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A convenient synthesis of DL-baikiain (DL-l,2,3,6-tetrahydro-2-pyridinecarboxylic acid, I) from cis-l,4-dichloro-2-butene 
and acetamidomalonic ester is described.

The presence of a levorotatory, unsaturated, 
secondary a-amino acid in the heartwood of 
Rhodesian teak (Baikiaea plurijuga) was first 
reported in 1950 by King, King, and Warwick.1 
Various experiments by these investigators es
tablished the structure of this substance, to which 
the name “baikiain” was given, as l( — )-l,2,3,6- 
tetrahydro-2-pyridinecarboxylic acid (I). Thus, 
on catalytic reduction it took up one mole of hy
drogen and furnished l( —)-pipecolic acid (II), 
while on ozonolysis it afforded V-carboxymethyl-L- 
aspartic acid (III). In addition, there was de
scribed a synthetic route to baikiain, which, be
cause of the exceedingly low yield in the last step, 
was admitted to be only partially successful and 
certainly of very limited preparative value.

TV V

Our interest in developing a flexible synthetic 
approach to the fully oxygenated unsaturated 
Senecio bases2 retronecine (IV) and heliotridine

(1) F. E. King, T. J. King, and A. J. Warwick, J. Chem. 
Soc., 3590 (1950); F. E. King and T. J. King, Chem. & Ind. 
{London), 489 (1953); cf. W. R. Carruthers and R. H. 
Farmer, Chem. & Ind. {London), 641 (1953).

(V) from the A4-dehydropipecolic acid structure
(I) prompted us to seek a more direct route to 
biakiain than that explored by King and co
workers. In this latter connection, Dobson and 
Raphael3 have recently published a synthesis of 
DL-baikiain somewhat related to our own, but 
which is much lengthier. These authors, by employ
ing an eight-step sequence starting from 1,4- 
dichloro-2-butyne, were able to prepare DL- 
baikiain in an over-all yield of about 8%.

The synthesis now reported utilizes the con
densation of m-l,4-dichloro-2-butene with the 
sodium salt of diethyl acetamidomalonate to 
furnish an intermediate (VI) capable of being 
converted to baikiain:

C02Et 
4 -C 0 2Et
1 + NaCl + HC1

-NAc 
VI

This approach finds analogy in the observation 
of Burckhalter and Stevens4 that the reaction of
o-xylylene dibromide with two molar equivalents 
of ethyl sodioacetamidocyanoacetate yields not 
only the diester VII (30%) but also the tetrahydro- 
isoquinoline derivative VIII (43%):

(2) For a recent review of the structure and stereochemis
try of the pyrrolizidine alkaloids, see F. L. Warren, Record 
Chem. Progr., 20, 13 (1959).

(3) N. A. Dobscn and R. A. Raphael, J. Chem. Soc., 
3642 (1958).

(4) J. H. Burckhalter and V. C. Stevens, J. Am. Chem. 
Soc., 73, 56 (1951).

Cl

Cl

Na^
GC(C02Et)2
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J3N
,CH2Q—C02Et 

NHAc 
CN

CHjC— COjEt 
VII NHAc

CN 
CO;Et

_-NAc
VIII

Initially, the use of cts-l,4-dibromo-2-butene in 
our alkylation studies was contemplated, but the 
extreme ease with which this substance is known 
to isomerize, thereby giving rise to trans olefinic 
products,5 6 foreshadowed difficulties with this choice. 
Consequently, it was not surprising that, in the 
mixture resulting from the hydrolysis and de
carboxylation of the material produced by the 
reaction of this dihalide with diethyl sodioacet- 
amidomalonate at 25-45° in benzene-dimethyl 
sulfoxide (15:1), merely trace amounts of baikiain 
could be detected. The major product appeared 
to be the dl or possibly the meso form4 of the trans 
diamino dicarboxylic acid IX, whose structure was 
confirmed by ozonolysis to m>aspartic acid. The 
trans configuration of the double bond in IX is 
assigned on the basis of the strong absorption at
10.3 |a in its infrared spectrum (absent in the 
spectrum of DL-baikiain).

H CH2CHC02H
\  /  I

C =C  NH.
/  \

h o 2c c h c h 2 h
I

n h 2
IX

In sharp contrast to the foregoing results, the 
alkylation of diethyl acetamidomalonate with 
cis-\ ,4-dichloro-2-butene under the same conditions 
proceeded as desired, without detectable isomeriza
tion of the double bond. As already indicated, this 
dihalide served to produce the cyclic diester VI, 
which was not isolated but was hydrolyzed di
rectly with base. The resulting product was then 
decarboxylated in hydrochloric acid solution to 
furnish, after appropriate concentration and extrac
tion, DL-baikiain hydrochloride, in 29% over-all 
yield from the dichlorobutene. Isolation of the 
free amino acid was accomplished by the action 
of silver carbonate on the hydrochloride.

Besides being identical with natural l ( — )-  
baikiain1 (I) in crystalline appearance, paper 
chromatographic behavior, and ninhydrin color 
test, our synthetic product was further charac
terized by hydrogenation to DL-pipecolic acid (II) 
and by ozonolysis leading to the trimethyl ester 
of iV-carboxymethyl-DL-aspartic acid (III). The 
identity of these products was confirmed by direct 
comparisons with authentic preparations. Infrared 
spectra of the V-benzoyl derivative of the synthetic 
baikiain and of the methyl ester of this derivative

(5) A. E. Blood and C. R. Noller, J. Orj. Chem., 22, 844 
(19571; see also ref. 10.

were indistinguishable from the respective spectra 
of the same compounds prepared from the natural 
material. However, the spectra of the synthetic and 
the natural amino acid (in Nujol or as potassium 
bromide pellets) showed considerable differences, 
as did those of the corresponding hydrochlorides.6

Studies to extend this work to the synthesis of 
the oxygenated pyrrolizidine bases present in the 
Senecio alkaloids are now in progress.

E X P E R IM E N T A L

Melting points were determined on a microscope hot 
stage calibrated against standard substances. Infrared 
spectra were taken on a Porkin-Elmer Infracord spectro
photometer. Analyses were performed by the Schwarzkopf 
Microanalytical Laboratory, Woodside 77, N. Y.

dl-Baikiain hyd-.ochbride. To a suspension of 7.2 g. (0.30 
mole) of sodium hydride in 250 ml. of dry benzene and 35 
ml. of dimethyl sulfoxide (Stepan Chemical Co.), a solution 
of 34.9 g. (0.16 mole) of diethyl acetamidomalonate (Win- 
throp Laboratories, 1450 Broadway, New York 18, N. Y.) 
in 200 ml. of dry benzene was added under nitrogen, with 
stirring, over a period of 1 hr. The reaction temperature was 
then raised to 50° and maintained at this temperature for 2 
hr. to complete the formation of the sodio derivative (cessa
tion of hydrogen evolution). With stirring continued, the 
mixture was then cooled to 25°, and 19.2 g. (0.15 mole) 
of cis-l,4-dichloro-2-butene7 in 25 ml. of dry benzene 
was added under nitrogen, over a period of 2 hr. After being 
stirred for 2.5 hr. at 25° and then for an additional 14 hr. 
at 45°, the reaction mixture was treated with 30 ml. of 
absolute ethanol to consume unchanged sodium hydride. 
The resulting suspension was filtered, and the insoluble 
solids were washed with an additional 100 ml. of alcohol. 
The solvents were then evaporated under aspirator vacuum 
on the steam bath, the residue mixed with 180 ml. of water 
containing 12 ml. of acetic acid, and the resulting mixture 
extracted with three 100-ml. portions of ether. Removal of 
the ether at reduced pressure from the combined extracts 
left an oily, tan-colored product which could not be made to 
crystallize. This was taken up in 40 ml. of ethanol, 100 ml. 
of 2.5N aqueous sodium hydroxide was added, and the solu
tion heated at reflux for 4 hr. under a nitrogen atmosphere. 
During this operation two phases slowly separated. The 
mixture was then cooled in an ice bath, while 50 ml. of 
cone, hydrochloric acid was added, with shaking (gas 
evolution). The resulting solution was refluxed for 0.5 hr. 
(darkening of color) and then evaporated to dryness in 
vacuo on the steam bath. The residual solids, which gave a 
yellow color with ninhydrin test solution, were then ex
tracted with two 200-ml. portions of refluxing absolute 
ethanol, each for 0.25 hr., and filtered while hot. Concentra
tion and cooling of the combined, dark-colored ethanolic 
extracts furnished 7.1 g. (29% over-all yield) of ni^baikiain 
hydrochloride as glistening, white prisms, m.p. 255-261° 
(dec.). Purification by crystallization from methanol-ethyl 
acetate afforded 6.9 g. of colorless product, m.p. 262-264° 
(dec.) (rapid heating) (lit.3 264°, dec.).

Anal. Calcd. for C6H90 2N-HC1 (163.61): C, 44.05; H, 
6.16; N, 8.56; Cl, 21.67. Found: C, 44.31; H, 6.32; N, 8.69; 
Cl, 21.44.

An ascending paper chromatogram of this product with 
phenol-water as the mobile phase gave a yellow-brown

(6) In private correspondence with us Professor Raphael 
has indicated that the identity of the potassium bromide 
infrared spectra mentioned in ref. 3 actually referred only 
to the V-benzoyl derivatives.

(7) L. H. Amundsen, R. H. Mayer, L. S. Pitts, and L. A. 
Malentacchi, J. Am. Chem. Soc., 73 , 2118 (1951).



A PR IL  1960 A DIRECT SY N TH ESIS OF D L-B A IK IA IN 491

ninhydrin spot with an R /  value of 0.85, identical in posi
tion, shape, and color with that produced by l( — )-baik- 
iain.1’8 The infrared spectrum of the synthetic product in 
Nujol or as a potassium bromide pellet differed significantly 
from the published spectrum8 of the optically active com
pound.

d l -Baikiain (I). Treatment of 300 mg. of the above hydro
chloride with 350 mg. of silver carbonate in 5 ml. of water, 
with stirring, for 10 min., folio-wed by filtration of the mix
ture, evaporation of the solvent, and recrystallization of the 
residue from methanol-acetone, provided 210 mg. (90% 
yield) of DL-baikiain as small, elongated prisms, m.p. 251- 
254° (dec.) (lit.3 273-274° dec,.).

Anal. Calcd. for C6H90 3N (127.14): C, 56.68; H, 7.14; N, 
11.02. Found: C, 56.54; H, 7.33; X, 10.77.

A mixed melting point of this substance with natural 
l( — J-baikiain,1 m.p. 270-273° (dec.), was 255-261° (dec.). 
The paper chromatographic behavior was identical with that 
of l( — )-baikiain. Nujol and potassium bromide pellet 
infrared spectra showed a number of similarities but were 
quite different from those of the natural material.6

X-Benzoyl-i>L-baikiain. The procedure described by King, 
el al.,1 for the preparation of the .Y-benzoyl derivative of 
l ( — )-baikiain was followed. The crude product, obtained 
in 80% yield, recrystallized from water to form irregular, 
flattened needles, m.p. 172-173° (lit.3 179-180°).

Anal. Calcd. for C13HI30 3X (231.24): C, 67.52; H, 5.67; 
X, 0.06. Found: C, 67.63; H, 5.89; X, 5.85.

The infrared spectrum of this substance in chloroform 
solution or as a potassium bromide pellet3 w'as identical 
with that of ,V-benzoyl-L( — )-baikiain. The spectra of the 
respective methyl esters (diazomethane) in carbon disulfide 
or chloroform solution were likewise indistinguishable.

dl-Baikiain hydrochloride methyl ester. This derivative was 
obtained in 85% yield from DL-baikiain hydrochloride by 
the procedure of King, et al.,1 for the preparation of l (  — ) -  
baikiain hydrochloride methyl ester. I t crystallized from 
ethanol-acetone as fine prisms, m.p. 183-184°.

Anal. Calcd. for C,H„02X-HC1 (177.58): C, 47.34; H, 
6.76; X, 7.89; Cl, 19.97. Found: C, 47.13; H, 6.82; N, 7.75; 
Cl, 19.69.

Hydrogenation experiments. A. The reduction of 100 mg. 
(0.61 mmole) of DL-baikiain hydrochloride over Adams’ 
catalyst according to the procedure of King, et al.,1 for the 
hydrogenation of l ( — )-baikiain hydrochloride, resulted in 
the uptake of 14.7 ml. of hydrogen in 10 min. at 25° and 745 
mm. (theory 15.3 ml.). Separation of the catalyst, evapora
tion of the solvent, and recrystallization of the residue from 
ethanol-benzene gave DL-pipecolic acid hydrochloride, m.p. 
257-260°, undepressed on admixture with an authentic 
sample, m.p. 259-261°, prepared by hydrogenation of 
picolinic acid hydrochloride.9 Ascending paper strip chro
matograms (phenol-water) of both samples gave identical 
deep violet ninhydrin spots with an R ;  value of 0.87 (lit.8 
0.895).

B. A solution of 0.2312 g. (1.0 mmole) of X-benzoyl-DL- 
baikiain in 15 ml. of ethanol was mixed with 0.1 g. of 10% 
palladium-charcoal (Adams’ platinum catalyst1 led to over
reduction) and shaken under hydrogen at 25° and 747 mm. 
The reduction was complete in 25 min., with an uptake of
22.8 ml. of hydrogen (theory 24.9 ml.). After filtration and 
concentration of the solution, colorless prisms, crystallizing 
as a solvate from benzene-petroleum ether (b.p. 40-60°), 
were obtained. After being dried at 100° these melted at
125.5-127°, undepressed on admixture with an authentic 
sample of X-benzoyl-DL-pipecolic acid, m.p. 126-127° (lit.9 
126-127°), prepared by benzoylation9 of DL-pipecolic acid.

Trimethyl N-carboxymethyl-Oh-aspartate. The procedure 
and scale recorded by King, et al.,1 for the preparation of the

(8) R. M. Zacharius, J. F. Thompson, and F. C. Steward, 
J. Am. Chem. Soc., 76, 2908 (1954).

(9) C. M. Stevens and P. B. Ellman, J . Biol. Chem., 182,
75 (1950).

l form of this substance were employed. From 1.8 g. of 
methyl brom oacetate and 3.8 g. of dimethyl DL-aspartate, 
a colorless crude product was obtained which, after work
up, afforded 2.1 g. (76%, yield from the bromoacetate) of 
the trim ethyl ester of X-carboxymethyl-DL-aspartic acid
(III) as an oily liquid, b.p. 124° (0.06 mm.), n 2D3 1.4498 
[L-ester1 b.p. 120° (bath) (0.1 mm.)].

Anal. Calcd. for C9Hi50 6X (233.22): C, 46.35; H, 6.48; 
X, 6.01. Found: C, 46.56; H, 6.45; N, 6.31.

The picrate was prepared in ethanol and recrystallized 
from ethanol-ether to give clusters of light yellow needles, 
m.p. 137-138° (L-picrate1 m.p. 137°).

Anal. Calcd. for CsHisOsN-CeHsCbNs (462.33): C, 38.97; 
H, 3.92; X, 12.12. Found: C, 39.02; H, 4.15; X, 12.32.

The picrolonate crystallized from ether containing a 
small amount of ethanol as deep yellow hexagonal prisms, 
m.p. 126-127° (L-picrolonate1 m.p. 182°).

Anal. Calcd. for C9Hia06N4-Cu)II80 5N4 (497.42): C, 45.87; 
H, 4.66; X, 14.08. Found: C, 45.92; H, 4.94; X, 14.36.

Ozonolysis of oiAtaikiain hydrochloride. The procedure 
described by King, et al.,1 for the ozonolysis of l (  — ) -  
baikiain hydrochloride was employed on one-half scale, 
esentially without change. After esterification of the ozoniza- 
tion product with methanol there was obtained 270 mg. of a 
redistilled, pale yellow oil, b.p. 120-125° (0.1 mm.). Its 
infrared spectrum was practically identical with that of 
authentic trimethyl JV-earboxymethyl-DL-aspartate de
scribed above. The picrate deposited from ethanol-ether as 
light yellow needles, m.p. 137-138°, undepressed on admix
ture with the foregoing authentic preparation. The 
picrolonate crystallized from the same solvent pair as deep 
yellow hexagonal prisms, m.p. 126-127°, likewise unde
pressed on admixture with the authentic sample noted 
above.

trans-2,7-Diamino-4-odenedioic acid (IX). The already- 
presented description of the preparation of DL-baikiain 
hydrochloride evas duplicated on the same scale, save that 
m-l,4-dibromo-2-fcutene10 10 was used in place of the dichloro 
derivative. The crude hydrolysis-decarboxylation product 
gave a strong blue-violet ninhydrin color test and had an 
R f  value of 0.35 when chromatographed on paper with 
phenol-water. Baikiain (yellow spot with an R f  of 0.85) 
was also detected on the chromatogram. Purification by 
extraction with hot alcohol from the inorganic contaminants 
wras only partially successful. Ion exchange chromatography, 
however, did facilitate the isolation. Absorption of 2.0 g. 
of the crude hydrochloride (total yield 4.5 g.) on a ŵ ell 
washed column of Dowex-50 (20 X 300 mm.), followed by 
washing with water until sodium chloride was no longer 
eluted, and then elution with 1.2 1. of 3Ar hydrochloric acid, 
afforded, after concentration of the amino acid fraction 
(last 850 ml.), 1.2 g. of the colorless bis (?) hydrochloride 
of the dl or meso form of irare.s-2,7-diamino-4-oetenedioic 
acid (IX), which crystallized from methanol-water as small, 
flattened needles, m.p. ca. 235-240° (dec.). Attempted 
purification by repeated recrvstallization from hot methanol- 
acetone resulted in extensive loss of hydrogen chloride, 
leading finally to the free amino acid, which deposited as fine, 
difficultly-soluble granules, m.p. 355-360° (dec.) (darkening 
at 320°). The analysis appeared to indicate that partial 
dehydration had also occurred.

Anal. Calcd. for CsIhAhX, (202.21): C, 47.52; H, 6.98; 
N, 13.86. Found: C, 48.35; H, 7.32; N, 14.35; Cl, nil.

The infrared spectrum (Xujol) of this product indicated 
the presence of a iraas-l,2-disubstituted olefinie linkage 
(strong band at 10.3 y). Ozonolysis of a 2.0-g. sample of a 
partially purified sample of the hydrochloride, followed by 
esterification of the ozonization product with methanol, as 
in the degradation of baikiain,1 furnished 0.8 g. of a colorless 
liquid, b.p. 85-90° (0.1 mm.), re2D3 1.4425. The infrared spec
trum of this material indicated it to be substantially identical 
with dimethyl DL-aspartate, an authentic sample of which

(10) A. Vallette, Ann. chim., (12) 3, 644 (1948).
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was found to have b.p. 85-90° (0.1 mm.) and ra1 2 3 4 5 6,,3 1.4420. 
Passage of anhydrous hydrogen chloride into an ether solu
tion of this ester deposited the h yd ro ch lo rid e  of d im e th y l  dl- 
a sp a r la le , which crystallized from ethanol-ethyl acetate as 
slightly hygroscopic, colorless, hard prism clusters, m.p. 
115-116.5°, undepressed on admixture with an authentic 
specimen prepared from DL-aspartic acid.

A n a l . Calcd. for CeHuChNHCI (197.63): C, 36.46; H, 
6.12; N, 7.09. Found: C, 36.67; H. 6.17; N, 7.10.
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a - O x i m i n o k e t o n e s .  V . T h e  S y n t h e s i s  o f  5 - C y a n o - 2 - o x i m i n o v a l e r i c  

A c i d  a n d  dl- L y s i n e  f r o m  2 , 6 - D i o x i m i n o c y c l o h e x a n o n e 1

ARTHUR F. FERRIS, GRANNIS S. JOHXSON,2 FRANCIS E. GOULD, and HAROLD K. LATOURETTE

R ece ived  S e p te m b e r  J, 195 9

A n e w  th r e e - s te p  s y n th e s is  w h ic h  g iv e s  D L -ly sin e  m o n o h y d r o c h lo r id e  in  2 0 %  o v e ra l l  y ie ld  f ro m  c y c lo h e x a n o n e  h a s  b e e n  
d e v e lo p e d . T h e  r e a c t io n  s e q u e n c e  i s : ( 1 )  c o n v e r s io n  o f  c y c lo h e x a n o n e  to  2 ,6 - d io x im in o c y c lo h e x a n o n e  b y  th e  a c t io n  o f m e th y l  
n i t r i t e ,  ( 2 )  p a r t i a l  c le a v a g e  o f 2 ,6 -d io x im in o c y c lo h e x a n o n e  to  5 -c y a n o -2 -o x im in o v a le r ic  a c id  b y  t h e  a c t io n  o f  a c y l a t i n g  a g e n t  
a n d  a q u e o u s  b a s e , a n d  (3 )  r e d u c t io n  o f  5 -c y a n o -2 -o x im in o v a le r ic  a c id  t o  D L -lysine b y  c a ta ly t i c  h y d r o g e n a t io n .

The importance of L-lysine as an essential amino 
acid in the diet of man and some higher animals 
and its relative scarcity in most of the common 
cereal proteins have led to many attempts to pre
pare this amino acid synthetically. Perhaps the 
largest number of published syntheses have pro
ceeded from e-caprolactam (most commonly pre
pared by Beckmann rearrangement of cyclohex
anone oxime).3 Other favorite starting materials 
have been malonic ester4-6 or its derivative, acet- 
amidomalonic ester.7’8 Several elegant syntheses 
have been based on oxygen-containing hetero
cyclic materials such as acrolein dimer (3,4-dihydro- 
211 -pyran-2-carboxaldehyde)9 10 * * or furfural.10-12

(1) A preliminary account of this and the next two papers 
in this series was published in C h em . &  I n d .  [ L o n d o n ) , 996
(1959).

(2) Present address: General Aniline and Film Co., Lin
den, N. J.

(3) R. J. Wineman, E. T. Hsu, and C. E. Anagnosto- 
poulos, J .  A m .  C h em . S o c ., 80, 6233 (1958); W. C. Francis, 
J. R. Thornton, J. C. Werner, and T. R. Hopkins, J .  A m .  
C h em . S o c ., 80, 6238 (1958). Previous work is summarized 
in these papers.

(4) E. Fischer and F. Weigert, B e r ., 35, 3772 (1902).
(5) H. Borsook, C. L. Deasy, A. J. Haagen-Smit, G. 

Keighley, and P. H. Lowy, J .  B io l . C h e m ., 176, 1383 (1948).
(6) P. Olynyk, D. B. Camp, A. M. Griffith, S. Woislowski, 

and R. W. Helmkamp, J .  O rg. C h e m ., 13, 465 (1948).
(7) M. Servigne and E. Szarvasi, C o m p t. r e n d ., 238, 

1595(1954).
(8) D. T. Warner and O. A. Moe, J .  A m .  C h em . S o c ., 70, 

2763,3918(1940).
(9) R. R. Whetstone and S. A. Ballard, J .  A m .  C hem . 

S o c ., 73,5280(1951).
(10) A. O. Rogers, R. D. Emmick, L. W. Tvran, L. B.

Phillips, A. A. Levine, and N. D. Scott, J .  A m .  C h em . S o c .,
71,1837(1949).

The need for a better method of preparing DL- 
lysine than any of those described has led to an 
extended effort in this laboratory to realize the 
deceptively simple three-step synthesis shown in 
equation form below:

Acylating
Agent

---------->
Base

II
HON

NC(CH2),è—co2h - - DL-Lysine
(H) I I I

This research is described in this and the next two 
papers of this series.

The preparation of 2,6-dioximinocyclohexanone 
(Step I) was described first by Borsche13 and has 
been studied more recently by Treibs and co
workers.14 The reduction of the ethyl ester of 5- 
cyano-2-oximinovaleric acid has been carried out 
successfully,4-6 so that it seemed logical to believe 
that step III could be made to succeed. The critical 
step thus appeared to be II, which may be de
scribed as a partial “second order” Beckmann rear
rangement, wherein it was desired to bring about 
rearrangement at one oxime group but not at the

(11) R. Gaudry, C a n . J .  R esea rch , 26B, 387 (1948).
(12) H. Conroy, U. S. Patents 2,786,848 and 2,786,850, 

March 26, 1957; H. Conroy and W. J. Paleveda, U. S. 
Patent 2,786,849, March 26, 1957.

(13) W. Borsche, W a lla c h  F e s t., 301 (1909); C h em . 
A b s tr . , 5,883(1911).

(14) A. Treibs and D. Dinelli, A n n . ,  517, 152 (1935); A. 
Treibs and A. Kuhn, C h em . B e r ., 90, 1691 (1957).



A PR IL  1 9 6 0 a-O X IM IN O K E TO X E S. V 4 9 3

other. Although the second order Beckmann rear
rangement is well enough known to be discussed 
in several general references15 16̂17 and to have been 
the subject of at least one careful study,18 no record 
was found of any attempt to carry out the reaction 
only once in a system capable of reacting twice. 
The fact that the intermediate a-oximino acid 
should react further to give a nitrile, carbon dioxide, 
and water under acylating conditions is well 
documented.19 In addition, at the time that this 
work was undertaken, it wras not completely 
certain that aliphatic and cycloaliphatic a-oximino 
ketones existed completely in the anti form, an 
essential feature of the proposed synthesis.18 
However, the work of Taylor20 on the metal com
plexes of a-oximino ketones made it appear reason
able to assume before experiments were undertaken 
that 2,6-dioximinocyclohexanone existed in the 
anti form.

As expected, step I of the synthesis presented 
no serious problems. The treatment of cyclohex
anone with methyl nitrite in the presence of hydro
chloric acid, a modification21 of the Borsche13 
synthesis, gave 2,6-dioximinocyclohexanone con
sistently in about 75% yield.

Before serious study of step II was undertaken, 
preliminary experiments were carried out to estab
lish with certainty the configuration of 2,6-dioxim
inocyclohexanone. 2-Oximinocyclohexanone was 
prepared from 2-carbethoxycyclohexanone22 by 
the method of Geissman and Schlatter,23 and it 
was subjected to the second order Beckmann rear
rangement. The action of benzenesulfonyl chloride 
and aqueous base gave a 71% yield of 5-cyano- 
valeric acid, identified by hydrolysis to adipic 
acid. Very recently Murakami and Tokura24 * 
have shown that 2-oximino-l-tetralone is cleaved 
by thionyl chloride in liquid sulfur dioxide to o- 
(2-cyanoethyl)benzoic acid, but unfortunately the 
results of their work had not been published 
at the time that our preliminary experiments were 
carried out. In a second experiment, 2,6-dioximino
cyclohexanone was treated with three equiva

(15) A. H. Blatt, Chem. Revs., 12, 218 (1933).
(16) V. Migrdichian, Org. Synthesis, Vol. 1, Reinhold 

Publishing Corp., New York, 1957, p. 376.
(17) E. F. Degering, An Outline of Organic Nitrogen Com

pounds, University Lithoprinters, Ypsilanti, Mich., 1950, 
p. 184.

(18) A. H. Blatt and R. P. Barnes, J. Am. Chem. Soc., 
56,1148(1934).

(19) R. E. Wagner and H. D. Zook, Synthetic Organic 
Chemistry, J. Wiley and Sons, Inc., New York, 1953, p. 598.

(20) T. W. J. Taylor and E. K. Ewbank, J. Chem. Soc., 
2818 (1926); T. W. J. Taylor, J. Chem. Soc., 2018 (1931).

(21) O. Touster, Org. Reactions, 7, 351 (1953).
(22) H. R. Snyder, L. A. Brooks, and S. H. Shapiro, 

Org. Syntheses, Coll. Vol. II, 531 (1943).
(23) T. A. Geissman and M. J. Schlatter, J. Org. Chem., 

11,771 (1946).
(24) D. Murakami and N. Tokura, Bull. Chem. Soc.

Japan, 31, 1044 (1958). We are indebted to Dr. Tokura for
sending us a copy of this publication.

lents of benzenesulfonyl chloride and base, and a 
50% yield of glutaronitrile was obtained. (Borsche28 
tentatively identified glutaronitrile as one of the 
products obtained by the action of base on 2,6- 
dibenzoyloximinocyclohexanone.) The fact that 
these reactions all give nitriles and not isonitriles18 
indicated that 2,6-dioximinocyclohexanone and 
the other cyclic a-oximino ketones possess the 
desired anti configuration. This left little doubt that 
the proposed synthesis was feasible, and the key 
problem then became the question of stopping the 
rearrangement at the desired intermediate point.

Two major lines of approach to the problem of 
partial rearrangement were taken: The first con
sisted of attempting to induce a chemical difference 
between the two cximino groups so that one would 
react and the other would not; the second consisted 
of using a deficiency of acylating agent in the rear
rangement, accepting the necessity of recovering 
and recycling a considerable amount of starting 
material, and hoping thus to save a considerable 
portion of the intermediate 5-cyano-2-oximino- 
valeric acid from attack. All attempts to use the 
first approach failed. Although simple a-oximino 
ketones can be alkylated easily,26 only tars were 
obtained in experiments designed to produce mono
alkyl derivatives of 2,6-dioximinocyclohexanone. 
Tarry products were obtained likewise in efforts to 
reduce the dioxime to 2-amino-6-oximinocyclo- 
hexanone or derivatives thereof.

The second approach proved to be more fruitful. 
When 2,6-dioximinocyclohexanone was dissolved 
in aqueous base and treated with a deficiency of 
acylating agent, 5-cyano-2-oximinovaleric acid 
was formed. The most difficult problem in con
nection with this step was that of finding a method 
of isolation for the very water soluble product. 
The first successful method of isolation was based 
on the observation of Aymaretto27 that complexes 
of a-oximino acids with copper, nickel, or cobalt 
ions were soluble in base but insoluble in dilute 
acids. Thus, in working up the reaction mixtures 
from the partial rearrangement (or, probably better, 
partial cleavage28) the solutions were acidified, the 
unchanged 2,6-dioximinocyclohexanone which pre
cipitated was removed by filtration, and a solution 
of nickel sulfate was added to precipitate the nickel 
complex of 5-cyano-2-oximinovaleric acid. Some 
acylating agents were considerably more effective 
in the partial cleavage reaction than others, the 
best being acetic anhydride, which gave yields of 
nickel complex as high as 68% (based on 2,6- 
dioximinocyclohexanone not recovered). The best 
yield obtained with benzenesulfonyl chloride was 
only 35%, and with phosphorus oxychloride 15%. 
Free 5-cyano-2-oximinovaleric acid was obtained

(25) Ref. 13, p. 305.
(26) A. F. Ferris, J. Org. Chem., 24, 1726 (1959).
(27) M. Avmaretro, Gazz. chim. Hal., 57, 648 (1927).
(28) A. F. Ferris, J. Org. Chem., 25, 12 (I960).
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from the nickel complex by treating a solution of the 
complex in aqueous base with dimethylglyoxime, 
removing the precipitated nickel dinethylglyoxime 
by filtration, evaporating the filtrate under re
duced pressure, treating the residue with ethanolic 
hydrochloric acid, removing sodium chloride by 
filtration, evaporating the filtrate, and recrystal
lizing the crude acid from chloroform. The yield of 
pure 5-cyano-2-oximinovaleric acid obtained by 
this technique was 57% based on nickel complex; 
hence, the overall yield based on 2,6-dioximino- 
cyclohexanone was 38%.

The yield of step II was improved considerably 
by the development of better techniques of isola
tion. The best method was ba^ed on saturating the 
acidified reaction mixture with an inorganic salt 
and then extracting with a normally water soluble 
solvent. When isopropanol was used as the solvent 
the crude extract contained some inorganic salt 
and had to be purified further by extraction with 
ether. Pure 5-cyano-2-oximinovaleric acid was 
precipitated from the ether solution by the addi
tion of hexane or chloroform. The yield of partial 
cleavage product from 2,6-dioximinocyclohexanone 
was 62% with this recovery system. A similar 
system based on ethyl acetate as the extracting 
solvent gave a somewhat poorer yield, 53%.

In view of the report6 that catalytic hydrogena
tion of ethyl 5-cyano-2-oximinovalerate to d l -  
lysine proceeds readily, serious difficulty had not 
been anticipated in step III of the proposed syn
thesis. In actual fact, however, finding a combi
nation of catalyst and solvent which would bring 
about the hydrogenation of 5-cyano-2-oximino- 
valeric acid to lysine proved very difficult. As 
had been anticipated, acetic anhydride, the solvent 
used6 in the reduction of the ethyl ester, could not 
be used because it rearranged the acid to glutaro- 
nitrile, carbon dioxide being evolved. A number of 
other catalyst-solvent systems commonly used in 
the hydrogenation of nitriles and/or oximes29’30 
were tried without success, including platinum and 
palladium-on-charcoal in ethanolic hydrochloric 
acid, and Raney nickel and precious metal catalysts 
in ethanolic ammonia. The nickel complex of 5- 
cyano-2-oximinovaleric acid was found to be soluble 
in ethanolic ammonia, and attempts were made to 
hydrogenate it in the presence of a variety of cata
lysts, all without success. In most of these failures 
hydrogen was taken up—in many instances the 
theoretical amount—but in no case was the 
product lysine. Although the nature of the prod
ucts was not investigated, it seemed probable that 
the failures could be attributed to the condensation 
reactions leading to secondary amines which are 
well known complications29’30 in many reductions 
of nitriles to primary amines.

(29) H. Adkins and R. L. Shriner in H. Gilman, Organic 
Chemistry, Vol. I, 2nd Ed., John Wiley and Sons, Inc., New 
York, 1943, p. 809.

(30) Ref. 19, p.658.

It was ultimately found that the combination of 
platinum (from in situ reduction of platinum oxide) 
as catalyst and acetic acid as solvent led to uptake 
of the theoretical amount of hydrogen and to 
isolation of lysine as the monohydrochloride upon 
treating the reaction mixture with hydrochloric 
acid. The classic technique of Eck and Marvel31 
was used in the isolation of the DL-lysine mono
hydrochloride. A study of the reduction ulti
mately raised the yield of DL-lysine monohydro
chloride to 43%. At this point in the development, 
of the new lysine synthesis, the overall yield of 
lysine from cyclohexanone was 20%.

Since the hydrogenation of the ethyl ester of
5-cyano-2-oximinovaleric acid had been reported6 
to proceed in much better yield (73%) than that 
obtained in this study with the acid, conversion of 
the acid to the ester followed by hydrogenation of 
the ester seemed to offer an opportunity to improve 
the over-all yield of the process. Because of the 
ease with which the acid is decomposed in acidic 
media, conventional esterification techniques could 
not be used. However, by adding a little thionyl 
chloride to a solution of the acid in ethanol and 
allowing the mixture to stand at room temperature 
for a few days,32 ethyl 5-cyano-2-oximinovalerate 
was prepared in 61% yield. When hydrogenated in 
acetic anhydride in the presence of platinum this 
material was reduced, and DL-lysine monohydro
chloride was obtained upon hydrolysis of the re
action mixture with hydrochloric acid. However, 
even in an extended series of experiments it was 
never possible to duplicate the reported yield of 
73%.6 A number of variations involving changes in 
amount of solvent and catalyst gave yields con
sistently in the range of 50-57%. Thus, by proceed
ing through the ester the yield of lysine from 5- 
cyano-2-oximinovaleric acid was 35%, and over
all from cyclohexanone, 16%. The route involving 
hydrogenation of the acid is to be preferred, since 
it gave a better over-all yield of lysine in fewer steps.

E X PER IM EN TA L33’34

2,6-Dioximinocyclohexanone. To a solution of 491 g. (5.00 
moles) of cyclohexanone in 2500 ml. of ether was added 100 
ml. of concentrated hydrochloric acid. The solution was 
cooled to 10°, and nitrogen was passed slowly through it for
10-15 min. Then, with nitrogen flow continuing, methyl 
nitrite was passed in slowly from an external generator. The 
methyl nitrite was generated by adding a solution of 320 ml. 
(5.75 moles) of concentrated sulfuric acid in 575 ini. of water 
dropwise to a mixture of 845 g. (11.25 moles) of sodium 
nitrite, 400 g. (12.50 moles) of methanol, and 750 ml. of 
water. The temperature was maintained at 5-15° by ex

(31) J. C. Eck and C. S. Marvel, Org. Syntheses, Coll. 
Vol. II, 374(1943).

(32) K. Freudenberg and W. Jakob, Ber., 74, 1001 (1941).
(33) All melting points are uncorrected.
(34) Most of the microanalyses were carried out by the 

Schwarzkopf Microanalytical Laboratory, Woorlside, N. Y.
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ternal cooling while the methyl nitrite was passed in over 
about 5 hr. A yellow solid precipitated as the reaction pro
ceeded. When all the methyl nitrite had been added the 
cooling bath was removed, and the mixture was allowed to 
warm to about 25°. Any tendenc3r for the temperature to 
rise above this point, was controlled by intermittent cooling. 
After 3 hr. at 25° the Ivydroehloric acid was neutralized by 
the addition of 100 ml. of pyridine. (If the product was to 
lie used within a few days for the next step of the reaction, 
neutralization was not necessary.} The yellow solid product 
was recovered by suction filtration, and was washed on the 
filter with 500 ml. of acetone. It was sucked as dry as possible, 
and then was dried further in a vacuum desiccator. There 
was obtained 012 g. (78%) of yellowish brown 2,6-dioximino- 
cyclohexanone, pure enough for use in the next step of the 
reaction. For an analytical sample, a portion of the crude 
product was recrystallized four times from 2:1 methanol- 
water. The final product was a mass of fine .yellow needles 
which showed no definite melting point, but charred slowly 
in the range of 160-200° when heated in a capillary.

Anal. Calcd. for C6H80 3N2: C, 46.15; H, 5.16;'N, 17.95. 
Found: C, 46.22; H, 5.17; N, 17.77.

S-Cyano-S-oximinovaleric acid. To a solution of 200 g. 
(5.0 moles) of sodium hydroxide in 2000 ml. of water was 
added 156.1 g. (1.0 mole) of 2,6-dioximinocj'clohexanone. 
The temperature was held at 20-25° while the oxime dis
solved to give an orange-brown solution. With vigorous 
stirring 51.1 g. (0.5 mole) of acetic anhydride was added 
over 30 min., the temperature being held at 20-30°. After 
stirring for 1 hr., a solution of 150 ml. of concentrated sul
furic acid in 150 ml. of water was added slowly, the temper
ature being held at 20-25°. Unchanged 2,6-dioximinocyclo- 
he.xanone precipitated and was recovered by filtration, 
washed with two 100-ml. portions of water, and dried. Re
covered 2,6-dioximinoc}mlohexanone amounted to 88.5 g. 
The filtrate, amounting to 2530 ml., was saturated with 
sodium sulfate and extracted once with 1000 ml. of isopro
panol and once with 500 ml. The combined isopropanol 
solution was concentrated in vacuo at 50° to a slurry. The 
slurry was extracted with four 400-ml. portions of ether, 
the ether solution was dried, and the ether was evaporated 
at reduced pressure. There was obtained 42.0 g. of 5-cyano- 
2-oximinovaleric acid, m.p. 105° dec., a 54% yield based 
on acetic anhydride and a 62% yield based on 2,6-dioximino- 
eyclohexanone not recovered. A portion of this material was 
recrystallized by being taken up in hot ethyl acetate (5 ml./ 
g. solid) and precipitated by addition of two volumes of a 
3:1 hexane-chloroform mixture. The recrystallized acid 
melted at 109-110° dec.

Anal. Calcd. for C6H80 3N2: C, 46.15; H, 5.16; N, 17.95; 
neut. equiv., 156.1. Found: C, 46.44; H, 4.92; N, 17.94; 
neut. equiv., 155.1.

Ethyl ■5-cyano-S-oximinovalerate. To a solution of 31.0 g. 
(0.20 mole) of 5-cyano-2-oximinovaleric acid in 400 ml. of 
absolute ethanol was added 5.5 g. (0.046 mole) of thionyl 
chloride. The mixture was allowed to stand at room tem
perature. Each day a 1 ml. aliquot was removed, diluted 
with water, and titrated with 0.1 Ar sodium hydroxide. When 
the acidity remained constant (9 days) the ethanol was re
moved by distillation at reduced pressure at 40-50°. The 
solid residue was recrystallized twice from carbon tetra

chloride to give 20.0 g. (61%) of pure ethyl 5-cyano-2-oxi- 
minovalerate, m.p. 74-75°, (lit.,4 m.p. 74°).

Reduction of 5-eyano-S-oximmovaleric acid. In a solution 
of 7.8 g. (0.10 mole) of 5-cyano-2-oximinovaleric acid in 100 
ml. of glacial acetic acid was suspended 0.6 g. of platinum 
oxide (Adams’ catalyst), and the mixture was shaken at 
room temperature with hydrogen at 50 p.s.i. After 8 hr. the 
theoretical amount of hydrogen had been taken up. The 
catalyst was filtered from the reaction mixture, and the 
acetic acid was evaporated under reduced pressure at 40-50°. 
The residue was treated with 25 ml. of concentrated hydro
chloric acid, and the excess was evaporated under reduced 
pressure. This treatment was repeated, and after evapora
tion to dryness there remained 7.9 g. of solid. This was taken 
up in 100 ml. of boiling 95% ethanol, and a solution of 10 ml. 
of pyridine in 10 ml. of 95% ethanol was added. A white 
solid separated slowly. After several days standing the solid 
was recovered by filtration and dried. It amounted to 3.9 g. 
(43%) of DL-lysme monohydrochloride, m.p. 258-262°. 
The infrared spectrum of this product was identical with 
that of an authentic sample of DL-lysine monohydro
chloride.

Reduction of ethyl 5-cyano-S-oximinovalerate. In a solution 
of 36.8 g. (0.20 mole) of ethyl 5-cyano-2-oximinovalerate in 
200 ml. of acetic anhydride was suspended 3.0 g. of platinum 
oxide, and the mixture was shaken at room temperature 
with hydrogen at 50 p.s.i. In about 8 hr. the theoretical 
amount of hydrogen was taken up. The catalyst was filtered 
from the reaction mixture and washed with 25 ml. of acetic 
anhydride. The filtrate was heated with 300 ml. of water at 
50°, and the mixture was stirred until it became homo
geneous. Then 450 ml. of concentrated hydrochloric acid 
was added, and the resulting solution was heated under 
reflux for 16 hr. The water and hydrochloric acid were 
evaporated at reduced pressure at 50-60°. The resulting 
sirup was treated twice with 100-ml. portions of concentrated 
hydrochloric acid evaporating to a sirup after each treat
ment. The final sirup was dissolved in 200 ml. of boiling 95% 
ethanol. The solution was cooled to room temperature and 
800 ml. of ether was added. A white precipitate of DL-lysine 
dihydrochloride formed. The supernatant liquid was de
canted, and the solid was dissolved in 850 ml. of hot ab
solute ethanol. Tc the hot solution was added 48 ml. of pyri
dine in 100 ml. cf hot ethanol. A white solid precipitated 
at once. The solution was held for 16 hr. at 5° to complete 
the precipitation, then the solid was recovered by filtration 
and dried. It amounted to 21.0 g. (57%) of DL-lysine mono- 
hvdrochloride, m.p. 256-260°. Its infrared spectrum was 
identical with that of an authentic sample of DL-lysine 
monohydrochloride.
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An improved version of the previous synthesis of lysine from cyclohexanone1 gave the yields indicated in the following 
four steps: (1) nitrosation of cyclohexanone to 2,6-dioximinocyclohexanone (75%); (2) acetylation of 2,6-diacetoximino- 
cyclohexanone (76%); (3) cleavage with sodium ethoxide in ethanol to ethyl 5-cyano-2-oximinovalerate (88%); and hydro
genation to DL-lysine (57%). The overall yield was 29%. A study of the “second order” Beckmann rearrangement in alcohols 
(step 3) was made, and the mechanistic implications of the results are discussed. The key to improved yields in this step was 
the discovery that alkyl 5-cyano-2-oximinovalerates are resistant to further rearrangement by acylating agents and base.

The previous paper in this series1 described the 
synthesis of DL-lysine in 20% over-all yield from 
cyclohexanone by the three-step sequence shown 
below:

HON

NC(CH2)i)C02H
Hi, P t  

-------------- >
AcOH, 

then  HC1
(III)

dt,-Lysine. 
HC1

arrangement of a-oximino ketones.3 I t has been 
suggested previously4 that this rearrangement 
involves acylation of the oxime; the concurrent 
departure of the acylate anion and shift of an 
electron pair from a position between the carbonyl 
carbon and the oxime carbon to a position between 
the latter carbon and the nitrogen, thus cleaving 
the carbon — carbon bond and forming a nitrile 
and an oxocarbonium cation; and finally combina
tion of the cation with solvent or with the anion 
which initiated the rearrangement:
R—C—C—R'

¡I II
O NOH

AB R—C -R ' +  BH

N—OA

The over-all yield was the result of yields of 75% 
in step I, 62% in step II, and 43% in step III. 
In contrast to 5-cyano-2-oximinovaleric acid, its 
ethyl ester was reduced to lysine in 57% yield. 
However, a rather low yield on esterification of the 
acid (61%) reduced the over-all yield in step III 
to 35%. Thus the over-all conversion to lysine by 
proceeding through the ester was actually a little 
poorer than when the acid was hydrogenated. It 
was obvious, therefore, that a substantial improve
ment in the over-all lysine process would be realized 
if an ester of 5-cyano-2-oximinovaleric acid in
stead of the free acid could be obtained in step II. 
I t should be noted also that although the yield in 
the partial “second order” Beckmann rearrange
ment (step II) was fairly good, it was attained by 
using only half the amount of acetic anhydride 
theoretically necessary for the desired single 
cleavage, which necessitated recovery and recy
cling of a considerable portion of the 2,6-dioximino
cyclohexanone charged to the reaction.

In attempting to devise a method for obtaining an 
ester of 5-cyano-2-oximinovaleric acid instead of the 
free acid in step II, it was pertinent to reconsider 
the mechanism of the second order Beckmann re

ft) Paper V of this series: A. F. Ferris, G. S. Johnson, 
F. E. Gould, and H. K. Latourette, J. Org. Chem., in press.

(2) Present address: General Aniline and Film Corp., 
Linden, N. J.

O H -

R'—C=N  +  
OH

0

R - d *

/  \

+  OA-
HOH

RCOoH RC02H +  H H

It is equally possible on the basis of previous work 
to regard the final two steps as concerted, that is, 
to assume that in the rearrangement the acylated 
a-oximino ketone is attacked at the carbonyl 
carbon by the anion of the base as the acylate ion 
departs. In fact, attack by the anion might even 
be regarded as the initiating step in the rearrange
ment:

O N—OA
w rw

R—C—C—R '

Ok~

o
R— C—OH +  R '—C =N  +  OA-

This view appears to be that held by Green and 
Saville.6 Whatever the exact sequence of the last 
two steps, it was grasped that on the basis of this

(3) Helpful discussion of this mechanism with R. Miller, 
E. R. Gilmont., B. R. Franko, and H. Stange of this labora
tory is gratefully acknowledged.

(4) A. F. Ferris, J. Org. Chem., in press.
(5) A. L. Green and B. Saville, J. Chem. Soc., 3887 

(1956).
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mechanism the treatment of a preformed a- 
acyloximino ketone with a solution of a metal 
alkoxide in an alcohol should give an ester product 
in the second order rearrangement:

O N—OA R"ONa f  O
II -------->  I!

R—C---- C— R' R"o h  |_R—c+J
R"0

W  \
R—C—OR" 

O

+  R'C=N +  OA-
R"OH

R—-C—OR" +  H +

0

This concept applied to a 2,6-diacyloximinocyclo- 
hexanone should give the acyl derivative of the 
desired ester in step I I ;

RONa
------>

ROH

AON

N=C(CH2)5è —CO,R

It was expected that a deficiency of alkoxide 
would have to be used to avoid attack on the alkyl
5-cyano-2-acyloximino valerate, just as it had 
been necessary to use a deficiency of acylating agent 
in the earlier preparation of 5-cyano-2-oximino- 
valeric acid.1

The first 2,6-diacyloximinocyclohexanone was 
prepared by Borsche6 by treating 2,6-dioximino- 
cyclohexanone with benzoyl chloride in the pres
ence of pyridine. Repeating this preparation gave
2,6-dibenzoyloximinocyclohexanone in 47% yield. 
The melting point of this compound, 186-187°, 
was considerably higher than that reported by 
Borsche, 170-172°, but it seems probable that our 
material was the same as his, since our melting 
point was taken on a Fisher-Johns block while 
his was almost certainly taken in a capillary. 
A more practical acylated product was prepared 
by treating 2,6-dioximinocyclohexanone with a 
3:1 excess of acetic anhydride containing a catalytic 
amount of mineral acid. A 76% yield of 2,6-diacet- 
oximinoc.yclohexanone, m.p. 177.5-178.5°, was 
obtained.

When 2,6 - diacetoximinocyclohexanone was 
treated with a solution of sodium ethoxide in ethanol 
the result was in part that which had been expected, 
and in part unexpected. The product was an ethyl 
ester, but it was ethyl 5-cyano-2-oximinovalerate, 
not the expected ethyl 5-cyano-2 acetoximinovaler- 
ate. The acetyl group which should have been on 
the a-oximino group had been removed by solvoly
sis. Further, it soon became apparent that the use of 
a deficiency of base was not necessary, since ethyl
5-cyano-2-oximinovalerate was obtained in very 
good yield (88%) when the equivalent amount or 
even an excess of base was used. The failure of 
ethyl 5-cyano-2-acetoximinovalerate to be cleaved 
might be explained by assuming that the rearrange
ment did not have time to take place because of very

(6) W. Borsche, Wattach Fest., 301 (1909); Chem. Abstr., 
5,883 (1911).

rapid solvolysis, but this seems very unlikely in 
view of the fact that oxime esters normally rear
range very rapidly and exothermically in the pres
ence of base.4’7 Further, when 2,6-diacetoximino- 
cyclohexanone was treated with a suspension of an 
equivalent of sodium methoxide in benzene, methyl
5-cyano-2-acetoximinovalerate, a stable and readily 
isolable compound, was obtained in 62% yield. 
In contrast, attempts to dissolve 5-cyano-2- 
oximinovaleric acid in acetic anhydride, even in the 
absence of base, led to rapid rearrangement.1 
Even more vigorous rearrangement occurred in the 
presence of base, when the ammonium salt of 5- 
cyano-2-oximinovaleric acid was added to acetic 
anhydride. Ethyl 5-cyano-2-oximinovalerate has 
been shown1’8 to dissolve without decomposition 
in acetic anhydride prior to hydrogenation. It 
must be concluded that ethyl 5-cyano-2-acetoximi- 
novalerate is solvolyzed in ethanol because, like the 
acetates of si/n-benzoin oxime and s?/w-benzil 
monoxime,7 it has very little tendency to undergo 
rearrangement.

The fact that an acylated a-oximino ester, pre
sumably in the anti configuration since it is de
rived from a material in which both oxime groups 
appear to be anti to the carbonyl,1 fails to be cleaved 
under conditions which lead to rapid cleavage of 
acylated a-oximino acids and ketones is a most 
striking one. A*, the present time this behavior must 
be listed with the similar behavior of the acetates 
of syn-benzoin oxime and syn-benzil monoxime as 
not capable of ready interpretation from the stand
point of mechanism. From a synthetic point of view, 
the stability of ethyl 5-cyano-2-oximinovalerate is 
most useful, since it permits the cleavage of 2,6- 
diacetoximinocyclohexanone in good yield with
out the necessity for recycling starting material.

Some additional experiments directed toward 
extending the synthesis were only partially suc
cessful. A solution of sodium hydroxide in ethanol 
could be substituted for the solution of sodium 
ethoxide, but the yield of ethyl 5-cyano-2-oximino- 
valerate was reduced to 72%. 2,6-Dibenzoyloxim- 
inocyclohexanone was cleaved also by sodium 
ethoxide in ethanol, but the yield was only 60%.

None of the experiments thus far discussed shed 
any light on the sequence of events in the second 
order rearrangement: that is, they did not indicate 
whether the reaction was initiated by departure 
of the acylate anion, by attack of the base anion, 
or by a concerted attack and departure. Experi
ments with a variety of weaker bases did provide 
an indication of the probable sequence. Weak bases 
were found to be catalysts for the rearrangement in 
series of qualitative experiments wherein suspen
sions of 2,6-diacetoximinocyclohexanone in ethanol

(7) A. H. Blatt and R. P. Barnes, J. Am. Chem. Soc., 
56, 1148 (1934).

(8) P. Olynyk, D. B. Camp, A. M. Griffith, S. Woislowski, 
and R. W. Helmkamp, J. Org. Chem., 13, 465 (1948).
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were treated with various bases, and a rapid rise 
in temperature was taken as an indication of re
action. By this means sodium acetate, sodium 
cyanide, sodium carbonate, and several amines 
were shown to be catalysts for the reaction. In a 
quantitative experiment it was found that when
2,6-diacetoximinocyclohexanone was slurried in 
ethanol and treated with excess sodium acetate 
there was obtained in very good yield a mixture 
of ethyl 5-cyano-2-oximinovalerate and ethyl 5- 
cyano-2-acetoximinovalerate in about equal 
amounts. With excess diethylamine or n-butylamine 
in ethanol the only product was ethyl 5-cyano-2- 
oximinovalerate in yields of 76% and 79% re
spectively. Similarly, when 2,6-diacetoximino
cyclohexanone was slurried in isopropanol and 
treated with n-butylamine, isopropyl 5-cyano-2- 
oximinovalerate was obtained in 83% yield. The 
infrared spectra of the ester products from the 
amine-catalyzed reactions indicated that they 
contained traces of amides. Attempts to prepare the 
amides in quantity by treating 2,6-diacetoximino- 
cyclohexanone in dioxane with diethylamine and 
n-butylamine gave only tars. The fact that an 
ester was obtained when 2,6-diacetoximinocyclo- 
hexanone was cleaved with sodium acetate in 
ethanol might be explained on the basis of initiation 
of the rearrangement by base attack on the carbonyl 
carbon, since it is possible to postulate that an 
intermediate mixed anhydride was obtained and 
then reacted with solvent to give the observed 
product. The similar result with amines, however, 
seems to be explainable only on the assumption 
that the first step of the reaction was the departure 
of the acylate anion and shift of the electron pair, 
and that this was followed by reaction of the oxo- 
carbonium ion formed by the cleavage with the 
alcohol solvent. Since there appears to be no note
worthy difference between the amine-catalyzed, 
the alkoxide-catalyzed, and the hydroxide-cata
lyzed reactions, it seems reasonable to suppose 
that all second order Beckmann rearrangements 
follow this sequence.

On the basis of the work described in this paper, 
the preferred route to lysine is a four-step combina
tion of reactions reported herein and in the previ
ous paper,1 including nitrosation of cyclohexanone 
with methyl nitrite (75%), acetylation of 2,6- 
dioximinocyclohexanone with acetic anhydride 
(76%), cleavage of 2,6-diacetoximinocyclohexanone 
with sodium ethoxide in ethanol (88%), and re
duction of ethyl 5-eyano-2-oximinovalerate by 
catalytic hydrogenation (57%). This sequence 
gave an over-all yield of 29%, better than the 20% 
of the first sequence, and had the additional ad
vantage of not requiring recycle of 2,6-dioximino- 
cyclohexanone.

EX PER IM EN TA L9

2,6-Dibenzoyloximinocyclohexanone. To a stirred solution 
of 56.0 g. (0.40 mole) of benzoyl chloride and 24.0 g. (0.00

mole) of pyridine in 200 ml. of benzene was added 15.6 g. 
(0.10 mole) of 2,6-dioximinocyclohexanone over 15 min. 
The temperature rose from 26 to 41°. The mixture was held 
at 45-50° by application of heat for 30 min., then was cooled 
to 20°. A solid precipitated and was recovered by suction 
filtration. The filter cake was washed with benzene and 
alcohol and was dried in vacuo. There was obtained 17.0 g. 
(47%) of 2,6-dibenzoyloximinocyclohexanone, m.p. 186- 
187°.

Anal. Calcd. for C2oH1G0 5N2: C, 65.93; H, 4.43; N, 7.69. 
Found: C, 65.92; H. 4.70; N, 7.65.

2,6-Diacetoximinocyclohexanone. To a stirred solution of 
1 ml. of concentrated sulfuric acid in 612 g. (6 moles) of 
acetic anhydride was added portionwise 156 g. (1 mole) of
2.6- dioximinocyclohexanone. The addition required 45 
min. The temperature rose from 27 to 55°, and then was 
held at 50-55° by external cooling. After addition was com
plete, the temperature was held at 50° for 30 min. by applica
tion of heat. The reaction mixture was cooled to 25°, and 
the precipitate which formed was recovered by filtration, 
washed with three 200-ml. portions of benzene, and dried. 
The lemon yellow crystals of 2,6-diacetoximinocycIo- 
hexanone amounted to 183 g. (76%), m.p. 177.5-178.5° 
dec.

Anal. Calcd. for C10H12O6N2: C, 50.00; H, 5.04; N, 11.66. 
Found: C, 49.96; H, 5.13; N, 11.64.

Ethyl B-cyano-2-oximinovalerate. (a) From 2,6-dibenzoyl- 
oximinocyclohexanone and sodium ethoxide in ethanol. A solu
tion of 0.6 g. (0.025 g.-atom) of sodium in 100 ml. of absolute 
ethanol was prepared. A slurry of 8.5 g. (0.0233 mole) of
2.6- dibenzoyloximinocyclohcxanone in 150 ml. of absolute 
ethanol was prepared, and the sodium ethoxide solution 
was added to the slurry with cooling to maintain the tem
perature at 20-30°. Addition required 15 min., and stirring 
was continued for an additional 30 min. The excess alcohol 
was distilled off at reduced pressure and at a temperature 
not exceeding 50°. The residue was taken up in 50 ml. of 
hot carbon tetrachloride and filtered to remove solid which 
failed to dissolve. After drying, the insoluble solid weighed 
3.0 g. (theory for sodium benzoate, 3.6 g.). Solid crystallized 
from the carbon tetrachloride filtrate on cooling and was 
recovered by filtration and dried. There tvas obtained 2.8 g. 
(60%) of ethyl 5-eyano-2-oximinovalerate, m.p. 72-74°. 
(Lit..,10 m.p. 74°.)

(b) From 2,6-diacetoximinocyclohexanone and sodium 
ethoxide in ethanol. A solution of sodium ethoxide in ethanol 
was prepared by dissolving 11.5 g. (0.50 g.-atom) of sodium 
in 500 ml. of absolute ethanol. This solution was cooled to 
20°, and a slurry of 120.0 g. (0.50 mole) of 2,6-diacetoximino
cyclohexanone in 500 ml. of absolute ethanol was added, the 
temperature being held at 20-30° by external cooling. After 
the addition was complete and there was no further tendency 
for the temperature of the reaction mixture to rise, the alco
hol was evaporated at reduced pressure at 40-50°. The 
resulting slurry was taken up in 1000 ml. of ether, and the 
mixture was filtered to remove solid which failed to dissolve. 
The filter cake was washed with 100 ml. of ether, and the 
filtrate and washings were combined and washed with 500 
ml. of saturated sodium bicarbonate solution. The ether 
solution was dried over anhydrous magnesium sulfate, 
stirred with decolorizing charcoal, and filtered. The ether 
was evaporated under reduced pressure, and the residue was 
dried in vacuo. There was obtained 81.0 g. (88%) of ethyl
5-cyano-2-oximinovalerate, m.p. 74-75°.

(c.) From 2,6-diacetoximinocyclohexanone and diethylamine 
in ethanol. In 300 ml. of absolute ethanol was slurried 24.0 g. 
(0.10 mole) of 2,6-diacotoximinoeyclohexanonc. With vigor
ous stirring, 24.0 g. (0.33 mole) of diethylamine was added, 
the temperature being held at 20-30° by external cooling. 
The clear brown solution obtained was evaporated under

(9) All melting points are uncorrected.
(10) E. Fischer and F. Weigert, Ber., 35, 3772 (1902).
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reduced pressure on a hot water bath, and the residue was 
taken up in 300 ml. of ether. The ether solution was washed 
with 150 ml. of saturated sodium bicarbonate solution, 
treated with decolorizing charcoal, and dried over anhydrous 
magnesium sulfate. The ether was evaporated under reduced 
pressure to leave 14.0 g. (76%) of ethyl 5-cyano-2-oximino- 
valerate, m.p. 73°.

(d) From 2,6-diacetoximinocyclohexanone and n-butylamine 
in ethanol. With vigorous stirring 14.6 g. (0.20 mole) of n- 
butylamine was added to a slurry of 24.0 g. (0.10 mole) of
2,6-diacetoximinocyclohexanone in 200 ml. of absolute 
ethanol. The temperature rose rapidly from 25 to 55° during 
the addition of the first few ml. of the amine, then dropped 
off slowly as the rest was added. After addition was com
plete, the resulting clear solution was evaporated under 
reduced pressure on a hot water bath. The residue was taken 
up in 500 ml. of ether, and the ether solution was washed 
with dilute hydrochloric acid and saturated sodium bicar
bonate solution. It was then treated with decolorizing char
coal and dried over anhydrous magnesium sulfate. Removal 
of solvent under reduced pressure left 14.5 g. (79%) of ethyl 
5-cyano-2-oximinovalerate, m.p. 70°. The infrared spectrum 
of this material showed that it contained a trace of amide.

Methyl 2-acetoximino-5-cyanovalerate. A mixture of 800 ml. 
of dry benzene, 120 g. (0.5 mole) of 2,6-diacetoximinocyclo
hexanone, and 27 g. (0.5 mole) of sodium methoxide was 
stirred vigorously. In 1 hr. the temperature rose from 27 to 
65°. The mixture was cooled to 45°, and the temperature rose 
in 15 min. to 51°. The mixture was cooled to 40°, and no 
further increase in temperature occurred. A test with pH 
paper showed that the mixture was neutral, and it was cooled 
to room temperature and filtered. After drying the filter 
cake weighed 40 g. (theory for sodium acetate, 41 g.). The 
benzene was evaporated at reduced pressure at 50°, and 
the residue was held under vacuum for 24 hr. to insure re
moval of all volatile material. There remained 66 g. (62%) 
of methyl 2-acetoximino-5-cyanovalerate, a brown oil. After 
standing for several days the oil partially crystallized. The 
mixture of liquid and solid was recrystallized from a mixture 
of equal volumes of ethyl acetate and cyclohexane to give 
33 g. (31%) of white crystalline methyl 2-acetoximino-5-

cyanovalerate, m.p. 48°. The infrared spectrum of this solid 
was essentially identical to that of the oil.

Anal. Calcd. fer C9H12O4N2: C, 50.94; H, 5.70; N, 13.20. 
Found: C, 50.80; II, 5.73; N, 13.50.

Action of sodium acetate in ethanol on 2,6-diacetoximino
cyclohexanone. With vigorous stirring 5.0 g. (0.0610 mole) 
of anhydrous sodium acetate was added to a slurry of 10.0 
g. (0.0416 mole) of 2,6-diacetoximinocyclohexanone in 30 
ml. of absolute ethanol. The temperature rose rapidly to 80°, 
then dropped slowly. After standing an hour the mixture was 
heated to 60° under reduced pressure to evaporate the 
ethanol. The residue was taken up in 100 ml. of ether, and 
the solid which failed to dissolve was removed by filtration. 
The filtrate was washed with saturated sodium bicarbonate 
solution and dried over anhydrous magnesium sulfate. The 
ether was evaporated under reduced pressure to leave 7.8 
g. of white solid, m.p. 50-56°. Comparison of the infrared 
spectrum of this material with those of ethyl 5-cyano-2- 
oximinovalerate and methyl 2-acetoximino-5-cyanovalerate 
indicated that this material was composed of about equal 
amounts of ethyl 5-cyano-2-oximinovalerate (theory, 7.7 g.) 
and ethyl 2-acetoximino-2-cyanovalerate (theory, 9.4 g.).

Isopropyl 5-cyano-2-oximinovalerate from 2,6-diacetox
iminocyclohexanone and n-butylamine in isopropanol. The 
procedure described for the analogous reaction in ethanol was 
followed using an equal volume of isopropanol. There was 
obtained 16.5 g. (83%) of isopropyl 5-cyano-2-oximino- 
valerate, a brownish oil. After standing several days the oil 
crystallized. A portion of the solid was recrystallized from a 
5: 1 cyclohexane-ethyl acetate mixture to give white crystals 
of isopropyl 5-cyano-2-oximinovalerate, m.p. 55-56°.

Anal. Calcd. for C9H14O3N2: C, 54.53; H, 7.12; N, 14.14. 
Found: C, 54.43; II, 7.24; N, 14.09.
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The syntheses, melting points, ultraviolet and infrared spectra of the five monocarboxylic acids of phenanthrene are 
reported.

During a stud}’ of the synthesis and properties of 
alkylphenanthrenes it was found that many of the 
best synthetic routes to these hydrocarbons involve 
substitution reactions on phenanthrene or a par
tially hydrogenated phenanthrene. Such reactions 1 2 3

( 1) Taken in part from the dissertation submitted by D.
D. Neiswender in partial fulfillment of the requirements for 
the Ph.D. degree at The Pennsylvania State University.

(2) Presented in part before the Division of Organic 
Chemistry at the 133rd National Meeting of the American 
Chemical Society, San Francisco, California, April, 1958.

(3) American Petroleum Institute Fellow, 1955-1957. 
Present address: Research and Development Laboratories, 
Socony Mobil Oil Co., Inc. Paulsboro, New Jersey.

frequently produce mixtures of isomers and it is 
necessary for identification to convert the substitu
tion products to known structures. The monocar
boxylic acids of phenanthrenes are a logical set of 
reference structures, as many functional groups can 
be converted readily to the carboxylic acid group.

Although syntheses and melting points of the five 
isomeric phenanthrene monocarboxylic acids have 
been reported,4~18 examination of the literature

(4) L. F. Fieser, J. Am. Chem. Soc. 54, 4110 (1932).
(5) J. R. Dice and P. A. Smith, J. Org. Chem. 14, 179

(1949).
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reveals the following : The structural assignments of 
the 2- and 3- acids depend on the validity of the 
separation and identification of the mixture of 
acids obtained upon sulfonation of phenanthrene by 
Werner in 1902;19 the reported melting points of a 
given monocarboxylic acid may differ as much as 
11°; the 2- and 3- and 9- acids all melt in the range 
250° to 270°; and the infrared and ultraviolet 
spectra have not been reported.

Because of this, the acids have been synthesized 
by unambiguous routes and their melting points, 
and infrared and ultraviolet spectra determined.

Each of the acids was purified by fractional dis
tillation of the methyl ester, crystallization of the 
fractions, saponification of the purified ester, and 
crystallization of the acid.

Phenanthrene-l-carboxylic acid4“7 and phenan- 
threne-4-carboxylic acid10-12 were prepared from 4- 
(a-naphthyl)butanoic acid and 4-(/3-naphthyl)-bu
tanoic acid respectively by an excellent synthetic 
route designed by Rutherford and Newman.20 
When the naphthylbutanoic acids were prepared 
by Friedel-Crafts acylation of naphthalene, only 
the beta acid could be separated from the mixture of 
isomers. Fractional crystallization, fractional neu
tralization of the acids, and fractional acidification 
of the sodium salts failed to yield the alpha acid free 
of the beta acid.21 Therefore, the 4-(a-naphthyl)bu- 
tanoic acid was prepared by Wolff-Xishner reduc
tion of the keto acid obtained from the reaction of 
a-naphthylmagnesium bromide with succinic anhy
dride.

The 2-phenanthrene carboxylic acid8'9 was the 
only isomer prepared by a substitution reaction on 
phenanthrene. Acetylation of 9,10-dihydrophenan- 
threne,6 dehydrogenation with sulfur and haloform

(6) W. E. Bachmann and C. H. Boatner, J. Am. Chem. 
Soc. 58,2097(1936).

(7) W. E. Bachmann and N. C. Deno, J. Am. Chem. 
Soc. 71,3062(1949).

(8) H. Gilman and T. H. Cook, J. Am. Chem. Soc. 62, 
2813(1940).

(9) E. Mosettig and J. van de Kamp, J  Am. Chem. Soc. 
52,3704(1930).

(10) O. Kruber, Ber. 67B, 1000 ( 1934).
(11) L. F. Fieser, M. F. Fieser, and E. B. Hershberg, 

J. Am. Chem. Soc. 58, 2322 (1936).
(12) M. F. Ansell and D. H. Hey, J. Chem. Soc. 2874

(1950).
(13) A. F. McKay and H. F. Brownell, J. Org. Chem. 15, 

648(1950).
(14) M. A. Goldberg, E. P. Ordas, and G. Carseli, J. 

Am. Chem. Soc. 69, 260 (1947).
(15) i l  W. Shoppee, J. Chem. Soc. 37 (1933).
(16) W. E. Bachmann, J. Am. Chem. Soc. 56, 1363 (1934).
(17) D. H. Hey and J. M. Osbond, J. Chem. Soc. 3164 

(1949).
(18) T. A. Beissman and R. W. Tess, J. Am. Chem. Soc. 

62,514(1940).
(19) A. Werner, Ann. 321,248 ( 1902).
(20) K. G. Rutherford and M. S. Newman, J. Avi. Chem. 

Soc. 79,213(1957).
(21) M. S. Newman, R. B. Taylor, T. Hodgson, and 

A. B. Garrett, J. Am. Chem. Soc. 69, 1784 (1947) and refer
ences therein.

oxidation yielded this acid. As treatment of 2-ace- 
tyl-9,10-dihydrophenanthrene with hypochlorite 
led to diphenvl-2,2 ',3-tricarboxylic acid,22 the de
hydrogenation was performed prior to the oxidation.

3-Phenanthrene carboxylic acid8'9 was synthe
sized from l-keto-l,2,3,4-tetrahydrophenanthrene 
carboxylic acid23 (I). Clemmensen reduction, con
version to the methyl ester, dehydrogenation with 
sulfur and saponification yielded the 3-acid.

The cyclization of (l-naphthylmethyl)succinic 
acid may lead to either I or II .6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 In the present work, 
catalysis by hydrogen fluoride or by sulfuric acid 
led to the formation of I, but the yield was signifi
cantly higher from the reaction in which hydrogen 
fluoride was used. The structure of the product was 
established by the infrared spectrum24 and by re
duction and dehydrogenation of the keto-acid to 
the phenanthrene acid.

I II
9-Phenanthrene carboxylic acid was prepared by 

carbonation of the Grignard reagent from 9-bromo- 
phenanthrene.15’16 In addition the Diels-Alder ad
duct of acrylic acid and l,l'-bicyclohexenyl was de
hydrogenated with sulfur at 150-210° to produce 
the same acid. This established that almost com
pletely hydrogenated phenanthrene carboxylic acids 
could be dehydrogenated easily and in good yield 
without migration or loss of the carboxylic group.

The melting points of the five phenanthrene car
boxylic acids and the corresponding methyl esters 
are listed in Table I. In Figs. 1 and 2 are shown the 
infrared and ultraviolet spectra respectively.

The melting points of the esters agree well with 
previously reported values. However, the melting 
points observed in this laboratory of four of the 
acids were significantly higher than the literature 
values. For each acid, the melting point was deter
mined both on a Nalge-Axelrod hot stage and in a 
capillary tube immersed in a stirred oil bath. The 
thermometers were checked against one calibrated 
by the National Bureau of Standards.

Examination of the infrared spectrum in the 6-15 
micron region appears to be the best procedure for 
identification of an unknown phenanthrene acid.

E X P E R IM E N T A L

Infrared spectra. The spectra of the acids were obtained 
with a Perkin-Elmer Recording Infrared Spectrophotometer,

(22) D. D. Neiswender, W. B. Moniz, and J. A. Dixon, 
to be published.

(23) J. C. Bardahn, D. Nasipuri, and R. N. Adhya, J. 
Chem. Soc. 355 (1956k

(24) L. F. Fieser and M. F. Fieser, Natural Products 
Related to Phenanthrene, Reinhard Publ. Corp., New York, 
1 9 4 9 , p .  2 0 2 .
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Model 21. Pellets containing 200.0 mg. of anhydrous, high 
purity potassium bromide and 1.0 mg. of the acid were used 
in obtaining the spectra. A pellet containing 200.0 mg. of 
potassium bromide was placed in the reference beam.

Ultraviolet spectra. These spectra were obtained using a 
Beckman Model DU Spectrophotometer equipped with a 
Spectracord. The solubility of the acids in n-hexane was too 
low (<1 X 1 0 M); therefore absolute ethanol was used as 
a solvent. Concentrations in the range of 10 M were used.

Anal. Calcd. for CisHioCh: C, 81.1; H, 4.5; neut. equiv. 
222. Found: C, 80.8; H, 4.4; neut. equiv. 221.

2-Acetyl-9,10-dihydrophenanthrene. This ketone was pre
pared by the method of Burger and Mosettig26 and was puri
fied by fractional distillation through a 36" spinning band 
column (obtained from Nester and Faust, Exton, Pa.). 
Yield 58%, b.p. 152° (0.21 mm.), naD5 = 1.6581.

S-Acetylphenanthrene. Powdered sulfur (8.9 g., 0.28 mole) 
and 2-acetyl-9,10-dihydrophenanthrene (61.6 g., 0.28 mole)

Phenanthrene-l-carboxylic acid. This acid was prepared 
from 4-(a-naphthyl)butanoie acid by the synthetic route 
designed by Rutherford and Newman20 for the synthesis of 
phenanthrene-4-carboxyiic acid. The crude methyl ester 
was fractionally distilled in a Piros-Glover Spinning Band 
column (obtained from H. S. Martin Co., Evanston, Illi
nois). After two crystallizations from methanol the methyl
1-phenanthrcne carboxylate had m.p. 55.0-55.7°.

Anal. Calcd. for Ci6H120 ;, saponification equiv. 236. 
Found, 233. Saponification of the ester yielded the acid, 
m.p. 234.7-235.2°.

were heated at 230-260° for 2 hr. A small Claisen head was 
attached to the flask and the crude ketone was distilled 
(97% yield; b.p. 195-200° at 1.5 mm).

Phenanlhrene-3-carboxylic acid. 2-Acetylphenanthrene (30 
g., 0.14 mole) was oxidized by treatment with refluxing 
Clorox (ca. 5% sodium hypochlorite) for 24 hr. The un
changed ketone (9.2 g.) was filtered and the filtrate acidi
fied. The crude acid which precipitated weighed 16.4 g.,

(25) A. Burger and E. Mosettig, J. Am. Chem. Soc. 57, 
2731 (1935); 58, 1857(1936).
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Pig. 2. Ultraviolet absorption spectra: 1-phenanthrene carboxylic acid ( ......... ); 2-phenanthrene carboxylic acid (-------- );
3-phenanthrene carboxylic acid (--------) ; 4-phenanthrene carboxylic acid (---------) ; 9-phenanthrene carboxylic acid (-------- ),
all in absolute ethanol

78% yield based on ketone consumed; m.p. 262-265°. 
The crude acid was added to an ethereal solution of diazo
methane and the resulting ester was purified by distillation 
through a Piros-Glover spinning band column and by re
crystallization of the distillation fractions from methanol, 
m.p. 96.7-98.2°, b.p. 176° (0.40 mm.).

Anal. Calcd. for Ci6Hi202: Saponification equiv. 236. 
Found: 239. Pure phenanthrene-2-carboxylic acid was ob
tained by saponifying the ester with 0.4Ar potassium hy
droxide in diethylene glycol and recrystallizing the acid 
from ethanol, m.p. 267.8-268.5°.

Anal. Calcd. for C i 5I i i o 0 2 : C ,  81.1; H, 4.5; neut. equiv. 
222. Found: C, 80.8; H, 4.5; neut. equiv. 220.

(1-Naphthylmethyl)succinic acid.23 Recrystallization did 
not remove the 3-( 1-naphthyl)propanoic acid which formed 
as a byproduct in this synthesis. The mixture of acids was 
converted to the methyl esters and the desired dimethyl 
(l-naphthylmethyl)succinate was separated by fractional 
distillation, m.p. 93-95°.

Anal. Calcd. for C n H i 80 4: Saponification equiv. 143. 
Found: 142.

The dimethyl ester was saponified. The diacid was crys
tallized from acetone-hexane; m.p. 182.5-184.0°; 45% 
yield based on the crude mixture of acids.

1 -Keto-l,2,3,li.-tetrahydrophenanthrene-3-carboxyUc acid. 
Previous workers23 cyclized the diacid to the koto acid using 
85% sulfuric acid. However, this method gave only a 50% 
yield of the desired ketoacid. Use of anhydrous hydrogen 
fluoride resulted in an 85-90% yield. The diacid (31 g.) was 
dissolved in 300 ml. of anhydrous hydrogen fluoride and the 
latter was allowed to evaporate overnight. After washing 
the residue thoroughly with water, the solid product was re
crystallized from ethanol, yield 25 g. m.p. 225-226°. The

melting point vras not depressed by addition of the cycli- 
zation product obtained using 85% sulfuric acid.

Anal. Calcd. for C1TI12O3: Neut. equiv., 240. Found: 
Neut. equiv., 237.

Strong ketonic carbonyl absorption was observed at 
5.93 m24 (corresponding absorptions for 7-butyl-l-tetralone 
and 1-indanonc wrere observed at 5.90 n and 5.82 y respec
tively).

The ketone was reduced by the Clemmensen reduction26; 
m.p. 209.5-210°, yield 36%-

Phenanlhrene-S-carboxylic acid. The methyl ester of 1,2,3,4- 
tetrahydro-3-phenanthrene carboxylic acid (7.8 g.) (pre
pared by direct esterification with methanol) and sulfur 
(2.1 g.) were heated at 240° for 40 min. Vacuum distillation 
gave 5.6 g. (75%) of distillate, b.p. 165-170° (0.3 mm.), 
m.p. 88-93°; repeated recrystallizations from hexane raised 
the melting point to 95.1-95.6°.

Anal. Calcd. for Ci6Hi20 2: Saponification equiv. 236. 
Found: 240.

The purified ester was quantitatively saponified with 
0.477 potassium hydroxide in diethylene glycol. After several 
recrystallizations from ethanol, the acid melted at 278.5- 
280.0°.

Anal. Calcd. for C15H10O2: C, 81.1; H, 4.5; neut. equiv. 
222. Found: C, 80.6; H, 4.7; neut. equiv. 221.

Phenanthrene-Jr-carboxylic acid. The synthesis of this acid 
was described by Rutherford and Newman.20 The methyl 
phenanthrene-4-carboxylate was purified by fractional dis
tillation, b.p. 155-160° at 0.10 mm. Saponification of the 
ester yielded the acid, m.p. 174.5-175.5°.

(26) E. L. Martin; Org. Reactions, Vol. I, 166 (1942).
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TABLE I
M eltin g  P oints of th e  P h en a n th k en e  C arboxylic Acids and M ethyl  E sters

Isomer
Acid Methyl Esters

Found Lit. Found Lit.
1 234.7-235.2 228-2334“7 55.0-55.7 574
2 267.8-268.5 254-260.38' ’■ 10 96.7-98.2 96.0-96.59
3 278.5-280.0 269-272»' »• 19 95.1-95.6 94.5-95.09
4 174.5-175.5 170-174.510' "■20 83.0-84.0 84.8-85.520
\) 259.2-260.0 246-256»' 13- '8 116.2-116.13 115.5-116.09' 17

Anal. Calcd. for CigHmCL: C, 81.1; H, 4.5; neut. equiv. 
222. Found: C, 81.1; H, 4.5; neutralization equiv. 223.

l,l'-Bicyclohexenyl. The conjugated diene was prepared 
by dehydrating 195 g. of Ll'-dihydroxy-Ll'-die.yclohexyl27 
over 19 g. of anhydrous copper sulfate at 130-150°. As the 
diene formed it distilled from the mixture; yield 177 g. 
(06%). After purification by washing with dilute sodium 
bicarbonate and fractional distillation the diene weighed 
122 g. (77%), b.p. 87° (0.84 mm.), n2D5 1.5349.

1,2,3,4,5,6,7,8,9,9a,10,10a-Dodecatiydrophenanthrene-9-car- 
boxylic acid. Acrylic acid (25 g.), l,l'-bicyclohexenyl (27 g.), 
and 100 ml. of 95% ethanol were refluxed for 24 hr. On cool
ing, 24.3 g. (52%) of snow-white crystals precipitated, m.p. 
168-170°.

Anal. Calcd. for CM LAP: Neut. equiv. 234. Found: 233.
A second crop of crystals (14 g.) had a lower melting 

point and is believed to have been contaminated with the 
ethyl ester.

Phenanthrene-9-carboxylic acid. The dodecahydrophen- 
anthrene-9-acid. (16.1 g.) and powdered sulfur (13.2 g.)

(27) E. E. Gruber and It. Adams, J. Am. Chem. Soc. 57, 
2555 (1935).

were heated for 3 hr. at 150-210°. The product was dis
solved in 5% sodium carbonate solution. After filtration, the 
acid was recovered by acidification of the filtrate. Ten grams 
of the crude acid was converted to the methyl ester with 
diazomethane. The ester was fractionally distilled through 
a Piros-Glover spinning band column (b.p. 162° at 0.22 
mm.). Repeated recrystallization from methanol of the best 
distillation fractions Yielded 1.6 g. (16%) of ester, m.p.
116.2-116.8°.

Anal. Calcd. for CisH^CP: Saponification equiv. 236. 
Found: 232. Saponification of the ester with 0AN  potassium 
hydroxide in diethylene glycol and three recrystallizations 
from ethanol gave colorless needles, m.p. 259.2-260.0°.

Anal. Calcd. :or CMboO,: C, 81.1; H, 4.5; neut. equiv. 
222. Found: C, 81.9; H, 4.5; neut. equiv. 221.
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Ethyl acetate was condensed with various ketones or aldehydes including certain re,/3-iinsaturated ketones or aldehydes 
by means of two equivalents of lithium amide in liquid ammonia to form the corresponding 0-hydroxy esters. In general 
the yields were good. This method is considered more convenient than that involving the Reforma.tsky reaction. The products 
were saponified and/or dehydrated to give derivatives. The condensations of certain other esters with ketones or aldehydes 
were effected with one or two equivalents of lithium amide.

It has been previously shown2 that lithio t- 
butvl acetate, prepared from molecular equivalents 
of the ester and lithium amide in liquid ammonia, 
can be condensed satisfactorily with various ke
tones or aldehydes in ether to form the /3-hydroxy 
esters. For example, this aldol type of condensation 
was realized with the lithio ester and acetophenone 
in 76% yield (Equation 1).

(1) Supported by the Office of Ordnance Research, U. S. 
Army.

(2) C. R. Hauser and W. H. Puterbaugh, ./. .4m. Chem. 
Soc., 73, 2972 (1951); J. Am. Chem. Soc., 75, 1068 (1953).

Li NIL 1. CeHtOOCih
CH3COOC(CII3i.i------ s- LiCH2COOC(CH.,).i---------------- ^

2. acid
(V,H3C(CH3 )OHCH.,COOC(CH,b ( 1 )

It has similarly been observed3 4 that even 
ethyl acetate can be condensed satisfactorily with 
acetophenone,3 cyclohexanone,3 or fluorenone4 pro
vided an extra equivalent of lithium amide is em
ployed.

(3) C. R. Hauser and J. K. Lindsay, J. Am. Chem. Soc., 
77, 1050 (1955).

(4) C. R. Hauser and D. Lednicer, ./. Org. Chem., 22, 
1248 (1957).
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TABLE I
/3-Hydroxy Esters from Ethyl Acetate with K etones or Aldehydes by Means of Two E quivalents of L ithium

Amide in L iquid Ammonia

Ketone or 
Aldehyde /3-Hvdroxy Ester

Yield,
% Found

M.P.
Mm.

or B.P.
Reported Mm.

Benzophenone

4-Methyl benzo
phenone

Ethyl /3-hvdroxy- ,̂/3- 
diphenvlpropionate (I) 

Ethyl d-hydroxy-/3-tolyl-(3- 
phenylpropior.ate (II)

84

88

M.p. 85- 
86“

M.p. 50- 
57“

874
c

Acetophenone Ethyl /3-hydroxy-/3-phenyl- 
butyrate (III)

66 146-148 15 146-147 15d

3-Pentanone Ethyl /3-hydroxy-/3,/3-di- 
ethylpropionate (IV)

65 99-102 13-14 e

18'Cyclohexanone Ethyl 1-hydroxycyclo- 
hexylacetate (V)

69 124-120 18 124-126

Cyclopentanone Ethyl 1-hydroxycyclo- 
pentylacetatc (VI)

31 99-102 9 105-107 IH

Benzaldehyde Ethyl /3-hydroxy-(3-phenyl- 
propionate (VII)

37 154-150 12 151-154 11-12*

Anisaldehyde Ethyl /S-hydroxy-/3-anisyl- 
propionate (VIII)

28 182-186 17 C

20'Benzalacetone

Benzalaceto-
phenone

Cinnamaldéhyde

Ethyl /S-hydroxy-/3-styryl- 
butyrate (IX)

Ethyl (3-hydroxy-/3-phenyl-
/3-styrylpropionate (X) 

5-Phenyl pen tadienoic 
acid (X I)J

65

93

20*

188-191

M.p. 74- 
75“

M.p. 105- 
166'

20 192
C

165m

“ Recrystallized from ethanol. c H. Rupe and E. Busolt, Ber., 4 0 , 4537 (1907). c See Experimental. d S. Lindenbaum, Ber., 
5 0 , 1270 (1917). e Product reported by G. A. R. Kon and K. S. Nargund, / .  Chem. Soc., 2461 (1932), and by S. Reformatsky, 
J. prakt. Chem., 5 4 , 469 (1896), but no b.p. was given. 1 O. Wallaoh, Ann., 3 4 7 , 328 (1906). " O. Wallach, Ann., 3 2 3 , 159 
(1902). * C. R. Hauser and D. S. Breslow, Orcj. Syntheses, 2 1 , 51 (1951). ' E. P. Kohler and G. L. Heritage, Am. Chem. J., 
4 3 , 484 (1910). 1 Crude ester decomposed upon attempted purification and was therefore saponified and isolated as the 
a,S-unsaturated acid. * Yield based on starting cinnamaldehyde. 1 Recrystallized from benzene. m J. J. Sudborough and J. M. 
Gittens, J. Chem. Soc., 9 5 , 315 (1909).

In the earlier procedure3 the condensations were 
initiated in liquid ammonia, but completed in 
refluxing ether (two hours). In the present work the 
condensations were completed in liquid ammonia. 
The general procedure involved the addition of 
ethyl acetate to two molecular equivalents of 
lithium amide in liquid ammonia, followed after 
fifteen to twenty minutes by one equivalent of 
the ketone or aldehyde. After one hour the re
action mixture was neutralized with ammonium 
chloride.5

In certain condensations such milder reaction 
conditions appear to be required to avoid the de
hydration of the /3-hydroxy ester. Thus, whereas 
the (3-hydroxy esters IV and VII were obtained 
in the condensations of ethyl acetate with diethyl 
ketone and benzaldehyde under the present con
ditions, only the dehydration product of IV and a 
mixture of the /3-hvaroxy ester VII and its dehy
dration product (determined spectrophotometri- 
cally) were isolated when the reaction mixture was 
refluxed in ether.

(5) Xo significant difference in the yield (81-84ct) of 
(3-hydroxy ester I was observed when the neutralization was 
carried out by adding solid ammonium chloride to the 
reaction mixture, by pouring the reaction mixture into a 
solution of ammonium chloride in liquid ammonia, or by 
replacing the ammonia by ether followed by acidification 
with cold dilute hydrochloric acid.

It has now been found that the latter method 
also is quite general. Thus, the several types of 
/3-hydroxy esters I-X I were synthesized from ethyl 
acetate and the appropriate ketone or aldehyde 
by a modification of the earlier procedure. The 
yields and other data are summarized in Table I.

R'

R—C—CH2COOC2Hó

CH>—CH-
/  \

CH. C—ClbCOOCJK

OH CH-—CH 2 OH
I. R = CsH5, R ' = C6H 5 V

II. R = C6H5, R ' = p-CHsCeH,
III. R = Crib. R ' = CH,
IV. R = C,H5, R ' = C Ä  CH2—CH-

C—CH.COOC2H5

C1I. (41. OH 
VI

X—C6H4CH—CIL.COOC2H5

OH
VII. X = H 

VIII. X = o c h 3
R

C6H5CH=CHC—CILCOOCdb

OH
IX. R = Clb 
X. R = C6H5

c 6h 5c h = c h c h = c h c o o h
XI. (ester not isolated)
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TABLE II
D e r iv a tiv es  o r  K no w n  0 -H ydroxy  E ster s

0-
Hvdroxy

Ester
Treatment Product Pound

M.p. or b.] 
Mm.

1' °
Reported Mm.

I Saponification 0-Hydroxy-0,0-diphenyl- M.p. 210-211“ 212*
propionic acid

I Sapon., Dehyd. 0-Phenylcinnamic acid M.p. 161-162“ 162*
(Method A)

III Dehyd. (Method B) Ethyl 0-methylcinnamate 146-149 17 146-148 17e
III Dehyd., Sapon. 0-Methylcinnamic acid M.p. 97-98“ 97-98'
IV Dehyd. (Method B) Ethyl 0,0-die thylacry late 74-78 13 77 14e
IV Dehyd., Sapon. 0,0-Diethylacrylic acid 128-131 23 129 23e
Y Saponification Cyclohexanolacetic acid M.p. 03-64' 62-64*

VI Dehyd. (Method C) Ethylcyclopentylidene- 82-84 11 82-84 11*
acetate

VI Dehyd., Sapon. Cyclopentylideneacetic acid M.p. 49-50“ 49-50*
VII Saponification Cinnamic acid M.p. 132-133“ 133 ‘
IX Dehyd., Sapon. 0-Methvl-0-styrylacrylic M.p. 153-153.5’ 153*

(Method D) acid

“ Recrystallized from 1:1 methanol-water. * H. Rupe and E. Busolt, Ber., 40, 4537 (1910). c S. Lindenbaum, Iier., 50, 
1270 (1917). d Recrystallized from 60-90° petroleum ether. e G. A. It. Kon and K. S. Nargund, ./. Chem. Soc., 2461 (1932). 
1 Recrystallized from 1:1 benzene-ligroin. * O. Wallach, Ann., 347, 328 (1906). * Recrystallized from benzene. * Heilbron, 
Dictionary of Organic Compounds, Vol. I, Oxford University Press, N. Y. (1953) p. 586. 1 Recrystallized from 1:1 ethanol- 
water. * E. P. Kohler and G. L. Heritage, Am. Chem. J ., 43, 484 (1910).

It can he seen from Table I that the yields of
0-hydroxv esters I—IV from typical aromatic and 
aliphatic ketones were good to excellent, those of
0-hydroxy esters A’ and VI from the cyclic ketones 
fair to good, those of 0-hydroxy esters VII and VIII 
from the aromatic aldehydes fair, and those of 
IX and X from the a,0-unsaturated ketones good 
to excellent. The 0-hydroxy ester from cinnam- 
aldehyde was not isolated; it was converted to the 
a,0-unsatnrated acid XI in an overall yield of 20%.

These yields are in general comparable to those 
reported for the Reformatsky reactions, which 
have usually been employed for the synthesis of
0-hydroxy esters. We believe the present method 
is more convenient than the latter process.

The known 0-hydroxy esters were identified 
by conversion to appropriate derivatives through 
saponification and/or dehydration. The results 
are summarized in Table II. In general the yields 
of the derivatives were good to excellent (50-85%). 
The new 0-hydroxy esters were identified similarly 
including analysis (see Experimental).

The condensation of ethyl acetate with the afi- 
unsaturated ketones or aldehydes was of special 
interest since 1,4- as well as 1,2- addition was 
conceivable. That the latter mode of addition 
occurred was indicated by the infrared absorption 
spectra which gave absorption at 2.7 p. for the hy
droxyl group, which would not be present in the 
event of 1,4- addition.

The strucutre of the 0-hydroxy ester IX was 
established by dehydration and saponification to 
form the corresponding a,0-unsaturated acid 
(see Table II). Since attempts to convert 0- 
hydroxv ester X to a suitable derivative were 
unsatisfactory, this structure must be considered 
only tentative. The structure of the a,0-unsatu-

rated acid obtained through ethyl acetate and 
einnamaldehyde was established as XI by com
parison of the melting point and infrared spectrum 
with an authentic sample prepared from cin- 
namaldehyde and ethyl malonate, followed by 
dehydration, saponification, and decarboxylation.8

Attempts to condense ethyl acetate with 71- 
nit roacetophenone or p-nitrobenzaldehyde em
ploying two equivalents of lithium amide and using 
the inverse addition procedure were unsatisfactory, 
since only tars were produced or the starting 
nitro compounds were recovered. The Reformatsky 
reaction has likewise been reported unsuitable with 
nitro ketones or aldehydes.6 7 However, (-butyl 
acetate has been condensed successfully with cer
tain nitro krtones as aldehydes employing one 
equivalent of lithium amide.2

It should be mentioned that an attempt to con
dense ethyl acetate with benzophenone by means 
of one equivalent of lithium amide following the 
general procedure was unsuccessful, although this 
condensation was realized to form 0-hydroxy ester 
I in 20% yield when a mixture of equivalents of 
the ester and ketone was added to one equivalent 
of the reagenc. The similar addition of a mixture 
of the ester and ketone to two equivalents of the 
reagent produced the 0-hydroxy ester I in 43% 
yield, which is considerably less than that (84%) 
obtained by the general procedure.

Results with other esters. Isopropyl acetate and 
(-butyl acetate were condensed with benzophenone 
by means of two equivalents of lithium amide by 
the general procedure to form 0-hydroxy esters

(6) B. S. Bansal and K. C. Pandya,J. Indian Chem. Soc., 
24, 443 (1947).

(7) R. L. Shriner, Org. Reactions, Vol. I, 2 (1942).
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XII and XIII in yields of 80% and 87% respec
tively.
(C6H 5 )>C(OH)CH2COOR XII. II = CH(CHj).

XIII. R = C(CII : , ) 3

The condensation of f-butyl acetate with benzo- 
phenone was also effected by means of one equiva
lent of lithium amide in liquid ammonia following 
the general procedure to form (3-hydroxv ester
XIII in 71% yield. f-Butyl acetate has previously 
been condensed with various ketones or aldehydes 
by means of one equivalent of the reagent2 but ben- 
zophenone was not then studied.

Ethyl propionate was condensed with benzo- 
phenone by means of two equivalents of lithium 
amide by the general procedure to form /3-hydroxy 
ester XIV in 21% yield:

(C6Hs)2C(OH)CH(CH, iCOOOdb
XIV

/-Butyl propionate has previously been condensed 
with acetone and acetophenone in yields of 53- 
58% by means of one equivalent of lithium amide.2

The present method failed to effect the con
densation of ethyl phenylacetate with benzo- 
phenone under the usual conditions and, when 
forcing conditions were employed, the ester under
went self-condensation to produce ethyl a,7- 
diphenylacetoacetate (60%). Ethyl phenylacetate 
was recently2 condensed with benzaldehyde by 
means of one equivalent of lithium amide to form 
/3-hydroxy ester XV in 34% yield. The present 
method employing two equivalents of lithium amide 
gave only a 15% yield of this (3-hydroxy ester:

C'bHV’HOI ICH (CJT.-„'CO( )C=HS
XV

E X PER IM EN TA L8

0-Hydroxy esters from ethyl acetate and ketones or aldehydes 
by lithium amide. General procedure. In a 1-1. three-necked 
round bottom flask, equipped with a ball-sealed stirrer, 
separatory funnel and condensor, was placed 400 ml. of 
commercial, anhydrous liquid ammonia. To the stirred liquid 
was added a small piece of lithium metal. After the appear
ance of the blue color (almost immediately) a few crystals 
of ferric nitrate were added, followed by small portions of 
lithium metal until a total of 0.42 mole had been added. 
After the blue color had been discharged and a grey sus
pension of lithium amide had formed (about 20 min.), a 
solution of 0.2 mole (17.6 g.) of ethyl acetate and 50 ml. of 
anhydrous ether was added during 1 min. After stirring for 
20 min., 0.20 mole of the ketone or aldehyde was added dur
ing 1 min. At the end of 1 hr. stirring the reaction mixture 
was neutralized by adding 0.42 mole of solid ammonium 
chloride. The liquid ammonia was then driven off by means 
of a hot water bath while adding 200-300 ml. of ether. When 
the ammonia had been removed, 200 ml. of cold water was 
added. The ether layer was separated and washed with IV 
sulfuric acid, saturated sodium bicarbonate solution, and 
then water, and combined with the ether extracts of the 
aqueous layers. The ether solution w-as cried over mag
nesium sulfate and the solvent was removed. The residue

(8) Analyses are by Galbraith Microanalytical Labora
tories, Knoxville, Tenn.

was then either vacuum distilled, or recrystallized from the 
appropriate solvent. The results are summarized in Table I.

The known /3-liydroxy esters formed were identified, in 
addition to boiling point or melting point, by the preparation 
of certain derivatives given in Table II.

Derivatives of known 0-hydroxy esters (Table II). Saponi
fications, unless otherwise stated, were accomplished by 
refluxing the /3-hydroxy esters with 20% aqueous sodium 
hydroxide for 3 hr. Dehydrations were effected by the 
methods listed below.

Method .4. Dehydration was effected by refluxing a mix
ture of the acid, acetic anhydride, and sodium acetate for 3 
hr. Water was then added and the acetic acid and anhydride 
were removed by distillation. The residue was dissolved in 
sodium carbonate solution, filtered and acidified to give the 
unsaturated acid.

Method II. The (3-hydroxy ester was refluxed for 3-4 hr. 
with three volumes of benzene containing excess phosphorus 
oxychloride. Water was then added to the cooled mixture 
and the benzene layer was separated, dried over magnesium 
sulfate, and then distilled.

Method C. The (3-hydroxy ester was heated at 130° for 60 
min. with solid potassium bisulfate. The resulting mixture 
was vacuum distilled to yield the unsaturated ester.

Method D. The (3-hydroxy ester was dehydrated by re
fluxing with 5V hydrochloric acid for 15 hr. The cooled solu
tion was extracted bjr ether and the ether evaporated to 
a residue which was saponified by treatment with 3% 
methanolic potassium hydroxide for 20 hr. at room tempera
ture.

New 0-hydroxy esters prepared by the general procedure. 
Ethyl-0-hydroxy-0-tolyl-0-phenyl propionate (II). The ether 
residue was stirred with 95% ethanol in an ice bath to form 
a white solid, which upon recrystallization two times from 
ethanol melted at 56-57°. The infrared spectrum showed 
weak hydroxyl absorption at 2.75 p and ester carbonyl 
absorption at 5.82 p .

Anal. Calcd. for CigHsoCh: C, 76.03; H, 7.09. Found: 
C, 75.73; H, 7.16.

A mixture of 5 g. of III was dehydrated using Method A 
(see below) and then saponified to yield 1.7 g. (41%) of 
/3-tolyl cinnamic acid, m.p. 139-140° after recrystallization 
from ethanol water (lit.,9 m.p. 140°).

Ethyl-0-hydroxy-0,0-diethyl propionate (IV). Distillation of 
the ether residue gave a colorless liquid b.p. 99-102° (13- 
14 mm.). The infrared spectrum showed strong hydroxyl 
absorptions at 2.7 p and ester carbonvl absorption at 5.75 p.

Anal. Calcd. for C9IIi80 3: C, 62.39; H, 10.47. Found: 
C, 62.64; H, 10.90.

For derivatives see Table II.
Ethyl-0-hydroxy-0-anisyl propionate (VIII). Distillation of 

the ether residue gave 23 g. (28%) of viscous liquid b.p. 
182-186° (17 mm.). Much dark red nondistillable residue 
remained after the distillation. The product showed hy
droxyl absorption at 2.75 p and the ester carbonyl absorp
tion at 5.7 p in the infrared.

Anal. Calcd. for C,2H160 3: C, 69.20; H, 7.74. Found: C, 
69.31; H, 7.62.

Saponification of 8 g. of VI gave 5.5 g. (80% of (S-anisyl 
acrylic acid, m.p. 172-173° (lit.,10 m.p. 172-173°).

Ethyl-0-hydroxy-0-phenyl-0-styryI propionate (X). Evapo
ration of the ether layer in the general procedure yielded a 
solid which was recrystallized from 95% ethanol to give X, 
m.p. 74-75° in 95% yield. The infrared shows weak hydroxyl 
absorption at 2.75 p and ester carbonyl absorption at 5.72 p.

Anal. Calcd. for C19H20O3: C, 77.00; H, 6.80. Found: C, 
77.34; H, 6.84.

Attempts to prepare derivatives of X by use of the meth
ods described above all led to intractible materials.

Simultaneous addition of ethyl acetate and benzophenone to

(9) J. V. Braun, O. Manz, and E. Reinsch, Ann., 468, 
291 (1929).

(10) E. Knoevenagel, Ber., 31, 2606 (1898).
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lithium amitlc. Lithium amide was prepared from 1.4 g. (0.2 
mole) of lithium in 400 ml. of liquid ammonia. After 20 
min. stirring a mixture of 17.6 g. (0.2 mole) of ethyl acetate 
and 36.4 g. (0.2 mole) of benzophenone in 150 ml. of an
hydrous ether was added. After stirring for 1 hr. the mixture 
was neutralized and worked up as in the general procedure. 
By fractional crystallization from ethanol with cooling there 
was obtained 11.0 g. (20%) of (3-hydroxy ester I, m.p. 85- 
86°, and 21 g. (58%) of benzophenone, m.p. 45-46°.

The above procedure was repeated, except that 0.4 mole 
of lithium amide was employed rather than 0.2 mole. From 
the resulting reaction mixture was obtained 25.1 g. (46%) 
of (3-hydroxy ester I, m.p. 84-85°, and 20.0 g. (55%) of 
recovered benzophenone m.p., 45-46°.

Isopropyl-0-hydroxy-0,0-diphenyl propionate (XII). The 
general procedure was followed using 1.7 g. (0.24 mole) of 
lithium, 12.5 g. (0.12 mole) of isopropyl acetate, and 21.6 g. 
(0.12 mole) of benzophenone. The ether residue was re
crystallized from ethanol to yield 27.2 g. (80%) of the ester 
as colorless, rod-shaped crystals, m.p. 101- 102°.

Anal. Calcd. for C.sHaA: C, 76.03; H, 7.09. Found: C, 
75.93; H, 7.03.

A 3.0 g. sample of XII was added to 10 ml. of ice cold con
centrated sulfuric acid. After standing for 15 min., chipped 
ice was added and a viscous tan material separated. The 
material was treated with dilute sodium hydroxide solution 
and extracted by ether. The aqueous layer was separated 
and acidified to give 0.7 g. (53%) of /3-phenyl cinnamic acid, 
m.p. 162-163° after recrystallization from a 1:1 methanol- 
water mixture (lit.,11 m.p. 162°).

t-Butyl-0-hydroxy-0,0-diphenyl propionate (XIII). The 
general procedure was followed using 1.2 g. (0.34 mole) of 
lithium, 20 g. (0.17 mole) of i-butyl acetate, and 31.5 g. 
(0.17 mole) of benzophenone. Evaporation of the ether frac
tion yielded a solid which, upon recrystallization from 95%

(11) H. Rupe and E. Busolt, Ber., 40, 4537 (1910).

ethanol gave 36.4 g. (87%) crystalline ester XII, m.p. 93- 
94° after reervstailization from ethanol (lit.,12 m.p. 92- 
93°).

Anal. Calcd. for C19H22O3: C, 76.47; H, 7.43. Found: C, 
76.23; H, 7.54.

