionation of “Flashed 
D-D” (Shell Chemical Co.). Both sources gave a chromato- 
graphieally pure material that contained approximately equal 
quantities of the cis and trans isomers. Carbethoxycyclohexa
none (Arapahoe Chemicals, Inc.) and cycloheptanone (Aldrich 
Chemical Co.) are available commercially. Carbethoxycyclo- 
heptanone was prepared from cycloheptanone and diethyl oxa
late9 (Eastman White Label) and carefully fractionated through 
a 23 X 1.5-cm. stainless steel sponge packed column to give a 
chromatographically pure liquid boiling at 105° (3 mm.), n26d 
1.4685.

2-Carbethoxy-2-(3-chloroallyl)cyclohexanone.—Carbethoxy- 
cyclohexanone (170 g., 1 mole) was added to a hot solution of 
sodium (23 g., 1 g.-atom) in 700 ml. of absolute alcohol. When 
the initially formed solid went into solution, 1,3-dichloropropene 
(111 g., 1 mole) was added to the hot solution, and the mixture 
was left to reflux overnight. The mixture then was filtered 
and the alcohol removed by distillation. The residue was taken 
up in ether, washed with water, and left to dry over magnesium 
sulfate. Distillation10 gave 127.9 g. (52.4%) of liquid boiling
146-164° (5 mm). Careful fractionation through the stainless 
steel sponge-packed column gave a chromatographically pure 
liquid boiling 148-154° (5 mm.), ? i 25d  1.4471.

Anal. Calcd. for C12H17CIO3; C, 58.90; H, 6.94. Found: 
C 58.91; H, 6.98.

Bicyclo[3.3.1]non-3-en-9-one-l-carboxylic Acid 2,4-Dinitro- 
phenylhydrazone.—2-Carbethoxy-2-(3-chloroallyl )cyclohexanone 
(2.4 g.) was carefully laid on the surface of 10 ml. of concentrated 
sulfuric acid and left to stand at room temperature for 5 days. 
The mixture then was poured into ice-water and extracted with 
ether. The ether solution was washed with sodium bicarbonate 
solution and water and dried over magnesium sulfate. The 
residue11 remaining after removal of ether was refluxed overnight 
with 10% hydrochloric acid. The mixture was then cooled, 
taken up in ether, and washed with sodium bicarbonate solution.

(5) This decarbethoxylation was n o t a ltogether unexpected  in  view of 
sim ilar experiences in  the  distilla tion  of carbethoxycyclohexanone and  car- 
bethoxycycloheptanone in  th is  lab o ra to ry  an d  the  n o t unre la ted  reversal of 
the  condensation of n itrom ethane w ith cyclohexanone on  d istillation, 
T . F . W ood and  R . J . C adorin, J .  A m .  C h e m .  S o c . ,  73, 5504 (1951).

(6) Prelim inary  w ork w ith 2-(3-chloroallyl) cyclohexanone ind icates a  
sim ilar course of reaction  w ith the  form ation  of b icyclo[3.3.l]non-3-en-9-one.

(7) M elting an d  boiling points are n o t corrected. M icroanalyses by  
W ieler and  Strauss, Oxford.

(8) A. J . Hill and  E . J . Fischer, J .  A m .  C h e m .  S o c . ,  44, 2582 (1922).
(9) H. R . Snyder, L. A. Brooks, an d  S. H . Shapiro, “Organic Syntheses,”  

Coll. Vol. I I ,  Jo h n  Wiley and  Sons, Inc ., New Y ork, N . Y ., 1943, p. 531.
(10) The crude m ateria l contains 2-(3-chloroallyl)cyclohexanone.
(11) C hrom atographic analysis showed th e  reaction  to  be only ab o u t half 

com plete. M ost chrom atographic analyses were done w ith a  hom em ade 
u n it w ith a  G-ft. colum n of D ow-Corning silicone stopcock grease on Johns- 
M anville Chrom osorb a t  200° w ith helium  as the  carrier gas. Several of 
th e  analyses were checked w ith a Perkin-E lm er vapor fractom eter Model 
154, using colum n R , polypropylene glycol.
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Evaporation of the ether extract of the acidified sodium bicarbo
nate solution left a small (about 0.5 g.) residue which was taken 
up in alcohol and treated with the 2,4-dinitrophenylhydrazine 
reagent.12 The resulting 2,4-dinitrophenylhydrazone, recrystal
lized from alcohol, m.p. 257-259 dec., gave no depression of 
melting point when mixed with an authentic sample.13

2-Carbethoxy-2-(3-chloroallyl)cycloheptanone.—Carbethoxy- 
cyclohept.anone (31.3 g., 0.17 mole) was added to a hot solution 
of sodium (3.19 g., 0.17 g.-atom) in 100 ml. of absolute alcohol. 
After half an hour of heating, 1,3-dichloropropene (18.9 g., 0.17 
mole) was added, and the mixture was left to reflux overnight. 
The usual work up followed by distillation gave 21 g. (47.7%) of 
colorless liquid boiling at 135-150° (4 mm.). Careful fractiona
tion through the stainless steel sponge-packed column gave a 
chromatographically pure liquid boiling at 129° (1 mm.), «23d 
1.4858.

Anal. Calcd. for Ci3H19C103: C, 60.36: H, 7.34. Found: 
C, 60.42; H, 7.65.

2-(3-Chloroallyl)cycloheptanone.—Cycloheptanone (112 g., 
118 ml., 1 mole) was added to a well stirred mixture of sodium 
amide (40 g., 1.02 moles) in 500 ml. of anhydrous ether. The 
mixture was refluxed for 4 hr. and then cooled in ice-water, with 
nitrogen flowing through the system, and treated with a solution 
of 1,3-diehloropropene (111 g., 1 mole) in 100 ml. of anhydrous 
ether. When the initial exothermic reaction had subsided, the 
mixture was left to reflux overnight. The mixture was then 
cooled and 500 ml. of water was added. The ether solution was 
washed with water and dried over magnesium sulfate. Distilla
tion gave 25 g. of unchanged cycloheptanone and 86.8 g. (59.2%) 
of liquid boiling at 125-130° (10 mm.). Careful fractionation 
gave a chromatographically pure analytical sample boiling at 
96° (2 mm.), n22D 1.4978.

Anal. Calcd. for CioH15OC1: C, 64.36; H, 8.04. Found: 
C, 64.46; H, 8.09.

Bicyclo[4.3.1]dec-7-en-10-one.—(a) 2-Carbethoxy-2-(3-chloro- 
allyl)cycloheptanone (41.6 g., 0.16 mole) was added dropwise 
with stirring to 50 ml. of concentrated sulfuric acid. After the 
mixture had been stirred for 1 week at room temperature, the 
reaction was stopped by the addition of 500 ml. of cold water and 
the product was taken up in ether. The ether was washed with 
sodium bicarbonate solution14 and water and dried over magne
sium sulfate. Chromatographic analysis after removal of the 
ether revealed the presence of a little 2-(3-chloroallyl )cyclohepta- 
none but no bicyclo[4.3.1]dec-7-en-10-one. Fractionation 
yielded 5.25 g. (21.7%) of bicyclo[4.3.1]dec-7-en-10-one,15 
boiling 100-105° at (4 mm.), n 24D  1.5020, 2,4-dinitrophenylhydra- 
zone m.p. 136-138, containing only a trace of 2-(3-chloroallyl) 
cycloheptanone and 10.9 g. of an inseparable16 mixture17 of 
starting material and l-carbethoxybicyclo[4.3.1]dec-7-en-10-one 
boiling at 145-150° (4 mm.), n24d 1.4896.

(b) 2-(3-Chloroallyl)cycloheptanone (49 g., 0.263 mole) 
was added to 50 ml. of concentrated sulfuric acid and worked up 
as before. Chromatographic analysis of the product before 
distillation indicated approximate^ an equal mixture of un
changed starting material and product. Distillation gave 5.5 g. 
(14%) of good quality bicyclo[4.3.1]dec-7-en-10-one18 * * * boiling 
at 85-91° (2 mm.), n23D 1.5050, 2,4-dinitrophenylhydrazone, m.p.
136-138°. There was no depression of melting point on mixture 
with the 2,4-dinitrophenylhydrazone obtained from method a.

Acknowledgment.—This research was supported by 
a grant from The Alfred University Research Founda
tion.

(12) Shriner and Fuson, “ Identification  of Organic Com pounds,”  3rd Ed., 
Jo h n  W iley and  Sons, New Y ork, N . Y .( 1948, p. 171.

(13) R eported  (ref. 2) 259-261°, dec.
(14) Only a  trace of gum m y m ateria l was obtained  by  acidifying the 

sodium  bicarbonate  solution.
(15) Bicyclo[4.3.1]dec-7-en-10-one begins to  polym erize a fte r only a few 

days a t  room tem peratu re .
(16) W ith  the  available frac tiona ting  equipm ent.
(17) N o trace  of e ither 2-(3-chloroallyl)cycloheptanone o r bicyclo [4.3.1 ]- 

dec-7-en-10-one was presen t in  th is  fraction . A second distilla tion , w ith a 
purposely prolonged to ta l reflux, however, resu lted  in con tam ination  from 
bo th  these m aterials.

(18) An 18.3-g. sam ple (46.4% ) of liquid (of which the  5.5 g. was the  best),
slightly  con tam inated  w ith 2-(3-chloroallyl)cycloheptanone, was actually
iso lated . G rea ter yields of highly pure p roduct would be possible w ith b e tte r
frac tiona ting  equipm ent.
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Although cyanoethylation of aryl sulfones1 and
1,3,5-trimethylene trisulfones2 has been described, the 
reaction of butadiene sulfone with acrylonitrile was 
reported to take another course.3

In this last study no definite crystalline addition com
pounds were found, but instead distillable products 
which appeared to be low-molecular weight polymers of 
acrylonitrile and butadiene sulfone. Copolymers of 
acrylonitrile and cyclic sulfones, containing at least 
85% acrylonitrile, also have been claimed.4 5

This paper reports the preparation of a crystalline 
adduct by the base-catalyzed reaction of butadiene 
sulfone and four moles of acrylonitrile. It was postu
lated to be 2,2,5,5-thiophenetetrapropionitrile 1-diox
ide (I) on the basis of analysis, infrared spectrum, and 
chemical behavior. Unlike previous products,3 our 
product decomposed at the melting point, with evolu
tion of gas, to form a new crystalline solid. Analysis, 
infrared and ultraviolet spectra, showed the new com
pound to be l,4-tetrakis(2'-cyanoethyl)-l,3-butadiene 
[bettername: 4,7-bis(2,-cyanoethyl)-4,6-decadienedini- 
trile] (II). The thermal decomposition of I into II 
constitutes strong evidence of the postulated structures, 
in view of the known3 breakdown of simple diene sul
fones into 1,3-dienes upon heating.

This two-step procedure provides a new method of 
preparing 1,4-substituted 1,3-dienes.

(NCC,H,CH,)X J(CH2CH,CN)2 
S 
0 2
I

HC=C(CH2CH2CN)2I
HC=C(CH2CH2CN)2

II

Experimental6
2,2,5,5-Thiophenetetrapropionitrile-1,1-dioxide (I).—To a 

solution of 11.8 g. (0.10 mole) of butadiene sulfone (from the 
Phillips Petroleum Co.), 23.3 g. (0.44 mole) of acrylonitrile, and 
50 ml. of acetonitrile was added a mixture of 1 g. of acetonitrile 
and 2 g. of a 40% solution of benzyltrimethylammonium hydrox
ide in methanol over a period of 3.5 hr. at 0-10°. The mixture 
was neutralized with acetic acid and filtered. The product (20% 
yield) was recrystallized from acetonitrile to give white crystals 
melting at 209.5-210°, decomposing with the evolution of gas.

Anal. Calcd. for C,6H,8N40 2S: C, 58.16; H, 5.49; N, 16.96; 
S, 9.70. Found: C, 58.40; H, 5.72; N, 17.53; S, 9.57.

Its infrared spectrum showed bands at 2255 cm.-1 (nitrile), 
1425 cm.“1 (-CH2CN), 1295 and 1130 cm.-1 (sulfone), 958 and

(1) H . A. Bruson (to  the  Resinous Products and Chem ical Co.), U. S. 
P a ten t 2,435,552 (F ebruary  3, 1948).

(2) H. T. Hookway and  E. M. E vans (to  British Resins P roducts L td .), 
U. S. P a te n t 2,468,015 (April 19, 1949).

(3) R. W egler and  H. Lafos (I. G. Leverkusen), 1944; referred to  by  0 . 
Bayer, A n g e w .  C h e m . ,  61, 229 (1949).

(4) (a) A. F ournet and  H . Lemoine (to Société des Usines C him iques 
Rhone-Poulenc) U. S. P a te n t 3,017,397 (January  16, 1962); (b) N ote Added 
i n  P r o o f .— A fter th is  m anuscrip t had been accepted, news of th e  p repara
tio n  of com pound I was received [Derwent, B ritish P a ten t, A bstract 3, no. 
5, Gp. 1 , 2 (F ebruary  1, 1963)].

(5) (a) Badische Anilin- and Soda-Fabrik, G erm an P a ten t 236,386; C h e m ,  

Z e n t r . ,  I I ,  316 (1911); (b) O. G rum irJtt, A. E. Ardis, and  J. Fick, J .  A m ,  

C h e m . S o c . ,  72, 5167 (1950).
(6) M elting points a re  corrected.
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853 cm.-1 (distinctive finger-print bands for this material), and 
780 and 740 cm.-1 (probably cis olefin). The expected cyclic 
olefin band at 1615 c m r1 was very weak.

4,7-Bis(2'-cyanoethyl)-4,6-decadienedinitrile (II).—When 8.9 
g. (0.027 mole) of 2,2,5,5-thiophenetetrapropionitrile 1-dioxide 
was heated at 195-205°, 0.1-mm. pressure, for 4 hr., gas evolved 
leaving a crystalline solid (90% yield). After recrystallization 
from acetonitrile it melted at 150-151 °.

Anal. Calcd. for Ci6H18N4: C, 72.15; H, 6.81; N, 21.04; 
mol. wt., 266. Found: C, 72.21; H, 6.47; N, 20.72; mol. wt., 
253 (thermistor micromethod7 with acetonitrile as the solvent).

Its infrared spectrum showed bands at 2250 cm."1 (nitrile), 
1605 cm.-1 (conjugated diene), and 1425 cm."1 (—CH2CN). 
There were no sulfone bands at 1295 and 1130 cm.-1. The ultra
violet spectrum (in acetonitrile solution) showed bands at 243 
m/x(sh, e 27,500), 247 m/x (« 28,900), and 255 my (sh, e 20,200). 
This pattern is typical of a poly-substituted linear conjugated 
diene.

Acknowledgment. The author wishes to thank Mr. 
N. B. Colthup, Dr. R. C. Hirt, and Mr. R. G. Schmitt 
for their interpretation of the infrared and ultraviolet 
spectra, and Mr. R. J. Francel for his cooperation in the 
analyses.

(7) A. Wilson, L. Bini, an d  R. H ofstader, A n a l .  C h e m . ,  33, 135 (1961).
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Recently we have had occasion to prepare 3-chloro- 
methyl-5-nitrosalicylaldehyde. We decided to try the 
direct chlorométhylation of 5-nitrosalicylaldehyde, 
although the aromatic ring is somewhat inactive. 
After several unsuccessful conventional reactions,1 
a Friedel-Crafts type reaction with aluminum chloride 
and chloromethyl methyl ether was tried, although 
aluminum chloride usually is much too active a catalyst 
for this type of reaction, yielding diphenylmethane 
compounds. We now have found that chlorométhyla
tion of 5-nitrosalicylaldehyde is accomplished in yields 
of 90% by employing four equivalents of aluminum 
chloride (one for each oxygen atom) plus a 10% 
catalytic excess and by carrying out the reaction in 
pure chloromethyl methyl ether. Several reactions in 
chloromethyl methyl ether, with zinc chloride or with 
only one equivalent of aluminum chloride, yielded only 
starting material. The success of this reaction may be 
aided by the noticeable solubility of the salicylaldehyde- 
aluminum chloride complex in chloromethyl methyl 
ether. The literature does not mention the application 
of the halo ether as the solvent and it is possible that 
other highly oxygenated compounds may be success
fully chloromethylated by means of this method.

OH OH

NO, NO,

(I) R . C. Fuson and  C. H . M oKeever, “ Organic R eactions,” Coll. Vol. I, 
John  Wiley and  Sons, Inc ., New Y ork, N. Y., 1942, pp. G6-71.

Experimental

Into a 2-1, three-necked, round-bottom flask, fitted with a 
mechanical stirrer, addition tube, 1 Allihn condenser surmounted 
by a Friedrichs condenser fitted with a calcium chloride drying 
tube, were placed 95 g. (0.57 mole) of 5-nitrosalicylaldehyde (m.p.
126-127°, Eastman product) and 1 1. of chloromethyl methyl 
ether (b.p. 58°, Eastman product). To this solution, cooled to 
5°, was added with stirring 312 g. of aluminum chloride (2.3 
moles) over a 1-hr. period. This slurry was brought to room 
temperature and then allowed to reflux for 80 hr. until evolution 
of hydrogen chloride ceased. The viscous solution was cooled to 
room temperature and then poured with stirring into 3 1. of 
crushed ice. The resulting brown tar was stirred with ice-water 
for ~30 min.

C1CH20CH3 +  H20 ---->- HsO +  HC1 +  CH3OH
The brown solid was filtered and the filtrate extracted with 

ether. The ether extract was dried with sodium sulfate and the 
ether was removed by evaporation. The brown solid was added 
to that previously obtained and the product was recrystallized 
from carbon tetrachloride using charcoal. In this manner 108 
g. (89%) of a tan solid (m.p. 89-90°) was obtained. A small 
portionwasreerystallizedfromhexane(needles),m.p.90.5-91.5°.

Anal. Calcd. for C8H6C1N04: C, 44.6; H, 2.8; N, 6.5; Cl,
16.5. Found: C, 44.4; H, 2.8; N, 6.6; Cl, 16.7.

An n.m.r. spectrum of the product is in accord with the as
signed structure. The compound, run in deuteriochloroform, 
showed the following bands: one hydroxyl hydrogen at 12.1
p.p.m., one aldehyde hydrogen at 10.1 p.p.m., two aromatic 
hydrogens at 8.60 p.p.m., and two methylene hydrogens at 
4.70 p.p.m. The only band split was that of the aromatic 
hydrogens, revealing an AB sj^stem with a coupling constant of 
3 c.p.s., characteristic of aromatic protons in the meta position.2

(2) L. M . Jackm an, “A pplications of N uclear M agnetic Resonance Spec
troscopy in Organic C hem istry ,” Pergam on Press, London, 1959, p. 85,

The Preparation of
I-Aryl-l,2-cyclopropanedicarboximides.

An Application of Dimethylsulfoxonium 
Methylide

P a t r ic k  T. I zzo

Organic. Chemical Research Section, Lederle Laboratories, 
Division of American Cyanamid Company, Pearl River, New York

Received January 21, 1963

The interest, in these laboratories, in 1-aryl-1,2-cyclo- 
propanediearboximides as pharmacologically interesting 
compounds prompted an investigation of new methods 
for the preparation of some members of this class of 
substances.

Recently Corey and Chaykovsky1 have reported on 
a new synthesis of cyclopropanes based on Michael 
addition of dimethylsulfoxonium methylide (I) to 
appropriate a.d-unsaturated ketones. The purpose 
of this paper is to describe an application of this reac
tion in which some N-methyl-2-arylmaleimides (II) 
were the substrates for the action of the ylide. In

R2 C ' r  Ri _
+ (CH3)2S + —  +(CH3)2S - 0

C H z ~ ¿ H 3

(1) E. J. Corey and M. Chaykovsky, J . A m . Chem. Soc., 84, 867 (1962).

R-2 I j 
O ^ N ^ O  

CUs
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T a b l e  I
N -M ethy l-1-aryl-1,2-cyclopkopanedicabboximides (III)

Ri R 2 M.p., °C.
Yield,

% Form ula c
— Calcd.—  

H N c
—Found----

H N
I lia C6H6 H 55-57° 2T c12huno. 71.62 5.51 6.96 71.83 5.79 6.62
Illb c6h 6 c2h 5 113-114° 81 C14H,sN02 73.34 6.59 6.11 73.12 6.93 6.03
IIIc 3,4,5-Trimethoxyphenyl H 136-138° 21° c ,5h „n o 5 61.85 5.88 4.81 61.94 6.12 5.01

a From alcohol. 6 The low yield was partly the result of difficulty of separation from by-products. In this case, an evaporative 
distillation and three recrystallizations from alcohol were necessary to bring the compound to analytical purity. c Same as in footnote b. 
To achieve purification, repeated fractional crystallizations from alcohol were necessary. The same result could be obtained more 
conveniently by chromatography of the crude product, using Florisil as adsorbent and benzene and chloroform as the developing and 
eluting solvents.

the three cases tried the expected l-aryl-l,2-cyclo- 
propanedicarboximides (III) were formed.

All the reactions were carried out in boiling tetra- 
hydrofuran after first generating I in the same solvent 
by treating trimethylsulfoxonium chloride with sodium 
hydride. The results are summarized in Table I.

The evidence for the structure of the cyclopropane 
products was provided by infrared and ultraviolet 
spectra, elementary analyses, and unsaturation tests. 
The infrared spectra of all three compounds, taken in 
chloroform solution, displayed the typical five-mem- 
bered cyclic imide doublet at 5.60 and 5.83 p.2 A 
band at 9.74 n, ascribable to the cyclopropane ring,3 
was present in the spectrum of I lia  and IIIc but absent 
in that of Illb . The ultraviolet spectra, taken in 
methanolic solutions, showed no bands above 220 mp 
except for phenyl absorption (Ilia, Aranx 250 niu, e 500; 
Illb , Amax 250 rn.fi, e 690; IIIc, Amax 265 mju, t 870). 
The absence of double bonds in all three compounds 
was also demonstrated by negative tests with bromine 
in carbon tetrachloride, and potassium permanganate 
in acetone.

Experimental4 5
Trimethylsulfoxonium Chloride.—This compound was pre

pared by the method of Kuhn and Trischmann,6 m.p. 215-216° 
dec. In spite of extensive purification procedures, and acceptable 
elementary analyses, the infrared spectrum of this compound, 
taken on a mineral oil mull, showed bands at 2.78 and 6.22 m- 
The intensity of these bands seemed to vary from sample to 
sample, and in at least one case, they were absent altogether. 
However, since the reagent gave successful results when used in 
the reaction, these bands were deemed to be extraneous.

General Procedure for the Preparation of N-Methyl-l-aryl-1,2- 
cyclopropanedicarboximides.—To a stirred suspension, under 
nitrogen, of 0.29 g. (0.012 mole) of sodium hydride (from 0.53 
g. of a 54.7% oil dispersion) in 150 ml. of tetrahydrofuran (freshly 
distilled from lithium aluminum hydride) was added in one lot
1.5 g. (0.012 mole) of trimethylsulfoxonium chloride. As the 
mixture was heated to reflux, a vigorous evolution of hydrogen 
ensued. Stirring under reflux was maintained for 45-60 min. 
and then the N-methyl-2-arylmaIeimide (0.012 mole) was added 
rapidly either as a concentrated tetrahydrofuran solution (10 
ml.) or, if insoluble, as a solid in one lot. Following this, the 
reaction was held at reflux for about 2 hr. and cooled. A few 
milliliters of absolute alcohol were added to ensure complete

(2) L. J . Bellam y, “ T he In fra red  Spectra  of Complex M olecule?,”  2nd Ed., 
,T. W iley and  Sons, Inc., New York, N . Y., 1958, p. 221.

(3) L. J. Bellam y, ibid., p. 29.
(4) All m elting points were determ ined in an open capillary tube  and  are 

uncorrected. T he u ltrav io le t spec tra  were taken  in m ethanol on a  Cary 
recording spectrophotom eter and the  infrared  spectra  were determ ined in 
chloroform w ith a Perkin-E lm er spectrophotom eter (M odel 137).

(5) R . K uhn  and H. Trischm ann, A n n . ,  611, 117 (1958).

destruction of any unchanged sodium hydride and the solvent 
was removed by distillation at reduced pressure. The invariably 
dark-colored residue was taken up in 100 ml. of methylene chlor
ide. Alkaline materials were washed out of the solution by three 
washings with water. The solution was dried (MgSO,) and 
evaporated to an oily material which usually crystallized after 
triturating with petroleum ether. This material was then either 
recrystallized from alcohol or treated as described in Table I.

2-Bromo-N-methyl-2-phenylsuccinimide.—A mixture of 37.8 
g. (0.20 mole) of N-methyl-2-phenylsuccinimide,6 39.2 g. (0.22 
mole) of N-bromosuccinimide, 0.4 g. of benzoyl peroxide, and 
800 ml. of carbon tetrachloride was stirred and heated under 
reflux for 24 hr. and then stored for 16 hr. at room temperature. 
The nearly theoretical amount (20.8 g.) of succinimide, which 
floated on top of the solution was filtered and the filtrate was 
concentrated to about one half volume and cooled in ice. The 
crystalline product which precipitated (m.p. 107-112°, 49.2 g., 
93%) was collected by filtration. Recrystallizations from a mix
ture of benzene and petroleum ether (b.p. 65-90°) and from 
aqueous acetone gave colorless crystals, m.p. 110.5-112°.

Anal. Calcd. for C„H10NO2Br: C, 49.26; H, 3.76; N, 
5.22; Br, 29.81. Found: C, 49.24; H, 3.80; N, 5.24; Br,
30.04.

N-Methyl-2-phenylmaleimide.—A 7.5-g. (0.028 mole) sample 
of 2-bromo-N-methyl-2-phenylsuccinimide was dissolved in 75 
ml. of anhydrous benzene, and 3 g. (0.03 mole) of triethylamine 
dissolved in 10 ml. of benzene was added. A precipitate of 
triethylamine hydrobromide formed immediately and a moderate 
exothermic effect was noted. The mixture was cooled and al
lowed to remain at room temperature for 1 hr. The triethyl
amine hydrobromide was removed by filtration and the benzene 
filtrate was washed with 0.1 A hydrochloric acid and with water, 
and dried (MgS04). Concentration at reduced pressure to a 
small volume and cooling in ice caused the precipitation of yellow 
needles, m.p. 145.5-14S0. The yield was 3.7 g. (71%). A 
recrystallization from acetone gave pale yellow needles, m.p.
147-148° (lit.’m.p. 145-147°). The ultraviolet spectrum showed 
Xmax 222 (e 12,500), 266 (e9300), and 339 mM (c3500).

Anal. Calcd. for C„H9N 02: C, 70.58; H, 4.85; N, 7.48. 
Found: C, 70.37; H, 4.99; N, 7.23.

2 - Chloro - 3 - (3',4',5 ' -trimethoxyphenyl)succinimide.—This 
compound was prepared by the arylation of maleimide with
3,4,5-trimethoxyphenyldiazonium chloride following a procedure 
described by Rondestvedt and Vogl.8 It was obtained as a yellow 
crystalline product in 27% yield, after reerystallization from ace
tone, m.p. 207-208° dec.

Anal. Calcd. for C„H14N 06C1: C, 52.09; H, 4.71; N, 4.67; 
Cl,11.83. Found: C, 51.78; H,4.61; N, 4.70; Cl, 11.68.

2-(3',4',5'-Trimethoxyphenyl)maleimide.—A 2-g. (0.0066
mole) sample of 2-chloro-3-(3',4',5'-trimethoxyphenyl)succim- 
mide was mixed with 8 ml. of 2,6-lutidine, and the mixture was 
heated on a steam bath for 30 min. Then 20 ml. of water was 
added and the crystals were filtered and recrystallized from chloro
form to give 1.5 g. (90%) of yellow needles, m.p. 211-213°.

Anal. Calcd. for C13H13N 06: C, 59.31; H, 4.98; N, 5.32. 
Found: C, 58.93; H, 5.44; N, 5.50.

(6) Generously supplied by  Parke, D avis and Co., D etro it, M ich.
(7) C. A. M iller, U. S. P a ten t 2,831,867 (1958).
(8) C. S. R ondestved t and O. Vogl, J .  A m .  C k e m .  S o c . ,  77, 2313 (1955).
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N-Methyl-2-(3',4',5,-trimethoxyphenyljinaleimide.—To a well 
stirred suspension of 2.8 g. (0.01 mole) of 2-(3',4',5'-trimethoxy- 
phenyl)maleimide in 75 ml. of freshly distilled tetrahydrofuran 
(from lithium aluminum hydride), was added 0.24 g. (0.01 mole) 
of sodium hydride (from 0.45 g. of a 54.7% oil dispersion). 
There was an immediate evolution of hydrogen which continued 
briskly as the mixture was brought to reflux. A solution of 7 
g. (0.05 mole) of methyl iodide in 10 ml. of tetrahydrofuran was 
then added to the yellow, boiling, mixture over a 45-min. period, 
and heating was continued for another 1.75 hr. At the end of this 
time, the reaction mixture was a dark green color and was 
neutral to indicator paper. The solvent was distilled at reduced 
pressure and the residue was dissolved in 75 ml. of chloroform. 
The chloroform solution was washed twice with water, dried 
(MgSO-t), and evaporated to give 3.1 g. of a deep orange solid. 
Crystallization from a large volume of hot absolute alcohol in 
which the material was sparingly soluble (or, from a mixture of 
ethyl acetate and petroleum ether (b.p. 65-90°)) gave 2 g. (71%) 
of orange, matted needles, m.p. 155-156°. The ultraviolet 
spectrum showed Xmnjt 235 (e 13,600), 297 (e 700), and 373 npi 
(>3900).

Anal. Calcd. for C14H15NO5: C, 60.64; H, 5.45; N, 5.05. 
Found: 0,60.74; H, 5.71; N, 4.86.

N,5-Dimethyl-3-phenyl-l-pyrazoline-3,4-dicarboximide.—To 
an ice-cold solution of 8.9 g. (0.048 mole) of N-methyl-2-phenyl- 
maleimide in 150 ml. of methylene chloride was added in one lot 
a cold, dried (over potassium hydroxide pellets) solution of 0.054 
mole of diazoethane in ether.9 The discharge of the orange-red 
color was immediate and the final solution retained only a pale 
yellow color. Evaporation of the solvent and the slight excess 
of diazoethane gave 11.6 g. (100%) of the crystalline pyrazoline, 
m.p. 78-85° dec. A sample was purified further by recrystal
lization from a mixture of methylene chloride and petroleum 
ether (b.p. 30-60°), giving colorless needles, m.p. 106-107° dec.

Anal. Calcd. for C13H13N3O2: C, 64.18; H, 5.39; N, 17.28. 
Found: 0,64.74; H,5.49; N, 17.43.

N-Methyl-2-ethyl-3-phenylmaleimide.—A 5.1-g. (0.02 mole) 
sample of the crude pyrazoline (m.p. 78-85° dec.) obtained as 
described was dissolved in 50 ml. of alcohol and heated on a 
steam bath for 30 min. There ensued an immediate and rapid 
evolution of nitrogen. The alcohol was removed by distillation 
in vacuo to give 4.4 g. (100%) of a viscous, colorless oil. This 
material was subjected to partition chromatography in which 
the system, 71-heptane-Methyl Cellosolve, was used. This 
procedure led to the separation of a major and a minor component. 
The desired N-methyl-2-ethyl-3-phenylmaleimide was the 
minor and faster moving component. I t  was obtained by the 
evaporation of the solvent in the first peak to give 200 mg. (5%) 
of solid. Two recrystallizations from aqueous alcohol gave large 
rhombs, m.p. 69-70°. This compound gave positive tests for 
unsaturation with bromine in carbon tetrachloride and with 
potassium permanganate in acetone. The ultraviolet spectrum 
showed Xmax 225 (e 13,500), 260 (e 6000), and 331 mM (e 1500).

Anal. Calcd. for C13H13NO2: C, 72.54; H, 6.09; N, 6.51. 
Found: C, 72.69; H.5.74; N,6.37.

The second and slower moving component,, obtained as a 
colorless, viscous oil, was the main product. This was the ex
pected, N,3-dimethyl-l-phenyl-l,2-cyclopropanedicarboximide. 
The yield was 4.0 g. (93%).10 This substance could not be 
crystallized from solvents, even after an evaporative distillation. 
I t  did, however, solidify in part after many days at room tem
perature. The ultraviolet spectrum showed Xmax 255 (« 860) 
as the only band above 220 m/*. The infrared spectrum showed 
the characteristic succinimide doublet at 5.62 and 5.82 yJ

Anal. Calcd. for Ci3H,3N02: C, 72.54; H, 6.09; N, 6.51. 
Found: C, 72.57; H,6.42; N.6.25.

Acknowledgment.—The author wishes to thank Mr.
L. Brancone and staff for the microanalyses, Mr. C. 
Pidacks and staff for the separation work by partition 
chromatography, and Drs. V. J. Bauer and S. R. Safir 
for helpful suggestions.

(9) This was prepared  from  11.7 g. (0.10 mole) of m oist nitrosoethylurea 
by  a  procedure analogous to  th a t  used for d iazom ethane (F. A rndt, “ Or
ganic Syntheses,”  Coll. Vol. I I ,  J o h n  Wiley and  Sons, Inc., New York, N . Y., 
1943, p. 165.

(10) The details of this and o th e r associated work will appear in a  fu ture  
publication.
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The Wittig reaction has been applied in several 
instances for the preparation of cyclic olefins containing 
five to sixteen carbon atoms and offers a number of 
advantages over conventional synthetic procedures 
particularly in the case of larger rings3; however, in 
each of the reported examples, the products have 
either possessed the trans stereochemistry favored by 
Wittig processes4 or have been flexible ring systems. In 
order to determine the limits of applicability of this 
cyclization procedure, it xvas of interest to examine a 
case in which the product was a rigid ring system 
possessing unfavorable stereochemistry. The model 
compound chosen for this study was the well character
ized 1,2,5,6-dibenzocyclooctatetraene (I),5-8 for which 
molecular models indicate a highly rigid cis structure,3a 
existing in a tub conformation and incapable of equili
bration to a trans isomer. The projected synthetic 
scheme is a simple modification of well established 
methods,3a'd and involves the reaction of the bisylide 
(II) with o-phthaldehyde (III) to form the product (I). 
The bisylide (II) is readily prepared from o-xylylenebis- 
(triphenylphosphonium bromide) (IV) by the action of 
base.3d

CH=P(C6H5)3

^ ^ C H = P ( C 6H5)3
II III I

The reaction of III and IV was first attempted under 
standard Wittig conditions, i.e., in absolute ethanol 
employing sodium ethoxide as the base for the genera
tion of the ylide (II).3d However, in no instance 
could I be isolated from reactions carried out under 
these conditions and the presence of only trace amounts 
was indicated spectrally; only triphenylphospine oxide, 
III, and polymeric materials were isolated. Since 
the Wittig reaction under these conditions leads 
normally to trans olefins,3d-4 it is probably that the 
reaction of II and III produces initially trans-V, which 
predominantly undergoes intermolecular reaction to 
form polymer rather than intramolecular ring closure

(1) Supported in  part by a grant (G-11280) from the N ational Science 
Foundation.

(2) N ational Science Foundation Undergraduate Research P artic ip an t, 
Sum m er, 1962.

(3 ) (a ) G . W ittig , H . Eggers, and P . Duffner, A m i., 619, 10 (1958); 
(b ) K .  D im ro th  and G . P o lil, Angew. Chem., 73, 436 (1961); (c) T .  I .  
B ieber and E .  H . E ism an , J. Org. Chem., 27, 678 (1962); (d) C . E .  G riffin , 
K .  R. M artin , and B . E .  Douglas, ibid., 27, 1627 (1962 ); (e) C . E .  G riffin  
and G . W itschard , ibid., 27, 3334 (1962).

(4) U . Schollkopf, Angew. Chem., 71, 260 (1959).
(5) L .  F .  F ieser and M . M . Pechet, «/. Am. Chem. S o c . ,  68, 2577 (1946).
(6 ) A . C . Cope and S . W . Fenton , ibid., 73, 1668 (1951).
(7) (a) G . W ittig , H. Tenhaeff, W . Schoch, and G . Koenig , Ann., 572, 

1 (1901 ); (b ) G . W ittig , G . Koenig, and K .  C lauss, ibid., 593, 127 (1955).
(8) M . A v ram , D . D in u , G . M atescu, and C . D . N enitzescu, Chem. Ber., 

93, 1789 (1960).
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to I ; the latter process would require cis stereochemistry 
in V.

Recently Shemyakin has shown that the Wittig reac
tion can be modified to favor the formation of cis 
isomers by conducting the reaction in the presence of a 
Lewis base and reported that the best results were 
obtained with lithium bromide or iodide in dimethyl
formamide.9 Partial neutralization of the charge on 
the ylide phosphorus by interaction with the base is 
postulated as leading to a lessening of the importance 
of initial ylide-carbonyl dipolar interaction as a deter
minant in product stereochemistry. Since both of the 
double bonds to be formed in I are required to be cis, 
the reaction of III and IV was attempted employing 
conditions similar to those reported by Shemyakin, 
i.e., the slow addition of a solution of lithium ethoxide 
in absolute ethanol to a dilute solution of III and IV 
in dimethylformamide. In this instance, the desired 
product (I) was isolated from the reaction mixture in 
18% yield; since IV can be prepared in 86-89% yield 
from o-xylylene dibromide, an over-all yield of 15-16% 
of I can be obtained in a two-step process. This yield 
is comparable to those obtained in the reported four- 
to five-step procedures.6 ~7a

The successful formation of I by a Wittig procedure 
indicates that the only probable limitation to effective 
Wittig cyclization is ring size; the only failures re
ported to date are in the attempted syntheses of cyclo
propenes36 and cyclobutenes.10

The infrared spectra of samples of I prepared in this 
study are identical in all respects to the spectrum 
reported by Wittig7b and totally different from that 
reported earlier by Cope.6 One of the most prominent 
features of the spectrum reported by Cope is an intense 
band at 11.0 p. which is absent in the spectra obtained 
by Wittig and the present investigators. The ultra
violet spectrum of I shows a single band without fine 
structure at 239 m,u (e 28,900); Wittig has reported a 
band at the same wave length of somewhat higher 
intensity (e 48,000). McEwen and Longuet-Higgins11 
have carried out an LCAO calculation of the electronic 
transition energies of I ; the observed band for I prob
ably corresponds to the calculated Ax Bi transition 
at 230 m.ju. Because of its high intensity and lack of 
fine structure, the observed band probably is not related 
to the calculated forbidden At —*■ A2 transition at 239 
mju.

Experimental12
o-Xylylenebis-(triphenylphosphonium bromide) (IV) was pre

pared in 86.5% yield by the reported method.36 In the original
(9) M. M. Shem yakin, L. D. Bergelson, and V. A. Vaver, IU PA C  In te r

national Symposium on Organic C hem istry of N atural Products, Brussels, 
June  12-15, 1962.

(10) G. W itschard and C. E. Griffin, unpublished results; T. I. Bieber, 
p riv a te  com m unication.

(11) K, L. M cEw en and II. C. Longuet-H iggins, J .  C h e m .  P l t y s . ,  24, 771
(1956).

(12) M icronalyses were performed by  G albraith  L aboratories, Knoxville, 
Tenn.

preparation, IV was reported to have m.p. >340°; however, in 
subsequent preparations, material decomposing as low as 295° 
was obtained. The lower melting material was satisfactory in 
all respects; examination of the infrared spectra of these prepara
tions indicates the melting point depression to be caused by the 
presence of a trace amount of the monophosphonium salt.36

1,2,5,6-Dibenzocyclooctatetraene (I).—A mixture of 18.1 g. 
(0.023 mole) of IV and 3.0 g. (0.022 mole) of o-phthaldehyde in 
400 ml. of dry dimethylformamide (distilled from calcium hydride) 
was heated to 90° under an atmosphere of dry nitrogen. A 
solution of 0.059 mole of lithium ethoxide in 100 ml. of ab
solute ethanol was added to this reaction mixture with rapid 
stirring over a period of 5 hr. Addition of the basic solution gave 
a deep orange solution and this color persisted for 4.5 hr. After 
the addition was completed, the dark reaction mixture was al
lowed to cool and was diluted with 500 ml. of water. The pre
cipitated material was extracted with ether and the ethereal 
extracts were washed with water, dried over anhydrous mag
nesium sulfate, and evaporated to give a dark brown oil. This 
oil was extracted with boiling petroleum ether (60-70°) to effect 
separation from triphenylphosphine oxide; evaporation of the 
petroleum ether extracts gave 5.8 g. of a red oil which was chro
matographed on a Florisil column (1.25 X 90 cm.). Elution 
with 1.4 1. of petroleum ether (30-65°) gave 1.8 g. of a pale 
yellow crystalline solid which was rechromatographed on Florisil 
(1.25 X 45 cm. column). Twenty-four 10-ml. fractions were 
collected by elution with petroleum ether (30-65°). Fraction 
1 was an oily mixture which failed to crystallize, but fractions 
2-24 gave 1.5 g. of a colorless crystalline product on evapora
tion of solvent; this product was recrystallized from aqueous 
ethanol to give 0.8 g. (18%) of I, m.p. 109.2-109.4° (lit. m.p.
108.5-109.2Va 109°,8106.8-108.1°,510G.2-106.906).

Anal. Calcd. for CieER: C, 94.03; H, 5.92. Found: C, 
94.17,94.11; H 5.80, 5.93.

The ultraviolet spectrum of I in 95% ethanol showed a maxi
mum at 239 my (e 28,900). The infrared spectrum was recorded 
in carbon tetrachloride and acetonitrile and showed bands at the 
following wave lengths (y): 3.27 s, 3.32 s, 6.09 w, 6.73 s, 7.01 
m, 7.17 m, 8.68 m, 8.97 w, 9.20 m, 9.65 m, 10.42 w, 10.60 m,
11.52 w, 11.98 s, 12.85 vs, 13.42s, 14.31s, 14.45 s, 14.87 w.

Treatment of a methanolic solution of I with saturated aqueous 
silver nitrate gave a colorless precipitate which was reerystal- 
lized from ethanol to give the silver nitrate complex of I, m.p.
221-222° (lit. m.p. 222°,» 214-21503%

The reaction of o-phthaldehyde and IV in refluxing absolute 
ethanol for 5 hr. employing sodium ethoxide as base was carried 
out in a manner analogous to the previous experiment. Careful 
chromatography of the products led to the isolation of triphenyl
phosphine oxide and the dialdehyde as the only characterizable 
materials; examination of the infrared spectra of all fractions 
showed the presence of only trace amounts of I. When the reac
tion was carried out for a longer period of time (22 hr.), the 
major portion of the organic material isolated was polymeric 
in nature, showing aromatic and both cis and trans olefinic absorp
tions in the infrared.

Synthesis of 7-Methyl- and
7-Phenylnorbornadiene

P a u l  R. S t o b y  a n d  S u s a n  R. F a h r e n h o l t z

Bell Telephone Laboratories, Inc.,
Murray Hill, New Jersey

Received February 15, 1963

The synthesis of norbornadiene is a relatively 
straightforward procedure involving the Diels-Alder 
condensation of cyclopentadiene and acetylene.1 How
ever, 7-substituted norbornadienes generally are not 
available by this simple route because the corresponding
5-substituted cyclopentadienes are unstable relative to

(1) J. H ym an, E . Freireich, and  R. E, Lidov, U. S. P a te n t 2,875,256; 
C h e m .  A b s t r . ,  53, 13082 (1959).



J u n e , 1 9 6 3 N o t e s 1 7 1 7

their 1 and 2 isomers and at best give a mixture of iso
meric products even when generated in situ.1

7-f-Butoxynorbornadiene, prepared by treating nor- 
bornadiene with (-butyl perbenzoate, has recently 
proven to be a valuable precursor for the synthesis of 
several other 7-substituted norbornadienes.3 4

We now wish to report the preparation of 7-methyl- 
and 7-phenylnorbornadiene by treatment of 7-i-bu- 
toxynorbornadiene with the appropriate Grignard rea
gent as shown in equation 1.

037]heptene-4 (III) was not observed in the reaction of 
Grignard reagents with I. However, the tricyclic 
olefins (III) may have been destroyed under the reac
tion conditions.

Ha. R = CH3- 
b. R = Ph-

Presumably the reaction could be extended to the syn
thesis of many alkyl and aryl substituted norborna- 
dienes.

Refluxing the ether (I) with an excess of methylmag- 
nesium iodide in benzene gave a 57% yield of 7-methyl- 
norbornadiene (Ila). Similar treatment of the ether 
(I) with phenylmagnesium bromide gave 7-phenylnor- 
bornadiene (lib) in 75% yield. 7-Norbornadienol was 
not detected among the products; however, it was not 
rigorously sought. In fact, no other monomeric prod
ucts were detectable.

The structures of Ila  and lib  were established by 
analysis of their infrared and n.m.r. spectra. Both 
molecules exhibited the highly characteristic infrared 
absorptions at 6.5 g (double bond stretch and at ca.
13.6-14.0 ij. (cis double bond, carbon-hydrogen out-of
plane deformation) indicative of the norbornadiene nu
cleus.3 The n.m.r. spectra also were highly character
istic of the norbornadiene nucleus3 and consistent with 
the proposed structures. Tor example, in the 7-meth- 
ylnorbornadiene spectrum, the methyl group appears as 
a doublet at r = 9.15. The bridge hydrogen (7) ap
pears as a complex quartet at r = 7.40 and the bridge
head hydrogens (1,4) appear as a multiplet at r = 6.82. 
In addition, the two pairs of olefinic hydrogens appear 
as two separate triplets at r = 3.29 and 3.52 in charac
teristic fashion.

Several ethers have been cleaved by Grignard rea
gents to yield analogous hydrocarbons.5 In most of 
these examples, at least one moiety was capable of sup
porting a positive charge. For example, diallyl ether 
and benzyl ethers are rather easily cleaned to generate 
hydrocarbons.

The relatively facile cleavage of I is consistent with 
the stability of the 7-norbornadienyl carbonium ion4'6 
and probably is mechanistically similar to the lithium 
aluminum hydride reduction of 7-chloronorbornadiene.7 
There is one important exception. The reduction of 7- 
chloronorbornadiene yielded, in addition to norborna
diene, tricyclo[4.1.0.03'7]heptene-4 as the major prod
uct. The corresponding 2-substituted tricyclo [4.1.0.-

(2) R . V ane lli, P h .D . thesis, H arva rd  U n iv e rs ity , 1950.
(3) P . R . S to ry , J. Org. Chem., 26, 287 (1961).
(4) P . R . S to ry and M . Saunders, J. Am. Chem. S o c . ,  84, 4876 (1962).
(5) M . S. Kharasch  and O. R e inm uth , “ G rignard  Reactions of Non- 

M eta llic  Substances,”  Chap . X V ,  Prentice-H all, New Y o rk . N . Y . ,  1954; 
C . M . H ill , L . H aynes, D . E .  Simm ons, and M . E .  H il l , J. Am. Chem. 
Soc., 80, 3623 (1958).

(6) S. W instein and C . Ordronneau, ibid., 82, 2084 (1960).
(7) P . R . S to ry , ibid., 83, 3347 (1961).

Experimental
7-Methylnorbomadiene (Ila).—Following the general proce

dure of Normant,8 methylmagnesium iodide was prepared from
57.6 g. (2.4 g.-atoms) of magnesium and 341 g. (2.4 moles) of 
methyl iodide in 1.5 1. of anhydrous ether. About 1 to 1.5 1. 
of reagent grade benzene was added in several portions while 
the ether was removed by distillation. Distillation was con
tinued until the boiling point reached 79°. After the solution 
was allowed to cool 10-20°, 200 g. (1.22 moles) of 7-f-butoxynor- 
bornadiene (I)3 was added all at once. This mixture was stirred 
and refluxed for 2.5-3 days. After this time, the excess Grignard 
was destroyed with about 225 ml. of water and the benzene solu
tion decanted. The solvent 'was removed at atmospheric pres
sure with a 24-in. spinning bond distillation column. The prod
uct was distilled on the same column to give 74.5 g. (57.6%) of
7-methylnorbornadiene (Ila), b.p. 54.5-55.0° (113 mm.). Infra
red (carbon tetrachloride, y): 3.4 (s), 6.5 (m), 7.6 (s), 13.9 (s).
N.m.r. (carbon tetrachloride, t): 3.29 (3), 3.52 (3), 6.82 (6),
7.40 (4), 9.15 (2), area ratio of 2 :2 :2 :1 :3.

Anal. Calcd. for CsHi0: C, 90.50; H, 9.50. Found: C, 
90.68; H, 9.43.

7-Phenylnorbomadiene (lib).—Using the same procedure, 7- 
phenylnorbornadiene (lib) was prepared from 14.4 g. (0.6 g.- 
atom) of magnesium, 94.2 g. (0.6 mole) of phenyl bromide, and 
50 g. (0.3 mole) of 7-i-butoxynorbornadiene (I) to give 38.9 g. 
(75.8%) of lib , b.p. 80-81°(1.7 mm.). This product was about 
95%, pure. Greater purity was obtained by gas phase chromatog
raphy using a 20 ft X 3/S in. 10% Dow 710 silicone column at 
160°. Infrared (neat, /x): 3.2 (m), 6.5 (m), 7.6 (s), 13.5 (m),
13.8 (s), 14.4 (s). N.m.r. (carbon tetracliloride, t): 2.97 (m),
3.15 (3), 3.5 (m), 6.25 (m), area ratio 5:2:2:3.

Anal. Calcd. for Cl3Hi2: C, 92.81; H, 7.19. Found: C, 
93.07; H, 7.41.

(8) A . N orm ant, Bull. sue. chini. France, (5) 7 ,  371 (1940).

Fluorine-Containing Nitrogen Compounds.
Y. D ifluoronitroacetamidines and 

Diflu oronitrom ethyl-1,2,4- triazoles1,2

E u g e n e  It. B i s s e l l

Lawrence Radiation Laboratory, University of California 
Livermore, California

Received November 26, 1962

The reaction of ammonia or primary or secondary 
alkylamines with perfluoroalkylnitriles has been shown 
to afford good yields of stable perfluoroalkylamidines.3'4 
The stability of the perfluoroalkylamidines, as con
trasted with their unfluorinated analogs, was attributed 
to the electronegativity of the fluorocarbon radical.4

(1) T h is  work was performed under the auspices of the U . S . A tom ic 
Energy Commission.

(2) Fo r paper number IV  of th is  series, see G . C . Shaw , D . L .  Seaton, 
and E . R . B issell. J. Org. Chem., 26, 4765 (1961); for paper number I I I ,  
see E . R . B issell, Vnd., 26, 5100 (1961).

(3) I ) .  Husted, U . S . Patent 2,676,985 (A p iil , 1954).
(4) W . L .  R e illy  and H . C . B ro w n , J . Am. Chem. Soc., 78, 6032 (1956).
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T able I
P hysical P r o pe r t ie s  and Analyses of D ifluoro n itro aceta m id in es and 3 -(D iflu oro n itro m eth yl)-1,2,4-tria zo les

,----- ■ %  C arbon—-—• %  Hydrogen—. ✓---- %  N itrogen— -
C om pound % Yield'> M .p., °C. ¿26 n25D Calcd. Found Calcd. Found Calcd. Found

la 63 1.623 1.4491 17.27 17.10 2.17 1.47
la CFjCOOH salt 
lb 63

173-174 dec.
1.451 1.4425

18.98 19.19 1.59 1.42 16.60 16.87

lb Hydrobromide 181-182 dec. 15.40 15.26 2.15 2.52 17.96 18.90
Ie 35 34-36 1.345 1.4388
Ic Hydrobromide 165-167 19.37 18.68 3.25 2.98 16.94 16.83
Id 65 1.374 1.5268 44.65 44.83 3.28 3.18 19.53 20.18
Id Hydrobromide 174-175 32.45 32.50 2.38 2.59 14.19 13.87
Ie 30Î- 91.5-92.5 38.17 38.04 2.14 2.56 14.84 15.54
Ha 86 1.630 1.4480
Ha Copper chelate 
lib 63

>200
1.572 1.4511

16.52 16.56 0.35 0.58 24.08 24.47

lie 40 1.596 1.4546
lid 60 1.455 1.5172
Ilia 50 76-77 21.96 21.83 1.23 1.14 23.16c 23.02c
m b 33 1.694 1.4701 26.97 27.12 2.26 1.65

a Based on difluoronitroacetonitrile charged. b 90% based on unrecovered nitrile. c Fluorine.

Aromatic amines failed to react, presumably because indicate only one tautomer. Since both Id and Ie
of their low basicity.4 The unsubstituted perfluoro- 
alkylamidines decomposed smoothly above their melt
ing points with the evolution of ammonia to form
2,4,6-tr is (perfluoroalkyl) -1,3,5-tr iazines.6

The present paper describes the reactions of ammonia 
and primary and secondary amines with a nitrile in 
which the electronegativity of the alkyl group is further 
increased over that of the perfluoro compounds by 
substitution of a nitro group for one of the fluorines. 
The effect on the reactivity of the nitrile and of the 
primary addition products and on the course of subse
quent reactions is marked.

Like trifluoroacetonitrile, difluoronitroacetonitrile re
acted readily with ammonia or primary or secondary 
alkylamines to form N-substituted difluoronitroacet
amidines (I). However, satisfactory yields were ob
tained only when stoichiometric amounts of the amine 
were used,

0 2NCF,C(:NH)NRR' la. R = R ' = H
lb. R = CH3, R ' = H 

I Ic. R = R ' = CH3
ld. R = phenvl, R ' = H
le. R = p-CRCVH :, R ' = II

and low temperatures were required to avoid side reac
tions. Unlike trifluoroacetonitrile, difluoronitroaceto
nitrile also formed amidines from amines of low basicity 
such as aniline (Id) or even p-trifluoromethylaniline 
(Ie), but the reaction rates were lower. The physical 
properties of the amidines and their derivatives are 
listed in Table I. The amphoteric nature of difluoro- 
nitroacetamidine (la) was shown by its formation of 
both a silver salt and salts with acids such as trifluoro- 
acetic or hydrobromic. The N-substituted amidines 
also showed evidence of formation of silver salts, but 
the salts were not obtained in a pure state. Trifluoro- 
acetic acids salts of the substituted amidines were 
mostly low melting, but the hydrobromides were all 
crystalline. Two bands in the C =N  region of the 
infrared spectrum of N-methyldifluoronitroacetamidine 
(lb) indicate that this compound probably exists as an 
equilibrium mixture of the two possible tautomeric 
forms. Single bands in the C =N  region of the spectra 
of the aromatically substituted derivatives (Id and Ie)

(o) W . L. Reilly and  H . C. Brown, J .  O r g .  C h e m . ,  22 , 698 (1957).

show doublets in the NH region, the double bond in 
these compounds is thought to be conjugated with 
the aromatic rings.

The amidines combined with a second equivalent of 
difluoronitroacetonitrile to produce (difluoronitroacetyl- 
imino)difluoronitroacetamidines (II) which could also 
be obtained directly from the nitrile by reaction with 
one-half equivalent of the amine.

0 2NCF2C(: NR)N=C(NR2')CF2N 02
Ha. R = R ' = H 
lib. R = CH3, R ' = H

Ile. R = H, R ' = CH3 
lid . R = phenyl, R ' = H

N' - (Difluoronitroacetylimino)difluoronitroacetami- 
dine (Ha) formed a water-insoluble copper chelate, but 
this ability was not shown by any of the substituted 
derivatives. None of the acetylimmoacetamidines 
formed silver salts.