Repetition of the above reaction using one instead of two 
equivalents of lithium amide gave XII in 71% yield.

Dehydration was accomplished by adding 3 g. of XIII 
to 10 ml. of ice-cold concentrated sulfuric acid. After 15 
min. the slurry was poured onto chipped ice to precipitate 
a yellow solid. The solid was dissolved in sodium hydroxide 
solution and the yellow coloration was removed by ether 
extraction. Acidification of the aqueous layer precipitated
l. 9 g. (90%) of |3-phenyl cinnamic acid, m.p. 161-162° after 
recrystallization from 1:1 methanol-water mixture (lit.,11
m. p. 162°).

Ethyl-0-hydroxy-0,0-diphenyl isobutyrate (XIV). The gen
eral procedure was followed using 1.7 g. (0.24 mole) of 
lithium, 12.5 g. (0.12 mole) of ethyl propionate and 22.2 g. 
(0.12 mole) of benzophenone. The oily ether residue was 
cooled with stirring in an ice bath to give 7.3 g. (21%) of 
the ester, m.p. 98-99°.

Anal. Calcd. for CuFLoCh: C, 76.02; H, 7.09. Found: 
C, 76.03; H, 7.27.

Ethyl-0-hydroxy-a 0-diphenyl propionate (XV). The gen
eral procedure was not used here, the reaction previously 
reported2 * 4 5 being repeated exactly except that two equivalents 
of lithium amide were used rather than one. The reaction 
was carried out using 2.91 g. (0.42 mole) of lithium, 33 g. 
(0.2 mole) of ethyl phenyl acetate and 21.5 g. (0.2 mole) of 
benzaldehyde. Distillation of the ether residue gave 8 g. 
(15%) of ester bp. 171-176° (3 mm.) (lit.,2 b.p. 170-175° 
(2 mm.)).

D urham , N. C.

(12) K. Sisido, H. Xozaki, and O. Kurihara, J. Am. 
Chem. Soc., 74, 6254 (1952).

[Co n t r ib u tio n  from  t h e  D epa r t m e n t  of C h em istry  a nd  Chem ical  E n g in e e r in g , C ase  I n st it u t e  of T ec h n o lo g y ]
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Acidic mononitroalkanes react with olefin oxides in the presence of pyridine. The products depend upon the nature of 
the nitroalkane. Nitromethane gives a l-(2-hydroxyalkyl)pyridinium nitrite and tars, while nitroethane yields 3,4,5-tri- 
methylisoxazole, l-(2-hydroxyalkyl)pyridinium nitrite, tars and a possible trace of nitrcalcohol. Secondary nitroalkanes 
yield, depending on the steric requirements of the substituted groups, ketones, ketone oximes, l-(2-hydroxyalkyl)pyridinium 
nitrite, ditertiary ¡hc-dinitroalkane, 1,3-nitroalcohol and tars.

Condensation reactions of acidic mononitro- 
alkanes are known to involve a nucleophilic attack 
of the corresponding nitronate anion upon an elec
tron deficient center. As olefin oxides usually un
dergo ring opening by a nucleophilic displacement, 
one might expect nitroalkanes to condense with 
olefin oxides to yield as one possible product a 1,3- 
nitroalcohol :

r r 'c h n o 2 +  ¿'h , - c i i r "6
N 02 OH
I I

RR'—C—C IL -C H —R"

(1) From the Ph.D. Thesis of Frank J. Donat.

The 1,3-nitrodcohols have not been previously 
described. In fact, the only reaction of nitroalkanes 
and olefin oxides appearing in the literature reports 
an oxime as the principal product.3a The role of the 
olefin oxide is further obscured by the known base- 
induced transformations of nitroalkanes to 
oximes.3b,3c'4,5

(2) Present address: B. F. Goodrich Chemical Co., 
Brecksville, Ohio.

(3a) Hanns Ufer, Ger. 877,303. (3b) E. M. Nygaard, 
U. S. Patent 2,401,267. (3c) E. M. Nygaard and T. T. 
Noland, U. S. Patent 2,401,269.

(4) E. M. Nygaard, J. H. McCracken, and T. T. Noland 
U. S. Patent 2,370,185.

(5) H. Wetz and J. Weise, Ger. 837,692.
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TABLE I
E ffects of Varying the N itroalkane and the Olefin Oxide in Their Reaction in the Presence of Pyridine

0
v C .H .N

-> Products6 RR'CHNCh +  lR"dH—CH2 •
1. 5 hr. at 90°C;2. 16 hr. a t room temp.

Nitroalkane Olefin Oxide Products and Yields“

Nitromethane Ethylene
oxide

Nitromethane Propylene
oxide

Nitroethane Ethylene
oxide

Nitroethane Propylene
oxide

2-Nitropropane Ethylene
oxide

2-Nitropropane Propylene
oxide

2-Nitrobutane Ethylene
oxide

Nitrocyclo Ethylene
hexane oxide

l-(2-Hydroxyethyl)pyridinium nitrite: 7%. Nitroalcohol: infrared indicates a pos- 
sib.e trace. Tars: 5 g.

l-(2-Hydroxypropyl)pyridinium nitrite: 3.3%. Nitroalcohol: possible trace indicated 
by infrared. Tars: 4 g.

l-(2-Hydroxyethyl)pyridinium nitrite: 9%. 3-Nitro-l-butanol: 1.3%. 3,4,5-Tri- 
methylisoxazole: 16.2%. Tars: 9.1 g. Acetaldehyde: 20% based on unreclaimed 
ethylene oxide.

l-(2-HydroxylpropyI)pyridinium nitrite: 5.94%. Nitroalcohol: 0.9%. 3,4,5-Tri- 
methylisoxazole: 1.8%. Tars: 14.6 g.

]-(2-Hydroxyethyl)pyridinium nitrite: 23 %• 3-Nitro-3-metbyl-l-butanol: 7.5%.
2.3- Dinitro-2,3-dimethylbutane: 8.4%. Acetaldehyde: 23.0% based on theory 
for ethylene oxide. Acetone: 23% based on theory. Acetone oxime: 35%. Tars:
29.3 g.

l-(2-Hydroxypropyl)pyridinium nitrite: 17.6%. 4-Nitro-4-methyl-2-pentanol: 15%.
2.3- Dinitro-2,3-dimethylbutane: 14.8%. Acetone: 15%. Acetone oxime: 29%. 
Tars: 25.2 g.

l-(2-Hydroxyethyl)pyridinium nitrite: 21.1%. 3-Nitro-3-methyl-l-pentanol: 5.1%.
2-Butanone: 22.6%. 2-Butanone oxime: 33.2%. Tars: 40 g.

l-(2-Hydroxyethyl)pyridinium nitrite: 4.5%. Cyclohexanone: 6.1%.. Cyclohexanone 
oxime: 4.9%. Tars: 11.2 g.

“ All percentages are calculated on the basis of one mole of nitroalkane going to products.

The present investigation then was undertaken 
to determine the nature of the reaction of an olefin 
oxide with a nitroalkane. The results of our study 
are summarized in Table I. Pyridine appears to 
be unique in being able to induce extensive reaction 
other than tar formation. Therefore pyridine was 
used extensively as a catalyst for the system.

The olefin oxides differ slightly in reactivity but 
give essentially similar products. Propylene oxide 
appears to be slightly less reactive than ethylene 
oxide in some instances. Preliminary work on sty
rene oxide indicates that it is even less reactive 
than propylene oxide. The three oxides might, 
therefore, be arranged in the following series based 
on their reactivity: Ethylene > propylene > styrene.

One of the major differences, as might be ex
pected, is the nature of the products from nitro- 
methane, nitroethane, and the secondary nitro- 
alkanes. Nitromethane, for example, in the pres
ence of aqueous alkali, has been reported to react 
vigorously and completely to yield methazonic 
acid, nitrite anion, hydrogen cyanide, and 
resin.6’7’8'9 We found that nitromethane undergoes 
only a limited amount of reaction with either ethyl
ene or propylene oxide in the presence of pyridine. 
The main product is l-(2-hydroxyalkyl)pyridin- 
ium nitrite.The other products are tar and possibly 
a trace of nitroalcohol (indicated by infrared

(6) W. R. Dunstan and F. R. S. Goulding, J. Chem. Soc., 
77, 1262 (1900).

(7) P. Friese, Ber., 9, 394 (1876).
(8) M. T. Leceo, Ber., 9, 705 (1876).
(9) W. Meister, Ber., 40, 3435 (1907).

spectroscopy) formed by the condensation of 
nitromethane with the olefin oxide. No cyanide was 
observed. The formation of methazonic acid, how
ever, cannot be ruled out, even if it were not de
tected, as methazonic acid is unstable and would 
polymerize under the conditions of our reaction. 
Preliminary studies indicate that a much more 
complete reaction of nitromethane occurs upon 
standing for long periods at room temperature. 
Under these conditions an excellent yield of 1- 
(2-hydroxypropyl)pyridinium nitrite is obtained. 
Large amounts of tars are also formed, but again 
no cyanide or methazonic acid could be detected.

Nitroethane appears to be somewhat more re
active than nitromethane and yields l-(2-hydroxy- 
ethyl)pyridinium nitrite, 3,4,5-trimethylisoxazole, 
acetaldehyde (when ethylene oxide is used), 
tars, and a small amount of nitroalcohol. The 
acetaldehyde probably arises directly from the re
arrangement of ethylene oxide, although some may 
result from loss of nitrite ion. Nitroalcohol forma
tion again appears to be a minor reaction and the 
main products are the 3,4,5-trimethylisoxazole, 
and pyridinium nitrite.

The secondary nitroalkanes 2-nitropropane, 2-ni- 
trobutane, and nitrocyclohexane all yield similar 
products. 2-Nitropropane and 2-nitrobutane show 
about the same reactivity and are by far the most re
active nitroalkanes studied. These are also the only 
two nitroalkanes which yield appreciable amounts 
of nitroalcohol. The products from 2-nitropropane 
include l-(2-hydroxyethyl)pyridinium nitrite, 3- 
nitro-3-methyl-l-butanol, 2,3-dinitro-2,3-dimethyl-
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butane, acetone, acetone oxime, and tars. The 
acetaldehyde probably arises from the rearrange
ment of the ethylene oxide under the conditions 
of the reaction. Another significant fact is that the 
nitrite ion, as in the case with primary nitroalkanes, 
forms l-(2-hydroxyalkyl)pyridinium nitrite.

2-Xitrobutane with ethylene oxide is seen to 
yield l-(2-hydroxyethyl)pyridinium nitrite, 3-nitro-
3-methyl-l-pentanol, 2-butanone and 2-butanone 
oxime. Unlike 2-nitropropane, however, it does 
not yield acetaldehyde or a ditertiary vic-dinitro- 
alkane. This latter material is believed to arise from 
an oxidative dimerization of the secondary nitro- 
alkane. Steric hinderance probably inhibits this 
dimerization in the case of 2-nitrobutane.

Nitrocyclohexane, unlike either 2-nitropropane 
or 2-nitrobutane, reacts only to a limited extent 
with ethylene oxide yielding small amounts of
l-(2-hydroxyethyl)pyridinium nitrite, cyclohexa
none, and cyclohexanone oxime. The lack of re
activity in this case is probably due to the steric 
hindrance of the cyclohexane ring to an Sn-2 
attack on the carbon containing the nitro or iso- 
nitro group.

The similarity of some of the products found in 
our study to those obtained from the normal base 
induced transformations of nitroalkanes suggests 
a similar reaction mechanism. Dunstan6’10 found 
that anhydrous bases are without effect on nitro
alkanes, while aqueous or alcoholic bases cause 
extensive reaction. An analogous situation arises 
in our study. We have learned that anhydrous 
pyridine by itself is unable to induce significant 
transformations in either nitromethane or 2-nitro
propane while pyridine plus an olefin oxide pro
duces extensive reaction. We might, therefore, 
expect the olefin oxide to be taking the place of 
water or alcohol in these latter reactions. If the 
situation were this simple, however, pyridine should 
yield the same /3-dioxime from nitroethane which 
has been reported by Lippincott11 as being formed 
under the mild conditions of an aqueous organic 
base. Obviously the catalyst, if we may call it 
that, is much more nucleophilic than pyridine and 
may even approach the nucleophilicity of hydroxyl 
ion. Direct comparison with the work of Lippincott 
should probably not be made because his reactions 
were carried out at room temperature whereas we 
used a temperature of 90°.

Considering these factors, along with the forma
tion of l-(2-hydroxyalkyl)pyridinium nitrite in 
each reaction, we might expect the nucleophilic 
intermediate to arise from a combination of pyri
dine with olefin oxide. Such a combination might 
lead to a complex I or to an internal pyridine salt
(II):

(10) W. It. Dunstan and T. S. Dymond, J. Chem. Soc., 
410 (1890).

(11) S. B. Lippincott, J. Am. Chem. Soc., 62, 2604
(1940).
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Either (I) or (II) might then serve as a catalyst 
and reagent for the reactions we observed in our 
study. For example, we might picture the role of 
this intermediate in the 2-nitropropane-propylene 
oxide system as follows:
(a) Nitroaleohol formation12:
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(b) Pyridinium nitrite, acetone and acetone oxime formation 
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O k  A  + X  
w  cH- cH- , , ,

x

CH CH, L

OH
I

// 4\- CH 
"  N \  /  \

CH, CH,

(12) Structure II is arbitrarily used in all the illustra-
,ions.
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The ditertiary vic-dinitroalkane can also be postu
lated in a similar manner.

E X P E R IM E N T A L

Reagents. The olefin oxides, nitroalkanes, and pyridine 
were each thoroughly dried over an appropriate drying 
agent and then carefully fractionated. Only those fractions 
which boiled over a range of 1° or less were chosen for our 
investigation.

Apparatus. The apparatus consisted of a three-necked,
2-1., round-bottomed flask equipped with an Ace Trubore 
stirrer and Teflon paddle, a dry ice-acetone cold finger, a 
thermometer, and a dropping funnel. The cold finger was 
connected to a liquid nitrogen cold trap and then through 
a drying tube to the atmosphere. The dropping funnel was 
surrounded by a jacket packed with Dry Ice to prevent the 
loss of low boiling olefin oxide.

General experimental procedure. All of the reactions were 
carried out in the following manner: 5 moles of nitroalkane 
and 1 mole of pyridine were added to the reaction flask. 
The mixture was stirred and heated to 90°, then 1 mole of 
olefin oxide dissolved in 1 mole of nitroalkane was added 
dropwise. The addition generally required about 3 hr. How
ever, stirring and heating were continued a total of 5 hr., 
measured from the start of the olefin oxide addition. The 
reaction mixture was allowed to stand an additional 16 hr. 
at room temperature.

The low boiling materials were removed at low tempera
ture under vacuum and collected over liquid nitrogen. 
These light ends, wThich usually consisted of olefin oxide, 
aldehyde, and ketone were then fractionated at atmos
pheric pressure. The oxides were identified by boiling points 
and comparison of their infrared spectra with those of 
authentic samples, while the aldehydes and ketones were 
identified by their boiling points, by the melting points of 
their 2,4-dinit,rophenylhydrazone derivatives, and by com
parison of their infrared spectra with those of authentic 
samples.

Next, the excess nitroalkane was removed at reduced 
pressure keeping the pot temperature below 50°. The 
residue was poured into an excess of dry ether (about 4 1.). 
The solution was vigorously shaken and then allowed to 
stand until it became clear. A deep red oil precipitated from 
the solution. The ether was removed by decantation and 
the residual oil placed under vacuum. This oil, now very 
viscous (Fraction A, see analysis below) consists mainly of 
l-(2-hydroxyalkvl)pyridinium nitrite. In those reactions in
volving a nitroalkane, styrene oxide, and pyridine, the 1- 
(2-phenyl-2-hydroxyethyl)pyridinium nitrite crystallized

directly from the reaction mixture and could be removed by 
filtration.

The ether solution decanted from Fraction A was treated 
with anhydrous hydrogen chloride to precipitate an orange- 
brown oil and some colorless crystals. This material desig
nated Fraction B (see analysis below) consisted of pyridine 
hydrochloride and tars. From reactions involving secondary 
nitroalkanes, ketone oxime hydrochlorides were also present.

The ether solution, now a much lighter amber color, was 
evaporated to remove ether. As ether was being removed,
2,3-dinitro-2,3-dimethylbutane precipitated from those re
action systems utilizing 2-nitropropane. After reciystalliza- 
tion from petroleum ether, the 2,3-dinitro-2,3-dimethyl- 
butane was identified by its melting point 209-210°, mixed 
melting point, comparison of its infrared spectrum with that 
of an authentic sample, and elemental analysis.

Anal Calcd. for C6H12N20 4: C, 40.90; H, 6.87; N, 15.90. 
Found: C, 41.00: H, 6.97; N, 15.93.

The residue, after removal of all of the ether, was dis
tilled under high vacuum. In some cases a vacuum of less 
than 1 micron was employed and all distillates were col
lected over Dry Ice in acetone or liquid nitrogen. The first 
fraction usually consisted of nitroalkane, while the constitu
tion of subsequent fractions depended upon the nitroalkane 
and olefin oxide used in the particular reaction. These frac
tions contained 3,4,5-trimethylisoxazole, 1,3-nitroalcohol, 
glycol, and 2,3-dinitro-2,3-dimethvlbutane. A black tar 
remained as pot residue. The pot temperatures were never 
permitted to rise above 80° and, in most cases, were kept 
below' 60°. The infrared spectra of all fractions w'ere examined 
and those fractions w’hich seemed most likely to contain 
nitroalcohol w'ere used to prepare p-nitrobenzoate and 3,5- 
dinitrobenzoate ester derivatives. These derivatives were 
analyzed for carbon, hydrogen, and nitrogen.

4-X itro-4-!\ I ethyl-2-Penta x o l

Ester M.P. Analyses

p-Nitroben- 115-116° 
zoate

3,5-Dinitro- 138-139° 
benzoate

Calcd. for C„H,6N20 6: C, 52.02; 
H, 5.44; N, 9.45. Found: C, 
51.91; H, 5.21; N, 9.28 

Calcd. for CI3H15X30 8: C, 45.75; 
H, 4.43; X, 12.31. Found: C, 
45.30; H, 4.15; X, 12.43

3-Nitro-3-methyl-l-butanol:
p-Nitroben- 94-94.5° Calcd. for Ci2HhN206: C, 51.06; 

zoate H, 5.00; X, 9.92. Found: C,
50.54; H, 5.20; N, 10.21

3,5-Dinitro- 125-125.3° Calcd. for Ci2Hi3N3Ó8: C, 44.04; 
benzoate H, 4.00; X, 12.87. Found: C,

43.51; H, 4.25; N, 13.01
3-Nitro-3-methyI-l-pentanol:
p-Nitroben- 78.8-79° Calcd. for CuHieNiO«: C, 52.02; 

zoate H, 5.44; N, 9.46. Found: C,
51.86; H, 4.95; X, 9.82

3,5-Dinitro- 83.3-84° Calcd. for Ci3HisX30 8: C, 45.75; 
benzoate H, 4.42; X, 12.31. Found: C,

44.90; H, 4.25; X, 12.52

In those cases where the nitroalcohol was contaminated 
with glycol, the ester derivatives of the glycol were found 
to be much less soluble in petroleum ether than the ester 
derivatives of the nitroalcohols. These glycols which were 
derived from its corresponding olefin oxide were identified 
by the melting points of their ester derivatives and also 
by elemental analysis of these same derivatives.

The 3,4,5-trimethylisoxazole was purified by precipitating 
the cadmium complex, washing the solid complex with 
anhydrous alcohol until the supernatant liquid became 
colorless and then regenerating the trimethylisoxazole by 
w'arming the complex with water. The water solution was' 
then extracted with ether and the ether solution dried over
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anhydrous magnesium sulfate and distilled. The final identi
fication of the 3,4,5-trimethylisoxazole was accompanied by 
comparing its boiling point and infrared spectrum with that 
of an authentic sample prepared by treating nitroethane with 
aqueous sodium hydroxide. The melting point of our mate
rial was found to be 3° which compares favorably with the 
melting point of 3-4° reported in the literature.10

Analysis of fraction A. The fraction was dried over phos
phorus pentoxide under vacuum, at room temperature, for 
about 1 week. When styrene oxide wras employed as the 
olefin oxide, the l-(2-phenyl-2-hydroxyethyl)pyridinium 
nitrite (m.p. 179.6-179.9°) crystallized from the reaction 
mixture directly and was purified by recrystallization from 
absolute alcohol or dry dimethylformamide. In this case the 
pyridinium nitrite was analyzed directly for nitrite ion, 
nitrogen, carbon and hydrogen.

Anal. Calcd. for C13H„N20 J: C, 63.40; H, 5.73; N, 11.38; 
NOj- 18.45. Found: C, 63.67; H, 5.63; N, 11.17; N O r, 
18.68.

When the pyridinium nitrite was obtained as an oil, it 
was very difficult to isolate a pure crystalline product. In 
these cases the amount of pyridinium nitrite in the sample 
was determined by titrating small portions of Fraction A 
with standard potassium permanganate.13

To obtain analytical data, the nitrite (which is very 
hygroscopic) was converted to the chloride, which is some
what easier to handle, and purified in this form. The con
version and purification were carried out as follow's: The 
crude pyridinium nitrite was taken up in water and then 
treated with freshly regenerated Rohm and Haas Amberlite 
IR-120 sulfonic acid-type ion exchange resin. When the 
evolution of nitrogen oxides had ceased, the solution was

(13) W. C. Pierce and E. L. Haensch, Quantitative Anal
ysis, John Wiley and Sons, Inc.. New York, 1945, pp. 196- 
197.

filtered and the resin which now contained the pyridinium 
salt was washed repeatedly with water and then once with 
acetone. The resin was then warmed with 10% hydrochloric 
acid to remove the pyridinium salt, and the acid solution 
was evaporated to 40° under vacuum. When about 10 ml. 
of residue remained, absolute alcohol was added and again 
the solution was evaporated tinder vacuum. This process 
was repeated until a viscous oil remained and all acid had 
been removed. The oil residue, after being dried under 
vacuum in the presence of phosphorus pentoxide for 1 week, 
was taken up in a minimum of absolutely dry dimethyl
formamide, sealed in a vial, then placed under refrigeration 
(about —10°) for 1 week. Crystals wrere filtered under dry 
nitrogen and then recrystallized from dry dimethylform
amide (m.p. 127-127.4°).

Anal. Calcd. for C,H10NOC1: Cl, 22.22. Found: Cl, 22.06.
Analysis of fraction B. Two procedures were used in 

analyzing the fraction obtained from the treatment of the 
ether solution of the reaction mixture with anhydrous 
hydrogen chloride. In those cases where this fraction con
sisted mainly of pyridine hydrochloride, as for example from 
nitromethane and nitroethane, it was treated with aqueous 
sodium bicarbonate and the organic material was extracted 
into ether. Ether was removed and the residue fractionated.

The second procedure was used on those samples known 
to contain oxime hydrochlorides as well as pyridine hydro
chloride. In this second procedure, a portion of Fraction B, 
which had been dried for 1 week in a vacuum desiccator 
over phosphorus pentoxide, was vacuum distilled. The oxime 
hydrochloride readily distilled as a colorless liquid which 
solidified in the receiver. The oximes were identified by 
comparing the melting points and mixed melting points of 
both the oxime hydrochloride and oxime with those of com
pounds of known structure.

Cleveland 6. Ohio

[Contribution from tiie Department of Chemistry, University of M aryland]
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An epoxydiene, 3,4-dimeth3'lene-7-oxabicyclo[4.1.0]heptane, was prepared by the pyrolysis of an epoxydiacetate at 500°. 
The structure of the diene was proved by analysis, ultraviolet and infrared spectia, hydrolysis to a solid dihydroxydiene and 
conversion to two solid Diels-Alder adducts. The diene could be polymerized by a free radical mechanism to a benzene-solu
ble polymer of high molecular weight. Treatment of this linear polymer with a diamine produced a hard epoxy resin.

In this series of articles the preparation of a 
variety of cyclic dienes has been reported, but with 
the exception of 9,10-dimethylene-l,7-dioxacyclo- 
hendecane-2,6-dione4 and thiophene 1-dioxide6 
all contained only carbon and hydrogen. I t was of 
interest to extend this series to include a variety of 
cyclic dienes containing polar groups. Of particular 
interest was a cyclic diene containing an epoxy

(1) Previous paper in this series, J. Am. Chem. Soc., 81, 
5598(1959).

(2) Presented in part before the Division of High Poly
mers, 128th Meeting, ACS, Miami, Fla., April 1957.

(3) Office of Naval Research Fellow, 1955-57.
(4) W. J. Bailey and W. R. Sorenson, J. Am. Chem. 

Soc., 78,2287 (1956).
(5) W. J. Bailee and E. W. Cummins, J. Am. Chem. Soc., 

76,1932(1954).

group, since the polymers from such a monomer 
would combine the characteristics of a diene poly
mer with those of an epoxy resin. For these reasons 
the synthesis of the epoxydiene, 3,4-dimethylene-7- 
oxabicyclo[4.1.0]heptane (III) was undertaken.

Although A‘-cyclohexene-1,2-dimethanol diace- 
tate (I) had been prepared previously by a two- 
step procedure,6 a shorter procedure was developed 
by use of an effectively one-step reductive acetyla
tion with lithium aluminum hydride and acetic 
anhydride.4’7 In this procedure diethyl A4-cyclo- 
hexane-l,2-dicarboxylate was reduced in the usual

(6) W. J. Bailev and J. Rosenberg, J. Am. Chem. Soc., 
77,73(1955).

(7) W. J. Bailey and M. J. Stanek, Abstracts of the 
127th National Meeting of trie American Chemical Society, 
Cincinnati, Ohio, April 1955, p. 30N.
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way with lithium aluminum hydride but, instead of 
the usual hydrolysis, the reaction mixture was 
treated directly with acetic anhydride to produce 
an 82% yield of the diacetate I. The epoxidation 
of I was accomplished in an 85% yield with per- 
benzoic acid. Of the methods available for the prep
aration of perbenzoic acid, the procedure of 
Kergomard and Bijou8 was preferred. According 
to this simple procedure benzoyl chloride was 
treated with 35% hydrogen peroxide plus sodium 
hydroxide to give a chloroform solution of perben
zoic acid in 75 to 82% yields.

Since the pyrolysis of esters had been used suc
cessfully for the synthesis of highly unsaturated 
compounds, it was hoped that pyrolysis under con
trolled conditions would not isomerize the epoxide 
ring. For example, the pyrolysis of esters was used 
successfully to prepare l,2-dimethylene-4-cyclo- 
hexene,6 isomeric with o-xylene, and 1,4-dimethyl- 
ene-2-cyclohexene,9 isomeric with p-xylene. How
ever, pyrolysis of an epoxide either in the liquid 
phase or over catalysts usually results in the rear
rangement to an aldehyde or ketone. For example, 
pyrolysis of 2,3-epoxypcntane gave methyl 71- 
propyl ketone,10 while simple distillation of 1,1- 
diphenyl-1,2-propylene oxide at atmospheric pres
sure gave a, a-diphcnylacetone.11 Pyrolysis of 
cyclohexene oxide in the vapor phase at high tem
peratures or in the presence of catalysts gave a 
variety of products, including cyclohexanone, 
water, and cyclohexadiene.12

The pyrolysis of the epoxydiacetate II over 
Pyrex helices at 500° under such conditions that 
very little carbonization occurred and 64% of two 
molar equivalents of acetic acid was liberated did

(8) A. Kergomard and J. Bijou, Bull. soc. chim. France, 
1956,486.

(9) W. J. Bailev and It. Barelav, J. Am. Chem. Soc., 81, 
5393(1959).

(10) M. Favorskii, M. Chichonkin, and I. Ivanov, Compt. 
rend., 199, 1229(1934).

(11) J. Levy and LaGrave, Cornet, rend., 180, 1032 (1925).
(12) F. O. Rice and A. L. Stallbaumer, J . Am. Chem. Soc.,

64,1527(1942).

produce an 11% yield of the desired epoxvdiene,
3.4-dimethylene-7-oxabicyclo[4.1.0]hcptane (III). 
At the same time, a 25% yield of the olefin acetate 
IV and a 7% recovery of starting material were 
realized. The yield of diene III, based on unre
covered II and IV, was, therefore, only 16%. 
However, the reason for the low yield apparently 
was not rearrangement of the epoxide group but 
rather polymerization of III either during pyrolysis 
or subsequent treatment. Distillation of III always 
gave some polymeric residue.

The structure of III was indicated by spectral 
data as well as conversion to several solid deriva
tives. The presence of conjugated double bonds 
exocvelic to a six-membered ring was indicated by 
an £ maximum of 4500 at 225 ma in the ultraviolet 
spectrum of III determined in cyclohexane. Al
though this maximum occurs at slightly longer wave 
lengths than that in the spectrum of 1,2-dimethyl- 
enecyclohcxane (218 m/a),13 it occurs at a substan
tially shorter wave length than predicted from 
Woodward’s rules14 (237 mp). This difference can be 
rationalized by the assumption that the attached 
three-membered ring changes the conformation 
of the six-membered ring so that the two methylene 
groups are more nearly planar.15 The infrared 
spectrum of the epoxydiene showed a strong band 
at 893 cm.-1, indicating the presence of metl^dene 
groups, and strong bands at 873, 1065, and 1232 
cm.-1, indicating the presence of an epoxide group.

Diels-Alder adducts V and VI were prepared 
from 3,4-dimethylene-7-oxabicyclo[4.1.0]heptane 
and maleic anhydride and naphthoquinone, re
spectively. The structure of the maleic anhydride 
adduct V was indicated by analysis and by in
frared spectrum; bands at 848, 1061, and 1226 
cm.-1 indicated the presence of the three-membered 
oxygen ring and bands at 808, 952, 1448, 1788, and 
1848 cm.-1 indicated the presence of the anhydride 
ring.

The hydrolysis of the epoxydiene III in very di
lute sodium hydroxide gave, as the main product, 
polymer; however, a small amount of trans-
l,2-dimethylenecyclohexane-4,5-diol (VII) was iso
lated from the product. The structure of the 
dihydroxydiene was indicated by an e max. of 3200 
at 222 mp in the ultraviolet spectrum determined 
in iso-octane. The infrared spectrum of VII, de
termined on a Xujol mull, showed bands at 1065 
and 3400 cm.-1, indicating the presence of second
ary hydroxyl groups, and a band at 905 cm.-1, 
indicating the presence of methylene groups.

In a standard peroxide-catalyzed emulsion sys
tem, 3,4-dimethylene-7-oxabicyclo [4.1 .Ojheptane
(III) gave solid white polymer that was completely 
soluble in benzene but insoluble in methanol.

(13) W. J. Bailey and II. R. Golden, / .  Am. Chem. Soc., 
76,5418(1954).

(14) R. B. Woodward, J. Am. Chem. Soc., 64, 72 (1942).
(15) W. J. Bailey and W. B. Lawson, J. Am. Chem. Soc., 

79,1444(1957).
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Although the polymer did not possess a definite 
softening point, it became slightly discolored and 
resinous between 180° and 200°, suggesting 
that cross linking had taken place. An infrared 
spectrum of the polymer showed no band at 893 
cm.-1, indicating almost complete 1,4-addition 
during polymerization; the strong bands cor
responding to the epoxy group, 868, 1061, and 1217 
cm.-1, were, however, still present. When the epoxy
diene III was polymerized in bulk with benzoyl 
peroxide, a rubbery polymer resulted. When this sol
uble polymer was cross linked with ethylenedi- 
amine, a very hard epoxy resin resulted.

It must be concluded that in the vapor state the
1,2-disubstituted three-membered epoxide ring is 
more stable than the ester group. It is likely that, 
in contrast to the noncatalyzed cyclic mechanism 
proposed for ester pyrolysis, the rearrangement of 
the epoxide ring is acid or base catalyzed. Thus, 
the vapor-phase pyrolysis will tend to minimize 
any catalyzed reaction and allow for the synthesis 
of a large variety of polyfunctional or strained com
pounds.

E X P E R IM E N T A L 16 17

A'-Cyclohexene-l,2-dimethanol diacetate (I). In a 12-1., three
necked flask, equipped with stirrer, reflux condenser, and 
dropping funnel, was placed 100 g. (2.63 moles) of lithium 
aluminum hydride in 6 1. of anhydrous ether. While the 
flask was externally cooled by an ice bath, 500 g. (2.22 
moles) of diethyl A4-cyclohexene-l,2-dicarboxylate, b.p. 
103° (0.6 mm.), re2Ds 1.4606 [reported17 b.p. 129-131° (5 
mm.), n2o 1.4605-1.4610], in 2 1. of anhydrous ether was 
added dropwise over a 5-hr. period with stirring. After 
addition of the diester was complete, the reaction mixture 
was heated under reflux for 5 days. (If the reaction mixture 
coagulated so that the reaction mixture could not be stirred, 
heating was carried out without stirring until the complex 
could be broken—heating for 2 days usually was sufficient.)

The ether was removed by distillation and replaced with 
4500 ml. of anhydrous di-ri-butyl ether until a reaction 
temperature of 120° was reached. After the reaction mix
ture was cooled to 60°, 600 ml. of glacial acetic acid was 
added dropwise. Stirring was discontinued wffien the reac
tion mixture solidified. After the mixture was heated for 24 
hr. and then cooled, the solid complex was dispersed and the 
stirring was continued. Acetic anhydride (2500 ml.) was 
added slowly to the hot mixture and the heating was con
tinued for several days. After the reaction mixture was 
cooled and filtered, the solvent and excess reactants were 
removed in vacuo. The residue was fractionated through a
12-inch Vigreux column to give 411 g. (82%) of A4-cyclo- 
hexene-1,2-dimethanol diacetate (I), b.p. 103-105° (0.2 
mm.), n\if 1.4765 (reported b.p. 121-128° (1.0 mm.)).

(16) The authors are indebted to Miss Kathryn Gerde- 
man and Miss Jane Swan for the microanalyses and to Dr. 
Ellis Lippincott, Dr. Asa Leifer, Dr. Rudolph Schroeder, 
and Mr. Charles E. White for the infrared spectra and aid 
in their interpretation. The infrared spectra of the mono
mers were determined with a rock salt prism in a Beckman 
IR-4 spectrophotometer, while the spectrum of the polymer 
was determined on a Perkin-Elmer Model 12-C spectro
photometer modified for double-pass operation. The ultra
violet spectra were determined on a Beckman DU spectro
photometer. All melting points are corrected.

(17) A. C. Cope and E. C. Herrick, Org. Syntheses, 30, 29
(1950).

7-Oxabicyclo[4.1.0]heptane-S,4-dimelhanol diacetate (II). 
By a modification of the method of Kergomard and Bijou,8 
50 g. (0.5 mole) of 35% hydrogen peroxide solution was 
added to a solution of 40 g. (1.0 mole) of sodium hydroxide 
in 300 ml. of water and 300 ml. of absolute alcohol at 0 to 
4°. After the mixture was agitated for 10 min., 72 g. (0.5 
mole) of benzoyl chloride was added while the temperature 
was maintained below 5°. Agitation was continued with 
external cooling until the reaction mixture became only 
slightly cloudy (usually 1-2 hr.), thus ensuring nearly 
complete reaction of the benzoyl chloride. The reaction 
mixture was filtered under vacuum into a cold filter flask 
to remove any benzoyl peroxide. The filtrate containing some 
sodium peroxide gave per benzoic acid by the addition of 
cold 10% sulfuric acid solution to a definite acid end point 
(Congo red or methyl orange). Successive extractions of the 
acidified filtrate with 150, 75, and 50 ml. of cold chloroform 
gave a chloroform solution of perbenzoic acid. (It is usually 
advantageous to add crushed ice to the aqueous solution to 
avoid a temperature rise during the extraction.) The con
centration of perbenzoic acid in the chloroform solution 
was determined by the potassium iodide titration method 
on an aliquot. The y.eld was 75 to 82% of theoretical.

To a 1-1., three-necked flask, fitted with stirrer, dropping 
funnel, and reflux condenser, and containing a cold chloro
form solution of perbenzoic acid (0.377 mole) was added 
dropwise a solution of 85.2 g. (0.377 mole) of A4-cyclo- 
hexene-1,2-dimethanol diacetate (I) in 200 ml. of chloro
form at a rate such that the temperature of the reaction 
mixture did not rise above 10°. After the addition was com
plete, the reaction mixture was allowed to warm to room 
temperature and stirring was continued for an additional 18 
hr. After the reaction mixture was washed with several por
tions of a 10% sodium carbonate solution (until all the 
benzoic acid was removed) and then with water, it was 
dried over anhydrous magnesium sulfate. After the solvent 
was removed by distillation in a partial vacuum, the residue 
was distilled through a 12-inch, helix-packed column to 
yield 77.2 g. (85%) of 7-oxabicyclo [4.1.0]heptane-3,4-di
methanol diacetate (II), b.p. 121-125° (0.3 mm.), n2D5
1.4705.

Anal. Calcd. for CnHigCb: C, 59.47; H, 7.49. Found: 
C, 59.66; H, 7.38.

3,4-Dimethylene-7-oxabicyclo[4.1.0]heplane (III). At the 
rate of 0.33 g. per min., 145.6 g. (0.606 mole) of 7-oxa
bicyclo [4.1.0 ]heptane-3,4-dimethanol diacetate (II) was 
added dropwise to a Vycor tube packed with Pyrex helices 
and externally heated at 500° in an apparatus described 
previously.18 Charring was minimized by sweeping the sys
tem continuously with a slow stream of oxygen-free nitrogen. 
The yellow pyrolysate in ether was washed free of acetic 
acid with water and dried over anh3rdrous sodium car
bonate. (Titration of aliquots of the aqueous washings indi
cated that 65% of two molar equivalents of acetic acid had 
been liberated.) The pyrolysate was fractionated through a
12-inch, helix-packed column to yield 7.9 g. (11%) of 3,4- 
dimethylene-7-oxabicyclo[4.1.0[heptane (III), b.p. 65-68° 
(10 mm.), k2d 1.4970; 27.3 g. (25%) of 3-methylene-7- 
oxabicyclo[4.1.0]heptane-4-methanol acetate (IV), b.p. 81- 
86° (0.8 mm.); and .0.4 g. (7% recovery) of unchanged
7-oxabicyclo [4.1.0jheptane-3,4-dimethanol diacetate (II). 
There remained 37.5 g. of a dark polymeric residue in the 
distilling flask. The yield of III, based on unrecovered II 
and IV, was 16%.

Anal. Calcd. for CtH10O: C, 78.62; H, 8.25. Found: C, 
78.40; H, 8.50.

6,7-Epoxy-A,U0)-decalin-2,8-dicarboiylic anhydride (V). 
A mixture of 0.53 g. (0.0044 mole) of 3,4-dimethylene-7- 
oxabicyclo[4.1.0[heptane (III) and 0.43 g. (0.0044 mole) 
of maleic anhydride was heated under reflux in 25 ml. of 
ether for 25 min. The Diels-Alder adduct, which precipi-

(18) W. J. Bailey and J. J. Hewitt, J. Org. Chcm., 21, 
543(1956).



5 1 4 SLOM P, IN  ATOME, BOW ERS, D ER FER , G R E E N L E E , AND BOORD VOL. 2 5

tated from the hot mixture, was removed by filtration to 
give 0.9 g. (95%) of O^-epoxy-A^'W-Jecalm^.S-dicarboxylic 
anhydride (V), m.p. 190.5-191.5°.

Anal. Calcd. for Ci2Hi20.i: C, 65.44; H, 5.50. Found: C, 
65.60; H, 5.76.

2,3-Epoxy-l,2,3,4,5,oa,6,ll,lla,12-decahydronaphthacene-
6,11-dione (VI). To a solution of 0.52 g. (0.0033 mole) of
1,4-naphthoquinone in 25 ml. of dry toluene was added 0.60 
g. (0.005 mole) of 3,4-dimethylene-7-oxabicyclo[4.1.0¡hep
tane (III) and the solution was heated under reflux for 2 
days. The solvent was removed by distillation to give a 
yellow solid. Two recrystallizations from 95% ethanol gave 
0.87 g. (70%) of VI as yellow needles, m.p. 165.5-170°, 
which became slightly discolored on exposure to air.

Anal. Calcd. for C18H160 3: C, 77.12; H, 5.75. Found: C, 
77.00; H, 5.75.

trans-l,2-Dimethylenecyclohexane-4,o-diol (VII). Crude 3,4- 
dimethylene-7-oxabicyclo[4.1.0]heptane (III) (33 g.) was 
treated with a solution of 24 g. of sodium hydroxide in 800 
ml. of water for 15 hr. at 40-50°. After the mixture was 
cooled to room temperature, 15 g. of acetic acid was added 
and the aqueous solution was extracted continuous^ with 
ether for 24 hr. After the ether solution was dried over 
anhydrous magnesium sulfate and the solvent was re
moved by distillation, some low boiling liquids were removed 
from the residue under partial vacuum. The remaining resi
due was a polymeric resin, which was insoluble in ether, 
benzene, methanol, and acetone.

Extraction of the residue in hot acetone, followed by filtra
tion of the mixture, gave a white resin, softening point
165-167°. Evaporation of the acetone filtrate gave a white 
solid, which was dissolved in methanol. Addition of the 
solution to a large excess of benzene and concentration of 
this solution to one-half its original volume (essentially re
moving the methanol) gave 20 mg. of ¿ro»s-l,2-dimethylene- 
cyclohexane-4,5-diol (VII) as a white powder, m.p. 214-215°.

Anal. Calcd. for C8H120 2: C, 68.53; H, 8.63. Found: C, 
68.39 ;H, 8.59.

Emulsion polymerization of 3,4-dimethylene-7-oxabicyclo- 
[4-1.0}heptane (III). In a 2-oz. screw-cap bottle were placed
2.06 g. of 3,4-dimethylene-7-oxabicyclo [4.1.0¡heptane (III), 
0.10 g. of sodium stearate, 0.02 g. of lauryl mercaptan, 0.007 
g. of potassium persulfate and 3.80 g. of water. The bottle 
■was rotated in a water bath maintained at 63° for 26 hr., 
at which time the emulsion had broken. After acidification 
of the mixture with dilute hydrochloric acid and removal 
of the solid by filtration, the solid was dissolved in 60 ml. 
of benzene and a trace of 1,3,5-trinitrobenzene was added 
as an inhibitor. The benzene solution wras poured slowly into 
250 ml. of cold methanol with stirring and the white floccu- 
lent polymer precipitated. Filtration, followed by drying, 
gave 0.77 g. (37% conversion) of poly-3,4-dimethylene-7- 
oxabicyclo[4.1.0]heptane. The polymer did not exhibit 
a definite softening point, although discoloration and signs 
of cross linking of the polymer occurred at 180°. The polymer 
showed signs of considerable discoloration at 230°. This 
decomposition probably resulted from cross linking of the 
epoxide groups, as the heated polymer displayed hard, 
brittle properties ■which were not present in the original 
polymer.

Determination of the viscosit}1’ of the polymer at 25° in a 
chloroform solution in an Ostwald viscometer gave an in
trinsic viscosity of 0.326.

Combined peroxide-catalyzed and epoxide polymerization of
8,4-dimethylene-?-oxabicyclo[4.1.0}heptane (III). When 0.57 
g. of 3,4-dimethylene-7-oxabicyclo[4.1.0¡heptane (III) was 
polymerized in bulk with a catalytic quantity of benzoyl 
peroxide at steam-bath temperature for 13 hr., the resulting 
polymer was very viscous and displayed some elasticity at 
room temperature. After a small amount of ethylenediamine 
was added to this polymer, the mixture was heated for 2 hr. 
on a steam bath. There resulted a very hard amber-colored 
resin which adhered to the walls of the glass container.

College Park, M d.

[Contribution from the Department of Chemistry of the Ohio State University]
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Synthesis of 1,1,3,3-tetramethylcyclopentane, 1,1,2,4-tetramethylcyclopentane and 1,1,3,4-tetramethylcyclopentane from 
isophorone has been accomplished. Several intermediate compounds, tetramethylcyclopentenes, trimethylcyelohexenes 
polymethyladipic acids, cyclohexanones cyclopentanones and cjxlohexanediols were prepared and characterized. The 
methods described are adaptable to large scale use.

The tetramethylcyclopentanes comprise a little 
known group of hydrocarbons. Of the seven pos
sible structural isomers only one (1,1,2,3-tetra-

(1) This paper was abstracted in part from a dissertation 
presented by George Slomp, Jr., to the Graduate School of 
the Ohio State University in partial fulfillment of the re
quirements for the degree of Doctor of Philosophy. The 
remainder of the work was carried out as a part of the normal 
research activities of the American Petroleum Institute 
Research Project 45, which is administered by the Ohio 
State University Research Foundation.

(2a) Present address: Upjohn Co., Kalamazoo, Mich. 
(2b) Present address: Merrill Co., Cincinnati, Ohio. (2c) 
Deceased. (2d) Present address: Glidden Co., Jacksonville. 
Fla.

methylcyclopentane3) has been reported as syn
thesized, and no effort was made to determine the 
hydrocarbon’s geometrical configuration. 1-iram-
2- cfs-3-frcms-4-Tetramethylcyclopentane and 1,1-
3- (rans-4-tetramethylcyclopentane have been iden
tified in a representative petroleum.4 If all of the 
geometrical isomers are counted, sixteen different 
tetramethylcyclopentanes are possible.

Previously,5'6 isophorone (3,5,5-trimethyl-2-cy-

(3) J. F. Eykman, Chem. Weekblad, 3, 692 (1906).
(4) F. D. Rossini and A. J. Streiff, Paper presented to

Section V of the Fifth World Petroleum Congress, N. Y.
(1959).
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TABLE I
Physical Properties for Some H ydrocarbons Synthesized

Compound F.P., °C. B.P., °C. d\° n2o
Purity, 
Mole %

1.1.3.3- (CH3)4 Cyclopentane
1.1.3.4- (CH3)j Cyclopentane

-88.29 117.96 0.7509 1.4125 99.0 + 0 .5

(trans) -93.94 121.4-121.6 0.7489 1.4120 98.5 +  0.5
1.1.3.4- (CH3)4 Cyclopentane (cis)
1.1.2.4- (CH3)4 Cyclopentane

-106.49 132.9-133.0 0.7670 1.4204 98.0 + 0 .5

(cis and trans) -118.91 129.41-129.45 0.7648 1.4194-1.4196 —
3,3,5,5-(CH3)4 Cyclopentene -64.23 107.03 0.7484 1.4154 —
3,3,5-(CH3)3 Cyclohexene -85.39 131.33 0.7888 1.4386 9 9 . 5 + 0 . 2
3,5,5-(CH3)3 Cyclohexene -91.97 133.58 0.7941 1.4406 97.8 +  0.2

clohexenone) had been used as a starting material 
for a variety of trimethylcyclopentanes. Paper I 
of our series5 6 7 describes syntheses based on cyclo- 
pentadiene. The present work extends the use of 
isophorone to the synthesis of five tetramethyl- 
cyclopentanes (two as a mixture of geometrical 
isomers), one tetramethylcyclopentene, and, in
cidentally, two trimethylcyclohexenes.

The synthesis of 1,1,3,3-tetramethylcyclopen- 
tane from isophorone was made possible by the 
discovery of M. S. Kharasch and P. 0. Tawney8a 
that, in the presence of cuprous chloride, methyl 
Grignard reagent undergoes 1,4-addition to iso
phorone, and 3,3,5,5-tetramethylcyclohexanone is 
obtained. When this ketone was oxidized by nitric 
acid it yielded 2,2,4,4-tetramethyladipic acid, 
which upon destructive distillation was converted 
to a new ketone, 2,2,4,4-tetramethylcyclopen- 
tanone. This ketone was converted to 1,1,3,3- 
tetramethylcyclopentane in two ways: (1) direct 
reduction by a modification of the Wolff-Kishner 
procedure, and (2) reduction by catalytic hydro
genation, dehydration, and re-hydrogenation. The 
products obtained were of about the same purity. 
Method 2 produced two new olefins in the dehydra
tion step: 3,3,5,5-tetramethylcyclopentene and 
another, tentatively identified as 1,3,3,5-tetra- 
methylcyclopentene (which could be formed by 
retropinacolic rearrangement).

1,1,2,4 - Tetramethylcyclopentane and 1,1,3,4,- 
tetramethylcyclopentane were synthesized by a 
similar series of reactions. 3,3,5-Trimethylcyclo- 
hexanone and 3,3,5-trimethylcyclohexanol were 
oxidized by nitric acid to produce a mixture of
2,2,4-trimethyladipic acid and 2,4,4-trimethyladipic 
acid, which was ketonized without separation or 
purification, yielding cyclic ketones.

2,2,4-Trimethylcyclopentanor.c, the lower boil

(5) S. F. Birch and E. A. Johnson, J. Chem. Soc., 1493
(1951).

(6) George Slomp, Doctoral Dissertation, the Ohio State 
University, 1949. Also presented before the Organic Division 
of the American Chemical Society in September, 1950, in 
Chicago, 111.

(7) Grant Crane, C. E. Boord, and A. L. Henne, J . Am. 
Chem. Soc., 67, 1237(1945).

(8a) M. S. Kharasch and P. O. Tawney, J. Am. Chem. Soc., 
63,2308(1941).

ing of the cyclic ketones, was separated in good 
purity by high-efficiency distillation, and 2,4,4- 
trimethylcyclopentanone was isolated through its 
sodium bisulfite addition product. The purified 
ketones were condensed individually with methyl 
Grignard reagent to produce 1,2,2,4-tetramethyl- 
cyclopentanol and 1,2,4,4-tetramethylcyclopen- 
tanol, respectively. Dehydration of the latter and 
hydrogenation of the resulting olefin mixture pro
duced 1,1,3,4-tetramethylcyclopentanes. The 1,2,2,-
4-tetramethylcyclcpentanol was treated with an
hydrous hydrogen chloride to obtain the cor
responding organic chloride which was then re
duced with sodium in liquid ammonia to produce
1,1,2,4-tetramerhylcyclopentane; some retropina- 
colic-type rearrangement probably took place dur
ing the hydrochlorination but the same hydrocarbon 
product would result. These quite different methods 
of reduction were chosen because it was believed 
that they would produce approximately equimolar 
mixtures of the geometrical isomers from which 
each individual isomer might be isolated in quan
tity.

In the case of the 1,1,3,4-tetramethylcyclopen- 
tanes, the mixture was distilled at about 25-plate 
efficiency to separate it into nearly equal amounts 
of trans isomer and cis isomer, with the properties 
shown in Table I.

The mixture of 1,1,2,4-tetramethylcyclopentanes 
was fractionated at about 25-plate efficiency, and 
94% of the distillate had a boiling range of only 
0.04° and a refractive index (nf>°) range of only 
0.0002. Inasmuch as both of the possible geometric 
isomers were undoubtedly present,86 it was con
cluded that the boiling points of the two must be 
similar. This appears plausible when other such 
pairs are compared: for example, the two 1,3- 
dimethylcyclopentanes boil only 0.96° apart and 
the l-methyl-3-ethylcyclopentanes 0.6° apart.

An alternative method of synthesizing relatively 
pure samples of the trimethyladipic acids and pure 
trimethylcyclopentanones was developed. Dehydra
tion of 3,3,5-trimethylcyclohexanol gave 3,3,5-

(8b) An equimolar mixture of the cis and trans isomers of
1,3-dimethylcyclopentane had been obtained by reduction 
of l-chloro-l,3-din.ethylcyclopentane by sodium in liquid 
ammonia (unpublished work of this laboratory)-
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trimethylcyclohexene and 3,5,5-trimethylcyclohex- 
ene (new compounds) which were separated by 
distillation and individually oxidized to the known
2.2.4- trimethyladipic acid and 2,4,4-trimethyladipic 
acid, respectively, thus establishing their structures. 
These acids were then converted to ketones sepa
rately to produce pure samples of 2,2,4-trimethyl- 
cyclopentanone and 2,4,4-trimethylcyclopentanone, 
respectively.

EXPERIMENTAL

8,3,5,5-Tetramethylcydohexanone. The procedure followed 
in this synthesis was similar to one published. 8 To 770 ml. of 
filtered 2.14M methylmagnesium bromide (1.65 moles) con
tained in a 2-1., three-neck flask fitted with a Hershberg 
stirrer, thermometer, bulb condenser, and dropping funnel 
was added 0.0165 mole of cuprous chloride. Redistilled iso- 
phorone (Union Carbide Chemicals Co.) was added dropwise 
while maintaining the temperature at 10-15°, until 191 g. 
(1.38 moles) had been added. Stirring was continued for 1 
hr. longer under reflux, and the mixture was allowed to 
stand overnight at room temperature. The reaction was 
quenched by pouring it into a mixture of 1 0 0  g. of glacial 
acetic acid and 800 g. of cracked ice. The ether layer was 
separated and the aqueous layer was extracted twice with 
50 ml. of ether. The combined ether solutions were washed 
twice with 1 0 % sodium bicarbonate, water, and saturated 
sodium chloride solution, successively. After drying over 
anhydrous sodium sulfate, the ether was removed by rapid 
distillation and the remaining material was fractionated at 
10 mm. pressure and 10:1 reflux ratio on a 1.6 X 55 cm. 
column packed with 3/16-in. glass helices. The fractions 
boiling at 72-74°, 10 mm. amounted to 162.5 g. (76.5% 
yield) of tetramethylcyclohexanone. Properties determined 
were: b.p. 195-196°, n2D° 1.4520-1.4522; (lit. , 8 b.p. 196- 
197°, n2D° 1.4520).

2.2.4.4- Telramethyladipic acid. Oxidation of 3,3,5,5-tetra- 
methylcyclohexanone was accomplished in all-glass appara
tus consisting of a 1 -1 ., multi-neck flask fitted with a pressure- 
compensating dropping funnel, a propeller-type stirrer, a 
multibulb reflux condenser, and a thermometer well. The 
flask was charged with 480 ml. (5.0 moles) of 50% nitric 
acid and 1 . 0  g. of ammonium metavanadate, and the vigor
ously stirred mixture was heated to 65°. Then, 145.8 g. 
(0.945 mole) of 3,3,5,5-tetramethylcyclohexanone was 
dropped in at a carefully controlled rate and an exothermal 
reaction occurred with foaming and evolution of nitrogen 
oxides; the temperature was maintained at 60-65° by sur
rounding the flask with cold water. When about half of the 
ketone had been added, solid tetramethyladipic acid began 
to separate. Stirring was continued for 0.5 hr. after addition 
was complete, while reaction temperature was maintained 
by surrounding the flask with hot water. By the end of this 
time, no more gases were evolved, and the spent reaction 
mixture was allowed to cool to room temperature. The crude
2.2.4.4- tetramethyladipic acid, filtered and washed with 
water, amounted to 188 g. (98% yield); it melted at 118— 
119°, neut. equiv. 100.9 (theory 101.1).

A small amount of the acid was purified by recrystalli
zation from water, and this sample (m.p. 119.0-119.5°) had 
a neut. equiv. of 1 0 1 .2 .

Anal. Calcd. for CioHiS0 4: C, 59.38 H, 8.97. Found: 
C, 59.34 ;H, 8.95.

The di-p-toluide of the acid was prepared and it recrystal
lized as needles (m.p. 125-126°) from ethyl alcohol.

2.2.4.4- Tetramethylcyclopentanone. In a typical run, 177 
g. (0.875 mole) of 2,2,4,4-tetramethyladipic acid was con
verted to the ketone by heating to about 250-255° with 20 
g. of manganese carbonate and 2 0  g. of barium hydroxide. 
The crude ketone (70% yield), after washing and drying, 
was distilled at about 2 0 -plate efficiency to produce rela

tively pure 2,2,4,4-tetramethylcyclopentanone (61% yield). 
Physical properties determined for a center fraction were: 
b.p. 165.38°, dl° 0.8651, n°D° 1.4305, f.p. -55.19° (f.p. range, 
2.2°).

Anal. Calcd. for C9H 16O: C, 77.08; H, 11.50. Found: C. 
77.05; H, 11.48.

Semicarbazone, m.p. 189-189.5°.
Anal. Calcd. for CioHi9ON3: C, 60.88; H, 9.71; N, 21.30. 

Found: C, 60.88; H, 9.68; N, 21.28.
1.1.3.3- Tetramethylcyclopentane by direct reduction. To ob

tain the hydrocarbon, 107.5 g. (0.756 mole) of the corre
sponding ketone was reduced with 90 ml. of 85% hydrazine 
and 1 2 0  g. of potassium hydroxide in 600 ml. of diethylene 
glycol by the modified Wolff-Kishner method of Huang- 
Minlon. 9 The reactants were combined in a 2-1. round bot
tom flask which was fitted with a thermometer reaching 
nearly to the bottom and a reflux condenser with a take-off 
side arm. After the mixture was refluxed for 1 hr. take-off 
was commenced and the temperature was maintained at 
170-175° by adjusting the rate at which water and hydro
carbon were distilled; the reaction was finished in about 2  

hr. and distillation ceased.
The hydrocarbon layer in the distillate was separated and 

washed with dilute hydrochloric acid, water, and saturated 
salt solution; the 78 g. of crude product was dried over 
anhydrous sodium sulfate and fractionated at about 2 0 - 
plate efficiency to yield 75.5 g. (77.5%) of 1,1,3,3-tetra- 
methylcyclopentane with the properties shown in Table I.

1.1.3.3- Tetramethylcyclopentane by indirect reduction. In a
typical run, 67.0 g. (0.477 mole) of 2,2,4,4-tetramethylcyclo- 
pentanone was hydrogenated over 1 0  g. of reduced nickel- 
on-kieselguhr at 200° and 1900 p.s.i.g. in a 300-ml. rocking 
autoclave to produce 62 g. (91%) of a compound presumed 
to be the corresponding 2 ,2 ,4 ,4 -tetrameth3dcyclopentanol 
(b.p . 745 174.4-175.0°, 1.4431-1.4428). The material
crystallized as white needles, m.p. 32.5-33.0° (uncorr.).

The tetramethylcyclopentanol was dehydrated by passing 
it through a 2.5 X 100 cm. tube filled with 8-14 mesh 
activated alumina at 300°. From 96.0 g. (0.675 mole) of 
carbinol, 64 g. (95% yield) of crude olefins was obtained after 
separation and drying. Distillation at 20-plate efficiency 
indicated 87% of the olefin mixture was 3,3,5,5-tetramethyI- 
cyclopentene: b.p.76o 107.03°, n™ 1.4154. The remaining 
13% of the distillate (b.p.™ 122°, n™ 1.430) was rearranged 
olefin(s), most likely 1,3,3,5-tetramethylcyclopentene. The 
desired cycloparaffin was produced by hydrogenating 26.8 
g. (0.215 mole) of the 3,3,5,5-tetramethylcyclopentene over 
5 g. of nickcl-on-kieselguhr. The reaction was carried out at 
150° and 1900 p.s.i.g. in a 300-ml. rocking autoclave fitted 
with a 100-ml. glass liner. Distillation at 20-plate efficiency 
gave 22.5 g. (83% 'field) of 1,1,3,3-tetramethylcyclopentane 
(b.p ns 117.2-117.4°, n2D° 1.4125). A center fraction had 
virtually the same properties as the previous sample (Table
I).

3.3.5- Trimethylcyclohexanol (dihydroisophorol). In a typi
cal run, 1855 g. (13.7 moles) of isophorone was hydrogenated 
to saturation over 90 g. of nickel-on-kieselguhr at 250° in a
3-1. rocking autoclave at pressures of 1600-2000 p.s.i.g. 
The product was decanted from the catalyst while warm, 
and formed white en’stalline needles W'hich were not further 
purified. The yield was nearly quantitative.

3.3.5- Tnmethylcyclohexanone (dihydroisophorone). Isophor
one was hydrogenated as in the preceding section except 
that the temperature was held at 95-105° and treatment 
was suspended when the calculated amount of hydrogen 
had been absorbed. At this point, the rate of absorption had 
decreased nearly to zero. The bomb was cooled, and the 
liquid material was decanted from the catalyst and used 
without further purification. The yield was nearly quan
titative.

Mixed 2.2,4- and 2,4,4-trimethyladipic acids. These acids 
were produced from a mixture of dihydroisophorone and

(9) Huang-Minlon, J. .4;». Che in. Soc., 6 8 , 2487 (1946).
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dihydroisophorol by the same procedure described for 2,2,4,-
4-tetramethyladipic acid, but on a larger scale. Presence of 
the ketone in the mixture prevented crystallization in the 
addition funnel.

The excess nitric acid was neutralized by a minimum 
amount of sodium hydroxide, with stirring. A color change 
from green to orange occurred at the point of equivalency, 
and the 2,2,4- and 2,4,4-trimethyladipic acids separated 
as an oil which partially crystallized upon standing; the 
yields of crude mixed acids were essentially quantitative 
in several runs.

2.2.4- and 2,4,4 -Trimethylcyclopenlanones. The crude mix
ture of trimethyladipic acids was converted to a ketone 
mixture by dry distillation with 10% of its weight of barium 
hydroxide. This reaction was performed, without mechanical 
stirring, in a 5-1. Pyrex flask heated to temperatures (200- 
200°) at which the trimet hylcvclopentanones were formed at 
a steady rate and distilled off through a Vigreux column. 
The distillate consisted of the crude trimethylcyclopenta- 
none mixture and a water layer which yielded additional 
crude ketone when saturated with sodium chloride. Based 
on the t.rimethylcyclohexanone-hexanol starting material, 
80 to 85% yields of crude ketones were obtained over the 
two steps.

Pure 2,4,4-trimethylcyclopentanone was obtained from 
the crude ketone mixture through its sodium bisulfite addi
tion compound (2,2,4-trimethylcyclopentanone does not 
form such a compound, due to steric hindrance). In a typical 
run, 400 ml. (355 g.) of the crude ketones was added to 
2000 ml. of 40% sodium bisulfite and 300 ml. of absolute 
alcohol, and the mixture was stirred until a finely crystalline 
precipitate formed. From the precipitate (filtered, washed 
with ether, and dried) the 2,4,4-trimethylcyclopentanone 
was regenerated by steam distillation over an excess of 
sodium bicarbonate, 20 to 55 g. of ketone being obtained. 
This yield could have been substantially increased, but the 
product would have been less pure. Distillation of the 
product of several such runs gave 2,4,4-trimethylcyclopen
tanone with the following properties: b.p. 101.29°, dl° 
0.8772, n2D° 1.4312, m.p. —25.64°; semicarbazone m.p.
100.1-160.6°. (Lit.,5 b.p. 101.5°, d\° 0.8765, ra=D° 1.4313, 
m.p. —25.6°.)

Kven though the 2,2,4- and 2,4,4-trimethylcyclopenta- 
nones boil about 5° apart, fractional distillation is not recom
mended for their separation because considerable self-con
densation may occur. In the present work, however, a quan
tity (8.3 moles) of pure 2,2,4-trimethylcyclopentanone was 
obtained by distillation of some of the crude ketone mixture 
at better than 100-plate efficiency. Most of the 2,4,4-tri
methylcyclopentanone in the mixture was sacrificed, 
thereby. The distilled 2,2,4-trimethylcyclopentanone had 
the following properties: b.p. 156.1°, dl° 0.8737, re2/1 1.4293,
f.p. —40.36°; semicarbazone m.p. 175.1 to 170.0°. (Lit.,5 
b.p. 155.6°, dl° 0.8730, n2D° 1.4294, f.p. -40.6°.)

1.1.3.4- Tetramethylcyclopenlane. The purified 2,4,4-tri
methylcyclopentanone (5.05 moles) was condensed with 
methyl Grignard reagent in the customary manner to pro
duce 1,2,4,4-tetramethylcyclopentanol (4.47 moles, 89% 
yield); the carbinol after distillation under reduced pressure 
had the following properties: b.p. 65 to 70°/18 mm., n 2" 
1.4411-1.4405.

The distilled carbinol was dehydrated over activated 
alumina at 325° to produce a mixture (486 g. or 4.4 moles) 
of crude tetramethylcyclopentenes. After distillation and 
redistillation at about 20-plate efficiency, there was obtained 
271 g. (43% yield from ketone) of tetramethylcyclopentenes 
with the following properties: b.p. 121.0-126.5°/745 mm., 
n \‘: 1.4331-1.4409.

The tetramethylcyclopentene mixture (271 g.) was hydro
genated to saturation over nickel-on-kieselguhr catalyst at 
150°. The hydrogenate was filtered free of catalyst, after 
which it was treated exhaustively with 10% sodium per
manganate solution, and steam distilled; the crude 1,1,3,4- 
tetramethylcyclopentane (after drying) weighed 190 g., a

30%) yield from the ketone. Distillation of the product at 
25-plate efficiency separated it into the trans isomer (b.p.
121.4- 121.6°) and the cis isomer (b.p. 132.9-133.0°) in the 
ratio of 55:45.

1,1,2,4-Tetramethylcyclopentane. The purified 2,2,4-tri
methylcyclopentanone (8.3 moles) was condensed with 
methyl Grignard reagent to produce 1,2,2,4-tetramethyl- 
cyclopentanol (b.p. 54-71°/20 mm., re2D° 1.4298-1.4491); the 
yield of distilled product was 0.8 moles, or 82% (from 
ketone).

The 1,2,2,1-tetramethylcyclopentanol (0.8 moles) was 
saturated with anhydrous hydrogen chloride at ice temper
ature to produce the corresponding chloride; the yield of 
crude chloride was 1090 g., or 100%.

The l-chloro-l,2,2,4-tetramethy!cyelopentane was con
verted to the cvcloparaffin by sodium in liquid ammonia. 
The chloride (6.8 moles) was added rapidly to a solution of 
17 g.-atoms of sodium in 4 1. of liquid ammonia, in a 12-1. 
flask equipped with a Dry Ice-cooled reflux condenser, 
Hershberg stirrer, and dropping funnel. Rapid stirring was 
continued for 1/2 hr. after addition was complete; then, 
powdered ammenium nitrate was added from a side-flask 
to destroy unreacted sodium. The amount of nitrate re
quired (1.8 moles) indicated 5.4 atoms of excess sodium,
i.e., that reaction with the chloride had consumed about 
85% of the theoretical amount. Then, 7 moles of powdered 
ammonium chloride was added to neutralize the by-product, 
sodium amide, and the reaction mixture was quenched with 
as much water as the reserve capacity of the flask would 
permit. The hydrocarbon layer was washed twice with water, 
and then was steam distilled and dried; the yield of crude 
tetramethylcyclopentane was 59% (from ketone). The 
crude product was highly unsaturated to bromine, so it 
was resaturated with anhydrous hydrogen chloride and re
treated with sodium in liquid ammonia. The product was 
agitated with successive portions of potassium permanga
nate solution until the purple color persisted, when it was 
again steam distilled; the yield of dried, saturated hydro
carbon was 425 g. (50% from ketone). The olefin-free
1.1.2.4- tetramethylcycloper.tane was fractionally distilled 
at 25-plate efficiency, but was not separated into its geo
metric isomers thereby, the distillate showing only 0.04° 
boiling range (Table I ).

3.3.5- and 3,5,5-TrimethijIcyclohexene. To dehydrate di
hydroisophorol, 2.2 kg. o: the carbinol (2500 ml., 15.4 
moles) was placed with 8 g. of p-toluenesulfonic acid in a
3-1. pot attacheu to a column having about 15-plate effi
ciency. Enough heat was applied to obtain reflux, and the 
olefins were distilled, along with water, as they were formed. 
The organic distillate was dried over anhydrous sodium sul
fate to obtain 1.85 kg. (95% yield) of mixed olefins. Frac
tionation of 5 kg. of such product at better than 100-plate 
efficiency yielded about 55'% of the charge as 3,3,5-trimethyl- 
cyclohexene and about 36%, as 3,5,5-trimethylcyelohexene; 
the properties of the two cyclohexenes are shown in Table I. 
The cyclo-olefins were definitely identified by stepwise 
oxidation to the corresponding trimethyladipic acids:

3.3.5- T' rimclhylcyclohexane-1,2-diol. For the oxidation of 
the cycloolefins, the hydroxylation method of D. Swern 
et al.m was followed, with certain modifications. For the 
hydroxylation of 3,3,5-trimethylcyclohexene, 308 ml. of 
87% formic acid was placed in a 1-1., multi-neck flask fitted 
with an efficient stirrer, a condenser, a thermometer well, 
and a dropping funnel. Stirring was started, and 155 g. 
(1.25 moles) of purified 3,3,5-trimethylcyclohexene was 
added. The mixture was warmed to 45° and 159.5 g. (1.27 
moles) of 27% hydrogen peroxide was added as rapidly as 
possible while maintaining the reaction temperature at 45- 
47° by cooling with an ice bath. After addition was com
plete, the mixture was stirred overnight at 40° and at the 
end of this time, no hydrogen peroxide remained and two 10

(10) D. Swern, G. X. Billen, and J. T. Seanlan, .let. 
Chem. Soc., 68, 1504 (1946).
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layers were in evidence. The lower (acid) layer was separated 
and then neutralized with 322 g. of potassium hydroxide. 
By continuous ether extraction of this layer, 3 g. of material 
was recovered and added to the upper (mono- and/or di- 
formic ester) layer. The ester material was saponified by 
refluxing for 5 hr. with 90 g. of potassium hydroxide and 
100 ml. of water. Upon cooling to room temperature, the 
upper (glycol) layer solidified and weighed 199.5 g. The 
lower (aqueous) layer yielded 4.5 g. of additional gb'col 
on continuous extraction with ether. The glycol (204 g.) was 
distilled under reduced pressure to yield 152 g., b.p.7 120- 
122° and 13 g., b.p.7 122-125° (combined yield 84%). A 
small amount of glycol from the 120-122° fraction was re- 
crystallized from benzene, and this sample of 3,3,5-tri- 
methylcyclohexane-l,2-diol melted at 102.4-102.8°.

Anal. Calcd. for C9Hi80 2: C, 68.31; H, 11.47. Found: C, 
68.11 ;H, 10.91.

3,5,5-Trimethylcyclohexanc-l,2-diol. 3,5,5-Trimethylcyclo- 
hexene (155 g., 1.25 moles) was oxidized in exactly the same 
manner as its isomer, with 159.5 g. of 27% Irydrogcn peroxide 
solution (1.27 moles) in 308 ml. of 87% formic acid. There 
was obtained 167.3 g. (85% yield) of a mixture of geometri
cal isomers of the glycol (b.p.7 120-130°). A small amount 
of material from a center fraction (b.p.7 124-125°) was re
crystallized to yield white needles; m.p. 58.3-58.7°.

Anal. Calcd. for CgHisOj: C, 68.31; H, 11.47. Found: 
C, 68.77; H, 11.77.

2,2,4-Trimethyladipic acid from 3,3,5-trimethylcydohexanc-
1,2-diol. 3,3,5-Trimethylcyclohexane-l,2-diol (158 g., 1.0 
mole) was placed with 100 ml. of water in a 3-1. flask fitted 
with an efficient stirrer and a baffle to aid mixing. The mix
ture was w-armed to 45°, and 400 g. of sodium permanganate 
in 1800 ml. of water was added, portionwise, with enough 
cooling to maintain temperature at 45-50°.

The reaction mixture was then made slightly alkaline 
with 20% sodium hydroxide (about 30 ml. being required), 
and permanganate solution was added until no more was 
consumed (about 90 ml. additional required). A small 
amount of sodium bisulfite was then added (enough to 
destroy the purple color), and the reaction mixture was 
filtered, hot, through a Buchner funnel. The filter cake 
(manganese dioxide) was rinsed with 100 ml. of hot water, 
then removed from the funnel and leached by boiling with

200 ml. more water, after which it was refiltered. Both 
batches of filtrate were evaporated (individually) to about 
one-half volume; they were then cooled and acidified to pH 
2 with hydrochloric acid. A small amount of carbon dioxide 
was evolved and the solution became cloudy just before the 
desired pH was reached. The mixtures were held at —5° 
overnight, to crystallize. The first filtrate yielded 175.5 g. 
of white crystalline acid and the second filtrate, obtained 
by leaching the solid manganese dioxide with more water, 
yielded 10 g. more, corresponding to a 98.7% of crude acids 
having a neutralization equivalent of 101.1 (theory, 94.11). 
The acid was recrystallized once from water to yield 170 g. 
(92% yield) of 2,2,4-trimethyladipic acid; neut. equiv.
94.3, m.p. 100.1 to 100.4°, (lit.5, m.p. 101.1 to 101.5°).

Anal. Calcd. for C9H16C>4 : C, 57.42; H, 8.57. Found: C, 
57.45; H, 8.58.

2,4,4-Trimethyladipic acid from 3,5,5-lrimelhylcyclohexane-
1,2-diol. In exactly the same manner as its isomer, 3,5,5- 
trimethylcyclohexane-l,2-diol (152.1 g., 0.96 mole) was oxi
dized to jdeld 120 g. of crystalline acids from the first filtrate 
and 15.5 g. from the second filtrate. The total yield was 
65.8% of crystalline material having a neutralization 
equivalent of 97.0 (theory, 94.11). The aqueous layers were 
combined and upon continuous ether extraction yielded
51.4 g. (28.4%) of oil with a neutralization equivalent of
116.0, bringing the total yield of crude acid up to 94.2%. 
This oily acid did not crystallize when seeded and held at 
— 5° for 1 week. The crystalline acids wrere recrystallized 
once from water and there was obtained 115 g. (63.7'% 
yield) of 2,4,4-trimethyladipic acid having a neutral equiva
lent of 94.3, m.p. 69.7 to 70.0°, (lit.,5 m.p. 68.6 to 69.2°).

Anal. Calcd. for C9Hi60 4: C, 57.42; H, 8.57. P'ound: C, 
57.40; H, 8.56.

Trimethylcyclopentanones from pure trimethyladipic acids. 
The pure 2,2,4- and 2,4,4-trimethyladipic acids were dis
tilled, separately, with barium hydroxide and manganous 
carbonate as described under 2,2,4,4-tetramcthylcyclopenta- 
none. The yields of purified 2,2.4- and 2,4,4-trimethyleyclo- 
pentanone were 67% and 78%, respectively, and the prop
erties of these samples were virtually identical with those of 
the corresponding ketones isolated earlier from their mixture.
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The three methylcyclopentadiene isomers, 1-, 2-, and 5-methylcyclopentadiene were separated by vapor phase chroma
tography over 2,4-dimethylsulfolane substrate and identified via their ultraviolet absorption maxima. Five methyloyclo- 
pentadiene dimer isomers were separated by vapor phase chromatography over silicone oil substrate. They were identified 
as far as the parent monomers are concerned by dimerizing monomer mixtures of known isomer concentration. Composition 
of the dimer isomers approaches statistical distribution. Infrared spectra of the monomer isomers are included.

Commercial methylcyclopentadiene is a by
product of thermal cracking of petroleum hydro
carbons. Pyrolysis of the commercial methyl
cyclopentadiene dimer yields a mixture of isomeric 
methylcyclopentadienes and some cyclopentadiene.
Three isomers of monomeric methylcyclopenta
diene are possible: 2-methyl (A), 1-methyl (B),

(1) Present address: Department of Chemistry, North
western University, Evanston, Illinois.

and 5-methylcyclopentadiene (C). Only Diels- 
Alder adducts of two of these isomers, presumably 
those of 1-methyl and 2-methylcyclopentadiene 
have been separated.2-3 Structures were not as-
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signed with certainty to any of the parent dienes.3 
Attempts to prepare 5-methylcyclopentadiene pro
duced a mixture of the other two monomers. 
Separation of the pure isomers by vapor phase 
chromatography over dinonylphthalate substrate 
was reported by McLean to be unsatisfactory. 
In the present work the three isomers of methyl- 
cyclopentadiene monomer have been separated 
by vapor phase chromatography and identified.

The two monomeric isomers A and B comprising 
commercial methylcyclopentadiene (the by-prod- 
uct of thermal cracking) have been successfully 
resolved using 2,4-dimethylsulfolane substrate. 
Methylcyclopentadiene monomer obtained by the 
catalytic dehydrogenation of methylcyclopentane 
contained beside A and B the third isomer, 5- 
methyleyclopentadiene, representing only about 
3% of the total methylcyclopentadiene monomer. 
The ratio of the first two isomers was the same as 
in the methylcyclopentadiene obtained by pyrolyz- 
ing the commercial dimer. The distribution of the 
monomer isomers obtained by dehydrogenating 
methylcyclopentane is as follows: 2-methylcyclo- 
pentadiene 51.7%, 1-methylcyclopentadiene 45.3% 
and 5-methylcyclopentadiene 3.0%. The three 
methylcyclopentadiene monomer isomers were 
identified via the wavelengths of the absorption 
maxima in their ultraviolet spectra. The absorption 
maximum of unsubstituted cyclopentadiene is at 
240 m/i. It can be predicted on theoretical grounds 
that the bathochromic shifts of simple substituents 
in the l-and 2- positions of the butadienyl system 
are in the ratio of 3:1.4 A methyl group in the 1- 
or 2- position will cause a bathochromic shift of 
9 or 3 mu respectively.5 Substitution on the satu
rated carbon atom (5-position) should not increase 
the wavelength of the absorption maximum. In 
non alternate ring systems (rings containing odd 
numbers of carbon atoms) inductive effects may 
cause a hypsochromic shift, i.e., a decrease of the 
wavelength of the ultraviolet absorption maximum.

Maxima at 244 and 249.6 m/i were found for the 
first two isomers. For the third isomer, present only 
in minor quantities, the exact position of the maxi
mum was obscured by impurities present in the

TABLE I
Ultraviolet Absorptio n s  of th e  M ethylcyclopenta

d ien e  M onom er  I somers

Compound
UV Absorption 

Predicted
UV Absorption 

Measured

2-Methylcyolopentadiene 243 244
1-Methyleyolopentadiene 249 249.0
5-Metliylcyclopentadiene 2 10 235 240
Cyclopentadiene 240 240

(2) W. J. Craven, Ph.D. Thesis, Cornell University, 1955.
(3) S. McLean, Ph.D. Thesis, Cornell University, 1958.
(4) D. Peters, J. Chem. Soc., 1701 (1959).
(5) H. Booker, L. K. Evans, and A. E. Gillam, J . Chem. 

Soc., 1453 (1940).

sample. It was between 235 and 240 m/i. Cyclo
pentadiene absorbed at 240 ni/u. The commercial 
methylcyclopentadiene monomer (a mixture of 
the first two isomers) absorbed at 247 m/i.6 Ultra
violet absorptions are summarized in Table I. 
Infrared spectra of the three monomeric isomers are 
illustrated in Tig. 1. The spectrum of cyclopenta
diene is included for comparison. No isomerization

isomers and of cyclopentadiene monomer
A = 2-methyleyclopentadiene 
B = 1-methylcyclopentadiene 
C = 5-methylcyclopentadicne 
D = cyclopentadiene

Dimer isomers. The dimerization tendency of 
methylcyclopentadiene is well known. Dimerization 
is measurable above 0° and it is practically com
pleted within two hours at 60°. Above 172° dedi
merization occurs and the monomers are recovered. 
No dimerization was observed below —20° over 
a prolonged time, or in very dilute alcoholic solu
tion. A difference was noted in the rates of dimeriza
tion at room temperature of 1-methylcyclopenta- 
diene and 2-methylcyclopentadiene; the latter 
dimerizes faster and the residual monomeric frac
tion gets richer in 1-methylcyclopentadiene. Dur
ing five days the ratio of 2-methylcyclopentadiene 
to 1-methylcyclopentadiene in the residual mono
meric fraction decreased from 1.08 to 0.46. This 
difference of rates was also observed by Craven.2 
The dimerization rate of cyclopentadiene is faster 
than that of the methylcyclopentadiene isomers.

Methylcyclopentadiene dimer isomers were re
solved by vapor phase chromatography with
D.C. 550 Silicone Oil on C->» Firebrick substrate 
at 107°. The different dimer isomers were identified 
as far as the parent monomers are concerned by 
dimerizing monomer mixtures with known con
centrations of the various isomers. By comparing 
the dimer compositions with the distribution of 
the monomer isomers in the initial mixture the

(6) J. S. Powell and K. C. Edson, Anal. Chem., 20, 510
(1948).
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TABLE II
D istribu tio n  ok th e  M ethylcyclopentadiene  D im er  I somers R esu ltin g  from  D im erizin g  M onom er  I som er M ix 

tu res  of K nown C oncentration

Composition of the Dimer-Fraction after Dimerization
Monomer Composition before Dimerization Mole %

Exp.
No.

Mole 1 
2-MCPD“ 1 

(A)

- 0
-MCI’D*

(B)
CPDf

(D) AA

iso-A A 
(or iso-

AB) BB AB AD, BD DD

1 95 5 — 86.7 6.4 1 5 5.4 — —
2 SO 2 0 — 61.7 3.2 5.0 29.2 — —
3 35 05 14.5 1.0 3 4 . 5 50.0 — —
4 5 1 . 5 4 5 . 1 3.4 33.5 6.7 18.4 37.8 2.3 1.3
5

Commercial Dimer (Enjay)
100.0

33.6 10.2 18.6 33.4 2.5
100.0

1.7

a 2-Methylcyclopentadiene. 0 1-Methylc.yelopentadiene. c Cyclopentadione.

identity of the dimer isomers was determined. 
The composition of the dimer isomers approaches 
statistical distribution. Slight deviations are due 
to the higher dimerization rate of 2-methylcyclo- 
pentadiene and to the formation of trimers. Five 
dimer isomers were characterized. They are the 
simple dimers of cyclopentadione, 1-methylcyclo- 
pentadiene and 2-methylcyclopentadiene, and two 
“codimers” resulting from the addition of two 
different monomers (i.e., 2-methylcyclopentadiene 
+  1-methylcyclopentadiene, and cyclopentadiene 
+  any methylcyclopentadiene isomer). The sixth 
dimer isomer could be either any isomeric simple 
dimer of 2-methylcyclopentadiene or less likely 
any isomeric codimer of 2-methylcyclopentadiene 
+  l-metdiyleyclopentadicne (Table II).

The dimers have the same cndo-dicyclopciila- 
diene skeleton: No attempts were made to locate

the positions of the methyl substituents. The dimer 
isomers did not have any characteristic absorption 
in the ultraviolet region. The available quantity 
of 5-methylcyclopentadiene was insufficient for 
dimerization studies.

Trimers and higher polymers are formed simul
taneously with the dimers. They were observed 
during the vapor phase chromatographic analyses.

of the instrument was equipped with small glass cold-traps 
cooled to —70° with Dry Ice. Twenty to twenty-five runs 
with sample sizes from 0.01 to 0.02 ml. gave sufficient ma
terial for infrared and ultraviolet analyses. Retention time 
ratios to cyclopentadiene as standard monomer of the 
methyleyclopentadiene monomer isomers and other con
jugated diolefins over 2,4-dimethylsulfolane at 34° are listed 
in Table III. At temperatures above 40° the difference in

TABLE III
R e t e n t i o n  T i m e  R a t i o s  o f  M e t h y l c y c l o p e n t a d i e n e  

M o n o m e r  I s o m e r s  a n d  O t h e r  C o n j u g a t e d  D i o l e f i n s  
O v e r  2 , 4 - D i m e t i i y l s u l f o l a n e  a t  3 4 °

Compound Retention Time Ratio

Butadiene 0.22
Isoprene 0.54
l-frans-3-Pentadicne 0.71
1 -ds-3-Pentadiene 0.79
Cyclopentadiene 1.00 (by definition)
2-Methylcyclopentadiene 2.52
1-Methylcyclopentadiene 2.85
5-Methylevclopentadiene 3.29

the retention time of methylcyclopentadiene isomers de
creases and the resolution declines. The same instrument 
with the same column and the same carrier gas was used for 
the separation of the methylcyclopentadiene dimer isomers. 
10% D.C. Silicone Oil on C-:i Firebrick (mesh 40-60) sub
strate was used at 107° column temperature. Attempts to

TABLE IV
R eten tion  T im e  R atios of M ethy lcy clo pen ta diene  
D im er  I somers O ver D.C. 550 Silico n e  O il  at 107°

EXPERIMENTAL7

The monomeric isomers were separated with a Perkin- 
Elmer Vapor Fractometer, Model 154 over 30% tetra- 
hydro-2,4-dimethyl thiophene-1,1-dioxide (2,4-dimethylsul
folane) on C22 Firebrick (mesh 30-60) in a 6 ft. long stain
less steel column at 34°. The carrier gas was helium with 
23 ml/min flow rate at 5 p.s.i. inlet pressure. The outlet line

(7) Ultraviolet spectra were obtained in ethanolic solu
tion using a Cary Model 11 Spectrophotometer. Infrared 
spectra were obtained of the undiluted hydrocarbons em
ploying a Baird Model B Infrared Spectrophotometer. 
Commercial methylcyclopentadiene was obtained from the 
Enjay Corporation.

Retention
Compound Time Ratio

DD Cyclopentadiene dimer 1.00 (by definition)
AD, BD Cyclopen tadiene-methyl-

cyclopentadiene codimer 1.29
BB 1-Methylcy dopen tadiene

dimer 1.43
AB l-Methyloyclopentadiene-2-

methylcyclopentadiene
codimer 1.77

A A 2-Methylcyclopcntadiene
dimer 2. 10

iso-AA Isomeric 2-methylcycIo-
pentadiene dimer (? ) 2.52
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resolve the dimer isomers with 30% D.C. 710 Silicone Oil 
substrate were unsuccessful. Retention time ratios to cyclo- 
pentadiene dimer as standard, of the methylcyclopentadiene 
dimer isomers over D.C. 550 Silicone ( til at 107° are included 
in Table IV.

Dimerization. Methylcyclopentadiene monomer mixtures 
of desired composition were kept in a 00° waterbath. Di
merization was practically complete within 2-3 hr.
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Methods are given for preparing symmetrical and mixed ketals by alkoxyl anc ketone interchanges between 2,2-dimeth- 
oxypropane and alcohols, ketones, and other ketals. Properties of twenty-one ketals :.re given.

Acetone dimethyl acetal (2,2-dimethoxypropane) 
is now readily available2 and transketalization 
methods have been developed by which it can be 
used to prepare a variety of other ketals. The 
methods comprise interchanging the alkoxyl or 
ketone groups in a slightly acid medium, and 
both kinds of groups can, in effect, be interchanged 
simultaneously in the same mixture. Both sym
metrical and mixed ketals, RR'CfOR")? and RR'- 
C(OR")OR"', can be obtained in good yields by 
proper choice of conditions. Occasional instances of 
the use of alkoxyl interchange are found in the 
literature3 but the reaction does not seem to have 
been studied extensively. The ketone interchanges 
are similar to the reactions with orthoesters studied 
by MacKenzie and Stocker.3a Mixed ketals have 
been obtained previously in isolated instances.4 
The use of 2,2-dimethoxypropane in preparing 
ketals avoids the necessity of obtaining the less 
accessible orthoesters or substituted acetylenes 
required by previous methods.3

Acidification of a mixture of 2,2-dimethoxy
propane and an alcohol quickly establishes the 
equilibria (1), (2), and (3).

(CII3)2C(OCH3)2 +  ROH
(CH3)2C(OCH3)OR +  CHjOH (1)

(CII3)2C(OCH3)OR +  ROH ^
(CH;)2C(OR)2 +  CHjOH (2)

2(CH3)2C(OCH3)OR ^
(CH3)2C(OR): +  (CH3)2C(OCH3)2 (3)

(1) Presented in part at the Gordon Research Conference 
on Organic Reactions and Processes, July 1058.

(2) The Dow Chemical Company, Midland, Mich.
(3) Reviews are given in (a) C. A. MacKenzie and J. H. 

Stocker, J. Org. Chem., 20, 1695 (1955) and (b) R. B. Wagner 
and H. D. Zook, Synthetic Organic Chemistry, John Wiley 
and Sons, Inc., New York, 1953, Chap. 8.

(4) (a) C. D. Hurd and M. A. Pollack, J. Am. Chem. 
Soc., 60, 1905 (1938): (b) R, Alquier, Hull. soc. chim., 10, 197
(1943).

By distilling the methanol formed, the position 
of equilibrium can be shifted far in the direction of 
the new ketals. Methanol and 2,2-dimethoxy
propane form a binary azeotrope (b.p. 61°, 5(i.5% 
dimethoxypropane by weight), but this is easily 
broken by using hexane or benzene as a solvent. 
With the methanol these hydrocarbons form lower- 
boiling azeotropes which are practically free of
2.2- dimethoxypropane. By their use the reactions 
can be brought nearly to completion at moderate 
temperatures without appreciable loss of 2,2- 
dimethoxypropane. These azeotrope relations also 
exist at reduced pressures so that low reaction 
temperatures can be maintained for preparing 
heat-sensitive ketals.

The mixed ketals are obtained from reaction (1) 
by using only one mole of alcohol per mole of
2.2- dimethoxypropane or other ketal. However, 
the simultaneous occurrence of reaction (3) limits 
the yield of the mixed ketal. If R is a lower primary 
alkyl radical, the methoxyl and alkoxyl groups 
will be distributed statistically as in the redistri
bution reaction of Calingaert and Beatty5 and the 
theoretical yield of mixed ketal will be 50%. 
With the alkyl radical sterically or electronically 
considerably different from methyl, yields of the 
mixed ketals can exceed 50%. The higher sym
metrical ketal is a usual by-product of the prepa
ration of the mixed ketal. Two or more moles of 
alcohol per mole of 2,2-dimethoxypropane give 
predominantly :hc symmetrical ketal with small 
amounts of mixed ketal depending on the com
pleteness of removal of the methanol.

The redistribution in reaction (3) has been 
demonstrated in both directions with acetone 
methyl and allyl ketals. The final ratio of mixed 
to symmetrical ketals was 2:1:1. In a simple 
mixture of ketals of the same ketone the redistri-

(5) G. Calingaert aril H. A. Bcattv, Organic Chemistry, 
An Advanced Treatise, \<>1. II, 2nd ed., H. Gilman, Ed., 
John Wiley and Sons, Inc., New 5 ork, 1947, Chap. 24.
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bution of alkoxyl groups occurred rapidly in all 
of 1he examples studied. However, when a mixture 
of acetone dimethyl ketal and cyclohexanone di
propyl ketal was acidified and allowed to stand for 
thirty minutes before being made basic, distilla
tion of the mixture resulted in almost quantitative 
recovery of the starting materials. But with meth
anol added to the mixture under the same condi
tions, six kcials and propyl alcohol were obtained 
in approximately the amounts required by the 
redistribution reaction. This behavior strongly 
suggests that a protonated alcohol molecule figures 
prominently in the mechanism of this reaction. 
The fact that the reaction evidently requires the 
presence of alcohol when the alkylideno groups are 
different but not when they are alike is still puz
zling.* 6“

Methyl ketals of other ketones are obtained by 
acidifying a mixture of a ketone, methanol, and
2,2-dimethoxypropane and removing the acetone 
by distillation as it is formed. The reaction is very 
slow when care is taken to exclude alcohols or 
water, but it is fast when methanol is present. 
The rate increases with alcohol concentration. 
It therefore appears that, the interchange proceeds 
by the coupled reactions

RR'CO +  2 CH3OH ^  RR'CfOCH,)., +  H2D (5)

H20  +  (CH3),C(OCH3), 2CII:,OII +  (CHACO. (6)

There is evidence that ketals decompose to some 
extent to alcohols and unsaturated ethers on acidi
fication,0'7 8 reaction (7)
RCH2C(R') (OR")» — 3- RCH=C(R')OR” +  R"OH (7)

and these traces of alcohol may account for the 
slow reaction observed when mixtures initially 
free of alcohol and water are acidified. In its re
quirement for alcohol this reaction resembles that 
of orthoesters and ketones. 3a's MacKenzie and 
Stocker propose an elaborate mechanism for the 
interaction of alcohols, ketones, and orthoesters,3a 
and it is quite possible that some ketal is formed in 
that way. A similar mechanism may also exist 
for the reaction of alcohols, ketones, and ketals. 
However, it is now known that ketals can be pre
pared in good yield and at least moderate (10- 
40%) conversion9 directly from ketones and

(5a) The referee has pointed out that a possible explana
tion may lie in the relative ease of formation of unsaturated 
ethers from the ketals involved. Such ethers are possible 
intermediates in transketalizations of this type.

(6 ) D. B. Killian, G. F. Hennion, and J. A. Niemvland,
J. Am. Chem, Soc., 57, 544 (1935 ).

(7) H. P. Crocker and R. H. Hall, J. Chem. Soc., 1955, 
2052.

(8 ) H. E. Carswell and H. Adkins, J. Am. Chem. Soc., 
50,235(1928).

(9) (a) J. H. Brown, Jr., and X. B. Lorette, The Dow 
Chemical Company, U. S. Patent. 2,827,494, March 18, 
1958. (b) R. E. McCoy, A. W. Baker, and R. S. Gohlke, 
J. Org. Chem., 2 2 , 1175 (1957). (c) N. B. Lorette, W. L. 
Howard, and J. H. Brown, Jr., in press, ./. Org. Chem.

alcohols. The concept of coupled reactions of hy
drolysis of one ketal (or orthoester) by the water 
resulting from direct formation of another ketal 
provides an alternate and possibly more likely 
mechanism for these reactions.

Ketals of ketones other than acetone and 
alcohols other than methanol can be made in a 
single reaction mixture by coupling their formation, 
reaction (8), with the hydrolysis of 2,2-dimethoxv-

RR'CO +  2R"OH RR'C(OR")» +  IRO (8 )

propane, reaction (C>). By conducting the reaction 
in benzene, both acetone and methanol can be 
simultaneously removed by distillation to shift 
the equilibrium, because of the proximity of the 
boiling points of acetone and the benzene-meth
anol azeotrope. Some mixed ketal, RR'C(OCH3)- 
OR", may be obtained in this procedure, depending 
on the equilibrium constant of reaction (8) and 
the effectiveness of the distillation apparatus. 
Other interchanges such as reactions (1), (2) and
(3) undoubtedly occur simultaneously in this 
procedure. This reaction closely resembles that 
of ketones, orthoesters, and alcohols studied by 
MacKenzie and Stocker.3“

Under acid conditions ketals can be decomposed 
according to reaction (7)3“’6'7 and in some cases 
this reaction occurs at an appreciable rate at 
temperatures in the vicinity of 50°. Because they 
boil at low temperatures, the lower unsaturated 
ethers so produced will distill from the reaction 
zone and constitute a serious loss if they are 
formed in appreciable amounts. Both the lower and 
higher ethers will also polymerize in the presence 
of acid, especially if R is II. Therefore, the prepara
tive reactions of this paper are best carried out 
under mild conditions, and the acid catalyst should 
be neutralized before isolation of the products.

Other ketals than those of acetone or methanol 
can enter these exchange reactions. Ketals of 
aliphatic, alicyclic, and aromatic ketones and a 
variety of alcohols have been used. Other functional 
groups which are stable to the mild conditions of 
acidity and temperature used can be present and 
ketals containing these groups can be produced. 
Cyclohexanone dimethyl ketal can be obtained in 
good yield from methanol and cyclohexanone,9b 
and in high yield when the reaction is coupled with 
the hydrolysis of 2,2-dimethoxypropane. It enters 
the alcohol interchange reactions readily and is a 
good starting material for other ketals of cyclo
hexanone. Dimethyl ketals of acetophenone, buta- 
none, and the pentanones have been prepared and 
react similarly. Combinations of these ketone and 
alcohol interchanges thus provide a general 
method for the preparation of many ketals. The 
properties and method of preparation of a number 
of ketals obtained in this way are given in Table I.
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EXPERIMENTAL

Materials. Acetone dimethyl acetal (2,2-dimethoxypro- 
panc) supplied by The Dow Chemical Company was used 
as received. The other materials were commercial products. 
The acid catalyst usually was p-toluenesulfonic acid mono
hydrate (Eastman Kodak Co.). The materials were used 
without being dried, except that where indicated the p- 
toluenesulfonic acid was dried by recrystallization from a 
toluene solution. Yields could possibly be improved in some 
cases by careful drying of the reactants.

Alcohol interchange with 2,2-dimethoxypropane. Method A. 
Acetone dibutyl ketal. Butyl alcohol (4811 g., 6.60 moles), 2,2- 
dimethoxypropane (312 g., 3.00 moles), benzene (1.0 1.), 
and p-toluenesulfonic acid (0.2 g.) were combined and the 
mixture was distilled with fractionation, giving 570 ml. of 
distillate boiling from 57° to 59°. Addition of a 1. of water 
to the distillate left 340 ml. of benzene phase, indicating 
the initial presence of 230 ml. of water-soluble material 
(theoretical for methanol, 243 ml.). The reaction mixture 
was cooled and a solution of 0.5 g. of sodium methoxide in 
25 ml. of methanol was added rapidly with stirring in order 
to achieve nearly instantaneous neutralization. Distillation 
was resumed and the pressure was reduced as necessary so 
that the temperature in the flask did not exceed 130°. 
The following fractions were collected for examination: I, b. 
30-45° (18 mm.), 1.3992, 02 g . ;  II, h. 45-88° (18 mm.),
9 g.; I ll, b. 88° (18 mm.) to 90° (19.5 mm.), n2D5 1.4105, 
400 g.; residue, 31 g. Fraction I was recovered butyl alcohol 
and fraction III was acetone dibutyl ketal, 82% yield 
(lit.: b.p. 64.0° (2.3 mm.), n2̂  1.4128;3“ and b.p. 64-64.5 
(3 m m .) ,<  1.4120“ ).

Mixed ketals by alcohol interchange. Method B. Butanone 
allyl methyl ketal. Allyl alcohol (58 g., l.C mole), butanone 
dimethyl ketal (118 g., 1.00 mole), 200 m.. of benzene, and 
0.2 g. of p-toluenesulfonic acid were combined and dis
tilled at atmospheric pressure with fractionation until the 
head temperature was 61° at which time 110 ml. of dis
tillate had been obtained. The distillation was interrupted 
and the reaction solution was made basic by the addition 
of 0.3 g. of sodium methoxide dissolved in 10 ml. of methanol. 
I list illation was continued at atmospheric pressure until the 
temperature in the flask reached 122°, at which time the 
pressure was reduced to 100 mm. The following three frac
tions were obtained (principal component, boiling range at 
100 mm., mid-range boiling point, number of moles): buta
none dimethyl ketal, 42-68°, 51°, 0.17; butanone allyl 
methyl ketal, 68-102°, 84°, 0.41; butanone diallyl ketal, 
above 102°, 111° (third plateau on boiling point curve, dis
tillation stopped), 0.30 (distillate plus residue; the refractive 
index of the residue at 24° was 1.4310, compared to n 
1.4300 for butanone diallyl ketal). The losses comprised 
0.12 mole of butanone moiety and 0.25 mole of methoxyl 
indicating a loss of 0.12 mole of the lower symmetrical ketal, 
probably by pyrolysis to unsaturated ether. The yield of 
mixed ketal was 41%, or 82% of the theoretical 0.50 mole 
predicted by the redistribution reaction.

Mixed ketals from symmetrical ketals. The redistribution 
reaction with ketals. Method C. a. Acetone, allyl methyl ketal. 
Acetone dimethyl ketal (208 g., 2.00 moles) and acetone 
diallyl ketal (312 g., 2.00 moles) were mixed and acidified 
with 0.1 g. of p-toluenesulfonic acid. After 15 min. at 24° 
the solution was made basic by the addition of 0.3 g. of 
sodium methoxide dissolved in 10 ml. of methanol. Frac
tional distillation on a 1000 X 25 mm. column packed with 
Vs-in. glass helices gave 99 g. (0.95 mole) of acetone di
methyl ketal boiling at 43° (200 mm.), 250 g. (1.92 moles) 
of acetone allyl methyl ketal boiling at 81° (200 mm.), and 
148 g. (0.95 mole) of acetone diallyl ketal boiling at 77° 
(50 mm.). The redistribution reaction requires a mole ratio 
of 1:2:1. The yield of mixed ketal was thus 96%.

( 10) H. B. D\-kstra, J. Am. Cheto. Soc., 57, 2255 (1935).

b. Disproportionation of mixed, ketals. Acetone a.lIyl methyl 
ketal (520 g., 4.00 moles) was acidified with 0.2 g. of p- 
toluenesulfonic acid and allowed to stand for 15 min. at 
24°. It was then made basic In' adding 0.3 g. of sodium meth
oxide in 10 ml. of methanol and distilled at 200 mm., giving 
103 g. (0.99 mole) of acetone dimethyl ketal boiling at 43° 
and 262 g. (2.02 moles) of acetone allyl methyl ketal at 81°. 
The distillation residue (m2d4 1.4233, 161 g.) was shown by 
infrared spectroscopy to be essentially pure acetone diallyl 
ketal (1.03moles).

In a similar manner 4.00 moles of acetone butyl methyl 
ketal gave 0.98, 1.95, and 0.97 moles of the three ketals. 
During the acid phase of the reaction a sample withdrawn 
after 8 min. and made basic had the same infrared spectrum 
as the final reaction solution which was made basic after 1 hr. 
The reaction is evidently completed in 8 min. or less.

Methyl ketals from ketones and 2,2-dimethoxypropane. 
Method D. a. Cyclohexanone dimethyl ketal. Cyclohexanone 
(196 g., 2.00 moles), 2,2-dimethoxypropane (250 g., 2.40 
moles), 200 ml. of methanol (156 g., 4.87 moles), and 0.05
g. of p-toluenesulfonic acid were mixed and distillate was 
removed as fast as possible through a 1200 X 19 mm. column 
packeil with ' / 8-in. glass helices while the head temperature 
was kept below 58°. The reflux ratio at first was 3:2, but 
was raised to 19:1 as the distillation progressed. After 268 
ml. of distillate had been collected, the head temperature 
could not be kept below 58° so it was allowed to rise to 63° 
at which time a total of 298 ml. (236 g.) of distillate (A) had 
been obtained. The odor of 2,2-dimethoxypropane was very 
strong in the distillate boiling at 61° (the boiling point of its 
azeotrope with methanol) indicating its presence in excess 
at the end of the period of acetone production. The dis
tillation was interrupted and the reaction solution was made 
basic by the addition of 0.1 g. of sodium methoxide dissolved 
in 10 ml. of methanol. Distillation was resumed at reduced 
pressure giving an additional 62 g. of methanol in the re
ceiver and 22 g. in the cold trap. The remaining solution 
was distilled at about 45 mm. giving the following fractions: 
I, 27 g., b.p. 68-80° (44 mm.), ri*£ 1.4420, (37% cyclohexa
none and 63% cyclohexanone dimethyl ketal (by infrared 
analysis)]; II, 230 g., ?rD2 1.4380, b.p. 80° (44 mm.) to 82° 
(47 mm.), [pure cvclohexanone dimethvl ketal (lit.,11 b.p. 
54-56° (13 mm.), ?dD9' 2 1.4416)]; III, 25”g., »”  1.4390, (dis
tillation residue and column holdup, slightly impure ketal). 
The distillation was taken to dryness, leaving only the 
trace residue of salts: fraction III was obtained by allowing 
the fractionating column to drain back into the flask, adding 
ether to wash the column, and evaporating the ether on the 
steam bath. There was a loss of 8 g. The total yield of the 
ketal was 95%, and 5% of the cyclohexanone was recovered.

The 236 g. of distillate A from the acid solution was re
distilled, giving 134 g. boiling from 54-56.5°, 77 g. boiling 
from 56.5-63.5° (methanol-ketal azeotrope, b.p. 61°), and 
a residue of 10 g. (n2„2 1.3307, methanol). The azeotrope12 
of acetone and methanol boiling at 55.5° is 88% acetone 
by weight, indicating 118 g. of acetone in the 134 g. fraction 
(theor. acetone 116g.).

b. The effect of alcohol concentration. Three moles each of 
cyclohexanone and 2,2-dimethoxypropane were mixed, 
acidified with dried p-tolucnesulfonic acid and allowed to 
stand for 41 hr. at room temperature. The solution was 
made basic and distilled on the 1200 X 19 mm. fractionat
ing column. After only 33 ml. had distilled, the material dis
tilling was mainly 2,2-dimethoxypropane, indicating prac
tically no production of acetone. A similar solution, but 
containing in addition 2 moles of methanol per mole of 
cyclohexanone, was acidified as before and made basic 
after 4 hr. Distillation gave a 70% yield of pure cyclohexa
none dimethyl ketal and an additional 8%, in forerun and 
residue. Attempts to shift the equilibrium by distilling ace

(11) B. Helferich and J. Hausen, Ber., 57B, 795 (1924).
(12) L. II. Horsley and co-workers, Azeotropic Data, 

American Chemical Society, Washington, D. C., 1952, p. 29.
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tone from acidified mixtures of cyclohexanone and 2,2-di- 
methoxypropane, even at reduced pressure and with acid 
concentrations of the order of 0.001.1/, resulted in the forma
tion of unsaturated ethers and methanol, and thus made it 
impossible to keep the reaction mixture free of the alcohol, 
Yields of 20-50% of the ketal were obtained in these cases, 
depending on the treatment.

The first 100 ml. of distillate from a mixture of 1.0 mole 
of acetophenone, 1.5 moles of 2,2-dimethoxypropane, 410 
ml. of hexane, and 0.2 g. of p-toluenesulfonic acid con
tained 28% (vol.) of isopropenyl methyl ether and 1.0% 
acetone, while in a second experiment with the same amounts 
of ketone and ketal but with 2.0 moles of methanol and only 
330 ml. of hexane (to make equal dilutions in both cases) 
the first 100 ml. of distillate contained 20% acetone and 
less than 1% isopropenyl methyl ether.

c. Redistribution with acetone dimethyl ketal and cyclohexa
none dipropyl ketal. An equimolecular mixture of acetone 
dimethyl ketal (52 g., 0.50 mole) and cyclohexanone dipropyl 
ketal (100 g.) was acidified with 10 mg. of p-toluenesulfonic 
acid and allowed to stand at 24° for 30 min. It was then 
made basic by the addition of 100 mg. of sodium methoxide 
in 5 ml. of methanol. Fractional distillation gave first the 
azeotrope of methanol and acetone dimethyl ketal, then the 
remainder of the acetone dimethyl ketal, and finally the 
cyclohexanone dipropyl ketal. Total recoveries of the two 
ketals were 96% and 99% respectively. No more than traces 
of the other possible ketals were shown by either the dis
tillation curves or refractive index measurements.

Another equimolecular mixture of these ketals was 
made as before and 10 g. of methanol and 10 mg. of p- 
toluenesulfonic acid were added. After 30 min. at 24° the 
solution was made basic in the same manner. Distillation of 
the solution gave the following fractions (boiling range, 
mid-range boiling point, and composition of fraction given): 
I, 36-40.5° (303 mm.), 39° (303 mm.), azeotrope of methanol 
and 2,2-dimethoxypropane; II, 40.5-65° (303 mm.), 47° 
(303 mm.), azeotropes of methanol and propyl alcohol with
2,2-dimethoxypropane; III, 05° (303 mm.) to 50° (81 mm.), 
45° (81 mm.), azeotrope of propyl alcohol and acetone 
methyl propyl ketal; IV, 50-71° (81 mm.), 58° (81 mm.), 
acetone methyl propyl ketal; V, 71-93° (81 mm.), 88.5° 
(81 mm.), acetone dipropyl ketal; VI, 93° (81 mm.) to 75° 
(19 mm.), 60.5° (19 mm.), cyclohexanone dimethyl ketal; 
VII, 75-87.5° (19 mm.), 87.5° (19 mm.), cyclohexanone

methyl propyl ketal; VIII, above 87.5° (19 mm.), ----- •,
residue and column holdup (isolated b}r washing the packed 
column with ether and evaporating the ether, and identified 
as a mixture of the methyl propyl and dipropyl ketals of 
cyclohexanone by infrared spectroscopy)- The mid-range 
boiling points were taken from well defined plateaus on the 
distillation curve, except for fraction II which gave no 
plateau. From the knowm composition of the azeotropes 
and by means of infrared spectrophotometric analyses the 
following recoveries were determined (given in gram- 
moles): methanol 0.24 (including 0.12 added when inacti
vating the catalyst), propyl alcohol 0.19, and the six ketals 
in order of increasing molecular weight 0.14, 0.25, 0.09, 
0.15,0.25,0.10.

Ketals from ketone, alcohol, and 2,2-dimethoxypropane. 
Method E. Acetophenone dipropyl ketal. A solution of aceto
phenone (120 g., 1.00 mole), propyl alcohol (480 g., 8.00 
moles), 2,2-dimethoxypropane (156 g., 1.5 moles), 300 ml. 
of hexane, and 0.2 g. of p-toluenesulfonic acid was distilled 
through a 1000 X 25 mm. column packed with 13 l/ 8-in. glass 
helices with the reflux ratio being adjusted so that the head 
temperature remained below 50°. After each 150-200 ml. 
of distillate was obtained, an equal volume of hexane was 
added to the boiling solution until 530 ml. of distillate had 
been collected. The still-head temperature then slowly rose 
to 64° at which rime the total distillate volume wras 770 ml. 
The reaction mixture was made basic by rapidly adding 
0.2 g. of sodium methoxide in 10 ml. of methanol. Distillation 
was resumed and the pressure was reduced as necessary 
in order to keep the temperature in the flask below 100- 
110°. After a forerun which included some acetone dipropyl 
ketal, a residue of 190 ml. (n2D5 1.4820) remained. After 
trvo distillations through a 3-in. column packed with Berl 
saddles, this residue gave 141 g. of acetophenone dipropyl 
ketal, b.p. 61° (1 mm.), n2u6 1.4750, 63% yield (lit.13 b.p.
112-115° (10mrr..)).
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Alkoxyl interchange between secondary alcohols and simple ketals gives ketals containing secondary alkoxyl groups in 
good yields. Such ketals can also be made by the addition of secondary alcohols to a,0-ur.saturated ethers and by dispro
portionation reactions. Ketals with secondary alkoxyl groups can be prepared directly from ketones and secondary alcohols 
by coupling the reaction with the hydrolysis of another ketal. Mixed ketals in w'hich the alkoxyl groups may be either both 
secondary or only one secondary and one primary can also be made by these methods.

The preparation of ketals of primary alcohols 
by alcohol interchange reactions with dimethyl 
ketals has been discussed in a previous paper.2 
This reaction has now been extended to include

(1) Presented in part at the Gordon Research Conference 
on Organic Reactions and Processes, July 1958.

(2) N. B. Lorette and W. L. Howard, J. Org. Chem., 25,
521 (1960).

the preparation of ketals of monohydric secondary 
alcohols. There are two previous references in the 
literature to the successful preparation of ketals of 
this type. Stevens, McLean, and Weinheimer3 
obtained relatively unstable a-hydroxyketals by

(3) C. L. Stevens, R. L. McLean, and A. J. Weinheimer, 
Chem. & Ind. (London), 1957, 1321; J. Am. Chem. Soc., 80, 
2276(1958).
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the addition of secondary alcohols to epoxyethers. 
These authors pointed out that this reaction is an 
alcohol interchange with an intramolecular kctal, 
and they ascribed the driving force for the reaction 
to the opening of the epoxide ring. Reichle has ob
tained diisopropyl ketals from cyclic ketones and 
triisopropyl orthoformate.4 A recent patent5 states 
that secondary and tertiary alcohols will react 
with allene to form the corresponding acetone 
ketals, but no examples of such compounds are 
given. Also without examples, an older patent6 
states that ketals can be formed with secondary 
alcohols. Other attempts to prepare ketals with 
secondary alkoxyl radicals were not successful.7

In the interchange reaction with secondary al
cohols, ketals of primary alcohols give symmetrical 
ketals of the secondary alcohols and mixed ketals 
containing one secondary and one primary alkoxyl 
group. Mixed ketals in which the different alkoxyl 
groups are both secondary can be prepared by 
alcohol interchange with a symmetrical ketal and 
a secondary alcohol or by disproportionation be
tween two symmetrical ketals, Reaction 1.

R2C(OR')2 +  R2C(OR")2 2R,C(OR')OR" (1)

No special driving force for the alcohol inter
change reaction is needed other than that provided 
by the removal of the by-product alcohol by distil
lation. The equilibrium of Reaction 1 is rapidly 
attained after the addition of a trace of strong acid.

The addition of alcohols to a,/3-unsaturated 
ethers to give ketals has been demonstrated with 
secondary alcohols. The product ketal may contain 
one primary and one secondary alkoxyl group, or 
both alkoxyl groups may be secondary, depending 
on the nature of the alkoxyl group in the ether. 
Symmetrical ketals are obtained along with the 
mixed ketals because of the simultaneous occur
rence of the disproportionation Reaction 1. The 
yields of ketals by this method have been shown to 
be nearly quantitative both by isolation of the re
action products and by infrared spectroscopy. 
An absorption band (6.1p) due to the carbon- 
carbon double bond of the ether almost completely 
disappears, and the spectrum of the ketal appears. 
The loss of the 6.1 -y absorption band was demon
strated with mixtures of the following ethers and 
alcohols: 1-cyclohexen-l-yl methyl and ethyl
ethers, isopropenyl methyl, ethyl, and propyl 
ethers, and isopropyl, sec-butvl, 2-pentyl, and cy
clohexyl alcohols. Disappearance of the Q.l-n 
absorption band and appearance of the spectrum of 
a known ketal occurred with cyclohexyl isopropenyl

(4) W. T. Reichle, Dissertation Abstr., 19, 3134 (1959); 
private communication.

(5) E. U. Elam and R. H. Hasek, Eastman Kodak Co., 
U. S. Patent 2,875,252, February 24, 1959.

(0) W. H. Carothers and H. B. Dykstra, E. I. du Pont 
de Nemours and Co., U. S. Patent 2,124,686, July 2G, 1938.

(7) C. A. MacKenzie and J. II. Stocker, Org. Chan.,
20,1695(1955).

ether and cyclohexanol, isopropenyl methyl ether 
and isopropyl alcohol, and I-cyclohexen-l-yl methyl 
ether and isopropyl alcohol. These properties also 
served to identify 1-cyclohexen-l-yl isopropyl 
ether (not isolated) as the principal constituent of 
a distillate fraction obtained in the forerun during 
the preparation of cyclohexanone diisopropyl ketal 
by alcohol interchange. The addition reaction did 
not occur with ¿-butyl alcohol.

The readily available ketals, 2,2-dimethoxy- 
propane8 and 1,1-dimethoxycyclohexane,2'9 were 
usually used as starting materials for the alcohol 
interchange reactions, and the methanol produced 
was removed azootropically with hexane or ben
zene.2 In general, equilibrium concentrations of the 
methanol and product ketals have been lower, thus 
necessitating more tedious distillations, than in the 
preparation of ketals of primary alcohols. For this 
reason somewhat lower than the best attainable 
yields have been accepted to avoid long reaction 
times. Decomposition to unsaturated ethers is more 
serious when the ketals contain secondary alkoxyl 
groups, and conversions to these ethers are greater 
and lead to greater losses during long distillations 
from acid solutions. The ethers can often be re
covered, however, and used in addition reactions 
to prepare the same or other ketals. The product 
ketals were isolated and purified by distillation from 
alkaline media, or in some cases by crystallization.

In the preparation of mixed ketals yields of mixed 
and symmetrical ketals usually were in approximate 
accord with the requirements of the redistribution 
reaction of Calingaert and Beatty,10 when the 
alkoxyl radicals were both secondary (isopropyl 
and cyclohexvl). When they were not of the same 
order (methyl and isopropyl) the disproportiona
tion equilibria favored the mixed ketal. This is 
further evidence of the relatively greater difficulty 
of formation of ketal groupings with secondary 
alcohols and the greater stability of primary alkoxyl 
groups in ketal linkage.

Interchange of ketone groups, similar to alcohol 
interchange, probably does not occur directly at 
an appreciable rate although an apparent trans- 
ketonation can be accomplished if alcohol is present. 
When equimolar amounts of acetone diisopropyl 
ketal, cyclohexanone, and isopropyl alcohol were 
acidified and kept for thirty minutes at room tem
perature, infrared analysis showed the appearance 
of cyclohexanone diisopropyl ketal and acetone in 
considerable amounts. However, when equimolar 
amounts of acetone diisopropyl acetal and cyclo
hexanone, without alcohol, were treated in the 
same manner, no cyclohexanone diisopropyl ketal

(8) 2,2-Dimethoxypropane is available from The Dow 
Chemical Co., Midland, Mich.

(9) R. E. McCoy, A. W. Baker, and R. S. Gohlke, J. 
Org.Chem., 22,1175 (1957).

(10) G. Calingaert and H. A. Beatty, Organic Chemistry, 
an Advanced Treatise, Vol. II, 2nd ed., H. Gilman, Ed., John 
Wiley & Sons, New York, 1947, Chap. 24.
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was detectable in the spectrum after thirty minutes. 
Absorptions due to small amounts of isopropenyl 
isopropyl ether and isopropyl alcohol were present, 
however, and the intensity of absorptions due to 
acetone diisopropyl ketal had decreased. After 
130 minutes absorption shoulders due to cyclo
hexanone diisopropyl ketal had begun to appear 
and they were stronger after 190 minutes. At least 
part of the observed slow formation of the cyclo
hexanone ketal can be accounted for by the pres
ence of isopropyl alcohol from the decomposition 
of the acetone ketal indicated by the spectrum after 
thirty minutes, since it has been shown that the 
cyclohexanone ketal is formed rapidly when an 
equimolar amount of isopropyl alcohol is present; 
and this also indicates that its rate of formation 
depends on the alcohol concentration. Evidently 
the cyclohexanone ketal is formed only slowly if at 
all by direct interchange. From measurements of 
the ultraviolet absorption spectra of acidified mix
tures of several ketones and isopropyl alcohol, 
Wheeler concluded that no reaction occurred.11 
The apparent transketonation just described indi
cates that ketones and secondary alcohols do react 
to form ketal and water to a small extent, and that 
coupling of this reaction with the hydrolysis of 
another ketal to remove water will provide enough 
driving force to shift the equilibrium of ketal for
mation considerably in the direction of ketal. 
We believe that this is the first evidence of the 
existence of the reaction of formation of a ketal 
directly from a ketone and a monohydric secondary 
alcohol.

As with ketal.s of primary alcohols,2 ketals of 
secondary alcohols can be prepared by the simul
taneous reaction of a ketone, a secondary alcohol, 
and another ketal such as 2,2-dimethoxypropane 
or 1,1-dimethoxycyclohexane. A mixture of cyclo
hexanone, isopropyl alcohol, and 2,2-dimethoxy
propane gave yields of 57% of cyclohexanone iso
propyl methyl ketal and 17% of cyclohexanone 
diisopropyl ketal. A number of concurrent and 
interrelated reactions (2) undoubtedly occur in

R(OCII3)2 +  ¿-CJbOH ^  (2)
R(OCH3) (0-i-C'3H,) +  +  CTKOH

R /= 0  +  CH3OH e R'(OCH3), +  H,(>
R '= 0  +  i-C3H7OH R'(0-f-C3H,), +  H20

R'(OCH3). +  I-CjHtOH ^
R '(O C H s) (O-f-C-JR) +  R '(0 -i-C ,H ,)? +  CThOH  

IL O  +  R (0 -R C 3H , ) 2 R = (>  +  ¿-C3H 7OH
H ,0  +  R (O C H 3), ^  R = 0  +  C H 3OH, etc.
(R = isopropylidene; R ' = cyclohexylidene)

this mixture and ultimately lead to the isopropyl 
ketal.s of cyclohexanone. The water produced is 
consumed by the hydrolysis of the acetone ketals, 
and the equilibria are shifted in the direction of the 
cyclohexanone isopropyl ketals by the removal 
of acetone and methanol by distillation. This is a

(11) O. H. Wheeler, J. Am. Chem. Soc., 79, 4191 (19,57).

convenient preparative method which utilizes 
readily available starting materials.8'9

All of the ketals of secondary alcohols so far 
prepared undergo the same endothermic hydrolysis 
that is characteristic of the ketals of primary al
cohols. Examination of the hydrolyzates from the 
hydrolytic degradation of two of these ketals 
showed only the ketone and alcohol, thus provid
ing additional evidence for the acetal structure. 
The hydrolysis was essentially quantitative with 
the stoichiometric amount of water at room temper
ature, indicating a large hydrolysis constant and 
thus a very small constant for the reverse reaction 
of ketal formation. This observation corroborates 
Wheeler’s failure to detect the reverse reaction 
with isopropyl alcohol and ketones11 and suggests 
that the reason was lack of sensitivity of his method.

Suitable combinations of these preparative re
actions and those of our previous paper2 afford 
methods for the convenient preparation of many 
ketals of secondary alcohols from readily available 
starting materials. Table I gives the properties of 
some of these ketals which have already been 
obtained.

EXPERIMENTAL

Materials. Acetone dimethyl acetal (2,2-dimethoxvpro- 
pane) supplied by The Dow Chemical Co. was used as re
ceived. Cyclohexanone dimethyl acetal was prepared from 
methanol and cj'clohexanone directly9 or with added 2,2- 
dimethoxypropane.2 The p-toluenesulfonic acid was used 
as the monohydrate (Eastman Kodak Co.) except where 
noted. The other materials were commercial products and 
were used without drying. The isopropyl alcohol used con
tained 0.2% water.

Alcohol interchange. Method A. a. Acetone isopropyl methyl 
and acetone diisopropyl ketal. A solution composed of 832 g. 
(8.00 moles) of 2,2-dimethoxypropane, 1349 g. (23.2 moles) 
of isopropyl alcohol, 3500 ml. (2403 g.) of hexane, and 0.05 
g. of p-toluenesjlfonic acid was set for distillation through 
a glass Oldershaw fractionating column approximately 1 
meter long and having 30 trays. The column was fitted 
with a magnetically controlled liquid-dividing take-off 
head actuated by an electric timer. The timer was powered 
by a Wheelco “Capacitrol” arranged to respond to the 
temperature in the still head. The Capacitrol was set to 
operate the timer and thus remove distillate at head tem
peratures below 50°, in order to collect the azeotrope of 
methanol and hexane, b.p. 48°. At first a reflux ratio of 10 
was satisfactory but it soon had to be increased to 20 and 
then to 50. Finally, with the timer set at 2% take-off, dis
tillate was collected intermittently whenever the temper
ature in the still head fell below 50° and actuated the timer 
through the Capacitrol. The distillation required 13 days 
and 1866 g. of distillate was collected before the rate of dis
tillation was deemed impracticably slow and the process 
stopped. The solution was cooled and 0.4 g. of sodium dis
solved in 24 g. of isopropyl alcohol was added.

The mixture was then distilled through a 1200 X 19 mm. 
column packed with Vs-in. glass helices and fitted with a  

vapor-dividing head with similar automatic controls. The 
azeotrope of hexane and isopropyl alcohol was first obtained 
(boiling range 57-65°), and during the distillation an addi
tional 2 1. of hexane was added to accomplish the removal of 
the remaining alcohol. The distillation was finished at re
duced pressure, finallv giving the three fractions: (a) 31 g. 
boiling from 53° (350 mm.) to 47.5° (164 mm.), (b) 91 g. 
boiling from 47.5° (164 mm.) to 63° (52 mm.), (c) 798 g.
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boiling at G3-G4.5° (52 mm.), n”  1.3987, and 27 g. of resi
due. Fractions a and b and the residue were combined, 100 
ml. of hexane and 50 ml. of c/.s-decalin were added, and the 
mixture was washed with water and dried. Distillation of this 
solution gave two fractions (d) 35 g. boiling from 41-50° 
(51 mm.), n\~, 1.3909, and (e) 21 g. boiling from 50-67° 
(51 mm.), re2,2 1.3988.

Fractions c and e were identified as acetone diisopropyl 
ketal, yield 819 g. (5.12 moles) or 65% based on 7.85 moles 
of 2,2-dimethoxypropane (8.00 moles less 0.15 mole for the 
amount of water introduced with the isopropyl alcohol). 
Fraction d was acetone isopropyl methyl ketal, 0.27 mole, 
3.4%. In other runs in which the distillation of the hexane- 
methanol azeotrope was carried on for only 3-4 days, yields 
of the two ketals were each about 30%. Benzene is not so 
satisfactory as hexane as the azeotroping agent in this process 
because it leads to increased losses of isopropenyl isopropyl 
ether whose boiling point is near that of the benzene- 
methanol azeotrope.

All of the distillate fractions were collected and worked 
up. Of G194 g. of material taken, 5624 g. was recovered and 
570 g. lost. Alcohols were washed from the hexane distillates 
with water and recovered by distillation, yielding 10.3 
moles of methanol and 11.4 moles of isopropyd alcohol. By 
difference, unrecovered isopropyl alcohol was 11.4 moles. 
Isopropenyl methyl ether, 1.40 moles (17.8% on the same 
basis as for the ketals), was recovered from the hexane- 
methanol distillate. No 2,2-dimethoxypropane was re
covered.

b. Acetone cyclohexyl isopropyl ketal and cyclohexyl isopro
penyl ether. ( >ne mole each of acetone diisopropyl ketal 
(1G0 g.) and cyclohexanol (100 g.) were added to 500 ml. of 
hexane and acidified with 0.05 g. of p-toluenesulfonic acid. 
The solution was fractionally distilled at atmospheric pres
sure, giving 362 g. of distillate of boiling range 57-61°. 
(Sixty g. of isopropyl alcohol was obtained as its azeotrope 
with water12 bv washing this distillate with water and dis
tilling the aqueous phase.) The reaction solution was then 
cooled and made basic by the instantaneous addition of 
0.1 g. of sodium methoxide in 10 ml. of methanol. Dis
tillation was resumed and the remaining hexane was re
moved, first at atmospheric and finally at reduced pressure 
to keep the flask temperature below 100°. Two forerun frac
tions consisted of 16 g. of acetone diisopropyl ketal, b.p. 
47-56° (25 mm.), n22 1.4013, and 37 g. of a mixture, b.p. 
56° (25 mm.) to 86° (12 mm.), re22 1.4507, which was 
mainly cyclohexyl isopropenyl ether with a small amount 
of cyclohexanol (determined by infrared spectroscopy). 
The next fraction boiling at 87.5° (13 mm.), n2D2 1.4398, was 
30.5 g. of acetone cyclohexyl isopropyl ketal. The distillation 
was stopped overnight but the system remained under 
vacuum.

When the distillation was resumed 34 g. of material dis
tilled at 50° (11 mm.), n2,,2 1.4519, d25 0.893 g./ml., and was 
identified as cyclohexyl isopropenyl ether. Another 4 g., 
b.p. 50-55° (11 mm.), ?rD2 1.4542, distilled leaving a dry 
flask. A residue of 41 g. was obtained as column holdup. 
Evidently a pyrolysis had occurred. A similar unpredictable 
pyrolysis was observed in other runs, usually occurring 
spontaneously during the distillation of the ketal and making 
it impossible to continue the distillation.

The yield of acetone cvclohexyl isopropyl ketal was 15%, 
by this procedure, or 30%, of the amount predicted by the 
redistribution reaction. In a similar experiment with half
mole quantities of the reactants, the residue after the re
moval of the hexane was separated into two crude fractions 
by rapid distillation at room temperature, first at 25 mm. 
and finally at 1 mm., with a final short heating to 50°. 
Analysis of these fractions and the residue by infrared spec
troscopy showed the presence of 0.22 mole of acetone 
cyclohexyl isopropyl ketal and 0.10 mole of acetone di-

(12) L. H. Horsley and co-workers, Azeotropic Data, 
American Chemical Society, Washington, D. C., 1952, p. 7.
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cyclohexyl ketal. The redistribution reaction predicts 
0.25 and 0.125 mole, respectively. Fractional distillation of 
the residue, which contained the cyclohexyl ketals, gave 
25 g. of the mixed ketal before pyrolysis interfered, making 
the isolated yield 25%.

Identification of cyclohexyl isopropenyl ether. The following 
data identify the material of the preceding experiment, b.p. 
50° (11 mm.), as cyclohexyl isopropenyl ether.

Anal. Calcd. for C9Hi60 : C, 77.09; H, 11.50; mol. wt., 
140. Found: C, 76.93, 77.25; H, 11.54, 11.80; mol. wt., 
143 (cryo.).

Calculated as the ether, 0.005 mole (0.70 g.) of the un
known was added to 0.005 mole (0.50 g.) of cyclohexanol and 
the solution was acidified with a trace of p-toluenesulfonic 
acid. An exothermic reaction occurred, and the product 
solidified when placed in the refrigerator, remelting over a 
range ending at about 22° (melting point of acetone di
cyclohexyl ketal, 25°). The infrared spectrum of the product 
mixture was essentially the same as that of acetone dicyclo
hexyl ketal, band for band, except that trace absorptions 
corresponding to the strongest bands of cyclohexanol indi
cated about 1-2% of this impurity. Absence of absorptions 
at 6.06, 7.8, and 12.6 a, all characteristic of the ether, 
showed that conversion of the ether was practically quanti
tative.

Mixed ketals by disproportionation of symmetrical ketals. 
Method B. a. Acetone cyclohexyl isopropyl acetal. Half-mole 
quantities of acetone diisopropyl ketal (80 g.) and acetone 
dicyclohexyl ketal (120 g.) were combined and acidified 
with 0.05 g. of p-toluenesulfonic acid dissolved in 10 ml. of 
isopropyl alcohol. The mixture soon became quite pink and 
then faded to a yellowish color during about 20 min. at 
room temperature (c/. MacKenzie and Stocker7). The acid 
catalyst was then neutralized by the rapid addition of a 
solution of 0.1 g. of sodium methoxide in 10 ml. of methanol. 
Fractional distillation of the mixture gave 35 g. of acetone 
diisopropyl ketal, b.p. 44-64° (36 mm.), re“  1.3978 ; 24 g. 
of unidentified material, b.p. 64-114° (36 mm.), re“  1.4471;
77.5 g. of acetone cyelohexyl isopropyl ketal, b.p. 116-118° 
(41 mm.), re“  1.4383; and a residue of 48 g. of acetone 
dicyclohexyl ketal, re“  1.4650 (estimated nearly pure by 
infrared spectroscopy)- The ketals were isolated in approxi
mately the mole ratio required by the redistribution reac
tion, 1.1:2.0:1.0, but the recoveries were only about 80%.

b. Disproportionations involving both primary and secondary 
alkoxyl groups. Acetone isopropyl methyl ketal (142 g.,
1.07 moles) was acidified with 0.01 g. of solid p-toluenesul- 
fonic acid. Discoloration occurred in the vicinity of the 
crystals as they dissolved, but there was little further 
darkening of the solution. The refractive index was the same 
(1.3882) before, directly after, and 5 days after the addition 
of the acid. After 5 days at room temperature (about 24°) 
0.05 g. of solid sodium methoxide was added and the mix
ture was distilled. The following fractions were obtained: 
(a) acetone dimethyl ketal, 21 g., b.p. 41-48° (205 mm.), 
re“  1.3767; (b) transition, 13 g., b.p. 48-73° (205 mm.), 
re“  1.3844; (c) acetone isopropyl methyl ketal, 61 g., b.p. 
73-74° (205 mm.), re“  1.3890; transition, 7 g., b.p. 40-59° 
(40 mm.), re“  1.3954; (d) acetone diisopropyl ketal, 6 g., 
b.p. 59° (40 mm.), re“  1.3981; and (e) residue. The residue 
was distilled without fractionation and gave an additional 
20 g. of acetone diisopropyl ketal, b.p. 61.5° (42 mm.), re“  
1.3984. The cold trap contained 11 g. of material identified 
as a mixture of isopropenyl methyl ether and isopropyl 
alcohol. Estimating the compositions of the transition frac
tions by linear interpolation of refractive indices and sum
ming gives a mole ratio of the ketals of 1.0:2.2:0.65 which 
deviates somewhat from the 1:2:1 required by the redis
tribution reaction and, considering also the material in the 
cold trap, favors the mixed ketal.

In another experiment equimolar amounts of cyclohexa
none dimethyl ketal (1.44 g.) and cyclohexanone diisopropyl 
ketal (2.00 g.) were mixed and acidified with a few crystals 
of p-toluenesulfonic acid. After 3 hr. at room temperature

the infrared spectrum of the mixture was determined and 
compared with the spectra of mixtures of known concentra
tions of the three possible ketals, made up from the pure 
materials and adjusted to be equimolar in the symmetrical 
ketals. The spectrum of the acidified mixture closely matched 
that of the known sample in which the mole ratio of cyclo
hexanone dimethyl, isopropyl methyl, and diisopropvl ketals 
was 1.0:4.7:1.0, showing considerable deviation from the 
1:2:1 requirement of the redistribution reaction. Acidifica
tion of a sample of cyclohexanone isopropyl methyl ketal 
gave the same spectrum after 30 min. at room temperature, 
demonstrating attainment of the equilibrium from the other 
direction. The spectra cf the acidified mixtures differed 
from that of the known mixture in having absorption bands 
due to small amounts of hydroxyl, carbonyl, and unsatura
tion (6.06 p).

Addition of secondary alcohols to vnsaturaled ethers. Method 
C. a. Acetone isopropyl methyl ketal. Isopropenyl methyl 
ether (60 g., 0 83 mole) was added dropwise to isopropyl 
alcohol (120 g , 2.0 moles) acidified with 0.035 g. of p- 
toluenesulfonie acid. External cooling was used to keep the 
temperature below 20° and the addition required about 
30 min. The mixture was then made basic by the instan
taneous addition of a solution of 0.05 g. of sodium methoxide 
in 5 ml. of methanol. The reaction product was washed with 
600 ml. of water in three portions, and separation gave 82.5 
g. of organic phase. The aqueous solution was extracted 
with 100 ml. of 45-60° petroleum ether which was separated 
and combined with the first organic phase. After being dried 
with potassium carbonate, the ether solution was distilled, 
giving 18.5 g. cf acetone dimethyl ketal, 46.5 g. (42%) of 
acetone isopropyl methyl ketal, b.p. 45°/59 mm., ?i“
l. 3876, and 31 g. of residue identified by refractive index, 
re“  1.3977, as acetone diisopropyl ketal.

b. The preparation of acetone dicyclohexyl ketal by this 
method has been given in connection with the identification 
of cyclohexyl isopropenyl ether. It can be isolated by crys
tallization from acetone or methanol at low' temperature,
m. p. 25°

Simultaneous reaction of ketone, secondary alcohol, and a 
ketal. Method I). a. Evidence for the coupling of the reaction of 
formation cf one ketal and the hydrolysis of another. Equimolar 
amounts of cyclohexanone (2.0 g.), isopropyl alcohol (1.2 
g.), and acetone diisopropyl ketal (3.2 g.) were mixed and 
the solution was divided into two parts. One part was used 
as a control sample, and the other was acidified w ith a small 
amount of p-toluenesulfonic acid and its infrared spectrum 
was determined after 30 min. Comparison of this spectrum 
and that of the control with those of authentic samples 
showed the following compositions by volume: found in 
the control sample, 23% cyclohexanone, 48% acetone diiso
propyl ketal (calcd. from the amounts taken, 28.6% and 
50.6% respectively), no acetone, no ketal of cyclohexanone; 
found in the acidified sample, 29% cyclohexanone diiso
propyl ketal and 16% acetone diisopropyl ketal. Acetone 
and cyclohexanone were both present in the acidified sample, 
but they were not determined for want of unobstructed 
absorption bands in the spectrum.

To determine whether acetone diisopropyl ketal and 
cyclohexanone react at an appreciable rate by a direct 
interchange, an equimolar mixture of cyclohexanone (4.0 g.) 
and acetone diisopropyl ketal (6.5 g.) was made up and 
divided as before. One part was acidified with a similar 
amount of p-toluenesulfonic acid which had been dissolved 
in boiling toluene, further boiled, recrvstallized by cooling, 
and stored under petroleum ether. Infrared spectra were 
determined on samples of this solution after 30, 130, and 
190 min. The spectrum of the control indicated 38% (vol.) 
cyclohexanone (13.4 a) and 62% acetone ketal (11.4 a)- 
The acidified sample after 30 min. still contained 38% 
cyclohexanone, nit the acetone ketal had decreased to 
48%, and new bands at 6.06 and 7.8 a and at 10.5 a indi
cated 9% isopropenyl isopropyl ether and 6% isopropyl 
alcohol. Strong bands at 8.05, 8.7, and 9.3 a characteristic
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of cyclohexanone diisopropyl ketal were absent. In the 
spectrum after 130 min. weak absorption bands due to the 
cyclohexanone ketal had appeared and the absorption bands 
of cyclohexanone and the acetone ketal had become weaker. 
These trends continued in the same direction in the spec
trum of the 190-min. sample, in which the concentration 
of cyclohexanone diisopropvl ketal was estimated at about 
10'.;.

b. Cyclohexanone isopropyl methyl ketal and cyclohexanone 
diisopropyl ketal. A solution of cyclohexanone (98 g., 1.0 
mole), isopropyl alcohol (264 g., 4.40 moles), 2,2-dimethoxy- 
propane (125 g., 1.20 mole), benzene (250 ml.), and p- 
toluenesulfonic acid (0.05 g.) was distilled on a good frac
tionating column at a pressure of 270 mm. with automatic 
controls set to remove distillate when the temperature in 
the still head was below 34°. After about 24 hr. this tempera
ture could not be maintained with a 50:1 reflux ratio, so 
the distillation was stopped. The volume of the distillate 
was 226 ml. and contained 109 ml. of water-soluble material. 
The reaction solution was made basic by adding a solution 
of 0.1 g. of sodium in 20 ml. of isopropyl alcohol. Infrared 
analysis showed that less than 2r) of the cyclohexanone re
mained unchanged. Distillation was resumed and after 412 
ml. of forerun had distilled, 99 g. (57.5' ', ) of cyclohexanone 
isopropyl methyl ketal was obtained in the boiling range

47-70° (8 mm.), n 'f  1.4388. The residue was identified by 
infrared spectroscopy as practically pure cyclohexanone 
diisopropyl ketal, yield 34 g. (17r c). Similar yields were 
obtained using hexane as solvent instead of benzene.

Hydrolytic degradation. Equimolar amounts of acetone 
di-sec-butyl ketal (11.5 g. I and water (1.10 g.) were mixed 
and acidified with a tiny crystal of p-toluenesulfonie acid 
introduced on the bulb of a thermometer. The temperature 
began to decrease and the mixture suddenly became homo
geneous. The infrared spectrum of the solution, determined 
after 30 min., indicated the presence of 299< (vol.) acetone 
and 70r c sec-butyl alcohol (ealed., 2997 and 719c). None of 
the absorption bands of the ketal was present.

Cyclohexanone dicyclohexyl ketal was hydrolyzed in an 
equal weight of purified dioxane with a 1 0 9 c excess of water, 
and the infrared spectrum of the solution was determined. 
Absorption bands characteristic of cyclohexanol and cyclo
hexanone were present, but the bands of the ketal were 
absent.
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A new mechanism is proposed for the course of the acylation of pyridine derivatives. Evidence in its support is presented.

As a result of previous work from this labora
tory,4"7 the following series of reactions was pro
posed, using a 2-alkylpyridine as an example, 
to rationalize the results which were obtained when
2-picoline and certain related 2-alkylated tar bases 
were acylated with esters in the presence of the 
basic condensing agent, BM.

2-CJLXCIUlt
I

BM

(2-C:,II4N('lIH) M 
if

+  HB (i)

(f) For paper IX in this series, see S. Raynolds and It. 
Levine, J . Am. Soc., in press.

(2) This paper is based on part of the thesis presented by 
S. It. to tho Graduate Faculty of the University of Pitts
burgh in partial fulfillment of the requirements for the 
Pli.D. degree.

(3) Monsanto Chemical Co. Research Fellow for the 
academic year 1958 -59.

(4) X. X. Goldberg. L. B. Barkley, and li. Levine, ./. 
Am. ('hem. 1Soc., 73, 4301 (1951 i.

(5) X. X. Goldberg and B. Levine, ./. .Do. (hem. Soc., 
74,5217(1952).

(ti) X. X. Goldberg and li. I.evine, ./. .U/i. ('him. Sue., 
77,4926(1955).

(7) C. Osuch and R. Levine, ./. Dry. Chrm. 21, 1099 
(1956).

II +  It'«M A IL  — >
2-CiH1XCHR(COIt') +  MOCTL (2) 

III

,——->■ [2-CsH4NCR(C01t')]-M+ +  I

III +  II -----j R  (3)
0

1----->- (2-ColIjXCHIt)2C(( >M)It'
V

An acid-base reaction occurs between 1 and the 
basic condensing agent, BM, to give the metalated 
pyridine derivative, II (equation 1). Then it is 
assumed (Equation 2) that the free ketone, III, is 
formed by the reaction of II with the ester. Finally, 
III may react with II in two ways: (1) III and II 
may undergo an acid-base reaction to give the 
anion of the ketone, IV, and I (Equation 3a) 
and (2) a carbinol may be formed as its metallic 
salt, V, by the addition of II across the carbonyl 
group of III (Equation ob). Thus, when the 
lithium derivatives of 2-picoline,4'5 quinaldine,5 
2,()-lutidine,5 2-ethylpyridine,7 and 2-isobutylpyri- 
dine' were acylated with esters only ketones of 
type III (where I!' is aromatic or heterocyclic) or 
mixtures of ketones and carbinols of type Y (where 
M = H and It' is aliphatic) were obtained. When
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TABLE II
R eactions ok K eto n es , 2-C5II,N’CHR(COQHiI, I, w ith  T ar B ases. 2-C5H,XCH_,R. II, in  th e  P resen ce  of Condensing  

Ag en ts . C'sH-.NI. IK. to H iv e  C a rbino ls . (2-CVH<XC'HR u( '(OH iCVIK. I\

R M
Molar Ratio 

111:11:1 Solvent Temp.
Carbinol, IV 

Yield
Ketone, I 

f 0 Recovered

11 Xa 1:1:1 CdU 5 13 SI
H Xa 2:2:1 (Vili 0 23 73
( r ib Li 1:1:1 (C,IL),0 35" C 73
Cell;, Li 2:2:1 (C_.1I:, «> 35" 3 94

“ Reaction effected in refluxing ether.

mixtures were formed, the ketone was found to be 
the major product.

I11 the present paper new data are presented 
which necessitate a revision of the mechanism 
which has just been described. It is now suggested 
that when II and the ester react they do not gire the free, 
ketone directly. Instead, they react to ■¡ire the adduct,
VI. Intermediate VI can then react with the anion 
II in two ways: (1) elimination of ethanol gives 
directly the enol derivative, Vila, of :he ketone and
(2) displacement of ethoxide ion at C* by the anion 
II gives the metallic derivative, Yllb, of the carbi
nol. When the reaction is processed, Vila and Yllb 
give the free ketone and carbinol, respectively.

a(2-PyCHR)“ M+ + R'CCLCJL —  v V, ” , 
II

VI-
9

2-PyCHR

►  X (%H
M.. ,-c k Ocvh,

0 R'
VI

O „ . / I t
c
II

mV c - R '
Vila

R
NT " C ~ h

lik  ^Cy;R> R 
0 CH

v i ih ^ P y -^

A consideration of the following seven factors 
lends support to the revised mechanism.

1. Interaction of Metalated Pyridine Derivatives 
with Free Ketones. The original mechanism of Levine 
et al.4-7 implies that, in those reactions where mix
tures of ketones and carbinol* are obtained, com
parable amounts of the products should be ob
tained when either the metalated pyridine deriva
tive is treated with an ester or the free ketone is 
treated with the metalated pyridine derivative. To 
test this argument several experiments were per
formed. From the interaction of two equivalents of
2-picolylsodium (prepared from 2-pieoline and 
phenylsodium in benzene) and one equivalent of 
ethyl propionate (Table I, Hun 2) there were iso
lated l-(2-pyridyl)-butanone-2, VIII (55%, III 
where 11 = hydrogen and R' = ethyl) and ethyl-di-

(2-picolyl)carbinol, IX (33%, V where R = hydro
gen, R' = ethyl and M = hydrogen). In addition, 
treatment of the free ketone, VIII, with one and 
two equivalents or 2-picolylsodium (Table II, 
Runs 1 and 2) gave 13% and 23% yields respec
tively of earbinol, IX. Thus, the 13% yield of IX 
which was obtained from the interact ion of equiva
lents of VIII and 2-picolylsodium was only about 
one-third as much (33%) as would be expected from 
the reaction of 2-picolylsodium (two equivalents) 
with ethyl propionate (one equivalent) if IX arises 
exclusively from the interaction of VIII with 2-pi- 
colylsodium. It is not too surprising that a higher 
yield (23%) of IX (Table II, Run 2) was obtained 
when a 2:1 molar ratio of 2-picolylsodium: M il was 
employed than when a 1:1 molar ratio of reactants 
was used as in the former reaction more 2-picolyl
sodium is available for reaction with VIII.

That a ketone is not necessarily the intermediate 
from which the total amounts of the carbinols are 
formed in the reactions of 2-picoline and its deriva
tives with esters is even more forcibly supported by 
the following results. When 2-benzylpyridine (two 
equivalents) was acylated with ethyl propionate 
(one equivalent) using phenyllithium (two equiva
lents) as the condensing agent (Table I, Run 11), 
there was obtained a mixture of l-phenyl-l-(2-py- 
ridyl)-butanone-2, X, (22%, III where R =  
phenyl and II' = ethyl) and 1,3-di-(2-pyridyl)-l ,3- 
diphenyl-2-ethylpropanol-2, XI (60%, A’ where R =  
phenyl, R' = ethyl and AI = hydrogen). However, 
when the free ketone,X, was treated with the lithium 
derivative of 2-benzylpyridine, no more than 3% of 
earbinol, XI, was obtained (Table II, Runs 3 and 4).

The data which have just been presented suggest 
that although part of the carbinols, IX and XI, may 
have been formed by the reactions of the free ke
tones VIII and X with 2-picolylsodium and the 
lithium derivative of 2-benzylpyridine, respectively, 
the major amounts of these products are formed in 
some other way.

2. The Effects of the Sice of the Alkyl Group, IF, 
in the Acylating Ester, R'COE\H5. The ketone to 
earbinol ratio (K/C) which is found in the acyla
tion of a tar base anion with an ester appears to 
result from a competition between the elimination 
and substitution reactions which were mentioned 
above. The size of 1!'in the acylating ester and thus 
in the adduct VI might Ik: expected to have deiinite
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effects on the K/C ratio. It might be anticipated 
that the elimination reaction would be aided by bulky 
R' groups, as the acetal-like carbon atom (C*) of 
VI is bonded to four other atoms in this adduct 
and to only three other atoms in the free ketone,
III. The elimination is thus accompanied by a relief 
of steric strain. It might also be anticipated that the 
substitution reaction would be hindered by the presence 
of bulky R' groups, as they would increase the 
crowding around C*, and it should be more difficult 
for substitution to take place by a backside attack 
of the tar base anion at this carbon atom. Thus, it 
can be concluded that the K /C  ratio should be increased 
as the steric requirements of R ' are increased.

This mechanistic picture is of use in understand
ing the earlier results which were obtained in this 
laboratory. Thus, it is not surprising that when an 
ether solution of 2-picolyllithium4 was acylated with 
a series of ethyl esters, RCO2C2H5, the K/C ratio 
increased from 1.29 to 7.40 when R was increased8 
in size from methyl to ethyl to isopropyl to isobu- 
tvl. Similar results were obtained in the acylation of
2,6-lutidyllithium.5

In the present study it was found that the acyla
tion of an ether solution of the lithium derivative of
2-benzylpyridine with three aliphatic ethyl esters of 
increasing steric requirements gave results (Table I, 
Runs 10, 11 and 17) which were unexpected from a 
consideration of the above discussion concerning the 
K/C ratios which were found in the acylation of 2- 
picoline4 and 2,6-lutidine.5 These experiments 
show that as R' is increased in size from methyl to 
ethyl to isopropyl a minimum in ketone formation 
and a maximum in carbinol formation occur when 
R' is of intermediate size, i.c., when R' is ethyl 
(Table I, Run 11). These results suggest that 
two opposing factors are in operation, one of which 
is primarily responsible for preventing carbinol 
formation in the case of ethyl acetate (Table 
I, Run 10) and the other which prevents car
binol formation in the case of ethyl isobutyrate 
(Table I, Run 17). A molecular model of the adduct 
which is formed between the lithium derivative of
2-benzylpyridine and ethyl isobutyrate (VI, where 
It = phenyl, R' =  isopropyl and M = lithium) 
shows that the approach of another molecule of the 
lithium derivative of 2-benzylpyridine to the back
side of the acetal-type carbon, C*, would be very 
difficult and hence it might be anticipated that lit
tle or no carbinol should be formed. It is not too sur
prising that a slight change in the steric situation 
as occurs in changing the acylating ester from ethyl 
isobutyrate (Table I, Run 17, K/C = «5) to ethyl 
propionate (Table I, Run 11, K/C = 0.37) would 
have a very pronounced effect on the K/C ratio, as 
C* of VI is very crowded in both cases.9

(8) These results were originally’ explained as being 
due to the increase in steric int ‘rferencc in the reactions 
between the initially-formed free ketones and 2-picolyl
lithium as R ' increases in size.

From the above considerations it might be antic
ipated that a very low K/C ratio,he., a high yield 
of carbinol, should be obtained in the acylation of 2- 
benzylpyridine with ethyl acetate, as C* in the ini
tially-formed adduct (VI, R = phenyl, R' =  
methyl and M = lithium) should be less sterically 
hmdered than C* in the adduct which is formed be
tween the lithium derivative of 2-benzylpyridine 
and ethyl propionate. However, contrary to these 
expectations, no carbinol was obtained in the 
acylation of 2-benzylpyridine with ethyl acetate 
(Table I, Run 10, K/C = co).

The following theory is presented to rationalize 
the results which have been obtained. It is suggested 
that the lithium derivative of 2-benzylpyridine 
reacts with ethyl acetate to give the chelated 
structure VI (R = phenyl, R' = methyl, and M = 
lithium), which is sufficiently stable10 to resist rup
ture and subsequent backside attack by the 2-ben
zylpyridine anion at C*—hence no carbinol is pro
duced. When ethyl propionate is used as the acylat
ing ester, a less stable chelate ring is formed, which 
does not interfere appreciably with the substitution 
reaction by which carbinol is formed. Finally, if a 
chelate is formed when ethyl isobutyrate is used as 
the acylating ester, the chelate is less stable than 
that which is formed in the ethyl propionate reac
tion and carbinol formation does not occur because 
of steric crowding at C*. Thus, in the acylation of 
the lithium derivative of 2-benzylpyridine, the K/C  
ratio appears to depend on a delicate balance be
tween the importance of the stability of the ini- 
tiallv-formed chelate VI and the steric situation 
at C*.11

3. The Importance of Pyridine Ring Substitution. 
It is important to stress that in the present investi
gation and in previous studies which were performed 
in this laboratory4-7, when mixtures of ketones and 
carbinols were obtained from the reaction of a tar 
base with an ester, the tar base is always 2-picoline 
or a derivative of 2-picoline. Thus, the reactions of 
the anions of 3-picoline,12’13 4-picoline,13’14 and cer-

(9) The same changes in the relatively unstrained adducts 
which are believed to be present when 2-picolyllithium is 
acylated with ethyl propionate and ethyl isolmtyrate'1 would 
be expected to res lit in the relatively small changes in the 
Iv/C ratios which were observed, viz., 2.28 and 3.75, respec
tively.

(10) It is not unreasonable to assume the formation of 
this stable chelate, as it has been shown [G. A. Outer and
G. S. Hammond, J. Am. Chem. Soc., 78, 5100 (1950)] that 
lithium ions can be separated from sodium and potassium 
ions by their preferential chelation with the beta-diketone, 
dipivaloylmethane.

(11) Numerous examples are known in the field of chelate 
chemistry in which large differences in ring stability are 
caused by small structural changes [A. E. Martell and M. 
Calvin, Chemistry of the Metal Chelate Compounds, Prentice- 
Hall Inc. (1952)].

(12) A. 19. Miller, C. Osucli, N. N. Goldberg, and It. Le
vine, Am. Chem. Soc., 78,074 (1950).

(13) K. Reynolds and It. Levine, J. Am. Chem. Soc., 82,
472 (1960).
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tain of their derivatives13'14 with esters give only 
ketones. Why carbinol formation should be so crit
ically dependent on the location of the side chain 
in the pyridine ring is not apparent from the pre
viously reported4 mechanism for tnese acylations, 
which was summarized at the start of this paper.

However, if it is assumed that most of the carbi
nol produced in any reaction arises from structure 
VI, the results which were obtained can be ex
plained. That the acylations of 2-picoline and 2- 
benzylpyridine give higher yields of carbinols than 
the corresponding reactions in which the free ke
tones, l-(2-pyridyl)-butanone-2 and l-(2-pyridyl)-
l-phenylbutanone-2 are treated with metallic deriv
atives of 2-picoline and 2-bcnzylpyridine (see 
the discussion of factor 1 above) is not unreason
able, for the necessary intermediate adduct VI, 
from which most of the carbinols are subsequently 
formed, cannot be produced in the reactions of ke
tones with the organometallic compounds. It is also 
suggested that the adducts which are formed from 
the metallic derivatives of 3- and 4-picoline and 
their derivatives with esters have open chain rather 
than chelated structures analogous to VI, as such 
chelated structures would involve the formation of 
highly strained seven- and eight-membered rings.

The following results of Behun and Levine16 lend 
further support to the argument that pyridine ring 
substitution plays an important role in carbinol 
formation. Thus, the acylation of pyrazylmethylso- 
dium with a series of aliphatic, aromatic, and het
erocyclic16 esters gave good to excehent yields of ke
tones in all cases. Only one reaction, viz., when the 
acylating ester was methyl picolinate, gave a mix
ture of ketone (2-pyridyl pvrazylmethyl ketone, 
42.6%) and carbinol (2-pyridyl-bis(pyrazylmethyl) 
carbinol, 22.8%).

The intermediate XII, which is comparable to 
VI, can be formed when the acylating ester is 
methyl picolinate; hence some carbinol is formed in 
this reaction. Because of the strain wdiich would be 
involved it is very unlikely that structures compar
able to XII would be produced when the acylating 
ester is methyl nicotinate or isonicotmate ; thus 
only ketones are formed in these reactions. It is also 
important to stress that a chelated structure com
parable to VI would be very unlikely to involve the 
nitrogen atoms of the pyrazine ring when methyl-

OCH3

CrtCHo 
0

XII

(14) C. Osucli and R. Levine, J. Org. Chem., 22, 939 
(1957).

(15) J. D. Behan and R. Levine, J. Am. Chem. Soc., 81, 
5157(1959).

(16) These were methyl furoatc, methyl 2-thenoate, and 
three isomeric methyl pyridinecarhoxylates.

pyrazine is acylated, as these atoms are only 
weakly basic.17

It is also important to note that when 2-pyridyl 
pyrazylmethyl ketone was treated with pyrazyl- 
methylsodium recovered ketone and no carbinol 
were obtained. Thus, it appears that a fairly basic 
nitrogen atom as part of a relatively unstrained 
quasi five- or six-membered ring (Structure VI or
XII) is necessary for carbinol formation to occur.

4. Molar Ratio of Reactants. The mechanism for 
the acylation of alkylpyridines as originally formu
lated4 and as revised in the present paper accounts 
for the facts that higher yields of products (i.e., only 
ketone or a mixture of ketone and carbinol) are 
obtained from the reactions of esters with metallic 
derivatives of alkylpyridines, which carry at least 
two lateral a-hydrogen atoms, when a 2:2:1 mo
lar ratio of alkylpyridine : condensing agent : ester is 
used than when a 1:1:1 molar ratio of reactants is 
employed. Thus, the 80% yield of 2-phenacylpyri- 
dine which was obtained using a 2:2:1 molar ratio 
of 2-picoline : phenyllithium : ethyl benzoate dropped 
to 61% when a 1:1:1 molar ratio of reactants was 
employed.4’18 The first mole of alkylpyridine anion 
is used to make one mole of the adduct VI.15 Then, a 
second mole of the alkylpyridine anion is required 
for (1) participating in the substitution reaction 
with VI to give the metalated derivative of the 
carbinol, Vllb, and/or (2) producing the anion, 
Vila, of the free ketone, III, which is formed by 
eliminating ethanol from VI.

5 Effect of Solvents on the K / C Ratio. We have 
also found that changes in basicity of the solvent 
have marked effects on the ketone/carbinol (K/C) 
ratio. If one considers the two solvents, ethyl ether 
and benzene, the use of ether rather than benzene 
as the solvent should emphasize the nucleophilic 
character of the alkylpyridine anion which is in
volved in the reaction in question. The effect should 
be more pronounced when the lithium derivative of 
an alkylpyridine is employed than when the analo
gous sodium compound is used, as the lithium ion 
tends to coordinate with ether to a greater extent 
than does the sodium ion.19 It might be anticipated 
that a higher K/C ratio should be obtained when the 
lithium derivative of a tar base is acylated with an 
ester in benzene as the solvent than when this deriv
ative is acylated in ether as the solvent. The use of 
either benzene or ether as the solvent in the acyla
tion of the sodium derivative of a tar base would be 
expected to result in only a slight change in the K/C  
ratio, as the sodium ion has a very slight tendency

(17) The pKa values of pyridine and pyrazine are 5.23 
and 0.6 respectively, (A. Albert, R. Goldacre, and J. Phillips, 
J. Chem. Soc., 2240 (1948)).

(18) In connection with this discussion the reader is re
ferred to a paper by Raynolds and Levine (see ref. 1 ) on the 
acylation of l-(2-pyridyl )-3-dimethylaminopropane (which 
has two lateral alpha-hydrogen atoms) and I-(2-pyridyl)- 
l-phenyl-3-dimethylaminopropane (which has only one 
lateral alpha-hydrogen atom).

(19) See pages 191-194 of the reference in footnote 11.
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to coordinate with either ether or benzene. In sup
port of these ideas it has been found that the acyla
tion of 2-picolyllithium with ethyl propionate gave 
a K/C ratio of 5.2 using ether as the reaction sol
vent (Table I, Run 4) and a value of 16.0 (Table J, 
Run 6) using benzene as the solvent. In similar ex
periments involving the propionylation of the lith
ium derivative of 2-benzylpyridine, the K/C ratio 
in ether was 0.37 (Table I, Run 11 ) and œ in benzene 
(Table I, Run 15). Furthermore, the propionylation 
of 2-picolylsodium in ether (Table I, Run 7) and in 
benzene (Table I, Run 2) gave essentially the same 
K/C ratios, viz., 1.4 and 1.7, respectively. Similar 
results were obtained in the propionylation of the 
sodium derivative of 2-benzylpyridine in ether 
(Table I, Run 16) and benzene (Table I, Run 13).

The acylations of 2-picoline and 2-benzylpyri
dine with ethyl propionate using both lithium diiso- 
propylamide and sodium diisopropylamide as con
densing agents were also studied to see what effects 
the diisopropylamine which is formed by the metala
tion of the pyridine derivative has oil the course of 
these reactions.
2-C5H4XCH2R +  MXii-CjH;); — >-

2-CdRXCHRM +  HX(t-C'3H7)2 
R = H and C6H5; M = Li and Xa

A comparison of Runs 4 and 5 with Runs 2 and 
3 (Table I) reveals that the presence of diisopropyl
amine has a more pronounced effect on the K/C ra
tio when 2-picolyllithium is propionylated than in 
the analogous reaction involving 2-picolylsodium. 
Similar results were obtained (compare Runs 11 and 
14 with Runs 12 and 13 in Table I) in the acylation 
of 2-benzylpyridine with ethyl propionate.

The intermediate XIII is believed to be involved 
in these reactions.

I  -iJ-C-H 
?  I /O C  .H5
^ o cCc ,h 5

XIII

The greater the extent to which M* is coordi
nated with diisopropylamine, the less stable chelate 
XIII should be; therefore, the elimination reaction 
should occur more readily and the K/C ratio should 
increase. The solvation effects should be very pro
nounced when lithium is the metal which is used 
in these reactions (compare Runs 4 and .5 with 
Runs 11 and 14 in Table I). Furthermore, when the 
sodium derivative of 2-picoline was propionylated 
(Runs 2 and 3 in Table I) and the sodium deriva
tive of 2-benzylpyridine was propionylated (Runs 
12 and 13 in Table I) and benzoylated (Runs 19 
and 20 in Table I), the presence of diisopropyla
mine had only a slight effect on the K/C ratio in the 
case of 2-picoline and no effect was noticed with 2- 
benzylpyridine, as it would be expected that the 
sodium ion would be solvated only slightly with 
diisopropylamine.

The results of the propionylation of 2-benzylpyr
idine are especially striking as the acylation of its 
sodium derivative in the absence (Run 12, Table I) 
or the presence (Run 13, Table I) of diisopropyl
amine gives a high yield of only ketone while the 
acylation of the lithium derivative gives mixtures 
of ketones and earbinol in which the carbinol is the 
major product in the absence of diisopropylamine 
(Run 11, Table I) and the ketone is the major prod
uct in the presence of diisopropvlamine (Run 14, 
Table I).

6. Effects of Changing R' in the Acijlating Ester, 
R'CO,C2H6, from Alkyl to Phenyl. When an ether 
solution of 2-picolyllithium is acylated with ethyl 
propionate and ethyl benzoate, the K/C ratio in
creases from 5.2 (Run 4, Table I) to o° (Run 9, 
Table I) respectively. Similar results were obtained 
when an ether solution of the lithium derivative of
2-benzylpyridine was acylated with ethyl propion
ate (Run 11, Table I, K/C = 0.37) and ethvl benzo
ate (Run 18, Table I, K/C = 3.75). That the K/C  
ratio of 3.75 which was observed in the benzoylation 
of the lithium derivative of 2-benzylpyridine in 
ether is so much larger than that (0.37) which was 
observed in its propionylation may be understood 
from a consideration of the structures of the ketones 
XIV and XV which are formed.

Structures XlYa and XVa are resonance stabi
lized, as both have an enolic double bond in|conju- 
gation with the benzene and pyridine rings which 
are located on the same carbon atom. In addition 
XIV and XIYa are further resonance stabilized in 
the following ways: (a) the carbonyl group in XIV 
is conjugated with the benzene ring to which it is 
bonded and (b) the enolic double bond of XIYa is 
conjugated with two benzene rings as well as the 
pyridine ring. Surh added stabilization is not pos
sible in structures XV and XVa. Thus, it appears 
that the considerably greater Iy C ratio which was 
observed in the benzoylation of the lithium deriva
tive of 2-benzylpyridine than was observed in its 
propionylation is due to the formation of the highly 
resonance stabilized ketone, XIV-XIYa, which is 
subsequently converted to its anion by another 
mole of the anion of 2-benzylpyridine.

A similar explanation can be used to account for 
the results which were observed in the propionyla
tion and benzoylation of 2-picolyllithium. As the
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ketones which are derived from the acylation of 2- 
picoline with aliphatic esters are not resonance sta
bilized to the same extent as is 2-phenacylpyridine,it 
is not unreasonable that the already relatively high 
K/C ratios which are obtained when 2-picoline is 
acylated with aliphatic esters20 are further increased 
so that K/C = °° when the acylating ester is ethyl 
benzoate.

7. The Effects of Changing the Lletal and R from 
Hydrogen to Phenyl in the Pyridine Derivatives, 
2 — C 5 H 4 N C H 2R . The data in Table I indicate that 
higher yields of carbinols, i.e., lower K/C ratios, are 
observed when 2-picolylsodium is propionylated 
(Table I, Runs 2 and 7) than when 2-picolyllithium 
is propionylated (Table I, Runs 4 and 6). It might 
be expected that when M = lithium the chelated 
adduct VI (R = hydrogen, and R' = ethyl) would 
be formed very readily and be more stable than the 
analogous adduct when M = sodium. Therefore, 
it is not surprising that a higher K/C ratio is ob
tained when M = lithium than when M = sodium.

If a stable chelate ring is indeed formed from the 
reaction of ethyl propionate and 2-picolyllithium, it 
might seem unreasonable that any carbinol is 
formed in this reaction, as such a ring would inter
fere with the backside attack of the 2-picolyllith
ium on C* of VI, the route by which carbinol is 
formed. However, it should be emphasized that 2- 
picolyllithium is a relatively strong base and it 
might be expected to rupture the chelate ring to 
some extent and thus form some carbinol. Also, in 
spite of the fact that 2-picolyllithium is a strong 
base, the predominant reaction of the chelate which 
is formed between 2-picolyllithium and ethyl pro
pionate is one of elimination to give the ketone, 1- 
(2-pyridyl)-butanone-2, as the ma;or product.

A very different situation prevails when 2-bcnzyl- 
pyridine is acylated with ethyl propionate. The 
data discussed above in factor 2 suggest that when 
M is lithium, the chelate VI (R is phenyl and R' is 
ethyl) is probably less stable than the analogous 
chelate which is formed in the propionylation of 2- 
picolyllithium. As the 2-benzylpyridine anion is un
doubtedly a considerably weaker base than the an
ion of 2-picoline, the substitution reaction by 
which the carbinol is formed from VI and the weakly 
basic 2-benzylpyridine anion would be expected to 
be much slower than the corresponding reaction be
tween ethyl propionate and the more strongly basic
2-picoline anion. However, although the lithium 
derivative of 2-benzylpyridine is a weaker base 
than 2-picolyllithium, the propionylation of these 
lithium reagents gives a lower K/C ratio in the 2- 
benzylpyridine acylation (Table I, Run 11 , K/C =
0.37) than in the 2-picoline acylation (Table I, Run 
4, K/C = 5.2). This is due to the probability that 
the chelate VI, where R = phenyl, R' =  ethyl, and 
M = lithium, is less stable than the analogous che
late which is formed from 2-picolyllithium and ethyl

(20) Sec ref. 4 and the discussion of factor 2 above.

propionate (VI, where R = hydrogen, R' = ethyl 
and M = lithium), with the result that it undergoes 
substitution very extensively and gives a high yield 
of carbinol even with the weakly basic lithium deriv
ative of 2-benzylpyridine.

A consideration of the adducts of type VI which 
are formed from ethyl propionate and the lithium 
and sodium derivatives of 2-benzylpyridine sug
gests that more carbinol should be formed from the 
adduct which is more stable and less likely to un
dergo a rapid elimination reaction to form the ke
tone. The lithium adduct would be expected to be 
more stable than the sodium adduct, as lithium 
forms bonds which are more covalent than those 
which are formed by sodium. Therefore, as the data 
in Table I (Runs 11, 13, 15 and 16) indicate. Higher 
yields of ketone are obtained when M is sodium than 
when it is lithium regardless of the solvent which is 
used.

As the 2-benzylpyridine anion is a weak base, its 
ability to initiate a nucleophilic attack on the ini
tially-formed adduct between the 2-benzylpyridine 
anion and ethyl propionate should be increased by 
the use of a solvent such as ether, which would em
phasize the nucleophilic character of the 2-benzyl
pyridine anion by solvating the metal with which it 
is associated. A solvent such as benzene would make 
the lithium derivative of 2-benzylpyridine appear to 
be a weaker base than it is in ether, as the benzene 
would not aid in its ionization. Therefore, the ben
zene solvent would not aid the attack of the lith
ium derivative of 2-benzylpyridine on the initially- 
formed adduct between the organolithium com
pound and ethyl propionate. Thus, one would ex
pect the lowest K/C ratio, i.e., the highest 3'ield of 
carbinol (Table I, Run 11) from the reaction of the 
lithium derivative of 2-benzylpyridine with ethyl 
propionate in ether.

Thus, the following three conditions must be ful
filled in order to form carbinol from the acylation of 
a 2-alkylpyridine with an ester:

(a) The attacking tar base anion must be nucleo
philic enough to overcome the energy barrier to 
substitution. In the case of weakly basic anions, 
the nucleophilicity may be emphasized by the use of 
appropriate solvents.

(b) The elimination reaction, by which ketone is 
formed, must be slow enough to allow the substitu
tion reaction to compete successfully with it, espe
cially when a weakly basic anion is involved.

(c) The chelate ring of the initially-formed ad
duct between the metallic derivative of the tar base 
and the acylating ester must not be so stable that it 
interferes with the backside attack of the metallic 
derivative of the tar base on the acetal-like carbon 
atom (C* in VI) of the adduct, the route by which 
carbinol is formed.

In the acylation of 2-benzylpyridine with ethyl 
propionate these conditions are best met when the 
metal is lithium and the solvent is ethyl ether. Car-
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binol is not formed when the lithium derivative of
2-benzyl pyridine is acylated with ethyl propionate 
in benzene as the solvent, as condition (a) is vio
lated. The adduct formed by the reaction of the so
dium derivative of 2-benzylpyridine with ethyl pro
pionate in both ether and benzene would be ex
pected to undergo elimination so rapidly that the 
already slow substitution reaction (because of the 
weakly basic nature of the 2-benzylpyridine anion) 
cannot compete with it and therefore only ketone 
is formed. The data (Table I, Runs 18 and 19) on 
the benzoylation of the lithium and sodium deriva
tives of 2-benzylpyridine are also consistent with 
the above arguments.

Finally, it is of interest to note that ketones, XVI, 
which are formed by the lateral acylation of 2- 
picoline and 2-benzylpyridine are structurally an
alogous to /3-diketones, XVII.

O
II
C -R '

R = H and CeH5 
R ' = alkyl and C6H5 

XVI

o  o
II !!

RCCILCR'
XVII

Although ketones, XVI differs from the /3-dike
tones, XVII, in that the azomethine linkage which 
is present in XVI is replaced by a carbonyl group in 
XVII, both of these classes of compounds chelate 
with cupric ion. Furthermore, Hauser et a l.n  have 
recently obtained evidence in support of the postu
late that an adduct, which is structurally analogous 
to VI, is formed as an intermediate in the base-cata
lyzed acylation of the lithium and sodium deriva
tives of ketones with esters to give /3-diketones.

(21) D. G. Hill, J. Burkus, and C. R. Hauser, J. Am. 
Chem. Soc., 81,602 (1959).

EXPERIMENTAL"

In this section three typical experiments are described.
(a) Reaction of the lithium derivative of 2-benzylpyridine with

1- phenyl-l-(2-pyridyl)-2-butanone, X. The previously de
scribed4 procedure for acylating 2-picolyllithium was fol
lowed except that trie ester was replaced by ketone, X. Thus, 
from an ether solution of phenyllithium (0.1 mole), 2-benzyl- 
pyridine (0.1 mole, 17.0 g.), and l-phenyl-l-(2-pyridyl)-2- 
butanone (0.05 mole, 11.3 g.), there was isolated 0.8 g. 
(3%) of l,3-diphenyI-2-ethylpropanol-2, m.p. 146-147° 
alone and when mixed with an authentic sample. There were 
also recovered 16.4 g. of 2-benzylpyridine, b.p. 95-98° at 
0.22 mm., and 10.6 g. of X, b.p. 128-130° at 0.28 mm.

(b) Reaction of 2-benzylpyridine, sodium diisopropylamide 
and ethyl benzoate. Sodium diisopropylamide (0.1 mole) was 
prepared by the reaction of a suspension phenylsodium 
(0.1 mole) in benzene with diisopropylamine (0.1 mole,
10.1 g.) using the previously described procedure.21 22 23 Then,
2- benzylpyridine (0.1 mole, 17.0 g.) and ethyl benzoate 
(0.05 mole, 7.5 g.) were added and the reaction was con
ducted and processed using the procedure which has been 
described23 for similar reactions. In this way, there were ob
tained 11.1 g. (82%) of a-phenyl-a-(2-pyridyl) acetophenone, 
b.p. 180-185° at 0.25 mm., and 9.2 g. of recovered 2-benzyl- 
pyridine, b.p. 95-98° at 0.22 mm.

The reactions involving the use of lithium diisopropyl
amide as the metalating agent were effected as described 
previously.23

(c) Reaction of 2-benzylpyridine, phenylsodium and ethyl 
propionate in ethyl ether. 2-Benzylpyridine (0.1 mole, 17.0 
g.), dissolved in an equal volume of anhydrous benzene, was 
added to a suspension of phenylsodium (0.1 mole) in ben
zene and the mixture was stirred for 1 hr. at 30°. Nitrogen 
was allowed to enter the flask slowly while the benzene was 
removed by distillation at reduced pressure (100 mm.) using 
a warm water bath to heat the reaction vessel. After remov
ing as much benzene as possible, approximately 200 ml. of 
anhydrous ethyl ether was added and the mixture was re
fluxed for 15 min. Ethyl propionate (0.05 mole, 5.1 g.), 
dissolved in an equal volume of anhydrous ether, was added 
and the mixture was refluxed for 1 hr. After the usual proc
essing there were isolated 7.6 g. (68%) of l-phenyl-l-(2- 
pyridyl)-2-butanone, b.p. 128-132° at 0.28 mm., and 8.0 
g. (48%) of recovered 2-benzylpyridine, b.p. 95-98° at 
0.22 mm.

P ittsburgh 13, P a.

(22) The 2-picoline and 2-benzylpyridine were supplied 
through the courtesy of Dr. F. E. Cislak, Reilly Tar and 
Chemical Corp.

(23) S. Raynolds and R. Levine, J. Am. Chem. Soc., 82, 
472 (1960).
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Several /3-diketones were aroylated at the terminal methyl group with aromatic esters by means of two molecular equiv
alents of potassium amide in liquid ammonia to form 1,11,5-triketones. The triketone from 2-acetylcyclohexanone and methyl 
benzoate evidently consisted of two isomeric forms which were interconvertible. The triketones were cyclized with acid to 
form 4-pyroncs, and with ammonia or methylamine to give 4-pyridones. These reactions furnish convenient methods of syn
thesis of such compounds. Mechanisms are considered.

Recently1 2 acetyl- and benzoylacetones were 
benzoylated at the terminal methyl group to form 
the corresponding 1,3,5-triketones, which were 
cvclized to give pyrones (Scheme A, R = CH3 or 
C6H6).3

0

j^JCOCHU'OR

Ha. R = C eH,
IIb.R = C6H4 OCH3-i>

Scheme A
2 KNH.  K

RCOCIUCOCH3 ---------=>- RCOGHCOCILK
l.q . XI I ,

1. CHIsCOOCH,
2. N1LC1 or 

acetic aciil
T

o

R C6H,
cold

H2SO4
RCOCILCOCILCOCgIU

In the present investigation this novel mode of 
aroylation of /3-diketones and the cyclization of 
the resulting 1,3,5-triketones were found to be 
quite general. The triketones were also cyclized 
with ammonia to form 4-pyridones.

Aroylations of ¡3-diketones to form 1,3,5-triketones. 
Acetyl- and benzoylacetones were aroylated not 
only with methyl benzoate but also with other 
appropriate aromatic esters to form triketones 
Ia-f. Similarly, 2-acetylcyclohexanone, 2-acetyl- 
cyclopentanone, and o-hydroxyacetophenone were 
aroylated with the appropriate esters to give tri- 
ketones Ila-b, III and IV respectively. The results 
are summarized in Tables I and II.

RCOCILCOCILCOR'
la. R = CH3, R' = C6H5
lb. R = CIL, R ' = CeHiCl-p
lc. R = Cr,H:„ R' = C6H5
ld. R = C6H:„ It' = CcH.Cl-/)
Ic. R = Cr,H;„ R ' = CtH;OCH,-p

N

(1) National Science Foundation Predoctoral Fellow, 
1958-1960.

(2) C. R. Hauser and T. M. Harris, J . Am. Chem. Soc., 
80,6360(1958).

(3) For the present purpose only carbanion resonance
forms of the potassium salts are considered, although other 
resonance forms may contribute more to the structure of 
the molecule.

0 OHI
| j C O C H 2COCJ-hOCH3 —p jl^bCOCHcCOCf.Hs

III IV

The general procedure for effecting these con
densations involved the addition of the /3-diketone 
to two molecular equivalents of potassium amide 
in liquid ammonia, followed by one-half of an 
equivalent of the ester. These proportions of the 
reactants were chosen to comply with the follow
ing three-step mechanism, which is an adaptation 
of that involved in the acylations of ketones with 
esters by alkali amides to form /3-diketones.4

liq. XH,
RCOCHoCOCIL +  2KNIL---------^

K
RCOCHCOCILK +  2NIL (a) 

K
RCOCHCOCIUK +  R/COOCH3 — >

K
RCOCHCOCTLCOR' +  KOCH, (b)

K K
RCOCHCOCIUCOR' +  RCOCHCOCHJC---->

K K K
RCOCHCOCIUCOR' +  RCOCHCOCH3 (c)

Although essentially all of the /3-diketone is first 
converted to its dipotassio salt (step a), only half 
of this salt may condense with the ester (step b) 
as the other half effects the conversion of the result
ing monopotassio salt of the triketone to its dipotas
sio salt (step c). Therefore half of the starting ¡3- 
diketone is regenerated as its monosodio salt in 
this last step. Actually most of this regenerated 
/3-diketone may be recovered on acidification, a 
fact that supports the three step mechanism 
given above.

It can be seen from Table I that the yields of the 
triketones were fairly good to good (40-62%), ex-

(4) See C. R. Hauser, F. V. Swamer, and J. T. Adams, 
Onj. Reactions, VIII, 62-63, 114 (1954).
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TABLE I
5 ield s  of 1,3,5-Tr ik et o n e s  F rom  0-1 Iike t o n es  and  E sters  b y  M ea n s  o f  P o t a s s io ! A m ide

Yield,
/3-I )iketon<‘ Kster Triketone M.P.°° ( • b / t

Acetylacetone Methyl benzoate l-Phenvl-l,3,5-hexanetrione (La) 105-109fd 53f
Acetyl accione Methyl p-chlorobenzoate l-( p-Chlorophenyl)-l,3,5-he\anetrione (lb) 97-982 52
Benzoylacetone Methyl benzoate 1 ,5-Diphenvl-1 ,3,5-pentanet rione ( Ic ) lOG-llO0* 57-62
Benzoylacetone Methyl p-chlorobenzoate 1 -( p-Chloropheny 1 )-5-pheny 1-1,3,5-pentane-

trione (Id) 106-107.5* 47
Benzoylacetone Methyl anísate l-(p-Methoxyphenyl)-5-phe iyl-l,3,5-pen-

tanetrione (le) 1 2 1 - 1 2 2 *' 61'
Benzoylacetone Ethyl nicotinate l-Phenyl-3-pyridyl-l,3,5-per tanetrione (If ) 90-91”1 40
2-Aeetylcyclohexanone Methyl benzoate l-(2-Oxocyclohexyl )-3-phenyl-l ,3-propane-

dione (Ila) 83-86" 3 7 - 440,p
J 00-110«.“

2-AcetylcyeIohexanone Methyl anísate 1 -( p-Methoxy phenyl )-3-( 2-o xocvclohexvl )-
1,3-propanedione (lib ) 86-90r's 45'

2 -Acetylcydopent añone Methyl anísate l-( p-Methoxyphenyl )-3-(2-oxocyclopent vl)-
1,3-propanedione ( III ) 91-95“ 42'

o-Hydroxyaoetophenone Methyl benzoate o-IIydroxydibenzoylmethane (IV) 117-122t"r 14'

“ Melting points given are for analytical samples in the cases of new compon ids. * Yields are based on the ester. The
melting point range for the produet from which the yield was determined was usually slightly greater than that given in the 
table. c Reported m.p . 2 107-108° and 106-107°.16 d liecrystallized from methanol or 95%. ethanol. * Reported2 yield, 60%. 
! Recrystallized from methanol. ‘ Reported2' 15 m.p. 107-108°. The melting point was changed to 110-115° by recrystalliz
ing from acidic ethanol. See experimental and note g., Table II. « Recrystallized from 95% ethanol. 1 Reported2 vield, 58%. 
2 A 96% crude yield of the theoretically regenerated benzoylacetone was recovered. * Recrystallized from benzene. 1 An 
8 6 %; crude yield of the theoretically regenerated benzoylacetone was recovered. ™ Recrystallized from a mixture of ethanol 
and water. n «-Form, the purest fraction isolated. “ Yield includes both «- and 0-forms. p A 92% yield of the theoretically 
regenerated 2-acetyleyclohexanone was recovered. « 0-Form, the purest fraction isolated. T A small amount of crystals, m.p. 
80-105°, was also obtained. s Recrystallized from methanol or »-hexane. ' Crude yield. “ Recrystallized from a mixture 
of benzene and petroleum ether (b.p. 30-60°). '  Crude. Reported19 m.p. 117-120° for crude material.

TABLE II
I n f r a r e d  D a t a , E nol T e s t s , a n d  A n a l y s e s  f o r  1 ,3 ,.5 -T r ik f .t o n e s

Triketone
Color of 
Crystals

Infrared
Spectra“’« 

M M
Enol
Test“

Empirical
Formula

Analyses,“ %
Carbon Hydrogen 

Calcd. Found Calcd. Found

Iad Straw vellow 6.24,6.37 Green — -- - -- - -- - __
lb Pale green G.19, 6.37 Green CuHnOsCP 60.39 00.64 4.64 4.83
Ic/ Brown« 6.24,6.37 Green — -- - — — -- -
Id Yellow 6.24,6.40 Green C„Hn(»:,Cl* 67.9 07.78 4.30 4.35
Ie Bright yellow 6.24,6.37 Green Cl8Hlfi( *4 72.96 73.20 5.44 5.61
If' Yellow 6.26,6.40 Green C,6H,;,( 71 .90 72.09 4.90 5.07
Ila  «-form* Brown 0.24,6 .35 ' Green™ CisHiel h 73.75 73.70 6.60 6.78

0-form* Pale vellow 6.14,6.28, 6.39" Reddish-brown C15H,6< 7 3 . 7 5 73.79 6.60 6.58
lib Brownish-vellow 0.24,“ 6.30,6.40 Green C„H„(b 70.05 70.29 0.61 6.51
III Pale green 6.13“ 6.30 Green 4 09.21 69.02 6.20 6.11
IV Yellow 0.24,6.37 Reddish-brown — — — — —

“ Reference 33. « Absorption bands found in the enol-chelate region from 5.5 p to 6.5 p. All bands are strong unless
noted otherwise. “ Color produced with ethanolic ferric chloride. d Ultraviolet spe -trum :33 Xma, =  246 m», 337m»: log e = 
3.80 (8  X 10'L l/ solution), 4.16. '  Anal. Calcd. for CuIIuOsCl: Cl, 14.96. Found: 14."1. f Ultraviolet spectrum :33 Xmal = 
247 mp, 374 mu; log e =  4.04, 4.50. « Y'ellow crystals were obtained when Ic was recrystallized from acidic ethanol. See 
experimental and note g. Table I. h Anal. Calcd. for CMLsOjCl: Cl, 11.79. Found: 11.95. ' Amphoteric. See experimental.
2.4nal. Calcd. for CeH.sCLX: X, 5.21. Found: 5.20. * The purest fraction isolated. 1 The same infrared spectrum was ob

tained in carbon tetrachloride solution as in the potassium bromide pellet. m Changed to reddish-brown on standing. " Showed 
a strong hydroxyl band at 3.00 /i. The infrared spectrum of a carbon tetrachloride solution, however, was identical with that 
of the «-form. 0 Shoulder.

cept that (14%) for compound IV. Although these 
yields were based on the ester, at least certain of 
them would not be much less if based on the ¡3- 
diketone used minus that recovered (see notes 
j, 1, and p of Table I).

As the conversion yield of a ketone to a /3- 
diketone may often be improved by the use of an 
extra equivalent of alkali amide.4 it seemed possible

that the conversion yield of a /3-diketone to a tri
ketone might be improved similarly. In this pro
cedure step e in the above mechanism would be 
effected by an extra equivalent of alkali amide, 
thereby avoiding the regeneration of half of the 
/3-diketone. Accordingly, benzoylacetone was added 
to three molecular equivalents of potassium amide 
in liquid ammonia, followed by two equivalents of
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methyl benzoate.5 6 Triketone Ie was obtained in 37% 
yield based on the diketone. Although this conver
sion yield is a little higher than that (about 30% 
based on the diketone) obtained in the general 
procedure, only 21% of the crude diketone was 
recovered as compared to 4S% recovered in the 
general procedure (see note j, Table I). The general 
procedure seems to provide a slightly cleaner 
reaction, but this second method may prove more 
satisfactory in cases where the diketone is very 
expensive and difficult to recover.

The structures of the triketones were established 
by cyclization to 4-pyrones and 4-pyridones as de
scribed in the next two sections. These results 
showed that the triketones did not have such a 
structure as V, which could not have been converted 
to these cyclic products. Neither could the trike
tones from 2-acetylcyclohexanone and 2-acetyl- 
cyclopentanone have been the ring-methylene 
aroylation products, for example, VI, which should 
not be expected to cyclize readily to give a 4-pyrone

C O R '
I

R C O C H C O C H 3

V

R 'C O COCH;,

VI

or a 4-pyridone for steric reasons. This is in agree
ment with the previous alkylations of 2-acetylcy
clohexanone and 2-acetylcyclopentanone with 
benzyl chloride, in which the terminal methyl group 
and not the ring-methylene group was involved in 
the condensation.6

It can be seen from Table II that for all of the 
triketoncs studied the infrared bands in the 
carbonyl and enol-chelate region from 5.5m to 
6.5ju were above 6 m, indicating a considerable 
shift in the carbonyl absorption. Except for a weak 
band at 2.% in all the spectra run in potassium 
bromide pellets (attributed to moisture in the potas
sium bromide), only the /3-form of triketone Ila 
gave a strong band at 3m showing the presence of a 
free hydroxyl group. That no hydroxyl band was 
being masked by the potassium bromide was 
demonstrated in the case of triketones la  and Ic, 
which showed no bands near 3m when their spectra 
were determined in mineral oil mulls. These 
spectra suggest an enol-chelate structure such 
as VII for the triketones. This structure is similar 
to those proposed for 1,4,5,8-tetrahydroxyanthra- 
quinone (M il)7 and for o-hydroxydihcnzoyl- 
methane (IX),8 the keto form of which would be
IV.

(5) While only one equivalent of this ester would theo
retically be required, an extra equivalent was employed in 
accordance with the corresponding procedure for the 
acylation of ketones; see ref. 4, page l i t .

(6) T. M. Harris and C. R. Hauser, J. Am. Chem. Soc., 
81, 1160(1959).

(7) H. Bloom, L. H. Briggs, and B. Cleverlev, J. Chem.
Soc., 178 (1959). See also ref. 9, pp. 142-144.

The enol-chelate absorption of VIII was re
ported as 1592 cm.-1 (6.27m) and 1577 cm.-1 
(6.34m)7 which is comparable with the bands 
given in this region for the triketones listed in 
Table II. The spectra in this region are complicated 
by the absorption of the phenyl group, and the 
correct assignment of the individual bands is 
difficult.9 Ultraviolet spectra for triketones la and 
Ic are given in notes d and f of Table II.

It can further be seen from Table II that the 
triketones produced green enol tests with ethanolic 
ferric chloride, except the /3-form of triketone Ila 
and compound IV, which gave reddish-brown enol 
tests. /3-Diketones of the type KCOCHoCOR' 
generally give cherry red enol tests.10 The metal 
chelating properties of the triketoncs should be 
interesting.11

Triketone Ila was obtained in two forms, 
designated a and /3, which differed in their melting 
points, solubilities, colors, infrared spectra, and 
enol tests (see Tables I and II). Although neither 
form was isolated as a sharply melting solid, the 
infrared spectrum of the samples of each prepared 
for analysis indicated that they were not contami
nated appreciably with one another. Yet each could 
be converted to the other (see experimental).

From its properties, the a-form appears to have 
the enol-chelate type of structure X  similar to 
that (VII) represented above for other triketones.

(8) K. H. Holst, Ph.F). thesis, 1955, Pennsylvania State 
University. Private communication from W. C. Fernelius, 
Department of Chemistry, Pennsylvania State University. 
See also ref. 9, p. 143.

(9) See L. J. Bellamy, The Infrared Spectra of Complex 
Molendes, 2d. ed., John Wilev and Sons, New York, N. Y., 
1958, p. 64.

(10) See G. T. Morgan, H. D. K. Drew, and C. R. Porter, 
Ber., 58, 333 (1925); C. It. Hauser and J. T. Adams, J. Am. 
Chem. Soc., 66, 345 (1944).

(11) Samples of triketoncs la  and Ic have been sent to 
W. C. Fernelius of Pennsylvania State University, who is 
studying the metal derivatives of these triketones.
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It is the least polar form judging from solubilities 
in ethanol and carbon tetrachloride, and its in
frared spectrum more nearly resembles those of 
the other triketones. The more polar /3-form could 
possibly be a conformational isomer in which 
the planarity of enol-chelate ring A in formula X  
is disrupted by rotation about bond y, thus freeing 
the hydroxyl group and accounting for the 3.00 
n band in the infrared spectrum. The eclipsed inter
action between bonds x and z would be expected 
to oppose the stabilizing effect of the hydrogen 
bonding in ring A. A similar eclipsed interaction 
has been suggested to occur in 3-methylacetyl- 
acetone, the enol form of which shows an hydroxyl 
band at 2.94/u, whereas the enol form of acetyl- 
acetone shows only a weak band at that fre
quency.12'13 The possibility that the /3-form of Ila 
was a cyclic hemiacetal analogous to the inter
mediate shown in equation 2 has not been ruled 
out. However, such a structure would be expected 
to absorb at a shorter w’ave length than that ob
served in the carbonyl region (see Table II), and 
it would not be expected to give a positive enol 
test.

Triketone Ic was obtained both as brown and as 
bright yellow crystals (see note g, Table I), but 
the two samples gave identical infrared spectra.

It should be mentioned that two isomeric forms 
of the triketone 3,5,7-nonar.etrione have been re
ported by Deshapande.14 One form was converted 
to the other having a different color and a different 
molar refractive index.

In contrast to the /3-diketones listed in Table I, 
no triketone was isolated when trifluoroacetyl- 
acetone or dimedone (l,l-dimethylcyclohexane-3,5- 
dione) was treated with methyl benzoate under 
similar conditions. The dimedone was largely 
recovered.

Whereas methyl benzoate and the other aromatic 
esters listed in Table I served as satisfactory aroyl- 
ating agents, an attempt to effect the propionyla- 
tion of the dipotassio salt of benzoylacetone with 
phenyl propionate was unsuccessful. As the start
ing /3-diketone was mainly recovered, its dipotas
sio salt appears to have merely ionized an a- 
hydrogen of the ester, therein' rendering both re
actants ineffective.

The present method of synthesis of 1,3,5-trike- 
tones is considered more convenient than that de
scribed previously involving the base catalyzed 
ring - opening of a 4 - pyrone.16-18 The latter method 
may be illustrated for the symmetrical triketone Ic

(12) See G. S. Hammond, Steric Effects in Organic Chem
istry, M. S. Newman, ed., John Wile}’ and Sons, New York, 
N. V., 1956, p. 446—147.

(13) Molecular models show that the interference of the 
eclipsing groups is greater in triketones Ila  and lib  than in 
triketones III and IV. While III: may have a /3-form (see 
note r, Table I), III and IV give no such indication.

(14) S. S. Deshapande, Y. V. Dingankar, and D. N. Kopil, 
J. Ind. Chem. Soc., 11, 595 (1934).

starting with dehydrobenzoyl acetic acid (Equation
1).

0

heat [f |1 KOH
: r C o T  C , H A  J C e H s  H ,0 (1)

However, for the special case of compound IV, 
our method appears not to be as satisfactory as 
that involving the base catalyzed rearrangement of 
the O-benzoyl derivative of o-hydroxyacetophe- 
none.19

Cyclization of 1,3,5-triketones to form, 4-py rones. 
Triketones Ia-f were cyclized by means of cold 
sulfuric acid20 to form 4-pyrones XIa-f. Similarly 
triketones Ila-b, III and IV gave pyrones X lla-b, 
XIII and flavone XIV respectively. The results 
are summarized in Tables III and IV.

0

XIa. R 
Xlb. R 
XIc. R 
Xld. R 
Xle. R 
Xlf. It

O

Xlla. R = C6H5 
Xllb. R = C6H4OCH3-/)

= CH3, R ' = C6H5 
= CHa, R ' = C6H4C1-p 
= C6H5, R ' = C6H5 
= CoH5, R ' = C6H4Cl-p 
= C6H5, R ' = CJhOCItrp 
= C6Hs, R ' = 3-Pvridvl

XIII XIV

The mechanism of the reaction presumably 
involves the cyclization of an enol form of the tri- 
ketone to give a hemiacetal type of structure, 
which undergoes dehydration. This may be il
lustrated with the symmetrical triketone Ic (Equa
tion 2). For the other triketones, which are un- 
symmetrical, the reaction may follow two paths 
leading to the same pyrone, depending upon 
whether the 1- or 3-keto group is involved in the 
enolization.

(15) K. Balenovic and R. Munk, Archiv. Kem., 18, 41
(1946); Chem. Abstr. 42, 2926a (1948).

(16) S. Ruhemann, J. Chem. Soc., 93, 1281 (1908).
(17) G. Soliman and I. E. El-Kholy, J .  Chem. Soc., 1755

(1954).
(18) In this laboratory 2-methyI-6-phenyl-4H-pyran-4- 

one (XIa) was opened with barium hydroxide according to 
Ruhemann’s procedure15 16 17 18 to form triketone la in 46*>c yield.

(19) T. S. Wheeler, Org. Synthesis, 32, 72 (1952).
(20) Triketone Ic was first cyclized in this manner by 

Balenovic; see ref. 15.
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TABLE III
C y c l iz a t io n  o f  1 , 3 , 5 - T r i k e t o n f .h t o F o r m  4 -1 ’y u o n f .s

Triketone P v i one
Recrystiillization

Solvent M.P.°" Yield, % "

la 2-Methyl-G-phenvl-4H-pyran-4-()iii‘ (XIa) w-Hoxaiui 85-87°'" 00
l b 2-(p-Chlorophenyll)-6-methyI-4H-pyran-4-one(XIb) Methanol-water, or 

ethanol-pet. ether*'
111-112.5 90

Ic 2,6-Diphenyl-4H-pyran-4-one ( XIc ) Ethanol-water 138.5-141.57 91«
Id 2-(p-Chlorophenyl)-6-phenyl-4H-pyran-4-one (Xld) Ethanol-water 159-160" 90
Ie 2-(p-Methoxyphenyl)-6-phenyl-4H-pyran-4-one (XIc) Ethanol-water, or 

ethanol-benzene
162.5-1041 88

If 2-Phenyl-6-(3-pyridyl)-4H-pyran-4-one (Xlf) Ethanol-water 157-158 91
Ila7 5,6,7,8-Tetrahydroflavone (Xlla) Ethanol-water 121-123 70-70
lib 4'-Methoxy-5,6,7,8-tetrahydroflavone (Xllb) Ethanol-wat er 14S-150" 70
III Cyclopcnteno[b]-6-( p-mcthoxyphenyl)-4H-pyran-1-one 

'(X III)
Ethanol-water 100-162 59'

IV Flavone (XIV) Ethanol-water 90-98m 03

0 Melting points given are for analytical samples in the cases of new compounds. " The melting point range for the product 
from which the yield was determined was usually greater than that given in the table. « Reported36 m.p. 87-88°. d Isolated 
first as a low melting solid, (see Experimental). « B.p. 30-00°. 7 Reported m.p.2 138.5-141.5° and 130-141°.15 « Reported 
yield,2 94%. k Reported17 m.p. 160°. 1 Reported17 m.p. 100-161°. 7 Both the a- and /3-forms of Ila  gave the same pyrone. 
* Isolated first as a high melting salt, (see experimental). ' Crude yield was 80%. Reported m.p. 97°; II. Simonis, Z. 
Angew. Chem., 39, 1401 (1920).

TABLE IV
I n f r a r e d  a n d  U l t r a v i o l e t  S p e c t r a  a n d  A n a l y s e s  f o r  4 - P y r o n e s

Pyrone
Infrared Spectra'''"’« 

M M ^
Ultraviolet Spectra"

Xmaxj ITÌ/Z log 6

Empirical
Formula

Analyses,
Carbon

Calcd. Found

%
Hydrogen 

Calcd. Found
XIa 6.00s, 6.19s 272° 4.31" — — — — —

Xlb 0.03s, 6 .18m, 6 .26m 278 4.31 C,»H90>Clf 05.32 65.06 4.11 4.02
XIc 6.05 s, 6.17 m-w,

0.28 m-w, 6.36 m-w
254, 2817 4.31,4.307 ■-- — — — —

Xld 6.03 s, 6.25 s, 6 .37 w 260, 283 4.35,4.39 — — — — —

XIc 6.09 s, 6.26 s, 6 .39 m 268, 313 4.41,4.32 — — — — —

Xlf« 6.09 s, 6.29m 250, 282 4.22,4.31 — — — — —

X lla 6.05 s, 6 .20 s 272 4.35 CuHnO, 79.62 79.58 6.24 6.17
X llb 6.05 s, 6 .21 s 301 4.35 C16ÏÏ16O3 74.98 74.77 6.29 6.39
XIII 6.04s, 6.23s, 6.37m 302 4.37 c 15h I4o 3 74.36 74.45 5.83 6.05
XIV 6.07 s, 6.27 w, 6.36 w 250, 293 4.32,4.40 — — — — —
“ Reference 33. " s = strong, m = medium, w = weak. ° Absorption bands found in the region from 5.5 u to 0.5 u- d Re

ported21 ultraviolet spectrum: Amal = 274 mu; log e = 4.32. « Anal. Calcd. for CidL/bCl: Cl, 16.07. Found: 10.13. 7 Re
ported21 ultraviolet spectrum: Amax = 257 mu, 283 mu; log e = 4.30, 4.41. « Satisfactory analysis was obtained only for a 
picrat.e (see Experimental).

HC
H

CefbA.

o
II

.0 .
T H ,
CCJR
II
o

cold
H-So) Í H,

-XIc (2)

'CoH,

It can lie scon from Table III that the yields of 
the 4-pyrones were good to excellent (59-91%). 
Both the a- and /3-forms of triketone Ila gave the 
same pyrone X lla in equally good yields.

It can be seen from Table IV that the carbonyl 
absorption of all the 4-pyrones was at G/u or above, 
which is to be expected for the doubly conju
gated carbonyl group. Moreover, the 4-pyrones all 
gave similar ultraviolet spectra which were in 
agreement with those reported earlier21 for XIa 
and XIc (see notes d and f, Table IV) and which

seemed to be characteristic of the 4-pyrone struc
ture. The pyrone structure of X lla  was further 
supported by aromatization of the cyclohexane 
ring to form flavone (XIV).

The present method of synthesis of 4-pyrones 
through the triketones compares favorably with 
earlier methods in most cases and is an improve
ment in some. One of the better previous methods 
involved the Claisen type of acylation of ketones 
with ethyl phenylpropiolate accompanied by cycli- 
zation (Equation 3).17

C6H5feCCOOC:H,

CM,COR — CoH, (3)
O R

(21) P. Franzosini, G. Traverso, and M. Sanesi, Ann. 
Chini. {Rome), 45,128-140 (1955).
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TABLE V
C y c l i z a t i o n  o f  1 ,3 ,5 - T r i k e t o n e s  t o  F o r m  4 - P y r i d o n e s

Recryst.
Triketcne Pvridone Solvent M.P.00 Yield," %

la 2-Methyl-6-phenyl-4-( 1H )-pyridone (XVa) Water6 175-177° quant.
lb 2-(p-Chlorophenyl)-6-methyl-4(lH)-pyridone (XVb) Methanol 236-237« 70
Ic 2,6-Diphenyl-4( 1H )-pyridone ( XVc ) Benzene 175-179/ 45°
Id 2-( p-Chlorophenyl )-6-phenyl-4( 1H )-pyridone ( XVd ) Ethanol 208-212 30
Ie 2-(p-Methoxyphenyl)-6-phenyl-4(lH)-pyridone (XVe) Ethanol 219-222 lO0
Ha" 2-Phenyl-5,6,7,8-tetrahydro-4(lH)-quinolone (XVIa) Ethanol 266-269-' 76
lib 2-(p-Methox3'phenyl)-5,6,7,8-tetrahj-dro-4(lH)-quinoline (XVIb) Propanol-water 289-291« 75
III Cyclopenteno [b] -6-1 p-methoxyphenyl )-4( 1H)-pvridone (XVII) _k >300« 70"
“ Melting points given are for analytical samples in the cases of new compounds. " The melting point range for the product 

from which the yield was determined was usually greater than that given in the table. « Water solution formed a gell when 
cooled (see experimental). d Crude residue. Reported16 m.p. 177-178°. Part of the recrystallized material melted at 176- 
180° and the remainder at 189-191° (see experimental). « This melting point was obtained after sublimation in vacuo. 1 Re
ported27 m.p. 178°. 0 Most of the unchanged triketone was recovered from the reaction mixture. " Crude yield. 4 «-Form 
was used. 1 Decomposes. * Attempts to recrystallize XVII from various solvents were unsuccessful.

TABLE VI
I n f r a r e d  a n d  U l t r a v i o l e t  S p e c t r a  a n d  A n a l y s e s  f o r  4 - P y r i d o n e s

Ultraviolet Spectra0 Analyses,“ %

Pyridone
Infrared Spectra“'"1« m̂axj

m/x loge
Empirical
Formula

Carbon Hydrogen Nitrogen
/i /X m Calcd. Found Calcd. Found Calcd. Found

XVa 6.16s, 6 .34s, 6 .55 b 238 4.40 — — — — — — —

XVb 6.16s, 6.36 m-s, 6 52 s 243 4.47 C12HuONC1 65.61 65.51 4.59 4.74 6.38 6.49
XVc 6.18 s, 6 .35s, 6 .54 s 246 4.48 — — — — — — —

XVd 6.19s,6.38 s,6.56s 251 4.41 OnH,X)NCl 72.47 72.32 4.30 4.34 4.97 5.10
XVe 6 .17 s ,6 .34 m ,6 .49s 256 4.41 C18HI50.:N 77.96 77.90 5.45 5.26 5.05 5.13
XVIa 6.15s, 6.30 vv, 6 .54s 241, 4.45, C15H150N 79.97 79.70 6.71 6.59 6.22 6.13

268 4.21
XVIb 6.15s, 6.31 w, 6 .57s 251, 4.40, C.eHnCkN 75.27 75.22 6.71 6.86 5.49 5.48

272 4.30
XVII 6 .19s, 6.36 w, 6 .52s, 251, 4.38, C15H15O2N 74.66 74.84 6.27 6.04 5.81 6.04

6.59s 275 4.26
0 Reference 33. 4 s = strong, m = medium, w = weak, b = broad. 6 Absorption bands found in the region from 5.5p to

6.6/i.

It should be mentioned that long ago Feist22 
prepared the symmetrical 4-pyrone XIc by the 
decarboxylation of dehydrobenzoylacetic acid (see 
Equation 1). Recently, Neelakantan23 reported 
that this 4-pyrone can be prepared in excellent 
yield by condensing ethyl benzoate with acetone 
in the presence of sodium ethoxide, but no details 
were given.

It should be pointed out that 4-pyrones such as 
Xlla-b apparently can not be prepared by the 
reduction of flavones, as the direct reduction of 
flavone will occur first in the oxide ring.24

Cyclizations of 1,3,5-triketones with ammonia to 
form f-'pyridones. Triketones Ia-e were converted 
to pyridones XVa-e by treatment with ethanolic 
ammonia.25 Similarly triketones Ila-b and III

(22) F. Feist, Ber., 23, 3726 (1890).
(23) L. Neelakantan, J. Org. Chern., 22, 1584 (1957).
(24) See S. Wawzonek, Heterocyclic Compounds, Vol. 2, 

R. C. Elderfield, ed., John Wiley and Sons, New York, 
1951, pp. 256-57.

(25) Apparently this method has not previously been 
employed with triketones, although triketone la has been
cyclized with aqueous ammonia to form XVa in unreported 
yield.16

gave pyridones XVIa-b and XVII respectively. 
The results are summarized in Tables V and VI.

0 0

XVa. R = CH3, R ' = C6H5 XVIa. R = C6H5
XVb. R = CH3, R ' = C6H5Cl-p XVIb. R = GJLOCIb-p
XVc. R = C6H5, R ' = C6H5
XVd. R = C6H5, R ' = C6H4Cl-p
XVe. R = CrJIr,, R ' = C6H,OCH3-p

These reactions appear to be initiated by the 
addition of the ammonia to the 1- or 3-carbonyl 
group of the triketone to form a ketone-ammonia 
type of intermediate,26 which undergoes cycli
zation and dehydration to produce the 4-pyridone.

(26) This intermediate might also arise from the conju
gate addition of ammonia to an enol form of the triketone.
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This may ho represented with the symmetrical 
triketone Ic (Equation 4).

O
II

O
I!

/C
ClioI

c 6h 5c

o

CHoI NH,
CCeHs (CAOHi OcH,C CC0HS 
Il /  \  II
0 HO NH20

XVc (4)

Although the 4-pyridone XVc lias previously 
been prepared from 4-pyrone XIc and ethanolic 
ammonia,27 28 29 30 the pyrone was apparently not an 
intermediate in the present reaction, as the condi
tions employed by us failed to effect the conversion 
of this pyrone or of pyrone Xle to the corresponding
4-pyridones.

It can be seçn from Table V that the yields were 
good to excellent for most of the 4-pyridones. The 
low yield (10%) obtained from triketone Ie could 
probably be improved, as most of the unchanged 
triketone was recovered. The present method 
appears more convenient than the earlier methods 
which proceed through 4-pvrones.22 27-30

It can be seen from Table VI that the 4-pyridones 
give slightly larger extinction coefficients than the
4-pyrones in the ultraviolet region. This may 
indicate that the 4-pyridones have the quinoid 
nucleus (tautomer XVIII) rather than the benze- 
noid nucleus (tautomer XIX). In line with this 
the extinction coefficient of l,2,6-trimethyl-4- 
(lH)-pyridone has been reported31 as about 14,000, 
which is close to that for 2,6-dimethyl-4H-pyran-4- 
one, whereas that for the benzenoid structure in
2,6-dimcthyl-4-methoxypyridine is less than 1500.31

0 OH

H
XVIII XIX

Finally triketone Ic was cyclized with methyl- 
amine to form the Ar-methyl-4-pyridone XX in 
42% yield. This compound has previously been 
prepared by the reaction of methylamine with the 
unsaturated ketone XXI, but no yield was re
ported.32

0

C6H ,( j c e H 5 C.,H-CCO(-CCVII5
N
I XXI

CH3
XX

At least certain of the other 1,3,5-triketones pre
pared in this work could presumably also be cy
clized with primary amines to form corresponding 
AValkyl or A'-aryl derivatives.

The A'-methvl pyridone XX reacted with an 
equivalent of methyl iodide to form an ether in
soluble salt, but the site of the alkylation (nitro
gen or oxygen) was not determined.

EXPERIMENTAL33

0-Diketones and esters. 2-Acoty!ey clohexanone and 2- 
acetylcyclopentanoni! were prepared by the boron fluoride 
catalyzed acetylation of cyclohexanone and cyclopentanone 
respectively.34 Methyl p-ehlorobenzoato was prepared by 
the esterification of p-chlorobenzoic acid and methanol by 
means of sulfuric acid. The other /3-diketones and esters were 
obtained from commercial sources and usually redistilled 
or recrystallized.