Thermal decomposition of la gave difluoronitro- 
methane as the only substantial volatile product. The 
remainder of the material appeared to be salts and/or 
polymers similar to those formed by the reaction of the 
amidine with excess ammonia. Difluoronitromethane, 
reported here for the first time, is a colorless liquid 
with a normal boiling point of 43.4° and a freezing point 
of approximately —120°. Its vapor pressure in the 
range from 300-800 mm. is given by the equation log 
Pmm = 8.0187 — 1626.7/T°k- The heat of vaporiza
tion calculated6 from this equation is 7188 cal./mole 
and the Trouton ratio is 22.7.

Compound Ha showed no tendency to react with a 
third equivalent of nitrile but decomposed, slowly at 
room temperature and more rapidly at higher tempera
tures, to difluoronitromethane and a sublimable, color
less solid melting at 76-77°. The latter was assigned 
the structure 3 - (difluoronitromethyl) - 1,2,4 - triazole- 
(IHa) on the basis of the following evidence. (1) 
Elementary analysis was consistent with the empirical 
formula C3H2F2N4O2. (2) Infrared spectra showed
bands corresponding to NH, CH, C=N , N 02, and CF.
(3) The F19 nuclear magnetic resonance spectrum in 
dimethyl sulfoxide solution showed only one unsplit

(6) G. W. Thom son, “ Physical M ethods of Organic C hem istry ,”  Vol. 
I, P a r t  1, A. \W eissberger, Ed., Interscience Publishers, Inc., New York, 
N. Y ., 1959, p. 518.
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resonance. The proton spectrum showed two slightly 
broadened bands at —4.96 and —6.79 p.p.m. with 
respect to dimethyl sulfoxide. Neither was affected 
by dilution or by addition of water or pyridine. The 
higher field band was broadened essentially to the 
point of disappearance by acidification with dilute hy
drochloric acid.7 (4) The molecular weight as deter
mined by the Rast method in ¿(-camphor was 169 
(calcd. 164). (5) The ultraviolet absorption spectrum
in aqueous solution showed a maximum at 206 rcpq 
«max 6300. 1,2,4-Triazole is reported to absorb at 205
U l/r, % a x  2 0 0 . 8

N  N R
/  \

0 2N C F 2C  C H  o r  0 2N C F 2C  C H
I II II II

R N -------N  N ------- N
I l i a .  R  =  H  I l l b .  R  =  C H 3

The N - monosubstituted - N - (difluoronitroacetyl- 
imino)difluoronitroacetamidines were decomposed to 
2 (or 4) - substituted - 3 - difluoronitromethyl - 1,2,4- 
triazoles (Illb), while the N,N-disubstituted derivative 
was thermally stable.

The increased reactivity of difluoronitroacetonitrile 
toward amines (as compared with the perfluornitriles) 
and the ease of cission of the C-C bond in the novel 
cyclization of the acyliminoamidines can reasonably 
be attributed to the higher electronegativity of the 
nitro compounds. In the ring closure reactions, the 
large steric requirements of the nitro group probably 
also play a part. In addition, internal hydrogen bond
ing between the amino and adjacent nitro groups and 
between the irnino and its adjacent nitro group would 
be expected to have a pronounced effect on the spacial 
arrangement of the nitro containing acyliminoamidines 
and should strongly favor formation of a five-membered 
ring. A concerted reaction in which difluoronitro- 
methane leaves as the cd-nitro acid is readily envisioned 
and requires migration of only a single proton. The 
failure of the N,N-disubstituted derivative to cyclize 
would be expected if such a mechanism were operative. 
This appears to be the first reported example of the 
closure of a 1,2.4-triazole ring by the formation of a 
N-N bond.
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Experimental9
Difluoronitroacetamidine (la) .— D if lu o r o n i t r o a c e to n i t r i l e 10 

(0 .0 2  m o le )  a n d  a m m o n ia  ( 0 .0 2  m o le )  w e r e  m e a s u re d  b y  s t a n d a r d  
v a c u u m  te c h n iq u e s  a n d  w e re  c o n d e n s e d  b y  m e a n s  o f  l iq u id  
n i t r o g e n  i n t o  a n  e v a c u a te d ,  1 0 0 - m l. ,  P y r e x  r e a c t io n  b u l b .  T h e  
l iq u id  n i t r o g e n  b a t h  w a s  t h e n  r e p la c e d  b y  o n e  o f  e th y le n e  d i-  
c h lo r id e  s lu s h .  A f te r  1 h r .  t h e  r e a c t io n  m ix tu r e  w a s  a l lo w e d  t o  
w a r m  t o  ro o m  t e m p e r a t u r e ,  a n d  v o la t i l e  p r o d u c t s  a n d  u n c h a n g e d  
s t a r t i n g  m a te r ia l s  w e re  p u m p e d  off i n t o  a  l i q u id  n i t ro g e n -c o o le d

(7) T h e  p ro to n  n .m .r . sp e c tru m  of 3 -a m in o -l,2 .4 - tr ia z o le  in  d im e th y l 
su lfox ide  show ed  tw o  b a n d s  a t  —3.25 a n d  —4.87 p .p .m . w ith  re s p e c t to  
d im e th y l su lfox ide . T h e  h ig h e r  fie ld  b a n d  w as  b ro a d e n e d  e s s e n tia lly  t o  th e  
p o in t o f d isa p p e a ra n c e  b y  ac id ifica tion .

(8) H . A. S ta a b , C h e m .  B e r . ,  89, 1927 (1956).
(9) M e ltin g  p o in ts  a r e  c o rrec ted ; b o iling  p o in ts  e x c ep t fo r t h a t  of d i-  

f lu o ro n itro m e th a n e  a re  n o t  c o rrec ted .
(10) I .  L . K n u n y a n ts  a n d  A . V . F o k in , D o k l .  A J c a d .  N a u k ,  S S S R ,  112, 67 

(1957).

t r a p  o n  t h e  v a c u u m  m a n i f o ld .  T h e  l iq u id  r e m a in in g  in  t h e  b u lb  
w a s  d is t i l l e d  a t  8 0 - 9 0  ° a n d  5 - 1 0  ¿1 t o  y ie ld  1 .7 9  g . (6 3  % )  o f  s l ig h t ly  
y e llo w  l i q u id .  T h e  m a jo r  in f r a r e d  a b s o r p t io n  b a n d s 11 w e re  a t  
2 .8 5  ( m )  ( N H 2 a s y m .  s t r e t c h ) ,  2 .9 2  ( m )  ( N H 2 s v m .  s t r e t c h ) ,  3 .0 0  
( m )  ( = N H  s t r e t c h ) ,  3 .1 5  ( m ) ,  6 .0 0  ( s )  ( N C = N  a s y m . s t r e t c h ) ,  
6 .3 0  ( s )  ( N O ; a s y m .  s t r e t c h ) ,  6 .9 0  ( m ) ,  7 .4 0  ( m )  ( N 0 2 s y m . 
s t r e t c h ) ,  8 .2 0  ( s )  ( C F ) ,  8 .7 2  ( m ) ,  9 .6 0  ( m ) ,  9 .9 5  ( m ) ,  1 1 .9 2  ( m ) ,  
a n d  1 2 .3 0  ( m ) .

W i t h  ex cess  l i q u id  a m m o n ia  u n d e r  r e f lu x  a t  o n e  a tm o s p h e r e  o r  
w i th  a  o n e - to -o n e  r a t i o  a t  0 ° , t h e  y ie ld  w a s  o n ly  1 5 - 2 0 % . T h e  
r e m a in d e r  of t h e  r e a c t io n  p r o d u c t s  w e r e  m a in ly  n o n v o la t i l e ,  h ig h  
m e l t in g  ( a b o v e  2 0 0 ° ) ,  w a te r  in s o lu b le  so lid s  w h ic h  a r e  p r o b a b ly  
m ix tu r e s  o f s a l t s  a n d / o r  p o ly m e r s  a r i s in g  f ro m  t h e  r e a c t io n  o f t h e  
a m id in e  w i th  ex ce ss  a m m o n ia .  S im i la r  so lid s  a r e  f o rm e d  d u r in g  
th e r m a l  d e c o m p o s i t io n  o f t h e  a m id in e .

Silver Salt of la.— S ilv e r  o x id e  (0 .3 0  g . ,  1 .2 9  m m o le s )  s u s p e n d e d  
in  1 m l.  o f d r y  e th e r  w a s  t r e a t e d  w i t h  0 .3 6  g . (2 .5 9  m m o le s )  o f 
l a .  H e a t  w a s  e v o lv e d  a n d  t h e  b r o w n  o x id e  t u r n e d  w h i te .  T h e  
m ix tu r e  w a s  s t i r r e d  t h o r o u g h ly  b y  h a n d  t o  b r e a k  u p  lu m p s ,  a n d  
t h e  p r e c ip i t a t e d  s i lv e r  s a l t  w a s  r e m o v e d  b y  c e n t r i f u g a t io n ,  
w a s h e d  tw ic e  w i th  1 -m l.  p o r t io n s  o f  e th e r  a n d  v a c u u m  d r ie d  a t  
ro o m  t e m p e r a tu r e  a n d  2  y, f o r  18  h r .  T h e  n e a r ly  w h i te  s a l t  d o e s  
n o t  m e l t  b e lo w  2 0 0 ° , a l th o u g h  t h e r e  is  s o m e  d e c o m p o s i t io n  a t  
lo w e r  t e m p e r a tu r e s ,  a n d  d a r k e n in g  o c c u rs  g r a d u a l ly  a t  ro o m  
t e m p e r a tu r e  o n  e x p o s u re  t o  l i g h t .

Ia Trifluoroacetate.— T h e  a m id in e  ( 0 .3 2  g . ,  2 .3 1  m m o le s )  w as  
t r e a t e d  f o r  1 h r .  a t  r o o m  t e m p e r a t u r e  w i t h  0 .7 9  g .  (6 .8 9  m m o le s )  
o f  t r i f lu o r o a c e t ic  a c id .  H e a t  w a s  e v o lv e d  a n d  a  w h i te  p r e c ip i t a t e  
f o rm e d  a lm o s t  im m e d ia te ly .  T h e  e x c e ss  t r i f lu o r o a c e t ic  a c id  w a s  
r e m o v e d  a t  r o o m  t e m p e r a t u r e  u n d e r  r e d u c e d  p r e s s u r e ,  a n d  th e  
r e s id u e  w a s  w a s h e d  tw ic e  w i t h  3 -m l. p o r t io n s  o f e t h e r  a n d  d r ie d  
a t  ro o m  t e m p e r a tu r e  a n d  1 - 2  fi f o r  20  h r . ;  m .p .  1 7 3 -1 7 4 °  d e c .

N-Methyl- and N,N-Dimethyldifluoronitroacetamidine(Ib and 
Ic).— T h e  N - m e th y l  a n d  N ,N - d i m e t h y l  d e r iv a t iv e s  w e re  p r e 
p a r e d  a s  d e s c r ib e d .  M a jo r  i n f r a r e d  a b s o r p t io n  b a n d s  fo r  l b  
w e re  a t  2 .9 7  ( s h )  ( N H R  s t r e t c h ) ,  3 .1 0  ( m )  ( = N H  s t r e t c h ) ,  
3 .2 0  ( m )  ( C H  s t r e t c h ) ,  6 .0 0  ( s )  ( N C = N  a s y m .  s t r e t c h ) ,  6 .1 0  
( s )  ( N C = N  a s y m . s t r e t c h ) ,  6 .3 3  ( s )  ( N 0 2 a s y m .  s t r e t c h ) ,  6 .6 0  
( s h ) ,  6 .9 0  ( v w ) ,  7 .1 0  ( w ) ,  7 .2 8  ( m ) ,  7 .4 5  ( m )  ( N 0 2 s y m .  s t r e t c h ) ,  
8 .3 5  ( s )  ( C F ) ,  9 .8 0  ( m ) ,  1 0 .4 0  (w )  a n d  1 1 .9 2  ( m ) .  F o r  I c  t h e y  
w e re  a t  3 .0 5  ( m )  ( = N H  s t r e t c h ) ,  3 .4 5  ( m )  ( C H  s t r e t c h ) ,  6 .2 0  ( s )  
( N C = N  a s y m . s t r e t c h ) ,  6 .3 0  ( s )  ( N 0 2 a s y m .  s t r e t c h ) ,  7 .1 0  ( m ) ,
7 .4 0  ( m )  ( N 0 2 s y m . s t r e t c h ) ,  7 .8 7  ( w ) ,  8 .4 0  ( s )  ( C F ) ,  9 .2 2  ( m ) ,
9 .4 0  ( s h ) ,  9 .8 0  ( s ) ,  1 1 .4 0  ( m ) ,  1 2 .2 0  ( m ) ,  a n d  1 3 .8 0  ( m ) .

N-Phenyl- and N-(p-Trifluoromethylphenyl)difluoronitro-
acetamidine (Id and Ie).— T h e  a r o m a t ic  d e r iv a t iv e s  w e re  p r e 
p a r e d  a s  d e s c r ib e d  e x c e p t  t h a t  t h e  a m in e  w a s  m e a s u re d  
i n to  t h e  r e a c to r  a n d  w a s  f ro z e n  i n  l i q u id  n i t r o g e n  p r io r  t o  e v a c 
u a t i o n ,  t h e  r e a c t io n  t e m p e r a t u r e  w a s  0 ° ,  a n d  t h e  r e a c t io n  t im e  
w a s  1 8 -2 4  h r .  M a jo r  in f r a r e d  a b s o r p t io n  b a n d s  f o r  I d  w e re  a t  
2 .8 8  ( m )  ( N H 2 a s y m .  s t r e t c h ) ,  2 .9 8  ( m )  ( N H 2 s y m .  s t r e t c h ) ,  3 .2 0  
(w )  ( C H  s t r e t c h ) ,  5 .9 5  ( s )  ( N C = N  a s y m .  s t r e t c h ) ,  6 .3 0  ( s )  
( N 0 2 a s y m . s t r e t c h ) ,  6 .7 5  ( m ) ,  7 .1 7  ( m ) ,  7 .4 3  ( m )  ( N 0 2 s y m . 
s t r e t c h ) ,  8 .0 5  ( s ) ,  8 .5 0  ( s )  ( C F ) ,  9 .3 5  ( w ) ,  9 .8 0  ( m ) ,  1 0 .0 5  ( m ) ,  
1 1 .0 0  (w ) ,  1 1 .8 9  ( m ) ,  1 2 .0 5  ( m ) ,  1 2 .8 0  ( m ) ,  1 3 .6 5  ( m ) ,  a n d  1 4 .3 5 . 
F o r  I e  ( K B r  p e l le t )  t h e y  w e re  a t  2 .9 0  ( m )  ( N H 2 a s y m . s t r e t c h ) ,
3 .1 0  ( m )  ( N H 2 s y m . s t r e t c h ) ,  3 .2 0  ( m )  ( C H  s t r e t c h ) ,  6 .0 0  ( s )  
( N C = N  a s y m .  s t r e t c h ) ,  6 .3 0  ( s )  ( N 0 2 a s y m .  s t r e t c h ) ,  6 .6 7  (w ) ,
7 .1 0  ( w ) ,  7 .2 5  ( w ) ,  7 .4 3  ( s )  ( N 0 2 s y m .  s t r e t c h ) ,  8 .0 0  ( s ) ,
8 .4 0  ( m )  ( C F ) ,  8 .6 3  ( m ) ,  9 .0 0  ( s ) ,  9 .3 7  ( s ) ,  9 .8 5  ( m ) ,  1 0 .1 0  ( m ) ,  
1 1 .4 6  ( m ) ,  1 1 .9 0  ( m ) ,  1 2 .0 2  ( m ) ,  1 2 .8 0  ( m ) ,  1 3 .3 8  ( w ) ,  a n d  1 3 .8 0  
( w ) .

Hydrobromides.— H y d r o b r o m id e s  w e r e  p r e p a r e d  b y  s a t u r a t i n g  
e th e r  s o lu t io n s  o f t h e  a m id in e s  w i th  h y d r o g e n  b r o m id e  g a s , 
c e n t r i f u g in g ,  w a s h in g  w i t h  e th e r ,  a n d  d r y in g  a t  r o o m  t e m p e r a 
t u r e  a n d  5 - 1 0  ¡i fo r  8 - 1 8  h r .  T h e  h y d r o b r o m id e s  w e r e  s o m e w h a t  
h y d r o s c o p ic  a n d  w e r e  r e a d i ly  h y d r o l iz e d  in  h y d r o x y l ic  s o lv e n ts .

N'-(Difluoronitr oacetylimino)difluoronitroacetamidine (Ha).
A. From Difluoronitroacetamidine.— D if lu o r o n i t r o a c e ta m id in e  

(1 .1 9  g . ,  8 .5 6  m m o le s )  w a s  t r e a t e d  w i th  8 .8 3  m m o le s  o f d if lu o ro 
n i t r o a c e to n i t r i l e  a t  0 °  fo r  18  h r .  R e m o v a l  o f u n r e a c t e d  n i t r i l e  
a n d  d i s t i l l a t i o n  a t  1 0 0 -1 1 0 °  a n d  5 - 1 0  y ie ld e d  1 .2 5  g . ( 5 6 % )  of 
s l ig h t ly  y e llo w  l i q u id .  M a jo r  in f r a r e d  a b s o r p t io n  b a n d s  w e re  
lo c a te d  a t  2 .9 5  ( s )  ( N H  s t r e t c h ) ,  3 .0 6  ( m )  ( = N H  s t r e t c h ) ,  3 .2  
( s h ) ,  3 .4 8  ( w ) ,  3 .8  ( w ) ,  6 .0 9  ( s )  ( N C = N  a s y m .  s t r e t c h ,  6 .3 0  ( s )  
( N 0 2 a s y m . s t r e t c h ) ,  6 .5 9  ( s ) ,  7 .3  ( s h ) ,  7 .4 6  ( s )  ( N 0 2 s y m .

(11) In f ra re d  s p e c tra  w ere  ta k e n  on  a  P e rk in -E Im e r In f ra c o rd  M odel 
137 sp e c tro p h o to m e te r  a s  liq u id s  u n le ss  o th e rw ise  n o te d . T h e  u n its  a re  
m icro n s .
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s t r e t c h ) ,  8 .2  ( s )  ( C F ) ,  8 .7 5  ( w ) ,  9 .6 2  ( s ) ,  1 0 .0 3  ( m ) ,  1 1 .5 9  ( m ) ,
1 1 .9 1  ( m ) ,  1 2 .3 0  ( s ) ,  1 2 .7 8  ( m ) ,  1 3 .7  ( w ) ,  a n d  1 4 .1  (w ) .

B. From Difluoronitroacetonitrile.— D if lu o r o n i t r o a c e to n i t r i l e  
( 0 .0 2  m o le )  a n d  a m m o n ia  (0 .0 1  m o le )  w e re  c o n d e n s e d  i n t o  a n  
e v a c u a te d  1 5 0 -m l. P y r e x  b u lb .  T h e  b u lb  t h e n  w a s  p la c e d  in  a n  
ic e  b a t h  f o r  1 8 -2 4  h r .  V o la t i le s  w e re  r e m o v e d  o n  t h e  v a c u u m  
m a n i f o ld ,  a n d  t h e  l i q u id  p r o d u c t  w a s  d is t i l l e d  a s  b e fo re  t o  .y ield
2 .3 4  g . ( 8 6 % )  of H a .  I t s  in f r a r e d  s p e c t r u m  w a s  id e n t ic a l  w i th  
t h a t  o f m a te r i a l  p r e p a r e d  f ro m  t h e  a m id in e .  I f  r a t io s  o f n i t r i l e  t o  
a m m o n ia  o f g r e a te r  t h a n  tw o  t o  o n e  w e re  e m p lo y e d ,  o n ly  tw o  
e q u iv a le n t s  o f n i t r i l e  w e re  c o n s u m e d ;  t h e  r e m a in d e r  c o u ld  b e  r e 
c o v e r e d  q u a n t i t a t i v e l y .

Copper Chelate of Ila.— I l a  (0 .2 0  g . ,  1 .2 5  m m o le )  d is s o lv e d  in  
0 .5  m l .  o f 1 ,2 - d im e th o x y e th a n e  w a s  s h a k e n  w i th  a  s o lu t io n  o f 
0 .1 5  g .  ( 0 .6 6  m m o le )  o f c u p r ic  n i t r a t e  t r i h y d r a t e  i n  1 .0  m l.  of 
w a te r .  T h e  p r e c i p i t a t e d ,  ru s t - c o lo re d  s o l id  w a s  r e m o v e d  b y  
c e n t r i f u g a t io n ,  w a s h e d  tw ic e  w i th  0 .5 - m l. p o r t io n s  o f  w a te r ,  a n d  
d r ie d  a t  r o o m  t e m p e r a tu r e  a n d  5 y f o r  5 h r . ;  w e ig h t  0 .1 7  g . ( 4 8 % ) .  
A f te r  o n e  r e c r y s ta l l i z a t io n ,  f ro m  b e n z e n e  c o n ta in in g  a  fe w  d r o p s  
o f  9 5 %  e th a n o l ,  i t  m e l te d  a b o v e  2 0 0 ° . I t  w a s  v e r y  s o lu b le  in  
9 5 %  e th a n o l ,  f o rm in g  d a r k  m a r o o n  s o lu t io n s .

N-Methyl- and N,N-Dunethyl-N'-(difluoronitroacetylimmo)- 
difluoronitroacetamidine ( l i b  and l i e ) . — l i b  a n d  l i e  w e r e  p r e 
p a r e d  b y  m e th o d  B .  M a jo r  in f r a r e d  a b s o r p t io n  b a n d s  f o r  l i b  
w e re  a t  2 .9 7  ( m )  ( N H  s t r e t c h ) ,  3 .2 0  ( w ) ,  3 .4 5  (w )  ( C H  s t r e t c h ) ,  
5 .9 3  ( s )  ( N C = N  a s y m .  s t r e t c h ) ,  6 .0 3  ( s )  ( N C = N  a s y m .  s t r e t c h ) ,
6 .3 0  ( s )  ( N 0 2 a s y m .  s t r e t c h ) ,  6 .5 5  ( m ) ,  6 .9 0  ( w ) ,  7 .0 9  ( w ) ,  7 .4 0  
( m )  ( N 0 2 s y m . s t r e t c h ) ,  7 .6 5  ( w ) ,  8 .2 5  ( s )  ( C F ) ,  8 .8 3  ( w ) ,  9 .3 8  
( m ) ,  9 .8 0  ( m ) ,  1 0 .2 0  ( m ) ,  1 1 .6 0  ( w ) ,  1 1 .9 0  ( m ) ,  1 2 .0 0  ( w ) ,  1 2 .2 0  
( m ) ,  1 2 .3 5  ( m ) ,  1 2 .8 0  ( m ) , 1 3 . 1  (w ) ,  a n d  1 3 .8  ( w ) .  F o r  l i e  t h e y  
w e re  a t  3 .0 0  (w )  ( = N H  s t r e t c h ) ,  3 .4 7  ( m )  ( C H  s t r e t c h ) ,  6 .2 0  ( s )  
( N C = N  a s y m .  s t r e t c h ) ,  6 .3 0  ( s )  ( N 0 2 a s y m . s t r e t c h ) ,  6 .7 0  ( m ) ,
7 .0 8  ( m ) , -7 .4 8  ( m )  ( N 0 2 s y m . s t r e t c h ) ,  8 .0 0  ( s ) ,  8 .2 0  ( s )  ( C F ) ,
8 .4 5  ( w ) ,  8 .6 5  ( m ) ,  9 .7 0  ( m ) ,  1 0 .2 0  ( m ) ,  1 1 .6 3  ( m ) ,  1 1 .8 3  ( m ) ,
1 2 .0 3  ( w ) ,  1 2 .1 7  ( m ) ,  1 2 .4 0  ( m ) ,  a n d  1 2 .8 0  ( m ) .

N-Phenyl-N'-(difluoronitroacetylimino)difluoronitroacet- 
amidine (lid).— T h e  p h e n y l  c o m p o u n d  w a s  p r e p a r e d  b y  m e th o d  
B  e x c e p t  t h a t  t h e  a m in e  w a s  m e a s u re d  i n to  t h e  r e a c to r  a n d  w a s  
f ro z e n  i n  l i q u id  n i t ro g e n  p r io r  t o  e v a c u a t io n ,  a n d  t h e  0 ° r e a c t io n  
p e r io d  w a s  fo llo w e d  b y  a n  a d d i t i o n a l  24  h r .  a t  r o o m  t e m p e r a tu r e .  
M a jo r  i n f r a r e d  a b s o r p t io n  b a n d s  w e re  a t  3 .0 0  (w )  ( = N H  
s t r e t c h ) ,  6 .0 0  ( s )  ( N C = N  a s y m . s t r e t c h ) ,  6 .3 0  ( s )  ( N 0 2 a s y m . 
s t r e t c h ) ,  6 .8 0  ( m ) ,  7 .2 0  ( w ) ,  7 .4 5  ( m )  ( N O . s y m . s t r e t c h ) ,  8 .1 5  
<s) ( C F ) ,  8 .4 0  ( m ) ,  9 .4 0  ( w ) ,  9 .7 8  ( w ) ,  1 1 .0 0  ( w ) ,  1 1 .9 0  ( m ) ,  1 2 .1 0  
( m ) ,  1 2 .8 5  ( w ) ,  1 3 .2  ( w ) ,  1 3 .7  ( w ) ,  a n d  1 4 .4  ( m ) .

Difluoronitromethane.— D if lu o r o n i t r o a c e ta m id in e  ( 0 .4 0  g . ,
2 .9 1  m m o le s )  w a s  h e a t e d  f o r  3 h r .  a t  9 5 - 1 0 5 °  u n d e r  4 0 0  m m . of 
h e l iu m . D i f lu o r o n i t r o m e th a n e  (1 .7 7  m m o le s ,  6 1 % )  w a s  c o l
l e c te d  i n  a  l i q u id  n i t ro g e n -c o o le d  t r a p  a to p  a  s h o r t  a i r  c o n d e n s e r .  
M a jo r  i n f r a r e d  a b s o r p t io n  b a n d s  fo r  t h e  v a p o r  w e re  a t  3 .3 0  (w ) ,
3 .4 0  ( w )  ( C H  s t r e t c h ) ,  3 .7 0  ( v w ) ,  4 .3 6  ( v w ) ,  6 .2 2  ( s )  ( N 0 2 

a s y m .  s t r e t c h ) ,  7 .3 8  ( m )  ( N 0 2 s y m . s t r e t c h ) ,  7 .6 0  ( m ) ,  8 .5 5  ( s ) ,  
1 0 .7 0  (m -), a n d  1 2 .5  ( m ) .  A p p r o x im a te ly  5 0 %  y ie ld s  c o u ld  b e  
o b t a in e d ’ b y  s im i la r  t h e r m a l  d e c o m p o s i t io n  o f I l a  o r  l i b .  T h e  
m o le c u la r  w e ig h t  a s  d e te r m in e d  b y  P V T  m e a s u r e m e n ts  w a s
9 6 .4  ( e a le d .  9 7 .0 ) .