Preparation of the dipotassio salts of 0-(likctones. To a 
stirred solution of 0.4 mole of potassium amide in 500-600 
ml. of commercial anhydrous liquid ammonia2 was added 
0.2 mole of the /3-diket.one. Solids were added through a 
powder funnel, and liquids as a solution in about 50 ml. of 
anhydrous ether. Acetylaeetone was first converted into its 
ammonium salt by carefully pouring some liquid ammonia 
into an ether solution of this diketone. A vigorous reaction 
occurred to precipitate a voluminous white solid. This slurry 
was then poured into the potassium amide solution through 
a powder funnel, rinsing the last bit in with some dry ether. 
Care should be taken to exclude moisture during this oper
ation. Other /3-diketones showed little or no reactivity 
towards the liquid ammonia and could be added directly 
to the potassium amide solution.

The solution was stirred for 20-60 min. and then con
sidered to contain 0.2 mole of the dipotassio /3-diketone. 
Beuzoylacetone formed a yellowish green solution, 2-aeetyl- 
cyclopcntanone a green solution, and acetylaeetone and 2- 
acetyloyclohexanone greyish white suspensions. o-Hydroxy- 
acetophenone formed a white precipitate unless the solution 
was more dilute.

Aroylation of dipotassio 0-diketones to form 1,0,5-hikelones 
(Tables I and II). To a stirred solution or suspension of 0.2 
mole of a dipotassio 8-diketone in 500 ml. of liquid ammonia 
was added, during 1 or 2 min., 0.1 mole of an ester dissolved 
in about 50 ml. of anhydrous ether. After stirring for 30-00 
min. longer, the reaction mixture was neutralized and 
worked up by one of the procedures described below.

In the preparations of triketones Ia-b, Ila-b, III, and IV, 
the liquid ammonia of the reaction mixture was evaporated 
as an equal volume of ether was added. The resulting 
ethereal suspension was then poured with stirring into a 
slight excess of cold, dilute acetic acid. After shaking thor
oughly, the two layers were separated, care being taken that 
the aqueous layer was weakly acidic. The ethereal layer was 
washed with water, followed by sodium bicarbonate solu
tion, and dried over Drierite. The solvent was removed 
and the residue was recrystallized directly to give the tri
ketone, or the 8-diketone was first removed by distillation 
in vacuo and the residue then recrystallized.

(27) L. Xeelakantan, J. Org. Chem., 25, 741 (1058).
(28) See H. S. Mosher, Heterocyclic Compounds, Vol. 1, 

Tî. C. Elderfied, ed., John Wiley and Sons, New York, N. Y., 
1950, pp. 472-474.

(29) W. Borsche and W. Peter, Ann., 453, 148 (1927).
(30) S. S. IJeshapandc, J. Ind. Chem. Soc., 9, 303 (1932).
(31) R. C. Gibbs, J. It. Johnson, and E. C. Hughes, J. 

Am. Chem. Soc., 52, 4895 (1930).
(32) J. Chauvelier, Bull. Soc. Chini. France, 21, 734

(1954).

(33) Melting points were taken on a Fisher-Johns melting 
point apparatus which had been calibrated with melting 
point standards. Infrared spectra were determined with a. 
Perkin-Elmer Infracord by the potassium bromide pellet 
method unless stated otherwise. Ultraviolet spectra were 
determined with a Warren Spectracord spectrophotometer 
using 2 X 10-6 M  solutions in 95% et.hanol with a 1 cm. 
sample cell. Elemental analyses were by Galbraith Micro- 
analytical Laboratories, Knoxville, Tennessee.

(34) See ref. 4, p. 131.
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In the preparations of triketones Ic-d, the liquid ammonia 
reaction mixture was neutralized by adding an excess (25 g.) 
of solid ammonium chloride.35 The liquid ammonia was then 
evaporated as an equal volume of ether was added. The re
sulting ethereal suspension was shaken with water, and the 
two layers were separated. The ethereal layer was dried 
over Drierite, and the solvent removed under reduced pres
sure. The residue was rccrystallized directly to give the 
triketone. When triketone Ic was rccrystallized from ethanol, 
dark brown crystals were obtained having a melting point 
of 106-110°. If a small amount of concentrated hydrochloric 
acid were added to the hot, dark ethanol solution, the solu
tion became clearer and, upon cooling, bright yellow crystals 
formed, m.p. 110-115°. Both solids had the same crystalline 
form and identical infrared spectra both in potassium bro
mide pellets and in mineral oil mulls.

In the preparation of triketone Ie, the reaction mixture 
was neutralized similarly with ammonium chloride, and the 
liquid ammonia was replaced by ether. The resulting ether
eal suspension was shaken with water to dissolve the inor
ganic salts. The remaining suspension of the triketone, which 
was only slightly soluble in the ether, was filtered and re- 
crystallized from benzene.

In the preparation of triketone If the reaction mixture 
was neutralized with ammonium chloride, the liquid am
monia replaced by ether, and the ethereal suspension shaken 
with dilute hydrochloric acid (30 ml. of cone, hydrochloric 
acid diluted). A yellow insoluble salt wras formed which was 
filtered from the ether and water layers. The salt was neu
tralized b}’ shaking in a separatory funnel with ether and 
aqueous sodium bicarbonate. These two layers were sepa
rated, and the ethereal layer was dried over Drierite. The 
solvent was removed under reduced pressure, and the 
residue was recrystallized from an ethanol water mixture 
to give triketone If. The triketone was amphoteric, being 
soluble in aqueous sodium carbonate or sodium hydroxide, 
and forming an insoluble salt with hydrochloric acid.

Isolation of a and (3 forms of triketone Ila. The two forms 
of Ila  were obtained relatively free of each other (as shown 
by their infrared spectra) only with difficulty, and neither 
gave a very sharp melting point. The general procedure 
was followed up to the point of removing the solvent and 
distilling out the excess 2-acetylcyclohexanone, except that 
the reaction mixture was stirred in ether for an hour before 
neutralizing it with aqueous acetic acid. The residue from 
the distillation was taken up in hot 95% ethanol, and on 
cooling the a-form crystallized in brown crystals, m.p. 83- 
80° in the purest sample obtained. The /3-form was frac
tionally precipitated from the filtrate of the a-form by the 
gradual addition of water. The best fraction obtained was 
a white solid, m.p. 100- 110°.

The a-form softened after standing several months. It 
gave a green color with ethanolic ferric chloride, which on 
standing changed to the reddish brown color given by the 
/3-form. By dissolving the a-form in hot ethanol, some of 
the /3-form could be obtained upon the addition of water. 
The infrared spectrum of the a-form in the carbonyl and 
enol-chelate region, determined both in carbon tet rachloride 
solution and in potassium bromide pellets, showed strong 
bands at 6.24 p and 6.35 y (see Table II). Neither spectrum 
showed a band in the hydroxyl region around 3 u (except for 
the weak absorption at 2.9 y arising from moisture in the 
potassium bromide, which was present in all spectra made 
by the potassium bromide pellet method).

The 3-form gave a reddish brown color with ethanolic 
ferric chloride. The infrared spectrum determined in po
tassium bromide showed strong bands at 6.14 y , 6.28 y , and 
6.39 y  in the carbonyl and enol-chelate region (see Table II),

(35) When triketone la was neutralized in liquid ammonia 
using this procedure. Hauser and Harris2 obtained a 38% yield 
of triketone la and a 16% yield of 2-methvl-G-phenyl-4- 
(lH)-pyridone (XYa). By neutralizing in ether with acetic 
acid they obtained a 60% yield of triketone and no pyridone.

and a strong hydroxyl band was present at 3.00 y . The spec
trum of a carbon tetrachloride solution, how’ever, wras iden
tical with that of the a-form. The residue left after evapora
tion of the solvent from a carbon tetrachloride solution of 
the 3-form gave a green color with ethanolic ferric chloride, 
characteristic of the a-form. The analytical data are given 
in Table II. Both forms were cvclized to the same pyrone 
Xlla.

Cyclizalions of 1,3,5-trikelones to form f-pyrenes (Tables 
III and IV). A 1-g. sample of the triketone was dissolved 
in 10 ml. of cone, sulfuric acid at 0°C. Alter 10 min. at this 
temperature, the solution was poured into ice water. The 
resulting precipitate w'as collected on a funnel, washed 
with water, and rccrystallized from an appropriate solvent 
to give the 4-pyrone.

In the cyclization of triketone la, there was first obtained 
a solid, m.p. 50-53°, which was apparently a hj'drate of the 
pyrone XIa. This solid was dissolved in hot benzene, and 
the solvent evaporated to dryness on the steam bath. The 
residue was recrystallized from re-hexane to give the pyrone 
XIa, m.p. 85-87° (reported36 m.p. 87-88°). The picrate 
prepared from either the hydrate or the free pyrone melted 
at 155-158°, and the melting point was not depressed on 
mixing the two samples.

The product from the cyclization of triketone If gave 
analyses between those calculated for pyrone Xlf and its 
monohydrate even after several reaystallizations from 
ethanol-water. It was converted to a picrate, which melted 
at 217-223° dec., after three reerystallizations from metl^d 
cellosolve.

Anal. Calcd. for CVH14O9N4 (picrate): N, 11.71. Found:
11.88.

In the cyclization of triketone lib, there was first ob
tained a solid, m.p. 250-260° dec., wrhich was apparently 
the salt of pyrone Xllb. This solid was refluxed with 
ethanol for several minutes, cooled, and water then added 
to precipitate the free pyrone Xllb, m.p. 148-150°. The 
addition of two drops of cone, sulfuric acid to an acetone 
solution of 0.3 g. of the pyrone precipitated the salt, m.p. 
254-258° dec.

Dehydrogenation of 4-pyrone X lla  to form flavone (XIV). 
A 1-g. sample of pyrone X lla was mixed with 1 g. of 5% 
palladium on charcoal in a small round bottomed flask 
equipped with a condenser, and the mixture was heated at 
200° for 2 hr. The residue was cooled, taken up in ether, 
and the catalyst was removed by filtration. The ether was 
evaporated and the residue was then taken up in a small 
amount of benzene and placed on an alumina column. 
Elution successively with 200-300 ml. of petroleum ether 
(b.p. 30-60°), benzene, and finally ethanol produced suffi
cient fractionation so that an early fraction contained 
0.05 g. (5% yield) of flavone (XIV), m.p. 95-97° after re
crystallization from re-hexane. A mixed melting point with 
an authentic sample of flavone prepared from IV was not 
depressed, and the infrared spectra of the two samples w'ere 
identical.

Cyclization of 1,3,5-triketenes with ammonia to form /,- 
pyridones (Tables V and VI). To 1 g. of the triketone dis
solved in 50 ml. of absolute ethanol wars slowly added com
mercial, anhydrous liquid ammonia until the flask wars 
cold. The solution waas evaporated to dryness by heating 
in an open beaker over a steam bath, and the process was 
then repeated with the residue. In the preparation of XVe, 
re-propyl alcohol was used as a solvent instead of ethanol. 
The pyridone was isolated from the residue by recrystalli
zation from an appropriate solvent (See Table V)- In some 
cases purification was effected by vacuum sublimation.

In the preparation of 4-pyridone XVa, the crude residue 
melted at 175-177° (reported16 m.p. 177-178°). The pyri
done covdd be recrystallized from hot water, but if the 
waiter solution were allowed to cool, it formed a gell from 
which no crystals could be obtained. This behavior was also

(36) S. Kuheraann, J. Chem. Soc., 93, 431 (1908).
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observed by Ruhemann.16 However, only part of the re- 
crystallized pyridone melted at 176-180°, the rest melting 
at 189-190°. '

Cyclization of triketone Ic with methylamine to form 4-pyri- 
done XX. Methylamine was bubbled into an ethanolic solu
tion of 9.3 g. of triketone Ic, and the solvent was then re
moved on the steam bath. The oil}- residue was recrystallized 
from a mixture of benzene and hexane to give 3.9 g. (42%) 
of 2,6-diphenyl-l-methyl-4(lH)-pyridono (XX), m.p. 185- 
188° (reported32 m.p. 187°). The infrared spectrum in the 
region 5.5-6.5 u showed a strong band at 6.16 y, a medium 
band at 6.47 u, and a weak band at 6.37 y. Ultraviolet 
spectrum: Xmal = 237 myi, 270 my: log e = 4.39, 4.26.

A 1.8-g. sample of this compound was added to 7 ml. of 
acetonitrile, and a few drops of methanol were added to

dissolve all the solid. An excess (2 ml.) of methyl iodide was 
added, and the solution was allowed to stand overnight at 
room temperature. Ether was added to precipitate 1.7 g. 
(61%) of the methiodide of 4-pyridone XX (white crys
tals), m.p. 123-129° dec. The product was recrystallized 
by dissolving it in methanol and adding ether. Three recrys
tallizations changed the melting point to 129-137° dec. 
The infrared spectrum in the region 5.5-6.5 u showed a 
strong band at 6.15 y, and a medium band at 6.36 y. Ultra
violet spectrum: Xraas = 279 nip; log e = 4.06; broad 
shoulder at 232-239 nip, log c = 4.40.

Anal. Calcd. for C„H,„ONI: C, 56.59; H, 4.50; X, 3.47. 
Found: C, 56.32; H, 4.77; X, 3.40.

D urham, N. C.

[Contribution from the D epartment of Chemistry of the College of Arts and Sciences of the U niversity of
Louisville ]
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A number of arylnitrile Ar-oxides have been prepared in carbon tetrachloride solution and their infrared spectra studied. 
Absorption bands at 2295 cm.-1 and 1370 cm.-1 characteristic of the triple bond and A’-oxide linkages of the nitrile oxide 
group have been identified. Several new diarvl furoxans have been obtained by dimerization of these nitrile Ar-oxides and 
two new aliphatic nitrile oxides have been obtained in solution.

The nitrile AT-oxides (IV) are somewhat unstable 
compounds formed by the action of dilute alkali 
on hydroxamic chlorides as indicated in the re
action scheme:1 2 3 4“5 and the assignment of a proper

Cl! ^
RCH=NOH — > It—CHC1—XO 2 ^

I II
O H -

R C =N O II----- > RC =N — >0 — >
I

Cl
I I I  IV

R- -R
NA Æ  

0

structure has received considerable attention.6'10-12 
They are highly reactive toward olefinic linkages

(1) O. Piloty and H. Steinbock, Ber., 35, 3114 (1902).
(2) H. Rheinboldt, Ann., 451, 169 (1926).
(3) B. G. Gowenlock and W. Luttke, Quart. Revs., 12, 

321 (1958).
(4) A. Werner, Ber., 27, 2846 (1894).
(5) R. Koreff, Ber., 19, 176 (1886).
(6) H. Wieland, Ber., 40, 418 (1907).
(7) H. Wieland, Ber., 40, 1667 (1907).
(8) H. Wieland, Ann., 367, 61 (1909).
(9) G. S. Skinner, ,/. Am. ('hern. Soc., 46, 734 (1924).
(10) H. Wieland, Ber., 42, S03 (1909).
(11) K. von Auwers, Ber., 61, 1041 (1928).
(12) G. Speroni, Ricerca sci., 27, 1199 (1957).
(13) P. Griinanger and I. Grasso, Gazz. chim. Hat., 8 5 ,

1250, 1271 (1955) and many previous papers. See also: A. 
Quilico in It. H. Wiley, L. C. Behr, A. Quilico, and R. L. 
McKee, Fire Memhered O-N Heterocycles, Interscience Pub
lishers, Inc., Xew  ̂ork, in press.

to form isoxazoles13 and they dimerize readily to 
furoxans5 (V). Because of the ease with which 
they dimerize very little is known about their 
physical properties. A few appropriately sub
stituted types; e.g., p-chlorobenzonitrile A-oxide, 
dimerize slowly and the physical properties of 
these compounds have been studied.12’14 14 15’15 Others, 
such as benzonitrile Ar-oxide, dimerize rapidly 
during isolation and are difficult to characterize. 
The lowest molecular weight recor 8 9 10 11ded6’7 for benzo
nitrile A-oxide is 134, whereas theory requires 
119, indicating that partial dimerization occurs 
before the molecular weight can be determined.

We have now devised a procedure for recording 
the spectra of the less stable nitrile AT-oxides in 
carbon tetrachloride solution. The nitrile A-oxides 
were prepared from the hydroxamic chlorides ob
tained by the route given above. The oximes were 
prepared by standard methods16 and were chlorin
ated at 0° in 8.Y hydrochloric acid17 or in organic 
solvents. The hydroxamic chlorides were not puri
fied as the melting points of the crude products 
agreed well with recorded values. The hydroxamic 
chlorides were dissolved or suspended in carbon

(14) S. Califano, R. Moecia, R. Searpati, and G. Speroni, 
J. Chew. Phys., 26, 1777 (1957).

(15) S. Califano, R. Searpati, and G. Speroni, Alii, 
accad. nazl. Lined Rend., Classe -sci. fis. mat. e nat., 23, 263 
(1958).

(16) R. P. Linstead and B. C. L. Weedon, Guide to Quali
tative Organic Chemical Analysis, Butterworths Scientific 
Publications, London, 1956.

(17) G. W. Perold, A. P. Steyn, and F. V. K. von Reiche, 
./. Am. Che in. ,Soc., 79, 462 (1957).
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tetrachloride at 0° and the solutions were shaken 
with dilute icecold aqueous sodium hydroxide 
or sodium carbonate. The carbon tetrachloride 
layers were separated, dried at 0°, and used for the 
spectroscopic studies. The nitrile A-oxides thus 
prepared are listed in Table I. The identities of the 
nitrile A-oxides were confirmed, in most cases, by 
isolating the furoxans formed on standing. Strongly 
electron-donating substituents in the aromatic 
nucleus facilitated chlorination of the ring with the 
result that o-methoxybenzaldoxime gave 5-chloro-
2-methoxybenzonitrile A-oxide and salicylaldox- 
ime gave 3,5-dichloro-2-hydroxybenzonitrile A- 
oxide. In order to confirm these structures, o- 
methoxybenzaldehyde and salicylaldéhyde were 
chlorinated to give 5-chloro-2-methoxybenzalde- 
hyde and 3,5-dichloro-2-hydroxybenzaldehyde re
spectively. The oximes from these aldehydes gave 
the same furoxanes as those from o-methoxybenz- 
aldchyde and salicylaldoxime. 2,4-Dimethoxy- 
benzaldoxime gave a solution of a nitrile A-oxide 
but no pure furoxan could be obtained and it is 
probable that a mixture of chlorinated products 
was formed.

TABLE I
I nfrared Absorption of N itrile A'-Oxides in Carbon 

T etrachloride

A'-oxide Maxima"

Benzonitrile A'-oxide

p-Phenylbenzonitrile A'-oxide'1 
p-Methylbenzonitrile A'-oxide

o-Nitrobenzonitrile A-oxide6 

m-Nitrobenzonitrile A'-oxide0 

»i-Chlorobenzonitrile AT-oxide

p-Chlorobenzonitrile A'-oxide

2,4-1 lichlorobonzonitrile 
Ar-oxide

5-Chloro-2-met boxy benzonit rile 
A'-oxide

3.5- Dichloro-2-hydroxybenzo- 
nitrile A’-oxide6

2,3-1 )ichloro-2-met hylbut yro- 
nitrile .V-oxide

4.5- Dichloro-2,2-dimethylpen- 
tanonitrile A'-oxide

2288s, 1712m, 1368vs,
1098s, 1029w, 835\v 

2294, 1376, 1211,1103, 836 
2294m, 1704m, 1616w,

1368s, 1253«-, 1208«-, 
1182w, 1098m, 850m 

2304, 1536, 1393, 1346, 
1121, 1070, 857,

2294, 1546, 1391, 1357, 
1134

2288s, 1595w, 1567m,
1422m, 1370vs, 1235w, 
1126m, 1088m, 999w, 
964\v, 880«-

2294s, 1597m, 1495m,
1374vs, llOOvs, 1016m, 
935m, (826sY 

2299, 1590, 1391, 1372, 
1124, 1100, 1045, 873 

2294m, 1486s, 1464m,
1414m, 1366«-, 1346m, 
1287w, 1274«-, 1253\v, 
1125m, 1107«-, 1075m, 
1027m, 902«-, 803«' 

2299, 1704, 1672, 1471, 
1422, 1353, 1326, 1163, 
S70

2294vs, 1733«-, 1460m,
1385s, 1168«-, 1131m, 
1071s

2288s, 1721s, 1160s,
1401m, 1393s, 1236s,
1211m, 1152s

“ Frequencies in cm.“ 1. Intensities indicated by the 
abbreviations «- (weak), m (medium), s (strong), vs (very 
st.rong). 6 Dilute solution. Intensities of bands not esti
mated. c Partly obscured by solvent absorption.

The extreme readiness with which hydrogen 
chloride is eliminated from hydroxamic chlorides 
is demonstrated by the behavior of oximes contain
ing basic groups. On chlorination, p-dimethyl- 
aminobenzaldoxime. pyridine-2-aldoxime, and py- 
ridine-4-aldoxime gave white solids, insoluble in 
organic solvents and very soluble in water. The 
aqueous solutions were acid to litmus and gave an 
immediate precipitate with silver nitrate solution. 
When aqueous solutions of these substances were 
made alkaline at 0°, nothing was extracted from 
the solution with carbon tetrachloride. If the aque
ous phases were allowed to stand, the furoxans 
were formed. If the white solids were allowed to 
stand and then treated with alkali, the furoxans 
were again obtained. It is postulated that the 
hydroxamic chlorides are formed only momentarily 
from oximes containing basic groups and that the 
white solid product obtained is the hydrochloride 
of the nitrile iV-oxide. Addition of alkali gives the 
water-soluble nitrile A’-oxide which forms the 
furoxan on standing. Alternatively, the hydro
chloride dimerizes on standing and addition of 
alkali liberates the furoxan. These reactions are 
formulated for pyridi nc-2-aldoxime:

NH n .  bN HN 
O \

<, />

CL O Cl'1

| T B .
N NX - X N 

O \
O

A carbon tetrachloride solution of benzodinitrile 
A-oxide was not obtained by treating p-benzenedi- 
hydroxamic chloride (from terephthaldoxime) with 
alkali. The dimtrile A-oxide was apparently in
soluble in carbon tetrachloride and rapidly formed 
a high molecular weight polymeric product pre
sumably having alternating benzene and furoxan 
rings in the chain.

The frequencies and approximate intensities of 
the principal infrared absorption bands of the 
carbon tetrachloride solutions of the nitrile A- 
oxides are recorded in Table I. Carbon tetrachloride 
and chloroform were considered the most suitable 
solvents for this study. Since it has been noted18 * 
that the hydrogen atom in chloroform may in
teract with A-oxides, carbon tetrachloride was used. 
In some cases the nitrile A-oxides were only spar
ingly soluble in carbon tetrachloride. The follow
ing infrared absorption bands have been recorded14 
for three comparatively stable nitrile iV-oxides in 
carbon tetrachloride: 2,4,6-trimethylbenzonitrile

(18) R. H. Wiley ami S. Slaymaker, J. Am. Chem. Soc.,
79,2233(1957).
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.Y-oxido, 2287 cm.-1, 1348 cm.-1; 2,3,5,6-tetra- 
methylbenzonitrile iV-oxide, 2288 cm.-1, 1346 
cm.-1; p-chlorobenzonitrile A'-oxide, 2292 cm.-1, 
1377 cm.-1 (c/. Table I).

In some cases (benzonitrile A-oxide, p-methyl- 
benzonitrilc A-oxide, 3,5-dichloro-2-hydroxybenzo- 
nitrile iV-oxide, and the two aliphatic compounds), 
bands near 1710 cm.-1 indicated that the solutions 
were contaminated by traces of aldehyde which 
may have been formed by hydrolysis of the oximes 
by hydrochloric acid during the chlorination stage. 
No other impurities have been detected. Traces 
of oxime or of unreacted hydroxamic chloride would 
have been extracted by alkali and the furoxans 
were almost completely soluble in carbon tetra
chloride.

All the nitrile A-oxides give a strong and re
markably constant band near 2295 cm.-1; the 
slight variations in frequency arc not significantly 
larger than the experimental error. Absorption in 
the 2300 cm.-1 to 2100 cm.-1 region is characteristic 
of triple bond stretching vibrations. Acetylenes 
absorb at 2140-2100 cm.-1 (monosubstituted) 
or 2260-2190 cm.-1 (disubstituted; often very 
weak) .19 Nitriles absorb at 2260-2240 cm.-1 (sat
urated aliphatic), 2240-2220 cm.-1 (aromatic) 
or 2235-2215 cm.-1 (a,/3-unsaturated aliphatic).19 
Azides absorb at 2160-2120 cm.-1 19 and acid 
azides give two peaks between 2250 cm.-1 and 2140 
cm.-1.20 The only other compounds with peaks in 
this region are the isocyanates which absorb at 
2275-2263 cm.-1.21 Although nitrile A-oxides 
absorb close to the region of triple bond stretching 
for other compounds, their absorption is at a sig
nificantly higher frequency. This band is therefore 
regarded as highly characteristic of the arylnitrile 
A-oxides. The frequency difference between the 
nitrile A-oxides and the isocyanates is not large 
but is still significant and the nitrile A-oxides and 
the isocyanates may be distinguished by other 
features of their infrared spectra. A band near 
1350 cm.-1 was attributed14 to N—O stretching 
vibrations. Vibrations of this type have been re
ported over a wide range of frequencies. P3rridine 
A'-oxides give one or two strong bands between 1300 
cm.-1 and 1235 cm.-1 (as high as 1319 cm.-1 in one 
case) in carbon tetrachloride22’23 or in chloro
form.24’25 Pyrimidine Ar-oxides show a strong band 
in the range 1300 cm.-1 to 1255 cm.-1. 18 Within 
these ranges the frequencies vary considerably for 
different ring substituents. For the furoxans, a

(19) L. J. Bellamy, The Infrared Sneclra nf Complex 
Molecules, 2nd Ed., Wiley, New York, 1958.

(20) E. Lieber and E. Oftedahl, J. Ortj. Chew., 24, 1014
(1959).

(21) W. 11. T. Davison,./, Chcm. Soc., 3712 (1953).
(22) H Shindo, Pharm. Bull. (Japan), 4, 460 (1956).
(23) II. Shindo, Pharm. Bull. (Japan), 6, 117 (1958).
(24) A. 11. Katritzkv and J. N. Gardner, J. Chem. Soc., 

2192(1958).
(25) A. It. Katritzkv and A. Pt. Hands, J. Chcm. Soc., 

2195(1958).

doublet in the range 1475-1410 cm.-1 has been 
attributed to the A-oxide group and a band in 
the 1360-1300 cm.-1 region is regarded as being 
due to a ring N—0  vibration.26 The AT-oxidcs of 
tertiary aliphatic amines absorb at 970-950 cm.-1.27 28 
It seems clear that the absorption frequency of the 
A-oxide function depends greatly on the nature of 
the N—0  bond and may he anywhere between 
the normal N—O single bond stretching frequency 
(near 900 cm.-1 28) and the normal N :0  double 
bond stretching frequency (1621 cm.-1 to 1488 
cm.-1).3 It has been shown, indeed, that a graph 
of N—0 stretching frequency against N—0 bond 
length gives a smooth curve.3 All the nitrile A- 
oxides we have studied have a strong absorption 
band near 1370 cm.-1. In most cases this is the 
strongest band in the spectrum. The frequency of 
this absorption is near the upper end of the range 
for N—0  stretching vibrations and this fact sug
gests that the N—O bond in the nitrile N-oxides 
must possess considerable double-bond character. 
The hybridization of the bonds in the nitrile N- 
oxides is illustrated by the three possible electronic 
structures:

+ — + + ~
R—C =X —O" R—C = X = 0  R—C =X —O

The last structure, involving a large charge-sepa
ration, would be expected to contribute little to 
the hybrid although it becomes significant in addi
tion reactions. The second structure, however, 
may make a large contribution to the hybrid. 
The infrared spectrum of the nitrile A-oxides is 
clearly correlated with the accepted structure for 
these compounds. It was not possible to correlate 
the position of the 1370 cm.-1 band with the 
nature of the nuclear substituents. When strongly 
electron-donating substituents were present in the 
original oxime, the nucleus of the resulting nitrile 
A-oxide was chlorinated. It may be significant, 
however, that the band occurred at the highest 
frequencies (over 1390 cm.-1) in the nitrobenzo- 
nitrile A-oxides.

The 1370 cm.-1 band is less useful for identifi
cation of the nitrile AT-oxide group than that at 
2290 cm.-1 as many other groups give bands in this 
region. The high intensity of the band increases its 
usefulness, however, and distinguishes the nitrile 
Ar-oxides from the isocyanates which give a very 
strong band at 2275-2263 cm.-1 but only a weak 
band near 1370 cm.-1 3 The unexpected nature of 
the isocyanate spectrum is accounted for by me
chanical coupling of the C:N and C :0  stretching 
vibrations.14’29

(26) N. E. Boyer, G. M. Czernik, II. S. Gutowsky, and H. 
It. Snyder, J .  Am. Chem. Soc., 77, 4238(1955).

(27) It. Mathis, It. Wolf, and F. Gallais, Compl. rend., 
242, 1873(1956).

(28) S. Califano and W. Liittke, Z. physik. Chem., 6, 
83(1956).

(29) R. C. Lord and F. A. Miller, Applied Spectroscopy, 
10,115(1950).
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The other bands in the infrared spectra of the 
nitrile A-oxides may be correlated with known 
structural features of the nucleus and the substit
uents. The exception is the strong band near 1100 
cm.-1 given by several of the compounds studied. 
Bands in the range 1225-950 cm.-1 have been 
correlated with the out-of-plane deformation 
vibrations of the nuclear hydrogen atoms in sub
stituted benzenes.19 Such bands are usually weak 
and it seems unreasonable to assign the strong 
1100 cm.-1 band to such a structural feature. 
The band is particularly prominent in the spectra 
of p-substituted benzonitrile A-oxides and it also 
appears in the aliphatic types. We have not at 
present correlated this band with any molecular 
vibration.

The procedures outlined for the preparation of 
the arylnitrile A-oxides has been applied to two 
new aliphatic types. It is recognized that the 
reactions involved cannot be successfully ac
complished with aliphatic aldehydes having a- 
hydrogen atoms.7-9 Trimethylacetonitrile A’-oxide 
is the only aliphatic nitrile .V-oxide known and its 
infrared spectrum has been recorded.15 We have 
converted tiglic aldoxime to 2,3-dichloro-2-methyl- 
butyronitrile A-oxide and 2,2-dimethyl-4-penten- 
aldoxime to 4,5-dichloro-2,2-dimethylpentano- 
nitrile A’-oxide. Characteristic infrared absorption 
bands were observed at 2294 cm.-1 and 1385 cm.-1 
for the former and 2288 cm.-1 and 1393 cm.-1 for 
the latter. Neither of these nitrile Ar-oxides nor 
their furoxans were isolated in an analytically 
pure form. The carbon tetrachloride solutions of the 
A’-oxides showed only traces of carbonyl and no 
olefinic absorption in accordance with the structures 
assigned but indicative of impurities.

There is still some disagreement about the 
structure of the furoxans, but the 1,2,5-oxadiazole
2-A-oxidc formulation (V) is generally used and is 
accepted for the present work. The chemistry of 
the furoxans has recently been reviewed.30 Most 
of the furoxans prepared in the course of the present 
work are new compounds. Data pertaining to them 
are recorded in Table II. In many cases the furox
ans could be prepared simply by digesting the 
hydroxamic chloride with excess dilute aqueous 
sodium hydroxide or sodium carbonate. A cleaner 
product was obtained by preparing a solution of 
the nitrile A-oxide in an organic solvent and allow
ing the solution to stand at room temperature for 
twenty-four to forty-eight hours. Ether was used 
as the solvent rather than carbon tetrachloride as 
the nitrile Ar-oxides were more soluble in ether. 
No pure furoxan could be prepared from 2,4- 
dimethoxybenzaldoxime. A mixture of chlorinated 
materials was obtained. When o-nitrobenzohy- 
droxamic chloride was treated with dilute aqueous 
sodium carbonate at 0°, a white solid, m.p. 70-75°,

(30) J. V. R. Kaufmann and J. P. Picard, Chetn. Revs., 
59,429(1959).

was obtained. On standing for one hour at room 
temperature this became brown and after standing 
overnight was a black tar. No pure furoxan was 
isolated. The solution of o-nitrobenzonitrile N- 
oxide was obtained normally (see above). It is 
known, however, that a-nitrobenzaldoxime under
goes unusual transformations with alkali.31

The infrared absorption spectra of a number of 
diaryl and diaroylfuroxans have been studied and 
correlations of bands with their structural features 
have been made.26 The spectra of the furoxans which 
we have prepared show features similar to those 
reported26-31 32 33 and are extremely complex.

E X P E R IM E N T A L

Infrared spectra were measured with a Baird recording 
double beam spectrometer. Melting points were measured 
in open capillaries and are uncorrected. Analyses were by 
Micro Tech Laboratories, Skokie, 111.

Aldehydes. The aldehydes used were commercially avail
able materials, with the exception of p-phenylbenzaldehyde,
5-chloro-2-methoxybenzaldehyde, and 3,5-dichloro-2-hy- 
droxybenzaldehyde.

p-Phenylbenzaldehytle. Biphenyl was formulated with car
bon monoxide and hydrogen chloride in the presence of 
aluminum chlorine and cuprous chloride.34 The crude 
product was convi rted to the oxime without purification.

o-Chloro-2-melhoxybenzaldehyde. o-Methoxybenzaldehyde 
(5 g.) was dissolved in chloroform (25 ml.) and chlorine was 
passed into the ice cold solution for 90 min. The solution was 
allowed to stand for 1 hr. at room temperature and the 
solvent was evaporated under reduced pressure. The residue 
was recrystallized : rom aqueous acetic acid to give 5-chloro-
2-methoxybenzahlehyde (4 g.; 63%), m.p. 80-81° (lit.,35 
m.p. 81°).

3,o-Dichloro-2-hrdroxybenzaldehyde. Salicylaldehyde was 
chlorinated as described above, to give 3,5-dichloro-2- 
hydroxybenzaldehydc56 (65% yield), m.p. 93-94° (lit.,36 
m.p. 95°).

Oximes. Benzaldoxime, pyridine-2-aldoxime, and pyri- 
dine-4-aldoxime were commercially available materials. 
The other oximes were prepared by a standard method16 
using an ethanolic solution of hydroxylamine acetate. The 
yields and melting points were as follows: p-phenylbenzal- 
doxime, 70% yield from biphenyl, m.p. 147-149° (lit.,37 
m.p. 149-150°); p-methylbenzaldoxime, 23%, m.p. 76-78° 
(lit.,16 m.p. 79°); o-r.itrobenzaldoxime, 70%, m.p. 102— 
103° (lit.,37 m.p. 102-103°); m-nitrobenzaldoxime, 82%, 
m.p. 125° (lit.,37 m.p. 121-123°); ni-chlorobenzaldoxime, 
92%, m.p. 72-72.5°, (lit.,37 m.p. 70-71°); p-chlorobenzal- 
doxime, 90%, m.p. 107-109° (lit.,37 m.p. 110°); 2,4-dichloro- 
benzaldoxime, 58%, rr..p. 134-136° (lit.,37 m.p. 136-137°); 
p-dimethylaminobcnzaidoxime, 91%, m.p. 144-145° (lit-.,37 
m.p. 144°); o-methoxybenzaldoximo, 58%, m.p. 100-101° 
(lit.,37 m.p. 92°); 2,4-dimethoxybenzaldoxime, 83%, m.p.
107-108° (lit.,38 m.p. 106°); salicylaldoxime, 50%, m.p. 
62-63° (lit.,37 m.p. 63°); terephthaldchydedioxime, 76%,

(31) O. L. Brady and R. F. Goldstein, J. Client. Soc., 
1921 (1926).

(32) K. von Auwers and V. Meyer, Her., 21, 803 (1888).
(33) J. H. Boye-, U. Toggweiler, and G. A. Stoner, J. 

Am. Chem. Soc. 79,1748 (1957).
(34) D. H. Hev, J. Chem.. Soc., 2476 (1931).
(35) Buu-Hoi, Compt. rend. 221, 202 (1945).
(36) H. Biltz am. Iv. Stopf, Ber., 37, 4027 (1904).
(37) I. M. Heilbron, ed. Dictionary of Organic Compounds, 

3rd Ed., Oxford University Press, New York, 1953.
(38) L. Gattermann, Ann. 357, 369 (1907).
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TABLE II
3,4-D ia rylfuroxans

Ar M.P.“ Formula
Analysis

X, Calcd. X, Found

Phenvl 113-114"
04p-Phenylphenvl 159-160 CseHisXoCb 7.14 / .

p-Methylphenyl 142-143°
m-Nitrophenyl 182-184d

9. 31»¡-Chlorophenvl 96-97 CuIIsXoCbCl, 9.12
p-Chlorophenvl 180-181 C14lI8X.,02Cl; 9.12 9..19
2,4-Dichloropheny] 159-160 CmH6X,.(YC14 7.80 7 ..80
5-Chloro-2-methoxvphenvl 183-184 C,cHi-.X20 4C12 7.70 7 .70
3,5-Dichloro-2-hvdroxvphenvl 195 CiiHeXYOiCli 6. S7 6 .93
p-Dimethylaminophcnyl 143-144 C18HS2N4(V 16.36 16 .45
2-Pvridyl 169.5-170.5 Ci2H8N40 : 23.33 24 , i i /
4-Pyridyl 140-141 C12II8X40 2 23.33 23 .09

" All the furoxans decomposed, though some only slowly, at their melting points. " Lit. m.p. 114-115° (ref. 32). c Lit 
m.p. 143-144 (ref. 2). d Lit. m.p. 1S3-185 (ref. 7). c Including one molecule of water of crystallization. 1 The discrepancy 
was confirmed by a repeat analysis of another sample. The properties of this compound were otherwise normal and no ex
planation of this result can be offered.

m.p. 201-202° (lit.,16 m.p. 200°); 3,5-dichIoro-2-hydroxy- 
benzaldoxime, 03%, m.p. 194° (lit..,36 m.p. 195°); tigiic 
aldoxime, 43%, m.p. 42-43° (lit.,37 m.p. 43°).

d-Chloro-H-methoxybenzaldoxime was prepared in 71% 
yield, m.p. 139-140°.

Anal. Calcd. for C8HsXCbCl: X, 7.55. Found: X, 7.53.
2,2-Dimethyl-Ii-pentenaldoxime. b.p. S5°/17 mm., n2̂

l. 4565 was prepared from 2,2-dimethyl-4-pentenal39 in 
27% yield.

Anal. Calcd. of CjH.iXO: C, 66.10: E, 10.30: X, 11.01. 
Found: C, 65.83; H, 10.20; X', 10.95.

Nitrile N-oxides. A typical preparation of a carbon tetra
chloride solution of a nitrile A'-oxide is described. Solutions 
of benzonitrile A’-oxide, p-phenylbenzonitrile .Y-oxide, p- 
methylbenzonitrile .Y-oxide, o-nitrobenzonitrile A’-oxide, 
m-nitrobenzonitrile A’-oxide, m-chlorobenzonit.rile Ar-oxide, 
p-chlorobenzonitrile .V-oxide, 2,4-dichlorobenzonitrile A'- 
oxide, and 5-chloro-2-methoxybenzonitnle .Y-oxide were 
prepared from the corresponding oximes by this procedure. 
o-Methoxybenzaldoxime gave the same product as 5-chloro-
2-methoxybenzaldoximc. Salicylaldoxime and 3,5-dichloro-
2-hydroxybcnzaldoxime both gave 3,5-dichlorobenzonitrile 
At-oxide; sodium carbonate was used instead of sodium 
hydroxide for the dehydrochlorination step.

Tigiic aldoxime gave 2,3-dichloro-2-methylbutyronitrile 
A’-oxide and 2,2-dimethyl-4-pentenaldoxime gave 4,5-di- 
chloro-2,2-dimethylpentanonitrile A’-oxide identified by 
their infrared spectra. Attempts to isolate the products or 
furoxans derived from them gave only decomposition prod
ucts. The infrared spectra of the nitrile Ar-oxides have been 
recorded in Table I.

The melting points (all with decomposition) of the crude 
hvdroxamic chlorides were as follows: bcnzohydroxamic 
chloride, m.p. approx. 45° (lit.,17 m.p. 42-48°); p-methyl- 
benzohydroxamie chloride, m.p. 68-71° (lit.,2 m.p. 69- 
70°); o-nitrobenzohydroxamic chloride, m.p. 90-93° (lit.,4
m. p. 92-94°); m-nitrobenzohydroxamic chloride, m.p. 96- 
96° (lit.,4 m.p. 94-95°); w-chlorobenzohydroxamic chloride, 
m.p. 75-80°; p-chlorobenzohvdroxamic chloride, m.p. 82- 
S6°; 2,4-dichlorobenzohydroxamic chloride, m.p. 100-105°; 
o-chloro-2-methoxybenzohydroxamic chloride, m.p. 115- 
125°; 3,5-dichloro-2-hydroxybenzohydroxamic chloride, m.p. 
172-174°; 1,4-benzenedihydroxamic chlcride, in.]). 183-186° 
(lit.,2 m.p. 188°). The aliphatic hvdroxamic chlorides were 
liquids.

p-Phenylbcnzonitnle N-oxide. p-Phenylbenzaldoxime (10 
g.) was chlorinated in 8Ar hydrochloric acid (50 ml.) at

(39) K. C. Brannock, J. Am. Chan. Soc., 81, 3379 
( 1959).

0°.17 The resulting suspension was filtered and the crude 
p-phcnylbenzohydroxamic chloride (11 g.; 94%) m.p. 
125-127° dec. was used for the next stage. A portion was 
recrystallized from cyclohexane to give pure p-phenyl- 
benzohydroxamic chloride, m.p. 129-130°.

Anal. Calcd. for Ci.,H,„XOCI: X, 6.05. Found: X, 6.09.
p-Phenylbenzohydroxamic chloride (1 g.) was suspended 

in spectro-grade carbon tetrachloride (20 ml.). The suspen
sion was cooled to 0° and 14% aqueous sodium hydroxide 
(6 ml.) was added dropwise with shaking. The mixture was 
kept at 0° and shaken occasionally for 30 min. The carbon 
tetrachloride layer (5 ml.) was withdrawn by means of a 
pipet and was allowed to stand over anhydrous calcium 
chloride at 0° for 30 min. The solution was used for infrared 
studies as quickly as possible.

Furoxans. Typical procedures for preparing the furoxans 
are described. Most of the furoxans could be prepared by the 
method used for 3,4-di(p-biphenylyl)furoxan. The method 
described for 3,4-di(»i-chlorophenyl)furoxan was more 
satisfactory and was used to prepare 3,4-diphenylfuroxan,
3,4-di(p-methvlphenyl)furoxan, 3,4-di(m-nitrophenyl)fur- 
oxan, 3,4-di(p-chlorophenyl)furoxan, 3,4-di(2,4-dichloro- 
phenyl )furoxan, 3,4-di( 5- chloro - 2 - mothoxyphenyl )furoxan 
and 3,4-di(3,5-dichloro-2-hydroxyphenyl)furoxan. The 
methods described for 3,4-di(2-pyridyl)furoxan were used 
also for 3,4-di(4-pvridyl)furoxan and for 3,4-di(p-dimethyl- 
aminophenyl)furoxan. The melting points and analyses of 
the furoxans are recorded in Table II.

3.4- Di(p-hiphenylyl)furoxan. p-Phenylbenzohydroxamic 
chloride (2 g.) was warmed on a steam bath with an excess 
of coned, aqueous sodium carbonate for 30 min. Carbon di
oxide was evolved. The solution was cooled and filtered and 
the solid was washed with water and air dried. The crude 
product (1 g.; 78%), m.p. 151-153°, was recrystallized from 
aqueous ethanol and from benzene to give pure 3,4—di( />- 
biphenylyl)furoxan, m.p. 159-160°. For analysis, see Table 
II.

3.4- Di-(m-chlorophcnyl)furoxan. m-Chlorobenzohydrox- 
amic chloride (from 1.5 g. of m-chlorobcnzaldoximc) was dis
solved in ether (30 ml.). The solution was cooled in ice and 
an excess of 10% aqueous sodium hydroxide was added drop- 
wise, with shaking. The solution was shaken occasionally 
for 30 min., at 0°. Sufficient ether was added to dissolve a 
white precipitate which formed and the ether layer was sep
arated and dried over anhydrous sodium sulfate. The ether 
solution was allowed to stand for 48 hr. at room temperature, 
was evaporated and the residue (1 g.: 66%.), m.p. 75-80°, was 
recrystallized from aqueous ethanol to give pure 3,4-di(m- 
chlorophonyl)furoxan, m.p. 96-97°. For analysis, see Table 
II.
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3,4-Di(2-pj/ridyl)furoxan. Pj’ridine-2-aldoxini(' (2 g.) was 
dissolved in 8Ar hydrochloric acid (15 ml.) at 0°. Chlorine 
was passed into the ice cold solution for 20 min. An excess 
of coned, aqueous sodium carbonate was added and the 
solution was warmed on a steam bath for 30 min. The solu
tion was filtered and the brown solid was recrystallized from 
benzene/cyclohexane and from water to give 3,4-di(2- 
Pyridyl)furoxan (0.5 g.; 27%), m.p. 1 (>9-170.5°. For analy
sis, see Table II.

Pyridine-2-aldoxime was dissolved in carbon tetrachloride 
or in ether, and chlorine was passed into the ice-cold solution 
for 20 min. The solution was filtered and the white solid was 
retained. The white solid was insoluble in organic solvents 
but soluble in water to give an acid solution.

The white solid was suspended in spectro-grade carbon 
tetrachloride and an excess of 10% aqueous sodium hy
droxide was added to the ice-cold suspension. The mixture 
was allowed to stand at 0°, with occasional shaking, for 20 
min. Part of the carbon tetrachloride layer was removed. 
The infrared spectrum of this solution showed only very 
weak absorption. On standing, the aqueous solution de

posited 3,4-di(2-pyridyl)furoxan, m.p. 165-168° after re- 
crystallization from water.

A portion of the white solid was allowed to stand at room 
temperature for 48 hr. I t was then dissolved in water and 
the ice-cold solution was made alkaline. 3,4-Di(2-pyridyl)- 
furoxan, m.p. 163-168° after recrystallization from water, 
was precipitated.
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The pKa of pyrrole has been determined spec.trophotometrically using the Hammett H0 indicator method and is found 
to be —0.27. The problems caused by the acid-catalyzed polymerization of pyrrole have been overcome by a back-extrapola
tion method and a differential plot.

It has long been recognized that pyrrole is a very 
weak base although no reliable measurement of its 
pKa value has been made. Hall1 established a re
lationship between the basicity constants of a 
series of bases in a nonaqueous solvent and water, 
and showed that by titrating the bases in glacial 
acetic acid, the pKa values of certain bases, which 
could not be determined in aqueous solutions, could 
be predicted. Pyrrole was dissolved in glacial acetic 
acid and titrated conductometrically with perchloric 
acid; by inspecting the titration curve obtained, 
the approximate plva of pyrrole was reported to be 
+0.4. More recently, Tamres and co-workers'2 
found that for a series of closely related compounds 
there was a linear relationship between the acidity 
constants and the ability of these compounds to 
form hydrogen bonds. For a number of com
pounds related to pyridine it was shown that A v  =

14.8 plva +  136, where pKa is the acid dissociation 
constant of the compound and A v  the frequency 
shift in cm.-1 of the oxygen-deuterium stretching 
frequency in the infrared spectrum of methyl 
deuteroalcohol solutions. In the presence of pyr
role, A v  was 161 cm.-1 and therefore the p Iv, of 
pyrrole is 1.7 if the above linear relationship is 
applicable. However, too much reliance cannot be

(1) N. F. Hall, J. Am. Chem. Sac., 52, 5115 (1930).
(2) M. Tamres, S. Soarlos, E. M. Leighlv, and I). W.

Mohrman, J .  Am. Chem. Sue., 76, 3983 (1954).

placed on acid dissociation constants obtained from 
studies on hydrogen bonding for a number of 
reasons. For example, different steric and solvation 
effects will be involved with different pyridine 
bases; there is also a fundamental difference be
tween protonation of a pyridine type molecule 
where electrostatic forces are primarily involved, 
and hydrogen bond formation with such a com
pound in which a covalent bond is formed.2 More
over, in most pyridine type bases protonation takes 
place at the nhrogen atom, whereas in pyrrole it 
is possible that protonation takes place at a carbon 
atom. If carbon protonation occurs3 the above 
relationship between A v  and p l \ „  is less likely to 
be valid.

In spite of the fact that pyrrole is an extremely 
weak base a certain amount of the protonated 
species (a), (b), or (e) is formed when pyrrole is

H
(c)

added to mineral acids. The protonated ion of 
pyrrole is highly unstable and undergoes poly
merization very readily, one of the chief products 
of polymerization being the trirner, 2,5-dipyr-

(3) II. A. Pott;- and G. F. Smith, J. Chem. Sac., 4018 
(1957).
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rolylpyrrolidinc.3 The formation of polymers even 
in moderately strong acid solutions has been the 
main difficulty in the direct determination of the 
7>Iva of the very weak base, pyrrole. This paper is 
concerned chiefly with the elimination of the 
experimental difficulties caused by polymerization 
and the determination of the />Ka of pyrrole by a 
spectrophotometric method.

E X P E R IM E N T A L

Materials. A sample of pyrrole was kindly supplied by 
Ansul Chemical Company, Wisconsin. The compound had 
the following physical constants: B.p. 131° at 760 mm. 
pressure; n\° 1.5091. Perchloric acid obtained from General 
Chemical Company, New York, was used to prepare a 6M 
stock solution. This solution was diluted appropriately and 
used in all the spectrophotometric measurements.

Apparatus. A Gary Model 14 spectrophotometer with 1 
cm. silica cells was used for most of the preliminary work. 
Subsequent determinations were carried out with a Beckman 
Model DU spectrophotometer fitted with a photomulti
plier attachment using matched 1 cm. silica cells.

Absorption spectrum of pyrrole. A stock solution containing 
0.0522 g. pyrrole per 1. of water was used to make up a 
scries of solutions which ranged from 0.' to 1.1.1/ in per
chloric acid, each solution being 6.22 X 10_5.1/ in pyrrole. 
The absorption spectra of these solutions were determined 
using the Cary spectrophotometer. Fig. 1 shows the varia
tion of the ultraviolet absorption spectrum of pyrrole with 
acidity, for three of the solutions used. The absorption 
maximum was 204 ±  1 mg for all solutions; there was no 
measurable shift of the absorption maximum with variation 
in concentration of perchloric acid.

Variation of the absorption spectrum of pyrrole with time. 
Twenty-five-ml. portions of a stock aqueous solution of 
pyrrole containing 0.0506 g. pyrrole per 1. were pipetted 
into a series of volumetric flasks containing water and per
chloric acid. The final strength of the perchloric acid ranged 
from 5.04/ to 0.104/. The time of mixing for all the solu
tions was kept constant. The absorbance of the solutions 
containing a constant amount of pyrrole was read at 205 
nig in a 1 cm. silica cell, and absorbance readings were 
taken at definite time intervals in order to determine the 
concentration of acid below which polymerization was not 
appreciable (Table I). All measurements were made at 
25 ±  1°.

R E S U L T S

Tig. 1 shows that the absorbance of the pro
tonated form of pyrrole is appreciably greater than 
that of pyrrole. Therefore, it should be possible to 
determine the molar absorptivity of the cationic 
species of pyrrole, which is a proton donor, as well 
as the molar absorptivity of pyrrole, a proton ac
ceptor, by measuring the absorbance of a solution 
at a sufficiently high and at a sufficiently low 
acidity, respectively. The molar absorptivity of 
the unprotonated pyrrole was readily measured 
in solutions that were 0.10 to 0.405/ in per
chloric acid. Preliminary experiments had shown 
that in solutions that were greater than 2.0AI in 
perchloric acid, the protonated form of pyrrole was 
the predominant species present. However, if the 
solutions were greater than 1M  in perchloric acid 
polymerization takes place (Table I), thus making 
the direct determination of the molar absorptivity

M) in perchloric acid solutions. Legend.----- 1.00 M acid;
-----  0.500 M acid;------0.100 M acid

of the protonated species impossible. An approxi
mate value of the molar absorptivity of the pro
tonated form of pyrrole was obtained by plotting 
the absorbance values of the solutions against time 
and extrapolating to zero time. In the case of solu
tions that were 1.0 to 2.05/ in perchloric acid, the 
absorbance decreased relatively slowly with time 
and it was possible to extrapolate these values 
readily to zero time. If the perchloric acid con
centration was greater than 2.05/ there was a very 
rapid decrease in absorbance with time, thus in
troducing a great degree of uncertainty in the 
extrapolation. The best value for the molar absorp
tivity of the protonated form of pyrrole that was 
obtained by the extrapolation method was 7425, 
at 205 mg.

One of the most convenient methods of determin
ing significant pKa values of very weak bases is to 
make use of the H0 acidity scale.4 If the ionization 
of the protonated form of pyrrole is represented by

Ka
BH+ B +  H +

(4) M . A. Paul and F. A. Long, Chern. Revs., 57, 1 (1957).
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TABLE I
Variation of the Absorbance of an Acid Solution of P yrrole (7.54 X 10 64/) with T ime

Molaritj’ of 
Perchloric

Acid 5.00 
Time in Min.

3.00 2.00 1.20 1.10 
Absorbance at 205 mu

1.00 0.950 0.900

0 0.562a 0.558a 0.560a 0.522° 0 .505a 0 .497a 0 .490a 0.487a
4 0.475 0.518 0.555 0.512 — — — —
5 — — — — 0.504 0.495 0.490- 0.487
6 0.460 0.495 — — — — — —
8 0.450 0.485 — — — — — —

10 0.450 0.477 0.540 0.504 — — — —
20 0.450 0.470 0.528 0.498 0.498 — 0.486 0.486
30 0.450 0.467 0.520 — — — — —
40 — — — 0.488 0.494 — 0.484 0.485
50 — — 0.510 — — — — —
60 — — 0.506 0.486 0.492 0.493 — —

a Absorbance values extrapolated to zero time.

the absorbance of a solution containing both ionic 
species is given by

e.C =  ÉBH+ • C BH + +  i B C B

where the total concentration of pyrrole in the 
solution is given by

C  =  C bh  + +  C B

Cbh+ and CB are the concentrations in moles per 
liter, of the forms BH+ and B and e, «bh+, and 
eB the molar absorptivities at 205 m/r of a mixture 
of the two forms, of the protonated species and of 
the unprotonated species of pyrrole respectively. 
The ratio of the ionized to the unionized forms 
of pyrrole could be written as

Cbh * __ eB ~  e 
Cb e ~  ÎBH +

This ionization ratio is related to the acid ionization 
constant of pyrrole and the acidity function of the 
medium by the equation

Ho = pKa +  log ^  

or
Ho = pKa +  log 6 ~  tBH-

« B  —  e

Fig. 2. Determination of pKa using a linear plot

Fig. 3 Determination of pKa using a differential plot

As the values of H0 at selected molarities of per
chloric acid have been determined,4 the value of 
pKa can be calculated by a number of methods. 
If H0 is plotted against t, the value of H0 at which 
e = (eBH+ +  €b)/2  gives pKa; or if Ho is plotted 
against log (e — €BH+)/(«» — e) the intercept 
of the straight line obtained will give pKa (Fig. 2). 
However, there is seme uncertainty about the exact 
value of iBn+ since pyrrole polymerizes very rap
idly in solutions that are greater than 2M  in per
chloric acid. It is possible to determine the pKa of 
pyrrole even though the exact value of cbh + is 
not known. If de/dH0 is plotted against II0 the
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value of Ho at which d«/dH0 reaches a maximum 
gives p Iv, (Fig. 3). All values of II0 were obtained 
from tables.4 The value of ply, for pyrrole obtained 
from plots of the type shown in Figs. 2 and 3 is 
-0.27.

d is c u s s io n

The ultraviolet absorption spectrum of pyrrole 
in hexane consists of a strong band at 210 nipt 
(e = 15,000) and a very weak band at 240 nipt 
( e  = 300).5 The high intensity absorption is 
probably due to ir -*■ ir* transitions but the low 
intensity band cannot be attributed to the pres
ence of n —*■ tt* transitions in pyrrole. It has been 
reported that this low intensity band was not ob
served in the spectra of a number of a and /3-alkyl 
pyrroles in ethanol.6 On the other hand A'-methyl- 
pyrrole has an absorption band in the 240 mpi 
region7; this is probably due to the reduction in 
electronegativity of the nitrogen atom caused by the 
electron-releasing properties of the methyl group. 
This facilitates the participation of the nitrogen 
2p electrons in conjugation with the x-electrons in 
the pyrrole ring. Fig. 1 shows the ultraviolet spectra

(5) Menezel, Z. phi/sik. Chem., 125, 161 (1927).
(6) G. H. Cookson, J. Chem. Sor., 2785 (1953).
(7) G. Milazzo, Gazzetta, 74, 152 (1944).

of pyrrole in aqueous solutions containing per
chloric acid. In no case was a low intensity band in 
the 240 mpi region obtained. Therefore, on the basis 
of the ultraviolet spectra alone, it is apparently 
not possible to decide whether carbon protonation 
or nitrogen protonation occurs in pyrrole in the 
presence of acids.

The chemical reactions of pyrrole indicate that 
it is aromatic in character, the electrons on the 
nitrogen atom being delocalized on the four 
carbon atoms, thereby making the nitrogen atom a 
very poor proton acceptor. This, of course, implies 
that pyrrole should be a very weak base. This work 
has shown that pyrrole whose pKa is —0.27 is a 
weaker base than has been expected. Unfortunately 
no pKa values exist for related compounds for 
purposes of comparison. It would be of interest to 
determine the ply, values of substances such as 
indole or carbazole, which should also be very 
weakly basic, and also the acid dissociation con
stants of substituted pyrroles, notably iV-methyl- 
pvrrole.
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The synthesis of 2,5-cUphenylpvrrole (III) from /rans-l,4-diphonyl-2-butene-l,4-dione (I) via l,4-diphenyl-l,4-butanedione 
(II) has been elaborated. Optimum conditions for the conversion of I to II have been found to be the palladium catalyzed 
pressure hydrogenation of I in isopropyl alcohol at room temperature. The pyrrole ring most effectively may be formed from 
II with ammonia under pressure at 140-145°.

The relative stability of 2,5-diphenylpyrrole
(III) prompted us to include this compound in our 
investigations on new polymerizable heterocyclic 
compounds. Principally, there are two small-scale 
procedures for the synthesis of III, namely, by the 
ring-closing action of ammonia or ammonium ace
tate on either Hd-diphenyl-ljd-bucanedione1’2 (II) 
or ethyl phenacylbenzoylacetate.2 For the planned 
investigations it was necessary to elaborate a route 
by which a pure grade of III could economically be 
synthesized in larger quantities. Such a path lay in 
the reaction sequence starting with trans- 1,4-di- 
phenyl-2-butenc-l,4-dione (I), converting this into 
II and finally ring-closing this to III.

Chief difficulties in this reaction sequence were 
encountered particularly with the conversion of I

(1) A. F. Holleman, Tier. 20, 3361 (1887).
(2) S. Kapf and C. Paal, Her. 21, 3061 (1888).

into II. Although a variety of methods for reducing 
I to II is known, the procedures either require costly 
reagents or give low yields or furnish II along with 
other by-products. The latter are frequently the 
result of a pronounced tendency of I to take a bi- 
molecular course under certain reducing conditions. 
Thus, even in such reductions of I that superficially 
appear to proceed smoothly, for instance those ef
fected by zinc,3’4 we found as by-product a colorless 
compound melting at 159°. It has twice the molec
ular weight of I but does not respond to any car
bon-carbon double bond agents and is most prob
ably 4,5-dibenzovl-l ,2-diphenvl-l ,2-cyclohcxanediol
(IV)-5

(3) C. Paul and II. Schulze, Ber. 33, 3798 (1900).
(4) C. F. H. Allen, I). M. Young, and M. R. Gilbert, 

J. Org. Chem. 2,240 (1937).
(5) C. Weygand and W. Meuscl, Ber. 76, 498 (1943).
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Moreover, in one of the most simple and attrac
tive reducing methods of I, the catalytic hydrogen
ation, II is accompanied most of the time by prod
ucts of higher melting point ranges. Among the 
products resulting from the platinum catalyzed re
duction of I, 1,2,3,4-tetrabenzoylbutane (V),5’6
1-phenyl-2,3,4-tribenzoyl-l-cyclopentanol (VI)6 and 
IV7 have been identified. Based on the fact that 
small amounts of acid effect normal hydrogenation 
of the double bond in pseudocodeine,8 a method 
was worked out6 by which I was said to be cata- 
lytically reducible in ethylacetate at atmospheric 
pressure furnishing a 90-95% yield of II. However, 
even under these conditions II is formed along with 
considerable amounts of higher melting materials. 
In view of the fact that II in the presence of plati
num will undergo further reduction to 1,4-diphenyl-
1,4-butanediols (VII),6 we have investigated re
ductions of I with palladium catalysts. Our experi
ments have led to finding a set of conditions under 
which a 07% yield of pure II may be obtained. 
These conditions may be summarized as carrying 
out the palladium catalyzed reduction of I in iso
propyl alcohol at room temperature and an initial 
hydrogen pressure of 60 p.s.i.

A very effective means of following the course and 
testing the completion of reduction was by infrared 
spectroscopy. The infrared spectrum of I has been

(0) R. E. Lutz and F. S. Palmer, ■/. Anier. Chun. Soc. 
57,1957(1935).

(7) H. Keller, R. Pasternak, and II. v. Halban, Heir, 
('him. Acta 29, 512 (1946).

(8) R. E. Lutz and L. F. Small, J. Amer. Chew. Soc. 54, 
4715(1932).

obtained previously9 but covered the range of 700- 
1600 cm.-1 only. Furthermore, the sample had been 
mulled in mineral oil so that the region between 
1470-1570 cm.-1 could not be evaluated since this 
was obliterated by strong bands of mineral oil itself. 
Because of this, it proved to be necessary for our 
purpose to measure the infrared spectra of I and II 
over the full range of 700-4000 cm.“ 1 and to use the 
potassium bromide dispersion method. Upon com
paring the two infrared spectra of I and II, it be
comes apparent that, aside from several joint ab
sorption bands, the two compounds exhibit several 
individual marked frequencies by which their au
thenticity and purity may be identified. To the ab
sorption bands thav both compounds have in com
mon belong all those associated with the aromatic 
nucleus, namely, t ie  = C —H stretching mode at 
3010-3030 cm.-1, the C=C skeletal in-plane vibra
tions at 1590—1600 cm. -1 and 1440-1450 cm.-1, the 
990-1020 cm.-1 bands typical of substituted aro
matic rings, and the CH out-of-plane deformations 
between 710-80D cm.-1. Another band common to 
both I and II is the carbonyl stretching absorption 
at 1180-1190 cm.-1 exhibited by most aromatic 
ketones.10

Since the time < f the controversy whether the 
lower melting isomer of I were assigned the cis or 
irons configuration,11’12 considerable work has been

(9) L. P. Kuhn, R. E. Lutz, and C. R. Bauer, J. Amer. 
Chem. Soc. 72, 5058 (1930).

(10) X. B. Colthup, J. Opt. Soc. Amer. 40, 379 (1950).
(11) C. Paal and H. Schulze, Ber. 35, 168 (1902).
(12) I. Smedley, J. Chem. Soc. 95, 219 (1909).
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done on this question. However, the infrared spec
trum does not seem to have been consulted in this 
respect. Yet it contains strong bands at 970, 1290, 
and 1310 cm.-1 which arise from —CH =CII— de
formation vibrations. Of these, the first has been 
shown to be an out-of-plane deformation mode ap
pearing with trans double bonds only,13 while the 
latter twTo are commonly associated with —-CH= 
CH— in-plane deformation vibrations of trans di- 
substituted ethylenes.14 The strong absorption at 
1640 cm.-1 in the spectrum of I may be assigned to 
the stretching vibration of the carbonyl group, this 
being in conjugation with the ethylenic C=C  link.

According to the common rule that the carbonyl 
group of saturated ketones absorbs at a frequency 
that is about 40 cm.-I higher than that of a C=C  
conjugated C = 0  group, one would expect a shift 
to 1680 cm.-1 upon hydrogenating I to II. The 
infrared spectrum of II indeed confirms this ex
pectation. In addition to this, two more bands 
typical of saturated ketones’0-15 appear in the spec
trum of II, namely, at 1220 and 1350 cm.-1. Of 
course, in successful hydrogenation experiments the 
aforementioned bands arising from —CH=CH—• 
vibrations must not show up any more. Instead, the 
C—H stretching band due to the newly formed 
—CH2—CH2— group appears at 2910 cm.-1.

Our investigations of a suitable method for syn
thesizing III on a larger scale resulted in finding 
that the ring-closing reaction of II by means of am
monia, a method initiated by Holleman and later 
improved through introduction of a pressure tech
nique by Allen et al.,4 is best suited. However, we 
also found that the temperature in this reaction step 
is critical, in that with increasing temperature a red 
discoloration of the reaction mixture accompanied 
by the formation of a higher melting compound be
comes prevailing. This thermal effect is most prob-

(13) R. S. Rasmussen and R. R. Brattain, J. Phys. Chem. 
15,131 (1947).

(14) N. Sheppard and G. B. B. M. Sutherland, Proc. 
Roy. Soc. A196, 195(1949).

(15) S. A. Francis, J. Chem. Phys. 19, 942 (1951).

ably identical wTit,h the light-induced action of am
monia on III resulting in a ring expansion with 
formation of 2,6-diphenyl-4(3)-pyrimidone (VIII) .16 
Optimum temperature for the ammonia-pressure- 
conversion of II to III has now been found to be at 
140-145°.

E X P E R IM E N T A L 17

1.4- Di-phenyl-l,4-butanedione (II). The ¿rani>-l,4-diphenyl-
2-butone-l,4-dione (I) used was a commercial grade which, 
prior to hydrogenation, was recrystallized from ethanol 
and exhibited then a melting point, of 111-112°.

A suspension of 75 g. (0.3 mole) of I, 1 g. of 10% palladium 
on powdered charcoal catalyst, and 20 ml. of cone, hydro
chloric acid in 2000 ml. of isopropyl alcohol was agitated at 
room temperature in an autoclave18 under an initial hydrogen 
pressure of 60 p.s.i. until an amount of 0.95-1.0 mole of hy
drogen had been taken up (approx. 15 min.). Then the mix
ture is heated to boiling and filtered hot. Upon cooling, 51 
g. (67% yield) of long white needles of II was obtained, 
m.p. 147-148°. A specimen prepared for analysis and the 
infrared spectrum by recrystallization from absolute ethyl 
alcohol melted at 148-149°.

Anal. Calcd. for C1SH„02: C, 80.65; H, 5.92. Found: C, 
80.73; H, 5.80.

2.5- Diphenylpyrrole (III). To 1000 ml. of absolute ethyl 
alcohol saturated with dry ammonia gas under ice cooling 
was added 150 g. (0.6 mole) of powdered II and the mixture 
heated in a sealed pressure vessel18 for 6 hr. at 140-145°. 
After cooling, the reaction contents were poured into 2000 
ml. of water when III was precipitated as a pale yellow solid. 
Vacuum-filtered and dried, it amounted to 134 g. (97% 
yield based on II) and melted at 142-144°. It could best be 
purified by recrystallization from a 4:1 ethyl alcohol-water 
mixture; silver gray scales, m.p. 143-144°.

Anal. Calcd. for Ci6Hi3N: C, 87.63; H, 5.98; N, 6.39. 
Found: C, 87.49; H, 6.01; N, 6.50.

The infrared measurements were made on a Perkin- 
Elmer double beam spectrophotometer, Model 137. The 
spectra refer to potassium bromide disks.

D earborn, M ich .

(16) S. Capuano and L. Giammanco, Gazz. chim. ital. 
85,217(195.5).

(17) All melting points were determined using a Fisher- 
Johns melting point apparatus.

(18) The autoclave used was a “Magne Dash High 
Pressure” type (Autoclave Engineers, Inc., Erie, Pennsyl
vania) constructed of 316 stainless steel and agitated by 
magnetic action of a dasher.
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Three related series of bicyclic substituted pyridines have been prepared, differing from one another in the size of the 
oarbocyclic ring fused in the 2,3-position. The cyclopentane, cyclohexane, and cvcloheptane rings were the carboevclic rings 
fused in the 2,3-positions. Other substituent groups have been placed in the 5-position, the 6-position, or the 5- and 6- 
positions of the pyridine nucleus. Evidence is also presented showing that it is possible to reduce selectively nitriles to primary 
amines or secondary amines, by adjusting the acidity of the solution.

The compounds synthesized during the present 
investigation were prepared in order to correlate 
the effect of the variation of substituents on the 
pyridine ring with changes in the infrared absorp
tion spectra. In addition, these compounds might 
prove useful physiologically as they are related to 
some vitamins. The bioassays, which are being 
conducted, and the study of the infrared spectra 
will be reported elsewhere.

The general synthetic reaction scheme is il
lustrated in Fig. 1. The reactions were standard 
in nature, except for the hydrogenations, which are 
discussed later in this paper.

g. of Ilia  dissolved in 20 ml. of absolute alcohol. The flask 
containing the solution was stoppered loosely and placed 
on a hot plate at about 00° for 2 hr. The solution was filtered 
while warm to remove most of the sodium chloride, cooled 
in an ice bath and the white crystalline product was filtered. 
The solution developed a grayish color as the reaction pro
ceeded. The yield was 2.5 g. (86%), m.p. 114-114.5° after 
one recrystallization from methanol.

Anal. Calcd. for G 0H10N2O: N, 16.1. Found: N, 16.1.
6,7-Dihydro-3-cyano-l,5-pyrindine (Va). To 160 ml. of a 

1% solution of sodium hydroxide in absolute ethanol was 
added 3.0 g. of Ilia. To this solution was added 2.0 g. of a 
catalyst consisting of 5% palladium on charcoal. The mix
ture was hydrogenated using the Parr pressure reaction ap
paratus, under about 25 p.s.i. hydrogen pressure. The theo
retical amount of hydrogen was taken up in 3 min., and after

vJX 21 Olu + CNCHgCONHg
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(CH2)n 

XI a.b.c
• € 0 ‘(«'Ali

XII a.b.c

Fig. 1. Reaction scheme. For “a” compounds n — 1. For “b” com
pounds n = 2. For “c” compounds n = 3

E X P E R IM E N T A L

Compounds II through III were prepared as reported 
previously.4

6,7-Dihydro-,2-methoxy-3-cyano-l,5-pyrindine (IVa). To 33 
ml. of freshly prepared lAr sodium methoxide was added 3.0

(1) Abstracted from the dissertation of Edith M. Godar 
submitted in February of 1959 to the Graduate School of 
Loyola University, Chicago, in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy.

(2) Dreyfus Foundation Fellow, 1956-58.
(3) To whom all inquiries should be sent.
(4) E. M. Godar and It. I’. Mariella, J. Am. Client. Soc., 

79, 1402 (1957).

1 more min. the shaker was turned off, 3 ml. concentrated 
hydrochloric acid was added, and the mixture filtered. The 
catalyst was washed three times with small portions of 95% 
ethanol. The resulting solution was evaporated at reduced 
pressure, and about 10 ml. of water containing 3 ml. con
centrated hydrochloric acid added. The solution was filtered 
and brought to a pH of about 5 to precipitate the product. 
The white crystals were filtered and air dried. The yield in 
a typical run was 2.1 g. (87%), m.p. 88°. The product would 
not form a picrate.

Anal. Calcd. for C9H8N2: N, 19.4. Found: N, 19.4.
6,7-Dihydro-l,o-pynndine-3-carboxylic acid (Via). This 

acid was prepared by refluxing 1.5 g. Va for 8 hr. with 20 ml. 
of 6N  hydrochloric acid. After refluxing, the solution was 
cooled and 50% aqueous sodium hydroxide added dropwise
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until a precipitate formed. This occurred at. about pH 5. 
The precipitate was filtered, washed with several small por
tions of water, and air dried. Yield, 1.5 g. (88.5%), m.p. 
223-225°.

Anal. Calcd. for CgHgNfL: N, 8.0. Found: X, 8.3.
6.7- Dihydro-3-carboethoxy-l,5-pyrindinc (Vila). To 15 ml. 

of absolute ethanol in a 50-ml. flask was added 1.5 g. of 
Va. Then G.8 ml. of cone, sulfuric acid was added and the 
reaction mixture heated at reflux for 12 hr. The solution 
was cooled, filtered, and made alkaline with 20% aqueous 
sodium hydroxide. The alkaline solution was extracted with 
three small portions of ethyl ether, the ether layer dried, and 
evaporated. Yield after one recrystallization from 95% 
ethanol was 1.3 g. (05.5%), m.p. 12°. This compound w'ould 
not form a picrate.

Anal. Calcd. for CnH13X 02: N, 7.3. Found: X, 7.1.
6.7- Dihydro-3-aminomethyl-l ,5-pyrtndine dihydrochloride 

(Villa). To a solution of 2.4 g. of Va in 100 ml. of absolute 
ethanol was added 3.0 g. of 5%, palladium and 4.0 ml. of 
cone, hydrochloric acid. The pressure reaction flask con
taining the mixture was placed in the Parr hydrogenation 
apparatus and shaken at about 35 p.s.i. of hydrogen. The 
theoretical uptake occurred in about 3 min. and the shaking 
was continued for another 10 min. with no further reaction. 
The flask was removed from the apparatus and the con
tents filtered through a Buchner funnel. The catalyst was 
w'ashed three times with 95% ethanol and the washings 
added to the filtrate. The cthanolic solution was evaporated 
under reduced pressure. Absolute ethanol was added during 
the evaporation in small portions until the amine dihydro
chloride precipitated from the solution. At this time about 
50 ml. of absolute ethyl ether was added and the powdery 
white crystals filtered from the solution. The dihydrochlo
ride was allowed to dry in air. The yield in a typical reaction 
was 2.5 g. (85% ), m.p. 208-210°.

Anal. Calcd. for CsHuChX»: X, 12.7. Found: X", 12.7.
V illa may also be prepared from I lia  as follows. To about 

1 (50 ml. of a 1% solution of sodium hydroxide in absolute 
ethanol containing 2.0 g. of 5% palladium on charcoal wras 
added 3.0 g. of Ilia. The mixture was placed in the low 
pressure hydrogenation apparatus and shaken at about 25 
p.s.i. until one third of the theoretical amount of hydrogen 
was consumed. This occurred in 2 min. and the shaking wras 
continued for 1 min. more. The shaker was turned off, 8 ml. 
of cone, hydrochloric acid was added and the hydrogenation 
was resumed. The theoretical amount of hydrogen was taken 
up in about 5 min. and the shaking was allowed to proceed 
for another 5 min. The bottle was removed from the ap
paratus and the contents filtered through a Buchner funnel. 
The precipitate was washed three times with 95% ethanol. 
The ethanol solution was evaporated as described above. 
The yield in a typical reaction was 2.8 g. (70%). The infra
red spectrum of this compound was identical with that of the 
compound prepared by the alternate method.

6.7- Dihydro-3-hydroxymethyl-l ,5-pyrindine hydrochloride 
(IXa). A solution of 2.2 g. of the dihydrochloride of V illa 
in approximately 40 ml. of water was prepared. A solution 
of 3.4 g. sodium nitrite in about 40 ml. of water was also 
prepared. These solutions were placed in separate burets 
whose tips were immersed in 150 ml. of 20%, hydrochloric 
acid in a 250-ml. beaker and run in slowly at room tempera
ture. The reagents were added at a slow enough rate to keep 
the evolution of nitrogen oxides to a minimum. The solution 
was stirred until the evolution of gas ceased. Then it was 
heated to boiling for several minutes. The solution was 
evaporated under reduced pressure with the concurrent 
addition of absolute ethanol. When all the water had been 
displaced the remaining salts were extracted three times 
with hot absolute ethanol and the ethanol filtered. The result
ing solution was reduced in volume and the hydrochloride of 
the alcohol completely precipitated by the addition of 25 
ml. of absolute ethyl ether. The solution was filtered and the 
white crystalline solid dried in a desiccator. Yield 1.3 g. 
(60%), m.p. 130°.

Anal. Calcd. for C9HI2C1X0: X, 7.6. Found: X, 7.8.
IXa may also be prepared from the corresponding ester 

Vila, by reduction with lithium aluminum hydride. One- 
tenth g. of V illa was dissolved in 5 ml. anhydrous ether 
and 1.0 ml. of 0.5S4.V lithium aluminum hydride in ether 
added. The mixture was stirred for several minutes and 
several drops of 50% aqueous sodium hydroxide solution 
added. The mixture was extracted several times with 2-3 
ml. portions of ether and the ether evaporated. Yield 0.055 
g. (71%,). The infrared spectrum of the hydrochloride of 
this compound was identical with that of the compound 
prepared by the alternate method.

Di([6,7-dihydro-l,5-pyrindine-f}-yl}methyl) amine (Xa). A 
pressure bottle containing 3.0 g. of Ilia, 6 g. of ammonium 
carbonate, 2.0 g. of a catalyst consisting of 5% palladium 
on charcoal and about 80 ml. absolute ethanol was placed 
in the Parr low pressure hydrogenation apparatus and the 
contents shaken under a hydrogen pressure of about 15 
p.s.i. The reaction was complete in 40 min. The solution 
was filtered and the catalyst washed three times with small 
portions of 95% ethanol. The ethanol was evaporated under 
reduced pressure with the concomitant addition of absolute 
ethanol to displace any water present. The amine hydro
chloride precipitated from ethanol and was filtered. The 
free amine was obtained by dissolving the hydrochloride in 
dilute hydrochloric acid and making the resultant solution 
basic with sodium hydroxide. The alkaline solution was ex
tracted with ether until no more oil was apparent ; the ether 
solution was dried with anhydrous potassium carbonate. 
Upon evaporation of the ether the free amine was obtained, 
m.p. 118°, yield, 2.1 g. (89.5%).

Anal. Calcd. for Ci8H21X3: N, 15.0. Found: N, 15.0.
Di( [6,7-dihydro-l ,5-pyrind-f3-yl]methyl)-N-nilrosamine 

(XIa). To 1.5 g. of the monohvdrochloride of Xa in a 25- 
ml. Erlenmeyer flask was added 6.7 ml. of a 10% solution 
of sodium nitrite in cone, sulfuric acid. The resulting solu
tion was placed on a hot plate at about 50° for 1 hr. After 
this time the acid mixture was poured over about 100 g. ice 
and the solution allowed to come to room temperature. It 
was heated to boiling to expel any fumes from unreacted 
nitrite. The solution was cooled and neutralized with 50% 
aqueous sodium hydroxide. A precipitate formed which was 
allowed to settle overnight, and was filtered from the solu
tion and washed with a small amount of water. The yield 
was 1.2 g. (82%), melting point after one recrystallization 
from absolute ethanol was 146-148°.

Anal. Calcd. for C18H2oN40: C, 70.0; II, 6.5; X, 18.2. 
Found: C, 69.6; H, 6.4; X, 18.9.

The nitrosamine was difficult to purify as such, but readily 
formed a dipicraie, m.p. 203.5-204.5°. This w'as analyzed by 
titration in glacial acetic acid using perchloric acid as the 
titrant.

Anal. Calcd. for C3oH26Xi(j013: Equivalent weight 384. 
Found: 387.

Attempted preparation of di{[6,7-dihydro-l,5-pyrind-f3-yl}- 
methyl)hydrazine (Xlla). To 7.2 ml. of 0.584V lithium 
aluminum hydride was added a solution of 1.2 g. of XIa in 
20 ml. of dry ethyl ether. The mixture w'as stirred for an 
hour after all the reagents had been added. The excess 
hydride was decomposed with water and 0.3 g. sirupy 
phosphoric acid was added. The resulting mixture was ex
tracted three times with ether. After the ether was evapo
rated 1.1 g. of an oil w'as recovered, which proved to have 
an infrared spectrum identical with that of the free base of 
compound Villa, and w'as therefore a primary amine. XTo 
hydrazine w'as obtained, although a small amount of the 
starting compound was recovered.

6,7-Dih ydro-2-chloro-l ,5-pyrind ine-3-carboxyl ic acid
(XIHa). To 25 ml. of a 5% aqueous solution of sodium 
hydroxide in a 50-ml. flask was added 1.5 g. of Ilia. The 
mixture was heated under reflux for 4 hr. The solution was 
cooled and acidified. The white precipitate which formed 
was filtered and washed several times with small portions 
of water. Yield, 1.5 g. (96%), m.p. 206-208°.
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Anal. Calcd. for C9HSC1X02: X, 7.1. Found: X, 7.2.
Attempted preparation of 6,7-d ihydro-2-chloro-l,5-pyrindine 

(XlVa). This compound had boon previously prepared by 
another route, 1 but it was thought that it could be prepared 
also by the decarboxylation of compound XHIa. When an 
attempt was made to decarboxylate this compound by 
heating above the melting point, only hydrochloric, acid was 
evolved. All attempts to separate material from the residue 
yielded only unchanged chloropyrindine. No attempts were 
made to identify the material resulting from the removal of 
hydrochloric acid from the molecule.

'[’he remaining two series of compounds were prepared by 
the same methods as used for the 0,7-dihvdropyrindines. 
Therefore, the yields and physical constants are noted 
here:

6.7.8.9- T'etrahydro-2-methoxy-S-cyanoquinoline (IVb). 
(79%), m.p. 106-106.5°.

Anal. Calcd. for CnHi2N20 : N, 14.9. Found: N, 15.0.
6.7.8.9- TetrahydrtbS-cyanoquinoline (Vb). (96%,), m.p. 

81-82°.
Anal. Calcd. for C]oHi0N2: N, 17.7. Found: N, 17.6.
6.7.8.9- Tetrahydroquinoline-3-carboxylic acid (VIb). 

(89.5%), m.p. 240° dec.
Anal. Calcd. for C10HuNO2: N, 7.9. Found: N, 7.9.
6.7.8.9- Tetrahydro-3-carboethoxyquinoline (Vllb). (67%),

b,.i 126°.
Anal. Calcd. for C^HisNCh: N, 6.8. Found: N, 6.9.
6.7.8.9- Tetrahydro-3-anxinomeihylquinoline dihydrochlori.de 

(VUIb). (71.5%), m.p. 227-230°.
Anal. Calcd. for C,oHi6Cl2N2: N, 11.9. Found: N, 11.9.
6.7.8.9- Tetrahydro-3-hydroxymethylquinoline hydrochloride 

(IXb). (70%), m.p. 147°.
Anal. Calcd. for CioHuClNO: N, 7.0. Found: N, 7.1.
Di-( [6,7,8,9-letrahydroquinol-9-yl]methyl)amine (Xb).

(88%), m.p. 79-80°.
Anal. Calcd. for C2oHo5N3: N, 13.7. Found: N, 13.8.

Di-( [6,7,8,9-tetrahydroquinol-l3-yl]methyl)-N-niirosamine 
(Xlb). (81.5%), m.p. 100-101°, picrate m.p. 180-182°. 
This compound was analyzed as the picrate, as the amine 
was difficult to obtain in crystalline form.

Anal. Calcd. for C32H30X10O15: X, 17.6. Found: X, 17.6.
6.7.8.9- Tetrahydro-sl-chloroquinoline-8-carboxylic acid 

(XHIb). (91.6%), m.p. 179-180°.
Anal. Calcd. for CioHioC1X02: N, 6.6. Found: N, 6.7.

6.7.8.9- Tetrahydro-2-melhoxy-3-cyano-5-cyclohepla(b)pyri- 
dine (IVc). This compound formed much more slowly than 
did the other two compounds of this type, as evidenced by 
the time of appearance of color in the solution. The solu
tion developed only a slight yellow color during the course 
of the reaction. (68%) after two recrystallizations from 
methanol. M.p. 82-84°.

Anal. Calcd. for CI2HI4N20: N, 13.9. Found: N, 13.8.
6.7.8.9- Telrahydro-3-cyano-5-cyclohepta(b)pyridine (Vc). 

(98%), m.p. 89-90°.
Anal. Calcd. for CnHI2N2: X, 16.3. Found: N, 16.1.

6,7,8,9-Teirahydro-5-cyclohepta(b)pyridine-3-carboxylic 
acid (Vic). (90%,), m.p. 218°.

Anal. Calcd. for CnH13XO.,: N, 7.3. Found: N, 7.5.
6.7.8.9- Tetrahydro-3-carboethoxy-5-cyclohepta( b)pyridine 

(Vile). (78.5%), m.p. 52°.
Anal. Calcd. for C13HnX 02: X, 6.4. Found: X, 6.5.

6.7.8.9- Tetrahydro-3-aminomethyl-5-cyclohepta(b)pyridine 
dihydrochloride (VIIIc). (86.5%), m.p. 226-227°.

Anal. Calcd. for CUH18C12N2: N, 11.2. Found: X, 11.0.
6.7.8.9- Tetrahydro-3-hydroxiymethyl-5-cyclohepta(b)pyridine 

hydrochloride (IXc). (80%), m.p. 127-128°.
Anal. Calcd. for CuH16C1NO: X, 6.6. Found: N, 6.6.

Di-( [6.7.8,9-tetrahydro-5-cyclohepta(b)pyrid-fl-yl ]methyl) 
amine (Xc). (82.5%,), m.p. 86-87°.

Anal. Calcd. for C22H29X3: X, 12.5. Found: X, 12.6.
Di-{ \6,7,8,9-teirahydro-5-cyclohepta(b)pyrid-fi-yl |methyl)- 

N-nitrommine (Xle). (84%,), m.p. 168.5-169°.
Anal. Calcd. f ir C22H2sN40: X, 15.4. Found: N, 15.6.
t.t,7,8,9-Telrahydro-2-chloro-5-cyclohepta{b)pyridinc-8-car- 

bnxylic acid (XIIIc). (92.5%), m.p. 168-170°.
Anal. Calcd. for CnHisOlXO*: X, 6.2. Found: N, 6.4.

Discussion of hydrogenation procedures. The 
first attempts to convert the cyanochloropyridines 
to aminomethylpyridines were made by the use of 
the procedure employed by Perez-Medina, Mar- 
iella, and McElvain.5 6 These authors had used 
this method successfully to reduce some mono- 
cyclic cyanochloropyridines to the corresponding 
primary amines.

When this procedure (palladium on charcoal in 
acidic solution) was used with the bicyclic cyano- 
chloropyridines, it was found that the uptake of 
hydrogen was very slow, the yields poor, several 
products were formed, and about half of the start
ing material was recovered.

Similar reductions in strongly basic solutions or 
in the presence of an excess of ammonium carbonate 
resulted in a reasonable rate of reduction (one hour 
and a half) with the formation of the corresponding 
secondary amines.

It was also discovered that in a slightly basic 
or neutral solution, the hydrogenations of the bi
cyclic cyanochloropyridines proceeded rapidly to 
about one third of theoretical and stopped. When 
an excess of acid was then added, the remainder 
of the theoretical amount of hydrogen was absorbed 
quickly. From this it follows that the halogen is 
rapidly removed in base (two to three minutes) 
and the nitrile easily and quickly reduced (three to 
six minutes) in acid to form the primary amine.

In order to check these procedures a series of 
halogen compounds were hydrogenated in the 
presence of sodium hydroxide. The compounds 
used were chlorobenzene, whose halogen was 
completely removed in forty-five minutes; bromo- 
benzene, four minutes; iodobenzene, three minutes; 
and 2-bromopyridine in six minutes. Samples 
of benzonitrile and nicotinonitrile did not absorb 
hydrogen under the basic conditions used.

Using the acidic ethanolic medium the following 
nitriles were reduced to primary amines: nicotino
nitrile in twenty-five minutes, 6,7-dihydro-3- 
cyano-l,5-pyrindine in five minutes, 6,7,8,9-tetra- 
hydro-3-cyanoquinoline in ten minutes, and G,7,8,9- 
tetra-3-cyano-5-cyclohepta(b) pyridine in three 
minutes.

Chicago 26, III.

(5) L. A. Poroz-Medina, R. P. Mariolla, and S. M. Mc-
Elvain, .7. Am. Chem. Soc., 69, 2574 (1947).
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The synthesis of 4-methyl-3-pyridineearboxaIdehyde has been accomplished bv an unequivocal route. The syntheses of 
several new 4-methyl-3-substituted pyridines have been carried out and the methods for the preparation of others have 
been improved.

In general, isoquinoline compounds are prepared 
from 2-arylethylamine derivatives or alkyl aldimine 
compounds (both containing a preformed benzene 
ring) by intramolecular cyclization.4 This investi
gation is directed toward the synthesis of iso
quinoline compounds from a preformed pyridine 
nucleus. Such a route would allow the intro
duction of complex substituents in the 6- and 7- 
positions at a late stage in the synthesis and would 
be particularly applicable to certain of the bis- 
benzylisoquinolinc alkaloids. For this purpose,
4-methyl-3-pyridinocarboxaldehyde, X, presents 
two reactive functional groups, a 7-methvl group 
and a carbonyl, which could conceivably be con
verted into carbons five and eight of the isoquino
line molecule.

3-Cyano-4-methylpyridine, V, was chosen as a 
starting point for the synthesis of the desired alde
hyde. The preparation of this nitrile was carried 
out by ring closure5 followed by synthetic opera
tions. This is in contrast to the reported synthesis67 
which involved substitution reactions on a pyridine 
nucleus. Thus, 3-cyano-2,6-dihydroxy-4-methyl- 
pyridine, III, which had been previously prepared 
in low yield by Guareschi8 and Hope,9 was ob
tained, as a salt, in yields of 85 to 95% by the con
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densation of ethyl acef oacetate and cyanoacetamide 
in the presence of a mole of piperidine or potassium 
hydroxide. In contrast to previous work,9 the 
intermediate piperidinium or potassium salts, 
I and II, were isolated. This isolation might have 
been the reason for our near quantitative yields. 
The proposed structures of these salts are based 
upon their water solubility, elemental analysis, 
and the fact that I can be obtained by neutraliza
tion of 3-cyano-2,G-dihydroxy-4-methylpyridine 
with piperidine. The dihydroxypyridine, III, 
itself was obtained in essentially quantitative yield 
by the acidification of the salts. The conversion 
of 3-cyano-2,6-dihydroxy-4-methylpyridine to the 
corresponding 3-cyano-2,6-dichloro-4-methylpyri- 
dine, IV, in yields of 89 to 97% was effected by a 
fivefold excess of phosphorus oxychloride at ele
vated temperature. The dichloride did not form 
a hydrochloride or a picrate. Ilydrogenolysis of
3-cyano-2,6-dichloro-4-methylpyridine proceeded 
satisfactorily in the presence of palladium (from 
palladium chloride) to give 3-cyano-4-methylpyri- 
dine, V, in yields of about 87%. The overall yield 
for the three steps was G6 to 80%.

Attempts to prepare 4-mcthyl-3-pyridinecarbox- 
aldehyde, X, directly from the nitrile, V, failed. 
Controlled lithium aluminum hydride reduction,10 
sodium aluminum triethoxyhydride reduction,11 
Stephen’s reduction,12 and a modified Stephen’s 
reduction13 yielded only traces of the a l d e h y d e ,  

isolated as the 2,4-dinitrophenylhydrazone. There
fore, a somewhat more involved and indirect ap
proach based upon ethyl 4-methyl-3-pyridine- 
carboxylate, VII, was followed.

4-Methyl-3-pyridinecarboxylic acid (homonico- 
tinic acid, XI) had been prepared by the oxidation 
of 4-mothylquinoline (lepidine)14 and by the strong 
base6 or strong acid7 hydrolysis of 3-cyano-4- 
methvlpyridine, V. In view of the difficulties in-
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volvcd in these reactions, it was of interest to study 
the direct conversion of the nitrile, V, to ethyl
4-methyl-3-pyridinecarboxylute. The conversion 
was accomplished successfully with sulfuric acid in 
absolute alcohol at elevated temperatures and pres
sures, although the ester, VII, was obtained in 
yields of only 48% and was contaminated by 
traces of nitrile. A better preparation of this ester 
involved the conversion of the nitrile to 4-methyl-3- 
pvridinecarboxamide, VI, by partial hydrolysis 
in the presence of Amberlite IRA-400 (over 90%)15 16 
followed by alcoholysis in absolute ethanol and 
anhydrous hydrogen chloride.16 The ester was ob
tained in yields of 75 to 85% and its infrared spec
trum showed the complete absence of any nitrile 
or amide impurity. The amide was characterized 
as a picrate and a hydrochloride and the physical 
constants of the ester agreed with those in the 
literature.17

The preparation of 4-methyl-3-pyridinecarbox- 
hydrazide, VIII, was undertaken, as it was re
ported18 that periodate oxidation of nicotinic acid 
hydrazide gave reasonable yields of nicotinalde-

(15) A. Galat, J. Am. Chem. Soc., 70, 3945 (1948).
(16) F. Galinovsky and G. Kainz, Monatsh., 77, 137
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(18) H. N. Wingfield, W. R. Harlan, and H. R. Hanmer, 

J. Am. Chem. Soc., 74, 5796 (1952).

hyde. The conversion of ethyl 4-methyl-3-pyridine- 
carboxylate, VII, to the hydrazide, VIII, proceeded 
smoothly in yields of about 90%, and oxidation 
of the hydrazide with sodium metaperiodate gave 
low but isolabi e yields (22 to 30%) of 4-methyl-3- 
pyridi 11 ecar 1 )oxa 1 dehyde, X. Repeated attempts 
to increase this yield were not successful.

The attempted conversion of 4-methyl-3-pyri- 
dinecarboxamide to the hydrazide, VIII, by the 
transamidation reaction of Galat and Elion19 
was not successful but yielded interesting results. 
Thus, the fusion of 4-methyl-3-pyridinecarbox- 
amide with hydrazine dihydrochloride gave, in 
13% yield, l,2-bis(4-methyl-3-pyridinoyl) hydra
zine, XV. Confirmation of this result was estab
lished by an alternate synthesis of XV from 4-

methyl-3-pyridinecarboxhydrazide, VIII, l>y mer
curic oxide oxidation.20 It was observed that this 
oxidation yielded not only the diacylhydrazine, 
XV, but the desired aldehyde, X, which could 
be isolated in yields of 27 to 30% as its 2,4-dini- 
trophenylhydrazone. However, the reaction was 
considered inadequate as a preparative method 
for the aldehyde.

Finally, ethyl 4-methyl-3-pyridinecarboxylate 
was reduced in good yield (80%) to 3-hydroxy- 
methyl-4-methylpyridine, IX, with lithium alumi
num hydride.21’22 This carbinol was converted to 
4-methyl-3-pyridinecarboxaldehyde in 52 to 64% 
yield by oxidation with lead tetraacetate.21 The 
aldehyde was characterized as a 2,4-dinitrophenyl- 
hydrazone, an oxime, a semicarbazone and a di- 
methylhydrazone, XIV .23 The aldehyde is soluble 
in ether, chloroform, benzene, ethanol, and partially 
soluble in water, but is insoluble in hexane.

4-Methyl-3-pyridinccarboxaldehyde, X, is ex
tremely e a s i l y  oxidized by air to 4-methyl-3- 
pyridinecarboxylic acid, XI. This reaction con
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stitutes ¡i structure proof, as the acid isolated is 
identical in all respects with an authentic sample 
prepared by the acid hydrolysis7 of o-cyano-4- 
methylpyridine. 2 - Methyl - 2 - pyridinecarbox- 
aldehyde has been reported24 to form a self conden
sation product on standing. Although 4-methyl-3- 
pyridinecarboxaldehyde is very easily oxidized, 
no dimerization product was observed.

The cyclic ethylene acetal, XII, and ethyl 
(4-methyl-3-pyridal)malonate, XIII, were pre
pared in order to explore the reactions of this new 
aldehyde and to test possible synthetic approaches 
to 6,7-disubstituted isoquinolines. The acetal, 
XII, was prepared (60%) by the procedure of 
Salmi25 although it was necessary to modify the 
isolation method somewhat. The acetal was 
characterized as a picrate. Ethyl (4-methyl-3- 
pyridal)malonate, XIII, was prepared (69%) 
according to the method of Allen and Spangler26 
for the preparation of ethyl benzalmalonate. This 
ester, XIII, appears to hydrolyze and decai'box- 
vlate with great ease, as attempts to prepare its 
picrate yielded a compound whose analysis agrees 
closely with that of the picrate of t3-(4-methyl-3- 
pyridyl)acrylic acid.

E X P E R IM E N T A L 27

3-Cyano-2,6-dihydrnxy-4-meihylpyridi.ne, III; piperidine 
method.2* A mixture of 210 g. (2.5 moles) of c.yanoaeetamide, 
316 ml. (325 g., 2.5 moles) of ethyl acetoacetate, 250 ml. 
(213 g., 2.5 moles) of freshly distilled piperidine, and S00 
ml. of methanol was refluxed until crystals began to separate 
from the reaction mixture and then for 1 hr. more (total time, 
about 24 hr.). The mixture was allowed to cool and the 
crystalline salt was separated by filtration and washed 
thoroughly with methanol to yield 34S g. of the white 
piperidinium salt of 3-cyano-2,<)-dihydroxy-4-methylpyri- 
dine, m.p. 220-235° (dec.). The salt gave a deep blue colora
tion with 5% alcoholic ferric chloride and turned pink in 
moist air.

Anal. Calcd. for (', 6!.25; II, 7.28: X, 17.80.
Found; C, 01.28: H, 7.37: X, 17.8!.

A compound identical with the above salt in all respects 
was formed by heating equimolar amounts of piperidine and
3-cyano-2,6-dihydroxy-4-niethylpyridine in ethanol.

The salt was dissolved in warm water, filtered, and allowed

(24) A. Dornow and II. Bormann, ('.hem. Bcr., 82, 210
(1949).

(25) E. J. Salmi. Her., 71, 1803 (1938).
(26) C. I'. II. Allen and F. IV. Spangler, Ory. Syntheses, 

Coll. Vol. Ill, 377 (1955).
(27) All melting points were taken on a Ivofler Micro 

Hot Stage Apparatus and are corrected. The analyses were 
performed by Geller Laboratories of Barconia, X". Y., and 
I)rs. Weiler and Strauss of Oxford, England. We would like 
to thank the Rohm and Haas Co. of Philadelphia, the Kay- 
Fries Co. of West Haverstraw, N. J., and the General 
Aniline and Film Co. of Easton, Pa., for gifts of Amberlite 
IRA-400, cyanoacctamide, and diglyme (dimcthyldicth- 
yleneglvcol) respectively.

128) This is a modification of a procedure used [T. It. 
Govindaehari, Iv. Xagarajan, and S. ltajappa, ./, Chem. Soc., 
551 (1957)] for the synthesis, in pour yield, of 3-cyuno-2.6- 
dihydroxy-4-ethylpyridine and ultimately 3-cyaiio-1-ethyl- 
pyridine.

to cool. Additional water was added, if needed, to dissolve 
any precipitate and the solution was cautiously acidified 
with concentrated hydrochloric acid and allowed to cool. 
The product was separated by filtration, washed with 
methanol, water, and methanol again, and dried at 60° to 
yield 257 g., m.p. 295-300° (dec.), lit..,8'9 chars at 300- 
304°, m.p. 316-319° (dec.). An additional 97.5 g. (total,
354.5 g., 94.5%) was obtained by acidification of the filtrate 
from the piperidinium salt. A sample recrystallized from 
ethanol-water melted at 315-320° (dec.). The compound 
gave a blue-green coloration with aqueous potassium nitrite, 
a violet color with 5% ferric chloride solution and turned 
green on standing in moist air.

3-C yano-2,6-dih ydrt x y-/r mcth yl pyridine; potassium hy
droxide method.. A mixture of 336 g. (4 moles) of cyano- 
aoetamide, 507 ml. (520 g., 4 moles) of ethyl acetoacetate, 
and 850 ml. of methanol was warmed to attain solution and 
275 g. (4.18 moles) of potassium hydroxide dissolved in 200 
ml. of methanol was added (during 2 hr.) with stirring. Dur
ing the addition, a white precipitate formed and enough 
methanol was added to prevent caking. The mixture was 
heated at reflux temperature and stirred for 8 hr., and the 
product was removed from the cooled reaction mixture by 
filtration and washed with methanol. The 3-cyano-2,6- 
dihydroxy-4- methylpvridine monopotassium salt thus formed 
was dissolved in warm water, filtered, cooled, acidified with 
concentrated hydrochloric acid, and isolated as described 
above. The vield of the pvridinediol, III, varied from 404 
to 544 g. (68 to 90(c).

3-C yano-2,3-dichloro-4-mclhylpyridine, IV.28 3-Cyano-2,6- 
dihydroxy-4-methylpyridine (50 g., 0.33 mole) and phos
phorus oxychloride (120 ml., 201 g., 1.3 moles) were placed 
in a glass-lined stainless steel autoclave and maintained at 
180° for 4-6 hr. After cooling, the contents were transferred 
cautiously and with stirring onto cracked ice. The crystalline 
product, was removed by filtration, washed thoroughly with 
water and dried at 60°. The yield of crude yellow product 
varied from 55 to 60 g. (88 to 96%), m.p. 109-110°. The 
analytical sample, m.p. 110-110.5°, was recrystallized twice 
from ethanol.

Anal. Calcd. for C7H4X2Cb: C, 44.92: II, 2.14; X, 14 97; 
Cl, 37.90. Found: C, 45.19; H, 2.20: X, 14.95: Cl, 37.86.

3- Cyimo-hf-methylpyriiline, I '.28 Crude 3-cyano-2,6-di- 
ehloro-4-metbylpyridine, (40 g., 0.214 mole), anhydrous 
sodium acetate (35 g., 0.43 mole), 200 ml. of methanol and 
0.5 g. of palladium chloride28 were shaken with hydrogen 
(50 p.s.i.) until no more hydrogen was taken up. The catalyst 
and residue were removed by filtration and washed several 
times with methanol. The filtrates from ten of these reduc
tions were combined and the methanol was distilled through 
a 3-ft. Vigreux column. The residue was dissolved in 500 
ml. of water, neutralized with solid sodium bicarbonate and 
extracted with ether. The ether solution was dried over 
anhydrous sodium sulfate, the solvent was removed, and the 
oily residue was distilled to yield 219 g. (87%) of 3-cyano-
4-methylpyridine, b.p. 79-82°/3 mm., m.p. 45-46°, lit., 
b.p. 64°/l-2 mm.,7 m.p. 43-44°.6 The picrate melted at 
185-186.5°, lit,.7 184.5-185.5°, and the hydrochloride sublimed 
at 188-190° and decomposed at 211°, lit.,7 sublimes 208- 
209°.

4- Methyl-3-pyridinecarboxamide, VI. Amberlite IRA-400- 
OH (70 g.), 60 g. (0.51 mole) of 3-eyano-4-niethylpyridine, 
and 350 ml. of water were stirred at reflux temperature for 
3 hr. The warm mixture was filtered and the filtrate was 
evaporated on a steam hath to yield 62 g. (89%) of 4-

(29) Commercial palladium chloride gave erratic results. 
Best results were obtained with freshly prepared palladium 
chloride. See F. 1’. Treadwell and \V. T. Hall, Analytical 
Chemistry, !lth ed., John Wiley and Sons, Xcw York, 1955, 
p. 525.
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methyl-3-pyridineearboxamide, m.p. 165-167°.30 The an
alytical sample, m.p. 167-167.5°, was recrystallized twice 
from ethanol.

Anal. Calcd. for C7H8X20: C, 61.75; H, 5.92; X, 20.58. 
Found: C, 61.42; H, 5.91; X, 20.77.

A hydrochloride was prepared in ethanol with anhydrous 
hydrogen chloride. After three recrystallizations from 
absolute ethanol, it exhibits m.p. 239-241° (dee).

Anal. Calcd. for C,H9X.C1: C, 48.64; H, 5.24; X, 16.24; 
Cl, 20.54. Found: C, 48.53; H, 5.44, N, 16.01, Cl, 20.49.

A picrate, m.p. 217-217.5° was prepared in ethanol and 
recrystallized three times from the same solvent.

Anal. Calcd. for Ci3HuX50 8: C, 42.74; H, 3.04; X, 19.17. 
Found: C, 43.18; H, 3.31; N, 19.23.

Ethyl 4-methyl-3-pyridinccarboxylate, VII, from 3-cyano-
4-melhylpyridine. Concentrated sulfuric acid (33 ml.) was 
added, with stirring, to 25 g. (0.21 mole) of the nitrile, V, 
in 90 ml. of absolute ethanol and the mixture was main
tained at 130° for 14-16 hr. in a glass-lined autoclave. After 
cooling, the reaction mixture was poured onto 200 g. of 
cracked ice and the alcohol was removed under vacuum. 
The resulting aqueous solution was neutralized with sodium 
bicarbonate and ex racted with several portions of ether. 
The ether solution was dried over anhydrous sodium sulfate, 
the ether was distilled, and the residue was distilled to yield
16.7 g. (48%) of ester, b.p. 60-62°/0.3-0.5 mm. The infrared 
spectrum showed that a small amount of nitrile was present.

Ethyl Jr methyl-3-pyridinecarboxylate, VII, from f-methxjl-
3-pyridinecarboxamide, VI. 4-Methyl-3-pyridinecarboxamide 
(65 g., 0.48 mole) in 3500 ml. of refluxing absolute ethanol16 
was stirred and anhydrous hydrogen chloride was passed in 
for 5 hr. The solution was heated under reflux with oc
casional introduction of more hydrogen chloride until solid 
ammonium chloride precipitated (about 30 hr.). Three liters 
of alcohol was distilled and the residue was evaporated to 
dryness under vacuum. The solid residue was dissolved in 300 
ml. of water, cautiously neutralized with solid sodium 
bicarbonate, and extracted with several portions of ether. 
The combined ether extracts were dried over sodium sul
fate, the ether was removed, and the residue was distilled to 
yield 66.7 g. (85%) of ethyl 4-methyl-3-pyridinecarboxylat.e, 
b.p. 96-98°/6 mm., lit.17 118°/12 mm., «2D° 1.5059, d̂ jj
l. 087. The picrate melted at 138.5-140°, lit.17 137°.

4-Methyl-3-pyridinec.arboxhydrazide, VIII. Ethyl 4-met,h}d-
3-pyridinecarboxylate (38.5 g., 0.23 mole) and 100 ml. of 
48% hydrazine hydrate containing 5 ml. of absolute ethanol 
were heated under reflux for 20 hr., cooled, and the pre
cipitated product was removed by filtration, washed with 
cold water and dried in vacuo to yield 32 g. (91 %) of product,
m. p. 173-175°. The analytical sample, m.p. 176.5-177.3° 
was recrvstallized twice from methanol.

Anal. Calcd. for C7H 9X30: C, 55.61; H, 6.00; X, 27.80. 
Found: C, 55.41; H, 5.98; X, 27.97.

l,2-Bis{4-methyl-3-pyridinoyl)hydrazine, XV, from VI. 
Analogous to the transamidation method of Galat and 
Elion,19 a mixture of 5 g. (0.037 mole) of 4-methyl-3- 
pyridinecarboxamide and 7.7 g. (0.073 mole) of hydrazine 
dihydrochloride was ground and heated to the melting point 
until bubbling and foaming subsided. Absolute ethanol (25 
ml.) was added to the cooled mixture which was then filtered 
to remove ammonium chloride. The filtrate was neutralized 
with aqueous sodium bicarbonate and evaporated to dryness 
on a steam bath. The residue was extracted with boiling 
absolute ethanol and the extract was filtered, concentrated, 
and cooled to yield, after recrystallization from ethanol- 
water, 1.3 g. (13%) of white crystalline product, m.p. 249- 
249.5°.

(30) This compound has been reported7 to melt at 146.5- 
147°, but no nitrogen analysis was given. For this reason, 
a complete analyses and the preparation of two derivatives 
are reported. The' compound was also prepared from the 
nitrile by the action of hydrogen peroxide bv the method 
of Xoller, Org. Synthetics, Coll. Vol. II, 586 (1943).

.1«</. Calcd. fer C14HI4X4(J2: C, 62.21; H, 5.22; X, 20.73. 
Found: C, 62.13; II, 5.23; X, 20.S7.

l,2-Bis(4-methyl-3-pyridinoyl)hydrazine was also pre
pared in 15% yield by oxidation with mercuric oxide of 4- 
methyl-3-pyridinecarboxhydrazide according to a described 
procedure.20

Oxidation of 4-mcthyl-o-pyridinecaiboxhydrazide, VIII, 
with mercuric oxide. .¡-Afelhyl-S-pyridinecarboxaldehyde 2,4- 
dmitrophenylhydi ozone. To a stirred mixture of 2.8 g. (0.013 
mole) of yellow mercuric oxide, 20 ml. of ethanol, and 1.0 g. 
of sodium bicarbonate, was added 1.0 g. (0.0066 mole) of
4-methyl-3-pyridinecarboxhydrazide in 50 ml. of ethanol 
(during 10 min.). The mixture turned dark brown and was 
heated at reflux for 0.5 hr. The cooled mixture was faltered 
and the precipitated mercurous oxide was washed with abso
lute ethanol. One half of the alcoholic filtrate was treated 
with 250 ml. of a saturated solution of 2,4-dinitrophenyl- 
hydrazine in 2N  hydrochloric acid. The 2,4-dinitrophenyl- 
hydrazone which precipitated amounted to 0.28 g. (28%) 
m.p. 250-255°. After two recrystallizations from absolute 
ethanol and a vacuum sublimation, the analytical sample 
melted at 255.5-256°.

Anal. Calcd. for C.sHnN-A: C. 51.83; H, 3.6S: X, 23.25. 
Found: C, 52.11; H, 4.05; X, 23.11.

3- {Hydroxymetkyl)-4-methylpyridine, IX. Lithium alumi
num hydride (23 g., 0.61 mole) was triturated with ether,22 
suspended in 1000 ml. of dry ether and heated, with stirring 
under reflux for 3 hr. in an atmosphere of nitrogen. A solu
tion of 76 g. (0.46 mole) of ethyl 4-methyl-3-pyridine- 
carboxylate in 500 ml. of dr}' ether was added dropwise within
1.5 hr. The reaction mixture was cooled to 0° and decom
posed by the cautious addition of 125 ml. of water. The 
ether layer was decanted and dried over anhydrous potas
sium carbonate. The remaining solid was extracted with 
three portions of boiling methanol. The methanol was 
removed under vacuum from the combined methanol ex
tracts, the residue extracted with chloroform, and the 
resulting extract dried over potassium carbonate. The 
respective solvents were removed from the chloroform and 
ether layers and the combined residues were fractionated 
through a Wheeler Column (GV 130) to yield 45 g. (80%) 
of 3-(hydroxyn'.ethyl)-4-methylpyridine as a colorless 
liquid, b.p. 125-127°/1.5-2 mm., which solidified, m.p. 
44-46°.

Anal. Calcd. for C7H 9XO: C, 68.27; H, 7.37; X, 11.37. 
Found: C, 68.20 H, 7.38; N, 11.54.

When this reduction was carried out at 0°,21 a gummy 
mass formed during ester addition and the reaction mixture 
was difficult to s'ir.

The hydrochloride was prepared by passing dry hydrogen 
chloride into an ethereal solution of the carbinol and was 
crystallized three times from ethanol, m.p. 191-192°.

'Anal. Calcd. for C-H,0C1XO: C, 52.67: H, 6.27; X, S.77; 
Cl, 22.21; Found: C, 52.96; H, 6.24; X, 8.59; Cl, 21.91.

The picrate, m.p. 160.5-162° was prepared in ethanol 
and recrystallized twice from the same solvent.

Anal. Calcd. for C13H12X40 8: C, 44.32: H, 3.43; X, 15.91. 
Found: C, 44.38; H, 3.36; X, 15.72.

4- Afethyl-3-pyridinccarboxaldehyde, X, from 4-methyl-3- 
pyridinecarhoxhydrazide. In a manner similar to the pro
cedure of Wingfield, Harlan, and Harmcr,18 approximately 
60 ml. of concentrated ammonium hydroxide was added in 
small portions to a cooled (0°) solution of 16.2 g. (0.076 
mole) of sodium metaperiodate in 250 ml. of water. To the 
cooled, resultan:, slurry was added 10 g. of 4-methyl-3- 
pyridmecarboxhydrazide (0.066 mole) in 105 ml. of 8% 
ammonium hydroxide; the mixture was stirred, with cool
ing, for an additional 10 min. and allowed to stand at 25° 
for 20 min. in an atmosphere of nitrogen. A solution of 17.5 g. 
(0.069 mole) of barium acetate in 150 ml. of water was 
added, the slurry was filtered, and the filtrate was made 
nearly neutral with acetic acid. The solution was made 
basic with solid sodium bicarbonate and extracted with 
chloroform. The chloroform extracts were dried over an
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hydrous sodium sulfate. The chloroform was removed under 
vacuum and the residue was distilled through a six-inch, 
semimicro Vigreux column to yield 1.8 g. (22%) of 4- 
methyl-3-pyridinecarbo.xaldehyde, b.p. 62-64°/3 mm. The 
analytical sample, b.p. 109-110°/11 mm., was distilled 
through a Wheeler Column.

A n a l .  Calcd. for C7H7NO: C, 69.-10; II, 5.S3; X, 11.50. 
Found: C, 69.20; H, 6.24; X, 11.79.

f -M e th y l-3 -p y r id in e c a r b u x a ld e h y d e , X, f r o m  3 - (h y d r o x y -  
m e th y l ) - f - m e th y lp y r id in e . According to the. general method 
of Micovic and Mihailovic, 21 lead tetraacetate (107 g., 0.24 
mole), and 450 ml. of sodium-dried benzene were heated to 
reflux in a dry nitrogen filled atmosphere. The heat was 
removed, and 29.5 g. (0.24 mole) of 3-( hydroxymethyl )-4- 
methylpyridine in 1 0 0  ml. of dry benzene was added drop- 
wise during 10 min. After considerable foaming, the reaction 
subsided and was heated under reflux for 1.5 hr. After 
cooling, the tan lead acetate was removed by filtration and 
was washed with benzene. The benzene filtrate and wash
ings were combined and neutralized by shaking with 1 0 % 
potassium carbonate. The aqueous layer was washed with 
chloroform until no further aldehyde was obtained (2,4- 
dinitrophenylhydrazine solution). The combined benzene 
and chloroform solutions were dried over sodium carbonate, 
concentrated under vacuum, and the residue was distilled 
to vield 18.5 g. (64%) of 4-methvl-3-pyridinecarboxalde- 
hytie, b.p. 62-64°/3 mm.

The o x im e , m.p. 177.5-180.5° was prepared in water by 
conventional methods and recrystallized three times from 
ethanol.

A n a l .  Calcd. for CTH8X20 : C, 61.75; II, 5.92; X, 20.58. 
Found: C, 61.61; H, 6.26; X, 20.34.

The sem ica rb a zo n e  was prepared by conventional methods 
and recrystallized three times from absolute ethanol, m.p.
195.5-198.5°.

A n a l .  Calcd. for CsH„>N40 : C, 53.92; II, 5.66; X, 31.45. 
Found: C, 53.87; H, 5.93; N, 31.14.

The d im e th y lh y d r a zo n e , XIV, was prepared from 1 ,1 - 
dimethylhydrazine by the method of Wiley, Slaymaker, 
and Kraus, 23 b.p. 90-99°/0.5 mm. The distillate which 
solidified on standing was recrystallized from pentane (by 
cooling to 0°) or acetone (by cooling to —50°), m.p. 49.5- 
51°.

A n a l .  Calcd. for C9HI3N3: C, 66.22; II, 8.03; X, 25.75. 
Found: C, 66.15; H, 8.06; N, 25.50.

f -M e th y l-3 -p y r id in e .c a r b o x y lic  a c id , XI, f r o m  f - m e th y l -
3 -p y r id in e c a r b o x a ld e h y d e , X. A portion of aldehyde, X, 
(about 0.5 g.) was allowed to stand uncovered in air for 2 
hr., and the solid which formed was washed with acetone and 
recrystallized from absolute ethanol to yield 4-methvl-3- 
pyridinecarboxvlic acid, m.p. 213.5-215.5° (dec.), lit. ,7 215- 
216°. A mixture melting point of this material and a sample 
prepared by the method of Webb and Corwin7 was unde
pressed.

2 - { f -M c th y l - 3 - p y r id y l ) - l ,3 - d io x o la n c , X II, (e th y le n e  a ce ta l

o f  the  a ld e h y d e ) . A modification of the method of Salmi25 
was used. A mixture of 5 ml. (5.5 g., 0.09 mole) of ethylene 
glycol, 4 g. (0.033 mole) of 4-methyl-3-pyridinecarboxalde- 
hyde, 30 ml. of dry benzene and a few crystals of p-toluene- 
sulfonic acid was refluxed in an atmosphere of nitrogen until 
a maximum amount of water had collected in an appropri
ately arranged Dean-Stark water separation apparatus. 
After cooling, 50 ml. of benzene was added and the solution 
was washed with 10% sodium carbonate solution. The 
aqueous solution was in turn washed with chloroform and 
the combined chloroform and benzene solutions were dried 
over sodium carbonate and the solvents were evaporated. 
The residue was heated with 60 ml. of 5% sodium hydroxide 
solution containing 30 ml. of 3% hydrogen peroxide (ethanol 
added to maintain solution) to 70-80° for 15 min. (to remove 
unreacted aldehyde). Another portion of peroxide (20 ml.) 
was added and the solution was heated for 1 0  min. more. 
The alcohol and excess peroxide were removed under 
vacuum and the liquid residue was extracted with chloro
form. The chloroform extract was dried over potassium 
carbonate and evaporated under vacuum to a residue which 
on fractionation (Wheeler Column) yielded 3.6 g. of acetal 
(6 6 %), b.p. lll-1 1 3 °/2  mm., n 2U° 1.5280, d76 1.154.

A n a l .  Calcd. for CJIuXCL: C, 65.44; H, 6.71; X, 8.48. 
Found: C, 65.15; H, 6.63; N, 8.48.

The p ic ra te , m.p. 181.5-184° was prepared in ethanol and 
recrystallized three times from the same solvent.

A n a l .  Calcd. for CYJImX /),: C, 45.69; H, 3.58; X", 14.21. 
Found: C, 45.82; H, 3.90; X, 14.14.

E th y l  ( f -m e lh y l - 3 - p y r id a l )  m a lo n a te ,X III. According to the 
general method of Allen and Spangler26 a mixture of 5 ml. 
of freshly distilled ethyl malonate (8.78 g., 0.055 mole), 50 
ml. of dry benzene, 4 g. of 4-methyl-3-pyridinecarboxalde- 
hyde (0.033 mole), and a few drops of piperidine was 
refluxed in an atmosphere of nitrogen until a maximum of 
water had collected in an appropriately arranged Dean- 
Stark tube. After the solution had cooled, ether was added 
and the mixture was extracted with 3AT hydrochloric acid. 
The acid extract was washed with ether, made basic with 
solid sodium carbonate, and again extracted with ether. 
The ether extract vras dried over potassium carbonate and 
fractionated to yield 6.0 g. (69%) of ethyl (4-methyl-3- 
pyridal)malonate, b.p. 139-143°/0.5 mm., jtd° 1.5241.

A n a l .  Calcd. for Ci4HnN 0 4: C, 63.86; H, 6.51; N, 5.32. 
Found: C, 63.83; H, 6.32; N, 5.53.

The p ic r a te  was prepared in ethanol, m.p. 107-110.5°. 
Two recrystallizations for ethanol yielded a new substance, 
m.p. 136-138.5°, which appeared to be /J-(4-methyl-3- 
pyridyl)acrylic acid picrate.

A n a l .  Calcd. for C20II20N4O11 (expected picrate): C, 48.78; 
H, 4.09; X, 11.37. Calcd. for CI6HI2N40 9 [0-(4-methyl- 
3-pvridvl)acrylic acid picrate]: C, 45.92; H, 3.08; N, 14.28. 
Found:'C, 45.89; H, 3.72; X, 14.34.

Storrs, Conn.
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The IV-methyl and iV-oxide derivatives of 2,5-pyridinediearboxylic acid were prepared. 2,5-Dicarboxy-Ar-methylp3'ri- 
dinium betaine reacted with potassium fcrricyanide in a basic solution to yield 5-carboxy-IV-methyl-2-pyridone. 2,5-Di- 
carboxypyridine-.V-oxide reacted with benzoyl chloride to give 5-carboxy-2-pyridine and with acetic anhydride to give 
3-carboxy-l-pyridone.

Many of the reactions of pyridine compounds are 
dependent on the presence of the nitrogen atom 
which exerts its influence as a center of electron 
attraction in the pyridine nucleus and as the site for 
the formation of reactive ammonium salts and N- 
oxides from which numerous transformations are 
possible. M-Alkyl pyridinium salts are prepared 
from alkyl iodides and pyridine by a vigorous exo
thermic reaction which is initiated at room tempera
ture. The pyridine monocarboxylic acids are alky
lated only under more severe conditions. N- 
Ethylnicotinium iodide was prepared by the re
action of potassium nicotinate with ethyl iodide 
at 1500.1 2-Methyl-6-phenvlpyridine-3-carboxylic 
acid was not alkylated by alkyl halides, but its 
ethyl ester was alkylated by methyl sulfate.2

In our work, the pyridine dicarboxylic acid, 2,5- 
pyridinedicarboxylic acid (isocinchomeronic acid), 
was not alkylated by dimethyl sulfate in refluxing 
toluene or xylene solutions. However, the di
methyl ester of the acid was alkylated smoothly 
by dimethyl sulfate in a refluxing benzene solution 
to yield 2,5-dicarbomethoxy-V-methylpyridinium 
methosulfate (I). The dimethyl ester was not 
alkylated by methyl iodide at 130-140° in a chloro
form solution.

2,5-Dicarbomethoxy-M-methylpyridinium meth
osulfate was hydrolyzed in a concentrated hydro
chloric acid solution to give 2,5-dicarboxy-A- 
methylpyridinium betaine (II). The methyl betaine 
was insoluble in organic solvents but was slightly 
soluble in hot water, from which it was crystal
lized. The 5-carboxyl group could not be esteri- 
fled by refluxing the betaine in a methanol solu
tion with a sulfuric acid or a cation-exchange 
resin catalyst.

A characteristic reaction of M-alkyl pyridinium 
compounds is oxidation to pyridones by mild 
oxidizing agents, such as potassium ferricyanidc, 
in basic solutions.3

2,5 - Dicarbomethoxy - N  - mcthylpyridinium 
methosulfate reacted rapidly and exothermically 
with potassium fcrricyanide in basic solution. 
The 2-carbomethoxy group of the pyridinium

( 1) E . Winterstein and A. B. Weinhagen, Z. physiol Chem.; 
100, 170 (1917).

(2) H. Nienberg, Chem. Ber., 68, 1474 (1935).
(3) R. C. Elderfield, Heterocyclic Compounds, John Wiley 

and Sons, New York, N. Y., 1950, Vol. I, p. 415.

methosulfate was eliminated as carbon dioxide 
and methanol, and the ester, 5-carbome1110xy-N- 
methyl-2-pyridone (III), and the acid, 5-carboxy- 
.A-methyl-2-pyridone (IV), were formed. An exo
thermic reaction also occurred when the betaine, 
II, was oxidized by potassium ferricyanide in a 
basic solution, and 5-carboxy-iV-methyl-2-pyridonc 
was isolated as the sole product.

CHjOOC. HCl

OLOOC

H-°XX
N COO CH3

HOOC

I ¿ H CH3OSO3

NaOH
K3FelCNj,

N O
c h 3
III

NaOH

X I
n  cocr

11 c h 3

NaOH
KsFe(CN)6

HOOCV-
c h 3

IV

When zinc powder was added to an aqueous 
solution of 2,5-dicarbomethoxy-.V-methylpyridin- 
ium methosulfate at room temperature, a yellow 
unstable solid was formed in a slightly exothermic 
reaction. The yellow crystalline product rapidly 
decomposed at room temperature and was not 
characterized.

Pyridine-M-oxides usually are prepared readily 
by the oxidation of pyridine compounds by 30% 
hydrogen peroxide in acetic acid solutions. The N- 
oxide of nicotinic acid has been prepared by this 
procedure.4 2,5-Pyridinedicarboxylic acid was not 
oxidized to the V-oxide by this method. However, 
its dimethyl ester was oxidized by 30% hydrogen 
peroxide in an exothermic reaction which was 
initiated at 100° to give 5-carbomethoxy-2- 
earboxypyridinc-A'-oxide (V). Only the monoester 
could be isolated from the reaction mixture. The 
monoester was saponified readily to 2,5-dicarboxy- 
pyridine-V-oxide. The facile hydrolysis of the 2- 
carbomethoxy group may be attributed to the 
inductive effect of the A-oxide function and to the 
stabilization of the acid by hydrogen bonding 
(Va) or by zwitterion formation (Vb).

(4) G. R. Clemo and H. Koenig, J. Chem. Soc., S231-2 
(1949).
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CH,OOC CH.jOOC-

Vb

4ST 
I © 
OH

Substitution reactions, such as nitration, which 
are difficult to effect on the pyridine ring, have been 
carried out readily with the pyridine oxides.5 
5 - Carbomethoxy - 2 - carboxypyridine - A - oxide 
was not nitrated in a mixture of sulfuric and nitric 
acids at 130°.

When benzoyl chloride was added to a dioxane 
solution of 5-carbomethoxy-2-carboxypyridine-A- 
oxide at 90°, a rapid exothermic reaction occurred 
in which carbon dioxide was evolved. After the 
reaction product had been hydrolyzed, 5-carboxy-2- 
pyridone (VI) was isolated. The 5-carboxy-2- 
pyridone was identical with a sample of 5-carboxy-
2-pyridone which was prepared by the carboxyla
tion of 2-pyridone by the method of Tschitschiba- 
bin.6

The carboxypyridone was not formed, however, 
when a benzene solution of 5-carbomethoxy-2- 
carboxypyridine-A-oxide and benzoyl chloride was 
refluxed. A polar solvent, therefore, appears to be 
necessary to effect the reaction. The formation of 
the pyridone may be rationalized by the following 
mechanism:

CH3OOC- „
,vS(+)|

,(->5 C00H
v

+  Hi
C6H5C0C1

c h 3ooc o

o  0  x
•Jl *(-) c—cr '

1
c 6h 5

CH300C

N
VII

0
II

O -C -C d h
+co3 *-

CH.OOi

H®
h2o

HOOC IIOOC

k*.+
N ' \

(A
CfiH,,
+

HC1

0
II p .  -.
C—0 : 3

N
VI

OH N 
VI H

As the oxygen atom of the A~oxide function with 
its partial negative charge reacts with benzoyl 
chloride at the carbonyl function, dioxane solvates 
the acid hydrogen and an unstable intermediate 
zwitter ion is formed. Resonance of the positive 
charge in the ring places a partial positive charge

(5) F. E. Cislak, Ind. Eng. Chem., 47, 800 (1955). E. 
Ochiai, J. Org. Chem., 18, 534 (1953).

(6) E. A. Tschitschibabin and A. W. Kirssanow, Ber., 
57, 1161(1924).

at the a-carbon. By an intramolecular rearrange
ment with simultaneous decarboxylation, carbon 
dioxide is eliminated and 2-benzoxy-5-carbometh- 
oxypyridine (VII) is formed.

The reaction of pyridine-V-oxide with acetic 
anhydride to give 2-pyridone was demonstrated 
by Katada.7

The reaction of 5-carbomethoxy-2-carboxypyri- 
dine-A-oxide with acetic anhydride was initiated 
at 45° and was exothermic. Carbon dioxide was 
evolved from the reaction mixture. A crystalline 
ester whose elemental analysis corresponded to 
that of an acetoxycarbomethoxypyridine (VIII) 
was isolated. The acetoxycarbomethoxypyridine 
was hydrolyzed by water at room temperature to 
give a compound (IX), m.p. 82-84°, whose ele
mental analysis corresponded to that of a carbo- 
methoxypyridone. The acetoxycarbomethoxypyri- 
done was hydrolyzed in a hydrochloric acid solu
tion to give an acid (X), m.p. 245-247° dec., 
whose elemental analysis corresponded to that of 
a carboxypyridone. However, this acid was not the 
same as the 5-carboxy-2-pyridone, m.p. 303.4- 
303.7° dec., produced by the reaction of the A- 
oxide (V) with benzoyl chloride.

A consideration of the possible structures for the 
product of the reaction of the A-oxide (V) with 
acetic anhydride (Table I) led to the conclusion 
that the product was 3-carboxy-4-pyridone, rather 
than the expected 5-carboxy-2-pyridone.

TABLE I
Melting Points of Carboxytyridones and Their Esters

Carboxypyridone
M.P. of 

Acid

M.P. of
Methyl
Ester

3-Carboxy-2-pyridono 225° 153°
5-Carboxy-2-pyridone 301-302° 164°
6-Carboxy-2-pyridone 282° —
3-Carboxy-4-pyridone 250° —
Reaction product 245-247° 82-84°

The ultraviolet spectra of the products obtained 
from the reaction of the A-oxide (V) with acetic 
anhydride and with benzoyl chloride provided 
additional evidence for the proposed structures. 
The spectra of 3-carboxy-4-pyridone, 3-carbometh- 
oxy-4-pyridone, and 3-carbomethoxy-4-acetoxypy- 
ridine were very similar to the spectrum recorded 
for 1 - methyl - 3 - carboxy - 5,6,7,8 - tetrahydro- 
quinolone,8 whereas the spectra of 5-carboxy-2- 
pyridone and A-methyl-5-carboxy-2-pyridone were 
very similar to the spectra recorded for 5-carboxy-
6-methyl-2-pyridone9 and l-methyl-5-carbamyl-2-

(7) M. Katada, J. Pharm. Soc. Japan, 67, 51 (1947).
(8) R. D. Brown and F. N. Lahey, Austral. J. Sci. Re

search, A3, 623 (1950).
(9) F. Ramirez and A. P. Paul, J. Am. Chem. Soc., 77, 

1035 (1955).
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pyridone10 (Table II). The two maximum intensity 
absorption bands in the spectra of the 3-carboxy-4- 
pyridone derivatives occur at shorter wave 
lengths than do the maximum absorptions of the
5-carboxy-2-pyridone derivatives. The intensities 
of the bands of the spectra of 4-pyridone11 and of 
the 3-carboxy-4-pyridone derivatives were much 
greater than the intensities of the bands in the 
spectra of 2-pyridone11 and its carboxvlated 
derivatives.

TABLE II
Ultraviolet Spectra of Pyridone»*

Compound
Xm„ 

(m/i) €Irlilx
3-Carbox v-4-pyridone 267: 220 13,320; 26,800
3-Carbomethoxv-4-pvridone 268: 223 13,510: 27,850
3-Carbomethoxv-4-aeetoxv- 271, 224 19,240; 13,400

pyridine
1-Methv 1-3-carl >ox v-5,6,7,8- 262; 220 9,120; 28,800

tetrahydro-4-quinolone6'c
A-Methyl-4-hydroxypyridineti 262 18,200
4-Pyridone'1 256 14,100
o-Carboxv-2-pvridone 298. 256 4,170; 14,500
X-Methvl-5-carboxv-2- 300; 255 5,370; 15,800

pyridone
5-Carbox v-6-met hvl-2- 300; 268 6.000: 14,500

pyridone6''
l-\lethyl-5-carbamyl-2- 300; 260 —

pvridontd
2-Pyridoned 297; 227 9,000; 10,000

° All spectra taken in neutral methanol solution except 
as marked. 6 In ethanol. c See ref. 8. d See ref. 11. e See ref. 
1). ! See ref. 10.

The infrared spectra of 3-carboxy-4-pyridone 
and of 5-carboxy-2-pyridone show marked dif
ferences. Broad absorbances in the 4.0 p. and 5.0-
5.7 n regions of the spectrum of 3-carboxy-4- 
pyridonc, which are not found in the spectrum of
5-carboxy-2-pyridone, indicate strong intramolecu
lar hydrogen bonding between hydroxyl and car
boxyl functions. Such bonding is possible if the hy
droxyl and carboxyl functions are attached to 
adjacent carbons. The disappearance in the spec
trum of 3-carboxy-4-pyridone of the strong ab
sorptions found at 6.05 and 6.2 p in the spectrum 
of 5-carboxy-2-pyridone also suggests that the 
former exists largely in the form of the hydroxy- 
pyridine.

When the iV-oxide (V) was treated with an equi
molar quantity of acetic anhydride in a dioxane 
solution, 3-carboxy-4-pyridone again was formed. 
Even the reaction of the Ar-oxide (V) with acetyl 
chloride in a dioxane solution produced 3-carboxy- 
4-pyridone instead of the product, 5-carboxy-2- 
pyridone, produced by the reaction of the A'-oxide 
with benzoyl chloride.

2,5-Bis(AV'V-diethylcarboxainido)pyridine-Ar-
(10) W. E. Knox and W. I. Grossman, J. Biol. Chew., 

168, 1368 (1947).
(11) II. Speaker and II. Gawrosch, Chem. Her., 75, 1338

(1942).

oxide was prepared by the oxidation of 2,5-bis- 
(AhAWliethylcarboxamido) pyridine by hydrogen 
peroxide in a glacial acetic acid solution. This N- 
oxide, from which carbon dioxide can not be elimi
nated readily, did not react with acetic anhydride.

E X P E R IM E N T A L

Dimethyl 2,5-pyridinedicarboxylate. A solution of 501 g. 
(3.0 moles) of 2,5-pyridinedicarboxylie acid, 3200 ml. of 
methanol, and 480 ml. of coned, sulfuric acid was refluxed 
for 6 hr. After the reaction mixture had been neutralized 
with 4500 ml. of a 25% aqueous sodium carbonate solution, 
it was extracted with two 1000-mi. portions of chloroform. 
The chloroform extracts yielded 430 g. (69%, yield) of di
methyl 2,5-pyridoedicarboxylate, m.p. 162-163°.

2.5- Dicarbomethoiy-N-melhylpyridiniu.nl methosulfate (I). 
A mixture of 19.5 g. (0.1 mole) of dimethyl 2,5-pyridine- 
dicarboxylate, 10C ml. of benzene, and 20 g. (0.16 mole) of 
dimethyl sulfate was refluxed for 3 hr. An oil separated from 
the benzene solution as the reaction mixture was refluxed; 
this oil formed a solid crystalline mass when it was cooled. 
When this matenal was crystallized from acetone, 26 g. 
of white crystals, m.p. 88-89°, was obtained.

Anal. Calcd. for C„H,5OsXS: C, 41.12; H, 4.71; N, 4.36. 
Found: C, 41.06, 41.24; II, 4.29, 4.41; N, 4.35, 4.18.

Quaternization of the dimethyl 2,5-pvridinedicarboxylate 
did not occur when a mixture of 19.5 g. (0.1 mole) of the 
ester, 60 ml. of chloroform, and 20 g. (0.14 mole) of methyl 
iodide was heated at 130-140° for 4 hr. in a glass-lined 
bomb.

2.5- Dicarboxy-N-methylpyridinium betaine (II). I, which 
had been obtained by refluxing a solution of 39.0 g. (0.20 
mole) of dimethyl 2,5-pyridinedicarboxylate, 200 ml. of 
xylene, and 30.0 g. (0.24 mole) of dimethyl sulfate for 2 hr., 
was refluxed with 100 ml. of concentrated hydrochloric acid 
for 3 hr. When the hydrochloric acid solution was cooled, 
20 g. (55%. yield) of 2,5-dicarbo.xy-A-methylpyridinium 
betaine precipitated from the solution. II was insoluble in 
organic solvents and cold water and sparingly soluble in 
hot water. When II was crystallized from hot water, white 
crystals which melted at 170° dec. were obtained.

'Anal. Calcd. for C8H7G4N: C, 53.02; H, 3.90; N, 7.73; 
neut. equiv., 181. Found: C, 53.50, 53.52; H, 3.95, 3.94; 
N, 7.51, 7.55; neut. equiv., 177, 179.

Only a trace of II was formed when a mixture of 33.4 g. 
(0.20 mole) of 2.5-pyridinedicarboxylic acid, 28 g. (0.22 
mole) of dimethyl sulfate, and 200 ml. of toluene was re
fluxed for 28 hr. Most of the 2,5-pyridinedicarboxylic acid 
was recovered.

Attempted esterification of II. W hen II was refluxed in a 
methanol solution in the presence of sulfuric acid or a Dowex 
50-X12 cation exchange resin for 5-7 hr., no esterification 
occurred and II was recovered.

Oxidation of I by potassium ferricyanide. When 16.1 g. 
(0.05 mole) of I was added gradually to a stirred solution 
of 33.0 g. (0.10 mole) of potassium ferricyanide, 6.02 (0.15 
mole) of sodium hydroxide, and 100 ml. of water, an exo
thermic reaction occurred. The temperature of the reaction 
mixture was maintained at 35-40°. After the reaction was 
completed, the aqueous solution was extracted with four 40- 
ml. portions of chloroform. One gram of 5-carbomethoxy- 
A'-methyl-2-pyridone (III) was obtained from the chloro
form extracts. After III was crystallized from hot water three 
times, it melted at 138.3-139.2°.

Anal. Calcd. for C8H90 3X: C, 57.46; H, 5.33; N, 8.39. 
Found: C, 57.56, 57.82; H, 5.25, 5.47; X, 8.42, 8.35.

When the extracted aqueous reaction mixture was acidi
fied, carbon dioxide was evolved and the acid, 5-carboxy-.V- 
methyl-2-pyridone (IV) precipitated. After IV was recrystal
lized from water and from ethanol, white crystals, m.p. 241- 
243°, were obtained.
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Anal. Culcd. for C7H7O3N : C, 54.01; If, 4.(11; X, 9.15. 
Found: C, 55.21, 55.33; H, 4.56, 4.63; N, 8.92, 9.04.

I l l  and IV are reported to melt at 129° and 237-238°, 
respeetivel}’.12

An exothermic reaction occurred also when a solution of
3.4 g. (0.085 mole) of sodium hydroxide and 10 ml. of water 
was added to a solution of 3.8 g. (0.021 mole) of II, 13.9 g. 
(0.042 mole) of potassium ferricyanide, and 50 ml. of water. 
The sodium hydroxide solution was added at a rate such that 
the temperature of the reaction mixture did not exceed 43°. 
When the basic solution was acidified, carbon dioxide was 
evolved and IV, m.p. 240.5-241.5°, precipitated.

I l l  and IV were not formed by the oxidation of I by 30% 
hydrogen peroxide in aqueous basic solutions. Instead, black 
tars were obtained.

Reduction of I by zinc dust. When 25 g. of zinc dust was 
slowly added to a solution of 21.3 g. (0.066 mole) of I in 50 
ml. of water, a slightly exothermic reaction took place and 
a yellow solid precipitated. The yellow solid was extracted 
with chloroform. After the chloroform solution was distilled, 
a black tar containing crystalline material remained. The 
yellow crystalline material was recovered by crystallizing 
the residues from ethanol. When the crystals stood over
night in a closed vial at room temperaiure, they decom
posed to a black tar.

5-Carbomethoxy-2-carboxypyridine-N-oxide (V). When the 
temperature of a solution of 117 g. (0.60 mole) of dimethyl
2.5- pyridinedicarboxylate, 300 ml. of glacial acetic acid, and 
150 ml. of 30% hydrogen peroxide was raised to 100°, an 
exothermic reaction was initiated which maintained the 
temperature of the reaction mixture at 105° for 15 min. 
without the application of outside heat. The solution was 
heated at 100° for 1.5 hr. after the exothermic reaction 
ceased. When the reaction mixture was chilled, 96.5 g. (80% 
yield) of V precipitated. After V had been rccrystallizcd 
from 95% ethanol, it melted at 151° dec.

Anal. Calcd. for C8H,05N: C, 48.72; H, 3.58; X, 7.10. 
Found: C, 48.72, 48.94; H, 3.37, 3.56; N. 7.00, 7.11.

When an aqueous solution of V was titrated with a sodium 
hydroxide solution, one equivalent of base was rapidly neu
tralized. A second equivalent of base was neutralized 
as the ester group was saponified.

Anal. Calcd. for CSH7();,X: sapon. equiv., 98.6. Found: 
sapon. equiv., 98.4, 98.5.

When a mixture of 16.7 g. (0.10 mole) of 2,5-pyridine- 
dicarboxylic acid, 50 ml. of glacial acetic acid, and 50 ml. 
of 30% hydrogen peroxide was refluxed for 8 hr., no X-oxide 
was formed.

V was saponified to the disodium salt of 2,5-dicarboxy- 
pyridine-X-oxide when it was heated for 15 min. in 40 ml. 
of 10% sodium hydroxide solution. When the basic solution 
was acidified with coned, hydrochloric acid, the free acid,
2.5- dicarboxypyridine-AT-oxide precipitated. The 2,5-di- 
carboxypyridine-X-oxide melted at 242-244° dec.

Anal. Calcd. for C7Ho05X: neut, equiv., 91.6. Found: 
neut. equiv., 92.2, 92.1.

Reaction of V with benzoyl chloride. Eight grams (0.57 
mole) of benzoyl chloride was added in one portion to a solu
tion of 10 g. (0.51 mole) of V and 50 ml. of dioxane at 90°. 
The rapid reaction which resulted raised the temperature 
of the reaction mixture to reflux ( 100°), and carbon dioxide 
was. evolved rapidly. After the dioxane had been distilled 
from the reaction mixture, a heavy oil was left.. Benzoic acid 
was extracted from the oily mixture with an aqueous 10% 
sodium carbonate solution. The brown r.il remaining after 
the extraction was refluxed for 1 hr. with a 15%, hydrochloric 
acid solution. When the hydrochloric acid solution was

(12) H. V. Pechmann and W. Welsh, Rer., 17, 2395 
(1884).

chilled, 5-carboxy-2-pyridone (VI) precipitated as a crystal
line solid which melted at 303.4-303.7° dec. after recrystal
lization from water.

Anal. Calcd. for C6H50,X: C, 51.80; H, 3.62; X, 10.07. 
Found: C, 52.36, 52.58; H, 3.63, 3.70; N, 9.44, 9.65.

An authentic sample of VI was prepared by the car- 
boxylation of 2-pyridone by the method of Tschitschibabin.6 
A mixture of 10 g. (0.105 mole) of 2-p3-ridone and 40 g. of 
dry, powdered potassium carbonate was heated in a bomb 
at 200° under a carbon dioxide pressure of 400 p.s.i.g. for 
4 hr. When an aqueous solution of the contents of the bomb 
was acidified with hydrochloric acid, 6.9 g. of VI precipi
tated from the solution. After VI had been crystallized from 
water, it melted at 302-303° dec. and was identical with the 
VI produced by the reaction of V with benzoyl chloride.

When a solution of V, benzoyl chloride, and benzene was 
refluxed, there was no evidence of the occurrence of a reac
tion.

Reaction of V with acetic anhydride. When a mixture of 30 
g. (0.152 mole) of V and 90 ml. of acetic anhydride was 
heated to 45°, a reaction started, and carbon dioxide was 
evolved. The exothermic reaction carried the temperature 
of the reaction mixture to 70°. The reaction was complete 
after 10 min. A crystalline solid (VIII) whose elemental 
analysis corresponded to that of an acetoxycarbomethoxy- 
pyridine was left after the acetic anhydride had been dis
tilled under high vacuum. After the solid had been crystal
lized from benzene, it melted at 100-101.5°.

Anal. Calcd. for C9H9O4N: C, 55.37; H, 4.65. Found: 
C, 55.71, 55.92; H, 4.70, 4.56.

When an acetic anhydride solution of VIII evaporated at 
room temperature and was exposed to the atmosphere for 
a week, it hydrolyzed to give a carbomethoxypyridine (IX), 
m.p. 82-84°. IX was crystallized from a benzene-petroleum 
ether mixture.

Anal. Calcd. for 0,IT70 3N: C, 54.91; IT, 4.61; N, 9.15. 
Found: C, 55.10, 55.22; H, 4.57, 4.65; N, 8.78, 8.88.

IX was hydrolyzed to 3-rarboxv-4-pyridone (X) when it 
was refluxed for 1.5 hr. in a coned, hydrochloric acid solu
tion. When the hydrochloric acid solution was partly neu
tralized with sodium carbonate, X precipitated as a white 
solid, which melted at 245-247° dec. after it was recrystal
lized from water.

Anal. Calcd. for C JIA N : C, 51.80; II, 3.62; N, 10.06. 
neut. equiv., 139. Found: C, 51.92, 52.13; H, 3.51, 3.54; 
N, 9.36, 9.39; neut. equiv., 137.2, 136.7.

A solution of 10 g. (0.05 mole) of V, 50 ml. of dioxane, and
5.3 g . (0.05 mole) of acetic anhydride was heated at 85°. 
Carbon dioxide was evolved as the exothermic reaction 
proceeded. After the dioxane had been distilled under re
duced pressure, the residue was hydrolyzed in a 15% 
aqueous hydrochloric acid solution. The product (4.5 g., 
70% yield) molted at 243-245° after recrystallization from 
water.

Reaction of V with acetyl chloride. A mixture of 10 g. (0.05 
mole) of V, 50 ml. of dioxane, and 5 g. (0.065 mole) of acetyl 
chloride reacted vigorously with evolution of carbon 
dioxide. The heavy oil which was left after dioxane had been 
distilled under reduced pressure was heated at 100° for 1 
hr. in a 15% hydrochloric acid solution. The volume of the 
solution was reduced to 15 ml. When the solution was cooled, 
4 g. (64% yield) of a crystalline product, m.p. 241-243°, 
was obtained.

Attempted nitration of V. V was not nitrated when 5.0 g. 
of V was heated at 110-130° for 3 hr. with 15 ml. of concen
trated sulfuric acid and 15 ml. of nitric acid. Instead, hy
drolysis of V to 2,5-dicarboxypvridine-Ar-oxide occurred.

2,5-Bis{N,N-diethylcarboxamido)pyridine-N-oxide (X I). A 
mixture of 62.5 g. (0.225 mole) of 2,5-bis(,V,X-diethyl- 
carboxamido)pyridine (which was prepared by the reaction 
of diethylamine and the dichloride of 2,5-pvridinedicar- 
boxylic acid), 200 ml. of glacial acetic acid, and 100 ml. of 
30% hydrogen peroxide was refluxed for 3 hr. After the
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solvents had been distilled under reduced pressure, a white 
solid, m.p. 100.5-11)7.4°, remained.

Anal. Calcd. for C.sH-AN:,: C, G 1.41 ; H, 7.90; N, 14.32. 
Found: C, 61.46, 61.60; H, 7.83, 7.86; N, 13.86, 13.89.

XI did not react in a refluxing solution of acetic anhydride. 
The starting material was recovered after 4 hr. of heating 
in the acetic anhydride solution.

Acknowledgment. The author is indebted to
L. J. Lohr and R. W. Warren, who prepared the 
infrared and ultraviolet spectra and assisted in 
their interpretation.

Gibbstown, N. J.
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3 - I n d o l e p r o p i o n i c  A c i d
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3-Indolepropionic acid has been prepared in 56% yield by the reaction of indole with acrylic acid in the presence of acetic 
anhydride.

3-Indolepropionic acid has, over a period of years, 
been the subject of many investigations concerning 
its plant growth regulating properties. More re
cently, its use as a starting material for the synthe
sis of lysergic acid has been described.1 There are 
various procedures by which 3-indolepropionic acid 
may be synthesized, and, until the present investi
gation, the most convenient of these consisted of 
the hydrolysis of 3-indolepropionitrile obtained from 
the reaction of indole and acrylonitrile.2

The reaction of acrylic acid with indole at 130° is 
reported to give a quantitative yield of 1-indolepro- 
pionic acid.2 a-Acetamidoacrylic acid, however, re
acts with indole in the presence of acetic anhydride 
to give acetyltryptophan.3

remains uncertain. Snyder and MacDonald3 sug
gested that a-acetamidoacrylic acid is possibly con
verted by the anhydride present into an interme
diate azlactone (I), oxazoline (II), or diacetylserine
(III). On the basis of model experiments, these 
intermediates were rejected as unlikely, and no 
other explanations were presented. I and II are 
not possible intermediates in the present synthesis 
of 3-indolepropionic acid. I l l  is considered improb
able, as acetic acid would not be expected to add to 
acrylic acid under the reaction condit ions.

A mechanism consistent with the addition of both 
acrylic acid and a-acetamidoacrylic acid to the 3- 
position of indole places the anhydride in the role 
of forming a mixed anhydride with the acrylic

—C02H CH3C02CH2CHC02H

NHCOCH,

-Ó -o c CHo—CH-
I 11 1 

N O
1 1 

0  N
\  / \  /c c

c h 3 CHs
I II III

When Acrylic acid and indole were allowed to 
react in acetic acid solution containing acetic an
hydride, 3-indolepropionic acid could be isolated in 
56% yield from the reaction mixture. The quantity 
of anhydride necessary for the reaction to take place 
was not critically investigated, but it was found that 
0.20 equivalent (based on indole) was not sufficient. 
For convenience, at least two equivalents were 
usually employed, one equivalent being somewhat 
less satisfactory.

The role of acetic anhydride in the reaction still

(1) E. C. Kornfeld, E. J. Fornefeld, G. B. Kline, M. J. 
Mann, D. E. Morrison, R. G. Jones, and R. B. Woodward, 
/ .  Am. Chem. Soc., 78, 3087 (1956). E. C. Kornfeld, G. B. 
Kline, and E. J. Fornefeld, U. S. Patent 2,796,419.

(2) W. Reppe and H. Ufer, German Patent 698,273;
French Patent 48,570, addition to French Patent 742,358.

acid. This mixed anhydride, or an acryloyl cation 
produced by its dissociation, is the reactive species 
that adds to the 3-position (Equations A-D).

(A) OH2=CHCO..H +  (CH3C0)20
O O

c ïl = c u c o !;c h 3 +  c h 3c o .h

(B) J
+ (o o ,

Il II
c h 2= c h c o c c h 3

H 0  0B I II
-CH2CH=('OCCH3

(3) H. R. Snyder and J. A. MacDonald, J. Am. Chem. 
Soc., 77, 1257 (1955); U. S. Patent 2,810,727.
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(C)

(D)

H
0,O 0

—CH2CH=COCOH:l + H ■

0  0
fr-----jj—CH2CH2COCCH3

NT
H

0  o

(CH3C0)20 +  M  j

+ C'H:iC02H

ch2ch2co2h

The equilibrium represented in (A) is apparently 
an over-simplification, as the seemingly excessive 
amount of acetic anhydride that is necessary for the 
reaction to proceed satisfactorily is not anticipated. 
Other factors therefore must predominate, and it is 
speculated that the quantity of acetic acrylic an
hydride present at any one time is small. The possi
bility of (B) being a slow reaction and the equilib
rium of (D) not being readily attained is considered 
to be of minor importance.

As would be expected on the basis of the proposed 
mechanism, acrylic anhydride and indole in acetic 
acid solution react to give 3-indolepropionic acid. 
Also, methyl acrylate and acrylonitrile are unreac- 
tive toward indole in the presence of acetic acid

and acetic anhydride under the above reaction con
ditions.

EXPERIMENTAL4 5 * J.

3 - in d o le p r o p io n ic  A c id :  (a). B y  the re a c tio n  o f  in d o le , 
a c r y lic  a c id  a n d  a ce tic  a n h y d r id e . A solution of GO g. (0.51 
mole) of indole in 240 ml. of acetic acid containing 100 ml. 
(1.0 mole) of acetic anhydride and 80 g. (1.1 moles) of acrylic 
acid was heated at 90° for 3 hr. The reaction mixture was 
allowed to stand overnight a t 25° and then all volatile mate
rial quickly removed by distillation under reduced pressure. 
A dark viscous residue remained which was added to a solu
tion of 60 g. (1.5 moles) of sodium hydroxide in 500 ml. of 
water without external cooling. The mixture was then 
allowed to cool and the insoluble material removed by filtra
tion. Acidification of the filtrate with concentrated hydro
chloric acid precipitated 3-indolepropionic acid. The product 
was isolated by filtration and dried to give 54 g. (56%) of 
light-tan material, m.p. 128-131°. A sample was crystallized 
from water as long nearly-eolorless needles, melting point 
and mixed melting point with an authentic sample pre
pared by the hydrolysis of 3-indolepropionitrile, 135-136°, 
lit.,6 m.p. 133-134°.

(b). B y  the re a c tio n  o f  in d o le , a c r y lic  a n h y d r id e , a n d  a ce tic  
a c id . Twenty-three grams (0.20 mole) of indole, 25 g. (0.20 
mole) of acrylic anhydride, and 100 ml. of acetic acid were 
allowed to react according to the above procedure to give 
17 g. (45%) of 3-indolepropionic acid, m.p. 124-126°. The 
infrared spectrum of this material is identical to the infra
red spectrum of an authentic sample of 3-indolepropionic 
acid.

A c k n o w le d g m e n t. The authors wish to thank Mr.
C. R. McClure for his able assistance.

S o u t h  C h a r l e s t o n , W. Va.
(4) All melting points are corrected.
(5) A. Ellinger, C h em . B e r ., 38, 2884 (1905).

[C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y  a n d  t h e  L a b o r a t o r y  o f  P h a r m a c e u t i c a l  C h e m i s t r y , U n i v e r s i t y

o f  N e w  M e x i c o ]

C in n olin e  C hem istry . V. 4 -M ercap tocin n o lin es and R elated  C om p ou n d s12

RAYMOND N. CASTLE, HELEN WARD, NOEL WHITE, a n d  KIKUO ADACHI

R ece ived  J u l y  16 , 1 9 5 0

4-Mercaptocinnoline, 6,7-dimethoxy-4-mercaptocinnoline and a number of alkyl and heterocyclic derivatives of these 
compounds have been prepared for antitumor screening. 4,6,7-Trimethoxyeinnoline and 4-etlioxy-6,7-dimethoxycinnoline 
were also prepared. The infrared spectra of most of these compounds were determined.

The antileukemic activity of 6-mercaptopurine 
prompted the preparation of the mercaptocinnolines 
and related compounds. 4-Mercaptocinnoline (I) 
was prepared by the action of thiourea on 4-chloro- 
cinnoline. The intermediate, which precipitated 
from the methanolic solution, was assumed to 
be the thiouronium salt and was readily con

(1) Paper IV in this series, R. N. Castle, D. B. Cox, and
J. F. Suttle, J .  A m .  P h a r m . A sso c ., S r i .  E d . , 48, 135 (1959).

(2) This investigation was supported in part by (Irani 
CY-4327 from the National Cancer Institute, Public Health 
Service. Presented before the Division o: Medicinal Chem
istry, 136th Meeting of the American Chemical Society, 
September 1959, Atlantic City.

verted into 4-mercaptocinnoline by heating with 
sodium hydroxide solution. 6,7-Dimethoxy-4-mer- 
captocinnoline (II) was prepared in the same man
ner. 4-Mercaptocinnoline was prepared in nearly 
quantitative yield by allowing phosphorus penta- 
sulfide to react with 4-hydroxycinnoline in dry py
ridine solution. 6,7-Dimethoxy-4-mercaptocinno- 
line was prepared in somewhat poorer yield in the 
same manner. 4-Methylmercaptocinnolme (III) was 
prepared by allowing I to react with methyl iodide 
in alkaline solution. 6,7-Dimethoxy-4-methylmer- 
captocinnoline (IV) was prepared in a similar fash
ion.

4-Bicinnolyl sulfide (V) was prepared by allowing
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4-mercaptocinnoline to react with 4-chlorocinnolrne 
in the presence of sodium methoxide hi methanol 
solution. 4,4'-Bis(6,7-dimethoxycinnolyl) sulfide
(VI) and 4-cinnolyl 4,-(6',7,-dimethoxycinnolyl) 
sulfide (VII) were prepared by a similar pro
cedure. 4-Cinnolyl 2-quinoxalyl sulfide (VIII) and
4-(6,7-dimethoxycinnolyl) 2-quinoxalyl sulfide (IX) 
were prepared similarly by allowing 2-chloroquin- 
oxaline to react with the appropriate mercaptocin- 
nolines.

4,6,7-Trimethoxycinnoline (X) was prepared by 
allowing sodium methoxide in dry methanol to react 
with 4-chloro-6,7-dimethoxycinnolme. 6,7-Dimeth- 
oxy-4-ethoxycinnoline (XI) was prepared in a simi
lar manner from sodium ethoxide and 4-chloro-6,7- 
dimethoxycinnoline.

Evidence for the constitution of these compounds 
was obtained from the methods of synthesis and 
from the infrared spectra.

at 203-205°. The mixed melting point with the sample 
described above was 202-205°.

A n a l .  Calcd. fcr C8H6N2S: C, 59.23; H, 3.73. Found: 
C, 58.77; H, 3.99.

6 ,7 -D im e lh o x y -4 -m e r c a p to c in n o lin e . One gram of thiourea 
and 1.1 g. of 4-chloro-6,7-dimethoxycinnoline were dis
solved in 10 ml. of dry methanol and the solution refluxed 
on the steam bath for 7 min. At this time a solid began to 
separate which amounted to 1.1 g., m.p. 175-179° crude. 
This product was heated for 40 min. on a steam bath with 
7 ml. of 2.5N  sodium hydroxide solution. After cooling the 
solution was acidified with dilute acetic acid. One gram of 
yellow powder was obtained, m.p. 211-213°. A sample for 
analysis was prepared by recrystallization from glacial 
acetic acid, m.p. 213-217°.

A n a l .  Calcd. for CioHjoNfAS: C, 54.04; H, 4.54. Found: 
C, 54.16; H, 4.39.

A mixture of 7.0 g. of 6,7-dimethoxy-4-hydroxycinnoline 
and 30.0 g. of phosphorus pentasulfide in 325 ml. of dry, 
freshly distilled c. p. pyridine was refluxed for 4 hr. The 
pyridine was removed by distillation in vacuum on a steam 
bath and the residue w'as taken nearly to dryness. About 
200 g. of crushed ice and water w'as added and the mixture

R '

I. R =  H, R ' = SH 
II. R = OCHs, R ' = SH

III. R = II, R ' =  SCH3
IV. R = OCHs, R ' = SCH3 
X. R, R ' = OCH3

XI. R =  OCH3, R ' = OC2H5

V. R, R ' = H IX. R =  OCH3
VI. R, R ' =  OCH3 VIII. R =  H

VII. R = H, R ' = OCH3

EXPERIMENTAL

The analyses were by Weiler and Strauss, Oxford, and by 
the Tanabe Seiyaku Company, Ltd., Tokyo.3 The melting 
points are uncorrected.

4 -M e r c a p to c in n o lin e . A mixture of 1.1 g. of 4-chlorocinno- 
line and 1.0 g. of thiourea dissolved in 8 ml. of dry methanol 
was warmed and swirled for about 10 min. The mixture be
came a yellow semisolid mass which was dissolved by the 
addition of more absolute methanol. After filtration and 
vacuum evaporation, fine yellow crystals separated, m.p. 
146-148°. This material was heated for 35 min. on a steam 
bath with 4 ml. of 2.5N  sodium hydroxide solution. The 
cooled solution w'as acidified with dilute acetic acid and the 
orange-yellow semisolid mass filtered, m.p. 188-192°, yield 
0.7 g. A sample for analysis w'as recrystallized from glacial 
acetic acid, m.p. 200-201°.

A n a l .  Calcd. for C8H„N2S: C, 59.23; II, 3.73; N, 17.27. 
Found: C, 58.97; H, 3.81; N, 16.99.

Ten grams of 4-hydroxycinnoline and 60 g. of phosphorus 
pentasulfide were added to 650 ml. of dry, freshly distilled
c. p. pyridine. This mixture was refluxed for 5 hr., and then 
the excess pyridine w'as removed by vacuum distillation until 
near dryness. About 400 g. of crushed ice was added to the 
cooled residue and the mixture was allowed to stand for 0.5 
hr. After 2 hr. heating on the steam bath, the deep red solu
tion w'as allowed to stand overnight in the refrigerator. 
Deep red needles (9.8 g.) separated, m.p. 191-198°. A 
sample purified for analysis by repeated solution in am
monium hydroxide and precipitation with acetic acid melted

(3) The authors are indebted to Drs. S. Yamada and K. 
Abe for their kindness in providing certain of these analyses.

was allowed to stand overnight, then heated 2 hr. on a steam 
bath. After standing 24 hr. in the refrigerator the crystalline 
product amounted to 6.4 g., m.p. 213-215°. A purified 
sample melted at 216-217° alone and when admixed with 
the analytical sample described above.

4 -M e th y lm e r c a p te c in n o lin e . To a solution of 1.62 g. (0.01 
mole) of 4-mercaptocinnoline in 50 ml. of 10% sodium hy
droxide solution was added 1.42 g. (0.01 mole) of methyl 
iodide. The mixture w'as stirred an additional 0.5 hr. at 
25°, whereupon a greenish crystalline solid separated. The 
solid w'as extracted into about 100 ml. of chloroform. This 
solution was dried over magnesium sulfate and the residue 
obtained by evaporation. The residue was dissolved in 
ether and the insoluble impurities were removed by filtra
tion. Upon evaporation 1.1 g. (63%) of yellow needles 
melting a t 93-95° were obtained. An analytical specimen 
w'as obtained by crystallization from cyclohexane, m.p. 98°.

When the above procedure was repeated using the same 
quantities of materials except that two molar proportions 
of methyl iodide were used, the yield was 1.3 g. (74%) of 
product melting at 93-95°.

A n a l.- . Calcd. for C9H8N2S: C, 61.35; H, 4.62; N, 15.90. 
Found: C, 61.60; H 4.55; N, 15.85.

6 ,7 -D im e th o x y -4 -m e th y lm e r c a p to c in n o lin e . To a solution of 
1.0 g. of 6,7-dimethoxy-4-mercaptocinnoline in 25 ml. of 
10% sodium hydroxide solution w'as added 0.7 g. (one molar 
equivalent) of methyl iodide. The mixture was stirred at 
25° for 0.5 hr. At this time a solid separated which was 
extracted into chloroform and dried over magnesium sulfate. 
The dried filtrate was subjected to chromatography through 
alumina, using chloroform as the eluent. A yield of 0.38 g. 
(37%) of yellow crystals was obtained, m.p. 205-210°.
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An analytical sample prepared by crystallization from ben
zene melted at 215 -217°.

A n a l .  Calcd. for C„H12N20 2S: C. 55.1)3; H, 5.12; N, 11.80. 
Found: C, 56.00; H, 5.34; N, 11.64.

4 , 4 'S i c i n n o l y l  su lfid e . A solution of 2.0 g. of 4-chloro- 
cinnoline, 2.0 g. of 4-mercaptocinnoline and 0.67 g. of sodium 
methoxide in 35 ml. of dry methanol was refluxed for 1.75 
hr. The product, 3.5 g. (97%), separated from the hot solu
tion, m.p. 180-181°. A sample purified for analysis by ciys- 
tallization from ethanol melted at 181 °.

A n a l .  Calcd. for C16H10X4S: C, 66.21; H, 3.47; X, 19.31. 
Found: C, 66.07; H, 3.51; X’, 18.90.

4 ,4 '- B is { 6 ,7 - d im e th o x y c in n o ly l )  su lf id e . A solution of 1.4 
g. of 4-chloro-6,7-dimethoxyeinnoline, 1.4 g. of 6,7-dimeth- 
oxy-4-meroaptocinnoline, and 0.34 g. of sodium methoxide in 
23 ml. of dry methanol was refluxed for 2.5 hr., whereupon 
the solid product separated from the hot solution. There 
was obtained 2.4 g. of crude product, m.p. 210-215°. An 
analytical sample was prepared by crystallization from a 
large volume of ethanol, m.p. 220-225°.

A n a l .  Calcd. for C2oHi8N4S04: C, 58.52; H, 4.42; N,
13.65. Found: C, 58.70; H, 4.62; X, 13.34.

4 -C in n o 'ly l 4 '- { 6 ',7 '- d im e lh o x y c in n o ly l )  su lf id e . A solution 
of 2.8 g. of 4-chloro-6,7-dimethoxyeinnoline, 2.0 g. of 4- 
mercaptocinnoline, and 0.67 g. of sodium methoxide in 45 
ml. of dry methanol was refluxed for 3.5 hr., a t which time a 
solid product separated amounting to 4.24 g., m.p. 193°. 
The analytical sample was crystallized from ethanol, m.p. 
193°.

A n a l .  Calcd. for C,sH14N40 2S: C, 61.70; H, 4.03; N, 15.99. 
Found: C, 61.62; H, 4.29; N, 15.70.

4 - C m n o ly l  2 -q u in o x a ly l  su lfid e . A solution of 1.5 g. of 2- 
chloroquinoxaline, 1.5 g. of 4-mercaptocinnoline and 0.5 g. of 
sodium methoxide in 26 ml. of dry methanol was refluxed 
for 8.5 hr. Only 0.25 g. of product was obtained, which after 
purification by crystallization from ethanol melted a t 153- 
154°, pale yellow needles.

A n a l .  Calcd. for C16H10N4S: C, 66.21; H, 3.47; N, 19.31. 
Found: C, 66.02; H, 3.69; N, 18.97.

4 - { 6 ,7 -D im e th o x y c in n o ly l)  2 -q u in o x a ly l  su lfid e . A solution 
of 1.5 g. of 2-chloroquinoxaline, 2.1 g. of 0,7-dimethoxy-4- 
mercaptoeinnoline, and 0.5 g. of sodium methoxide in 26 ml. 
of dry methanol was refluxed for 2.25 hr. The solid product 
amounted to 1.85 g., m.p. 210°. A sample purified for an
alysis by crystallization from ethanol melted a t 210°.

A n a l .  Calcd. for Ci8Hi4N40 2S: C, 61.70; H, 4.03; N,
15.99. Found: C, 61.33; H, 4.18; X, 16.30.

4 ,6 ,7 -T r im e tk o x y c in n o l in e . A solution of 1.0 g. of 4-chloro-
6,7-dimethoxycinnoline and 0.5 g. of sodium methoxide in 
30 ml. of absolute methanol was refluxed for 2.5 hr. The 
solution was allowed to cool and stand overnight whereupon 
0.74 g. (76%) of product separated, m.p. 210° dec. An ana
lytical sample was prepared by crystallization from methanol, 
m.p. 210° dec.

A n a l .  Calcd. for Cnll^NsCh: C, 59.99; H, 5.49. Found: 
C, 59.74; H, 5.76.

4 -E lh o x y - 6 ,7 - d im e tlw x y c in n o lw e . A solution of 1.0 g. of
4-chloro-6,7-dimethoxycinnoline and 0.5 g. of sodium 
ethoxide in 30 ml. of absolute ethanol was refluxed for 2 
hr. Some solid product separated during the heating period 
and additional material separated on standing overnight at 
room temperature. Upon purification of the nonhomogeneous 
solid by repeated crystallization from ethanol, 0.15 g. of 4- 
chloro-6,7-dimethoxycinnoline was recovered together with 
0.3 g. of product, m.p. 185-187°.

A n a l .  Calcd. for C,2H14X .03: C, 61.53; H, 6.02; X, 11.95- 
Found: C, 61.67; H, 6.17; N, 11.90.

Infrared spectra wore determined on all compounds ex
cept 4-ethoxy-6,7-dimethoxycinnoline and 4-einnolyl-4'- 
(6',7'-dimethoxycinnolyl) sulfide. All those compounds show 
the characteristic cinnoline absorption band1 in the 6.3 ju 
region, although the absorption is weak in some instances. 
These spectra were determined as Xujol mulls on the 
Perkin-Elmer Infracord.

Al bu q ue rqu e , X. M.

[C o n t r i b u t i o n  p r o m  t h e  B o u n d  B r o o k  L a b o r a t o r i e s , A m e r i c a n  C y a n  a m id  C o m p a n y ]

Som e C arboxaldazines and  s-T riazo les o f  th e  A n th raq u in on e Series

ERW IN KLINGSBERG 

R ece ived  O ctober l à ,  165!)

2-Anthraquinonecarboxaldazine (I) reacts with chlorine to give the a-monochloro derivative (II) or 2-cyanoanthra- 
quinone (VI), depending on conditions. l , l ,'Dichloro-2-anthraquinonecarboxaldazine (XI) behaves similarly. II reacts with 
amines to give aminoaldazines or triazoles.

The present paper describes the results of an in
vestigation into the preparation and reactions of cer
tain chlorinated anthraquinonecarboxaldazines, 
undertaken with a view to the synthesis of anthra- 
quinonyltriazoles.1

Stolid,2-3 found that benzaldazine takes up one or 
two atoms of chlorine, according to conditions, to 
give the monochloro derivative C6H5CC1:N—N: 
CHC6H5 or the dichloro derivative CGH5CC1: 
N—N : CC1C6H5. The behavior of 2-anthraquinone- 
carboxaldazine (I) is somewhat different. While it

(1) E. Klingsberg, J .  A m .  C h em . S o c . 80, 5786 (1958).
(2) R. S tollé, J .  P r a k l .  C h em . 85, 386 (1912).
(3) R. Stollé and Fr. Helwerth, Tier., 47, 1132 (1914).

O 0
R =

I H
II Cl
III XH.
IV NHMe
V XMe.

does react with chlorine in nitrobenzene at 100- 
140° to give the monochloro derivative (II), a sec
ond atom of chlorine could not be introduced. When 
the reaction temperature was raised to 100-165°, a 
poor yield of unidentified product was obtained.
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Chlorination in o-dichlorobenzcne at this tempera
ture gave a good yield of 2-cyanoanthraquinone 
(VI); this cleavage reaction, giving benzonitrile 
from benzaldazine, was also observed by Stollé.2

R =
VI H
VII Cl

Monochlorobenzaldazine reacts w ith ammonia 
and primary amines to give s-triazoles by spon
taneous air-dehydrogenation of the in itia l reaction 
product3:

Cl
/

C6H6—C CH—Cells +  RNH, — >
II II

The reaction product of II with aniline was also 
lacking in absorption near 2.9 and 6.5 ¡x, and was 
thus the triazole IX, formed by spontaneous cyclo
dehydrogenation during aminolysis. It was recov
ered unchanged after treatment with potassium hy
droxide hi diethylene glycol monoethyl ether at 
155°.

The dimethylamine reaction product is, of course, 
incapable of cyclodehydrogenation and must be V.

The oxadiazole (X) was prepared by cyclodehy
dration of l,2-bis(2-anthraquinonecarbonyl)hydra- 
zine in oleum or polyphosphoric acid.

Attention was then turned to the 1-chloro deriva
tives of this series of compounds. l-Chloro-2-anthra- 
quinonecarboxaldehyde was prepared by the excel
lent procedure of Hershberg and Fieser4 and con
verted to the aldazine (XI). In its behavior on

N------N

NHR
/

C6H5— C CH—C6H5

R = H, alkyl, phenyl XI H
X II Cl

Again, the anthraquinone derivatives behaved 
somewhat differently. The reaction product with 
ammonia had the open-chain structure (III), as 
shown by infrared absorption in the NH stretching 
region at 2.95 and 3.04 n , characteristic of primary 
amines. Thus, dehydrogenation did not occur even 
though aminolysis was conducted in nitrobenzene 
at 180-190°. The structure of the product was 
confirmed by nitrosylsulfuric acid degradation 
under mild conditions to 2-anthraquinonecarbox- 
aldehyde; this behavior would be expected of III 
but not of a triazole.

Similarly the methylamine reaction product, an 
orange solid, m.p. 329-330°, had the open-chain 
structure (IV), as shown by a single infrared absorp
tion band in the NH stretching region at 2.94 y. and 
absorption at 6.60 n  in the NH deformation region. 
Confirmation of structure was afforded by treat
ment with potassium hydroxide in diethylene gly
col monoethyl ether at 155°. The product was a pale 
yellow neutral solid, m.p. 358-360°. Analysis 
showed that it contained two less hydrogen atoms 
than the starting material, and as it showed no ab
sorption at 2.94 n  and much weaker absorption at
6.60 ¡x, this was clearly the triazole (VIII). Under 
these conditions III was not cyclized, but

o  o
X =

V ili NCR,
IX NC,H5
X o

was recovered unchanged.

chlorination, it resembles I. At 95° in nitrobenzene 
it took up a single atom of chlorine to give XII. 
The occurrence of chlorination in the side-chain 
rather than the nucleus was proved by sulfuric acid 
degradation to l-chloro-2-anthraquinonecarboxylic 
acid and l-chlcro-2-anthraqumonecarboxaldehyde; 
the latter was not isolated as such but was con
verted to the aldazine (XI) under the conditions of 
the degradation. Chlorination of XI in o-dichloro- 
benzene at higher temperatures caused cleavage to
1- chloro-2-cyan oanthraquinone (VII).

Aminolysis of the side-chain chlorine atom in XII
was not successful with ammonia, aniline, or other 
amines. Relatively mild reaction conditions gave 
unchanged starting material, while more severe 
conditions caused decomposition. Apparently the 
nuclear and side-chain atoms are too similar in re
activity to permit selective displacement.

EXPERIMENTAL5

2 - A n th r a q u in o n e c a r b o n y l  ch lo r id e  2 -a n lh r a q u in o n y lm e th y l-  
en e h y d r a zo n e  (II). A mixture of 0.50 g. (1.07 mmoles) of
2- anthraquinonecarboxaldazine (I) and 20 ml. of nitro
benzene was heated in an oil bath a t 125-135° and subjected 
for 3 hr. to a vigorous stream of chlorine. The internal tem
perature of the mixture was 110-115°. The product was 
then cooled, filtered, and washed with a little benzene. Yield, 
0.50 g. (93%) of bright yellow solid, m.p. 321-325° dec. 
On crystallization from chlorobenzene, the m.p. fell to 316- 
319° dec.

A n a l .  Calcd. for C aR sC lR O ,: C, 71.6; H, 3.0; Cl, 7.1; 
N, 5.6. Found: C, 71.7; H, 3.2; Cl, 7.4; N, 5.8.

2 -C y a n o a n th r a q u in o n e  (VI). A mixture of 0.20 g. (0.43 
mmole) of 2-anthraquinonecarboxaldazine (I) and 3 ml. of

(4) E. B. Hershberg and L. F. Fieser, ./. A m . Chem. S o c .,  
63,2561 (1941).

(5) Melting points are corrected.
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o -d ic h lo r o b e n z e n e  w a s  h e a te d  in  a n  o il b a th  a t  1 6 0 -1 6 5 °  
a n d  tr e a te d  w ith  a  s tr e a m  o f ch lo r in e  for 2 hr. T h e  m ix tu re , 
a t  fir st th ic k , s lo w ly  d is s o lv e d  to  a n  a lm o s t  co lo r less  so lu t io n . 
T h e  y e l lo w  p r o d u c t  t h a t  se p a r a te d  on  co o lin g  w a s  f ilte red  
a n d  w a s h e d  w ith  b e n z e n e . Y ie ld , 0 .2 0  g ., m .p . 2 1 6 - 2 1 7 ° .  
I t  w a s  p u rified  b y  c r y s ta lliz a t io n  fro m  a c e t ic  a c id , w ith o u t  
ch a n g e  in  m e lt in g  p o in t .

A n a l.  C a lcd . for  C i5H , N 0 2: C , 7 7 .3 ;  Id, 3 .0 ;  N ,  6 .0 ;  O ,
1 3 .7 . F o u n d :  C , 7 7 .3 ;  H , 3 .3 ;  N ,  6 .0 ;  O, 13 .6 .

2-A n thraquinonecarboxam ide 2 -an thraqu inonylm ethylene-  
hydrazone  ( I I I ) .  A  s te a d y  s trea m  o f a m m o n ia  w a s  p a ss e d  for  
5  hr. th r o u g h  a  su sp en s io n  o f  0 .5 5  g . (1 .1 0  m m o le s )  o f  I I  in  
10 m l. o f  n itr o b e n z e n e  in  a n  o il b a th  a t  2 1 0 - 2 2 0 ° ;  th e  in 
te r n a l te m p e r a tu r e  w a s  1 7 5 -1 8 0 ° . T h e  m ix tu r e  V'as th e n  
co o led , d ilu te d  w ith  a  l i t t le  a lc o h o l, a n d  filtered , g iv in g  0 .4 9  
g . (9 1 % ) o f  o ra n g e  p r o d u c t  u n m e lte d  a t  3 6 5 ° . I t  w a s  p u r i
f ied  b y  c r y s ta ll iz a t io n  fro m  d im e th y lfo r m a m id e .

A n a l.  C a lcd . for  C 3„H17N 30 4: C , 7 4 .5 ;  II , 3 .5 ;  N ,  8 .7 ;  O ,
13 .3 . F o u n d :  C , 7 4 .9 ;  H , 3 .4 ;  N ,  8 .8 ;  O, 12 .8 .

T h is  c o m p o u n d  sh o w e d  in fr a red  a b so r p t io n  a t  2 .9 5  a n d
3 .0 4  y .  I t  w a s  reco v e red  u n c h a n g e d  ( e le m e n ta l a n d  in fra red  
a n a ly s is )  a fte r  b e in g  st ir red  for 2 hr. in  p o ta s s iu m  h y d ro x id e  
a n d  d ie th y le n e  g ly c o l m o n o e th y l e th e r  a t  1 5 5 -1 6 0 ° .

A  so lu t io n  o f  0 .3 7  g . (0 .7 7  m m o le )  o f  I I I  a n d  0 .1 1  g . (1 .6  
(m m o le s )  o f  so d iu m  n itr ite  in  10 m l. co n e , su lfu r ic  a c id  w a s  
s t ir red  o v e r n ig h t  a t  ro o m  te m p e r a tu r e  a n d  th e n  fo r  2 .5  hr. 
a t  7 0 - 7 5 ° .  T h e  re a c t io n  p r o d u c t  w a s  rec o v e r e d  b y  d ro w n in g  
o n  ic e , f ilter in g , a n d  w a sh in g . D ig e s t io n  w it h  h o t  a q u eo u s  
so d iu m  b isu lf ite , fo llo w e d  b y  f iltr a t io n  a n d  a c id ific a t io n , 
g a v e  2 -a n th r a q u in o n e c a r b o x a ld e h y d e , m .p . 1 8 5 -1 8 7 ° .

N ,N -D im eth y l-2 -a n lh ra q u in o n eca rb o xa m id e  2 -a n th ra q u in - 
onylm elhylenehydrazone  ( V ) .  A  s t e a d y  s trea m  o f d im e th y l-  
a m in e  w a s  p a ss e d  for 4  hr. th r o u g h  a  su sp e n s io n  o f  0 .5 2  g. 
(1 .0 4  m m o le s )  o f  I I  in  10  m l. o f  n itr o b e n z e n e  in  an  o il b a th  
a t  1 9 0 ° . T h e  so lid  d isso lv e d , g iv in g  a  d eep  red  so lu t io n . 
A fte r  c o m p le tio n  o f  th e  re a c t io n , th e  m ix tu r e  w a s  co o led , 
d ilu te d  w it h  a  l i t t l e  a lco h o l, a n d  f iltered , g iv in g  0 .4 2  g . 
(7 9 % ) o f  o ra n g e  p r o d u c t, m .p . 2 5 8 - 6 0 ° .  I t  -was c r y s ta lliz e d  
fr o m  a m y l a lc o h o l w ith o u t  ch a n g e  in  m e lt in g  p o in t . I t  
sh o w e d  n o  a b so r p t io n  in  t h e  2 .9  y  r eg io n .

A n a l.  C a lcd . for  C 32H 2iN 30 4 : C , 7 5 .2 ;  H , 4 .1 ;  N ,  8 .2 ;  O , 
12 .5 . F o u n d :  C , 7 5 .0 ;  H , 4 .2 ;  N , 8 .3 ;  O , 12 .7 .

N -M ethy l-2 -an thraqu inonecarboxam ide  2 -a n thraqu inonyl-  
m ethylenehydrazone  ( I V ) .  T h is  w a s  p rep a red  fro m  m e th y l-  
a m in e  in  a  w a y  e x a c t ly  s im ila r  t o  t h a t  fo r  t h e  co rre sp o n d in g  
d im e th y la m in o  d e r iv a t iv e . I t  c r y s ta ll iz e d  fro m  d im e th y l
fo rm a m id e  a s  a n  o ra n g e  so lid , m .p . 3 2 9 - 3 3 0 ° .

A n a l.  C a lcd . fo r  C 3iH i9 N 30 4: C , 7 4 .9 ;  H , 3 .8 ;  N ,  8 .5 ;  
O, 12 .9 . F o u n d :  C , 7 4 .6 ;  H , 3 .9 ;  N ,  8 .8 ;  O , 1 2 .6 . T h is  co m 
p o u n d  sh o w e d  in fr a red  a b so r p t io n  a t  2 .9 4  a n d  6 .6 0  y.

5.5- B is(2 -a n th ra q u in o n y l)-4 -m eth y l-s-tr ia zo le  ( V I I I ) .  A  
m ix tu r e  o f  0 .2 4  g . o f  IV , 0 .5 0  g . p o ta s s iu m  h y d r o x id e , a n d  
20 m l. o f  d ie th y le n e  g ly c o l m o n o e th y l  e th e r  w a s  stirred
1 .5  hr. in  a n  o il  b a th  a t  1 4 5 °  a n d  1 .5  hr. a t  1 5 5 ° . C o o lin g , 
d ilu tio n  w ith  w a te r , a n d  f iltr a t io n  g a v e  0 .1 6  g . (6 7 % )  of  
b u ff so lid , m .p . 3 4 6 - 3 4 9 °  d ec . C r y s ta ll iz a t io n  fro m  2 5  m l. o f  
d im e th y lfo r m a m id e  g a v e  0 .1 1  g . o f  v e r y  p a le  y e l lo w  so lid , 
m .p . 3 5 8 - 3 6 0 ° .  T h is  w a s  c r y s ta ll iz e d  fro m  o -d ic h lo ro b en ze n e  
w ith o u t  fu r th e r  ch a n g e  in  m e lt in g  p o in t .

A n a l.  C a lcd . fo r  C 31H „ N 30 4: C , 7 5 .1 ;  H , 3 .4 ;  N ,  8 .5 .  
F o u n d :  C , 7 5 .0 ;  H , 3 .4 ;  N ,  8 .5 .

T h is  su b s ta n c e  sh o w e d  n o  a b so r p t io n  n ea r  2 .9  y ,  a n d  
m u c h  w ea k er  a b so r p t io n  a t  6 .6 0  y  th a n  t h e  s ta r t in g  m a ter ia l.

3 .5- B is(2 -a n th ra q u in o n y l)-4 -p h en y l-s-tr ia zo le  ( I X ) .  A  m ix 
tu re  o f  1 .0  g . (2 .0  m m o le s )  o f  I I ,  0 .2 0  m l. (0 .2 0  g .;  2 .1  m m o le s )  
o f  a n ilin e , a n d  7 - 8  m l. o f  n itr o b e n z e n e  w a s  stirred  for 1 .5  hr. 
in  a n  o il b a th  a t  1 6 5 ° . T h e  p r o d u c t  w a s  th e n  co o led , f iltered , 
a n d  w a s h e d  w ith  b e n z e n e . Y ie ld , 0 .4  g . o f  o ra n g e  y e llo w  
so lid . A n  a d d it io n a l crop  o f  0 .2  g . w a s o b ta in e d  fro m  th e  
m o th e r  liq u o r . T h e  t o ta l  a m o u n t , 0 .6  g ., r e p resen ted  a 5 5 %  
y ie ld . I t  c r y s ta lliz e d  fro m  d ie th y le n e  g ly c o l  m o n o e th y l  
e th e r  or  o -d ic h lo ro b en ze n e  a s  an  o ra n g e  so lid , m .p . 3 7 3 -3 7 5 °  
d ec .

A n a l.  C a lcd . fo r  C 36H 19N 30 4 : C , 7 7 .5 ;  H , 3 .4 ;  N ,  7 .5 ;  O ,
11 .6 . F o u n d :  C , 7 7 .4 ;  H , 3 .5 ;  N ,  7 .5 ;  O , 11 .5 .

I t  sh o w e d  n o  in fra red  a b so r p t io n  in  th e  2 .9  a n d  6 .5  y  re 
g io n s. I t  w a s  reco v e red  u n c h a n g e d  (m e lt in g  p o in t  a n d  
in fra red  c o m p a r iso n ) a fte r  b e in g  st ir red  1 .5  hr. in  d ie th y le n e  
g ly c o l m o n o e th y l e th e r  a n d  p o ta s s iu m  h y d r o x id e  a t  1 5 5 ° . 
3 - (2 -A n th r a q u in o n v l) -4 ,5 -d ip h e n y l- s - tr ia z o le I b e h a v e d  s im i
la r ly .

2 ,5 -B is(2 -a n th ra q u in (m y l)-l,S ,4 -o xa d ia zo le  ( X ) .  A  m ix tu r e  
o f  0 .5 0  g . o f  l ,2 -b is (2 -a n th r a q u in o n e c a r b o n y l)h y d r a z in e 1 
a n d  5 m l. o f  p o ly p h o sp h o r ic  a c id  w a s  st ir red  in  a n  o il b a th  
a t  1 7 5 -1 8 0 °  for 4  h r ., co o led , d ilu te d , a n d  f ilte red . T h e  
p r o d u c t  w a s  w a s h e d  n e u tr a l a n d  d r ied . Y ie ld , 0 .4 9  g . o f  
g r a y  so lid  u n m e lte d  a t  3 7 0 ° . C r y s ta ll iz a t io n  fro m  o -d ic h lo ro 
b e n z e n e  a n d  th e n  d im e th y lfo r m a m id e  g a v e  a  s i lv e r y -b u ff  
so lid .

A n a l.  C a lcd . fo r  C ^ H nN oC b: C , 7 4 .7 ;  H , 2 .9 ;  N ,  5 .8 . 
F o u n d :  C , 7 4 .7 ;  H , 2 .9 ;  N , 6 .1 .

U n lik e  th e  s ta r t in g  m a ter ia l, t h is  c o m p o u n d  sh o w e d  n o  
a b so r p t io n  a t  3 .2 2  a n d  6 .4 4  y  a n d  o n ly  w e a k  a b so r p t io n  a t  
6 .3 3  y.

T h e  s ta r t in g  m a te r ia l (0 .5 0  g .)  w a s  a lso  c y c lo d e h y d r a te d  
b y  st ir r in g  for  3 .5  hr. a t  ro o m  tem p e r a tu r e  in  10 m l. o f  3 0 %  
o leu m . T h e  p r o d u c t  w a s  d ilu te d  w ith  su lfu r ic  a c id  fo llo w e d  
b y  ic e , f iltered , w a s h e d  n eu tr a l, a n d  d ried , g iv in g  0 .4 1  g. 
o f c rea m -co lo red  so lid  u n m e lte d  a t  3 7 0 ° . T h is  w a s  p u r ified  
in  t h e  sa m e  w a y  a n d  p r o v e d  id e n t ic a l b y  in fra red  a n d  e le 
m e n ta l  a n a ly s is .

l-C hloro-2-an thraquinonecarboxa ldazm e  ( X I ) .  A  so lu t io n  
o f 1 1 .0  g . (0 .0 4 1  m o le )  o f  l-ch lo r o -2 -a n th r a q u in o n e c a r b o x -  
a ld e h y d e 4 in  6 0 0  m l. o f  g la c ia l a c e t ic  a c id  w a s  st ir red  a n d  
re flu x ed  in  a  1 0 0 0 -m l. th r e e  n e c k e d  fla sk . E ff ic ie n t  st irr in g  
w a s n e c e s sa r y . A  so lu t io n  o f  1 .5  m l. (1 .5  g .;  0 .0 2 5  m o le )  o f  
8 5 %  h y d r a z in e  h y d r a te  in  2 0  m l. o f  a c e t ic  a c id  w a s  th e n  
a d d e d  d ro p w ise  o v e r  a  2 0 -m in . p er io d . A fte r  b e in g  stirred  
a n d  re flu x ed  10 m in . lo n g er , th e  y e llo w  p r o d u c t  w a s  filtered  
h o t  a n d  w a s h e d  w ith  e th a n o l. Y ie ld , 10 .5  g . (9 6 % ), m .p .  
3 1 3 - 3 1 4 °  d ec . A  sm a ll sp ec im en  w a s c r y s ta ll iz e d  fro m  n itr o 
b e n z e n e  (2 0 0  m l. p er  g .)  for  a n a ly s is ;  m .p . 3 1 7 - 3 1 9 ° .

A n a l.  C a lcd . fo r  C 3oH 14C12N 20 4: C , 6 7 .2 ;  H , 2 .6 ;  C l, 
13 .2 ; N ,  5 .2 . F o u n d :  C , 6 7 .0 ;  H , 2 .7 ;  C l, 13 .1 ; N ,  5 .4 .

l-C hloro-2-an thraquinonecarbonyl chloride l-ch loro-2-an-  
ihraquinonyhnethylenehydrazone  ( X I I ) .  A  m ix tu r e  o f  0 .7 0  g . 
(1 .3  m m o le s )  o f  X I  a n d  2 0  m l. o f  n itr o b e n z e n e  w a s h e a te d  
in  a n  o il  b a th  a t  1 1 0 -1 1 5 °  a n d  su b je c te d  to  a  v ig o r o u s  s trea m  
o f  ch lo r in e  for 6  hr. T h e  in te r n a l te m p e r a tu r e  o f  th e  m ix 
tu r e  w a s  a b o u t  9 5 ° . I t  w a s  th e n  co o led , d ilu te d  w ith  a l i t t le  
b e n zen e , a n d  f iltered . T h e  b r ig h t  y e l lo w  p r o d u c t  w a s  
■washed w ith  b e n z e n e  a n d  d ried . Y ie ld  0 .5 8  g . (7 8 % ), m .p . 
2 6 9 - 2 7 0 °  d ec . d e p e n d e n t  so m e w h a t  u p o n  t h e  r a te  o f  h e a t in g .  
C r y s ta ll iz a t io n  fro m  x y le n e  ra ised  t h e  m e lt in g  p o in t  to  
a b o u t  2 7 6 - 2 7 7 °  d ec .

A n a l.  C a lcd . for  C 3UH 13C13N 20 4: C , 6 3 .1 ;  H , 2 .3 :  C l, 18 .6 ;
N ,  4 .9 ;  O, 11 .2 . F o u n d :  C , 6 2 .8 ;  Id, 2 .4 ;  C l, 18 .2 ; N ,  5 .0 ;
O, 11 .3 .

A  s o lu t io n  o f  0 .2 4  g . o f  th is  c o m p o u n d  in  2 .0  m l. o f  co n e , 
su lfu r ic  a c id  w a s  stirred  a t  1 2 5 °  fo r  2 .5  hr. a n d  th e n  co o led  
a n d  d ro w n ed  o n  ic e . T h e  y e llo w  p r o d u c t  w a s  f ilte red  a n d  
w a sh e d . D ig e s t io n  in  w a rm  d ilu te  a m m o n iu m  h y d r o x id e , 
fo llo w e d  b y  f iltr a t io n  a n d  a c id ific a tio n  o f  t h e  f iltr a te , g a v e  
0 .0 8  g . o f  v e r y  p a le  y e llo w  l-c h lo r o -2 -a n th r a q u in o n e c a r -  
b o x y lic  a c id , m .p . 2 7 3 - 2 7 5 ° ,  u n a ffe c te d  b y  a d m ix tu r e  wdth 
a n  a u th e n t ic  sp ec im en . I d e n t if ic a t io n  w a s  co n firm ed  b y  
in fra red  co m p a r iso n .

T h e  a m m o n ia - in s o lu b le  fr a c t io n  w a s  freed  fro m  tr a c e s  o f  
a ld e h y d e  b y  d ig e s t io n  w ith  w a rm  d ilu te  so d iu m  b isu lf ite  
so lu t io n , le a v in g  0 .1 2  g . o f  yellow - p r o d u c t  m .p . 2 9 2 - 2 9 5 ° .  
C r y s ta ll iz a t io n  fro m  2 0  m l. o f  n itr o b e n z e n e  g a v e  0 .0 5  g . o f  
l-c h lo r o -2 -a n th r a q u in o n e c a r b o x a ld a z in e  ( X I ) ,  m .p . 3 1 1 -  
3 1 i y 2°, u n a ffe c te d  b y  a d m ix tu r e  w ith  a n  a u th e n t ic  sp e c i
m en . Id e n t if ic a t io n  w a s  co n firm ed  b y  in fr a red  co m p a r iso n .

l-C h loro-2-cyanoanthraquinone  ( V I I ) .  A  s t e a d y  s tr e a m  o f  
ch lo r in e  w a s  p a sse d  for 15 m in . th r o u g h  a m ix tu r e  o f  0 .3 0  g . 
(0 .5 7  m m o le )  o f  l-c h lo r o -2 -a n th r a q u in o n e c a r b o x a ld a z in e
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( X I )  a n d  5  m l. o f  o -d ic h lo ro b en ze n e  h e a te d  in  a n  o il b a th  
a t  1 5 5 ° . A  c lea r  s o lu t io n  w a s  o b ta in e d  a fte r  5  m in . A  y e llo w  
so lid  se p a r a te d  o n  c o o lin g ;  th is  w a s  f iltered  a n d  w a sh e d  
w ith  b e n z e n e ;  y ie ld , 0 .2 0  g . (6 7 % ), m .p . 2 4 7 - 2 5 0 ° ,  
ra ised  to  2 4 8 - 2 5 1 °  on  c r y s ta ll iz a t io n  from  to lu e n e . B y  
m ix ed  m e lt in g  p o in t  a n d  in fra red  co m p a r iso n , th is  w a s  
id e n tic a l w ith  an  a u th e n t ic  sa m p le .

A c k n o w le d g e m e n t. The author is indebted to Miss 
J. L. Gove for spectral data and to 0. E. Sundberg 
and his associates for microanalyses.

B o u n d  B r o o k , N .  J .

[C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t s  o f  S u r g e r y  a n d  C h e m i s t r y , S i n a i  H o s p i t a l  o f  B a l t i m o r e , I n c ., a n d  T h e  
J o h n s  H o p k i n s  U n i v e r s i t y , B a l t i m o r e , M a r y l a n d , a n d  t h e  D e p a r t m e n t  o f  P a t h o l o g y , U n i v e r s i t y  o f  L o n d o n ,

E n g l a n d .]

P reparation  o f  N itro te tra zo liu m  Salts C on ta in in g  B en zo th ia zo le1

S H A N K A R  S. K A R M A R K A R , A . G . E V E R S O N  P E A R S E , a n d  A R N O L D  M . S E L I G M A N

R ece ived  S e p te m b e r  3 0 , 1 9 5 0

In  ord er to  ta k e  a d v a n ta g e  o f  th e  fa v o ra b le  in flu en ce  for  h is to c h e m is tr y  o f  th e  p -n itr o p h e n y l gro u p  a t  ,Y-2 an d  th e  p o te n 
t ia l o f  c h e la t in g  h e a v y  m e ta ls  b y  th e  t.h iazole - ( 2 )  gro u p  a t  .Y-3 in  te tr a z o liu m  sa lts , a  v a r ie ty  o f  m o n o  a n d  d ite tr a z o liu m  sa lts  
in co rp o ra tin g  th e s e  fe a tu r e s  w ere  p rep a red . T h e  s im p le s t  a n a lo g u e  ( I I )  w a s  fo u n d  t o  c h e la te  w e ll an d  w a s red u ced  rea d ily  
b y  d eh y d ro g en a se  s y s te m s  o f  m a m m a lia n  t issu es . I t s  red o x  p o te n t ia l  w a s c lo se  *.o t h a t  o f  I N T  a n d  N itr o -B T . T h e  b e n z o 
th ia z o le  - ( 2 )  g ro u p  in  th e  C -5  p o s it io n  d id  n o t  p a r t ic ip a te  in  ch e la tio n .

The discovery that a p-nitro group in the N -2 
phenyl ring of tetrazolium salts confers favorable 
properties on the readiness with which they accept 
hydrogen from various dehydrogenase systems2’3 
and the discovery that a formazan containing a 
dimethylthiazole group at the N-3 position (MTT) 
chelates well with cobalt,4'5 suggested to us that 
it would be worthwhile to prepare N-3 and C-5 
benzothiazole derivatives of tetrazolium salts 
containing in addition a p-nitrophenyl group at 
N-2. It was also hoped that the remarkable sub
stantive properties for protein in histochemical 
methodology6 exhibited by Nitro-BT [2,2'-di- 
p-nitro phenyl-5,5'- diphenyl - 3,3' - (3,3' - d imethoxy- 
4,4'-biphenylene) ditetrazolium chloride] could 
be duplicated in benzothiazole analogues of di- 
nitroditetrazolium salt. Although Nitro-BT and a
5-m-iodophenyl analogue of Nitro-BT have been 
used to demonstrate dehydrogenases with electron 
microscopy,7 there should be an advantage to 
using nitrotetrazolium salts that yield formazans 
of high substantivity and capable of chelating 
metals of high atomic number. The development of

(1) This investigation was supported by a research grant 
(CY-2478) from the National Cancer Institute, National 
Institutes of Health, Department of Health, Education, 
and Welfare, Bethesda, Maryland.

(2) K. C. Tsou, C. S. Cheng, M. M. Nachlas, and A. M. 
Seligman, J .  A m .  C h e m . S o c ., 7 8 , 6139 (1956).

(3) B. Pearson and V. Defendi, J .  H is to c h e m . &  C y to ch em ., 
2,248(1954).

(4) A. G. E. Pearse, J .  H is to c h e m . &  C y to ch em ., 5, 515 
(1957).

(5) D. G. Scarpelli, R. Hess, and A. G. E. Pearse, J .  
B io p h y s . &  B io c h e m . C y to l., 4 , 747 (1958).

(6) M. M. Nachlas, K. C. Tsou, E. DeSouza, C. S. 
Cheng, and A. M. Seligman, J .  H is to c h e m . &  C y to c h em ., 5,  
420(1957).

(7) S. Karmarkar, R. J. Barrnett, M. M. Nachlas, and
A. M. Seligman, J .  A m .  C h em . S o c ., 81, 3771 (1959).

such agents should make possible precise intra- 
mitochondrial localization of dehydrogenase activ
ity with the electron microscope. For this purpose 
benzothiazole groups were introduced into the N-3 
and C-5 positions and p-nitrophenyl groups were 
placed at N-2. Ditetrazolium salts were also pre
pared with benzothiazol and p-nitrophenyl groups, 
related to BT and Nitro-BT.

The formazan (I) was obtained by coupling 
p-nitrobenzene diazonium chloride with benzo- 
thiazolylhydrazone-(2) of benzaldehyde in the 
presence of alkali. Attempts to prepare I by 
coupling diazotized 2-aminobenzothiazole with 
p-nitrophenylhydrazone of benzaldehyde failed. 
Oxidation of I with V-bromosuccinimide in ethyl 
acetate8 gave the tetrazolium bromide, which was 
converted to the corresponding chloride (II) by 
treatment with silver chloride. Oxidation of I 
with isoamyl nitrite and glacial acetic acid resulted 
in the formation of a tetrazolium salt (III) con
taining two nitroso groups.9 Attempts to remove 
these nitroso groups with ethanolic hydrochloric 
acid9 resulted in the formation of IV which did 
not react like a tetrazolium salt.

Similarly, benzothiazolylhydrazone-(2) of benzo- 
thiazole-2-aldehyde10 on treatment with p-nitro- 
benzene diazonium chloride gave a formazan (V), 
which on oxidation with A7-bromosuccinimide in 
ethyl acetate gave a tetrazolium bromide which 
was converted with silver chloride to the cor
responding tetrazolium chloride (VI). Oxidation of 
V with isoamyl nitrite and glacial acetic acid gave 
a nitroso derivative (VII) which on treatment

(8 )  H . B e y e r  ar.d T . P ly , C h em . B e r .,  87 , 1505 (1 9 5 4 ) .
(9 )  E . L u d o lp h y ,  C h em . B e r ., 84, 3 8 5  (1 9 5 1 ) .
(1 0 )  M . S ey h a n , a n d  S. A v a n , R e v . fa c .  sc i. u n iv .  I s ta n b u l ,  

16a, 30  (1 9 5 1 ) ;  C h em . A b s lr . , 46, 8 0 9 0 d  (1 9 5 2 ) .
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N
/  \

II—C NH—It'
I

N = N —R"
I. R = C6H5; R ' = C7H4NS; R ' = p-N02-C6H4 

V. R =  C7H4XS; R ' =  C7H4NS; R" =  p-NOî-CsHi
IX. R =  C7II4XS; R ' =  7j-XO.7-Cf.H4; R" =

o-OMe-p-(?n-OMe-CcH4)-C6H3
X III. R  =  C6H5; R ' =  C7H4NS; R" =

o-OMe-p-(m-OMe-C6H4)-C6H3

X
/  \

R—C X - 1C
! + !

N------N—R"
TI. R = C6H6; R ' = C7H4NS; R" = p-N0 2-C,H4

VI. R =  C,H4NS; R ' = C,II4NS; R'' -  p-N0 2-C6H4

N ^
R -C ^  XII R' R '-E N  C—F

N = N ------- ------------------------- N = N

MeO OMe
X. R  = C,I14XS; R ' =  p-NO,-CGH4

XIV. R  =  C6H5; R ' = G7H4NS

^  2 C r
R -C  N -R ' R '-N  C - R

N = = N ------- --------------------------N = = N

MeO^ OMe
XII. R = C,H4NS; R ' = p-N02-C6H4

XV. R = C6H5; R ' = C,H,NS

with alcoholic hydrochloric acid gave a crystalline 
compound (VIII) which has not been identified.

The C-5 benzothiazole analogue of Nitro-BT 
was prepared from the p-nitrophenylhydrazone of 
benzothiazole-2-aldehyde10 and tetrazotized 3,3'- 
dimethoxybenzidine at —20 to —35° as reported 
for Nitro-BT.7 The resulting mixture of mono 
and diformazans (IX and X) were separated by 
extraction with benzene or methanol in a Soxhlct 
apparatus for a week. From the extracts, the mono- 
formazan (IX) was obtained and purified by the 
usual procedure.7 The diformazan (X) which re
mained in the thimble could be purified for analy
sis by crystallization from pyridine. It was much 
more soluble than the very insoluble diformazan 
from Nitro-BT.2 Oxidation of X was effected with 
iV-bromosuccinimide in dioxane and the resulting 
bromide (XI) was converted to the chloride (XII) 
with silver chloride.

The N-2 benzothiazole analogue of BT(XIV) 
was prepared from benzaldehvde, 2-benzothiazolyl- 
hydrazone and tetrazotized orthodianisidine. It 
was oxidized to the ditetrazolium bromide salt 
(XVa) with V-bromosuccinimide in chloroform 
and converted to the chloride (XV) with silver 
chloride. The nitroso acetate (XVI) was obtained 
on oxidation of XIV with isoamylnitrite.

In histochemical experiments with frozen sections 
of rat tissue, the benzothiazole tétrazolium salt
(II) was very rapidly reduced by dehydrogenase 
systems as would be expected from its high position 
in Table I. The resulting formazan formed a black

stable chelate with cobaltous ions which crystal
lized too readily for practical histochemical use. 
The other benzothiazole derivatives did not form 
chelates with cobalt under the conditions of the 
study. Investigation of other ions which do not 
inhibit the dehydrogenases significantly will be 
made.

EXPERIMENTAL

2 -R e n z o th ia z n ly l- (2 ) -S -p -n itr o p h e n y l-5 -p h e n y lfo r m a z a n  (I). 
Benzaldehyde, 2-benzothiazolylhydrazone (3.15 g.) was dis
solved in tetrahydrofuran (250 ml.). p-Nitroaniline (1.72 g.) 
wras suspended in 50% hydrochloric acid (9.0 ml.), and was 
diazotized with an aqueous solution of sodium nitrite (0.90 
g.), a t 0°. The diazotized solution was then added to the 
tetrahydrofuran solution at —20 to —25°. An aqueous solu
tion of potassium hydroxide (20%) .was added immediately 
in portions until the solution became alkaline to litmus. 
The solution turned deep blue. The solution was stirred 
for 4 hr. and wars allowed to stand overnight at room tem
perature. I t was diluted with a large volume of water, the 
precipitate "was collected, washed with hot water, and crys
tallized from dilute tetrahydrofuran in shining violet 
needles, m.p. 204-205°. Yield“(3.2 g.; 64%).

A n a l .  Calcd. for C20H,4O2N6S: N, 20.89. Found: N, 21.20.
2 -B e n zo lh ia zo ly l- (3 ) -3 -p -n itr o p h e n .y l-5 -p h e n y lte tr a zo liu m

b ro m id e  (Ila). The formazan (I) (0.50 g.) was refluxed with 
ethyl acetate (150 ml.), and filtered. To the filtrate was then 
added a solution of N-bromosuccinimide (0.23 g.) in ethyl 
acetate (20 ml.). On shaking for some time the color of the 
solution turned yellow. After the addition of a few drops of 
cone, aqueous hydrobromic acid, the solution was cooled to 
0°. The yellow precipitate was collected (0.30 g.; 50%). I t  
was crystallized by solution in hot water with the addition 
of a few drops of hj'drobromic acid, in shining yellow plates, 
m.p. 215° dec. The bromide was sparingly soluble in water.

A n a l .  Calcd. for C2»Hi30 2N6SBr: Br, 16.62. N, 17.47; 
Found: Br, 16.30. N, 17.30.

2 -B e n z o th ia zo ly l- (~ ) -3 -p -n itr o p h e n y l-5 -p h e n y U e tra z o liu m  
ch lo r id e  (II). The tetrazolium bromide (Ila) (0.10 g.) was 
refluxed in water (150 ml.) with freshly precipitated silver 
chloride for 10 hr. The mixture was filtered and the filtrate 
w'as evaporated on a steambath. The precipitate crystallized 
from a little water containing a few drops of hydrochloric acid 
in shining yellow plates, m.p. 190° dec. after shrinking at 
180°. Yield (0.04 g.:45%).

A n a l .  Calcd. for C-oH.^NsSCl: Cl 8.13. N, 19.24. Found: 
Cl, 8.40, N, 19.42.

O x id a tio n  p ro d u c t o f  I w ith  i s o a m y ln itr i te  (III). The 
formazan ( 1.10 g.) was dissolved in boiling glacial acetic 
acid (50 ml.). The solution was cooled to room temperature, 
isoamylnitrite (5.0 ml.) was added, and the solution was 
reheated on a steambath until the color of the solution 
bleached to golden yellow'. On cooling a yellow crystalline 
precipitate appeared. I t was collected and washed with a 
little ether, yield 1.10 g. I t  crystallized from glacial acetic 
acid in yellow needles, m.p. 229-230° dec. Nitrogen analysis 
revealed two nitroso groups. The carbon and hydrogen 
analysis was not done because the specimen exploded during 
combustion analysis.