3-Difluoronitromethyl-l,2,4-triazole (Ilia).— I l a  (1 .6 8  g . ,  6 .4 4  
m m o le s )  w a s  h e a t e d  a t  1 2 0 °  f o r  3 h r .  u n d e r  4 0 0  m m . o f  h e l iu m . 
T h e  d i f lu o r o n i t r o m e th a n e  w h ic h  w a s  e v o lv e d  w a s  c o l le c te d  in  a  
l i q u id  n i t ro g e n -c o o le d  t r a p  a to p  a  s h o r t  a i r  c o n d e n s e r  a n d  
a m o u n te d  t o  5 .2 4  m m o le s .  H e a t in g  f o r  a n  a d d i t i o n a l  24  h r .  a t  
1 0 0 -1 1 0 °  u n d e r  4 0 0  m m . o f h e l iu m  r e s u l te d  i n  e v o lu t io n  o f a n  
a d d i t i o n a l  0 .2 1  m m o le  o f  d i f lu o r o n i t r o m e th a n e .  H e a t in g  t h e  
r e s id u e  a t  1 0 0 -1 1 0 °  a t  1 y c a u s e d  s u b l im a t io n  o f  0 .5 3  g .  ( 5 0 % )  of 
c r y s ta l l in e  t r ia z o le  m e l t in g  a t  7 3 .5 - 7 6 ° .  A f te r  tw o  r e c r y s ta l l i z a -  
t io n s  f ro m  b e n z e n e - p e t r o le u m  e th e r ,  i t  m e l te d  a t  7 6 - 7 7 °  ( u n 
c h a n g e d  b y  s u b l im a t io n  a t  1 0 0 °  a n d  1  ¡1). T h e  y ie ld  w a s  e s 
sen tia lly ^  t h e  s a m e  i f  t h e  t r ia z o l e  w a s  p r e p a r e d  d i r e c t l y  f ro m  d i 
f l u o r o n i t r o a c e to n i t r i l e  w i th o u t  i s o la t io n  o f  t h e  i n t e r m e d ia t e  I l a .  
M a jo r  in f r a r e d  a b s o r p t i o n 'b a n d s  ( K B r  p e l le t )  w e re  a t  2 .9 0  ( s )  
( N H  s t r e t c h ) ,  2 .9 5  ( s )  ( N H  s t r e t c h ) ,  3 .0 8  ( s )  ( N H  s t r e t c h ) ,  3 .1 0  
( s h ) ,  3 .4 0  (v w )  ( C H  s t r e t c h ) ,  3 .7 0  ( v w )  ( N H  a m m o n iu m  ty p e  
b a n d ) ,  4 .1 0  ( v w ) ,  6 .0 3  ( s )  ( N C = N  a s y m .  s t r e t c h ) ,  6 .3 0  ( s )  
( N 0 2 a s y m .  s t r e t c h ) ,  6 .5 5  ( s ) ,  7 .0 0  ( w ) ,  7 .1 4  (w ) ,  7 .3 7  ( m )  ( N 0 2 

s y m .  s t r e t c h ) ,  8 .2 0  ( v s )  ( C F ) ,  9 .3 3  ( m ) ,  9 .5 2  ( m ) ,  9 .7 0  im ) ,  1 0 .1 8  
( s ) ,  1 0 .6 2  ( m ) ,  1 1 .5 9  ( m ) ,  1 1 .9 9  ( m ) ,  1 2 .1 3  ( s ) ,  1 2 .7 8 "(s), 1 3 .2 2  
( w ) ,  1 3 .8 0  ( w ) ,  a n d  1 4 .7  ( w ) .

3-Difluoronitromethyl-2( or 4 )-methyl-l, 2,4-triazole( I H b ) .—
D if lu o r o n i t r o a c e to n i t r i l e  (0 .0 2  m o le )  a n d  m e th y la m in e  (0 .0 1  

m o le )  w e re  c o n d e n s e d  i n t o  a  6 0 -m l. e v a c u a te d  P y r e x  b u lb .

A f te r  20  h r .  a t  0 °  t h e  b u lb  w a s  f illed  t o  a  p r e s s u r e  o f  4 0 0  m m . 
w i th  h e l iu m  a n d  h e a t e d  a t  1 0 0 -1 1 0 °  f o r  7  h r .  D i f lu o r o n i t r o 
m e th a n e  (5  m m o le s ,  2 5 %  b a s e d  o n  n i t r i l e )  e v o lv e d  d u r in g  t h e  
h e a t in g  w a s  c o l le c te d  i n  a  l i q u id  n i t ro g e n -c o o le d  t r a p .  T h e  l iq u id  
r e m a in in g  i n  t h e  r e a c t io n  b u lb  w a s  d is t i l le d  a t  1 3 0 -1 4 0 °  a n d  2 - 5  
fi t o  y ie ld  1 .2 0  g . ( 3 3 % )  of l ig h t  y e llo w  l iq u id .  M a jo r  in f r a r e d  
a b s o r p t io n  b a n d s  w e re  a t  2 .9 0  ( m )  ( N H  s t r e t c h ) ,  3 .4 0  ( C H  
s t r e t c h ) ,  5 .9 5  ( s h )  ( N C = N  a s y m .  s t r e t c h ) ,  6 .1 5  ( s )  ( N C = N  
a s y m . s t r e t c h ) ,  6 .3 0  ( s )  ( N 0 2 a s y m . s t r e t c h ) ,  6 .5 5  ( m ) ,  6 .9 0  ( w ) ,
7 .0 9  ( m ) ,  7 .4 1  ( m )  ( N 0 2 s y m . s t r e t c h ) ,  8 .1 0  ( s )  ( C F ) ,  8 .8 5  ( w ) ,  
9 .7 0  ( w ) ,  1 0 .2 0  ( m ) ,  1 1 .6 0  ( w ) ,  1 2 .0 0  ( w ) ,  1 2 .2 0  ( m ) ,  a n d  1 2 .8 0  
( m ) .
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van Eys and Kaplan have observed ;that “the 
ubiquitous nature of sulfhydryl compounds in biological 
systems” makes the addition reactions of thiols and 
diphosphopyridinenucleotide6 (DPN) and its analogs of 
“particular interest.”6 The addition of a sulfhydryl 
enzyme to the 4-position of DPN has been suggested 
as an intermediate in the oxidation of aldehydes cata
lyzed by glyeeraldehyde-3-phosphate dehydrogenase.7

Evidence for the addition of sulfide ion and of thiols 
to DPN has been adduced from changes in ultraviolet 
spectra.6-8

Wallenfels and Schiily have reported the synthesis of 
addition compounds of nicotinamide-l-(2,6-dichloro- 
benzylo) bromide and sulfide ion, benzyl mercaptan, 
2-mercaptothiazole, /j-phenylethyl mercaptan, ethyl 
mercaptan, thiocyanate ion, and thiophenol.9

In connection with investigations of some model 
systems for enzymic oxidation and reductions, new 
adducts of n-cysteine ethyl ester, ethyl thioglycolate, 
and n-propyl mercaptan with nicotinamide-l-(2,6- 
dichlorobenzylo) bromide have been prepared by 
addition of the mercaptan in aqueous sodium hydroxide 
to an aqueous solution of the quaternary bromide. 
These addition compounds were isolated as crystalline 
solids and their infrared and ultraviolet spectra were 
similar to each other.

(1) T h is  re sea rc h  w as s u p p o r te d  in  p a r t  b y  th e  N a tio n a l S cience  F o u n d a 
tio n , g r a n t  7582.

(2) T a k e n  from  J .  M . K o ly er, P h .D . th e s is , U n iv e rs ity  of P e n n s y lv a n ia , 
1960.

(3) D e p a r tm e n t  o f C h em is try , S y racu se  U n iv e rs ity , S y racu se , N . Y .
(4) W a lte r  T . T a g g a r t  M em o ria l Fellow , 1959-1960 .
(5) N ic o tin a m id e -a d e n in e -d in u c le o t id e .
(6) J . v a n  E y s  a n d  N . O. K a p la n , J .  Biol. C h e m . ,  228 , 305  (1957).
(7) I .  K r im s k y  a n d  E . R ac k e r, S c i e n c e ,  122, 319 (1955).
(8) H . T e ra y a m a  a n d  C . S. V estling , B i o c h e m .  B i o p h y s .  A c t a ,  20, 586

(1 9 5 6 )  ; J .  v a n  E y s , N . O. K a p la n , a n d  F . E . S to lz en b ach , i b i d . ,  23, 221
(1957) .

(9) (a) K . W a llen fe ls  a n d  H . S ch iily , A n n . ,  621 , 86 (1 9 5 9 ); (b ) K . W a llen 
fels a n d  H . S ch iily , A n g e w .  C h e m . . ,  69, 505 (1957).
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The infrared spectra (taken in potassium bromide 
disks) of these addition compounds of thiols have very 
strong characteristic absorption at about 1560 cm.-1, 
an absorption which has been attributed to a vinylogous

amide group: >N —C =C —C = 0 .10 Absorption at 
1560 cm.-1 occurs in 1,4-dihydronicotinamides and also 
in a compound alleged to be a 1,6-dihydronicotinamide 
derivative which was obtained by the reduction of 
nicotinamide-l-(2.6-dichlorobenzylo)bromide with so
dium borohydride.11 The absorption at 1560 cm.-1 
is much less intense or is absent in typical 1-substituted 
nicotinamide salts. The infrared spectrum of the 
addition compound of n-propanethiol also differs con
siderably in other absorption regions from the com
bined spectra of nicotinamide-l-(2,6-dichlorobenzylo)- 
chloride and n-propanethiol. The infrared spectrum of 
the mercaptide salt (where the mercaptide ion replaces 
halide ion) might, to a first approximation, be ex
pected to be the sum of the spectra of nicotinamide-
l-(2,6-dichlorobenzylo)chloride and of n-propanethiol 
minus the -SH absorption.

There are points of similarity in the infrared spectra 
of the adducts and the spectra of both the 1,4- and 1,6- 
dihydronicotinamides, and it does not seem possible 
to assign the structure on the basis of these spectra.12 
Some typical spectra are given in the Experimental 
section.

The 1,6-dihydronicotinamide was reported to have 
maxima in the ultraviolet spectrum at 265 (e 9840) 
and 355 mp (e 7450) in methanol, the two maxima being 
attributed to cross conjugation in excited states.11 
The adducts of thiols and 1-substituted nicotinamides 
reported previously had one or two maxima in the 
ultraviolet depending on the solvent or on the concen
tration; the extinction coefficient for absorption at lower 
wave length was always greatest.93. The lower wave 
length band was believed to be caused by the dissocia
tion of the addition compounds into the thiolate anion 
and the quaternary pyridinium ion. The benzyl 
mercaptan adduct had absorption at 333 mp in ben
zene,2 at 330 mju in dioxane,93 at 316 and 254 mp in 
ethanol,93 and at 265 mp in water.93 The presence of 
only one absorption band at 330 m/x in the nonpolar 
solvénts (where dissociation is minimized) may be con
sidered as indicating a 1,4- rather than a 1,6-dihydro 
structure for the addition compounds; the 1,4-dihydro 
structure may be preferred on steric grounds.

In solution the addition compounds may exist as 
charge transfer complexes since the long wave length 
maximum for the benzyl mercaptan adduct increased 
from 315 mp to 330 mp on going from methanol to 
dioxane or benzene. However, the ultraviolet maxi
mum for the addition compound of benzyl mercaptan 
does not shift to longer wave lengths as the polarity of 
the medium is decreased by changing the solvent from 
water to ethanol (see Table I). A shift to longer wave 
lengths as the polarity of the medium is decreased has

(10) A. G. A n d e rso n , J r . ,  a n d  G . B e rk e lh a m m e r, J .  A m .  C h e m .  S o c . ,  80, 
992 (1958).

(11) K . W allen fe ls  a n d  H . S eh a ly , A n n . ,  621, 106 (1959). [S od ium  b o ro 
h y d rid e  red u ce s  th e  1 -p h en y lp y rid in iu tn  ion  to  l -p h e n y l- l ,2 -d ih y d ro p y r id in e  
w hose  s tru c tu re  w as p ro v e d  b y  p ro to n  n .m .r . sp ec tro sco p y . M . S a u n d e rs  
a n d  E . H . G old , J .  O r g .  C h e m . ,  2T, 1439 (1962).]

(12) W e w isli to  th a n k  a  referee  fo r su g g es tin g  t h a t  th e  in f ra re d  sp e c tra  
m ig h t he lp  in  e s ta b lish in g  a  s tru c tu re .

been suggested as diagnostic of a charge-transfer com
plex.13

The addition compounds are colorless or nearly so. 
Crude material is generally bright yellow, but the 
intensity of the color decreases with repeated crystal
lizations. The original yellow color may be an im
purity from the reaction of the nicotinamide salt with 
hydroxide ion.14 15 The addition compound of cyanide 
ion and nicotinamide-l-(2,6-dichlorobenzylo)bromide 
is nearly colorless.93

The 1,4-dihydropyridine structure, therefore, is 
unproved but is analogous to the structures proposed 
for the addition of cyanide and other substances to 
1-substituted nicotinamides.16 The rather wide melt
ing point of the L-cysteine ethyl ester derivative may 
indicate that the material obtained is a mixture of 
position isomers or of mercaptide salt and addition 
compound.

The adducts are dissociated readily in polar media 
analogous to the dissociation of cyanide adducts.16

H ^ S C H i C e H s  
r | | | — C O N H 2

S r
I

R

I

R

Treatment of addition compound I with hydrogen 
chloride in chloroform gave the quaternary chloride 
salt. Treatment of I with a dilute solution of mala
chite green oxalate in chloroform caused immediate 
decolorization of the dye. The same behavior was 
observed in ethanol from which was isolated the addi
tion compound of benzyl mercaptan and malachite 
green cation. In an analogous reaction, cyanide ad
ducts similar to I transfer cyanide ion to malachite 
green.93

r f ^ i — C O N H 2

+  c 6h 5c h 2s -

1 +
R

=  2 ,6 -d ic h lo ro b e n z y l

Experimental
Nicotinamide-l-(2,6-dichlorobenzylo)-bromide.— A  m ix tu r e  o f 

N -b ro m o s u e c in im id e  ( 1 0 .0  g . ,  0 .0 5 6  m o le )  a n d  2 ,6 - d ic h lp ro to l -  
u e n e  ( A ld r ic h  C h e m ic a l  C o .)  ( 9 .0  g . ,  0 .0 5 6  m o le )  in  ,40 ¡tn l. o f 
c a r b o n  te t r a c h lo r id e  w a s  r e f lu x e d  fo r  31  h r .  T h e  s o l id  w a s  r e 
m o v e d  a n d  t h e  f i l t r a t e  w a s  f r a c t io n a l ly  d is t i l l e d  t o  r e m o v e  th e  
c a r b o n  te t r a c h lo r id e .  N ic o t in a m id e  (6 .1  g .  0 .0 5 0  m o le )  a n d  25  
m l. o f  a b s o lu te  a lc o h o l  w e re  a d d e d ,  a n d  t h e  s o lu t io n  w a s  r e f lu x e d  
fo r  1 2  h r .  W h e n  t h e  r e a c t io n  m ix tu r e  w a s  c h i l le d , t h e  p r o d u c t ’ 
s e p a r a te d  a s  t a n  c r y s ta l s  (9 .9  g . ,  4 8 % )  a n d  w a s  r e c r y s ta l l iz e d  
f ro m  e th a n o l - w a te r  t o  g iv e  fin e  w h i te  c r y s t a l s ,  m . p .  2 4 8 -2 4 9 °  
( l i t . 9b m .p .  2 4 5 - 2 4 6 ° ) .

Preparation of Thiol Addition Compounds. 1 . L-Cysteine 
Ethyl Ester Adduct.— N ic o t in a m id e - l - ( 2 ,6 - d ic h lo r o b e n z y lo ) - b r o -  
m id e  (0 .3 6 4  g . ,  0 .0 0 1 0 1  m o le )  a n d  L -c y s te in e  e th y l  e s t e r  h y d r o 
c h lo r id e  (M a n n .- R e s e a r c h  L a b o r a to r i e s )  ( 1 .9 9  g . ,  0 .0 1 0 7  m o le )  
w e re  d is s o lv e d  ip  i o  m l.  o f  d is t i l l e d  w a te r .  T h e  s o lu t io n  w a s  
c h i l le d  in  a n  ice  b a t h  a n d  s t i r r e d  w h ile  1 0 %  s o d iu m  h y d r o x id e  
s o lu t io n  w a s  a d d d d  f ro m  a  b u r e t .  A f t e r  7 .1  m l .  h a d  b e e n  a d d e d ,  
t h e  p r e c ip i t a t e  d id ' n o t. r e d is s o lv e  o n  s t i r r in g .  A n  a d d i t io n a l  0 .5  
m l .  o f  b a s e  w a s  a d d e d ,  a n d  t h e  m ix tu r e  w a s  s t i r r e d  b r ie f ly .

(13) E . M . K osow er in  P . D ..B o y e r , H . L a rd y , a n d  K . M y rb a c k , “ T h e  
E n z y m e s ,”  Vol. 3, 2nd  E d ., A cadem ic  .P ress, N ew  Y o rk , N .Y ., 1960, p . 183.

(14) A. G . A nderson , J r . ,  a n d  G. B e rk e lh am m er, J .  O r g .  C h e m . ,  23, 1109
(1 9 5 8 ) .

(15) A . S an  P ie tro , J .  B i o l .  C h e m . ,  217 , 579  (1955); M . B . Y arm o lin sky  
a n d  S. P . C olow ick , B i o c h i m .  B i o p h y s .  A c t a ,  20 , 177 (1956); R . M . B u rto n  
a n d  N . O. K a p la n , ./ . B i o l .  C h e m . ,  206 , 283 (1954); R . M . B u r to n  a n d  N . O. 
K a p la n , 1'b i d . ,  211 , 447 (1954).

(16) M . R . L a n b o rg , R . M . B u rto n , a n d  N . O. K a p la n , J .  A m .  C h e m .  

S o c . ,  79, 6173 (1957): K . W allen fe ls  a n d  H . D iek m a n n , A n n . ,  621, 166
(1959 ) .
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F i l t r a t i o n  g a v e  a  w h i te  p o w d e r  ( 0 .0 3 3  g . ,  8 % ) ,  m .p .  9 3 -1 0 2 ° ' 
d e c . ,  w h ic h  w a s  d r ie d  o v e r  p h o s p h o r u s  p e n to x id e  u n d e r  r e d u c e d  
p r e s s u r e ;  XmME ( e th a n o l )  2 5 5  (e 4 .9  X  1 0 3), 3 1 5  m/» (e 3 .9  X  1 0 3)„ 
Xmax ( 5 0 %  e th a n o l )  2 68  m p  (c 5 .2  X  1 0 3).

Anal. C a lc d .  f o r  C ,8H 2iN 30 3SC12: C ,  5 0 .2 3 ; H ,  4 .9 2 ;;
N ,  9 .7 6 .  F o u n d :  C ,  5 0 .5 1 ; H ,  4 .7 7 ;  N ,  1 0 .1 1 .

W h e n  t h i s  c o m p o u n d  w a s  c h r o m a to g r a p h e d  o n  W h a tm a n  n o .  1 
p a p e r  ( s o lv e n t ,  4 : 1 : 5  b u t a n o l - a c e t i c  a c i d - w a t e r )  a n d  th e  
c h r o m a to g r a m  d e v e lo p e d  w i th  f re s h  1 %  s o d iu m  n i t r o p r u s s id e  in
O. 0 5  N s o d iu m  h y d r o x id e  s o lu t io n  b o t h  c y s te in e  e th y l  e s te r  a n d . 
c y s te in e  w e r e  id e n t i f ie d .

2 . E th y l  T h io g ly c o la te  A d d u c t .— E th y l  th io g ly c o la te  (2 .6  g .,. 
0 .0 2 2  m o le )  in  2 0  m l .  o f 5 %  s o d iu m  h y d r o x id e  s o lu t io n  w as, 
a d d e d  t o  n i c o t i n a m i d e - l - ( 2 ,6 -d ic h lo ro b e n z y lo ) - b ro m id e  ( 1 .0 1  

g . ,  0 .0 0 2 7 9  m o le )  in  20  m l .  o f d is t i l le d  w a t e r .  A f te r  10  m in .  th e , 
p r o d u c t  ( 0 .9 6  g . ,  8 6 % )  w a s  r e m o v e d  b y  f i l t r a t i o n ,  w a s h e d  w ith ,  
w a te r  a n d  d r ie d .  R e c r y s ta l l iz a t io n  f ro m  e t h a n o l - b e n z e n e  g av e , 
n e a r ly  w h ite  c r y s t a l s ,  m . p .  1 3 1 - 1 3 2 ° ;  Xmax ( e th a n o l )  255, 
(e 4 .1  X  1 0 3) , 3 1 6  npu (e 2 .4  X  1 0 3); Xmax ( 5 0 %  e th a n o l )  26 7  m /x 
(e 3 .1  X  1 0 3).

Anal. C a lc d .  f o r  C 17H 18N 20 3SC12: C ,  5 0 .8 8 ;  H ,  4 .5 2 ;  N „
6 .9 8 .  F o u n d :  C ,  5 0 .5 6 , 5 0 .6 4 ; H ,  4 .5 5 ,  4 .6 7 ;  N ,  6 .8 3 , 6 .8 7 .

W h e n  th i s  a d d u c t  w a s  c h r o m a to g r a p h e d  o n  p a p e r  a s  d e s c rib e d , 
p r e v io u s ly ,  e th y l  th io g ly c o la te  w a s  id e n t i f ie d .

3 .  n - P r o p y l  M e r c a p ta n  A d d u c t .— T h is  a d d i t i o n  c o m p o u n d  
w a s  p r e p a r e d  f ro m  n - p r o p y l  m e r c a p t a n  in  th e  s a m e  w a y  a s  th e , 
a d d u c t  o f e th y l  th io g ly c o la te .  T h e  c r u d e  y e llo w  p r o d u c t  w as: 
r e c r y s ta l l i z e d  f ro m  c o ld  e th a n o l  t o  g iv e  a  w h i te  p o w d e r ,  m . p .
9 6 - 9 8 ° ,  Xmax ( e th a n o l )  2 5 6  (e 4 .3  X  1 0 3) , 3 1 6  m M ( t  2 .7  X  1 0 3).

Anal. C a lc d .  fo r  C 16H lsN 2O SCl.-: C ,  5 3 .7 8 ;  H ,  5 .0 8 .. 
F o u n d :  C ,  5 3 .9 1 ,  5 4 .0 3 ;  H ,  5 .1 3 , 5 .2 7 .

U l t r a v io le t  S p e c t r a  o f B e n z y l  M e r c a p ta n  A d d u c t  in  E th a n o l -  
W a t e r  M ix tu r e s .— T h e  b e n z y l  m e r c a p ta n  a d d u c t ,  m . p . 1 3 1 -1 3 2 °  
( l i t . 9a m . p .  1 3 1 - 1 3 3 ° ) ,  w a s  p r e p a r e d  b y  t h e  s a m e  m e th o d  a s  t h e  
e t h y l  th io g ly c o la te  a d d u c t .  T h e  e f fe c t  o f  t h e  p o l a r i ty  o f t h e  
m e d iu m  o n  t h e  u l t r a v io l e t  s p e c t r u m  o f t h i s  a d d u c t  a r e  s u m m a 
r iz e d  in  T a b le  I .

T able 1
U ltraviolet  Absorption  M axima  op B enzyl M ercaptan  

Adduct in  E thanol-W a ter  Solutions

W a te r ,
m l.

E th a n o l,
m l.

C oncn . 
X 10< M Xmas, IPM 6 X io Xmas, me e X 10

0 50 1 . 0 3 1 6 4 . 8 2 5 4 7 .1
5 45 l . i 31 5 2 . 4 2 5 7 4 . 5

1 0 40 1 .5 3 1 7 1 . 6 2 5 7 3 . 9
2 0 30 1 . 1 31 7 0 .4 5 26 5 3 . 6
3 0 2 0 1 .4 3 1 7 .1 4 26 5 3 . 8
4 0 1 0 0 .9 9 3 1 7 .0 9 26 5 6 . 7

R e a c t io n  o f  B e n z y l  M e r c a p ta n  A d d u c t  w i th  H y d r o g e n  C h lo r id e .
— T h e  a d d i t i o n  c o m p o u n d  ( c a .  0 .1  g . )  w a s  d is s o lv e d  in  10 m l .  o f  
c h lo r o fo r m , a n d  a n h y d r o u s  h y d r o g e n  c h lo r id e  w a s  p a s s e d  t h r o u g h  
t h e  s o lu t io n .  T h e  w h i te  p r e c ip i t a t e ,  m .p .  2 3 5 °  d e c . ,  w a s  s h o w n  
to  b e  n i c o t in a m id e - l - ( 2 ,6 -d ic h lo ro b e n z y lo ) - c h lo r id e  b y  a  m ix tu r e  
m . p .  (2 3 6 ° )  a n d  b y  i d e n t i t y  o f t h e  in f r a r e d  s p e c t r a .  N ic o t in -  
a m i d e - l - ( 2 ,6 -d ic h lo ro b e n z y lo ) - c h lo r id e  w a s  p r e p a r e d  b y  h e a t in g  a  
m ix tu r e  o f  2 ,6 - d ic h lo ro to lu e n e  (1 6 .1  g . ,  0 .1 0 0  m o le ) ,  s u l f u r y l  
c h lo r id e  ( 6 .8  g . ,  0 .0 5 0  m o le ) ,  a n d  b e n z o y l  p e r o x id e  ( 0 .2  g . ,  
0 .0 0 0 8  m o le )  o n  t h e  s t e a m  b a t h  u n t i l  g a s  e v o lu t io n  c e a s e d  ( 1  

h o u r ) .  N ic o t in a m id e  ( 6 . 1  g . ,  0 .0 5 0  m o le )  a n d  25  m l .  o f  a b s o lu te  
a lc o h o l  w e re  a d d e d ,  a n d  th e  s o lu t io n  w a s  r e f lu x e d  f o r  3  h r .  
W h e n  t h e  r e a c t io n  m ix tu r e  w a s  c o o le d , w h i te  c r y s ta l s  ( 7 .8  g . ,  
4 9 % )  s e p a r a te d .  T w o  r e c r y s ta l l i z a t io n s  f ro m  a lc o h o l - w a te r  
g a v e  w h i te  c r y s t a l s ,  m .p .  2 3 7 - 2 3 8 .5 °  d e c .

Anal. C a lc d .  f o r  C i3H h N 2O C13: C ,  4 9 .1 6 ;  H , 3 . 4 9 .  F o u n d :  
C ,  4 8 .9 4 ,4 9 .1 3 ;  H ,  3 .6 1 ,  3 .7 3 .

R e a c t io n  o f t h e  B e n z y l  M e r c a p ta n  A d d u c t  w ith  M a la c h i te  
G r e e n . - - A  s o lu t io n  o f  m a la c h i t e  g re e n  o x a la te  ( 0 .5  g .)  in  1 0  m l .  o f 
a b s o lu te  e th a n o l  w a s  h e a t e d  g e n t ly  w h ile  t h e  a d d u c t  w a s  a d d e d ,  
w i th  s t i r r i n g ,  u n t i l  t h e  s o lu t io n  w a s  d e c o lo r iz e d  (p a le  g r e e n ) .  
F i l t r a t i o n  g a v e  a  p a le  g r e e n  s o lid  (0 .5  g .)  a n d  a  g r e e n  f i l t r a te .  
T h e  s o l id  w a s  s o lu b le  in  w a te r  a n d  in s o lu b le  in  a lc o h o l  a n d  e th e r .  
T w o  re c r y s ta l l iz a t io n S  f ro m  a lc o h o l - w a te r  a n d  d e c o lo r iz a t io n  
w i t h  c h a r c o a l  g a v é  o f f -w h ite  c r y s ta l s  * m . p ; 2 2 9 -2 3 0 °  d e c . 
A n a ly s is  b y  s o d iu m  f u s io n  d e m o n s t r a t e d  t h e  p r e s e n c e  o f n i t ro g e n  
a n d  c h lo r in e  a n d  t h e  a b s e n c e  o f s u l f u r .  W i t h  s i lv e r  n i t r a t e  
s o lu t io n ,  t h e  c o m p o u n d  g a v e  a n  a c id - s o lu b le  w h i te  p r e c i p i t a t e

( s i lv e r  o x a la te ) .  I t  w a s  c o n c lu d e d  t h a t  t h e  c o m p o u n d  w a s  
n i c o t in a m id e - l - ( 2 ,6 - d ic h lo ro b e n z y lo ) o x a la te .

Anal. C a lc d .  fo r  CosHfflNiOeCU: C ,  5 1 .5 5 ;  H , 3 . 4 0 .  F o u n d :  
0 , 5 1 . 5 4 , 5 1 . 8 1 ;  H ,  3 .4 5 , 3 .6 8 .