A n a l .  Calcd. for C2oH„N60 2S. C2H30,-2 NO: N, 21.62. 
Found: N, 21.36.

This tetrazolium salt (III) could be reduced to the original 
formazan.

A n a l .  Calcd. for C2CHI40 2N6S: N, 20.89. Found: N, 21.31.
C o m p o u n d  IV. The tetrazolium salt (III, 50 mg.) W'as 

suspended in absolute alcohol (30 ml.). A stream of dry 
hydrochloric acid gas was passed for half an hour with ex
ternal water cooling. The solution was refluxed on a steam- 
bath for half an hour and was concentrated to about 15 ml. 
On cooling very pale yellow crystals appeared, which crys-
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TABLE I
C o m p a r i s o n  c f  P o l a b o g r a p h i c  R e s u l t s  w i t h  a  V a r i e t y  o f  T é t r a z o l i u m  S a l t s “

(E 1/2, pH 7.0, 223 )

Compound Formula Volts
II 2-Benzothiazolyl-(2)-3-p-nitrophenyl-5-phenvl tetrazolium chloride -0 .0 4
Nitro-BT 2,2'-Di-p-nitrophenyl-3,3'-(3,3'-dimethoxy-4,4'-biphenylene)-5.5'-diphenvl ditetrazolium

chloride - 0 .0 5
VI 2-Benzothiazolyl-(2)-3-p-nitrophenyl-5-benzothiazo:yl-(2)-tetrazolium chloride - 0 .0 7
INT 2-p-Nitrophenyl-3-p-iodophenyl-5-phenyltetrazolium chloride - 0 .0 9
4,5-MTT 3,5-Diphenyl- 2-(4.5-dimethylthiazolvl-(2) tetrazolium bromide -0 .1 1
5-MTT 3.5-Diphenyl-2-(5-methylthiazolvl-(2 (-tétrazolium bromide -0 .1 2
XII 2,2'-Di-p-nitrophenyl-3,3'-( 3,3'-dimethoxy-4,4'-bipheny]ene)-5,5'-dibenzothiazoIyl-(2)-

ditetrazolium chloride -0 .1 5
BT 2,2'-Diphenyl-3,3'-(3,3'-dimethoxy-4,4'-biphenylene)-5,5-diphenyl ditetrazolium chloride -0 .1 6
NT 2,2'-L>iphenyl-3,3'-(4,4'-biphenylene)-5,5'-diphenyl ditetrazolium chloride - 0 .1 7
TTC Triphenyl tetrazolium chloride - 0 .4 6
Tellurite - 0 .9 5

° Acknowledgement for help in obtaining these results is due Mrs. B. Lamb, Research I lepartment, Evershed and Vignoles 
Limited, London, England. Measurements were made with a Tinsley recording polarograph and a dropping mercury elec
trode. The tetrazolium salts were made up to a calculated concentration of 10-4 M  in 0.11/ phosphate buffer, pH 7.2, so that 
the final pH was 7.0.

tallized from alcohol in stout prismatic needles, m.p. 183° 
dec. The compound was insoluble in water, and it did not 
produce the dark color of formazan when a crystal of sodium 
sulphide was added to its solution in aqueous alcohol.

B em o th ia zo le -2 -a ld e h y d e -S -b e n zo th ia z o ly lh y d ra z o n e . (Va). 
This compound was prepared from equivalents by mixing 
alcoholic solutions of 2-hydrazinobenzothiazole (5%) and 
benzothiazole-2-aldehyde (20%). It crystallized from dioxane 
in yellow needles, m.p. 270° dec. after shrinking at 265°.

A n a l .  Calcd. for Ci5H i„N4S2: N, 18.06. Found: X, 17.87.
2 -B e n z o th ia z o ly l- (2 ) -3 -p -n itr a p h e n y l-5 -b e n z o th ia z o ly l- (2 ) -  

fo r m a z a n  (V). The hydrazone (Va, 1.24 g.) was dissolved in a 
mixture of tetrahydrofuran (40 ml.) and dimethylformamide 
(15 ml.). The solution was cooled to —20 to —30°. A diazo- 
t.ized solution of p-nitroaniline (0.55 g.) was added and the 
solution was made alkaline by the addition of aqueous sod
ium hydroxide (20%). After stirring for 6 hr. the solution 
was poured into water and was allowed to stand overnight 
a t room temperature. The precipitate was collected (0.78 
g., 43%). It crystallized from dilute dioxane in red needles, 
m.p. 259° dec.

A n a l .  Calcd. for C2,H,30 2N7S2: N, 21.35. Found: N, 21.43.
2 -B e n z n th ia z n ly l- (2 ) -S -p -n itr o p h n r y l-5 -b e n z o th ia z o ly l- (2 )-  

tr tr a zo liu m -b rc m id e  (Via). To the refluxing solution of 
formazan (V, 1.0 g.) in ethyl acetate (200 ml.) was added a 
solution of iV-bromosuccinimidc (0.8 g.) in ethyl acetate. 
After some time a yellow solution was obtained. It was 
allowed to remain overnight and the precipitate was col
lected (0.4 g.). The precipitate was refluxed with alcohol con
taining water (about 30%), and filtered. The filtrate was 
evaporated and the substance obtained (0.25 g.) was crys
tallized from alcohol-water to which was added a few drops 
of hydrobromic acid, in brownish yellow prisms, m.p. 212° 
dec.

A n a l . Calcd. for C-nHisNASsBr: Br, 14.80; X, 18.22. 
Found: Br, 15.16; X', 17.98.

2 -B en zo th ia zo ly l- (2 )-3 -p -n ilro p h c n y l- ii-b e n zo lh i< izo ly l- (2 )-  
h ir a z n lu n n  chloride. (VI). The bromide (Via.) was converted 
to the chloride (VI) by treatment with silver chloride in 
exactly the same manner as described for the chloride (II).

The chloride crystallized from water containing a few 
drops of methanol and a few drops of hydrochloric acid in 
orange-yellow needles, m.p. 199-200° dec.

A n a l .  Calcd. for C2,H120 2N,S2C1: Cl, 7.19; N, 19.85. 
Found: Cl, 7.01; N, 19.60.

O x id a tio n  o f  V  w ith  is o a m y l  n i t  r ile  (VII). Oxidation of 
(V, 0.1 g.) was carried out exactly in the same manner as 
that of I, with isoamylnitrite (8 drops) and glacial acetic 
acid (10 ml.); yield (0.09 g.). The product (VII) crystallized

from glacial acetic acid in stout yellow prismatic needles 
m.p. 211° dec. This acetate salt contained a nitroso group. 
It was reduced to a formazan by color test.

A n a l .  Caled, fer C,,Hi,N7S20 2-C2H30 2-N0: N, 20.51. 
Found: N, 20.62.

C o m p o u n d  (VIII). The tetrazolium salt (VII, 0.1 g.) was, 
suspended In absolute alcohol (15 ml.) and a stream of dry 
hydrochloric acid was passed through it with external cool
ing. The substance slowly went into solution and reprecipi
tated on further passage of :he gas as an orange precipi
tate. On concentration the orange color changed to pink, 
which also occurred on just standing. I t crystallized from 
alcohol or acetone in pale pink needles, m.p. 196-197° 
dec. On recrystallization colorless crystals were obtained. 
This compound failed lo yield a formazan on reduction. 
Analysis gave N, 25.73: 25.31.

p - N i t r o p h m y lh y d ra zo n e  o f  b en zo th ia zo lc -2 -a ld eh yd e . This 
compound was prepared from equivalents by mixing alcoholic 
solutions of benzothiazole-2-aldehyde (20%) and p-nitro- 
phenylhydrazine (10%). I t crystallized from dioxane in 
orange-yellow needles, m.p. 256° dec.

A n a l .  Calcd. for Cull,„NAS: N, 18.79. Found: N, 18.79.
2 -p -N itr o p h e n  y  l-3 -( 3 ,8  '-d im  e th o x y -4 -b ip h e n  y ly l  )-5 -benzo-  

th ia zo ly l- (2 )- fo rm a zc .n  ( I X ) ,  a n d  2 ,2 '- d i- p - n i tr n p h e n y l - 3 ,3 '-  
(3 ,3 '- d im  e th o x y -  w  - b ip h c n y le n e ) - 5 .o '- d ib e n z o lh ia z o ly l- ( 2 ) -  
d ifo r m a z a n  (X). The p-nitrophenylhydrazono of benzothi- 
azolyl 2-aldehyde (0.98 g.) was dissolved in tetrahydrofuran 
(80 ml.), and dioxane (20 ml.). The solution was cooled to 
— 20 to —25°. o-Dianisidine hydrochloride (0.52 g.) was 
suspended in water (2 ml.), and cone, hydrochloric acid (0.5 
ml.). It was tetrazotized with an aqueous solution of sodium 
nitrite (0.25 g.) at 0°. The tetrazotized solution was then 
added to the above solution, followed by the addition of 
15 ml. of sodium hydroxide (20%). I t  was stirred for 6 hr., 
at room temperature. It was then poured into a large volume 
of water. The precipitate obtained was collected, washed 
with methanol (100 ml.), with hot water, and again with 
methanol. To separate mono and diformazans it was ex
tracted with benzene in a Soxhlet apparatus for a week, and 
with methanol or eriiyl acetate for 2 days. Very faint pink 
color stained the final extract. The precipitate in the thimble 
weighed (0.70 g.; 51%). I t  was very sparingly soluble in 
pyridine. It crystallized from pyridine in dark-colored small 
needles; m.p. 294° dec.

A n a l .  Calcd. for C42H3„06N,2S2: N, 19.58. Found: N,
19.00.

The benzene and ethyl acetate extracts were evaporated 
and the monoformazan (0.20 g.; 23%) crystallized from 
benzene in dark prisms, m.p. 233° dec.
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A n a l .  Calod. for CysFWXNeS: N, 15.61. Found: N, 15.59.
2 ,2 '- d i - p - N i tr o p h e n y l -8 ,3 '- (3 .3 '- d i in e th o x y - 4 ,4 '-b ip h e n -  

y le n e ) -5 ,5 '-d ib e n z o th ia z o ly l- (2 ) -d ite tr a z o liu n i b ro m id e  (XI). 
The diformazan(X, 0.1 g.) was powdered and suspended in 
glacial acetic acid (15 ml.). A'-Bromosuccinimide (0.25 g.) 
was added, and the suspension was heated to boiling. The 
heating was stopped as soon as the color of the solution 
changed to yellow'. The solution wras filtered and the filtrate 
was evaporated in the hood at room temperature. The 
residue was extracted with boiling water, filtered, and 
evaporated on a steam bath, after the addition of a few 
drops of aqueous hvdrobromic acid. I t  crystallized from its 
solution in hot wrater after the addition of a few7 drops of 
hvdrobromic acid in a pale yellow powder; yield (0.1 g.). 
The substance did not melt up to 250° but turned brown 
at 162°.

A n a l .  Calcd. for CeH28N1?0 6S2Bro: Br, 15.68; N, 16.47. 
Found: Br, 15.58; N, 16.79.

2 ,2 '-d i-p -N i tr o p h e n y l -3 ,3 '- (S ,3 '- d im e th o x y - 4 ,4 '-b ip h e n -  
y le n e ) -5 ,5 '-d ib e n z o th ia z o ly l- (2 ) -d ite tr a z o liu m  ch lo r id e  (XII). 
The bromide (XI; 0.1 g.) w7as suspended in distilled w7at.er 
(500 ml.). Freshly precipitated silver chloride (from 1 g. of 
silver nitrate) was added and the solution was refluxed on a 
metal bath for 8 hr. I t was filtered, and the filtrate was 
evaporated on a steam bath; yield (0.08 g.). I t  dissolved in 
alcohol containing water and crystallized on concentration 
in 37ellow prismatic plates. The compound did not melt 
but became dark at 163-164°, after turning brown at 150°.

A n a l .  Calcd. for C«H2sN120 6S..:Cl2-6H20: C, 48.50; H, 
3.84; Cl, 6.83; N, 16.16. Found: C, 48.48; H, 3.86; Cl, 
6.74; N, 15.90.

2 -B e n z o th ia z o ly l- (2 ) -8 - (3 ,S '-d im e th o x y -4 -b ip h e n y ly l) -5 -  
p h e n y l- fo r m a z a n  ( X I I I ) ,  a n d  2 -2 '-d ib e n z o th ia z o ly l- (2 ) -8 ,8 '-  
( 3 , 3 ' - d im e th o x y - 4 ,4 '  - b ip h e n y le n e ) - 5 ,5 '  - d ip h e n y l .d i fo r m a z a n
(XIV). A tetrazotized solution of o-dianisidine hydrochloride 
(0.32 g.) was added to a solution of benzaldehyde, 2-benzo- 
thiazolylhydrazone (0.50 g.) in tetrahydrofuran (30 ml.) at 
— 20 to —25°. This was followed by the addition of aqueous 
potassium hydroxide (3.0 g. in water 15 ml.). After stirring 
for 4 hr. a t room temperature, the reaction mixture was 
poured into water. The precipitate was filtered, washed wdth 
hot water, dried, and extracted with methanol in a Soxhlet 
apparatus, for 4 days. The residue (XIV) in the thimble 
w-eighed (0.18 g., 23%). I t  crystallized from pyridine in dark 
needles with a golden luster, m.p. 278° dec.

A n a l .  Calcd. for C42H32O2N10S2: N, 18.13. Found: N, 18.00.
The methanolic extracts (X III) were evaporated to dry

ness (0.30 g., 60%). This residue v7as further extracted with 
carbon tetrachloride in a Soxhlet. Carbon tetrachloride w7as 
distilled, and the residue was purified by precipitation from 
its benzene solution with petroleum ether in red needles, 
m.p. 156-58° dec.

A n a l .  Calcd. for CmHsA N oS: N, 14.19. Found: N,
14.24.

2 ,2 '-D ib e n z o th ia z o ly l- (2 ) -3 ,3 ’- ( 3 ,3 '-d im e th o x y -4 ,4 '-b ip h e n -  
y le n e ) - 5 ,S '- d ip h e n y l  d ite tr a z o liu m  b ro m id e  (XVa). The di- 
formazan (XIV, 0.1 g.) was suspended in chloroform (60 
ml.). X-Bromosuccinimide (0.4 g.) was added and the sus
pension wras refluxed on a steambath for 2 to 3 hr. Re
fluxing was usually stopped when the color of the solution 
became yellow. The chloroform solution w7as concentrated 
to a small volume (10 to 15 ml.) and diluted with dry 
ether. The yellowy precipitate obtained was collected (0.11 
g.). The precipitate was dissolved in alcohol, treated with 
norite, and filtered. The precipitate obtained on dilution 
with dry ether was collected and extracted with boiling dis

tilled water. The clear yellow filtrate was evaporated after 
the addition of a drop of aqueous hydrobromic acid. I t  was 
purified by crystallization in yellow prismatic plates from 
its aqueous solution on addition of aqueous hydrobromic 
acid. The substance was dried in a vacuum desiccator over 
phosphorus pentoxide; m.p. 148° dec., yield (0.085 g.).

A n a l .  Calcd. for G^HsoN^ChBr-IRO: C, 53.17; H, 3.37; 
Br, 16.86; N, 14.77. Found: C, 53.15; H, 3.54; Br, 17.26; 
N, 14.90.

2 ,2 '-D ib e n z o th ia z o ly l- (2 )-3 ,S ’- (3 ,S ’- d im e th o x y -4 ,4 ’-b ip h e n -  
y le n e ) -5 ,5 '- d ip h e n y l  d ite tr a z o liu m  ch lo r id e  (XV). The bromide 
(XVa) was converted to the chloride in exactly the same 
manner as described for the preparation of X II. For crys
tallization, the compound was dissolved in alcohol con
taining a little water, concentrated to a small volume after 
the addition of a drop of hydrochloric acid, and cooled. It 
crystallized in golden yellow plates, m.p. 129-130° dec.

A n a l .  Calcd. for CîîIRoN k&OoCMI.O: C, 58.66; H, 3.72; 
N, 16.29. Found: C, 58.97; H, 3.85; N, 16.60.

C o m p o u n d  XVI. The diformazan (XIV; 0.1 g.) was oxi
dized with glacial acetic acid (4 ml.) and isoamjylnitrite 
(5 drops) on the steambath. After most of the diformazan 
had dissolved, the 37ellow solution was filtered and diluted 
with ether. The precipitate (0.06 g.) wras purified b>7 repeated 
precipitation from its methanolic solution with ether, m.p. 
167° dec. This yellow powder was poorly soluble in w'ater, 
contained two nitroso groups, and was reducible to a forma- 
zan by color test.

A n a l .  Calcd. for C,i2H3oN io0 2S2-2 C2H302-2 NO; N, 17.72. 
Found: N, 17.70.

H is to c h e m ic a l E x p e r im e n ts . The tétrazolium salts were 
dissolved in water and diluted wdth standard media for 
succinic dehj-drogenase6 and DPN diaphorase5 to a final 
concentration of 0.1 mg./ml. Frozen sections of liver, kidney, 
and stomach of the rat were examined. Chelation was 
demonstrated by including Co2+ in the incubation media 
at a concentration of 1 0 ~ 3M .

Reduction in the DPN diaphorase and succinic delrydro- 
genase systems occurred almost instantaneously with salt 
II  and verjy rapidly with salt VI. This is consistent with 
their high position in Table I. Chelation with cobaltous ions 
to an almost black product in intracellular organelles 
occurred wdth II, but extensive crystallization occurred soon 
thereafter on storage, obscuring intracellular detail. Chela
tion was poor wdth VI and absent with XII. Nevertheless, 
X II gave intra-mitochondrial diformazan deposits similar 
to Nitro-BT, even though this diformazan was not as sub
stantive for protein as the diformazan from Nitro-BT 
and was extractable from tissue sections wdth ethanol. This 
would indicate that the striking substantive properties 
exhibited b\7 the diformazan of Nitro-BT is easily lost on 
structural changes such as introducing ortho  or p a r a  iodo 
groups into the C-5 phenyl ring (7) or a benzothiazolyl 
-(2) group into the C-5 position. These experiments indicate 
that the benzothiazolyl -(2) group in the C-5 position not 
only does not favor chelation as it does in the N-3 posi
tion, but appears to inhibit chelation of a second benzo
thiazolyl -(2) group in the N-3 position. Salt II appears to 
be the most promising member of the present series for 
histochemistrj1 by virtue of its readiness to accept electrons 
from the dehydrogenase systems and its readiness to 
chelate. Further exploration of the results of chelation with 
other metal ions would be worthwhile in order to eliminate 
the crystalline character of the chelate.

B a l t i m o r e , M d .
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R ece ived  J u n e  2 3 , l i ’SO

4-Amino- and 7-animo-l-/S-D-ribofuranosylimidazo[ l,5-d]pyridazine (Via and h) have, boon prepared as possible adenosine 
antimetabolites. Treatment of 1 -l)cnzyl-4,7-dichloroimidazo[4,o-d]pyridazine (VII) with ethanolic hydrazine hydrate 
resulted in conversion to the corresponding 4-hvdrazino compound (VIII). The latter material could be readily cyclized 
to 6-benzyl-5-chloroimidazo[4,5-d. t-riazolo[4,3-6]pyridazine (IX). The halogen atom in IN has proven to be quite reactive, 
and was replaced with a variety of nucleophilic agents. Reduction of IX with sodium in liquid ammonia gave 5-amino- 
imidazo[4,5-d]triazolo[4,3-6]pyridazine (X), while a similar reduction of VIII gave 4-hvdrazinoimidazo[4,5-d]pvridazine
(XII).

Recently, we reported on the synthesis of several 
compounds containing the inridazo [4,5-d ]pyrida- 
zine ring system as potential antagonists of purine 
metabolism.1 We have now extended this work to 
include 4 (and 7)-amino-l-/3-j>-ribofuranosylimid- 
azo[4,5-d]pyridazine (Via, b) isomeric with the 
naturally occurring nucleoside, adenosine. Also, 
the compound, l-benzyl-7-chloro-4-hydrazinoimid- 
azo[4,5-d]pyridazine (VIII), has offered a ready 
access to compounds containing the previously 
unknown imidazo [4,5-d]triazolo [4,3-&]pyridazine 
ring system, e.g. X.

Treatment of 4-aminoimidazo [4,5-djpyridazine 
hydrochloride (I) with benzoyl chloride in refluxing 
pyridine gave an excellent yield of the 4-benz- 
amido compound (II), which was converted to 
the chloromercuri derivative (III) using the so- 
called Fox modification2 to avoid traces of mercuric 
oxide in the product. Condensation of the chloro
mercuri derivative (III) with 2,3,5-tri-O-benzoyl- 
D-ribofuranosyl chloride (IV), using the excellent 
general method of Kissman, Pidacks, and Baker,3 
gave a mixture of crude blocked nucleosides (Va, b). 
Catalytic debenzoylation in refluxing methanolic 
sodium methoxide gave a mixture of nucleosides 
(Via, b), which were isolated at this stage as a 
mixture of their picratc salts. The free nucleosides 
were regenerated with IRA-400 (carbonate form),4 
and the resulting mixture separated by fractional 
crystallization from water.

The two compounds thus obtained, 4-amino-l- 
/3 - n - ribofuranosylimidazo[4,5 - djpyridazine 
(Via) and the isomeric 7-amino compound (VIb), 
were assigned structures on the basis of a compari
son of their ultraviolet absorption spectra5 with 
those of 4-amino-l-mcthyl- and 7-amino-l-methyl- 
imidazo [4,5-d] pyridazine1 (Table I). It seems 
highly probable that both Via and b possess a

(1) J. A. Carbon, J .  A m .  C h e m . S o c ., 80, 6083 (1958).
(2) B. R. Baker, K. Hewson, H. J. Thomas, and J. A. 

Johnson, Jr., J .  O rg. C h e m ., 2 2 , 954 (1957).
(3) H. M. Kissman, C. Pidacks, and B. R. Baker, J .  

A m . C h em . S o c ., 77, 18(1954).
(4) B. R. Baker and K. Hewson, ./. O rg. C h e m ., 2 2 , 959

(1957).

NH..HC1

N-

NX

N
JU (VH.COCl

Pyridine

BzOCH:

OBz OBz
Va. R, = NHCOC6H5j Ra = H 
Vb. R, = H, R2 = NHCOCsHs

HOCH

OH OH
Via. R, = NH2.R 2 = H 
VIb R, = H, R2 = NH2

XHCOCJT-,

N P
I

N-
N

II

J

n h c o c 6h 5

HgCl

BzOCH,

Cl

OBz OBz 
IV

Ci-Ci-irans-coniiguration, in view of the rule 
postulated by Baker ct a l .6 on the stereochemistry 
of nucleoside formation.

TABLE I
C o m i ' a r ik o n  o f  U l t r a v i o l e t  A b s o r b t i o n  ¡Ma x i m a

Imidazo [4,5-d] pyridazine

^maxi
0.10.V

HC1

niM
0.10V
NaOH

4-Amino-l-j3-i:-ribofnranosyl- 258 254
4-Amino- 1-methyl* 258 255
7-Amino-l-/3-r -ribofuranosyl- 308 310
7-Amino-l-methyl'* 203 201

a See ref. 1.
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The conversion of l-benzyl-4,7-dichlorimidazo- 
[4.5-dJpyridazine1 (VII) to l-benzyl-7-chloro-4- 
hydrazmoimidazo[4,5-d]pyridazine (VIII)5 6 7 8 was 
readily accomplished by treatment with hydrazine 
hydrate in refluxing ethanol. The latter compound 
(VIII) could be ring-closed with boiling formic 
acid to give G-benzyl-5-chloroimidazo[4,5-d]tri- 
azolo(4,3-5]pyridazine (IX). This type of ring 
closure has been previously observed with other 
hydrazino-substituted pyridazines1 and phthala- 
zines.9

Our previous work1 has shown that l-benzyl-7- 
chloro-4-substitutcd-imidazo [4,5-d]pyridazines may 
be successfully reduced with sodium in liquid 
ammonia to give the corresponding 4-substituted 
compound in which the 1-benzyl and 7-chloro 
groupings have been removed. An attempt to 
apply this reaction to IX to form the unsubsti
tuted imidazo[4,5-d]triazolo[4,3-G]pyridazine ring 
system resulted instead in replacement of the halo
gen atom at the 5-position by ammonia and normal 
cleavage of the benzyl grouping tc form 5-amino- 
imidazo[4,5-d]triazolo[4,3-6]pyridazine (X). The 
structure of the latter compound (X) was proved 
by treatment of IX with ethanolic ammonia 
to form 5-amino-G-benzylimidazo[4.5-d]triazolo- 
[4,3-G]pyridazinc (XI), followed by sodium in 
liquid ammonia reduction of XI to give a material 
identical in all respects with X.

The sodium in liquid ammonia reduction of 
VIII proceeded normally, however, to give a good

(5) The comparatively high absorption maximum of Vlb 
(308 mg) as compared with that of 7-amino-l-methyl- 
imidazo [4,5-d ¡pyridazine (263 mg) can possibly be at
tributed to the interactions between the amino group and 
the closely adjacent and rather bulky sugar residue. For 
example, 6-dimethylamino-9-ethylpurine has an absorption 
maximum at 277 mg, while with the corresponding 7-ethyl 
compound, the maximum falls at 295 mg B. R. Baker et a l., 
J .  O rg. C h e m ., 19, 638 (1954)]. Another possibility would 
be that ribosidation had occurred on one of the pyridazine 
nitrogens to give a structure such as i or ii. Although we

NH2 n h 2
N-

N

R N

N

N
N -R

R = d-n-ribofuranosyl
cannot exclude these structures for Vlb, they appear to lie 
rather unlikely, particularly since ribosidation of a vast 
number of purines has failed to give any products alkylated 
on a pyrimidine nitrogen.

(6) B. R. Baker, J. P. Joseph, R. E. Sehaub, and J. II. 
Williams, J .  O rg. C h e w ., 19, 17S6 (1954).

(7) Although two isomers are theoretically possible from 
this reaction, depending upon which chlorine atom is re
placed, we consistently obtained only one product. The 
structure was assigned as shown (VIII) mainly on the basis 
of steric considerations, as replacement at the 7-position 
is probably hindered by the close proximity of the 1-benzyl 
group.

(8) J. Druey and B. II. Ringier, I I e h .  C h im . .-Ida, 34, 
195 (1951).

(9) X. Takahayashi, J .  P h a r m . S u e . J a p a n ,  P u r e  C h a n ,
¿¡eel., 75, 1242 (1955); 76, 765, 1296 (1956).

yield of 4-hydrazinoimidazo [4,5-d]pyridazinc (XII). 
This apparently increased reactivity of the halo
gen atom in the imidazo[4,5-d]triazolo[4,3-ò]- 
pyridazine (IX) over that shown by the imidazo- 
[4,5-d]pyridazine (VIII) was borne out by other 
experiments. For example, treatment of IX with 
ethanolic ammonia, benzyl amine, or hydrazine 
hydrate at 80-100° resulted in the facile formation 
of the corresponding 5-amino (XI), 5-benzylamino 
(XIII, R = CH2C6II5), or 5-hydrazino (XIII, R = 
NH2) compound. However, when similar reactions 
were attempted on compound VIII, the starting 
material was invariably recovered unchanged. 
These results are not surprising, considering the 
loss of aromaticity of the pyridazine ring in IX as 
compared with the completely aromatic ring system 
in VIII.

The compounds reported in this paper are being 
screened for antitumor activity at the Sloan- 
Kcttering Institute for Cancer Research. The re
sults of these tests will be reported elsewhere.

EXPERIM ENTAL10

4 -lien za n iiiIo im i< la zo \4 ,5 -d ]p !/r id a z in e  (II). 4-Aminoimid- 
azo[4,5-fZJpyridazine hydrochloride1 (I) (17.2 g., 0.10 mole) 
was suspended in 100 ml. of dry pyridine and 30 g. (0.22 
mole) of benzoyl chloride carefully added with stirring. 
The mixture was refluxed for 30 min., excess pyridine re
moved i n  vacuo, and the residual semisolid mass boiled with 
200 ml. of ethanol for 10-15 min. The white product was 
filtered with suction and recrystallized from A',Ar-dimethyl- 
formamide-water to obtain 22.3 g. (93.3%) of colorless 
needles, m.p. 298-299° dec.

A n a l .  Caled. for C12H9N50 : C, 60.24; H, 3.79; N, 29.28. 
Found: C, 60.24: H, 3.91; X, 29.17.

(10) All melting [Joints are uncorrected and were taken 
on a Fisher-Johns melting point apparatus.
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C h lo ro m e rc u r i-4 -b e n z a m id o im id a zo [ 4 ,o -d } p y r id a z in e  (III). 
To 500 ml. of 50% aqueous ethanol containing 23.08 g. 
(0.085 mole) of mercuric chloride was added 20.3 g. (0.085 
mole) of 4-benzamidoimidazo[4,5-rf]pyridazine (II); then, 
with vigorous mechanical stirring, 49 ml. of 10% aqueous 
sodium hydroxide was slowly dropped in at a rate such that 
the yellow mercuric oxide color disappeared before the next 
drop was added. Stirring was continued an additional 30 
min., 20 g. of Celite11 was added, and the mixture filtered 
with suction. The product was washed with water, then 
with ethanol, and dried i n  vacuo  a t 50°. The white powder 
thus obtained weighed 57 g. (including 20 g. of Celite11). 
92% of theory.

4 -A m in o - l-0 -T > -r ib o fu r a n o sy lim id a z o [4 ,5 -d ]p y r id a z in e  
(Via) and 7-amino-l-0-D-ribofuranosylimidazo[4.d-d]pyn'd- 
a ziiie  (VIb). A stirred mixture of 37 g. (0.078 mole) of chloro- 
mercuri-4-benzamidoimidazo[4,5-r/]pyridazine (III), 20 g. 
of Celite, 11 and 1200 ml. of xylene was distilled until all 
moisture was removed. A solution of 37.5 g. (0.078 mole) of
2,3,5-tri-O-benzoyl-D-ribofuranosyl chloride3,12 in 200 ml. 
dry xylene was added and the mixture was stirred and re
fluxed for 2 hr., then filtered with suction while still hot. 
The filter cake was washed well with 300 ml. of hot chloro
form. The xylene filtrate was evaporated to dryness in  
vacuo  and the residue was dissolved in 200 ml. of chloroform. 
The combined chloroform extracts were washed with 500 ml. 
of 30% aqueous potassium iodide, then with 500 ml. of water, 
dried over anhydrous magnesium sulfate, clarified with 
decolorizing carbon, and finally evaporated to dryness in  
vacuo  to leave 50.2 g. of crude blocked nucleosides (V) as a 
brown syrup.

The 50.2 g. of crude blocked nucleosides from above was 
mixed with 500 ml. of methanol, 50 ml. of LV methanolic 
sodium methoxide added, and :he resulting mixture was 
refluxed for 30 min., a clear solution being formed at the 
boiling point. The solution was cooled, neutralized with 2.5 
ml. of glacial acetic acid, evaporated to dryness in vacuo, 
and the residue partitioned between 200 ml. of water and 200 
ml. of chloroform. The separated aqueous layer was washed 
with an additional 100 ml. of chloroform and then evaporated 
to dryness in vacuo below 50°. A solution of the resulting 
sirup in 100 ml. of methanol was treated with 300 ml. of 
10% methanolic picric acid, kept overnight in the cold, and 
the resulting yellow precipitate filtered with suction and 
washed with two 100-ml. portions of water.

The crude picrate from above was suspended in 2000 ml. 
of water and treated with 200 g. of IRA-400 (carbonate 
form) a t 60° with mechanical stirring until the picrate had 
all disappeared and the solution was colorless. After filtering 
with suction and washing the resin with water, the combined 
filtrates were evaporated to dryness in  vacuo  below 50°, and 
the residual colorless solid was separated into two ribosides 
by fractional crystallization from water.

The least water-soluble of the two compounds, 7-amino-
l-f)-D-ribofuranosylimidazo[4,5-d}pyridazine (VIb), was ob
tained as colorless needles from water, m.p. 218-220° dec.; 
yield, 1.93 g. (9.9%,); [a ]2D6 -2 2 °  (0.50% in water). This 
material traveled as a single spot (R ;  0.39) on paper using 
water-saturated butanol as solvent,.13

A n a l .  Calcd. for C10H13N5O4: C. 44.95; H, 4.91; N, 26.21; 
O, 23.93. Found: C, 44.88; H, 5.04; N, 26.18; O, 23.66.

The more water soluble of the two ribosides, 4-amino-
l-/3-D-ribofuranosylimidazo[4,5-d]pyridazine (Via), consisted 
of colorless tiny needles when recrj'stallized from ethanol, 
or precipitated from a little water by the addition of acetone, 
m.p. 229-230° dec..; yield, 0.57 g. (2.9%); [a]2De -4 8 °

(11) Johns-Manville Co.
(12) R. K. Ness, H. W. Diehl, and H. G. Fletcher, Jr., 

J .  A m .  C h em . S o c ., 7 6 , 763 (1954).
(13) Paper chromatograms were run by the ascending 

technique using strips of Whatman No. 1 paper. The spots
were visualized by means of an ultraviolet lamp.

(0.50% in water). Paper chromatography using water- 
saturated butanol revealed only a single spot of Tif 0.22.13

A n a l . Calcd. for CioH|3N»04: C, 44.95; H, 4.91; N, 26.21; 
<), 23.93. Found: C, 44.96; H, 5.12; N, 26.16; O, 23.66.

1 - B e n z y l-7 -c h lo ro -4 -ln /d ra z in o im id a zo  [4 ,o -d \p y r id a z in e  
(5 III). l-Benzyl-4,7-dichloroimidazo[4,5-d]pyridazine 
(VII)1 (27.9 g., 0.10 mole) was suspended in 200 ml. of 
ethanol, 12.5 g. (0.25 mole) of hydrazine hydrate added, 
and the mixture refluxed for 5 hr. After cooling, the product, 
was filtered with suction and recrystallized from Y,.V- 
dimethylformamide-water (1:1) with Norit to give 17.3 g. 
(62.9%) of colorless needles, m.p. 191.5-192.0° dec.

A n a l . Calcd. for CioHhC1N6: C, 52.47: H. 4.04; N. 30.59. 
Found: C, 52.49; H, 4.12; N, 30.65.

6 -B e n z y l-o -c h lo r o im id a z o  \4 ,o -d  \lr ia zo lo  [4,3-b \p y r id a z in e
(IX ) . Thirty-three grams (0.12 mole) of l-benzyl-7-chloro- 
4-hydrazinoimidazo [4,5-rf Ipvridazine (VIII) was refluxed 
with 150 ml. of 98%. formic acid for 1 hr., the excess formic 
acid removed in  vacuo, and the residual yellow syrup stirred 
with 250 ml. of water until solidified. The product was fil
tered with suction, washed with water, and recrystallized 
from V,V-dimethylformamide-water (2:3) to obtain color
less prismatic needles, m.p. 208-209°; yield 29 g. (85%).

A n a l .  Calcd. for C i 3H 9C 1 N 5 : C, 54.84: II, 3.19: Cl, 12.45; 
N, 29.52. Found: C, 55.05; H, 3.46; Cl, 12.58; N, 29.87.

5 -A  m in o -6 -b en zy lim . idazo  [4 ,5 -d  ]triazolo  [4,3-b ] p y r id a z in e
(X I) .14 Eighteen grams (0.063 mole) of 6-bcnzyl-5-chloro- 
imidazo [4,5-d Jtriazolo [4,3-5 Jpyridazine (IX) was treated 
with 50 ml. of ethanol containing 15 ml. of liquid ammonia 
in a sealed autoclave at 100° for 4 hr. The product was 
isolated by suction filtration, washed with water, and re- 
erystallized from A%V-dimethylformamide-water to obtain
12.5 g. (74.6%) of pale yellowish prisms, m.p. 279-282°.

A n a l .  Calcd. for Ci:iHuNV: C, 58.86; H, 4.18: X', 36.96. 
Found: C, 58.38; H, 4.07; N. 36.85.

5 - A m in o im id a z c  \4 ,o -d ] tn 'a zo lo [ 4 ,8 -b \p y r id a z in e  (X j. A. 
To 22 g. (0.077 mole) of 6-benzyl-5-chloroimidazo [4,5-d]- 
triazolo[4,3-6 [pyridazine (IX) in 500 ml. of liquid ammonia 
was carefully added, with vigorous mechanical stirring, 7.6 
g. (0.33 g. atom) cf metallic sodium. The sodium was added 
in small pieces over a 1-hr. period. The deep blue solution 
was neutralized by the careful addition of 18.7 g. (0.35 
mole) of ammonium chloride and finally allowed to evapo
rate to dryness. The residual yellow-orange solid was washed 
with ether, dissolved in 200 ml. of warm dilute ammonium 
hydroxide, decolorized with Norit, and precipitated by neu
tralization with hydrochloric acid to give 4.1 g. (33%) of a 
cream-colored powder, m.p. >350°. As this material was 
insoluble in all of the common solvents, it, was purified for 
analysis by dissolving in aqueous ammonia, filtering, and 
reprecipitating with acetic acid, m.p. >350°.

A n a l .  Calcd. for C6H5N7: C, 41.13; H. 2.88; X', 55.99. 
Found: C, 41.12; H, 3.04; N, 55.39.

B. A similar reduction of 5-amino-6-benzylimidazo[4,5-d[- 
triazolo [4,3-6 [pyridazine (XI) (8.4 g., 0.0317 mole) in 300 
ml. of liquid ammonia with 1.59 g. (0.069 g. atom) of sodium, 
followed by neutralization wdth 3.85 g. (0.072 mole) of am
monium chloride gave 5.0 g. (90.2%) of the same product
(X) , m.p. >350°.

A n a l .  Calcd. for CiHiNj: C, 41.13; H. 2.88; N, 55.99. 
Found: C, 41.11; H, 3.18; N, 55.95.

The infrared spectra of the products from A and B were 
identical in all respects.

4 - H y d r a z in o im id a z o { 4 ,5 -d \p y r id a z in e  (XII). l-Benzyl-7- 
chloro-4-hydrazinoimidazo [4,5-d [pyridazine (VIII) (17.1 
g., 0.062 mole) was mixed with 500 ml. of liquid ammonia, 
and 6.2 g. (0.27 g. atom) of small pieces of sodium metal 
were added over a 1-hr. period. The reaction mixture was 
stirred vigorously throughout this addition. After stirring 
for an additional talf-hour, the solution was carefully neu
tralized with 16 g. (0.30 mole) of ammonium chloride and

(14) This preparation was carried out by M. Freifelder 
and G. R. Stone of our Laboratories.
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finally allowed to evaporate to dryness. The residual brown 
solid was washed with ether, suspended in 200 ml. of warm 
water, enough cone, hydrochloric acid added to dissolve the 
product, decolorized with Norit, and the filtrate adjusted 
to pH 8 with 10% sodium hydroxide. The white product was 
filtered with suction, washed well with water, and dried 
i n  vacuo  a t 50°, yield 7.0 g. (75%), m.p >350°. Further 
purification was achieved by precipitation of the product 
by neutralization of a solution in aqueous hydrochloric acid.

A n a l .  Calcd. for C7,II6XS: C, 40.00; H, 4.03; X, 55.07. 
Found: G, 40.13; H, 3.92; N, 56.20.

The m o n o h yd ro ch lo rid e  was prepared by dissolving the free 
base in aqueous hydrochloric acid, evaporating to dryness 
i n  vacuo, and recrystallizing the residual colorless solid from 
aqueous ethanol to obtain colorless leaflets, m.p. >350°.

A n a l .  Calcd. for C6H,CIX6: C, 32.18: H, 3.78; Cl, 18.00: 
N, 45.05. Found: C, .32.62; H, 4.03; Cl, 18.92; N, 45.50.

6 -B e n z y l-S -b e n z y la m in o im id a z o  [4 :5 -d ] tr ia zo lo  [4,3-b \p y r id -  
a z in e  (XIII, R = C'HjCcH-). One gram (0.0035 mole) of
6 -benzyl - 5 -chloroimidazo [4,5 -d]triazolo[4,3 - b]pyridazine 
(IX) was mixed with 15 ml. of ethanol and 2 ml. of benzyl- 
amine and refluxed for 3 hr. The clear solution was cooled, 
and the almost colorless product which separated was iso
lated by suction filtration. Recrystallization from A’. A - 
dimethylformamide-water or methyl celbsolve-water gave 
colorless prisms, m.p. 238-239°, yield 0.80 g. (64.5%).

A n a l . Calcd. for C20H„N7: C,' 67.59: H. 4.82; X, 27.59. 
Found: C, 67.66: H, 5.04; X, 27.33.

6 -B e n z y l-o -h y d r a z in o im id a z o  [ 4 ,o -d \tr ia zo lo  [4,3-b ]p y r id -  
a z in e  (XIII, R = XH2). One gram (0.0035 mole) of 6- 
benzyl-5-chloroirnidazo [4,5-d]triazolo [4,3-6 jpyridazine (IX), 
25 ml. of ethanol, and 0.50 g. (0.010 mole) of hydrazine hy
drate was mixed and refluxed for 2.5 hr. The precipitate of 
yellow needles which separated on cooling was filtered with 
suction and recrystallized from Ar,V-dimethylformamide 
containing a little ethanol to obtain yellow needles, m.p. 
268-269° dec., yield 0.60 g. (61%). This material was ex
tremely insoluble in the common organic solvents with the 
exception of hot ¿V,Ar-dimethylformamide or hot nitro
benzene. It could be dissolved in aqueous hydrochloric acid 
but was apparently destroyed, as neutralization only pre
cipitated an oil which could not be crystallized.

A n a l .  Calcd. for Ci3Hi2Xs: C, 55.70; H, 4.32; X, 39.98. 
Found: C, 56.02; H, 4.53; N, 40.07.

A c k n o w le d g m e n t. The author would like to thank 
Mr. E. F. Shelberg and his staff for the micro
analyses, Dr. D. J. Campbell and Mr. F. Chadde 
for the ultraviolet absorption spectra, and Mr.
W. Washburn and his staff for the infrared absorp
tion spectra.

X o r t h  C h i c a g o , III.

[ C o n t r i b u t i o n  f r o m  t h e  D i v i s i o n  o f  C h e m i c a l  R e s e a r c h  o f  G. D. S e a r l e  a n d  C o .]

d l-  18-nor-D -H om osteroids

ROBERT R. BURTNER a n d  ROBERT E. GENTRY1

R ece ived  O ctober 8 , 195 9

Several 17a-etliynyl and alkyl derivatives of d l-18-nor-n-homosteroids were prepared. None of the 17a-alkyl compounds 
was significantly active as an anabolic agent.

The enhanced anabolic activity of the 17-alkyl-
19-nortestosterones compared with the analogous 
compounds in the natural series is well known.2 
W. S. Johnson and co-workers3 have prepared and 
described the properties of several 18-nor-n- 
homosteroids bearing a carbonyl or hydroxyl 
group in the 17a-position. As a result of a co
operative effort with Professor Johnson, we became 
interested in 17a-alkyl-l 8-nor-o-hc motestosterones 
and several closely related compounds.

Following the directions of Johnson e t  at , , 3 c

l-methoxy-8-keto-10a-methyl-5,6,8,9,10,l0a,ll,12- 
octahydrochrysene (I) was converted to the 3-ketal 
and reduced stepwise to produce dZ-3-ethylenedi- 
oxy-18-nor-D-homoandrost-5-en-17a-one (II) along

(1) Present address: Aerojet General Corp., Sacramento, 
California.

(2) (a) C. Djerassi, L. Aliramontes, G. Rosenkrantz, and
F. Sondheimer, J .  A m .  C h em . S o c ., 7f, 4092 (1954). (b)
F. B. Colton, L. N. Nysted, B. Ricgel, and A. L. Raymond. 
,/. .4m. C h e m . S o c ., 79, 1123 (1957).

(3) (a) W. S. Johnson, B. Bannister, R. Pappo, and J. E.
Pike, J .  A m .  C h em . S o c ., 77, 817 (1955). (b) W. S. Johnson, 
B. Bannister and R. Pappo, J .  A m .  C h em . S o c ., 78, 6331 
(1956). (c) \Y. S. Johnson, B. Bannister, R. Pappo, and 
J. E. Pike. ./. .4m. C h em . S o c ., 78, 635a (1956).

with a lesser amount of the C:D-cts isomer(III) 
which has not been previously reported. The latter 
was readily isomerized to the tr a n s  isomer (II) by 
treatment with base. In our hands the overall 
yield of pure II from the aromatic ketal was about 
5% compared with 17% reported. In view of the 
critical nature of the Birch reduction, such varia
tions in yields are not unexpected. Our yield of 
about 25% in the two step reduction of I to the 
saturated ketone (IV) compares more favorably 
with that obtained by Johnson’s group.

Treatment of the saturated ketone (IV) with 
ethylmagnesium bromide afforded a good yield of 
a single product (VIII) which has been designated 
as a 17a «alcohol. This configuration assignment is 
based upon the work of Ruzicka and co-workers,4 
who have shown that the addition of methylmag- 
nesium bromide to D-homoandrosterone gave the 
17aj8-methyl isomer exclusively. Examination of 
molecular models (II and IV) indicates that the 
absence of an angular methyl group at C-13 favors 
frontside approach by a bulky molecule such as a

(4) L. Ruzicka, X. Wahba. P. Th. Herzig, and H. Heusser, 
B e r .. 85, 491 (1952).
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Grignard reagent to an even greater extent than 
that observed by Ruzicka.

Ethynylation of IV by Stavely’s5 method yielded 
two 17a-epimers (Xa and Xb) whose configurations 
were established by hydrogenation of X to form the 
Grignard adduct (VIII). Again referring to the 
models, we believe that the more compact potassium 
acetylide molecule can attack the ketone in a 
random manner, giving rise to both a -  and 0 -  
isomers.

days of age were employed as subjects, and tes
tosterone propionate was the reference standard. 
None of the test compounds exhibited androgenic 
or anabolic activities greater than 5% of that of 
the standard.

EXPERIMENTAL

C :I )-c is  I s o m e r  o f  d l-e th y len ed io xy -1 8 -n o r -D -h o m o a n d ro s t-
5 -en -1 6 a -o n e  (III . Twenty-five grams of the ketal of I 
were reduced with lithium and alcohol in ammonia.3” After

Similar treatment of the ketone (II) gave a crude 
product (V), undoubtedly a mixture of 17a- 
epimers. which upon catalytic hydrogenation and 
hydrolysis produced the alkyl nortestosterone 
(VI). The low yield and difficulty in isolation of the 
latter strongly indicates the formation of a 17a- 
isomer. Lack of material precluded the study neces
sary for configuration assignment in this instance.

B io lo g y . The biological studies on compounds 
VI, VII, VIII, IX, Xb and XI were conducted by 
Dr. Francis Saunders and associates of these labora
tories. The Hershberger6 modification of the levator 
ani method of Eisenbcrg and Gordon was employed 
for the determination of the anabolic activities. 
The androgenic effects were measured by the in
crease in weight of the prostate and seminal 
vesicles. In both tests male rats castrated at thirty

(5) H. Stavely, J .  A m .  C h em . S o c ., 61, 79 (19.39).
(6) L. G. Hershberger, Elva Shipley, and Roland Meyer, 

P roc . S o c . E x p t l .  B io l . M e d ., 83, 175 (1953).

hydrolysis of the enol ether and rearrangement, the crude 
unsaturated ketone was hydrogenated over palladium-on- 
carbon, and the product was chromatographed over 
Florisil. From the eluates just preceding the saturated 
ketone (II), there was obtained 400 mg. of a solid which, 
upon crystallization from isopropyl ether, weighed 260 mg. 
and melted at 205-207°.

A n a l .  Calcd. for C2iHmOs: C, 76.36; H, 9.15. Found: C, 
76.20; H, 9.25.

Isomerization was effected by treating a solution of 93 mg. 
of the c is  compound (III) in 20 ml. of alcohol with a solution 
of 30 mg. of potassium hydroxide in 0.35 ml. of water. After
2.5 hr. a t room temperature the solvent was vacuum distilled 
and the residual oil was taken up in ether. The ether solution 
was washed with water, dried and evaporated, yielding 94 
mg. of product, m.p. 131-144°. Crystallization from iso
propyl ether gave 62 mg. of the tr a n s  epimer (II) which 
melted at 141-144° and was shown to be identical with an 
authentic sample of II by infrared spectra and mixed melt
ing point.

The identity of III was further established by hydrolysis 
with 80% acetic acid to form the known dl-18-nor-D- 
homoandrost-4-ene-3,17a-dione.3c

dl-18-nor-x> -hom o-17ai3-m ethyltestosterone (VII). To a solu
tion of 570 mg. of the ketal (II) in 40 ml. of ether was added
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10 ml. of a 4.1/ solution of méthylmagnésium bromide in 
ether. The resulting mixture was refluxed for 2.0 hr. and then 
cautiously hydrolyzed with 35 ml. of 70% acetic acid. 
After evaporation of the ether, the acidic solution was heated 
on a steam bath for 0.5 hr. to hydrolyze the ketal group. 
After the cooled solution was made alkaline with dilute 
sodium hydroxide, it. was extracted well with ether and the 
extract was washed with water. Drying and removal of the 
solvent gave 555 mg. of crude product, which, after two 
crystallizations from isopropyl ether, weighed 226 mg. and 
melted at 198-200°.

A n a l .  Calcd. for C20H30O2: C, 79.42; H, 10.00. Found: 
C, 79.56; H, 9.98.

Careful workup of the mother liquors yielded an addi
tional 100 mg. of VII, m.p. 194-199°. There was no evidence 
of an isomeric product.

dl-18-nor-v> -hom o-17a-ethyltestosterone  (VI). A solution of 
0.5 g. of potassium in 60 ml. of dry i-amyl alcohol was 
saturated with acetylene at 0°. To this cold solution was 
added 0.5 g. of the ketone (II) in 40 ml. of dry toluene 
during a 0.3 hr. period, after which the mixture was treated 
with acetylene for 4.5 hr. at 0° with vigorous stirring. The 
stoppered flask was then stored in the refrigerator overnight. 
The mixture was treated with 100 ml. of water, the solvent 
layer was separated and the aqueous layer was extracted 
with ether. The combined solutions were washed free of 
alkali, dried, and evaporated to give 590 mg. of crude prod
uct (V), m.p. 145-168°. Infrared spectrum showed the ab
sence of the carbonyl group.

The crude acetylenic alcohol was hydrogenated at atmos
pheric pressure in 80 ml. of absolute alcohol over 150 mg. of 
5% palladium-on-carbon. The partially crystalline product 
(505 mg.) was dissolved in 15 ml. of 80% acetic acid and 
heated on a steam bath for 0.5 hr. to hydrolyze the ketal. 
The cooled solution was diluted with 20 ml. of water, 
neutralized with sodium bicarbonate, and extracted thor
oughly with ether. The extract was washed, dried, and 
evaporated to yield 421 mg. of a partially crystalline oil 
which was chromatographed on silica. Crystallization of the 
solid fractions (170 mg.) afforded 80 mg. of VI as colorless 
needles, m.p. 160-161°.

A n a l .  Calcd. for C21H32O2: C, 79.70; H, 10.19. Found: 
C, 79.88; H, 10.12.

Re-working the mother liquors gave 30 mg. of less pure 
product, m.p. 147-155°.

d l-1 8 -n o r-v> -h o iw -1 7 a 8 -e th y la n d ro sta n e -3 { t,1 7 a a -d io l (VIII). 
Grignard reagent was prepared in ether from 10.9 g. of 
ethyl bromide and 2.43 g. of magnesium. One hundred milli
liters of dry benzene was added, and then the solvent was 
distilled until the vapor temperature reached 70°. To this 
solution was added during 5 min. with good stirring a solu
tion of 1 g. of dl-18-nor-D-homoepiandrosterone (IV) in 50 
ml. of dry benzene. The mixture was refluxed for 1 hr. and 
then stirred overnight a t room temperature. After hydrolysis 
with 600 ml. of ice cold 1M  hydrochloric acid, the benzene 
layer was separated, and the aqueous layer was extracted 
with three 100-ml. portions of chloroform. The combined 
solvent solutions were washed twice with water, dried, and 
then evaporated to give 1.08 g. of a pale yellow crystalline 
solid. Recrystallization from 30 ml. of ethyl acetate produced 
700 mg. of tiny white needles, m.p. 188°.

Anal. Calcd. for QüHmCL: C, 78.69; H, 11.32. Found: 
C, 78.70; H, 11.47.

dl-18-nor-o-homo-l 7afi-ethylandrostane-l 7aa-ol-3-one (IX  ). 
A solution of 500 mg. of the diol (VIII) in 5 ml. of pyridine 
was added with swirling to an ice cooled mixture of 500 mg. 
of chromic acid in 5 ml. of pyridine. After 0.25 hr. the dark 
mixture wras removed from the ice bath and stored overnight

a t room temperature. After dilution with 300 ml. of ethyl 
acetate, the mixture was filtered and the insoluble sludge 
was rinsed with 50 ml. of ethyl acetate. The filtrate and 
washings were combined and washed with two 100-ml. por
tions of 0.2N  hydrochloric acid. The acid washings were 
back extracted with ethyl acetate and the combined extracts 
were washed with brine. Removal of solvent in vacuum gave 
458 mg. of crude ketone (IX) winch, upon crystallization 
from 20 ml. of ethyl acetate (Darco), weighed 365 mg. and 
melted at 197-198°.

A n a l .  Calcd. for C21H31O2: C, 79.19; H, 10.76. Found: 
C, 79.02; H, 10.73.

dl-18-nor-n-homo-l 7a[i-ethynylandroslane-3(l,17aa-diol 
(Xa) and dl-18-nor-D-homo-17ace-ethynylandrostane-3p,17ap- 
diol (Xb). Eight-tenths of a gram of potassium was dissolved 
in 50 ml. of anhydrous f-butyl alcohol under nitrogen atmos
phere. After the addition of 10 ml. of dry toluene the solu
tion wras chilled in an ice bath and saturated with acetylene. 
A solution of 0.2 g. of the saturated ketone (IV) in 40 ml. of 
dry toluene was then added during a 5 min. period wfliile 
maintaining a moderate stream of acetylene. The resulting 
pale yellow' solution was stirred for 4.5 hr. longer in an ice 
bath under a slow stream of acetylene and then stored in 
the refrigerator overnight. Following the addition of 250 
ml. of water the solution was extracted with three 50-ml. 
portions of chloroform. The combined extracts were washed 
with water and dried over sodium sulfate. Removal of the 
solvent yielded 0.199 g. of a pale yellow solid which was very 
insoluble in common solvents and melted a t 210-240°. 
Infrared showed no carbonyl absorption.

Eight-tenths of a gram of the above epimeric mixture was 
triturated with 8 ml. of ethyl acetate at room temperature. 
The insoluble portion was collected on a filter (400 mg.) 
and then extracted with 40 ml. of boiling isopropyl ether. 
The insoluble fraction was again separated (280 mg.) and 
crystallized from 16 ml. of absolute alcohol to give 180 mg. 
of white needles, m.p. 254-256° (Xb). A second crop of 50 
mg., m.p. 253-256°, was obtained by concentration of the 
alcoholic mother liquor.

Anal. Calcd. for C21H 32O2: C, 79.69; H, 10.19. Found 
C, 79.78; H, 10.22.

The ethyl acetate and isopropyl ether filtrates from the 
above procedure were combined and evaporated to dryness 
at room temperature (150 mg.). Successive crystallizations 
from ethyl acetate and absolute alcohol yielded 50 mg. of 
needles melting at 220-221° (Xa).

Anal. Calcd. for Gill;/-),.: C, 79.69; H, 10.19. Found: 
C, 79.71; H, 10.42.

Hydrogenation of dl-18-nor-D-homo-17afi-ethynylandrostane- 
80,17aa-diol (Xa). A solution of 30 mg. of Xa in 15 ml. of 
absolute alcohol was hydrogenated at atmospheric pressure 
over 10 mg. of 5% palladium-on-carbon catalyst. Crystal
lization of the crude product from 0.9 ml. of ethyl acetate 
gave 20 mg. of needles, m.p. 184-186°, which was identical 
(mixed melting point and infrared spectra) with the Grig- 
nard adduct (VIII).

Hydrogenation of dl-18 -n o r-D -h o m o -l 7aa-ethynylandrostane- 
3f>,17af3-diol (Xb). A solution of 123 mg. of the acetylenic 
alcohol (Xb) in 25 ml. of absolute alcohol was hydrogenated 
a t atmospheric pressure over 20 mg. of 5% palladium-on- 
carbon catalyst. Crystallization of the crude product (m.p. 
ca. 225°) from 10 ml. of butanone yielded 105 mg. of the 
17aa-ethyl compound (XI) m.p. 229-231°.

Anal. Calcd. for GmIFxA :  C, 78.69; H, 11.32. Found: 
C, 78.56; H, 11.26.

C h ic a g o '8 0 , III .
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[ C o n t r i b u t i o n  f r o m  t h e  S l o a n - K e t t e r i n g  I n s t i t u t e  f o r  C a n c e r  R e s e a r c h ]

C atechol D erivatives o f  E strogens1

JACK FISHMAN, MARIA TOMASZ, a n d  ROSEMARIE LEHMAN 

R ece ived  S e p te m b e r  I S ,  105!)

The preparation of 2-methoxyestriol (Ila), 2-hydroxyestriol, 3-methyl ether (He), 2-hydroxyestradiol, 3-methyl ether 
(IVc), 2-hydroxy estradiol (IVf), and 2-hydroxyestrone (Vb), with various derivatives and intermediates is described.

The synthesis of actual or anticipated estrogen 
metabolites has been a continuing concern of these 
laboratories and recently emphasis has been given 
to compounds with an additional oxygen function 
on ring A.2’3 This communication deals with the 
preparation of some catechol derivatives of estro
gens together with certain of the mono- and di
methyl ethers of these steroids. The natural oc
currence of these products as female hormone 
metabolites is under active investigation.

Since metabolic transformation of the estro
genic hormone in man yields large amounts of 
estriol,4 5 it was logical to anticipate, in analogy to 
the presence of 2-mcthoxyestrone,6 7 that the 2- 
methoxy derivative of estriol would also be present 
as the end product of a particular biochemical 
pathway. This indeed proved to be the fact6 and 
identification and isolation of the metabolite were 
enormously facilitated by the availability of that 
compound through an effective synthesis. Start
ing with estriol the procedure for introduction 
of a methoxyl group used for the preparation of
2-methoxyestradiol2 was clearly applicable. An 
alternate route starting with 2-methoxyestrone and 
elaborating the ring-D glycol structure by the 
method of Leeds et a l?  was also considered, but 
was abandoned in favor of the direct preparation.

Condensation of estriol with 2-chloro-5-nitro- 
benzophenone gave the ether la, which was acety- 
lated to the diacetate lb. Cyclization of the latter 
in a sulfuric-acetic acid mixture and subsequent 
oxidation with 30% hydrogen peroxide gave the
2-hydroxy compound Ic which, on direct methyla- 
tion with diazomethane, yielded the 2-methoxy 
derivative Id. Alkaline hydrolysis of Id removed 
both the acetate and nitrobenzophenone groups, 
and after purification by counter current distri-
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IVa. R = CIL, R ' = H, It" = CM,CO
b. R = H, R ' = CIL, It" -  CILCO
c. R = CIL, R ’ = R" = H
d. R = I t ' = CH3, R" = CILCO
e. R = R ' = CH:,  R" = H
f. R = R ' = R" = H
g. R = I t ' = H, It" = CILCO

Va. R = R ' = GIRO, R" = II
b. R = R ' = OH, R" = H
c. It = R ' = Crib,Coo, R" = H 
cl. It = GIRO, I t ' = H, It" = OH
e. It -  It" = OH, I t ' = H

bution, 2-methoxyestriol (Ila), m.p. 215-218° was 
obtained. The new compound was, as expected, 
somewhat less polar than estriol, and exhibited 
the characteristic ultraviolet absorption maximum 
at 286 m/a.

Compounds like the 2-hydroxybenzophenone 
ether Ic readily undergo the Smiles rearrangement 
in the presence of alkali,8 and brief treatment of 
Ic with alkali resulted in a mixture of starting 
material and rearrangement product. Methylation

(8) J. D. Loudon and J. A. Scott, J .  C h em . S o c ., 265
(1953).
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of the mixture with diazomethane and removal of 
the benzophenone group with piperidine yielded, 
after chromatography on alumina, two main prod
ucts. The unaltered fraction, after hydrolysis 
yielded 2-methoxyestriol (Ha), while the rear
rangement product, lib, on similar hydrolysis, 
afforded 2-hydroxyestriol, 3-methyl ether (He), 
m.p. 268-271°. The structure of the latter was 
indicated by the analytical data, the identity of 
ultraviolet, and similarity of the infrared spectra 
with that of 2-methoxyestriol (lia). Final proof 
of the structure was provided by further méthyla
tion of lie to give lid, identical in all respects 
with that obtained from 2-methoxyestriol. The 
possibility that the high melting isomer lie was
2-methoxyestriol, while the low melting lia  was 
the rearranged product can be excluded since only 
one product, lia, m.p. 215-218°, was obtained 
when base was excluded during the handling and 
méthylation of Ic.

The relative ease of the Smiles rearrangement in 
this sequence prompted its use in the preparation 
of another estradiol derivative. When the 2- 
hydroxy ether (III) derived from estradiol2 was 
dissolved in Claisen alkali, acidifiée, and extracted, 
a rearrangement mixture resulted. Méthylation 
and reacetylation followed by piperidine cleavage 
gave the two expected isomers, 2-methoxyestra- 
diol, 17-acetate (IVb),2 and 2-hydroxyestradiol, 
17-acetate, 3-methyl ether (IVa). Further méth
ylation of either compound gave the identical 
dimethoxy derivative, IVd. Hydrolysis of IVd 
afforded 2,3-dimethoxyestradiol (I'Ve), which on 
oxidation with chromic acid gave 2,3-dimethoxy- 
estrone (Va). Alkaline hydrolysis of the mono
acetate (IVa) gave 2-hydroxyestradiol, 3-methyl 
ether (IVc) isomeric with 2-methoxyestradiol. 
Pyridine hydrochloride fusion of either IVc or
2-methoxyestradiol gave in excellent yield 2- 
hydroxyestradiol (IVf). This compound was also 
prepared by an alternate route, via the piperidine 
cleavage of III, and acid hydrolysis of the result
ing 2-hydroxyestradiol, 17-acetate (IVg).

Similar déméthylation of the two isomeric 
methoxyestriols, Ha and lie, proceeded with 
concomitant dehydration9 to give 2-hydroxy- 
estrone (Vb); the same product was also readily 
obtained by déméthylation of 2-methoxyestrone. 
Vet another route proceeded v ia  the dibenzoate 
Vc obtained from oxidation of the dibenzoate 
of 2-hydroxyestradiol. For comparison purposes 
4-hydroxyestrone (Ve) was prepared by the 
déméthylation of 4-hydroxyestrone, 3-methyl ether 
(Vd) prepared previously in these laboratories3 
and was found to be different from Vb.

The preparation of 2-hydroxyestrone by a dif
ferent route has already been recorded in the liter

(9) J. C. Sheehan. W. F. Erman, and P. A. Oruickshank,
J . A m .  C h e m . S o c ., 79, 147 (1957).

ature* J. 10 although there is some doubt as to the 
homogeneity of the nitro compound used in that 
preparation.11 Some biological properties of 2- 
hydroxyestradiol and 2-hydroxyestrone have been 
described,12’13 but no chemical details or physical 
constants have been recorded.

N ote A dded in Proof: After the submission of 
this manuscript, the preparation of 2-hydroxyestra
diol by a different route has been reported. L. R. 
Axelrod and P. Narasimha Rao, Chemistry and 
Industry, 1954 (1959).

EXPERIMENTAL14

l t ì a ,  i  7 8 -D ih y d r o x y - à 1,3'i( 11,1 -c .s tra lrien p , 3 -(2 -benzoyl-/< -  
n i tr o ) -p h e n y l  e th e r  (la). To a solution of 8.3 g. of estriol in 
250 mi. of 95% ethanol containing 1.5 g. of potassium hy
droxide, was added 6.5 g. of 2-chloro-5-nitrobenzophenone. 
The solution was refluxed for 4S hr., acidified with dilute 
sulfuric acid to pH 3, and continuously extracted with ether 
for 24 hr. The ether extract, after drying and evaporation, 
was taken up in chloroform and passed through a 300 g. 
alumina column. All material eluted with chloroform was dis
carded. Elution with chloroform containing 5% methanol 
afforded 5.6 g. of product, m.p. 122-130°, while 10% 
methanol eluted 1.5 g. of estriol. The benzophenone ether 
was recrystallized from methanol to give the analytical 
sample of la, m.p. 132-144°; X®'a°H 255 rnp ( t  16,000), 297 
nip (« 11,000), X™H 238 nip (e  13,000), 282 mp (c  10,500). 
Further recrystallizations did not change the melting point.

A n a l .  Calcd. for CnHjiOok: C, 72.49; H, 6.08. Found: 
C, 72.67 ; H, 6.55.

1 6 a ,1 7 S -D ÌM e lo x y -A 1’3'sl-10ì-e iitra trien e , 3 -{2 -b cn zo y l-!r  
n itr o ) - p h e n y l  e th e r  (lb). Acetylation of la  with acetic 
anhydride in pyridine yielded the 16a,17/3-diacetate as a 
viscous oil; the infrared spectrum in chloroform solution 
showed no hydroxyl absorption a t 3600 cm.“1 An analytical 
sample cristallized from acetic acid, melted 74-76°.

A n a l .  Calcd. for CVILiOA: C, 70.34; H, 5.87. Found: 
C, 70.63; H, 6.08.

2 -H y d ro x y -1 6 a ,l7 B -d ia c e U > x y -A 1' 3’s(,oi-e s tr a tr ie n e , 3 -{2 -  
b e n z o y l-4 -n itr o )p h e n y l e th e r  (Ic). One g. of the diacetate lb  
was dissolved in 2 cc. acetic acid and 2 cc. of ice-cold con
centrated sulfuric acid was added with cooling. After stand
ing for 0.5 hr. at room temperature the mixture was diluted 
with 15 cc. of glacial acetic acid and an excess of 30% 
hydrogen peroxide was added dropwisc. The solution was 
allowed to stand for an additional 0.5 hr., and was then 
poured into water. The precipitate was filtered off and 
washed well with water; the dried tan solid weighed 750 mg. 
The infrared spectrum in chloroform solution exhibited a 
strong band at 1655 cm.”1 characteristic of the conjugated 
ketone strongly hydrogen bonded with the new hydroxyl.2

2 - M e lh o x y -1 6 a ,1 7 B -d ia c e lo x y -A 1’3‘i<-la)-P s lra lr ie n e , 3 - (2 -  
b en z o y l-J ,-n itro )p h e n y l e th er (Id). Seven hundred mg. of Ic 
were dissolved in the minimum amount of an ethanol-ether 
mixture and allowed to stand for 24 hr. with an excess of dis
tilled ethereal diazomethane. Evaporation of solvents and

(10) J. B. Niederl and H. J. Vogel, J .  A m .  C h em . S o r .,  
71, 2566 (1949).

(11) H. Werbin and C. Holloway, J .  B io l . C h e m .. 223, 
051 (1956).

(12) G. C. Mueller, N a tu r e , 176, 127 (1955).
(13) C. Huggins and E. P. Jensen, J .  E x p e r im e n ta l  M e d .,  

102, 335 (1955).
(14) Melting points were determined on a hot-stage ap

paratus and are corrected. Rotations were determined in a 
2-dem. tube and chloroform was the solvent unless other
wise specified. Analyses were performed by Spang Micro- 
analytical Laboratories.
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crystallization of the residue from methanol gave the 
product, m.p. 151-154°. The infrared spectrum of this com
pound in chloroform solution showed the normal con
jugated band a t 1672 cm. ' 1 The analytical sample 
melted 155-158°.

A n a l .  Calcd. for C, 68.88; Id, 5.94. Found:
C, 69.14; H, 6.36.

2 -M e th o x y e s tr io l (Ila). In a nitrogen atmosphere 600 mg. 
of Id was refluxed for 1 hr. with 6 % ethanolic potassium 
hydroxide. Acidification with sulfuric acid and extraction 
with chloroform and ether gave the crude product which was 
purified by a 99 tube counter current distribution in the 
system 50% aqueous methanol and 1:1 cyclohexane-ethyl- 
acetate. Crystals contained in tubes 20-35 were combined 
and recrystallized from dilute acetone to give 180 mg. of 
Ila, m.p. 211-214°.

The analytical sample was obtained from methanol- 
benzene and melted at 215-218°; [o]2̂  +83° (ethanol), 
A™" 2S6 mM (e 3500), Xmin 253 mu (<= 350).

A n a l .  Calcd. for Ci9H2604: C, 71.67; II, 8.23. Found: 
C, 71.28; H, 8.21.

2 - H  y d r o x y e s tr io l, 3 -m e th y l  e th er , 1 6 ,1 7 -d ia ce ta te  (lib). 
Five g. of the benzophenone ether (lb) were cj'clized and 
oxidized as described previously. The 2-hvdroxy product
(Ic) was dissolved in alkali, allowed to stand for 15 min., 
acidified and the partially rearranged product was re
extracted. The crude material was taken up in ethanol and 
treated with an excess of ethereal diazomethane. The prod
uct obtained, a mixture melting at 160-190°, was then 
reacetvlated. The total material was refluxed in 60 cc.. of 
piperidine for 1.5 hr. under nitrogen. The cooled solution 
was diluted with 200 cc. of benzene and washed well with 
cold 5% sulfuric acid. After washing with 5% sodium bi
carbonate solution and water, an oily residue was obtained 
when the solvent was removed. This was taken up in ben
zene and chromatographed on 220 g. of acid washed alumina. 
Elution with 20% ether-benzene gave 0.6 g. of crystalline 
material, m.p. 176-180°. The analytical sample of 2-hy- 
droxyestriol, 3-methyl ether, 16,17-diacetate ( lib ) was 
obtained from benzene-petroleum ether and melted at 178- 
181° [a]2J  -16.5°.

A n a l .  Calcd. for C.3H30O6: C. 68.8 6 ; H, 7.51. Found: 
C, 68.80; H, 7.36.

Preceding chromatographic fractions were oils which on 
hydrol3'sis with 5% ethanolic potassium hydroxide gave after 
purification 1 g. of 2-methvloxyestr:ol (Ila).

2 - H  y d r o x y e s tr io l, 3 -m e th y l  e th e r  (lie). Hydrolysis of 0.5 g. 
of the diacetate ( lib ) in 5% ethanolic potassium hydroxide 
and crystallization of the product from methanol-benzene 
gave 230 mg. of material m.p. 260-269°. The analytical 
sample was obtained as needles m.p. 268-271°, [a]2„5 +64° 
(ethanol). The ultraviolet spectrum was identical with that 
of 2-methoxyestriol (Ila), the infrared spectrum in potas
sium bromide showed differences only in the 650-1400 
cm.-1 region.

A n a l .  Calcd. for C ^ O i :  C, 71.67; H, 8.23. Found: C, 
71.69; H, 8.24.

2 -M e lh o x ije s lr io l , 3 -m e th y l e th er (lid). A small amount of 
l ie  was methylated with diazomethane in ether-ethanol. 
Purification of the product by alumina chromatography and 
elution with chloroform gave crystals which melted at 100- 
110°, resolidified, and then melted at 188-191°. The an
alytical sample was obtained from acetone-petroleum ether 
as needles melting at 190—192°, [aj2D7 +69°. Despite vacuum 
drying at 50° the sample retained water.

A n a l . Calcd. for CLyH,80 4-H;0: C, 68.55; 11, 8.57. Found: 
C, 68.31: H, 8.44.

Similar methylation of 2-methoxyestriol (Ila) gave mate
rial m.p. 189-191°, identical with the above by mixed 
melting point and infrared spectra comparison.

2 -H y d ro x y e s tr a d io l, 3 -m e th y l e ther , 17 -accta lc  (IVa). Eight 
g. of III  was dissolved in Claisen alkali and was allowed 
to stand at room temperature for 15 min. Acidification and 
extraction with chloroform gave a crude mixture which

was methylated with diazomethanc. The methylated product 
was reacetylated and ŵ as then refluxed in 100 ml. of piper
idine for 1 hr. After the usual work-up the product was 
chromatographed on alumina. Elution with 30% benzene 
in petroleum ether gave 1 g. of 2-methoxyestradiol, 17- 
acetate (IYb). With 50% benzene in petroleum ether 3.1 g. 
of IVa, m.p. 198-208° was obtained. The analytical sample 
of 2-hydroxyestradicl, 3-methyl ether, 17-acetate (IVa) was 
recrystallized from benzene petroleum ether and melted 
210-212°, with long needles forming at 188°, [a]2D7 +43.0°.

A n a l .  Calcd. for C2iH.s0 4: C, 73.22; H, 8.17. Found: C, 
73.25; H, 8.24.

2 -H y d r o x y e s tr a d io l, 3 -m e th y l  e th er (IVc). One g. of the 
acetate IVa was hydrolyzed in the usual manner with 5% 
ethanolic potassium hydroxide to give 0.85 g. of product. 
Crystallization from acetone afforded the analytical sample 
of IVc, m.p. 179-181°, [a]2D8 +74°.

A n a l .  Calcd. for C19H26O3: C, 75.46; H, 8.67. Found: 
C, 74.98; H, 8.44.

2 -M e th o x y e s tr a d io l, 3 -m e th y l  e ther , 17 -a ce ta te  ( IV d ). 
Methylation of IVa with ethereal diazomethane gave after 
separation from unchanged material the dimethyl ether 
IVd, m.p. 178-180° from ethanol. The analytical sample 
melted at 179-182° with sublimation, [a]2n +53°.

A n a l .  Calcd. for C22H 30OR C, 73.75; H, 8.38. Found: 
C, 73.75; H, 8.71.

The product obtained from a similar methylation of 2- 
methoxj'estradiol, 17-acetate (IVb) was identical with the 
above by mixed melting point and infrared spectral com
parison.

Hydrolysis of the dimethoxy compound IVd with moth- 
anolie potassium hydroxide gave 2-methoxyestradiol, 3- 
methyl ether (IVe), m.p. 131-133° from methanol-ether. 
The material retained solvent tenaciously with melting at 
100-110° and resolidification. The analytical sample showed 
similar behavior in melting point, [o:]2D7 +85°.

A n a l .  Calcd. for CMH,6( V / 2CH3OH : C, 74.59; 11, 8.92. 
Found: C, 74.12; H, 9.02.

2 -M e th o x y e s tr o n e , 3 -m e th y l e th er (Va). Oxidation of a 
small amount of the dimethoxyestradiol compound IVe, 
with chromic acid in acetone gave, on the usual work-up, 
the 17-keto derivative Va, m.p. 172-175° from methanol. 
The analytical sample of 2-methoxyestrone, 3-methyl ether 
(Va), was obtained as needles, m.p. 173-176°.

A n a l .  Calcd. for C20H26O3: C, 76.43: H, 8.28. Found: 
C, 76.41 ;H , 8.21.

The same compound was also obtained by methylation of 
2-methoxyestrone.

2 -H y d r o x y e s tr a d io l (IVf). One g. of the 3-methyl ether 
(IVc) was heated with 2 g. of freshly distilled pyridine 
hydrochloride for 15 min. a t 200-220°. Dilution with water 
and extraction with a chloroform-ethanol mixture gave 700 
mg. of product as tan colored crystals from dilute methanol. 
Recrystallization from the same solvent afforded the 
analytical sample which melted at 110-113° resolidified and 
melted again at 155-158°; [a]2D8 +90° (ethanol), A®1™ 289 
(e 3600), Xmin 251 (e 650). The material was hydroscopic 
and despite drying at 65° retained a molecule of water.

A n a l .  Calcd. for CisHsiCh-HiO: C, 70.56; H, 8.55. Found: 
C, 70.87; H, 8.56.

This same compound (IVf) was also obtained by an 
alternate route from III. Piperidine cleavage of III gave 
2-hydroxyestradiol, 17-acetate (IVg), which crystallized 
from benzene-petroleum ether and melted at 100 109°, 
resolidified, and melted 182-185°. The analytical sample of 
IVg was dried at 65° for 12 hr. and melted 182-185°, [a]2D6 
+59°.

A n a l .  Calcd. for (NoII-MV. C, 72.70; H, 7.93. Found: C, 
72.88: II, 7.74.

Acid hydrolysis of the above with 10% ethanolic sulfuric 
acid afforded 2-hydroxyestradiol (IVf).

2 -H y d r o x y e s tr o n e  (Yb). One hundred mg. of 2-methoxy- 
estrone was heated with pyridine hydrochloride as previ
ously described. The reaction mixture was diluted with water
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and filtered. The precipitate (63 mg.), crystallized from 
benzene, melted at 192-194°. The analytical sample of Vb 
melted at 194-196°; [a]2D7 +172° (ethanol).

A n a l .  Calcd. for Ci8H220 3: C, 75.52; H, 7.69. Found: 
C, 75.14; H, 7.76.

The same compound was obtained from either Ha or lie  
on heating with pj'ridine hydrochloride for 1 hr. a t 200°.

An alternative route led via the Schotten-Bauman benzo- 
ylation of 2-hydroxyestradiol (IVf) to give the dibenzoate 
which on oxidation with chromic acid in acetic acid gave 
2-hydroxyestrone, 2,3-dibenzoate (Vc) m.p. 172-174° from 
ethanol.

A n a l .  Calcd. for C32H 30O5: C, 77.71; H, 6.11. Found: 
C, 77.66; H, 6.10.

Mild alkaline hydrolysis of the above under a nitrogen 
atmosphere gave 2-hydroxyestrone (Vb).

4 -H y d r o x y e s tr o n e  (Ve).16 Pyridine hydrochloride fusion of 
200 mg. 4-hydroxyestrone, 3-methyl ether (Vd) gave 138

mg. of product which crystallized from benzene-methanol 
with a m.p. 260-265° dec. The analytical sample obtained 
from the same solvent melted at 266-270° dec. with sub
limation; [ a ] +155° (ethanol).

A n a l .  Calcd. for C18H220 3: C, 75.49: H, 7.74. Found: C, 
74.99; H, 7.67.

A c k n o w le d g m e n t. The authors wish to thank 
Dr. T. F. Gallagher for his advice and interest 
in this work. They wish to thank Mrs. Beatrice
S. Gallagher for the infrared spectra.

N e w  Y o r k  21, N .  Y .

(15) The diacetate of this compound has been prepared 
by oxidation with lead tetrac.etate, A. M. Gold and E. 
Schwenk, J .  A m .  C h em . S o c ., 80, 5683 (1958).

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y  o f  t h e  U n i v e r s i t y ' ,  G l a s g o w ]

C om pounds R elated  to  a P ossib le  Precursor o f  D ip lo ic in 1

C. R. SMITH, J r.2

R ece ived  S e p te m b e r  2 3 , 1 9 5 0

The synthesis of compounds related to a possible biosynthetic precursor of diploicin (IVb) a chlorine-containing lichen 
substance, is described. The relative ease of decarboxylation of 3,5-dichloro-o-orsellinic acid and two of its derivatives is 
discussed. 2,+Dichloroorcinol undergoes diacylation preferentially, despite steric factors which should favor monoacylation.

Recent work on oxidative coupling of phenols, 
involving one-electron-transfer oxidizing agents, 
has elucidated the true nature of the crystalline 
dimer obtained by oxidizing p-ciesol rvith alkaline 
ferricyanide (I).3 Usnic acid (II), a lichen metab
olite, has been synthesized by a similar process.3 
Scott has also utilized this coupling process in 
carrying out the partial synthesis of (±)-dehydro- 
griseofulvin and (±)-geodin methyl ether from 
related benzophenone derivatives.4 Brockmann 
and coworkers have demonstrated related oxida
tions of hypericin precursors.15 6 Bruice oxidized
o-methoxymesitol with alkaline ferricyanide and 
obtained only linear coupling and hydroxylation

( 1 ) This investigation was supported by Research Grant 
EF-5415 from the National Institutes of Health.

(2) National Heart Institute Research Fellow, University 
of Glasgow, 1955-56. Present address, Northern Regional 
Research Laboratory, Peoria, Illinois.

(3) D. H. R. Barton, A. M. Deflorin, and O. E. Edwards, 
J .  C h em . S o c ., 1956, 530.

(4) A. I. Scott, P ro c . C h em . S o c . (L o n d o n ) , 1958, 195.
(5) H. Brockmann, P ro c . C h em . S o c . (L o n d o n ) , 1957, 

304.

products,6 in contrast to I and II, which resulted 
from free radical coupling followed by ionic cycli- 
zation. The concept of oxidative coupling of phenols 
as a biogenetic mechanism has been discussed in 
detail by Barton and Cohen.7

Diploicin (IArb), a chlorine-containing lichen 
metabolite,8 was selected as a prospective further 
example of a natural product which could be syn
thesized by oxidative coupling of a phenolic pre
cursor i n  v itro . The structure of diploicin, which is 
obtained from B u e l l ia  ca n cscen s , was elucidated by 
Nolan and co-workers.9*10-11 Our initial objective 
was preparation of a compound such as HID, 
whose blocking groups could be readily removed. 
A subsequent conversion Ilia—>TYa, effected by 
oxidative cyclization through electron pairing, 
was envisioned as follows:

(6 ) T. C. Bruice, J .  O rg. C h e m ., 2 3 , 246 (1958).
(7) D. H. R. Barton and T. H. Cohen in F e s ts c h r if t  

A r th u r  S to ll, Birkhauser AG, Basel, 1957, p. 117.
(8) For reviews on lichen substances, c f. Y. Asahina and 

S. Shibata, T h e  C h e m is try  o f  L ic h e n  S u b s ta n c e s , Japan 
Society for Promotion of Science, Tokyo, 1954; S. Shibata 
in E n c y c lo p e d ia  o f  P la n t  P h y s io lo g y , Vol. X, ed. by W. 
Ruhland, Springer-Verlag, Berlin, 1958, p. 560.

(9) P. A. Spillane, J. Keane and T. J. Nolan, S c i .  P ro c . 
R o y . D u b l in  S o c ., 21, 333 (1936).

(10) T. J. Nolan and D. Murphy, S c i .  P ro c . R o y . D u b l in  
S o c ., 22, 315 (1940).

(11) T. J. Nolan, J. Algar, E. P. McCann, W. A. Manahan 
and N. Nolan, S c i .  P ro c . R o y . D u b l in  S o c ., 24, 319 (1948).
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Cl C H ,

IVa. R  =  H 
IVb. R = CH3

Other modes of cyclization are conceivable, such as 
formation of a spiro ring as in dehydrogriseofulvin. 
Expression Ilia  is analogous to the class of lichen 
substances known as d e p s id e s , while diploicin it
self (IVb) is a d e p s id o n e  of the orcinol group.8 
None of these lichen-produced lactones have thus 
far been synthesized.

The synthesis of the dichloroörsellinic acid moiety 
of III began with the condensation of acetoacetic 
ester and ethyl crotonate to form V. The method 
of von Schilling and Vorländer12 was used with some 
modifications found necessary. V was aromatized 
to yield ethyl o-orsellinate (VI) by the method of 
Pfau.13 Pfau’s procedure employs 20% ferric chlo
ride in acetic acid and gave low yields of impure 
product in our hands, despite various modifications 
tried. VI was converted to the dichloro ester 
Vila by direct chlorination.10 Vila was hydrolyzed 
to the hitherto unknown acid Vllb by prolonged 
treatment with either 25% sodium hydroxide at 
20° or concentrated sulfuric acid at 0°. Nolan and 
Murphy had shown previously that conventional 
hydrolysis with boiling dilute alkali produced con
current decarboxylation (Vila —► X).10

Vila, when treated with benzyl chloride in 
ethanolic potassium hydroxide, yielded both mono
benzyl and dibenyl ethers (Villa and IXa) in a 
stepwise reaction. It might be anticipated that 
hydrogen bonding and steric hindrance at the 
hydroxyl o rth o  to the carbethoxy group would 
cause the pam-hvdroxyl to be attacked preferen
tially. Consequently, the monobenzyl ether was con
sidered to be the 4-benzyl derivative (Villa). 
Regeneration of Vila by hydrogenolysis of Villa 
with palladium-calcium carbonate was demon
strated.

It was hoped that the corresponding monobenzyl 
acid (VUIb) would be used to prepared Illb. 
However, alkaline hydrolysis of the ester grouping 
even at room temperature resulted in concurrent 
decarboxylation and formation of decarboxy deriv-

(12) R. von Schilling and D. Vorländer, A n n . ,  308, 184
(1899).

(13) A. St. Pfau, H e lv . C h im . A c ta , 16, 283 (1933).

ative XI. Although VUIb, like Vllb, is a tautomer 
of a /3-keto acid and subject to further activation of 
its carboxyl by substituent chlorines, it was hardly 
anticipated that it wrould be even more susceptible 
to decarboxylation.

Dibenzyl ether IXa, in marked contrast to 
Vila and Villa, proved rather resistant to alka
line hydrolysis. It was converted with some dif
ficulty to acid IX o by refluxing with 5% potassium 
hydroxide in aqueous dioxane. The stability of 
IXb emphasized the role of the o r th o - h y d r o x y l in 
facilitating the decarboxylation of Vllb and VUIb, 
and substantiated the structure assigned to the 
latter. On treatment with oxalyl chloride, IXb 
yielded the corresponding acid chloride.

V VI Cl
VIIa.R = CoH5 
Vllb. R = H

Synthesis of the 2,4-dichloroorcinol moiety (X) 
required to produce III was attempted by chlori
nation of orcinol (XII). The only products ob
tained, however, were 2,4,6-trichloroorcinol (XIII), 
and the previously unreported 2,6-dichloroorcinol
(XIV). Consequently, X had to be prepared by 
hydrolysis and decarboxylation of difficultly ac
cessible Vila.

The stage was then set for the attempted prepa
ration of IIIc. It was expected that the 5-hydroxyl 
of X, being much less hindered sterically than the
3-hydroxyl, could be acylated preferentially, espe
cially with a bulky acyl group like IXb. However, 
when X was acylated with the acid chloride of IXb, 
the only product which could be characterized 
appeared to be a d ia c y l derivative. Though not 
obtained pure, elementary analyses together with 
its infrared spectrum and its negative response to
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a ferric chloride test supported the diacyl formula
tion XV rather than IIIc. This wholly unexpected 
result was rationalized by assuming that because

CH,
XV

of its electron-withdrawing character, an acyl 
substituent, once attached to the 5-hydroxyl, 
increased the acidity of the 3-hydroxyl sufficiently 
that the latter could compete successfully for un
reacted acyl chloride molecules, resulting in forma
tion of XV.

Efforts were then directed towards preparation 
of Hid from intermediates having all interfering 
hydroxyl groups blocked. Earlier experiments had 
fortuitously provided an elegant method for 
preparing XI, which accordingly was acylated with 
the acid chloride of IXb. The low overall yield at 
this point, however, so reduced the quantity avail
able for this experiment that the small amount of 
solid product could not be adequately character
ized. Its infrared spectrum was similar to that of 
XV, as would be expected.

EXPERIMENTAL14

P re p a r a tio n  o f  e th y l 1 ,2 -d ih y d ro -o -o rse llin a te  (V) .12 Twenty- 
three grams of sodium (1 mole) was added to 300 ml. of 
absolute ethanol, warming slightly to dissolve the last few 
grams. Then were added successively 126 g. (1 mole) of 
ethyl acetoacetate and 102 g. (1 mole) of ethyl crotonate. 
The mixture was refluxed with continuous stirring for 2 hr. 
A slurry of sodium enolate appeared 20 to 25 min. after 
addition of the reagents was complete, and the mixture 
gradually thickened to a paste. At the end of 2 hr., the mix
ture w'as chilled and acidified with 5% sulfuric acid. Con
siderable sodium sulfate separated out, which was removed 
by filtration. The filtrate was diluted with 200 ml. of water, 
then extracted with chloroform. The solvent was removed, 
yielding 174 g. of oily product, which was chilled until 
crystallization began, then diluted with 60 ml. of 40-60° 
petroleum ether and let stand overnight. A yield of 80 g. of 
product was obtained upon filtration. This material was 
satisfactory for dehydrogenation after thorough drying, but 
could be recrystallized from petroleum ether-benzene; m.p. 
87-89° (lit. ,12 m.p. 89-90°).

D eh yd ro g en a tio n  o f  e th y l 1 ,2 -d ih yd ro -o -o rse llin a te  (V). The 
following was typical: 40 g. of V was refluxed 1 hr. with 8.0 
g. of anhydrous ferric chloride (or the equivalent amount of 
ferric chloride hexahydrate) and 400 ml. of 20% aqueous 
acetic acid. The mixture was then diluted with 200 ml. of 
wrater and extracted with ether. The ether extract was, in 
turn, extracted repeatedly with 50 ml. portions of saturated 
sodium carbonate, then evaporated, yielding 17.5 g. of VI 
as a dark amorphous solid. This w'as recrystallized from 
benzene—first crop, 7.0 g., m.p. 122-129°; second crop, 2.3 
g., m.p. 120-125°. A second recrystallization produced mate

(14) Melting points were determined in capillary tubes 
in a hot block apparatus, except as noted, and are cor
rected. Infrared spectra were determined with a Unicam 
Infrared Spectrophotometer as Nujol mulls.

rial melting at 131-132° (lit.,13 m.p. 131-132°). Changes in 
Pfau’s published procedure, such as varying reaction time 
and concentration of ferric chloride, produced even poorer 
yields.

C h lo r in a tio n  o f  .e th y l  o -o rse llin a te  (VI). This preparation 
was carried out by a procedure similar to that applied to 
methyl o-orsellinate bj' Nolan and Murphy.10 A 55 g. portion 
(0.281 mole) of VI was dissolved in 3 1. of chloroform chilled 
in an ice bath. There was added slowly and with mechanical 
stirring 310 ml. of chlorine (2.2 X 0.281 mole) in carbon 
tetrachloride. After 45 min., 45 ml. of pyridine was added; 
the mixture was subsequently freed of pyridine by extraction 
with w'ater. After drying, the solution w'as evaporated to a 
small volume; half this volume of carbon tetrachloride w'as 
added. A yield of 69 g. of ethyl 3,5-dichloroorsellinate (V ila) 
was collected, m.p. 160-163° (lit.,10 m.p. 159-161°).

H y d r o ly s is  o f  e th y l 3 ,5 -d ich lo ro -o -o rse llin a te  (V ila). A .  
S u l fu r i c  a c id  m e th o d . A 3.00 g. portion of V ila w'as dissolved 
in ice cold cone, sulfuric acid and let stand 6 days a t 0 °. 
The mixture was then poured into ice water and extracted 
with ether. The ether, upon evaporation, yielded 2.69 g. of 
acid V llb, m.p. 195-200°; 0.91 g. of this acid w'as purified 
by dissolving it in ether, extracting it with 0.1 N  sodium 
bicarbonate, liberating it with hydrochloric acid, and 
extracting with ether. From the ether was obtained 0.53 g., 
202-207° dec. After three recrystallizations from benzene- 
ether, the acid melted a t 210- 2 1 1 ° dec.

A n a l .  Calcd. for C8H 6C120 4: C, 40.53; H, 2.55; Cl, 29.92. 
Found: C, 40.75; H, 2.79; Cl, 29.64.

B . 2 5 %  S o d iu m  h yd ro x id e  m e th o d . One gram of V ila  was 
dissolved in 30 ml. of 25% sodium hydroxide and let stand 
7 days a t room temperature. The solution was then diluted 
with water, acidified and extracted with ether. Upon 
evaporation, 0.91 g. of V llb was obtained, m.p. 185-195° 
dec.

E th y l  3 ,5 -d ich lo ro -o -o rse llin a te  4 ,6 -d ib en zo a te . V ila  (12.0 
g.) was dissolved in 68 ml. of methyl ethyl ketone. Potassium 
carbonate (6 g.) was added and the mixture was heated to 
reflux; 13.2 g. of benzoyl chloride dissolved in 12 ml. of 
methyl ethyl ketone was added dropwise and refluxing 
continued 3.5 hr. The mixture was then filtered and evapo
rated, yielding a foamy solid which w'as extracted with 
chloroform. The chloroform solution was extracted with 0 A N  
sodium hydroxide, dried, and evaporated to yield 5.9 g. of 
dibenzoate, which crystallized on trituration with ethanol. 
This was reerystallized four times from ethanol; 0.39 g., 
m.p. 109-110°, wTas obtained.

A n a l .  Calcd. for C24H18CI2O6: C, 60.90; H, 3.83. Found: 
C, 61.28: H, 4.00.

4 ,6 -D ib e n z y l  a n d  4 -b e n zy l e thers o f  e th y l  3 ,5 -d ich lo ro -  
o -o rse llin a te . V ila (7.13 g.) was dissolved in 700 ml. of 
absolute ethanol containing 10.5 g. of potassium hydroxide; 
112  ml. of benzj'l chloride w'as added to the mixture. After 
24 hr., 4 g. additional potassium hydroxide was added. At 
the end of 3 days, the reaction mixture was partitioned 
betw'een water and ether. Upon concentrating the ether layer, 
additional aqueous liquor separated out and was combined 
with the original aqueous layer.

The strongly alkaline aqueous layer was acidified and 
extracted with ether. From the ether was obtained 5.05 g. 
of dark oily material. This was triturated with and crystal
lized from ether; 1.45 g. of solid monobenzyl ether (V illa ) 
was obtained. This was recrystallized from benzene, yielding 
0.83 g., m.p. 179-180°. A 36.6 mg. sample of V illa  was sub
jected to hydrogenolysis in ethyl acetate solution with 10% 
palladium on calcium carbonate; 2.61 cc. were consumed, 
5% in excess of theory for one mole. The product (35 mg.) 
melted a t 160-161° and showed no depression of melting 
point when mixed with Vila.

A n a l .  Calcd. for CnH16Cl20,i: C, 57.48; H, 4.54; Cl, 19.96. 
Found: C, 57.42; H, 5.08; Cl, 20.22.

The ether layer from the above partitioning was dried over 
sodium sulfate and concentrated. The bulk of the excess 
benzyl chloride, was removed by vacuum distillation leaving
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a dark, partially crystalline residue, 6.47 g. This was chro
matographed on 200 g. of activity V alumina; 4.13 g. of 
dibenzyl ether (IXa) was obtained by elution with 300 ml. of 
benzene. A 0.85 g. portion of this was recrystallized twice 
from 60-80° petroleum ether, yielding 0.22 g., m.p. 77-78°.

A n a l .  Calcd. for C24H22CI2O4: C, 64.73; H, 4.98; Cl, 15.92. 
Found: C, 64.44; II, 4.48; Cl, 15.75.

H y d r o ly s is  o f  e th y l 3 ,5 -d ich lo ro -o -o rse llin a te  4 ,6 -d ib e n z y l  
ether (IXa). A 5% potassium hydroxide solution was pre
pared from 12.5 g. of potassium hydroxide, 112.5 g. of 
dioxane and 125 ml. of water. A 4.13 g. portion of IXa was 
refluxed overnight in 200 ml. of this potassium hydroxide 
solution; the solution tended to separate into two phases, 
but vigorous reflux maintained satisfactory mixing. After 
cooling, the mixture was partitioned between water and 
chloroform. The basic layer was acidified and extracted 
with chloroform; 1.48 g. of solid acid was obtained on 
evaporating the extract. This was recrystallized from ben
zene-petroleum ether; first crop, 0.77 g., m.p. 180-182°; 
second crop, 0.10 g.

A 13.8-mg. portion of this acid was subjected to hydro- 
genolysis in ethyl acetate in the presence of 10% palladium- 
on-calcium carbonate. There was an uptake of 1.79 cc. of 
hvdrogen compared to the theoretical amount of 1.58 cc.

'A n a l .  Calcd. for C22H1SC120 4: C, 63.32; H, 4.35; Cl, 17.00. 
Found: C, 63.52; H, 4.35; Cl, 16.90.

H y d r o ly s is  a n d  d e c a rb o x y la tio n  o f  e th y l 3 ,5 -d ich lo ro -o -  
o rse llin a te  4 -b e n zy l e ther (V illa). A 0.120-g. position of 
V illa  was dissolved in 40 ml. of 12% aqueous sodium 
hydroxide (the most concentrated in which it was soluble), 
and let stand 3 days at room temperature. The solution was 
then diluted with water, acidified, and extracted with chloro
form. A residue of 0.082 g. was obtained from the chloroform 
after drying; this was chromatographed on activity V 
alumina. By benzene elution, 0.050 g. of crystalline material 
was obtained, m.p. 94-95° (Kofler) after drying i n  vacuo  
at 45°. This substance was shown by elemental analyses 
and infrared spectrum (OH peak a t 3406 cm.“1, no carbonyl 
peak) to be 2 ,4 -d ich lo ro b rc in o l 3 -b e n zy l e ther (XI) rather 
than the desired acid (VIHb).

A n a l .  Calcd. for ChH12C120 2: C, 59.39; H, 4.27; Cl, 25.04. 
Found: C, 59.96; H, 4.39; Cl, 25.32.

Experiments were carried out directed towards deliberate 
hydrolysis and decarboxylation of V illa  by refluxing with 
1 % aqueous sodium hydroxide. Some XI could be isolated 
by chromatographing products obtained on activity V 
alumina, but a satisfactory reproducible method was not 
established.

A c y la t io n  o f  2 ,4 -d ich lo ro o rc in o l (X). The acid chloride of 
IXb was prepared by refluxing 0.380 g. (0.91 mmole) of 
the acid with excess oxalyl chloride 2 hr. in a micro reflux 
assembly with careful exclusion of moisture. Excess oxalyl 
chloride was removed by vacuum. A 0.178-g. portion (0.92 
mmole) of 2,4-dichloro6reinol, prepared according to the 
procedure of Nolan and Murphy,10 was dissolved in dry 
pyridine and added to the acid chloride. The mixture was 
let stand overnight, then most of the pyridine was removed 
by vacuum. The residue was partitioned between ether and 
O.liV sodium bicarbonate. The ether was dried and evapo
rated, yielding 0.56 g. of XV. This was recrystallized twice 
from ethanol-ether; 0.105 g. was obtained, m.p. 104-106°. 
The infrared spectrum had a peak at 1750 cm. " 1 (carbonyl)

but none in the OH region. The ferric chloride test was 
negative.

A n a l .  Calcd. for C5iH38Cl60s: C, 61.77; H, 3.86; Cl, 21.46. 
Found: C, 62.54; H, 3.95; Cl, 21.22.

Calcd. for CmH^CIiOs (monoacyl derivative): C, 58.80; 
H, 3.75; Cl, 23.95.

This experiment was repeated twice with variations. In 
the first instance, mechanical stirring was used and the acid 
chloride was added to X. In the second instance, the latter 
procedure was used, but with a twofold excess of X. In both 
cases, the products appeared to be the same diacyl derivative
(XV).

A c y la t io n  o f  2 ,4 -d ich lo ro o rc in o l 3 -b e n zy l e ther (XI). This 
was carried out in a manner similar to that described in the 
preceding section, except that X was replaced by its 3- 
benzyl ether (XI). A solid product was isolated by chro
matography whose infrared spectrum indicated acylation 
had taken place (no OH peak) and which was similar to 
that of XV. The quantity in hand was too small for further 
characterization.

C h lo r in a tio n  o f  o rc in o l (XII). Orcinol (10.6 g.) was dis
solved in 1.5 1. of chloroform chilled in an ice bath. Two 
moles of chlorine in carbon tetrachloride, plus 10% excess, 
was added slowly with mechanical stirring. After addition 
was completed, the mixture was extracted twice with 250- 
ml. portions of 0.1V sodium bicarbonate. The solution was 
then dried and concentrated to a small volume. Half this 
volume of petroleum ether was added and 5.8 g. of solid 
was collected, m.p. 101-105°. This was recrystallized from 
chloroform-petroleum ether, then three times from benzene, 
yielding a substance melting at 165.5-167° after sublima
tion. The melting point and elementary analyses indicated 
that this must be 2 ,6 -d ich lo ro d rc in o l (XIV) rather than the 
desired 2,4-diehlorobrcinol (lit. ,10 m.p. 1 2 1°).

A n a l .  Calcd. for C7H6C120 2: C, 43.55; H, 3.14; Cl, 36.74. 
Found: C, 43.72; H, 3.37; Cl, 37.05.

A second compound was obtained by concentrating the 
mother liquor from the first crystallization of XIV and 
recrystallizing the resulting residue from benzene. This 
proved to be 2 ,4 ,6 -tr ich lo ro b rc in o l (XIII), m.p. 123-124° 
(lit., m.p. 123°15; 127°16).

A n a l .  Calcd. for C7H5C130 2: C, 36.96; H, 2.22; Cl, 46.77. 
Found: C, 36.79; H ; 2.40; Cl, 46.58.

Separation of X III and XIV was also effected by chro
matographing combined residues from recrystallizations on 
silica gel. Both compounds were eluted by collecting suc
cessive fractions with 9:1 benzene-ether. The trichloro com
pound was eluted first. No 2,4-dichloroorcinol (X) was ob
tained from the reaction mixture.
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O rganoboron C om pounds. X II. H eterocyclic  C om pounds from  B en zeneboron ic
A cid1
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New types of compounds were prepared by condensing benzeneboronic acid with chloral hydrate, benzoin, and a mixture 
of benzoin and aniline. The product from benzoin, 2,4,5-triphenyl-l,3,2-dioxaborole was very readily oxidized to benzil and 
was relatively resistant to hydrolysis in neutral or acidic solutions.

In view of the smooth conversion of benzene
boronic acid and o-phenylenediamine to 2-phenyl-
l,3-dihydro-2,l,3-benzoboradiazole,2 we examined 
the behavior of benzeneboronic acid with several 
other substances which might be expected to 
yield heterocyclic compounds by condensation re
actions. New compounds were isolated in high 
yields from reactions with chloral hydrate, benzoin, 
and an equimolar mixture of benzoin and aniline.3 
Formulas I—III, respectively, were assigned to 
these substances on the basis of the mode of for
mation, analyses, infrared spectra, and chemical 
behavior.

0

Cens—B B—C6H5
1 I

c 6h 5~ c = c —c 6h 5 1 1
0  0

1 1 
0  0

w \  /
c B1
CCI,

j

c 6h 5
I II

c ,h 5—c = = c — c ,h 6

o N—C0H5

B
!

C,HS
III

Compound I is unusual in that the boron-oxy
gen heterocycle contains carbon at the aldehyde 
stage of oxidation. Whereas six-membered ring 
compounds containing either boron and oxygen

(1) For the previous paper in this series see: R. L. Let- 
singer and J. R. Nazy, J .  A m .  C hrrn . S o c ., 81, 3013 (1059).

(2) It. L. Letsinger and S. B. Hamilton, ./. A m .  C h em . 
S o c ., 80,5411 (1958).

(3) A sharp melting substance was also obtained from a 
reaction of benzeneboronic acid with mandelic acid in toluene. 
I t could be sublimed without decomposition and the analysis 
corresponded to C6IIsCIICOOBCr,Hi; however, the infrared

L o - 1
spectrum contained in addition to a band at 5.57 n  (the 
ring carbonyl group) bands at 5.82 n  and in the 2.9-4.0 
region characteristic of the carboxyl group. It appears that 
some hydrolysis had occurred in the samples used for the 
spectral determinations. The ease of hydrolysis of acyloxy- 
boron compounds has been noted by W. Gerrard, M. F. 
Lappert, and R. Shafferman, J .  C h em . S o c ., 3648 (1958).

(boroxines) or carbon and oxygen (aldehyde 
trimers) are well known, a mixed compound of this 
type does not seem previously to have been de
scribed. As expected, compound I was relatively 
unstable, decomposing slowly to give triphenyl- 
boroxine at 150°.

Compound II, 2,4,5-triphenyl-l,3,2-dioxaborole, 
exhibited several interesting properties. Perhaps 
the most distinctive feature was the ease of oxi
dation. Cyclohexane and anhydrous dioxane solu
tions of compound II w e r e  stable indefinitely; 
however, aqueous dioxane or ethanol solutions 
rapidly acquired a yellow color due to formation of 
benzil. The rate of oxidation increased in alkaline 
solutions which were saturated with oxygen. 
Table I summarizes data on the oxidation of 
compound II, benzoin, and an equimolar mixture 
of benzoin and benzeneboronic acid (hydrolytic 
products of compound II) by molecular oxygen 
in alkaline aqueous alcoholic solutions. From ex
periments 1, 2, and 3 it is seen that compound II 
was very extensively oxidized under conditions for 
which benzoin was virtually unchanged and the 
mixture of benzoin and benzeneboronic acid was 
attacked to only a minor extent. It is also apparent 
that compound II was oxidized more rapidly than 
it was hydrolyzed. Finally, experiments 4 and 5 as 
well as 2 and 3 demonstrate that benzeneboronic 
acid accelerated the oxidation of benzoin under 
these conditions.

Weissberger4 postulated that oxidation of ben
zoin in alkaline solution involved a slow, rate
determining enolization followed by reaction of the 
enolate ion with molecular oxygen. An extension of 
this mechanism to the oxidation of compound II 
seems plausible. According to this the rate determin
ing step would be generation of an enolate ion (IV) 
by attack of hydroxide ion on boron, a reaction 
which could well be much faster than removal of 
the «-hydrogen in benzoin by hydroxide ion. The 
activating effect of benzeneboronic acid on the 
oxidation of benzoic (exp. 5) may depend upon 
formation in solution of a low concentration of 
compound II or a related charged complex which 
can yield IV.

(4) A. Weissberger, B e r ., 65, 1815 (1932).
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TABLE Is
O x i d a t i o n  o f  C o m p o u n d  II  a n d  B e n z o i n  i n  A l k a l i n e  A q u e o u s  A l c o h o l i c  S o l u t i o n s

Exp. Reactants
—

Time at 
Reflux, 

min. Benzil

Fields, % 

Benzoin
Benzeneboronic6

anhydride
1 Compound IP 5 71 8 54
2 Benzoin0 5 0 98 _
3 Mixture1* 5 9 84 98
4 Benzoin0 60 21 71 -- -
5 Mixture6 60 84 0 <25

a For procedure and isolation of products see Experimental section. 6 The recovered boronic acid was converted to the 
anhydride on drying to constant weight. 0 The quantities were: compound II, 1.50 g., benzoin, 1.068 g. d The mixture con
sisted of 1.068 g. of benzoin and 0.523 g. of benzeneboronic anhydride. The anhydride is very rapidly converted to benzene- 
boronic acid in solutions containing water.

I I 
o  o e

\
B—OH

C6Hs
IV

Two other reactions attest to the susceptibility 
of compound II to oxidation. (1) Compound II 
was converted within three minutes to benzil and 
benzeneboronic acid by a dilute solution of nitric 
acid in acetic acid; the yields were virtually quanti
tative. By contrast, benzoin was unchanged by 
treatment with the nitric acid-acetic acid reagent 
for an hour. (2) A flocculant, white precipitate 
formed when dry oxygen was passed through a 
pentane solution of compound II which was ir
radiated by ultraviolet light.6 Neither the catechol 
nor the meso-hydrobenzoin esters of benzeneboronic 
acid yielded percipitates under these conditions. 
Furthermore, no reaction occurred when a pentane 
solution of compound II was irradiated in the 
absence of oxygen or was treated with oxygen in 
the absence of light. The photo-oxidation product 
from compound II very rapidly turned brown and 
became oily on exposure to the atmosphere. 
Phenol and benzil were among the products formed.

Another interesting property of compound II 
is the resistance to hydrolysis. The borole could be 
recovered in 90% yield or better after dissolution 
in neutral or acidified hot, aqueous ethanol under 
a nitrogen atmosphere. The possibility that signi
ficant amounts of compound II hydrolyzed and 
subsequently reformed may be ruled out since 
similar treatment of solutions containing equi
molar amounts of benzoin and benzeneboronic 
acid did not yield the borole.

In alkaline solutions hydrolysis was more rapid 
and was accompanied by oxidation even when the 
solutions were swept with nitrogen gas. An indi
cation of the rate of these reactions was gained by 
the method of Steinberg and Hunter,6 which in-

(5) Ultraviolet lamp Model Mi l ,  110-125 volts, Black 
Light Products, Chicago, 111.

(6) H. Steinberg and D. Hunter, I n d .  E n g . C h e m ., 49, 
174(1957).

volves determination of the time, termed the half- 
life, for the indicator to change in a dioxane-water 
solution containing the boron compound, one half 
the equivalent amount of sodium hydroxide, ex
cess mannitol and phenophthalein. At 15° both 
the catechol and meso-hydrobenzoin esters of 
benzeneboronic acid consumed base at a rate too 
fast to measure; however, the half-life of compound 
II amounted to twenty-four seconds. Since some 
oxidation occurred, as evidenced by appearance of 
the yellow color characteristic of benzil, this time 
represents a minimum value for the half-life of 
hydrolysis of compound II.

Borate and boronate esters generally hydrolyze 
with extreme rapidity in solutions containing 
water. Exceptions have been noted with esters of 
amino alcohols (e .g ., triethanolamine borate7) which 
are stabilized by chelation and with esters con
taining bulky groups around the boron.6'8 The sta
bility of compound II can be attributed to neither 
chelation nor steric hindrance (steric hindrance is 
less in compound II than in meso-hydrobenzoin 
benzeneboronate, which hydrolyzes very rapidly). 
It is probably due to a resonance stabilization as
sociated with the dioxaborole ring system. An 
analogous explanation has been advanced to ac
count for the unusually slow rate of hydrolysis of 
the dihydrobenzoboradiazoles.2'9

Compound III, 2,3,4,5-tetraphenyl-l,3,2-oxaza- 
borole, was even more sensitive to aerial oxidation 
than compound II. Indeed, development of a 
reddish color and the odor of phenol were notice
able after several hours’ exposure to air and sun
light. Treatment of a benzene solution of com
pound III with dilute sodium hydroxide afforded 
a 75% yield of benzil anil (V). Attempts to re-

(7) II. C. Brown and E. A. Fletcher, J .  A m .  C h em . S o c ., 
73,2808(1951).

(8) In addition, some esters such as mannitol tribenzene- 
boronate, H. Kuivila and E. Soboezenski, J .  Org. C h em ., 
19, 780 (1954), can be precipitated from aqueous solutions. 
This fact does not mean, however, that the hydrolytic rate 
of such substances in solution would be slow.

(9) M. J. S. Dewar, V. P. Kubba, and R. Pettit, J .  C h em . 
Soc.., 3076(1958).
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TABLE II
Cpd. II Recovered

Wt. Cpd. II, g. Organic Solvent Solvent Added O'O* (/o

0.50 20 Ml. 95% ethanol 5 Ml. water 0.481 96
0.50 50 Ml. 95% ethanol 5 Ml. water +  5 ml. of aq. 0.08M  HC1 0.45 90
0.65 35 Ml. acetic acid 15 Ml. water 0.58 89

O N—C6H 5

II I1C6H5C—C—C6H 5 
V

crystallize compound III from ethanol-water solu
tions likewise yielded benzil anil.

The synthesis of compound III provides an
other example of formation of a boron-nitrogen 
bond at the expense of a boron-oxygen bond.2 
With respect to the reaction path leading to the 
oxazaborole, two stable substances, benzoin anil 
and compound II, appeared to be possible inter
mediates. Evidence that neither is in fact an inter
mediate was gained by heating toluene solutions 
of (a) benzoin anil and benzeneboronic anhydride 
and (b) compound II and aniline. In neither case 
was compound III formed; the starting materials 
were isolated in high yield. It is also of interest that 
compound II failed to react with o-phenylene di
amine in hot toluene. By contrast, the boronic 
acids and their esters generally react readily with
o-phenylenediamine to give dihydrobenzoboradia- 
zoles.2

EXPERIMENTAL

Melting points were taken on a Fisher-Johns melting point 
block and are uncorrected. Carbon, hydrogen, and nitrogen 
analyses were performed by Miss Hilda Beck unless other 
wise indicated. The infrared spectra were determined 
with a Baird double-beam recording spectrophotomer with 
the sample in potassium bromide, and the ultraviolet 
spectra were taken with a Beckman ratio recording spectro
photometer, Model DK-2.

R e a c tio n  w ith  ch lo ra l h y d ra te . A solution containing 2.0 g. 
of benzeneboronic acid and 2.71 g. of chloral hydrate in 50 
ml. of chloroform was partially distilled below 30° a t re
duced pressure to remove the water liberated in the reaction. 
Pentane was added, the solution filtered, and pentane re
moved at reduced pressure until a crystalline product (I) 
appeared: 2.44 g. (84%), m.p. 116-117°. The infrared spec
trum had neither hydroxyl nor carbonyl bands, but showed 
absorption a t 7.4 « (B—O). Strong bands present a t 8.8,
11.0, 12.1, 14.9, and 15.1 ¡i were absent in the spectrum of 
benzeneboronic anhydride. Conversely, the anhydride ab
sorbed strongly at 0.15 p  while compound I did not.

A n a l .  Calcd. for C14H11O3CI3B: C, 47.4; H, 3.12; neut. 
equiv., 177.6; mol. wt., 355.2. Found: C, 47.4; II, 3.21; 
neut. equiv. (with mannitol) 179; mol. wt. 301.

A sample of compound I (0.5203 g.) was heated at 150- 
160° for 18 hr. in a nitrogen atmosphere; weight after heat
ing, 0.2744 g. (00% calcd. as the boroxine); m.p. 210-215°. 
After sublimation at reduced pressure the boroxine melted 
at 214-216° and did not depress the melting point of an 
authentic sample of triphenylboroxine (benzeneboronic an
hydride).

2 ,4 ,5 -T r ip h c n y l- l ,3 ,8 -d io x a b o r o Ie  (III). A toluene solution 
(50 ml.) containing 2.44 g. of benzeneboronic acid and 4.24 
g. of benzoin was heated in a flask fitted with a take-off 
adapter to remove the water azeotrope. Toluene was then

removed i n  ra c u o  until the product solidified. Recrystalli- 
zation from pentane yielded 5.43 g. (91%) of purified mate
rial, m.p. 112-113°; \ max (in cyclohexane), 285 mji (e
16,500), 242 m M (e  12,800), 220 m M (e 25,000). The wave 
length and intensity of the main band (285) were greater 
than for closely related substances such as ci's-stilbene-a:,3- 
diol diacetate, 10 catechol benzeneboronate (Xmax 273 mp, 
e 14,720, in cyclohexane), and meso-hydrobenzoin benzene
boronate (Xmaz 268 nip, e 865, in cyclohexane), in accord with 
the idea that the dioxaborole system possesses a degree of 
aromatic character. The infrared spectrum had bands at
6.1 n (C = C) and 7.4 m (B—O) and no bands in the hydroxyl 
or carbonyl regions.

A n a l .  Calcd. for C20H15BO2: C, 80.58; H, 5.07; neut. 
equiv., 298. Found: C , 11 80.64; H, 5.16; neut. equiv. (titra
tion in the presence of mannitol), 294.

Compound II  neither dissolved directly in cold, coned, 
sulfuric acid nor was it extracted from a pentane solution 
which was shaken with sulfuric acid. By contrast, benzoin 
and hydrobenzoin readily dissolved in sulfuric acid to give 
deepty colored solutions.

Solid samples of compound II  which were exposed to 
sunlight in the presence of air acquired a deep yellow color 
on the surface after a few days, presumably as a result of 
conversion to benzil.

A lk a l in e  o x id a t io n  o f  c o m p o u n d  II  a n d  b e n zo in . D ata on 
yields, quantities of reagents, and times of reaction are 
given in Table I. The conditions were the same in all cases 
except where noted in the table. As a representative ex
ample, the reaction of compound II is described in detail.

Compound II (1.50 g.) was dissolved in 75 ml. of hot 
95% ethanol into which oxygen was bubbling. After addi
tion of 20 ml. of 0.074M sodium hydroxide (an intense 
yellow color appeared when the alkali was added) the solu
tion was refluxed for 5 min., diluted with water to precipi
tate neutral organic products, cooled, concentrated at re
duced pressure, and filtered. The precipitate, 0.72 g., m.p.
95.5-96.5°, did not depress the melting point of an authentic 
sample of benzil. A second crop of crystals, obtained by fur
ther concentration of the solution, yielded on fractional crys
tallization from pentane 0.025 g. of benzil and 0.08 g. of 
benzoin. Acidification of the aqueous solution and extraction 
with ether afforded a white solid which on drying gave 0.28 
g. of benzeneboronic anhydride, identified by its melting 
point (214-216°) and infrared spectrum.

N i t r i c  a c id  o x u k i t io n  o f  c o m p o u n d  II. To 0.50 g. of the 
dioxaborole suspended in 10 ml. of glacial acetic acid at 30° 
was added a mixture of 1 ml. of concentrated nitric acid and 
4 ml. of acetic acid. The dioxaborole rapidly dissolved and 
the solution became intensely yellow. After 3 min. benzil was 
precipitated by dilution with water; 0.34 g., m.p. 94-95°. 
Partial neutralization (to about pH 6) of the filtrate with 
sodium hydroxide and ether extraction gave 0.17 g. (98%,) of 
benzeneboronic anhydride, m.p. 214-216°.

A sample of benzoin (0.36 g.) in a mixture of 14 ml. of 
acetic acid and 1 ml. of nitric acid did not produce a yellow

(10) L. F. Fieser, E x p e r im e n ts  i n  O rg a n ic  C h e m is tr y ,  
3rd Ed., D. C. Heath and Co., (1957), pp. 170-180.

(11) The carbon analysis was performed by the Huffman 
Microanalytical Laboratory, Wheatridge, Colo., by the 
“moist oxygen” technique. Conventional combustion analy
sis for carbon was unsatisfactory.
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color within an hour period. Addition of water then repre
cipitated benzoin, 0.35 g. (98% recovery).

m e s o -H y d ro b e n z o in  ben zen eb o ro n a te . This compound was 
prepared in the same manner as compound II except that 
2.13 g. of meso-hydrobenzoin and 1.22 g .  of benzeneboronic 
acid were used as reactants; weight, 2.58 g. (90%,), m.p. 
92-93°.

A n a l .  Calcd. for C20H17BO2: C. 80.2: H, 5.72; neut. equiv., 
300. Pound: C, 81.0; H, 5.80: neut. equiv. (titration in 
presence of mannitol), 304.

A sample of ester (0.4085 g.) was dissolved in 50 ml. of 
ether and shaken with 20 ml. of \ M  sodium hydroxide. By 
conventional procedures there were obtained 0.283 g. 
(98%) of meso-hydrobenzoin, m.p. 133.5-135°, from the 
ether layer and 0.14 g. (99%) of benzeneboronic anhydride, 
m.p. 218-220°, from the aqueous layer.

R e c r y s ta ll iz a tio n  o f  c o m p o u n d  II f r o m  h y d r o x y l ic  so lv en ts . 
(See Table II.) These recrystallizations were carried out with 
solvents which had previously been boiled to remove dis
solved oxygen. Thereafter a slow stream of nitrogen was 
bubbled through the solutions and a nitrogen atmosphere 
maintained until the precipitate had been collected. In each 
case compound II  was dissolved in the hot organic solvent; 
water or dilute hydrochloric acid was then added and the re
sulting solution was boiled for a few minutes and allowed to 
cool. Compound II crystallized and was collected by filtra
tion, m.p. 113-114°.

A tte m p te d  p r e p a r a tio n  o f  c o m p o u n d  II i n  a q u eo u s  e th a n o l. 
A solution containing 0.205 g. of benzeneboronic acid, 
0.365 g. of benzoin, 20 ml. of 95% ethanol, and 5 ml. of 
water was refluxed for 5 min. and then cooled in an ice 
bath. No crystals formed; if compound II had been present 
it should have separated at this stage (see previous experi
ment on recrystallization of compound II). On addition of 
40 ml. of distilled water benzoin, 0.350 g. (98%), m.p. 127- 
131°, separated; it did not depress the melting point of an 
authentic sample of benzoin.

H y d r o ly s is  o f  c o m p o u n d  II. (a )  I n  a lk a l in e  s o lu t io n . Ni
trogen gas was passed through a hot solution consisting of 
25 ml. of 95% ethanol, 5 ml. of distilled water, and 5 ml. 
of 0.074.1/ sodium hydroxide. Compound II (0.50 g.) was 
added and the resulting solution cooled. Prom the mixture 
were isolated compound II (28%), benzoin and benzene
boronic anhydride (products from hydrolysis of II) in 42% 
and 52% yield, respectively, and benzil (product of oxida
tion) in 1 1 % yield.

(b )  E s t im a t io n  o f  m in im u m  h a l f- l i fe  o f  h y d r o ly s is . (Method 
of Steinberg and Hunter6). In each case a solution containing 
70 ml. of dioxane, 5 ml. of distilled water, 2.72 ml. of 0.0740.1/ 
solution hydroxide (0.200 mmole), and 2.0 g. of mannitol 
was heated to the boiling point, saturated with nitrogen gas, 
and cooled to 15°. Three drops of a phenophthalein indi

cator solution and 0.400 mmole of the boronio acid deriv
ative were added in succession. The boron compounds dis
solved almost immediately. The time lapse between addi
tion of the sample and the disappearance of the indicator 
color was too short to measure for the catechol and meso- 
hydrobenzoin esters of benzeneboronic acid. For compound 
II it was 24 sec.

2 ,3 ,4 ,5 - T e tr a p h e n y l - l  ,3 ,2 -o xa za b o ro le  (III). A toluene 
solution (50 ml.) containing 1.22 g. of benzeneboronic acid, 
2.12 g. of benzoin, and 0.93 g. of aniline was heated to reflux 
a t room temperature, the water azeotrope removed, and the 
toluene removed at reduced pressure. Recrystallization of 
the resulting solid from hexane yielded 3.07 g. (77%) of a 
white crystalline product (III); m.p. in a sealed capillary 
tube in a nitrogen atmosphere, 183-185°; m.p. on a Fisher- 
Johns block in air, 134-167° (slow heating), 164-175° (rapid 
heating). Evaporation of the hexane mother liquors and 
recrystallization of the resulting solid from ethanol-water 
afforded 0.53 g. (17%) of compound II, m.p. 112-113°. 
The infrared spectrum of product I II  had bands at 6.1 p  
(C = C ) and 7.4 p  (B—O or B—N ) and no bands attributable 
to OH, NH, or C = 0 ;  it differed also from the spectrum of 
compound II. Tiie ultraviolet spectrum resembled that of 
compound II in having a broad absorption band with Xmax 
284 m t̂, e 24,200 (in cyclohexane) and a minimum about 
245 m«, however, it lacked a second maximum in the region 
of 242 m/j.

A n a l .  Calcd. for C2,Hi0ONB: C, 83.7; H, 5.40; N, 3.75. 
Pound: C, 83.4% II, 5.02; N, 3.15.

Compound III  (0.50 g.) was dissolved in 20 ml. of ben
zene and allowed to stand for 4 days in the presence of air. 
Ether was added and the solution extracted with dilute 
sodium hydroxide. The organic layer was dried with mag
nesium sulfate, treated with charcoal to reduce the color, and 
distilled a t reduced pressure until crystallizaton set in. On 
recrystallization from pentane 0.29 g. (75%) of benzil anil, 
m.p. 106-107.5° (lit,.12 m.p. 106-108°), was obtained.

R e a c tio n  w i th  m a n d e lic  a c id . Equimolar quantities of 
benzeneboronic acid (1.22 g.) and mandelic acid (1.52 g.) 
were heated to reflux in 25 ml. of toluene and the water 
azeotrope removed. The solid obtained on concentrating the 
solution afforded, after recrystallization from pentane, 
1.44 g. (60%) o: a compound melting at 124-125° (see 
footnote 3).

A n a l . Calcd. for C,4H ii0 3B: C, 70.6; H, 4.66: neut. equiv., 
116. Found: C, 70.7; II, 4.82: neut. equiv. (mannitol present), 
118.

E v a n s t o n , I I I .

(12) M. Siegfield, B er ., 25, 2600 (1892).
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[ C o n t r i b u t i o n  p r o m  t h e  C h e m i c a l  L a b o r a t o r y  o f  I o w a  S t a t e  C o l l e g e ]

A ddition  o f  S ily lm eta llic  C om pounds to  Olefins

T. C. W lT, DIETMAR WITTENBERG, a n d  HENRY GILMAN

R ece ived  S e p te m b e r  2 8 , 1 9 5 9

Triphenylsilylpotassium and triphenylsilyllithium have been found to add to the olefinic linkage of 1,1-diphenylethylene 
and of triphenylethylene. No addition occurred, under corresponding conditions, to tetraphenylethylene and to a variety of 
aliphatic and alicyclic olefins. For comparison purposes, triphenyl-(l,l-diphenylethyl)silane and triphenyl-(1,l,2-triphenyl- 
ethyl)silane were synthesized by metalation of triphenyl(diphenylmethyl)silane with n-butyllithium and subsequent treat
ment with methyl sulfate and benzyl chloride, respectively.

It has been reported recently that triphenyl- 
silylpotassium (I) adds to the carbon-carbon double 
bond of irems-stilbene1 to give triphenyl-(l,2- 
diphenylethyl)silane (II). In addition to II, a

(C,H6)3SiK
I

+  C6H5—C H =C H —C6Hs
H.0

(C 6H 5)3Si— C H (C jH 5)— C H ü— C 6H 6 
II

variety of other compounds of higher molecular 
weight was isolated from the reaction of tran-s- 
stilbene with triphenylsilyllithium2 3 (III).

As an extension of these studies, the addition 
of triphenylsilyl-metallic compounds to other ole
fins has now been investigated. I and III were 
found to add to 1,1-diphenylethylene. In correspon
dence with the addition products of other organo- 
alkalimetal compounds to this olefin,8 the structure 
of triphenyl-(2,2-diphenylethyl) silane (IV) is as
signed to the product obtained from both reactions 
in high yields.

(CJIASiLi
III

+  (C6H A C =C H 2
h 20

(C6H6)3SiCH2CH(C6H3)2
IV

Compound IV was also obtained from the re
action of 1,1-diphenylethyl chloride with tri
phenylsilylpotassium. 1,1-Diphenylethyl chloride 
has been reported to dehydrohalogenate quite 
readily to form 1,1-diphenylethylene.4 5 A similar 
course of reaction might have taken place in its 
reaction with I, as a result of which IV might have 
formed from the addition of excess I to the 1,1- 
diphenylethylene formed in this manner.

As I and III had been found to add to benzo- 
phenone in a reverse manner,6 giving rise to a 
product in which the silicon atom is bonded to the

(1) H. Gilman and T. C. Wu, J .  A m .  C h em . S o c ., 75, 
234 (1953).

(2) A. G. Brook, K. M. Tai, and H. Gilman, A m .  
C h em . S o c ., 77, 6219 (1955).

(3) K. Ziegler and K. Bahr, B e r ., 61, 253 (1928).
(4) C. S. Schoepfle and J. D. Rvan, J .  A m .  C h em . S o c .,  

52,4021 (1930).
(5) H. Gilman and T. C. Wu, ./. A m .  C h em . S o c ., 75,

2935 (1953); H. Gilman and G. D. Lichtenwalter, ,/. A m .
S o c ., 80, 607 (1958).

oxygen, a second possible mode of addition of I 
and III to 1,1-diphenylethylene has to be consid
ered: namely, the formation of triphenyl-(l,l- 
diphenylethyl)silane (V) by the addition reaction. 
In order to throw light on these reactions, it seemed 
desirable to synthesize IV and V by independent 
methods.

Organolithium compounds have been reported 
to add to the olefinic linkage of triphenylvinyl- 
silane.6 The corresponding reaction of phenyl- 
lithium with triphenyl-/3-styrylsilane was investi
gated in the hope of synthesizing compound IV in 
this manner. However, no addition took place. 
Instead, tetraphenylsilane was isolated from the 
reaction mixture, apparently formed by a displace
ment reaction. An analogous transformation has
C6H5CH=CHSi(C6H5)3 +  C6H6Li — >

(C6H5)4Si +  C6H5CH=CHLi

been reported in the reaction of n-butyllithium 
with triphenyl(phenylethynyl)silane.7

The metalation of benzyltriphenylsilane7 by 
n-butyllithium had been reported to occur in the 
side chain. A similar reaction was expected with 
triphenyl(diphenylmethyl)silane. When the latter 
compound was metalated with n-butyllithium in 
a mixture of tetrahydrofuran and ether and sub
sequently treated with methyl sulfate, V was iso
lated in a 58% yield. The compound was shown to 
be unlike the addition compound IV.

+  n-C.H9Li
(C6H5)3SiCII(C6H5)2-----------------(C6H5)jSiCLi(C6H5)2

+  C«H6CILC1
-KCHiLSO.

(C6H5)3SiC(CcH5)2CH2(CoH6) (C6H5)3SiC(CH3)(C6H5), 
VI v

Molecular rearrangements excluded, I and III 
might be expected to add to 1,1-diphenylethylene 
in a 1,2- or a 2,1-manner. As structure V has been 
excluded, the addition compound very probably 
has stnicture IV.

(6) L. F. Cason and H. G. Brooks, J .  O rg. C h e m ., 19, 
1278 (1954); J .  A m .  Chem.. S o c ., 74, 4582 (1952).

(7) H. Gilman and H. Ilart.zfeld, J .  A m .  C h em . S o c ., 73, 
5878 (1951). See also, H. Gilman, R. A. Benkeser, and
G. E. Dunn, J .  A m .  C h em . S o c ., 72, 1689 (1950); L. H. 
Sommer, L. J. Tyler, and F. C. Whitmore, J .  A m .  C h em . 
S o c ., 70, 2872 (1948).
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Triphenylsilyllithium also added smoothly to 
triphenylethylenc. The addition may have taken 
place in a 1,2- or a 2,1-manner. Triphenyl-(1,1,2- 
triphenylethyl) silane (VI) was synthesized by 
metalation of triphenyl (diphenylmethyl)silane with 
n-butyllithium and subsequent treatment with 
benzyl chloride, and was shown to be unlike the 
addition compounds. In correspondence with the 
related addition of 2-phenyl-2-propylpotassium to
9-benzylidenefluorene,8 the structure of triphenyl- 
(l,2,2-triphenylethyl)silane (VII) is assigned to 
the addition product of III to triphenylethylene.

I l l  +  (C6H5)2C =C H C 6H5 — >
(C6H6)3SiCH(C6II6)CH(C6H6)2

VII

No addition product was isolated from the re
action of I or III, under corresponding conditions, 
with tetraphenylethylene. Triphenylsilylpotassium 
also did not add to a variety of aliphatic and ali- 
cyclic olefins (see Table I).

TABLE I
R e a c t i o n  o f  T r i p h e n y l s i l y l p o t a s s i u m  w i t h  O l e f i n s

Olefin

Reac
tion

Time,
hr.

Yield
of

Pure
Tri-

phenyl-
silanol,

<r/0
Other Products 

Isolated“

n-Octene-1 96" 63
n-Octenc-1 48° 25 RiSi, 24%

re-Dodecene-l 7 2 b 78
(R3Si)20, 22%

n-Dodeeene-1 48° 21 R 4Ri, 36%

re-Hexadecene-1 24"’° 86
(R3Si)20 , 20%

n-Octadecene-1 24°,« 89
Cyclohexene 48 * 87
Cvclohexene 48" 66
1-Methylcyclo- 48" 72

pentono
1,1-Diphenyl- 2" — Adduct, 42%

ethylene
Tetraphenyl- 48d 74 R2C = C R 2, 70%

ethylene
Tetraphenyl- 3" 52 R2C = C R 2, 74%

ethylene
1,4-Diphenyl- 5" 42 R3SiSiR3, 12%

butadiene-1,3
A3’9'-Bifluorene 3" — Tars

“ R represents a phenyl group. 6 The excess alloy present 
after the preparation of triphenylsilylpotassium was removed 
hv the amalgamation procedure. See ref. 10. c 1,2-Dimeth- 
oxvethane was used as a solvent. d Excess alloy was present 
in the system. e Dr. K. M. Tai (unpublished studies) treated 
ILSiK until these olefins in a 1,2-dimet.hoxyethane and ob
tained 00% of R4Si, 28%. of R.SiOII and 30(7, of (R.,Si),0 
from n-hexadecene-1, while n-octadecene-1 gave .12 of 
R4Si, 17% of RsSiOH and 42% of (R3Si)20  (R is a phenyl 
group).

(8) K. Ziegler, F. Crossmann, II. Kleiner, and O. Schafer, 
A n n . ,  473, 1 11920). 2-Phenyl-2-propylpotassium did not 
add to triphenylethylene.

E X P E R IM E N T A L 9

T r ip h e n y l{ 2 ,2 - i ip h e n y le th y l ) s i la n e .  A .  F ro m  tr ip h e n y ls i ly l 
p o ta s s iu m  a n d  1 ,1 -d ip h e n y le th y le n e . A triphenylsilylpotas
sium suspension was prepared in ether by cleaving 0.01 mole 
of hexaphenyldisilane according to a described procedure.10 
The excess alloy was removed by the amalgamation 
method.10 The triphenylsilylpotassium suspension so ob
tained was added to 3.6 g. (0.02 mole) of 1,1-diphenyl
ethylene dissolved in 20 ml. of ether. Some heat was evolved, 
the reaction mixture became deep red and finally dark 
brown. After 2 hr. of stirring at room temperature, the mix
ture was hydrolyzed. The ethereal solution was dried over 
sodium sulfate and the solvent removed by distillation. 
The gummy residue gradually solidified on standing. Re- 
crystallization three times from ethanol gave 3.5 g. (42%) 
of triphenyl(2,2-diphenylethyl)silane as lustrous plates, 
molting at 106-108°.

A n a l .  Calcd. for C32H2sSi: Si, 6.37. Found: Si, 6.43, 
6.45.

B . F r o m  tr ip h e n y ls i ly l l i th iu m  a n d  1 ,1 -d ip h e n y le th y le n e . A 
solution of 0.0122 mole of triphenylsilyllithium11 in tetra- 
hydrofuran was added to 2.2 g. (0.0122 mole) of 1,1-di
phenylethylene. A deep red color developed immediately 
and heat was evolved. After stirring for 30 minutes at room 
temperature, the mixture was hydrolyzed. From the organic 
layer, after drying with sodium sulfate and removal of the 
solvent by distillation, an oily residue was obtained which 
slowly solidified. Recrystallization from a mixture of ethanol 
and benzene gave two crops of triphenyl(2,2-diphenylethyl)- 
silane, 3.5 g., n..p. 105-107°, and 0.8 g., m.p. 103-106°. 
Recrystallization from the same solvent pair raised the 
melting point to 107-108°. The yields was 80%.

C. F ro m  tr ip h e n y ls i ly lp o ta s s iu m  a n d  1 ,1 -d ip h e n y le th y l  
ch loride . A solution of 4.3 g. (0.01 mole) of 1,1-diphenylethyl 
chloride (supplied by the Techniservice Co., New York, 
N. Y.) in 20 ml of ether was added, within a period of 2 
min., to an amalgamated suspension of 0.02 mole of tri
phenylsilylpotassium.10 The reaction mixture became 
brownish-red and some heat was evolved. After 2 hr. of 
stirring, Color Test I 12 became negative. The reaction mix
ture was hydrolyzed and filtered to separate 1.1 g. of hexa
phenyldisilane, m.p. 365-368°, identified by mixed melting 
point. The ethereal solution was dried and the solvent 
removed by distillation. The residue was recrystallized twice 
from ethanol to give 4.1 g. (47%) of shiny crystals, m.p.
106-107°. A mixed melting point with triphenyl(2,2- 
diphenylethyl)silane was not depressed. The infrared spectra 
of these two products were identical.

I ) . F ro m  tr ip l .e n y l-0 - s ty r y ls i la n e  a n d  p h e n y l l i th iu m . (A t 
te m p te d ). A solution containing 0.002 mole of phenyllithium 
in tetrahydrofuran, prepared according to a reported pro
cedure,13 was added to 0.5 g. (0.00138 mole) of triphenyl- 
/3-styrylsilane. The deep red solution soon turned brown. 
After stirring for 2 hr. at room temperature, the mixture 
was hydrolyzed, some ether was added, and the solvent 
removed from the dried organic layer. The pale yellow 
residue was chromatographed on alumina. The product, 
eluted with petroleum ether (b.p. 60-70°) was recrystallized

(9) All melting points are uncorrected. Reactions involv
ing organometallic compounds were carried out in an atmos
phere of dry, oxygen-free nitrogen. Silicon analyses were 
carried out, according to the procedure of H. Gilman,
H. W. Melvin, Jr., and G. E. Dunn, J .  A m .  C h em . S o c ., 72, 
5767 (1950).

(10) H. Gilman and T. C. Wu, J .  O rg. C h em ., 18, 753 
(1953).

i l l )  H. Gilman and G. D. Liehtenwalter, J .  A m .  C h em . 
S o c ., 80, 608 (1958).

(12) H. Gilman and F. Schulze, J .  A m .  C h em . Sor., 47, 
2002 (1925).

(13) H. Gilman and B. J. Gaj, J . O rg. C h e m ., 22, 1165 
(1957).
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from a mixture of benzene and ethanol to give 0.18 g. (39%) 
of tetraphcnylsilane, m.p. 230-233°, identified by mixed 
melting point and infrared spectra. No other product was 
isolated from the mother liquor.

T r ip h e n y l( l , l - d ip h e n y le th y l ) s i la n e . An ethereal solution of 
0.015 mole of n-butyllithium14 was added at once to a solu
tion of 5.0 g. (0.012 mole) of triphenyl(ciphenylmethyl)- 
silane, dissolved in 25 ml. of tetrahydrofuran. Heat was 
evolved and the solution turned deep red immediately. 
After stirring for 40 min. at room temperature, an excess of 
methyl sulfate was added. The color of the solution was 
discharged immediately. Hydrolysis and the usual work-up 
of the organic layer gave an oily residue, which gradually 
solidified. Two recrystallizations from a mixture of benzene 
and ethanol gave 3.0 g. (58%) of triphenyl( 1,1-diphony 1- 
ethyl)silane, m.p. 193-195°.

A n a l .  Calcd. for C32H28Si: Si, 6.37. Found: Si, 6.34, 6.47.
T r ip h e n y l( l ,2 ,2 - tr ip h e n y le th y l ) s i la n e . A solution of 0.020 

mole of triphenylsilyllithium11 in tetrahydrofuran was added 
with stirring to 5.12 g. (0.020 mole) of triphenylethylene. A 
deep red color developed immediately and heat was evolved. 
After stirring for 1 hr. at room temperature, the mixture was 
hydrolyzed. Subsequent to the usual work-up of the organic 
layer, an oily residue was obtained, which partially solidified. 
Two recrystallizations from a mixture of benzene and 
ethanol gave 6.4 g. (62%) of triphenyl(l,2,2-triphenylethyl)- 
silane, m.p. 171-172°.

A n a l .  Calcd. for C3sH32Si: Si, 5.45. Found: Si, 5.42, 5.59.
T r ip h e n y l{ l , l ,2 - t r ip h e n y le th y l ) s i la n e . An ethereal solution 

of 0.015 mole of re-butyllithium14 was added a t once to a 
solution of 5.0 g. (0.012 mole) of t.riphenyl(diphenylmethyl)- 
silane, dissolved in 25 ml. of tetrahydrofuran. After stirring 
for 40 min. at room temperature, an excess of benzyl chloride 
was added. The color of the solution was discharged after a 
few minutes. Hydrolysis and the usual work-up of the organic 
layer gave a yellow oil, which partially solidified on standing 
with 10 ml. of petroleum ether (b.p. 60-70°). The crystalline 
product was recrystallized three times from a mixture of 
benzene and ethanol to give 1.5 g. (25%) of triphenyl- 
(l,l,2-triphenylethyl)silane, m.p. 198-200°.

A n a l .  Calcd. for C38H32Si: Si, 5.45. Founc: Si, 5.58, 5.60.

(14) H. Gilman, J. A. Beel, C. G. Brannen, M. W. Bul
lock, G. E. Dunn, and L. S. Miller, J .  A m .  C h e m . S o c ., 71, 
1499 (1949).

R e a c tio n  o f  tr ip h e n y ls i ly l l i th iu m  w ith  te tra p h e n y le th y le n e . 
A solution of 0.015 mole of triphenylsilyllithium in tetra
hydrofuran was added to 5.0 g. (0.015 mole) of tetraphenyl
ethylene. Apparently no reaction took place. The mixture 
was stirred for 6 hr. at room temperature, a t which time the 
solution had turned deep brown. After stirring for one addi
tional hour a t 50°, the mixture was hydrolyzed with dilute 
acid. The work-up of the organic layer gave oily crystals, 
which were washed with 25 ml. of petroleum ether (b.p. 
60-70°) and recrystallized from ethyl acetate to give 4.2 g. 
(84%) of tetraphenylethylene, m.p. 222-224° (mixed melt
ing point). The filtrate was chromatographed on alumina. 
With petroleum ether as an eluent, 2.2 g. (56%) of triphenyl- 
silane was obtained, m.p. 43-45° (after recrystallization 
from methanol).

A tte m p te d  rea c tio n s  o f  t r ip h e n y ls i ly lp o ta s s iu m  w ith  o ther  
o le fin s. All reactions were carried out in the same manner. 
The triphenylsilylpotassium suspension was mixed with an 
equimolar amount of the olefinic compound and the mix
ture stirred for a certain period of time. Then water -was 
added, the layers separated, the organic layer dried, and 
the solvent removed. The residue was recrystallized from 
petroleum ether (b.p. 60-70°) to give triphenylsilanol as the 
chief product. The results are given in Table I. In two 
experiments using 1,2-dimethoxyethane as the solvent in 
place of ether, a mixture of tetraphenylsilane and hexa- 
phenyldisiloxane also was obtained.

In the reaction of A9’9'-bifluorene with triphenylsilyl
potassium in ether, heat was evolved and the reaction mix
ture became very dark. The work-up gave a tar-like material, 
from which no pure product has been isolated.

A c k n o w le d g m e n t. This research was supported 
in part by the United States Air Force under 
Contract AF 33(616)-3510 monitored by Materials 
Laboratory, Directorate of Laboratories, Wright 
Air Development Center, Wright-Patterson AFB, 
Ohio. Infrared analyses were obtained through 
the courtesy of the Instituted for Atomic Research, 
Iowa State College, and special acknowledgment is 
made to Dr. V. A. Fassal, Mr. M. Margoshes, and 
Mr. R. Kniseley for the spectra.
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S yn th esis  and  Cleavage o f  iV -T rim ethylsilylpyrrole1
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A-Trimethylsilylpyrrole has been synthesized by the reaction of potassium pyrrole and trimethylchlorosilane and by an 
exchange reaction between hexamethyldisilazane and pyrrole. A-Trimethylsilylpyrrole has been found to be stable in 
ethanol; however, it undergoes cleavage to pyrrole and silicon derivatives (trimethylsilanol, hexamethyldisiloxane, or tri- 
methvlethoxysilane, depending upon the conditions of the reaction) in boiling water and in refluxing aqueous ethanol. 
The cleavage reaction is catalyzed by either acid or base. A-Trimethylsilylpyrrole undergoes decomposition when heated 
in a sealed tube at 225°. No evidence for the formation of 2-trimethylsilylpjTrolc in this reaction could be obtained. Infrared 
spectra are given for A-trimethylsilylpyrrole and tetrapyrrylsilane.

Although a number of compounds containing the 
silazane linkage are known, there appears to be no 
reported study of the stability of such a linkage in 
which the nitrogen of the silazane is in an aromatic

(1) This work was supported by a Frederick Gardner
Cottrell grant from Research Corporation.

heterocyclic system. In view of the known suscep
tibility of the silazane linkage to cleavage by water, 
alcohols, and other reagents,2 this investigation 
has been directed toward preparation of such a 
compound and a study of its cleavage reactions.

Silazane compounds undergo solvolysis and
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Fig. 1. Infrared spectrum of tetrapyrrylsilane (II). Carbon tetrachloride.

Fig. 2. Infrared spectrum of iV-trimethylsilylpyrrole (I ). Thin film

cleavage in the presence of either acids or bases. 
Andrianov3 has reported that ethereal solutions of 
triethylaminosilane, A-methyltriethylaminosilane, 
and AV'V-dimethyltriethylaminosilane yield tri- 
ethylsilanol when treated with water for one hour. 
Under similar conditions, the A^A-diethyltri- 
ethylaminosilane failed to cleave, but when homo
geneous conditions (acetone solution) were used, 
the silanol was obtained. Kraus and Nelson4 
report that triethylsilanol was obtained from the 
steam distillation of iV-ethyltriethylaminosilane.

The instability of the silazane and the disilazane 
bonds have been utilized to synthesize other silicon 
compounds. Sulfur and phosphorus silicon com-

(2) (a) F. S. Kipping, P ro c . C h em . S o c ., 23, 8 (1907); 
(b) P. A. Di Giorgio, L. H. Sommer, and F. C. Whitmore, 
J .  A m .  C h em . S o c ., 71, 3254 (1949); (c) P. D. George, L. H. 
Sommer, and F. C. Whitmore, / .  A m .  C h em . S o c ., 75, 6308 
(1953); (d) von M. Becke-Goehring and G. Wunsch, A n n . ,  
618, 43 (1958).

(3) K. A. Andrianov, S. A. Golubtsov, and E. A. Se
menova, tz v e s t . A k n d .  N a u k  S . S . S . R . ,  O tdel. K h i m .  N n v k .  
(1958) 47; C h em . A h s tr . , 52, 117341' (1958).

(4) C. A. Kraus and W. K. Nelson, J .  A m .  C hem . S o c ., 
56, 195 (1934).

pounds have been obtained by the cleavage of 
silazancs and disilazanes by the appropriate rea
gents.5 6 Iialosilanes,6 hydroxysilanes,7 and alkoxy- 
silanes8 can be obtained from silazanes or disil
azanes.

For our work we have chosen to prepare and 
study A'-trimethylsilylpyrrole (I). A few silyl- 
pyrroles have been synthesized. Reynolds9 has 
prepared tetrapyrrylsilane (II), dichloropyrryl- 
silane, and tripyrrylsilane from potassium pyrrole 
and the appropriate chlorosilane. He reports that 
these compounds decompose in acid, base, water 
or alcohols.

(5) Ref. 2(d).
(6) D. L. Bailey, L. H. Sommer, and F. C. Whitmore, 

J .  A m .  C h em . S o c ., 70, 435 (1948).
(7) C. S. Miner, L. A. Bryan, R. P. Holysz, and G. W. 

Pedlow, I n d .  E n g . C h e m ., 39, 1368 (1947).
(8) (a) Ref. 7; (I)  P. A. Di Giorgio, L. If. Sommer, and

F. C. Whitmore, J .  A m .  C h em . S o c ., 71, 3254 (1949); (c)
A. P. Kreshkov, L. V. Myshlyaeva, and L. M. Khananash- 
vili, Z h u r .  O hshchei K h im . ,  28, 2112 (1958); C h em . A b s tr .,  
53, 2074g (1959).

(9) (a) J. E. Reynolds, J .  C hem . S o c ., 95, 505 (1909); 
(b) J. E. Reynolds, J .  C h em . S o c ., 95, 508 (1909).
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4 [T j] +  SiCl*
N
K

Si +  4 KC1

By treatment of trimethylchlorosilane with 
potassium pyrrole there was obtained a 38% 
yield of Ar-trimethylsilylpyrrole (I'.

[| +  (CH3)3SiCl — -  r^N S iiC H 3}3 -  KC1 
N* ^
K I

Since a similar reaction using pyrryl Grignard 
reagent and lithium pyrrole has been reported to 
give 2-trimethylsilylpyrrole,10 the A-silylpyrrole 
was also prepared by an exchange reaction of 
pyrrole with hexamcthyldisilazane;11 12 of the type re
ported by Speier et a l . n  This reaction would not 
be expected to yield the 2-isomer unless a rearrange
ment takes place after the initial reaction. Evi
dence presented later indicates that this does not 
readily occur. To our knowledge, this is the first 
reported amine-disilazane exchange reaction uti
lizing a secondary amine.

The infrared spectrum of compound I is void 
of bands at 2.9 y and at 9.8 y. Pyrrole exhibits 
bands at both of these wave lengths. Frisch and 
Kary10 assigned the structure of their compound,13 
which has a boiling range of 148-151° (compound 
I boils at 153°), on the presence of a strong band 
at 2.99 y, which would indicate the presence of 
an NH group. Their published spectrum also 
contains a band at 9.8 y. When the spectrum of 
compound I contained bands at these two wave 
lengths, the gas chromatogram also showed a large 
peak corresponding to pyrrole. However, when 
compound I was purified by use of separation on 
the gas chromatography unit, both of these bands 
in the infrared disappeared. This suggests that 
Frisch and Kary used the spectrum of a mixture 
of pyrrole and A-trimethylsilylpyrrole (I) for their 
structure assignment. The possibility that the 
small band at 3.2 y in the spectrum of I is the NII 
band is eliminated by comparison with the spec
trum of tetrapyrrylsilane (II), prepared v ia  the 
method of Reynolds.14 In the spectrum of this 
compound a band appears at 3.2 y, indicating that 
this band is due to the CH on the pyrrole ring 
rather than an NII group. Of further interest is 
a strong band at 9.55 y which appears in the spectra 
of both I and II. A number of silazanes prepared 
in this laboratory show a band in the region be
tween 9.5 y and 9.9 y. However, since pyrrole also

(10) K. C. Frisch and It. M. Ivary, ./. O rg. ( 'h e m ., 21, 
931 (1956).

(11) It should he noted here that the exchange reaction 
would not occur in the absence of ammonium sulfate.

(12) J. L. Speier, It. Zimmerman, and J. Webster, ,/. 
A m .  C h em . Sor., 78, 2278 (1956).

(13) 2-Triniet hylsilylpyrrole.
(14) Ref. 9(a).”

shows a band in this region, no conclusive assign
ment of this band to the Si—N function can be 
made. A correlation study of the infrared spectra 
of the Si—N and the Si—N—Si functions is being 
undertaken in this laboratory and will be published 
in detail later.

Further substantiation for our structure assign
ment is found in the gas phase analysis using a 
Carbowax substrate column. The Carbowax column 
is selective for polar compounds and increases the 
expected retention time of compounds exhibiting 
a polarity within the molecule. The retention times 
for pyrrole, A -̂methyl pyrrole15 and 2-methylpyr- 
role16 and the A-trimcthylsilylpyrrole (I) are sum
marized in Table I, where it may be seen that the 
A-silylpyrrole (I) exhibited behavior similar to 
that of the A'-methy 1 pyrro 1 c rather than that of 
the 2-mcthylpyrrole.

TABLE I
R e t e n t i o n  T i m e s  Lts i n g  a  C a r b o w a x  S u b s t r a t e  C o l u m n  

a n d  B o i l i n g  P o i n t s  f o r  P y r r o l e  D e r i v a t i v e s '’

Compound

Retention
Time,
Min.

Boiling
Point

Pyrrole 6.10 130
A-Methylpyrrole 1.80 114
2-Methyl pyrrole 7.30 1406
Ar-T rimethylsilyl- 

pyrrole
2.10 153

“ Column temperature was 160°. Column length was 10'. 
The flow rate was 60 ml./min. See Experimental for other 
details. 6 H. Fischer and II. Orth, D ie  C h e m ic  des P y rr o le s ,  
Akademischo Verlagsgescllschaft, M.B.H., Leipzig, 1934, 
p. 40.

Since no higher boiling components could be 
detected using the Carbowax or the Silicone 
column at high temperatures, it is indicated that 
no 2-silylpyrrole was present in the distillation 
fraction boiling 150-153°.

A’-Trimethylsilylpyrrole (I) was also obtained 
by treatment of the Grignard reagent of pyrrole 
with trimethylchlorosilane; however, the yield of 
I was very small. Polymerization of pyrrole pre
vented complete recovery of the Ar-si]yl pyrrole 
which had been detected in the gas chromatogram. 
Again, no peak in the gas chromatogram cor
responding to 2-trimethylsilylpyrrole could be 
detected.

A'-Trimethylsilylpyrrole is a colorless liquid 
boiling at 153°. Its ultraviolet spectrum (cyclo
hexane) is similar to that of pyrrole except that the 
extinction coefficient is smaller. No A„,ax could be 
detected between 2250 A and 2500 Â.

For the investigation of the cleavage of the N -  
trimethylsilylpyrrole, gas chromatography (5' Sib-

On) Obtained through the courtesy of the Ansul Cor
poration.

(16) Prepared by A. J. Castro and M. Hugo of this 
laboratory.
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cone column) was utilized for analysis of the prod
uct ratios. The extent of cleavage was judged by 
the increase in the area under the pyrrole peak and 
the corresponding decrease in that under the N -  
silylpyrrole peak. The other products detected in 
the gas chromatograms were trimethylsilanol, 
trimethylethoxysilane or hexamethyldisiloxane, de
pending upon the reaction conditions which were 
employed.

Upon reflux of the IV-silylpyrrole with water for 
twelve hours and extraction and distillation of the 
ether-soluble fraction, complete cleavage was ob
served. Pyrrole was isolated and identified by gas 
phase chromatographic comparison with an au
thentic sample and by its infrared spectrum. 
Other products observed in the gas chromatogram 
of the ether-soluble material were hexamethyl
disiloxane and, presumably, trimethylsilanol. The 
disiloxane was identified by gas chromatographic 
comparison with an authentic sample of this 
material, and the presence of the trimethylsilanol 
is suggested by the strong band below 3.0 y. in the 
infrared spectrum of the lower-boiling fraction. 
Gas chromatography indicates that this infrared 
band is not due to water.

Besides showing the susceptibility of this 
silazane to cleavage in boiling water, the experi
ment indicates that the pyrrole moiety had not 
undergone cleavage or rearrangement during the 
preceding reactions. This observation lends further 
support to the assigned structure of I. Such mild 
conditions would not be expected to cleave a Si—C 
bond, as would be the case if the compound were
2-trimethylsilylpyrrole.

^NSi(CH3)3 +  H ,0 ---- * [ M ]
1=/ N

H
+  (CHshSiOH +  (CH3)3SiOSi(CH3)3

The stability of the TV-silyl pyrrole to cleavage in 
a homogeneous medium was next investigated. 
In ethanol, the A-silylpyrrole was found to be 
stable up to three days at room temperature. 
When the solution was heated under reflux for one 
hour, only about 0.1% cleavage could be detected. 
When an aqueous-ethanol (33% water by volume) 
solution was used, the cleavage was detected 
proceeding at a reasonable rate. When the solu
tion had been heated under reflux for thirty minutes 
about 20% cleavage could be detected and, after 
one hour of reflux, about 30% could be detected 
by gas phase analysis.

The cleavage of the W-silylpyrrole was found to 
be catalyzed by either acid or base. When a drop of 
hydrochloric acid was added to an ethanolic solu
tion of the W-silylpyrrole at room temperature, 
quantitative cleavage took place in less than one 
minute. Pyrrole and trimethylethoxysilane were 
detected as the cleavage products. No trace

of the W-silylpyrrole could be detected in the gas 
chromatogram.

^NSi(CH3)3 +  C2HsOH h °r ° H > [ M ]
1=/ n

H
+

(CH3) 3SiOC2H5

Similar results were observed when a small 
amount of potassium hydroxide was added to an 
ethanol solution of the Ar-silyl pyrrole at room 
temperature. Again the cleavage was quantitative 
in less than one minute. The major products of the 
cleavage were pyrrole and trimethylethoxysilane. 
Again no trace of the A-silylpyrrole could be de
tected in the gas chromatogram.

The cleavage of I by boiling water, acids, and 
bases is not surprising in light of the known chemis
try of the silazanes and the disilazanes.17 However, 
the stability of I in ethanolic solution is unusual. 
Nonsterically-hindered silazanes18 generally un
dergo cleavage very rapidly in homogeneous media. 
N-Trimethylsilylpyrrolidine19 cleaves wrhen ex
posed to moist air, and great care is necessary to 
keep the molecule intact. Miner20 reports that the 
di-f-alkoxydiaminosilanes form tetraalkoxysilanes 
when warmed with a primary alcohol. This sug
gests that there is some stabilization of the silazane 
bond in W-trimethylsilylpyrrole, probably due to 
d-orbital participation of the silicon atom in the 
aromatic system of the pyrrole ring, a type of 
participation suggested by Rochow, Hurd, and 
Lewis21 in trisilylamine [(H3Si)3N], Such d-orbital 
participation is also found to a small extent in 
other silyl aromatic compounds.22

No evidence of thermal rearrangement of the 
silyl group to the 2- or the 3-position of pyrrole 
could be obtained.23 When the A-silylpyrrole was 
heated seventeen hours in a sealed tube at 225°, 
extensive charring resulted. Gas phase analysis of 
the liquid remaining after the pyrolysis showed only 
the starting W-silylpyrrole. No other isomers could 
be detected. When W-trimethylsilylpyrrole was 
heated under reflux with diphenyl ether (b.p. 247°)

(17) R. O. Sauer and R. H. Hasek, J .  A m .  C h cm . S o c ., 
68, 241 (1946).

(18) Hexaplienyldisilazane [H. H. Reynolds, L. A. Bige
low, and C. A. Kraus, J .  A m .  C h em . S o c ., 51, 3067 (1929)] 
and A’-triphenylsilylhydrazobenzene [D. Wittenberg, M. V. 
George, T. C. Wu, D. H. Miles, and H. Gilman, J .  A m .  C h em . 
S o c ., 80, 4532 (1958)] are purified by crystallization from 
alcoholic solutions.

(19) Unpublished observations from this laboratory.
(20) See Ref. 7.
(21) E. G. Rochow, D. T. Hurd and R. N. Lewis, T h e  

C h e m is tr y  o f  O rg a n o m e ia llic  Corn-pounds, John Wiley and 
Sons, Inc., New York, 1957, p. 32.

(22) (a) H. Suffer with T. DeVries, J .  A m .  C h em . S o c ., 
73, 5817 (1951); (b) R. A. Benkeser and H. R. Krysiak, 
J .  A m .. C h em . S o c ., 75, 2421 (1953).

(23) AVAlkylpyrroles are reported to form 2-alkyl- 
pyrroles when heated to 200-250° [R. H. Wiley, O rg a n ic  
C h e m is try , A n  A d v a n c e d  T rea tise , Vol. IV, H. Gilman, ed., 
John Wiley and Sons, Inc., New York, 1953, p. 749],
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for twelve hour’s, no decomposition was observed 
and, again, no other isomers could be detected in 
the gas chromatogram.

E X P E R IM E N T A L 24

T e c h n iq u e  o f  gas p h a se  a n a ly s is . For the gas phase analyses, 
an Aerograph gas phase chromatography unit was employed. 
Two columns, both obtained from the Wilkens Instrument 
Co., were used: a 5 ' column, Silicone on firebrick, for non
polar separation, and a 10' column, Carbowax 20M on fire
brick, for separation of polar compounds. The temperature 
was held constant for a given analysis, and the helium flow 
was held constant at 100 ml. per minute.

Two injection techniques were used for analysis: (a) 
injection into the instrument of an undiluted sample and 
(b) dilution of 50-100 mg. of the sample with 1 ml. of ether 
or benzene and injection of an aliquot of this solution. 
In each case, the volume of sample injected was 0.005 ml.

Peak assignments were made by comparison of retention 
times and, in some cases, by the addition of known material 
to the unknown mixture. The retention times were measured 
from the air peak rather than from the actual time of injec
tion and are accurate to 0.05 min. (3 sec.).

The areas under the peaks are reported as percentages 
of the total area under all the observed peaks, not including 
that of the solvent. These are not the correct percentages of 
the components in the mixture, but are reasonable approxi
mations.

N -T r im e lh y ls i ly lp y r r o le  (I). A .  F ro m  p o ta s s iu m  pyrro le . 
In a 500-ml. round bottom flask, fitted with reflux condenser, 
mechanical stirrer, and dropping funnel, were placed 50 ml. 
of sodium-dried ether, 25 ml. of sodium-dried benzene and
13.4 g. (0.20 mole) of pyrrole (obtained Ansul Chemical 
Company). To this solution was added 7.4 g. (0.19 mole) 
of diced metallic potassium. The mixture was heated under 
reflux for 1.5 hr. and then cooled to room temperature, and
10.2 g. (0.15 mole) of trimethylchlorosilane was added over 
a 5-min. period. After the addition the mixture was al
lowed to stand at room temperature for 4S hr.

The reaction mixture was then filtered to remove the 
potassium chloride which had formed, and the filtrate was 
distilled a t atmospheric pressure. The iV-silylpyrrole was 
collected in seven fractions, 8.0 g., b.p. 150-152°, n 2£
1.4654-1.4621. A redistilled sample was used for analysis.

A n a l .  Calcd. for C,H13NSi: C, 60.5; II, 9.4; N, 10.1; Si,
20.3. Found: C, 60.9; H, 9.4; N, 9.2; Si, 19.9, 20.4.“

Gas phase analysis data, using the Carbowax column 
is tabulated in Table I.

B. F ro m  p y r r y lm a g n e s iu m  io d id e . To 200 ml. of an ether 
solution of metf^dmagnesium iodide, freshly prepared from

(24) All melting points and boiling points are uncorrected. 
Fractional distillations were accomplished using a 2-meter 
modified Podbeilniak column (c f . J. Cason and H. Rapoport, 
L a b o ra to ry  T e x t  i n  O rg a n ic  C h e m is try , Prentice-Hall, Inc., 
New York, 1950, p. 237). Infrared spectra were recorded 
using thin films or carbon tetrachloride solutions on a 
Beckman IR-4 instrument. The ultraviolet spectrum was 
obtained using a Beckman Model DU Spectrophotometer. 
Carbon, hydrogen, and nitrogen analyses were performed 
by the Berkeley Microanalytical Laboratory. Silicon anal
yses were performed in this laboratory.

(25) The silicon analysis was accomplished by slow 
oxidation with fuming sulfuric acid and ignition to constant 
weight. When nitric acid was used with sulfuric acid, the 
analysis was ca. 10% low, presumably due to the formation 
of stable compounds which were lost during the ignition. 
Fuming sulfuric acid was necessary because I decomposed 
extremely slowly in concentrated sulfuric acid, even at
150°. In view of the rapid acid-catalyzed cleavage of I to 
pyrrole, this stability in hot concentrated sulfuric acid is 
not understood.

42.5 g. (0.25 mole) of methyl iodide and 7.3 g. (0.3 mole) 
of magnesium, was added 16.7 g. (0.25 mole) of pyrrole. 
The solution was heated under reflux for 15 min., then 
cooled to room temperature. To this mixture was then 
added, dropwise, 27.0 g. (0.25 mole) of trimethylchlorosilane. 
A moderately exothermic reaction took place. After the 
addition had been completed, the mixture was heated under 
reflux for 2 hr., then allowed to stand overnight. The reac
tion mixture was filtered and the bulk of the ether removed 
by slow distillation at atmospheric pressure. An attem pt to 
distill fractionally this material resulted in the formation 
of a solid black cake, which was removed from the flask and 
extracted with ether overnight using a Soxhlet extractor. 
The ether soluble material was then distilled and 2.0 g. 
(6%) of iV-trimethylsilylpyrrole was obtained, b.p. 150- 
152°. A considerable amount of semisolid pot residue 
remained and was investigated using the gas phase chro
matography instrument for the possible presence of other 
trimethylsilylpyrrole isomers. In the gas chromatogram, 
only one high-boiling component could be detected, its 
retention time the same as that of an authentic sample of 
Ar-trimethylsihdpvrrole.

C . F r o m  h e x a m e th y ld is i la z a n e . Hexamethyldisilazane was 
prepared in 45% 3'ield using the procedure of Sauer26 from 
1.0 mole of trimethylchlorosilane and excess ammonia gas. 
The disilazane was isolated by distillation, b.p. 122-124°, 
?i2D° 1.4075 (lit.,22 b.p. 124-126°, n2D° 1.4080).

In a 100-ml. round bottom flask were placed 15.2 g. (0.094 
mole) of hexamethyldisilazane, 11.5 g. (0.17 mole) of 
P3'rrole and a few cr3rstals of ammonium sulfate. The mix
ture was heated for 6 hr. a t 110° then fractionally distilled 
without further work-up. There was obtained 13.5 g. (51%) 
of the M-silylpyrrole, b.p. 150-151°. Gas phase anatysis of 
product using both Carbowax and Silicone columns showed 
that it was identical with the compound obtained from 
potassium py-rrole and trimethylchlorosilane. Only starting 
material and the .V-silylpyrrole were detected in the gas 
chromatogram.

Attempts without ammonium sulfate were unsuccessful. 
No reaction product was obtained when p3’rrole and the 
disilazane were heated 10 hr. in ether solution or when they 
were heated 12 hr. without solvent. In both these reactions, 
the starting materials were recovered upon distillation and 
no Ar-silylpyrrole could bo detected in the gas chromato
grams of the pot residues.

C leavage o f  N - tr im e th y ls i ly lp y r r o le  w ith  w a ter . In a 50-ml. 
round bottom flask were placed 13.9 g. (0.10 mole) of N -  
trimethylsilylpyrrole and 20 ml. of water. The mixture was 
heated under reflux for 12 hr. During the reflux period, no 
color change was observed. The mixture was then continu
ously extracted with ether for 3 hr. A second continuous 
extraction for 12 hr. yielded no additional material. After 
dr3ring with sodium sulfate, the ether from the first extrac
tion was removed lyv slow distillation and the resulting 
material was fractionally distilled. Two main fractions were 
observed in this distillation: Fraction 1, 5.6 g., b.p. 98- 
102°, a mixture of t.rimethylsilanol and hexamet.hyd- 
disiloxane; Fraction 2, 5.9 g., b.p. 128-130°, py’rrole. The 
total weight recovered (including the intermediate frac
tions) was 15.9 g.

Gas phase analysis (Silicone column, T = 148°) of the 
first main fraction yielded two peaks: peak 1, retention 
time, 0.32 min. and peak 2, retention time, 0.65 min. The 
area under peak 1 was ca. 60%, and that of peak 2, ca. 
40%. The retention time of peak 2 was the same as tha t of 
an authentic sample of hexamethyldisiloxane. I t  is believed 
that peak 1 corresponds to trimethylsilanol, although it was 
not compared to an authentic sample of that compound. 
A large band at 2.80 y  (—OH) in the infrared spectrum of 
this lower-boiling fraction was observed.

(26) R. O. Sauer, J .  A m .  ( 'h e m . S o e ., 6 6 , 1707 (1944).
(27) Ref. 26.
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The infrared spectrum of the last fraction and that of 
pyrrole were identical. Gas phase chromatography at 148° 
and at 130° using a Silicone column showed peaks which 
had the same retention times as those of an authentic 
sample of pyrrole.

A tte m p te d  re a c tio n  o f  N - tr im e th y ls i ly lp y r r o le  w ith  e thano l. 
In a 10-ml. Erlenmeyer flask were placed 116 mg. of An
trim e thy lsi lyl pyrrole and 2.0 ml. of ethanol (containing less 
than 1% water), and the mixture was swirled for 1 min. A 
0.005-ml. aliquot was removed and injected into the gas 
phase instrument (Silicone column, T = 110°). Only one 
peak, which had the same retention time as that of N -  
trimethylsilylpyrrole was observed. The ethanol mixture 
was then heated under reflux for 1 hr., after which time 
another 0.005-ml. aliquot was injected into the gas phase 
instrument. This time two peaks were detected, the major 
one having the same retention time as the N-trimethyl- 
silylpyrrole and the second (shorter retention time) the same 
as that of pyrrole; however, the area of the pyrrole peak 
was only 0.12% of the total area of the two peaks. The 
mixture was allowed to stand 3 days at which time the area 
under the pyrrole peak was 0.14% of the total area. No 
other compounds, besides ethanol, were detected in any of 
the gas chromatograms.

R e a c tio n  w ith  a q u e o u s  e th a n o l. In a 10-ml. Erlenmeyer 
flask were placed 56 mg. of N-trimethylsilylpyrrole, 1.0 ml. 
of ethanol, and 0.5 ml. of water. After 15 min. a 0.005-ml. 
aliquot was removed and injected into the gas phase instru
ment (Silicone column, T = 110°). The major peak was that 
of N-trimethylsilylpj-rrole. A small deflection in the base
line having the same retention time as pyrrole was detected; 
however, the area was too small for an area comparison. 
After the solution had been heated under reflux for 30 min., 
the pyrrole peak had increased to 19.5% of the total, and 
after 1 hr., 29%.

A c id -c a ta ly z e d  rea c tio n . In a 10-ml. Erlenmeyer flask were 
placed 110 mg. of A'-trimethylsilylpyrroIe, 2.0 ml. of et hanol 
and 1 drop of concentrated hydrochloric acid. The solution 
was swirled and, in less than 1 min. after the initial mixing, 
a 0.005-ml. aliquot was injected into the gas phase instru
ment (Silicone column, T  = 105°). Three peaks were ob
served: peak 1, retention time, 0.80 min., area, 22%; peak 
2, retention time, 12.0 min., area, 30% ; and peak 3, reten
tion time, 1.60 min., area, 48%. Under the same conditions, 
pyrrole had a retention time of 1.60 min. and N-trimethyl- 
silylpyrrole, 5.20 min. No trace of the N-trimethylsilyl- 
pyrrole could be detected. Peak 2 had the same retention

time as a sample of trimethylethoxysilane prepared from 
trimethylchlorosilane and ethanol.

B a se -c a ta ly ze d  rea c tio n . In a 10-ml. Erlenmeyer flask were 
placed 71 mg. of N-trimethylsilylpyrrole and 1.0 ml. of 
ethanol. To this solution was added 4 mg. of potassium 
hydroxide (in ethanol) and the mixture was swirled for 1 
min., then a 0.005 ml. aliquot was injected into the gas phase 
instrument (Silicone column, T = 105°). Two major peaks 
were observed and the trace of a third was detected; peak 
1, retention time, 0.04 min., trace; peak 2, retention time, 
0.74 min., 51%; peak 3, retention time, 1.56 min., 48%. 
Under the same conditions, the retention time for pyrrole 
was 1.57 min. and the time for A'-trimethylsilylpyrrole was
5.15 min. No deflection in the base line could be detected at
5.15 min., indicating the absence of the N-silylpyrrole. 
Peak 2 had the same retention time as a sample of tri
methylethoxysilane prepared from trimethylchlorosilane 
and ethanol.

A tte m p te d  th e rm a l re a rra n g em en t o f  N - tr im e th y ls i ly lp y r r o le .  
One gram of A'-tr.methylsilylpyrrole was sealed in a glass 
tube and heated at 225° for 17 hr. By the end of the heating 
period the material had undergone extensive charring. An 
aliquot of the liquid remaining was analyzed using gas phase 
chromatography (Silicone column, T = 110°), and only one 
peak (N-silylpyrro)e) could bo detected.

Another attempt was made, using diphenyl ether as sol
vent. A mixture of 10 ml. of diphenyl ether (b.p. 259°) and 
1.0 g. of N-trimethylsilylpyrrole was heated under reflux for 
12 hr. No charring was observed. Gas phase analysis of the 
reaction mixture indicated that the A'-silylpyrrole had not 
undergone rearrangement. Only peaks corresponding to the 
N-silylpyrrole and the diphenyl ether were detected. N- 
Trimethylsilylpyrrole was isolated from the reaction mix
ture using the gas phase instrument; its infrared spectrum 
was identical with that of the starting N-silylpyrrole.

T e lr a p y r r y ls i la n e  (II). To 0.2 mole of potassium pyrrole 
in 150 ml. of ether a id  75 ml. of benzene was added 0.05 
mole of silicon tetrachloride over a 30-min. period, and the 
mixture was heated under reflux for 45 min. The potassium 
chloride was filtered from the mixture and the solution was 
allowed to stand cvemight. The white, needle-like crystals 
which formed were filtered and recrvstallized from benzene to 
yield 0.7 g. (4.5%) of tetrapyrrylsilane (II), m.p. 167.5— 
168.5° (lit.,28 * m.p. 173°).

S a n  J o s e , C a l i p .

(28) Ref. 9(a).

[C o n t r i b u t i o n  No. 11 f r o m  t h e  E x p l o r a t o r y  R e s e a r c h  L a b o r a t o r y  o f  D o w  C h e m i c a l  o f  C a n a d a , L i m i t e d ]

O rganophosphorus C om pounds. V II.la A lkyl- and A rylphos- 
p h orod ih a lid o th ioa tes C on ta in in g  F luorine

G. A. OLAH a n d  A. A. OSWALD•»

R eceived  A u g u s t  2 4 , 1 9 5 0

O-Alkyl- and O-arylphosphorodifluoridothioates were prepared from phosphorus t.iiohalides with alcohols and phenols. 
O-Arylphosphorochlorofluoridothioates were prepared from phosphorus thiodichlorofluoride and phenols.

The synthesis of O-alkylphosphorodihalidothiates 
were first reported by Pistschimuka2’3 and in

fill) Part VI, J .  O rg. C lien t., 24, 1443 (1959).
(lb ) Present address: Research Department, Imperial 

Oil Limited, Sarnia, Ontario, Canada.
(2) P. Pistschimuka, B e r ., 41,3854 (1908).
(3) P. Pistschimuka, ./. R u s s .  P h y s .  C lient. S o c ., 44,

1406(1912).

volved the reaction of phosphorus thiochloride or 
bromide with an alcohol:4’5'6

PSX, -  ROH — >- ROPSX-. +  HX 
___________ (X = Cl, Br)

(4) V. M. Piets, Z h .ir .  O bschei K h im . ,  6, 1198 (1936).
(5) V. M. Piets, Z h u r .  O bschei K h im . ,  8, 1296 (1938).
(6) T. W. Martin, G. R. Norman, E. A. Weilmuenster,

J . A m .  C h a n . Soc . 70, 2523 (1948).
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TABLE I
0-A lKYLPHOSPHORODIFLUORIDOTHIOATES AND 0-ARYLI’HOSPHORODIFLUORIDOTHIOATES

F
/

KO—P

i \

R
Yield
(%)

B.P.
(C./mm.) n 2o

Fluorine
Caled. Found

Ethyl 63 78-78.5/760“ 1.3942 26.00 25.65
Isopropyl 60 88-89/760 1.3813 23.57 23.35
¿-Butyl 61 47-48/20 1.3889 22.32 22.49
Cyclohexyl 72 42-43/5 1.4408 18.98 19.06
Phenyl 82 52-52.5/14 1.4869 19.56 19.71
o-Cresyl 85 59-60/10 1.4849 18.25 18.42
o-Nitrophenol 68 118-120/8 1.5389 15.88 15.94

p-Chlorophenyl 84 52/4 1.5033 16.62 16.81
«-Naphthyl 81 82-83/2 1.5704 15.55 15.27

0 Booth and co-workers7 reported b.p. 78.4°.

According to another method which has been 
used to a lesser extent, sulfur was added to alkyl- 
phosphorodichloridites5 to yield alkylphosphorodi- 
chloridothiates:

ROPCls +  S — ROPSCL

The synthesis of an alkylphosphorodihalidothio- 
ate containing fluorine was accomplished first by 
Booth and his co-workers,7 who achieved a fluorine 
exchange in the case of ethylphosphorodichlorido- 
thioate by using antimony trifluoride.

SBFa SBF>
c 2h 6o p s c i2-------C2H60PSC1F---------- C2H5OPSF2

The present authors8 previously reported the 
preparation of alkylphosphorochlorofluoridothioates 
by the reaction of phosphorus thiodichlorofluoride 
and alcohol.

PSCLF +  ROH — ROPSC1F +  IiCl

Of the O-arylphosphorodihalidothioates, only 
the O-arylphosphorodichloridothioates were inves
tigated in detail. Methods, including the reaction 
of phosphorus thiochloride with a basic aqueous 
solution of a phenol,9’10 addition of sulfur to 0- 
arylphosphorodichloridites at elevated tempera
tures11’12'13 and reacting a phenol, phosphorus thio
chloride, and pyridine as the acid binding agent14 
were used for their synthesis.

O-Phenylphosphorodibromidothioates were also 
synthetized.

(7) H. S. Booth, D. R. Martin, F. E. Kendall, J . A m .  
C h em . S o c ., 70, 2523 (1948).

(8) G. A. Olah, A. A. Oswald, L ieb ig s  A n n .  C h e m ., 6 0 2 ,  
118(1957).

(9) W. Autenrietli, O. Hildebrand, f ie r ., 31, 1094 (189S).
(10) W. Autenrieth, W. Mej’er, B e r . , 58, 840 (1925).
(11) R. Anschutz, W. O. Emery, A n n . ,  253, 117 (1889).
(12) W. Strecker, C . Grossman, B e r ., 49, 64 (1916).
( 13) F. Ephraim, B e r ., 44,3414 (191 1 ).
(14) L. R. Drake and co-workers (Dow Chemical Co.)

U. S. Patent 2,552,537 and 2,552,541.

No arylphosphorodihalidothioates containing fluo
rine were known at the time the present investiga
tion was undertaken.

In this paper, the reaction of various phosphorus 
thiohalides containing fluorine with alcohols and 
phenols is described. These reactions yielded alkyl- 
and arylphosphorodihalidothioates containing fluo
rine.

At first the reaction of phosphorus thiofluoride, 
phosphorus thiochlorodifluoride, and phosphorus 
thiobromodifluoride with equimolar amounts of 
alcohols and phenols was studied, in the presence 
of pyridine as an acid binding agent. Alkyl- and 
arylphosphorodifluoridothioates were obtained ac
cording to the following general reaction equations:
PSF3 +  ROH +  C6H5N — ROPSF2 +  C6H5N -H F

PSC1F2 +  ROH +  C6H5N — s- ROPSF2 +  C6H6N-HC1

PSBrF2 +  ROH +  C6H6N — >- ROPSF2 +  C6H6N-HBr 
R = alkyl, aryl

Some characteristic physical and analytical data 
of the prepared compounds are given in Table I.

The ethyl-, isopropyl-, i-butyl-, cyclohexylphos- 
phorodifluoridothioates are colorless liquids. They 
fumed in air to some extent depending on their va
por pressure and were immiscible with water, al
though on standing they underwent aqueous hy
drolysis.

The phenyl-, o-cresyl-, o-nitrophenyl-, p-chloro- 
phenyl-, and a-naphthylphosphorodifluoridothio- 
ates are liquids immiscible with water and are color
less with one exception—the yellow o-nitrophenyl- 
phosphorodifluoridothioate.

In the presence of oxygen both the alkyl- and the 
arylphosphorodifluoridothioates are oxidized with 
the production of sulfur dioxide. The presence of 
sulfur dioxide leads to the formation of red colored 
decomposition products.

In the following part of the work O-arylphospho- 
rochlorofluoridothioates were prepared starting 
from phosphorus thiodichlorofluoride and phenols.
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TABLE II
0-A kYI.I'IIOSI'IIOROCHI.OROFLUORIDOTHIOATES

Cl
/

ArO—P

Ar
Yield
(%)

B.P.
(°C/mm.) 7?20a  D

Cl
Calcd.

C7/c
Found

F
Calcd.

c:/c
Found

Phenyl 85 60.5-61/5 1.5290 10.83 17.07 9.02 9.06
o-Cresyl 84.5 89-90/8 1.5274 15.78 16.04 8.45 8.68
m-Cresyl 88 103-104/8 1.5251 15.78 15.62 8.45 8.23
p-Cresyl 87 99-100/8 1.5260 15.78 15.49 8.45 8.36
?n-Methoxvphenyl 81 110-111/8 1.5345 14.73 14.47 7.89 7.73
p-Chlorophenyl 85 100.5-101/7 1.5449 28.93 28.93 7.75 7.56
p-Nitrophenyl 70.5 119-120/5 1.5641 13.86 13.86 7.43 7.66
a-Naphthyl 77 116-117/4 1.6061 13.60 13.31 7.28 7.21
/3-Naphthyl 75 118-119/3 1.6062 13.60 13.53 7.28 6.85

Because of the decreased reactivity of phenols as 
compared to alcohols, pyridine was used to bind 
the hydrochloric acid formed:
PSCTF +  ArOH +  CSH5N — >

ArOPSCIF +  C JTN  ■ I I  Cl

In this manner the phenyl-, o-cresyl-, m-crcsyl-, 
p-cresyl-, p-chlorophenyl, p-nitrophenyl-, m-meth- 
oxyphenyl-, o-naphthyl-, a-naphthylphosphoro- 
chlorofluoridothioates were obtained. The yields 
were almost quantitative. No considerable amounts 
of diarylphosphorofluoridothioates were formed in 
in the preparation of any of the above mentioned 
derivatives. Pyridine could be replaced by other 
tertiary amines, such as dimethylaniline or triethyl- 
amine, which forms ammonium salts with the hy
drochloric acid formed in a similar manner. Some 
characteristic physical and analytical data of the 
compounds are given in Table II.

The O-arylphosphorochlorofluoridothioates are 
liquids immiscible with water and have a slightly 
acrid odor. They can be distilled in vacuum with
out decomposition and are colorless except for p -  
nitrophenylphosphorochlorofluoridothioate which is 
light yellow.

The reaction of phosphorus thiochloride with 
basic aqueous phenolates gave in several cases only 
diarylphosphorochloridothioates, or triarylphospho- 
rothioates.1 Phosphorus thiodichlorofluoride, how
ever, reacted with an aqueous solution of sodium 
phenolate to yield 62% phenylphosphorochloro- 
fluoridothioate:

PSCb F +  Cell . —ONa—>• C6H5-O PSC lF +  NaCl

EX PERIM EN TA L

Absolute solvents and anhydrous reagents were used in all 
cases except for the reaction with aqueous sodium phenolate. 
During the course of the experiments the necessary precau
tions were taken to protect the reagents and the product 
from moisture.

O -A lk y lp h o s p h o ro d iflu o r id o th io a te s . A mixture of 15 g. 
(0.11 mole) of phosphorus thiochlorodifluoride (or the equiva
lent amount of phosphorus thiofluoride or phosphorus thio-

bromodifluoride) and 100 ml. of ether was stirred and 
cooled in a Dry Ice-acetone bath to —78°. To the cool solu
tion 20 ml. ether solution of 0.1 mole of alcohol and 8.3 g. 
(0.105 mole) of pyridine was added dropwise. During the 
addition the temperature of the reaction mixture did not 
rise above —60°. Then the reaction mixture was allowed to 
reach room temperature while the stirring was continued. 
The pyridine hydrochloride, which had precipitated, was 
filtered off by suction and washed with 15 ml. ether. On 
distilling the combined filtrates, the solvent was removed 
first, then the crude product which remained was fraction
ated. In the case of the alkylphosphorodifluoridothioates 
prepared from ¿-butyl and cyclohexyl alcohols, the frac
tionation was carried out in vacuum. The yields and some 
physical and analytical data of the pure compounds may be 
found in Table I.

O -A ry lp h o sp h o r o d iflu o r id o th io a te s . To a solution of 15 
g. (0.11 mole) of phosphorus thiochlorodifluoride (or the 
equivalent amount of phosphorus thiofluoride or phosphorus 
thiobromodifluoride) and 0.1 mole of the corresponding 
phenol in 100 ml. of toluene, 8.3 g. (0.105 mole) of pyridine 
in 30 ml. of toluene was added dropwise while stirring and 
cooling the mixture with Dry Ice-acetone. The temperature 
of the reaction mixture did not exceed —50° during the 
addition. While the stirring was continued, the reaction 
mixture was allowed to come to room temperature and to 
stand 2 hr. until completion of the reaction. The work up 
of the products followed a procedure analogous to that men
tioned above for alkylphosphorodifluoridothioates. The 
yields and physical and analytical data of the compounds 
obtained are shown in Table I.

O -A r y lp h o sp h o r o th lo ro flu o r id o th io a le . To a solution of 1G.7 
g. (0.11 mole) of phosphorus thiodichlorofluoride in 20 ml. of 
benzene a solution of 04 g. (0.1 mole) of the corresponding 
phenol in 30 ml. benzene was added. Then to the resulting 
mixture 7.9 g. (0.1 mole) of pyridine diluted with 20 ml. 
of benzene was added dropwise at room temperature with 
water cooling and stirring. The reaction mixture was kept 
for an additional half hour at room temperature and then 
for another half hour at 40° in order to complete the reac
tion. The pyridine hydrochloride precipitate was filtered 
with suction and washed with benzene. The combined fil
trates were fractionated i n  va evn  after removal of the ben
zene at atmospheric pressure. The yields of compounds and 
their physical and analytical data are given in Table I.

Using dimethylaniline as the acid binding agent a yield of
7-1% , with triethylamine 81%, of O-phenylphosphorochloro- 
fluoridothioate was obtained. In the case of dimethylaniline, 
the hydrochloride was difficult to filter and was therefore 
removed by washing with water.

P r e p a r a t io n  o f  O -p h e n y lp h o sp h o ro c h lo ro flv o r id o th io a te  w ith  
a q u eo u s s o d iu m  p h en o la te . A solution of 9.4 g. (0.1 mole) of
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phenol in 82 ml. of 5% aqueous sodium hydroxide was added 
dropwise to 16.7 g. (0.11 mole) of phosphorus thiodichloro- 
fluoride with shaking and water-cooling. The reaction mix
ture was stirred for an additional half hour and then allowed 
to stand a t room temperature. The oil which separated was 
dissolved in 50 ml. of benzene and washed with 1.5% 
aqueous sodium hydroxide solution until neutral. The ben

0 0 6

zene phase was dried over sodium sulphate, then the solvent 
was removed and the residual liquid fractionated in vacuo. 
Phenylphosphorochlorofiuoroidothioate, n \ °  =  1.5298, was 
obtained between 00~61°/5 mm. in 62% yield.

A n a l .  Calcd. Cl, 16.83; F, 9.02. Found: C-1, 16.45; F, 9.05.

Sa rnia , On t ., C anada

[Contribution  from  th e  S chooi, of C hem istry  of th e  G eorgia  I n stitu te  of T echnology]

M eth ylen e  D erivatives as In term ed ia tes  in  Polar R eaction s. X X . T h e R eaction s  
o f  A queous and A lcoholic  B ase w ith  C hlorodifluorom ethane  

and D iflu oro iod om eth an e1

JACK HIKE and ARTHUR D. KETLEY

R ece ived  S e p te m b e r  2 , 1 9 5 9

We have reinvestigated a report that with 15% potassium hydroxide in ethanol for forty-eight hours at 35°, chloro
difluoromethane, chlorodifluoroiodomethane, and difluoroiodomethane gave no reaction, 24% chlorodifluoromethane, and 
19% difluoromethane, respectively. I t  was found that chlorodifluoromethane reacts essentially completely with ethanolic 
potassium hydroxide within a few minutes and that difluoroiodomethane yields no more than 5%, if any, difluoromethane. 
Rate constants were determined for the reaction of difluoroiodomethane with hydroxide ion in aqueous solution. From the 
results obtained it appears that the reaction is initiated by a concerted «-dehydroiodination to yield difluoromethylene 
directly in one step.

Ilaszeldine has reported that chlorodifluoro
methane is stable to the action of 15% potassium 
hydroxide in 95% ethanol for forty-eight hours at 
35°,2 and that under the same conditions chloro
difluoroiodomethane yields 24% chlorodifluoro
methane and that difluoroiodomethane yields 19% 
difluoromethane. Our observations that chloro
difluoromethane is quite reactive toward aqueous 
alkali,3 sodium methoxide4 5 and potassium iso- 
propoxidc6 caused us to doubt the first two reports. 
For the latter two reported reactions the mech
anisms

OH~ solvent
CCIFol — >- CC1F--------- > CHClFo

and
OH- solvent

C'HFJ — > C H I t - --- —^  CUJA

were suggested.2 In view of our evidence that at
tempts to generate the chlorodifluoromethyl anion 
instead bring about the concerted formation 
of the intermediate difluoromethylene and thence 
its reaction products,3’6 the reaction reported for 
chlorodifluoroiodomethane seemed improbable, and 
in view of our observation that a-fluorine is the 
least effective of the a-halogen substituents at

(1) This w’ork was supported in part by the U. S. Atomic 
Energy Commission. For the preceding article in this series 
see J. Hiñe, A. D. Ketley, and K. Tanabe, J .  A m .  C h em . 
S o c ., in press.

(2) R. N. Haszeldine, J .  C h em . Soc.., 4259 (1952).
(3) J. Hine and P. B. Langford, J .  .4.«. C h em . S o c ., 79, 

5497 (1957).
(4) J. Hine and J. J. Porter, J .  A m . C h em . S o c ., 79, 4493

(1957) .
(5) J. Hine and K. Tanabe, J .  A m .  C h em . S o c ., 80, 3002

(1958) .
(6) J. Hine and D. C. Duffev, J .  A m .  C hem . S o c ., 81,

1131 (1959).

facilitating carbanion formation7 we doubted the 
formation of a methylene halide reported from di
fluoroiodomethane (but not chlorofluoroiodometh- 
ane nor fluorodiiodomethane). We have therefore 
reinvestigated some of these points and also carried 
out some related experiments of interest.

K E S U L T S  A N D  D IS C U S S IO N

When solutions of chlorodifluoromethane and 
potassium hydroxide in ethanol are mixed at 35°, 
a copious precipitate of potassium chloride is 
formed within minutes. Titrations revealed that 
the theoretical amount of chloride ion (±  5%) 
was formed within 5 minutes. This observation 
makes the report of a 24% yield of chlorodifluoro
methane formed (from chlorodifluoroiodomethane) 
after 48 hours in ethanolic potassium hydroxide2 
difficult to understand.

The volatile products of the reaction of di
fluoroiodomethane with ethanolic potassium hy
droxide were studied in a number of runs. Fluoro- 
form, ethyl difluoromethyl ether, and varying 
amounts of starting materials were found, but no 
clear evidence for methylene fluoride formation 
could be obtained. Experiments with authentic 
methylene fluoride showed that not more than 
about 5% could have been formed and remained 
undetected.

In order to learn more about the mechanism of the 
reaction of difluoroiodomethane with base the 
kinetics, of the reaction with aqueous sodium hy
droxide were studied. This haloform proved to be

( 7 )  J. Hine, N. W. Burske, M. Hine, and P. B. Langford, 
,7. A m .  C h e m . S o c ., 79, 1406 (1957).
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the most reactive that has been studied8 and for 
this reason and its relatively volatile character the 
rate constants obtained, particularly at the higher 
temperatures, are less reliable than most of those 
reported previously. The second-order rate con
stants observed are (0.96 ± 0.08) X 10-2, (6.0 ± 
0.4) X 10-2, and (51.8 ±  4) X 10-2 (all in 1. mole-1 
sec.-1) at 0°, 21.2° and 40°, respectively. Thus 
difluoroiodomethane is about one thousand times 
as reactive toward hydroxide ion in aqueous solu
tion as is methyl iodide9 at the temperatures 
we have employed. As one a-fluoro substituent has 
been found to d ecrea se the Sn2 reactivity of methyl 
halides,10 the reaction of difluoroiodomethane 
seems to be much too rapid to be proceeding by the 
Sn-2 mechanism, and therefore more probably in
volves a dihalometliylene intermediate. Although 
the rate of carbanion formation that would be ex
pected for difluoroiodomethane cannot be predicted 
very precisely, from the data obtained on related 
compounds7'8’11 it does not seem probable that the 
rate constant in water at 0° would be greater than 
about 10-3 1. mole-1 sec.-1 Thus, as difluoroiodo
methane hydrolyzes faster than it would be ex
pected to form carbanions, it hydrolyzes by a con
certed mechanism in which there is no carbanion 
intermediate, but in which difluoromethylene is 
formed in a single step, as proposed earlier for 
bromodifluoromethane and chlorodifluoromethane.3

E X P E R IM E N T A L

D iflu o ro io d o m e th a n e . When mercuric fluoride was allowed 
to react with iodoform in the manner described previously 
in the preparation of fluorodiiodomethane,11 about a 30% 
yield of difluoroiodomethane, b.p. 21-22°, was obtained 
from liquid collected in a Dry-Ice trap a t the end of the 
system and from the forerun of the fluorodiiodomethane dis
tillation. Ruff reported a boiling point of 21.6° for the com
pound.12 Some material was also made by the reaction of 
mercuric fluoride with fluorodiiodomethane.

R e a c tio n s  o f  c h lo ro d iflu o ro m e th a n e . Chlorodifluorometh
ane13 was bubbled into 95% ethanol at room temperature to

(8) J. Hine and S. J. Ehrenson, J .  A m .  C h em . S o c ., 80, 
824(1958).

(9) E. A. Moelwyn-Hughes, P ro c . R o y . S o c . (L o n d o n ) ,  
A196, 540 (1949).

(10) J. Hine, C. H. Thomas, and S. J. Ehrenson, J .  A m .  
C h em . S o c ., 77, 3886 (1955); J. Hine, S. J. Ehrenson and 
W. H. Brader, Jr., J .  A m .  C h em . S e c ., 78, 2282 (1956).

(11) J. Hine, R. Butterworth, and P. B. Langford, J .  
A m .  C h o n . S o c .. 80, 819 (1958).

(12) O. Ruff, B e r ., 69, 299 (1936).
(13) The materia! used has been described previously.4

prepare a solution. When this solution a t 35° was added to 
an equal volume of 15% ethanolic potassium hydroxide at 
the same temperature, a copious precipitate of potassium 
chloride began to form within a minute or two. After 10 min. 
the chloride formed from 10 ml. of the haloform solution 
was found to require 10.4 ml. of 0.0579AT silver nitrate solu
tion for titration. Another 10-ml. sample from the same solu
tion was found to require 10.9 ml. of the silver nitrate solu
tion after 1020 minutes.

R e a c tio n  o f  d iflu o ro io d o m e th a n e . In a typical reaction with 
alcoholic potassium hydroxide, 1.0 ml. of difluoroiodometh
ane was added to 100 ml. of 15% potassium hydroxide in 
95% ethanol in an apparatus designed to capture any 
gaseous products. A vigorous reaction immediately ensued 
and the infrared spectrum of the gaseous products, including 
those given off after the reaction solution was heated to boil
ing, revealed the presence of only fluoroform, ethyl difluoro- 
methyl ether, and a little unchanged difluoroiodomethane. 
Because of similarities in absorption spectra, a little meth
ylene fluoride could have escaped detection but not enough 
to account for more than a 5% yield. Separate experiments 
on methylene fluoride showed that under the reaction condi
tion used it would not have been decomposed and it would 
have been evolved as a gas from the reaction solution.

K in e t ic  r u n s . The kinetics of reaction of difluoroiodo
methane with hydroxide ion in aqueous solution were studied 
by a method like that described previously for bromo
difluoromethane.'' In a run at 0.0°, the first and sixth 
samples of haloform solution taken were found, by reaction 
with excess alkali, to be 0.04110 and 0.04080A' in haloform. 
I t  was assumed that the haloform concentration in the other 
samples varied linearly in the order that the samples were 
taken. The data obtained in this run are listed in Table I. 
In most of the other runs made the rate constants fell to a 
greater or smaller extent than those given in Table I. We 
do not know the reason for this fall, but its existence sug
gests that the average rate constant may be less reliable 
than indicated by the average deviation. Because of the 
speed of the reaction and the volatility of the haloform, the 
rate constants obtained at higher temperatures may be 
even less reliable.

TABLE I
R eaction of D ifluoroiodomethane with Aqueous 

Sodium H ydroxide at 0.0°

Time
(sec.) A'2 CHF,I [NaOH]t4 100 k

507 C.04104 0.00785 1.130
801 C.04098 0.00712 1.032

1127 0.04092 0.00657 0.923
1500 0.04086 0.00578 0.924
2000 0.04074 0.00500 0.895
2880 0.04068 0.00405 0.830

Average 0.956 ±
0.084

“ The normality of haloform is 3 +  f times the molarity. 
6 [XaOHJo = 0.1X1987.

Atlanta, G a .
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[C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y , O r e g o n  S t a t e  C o l l e g e ]

T h e C laisen R earrangem ent. III. B en zyl 2 -P rop en yl-4 ,6 -d im eth y lp h en yl E th er1

ELLIOT N. MARVELL, RONALD JEN E DUPZYK, JOHN L. STEPHENSON, a n d  RICHARD ANDERSON

R ece ived  A u g u s t  17 , 195 9

Benzyl 2-propenyl-4,6-dimethylphenyl ether has been synthesized and its behavior at temperatures up to 210° has been 
studied. At 135-150° the ether starts to polymerize but shows no tendency to form phenolic products. Between 180-210° 
the formation of phenolic materials is evident. One liquid phenolic compound was isolated and identified as 2-(2-benzylpro- 
pyl)-4,6-dimethylphenol. This identification -was confirmed by synthesis.

Since Claisen’s discovery2 of the thermally 
initiated rearrangement of O-allyl ethers to C- 
allyl derivatives a host of investigators have ac
cumulated a large body of knowledge much of 
which serves to delineate the scope of the reaction. 
Claisen thus found3 that allyl 2-propenyl-4,6- 
dimethylphenyl ether undergoes thermal con
version to a phenolic compound to which he as
signed the structure, l-(2-hydroxv-3,5-dimethyl- 
phenyl)-2-methylpenta-l,4-diene. Recently Lauer 
and Wujciak4 5 proved the structure of the product 
of this rearrangement and showed further that an 
appropriately substituted allyl group appears in 
uninverted form in the product. Schmid, Fahrni, 
and Schmid,6 using C14, showed that a small frac
tion (c irc a  16%) of the product contained the allyl 
group in inverted form. As they found the process 
to be strictly intramolecular, they proposed an 
eight-membered ring transition state to account 
for the inverted product.

The bulk of the rearrangment product can be 
nicely accommodated by the widely-accepted 
double-cycle mechanism for the p a r a  rearrange
ment.6 However, an alternative mechanism in
volving only the a lp h a  carbon of the allyl group was 
suggested by Lauer7 to account for the rearrange
ment of 0 -(7 ,7-dimethylallyl)benzanilide, and 
reiterated in his discussion of the side chain re
arrangement.4 Although this is indeed a particu
larly attractive possibility, considering the economy

(1) Published with the approval of the Monographs Pub
lication Committee, Oregon State College, as Research Paper 
no. 371, School of Science, Department of Chemistry. This 
work was supported in part by a Grant-in-aid from the 
General Research Fund of Oregon State College, and in 
part by a grant from the Cottrell fund of the Research 
Corporation. One of us, E. N. M., is indebted to the E. I. 
du Pont de Nemours and Co. for a summer fellowship which 
aided completion of this work.

(2) L. Claisen, B e r . 45, 3157 (1912).
(3) L. Claisen and E. Tietze, A n n .  449, 81 (1926).
(4) W. Lauer and D. Wujciak, J .  A m .  C h em . S o c . 78, 

5601(1956).
(5) Iv. Schmid, P. Fahrni, and H. Schmid, H e lv . C h im .  

Acta, 39,708(1956).
(6) C f. S. J. Rhoads, and R. L. Crecelins, J .  A m . C hem . 

S o c . 77, 5057 (1955) and W. Haegele and H. Schmid, H elv . 
C h im . A c ta , 40, 13,255 (1957) for a discussion of this mech
anism.

(7) W. Lauer and R. Lockwood, J .  A m .  C h em . S o c . 76,
3974(1954).

CH=C(CH:,)2

c h = c h 2

of atomic motion achieved thereby, it is less at
tractive geometrically. Thus the bonding of the 
alpha carbon in the transition state must involve 
the p  orbital lobes used by the central carbon in 
an Sn2 substitution, i.e . the oxygen atom, a lp h a  
carbon of the allyl group, and b eta  carbon of the 
propenyl side chain should preferentially occupy 
a linear arrangement.

In light of the above discussion it was advisable 
to submit the possibility of the single cycle mech
anism to experimental test. Unfortunately the 
most useful test of mechanism devised previously, 
that of inversion of the allyl group or lack of it, 
is not applicable in this case. Of the several pos
sible tests we were able to devise, the simplest 
capitalized upon the fact that in a benzyl ether 
the a lp h a  carbon is completely analogous to the 
a lp h a  carbon of the allyl group but the g a m m a  
carbon is not. Thus the benzyl ether is not able to 
undergo the conventional Claisen rearrangement.8 
While benzyl ethers do indeed rearrange under a 
more drastic thermal impetus9 or under free radi
cal initiation,10 it was felt that under the usual 
conditions a benzyl ether should not undergo the 
double cycle rearrangement. Conversely if the single 
cycle process were operable, the rearrangement 
should proceed normally with the benzyl ether.

The benzyl ether was prepared from the known3
2-propenyl-4,6-dimethylphenol using the sodium 
salt of the phenol in methanol and benzyl chloride. 
Although the resultant ether, a yellow oil, 
could not be distilled unchanged under normal 
vacuum distillation at 0.1-1 mm. pressures, it was 
distilled readily without decomposition v ia  molecu
lar distillation. However, the distilled material was

(8) S. G. Powell and R. Adams, J .  A m .  C h e m . S o c . 42, 
646 (1920) L. Claisen, F. Kremers, F. Roth, and E. Tietze, 
A n n .  442,210 (1925).

(9) O. Behagel and H. Freiensehner, B e r . 67, 1368 (1934).
(10) M. Ivharasch, G. Stampa, and W. Nudenberg, 

S c ie n c e , 116, 309 (1952).
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still a light lemon yellow and was therefore care
fully chromatographed on alumina. There were 
obtained thereby two distinct fractions, the first 
a colorless mobile oil and the second a viscous 
yellow liquid. The colorless oil was rechromato
graphed, taken up in petroleum ether and extracted 
with Claisen’s alkali and after removal of the 
solvent distilled again v ia  molecular distillation. 
This product shows infrared bands at 973 and 
1648 cm.-1 (disubstituted double bond in tra n s  
form), 1378 cm.-1 (C-CH3), 1218 cm.-1 (Ar—
0—CH2), 856 cm.-1 (tetrasubstituted benzene 
ring) and 732 and 696 cm.-1 (monosubstituted 
benzene ring.) It absorbed exactly two moles of 
hydrogen and the phenolic product obtained from 
the reaction mixture showed an infrared spectrum 
identical with that of an authentic sample of 2- 
propyl-4,6-dimethylphenol. We believe the struc
ture of the starting material is thoroughly estab
lished by this data. The composition of the yellow 
liquid is now under investigation.

An attempt made to find the mildest possible 
condition for rearrangement disclosed that at 
temperatures as low as 135° the ether formed a 
thick gel, growing a deep yellow in the process. 
No hydroxyl absorption was noted even after pro
longed heating at this temperature. This presumed 
polymerization has not been further studied.

Not until the temperature reaches 180° does any 
reaction productive of phenolic material set in. 
All runs for study of the phenolic products were 
made at 200-210° where the formation of these 
materials was rapid enough to provide sufficient 
base soluble material before polymerization made 
the product unmanageable. The benzyl ether 
was free of peroxide as indicated by starch-iodide 
test and free radical reactions were minimized by 
carrying out the reaction in the dark under oxygen- 
free nitrogen.

There was obtained by extraction of the heated 
material with Claisen’s alkali about 20% of a 
phenolic substance, whose hydroxyl group was 
sufficiently hindered to render it insoluble in 6iV 
aqueous alkali. This substance, a viscous clear 
liquid, b.p. 132-134° (0.15 mm.), n 2u  1.5567, 
showed a refractive index below that, no, 1.5710, 
of the starting material and did not add bromine. 
This evidence which suggested loss of the side 
chain double bond was confirmed by the infrared 
spectrum. This latter showed bands at 3600 cm.-1 
(absorption slowly tapering off on the low frequency 
side) characteristic of a hindered hydroxyl, 1605 
and 1490 cm.“1 (an aromatic ring), 1375 cm.-1 
(C-CH3 groups), 859 substituted benzene ring) 
and 738 and 698 cm.-1 (a monosubstituted benzene 
ring). No absorption appeared in the regions from 
810-840 cm.-1 or 1640-1660 cm.-1—character
istic of trisubstituted double bonds.

As the basic skeleton contains both a tetra
substituted and a monosubstituted benzene ring,

the hydroxyl group is present and more heavily 
hindered than the hydroxyl in 2-propenyl-4,6- 
dimethylphenol, and as no double bond is present 
in the side chain, the compound isolated was as
signed the structure 2-(2-benzylpropenyl)-4,6-di- 
methylphenol (I). The correctness of this proposal

CH3 :

was verified by a synthesis of this molecule by the 
route shown in the attached sequence. Thus 2,4- 
dimethylphenyl a-mcthyldihydrocin muriate was 
prepared from the acid chloride of the known11 
a-methyldihydrocinnamic acid. This ester was 
submitted to the Fries rearrangement to give a

Ill.m .p. 67-67.5°

OH ,CH2CcH5
c h 3 c h = c %T CH<

\  m
CH3 jj Pdc''*' OH 

CH3. I CH2- ( ’HC
X H oC Jl,

"CH3

c h 3

mediocre yield of a solid ketone assigned the struc
ture III. The migratory group was placed in the 
six position because the product shows strong evi
dence of chelation, in that a dilute solution in 
cetane shows no other carbonyl band than one at 
1640 cm.“1, which can only be attributed to a 
strongly hydrogen-bonded conjugated carbonyl.12 
The evidence in favor of this interpretation is

(11) F. S. Kipping and A. E. Hunter, J .  C h e m . S o c . 83, 
1005(1903).

(12) M. Flett, J .  C h em . S o c . 1441 (1948).
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strengthened by the appearance of the hydroxyl 
band in the region of C-H stretching, 3000-3100 
cm.-1, indicative of a strong hydrogen bond.

Reduction of the ketone gave a nearly quanti
tative yield of alcohol, m.p. 105-154°. After sepa
ration of the diastcreomers v ia  chromatography 
on silicic acid and repeated crystallization from 
benzene-hexane there were obtained two isomeric 
alcohols, m.p. 104-106° (27%) and 157-158° 
(43%). The infrared spectra showed two hydroxyl 
bands, one at 3480, the other at 3360 cm.-1 for the 
higher melting isomer and 3600 and 3360 cm.-1 
for the lower. Neither shows absorption near 1640 
cm.-1. Either isomer on dehydration gave the same 
olefin, 2-(2-benzylpropenyl)-4,6-dimethylphenol
(II). This substance, the expected product of the 
single cycle rearrangement process, showed in
frared bands at 805 cm.-1 and 1645 cm.-1, char
acteristic of conjugated trisubstituted double bonds, 
as well as more complex C-H bending absorption 
in the 1480-1440 cm.-1 region, and a doublet 
at 1300, 1320 cm.-1 which serve to differentiate 
it effectively from the product actually isolated.

This olefin absorbs one mole of hydrogen when 
treated with hydrogen over palladium-on-charcoal 
at room temperature. The final product and that 
isolated from the thermal treatment of the benzyl 
ether show identical physical constants and in
frared spectra. This unexpected product does not 
arise as a result of heating substance II under the 
rearrangement conditions, for such treatment 
failed to alter the refractive index of II appreciably 
and the infrared spectrum also indicated that no 
serious changes had occurred. It is apparent there
fore that this saturated but rearranged material 
must arise during the thermal treatment of the 
ether itself.