T h e  g re e n  f i l t r a t e  d e p o s i te d  w h i te  f lu ffy  c r} 's ta ls  ( 0 .1  g . ) ,  m .p .  
1 2 0 -1 2 2 °  d e c . T h is  c o m p o u n d  w a s  id e n t i f ie d  a s  t h e  b e n z y l  
su lf id e  o f m a la c h i te  g r e e n  b y  m .m .p .  ( 1 2 2 ° )  w i th  a n  a u t h e n 
t ic  s a m p le .  T h e  su lf id e  w a s  p r e p a r e d  a ls o  b y  t h e  d r o p w is e  a d d i 
t io n  o f  6  N  s o d iu m  h y d r o x id e  s o lu t io n  t o  a  s o lu t io n  o f  m a la c h i te  
g re e n  o x a la te  (0 .4  g . ,  0 .0 0 0 4  m o le )  a n d  b e n z y l  m e r c a p ta n  (1 m l . ,  
0 .0 0 9  m o le )  in  15 m l.  o f  a b s o lu te  e th a n o l  u n t i l  t h e  s o lu t io n  w a s  
d e c o lo r iz e d . A  t a n  so lid  w a s  r e m o v e d  b y  f i l t r a t i o n ,  a n d  th e  
f i l t r a t e  w a s  d i lu te d  w i th  5 m l .  o f  e th a n o l  a n d  a llo w e d  to  s t a n d  fo r  
2 h r .  F i l t r a t i o n  g a v e  f lu ffy  w h i te  c r y s ta l s  (0 .0 8  g . ,  ca. 5 0 % ) ,  
m .p .  1 2 1 -1 2 3 °  d e c .  T h is  c o m p o u n d  tu r n e d  g re e n  o n  s t a n d in g  in  
a i r .

Anal. C a lc d .  fo r  C 30H 32N jS :  C ,  7 9 .6 0 ; H ,  7 .1 3 .  F o u n d :  
0 , 7 9 . 5 1 , 7 9 . 6 5 ;  H ,  7 .0 7 , 7 .2 6 .

l - ( 2 ,6 - D ic h lo r o b e n z y l ) - l  ,6 - d ih y d r o n ic o t in a m id e .n — S o d iu m  
b o r o h y d r id e  (0 .2 0 7  g . ,  0 .0 0 5 4 7  m o le )  w a s  a d d e d  d u r in g  1 m in .  t o  
a  s t i r r e d  s o lu t io n  o f  n i c o t in a m id e - l - ( 2 ,6 -d ic h lo ro b e n z y lo ) b r o m id e  
( 1 .0 0  g . ,  0 .0 0 2 7 6  m o le )  in  15 m l .  o f  d is t i l le d  w a te r .  T h e  c r u d e  
p r o d u c t  p r e c ip i t a t e d  a n d  w a s  r e c r y s ta l l iz e d  b y  d is s o lv in g  i t  in
l. 5 m l.  o f e th a n o l ,  a d d in g  15 m l .  o f  w a te r ,  a n d  c h i l l in g . T h e  
b r i g h t  y e l lo w , f in e  c r y s ta l s  (0 .5 1 2  g . ,  6 6 % ) ,  m .p .  1 6 1 -1 6 3 °  d e c . 
[ l i t . 11 m .p .  > 1 5 0 °  ( d e c . ) ] ,  w e re  d r ie d  o v e r  p o ta s s iu m  p e n to x id e .  
T h e  u l t r a v io l e t  m a x im a  in  e th a n o l  w e re  a t  3 5 4  npu (e 4 2 0 0 )  a n d  
2 6 3  m,u (e 4 3 0 0 )  [ l i t . 11 ( m e th a n o l )  3 5 5  m ^  (e 7 4 5 0 ) ,  2 6 5  m/x 
(e 9 8 4 0 ) ] .

C o m p a r is o n s  o f  I n f r a r e d  S p e c t r a .— T h e  in f r a r e d  s p e c t r a  
i n  c m . - 1  o f  t h e  fo llo w in g  c o m p o u n d s  a r e  g iv e n .

n - P r o p a n e th io l  a d d u c t  o f n ic o t in a m id e - l- ( 2 ,6 - d ic h lo r o b e n z y lo ) -  
b ro m id e :  3 4 5 0  m ,  3 1 5 0  m , 2 9 7 5  m ,  1675  s ,  1654  s ,  1608
m ,  15 6 2  s  (1 5 9 0 -1 5 3 5 ) ,  1465  w , 14 5 4  m ,  143 4  m ,  1409  m , 
138 0  m ,  1356  m , 1342  m ,  12S3 m ,  1222  m ,  1204  m , 1 1 7 0  m , 1090  
m , 1085  m ,  1032  w , 9 5 7  w , 9 4 7  w , 9 2 0  w , 87 5  w , 82 3  w , 8 0 0  w , 
77 6  m ,  76 7  m ,  7 5 0  m ,  73 7  m , 70 4  w , 6 6 7  w .

l - ( 2 ,6 - D ic h lo r o b e n z y l ) - l ,4 - d ih y d r o n ic o t in a m id e :  3 4 7 0 -3 3 7 0  w , 
3 1 4 0  w , 2 8 1 0  w , 1688  m , 1 6 6 3 -1 6 4 0  m ,  1577 (1 6 1 0 -1 5 4 0 )  s , 
1435  m ,  1380  w , 1360  m ,  1338  m ,  1300  w , 1280  w , 1207  m ,  1161 
w , 10 8 5  w , 9 9 8  w , 9 5 2  w , 867  w , 7 7 8  w , 7 6 4  w , 71 3  w .

l - ( 2 ,6 - D ic h lo r o b e n z y l ) - l ,6 - d ih y d r o n ic o t in a m id e :  3 3 7 5  m , 3 1 9 0  
m , 2 7 7 5  w , 16 8 0  m ,  1643 s ,  1598  s , 1580  s ,  1562  s , 143 5  s ,  1430  
s ,  1385  s ,  1359  m , 1340  w , 131 7  m ,  1308  w , 1282  m ,  1220  m , 
1 2 0 1 m ,  1178  w , 11 6 2  w , 11 2 8  w , 1021 w , 97 9  w , 9 5 4  w , 8 7 0  w , 777  
m , 763  w , 72 9  w , 7 0 7  w .

N ic o t in a m id e - l - ( 2 ,6 - d ic h lo r o b e n z y lo ) c h lo r id e :  3 5 0 0  m ,  3 3 8 0  
m ,  3 2 9 0  m ,  3 0 8 0  s  ( 3 2 0 0 -2 9 0 0 ) ,  1688  s ,  1617  m , 157 8  m ,  15 6 3  m ,  
149 7  w , 14 6 6  w , 14 4 7  s ,  1411 s ,  1390  s ,  1366 m , 1320  w , 127 5  w , 
120 2  m , 118 5  m ,  1133  m , 111 8  w , 1088  m , 1027  w , 9 7 0  w , 9 4 8  w , 
8 9 5  w , 8 8 3  w , 8 5 2  w , 8 3 4  w , 8 13  m , 793  w , 77 8  m ,  76 8  m ,  75 5  m , 
70 8  w , 6 7 8  m , 67 2  m .

n .- P r o p a n e th io l17: 4 4 4 4  w , 2 9 1 5  s ,  2 5 7 7  w , 2 3 2 6  w , 1449  s , 1370 
m , 133 0  w , 1290  m ,  1245  s ,  1107  w , 1096  w , 9 2 0  m ,  90 1  s , 89 3  s ,  
81 3  s ,  7 9 0  s ,  7 3 0  s ,  7 0 4  m .

(17) S a d tle r  S ta n d a rd  S p ec tra , M id g e t E d ., Sadtler R esea rc h  L a b o ra 
to rie s , P h ila d e lp h ia , P a ., no . 328 (1962).
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Recently, in another connection, it was found neces
sary to devise a synthesis of a-(1-acetylcyclohexyl) iso
valeric acid (I). By analogy with the well established 
addition of alkyl Grignard reagents to carbon-carbon
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double bonds conjugated with electrophilic groupings,1 
the quaternary center of this acid was produced by the 
addition of ethynylmonomagnesium bromide2 to cyclo- 
hexylidenemalononitrile to give [l-(l-ethynyl)cyclo- 
hexylJmalononitrile (II. R = H). Treatment of II 
(R = H) with isopropyl iodide in the presence of so
dium ethoxide gave the alkylated derivative (III) which 
was converted into the required y-ketocarboxylic acid 
(I) by basic hydrolysis followed by acid-catalyzed de
carboxylation.

A series of such additions3 then was performed in 
order to examine this procedure as a general synthetic 
route to 1,1-disubstituted cyclohexanes. Cyclohexyli- 
denemalononitrile, in the presence of cuprous chloride,1 
was treated with the Grignard reagents of phenylacet- 
ylene, 1-octyne, and the tetrahydropyranyl ether of 
propargyl alcohol and the corresponding [l-(l-alkynyl)- 
cy clo hexyl Jmalononitriles were isolated in yields rang
ing from 48% to 17%. When 4-benzoyloxycyclohexyl- 
idenemalononitrile was treated with ethynylmono
magnesium bromide, l-(4-benzoyloxy-l-ethynyl cyclo
hexyl) maio nonitrile was obtained as a mixture of the 
cis and trans forms.

The naturally occurring polyacetylenic acid (IV) is 
readily transformed at pH 7 into the corresponding y- 
enol lactone4 (V), and this fact suggested that a similar 
mechanism could account for the unexpected hydration 
of the triple bond in this series. Alkaline hydrolysis of 
[l-(l-phenylethynyl)cyclohexyljmalononitrile (II. R 
= Ph), followed by thermal decarboxylation and treat
ment with diazomethane, afforded a mixture of the y- 
enol lactone (VI) and the keto ester (VII. R = CH3) 
which was separated by chromatography on activated 
alumina.

C H 3C H = C H C = C C = C C H = C H C 0 2H

I V

C H 3C H = C H C S C C H = < ( _ ^ = 0

V

These facts were indicative of the triple bond hydra
tion proceeding via the y-enol lactone (VI) rather than 
the corresponding 5-enol lactone. The formation of VI 
and VII (R = H) from the basic hydrolysis and thermal 
decarboxylation of II (R = Ph), therefore, is envisaged 
as proceeding through the ethynylmalonic acid (VIII) 
which would then undergo isomerisation to the related 
enol lactone (IX). Incomplete hydrolysis of this ma
terial would give a mixture of IX and the ketomalonic

(1) J .  M u n c h -P e te rso n , J .  O r g .  C h e m . ,  22, 170 (1957).
(2) E . I t .  H . Jo n es . L. S k a tte b o l, a n d  M . C . W h itin g , J .  C h e m .  S o c . ,  47G5 

(1956).
(3) E . P . K o h le r a n d  M . R e im er, A m .  C h e m .  J . ,  33, 333 (1905); C h e m .  

Z e n t r . ,  I ,  1389 (1905).
(4) P . K . C h ris tian sen , N . A. S orensen , I .  Bell, E . R . H . Jo n e s , a n d  

M . C . W hitin g , F e s t s c k r .  A r t h u r  S t o l l ,  545 (1957); I . B ell, E . R . H . Jo n es , 
a n d  M . C . W hiting , J .  C h e m .  S o c . ,  1313 (1958); P . K . C h ris tian sen , A c t a  

C h e m . S c a n d , ,  11, 582 (1957).

IX

acid (X), both of which can lose carbon dioxide on heat
ing to furnish the two final products VI and VII (R = 
H).

Experimental5

Cyclohexylidenemalononitrile w a s  p r e p a r e d  in  t h e  u s u a l  m a n 
n e r 7 b y  r e f lu x in g  c y c lo h e x a n o n e  (6 4 .5  g . )  a n d  m a lo n o n i t r i l e  (4 0  
g .)  w i th  a m m o n iu m  a c e t a t e  ( 4 .6  g .)  a n d  a c e t ic  a c id  (7 .5  g . )  in  
b e n z e n e .  N o r m a l  is o la t io n  p r o c e d u r e  g a v e  t h e  r e q u i r e d  p r o d u c t  
(7 0 .4  g . ), b .p .  8 6 ° ( 2  m m . ) ,  k 25d  1 .5 1 0 0 .

4-Benzoyloxy cyclohexylidenemalononitrile.— A  m ix tu r e  o f 4 -  
b e n z o y lo x y c v c lo h e x a n o n e  (1 2  g . ) ,  m a lo n o n i t r i l e  (3 .3  g . ) ,  a m 
m o n iu m  a c e t a t e  ( 0 .5  g . ) ,  a n d  a c e t ic  a c id  ( 0 .7  g . )  in  b e n z e n e  (5 0  
m l . )  w a s  h e a t e d  u n d e r  re f lu x  f o r  15  h r .  u n d e r  a  D e a n  a n d  S t a r k  
w a te r  s e p a r a to r .  T h e  c o o le d  r e a c t io n  m ix tu r e  w a s  w a s h e d  w i th  
s a t u r a t e d  s o d iu m  b ic a r b o n a te  s o lu t io n  a n d  w a t e r ,  d r ie d ,  a n d  th e  
s o lv e n t  r e m o v e d  to  g iv e  4-benzoyloxycyclohexylidenemalononi- 
trile w h ic h  c r y s ta l l iz e d  f ro m  m e th a n o l  in  p r is m s , m . p .  1 3 5 -1 3 6 ° ;

( N u jo l  m u l l )  1720  c m r 1 ( b e n z o a te )  a n d  2 2 3 0  c m . ” 1 ( c o n 
j u g a t e d  n i t r i l e ) .

Anal. C a lc d .  fo r  C 16H 14N 2O 2: C ,  7 2 .1 5 ;  H ,  5 .3 ;  N ,  1 0 .5 . 
F o u n d :  C ,  7 1 .9 5 ;  H ,  5 .5 ;  N ,  1 0 .5 .

[1-(1-Ethynyl)cyclohexyl]malononitrile (II. R  =  H).— A  w a rm  
s o lu t io n  o f  e th y lm a g n e s iu m  b r o m id e  ( f r o m  m a g n e s iu m , 6 .0  g .)  
in  d r y  t e t r a h y d r o f u r a n  (2 0 0  m l . )  w a s  t r a n s f e r r e d  u n d e r  n i t ro g e n  
to  a  d r o p p in g  f u n n e l  a n d  a d d e d  o v e r  3 h r .  t o  a  s t i r r e d  s a t u r a t e d  
s o lu t io n  o f  a c e to n e - f re e  a c e ty le n e  in  t e t r a h y d r o f u r a n  (5 0 0  m l . ) .  
A c e ty le n e  w a s  p a s s e d  t h r o u g h  t h e  s o lu t io n  d u r in g  th i s  a d d i t io n  
a n d  f o r  a  f u r t h e r  h o u r .  F r e s h ly  p r e p a r e d  c u p r o u s  c h lo r id e  (5  
m o le  % ) ,  fo llo w e d  b y  c y c lo h e x y l id e n e m a lo n o n i t r i le  ( 7 .5  g . )  in  
d r y  t e t r a h y d r o f u r a n  (1 0 0  m l . ) ,  w a s  a d d e d  o v e r  3 h r .  t o  t h e  s o lu 
t i o n  o f e th y n y lm o n o m a g n e s iu m  b r o m id e  h e ld  in  a  n i t r o g e n  a tm o s 
p h e r e  a n d  t h e  r e a c t io n  m ix tu r e  t h e n  w a s  s t i r r e d  f o r  2 0  h r .  a t  2 0 ° . 
T h e  G r ig n a r d  c o m p le x  w a s  d e c o m p o s e d  w i th  s a t u r a t e d  a m m o n iu m  
c h lo r id e  s o lu t io n  a n d  t h e  r e a c t io n  m ix tu r e  e x t r a c t e d  w i th  e th e r .  
T h e  c o m b in e d  e th e r e a l  e x t r a c t s  w e re  w a s h e d  w i th  s a t u r a t e d  
b r in e  s o lu t io n ,  d r ie d ,  a n d  t h e  s o lv e n t  r e m o v e d  t o  g iv e  a  r e d  o il. 
A n  e th a n o l ic  s o lu t io n  o f  t h e  c r u d e  p r o d u c t  w a s  t r e a t e d  w i th  
p o ta s s iu m  c y a n id e  ( 1  g . )  in  a  m in im u m  v o lu m e  o f  w a te r  a n d  
s t i r r e d  fo r  4  h r .  T h e  r e a c t io n  m ix tu r e  t h e n  w a s  d i lu te d  w i th  
w a t e r ,  a n d  i s o la te d  in  t h e  u s u a l  m a n n e r  b y  e th e r  e x t r a c t io n .  
R e m o v a l  o f t h e  s o lv e n t  fo llo w e d  b y  f r a c t io n a l  d i s t i l l a t io n  o f  th e  
r e s id u a l  o il  g a v e  [l-(l-ethynyl)cyclohexyl]malononitrile ( 4 .2  g . ,  
4 8 % ) ,  b .p .  7 4 °  (0 .1  m m . ) ,  /i 25d  1 .4 8 2 4 ; ( l iq u id  f i lm )  3 3 0 0 , 
2 2 7 0 , a n d  2 1 0 0  c m . ” 1.

Anal. C a lc d . fo r  C „ H 12N 2: C ,  7 6 .7 ;  H ,  7 .0 ;  N ,  1 6 .3 . 
F o u n d :  C ,  7 6 .6 ;  H ,  6 .7 5 ;  N ,  1 6 .6 .

[l-(l-Phenylethynyl)cyclohexyl]malononitrile (II. R = Ph).— 
P h e n y la c e ty le n e  ( 1 0 .2  g . )  in  d r y  t e t r a h y d r o f u r a n  (2 0  m l . )  w a s  
a d d e d  t o  a  s t i r r e d  s o lu t io n  o f  e th y lm a g n e s iu m  b r o m id e  ( f ro m  
m a g n e s iu m  2 .4  g . )  in  t e t r a h y d r o f u r a n  (2 5 0  m l . )  a n d  t h e  r e a c t io n  
m ix tu r e  h e a t e d  u n d e r  r e f lu x  fo r  2  h r .  T h e  c o o le d  r e a c t io n

(5) A ll m e ltin g  p o in ts  w ere d e te rm in e d  o n  a  K ofler h o t s ta g e  a n d  a re  cor
rec te d . B oiling  p o in ts  a re  u n co rrec ted . U ltr a v io le t  a b s o rp tio n  sp e c tra  
re fe r to  e th a n o l so lu tio n s  a n d  w ere m e asu red  w ith  a  U n icam  S .P . 500  spec
tro p h o to m e te r . In f ra re d  s p e c tra  w ere  d e te rm in e d  o n  th e  P e rk in -E lm e r  
In fra c o rd  a n d  P e rk in -E lm e r 13 sp ec tro p h o to m e te rs . T h e  a lu m in a  u sed  fo r 
c h ro m a to g ra p h y  w as ac id  w ashed  a n d  a c tiv a te d  a n d  g ra d e d  acco rd ing  to  
th e  m e th o d  of B ro c k m a n n  a n d  S ch o d d er.6 L ig h t p e tro le u m  re fe rs  to  th e  
frac tio n , b .p . 4 0 -6 0 ° , un less  s ta te d  o therw ise .

(6) H. B ro c k m a n n  a n d  H. S chodder, B e r . ,  74 , 73 (1941).
(7) A. C . C ope and K . E . H oyle, J. A m .  C h e m . S o c > , 63 , 733 (1941).
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m i x t u r e  t h e n  w a s  t r e a t e d  w i th  c u p r o u s  c h lo r id e  (5  m o le  7 ! )  fo l
lo w e d  b y  a  s o lu t io n  o f  c y c lo h e x y l id e n e m a lo n o n i t r i le  (7 .5  g . )  in  
t e t r a h y d r o f u r a n  (2 5  m l . ) .  A f te r  h e a t in g  u n d e r  re f lu x  fo r  4 h r . ,  
t h e  G r ig n a r d  c o m p le x  w as  d e c o m p o s e d  w ith  a  s a t u r a t e d  s o lu t io n  
o f a m m o n iu m  c h lo r id e ,  e x t r a c t e d  w ith  e th e r ,  a n d  th e  c o m b in e d  
e th e r e a l  e x t r a c t s  w a s h e d  w i th  w a te r  a n d  d r ie d .  R e m o v a l  o f th e  
s o lv e n t  g a v e  a  v is c o u s  g u m  w h ic h  s o lid if ie d  o n  t r i t u r a t i o n  w i th  
l i g h t  p e t r o le u m  to  g iv e  [ l - ( l - p h e n y le th y n y l) c y c lo h e x y l] m a lo n o -  
n i t r i l e  (5  g . ,  3 9 ( 7 ) ,  w h ic h  c r y s ta l l iz e d  f ro m  l ig h t  p e t r o le u m  in  
n e e d le s , m . p .  6 2 - 6 3 ° .

Anal. C a l c d . fo r  C „ H , 6N 2: 0 ,  8 2 .2 ;  H ,  6 .5 ;  N ,  1 1 .3 . 
F o u n d :  C ,  8 2 .3 5 ;  H ,  6 .4 ;  N ,  1 1 .2 .

[ l - (  l - O c ty n y l ) c y c lo h e x y l] m a lo n o n i t r i le .— 1 - O c ty n e  ( 1 1  g . )  in  
d r y  t e t r a h y d r o f u r a n  (5 0  m l . )  w a s  a d d e d  to  a  s o lu t io n  o f e th y l -  
m a g n e s iu m  b r o m id e  ( f r o m  m a g n e s iu m  2 .4  g .)  in  t e t r a h y d r o f u r a n  
(8 5  m l . )  a n d  t h e  r e a c t io n  m ix tu r e  h e a te d  u n d e r  re f lu x  in  a n  a t 
m o s p h e re  o f n i t r o g e n  fo r  2 0  h r .  C u p r o u s  c h lo r id e  (5  m o le  %) 
w a s  a d d e d  t o  t h e  r e a c t io n  m ix tu r e  h e ld  a t  0 ° ,  fo llo w e d  b y  a  s lo w  
a d d i t i o n  o f c y c lo h e x y l id e n e m a lo n o n i t r i le  ( 9 .0  g . )  in  a  s o lu t io n  of 
t e t r a h y d r o f u r a n .  T h e  s t i r r e d  s o lu t io n  w a s  h e ld  a t  ro o m  t e m 
p e r a t u r e  f o r  IS  h r .  a n d  th e n  h e a t e d  u n d e r  re flu x  fo r  .8 h r .  b e fo re  
b e in g  w o rk e d  u p  a s  in  t h e  p r e v io u s  e x p e r im e n t .  T he. r e s u l t a n t  
c r u d e  o il w a s  f r a c t io n a l ly  d is t i l le d  to  g iv e  [ l - ( l - o c ty n y l ) c y c lo -  
h e x y l]  m a lo n o n i t r i le  ( 7 .0  g . 4 4 (7  ) a s  a  c o lo r le s s  o il, b . p .  112° (0 .1  
m m . ), w21d 1 .4 7 8 5 .

Anal. C a lc d .  fo r  C 17H 21N 2: C ,  7 9 .6 5 ; H ,  9 .4 5 ;  N ,  1 0 .9 5 .
F o u n d :  C ,  7 9 .7 5 ;  H , 9 . 4 5 ;  N ,  1 0 .8 .

[ l - (  l - T e t r a h y d ro p y r a n y lo x y p r o p a rg y l ) c y c lo h e x y l]  m a lo n o n i-  
t r i l e .— 3 - T e t  r a h y d r o p y r a n y lo x y - 1 - p r o p y n e  (1 4  g . )  in  d r y
t e t r a h y d r o f u r a n  (2 5  m l . )  w a s  a d d e d  to  a  s o lu t io n  of e th y l -  
m a g n e s iu m  b r o m id e  ( f ro m  m a g n e s iu m , 2 .4  g . )  a n d  t h e  r e a c t io n  
m ix tu r e  h e a t e d  u n d e r  re f lu x  f o r  8  h r .  u n d e r  n i t r o g e n  a n d  th e n  
c h i l le d  t o  0 ° .  C u p r o u s  c h lo r id e  (5  m o le  %) t h e n  w a s  a d d e d  
fo llo w e d  b y ' a  s lo w  a d d i t i o n  o f c y c lo h e x y l id e n e m a lo n o n i t r i le  (9  
g . )  in  t e t r a h y d r o f u r a n  ( 2 0  m l . )  a n d  th e  r e a c t io n  m ix tu r e  s t i r r e d  
fo r  4  h r .  a t  ro o m  t e m p e r a t u r e  a n d  th e n  h e a t e d  u n d e r  re f lu x  fo r  2 0  
h r .  T h e  u s u a l  w o r k -u p  p r o c e d u r e  g a v e  a  d a r k  r e d  v is c o u s  l iq u id  
w h ic h  w a s  f r a c t io n a l ly  d is t i l le d  t o  g iv e  ( l - ( l - t e t r a h y d r o p y r a n y l -  
o x y p r o p a rg y lc y c lo h e x y ljm a lo n o n itr i le  (3  g . 1 7 7 7 ) a s  a  co lo r le ss  
o il, b . p .  140° (0 .0 5  m m .) ,  n 21D  1 .4 9 2 0 .

Anal. C a lc d .  f o r  CnH^NiO,: C , 7 1 .3 ;  H , 7 .7 5 ;  N ,  9 .8 .  
F o u n d :  C ,  7 1 .6 ;  H ,  7 .9 5 ;  N ,  1 0 .1 .

l l - ( 4 - B e n z o y '.o x y - l - e th y n y l) c y c lo h e x y l] m a lo n o n i t r i le .— 4 -B e n z o -  
y lo x y c y c lo h e x y l id e n e m a lo n o n i t r i le  (3 0  g . )  in  d r y  t e t r a h y d r o f u r a n  
(2 5 0  m l . )  w a s  a d d e d  to  a  s o lu t io n  o f  e th y n y lm o n o m a g n e s iu m  b r o 
m id e  ( p r e p a r e d  a s  in  t h e  p r e v io u s  e x p e r im e n t  f ro m  m a g n e s iu m  1 2  

g . )  a n d  t h e  w h o le  s t i r r e d  in  a  n i t r o g e n  a tm o s p h e r e  a t  4 °  fo r  44  
h r .  D e c o m p o s i t io n  o f t h e  G r ig n a r d  c o m p le x  a n d  i s o la t io n  o f th e  
p r o d u c t  g a v e  a  d a r k  r e d  g u m  w h ic h  w a s  a d s o rb e d  o n  a lu m in a  
( g ra d e  I ,  9 0 0  g .)  f ro m  b e n z e n e - l ig h t  p e t r o le u m  ( 5 : 1 ) .  E lu t io n  
w i th  t h e  s a m e  s o lv e n t  g a v e  s t a r t i n g  m a te r i a l  (5  g .)  a n d  th e n  
e lu t io n  w i th  b e n z e n e  a f fo rd e d  [ l - ( 4 -b e n z o y lo x y - l - e th y n y l) c y c lo -  
h e x y l ] m a lo n o n it r i l e  ( 4 .3  g . ), w h ic h  c r y s ta l l iz e d  f ro m  c a r b o n  
te t r a c h lo r id e  in  p r is m s , m .p .  1 2 9 -1 3 0 ° ;  ( p o ta s s iu m  c h lo r id e  
d i s k )  3 3 0 0 , 2 2 7 0 , a n d  1720  c m . - 1 .

Anal. C a lc d .  fo r  C 1SH 16N 20 2 : C , 7 3 .9 5 ;  H ,  5 .5 ;  N ,  9 .6 .  
F o u n d :  C ,  7 3 .7 5 ; H ,  5 .2 ;  N ,  9 .8 7 ; .

F u r t h e r  e lu t io n  w i th  b e n z e n e -c h lo r o fo r m  ( 4 : 1 )  g a v e  th e  o th e r  
is o m e r  o f  [ l - ( 4 -b e n z o y lo x y l- l - e th y n y l ;c y c lo h e x y l]  m a lo n o n i t r i le  
(2 .6  g .) , w h ic h  c r y s ta l l iz e d  f ro m  m e th a n o l  a s  p r is m s , m .p .  177— 
1 7 8 ° .

Anal. F o u n d :  C ,  7 4 .2 ;  H ,  5 .3 ;  X ,  9 .6 5 7 7 -
[ 1 - ( 1  - E th y n y l  )cy  c lo h ex y l]  i s o p r o p y lm a lo n o n itr i le  ( I I I ) .— A

s o lu t io n  o f  [ l - ( l - e th y n y l ) c y c lo h e x y ] ] m a lo n o n i t r i l e  ( 2 .3  g .)  a n d  
s o d iu m  e th o x id e  ( f ro m  s o d iu m  0 .3 3  g . )  in  d r y  e th a n o l  (2 0  m l . )  
w a s  h e a t e d  u n d e r  re f lu x  fo r  3 h r .  a n d  c h il le d  to  — 1 5 ° . I s o p r o p y l  
io d id e  ( 2 .5  g . )  w ;is  th e n  a d d e d  a n d  th e  r e a c t io n  m ix tu r e  a g a in  
h e a t e d  u n d e r  re f lu x  f o r  16 h r .  A f te r  r e m o v a l  o f m o s t  o f th e  
e th a n o l ,  w a te r  w a s  a d d e d  a n d  th e  s o lu t io n  e x t r a c t e d  w i th  e th e r  
a n d  c o m b in e d  e th e r e a l  e x t r a c t s  w a s h e d  w i th  w a te r ,  d r ie d ,  a n d  th e  
s o lv e n t  r e m o v e d  to  fu rn is h  [ l - ( l - e th y n y l) c y c lo h e x y l] i s o p r o p y l-  
m a lo n o n i t r i le  (0 .9  g .) ,  w h ic h  c r y s ta l l iz e d  f ro m  l ig h t  p e t r o le u m  in  
p r is m s ,  m . p .  8 8 - 8 9 ° .

Anal. C a lc d .  fo r  C ,.,H 1SX ..: C , 7 8 .4 5 ;  H ,  8 .4 5 ;  X ,  1 3 .0 5 . 
F o u n d :  C ,  7 8 .8 ;  H ,  8 .3 5 ;  N ,  1 3 .2 5 .

« - ( 1 -A ce ty lcy  c lo h e x y l ) is o v a le r ic  A c id  ( I ) . — S uffic ien t, e th a n o l  
w a s  a d d e d  to  a  m ix tu r e  o f [ 1 -; 1 - e th y n y l  )e y c lo h e x y ll  i s o p r o p y lm a 
lo n o n i t r i le  (0 .6  g .)  a n d  3 0 %  a q u e o u s  p o ta s s iu m  h y d r o x id e  s o lu 
t i o n  (2 5  m l . )  t o  g iv e  a  h o m o g e n e o u s  s o lu t io n  a n d  th e  w h o le  w a s  
t h e n  h e a te d  u n d e r  re f lu x  u n t i l  n o  m o r e  a m m o n ia  w a s  e v o lv e d .

T h e  r e a c t io n  m ix tu r e  th e n  w a s  a c id if ie d  w i th  d i lu te  s u l f u r ic  a c id  
a n d  w a r m e d  a t  1 0 0 ° fo r  2 0  m in .  to  e f fe c t  d e c a r b o x y la t io n  o f  t h e  in 
te r m e d ia t e  m a lo n ic  a c id . T h e  co o led  s o lu t io n  w a s  t h o r o u g h ly  e x 
t r a c t e d  w ith  e th e r  a n d  t h e  c o m b in e d  e th e r e a l  e x t r a c t s  th e n  w e re  
w a s h e d  w ith  w a t e r ,  d r ie d ,  a n d  t h e  s o lv e n t  r e m o v e d  t o  g iv e  
« -(1  - a c e ty lc y c lo h e x y ll is o v a le r ic  a c id  ( 0 .5 7 5  g . ), w h ic h  c r y s ta l l iz e d  
f ro m  e th y l  a c e t a t e - l i g h t  p e t r o le u m  ( b . p .  6 0 - 8 0 ° )  in  p r is m s ,  m .p .  
1 0 8 -1 0 9 ° .

Anal. C a lc d .  fo r  C ijH h O»: C ,  6 9 .0 ;  H  9 .8 .  F o u n d :  C ,
6 9 .1 5 ; H ,  9 .5 5 .

A lk a l in e  H y d r o ly s i s  of [ l - ( l - P h e n y le th y n y l ) c y c lo h e x y l ] m a lo n o -  
n i t r i l e ( I I .  R  =  P h ) . — A  m ix tu r e  o f  I I  l i t  =  P h ( 2 . 2 g . ) ]  a n d  20% , 
a q u e o u s  p o ta s s iu m  h y d r o x id e  s o lu t io n  ( 1 0 0  m l . )  w a s  h e a t e d  u n d e r  
re f lu x  u n t i l  n o  m o r e  a m m o n ia  w a s  e v o lv e d . T h e  s o lu t io n  th e n  
w a s  a c id if ie d , e x t r a c t e d  w i th  e th e r ,  a n d  th e  c o m b in e d  e th e r e a l  
e x t r a c t s  w a s h e d  w i th  w a te r  a n d  d r ie d .  R e m o v a l  o f  t h e  s o lv e n t  
g a v e  a  g u m  w h ic h  w a s  h e a te d  in vacuo a t  100° fo r  2  h r .  A  p o r t io n  
o f  th e  p ro d u c t, ( 1  g . )  w a s  e s te r i f ie d  w i th  e th e r e a l  d ia z o m e th a n e  a n d  
t h e  r e s u l t in g  e s te r  th e n  a d s o rb e d  o n  a lu m in a  ( g r a d e  I I I )  f ro m  
l ig h t  p e t r o le u m  ( b . p .  6 0 - 8 0 ° ) .  E lu t io n  w i th  l ig h t  p e t r o le u m  
( b .p .  6 0 - 8 0 ° ) - b e n z e n e  ( 5 : 1 )  y ie ld e d  t h e  y -e n o l  l a c to n e  V I 
( 0 .2  g . ) ,  w h ic h  c r y s ta l l iz e d  f ro m  » -h e x a n e  in  n e e d le s ,  m .p .  I l l  — 
1 1 2 .5 ° ;  ( p o ta s s iu m  c h lo r id e  d is k )  1800 c m . - 1  ( 7 -e n o l la c 
to n e ) ,  1670  c m . - 1  ( e n o l d o u b le  b o n d ) ;  X ,„„  2 5 6  111»  (e 2 4 ,0 0 0 ) .

Anal. C a lc d .  fo r  C i6H ]80 -2: C ,  7 9 .3 ;  H ,  7 .5 .  F o u n d :  
C ,  7 9 .0 5 ;  I I ,  7 .4 .

F u r t h e r  e lu t io n  w i th  l ig h t  p e t r o le u m  ( b .p .  6 9 - 8 0 ° ( -b e n z e n e  
( 4 : 1 )  a f fo rd e d  t h e  k e to  e s te r  ( V I I .  R  =  C H 3) a s  a  c o lo r le s s  o il, 
( 0 .6  g . ) ,  b . p .  ( b a t h  t e m p . )  120° ( 0 .0 5  m m .) ,  n 25n  1 .5 2 3 8 ; » w *  
( l iq u id  f i lm )  1730 a n d  1710 c m . -1 .

Anal. C a lc d .  fo r  C 17H 22O 3: C ,  7 4 .4 ;  H ,  8 . 1 . F o u n d :  C ,  
7 4 .2 ;  H ,  8 .2 5 .
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During the one-step reduction and acetylation of 
triethyl 1,1,2-ethanetricarboxylate with lithium alu
minum hydride and acetic anhydride, 2-methylene-
1,4-diacetoxybutane was formed in a 16% yield along 
with the expected l,4-diacetoxy-2-(acetoxymet,hyl)bu
tane in a 52% yield.3 Since there was no reason to 
expect elimination of acetic acid from a primary acetate 
under these conditions, it appeared likely that the un
saturated derivative was formed during the reduction 
of the substituted malonic ester with lithium aluminum 
hydride. Dreiding and Hartman4 showed that certain 
substituted acetoacetic esters, such as 2-carbethoxv- 
cyclohexanone, were reduced through the enolate.

For the reduction of 2-carbethoxycyclohexanone the 
products were 2-methylenecyclohexanol in a 52%
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yield, l-hydroxymethylcyclohexene in a 21% yield, and 
the expected 2-hydroxymethylcyolohexanol in only an 
11% yield. We were able to use all these intermediates 
to advantage for the synthesis of 3-met.hylenecyclo- 
hexene.5 6 The mechanism postulated for this reaction, 
based partly on the fact that 2-hydroxymethylenecyclo- 
hexanone gives the identical products, involves the 
normal reduction of the ester to the aldehyde, followed 
by the formation of the corresponding enolate which 
could undergo attack at either carbonyl group to pro
duce a doubly charged anion which, although stable to 
further attack by hydride ion, can lose an oxygen ion 
by analogy with the mechanism for the base-catalyzed 
dehydration of aldols. One could write a similar 
mechanism for the reduction of malonic esters. In 
order to demonstrate that this anomalous reduction 
would occur with other malonic esters, ethyl methyl- 
malonate was reduced with lithium aluminum hydride 
to produce, in addition to the expected diol, a 5.2% 
yield of methallyl alcohol. The methallyl alcohol was 
identified by vapor phase chromatography and infrared 
analysis.

Finally as an example that would give an increased 
opportunity for this anomalous reduction, bimalonic 
ester, ethyl 1,1,2,2-ethanetetracarboxylate, was reduced 
as previously described6 and the forerun from the reduc
tive acetylation was examined carefully. From this 
reduction was obtained a 15% yield of 2,3-di(acetoxy- 
methyl)-3-butenyl acetate, together with the expected 
tetraacetate. The structure of this olefin triacetate 
was proved by pyrolysis to the known 2,3-di(acetoxy- 
methyl)-l,3-butadiene6 and by independent synthesis 
by the pyrolysis of 2,3-di(acetoxymethyl)-l,4-diace- 
toxybutane.

An attempt to isolate 2-phenylalIyl alcohol from the 
reduction of ethyl phenylmalonate failed. It may be 
that this substituted styrene is formed but is polymer
ized before isolation.

E x p e r im e n ta l7

M e th a l ly l  A lc o h o l f ro m  R e d u c t io n  o f  E th y l  M e th y lm a lo n a t e .—
T o  a  s l u r r y  o f  2 7 .5  g . ( 0 .7 3 7  m o le )  o f  l i th iu m  a lu m in u m  h y d r id e  
a n d  3 0 0  m l .  o f  d r y  e t h e r  in  a  1-1., th r e e - n e c k e d  f la s k , f i t t e d  w i th  
a  re f lu x  c o n d e n s e r ,  a  d r o p p in g  f u n n e l ,  a n d  a  s t i r r e r ,  w a s  a d d e d  
a  s o lu t io n  o f  7 5 .6  g .  ( 0 .4 3 5  m o le )  o f  e t h y l  m e th y lm a lo n a t e  in  100 
m l .  o f  e t h e r  a t  a  r a t e  s u c h  a s  t o  m a i n t a i n  g e n t le  re f lu x  o f  th e  
s o lv e n t  a c id .  A f te r  t h e  m ix tu r e  h a d  b e e n  h e a t e d  u n d e r  re f lu x  fo r  
a n  a d d i t i o n a l  18  h r . ,  i t  w a s  p o u r e d  o n to  a  m ix tu r e  o f  ic e  a n d  d i lu t e  
h y d r o c h lo r ic  a c id .  T h e  a q u e o u s  p h a s e  w a s  e x t r a c t e d  fo r  2 d a y s  
in  a n  e x h a u s t iv e  e x t r a c t o r  a n d  th e  e x t r a c t s ,  t o g e th e r  w i th  t h e  o r ig 
in a l  e th e r  l a y e r ,  w e re  d r ie d  o v e r  a n h y d r o u s  m a g n e s iu m  s u l f a te .  
D is t i l l a t io n  o f  t h i s  s o lu t io n  t h r o u g h  a  1 0 - in . ,  h e l ix - p a c k e d  c o lu m n  
g a v e  1 .9  g .  ( 5 % )  o f  m e th a l ly l  a lc o h o l ,  b . p .  1 1 2 - 1 1 5 ° ,  d 
1 .4 2 2 8  ( r e p o r t e d 8 b . p .  1 1 1 .5 - 1 1 2 ° ,  n 25d  1 .4 2 3 2 ) ,  a n d  2 8 .1  g . 
( 7 2 % )  o f  2 - m e th y l - l ,3 - p r o p a n e d io l ,  b . p .  9 0 - 9 3 °  ( 4  m m .) ,  rc25d 
1 .4 4 3 6  ( r e p o r t e d 9 b . p .  2 1 3 - 2 1 4 ° ,  A  1 .4 4 4 5 ) .  V a p o r  p h a s e  
e h r o m a to g r a p h j r  o f  t h i s  s a m p le  o f  m e th a l ly l  a lc o h o l  a t  8 8 ° 
o n  d i-w -d e c y l p h t h a l a t e  c o lu m n  g a v e  a  s in g le  s y m m e t r ic a l  p e a k  
w ith  t h e  s a m e  r e t e n t i o n  t im e  a s  t h a t  o f  a n  a u t h e n t i c  s a m p le  o f 
m e th a l ly l  a lc o h o l .

2 ,3 - D i( a c e to x y m e th y l ) - 3 - b u te n y l  A c e ta te  f ro m  th e  R e d u c t io n  
o f E th y l  1 ,1 ,2 ,2 - E t h a n e t e t r a c a r b o x y l a t e .— T o  a  s lu r r y  o f  100 
g . (2 .6 3  m o le s )  o f  l i t h iu m  a lu m in u m  h y d r id e  in  3  1. o f  e t h e r  w a s
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(6) W . J .  B ailey  a n d  W . R . S orenson , i b i d . ,  78 , 2287 (1956).
(7) T h e  a u th o rs  a re  g ra te fu l to  M rs. K a th ry n  B ay lo u n y  fo r th e  m icro 
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(9) H . B . H ass, E . T . M cB ee , a n d  P. W eber, I n d .  E n g .  C h e m . ,  27 , 1194 

(1935).

a d d e d  d r o p w is e  a  s o lu t io n  o f  3 1 8  g . (1  m o le )  o f  e th y l  1 ,1 ,2 ,2 -  
e t h a n e t e t r a c a r b o x y l a t e  in  3 1. o f  e t h e r .  A f te r  2  1. o f  n - b u ty l  
e t h e r  h a d  b e e n  a d d e d ,  t h e  m ix tu r e  w a s  h e a t e d  u n d e r  re f lu x  fo r  
8  d a y s .  M o s t  o f  t h e  e t.h jd  e t h e r  w a s  r e m o v e d  b y  d is t i l l a t io n  
w i th  t h e  c o n c u r r e n t  a d d i t i o n  o f  a n  a d d i t i o n a l  2  1 . o f  n - b u ty l  
e t h e r .  A f te r  5 00  m l .  o f  g la c ia l  a c e t i c  a c id  h a d  b e e n  a d d e d  to  
d e c o m p o s e  t h e  e x c e s s  h y d r id e ,  fo llo w e d  b y  th e  a d d i t io n  o f  10 0 0  

m l.  o f  a c e t ic  a n h y d r id e ,  t h e  m ix tu r e  w a s  h e a t e d  u n d e r  re f lu x  fo r  
6  d a y s .  D u r in g  th i s  p e r io d  t h e  m ix tu r e  b e c a m e  so  th i c k  t h a t  
s t i r r in g  h a d  to  b e  d is c o n t in u e d  a n d  a n  a d d i t i o n a l  2  1 . o f  n - b u ty l  
e t h e r  w a s  a d d e d .  T h e  s a l t s  w e re  r e m o v e d  f ro m  t h e  s o lu t io n  I n 
f i l t r a t i o n  a n d  th e  s o lv e n t  w a s  r e m o v e d  f ro m  t h e  f i l t r a t e  b y  d i s t i l l a 
t i o n .  F r a c t i o n a t io n  o f  t h e  r e s id u e  t h r o u g h  a  1 0 - in . V ig re u x  
c o lu m n  g a v e  a  f o r e r u n ,  b . p .  9 0 - 1 1 5 °  ( 0 .2 - 0 .4  m m . ) ,  a n d  151 g . 
( 4 8 % )  o f  2 ,3 - d i ( a c e to x y m e th y l ) - l ,4 - d i a c e to x y b u ta n e ,  b . p .  1 6 0 -  
1 6 5 °  ( 1 .8  m m .) ,  m .p .  6 6 - 6 8 ° ( r e p o r t e d 6 6 7 - 6 8 ° ) .  T h e  f o r e r u n ,  
w h ic h  c o n ta in e d  so m e  s o l id  t e t r a a c e t a t e ,  w a s  f i l te r e d  a n d  th e  
s o lid  w a s  w a s h e d  w i t h  e t h e r .  T h e  c o m b in e d  f i l t r a t e s  w e re  
r e f r a c t io n a t e d  t h r o u g h  a  1 0 - i n . ,  h e l ix - p a c k e d  c o lu m n  to  y ie ld  
39  g . ( 1 5 % )  o f  2 ,3 - d i ( a c e to x y m e th y l ) - 3 - b u te n y l  a c e t a t e ,  b .p .
1 0 7 .5 - 1 0 9 °  ( 0 .2 - 0 .3  m m . ) ,  n 26D 1 .4 4 9 9  [ r e p o r t e d 6 b . p .  1 3 8 -1 3 9 °  
( 2  m m .) ,  n2So 1 .4 5 1 8 ] .

Anal. C a lc d .  f o r  C i2H js0 6: C ,  5 5 .8 1 ;  H ,  6 .9 6 ;  s a p o n .  
e q u i v . , 8 6 . F o u n d :  C ,  5 5 .9 8 ;  H . 7 . 1 6 ;  s a p o n .  e q u iv . ,  8 5 .

T h e  o le f in  t r i a c e t a t e  p r o d u c e d  b y  t h e  p y r o ly s i s  o f  2 ,3 -d i-  
( a c e to x y m e th y l ) - l ,4 - d ia e e to x y b u ta n e  w a s  id e n t i c a l  t o  t h a t  
p r e p a r e d  b y  th e  r e d u c t iv e  a c e ty l a t i o n  o f  e th y l  1 , 1 , 2 ,2 - e th a n e 
t e t r a c a r b o x y la t e  .

P y ro ly s is  o f  2 ,3 - D i ( a c e to x y m e th y l ) - 3 - b u te n y l  A c e ta te .— A t
a  r a t e  o f 28  d r o p s  p e r  m in . ,  3 5  g . ( 0 .1 3 5  m o le )  o f 2 ,3 - d i ( a e e to x y -  
m e th y l ) - 3 - b u te n y l  a c e t a t e  w a s  d r o p p e d  t h r o u g h  th e  p y r o ly s i s  
t u b e  h e a t e d  a t  4 9 0 °  w h ile  t h e  s y s t e m  w a s  f lu s h e d  w i th  a  s lo w  
s t r e a m  o f  o x y g e n - f r e e  n i t r o g e n .6 A f t e r  a n  e t h e r  s o lu t io n  o f  th e  
p y r o ly s a te  w a s  e x t r a c t e d  w i th  w a te r ,  t h e  o r g a n ic  l a y e r  w a s  d r ie d  
o v e r  a n h y d r o u s  m a g n e s iu m  s u l f a t e .  ( T i t r a t i o n  o f  a n  a l iq u o t  
o f  t h e  a q u e o u s  e x t r a c t s  i n d ic a te d  t h a t  5 5 %  o f  t h e  th e o r e t i c a l  
a m o u n t  o f  a c e t i c  a c id  h a d  b e e n  e l im in a t e d . )  T h e  e t h e r  w a s  
r e m o v e d  b y  d i s t i l l a t i o n  a n d  t h e  r e s id u e  w a s  f r a c t i o n a t e d  t h r o u g h  
a  1 0 - in . ,  h e l ix - p a c k e d  c o lu m n  t o  g iv e  1 0 .9  g .  ( 4 1 % )  o f  2 ,3 -d i-  
( a c e to x y m e th y l ) - l ,3 - b u ta d i e n e ,  b . p .  6 1 - 6 3 °  ( 0 .2 5  m m .) ,  m .p .
6 2 - 6 3 °  ( r e p o r t e d 6 m . p .  6 3 - 6 4 ° ) ,  a n d  14 .1  g . o f  r e c o v e r e d  s t a r t i n g  
m a te r i a l .  A  m ix tu r e  m e l t in g  p o in t  d e t e r m in a t io n  o f  t h i s  s o lid  
w i th  a n  a u t h e n t i c  s a m p le  o f  t h e  d i e n e - d i a c e t a t e  p r e p a r e d  f ro m  
t h e  p y r o ly s is  o f  th e  t e t r a a c e t a t e 6 s h o w e d  n o  d e p r e s s io n .

Reactions of Phenyl-Substituted Methanes
and Ethanes with Lithium or n-Butyllithium

H e n r y  O i l m a n  a n d  B e r n a r d  J .  G a j

Department of Chemistry, Iowa Slate University, Ames, Iowa 
Received December 12, 1960

The chemistry of triphenylmethyllithium has been 
studied and reviewed recently by Tomboulain.1 In that 
investigation, the organometallic compound was pre
pared in varying yields by reactions of triphenylmethyl 
chloride with lithium in a variety of solvents. We are 
now reporting the preparation of this reagent by the 
reaction of triphenylmethane with lithium or n-butyl- 
lithium, as well as by the lithiurri cleavage of 1,1,1,2- 
tetraphenylethane in tetrahydrofuran (THF) or in 
mixtures of diethyl ether and THF. Also reported 
at this time are some related reactions involving toluene, 
diphenylmethane, and sym-tetraphenylethane.

Although lithium wire in THF had been employed 
previously in the metalation of fluorene,2a 9-phenyl- 
fluorene2a-3 and cyclopentadiene,2a and in the cleavage

(1) P . T o m b o u la in , J .  O r g .  C h e m . ,  24 , 229 (1959).
(2 )  (a) H . G ilm an  a n d  R . D . G orsich , i b i d . ,  23 , 550 (1958); (b) H . O. 

H ouse  a n d  V. K ra m a r , i b i d . ,  27 , 4146 (1963).
(3) H . G ilm an  a n d  B . J .  G a j, J .  A m .  C h e m .  S o c . ,  82, 6326 (1960).
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T a b l e  I

R e a c t i o n s  o k  L i t h i u m  D i s p e r s i o n  w i t h  P h e n y l m e t h a n e b  a n d  - e t h a n e s “

R ea c tio n
H y d ro c a rb o n , m ole T H F , ml. T e m p ., "C . tim e , days P ro d u c ts , %

P h 2C H 2 (0 .1 )> 1 0 0 25 8 P h 2C H j (7 8 )
P h 2C H , (0 .1 ) 150 25 3 P1 i2C H C 0 2H  ( 3 3 ) ';  P h .C H .  (5 4 .5 )
P hoC L L  (0 .0 5 ) 50 25 5 P h 2C H C 0 2H  ( 5 9 ) ';  P h 2C H 2 (2 2 )
P h 2C H C H P h 2 ( 0 .0 1 5 F 50 65 7 P h 2C H 2 ( 1 2 .3 5 ) ;  P h 2C H ( C H 2).,O H  

( 6 2 .2 ) '
P h 3C C H 2P h  (0 .0 1 5 ) 50 65 2 P h 3C C 0 2H  (51  )
P h 3C C H 2P h  (0 .0 1 5 ) 50 65 4 P h 3C C 0 2H  (7 2 .4 )
P h 3C C H 2P h  (0 .0 0 4 ) 30 25 6 P h sC C O o H  (8 2 .6 )

“ 1 0 0 %  ex cess  o f l i t h iu m  w a s  u s e d  in  a l l  r e a c t io n s  a n d  a l l  m i x t u r e s  w e r e  c a r b o n a te d .  4 L i th iu m  s a n d  w a s  e m p lo y e d  in  t h i s  r e a c t io n . 
c M .p .  1 4 5 -1 4 7 ° . d T w o  a d d i t io n a l  r e a c t io n s  w e re  c a r r ie d  o u t  u n d e r  c o m p a r a b le  c o n d i t io n s ,  e x c e p t  fo r  r e a c t io n  t im e s  o f 2 a n d  4  d a y s , 
r e s p e c t iv e ly .  S in c e  w o r k -u p  o f  t h e  a q u e o u s  l a y e r  g a v e  n o  a c id , t h e  o rg a n ic  l a y e r s  o f t h e  th r e e  r e a c t io n s  w e re  c o m b in e d  a n d  t r e a t e d  in  
t h e  u s u a l  m a n n e r .  * B .p .  1 3 5 -1 3 7 °  (0 .0 1  m m .) ,  ?i 20d  1 .5 6 9 7 , 1 .0 4 9 . Anal. C a lc d . fo r  C h H mO : C , 8 4 .8 ;  H ,  8 .3 8 ;  M R d , 7 5 .1 .
F o u n d :  C , 8 4 .7 5 , 8 4 .5 7 ; H ,  8 .6 3 ; 8 .5 5 ;  M R d , 7 5 .4 . T h e  in f r a r e d  s p e c t r u m  o f th i s  m a te r ia l  h a s  a  s h a r p  b a n d  a t  3 3 5 6  c m . - 1 , c h a r 
a c t e r i s t i c  o f th e  h y d r o x y l  g ro u p .

of 9,9-dipheny]fluorene,2a no reaction occurred with 
triphenylmethane after five days at room temperature.2® 
Reaction does occur with potassium in 1,2-dimethoxy- 
ethane.2b The same results were obtained by us 
when the last-mentioned reaction with lithium and 
triphenylmethane was repeated during this investiga
tion. When the solution was refluxed for four days, 
however, a red color developed in the mixture, and a 
15.9% yield of triphenylacetic acid was realized sub
sequent to carbonation after refluxing for an additional 
fourteen days with stirring.

The yield of acid was not increased to any appreciable 
extent when lithium sand was employed. However, 
the use of dispersed lithium in refluxing THF gave tri
phenylacetic acid in yields ranging up to 72% over a 
reaction period of seven days. In most of these runs, 
the stirrer was allowed to rub against the bottom of the 
flask in order to expose a fresh surface on the metal 
continuously. In one run where such scraping was not 
allowed, the yield of acid was only 20.5%. This was 
considerably lower than the yields obtained after com
parable reaction times when rubbing was allowed.

It was also noticed that the yield of triphenylacetic 
acid varied considerably in the reactions employing a 
given form of lithium. This variation may possibly 
have been due to variations in intensity of rubbing by 
the stirrer, a factor which was difficult to control. 
The length and variations in induction periods ob
served for these reactions may also be explained on the 
same basis. Although care was taken to exclude mois
ture from these reactions, this induction period was 
probably due to small amounts of moisture in the sys
tem. Once the reactions began, as evidenced by the 
red color of the organometallic compound, the yields in 
comparable reactions were of the same order of mag
nitude. Attempts to effect the metalation with dis
persed lithium in diethyl ether or tetrahydropyran both 
failed, indicating that the basicity of the solvent is a 
predominant factor in these reactions.

As noted in Table I, lithium sand failed to metálate 
diphenylmethane after stirring for eight days at room 
temperature. The reaction of dispersed lithium with 
this compound at room temperature, however, gave a 
33% yield of diphenylacetic acid after three days and 
a 58% yield after five days. No phenylacetic acid 
could be detected from the reaction of toluene with

lithium dispersion after refluxing for either six or twelve 
days in THF.

Three reactions of symmetrical tetraphenylethane 
with lithium dispersion were carried out, but no di
phenylacetic acid was isolated after carbonation at 
various intervals, although several color changes were 
observed. When the organic layers were combined 
and distilled, diphenylmethane (12.25%) and an alco
hol, which is presumed to be 5,5-diphenyl-l-pentanol 
(62.2%) were obtained. These reaction mixtures never 
attained the red colors observed in the reactions of di
phenylmethane with lithium.

This solvent cleavage is rather surprising since tri- 
phenylmethylsodium does not effect this reaction under 
reflux conditions unless complexed with triphenyl 
boron4 or triphenylaluminum.6 Also, the reaction of 
symmetrical tetraphenylethane with potassium in 
diethyl ether gave diphenylacetic acid subsequent to 
carbonation.6 Although a higher temperature was used 
in the reactions of tetraphenylethane with lithium than 
in the metalation of diphenylmethane, the failure to 
observe a red color in the former reaction suggests that 
a free-radical mechanism may be involved in the forma
tion of 5,5-diphenyl-l-pentanol. Hydrogen abstraction 
by the radical could also account for the isolation of 
diphenylmethane from this reaction. In this connec
tion, it is interesting to note that triphenylmethyl- 
magnesium bromide is capable of cleaving THF under 
reflux conditions, apparently because of the ability 
of Grignard reagents to coordinate with the solvent.7

Unsymmetrical tetraphenylethane similarly was 
cleaved by lithium, and the mixtures were carbonated 
to give triphenylacetic acid in yields ranging up to 
82.6%. These reaction mixtures did not have the 
characteristic odor of phenylacetic acid indicating the 
absence of benzyllithium at the time the mixtures were 
carbonated. Apparently, the benzyllithium underwent 
further reaction with the solvent; however, no prod
ucts derived from it were isolated. Similar results 
were obtained by Ziegler and Thielmann when potas
sium was used in an analogous reaction.6

(4) G. W ittig  a n d  A. R u c k e rt. A n n . ,  566 , 104 (1950).
(5) G. W ittig  a n d  O. B ub b , i b i d . ,  566 , 113 (1950).
(6) K . Z iegler a n d  F . T h ie lm an , B e r . ,  56, 1740, 2453 (1923).
(7) F . R . J en sen  a n d  R . L. B ed a rd , J .  O r g .  C h e m . ,  24, 874 (1959); see 

also , J . E isch  a n d  W . K ask a , C h e m .  a n d  I n d .  (L o n d o n ), 470 (1961).
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T a b l e  I I

M e t a l a t i o n  o p  P i i e n y l m e t h a n e s  w i t h  tc- B u t y t ,l i t h i u m

Compound 
metalated, mole BuLi, mole

S o lven t, m l. 
E t îO :T H F T e m p ., °C. T im e, hr. Acid, %

Other
products, %

P h 3C H  ( 0 .0 2 0 4 ) 0 . 0 2 1 2 0 :5 0 25 0 .2 5 7 7 ,6
P h 3C H  ( 0 .0 2 0 4 ) .0 2 3 2 0 :5 0 0 1 5 1 .5 P h sC H  (3 7 )
P h 3C H  ( 0 .0 2 0 4 ) .0 2 2 2 2 :5 0 25 1 7 4 .0 P h 3C H  ( 1 1 .6 )
P h a C H  ( 0 .0 2 0 4 ) .0 3 3 0 :5 0 0 4 86.5 P h s C H  ( S .2 )
P h C H 3 ( 0 .1 9 ) .0 5 50:40 0 1 V a le r ic  a c id  ( 5 3 .5 ) '
P h C H 3 ( 0 . 1) . 1 2 1 2 0 :5 0 1 0 1 V a le r ic  a c id  ( 4 8 .5 ) '
P h C H 3( 0 .0 5 ) .0 7 5 75:50 25 1 2 0 . 7 C
P h C H 3 ( 0 . 15) . 2 1 2 3 5 :8 0 25 2 4 •24.3d

» B .p .  1 8 8 -1 9 0 ° , ?i 20d  1 .4 1 0 8 . 6 B .p .  1 8 7 -1 8 9 ° , tc20d  1 .4 1 1 2 . * M .p .  7 6 - 7 7 ° ,  f ro m  p e t r o le u m  e th e r  ( b .p .  6 0 - 7 0 ° ) .  d M .p .  7 5 - 7 7 ° ,
f ro m  p e t r o le u m  e th e r  ( b .p .  6 0 - 7 0 ° ) .

In Table II, are recorded several reactions of tri- 
phenylmethane and toluene with n-butyllithium. All 
of these reactions were carried out in a mixture of di
ethyl ether and THF since this combination of solvents 
had previously been shown to be well suited for rnetala- 
tion reactions.89 Apparently, dilution of THF with 
ether does not decrease the effectiveness of this solvent 
in facilitating metalation reactions; however, it does 
stabilize the organometallic compounds, since these 
reagents are known to be more stable in diethyl ether 
than in THF .10 This is also exemplified by the yields 
of triphenylacetic acid in the reactions recorded in 
Table II; the best yield was obtained when ca. a 50% 
excess of n-butyllithium was employed in a reaction 
at 0°.

The reactions of toluene with n-butyllithium at 0° 
or 10° failed to give any of the metalated product, 
whereas stirring at room temperature with an excess 
of n-butyllithium did cause metalation to occur. No 
indication for the presence of valeric acid was observed 
after twenty-four hours at room temperature, indicating 
that the n-butyllithium and, undoubtedly, some of the 
benzyllithium were consumed by a reaction with the 
solvent. Previously, toluene was metalated in very 
low yield by n-butyllithium in ether solution.11 These 
results again indicate the advantage of using THF in 
metalation reactions. It might be mentioned that 
metalation of toluene is not the best method for pre
paring benzyllithium since better yields of this reagent 
have been obtained by cleavage reactions.1213

E x p e r im e n ta l 14

G e n e r a l  P r o c e d u r e .— T h e  l i t h i u m  s a n d  u s e d  in  s e v e ra l  r e a c 
t io n s  w a s  p r e p a r e d  b y  h e a t in g  l i t h i u m  w ir e  i n  m in e r a l  o il  to  ca. * 9 10 11 12 13 14

18) H . G ilm an  a n t  R . D . G orsich , ./. O r g .  C h e m . .  22, 687 (1057).
(9) H . G ilm an  a n d  S. G ra y , i b i d . ,  23, 1476 (1958).
(10) H . G ilm an , A. H . H au b e in , a n d  H . H a rtz fe ld , i b i d . ,  19, 1034 (1954); 

H . G ilm an  a n d  B . J . G a j, i b i d . ,  22, 1165 (1957).
(11) H . G ilm an , H . A. P ace v itz , a n d  O. R aine , J .  A m .  C h e m .  Soc., 62, 

1514 (1940).
(12) H . G ilm an , H . A. M cN in cb , a n d  D . W itte n b e rg , J .  O r g .  C h e m . ,  26, 

3723 (1961); see, also, H . G ilm an  a n d  G . L. S chw ebke, i b i d . ,  27, 4259 (1962).
(13) T . V. T a la la e v a  a n d  K . A. K ocheshkov , / z  . A k a d .  N a u k  U S S R ,  

O l d .  K h i m .  N a u k ,  290 (1953); C h e m .  A b s t r . ,  48, 6389 (1954); T . V. 
T a la laev a  a n d  K . A. K ocheshkov , D a h l .  A k a d .  N a u k ,  U S S R . ,  77, 621 
(1951); C h e m .  A b s t r . ,  46, 10191 (1951).

(14) A ll m e ltin g  a n d  bo iling  p o in ts  a re  u n co rrec ted . R ea c tio n s  w ere 
ca rried  o u t u n d e r a n  a tm o sp h e re  of d ry , oxygen-free n itro g en  in  o v en -d ried  
g lassw are. T h e  te t r a h y d ro fu ra n  w as d rie d  a n d  pu rified  b y  reflux ing  over 
sod ium , d is tillin g  in to  l i th iu m  a lu m in u m  h y d rid e , reflux ing  ov er th is  reag e n t, 
th e n  d is tilling  im m ed ia te ly  befo re  use u n d e r  d ry  n itro g en .

2 0 0 ° a n d  s h a k in g  t h e  r o u n d - b o t to m e d  f la s k , in  w h ic h  i t  w a s  c o n 
ta in e d ,  v e r y  v ig o r o u s ly  a s  i t  c o o le d  b e lo w  t h e  m e l t i n g  p o i n t  of 
l i t h i u m .  T h is  w a s  d o n e  u n d e r  a n  a tm o s p h e r e  o f  d r y ,  o x y g e n - fre e  
n i t r o g e n .  T h e  m a te r i a l  w a s  t h e n  w a s h e d  in to  a  s e p a r a to r y  f u n n e l  
w i th  d r y  b e n z e n e  a n d  t h e  o i l  w a s  r e m o v e d  th r o u g h  t h e  s to p c o c k . 
T h e  f in e ly  d iv id e d  l i t h iu m  w a s  w a s h e d  s e v e r a l  t im e s  w i th  b e n z e n e , 
t h e n  w i th  d i e th y l  e th e r  a n d  f in a l ly  w i t h  T H F ,  b e f o re  b e in g  t r a n s 
f e r r e d  to  t h e  r e a c t io n  f la s k  w i t h  d r y  T H F .

T lie  l i t h i u m  d is p e r s io n  w a s  k in d ly  s u p p l ie d  b y  t h e  L i th iu m  
C o r p o r a t io n  o f A m e r ic a ,  I n c .  T h e  m a te r i a l  h a v in g  a  p a r t i c l e  s iz e  
o f  le s s  t h a n  25  /x w a s  d is p e r s e d  in  h e a v y  p e t r o l a t u m  a s  a  3 0 %  
d is p e r s io n .  T h e  p e t r o l a t u m  w a s  r e m o v e d  b y  w a s h in g  w i t h  b e n 
z e n e  a n d  T H F  b e f o re  u s e .

A ll o f t h e  r e a c t io n s  u s in g  l i t h i u m  m e ta l  w e re  c a r r ie d  o u t  in  
th r e e - n e c k e d  f la s k s  f i t t e d  w i t h  a  m e c h a n ic a l  s t i r r e r ,  re f lu x  c o n 
d e n s e r ,  a n d  n i t r o g e n  i n l e t  a n d  o u t l e t  t u b e .  T h e  s t i r r e r  w a s  a d 
ju s t e d  so  a s  t o  f it f lu sh , b u t  n o t  t i g h t  a g a in s t  t h e  b o t t o m  o f  th e  
f la s k . T h e  m ix tu r e s  w e re  t h e n  s t i r r e d  c o n t in u o u s ly  fo r  t h e  r e a c 
t i o n  t im e s  i n d i c a t e d  in  t h e  t a b l e s  a n d  c a r b o n a te d  b y  p o u r in g  
t h r o u g h  g la s s -w o o l i n to  a  s lu r r y  o f D r y  I c e  a n d  d i e th y l  e th e r .

I n  t h e  r e a c t io n s  in v o lv in g  n - b u t y l l i t h i u m ,  th i s  o r g a n o m e ta l l ic  
c o m p o u n d  w a s  p r e p a r e d  in  d i e th y l  e th e r  a n d  a d d e d  t o  a  s o lu t io n  
o f  t l ie  h y d r o c a r b o n  in  t e t r a h y d r o f u r a n .  A ll  o f  th e s e  r e a c t io n s  
w e re  t e r m in a te d  b y  c a r b o n a t io n .  A ll  p r o d u c t s  e x c e p t  5 ,5 -d i-  
p h e n y l - l - p e n ta n o l  w e re  id e n t i f i e d  b y  m ix tu r e  m e l t i n g  p o in t s  a n d  
in f r a r e d  s p e c t r a  i f  s o l id s ,  a n d  b y  t h e i r  p h y s i c a l  c o n s ta n t s  a n d  
in f r a r e d  s p e c t r a  if  l iq u id s .

L i th iu m  M e ta l  a n d  T r ip h e n y lm e th a n e .— A  s e r ie s  o f  r u n s  i n 
v o lv in g  th e  i n t e r a c t io n  o f  t r ip h e n y lm e t h a n e  a n d  d i f f e r e n t  p h y s ic a l  
f o rm s  o f  l i t h i u m  m e ta l  i n  t e t r a h y d r o f u r a n  w a s  c a r r ie d  o u t ,  in  
o r d e r  t o  e s ta b l i s h  o p t im a l  r e a c t io n  c o n d i t io n s .  I n  a  t y p i c a l  r u n ,
5 .0  g . (0 .0 2 0 4  m o le )  o f t r ip h e n y lm e th a n e  a n d  ca. 0 .1 1 5  g . - a to m  o f 
l i t h iu m  m e ta l  w e re  s t i r r e d  ( w i th  p a d d l e  s c r a p in g  o n  t h e  b o t to m  
o f  t l ie  f la s k )  to g e th e r  in  50  m i .  o f  t e t r a h y d r o f u r a n .  T h r e e  ty p e s  
o f r u n s  w e re  c o n d u c te d .  F i r s t ,  w i t h  c u t  p ie c e s  o f  l i t h i u m  w ir e  a  
1 5 .9 %  y ie ld  o f t r ip h e n y la c e t i c  a c id  a n d  a  6 0 %  r e c o v e r y  o f t r i 
p h e n y lm e th a n e  w e re  o b t a in e d  a f t e r  18  d a y s  a t  t h e  re f lu x  t e m 
p e r a t u r e .  S e c o n d , w i th  l i t h i u m  s a n d  t h e  m a x im u m  y ie ld  o f t r i 
p h e n y la c e t ic  a c id  (2 1 .3 % ,)  o b s e rv e d  w a s  o b ta in e d  a f t e r  9  d a y s  of 
r e f lu x in g . T h i r d ,  w i th  l i t h i u m  d is p e rs io n  th e  m a x im u m  y ie ld  
o b t a in e d  a f t e r  7 d a y s  a t  ro o m  t e m p e r a t u r e  w a s  6 6 %  ( 2 0 .2 %  o f 
t h e  s t a r t i n g  t r ip h e n y lm e th a n e  b e in g  r e c o v e r e d ) .  W h e n  th e  
r e a c t io n  w a s  c o n d u c te d  a t  t h e  r e f lu x  t e m p e r a t u r e  o v e r  5 - 8  d a y s ,  
t h e  y ie ld  o f  t r ip h e n y la c e t i c  a c id  r a n g e d  f ro m  5 9 - 7 2 %  a n d  t h a t  o f 
r e c o v e r e d  t r ip h e n y l  m e th a n e  d r o p p e d  t o  1 5 % .

T h e  t r ip h e n y la c e t i c  a c id  m e l t e d  in  t h e  r a n g e  2 6 9 -2 7 2 °  a n d  t h e  
r e c o v e re d  t r ip h e n y lm e th a n e  m e l t e d  a b o v e  9 3 ° .
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Miller and his coworkers1 2 3“4 have prepared several 
highly fluorinated allyl halides and described reactions 
of these compounds with halide ion. Perfluoroallyl 
iodide2b (I) was prepared by halogen exchange of per
fluoroallyl chloride with sodium iodide in acetone solu
tion. The iodine atom in this compound was very reac
tive and was readily replaced by either bromine or 
chlorine using the free halogen in the dark at room tem
perature. Zinc dust in methanol caused replacement 
of the iodine with hydrogen, and coupling to decafluoro-
1,5-hexadiene was effected using zinc dust in anhydrous 
dioxane.

The high reactivity of the iodine in I suggested that 
this and similar compounds might be used in the synthe
sis of polyfluoronitroso compounds. The only ole- 
finic nitroso compound of this type which had been re
ported was trifluoronitrosoethylene.5 6 This compound 
has been synthesized by the photochemical reaction of 
trifluoroiodoethylene with nitric oxide in the presence of 
mercury.

We, therefore, synthesized two polyfluoroallyl iodides 
in order to convert them into the polyfluoroallyl nitroso 
compounds. I was prepared by pyrolysing chlorotri- 
fluoroethylene to perfluoroallyl chloride* and converting 
this to the iodide using sodium iodide in acetone.1 
The corresponding 211 -(etrafluoroalIvl iodide (II) had 
not been prepared previously. The synthesis was ac
complished by preparing 2//-tetrafiuoroallyl bromide
(III) by the dehydrobromination of 1,3-dibromo-l, 1,3,3- 
tetrafluoropropane (IV) which was obtained from the 
benzoyl peroxide initiated addition of dibromodifluoro- 
methane to 1,1-difluoroethylene.7 I l l  was converted 
into II by treatment with sodium iodide in acetone.

A photochemical reaction was carried out in sunlight 
between I and nitric oxide in the presence of mercury, 
using a technique described by Barr and Haszeldine.8 
The reaction product was worked up by introduction of 
oxygen, which converted unchanged nitric oxide into 
nitrogen dioxide; the latter was removed by reaction 
with mercury to form mercurous nitrate.9

Hexafluoropropene (V) (20%), 3-nitrosopentafluoro- 
propene (34%) (VI), and perfluoroacryloyl fluoride 
(27.5%) (VII) were obtained. Formation of VI was ob
viously via a simple free radical reaction.

(1) (a) H alogen , in  th e  sense  used  in  th is  p a p e r, does  n o t in c lu d e  fluorine; 
(b ) p re se n te d  a t  th e  A n n u a l S o u th e a s te rn  R eg io n a l M ee tin g  of th e  A m erican  
C h em ica l S ocie ty , G a tl in b u rg , T e n n ., N o v em b e r 1 -3 , 1962.

(2) (a) W . T . M ille r  a n d  A. H . F a in b e rg , J .  A m .  C h e m .  S o c . ,  79 , 4164 
(1957); (b) A. H . F a in b e rg  a n d  W . T . M iller, i b i d . ,  79 , 4170 (1957).

(3) J .  H . F ried  a n d  W . T . M iller, i b i d . ,  81 , 2078 (1959).
(4) W . T . M iller, J .  H . F r ie d , a n d  H . G o ld w h ite , i b i d . ,  82, 3091 (1960).
(5) C . E . G riffin  a n d  R . N . H aszeld ine , P r o c .  C h e m .  S o c . ,  369 (1959).
(6) W . T . M iller, U. S. P a te n t  2,733,277 (1956).
(7) P . T a r ra n t ,  A. M . L ovelace , a n d  M . R . L ily q u is t, J .  A m .  C h e m .  S o c . ,  

77 , 2783 (1955).
(8) D . A. B a r r  a n d  R . N . H aszeld ine , J .  C h e m .  S o e . ,  1881 (1955).
(9) E . D iv e rs  a n d  T . S h im idzu , i b i d . ,  47 , 630 (1885).

c f 2= c f — c f 2i  — >  c f 2= c f — c f 2* +  I -

c f 2= c f — c f 2n  o

VI was relatively stable in sunlight for the length of 
time the reaction mixture was irradiated. It was, 
therefore, unlikely that V or VII resulted from its de
composition. The formation of V and VII was attrib
uted to the presence of mercurous nitrate in the reac
tion mixture and is discussed later in the article.

The photochemical reaction between II and nitric 
oxide gave l,l,3,3-tetrafluoro-3-nitrosopropene (VIII) 
(24.5%). 2//-pentafluoropropene (IX) (38%) and /3,/3- 
difluoroacryloyl fluoride (X) (32%) also were formed by 
reaction between II and mercurous nitrate formed in situ 
during the purification process.

Both VI and VIII had a deep blue color characteristic 
of monomeric nitroso compounds. VIII was relatively 
unstable; a sample left in the dark at 25° lost all its blue 
color after approximately fifteen hours. VI was a little 
more stable and had to be left for eighty-four hours be
fore all the blue material had decomposed. The mix
ture of products from the decomposition of either VI or 
VIII was quite complex. In both cases, there was some 
solid, high boiling oil and volatile material consisting of 
several components.

Attention was next turned to the novel reaction be
tween mercurous nitrate and either I or II to form the 
unsaturated acyl fluorides and fluoropropenes. In 
most cases, the mercurous nitrate was formed in situ 
from mercury and nitrogen dioxide in the presence of 
excess oxygen. It was shown in a separate experiment 
that oxygen itself did not react with I. This made it 
safe to carry out the reactions with mercurous nitrate in 
the presence of oxygen, which ensured that all oxides of 
nitrogen were removed during the reaction, thus giving 
a cleaner reaction product. The results of these reac
tions with mercurous nitrate are summarized in Table I.

T a b l e  I

R e a c t i o n  o f  F l u o r o a l l y l  H a l i d e s  w i t h  M e r c u r o u s  N i t r a t e

( X  =  F ,  H )
Y ield Y ield

of C F 2= of C F j =
C onversion , C X — C Fj, C X C O F ,

C o m p o u n d % % %
C F 2= C F — C F 2I» -e to o 1 3 .5 8 0
c f 2= c f c f 2p 75 13 7 0 .5
C F 2= C H — C F 2I a c 10 0 19 76
c f 2= c h — c f 2c p 90 2 9 3
C F 2f= C F — c f 2o 0

c f 2= = c f — c f 3« 0

° R e a c t io n s  c a r r ie d  o u t  w i th  m e r c u ro u s  n i t r a t e  f o rm e d  in situ 
f ro m  m e r c u r y  a n d  n i t r o g e n  d io x id e . b R e a c t io n  c a r r ie d  o u t  
w i th  c o m m e rc ia l  m e r c u ro u s  n i t r a t e .  e A  t r a c e  o f  n i t r o s o  c o m 
p o u n d ,  C F 2= C X — C F 2N O , w a s  a ls o  fo rm e d .

Table I indicates clearly that reaction of the fluoro
allyl halide with mercurous nitrate depends on the reac
tivity of the halogen used. Obviously the chlorine in 
CF2= C F —CF2C1 is less reactive than the iodine in 
CF-2= C F —CFJ, and it is. therefore, not surprising 
that the latter reacts with mercurous nitrate to form an 
acryloyl fluoride whereas the former does not react. 
We were surprised to find, however, that the other allyl 
chloride (CF2= C H —CF.Cl) reacted readily under the 
same conditions to form the acryloyl fluoride. The
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reason for the lack of reactivity of CF2=C F'—CF2C1 
compared to that of CF2= C H —CF2C1 must be due to 
the presence of a fluorine atom on the /3-carbon atom. 
This fluorine atom can exhibit the well known meso- 
meric effect and back donate nonbonding 7r-electrons to 
the olefinic double bond. This would withdraw electron 
density from the chlorine and make loss of chloride ion 
as mercury chloride more difficult than in CF2= C H —• 
CF2CI.

The formation of acryloyl fluoride from the reactions 
of these allyl halides with mercurous nitrate could be by 
initial formation of mercury halide and an allyl nitrate. 
It seems reasonable to suppose that the latter could lose 
nitryl fluoride to form the acyl fluoride. This course of 
events could also explain the formation of the fluoro- 
propene (CF2= C X —CF3) since nitryl fluoride has been 
reported10 to be very reactive and a powerful fluo- 
rinating agent. I t would then either react with allyl 
halide to form a fluoropropene, or possibly convert some 
mercurous nitrate to mercurous or mercuric fluoride 
which could then fluorinate the allyl halide.

C F,=C X —CF-.Y +  HgXOj — >-
[CF2= C X —CF2—0 —NG2] +  HgY

i
CFa= C X —C—F +  N 02F

C F 2= C X — C F 2Y  +  N O o F  — s- C F 2= C X — C F 3 

( o r  H g F 2)
( X  =  H ;  Y  =  I ,  C l)
( X  =  F ;  Y  =  I )

Andreades11 has reported a similar dissociation of a 
perfluoroalkyl nitrite to an acyl fluoride and nitrosyl 
fluoride.

C 2F sN O ----- >  C 2F 5O N O  +  o t h e r  p r o d u c t s

i t
C F s C O F  +  N O F

The table shows that the ratio of olefin (CF2= C X — 
CF3) to acryloyl fluoride (CF2= C X —COF) was higher 
for reaction of an iodide than for a chloride. These data 
fit our reaction scheme since the more reactive iodide 
would be fluorinated with nitryl fluoride more readily 
than the chloride, thus giving a higher yield of the 
fluoropropene (CF2= C X —CF3).

E x p e r im e n ta l

A n a ly s e s  w e re  p e r fo r m e d  b y  G a lb r a i t h  L a b o r a to r ie s ,  K n o x v ille , 
T e n n . ,  a n d  b y  S c h w a r z k o p f  L a b o r a to r ie s ,  W o o d s id e , N .  Y .

1 .1 .3 .3 -  T e t r a f lu o r o - 3 - io d o p r o p e n e .— 1 ,1 ,3 ,3 - T e t r a f lu o r o - 3 -b r o -  
m o p r o p e n e  w a s  p r e p a r e d  a s  d e s c r ib e d  b y  T a r r a n t ,  L o v e la c e , a n d  
L i l y q u i s t . 7

1 .1 .3 .3 -  T e t r a f lu o r o - 3 - b r o m o p r o p e n e  (6 3 .5  g . ,  0 .3 3  m o le )  a n d  
s o d iu m  io d id e  7 0  g . ,  0 .4 6 6  m o le )  r e a c te d  in  a c e to n e  (1 6 0  m l . )  
s o lu t io n  fo r  16 d a y s  a t  ro o m  t e m p e r a t u r e .  S o lv e n t  w a s  r e m o v e d  
b y  a d d in g  w a te r  ( 1 0 0 0  m l .) ,  s e p a r a t i n g  t h e  tw o  la y e r s ,  a n d  w a s h in g  
t h e  o r g a n ic  l a y e r  w i th  d i lu te  s o d iu m  b is u lf i te  ( t h r e e  2 5 -m l. p o r 
t io n s ) .  T h is  o rg a n ic  m a te r i a l  w a s  d r ie d  o v e r  p h o s p h o r ic  a n h y d r id e  
a n d  d is t i l le d  in  a n i t r o g e n  a tm o s p h e r e  t h r o u g h  a  2 4 - p la te  s p in n in g  
b a n d  c o lu m n  to  g iv e  1 .6  g . o f  r e c o v e r e d  1 ,1 ,3 ,3 - te t r a f lu o ro - 3 -  
b r o m o p ro p e n e ,  b o i l in g  r a n g e  3 4 - 3 6 ° ,  a n d  5 0 .6  g . o f  1 ,1 ,3 ,3 - t e t r a -  
f lu o ro -3 - io d o p ro p e n e  ( 6 4 % ) ,  b o i l in g  r a n g e  6 1 - 6 2 ° ,  » 20d  1 .4 0 4 6 .

(10) H . M o isson  a n d  P . L eb eau , C o m p ì ,  r e n d . ,  140, 1543, 1621 (1905).
(11) S. A n d read es , 2 nd  In te rn a t io n a l  F lu o rin e  S y m p o siu m , E s te s  P a rk ,

Colo., J u ly  17 -20 , 1962.

Anal. C a lc d .  fo r  C 3H F 4I :  C ,  1 5 .0 1 ; H ,  0 .4 2 ;  F ,  3 1 .4 7 . 
F o u n d :  C ,  1 5 .0 9 ; H ,  0 .6 0 ;  F ,  3 1 .7 6 .

A n  in f r a r e d  s p e c t r u m  s h o w e d  C = C  s t r e t c h i n g  f r e q u e n c y  a t
5 .7 3  ( m ) ju a n d  b a n d s  a t  7 .3 9  ( s ) ,  7 .9 8  ( m ) ,  8 .3 0  ( m ) ,  9 .3 0  ( s ) ,  1 0 .2 5  
( s )  a n d  1 2 .3 5  ( m )  p.

3 - N i t r o s o - l , l ,3 ,3 - t e t r a f l u o r o p r o p e n e .— A  2-1. P y r e x  f la s k  c o n 
t a in in g  m e r c u r y  (7 0  m l . )  w a s  e v a c u a te d  a n d  c h a r g e d  w i th .g - io d o -
1 ,1 ,3 ,3 - te t r a f lu o r o p r o p e n e  ( 4 .8  g ., 0 .0 2  m o le ) ,  n i t r i c  o x id e  ( 1 .2  g . ,  
0 .0 4  m o le ) ,  a n d  m e c h a n ic a l ly  s h a k e n  in  b r i g h t  s u n s h in e  fo r  105 
m in .  O x y g e n  (1 .2 8  g . ,  0 .0 4  m o le )  w a s  s lo w ly  in t r o d u c e d ,  a n d  th e  
f la s k  s h a k e n  fo r  a n  a d d i t i o n a l  3 0  m in .  V o la t i le  m a te r i a l  w a s  
i s o la te d  b} ' s lo w ly  p u m p in g  t h r o u g h  tw o  t r a p s  c o o le d  in  l iq u id  
n i t r o g e n .  T h is  m ix tu r e  w a s  s e p a r a te d  b y  la r g e  s c a le  v . p . c .  (d i-  
n o n y l  p h t h a l a t e ,  2 5 ° )  i n to  t h e  fo llo w in g  th r e e  c o m p o n e n ts .

2 / / - P e n ta f lu o r o p r o p e n e ,  1 .0  g .  ( 3 8 % ) ;  a n  i n f r a r e d  s p e c t r u m  
w a s  id e n t ic a l  w i th  t h a t  o f  a n  a u t h e n t i c  s a m p le .

3 - N i t r o s o - l , l ,3 ,3 - t e t r a f lu o r o p r o p e n e ,  0 .7  g . ( 2 4 .5 % ) .
Anal. C a lc d .  fo r  C 3H F 4N O : m o l .  w t . ,  1 4 3 . F o u n d :  m o l .  

w t . ,  142.
A n  in f r a r e d  s p e c t r u m  s h o w e d  C = C  a n d  N O  s t r e t c h in g  a b s o r p 

t io n s  a t  5 .7 1  ( v s )  a n d  6 .2 9  ( m ) ,  a n d  b a n d s  a t  7 .3 0  ( s ) ,  7 .9  ( m ) ,  
8  1 (m ) , 8 .9  ( m s ) ,  9 .7  ( w ) ,  a n d  1 0 .5  ( m )  p .

/3 ,/3 -D if lu o ro ac ry lo y l f lu o r id e , 0 .7  g . ( 3 2 % ) ,  b . p .  4 5 .0 ° .
Anal. C a lc d .  fo r  C 3H F 30 :  C ,  3 2 .7 3 ;  F ,  5 1 .8 3 ;  H ,  0 .9 1 ;  

m o l .  w t . ,  1 1 0 . F o u n d :  C ,  3 2 .5 5 ;  F ,  5 1 .6 0 ;  H , 0 .8 1 ;  m o l .  w t . ,  
109 .

A n  in f r a r e d  s p e c t r u m  s h o w e d  C = C  a n d  C = 0  s t r e t c h in g  f re 
q u e n c ie s  a t  5 .4 3  ( v s )  a n d  5 .8 1  ( v s )  a n d  b a n d s  a t  7 .2 6  ( s ) ,  7 .8 5  
( m ) ,  8 .2  ( m s ) ,  9 .1 5  ( s ) ,  a n d  1 0 .2  ( s ) .

T h e  n u c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r a l  d a t a 12 o n  t h e  l a s t  
tw o  c o m p o u n d s  w e re  in  a g r e e m e n t  w i th  t h e  f o r m u la t io n s  C F . =  
C H — C F 2N O  a n d  C F 2= C H — C O F , r e s p e c t iv e ly .

3 - N i t r o s o p e n ta f lu o r o p r o p e n e .— P e r f lu o r o a l ly l  io d id e  w a s  p r e 
p a r e d  f ro m  p e r f lu o r o a l ly l  c h lo r id e  a s  d e s c r ib e d  b y  M il le r  a n d  
F a in b e r g . 1 P e r f lu o r o a l ly l  c h lo r id e  w a s  p r e p a r e d  b y  th e  p y r o ly s is  
o f  c h lo r o t r i f iu o ro e th y le n e  a s  d e s c r ib e d  b y  M i l l e r .6

P e r f lu o r o a l ly l  io d id e  (5 .1 6  g ., 0 .0 2  m o le )  r e a c t e d  w i th  n i t r i c  
o x id e  ( 1 .2  g . ,  0 .0 4  m o le )  a n d  m e r c u r y  in  b r i g h t  s u n s h in e  fo r  
6  h r .

S e p a r a t io n  o f  t h e  p r o d u c t s  g a v e  p e r f lu o r o p r o p e n e ,  0 .6  g . 
( 2 0 % ) ,  id e n t i f ie d  b y  i t s  in f r a r e d  s p e c t r u m  a n d  3 -n i tr o s o p e r f lu o ro -  
p r o p e n e ,  1 .1  g . ( 3 4 % ) .

Anal. C a lc d .  fo r  C T Y N O : C ,  2 2 .3 9 ;  N ,  8 .7 0 ;  F ,  5 9 .0 0 ; 
m o l .  w t . ,  1 6 1 . F o u n d :  C ,  2 2 .6 6 ;  N , 8 . 6 0 ;  F ,  5 8 .6 8 ;  m o l .  w t . ,  
161 .

A n  in f r a r e d  s p e c t r u m  s h o w e d  C = C  a n d  N O  s t r e t c h in g  a b s o r p 
t i o n s  a t  5 .6 1  ( v s )  a n d  6 .2 9  ( s )  p, a n d  b a n d s  a t  7 .3 0  ( v s ) ,  7 .5 8  ( v s ) ,
8 .4 0  ( v s ) ,  9 .1 8  ( v s ) ,  1 0 .5  ( w ) ,  1 1 .1  ( w ) ,  a n d  1 3 .9  ( w ) .

P e r f lu o r o a c r y lo y l  f lu o r id e , 0 .7  g .  ( 2 7 .5 % ) ,  b . p .  2 5 .5 ° .
Anal. C a lc d  f o r  C 3F 40 :  C ,  2 8 .1 3 ;  F ,  5 9 .3 7 ;  m o l .  w t . ,  128 . 

F o u n d :  C ,  2 8 .3 5 :  F ,  5 9 .1 2 ;  m o l .  w t . ,  128.
A n  in f r a r e d  s p e c t r u m  s h o w e d  C = C  a n d  C = 0  s t r e t c h in g  a b 

s o r p t io n s  a t  5 .4 0  ( v s )  a n d  5 .7 2  ( v s )  a n d  b a n d s  a t  7 .3  ( s ) ,  7 .5 5  ( s ) ,
8 .4 1  ( s ) ,  8 .5 0  ( s h ) ,  9 .5 0  ( m s ) ,  a n d  9 .5 9  ( d o u b le t ) ,  9 .7 5  ( s )  a n d
9 .8 0  p ( d o u b l e t ) ; n u c le a r  m a g n e t ic  r e s o n a n c e  d a t a 13 c o n f irm e d  th e  
f o rm u la  C F 2= C F — C O F  f o r  t h i s  c o m p o u n d .

R e a c t io n  o f P e r f lu o r o a l ly l  I o d id e  w i th  M e r c u r o u s  N i t r a t e .—  
A  2-1. f la s k  c o n ta in in g  m e r c u ro u s  n i t r a t e  (7 5  g . ,  0 .2 8 6  m o le )  w a s  
e v a c u a te d  a n d  c h a r g e d  w i th  p e r f lu o r o a l ly l  io d id e  (5 .1 6  g . ,  0 .0 2  
m o le )  a n d  m e c h a n ic a l ly  s h a k e n  in  t h e  d a r k  fo r  2  h r .  S o m e  b ro w n  
v a p o r ,  o b v io u s ly  n i t r o g e n  d io x id e , w a s  fo rm e d  d u r in g  r e a c t io n  
b u t  o n ly  in  s m a ll  a m o u n t .  V o la t i le  m a te r i a l  w a s  i s o la te d  b y  
v a c u u m  t r a n s f e r  a n d  s e p a r a te d  in to  0 .2 9  g . o f  h e x a f lu o ro p r o p e n e  
( 1 3 % ) ,  1 .3 5  g . o f p e r f lu o r o a c r y lo y l  f lu o r id e  ( 7 0 .5 % ) ,  a n d  1 .2 9  g . 
o f  r e c o v e r e d  p e r f lu o r o a l ly l  io d id e .  T h e  p r e v io u s ly  w h i te  m e r 
c u r o u s  n i t r a t e  t u r n e d  r e d  d u r in g  r e a c t io n ,  b u t  t h e  r e d  c o a t in g  
w a s  s o lu b le  in  a c e to n e . T h is  i n d ic a te d  t h a t  i t  w a s  m e r c u r ic  i o d id e .

R e a c t io n s  b e tw e e n  A lly l H a l id e s ,  M e r c u r y ,  a n d  M e r c u r o u s  
N i t r a t e .— M e r c u r o u s  n i t r a t e  w a s  p r e p a r e d  in situ f ro m  m e r c u r y  
a n d  n i t r o g e n  d io x id e  a n d  o x y g e n .

A lly l  h a l id e  (0 .0 2  m o le ) ,  n i t r o g e n  d io x id e  ( 1 .3 8  g . ,  0 .0 3  m o le ) ,  
o x y g e n  (0 .9 6  g . ,  0 .0 3  m o le ) ,  a n d  m e r c u r y  (7 0  m l . )  w e re  s h a k e n  
t o g e th e r  in  t h e  d a r k  f o r  1 h r .  in  a  2-1. f la s k . A ll b r o w n  v a p o r  h a d  
d is a p p e a r e d  a f t e r  t h i s  t im e ,  a n d  v o la t i l e  m a te r i a l  w a s  is o la te d  
u n d e r  v a c u u m  a n d  s e p a r a te d  in to  i t s  v a r io u s  c o m p o n e n ts  b y  
la r g e  sc a le  v .p .c .

T h e  r e s u l t s  o f th e s e  r e a c t io n s  a r e  s u m m a r iz e d  in  T a b le  I .

(12) W . S. B rey , K . H arney , .T. S avo ry , a n d  P . T a r ra n t ,  to  b e  p u b lish e d .
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R e a c t io n  o f  P e r f lu o r o a l ly l  I o d id e  w i th  O x y g e n .—Perfluoroallyl 
iodide (5.16 g., 0.02 mole), oxygen (0.64 g., 0.02 mole), nitrogen 
(0.84 g., 0.03 mole), and mercury (70 ml.) were shaken together 
in the dark for 1 hr. in a 2-1. flask. The only organic material 
isolated was 4.7 g. of unchanged perfluoroallyl iodide (91V  re
covery).

Acknowledgment.—We gratefully acknowledge the 
financial support of this research by the Quartermaster 
Research and Engineering Command, U. S. Army, 
Natick, Mass., with Mr. C. B. Griffis as the project 
officer.

Ring Conformation in Methyl a- and
/3-n-Xyloth iapyranosides as Demonstrated by 

Nuclear Magnetic Resonance1

V . S . R .  R a o , J o s e p h  F .  F o s t e r , a n d  R o y  L . W h i s t l e r

Departments of Chemistry and Biochemistry,
Purdue University, Lafayette, Indiana

Received January 21, 1963

The recent synthesis of sugars in which the ring 
oxygen is replaced by a sulfur atom2 3 makes possible 
an experimental attack on many interesting questions 
relative to both chemical and physical chemical proper
ties of the carbohydrates. However, one question 
which must be answered before certain other results 
can be interpreted without ambiguity is that of whether 
there is a direct effect of this substitution on the 
ring conformation. The D-xylopyranosides have been 
shown to exist in the Cl conformation by optical 
rotatory studies,8 by stability considerations,4'5 and 
by N-ray analysis.6 It has also been shown in d- 
xylopyranose tetraacetates that the spin- spin coupling 
constants observed by n.m.r. are as required for the 
Cl conformation.7 The purpose of the present work is 
to determine if replacement of the ring oxygen by 
sulfur in D-xylothiapyranose and the methyl D-xylo- 
thiapyranosides produces a change in the ring conforma
tion.

The proton magnetic resonance spectra of the vari
ous compounds were determined at (10 Mc.p.s. with 
a Varian A-60 n.m.r. spectrometer using 10-20% 
by weight solutions of the carbohydrates in deuterium 
oxide. The assignment of t values were made by 
taking the water peak (5.2 r) as an internal standard. 
The dihedral angles between the anomeric preton and 
the proton on the adjacent carbon atom C-2 were cal
culated from the magnitude of the splitting of the 
corresponding absorption peak using the modified 
Karplus equation.8-9

(1) J o u rn a l P a p e r  no . 2056 of th e  P u rd u e  U n iv e rs ity  A g ric u ltu ra l E x p e ri
m e n t S ta tio n , L a fa y e tte , In d .

(2) R . L. W h is tle r , M . S. F e a th e r , a n d  D . L. In g l es, J.  A m .  C h e m .  S o c . ,  
84, 122 (1962).

(3) D . H . W hiffen , C h e m .  I n d .  (L o n d o n ), 964 (1956).
(4) R . B . K elly , C a n .  J .  C h e m . ,  35 , 149 (1957).
(5) R . E . R eeves , A d v a n .  C a r b o h y d r a t e  C h e m . ,  6, 107 (1951).
(6) C . J .  B ro w n , P h .D . th e s is , U n iv e rs ity  of B irm in g h am , 1939, as  

q u o te d  b y  B . C a p o n  a n d  W . G . O verend , A d v a n .  C a r b o h y d r a t e .  C h e m . ,  15, 
14 (I9 6 0 ) .

(7) R . U . L em ieux , R . K . K u lln in g , H . J .  B ern s te in , a n d  W . G . S chneider, 
J.  A m .  C h e m .  S o c . ,  80 , 6098 (1958).

(8) M . K a rp lu s , J. C h e m .  P h y s . ,  30 , 11 (1959).
(9) R . W . L enz a n d  J .  P . H eesch en , J.  P o l y m e r  S c i . ,  51 , 247 (1961).

» * « . . . »  1 « * I I I L...I . fc.,..» . i > i « 1
5.0 6o to ao

Fig. 1.—X . m . r .  s p e c t r u m  o f  m e t h y l  , # - D - x y lo th i a p y r a n o s id e  i n  
d e u t e r i u m  o x id e  a t  60 Me., w i t h  c h e m ic a l  s h i f t s  g i v e n  i n  r 

v a l u e s .

It has been shown that the signal due to the anomeric 
proton of sugars appears at a lower field than that 
of any of the other carbon-bonded hydrogen atoms.7’9'10 
Further, the signal for an equatorial anomeric proton 
occurs at a somewhat lower field than for an axial 
proton. From Table I it is evident that the signal in 
methyl n-n-xylothiapyranoside appears at a lower 
field than for the corresponding /3-anomer. In all 
cases the peak corresponding to the anomeric proton 
is split due to coupling with the proton on C-2. The 
large values of this coupling constant for methyl ¡3-d- 
xylopyranoside and methyl /3-n-xylothiapyranoside 
(7.2 and 8.4 c.p.s., respectively) are of the ex
pected order of magnitude for an axial-axial orientation. 
Similarly the low values for the a-anomers indicate 
an axial-equatorial situation. The calculated values 
of the dihedral angles are in reasonable agreement with 
the expected values for the Cl conformation (60° and 
180° for a- and ¡3- anomers, respectively).

T a b l e  I
C h e m i c a l  S h i f t s  a n d  C o u p l i n g  C o n s t a n t s  f o r  A n o m e r i c  

P r o t o n s

C hem ica l sh ifts

C oup ling
c o n s ta n t
JHiH2, D ih e d ra l

( r  values) cy c les /- ang le ,
H,. II,. sec. deg.

D-Xylose" 4.82 2.2 60
5.45 7.2 148

Methyl /3-D-xylo- 5.62 7.2 148
pj^ranoside

D-Xylothiapyranose 5.0 2.5 57
. . .  5.25 8.2 154

Methyl a-D-xylotliia- 5.35 2.8 55
pyranoside

Methyl ß-D-xylothia- 5.52 8.4 156
pyranoside 
a Data from ref. 9.

The spectra of both D-xylopyranosides and D-
xylothiapyranosides show additional fine structure.
The spectrum of methyl /3-D-xylothiapyranoside is
presented in Fig. 1. The splitting pattern in the
region 5.8-6.5 r has been identified as due to the 
proton at C-2. This indicates that it is coupled to 
protons at C-l and C-3 with J  values 8.4 and 8.6, 
respectively. These large values indicate that the 
C-2 proton is in axial-axial orientation with the 
protons at C-l and C-3. The triplet in the region 
6.6-6.9 t  is assigned to the C-3 proton. The splitting 
pattern shows that the C-3 proton is coupled with

(10) V. S. R . R ao  a n d  J .  F . F o s te r , .7. P h y s .  C h e m . ,  in  p ress .
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T a b l e  II
Co u p l in g  Co n s t a n t s  o f  M e t h y l  /3-d - T h ia x y l o p y r a n o s l d e  

(C.p .s.)
J la .2 a 8.4
J 2a ,3a 8 . 6

J 3a ,4a 8 . 6

J 4a, 5e 3.3
J 4a,5a 11.2
J 5a,5e 13.5

II Ha

C-2 and C-4 protons with J  values of 8.6, which con
firms the axial-axial relation between C-2 and C-3 
protons and further indicates that the C-3 proton is in 
axial-axial orientation with the C-4 proton.

The two quartets in the region 7.0-7.7 r are assigned 
to the C-5 protons. This is due to the coupling among 
themselves and with the neighboring proton at C-4. 
Part of the splitting pattern of the C-4 proton is over
lapped by the signals due to the C-2 proton and the 
methyl hydrogens. This is treated as an ABX-type11 
spectrum, and the values of the various coupling con
stants which can be deduced from these spectral fea
tures are summarized in Table II. The large coupling 
constant is expected for the interaction of axial
and equatorial protons on the same carbon atom.9 
The small J  value for the coupling of the equatorial 
proton on C-5 with the proton on C-4, and the corre
sponding large value for the coupling of the axial proton 
on C-5 with this same proton, show beyond a doubt 
that the proton on C-4 is in an axial orientation.

In summary, the n.m.r. spectra show no evidence 
for any important alterations in ring conformation 
due to the replacement of the ring oxygen of D-xylo- 
pyranose by sulfur. Furthermore, the spectra of 
methyl /3-D-thiaxylopyranoside are in accord with 
the Cl ring conformation.

Acknowledgment.—We are indebted to the Corn 
Industries Research Foundation for financial support 
of this work.

(11) J .  A . Pople, W . G . Schneider, and H . J .  Bernste in , “ H igh Resolution 
N uclear M agnetic Resonance,”  M cG raw -H ill Book C o ., In c ., New  Y o rk , 
N . Y „  1959, Chap . 6.
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T h e  d i p o l e  m o m e n t s  o f  l - m e t h y l - 2 - c y c l o p e n t a d i e n y l -  

i d e n e - l , 2 - d i h y d r o p y r i d i n e  ( I )  a n d  l - b e n z y l - 4 - c y c l o p e n t a -  

d i e n v l i d e n e - l , 4 - d i h y d r o p y r i d i n e  (II) a r e  o f  i n t e r e s t  b e 

c a u s e  o f  p o s s i b l e  l a r g e  c o n t r i b u t i o n s  o f  r e s o n a n c e  f o r m s  

w i t h  a  s e p a r a t i o n  o f  c h a r g e ,  l a  a n d  H a ,  w h i c h  w o u l d  

c a u s e  t h e s e  m o l e c u l e s  t o  h a v e  l a r g e  d i p o l e  m o m e n t s . 1 - 5

(1) D . N . K u rsan o v , M . E .  V o l’p in, and Z . N . Parnes, K h i m .  N a u k a  i  

P r o r a y ., 3 , 159-73(1958); C h e m .  A b s t r . ,  52, 20108i (1958).
(2) I .  F . H alve rstad t and W . D . K u m le r, J .  A m .  C h e m .  S o c . ,  64, 2988 

(1942).
(3) D . N . K u rsanov and N . K .  B aranetskaya , B u l l .  A c a d .  S c i .  U S S R ,  

341 (1958).
(4) G. V . Boyd , P r o c .  C h e m .  S o c . ,  263 (I9 6 0 ).
(5) J .  A . Berson, E .  M . E v le th , and Z . H am let, J. A m .  C h e m .  S o c . ,  82, 3793 

(1960).

The moment of compound I has not been reported and 
although that of II has been reported to be 9.7 D.,1 no 
experimental details were given. If the electronic 
polarization was calculated from atomic refraction con
stants, the reported moment would be high because of 
the likely exaltation in such a compound.

Results and Discussion
The results are given in Table I. Compound I was 

sufficiently soluble so solutions up to the usual concen
tration range of about 1% could be measured and in this 
range the ei2-<u)2 points still fell on a straight line giving 
no evidence of association. The PEl0 from the refrac
tive index of the solutions was about 22 units higher 
than the MRd value, indicating considerable exaltation 
as expected from this type of compound. The dipole 
moment of 5.20 ± 0.6 D. gives evidence of approxi
mately a 25% contribution from the forms with a sep
aration of charge la and Ila. This calculation was 
made without taking into account the small moment 
possessed by the normal forms I and II of the com
pound since the direction of this small moment is not 
known with regard to the resultant moment coming 
mainly from the contribution of the forms with a 
separation of charge.

Since the solubility of compound II was less than 10 mg. 
in 10 ml. of benzene, only very dilute solutions could 
be measured. The density of these solutions was indis
tinguishable from . that of benzene, but dielectric 
constant differences were significant. More concen-

T a b l e  I
D ip o l e  M o m e n t s  in  B e n z e n e  a t  25°  

1 -M e t h y l -2 -c y c l o p e n t a d ie n y l id e n e -1 ,2 -d ih y d r o p y r id in e

«2 02 02
0.0 2.2725 1.14025

.0021995 2.3156 1.13935

.0046113 2.3593 1.13830

.0074636 2.4168 1.13726

.0102930 2.4702 1.13636

.0127364 2.5301 1.13532
ei =  2.2702 a =  19.9269 vi =  1.14017
ß = -0.38057 Pm =  3.96391 Pi « =  623.205

P e„, =  69.70 from refractive index of solutions
MRd =  47.75

5.20 ±  0.06 D.

1 -B e n z y l -4 -( 'y c l o p e n t a d ie n y l id e n e -1 ,4 - d ih y d r o p y r i d i n e

0.0 2.2756 1.141947
.00012881 2.2792 1.141947
.00028457 2.2859 1.141947
.00058901 2.2975 1.141947

fl =  2.2750 «  =  37.9034 n 1.14195
8 =  0.0 p ,0 = 7.4455 Pea =  1736.97

P e20 =  108.57 from refractive index of solutions
MRd = 70.07

= 8.93 ±  0.18 D.
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trated solutions could be made in dioxane, but these 
were so hygroscopic that it was difficult to get meaning
ful measurements since in the instrument used some ex
posure of the solution to the air was unavoidable. 
The dipole moment of 8.9 ± 0.2 D. was obtained from 
the three most dilute solutions in benzene. These 
three points and the one for the solvent fell on a straight 
line, but the next point at o>2 = 0.00088499 fell con
siderably below the line and the next more concen
trated solution precipitated slightly and was still fur
ther off the line. It is evident that association begins 
beyond a concentration of about 6 mg. in 10 ml. in this 
case. The dipole moment calculated from the dioxane 
solutions came out 8.1 D., but this is probably not so 
accurate as the value from the benzene solutions. The 
value of 8.9 D. is smaller than the value of 6.7 D. ob
tained by the previous workers and this migh*, in part, 
be accounted for if they calculated the MRd value from 
tables. There is no doubt, however, that this molecule 
has a high moment. The value of 8.9 D. indicates that 
there is a contribution of about 27% from fcrms with 
a separation of charge, again no account being taken of 
the moment present in the normal form of the molecule.

This is about the same as the contribution of the forms 
with a separation of charge in compound I.

E x p e r im e n ta l

T h e  d ie le c t r ic  c o n s t a n t s  w e re  m e a s u r e d  u s in g  a  D ip o lm e te r  
M o d e l  D M  0 1 . T h e  d ip o le  m o m e n ts  w e re  c a lc u la te d  u s in g  th e  
m e th o d  a n d  e q u a t io n  o f  H a l v e r s t a d t  a n d  K u m l e r . 1 2 T h e  d io x a n e  
w a s  p u r if ie d  b y  re f lu x in g  w i th  a b o u t  o n e - h u n d r e d th  o f  i t s  v o lu m e  
o f  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  w i th  a n  e x i t  t u b e  f ro m  th e  
re f lu x  c o n d e n s e r  le a d in g  o u td o o r s ,  n e u t r a l i z in g  a n d  d r y in g  w i th  
s o lid  p o t a s s iu m  h y d r o x id e ,  r e f lu x in g  o v e r  s o d iu m , a n d  f r a c t i o n a l ly  
d i s t i l l in g  tw ic e  f ro m  s o d iu m  th r o u g h  a  3 0 - p la te  c o lu m n .

T h io p h e n e - f r e e  b e n z e n e  w a s  re f lu x e d  o v e r  s o d iu m  w ire  a n d  
th e n  f r a c t io n a l ly  d is t i l le d  f ro m  a  3 0 - p la te  c o lu m n .

C o m p o u n d  I , 6 o r a n g e  n e e d le s ,  h a d  m .p .  7 4 - 7 5 ° ;  c o m p o u n d
I I , 3.6 g 0 id e n  y e llo w  p l a t e s ,  d e c o m p o s e d  a b o v e  2 0 0 ° .  T h e  in 
f r a r e d  a n d  u l t r a v io le t - v i s ib le  s p e c t r a  o f th e s e  s u b s ta n c e s  w e re  
id e n t i c a l  w i th  th o s e  r e p o r t e d . 3’5’6

Acknowledgment.—The author wishes to thank Dr. 
Jerome Berson for suggesting the measurements be 
made and for supplying pure samples56 of the com
pounds, and Mr. Thomas Simpson, Jr., for programming 
the calculations on the 1620 IBM computer.

(G) J .  A. B erson  a n d  E . M . E v le th , C h e m . I n d .  (L o n d o n ), 1302 (1901).

C o m m u n i c a t i o n T O  T H E  E D I T O R

A Method of Synthesis of the Benzene Ring

Sir:
The introduction by Stork and co-workers in 1954' of 

a new and useful method for the alkylation of carbonyl 
compounds awakened interest in the chemistry of ena- 
mines. A recent interesting new reaction of enamines 
was cited by Brannock.2 He indicated that reaction 
with an acetylenecarboxylic acid ester interposes two 
carbon atoms between the a and ¡3 carbon of the

O

c h 3c c h = c c h 3 +

C O O C H a

c
ill
c
I

C O O C H a

1
CCH3

- C

C H ;

CH3CCH 
II
c —
I

C H 3 0 0 C  C O O C H a  
I

C O O C H a  
C O O C H a

(1) G. S to rk , A. B rizzo la ra , H . L a n d esm an , J .  S zm uskov icz, a n d  R . T e r
re ll, J .  A m .  C h e m .  S o c . ,  86, 207 (1963), a n d  p reced ing  p ap e rs .

(2) K . C. B ran n o c k , A b s tra c ts  of P ap e rs , 140th  N a tio n a l M e e tin g  ol th e
A m erican  C hem ica l S oc ie ty , Chicago* 111., S ep te m b er, 1961.

enamine. This reaction, which we had been studying3 
independently, is capable of interesting and useful 
variations. One of these leads to a new synthesis of 
the benzene ring under mild conditions. The addition 
of dimethyl acetylenedicarboxylate to 4-pyrrolidino-3- 
penten-2-one dissolved in tetrahydrofuran results in a 
spontaneous reaction (presumably via I) with a tem
perature rise to 90°. The reaction mixture is diluted 
with water and the solid recrystallized from methanol to 
give dimethyl-4-methyl-6-pyrrolidinophthalate in G0% 
yield, m.p. 83-85°. [Calcd. for C,6H19N 04: C, 64.96; 
H, 6.91; N, 5.20. Found: C, 65.25; H, 6.92 JSi,
5.20. Ultraviolet spectrum in ethanol: Amax 236 mg (e 
16,400), 274 (7,950), and 347 (3,300).] Its structure is 
demonstrated by the presence of two isolated aromatic 
protons at 6.94 5 and 6.62 8 with indications of meta 
splitting and a three proton singlet at 2.27 5 due to an 
aromatic methyl group (AGO, tetramethylsilane stand
ard, deuteriochloroform solvent).

(3) A p a p e r  w ith  M . M . R ob ison  a n d  L. D o rfm an  is in  p re p a ra tio n  on th e  
rea c tio n  of e n a m in es  (especia lly  of cyclic ke to n es) w ith  a c e ty le n eca rb o x y lic  
ac id  e s te rs  a n d  o th e r  d ienoph iles.

R e s e a r c h  D e p a r t m e n t  C h a r l e s  F . H u e b n e r

C I B A  P h a r m a c e u t i c a l  C o m p a n y  E l l e n  D o n o g h u e
D i v i s i o n  o f  C I B A  C o r p o r a t i o n  
S u m m i t , N e w  J e r s e y

R e c e i v e d  M a r c h  1 , 1963
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