Of course, this interesting and highly intriguing 
result negates the possibility of answering the 
question which prompted this study. Further work 
is needed before the means by which the benzyl 
group is transferred from the oxygen to the carbon 
atom can be made apparent. Published speculation 
on that process seems unwarranted at present.

E X P E R IM E N T A L 13

B e n z y l  2 -p ro p e n y l- /f ,6 -d im e th y lp h e n y l  ether. A 49% yield 
of 2-propcnyl-4,6-dimethylphenol, m.p. 72-73°, was ob
tained for the three-step synthesis of Claisen and Tietze3 
from 2,4-dimethylphenol. A freshly prepared solution of 
sodium methoxide, 7.1 g. (0.31 mole) of sodium in 150 ml. 
of absolute methanol, was mixed with 50 g. (0.31 mole) 
of 2-propenyl-4,6-dimethylphenol. To the boiling solution 
was added 39 g. (0.31 mole) of benzyl chloride over a 20 min. 
period. The solution was boiled for an additional 3 hr. After 
being allowed to cool, the solution was mixed with 30-00° 
petroleum ether and exhaustively extracted with Claisen’s 
alkali. The petroleum ether solution was dried over anhy
drous sodium sulfate, the solvent removed initially by dis-

(13) Analyses by Drs. Weiler and Strauss, Oxford, 
England. The authors are indebted also to Baird Atomic, 
Inc. and the Shell Oil Company for infrared spectra.

filiation at atmospheric pressure, and completed i n  vacua  
at 100° for 2 hr. The crude ether, 70.5 g. (78%), was a, 
mobile light yellow liquid, n™  1.5711, d2“ 1.0395.

The crude ether was distilled in a Hickman molecular 
still a t a bath temperature of 70-80° at 10-6 mm. pressure. 
The distillate was a mobile lemon yellow liquid which was 
chromatographed on activity II—III alumina (Woelnt) 
using petroleum ether as eluant. The first eluate was a 
colorless liquid which was taken up in petroleum ether, 
extracted with Claisen’s alkali, dried over anhydrous mag
nesium sulfate and redistilled in the molecular still. This 
substance had infrared bands at 696, 732, 856, 973, 1217, 
1378, and 1648 cm.-1. I t showed no absorption in the 1650- 
1800 or 3100-3600 cm.-1 regions. I t  had an b2ds 1.5710 and 
W  252 mm. e =  11,300.

A n a l .  Calcd. for Ci3H20O: C, 85.71; H, 7.93. Found: 
C, 85.64; H, 7.89. A second eluate, a thick deep yellow oil, 
was obtained but was not further investigated.

The colorless material was hydrogenated over 10% 
palladium-on-carbon in glacial acetic acid under atmospheric 
pressure. Absorption ceased after 2 moles of hydrogen were 
absorbed. Most of the acetic acid was removed v ia  evapo
ration under reduced pressure after removal of the catalyst . 
The product was taken up in petroleum ether, washed with 
water, and the resulting phenolic material removed by ex
traction with 6AT NaOH. After acidification of the basic 
extracts the phenol was isolated as usual and distilled in 
vacuo b.p. 90-95° (1.5 mm.), n2D5 1.5193. The infrared spec
trum of this product was identical with that of an authentic 
sample of 2-propyl-4,6-dimethylphenol prepared from 2- 
allyl-4,6-dimethylphenol3 by hydrogenation as above.

R e a rr a n g e m e n t. The above ether was heated under reflux 
(135°) a t 0.01 mm. pressure for 8 hr. The very viscous, deep- 
red resultant material showed no absorption a t 3200-3600 
cm.-1. Another sample (14.59) of the ether was heated in the 
dark under oxygen-free nitrogen a t 200-210° (bath tem
perature) for 6 hr.

The residual material (12.0 g.) was taken up in petroleum 
ether and extracted with several portions of 6 N  aqueous 
sodium hydroxide followed by Claisen’s alkali. Each of the 
combined extracts was acidified and extracted with petro
leum ether. Upon evaporation of the solvent, no product was 
obtained from the 61V alkali extract and 2.8 g. (19%) of a 
clear viscous liquid, b.p. 132-134° (0.15 mm.), re22 1.5570 
was obtained from the Claisen’s alkali extract. This sub
stance showed notable infrared bands a t 698 and 738, 850, 
1375, 1490, and 1605, and 3600 cm.-1.

From the original petroleum ether solution there was re
covered, after the base extractions, 9.2 g. (63%) of a neutral 
polymer. This was not further investigated.

2 ,4 -D im e lh y lp h e n y l  a -m e th y ld ih y d r o c in n a m a te . a-Methyl- 
dihydroeinnamic acid was prepared by conventional alkyl
ation of diethyl methylmalonate with benzyl chloride fol
lowed by basic hydrolysis in 80% aqueous ethanol and de
carboxylation at 180-200°. The yield of acid, b.p. 150-152° 
(8 mm.), tiq1 1.5142, d23 1.0644, Md calcd. 46.54, found 46.32 
was 62% from methyl malonate. The literature11 gives b.p. 
160° (12 mm.) for this acid.

A 44-g. (0.27 mole) sample of this acid was treated at 
40° with 64 g. (0.54 mole) of thionyl chloride. After 14 hr. 
the mixture was heated to reflux for 2 hr. The acid chloride 
was isolated by distillation, b.p. 116-117° (10 mm.), ra2D2 
1.5162, yield 47.2 g. (96%).

To a solution containing 85.5 g. (0.70 mole) of 2,4-di
methylphenol in 11. of dry benzene, 118 g. (0.65 mole) of the 
acid chloride was added dropwisc over a period of 1 hr. The 
mixture was heated under reflux for 3 hr. The reaction mix
ture was washed with water and dilute sodium bicarbonate 
and then dried. The ester was isolated by distillation, b.p. 
146-147° (0.5 mm.), n3D3 1.5372, d H  1.0437, 148.5 g. (86%) 
as a clear oily liquid.

A n a l .  Calcd. for CisHmCL: C, SO.59: II 7.46. Found: 
C, 80.65; H, 7.44. Mi, Calcd. 79.79; found 80.16.
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This ester shows strong absorption at 1760 e m u 1, the 
high frequency being characteristic of phenolic esters.14

2 - ( l -O x o -2 -b e n z y lp ro p y l) -4 - ,6 -d im e th y lp h e n o l. A mixture 
of 107 g. (0.4 mole) of the above ester and 160 g. (1.21 moles) 
of anhydrous aluminum chloride was allowed to stand 20 hr. 
a t room temperature. I t was then heated on a steam bath for 
2 hr. with vigorous stirring. After hydrolysis of the complex 
with cold colic, hydrochloric acid, the desired ketone was 
isolated by filtration and recrystallized from 90% ethanol, 
m.p. 67-67.5°, yield 43 g. (40%).

A n a l .  Calcd. for Ci8Ho0O«: C, 80.59; H, 7.46. Found: 
C, 80.37; H, 7.37. An infrared band at 1640 cm.-1 character
istic of a strongly hydrogen-bonded conjugated ketone12 was 
exhibited by this material in cetane solution.

2 - ( l -H y d r o x y -2 -b e n z y lp r o p y l) -4 ,6 -d im e th y lp h e n o l . The ke
tone prepared above, 11.0 g. (0.041 mole), was added drop- 
wise to a solution containing 0.9 g. (0.024 mole) of lithium 
aluminum hydride in 200 ml. of dry ether. After destruction 
of excess lithium aluminum hydride the mixture was poured 
on iced 10% sulfuric acid. The ether layer was separated and 
the aqueous layer was extracted twice with 100-ml. portions 
of ether. The combined extracts were washed with dilute 
ammonia, then with water until neutral, and dried. Evapora
tion of the ether left 10.8 g. (98%) of a crystalline alcohol, 
m.p. 105-154°. The mixture of diastereomers was separated 
by crystallization from a 50-50 benzene-hexane mixture. 
The pure high-melting isomer was obtained from a chloro
form eluate from a silicic acid column. I t  crystallized as fine 
silkyneedles, m.p. 157-158°, 4.7 g. (43%).

A n a l .  Calcd. for C18H22O2: C, 80.00; H, 8.15. Found: C, 
80.20; H, 8.12.

This isomer showed two partly overlapping bands in the

(14) J. F. Grove and H. A. Willis, J . C h em . Soc. 877
(1951).

OH stretching region at 3360 and 3480 cm.“1. No band in 
the region around 1640 cm.-1 was observed.

The low melting isomer crystallized as compact crystals, 
m.p. 104-106°, 3.1 g. (28%;) after repeated crystallization 
from benzene. It showed two well resolved bands in the 
infrared at 3600 and 3360 cm.

A n a l .  Calcd. for ClsH2.0 2: (', 80.00: If, 8.15. Found: C, 
80.05; H, 8.21.

2 - (~ -B e n z y lp m p e m y l) -4 ,6 -d im d h y lp h e n o l . A mixture of 1.2 
g. (0.0044 mole) of 2-(l-hydroxy-2-benzylpropyl)-4,6-di- 
methylphenol, m.p. 157-158°, and 1.5 g. of freshly fused 
potassium acid sulfate was heated at 160-170° for 30 min. 
The product was isolated by ether extraction and purified 
by distillation, b.p. 124-125° (0.15 mm.), ra“  1.5795, 
L0267, 0.96 g. (86%).

A n a l .  Calcd. for CisILcO: C, 85.71; H, 7.93. Found: C, 
86.09; H, 8.12.

Md: Calcd.: 79.18. Found: 80.21.
Similar dehydration of the alcohol, m.p. 104-106°, gave 

96% yield of a product with identical physical properties 
and infrared spectrum. Both samples showed absorption at 
805 cm.-1 and 1645 cm.“ 1 characteristic of a double bond 
and lacked the doublet in the 0 —H stretching region.

2 -{2 -B e n z y lp r o p y l) -4 ,6 -d im e th y lp h e n o l. A solution of olefin 
in glacial acetic acid was reduced at room temperature and 
atmospheric pressure over palladium-on-charcoal. One mole 
of hydrogen was absorbed. The solution was poured into 
water and the product extracted with petroleum ether. The 
reduced material was isolated in high yield by distillation 
under reduced pressure. Both the physical properties and 
infrared spectra were identical with those of the phenolic 
product from the reaction of the benzyl ether.

A n a l .  Calcd. for Ci8H>20 : C, 84.99; H, 8.70. Found: C, 
85.2; H, 8.84.

C o r v a l l i s , O r e .

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  C h e m i s t r y  o f  t e e  U n i v e r s i t y  o f  O r e g o n ]

Polarographic R ed u ction  o f  Som e B iaryls and A ryla lkenes12

L. H. KLEMM, C. D. LIND, and J. T. SPENCE3 

R e c e iv e d  J u l y  10 , 1 0 5 9

Polarographic half-wave reduction potentials of twenty-seven aromatic hydrocarbons (including fifteen conjugated 
alkenylnaphthalenes, the phenvlnaphthalenes, the phenylanthracenes, and the binaphthyls) were obtained under com
parable conditions in a solvent-electrolyte mixture of O.lAf tetra-n-butylammonium iodide in 75% dioxane-water. In general, 
among isomeric compounds, the facility of reduction is found to increase with lessened steric restriction to the attainment 
of coplanaritv in the molecule. Notable exceptions to this rule are found in the cases of the vinyl- and cyclopentenylnaph- 
thalenes, where the 1-naphthyl isomers are reduced at slightly less negative potentials than the sterically less-hindered 2- 
isomers. Results are interpreted in terms of angles of twist present in the substrate molecules at the time of electron addi
tion (transition state) and inherent conjugative powers of the alkenyl and aryl moieties. Coulometrie data are reported for 
seven compounds.

The polarographic reducibilities of styrene4 5 
and biphenyl6 are considered manifestations of the

(1) Abstracted (in part) from the Ph.D. dissertation of 
C. D. Lind, University of Oregon, June, 1956. This research 
was supported in part by a grant from The Petroleum Re
search Fund administered by the A m e r i c a n  C h e m i c a l  
S o c i e t y  and in part through sponsorship by the Office of 
Ordnance Research, U. S. Army, contract no. DA-04-200- 
ORD-176. Grateful acknowledgment is hereby made to 
these donors.

(2) Presented (in part) at the Northwest Regional Meet
ing of the A m e r i c a n  C h e m i c a l  S o c i e t y , Spokane, Wash
ington, June, 1957. Paper XI in the series on Chemical 
Reactivities of Arylcycloalkenes. For paper X see ref. 15.

(3) Research Associate, 1957-1958.

general phenomenon of conjugation inasmuch as 
the ir-electronic systems, as present in benzene and 
ethylene,6 are not similarly reducible. In general, 
one might anticipate that the electroreducibility 
of any biaryl or aryialkene would depend on at 
least three inherently different (but closely as
sociated) factors, v iz . (a) the conjugative powers

(4) H. A. Laitinen and S. Wawzonek, .4m. C h em . S o r .,  
64, 1765 (1942).

(5) S. Wawzonek and H. A. Laitinen, J .  A m .  C h em . S o e ., 
64, 2365 (1942).

(6) M. v. Stackelberg, P n la r n q ra p h is rh e  A rb e ita m e th o d en , 
W. de Gruyter and Co., Berlin, 1950, pp. 210-211.
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of the aryl and alkenyl moieties, (b) the angle of 
twist in the molecule, and (c) steric hindrance to 
approach of the substrate to the mercury cathode. 
This paper reports the results of experiments 
employing comparable procedures for all com
pounds used and designed particularly to investi
gate the influences of factors (a) and (b).

For this study fifteen conjugated naphthyl- 
alkenes, the phenylnaphthalenes, the binaphthyls, 
and the phenylanthracenes (as well as some parent 
arenes and alkylarenes used for comparison) were 
reduced polarographically in an electrolyte con
sisting of O.lilf tetra-n-butylammonium iodide in 
75% dioxane-water. Data for these compounds are 
recorded in Table I, examination of which shows 
that some compounds exhibit only one reduction 
wave while others exhibit two. For each compound 
the decision on the number of such waves is based 
on the following criteria (listed in approximate order 
of priority): (1) visual appearance of the polaro- 
gram, especially where two clearly separated waves 
are observable, (2) numerical values of the dif
fusion current constants, and (3) coulometry on 
a semimicro scale. Criterion (2) was sometimes 
sufficiently definitive to differentiate between a 
b o n a  f id e  single wave and two overlapping but visu
ally unresolved waves by comparison with similar

IV. R = H, n = 1 
VI. R = H, n =  2 

VIII. R =  H, n = 3 
(XHIa. R = CHj, n = l)7 

XV. R = CH3, n = 2

R
V. R  = H, n = 1 

VII. R = H, n = 2 
IX. R = H, n = 3 

XIV. R = CHS, n = 1 
XVII. R = CH3, n = 2

X III.7 R = H, R ' = CH3, n = 1
XVI. R = H, R ' =  CH3, n = 2

XVIII. R = CH3, R ' = H, n = 1
XIX. R = CH3, R ' = H, n = 2

(7) The compound to which we now assign structure X III 
is the same one as was previously designated by structure 
X llla . Structure X H Ia was proposed on the basis of chemi
cal degradative studies (c f . ref. 21). On the other hand struc
ture X III (but not structure X llla )  is consistent with the 
NMR spectrum of the substance (run in trideuterochloro- 
form at 60 megacycles using tetramethylsilane as an internal 
standard, determined and interpreted through the courtesy 
of Mr. LeRoy Johnson of Varian Associates) which shows a 
very complex multiplet at ca. 450 cycles (aromatic hydro
gens) and small spin splittings but no large doubling at ca.
01 cycles (methyl group attached to a carbon bearing no 
hydrogen) and lacks a signal a t ca. 320 cycles (expected 
for a hydrogen on a doubly bonded carbon). Structure X III 
is also preferred on the basis of the behavior of this com
pound in studies on rates of catalytic hydrogenation (L. H. 
Klemm and Roger Mann, unpublished).

data from cases treated successfully by means of 
criterion (1). Coulometry was interpreted on the 
basis that ideally each wave for a naphthylalkene 
should involve two electrons. As justification 
for this latter interpretation it was found that both 
the single wave for naphthalene and the first 
wave (of two visually separated waves of equal 
height) for IV consumed two electrons. The 
criteria employed for each compound are noted 
in Table I. The coulometric procedure and results 
are discussed later in this paper.

From Table I, it is apparent that the facility of 
electroreduction increases with decreasing (aver
age) angle of twist, 6, in isomeric biaryls. Thus, 
one has the orders 2-phenylnaphthalene <1- 
phenylnaphthalene; 2,2'-binaphthyl <l,2'-binaph- 
thyl <1,1'-binaphthyl; and 2-phenylanthracene 
< 1-phenylanthracene < 9-phenylanthracene both 
in 9 and in —E>/2- (for the first or only wave). 
Such orders could be ascribed to differences in 
electrical polarizabilities of the substrate molecules 
and/or to steric hindrance to adsorption of such 
molecules on the cathode. Steric hindrance ought 
to be particularly significant if the transition com
plex for electroreduction involved a coplanar 
substrate adsorbed flatwise on the mercury surface. 
On the other hand these orders are inconsistent with 
expectations based on relative values of the conju- 
gative power, C t,s for the isomeric naphthyl and 
isomeric anthryl groups. Thus Badger, Pearce, 
and Pettit01 8 9 and Braude and Gore10 have sum
marized experimental results which indicate that 
C( for the 1-naphthyl group is greater than that for 
the 2-naphthyl group and the Pullmans11 have 
noted that, in general, % for any position on an 
aromatic hydrocarbon should vary directly with 
the free-valence number of the position. If, then, 
C, were a controlling factor in electroreducibility 
of these biaryls one would expect to find reverse 
orders (from those observed) in —E i/2' for all 
three sets of isomers. In this same regard the small 
differences in Ei/,' between the pairs 9,9'-bi- 
anthry 1-anthracene (XXVIII and XXIII) and 
rubrene-naphthacene (XXX and XXIX) have been 
ascribed12 to a large deviation from coplanarity in 
the former member of each pair.

That C; is important, however, as a determinant 
of electroreducibility seems apparent if one selects

(8) In a previous paper [L. H. Klemm, H. Ziffer, J. W. 
Sprague, and W. Hodes, J .  O rg. C h e m ., 20, 190 (1955)] C ,  
was called the “conjugative effect.” The present nomencla
ture is consistent with that used in ref. 11.

(9) G. M. Badger, R. S. Pearce, and R. Pettit, J .  C h em . 
S o c ., 1112 (1952).

(10) E. A. Braude and P. H. Gore, J .  C h em . S o c ., 41 
(1959).

(11) B. Pullman and A. Pullman, P ro g re ss  i n  O rg a n ic  
C h e m is try , Vol. 4, J. W. Cook, ed., Butterworths, London, 
1958, Chap. 2, especially pp. 64-65. See also C. A. Coulson 
and H. C. Longuet-Higgins, P ro c . R o y . S o c ., 19SA, 188
(1948).

(12) G. J. Iloijtink, R ec . trav . c h im ., 74, 1525 (1955).
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TABLE I
POLAROGRAPHIC DATA FOR SOME SUBSTITUTED NAPHTHALENES, ANTHRACENES, AND N a PHTHACENES

id

Com
pound

No.

Substituent(s) on 
Parent Substrate 

Molecule

Potential“
(in v. vs. S.C.E.) 
First Second 
Wave Wave 

E i/,' E i/,"

c m . ' l ' t ' i «
(in /j-amp.-mmole-1- 

l.-mg. - Vj-sec.1'/0 
First Second 
Wave Wave

Criteria for 
Number of 

Waves6

I
On Naphthalene

None 2.46 2.6 V, D, C
II 1-Vinyl 2.09 2.52 2.5 2.6 V, D

III 2-Vinyl 2 .12-2.15 ' 2.54 2 .7 -3 .9 ' 2.7 V, D
IV l-( 1-Cyclopentenyl) 2.27 2.53 2.1 2.2 V, C, D
V 2-( 1-Cyclopentenyl) 2.30 2.55 2.1 3.4 V

VI l-( 1-Cyclohexenyl) 2.46 2.56 1.7 1.9 Cd
VII 2-( 1-Cyclohexenyl) 2.38 2.56 2.1 3.1 V

V ili l-( 1-Cycloheptenyl) 2.41 2.52 1.9 2.0 C, D*
IX 2-( 1-Cyeloheptenyl) 2.35 2.56 1.7 1.5 V
X 1-Cyclopentyl — 2.53 — 3.4 V*

XI 1-Phenyl 2.40 — 2.5 — V,' D
X II 2-Phenvl 2.30 2.51 2.5 2.6 V, D

X III 1 -(2- Methyl -1-cyclopentenyl) (2.42) (2.50) (1.3) (1-3) D'N
XIV 2-(5-Methyl-l-cyclopentenyl) 2.37 2.50 1.7 1.4 C5
XV l-( 6-Methyl- 1-cyclohexenyl) 2.43 2.52 1.8 1.7 I)'1

XVI l-( 2-Methvl- 1-cyclohexenyl) (2.46) (2.55) (1.4) (1.4) l y . f
XVII 2-( 6-Methyl- 1-cyclohexenyl) 2.42 2.50 1.2 1.1 C«

XVIII 8-Methjd, l-( 1-eyclopentenyl) 2.36 2.51 1.8 1.8 V, D
XIX 8-Methyl, l-( 1-cyclohexenyl) (2.42) (2.49) (1.1) (1.1) D'D
XX l-( 1-Naphthyl) 2.33" 2.54 _i j _i j V*

XXI l-( 2-Naphthyl) 2.24 2.47 1.1 2.3 V
XXII 2-( 2-Naphthyl) 2.17' 2 .47m __j,n __ j,n V

X X III
On Anthracene

None 1.96 1.9 V'
XXIV 1-I’henyl 1.89 ?° 0.8 — V
XXV 2-Phenyl 1.87 2.58 __ n __n,p V

XXVI 9-Phenyl 1.92 — 1.8 — V'
XXVII 9-Methvl 1.94 — 2.1 — V'

XXVIII 9-(9-Anthryl)5 1.97 2.38 3.0 0.9 —

XXIX
On Naphthacene

None5 1.58 1.84
XXX 9,10,11,12-T etraphenyl5 1.55 1.80 — — —

“ For a compound showing only one wave, the half-wave potential (Ey,) is given under whichever column seems more 
appropriate. 6 V denotes visual observation of the polarogram; C, coulometrv; I), diffusion current constant. '  The shape 
of the curve and the high value for the diffusion current constant indicate that this wave may actually consist of two partly 
superimposed smaller waves—one a minor pre-wave of absolute value <2.0!! and t  ie  other at —2.15 (diffusion current constant 
=  2.7). Gas chromatography of III  (conducted by l)rs. G. H. Beaven and E. A. Johnson a t the Medical Research Council 
Laboratories, London, England) showed the presence of 10-15% of an impurity therein. d Some polarograms show the visual 
semblance of two waves; others do not. * No indication of the presence of more than one wave in the polarogram was visually 
apparent. 1 In this case the value of the diffusion current constant, as well as other observations, is not definitive for the 
presence of two waves rather than of one. The numerical data listed are therefore parenthesized. 5 The polarogram shows a 
slight indication of two waves. * One calculates a value of 2.35 on the basis of the results of Hoijtink (ref. 12) using 96% 
dioxane and assuming a change of +0.10 v. in E y ,' (as found for naphthalene) in changing the solvent to 75% dioxane. 
* No diffusion current constant is given inasmuch as the characteristics of the capillary used are unknown. 3 The two waves 
are approximately equal in height. * For coulometric results see Table II. 1 A pre-wave of height '/< to 1 /a of the first wave 
occurs a t ca. —2.01 v. m Measured in 0.175.17 tetra-n-butylammonium iodide. n The concentration of the solution (nearly 
saturated) was not known quantitatively. 0 Though a second wave is present, the polarogram did notallow determination 
of Ey,". p The height of this wave is 3-4 times that of the first wave. 5 Data of Hoijtink (ref. 12), corrected for effect of sol
vent as noted in preceding footnote *.

scries of compounds for which 0-distributions should 
be equivalent or nearly so and reductions of analo
gous structural features should ensue (v id e  in fr a ) .  
Thus, one notes that 2,2'-binaphthyl reduces more 
readily than does 2-phenylnaphthalene. Also, for 
the 2-alkenylnaphthalenes reducibility is fostered 
in the order (of alkenyl substituents) vinyl >

cyclopentenyl > cycloheptenyl > cyclohexenyl. 
The relationship vinyl > cyclopentenyl > cyclo
hexenyl is in accord with the order of C, as based 
on ultraviolet absorption spectra13 and Diels-

(13) Sec ref. in footnote 8.
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Alder reactivity.14 Although the appropriate rel
ative C,-value for the cycloheptenyl group is 
not clearly known, it is generally considered to be 
equal to or less than that of the cyclohexenyl 
group.15’16 On the other hand, one would expect 
the cyclohexenylnaphthalenes to reduce more 
readily than their cycloheptenyl homologs if 
bulkiness of the substituent were the sole pertinent 
structural factor involved.

For arylalkenes and biaryls one would anticipate 
that Ei/,' would be dependent on 0„, the angle of 
twist in the molecule at the time of electron addi
tion, rather than on 0, the angle of twist in the un
perturbed molecule present in solution. Electrical 
polarization and/or preferential flat-wise adsorp
tion of the substrate should operate to make 0„ < 0, 
if possible. As molecular models indicate little or 
no steric hindrance to the attainment of coplanar
ity13 in the 2-substituted arenes III, V, VII, IX, 
XII, XXII, and XXV, we suggest that these 
molecules are rotated into virtual coplanarity17 
prior to (or in the process of) electroreduction 
(0„ =  0°). Comparison of E i7,'-values listed in 
Table I shows that in only two cases (the vinyl- 
naphthalenes and the cyclopentenylnaphthalenes) 
does the 1-isomer reduce more readily than the
2-isomer (as expected on the basis of C/). It is 
proposed, therefore, that of the 1-naphthyl com
pounds studied, only II and IV (where steric hin
drance to rotation of the alkenyl group into co
planarity would be least) have dv =  0°. For all of 
the other biaryls and arylalkenes listed it is be
lieved that 0„ > 0°.

Seven compounds (c/. Table II) -were studied by 
coulometry using an electrolysis cell containing a 
silver anode, a mercury cathode maintained at a 
potential 0.08 to 0.15 volt more negative than 
Ei/, ( i.e . either Ey/ or Ey," as the case may be), 
and the same solvent-electrolyte as employed in 
polarography. The cell was designed to meet the 
requirements of (a) an inert atmosphere, (b) low 
internal resistance, (c) efficient mixing of compo
nents in the cathode chamber, and (d) a mechanical 
means of preventing the flakes of silver iodide 
(arising from reaction at the anode) from contact
ing the cathode (and being reduced there). Require
ment (d) proved the most difficult to satisfy with
out deleterious effects on (b). It was met by using 
a diaphragm consisting of a piece of filter paper and 
a plug of glass wool, suspended (by means of a 
glass support) between large electrodes in close

(14) L. II. Klemm, W. Hodes, and W. B. Schaap, J .  Orq. 
C h e m ., 19, 451 (1954).

(15) L. II. Klemm, B. T. Ho, C. D. Lind, B. I. Mao- 
Gowan, and E. Y. K. Mak, J .  Org. C h e m ., 24, 949 (1959).

(16) G. Baddeley, A n n .  R e p ts . , LI, 170-171 (1954); 
W. M. Schubert and W. A. Sweeney, J .  A m .  C h em . S o c ., 77, 
2297 (1955); O. H. Wheeler, A m .  C h em  S o c ., 78, 3210 
(1956).

(17) Any molecule having an angle of twist between — a °  
and + a °  (c f . ref. 13) should be experimentally indistinguish
able from one where 0,. is precisely 0°.

TABLE II
C o u l o m e t r y  o f  S e v e n  H y d r o c a r b o n s  i n  0.1.17 T e t r a - 

M-BUTYLAMMONIUM IoDIDE IN  75% DlOXANE-WATER

Com
pound

No.

Controlled 
Cathode 
Potential 

(v. vs. 
S.C.E.)

No. of 
Trials

Electrons 
Absorbed 
per Mole

cule of 
Compound

Perman
ganate 
Test on 

Resultant 
Solution

I -2 .6 0 4 2.0 ±  0.2 +
IV -2 .4 0 1 2.0 ± 0 .2 —

VI -2 .6 5 2 1.1 ± 0 .3 +
V ili -2 .6 0 3 4.1 ± 0 .3 +
XIV -2 .6 5 3 4.1 ±  0.5

XVII -2 .6 0 3 4.2 ± 0 .2 +
XX -2 .4 2 1 4.0 ±  0.2 +
XX -2 .6 5 3 6.9 ± 0 .5 +

proximity. Even use of a thin, coarse sintered- 
glass diaphragm raised the internal resistance of 
the cell so much that successful coulometry could 
not be achieved. Thus, with the latter diaphragm, 
onset of electrolysis occurred only at a high poten
tial drop (c a . 100 v.) across the cell and was ac
companied by excessive heating (even boiling) of 
the solution as well as by formation of dark sus
pended particles throughout the cell. Inasmuch as 
half-wave reduction potentials are known to vary 
with apparatus and solvent used, our method was 
standardized against naphthalene which consistently 
absorbed 2.0 ± 0.2 electrons/molecule when the 
cathode potential was maintained at —2.60 v. 
(vs. S .C .E .) . As noted elsewhere, the first visually 
observable wave of IV also corresponded to ab
sorption of two electrons per molecule, while the 
visually singular waves of VI, Vili, XIV, and XVII 
corresponded to absorption of four. 1,1'-Binaph
thyl (XX) absorbed four electrons/molecule when 
the cathode potential was maintained at a value 
intermediate between E y /  and E y ,"  or a total 
of seven electrons/molecule when such potential 
was held more negative than E y ,"  throughout the 
electrolysis.

Remembering that only conjugated benzene 
rings and carbon-carbon double bonds are electro- 
reducible and that naphthalene reduces more 
readily than biphenyl, one can, in certain instances, 
assign selected polarographic waves to reduction of 
particular bonds or systems of bonds in the sub
strate. Thus, the single wave exhibited by 1- 
phenylnaphthalene may be ascribed to the trans
formation of this compound to l-phenyl-1,4- 
dihydronaphthalene ; the two waves of 2-phenyl- 
naphthalene, to double reduction of the substi
tuted ring of the naphthyl moiety to yield 2-phenyl-
1,2,3,4-tetrahydronaphthalene; and the single wave 
for anthracene ami 9-substituted anthracenes, to 
reduction at the 9,10-positions. For the alkenyl- 
naphthalenes reduction should proceed according 
to generalized Scheme I, which is in agreement with 
the coulometric results and permanganate tests 
recorded for IV, VI, VIH. XIV, and XVII in
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Table II and with the observation that E y ,"  
for IV is numerically equal to Ey, (single wave) 
for 1-cyclopentylnaphthalene (X). It might also 
be noted that values of E y ,"  (but not of E y ,')  
for these alkenes are (a) only slightly dependent 
(maximum deviation from average, 0.03 v.) on 
the nature of the alkenyl group and its position 
on the naphthalene ring and (b) more negative 
than E y , for naphthalene. Situation (b) may be 
the result of electron donation by the alkyl group 
to the naphthyl moiety and/or steric hindrance by 
such group to preferred orientation of the mole
cule onto the mercury surface. On the contrary, 
however, the methyl group (c/. our data for the 
pairs XXIII vs. XXVII and IV vs. XVIII, as well 
as those reported for naphthalene vs. the mono- 
methylnaphthalenes(IS) * * 18 and benz[a]anthracene vs. 
its 7,12-dimethyl derivative6) show little, if any, 
effect on Ey, (A Ey, ^ 0.02 v.), as compared to 
hydrogen. Clarification of the reason for this dis
crepancy between the effects of the methyl group 
and those of the other alkyl groups must await 
further experimentation.

E X P E R IM E N T A L

Preparations and/or purifications of all substrates (except 
XXII), the solvent,19 20 21 22 23 24 25 26 and the electrolyte have been described 
previously.14’16,20 -  26 XXII, obtained as a by-product from

(IS) R. A. Burdett and B. E. Gordon, A n a l .  C h e m ., 19,
843 (1947).

(19) Attention should be called to the highly toxic nature 
of even low concentrations of dioxane in the atmosphere
when one is exposed thereto over extended periods of time
fc f. N. I. Sax, D a n g e r o u s  P ro p e r tie s  o f  T n d v M ria l M a te r ia ls ,  
Reinhold Publishing Corp., New York, 1957, p. 636], In 
the interests of safety for laboratory personnel it is strongly 
recommended that a ll  s te p s  i n  p u r i f ic a t io n  o f  th is  so lven t or  
o f  h a n d lin g  i t  o ther th a n  i n  t ig h t ly  d o s e d  co n ta in e r s  sh o u ld  he 
co n d u c ted  in  a good hood.

(20) L. II. Klemm and W. Hodes, J .  A m .  C h em . S o c ., 73, 
5181 (1951).

(21) L. H. Klemm and II. Ziffer, J .  O rg. C h e m ., 20, 182
(1955).

(22) L. II. Klemm, J. W. Sprague, and H. Ziffer, ./. O rg. 
C h e m ., 20, 200 (1955).

(23) L. H. Klemm, J. W. Sprague, and E. Y. K. Mak, 
J .  O rg. C h e m ., 22, 161 (1957).

(24) IV. E. Baehmann and L. H. Klemm, J .  A m .  C h em . 
S o c ., 72, 4911 (1950).

(25) L. II. Klemm, D. Reed, and C. D. Lind, J .  Org. 
C h e m ., 22, 739 (1957).

(26) I.. H. Klemm, D. Reed, L. A. Miller, and B. T. Ho,
./. O rg. C h e m .. 24, 1468 (1959).

the reaction of 2-naphthylmagnesium bromide with cyclo
hexanone, was chromatographed on alumina and recrystal
lized from ethanol, m.p. 186-188°.

P o la r o g ra p h y . The solvent-electrolyte mixture, 0.1 M  
tetra-ra-butylammonium iodide in 75% (by volume) dioxane 
in water, was pre-electrolyzed in an H-type cell for 30 min. 
a t an applied potent ial of 2.8 v. in an atmosphere of purified27 
nitrogen. The resultant solution had a pH of ca. 9 as meas
ured by a Beckman instrument. Polarography proper was 
conducted using a Fisher Elect.ropode; an attached poten
tiometer for measuring E, the applied potential, to an ac
curacy of ±0.2 mv.; Sargent S-29417 capillary tubing 
(typical characteristics: in  = 0.6-0.9 mg. per sec., t =  8-11 
sec. at E =  0), and a thermostated (25.0 ±  0.2°) three-com- 
partmental cell consisting effectively of an H-cell with an 
intermediate vertical compartment separated from the 
cathode compartment by means of a sintered glass disk of 
medium porosity and from the anode compartment by a 
similar disk plus an agar-potassium chloride plug. The anode 
compartment constituted a saturated calomel electrode.28 
The intermediate compartment contained saturated aqueous 
tetra-n-butylammonium iodide (renewed for each experi
ment) to reduce diffusion of potassium ion from anode to 
cathode and of dioxane in the opposite direction. To the 
cathode compartment (purified nitrogen atmosphere) were 
added 5 ml. of pre-electrolyzed solution and 1, 2, or 3 ml. 
(added in 1-m). increments to give runs at three different 
concentrations) of hydrocarbon stock solution, made up by 
diluting 1 ml. of ca. 6 X 10~ 2M  hydrocarbon in 75% 
dioxane to 10 ml. with pre-eleetrolyzed solution. The cur
rent i  was obtained from the average of the minimum and 
maximum deflections of the damped galvanometer. Values 
of Ey, were corrected for ¿R drop (R = 5000 ohms) across 
the cell and generally were within 8 mv. of one another for 
the various runs on any one compound.

In one case (XVIII) where the polarogram showed some 
irregularities, i d, the diffusion current, was ascertained as a 
function of the effective head of mercury and was consistent 
with expectations for a diffusion-controlled reduction proc
ess.29 Unlike the cases reported by Wawzonek and Laitinen6 
anthracene and substituted anthracenes showed no special 
irregularities in diffusion current constants or shapes of 
polarograms in our studies. Polarographic data are reported 
in Table I.

C o id o m e try . The electrolytic cell consisted of a 250-ml. 
pyrex beaker containing a magnetically stirred lower layer 
of mercury (cathode), an upper layer of 50 ml. of 75% 
dioxane containing 0.1)1/ tetra-re-butylammonium iodide and 
(when desired) the reducible hydrocarbon, and an anode 
compartment (suspended in the electrolytic solution just 
above the cathode and bearing a horizontal circular silver 
plate anode) partitioned from the cathode compartment by 
means of a glass sieve holding a filter paper and a plug of 
glass wool. The glass sieve was prepared from a glass tube 
bearing a coarse sintered glass disk sealed flush with the 
lower end. Several holes were drilled completely through 
the glass disk in order to decrease internal resistance of the 
cell. The entire cell was sealed from contact with air by 
means of a tightly fitting closure plate and rubber stoppers 
hearing the necessary wires and tubes for operation. Purified 
nitrogen was passed through the apparatus continuously. 
The outlet tube of an external, saturated calomel electrode 
was inserted into the cell in close proximity to the upper

(27) We are indob,ed to Dr. W. B. Schaap of Indiana 
University for directions on the construction of a self
regenerating vanadous sulfate-perchloric acid column used 
in this purification.

(28) O. F. Steinbach and C. V. King, E x p e r im e n ts  i n  
P h y s ic a l  C h e m is try , American Book Co., New’ York 1950, 
p .  175.

(29) I. M. Kolthoff and J. J. Lingano, P o la r o g ra p h y , 2nd 
Ed.. Interscience Publishers, New York, 1952, Voi. I, pp.
85-86.
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surface of the mercury cathode. The potential difference 
between the S.C.E. and the cathode was measured b> means 
of a potentiometer. A gas coulometer30 and a milliammeter 
were placed in series with the electrolysis cell and a volt
meter was placed in parallel with it. The voltage across the 
cell was adjusted manually.

In operation the solvent-electrolyte mixture (without 
hydrocarbon) was pre-electrolyzed by adowing a current 
of 50 milliamp. to flow through the cell for 15 min. Then a 
potential difference of 20 v. was maintained across the cell 
until the cathode had attained the potential desired for the 
electroreduction. During this time a record of current vs. 
cathode potential was made. When the current had ceased 
to decrease with time (residual value 2-6 milliamp.), the

(30) J. J. Lingane, J .  A m .  C hem . S o c ., 67, 1916 (1945).

initial reading of the coulometer was noted, a sample of 1 
ml. of standard 0.1-0.271/ hydrocarbon substrate in 75% 
dioxane was added to the cathode compartment, and a timer 
was started. As the cathode potential immediately became 
more positive, the overall potential was again raised to 20 v. 
and the previous procedure of adjusting the voltage was 
repeated. When the current had reached a steady back
ground value again (1-3 hr.) electrolysis was stopped. The 
total number of coulombs passed during the electrolysis 
proper (as calculated from the gas coulometric readings) 
was corrected for background current-flow (as based both 
on time of electrolysis and intervening cathode potentials). 
A sample of the electrolytic solution was withdrawn and 
tested for unsaturation by means of aqueous permanganate. 
Results are recorded in Table II.

E u g e n e , O r e .

[C o n t r i b u t i o n  p r o m  t h e  G e n e r a l  E l e c t r i c  R e s e a r c h  L a b o r a t o r y ]

C atalytic  O xidation  o f  H ydrocarbons. In itia t io n  by O zone

ALLAN S. HAY, JOHN W. EUSTANCE, a n d  HARRY S. BLANCHARD 

R ece ived  S e p te m b e r  SO, 19 5 9

The isomeric xylenes are readily oxidized to the respective toluic acids with oxygen in acetic acid solvent at reflux tem
perature. The reaction is catalyzed by cobalt ion and initiated by ozone. ro-Toluic acid and ¡»-toluic acid are oxidized further 
a t a slower rate to the corresponding dibasic acids. When o-toluic acid is oxidized the product, o-phthalic acid, chelates wdth 
cobalt ion and interferes with the chain initiation step, ROOH +  Co(III) — >  ROO- +  Co(II) +  H +, inhibiting the 
reaction.

Ozone is a powerful oxidant and will oxidize 
silver (I) ions to silver(II) ions1 in acid solution. 
We have found that the characteristic green color 
of cobalt(III) acetate appears when an ozone- 
oxygen stream is passed into cobalt(II) acetate 
solutions in acetic acid. We felt that a more 
efficient oxidation system might be obtained if the 
acetaldehyde-oxygen in the Hull oxidation2 was 
replaced by ozone-oxygen. An oxidation of p-xylene 
in acetic acid at reflux temperature was effected by 
introducing oxygen containing ca . 2 %  ozone into 
the vigorously stirred system. The reaction rapidly 
attained the characteristic green color described 
in the Hull oxidation. However, the product of the 
reaction is principally terephthalic acid. Further
more, the ozone can be stopped after the green 
color is attained and the reaction is self-sustaining, 
i.e . it continues without further addition of ozone. 
Toluene and some substituted toluenes are also 
oxidized to the corresponding carboxylic acids. 
If the water formed is removed continuously then 
phthalide can be oxidized to phthalic anhydride 
which does not interfere with the oxidation.

We found that o-xylene, unlike the other two 
isomers, cannot readily be oxidized to the dibasic 
acid. Initially, we felt that the o-phthalic acid 
formed might be degraded further. Subsequent in

(1) A. A. Noyes, S. L. Hoard, and K. S. Pilzer, J .  A m .  
Chem.. S o c . 57,1221-9 (1935).

(2) D. C. Hull, U. S. Patent 2,673,217, March 23, 1954.

vestigation showed that o-phthalic acid was stable 
in the reaction mixture. However, when it was 
present in the reaction in an amount at least 
equivalent (moles) to the cobalt(II) ion the char
acteristic green color of cobalt (III) ion could not 
be obtained even when ozone-oxygen mixtures were 
passed through continuously. Furthermore, self- 
sustaining oxidations of any of the xylenes could 
not be obtained when it was present in appreciable 
amounts. As a consequence, an o-xylene oxidation 
can be initiated with ozone and the reaction wffiich 
essentially proceeds stepwise will stop when most 
of the o-xylene is converted to o-toluic acid and an 
amount of phthalic acid equivalent to the cobalt 
ion in solution is formed. At this point the reaction 
mixture is no longer green but is the pink color 
characteristic of cobalt(II) acetate. If the initiator, 
ozone, is added continuously, more o-phthalic acid 
can be produced at a much reduced rate. The other 
xylenes are also oxidized to the corresponding 
dibasic acids in the presence of o-phthalic acid at 
a reduced rate if ozone is added continuously.

Since the intermediate toluic acids have dis
sociation constants of the same order of magnitude 
as the solvent acetic acid, they would be expected 
to have little effect on the catalyst. Iso phthalic and 
terephthalic acids are relatively insoluble in the 
reaction mixture and also do not interfere with the 
catalyst. However, o-phthalic acid is not only the 
strongest acid present in the reaction mixture, but 
it can also form a chelate with cobalt(II) and co
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balt(III) ions3 and this would change the oxidation 
potential of the system.4 Generally it is found that 
the higher valence state is stabilized to some degree.

Redox catalysts, such as cobalt ion, function in 
the following manner:5

Co+2 +  ROOH — Co+3 +  R O  +  O H - 
Co+3 -j- ROOH — Co+2 +  ROO- +  H +

Since the catalyst in the Hull oxidation must be 
at least partly in the trivalent state, we can per
haps assume that the reaction of solvated cobalt-
(III) ion with hydroperoxide is the principal 
chain initiation step. It is this step that would be 
interfered with by any material that stabilizes the 
cobalt ion in the trivalent state. This is in agree
ment with the experimental data. In the presence 
of o-phthalic acid the oxidation will continue only 
when the initiator, ozone, is added continuously 
to the reaction mixture.

E X P E R IM E N T A L

A round bottom flask was equipped with a gas inlet tube, 
a thermometer, and a condenser which also served as a gas 
exit tube. Efficient oxygen-liquid mixing was obtained with 
a vibromixer stirrer. The ozonizer was the conventional 
concentric tube type with a brine electrolyte. The phthalic 
acids and intermediate toluic acids produced in all cases 
were substantially pure as indicated by melting point or 
neutral equivalent where the material did not melt below 
300°.

O x id a tio n  o f  m -x y le n e . To a 2-1. reaction flask was added 
130 g. (1.23 moles) of ?re-xylene, 40 g. (0.16 mole) of cobalt(II) 
acetate tetrahydrate and 1 I. of glacial acetic acid. An ozone 
(2 g. per hr.)-oxygen stream was passed into the vigorously 
stirred solution at reflux temperature (115-120°) at a rate 
of 701. per hr. The ozone was stopped after 75 min., a t which 
time the solution was dark green in color. The reaction was 
continued for a further 15 hr. during which time the reaction 
mixture remained dark green in color. After cooling to room 
temperature, the precipitated isophthalic acid was removed 
by filtration and washed with a small amount of acetic acid 
to remove cobalt salts. An aliquot of the combined filtrate 
and washings was evaporated to dryness, then treated with 
dilute hydrochloric acid to dissolve cobalt salts. Ether ex
traction separated the m-toluic acid from the isophthalic 
acid. The total yield of isophthalic acid obtained was 136.3 
g. (67%) and »(-toluic acid 35.2 g. (21%).

Similar results are obtained in the oxidation of ¡»-xylene.
O x id a tio n  o f  o -xy len e . To a 2-1. reaction flask was added 

312 g. of o-xylene, 40 g. cobalt(II) acetate tetrahydrate and 
750 ml. glacial acetic acid. An ozone (2.2 g. per hr.)-oxygen 
stream was passed through the vigorously stirred solution 
at reflux temperature (115-120°) at a rate of 90 1. per hr. 
The ozone was stopped after 1.5 hr. a t which time the 
solution was dark green in color. At the end of 10 hr., the 
reaction was pink in color. After cooling, the reaction mix
ture was flooded with 3.5 1. of water and the precipitated o- 
toluic acid was removed by filtration, washed with water, 
and air dried to yield 308 g. of o-toluic acid (77%). No at
tempt was made to recover more o-toluic acid from the 
filtrate.

When ozone is passed through the reaction mixture con
tinuously, appreciable amounts of o-phthalic acid are

(3) M. Bobtelsky and I. Bar-Gadda, B u ll .  soc. c h im . 
F ra n c e , 20, 687 (1953).

(4) A. E. Martell and M. Calvin, C h e m is tr y  o f  the  M e ta l
C h e la te  C o m p o u n d s , Prentice Hall, Inc., New York (1953) p. 
58-9.

formed. The following oxidations were run containing vary
ing amounts of catalyst. An ozone (1 g. per hr.)-oxygen 
stream (36 1. per hr.) wras passed through a vigorously stirred 
solution containing the catalyst, and 10.6 g. (0.1 mole) of 
o-xylene in 200 mi. of glacial acetic acid at reflux tempera
ture. After 7.5 hr., the acetic acid was removed by distilla
tion and the residue was treated with enough dilute hydro
chloric acid to dissolve the cobalt salts. After filtration the 
o-toluic acid was separated from the o-phthalic acid by ex
traction with chloroform.

Yield (moles)
Co(OAcV4H20 o-Toluic o-Phthalic

(moles) acid acid

1 0.1 0.049 0.025
2 0.02 0.061 0.019
3 0.004 0.061 0.008

O x id a tio n s  i n  the presence  o f  o -p h th a lic  a c id . When oxygen 
containing 1.5% ozone was passed through a glacial acetic 
acid (250 ml.) solution containing 10 g. of cobalt(II) acetate 
tetrahydrate (0.04 mole) and 20 g. of o-phthalic acid (0.12 
mole) a t 115° for 2 hr., the solution darkened slightly but 
did not attain the dark green color characteristic of cobalt-
(III) acetate that is attained in the absence of o-phthalic 
acid. The oxidation of the xylenes to phthalic acids will 
proceed in the presence of o-phthalic acid only if ozone is 
passed through the reaction continuously.

O x id a tio n  o f  p -x y le n e  i n  the  p re sen ce  o f  o -p h th a lic  a c id . 
To a solution of 5 g. (0.02 mole) of cobalt(II) acetate tetra
hydrate in 200 ml. of glacial acetic acid was added 8.6 g. 
(0.08 mole) of p-xylene and 3.3 g. (0.02 mole) of o-phthalic 
acid. An ozone (2 g. per hr.)-oxvgen stream (60 1. per hr.) 
was passed through the vigorously stirred solution a t reflux 
temperature. After 2.5 hr., the reaction mixture was cooled, 
filtered, and washed with a small amount of acetic acid 
to yield 10.2 g. (76%) of terephthalic acid.

In a similar experiment 10 g. (0.06 mole) of o-phthalic 
acid was added to the reaction mixture. After 5 hr., there 
was obtained 9.8 g. (73%) of terephthalic acid. No attem pt 
was made to isolate the p-toluic acid from the filtrates.

O x id a tio n  o f  p -m e th o x y to lu e n e . To a solution of 6 g. (0.024 
mole) of cobalt(II) acetate tetrahydrate in 200 ml. of glacial 
acetic acid, was added 12 g. (0.1 mole) of p-methoxytoluene. 
An ozone (1.0 g. per hr.)-oxygen stream (30 1. per hr.) 
was passed through the vigorously stirred solution at reflux 
temperature. After 1.9 hr., the ozone was stopped and the 
reaction was continued for 2.1 hr. further. The reaction 
mixture was flooded with water and the copious pale yellow 
precipitate separated by filtration and dried in a vacuum 
desiccator. There was obtained 12.2 g. (82%) of p-anisic 
acid, which begins to soften at 178°, m.p. 184-187°; neutral 
equivalent 150, 152 (theory 152).

O x id a tio n  o f  p h lh a lid e . To a solution of 5 g. (0.02 mole) of 
cobalt(II) acetate in 300 ml. of glacial acetic acid was added 
15 g. (0.11 mole) of phthalide. A stream of ozone (1.7 g. 
per hr.)-oxygen was passed through the vigorously stirred 
solution at the temperature of reflux. Acetic acid was re
moved continuously from the reaction mixture through an
8-inch Vigreux column. During a 5-hr. period, a total of 
400 ml. of acetic acid was removed from the reaction mixture 
and a total of 200 ml. of acetic acid was gradually added 
to the reaction mixture. The ozone was stopped after 4 hr. 
and after 1 hr. further, the reaction mixture was cooled. 
There was deposited 13.4 g. (81%) colorless needles, m.p. 
132°. There was no depression in a mixed melting point 
with an authentic sample of phthalic anhydride.

S c h e n e c t a d y , N. Y.

(5) For a discussion of metal-catalyzed autooxidation 
see C. Walling, F ree  R a d ic a ls  i n  S o lu t io n , John Wiley A 
Sons, Inc. (New York) 1957, pp. 427-30.
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[ C o n t r i b u t i o n  f r o m  t h e  N o r t h e r n  R e g i o n a l  R e s e a r c h  L a b o r a t o r y 1]

T he O zonization  o f  M ethyl O leate2

E. H. PRYDE, D. E. ANDERS, H. M. TEETER, a n d  J. C. COWAN

R ece ived  J u l y  I S ,  1 9 5 9

The effect of solvent on the ozonization of methyl oleate and on the reductive decomposition of the ozonolysis products 
has been studied. The use of a reactive solvent such as methanol or acetic acid resulted in isolated product yields of 87%. 
Carbonyl .yields before isolation of product were on the order of 90-92%. The use of a nonreactivc solvent such as ethyl 
acetate or heptane resulted in low yield and impure products. The results are explained on the basis of the Criegee zwitterion 
mechanism for ozonization.

The ozonide of oleic acid and the cleavage 
products obtained by treatment with water 
azelaic semialdehyde, azelaic acid, pelargonalde- 
hyde, and pelargonic acid were first described by 
Harries and Thieme.3 This original work was car
ried out without the use of solvent. Subsequently, 
hexane,4 chloroform,5 carbon tetrachloride,6 glacial 
acetic acid,7’8 ethyl chloride,9 ethyl acetate,10 
and ethyl alcohol11 have been used as solvents. 
The highest yields of isolated product (60% of 
pure or 75% of crude methyl azelaaldehydate) 
were obtained by ozonization in glacial acetic 
acid followed by reduction with zinc.8 Azelaic 
semialdehyde has been isolated in 80% yield 
as the semicarbazone by ozonization in ethyl 
chloride followed by catalytic hydrogenation in 
methanol.9 Sodium oleate has also been ozonized 
in aqueous solution, but the apparent yield of 
product, isolated as the oxime, was only 53%.12

Recent studies on the ozonization of various 
unsaturated compounds have shown not only 
methanol13-16 but also ethanol17 to be a superior 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

(1) This is a laboratory of the Northern Utilization Re
search and Development Division, Agricultural Research 
Service, U. S. Department of Agriculture.

(2) Presented in part before the Division of Organic 
Chemistry at the 136th meeting of the American Chemical 
Society at Atlantic City, N. J., September 16, 1959.

(3) C. Harries and C. Thieme, A n n . ,  343, 318 (1905).
(4) E. Molinari and E. Soncini, R e r ., 39, 2735 (1906).
(5) C. Harries and C. Thieme, B e r ., 38, 2844 (1906).
(6) C. Harries, B e r ., 39 , 3728 (1906).
(7) B. Helferich and W. Schafer, B e r ., 57B, 1911 (1924).
(8) C. R. Noller and R. Adams, J .  A m .  C h em . S o c ., 48, 

1074 (1926).
(9) F. G. Fischer, H. Dull, and L. Er~el, B e r ., 65B, 1467 

(1932).
(10) M. Stoll and A. Rouve, H elv . C h im . A d a ,  27, 950

(1944).
(11) A. S. Carpenter and F. Reeder, Brit. Patent 743,491 

(to Courtaulds, Ltd.) Jan. 18, 1956.
(12) H. Ohtsuki and H. Funahashi, Japan Patent 8417, 

Dec. 21, 1954; U. S. Patent 2,862,940, Dec. 2, 1958.
(13) P. S. Bailey, J .  Org. C h e m ., 2 2 , 1548 (1957).
(14) P. S. Bailey and B. M. Shashikant, J .  O rg. C h e m ., 

23,1089 (1958).
(15) E. Briner and D. Frank, H elv . C h im . A c ta , 21, 1297

(1938).
(16) N. A. Milas, J. T. Nolan, Jr., ami P. Ph. H. L. Otto, 

J .  O rg. C h e m ., 23, 624 (1958).
(17) J. L. Warnell and It. L. Shriller, J .  A m .  C h em . S o c ., 

79, 3165 (1957).

reaction medium. Methanol reacts to a consider
able extent with ozone at —15°,18 but in the pres
ence of an unsaturated compound little reaction 
occurs between the ozone and methanol, and the 
products of such a reaction do not interfere in the 
analysis or isolation of carbonyl compounds.16

Application of methanol to the ozonization of 
methyl oleate in the present work resulted in a 
significant improvement in the yield of isolated 
carbonyl compounds. Thus, when chemical re
duction with zinc and acetic acid was used, the 
total carbonyl yield as determined by the hydroxyl- 
amine hydrochloride method was 92%. The isolated 
yield of methyl azelaaldehydate with a two de
gree boiling range and purity of 92% was 88%. 
Redistillation gave a product of 96% purity. The 
hydroxylamine analyses were confirmed by gas 
chromatography.

Because methanol is not a satisfactory solvent 
for glycerides at ozonization temperatures, other 
solvents and solvent combinations were investi
gated. Furthermore, a solvent system was sought 
which would obviate the washing step required to 
remove the dissolved zinc salts. Methylene chlo
ride and propionic acid were tried (Table I). 
Methylene chloride precipitated the zinc salts 
as they were formed, but an unsatisfactory yield 
was obtained. Reduction in propionic acid could 
not be carried out with zinc in the absence of 
water.

Catalytic hydrogenation was then investigated. 
Hydrogenation with 5% palladium on calcium 
carbonate to give an 80% yield of azelaic semi
aldehyde isolated as the semicarbazone has been 
reported.9 Hydrogenation was carried out in 
methanol after removal of the ethyl chloride used 
for the ozonolysis. Ethyl oleate ozonized and hy
drogenated in ethyl acetate gave a 57% yield of the 
desired aldehydic products.10 A British patent 
describes the use of ethanol in the ozonization of 
oleic acid with subsequent hydrogenation in the 
same solvent, the product being isolated as the 
aldoxime.11 No yield is stated.

The use of methanol as a common solvent for 
both ozonization and hydrogenation has been 
described in the preparation of adipaldchyde from 18

(18) F. L. Greenwood, J .  O rg. C h e m ., 10, 414 (1945).
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TABLE I
OZONIZATION OF METHYL OLEATE

Ozone, %, of Theory
Yield, % Methvl

Methyl- Azela-
Not T empera- Total azela- aide-

Solvent Con- Con- ture of Car- Pelargon- aide- hydate
(Volume, % ) sumed sumed Reduction bonyl aldehyde Inalate Purity"

A. Chemical Reduction (Zinc +  Acetic Acia)
Methanol 101 1.6 30 to 35 92 77 88 92
Methylene chloride 105 1.7 30 to 35 72 75 76 87
Methylene chloride 132 1.0 30 to 35 ------- 72 666 —

Propionic acid 124 2.1 — (No reduction occurred
in absence of water)

B. Catalytic Hydrogenation (10% Palladium on Charcoal)
Methanolc 115 3 -1 0  to 0 78 83J 85«* 84
»¡.-Butanol 98 4.8 <0 63 — — —

Propionic acid 113 4.7 <8 81 ----- - 446 —

Ethyl acetate 107 3.0 25 — 70 87 75
Ethyl acetate 118 5.0 25 — — 8F’ _____

Ethyl acetate +  20% methanol 110 4.4 <13 •----- 69« 76« —

Ethyl acetate +  20% acetic acid 114 4.0 25 — 76 83 7 87
Methyl acetate +  20% methanol 105 2.7 20 — 82<i S 7 d —

»-Heptane +  50% ethanol 120 2.2 >20 68 — 60« —

»-Heptane +  20% 1-butanol 141 4.4 50 — 60 07'1

“ Purity determined by the hydroxj’lamine hydrochloride method. h An impure product was obtained, as indicated by 
the refractive index. « Average ot seven runs. d Product was isolated as the dimethyl acetal. * Product was isolated as the 
diethyl acetal. 1 On basis of methvl oleate consumed in ozonization, calculated from methvl stearate recovered, vield was 
93%.

cyclohexene.19'20 A yield of about 50% of the alde
hyde was reported in this patented work.

When methanol was used as the common sol
vent for the ozonization and subsequent hydrogena
tion of methyl oleate, fair yields (78%) of carbonyl 
compounds were obtained (Table I). Hydro
genation was carried out at atmospheric pressure 
with 10% palladium on charcoal. Direct distil
lation of the reaction product, however, resulted 
in an apparent mixture of aldehyde and acetal 
compounds. Conversion of the carbonyl products 
to the dimethyl acetals resulted in the isolation by 
distillation of the acetal of pelargonaldehyde in 
83% yield and of the acetal of methyl azelaalde- 
hydate in 85% yield. Conversion to the acetal 
was accomplished by treatment with 2,2-dimethoxy- 
propane in the presence of ammonium chloride. 
The purity of the product was 84%, as determined 
by the hydroxylamine method, although the re
fractive index ( n o = 1.4301) was close to that 
of a sample analyzing over 95% (wd = 1.4297).

The use of catalytic hydrogenation in a number of 
other solvents was then investigated. The best 
results were obtained when methanol or acetic acid 
was used in combination with methyl or ethyl 
acetate. Here again, the use of an alcohol resulted 
in the formation of a mixture of aldehydes and ac
etals. However, conversion of the product to the ac
etals gave 82% yield of pelargonaldehyde dimethyl

(1!)) E. I. du Pont do Nemours and Co., Inc., Brit. 
Patent 709,450, May 20, 1954.

(20) E. E. Fisher, U. 8. Patent 2,733,270 (to Du Pont), 
Jan. 31, 1956.

acetal and 87% vield of methyl azelaaldehydate di
methyl acetal. Conversion to the acetals could be 
obviated by using acetic acid, which made pos
sible the isolation of methyl azelaaldehydate in 
83% yield by direct distillation. The purity of the 
product obtained by this method was 87% and 
redistillation was not effective in improving the 
purity. The refractive index of the product was 
not a criterion for purity, as was true for the 
acetal.

The following single solvents were tried but 
found to be unsatisfactory: re-butanol, propionic 
acid, and ethyl acetate. The solvent combinations 
50% ethanol in heptane and 20% ¿-butanol in 
heptane were also found to be unsatisfactory. 
Note that the temperature at which hydrogenation 
could be carried out depended upon the solvent 
used (Table I). Hydrogenation in the alcohols or 
the acids, or combinations of these in ethyl ace
tate, readily occurred below room temperature. 
On the other hand, hydrogenation in ethyl acetate 
alone or in «-heptane with either ethanol or t -  

butanol present took place only above room 
temperature. The presence of pcroxidic oxygen in 
the latter solvents could be detected only with 
potassium iodide in glacial acetic acid, whereas 
it could be readily detected in the other solvents 
by means of aqueous potassium iodide.

These differences in behavior are explained by 
the Criegee mechanism for ozonization.21'22 It is

(21) P. S. Bailey, C h e w . R e v s ., 58, 925 (1958).
(22) It. Criegee, G. Blust, and H. Zinke, B e r ., 87, 706- 

768 (1954).
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postulated that the addition of ozone to a double 
bond results in a primary ozonide which breaks 
down to a zwitterion and a carbonyl compound. 
The zwitterion may react in any one of several 
different ways: with itself to form a dimeric or 
polymeric peroxide, with a carbonyl compound 
to form an ozonide with the classical five-membered 
cyclic structure, with a compound having an active 
hydrogen; or it may undergo rearrangement. 
The zwitterion reacts with methanol to form a 
methoxy hydroperoxide,23 and with glacial acetic 
acid to give a mixture of acetoxy hydroperoxides 
and polymeric peroxides.14

It is apparent that polymeric peroxides were 
formed in the solvents in which hydrogenation 
occurred only above room temperature, and that 
these entered into a number of side reactions 
which resulted in impure products and low yields. 
On the other hand, the alkoxy or acetoxy peroxides 
formed in the solvents in which hydrogenation oc
curred below room temperature resulted in high 
yields of pure products. The presence of ethanol 
or i-butanol apparently was not sufficient to pre
vent polymeric peroxide formation in heptane.

Since methoxy hydroperoxide compounds de
scribed in the literature appear to be unusually 
stable, the mixture of those which would be formed 
from methyl oleate according to the following 
equation was isolated:

o,
CH3(CH2)7CH=CH(CH2)7COOCH3------- >-

C H .O H

CH3(CH2)7 

I

(—CHO or 
)— CHOOH
I OCHj

+  CH,OOC(CHj),

II

(—CHO or 
J— CHOOH

I( OCH3

Analyses for carbon, hydrogen, and methoxyl 
showed the resultant product to be a mixture of 
the methoxy hydroperoxides and the hemiacetals 
formed by reaction with an additional molecular 
amount of methanol. This material, when ignited, 
burned gently for several seconds before more 
vigorous oxidation occurred.

E X P E R IM E N T A L

U z o n iz a tio n  p ro ced u re . The reactor vessel consisted of a 
cylindrical flask with a f  55/50 outer joint, which was at
tached to a reactor head containing fittings for a stirrer, a 
thermometer, a condenser, a dropping funnel, and a gas 
inlet, all passing through a T  55/50 inner joint. Pure oxygen 
was passed through a 1 in. X 3 ft. column packed with 
indicating Drierite24 to remove traces of moisture, then into

(23) G. Lohaus, A n n . ,  5 8 3 , 6 (1953).
(24) The mention of firm names or trade products does 

not imply that they are endorsed or recommended by the 
Department of Agriculture over other firms or similar 
products not mentioned.

a Welsbach Model T-23 laboratory ozonator.24 The oxygen, 
containing 2-3% ozone, was passed through a gas dispersing 
bulb into the bottom o: the reaction medium at a rate of 
from 1 to 2 1. of oxygen per min. The exit gases from the 
reactor were passed through a potassium iodide absorber, 
then a wet test meter. During the course of the reaction a 
small side-stream of the ozonized oxygen was also passed 
through a potassium iodide absorber, then through a wet test 
meter. Titration of the iodine liberated made it possible to 
calculate the rate of ozone produced in mmoles per liter of 
oxygen. By this means the total amount of ozone introduced 
to the system and also the amount absorbed by the system 
were calculated. Less than 1% of the ozone was not ab
sorbed by the system unvil near the end point of the reaction.

Examples of the preferred procedures for both chemical 
reduction and catalytic hydrogenation follow.

C h e m ic a l re d u c tio n . Methyl oleate having an iodine value 
of 84.3 and a refractive index of 1.4481 (30.2°) was obtained 
from Applied Science Laboratories, State College, Pa.24 
No polyunsaturated compounds were detected by alkali 
isomerization, and no impurities were detected by gas 
chromatography. The methyl oleate (120.4 g., 0.40 g. mole 
of unsaturation) was dissolved in 1800 ml. of reagent grade 
methanol in a 2-1. round bottom reactor and cooled to 
— 20°. Oxygen containing 1.092 mmoles of ozone per liter 
was passed through the solution at the rate of 1.94 1. per 
minute. At the end of 195 min., the potassium iodide solu
tion at the exit of the reactor became strongly colored 
indicating that ozone was no longer being absorbed. The 
total amount of ozone consumed was 101% of theory, and 
1.6% of theory was not absorbed in the reactor but was 
absorbed by the potassium iodide solution. Glacial acetic 
acid (150 ml.) was added, and the solution was warmed to 
30°. Zinc dust was added, a small pinch at a time, until a 
total of 60 g. had been added, while maintaining the tem
perature at 30-35° with cooling. The mixture was filtered 
and distilled on a steam bath until about one half of the 
methanol had been removed. Methylene chloride (500 ml.) 
and water (500 ml.) were added, and the layers separated. 
The methylene chloride layer was washed with water (each 
wash was back-washed with a small amount of methylene 
chloride) until free of acid. I t  was then dried over anhydrous 
calcium sulfate. Analysis of this solution by the hydroxyl- 
amine hydrochloride method showed that a 92% yield of 
carbonyl products was obtained. I t should be noted that 
the washing step should be carried out as soon as possible 
and as thoroughly as possible, otherwise varying amounts 
of the dimethyl acetal will form.

Methylene chloride was removed from the solution by 
distillation on the steam bath. The residue was distilled 
under vacuum through a small Vigreux column using a 
nitrogen capillary ebullator. There was obtained 43.9 g. of 
pelargonaldehyde boiling at 37-47° (0.35 mm.), n 3̂ ' 2 
1.4193 (lit., rm 1.4245). An additional 2.27 g. was recovered 
from the solid carbon ikoxide trap for a total yield of 81 %. 
Methyl azelaaldehydate (65.3 g.) was obtained as a fraction 
boiling 94-96° (0.75 mm.) n 33' 3 1.4348 (lit., n™  1.4384) 
and purity of 92%. Itedistil I a t ion of this fraction gave a 
product purity of 96%. Another fraction (4.87 g.) was 
obtained boiling at 96-120° (0.30 mm.) n 3£ ' 3 1.4349, and 
having a purity of 74.7%. The total yield of crude methyl 
azelaaldehydate was 94% or 85.4% of pure methyl 
azelaaldehydate.

The use of methylene chloride for the ozonization and 
reduction solvent (Table I) resulted in precipitation of the 
zinc salts. However, poor carbonyl yields and impure prod
ucts were obtained, even with consumption of ozone at 
nearly the theoretical level. Reduction in propionic acid did 
not proceed until water wTas added. Since an extraction step 
would then be necessary, the experiment was not carried to 
completion.

Methyl azelaaldehydate has been reported to have a 
tendency to polymerize.8 However, it was found that after 
storage under nitrogen at 0° for 4 weeks, methyl azelaalde-
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hydate could be recovered quantitatively with no evidence 
of polymer formation.

C a ta ly tic  h y d r o g e n a tio n . Methyl oleate (15.0 g., 0.05 g. 
mole) having an iodine value of 84.8 and riD  1.4481 (30.2°) 
was dissolved in 210 ml. of methyl acetate and 40 ml. of 
methanol. The ozonization was carried out as before. The 
amount of ozone consumed was 118% of the theoretical, 
and 2.9% of theory was found to have been absorbed by the 
potassium iodide solution. At the end of the ozonization 
the solution was purged with nitrogen, then hydrogen. The 
catalyst (0.1 g. of 10% palladium on charcoal) was dis
persed in a small amount of methyl acetate and added to 
the solution through a dropping funnel. The solution was 
allowed to warm to 22° gradually as hydrogen was passed 
through the solution, and a t the end of 1.5 hr. a negative 
test for peroxide (carried out with potassium iodide in glacial 
acetic acid) was obtained. Analysis of this solution by the 
hydroxylamine hydrochloride method gave misleading re
sults because of hydrolysis of the ester to acetic acid. 
Distillation of this solution gave a product of indefinite 
composition.

In a similar experiment the product was converted to the 
dimethyl acetal. To the product solution was added 25 ml. 
of 2,2-dimethoxypropane and 0.1 g. of ammonium chloride. 
The mixture was distilled at atmospheric pressure to a pot 
temperature of 95° to remove the methyl acetate. An addi
tional 50 ml. of methanol and 15 ml. of 2,2-dimethoxy
propane were added and the distillation continued to a pot 
temperature of 105°, at which point the vapor temperature 
was 64.5°. The total heating period was about 6 hr. The 
residue was cooled, filtered, transferred to a similar dis
tillation flask equipped with a nitrogen capillary ebullator, 
and distilled under reduced pressure through a 1 in. X 6 
in. glass helices packed column. There was recovered from 
15.0 g. of methyl oleate, 7.69 g. (82%) of a fraction boiling
56.5-70° (0.35 mm.) n ™ '1 2 1.4166, and a fraction (10.13 g., 
87%) boiling 95-103° (0.35 mm.) n 2£ ' 2 1.4302. Since the

latter value did not agree with that recorded in the litera
ture7 ( t i j ' 8 1.4312) for the dimethyl acetal of methyl 
azelaaldehydate, elemental analyses were carried out on a 
redistilled fraction having a boiling point of 88° (0.25 
mm.), n3D° ' 2 1.4301.

A n a l .  Calcd. for ChTD-iO.,: C, 62.04; H, 10.41; sapon. 
equiv. 232.3. Found: C, 61.89; H, 10.29; sapon. equiv. 231.

A more convenient procedure involved ozonization in the 
ethyl acetate-acetic acid solvent mixture followed by 
catalytic hydrogenation. Direct distillation of the product 
solution resulted in the isolation of methyl azelaaldehydate, 
n3D° '2 1.4347, in 83% yield. Analysis by the hydroxylamine 
hydrochloride method indicated a purity of 87%. Ap
parently, a relatively low proportion polymeric peroxides, 
which are reported to be found as well as the acetoxv per
oxides,14 were present.

The other solvents which were tried (Table I) resulted 
in low yields of impure products.

Iso la tio n ^  o f  th e  m e th o x y  h y d r o p e ro x id e s . Methyl oleate (6.0 
g., 0.020 g. mole) was ozonized in 150 ml. of methanol in the 
manner described. The amount of ozone consumed was 
107% of theory and the amount absorbed in the potassium 
iodide trap was 6.0% theory. The solution was filtered, 
and methanol was removed in a rotary evaporator a t a 
temperature of 21° first under vacuum from a water as
pirator and then finally at a pressure of 0.2 mm. for a total 
time of about 18 hr. under vacuum. The colorless oil which 
remained weighed 7.8 g.

A n a l .  Calcd. for C20H4o06: (an equimolar mixture of I 
and II) C, 63.80; H, 10.71; methoxyl, 16.48. Found: C, 
63.3; H, 10.8; methoxyl, 19.5.

A c k n o w le d g m e n t. The authors wish to express 
their appreciation to Mrs. Clara McGrew and to 
Mrs. Bonita Heaton for the microanalyses.

P e o r i a , I I I .

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t s  o f  C h e m i s t r y  a n d  B a c t e r i o l o g y , S t a t e  U n i v e r s i t y  o f  I o w a ]

P reparation  o f  L ong C hain  A lkyl H ydroperoxides1

S. WAWZONEK, P. D. KLIMSTRA,*’3 a n d  R. E. KALLIO

R ece ived  A u g u s t  17 , 1 9 5 9

Dodecyl, tetradecyl, hexadecyl, and oetadecyl hydroperoxides have been prepared for testing as intermediates in the 
biological oxidation of saturated hydrocarbons. The hydroperoxides were prepared in a state of purity varying from 92-100 
per cent by the alkylation of hydrogen peroxide in basic medium with the corresponding alkyl methanesulfonate.

In the study of the oxidation of saturated hydro
carbons by certain microorganisms, recent data 
indicate that biological oxidation of paraffins oc
curred at one terminal carbon and did not involve 
the formation of an olefin, epoxide, or 1,2-glycol.4

In this work a series of hydroperoxides containing 
twelve, fourteen, sixteen, and eighteen carbon atoms

(1) This research was supported by a grant from the 
Petroleum Research Fund administered by the American 
Chemical Society. Grateful acknowledgment is hereby made 
to the donor of said fund.

(2) Abstracted in part from the Ph.D. Thesis of P. D. 
Klimstra, June 1959.

(3) American Chemical Society-Petroleum Research 
Fund Predoctoral Fellow.

(4) J. E. Stewart, R. E. Kallio, D. P. Stevenson, A. C.
Jones, and B. 0 . Schissler, J .  B a c te r io l ., 78, 441 (1959).

have been synthesized for testing as possible in
termediates in this oxidation.

Of the methods available the reaction of a Grig
nard reagent with oxygen5 and the alkylation of 
hydrogen peroxide with alkyl methanesulfonates6 
were studied as possible sources of these compounds.

Treatment of dodecylmagnesium bromide with 
oxygen at —75° gave a peroxidic product which 
could not be separated by distillation under re
duced pressure from the tetracosane formed. In 
contrast to the stability reported for decyl hydro
peroxide towards distillation,6 dodecyl hydroper-

(5) C. Walling and S. A. Buckler, J .  A m .  C h em . S o c ., 75, 
4372 (1953); 77, 6032 (1955).

(6) H. R. Williams and H. S. Mosher, J .  A m .  C h em . S o c .,  
76, 2984 (1954).
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TABLE I
A l k y l  M e t h a n e s u l f o n a t e s

Analyses
Methane
sulfonate

Reaction
Temp.

Yield,
0/VO M.P. Formula

Carbon, % 
Calcd. Found

Hydrogen, % 
Calcd. Found

Dodecyl 5-10° 70.2 33° ClsH28SOs 59.10 59.36 10.67 10.30
Tetradccyl 45-50° 72.5 44-45° c ,5h ,2s o 3 61.60 61.27 10.92 10.38
Hexadecyl 55-60° 72.6 54.5-56° C17H36SO3 63.71 63.79 11.32 11.43
Octadecyl 50-60° 69.7 61-62° c .a .so * 65.51 65.44 11.50 11 .2 2

oxide undergoes decomposition since fractions 
containing dodecanal-1 and dodecanol-1 were 
obtained. Separation of the acidic hydroperoxide 
from the neutral materials by means of alkali, 
which was used successfully in the methanesulfonate 
method, was not investigated.

The method of Williams and Mosher6 with 
suitable modifications gave the desired hydro
peroxides in a state of purity varying from 92-100 
per cent. Due to the insolubility of the sulfonates, 
the alkylation of the hydrogen peroxide had to be 
carried out in a large volume of methanol. The only 
water introduced into the reaction mixture was 
that present in the 30 per cent hydrogen peroxide 
used. The yields and physical properties of the 
hydroperoxides are given in Table II. The low yield 
of octadecyl hydroperoxide obtained is caused by 
the poor solubility of octadecyl methanesulfonate 
in methanol.

By-products obtained in the preparation of 
dodecvl, tetradec.yl, and hexadecyl hydroperoxides 
were the corresponding alkyl peroxides. Only tetra- 
decyl and hexadecyl peroxides were isolated in a 
pure condition.

The only indication of a hydroperoxide group by 
infrared analysis was a shift in the hydroxyl peak 
for the corresponding alcohol from 2.94 to 2.84/x. 
Williams and Mosher7 have reported a similar 
shift in the peak of the hydroxyl group for the lower 
members of the alkyl hydroperoxide series. In 
addition they found a band at about 11.8 /x for the 
oxygen-oxygen group which became smaller as the 
alkyl group became larger. This band was not ob
served for the hydroperoxides prepared in this work. 
Bands for carbonyl and water impurities were also 
reported by Williams and Mosher and were like
wise found in this study. The carbonyl peak found 
for dodecyl hydroperoxide could be duplicated 
in optical density by using an amount of dodecanal- 
1 calculated equivalent to the amount of impurity 
present in the dodecyl hydroperoxide. The alde
hydes and water probably result from the attack 
of the base on the hydroperoxide according to the 
scheme proposed by Kornblum,8 and were difficult, 
to remove from the lower members.

(7) H. R. Williams and H. S. Mosher, A n a l .  C h e m ., 2 7 , 
517 (1955).

(8 ) N. Kornblum and H. E. DeLamare, J .  A m .  C h em .
S o c ., 73, 880 (1951).

E X P E R IM E N T A L 9

R e a c tio n  c f  d o d e c y lm a g n e s iu m  b ro m id e  w ith  o xyg en . 
Dodecylmagnesium bromide was prepared in a flask fitted 
with a stopcock in the bottom by the addition of dodecyl 
bromide (25 g.) over a period of 2 hr. to magnesium (2.4 g.) 
in 125 ml. of dry ether. Dry nitrogen was passed through 
the system before and during the reaction and a crystal of 
iodine was necessary to initiate the reaction. All the mag
nesium disappeared after 2.5 hr.

The resulting Grignard solution was added to an ether 
solution (100 ml.) saturated with oxygen at —75° in the 
course of 4 hr. After the addition was completed, oxygen 
was bubbled through the reaction mixture for an additional 
3 hr. The reaction mixture was decomposed with 6 N  hydro
chloric acid and extracted with ether. Removal of the ether 
gave a residue which distilled under reduced pressure (0 .02-
0. 45 mm.) with decomposition. Fractions obtained were 
further purified by crystallization. The first fraction boiling 
at 78° (0.045 mm.) was reerystallized from methanol and 
melted at 26-27°. A positive peroxide test and elemental 
analysis indicated that this compound was probably 
dodecyl peroxide.

A n a l .  Calcd. for C,4H5o02: C, 77.76; H, 13.56. Found: 
C, 77.30; H, 12.47.

Fraction two distilled at 96-98° (0.3 mm.) and had the 
odor of dodecanal-1. Elemental analysis, infrared spectra, 
and a refractive index of 1.4500 at 20° indicated that this 
fraction was mainly lauryl alcohol.

Fraction three boiling at 150-170° (0.025-0.030 mm.) 
was recrystallized from methylene chloride and melted at 
46-47°. Infrared analysis and carbon-hydrogen values 
pointed to an impure sample of tetracosane.

A lk y l  m e th a n e su lfo n a te s . A mixture of methanesulfonyl 
chloride (0.02 mole) and alcohol (0.20 mole) was stirred at 
the temperature indicated in Table I while dry pyridine 
(0.40 mole) was added over a period of 3 hr. The reaction 
mixture was stirred for an additional 30 min. and poured 
into 130 ml. of 10 per cent hydrochloric acid. The solution 
was extracted with two 85-ml. portions of ether and the 
ether layer was washed with water and a sodium bicarbonate 
solution. Removal of the ether gave an oily residue which 
was recrystallized from petroleum ether (b.p. 30-60°). 
The yields, melting points, and analyses are given in Table
1.

A lk y l  h y d ro p e ro x id e s . The alkyl methanesulfonate (0.008 
mole) dissolved in methanol (for the amount see Table II) 
was treated at room temperature with 30 per cent hydrogen 
peroxide (100 g.) and powdered potassium hydroxide (20.0 
g.) and the mixture was stirred: dodecyl, 600 ml. methanol, 
59 hrs.; tetradecvl, 800 ml. methanol, 65 hr.; hexadecyl,
1.2 1. methanol, 72 hr.; octadecyl, 1.8 1. methanol, 99 hrs. 
The resulting mixture was cooled in ice and treated with 20 
g. of powdered potassium hydroxide in 100 ml. of absolute 
methanol. The resulting precipitate was filtered, redissolved 
in methanol, acidified with concentrated hydrochloric acid 
and extracted with hexane. Evaporation of the hexane after 
washing with water gave tetradecvl peroxide (3.5 g.),

(9) Boiling points and melting points are not corrected.
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TABLE II
Y i e l d s  a n d  P r o p e r t i e s  o f  A l k y l  H y d r o p e r o x i d e s

(OOH)10’ 11
Alkyl Yield, Analysis, Carbon Hydrogen
Group % M.P. ° % Formula Caled. Found Calcd. Found

n-Dodecyl 55.8 12-13 95 C12H26O2 71.28 71.26 12.87 12.42
n-Tetradecyl 42.4 29-30.5 92 C14H30O2 73.05 73.58 13.05 12.56
n-Hexadecyl 31 42-44 98.8 C16H34O2 74.42 74.24 13.18 13.17
n-Octadecyl 8.9 49-50 100 C18H38O2 75.39 74.81 13.25 13.00

hexadecyl peroxide (2.5 g.), and octadecyl methanesulfonate 
(17 g.), respectively.

Tetradecyl peroxide melted at 36.5° and gave an infra
red spectra which had only carbon-hydrogen and carbon- 
oxygen peaks.

A n a l .  Calcd. for C28H680 ,: C, 78.87; H, 13.61. Found: 
C, 78.58; H, 13.61.

Hexadecyl peroxide melted at 44-46° and gave a similar 
spectra to tetradecyl peroxide.

A n a l .  Calcd. for CjiHeiCh: C, 79.67; H, 13.69. Found: 
C, 79.00; H, 13.43.

The alkaline filtrate from the original precipitate was 
diluted with water (100 ml.) and extracted twice with 125- 
ml. portions of hexane. Concentration of the hexane extract 
gave impure dodecyl peroxide (4 g.) and unreac^ed tetra-

(10) C. D. Wagner, R. H. Smith, and E. D. Peters, A n a l .  
C h e m ., 19,976(1947).

(11) A. I. Vogel, E le m e n ta r y  P r a c t ic a l  O rg a n ic  C h e m is try ,  
P a r t  I I I ,  Q u a n t. O rg. A n a l . ,  Spottiswoode, Ballantyne and 
Co. Ltd., London, 1958, p. 836.

decyl methanesulfonate (3 g.) and hexadecyl methane
sulfonate (4 g.) respectively.

The dodecyl peroxide was difficult to purify. The prin
cipal contaminations based on the infrared spectra were the 
corresponding methanesulfonate and aldehyde.

The basic solution was cooled to 0° and made slightly acid 
with concentrated hydrochloric acid. Extraction with three 
125-ml. portions of hexane followed by removal of the sol
vent under reduced pressure gave an oil which, in the case 
of tetradecyl, hexadecyl, and octadecyl hydroperoxides, 
solidified at room temperature. Further purification was 
accomplished by dissolving the oil (10  g.) in absolute 
methanol (100 ml.) containing potassium hydroxide (20 g.), 
cooling the resulting solution, and then adding water (25 
ml.). Extraction with two 30-ml. portions of hexane was fol
lowed by acidification of the methanol solution. Three 
extractions with 30-ml. portions of hexane followed by 
removal of the solvent gave the hydroperoxide. The proper
ties of these compounds and yields are listed in Table II.

I o w a  C i t y , I o w a

[C o n t r i b u t i o n  f r o m  t h e  N a v a l  S t o r e s  R e s e a r c h  S t a t i o n 10 11 1]

P reparation  o f  Som e V inyl A lkyl P in a tes2 3

J. B. LEWIS a n d  G. W. HEDRICK 

R ece ived  S e p te m b e r  8 , 1 9 5 9

Some monoalkyl pinates, 2,2-dimethyl-3-(alkoxycarbonyl)cyclobutaneacetic acids and alkyl 2,2-dimethyl-3-(carboxy)- 
cyclobutaneacetates, were vinylated by the vinyl interchange method of Adelman. Vinyloxycarbonyl forms of the ethyl, 
n-butyl, 2-ethylhexyl, and hydronopyl mono esters, and vinyl acetate forms of the ethyl, «-butyl, and 2-ethylhexyl mono 
esters were prepared and characterized. Divinyl pinate and vinyl 2-ethylhexyl phthalate are reported also. The preparation
of these esters by vinyl interchange is more satisfactory than

A study concerned with the internal plasticiza
tion of polyvinyl chloride led to the preparation of 
a number of vinyl alkyl pinates.8

Schildknecht4 stated that dibasic acid monovinyl 
and divinyl esters are generally difficult to prepare. 
Adelman5 reported the preparation of vinyl octyl 
phthalate and vinyl adipate, presumably mono-

(1) One of the laboratories of the Southern Utilization 
Research and Development Division, Agricultural Research 
Service, U. S. Department of Agriculture.

(2) Presented at the 136th National Meeting of the Ameri
can Chemical Society, Atlantic City, N. J., Sept. 13-18, 
1959.

(3) In cooperation with Dr. C. S. Marvel, University of 
Illinois, under contract with the U. S. Department of 
Agriculture.

(4) C. E. Schildknecht, V in y l  a n d  R e la te d  P o ly m e rs ,  
John Wiley & Sons, Inc., New York, 1952, p. 382.

(5) R. L. Adelman, J .  O rg. C h e m ., 14, 1057 (1949)

by the Reppe procedure.

vinyl, by vinyl interchange reaction with vinyl 
acetate.

Adelman presented evidence to show that esters 
do not undergo vinyl interchange, e.g . only the 
free carboxyl group of monooctyl phthalate reacted 
with vinyl acetate.

The synthesis of a number of monoalkyl pinates, 
the alkyl acetate and the alkyloxycarbonyl forms, 
is reported in another paper.6 Both types of mono
ethyl, -n-butyl, -2-ethylhexyl, and -hydronopyl7 
pinates were prepared. The preparation of the 
vinyl esters of these half esters are reported in this 
paper, excepting vinyl 2,2-dimethyl-3-(hydrono- 
pyloxycarbonyl) cyclobutane acetate.

(6 ) J. B. Lewis and G. W. Hedrick, J .  O rg. C h em ., 
24, 1870 (1959).

(7) J. P. Bain, J .  A m .  C h em . S o c ., 68, 638 (1946).
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The method of Reppe8 proved unsatisfactory for 
the preparation of these mixed esters with the con
ditions employed. However, vinylation of the 
monoesters was accomplished in good yields by use 
of vinyl acetate and the vinyl interchange procedure 
of Adelman5 with a slight modification which con
sisted of washing the vinyl acetate free esterification 
mass to remove the mercury catalyst and acidic 
components. This additional step decreased the 
still residue.

A small amount of divinyl ester was always 
formed during the reaction of monoalkyl pinates 
with vinyl acetate. This is in contrast to Adelman’s 
hypothesis that esters do not react with vinyl 
acetate under the conditions employed. However, 
in a vinyl interchange reaction as the reaction pro
ceeds the acetic acid concentration builds up. 
When this occurs transesterification can take place, 
thereby liberating some free acid which then is 
available for vinylation. This was demonstrated 
by mixing vinyl acetate, diethyl pinate, and acetic 
acid using the conditions of the vinyl interchange 
reaction. One to two per cent of the diester was 
vinylated in this reaction.

Divinyl pinate was prepared for characterization 
and comparison with material obtained from the 
other vinylations. The esters and physical properties 
are given in Table I. Samples of the vinyl esters 
were reduced and the properties of the saturated 
esters were determined. Vinyl 2-ethylhexyl phthal- 
ate was prepared for polymerization and compari
son with the vinyl pinates. The results are included 
in this paper since the physical properties are some
what different from those reported previously.

E X P E R IM E N T A L

V in y l  ê ,3 -d im e th y l-8 - (e th o x y c a r b o n y l)c y d o b u ta n e  aceta te. 
R e p p e  p rocess . 2,2-Dimethyl-3-( ethoxy carbonyl)cyclobutane- 
acetic acid,9 214 g. (1 mole), and zinc oxide, 15.7 g. (0.19 
mole), were added to 250 ml. toluene and heated to reflux 
to remove water by trapping in a decanter. The solution 
was almost clear, although some of the zinc salts remained 
undissolved. Glacial acetic acid, 13.8 g., was added to 
clarify completely the solution.

Vinylation was accomplished with acetylene by the Reppe 
procedure.8 The product was isolated by washing the toluene 
solution with dilute sulfuric acid, water and dilute carbonate 
solution. The solvent was stripped under water aspirator 
vacuum and the residue distilled using a 24-inch Vigreux 
column. The following fractions were obtained: (1) 5 ml., 
20° to 87.5° (0.4 mm.); (2) 50.1 g., 87.5° to 96° (0.4 mm.);
(3) 52 g., 97° (0.5 mm.) to 99° (0.55 mm.). Five ml. of the 
2nd and 3rd fractions polymerized violently when 0.3% 
benzoyl peroxide was added. Both polymers were insoluble 
in acetone, benzene and methanol indicating cross linking 
presumably because of the presence of divinyl pinate.

V in y l  in te rc h a n g e  re a c tio n . Monoethyl pinate, above, 
neut. equiv. 214, 455 g. (2.13 moles) was dissolved in 1193 
g. (13.9 moles) freshly distilled vinyl acetate (Eastman

(8) J. W. Copenhaver and M. H. Bigelow, A c e ty le n e  a n d  
C a rb o n  M o n o x id e  C h e m is try , Reinhold Publishing Corp., 
New York, p. 59.

(9) Pinic acid esters used in this work consisted of mix
tures of n 's -d -  and «s-Æ-isomers.6

Organic Chemicals) containing 1.22 g. copper resínate. 
Mercuric acetate, 9.4 g. (0.029 mole), was dissolved therein 
while stirring at room temperature and 2.33 g. (0.023 mole) 
concentrated sulfuric acid was added slowly. The final solu
tion was clear and bright green in color. After standing 72 
hr., 10 g. sodium acetate (0.12 mole) was added. The excess 
vinyl acetate was stripped by water aspirator vacuum 
maintaining the still residue at 20° to 30°. The crude ester 
was dissolved in 500 ml. ether. This solution was washed 
with dilute aqueous sulfuric acid, then two 500-mi. portions 
of a dilute solution of alkali maintained at pH 8 to 9 with 
sodium hydroxide and soda ash and finally with water. 
Acidification of the alkaline extract gave 50 g. recovered 
starting material. Removal of the solvent as above and dis
tillation, bulb-to-bulb, gave 431 grams, b.p. 100°, 1.9 mm. 
to 1.5 mm., with 30 g., residue. Redistillation a t 2 mm. using 
a 24-inch Vigreux column gave the following fractions: (1) 
10 g. up to 106°, (2) 72 g., 106° to 111°, (3) 28 g., 111° to 
112°, and (4) 300 g., 112°.

The last three fractions were combined for removal of 
divinyl pinate by distillation through a 45-cm. column 
packed with extruded nickel. The results are tabulated as 
follows, Table I:

TABLE I
D istillatio n  o f  C r u d e  V in y l  2,2-D im ethyl-3 -(ethoxy- 

carbon y l)cyclobutane acetic A c i d

Frac
tions

B.P., 
2 mm.

Wt.
(g.)

Composition,® % 
A B

Hydro
genation6

Equiv
alent

la 104-108 16 95.1 4.9 1.97
2a 108-111 17 95.1 4.9 1.97
3a 111 11 11.1 88.9 1.11
4a 111-113 40 1.8 98.2 1.02
5a 113 21 1.4 98.6 1.01
6a 113 210 1.4 98.6 1.016

Residue 55 g. 0 Calcd., as (A) divinyl pinate, as (B) 
monovinyl ester. 6 Determined by hydrogenation in acetic 
acid solution with 5% palladium on carbon catalyst. 
Platinum oxide gave erroneously high results.

Fractions 4a through 6a were combined and the divinyl 
ester removed by distillation, using the nickel-packed 
column a t a high reflux ratio. The remainder was distilled 
a t a more rapid rate. A sample of fraction 4a and samples of 
the final distillate with and without 2% added divinyl 
pinate were polymerized in bulk with benzoyl peroxide as 
the initiator. The polymers from 4a and the sample with 
added divinyl pinate were not soluble in benzene, thus 
indicating cross linking. I t  is apparent that divinyl pinate 
is produced by this vinyl interchange reaction.

D iv in y l  p in a te . In preparation of zinc pinate by reacting 
zinc oxide and pinic acid in toluene for use as a catalyst in 
the Reppe process the reaction mass was thick with in
soluble zinc pinate. Furthermore, addition of acetic acid did 
not dissolve the salt. In another experiment the zinc salt 
from 42.8 g. (0.2 mole) of monoethyl pinate, alkyloxy- 
carbonyl form was prepared and 184 g. (1 mole) of pinic 
acid added. After vinylation by addition of acetylene as 
with the half ester above and working up the product 76 
g. crude ester was obtained, b.p. 90 to 150°, 1.0 mm. Since 
the bulk of the material distilled a t 130°, it was concluded 
the product was chiefly monovinyl pinate.

Because of the difficulties obtained by the Reppe process 
divinyl pinate was prepared by the vinyl interchange 
method of Adelman. The product was isolated without 
washing to remove the catalyst and acidic components. From 
82 g. pinic acid (0.44 mole) 30 g. (0.126 mole) of good divinyl 
pinate was obtained by a bulb-to-bulb distillation and 
finally distillation using an 18-inch column packed with Vs-
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inch glass helices; diethyl ester from reduction, n™  1.4457.
V in y l  in terchange, w i th  v in y l  ace ta te  a n d  d ie th y l  p in a te . In 

order to show that an interchange reaction can occur between 
an ester and vinyl acetate, 121 g. (0.5 mole) of diethyl 
pinate was treated at room temperature with vinyl acetate 
using a mercury catalyst as above. In addition 21 ml. glacial 
acetic acid was added to simulate conditions toward the 
end of a normal vinyl interchange reaction. The first portion 
of the distillate, about 10 g., b.p. 100 to 113“, 2 mm., con
tained vinyl ester which on hydrogenation absorbed 0.008 
mole hydrogen. Subsequent fractions combined, 48 g., b.p. 
113“ to 114“, 2 mm., decolorized bromine in carbon tetra
chloride. The last fraction, 4 g., contained no unsaturated 
compounds.

V in y l  2 ,2 -d im e th y l-3 - (n -b u to x y c a r b o n y l) -  a n d  -3 -(2 -e th y l-  
h ex y la x y c a rb o n y l)c y c lo h u ta n e  ace ta tes . Vinylation of 2,2- 
dimethyl-3-(n-butoxy carbonyl)- and -3-(2-ethylhexyloxy- 
carbonyl)cyclobutaneacetic acid was accomplished by the 
vinyl interchange procedure used for the 3-ethoxycarbonyl 
derivative. With the higher molecular weight esters the 
volume of vinyl acetate charged was increased. With the 
butyl ester 644 g. (7.48 moles) and with the 2-ethylhexyl 
ester 793 g. (9.22 moles) vinyl acetate were used per mole 
pinate ester. Because of the higher boiling point of these 
higher molecular weight esters, isolation to free them of 
divinyl pinate was easier than with the ethyl ester.

E th y l,  n -b u ty l ,  2 -e th y lh e x y l a n d  h y d r o n n p y l 2 ,2 -J im c lh y l-S -  
(v in y lo x y c a r b o n y l)c y c lo b u ta n e  ace ta tes . Vinylation of ethyl, 
n-butyl, 2-ethylhexvl and hydronopvl 2,2-dimethyl-3- 
(carboxy)cyclobutane acetates resulted in 70 to 80 %  yields

TABLE II
D istillation  c r  E th y l  2 ,2-D im ethyl-3-(vinyloxycar- 

b o n y l Ic y p l o b u t a n e  Acetate

Frac
tions

B.P., 
2 mm.

Wt.,
g-

Composition,
crto

A B

Hydro
genation
Equiv
alent

1 68 to 104 25 — — —
2 105 to 112 43 7.6 92.4 1.078
3 112 to 113 45 1.2 98.8 1.012
4 113 270 0.8 99.2 1.009

“ Calcd. as (A) divinyl pinate, as (B) monovinyl ester.

almost pure vinyl ester. The presence of divinyl pinate was 
observed in all the vinylations made.

V in y l  2 -e th y lh e x y l p h lh a la te . Because of the instability 
of mono-2-ethylhexyl phthalate toward distillation the crude 
mixture containing principally anhydride, mono and diester 
was vinylated by the vinyl interchange method. Since the 
physical constants obtained for vinyl 2-ethylhexyl ester 
differs from the data given by Adelman5 it is presumed that 
he used n-octyl alcohol in his synthesis.

The results of the characterization of the vinyl esters are 
tabulated in Table III. Divinyl pinate and vinyl alkyl 
pinates were reduced and the resulting diethyl esters identi
fied by refractive index and density.6

TABLE III 
V in y l  Alkyl P in ates

Hydro
genation B.P.______

Vinyl Alkyl Equiv- Mm./'
Esters aient" Hg n"£

Analyses
Calcd. Found

rf*> Formula ~“C ÏÏ C H

°  I O
Vinyl Acetates r o c < T ^ c h , c o c h = c h 1

Ethyl 0.99 113 2.0 1.4558 1.0220 C13H20O4 64.98 8.39 64.81 8.39
n-Butyl 0.99 135-136 2.0 1.4569 0.9992 C,5H210 4 67.13 9.01 66.82 8.96
2-Ethylhexyl 0.98 142 0.4 1.4594 0.9691 c 15h ,d 4 70.33 9.94 70.52 9.75

Alkyl Acetates c h ,= ■c h . o c C  V i V
"H..COR

Ethyl 1.009 113 2.0 1.4556 1.0200 C .J L /h 64.98 8.39 64.86 8.47
«-Butyl 0.99 130-134 2.0 1.4560 0.9980 C .T L /h 67.13 9.01 66.82 8.96
2-Ethylhexvl 1.007 138 0.1 1.4592 0.9686 Ci 9H3CO4 70.33 9.94 70.26 9.83
Hydronopvl 1.004 170 0.1 1.4872 1.0287 CVIL404 72.89 9.45 72.83 9.54

Others
Divinyl pinate 1.99 110 -112 2.0 1.4667 1.0343 CVJL/h 65.53 7.61 65.46 7.69
Vinyl 2-ethvl- 1.00 144 0.1 1.5008 1.0364 CYIL.O, 71.03 7.95 71.25 8.20

hexyl
phthalate

“ Equivalents hydrogen per mole.

by reacting the monoesters with vinyl acetate as above. 
The vinyl acetate was increased for the higher molecular 
weight esters.

The vinylation of 454 g., (2.12 moles) of monoethyl pinate 
gave 413 g. crude ester. The results of fractionation using 
the nickel packed column mentioned before are tabulated 
in Table II.

In this instance the presence of divinyl pinate was indi
cated from hydrogenation data. Redistillation gave 355 g.

A c k n o w le d g m e n ts . The authors wish to express 
their appreciation to Mrs. A. F. Cucullu and Mr.
L. E. Brown, Instrumentation and Analysis, 
Southern Utilization Research and Development 
Division, New Orleans, La., for elemental analyses 
reported in this paper.

Olu s t e e , F la .
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[ C o n t r i b u t i o n  f r o m  t h e  E n t o m o l o g y  R e s e a r c h  D i v i s i o n , A g r i c u l t u r a l  R e s e a r c h  S e r v i c e , U . S . D e p a r t m e n t  o f

A g r i c u l t u r e ]

N ew  O rganic C om pounds for U se in  In sec t Control

B. H. ALEXANDER, S. I. GERTLER, T. A. ODA, R. T. BROWN,
R. W. IHNDRIS, a n d  M. BEROZA

R ece ived  O ctober 2 2 , 1 9 5 9

The preparation and physical constants of some new 3,4-methylenedioxyphenyl compounds, dithiocarbanilates, ethyl 
xanthates, diethyl phosphates, 2-substituted tetrahydropyrans, and chrysanthemumyl and chrysanthemumoyl derivatives 
for use in insect control are described.

In addition to the use of insecticides, other 
approaches that may help in the control of insect 
pests are explored in this Division. For example, 
insect attractants,1'2 repellents,2 and insecticide 
potentiating materials (synergists)3 are being 
investigated. As part of these studies a variety 
of new compounds (sixty-six in all), including 3,4- 
methylenedioxyphenyl derivatives (I), dithiocarb
anilates (II), ethyl xanthates (III), diethyl phos
phates (IV), 2-substituted tetrahyaropyrans (V), 
and chrysanthemumyl and chrysanthemumoyl 
derivatives (AT) were synthesized. Their prepara-

I

0
li

R -0 -P (0 C 2H5)2
IV

S R' s

R "—S—C--N — 
II

R 0jH;.O—C—S—R
III

H H H
! : I

( rH ,) îC = C -C -C -R
V

YI EH3 OH3

tion and physical constants are reported here. 
Although 3,4-methylenedioxybenzyl esters (I

O

R = H, halogen or alkyl, R' = CFFOCR") have 
been extensively investigated, compounds with 
«-substituted side chains (I R = halogen or alkyl, 

O
II

R' = CHR,,,OCR") have not. Two such compounds,
6-chloro-a-ethylpiperonyl chrysanthemumate and 
the «-methyl analog, were synthesized because of 
their similarity to the insecticide barthrin (6- 
chloropiperonyl chrysanthemumate).4 * The ob
vious preparative route to the intermediate «- 
alkyl-6-chloropiperonyl alcohol needed for the

(1) S. I. Gcrtler, L. F. Steiner, W. C. Mitchell, and 
W. F. Barthel, J .  A g r .  F o o d  C h e m ., 6, 592 (1958).

(2) S. A. Hall, N. Green, and M. Beroza, J . A g r . F ood  
C h e m ., 5, 663 (1957).

(3) M. Beroza and W. F. Barthel, J .  A g r .  F o o d  C h e m ., 5, 
855 (1957); M. Beroza, J .  A g r .  F o o d  C h e m ., 4, 49 (1956).

(4) W. F. Barthel, B. H. Alexander, J. B. Gahan, and
P. G. Piquett, U. S. Patent 2,886,485, May 12, 1959; W. F.
Barthel and B. H. Alexander, J .  O rg. C h e m ., 23, 1012
(1958); W. A. Gersdorff and P. G. Piquett, J .  E c o n . E n to m o l. ,  
52, 85 (1959).

synthesis of the «-alkyl esters is v ia  the reaction 
of 6-chloropiperonal with the appropriate Grignard 
reagent. This starting material, 6-chloropiperonal, 
was prepared initially by treating piperonal with 
chlorine gas,6 but instead of the reported yield of 
60%, less than 35% of the pure product was ob
tained consistently. In a simpler procedure the
6-chloropiperonal was obtained in 50% yield by 
allowing a mixture of piperonal, benzoyl peroxide, 
glacial acetic acid, and sulfuryl chloride to stand at 
room temperature for ten days.

For small-scale preparations of the «-alkyl-6- 
halopiperonyl alcohol intermediates, the appro
priate Grignard reagent was added to a suspension 
of 6-chloropiperonal in a large volume of ether. 
Attempts to prepare the pure intermediate alcohols 
on a large scale by this procedure were unsuccessful 
because of the insolubility of 6-chloropiperonal in 
ether.

The chlorination of 3,4-methylenedioxyphenyl 
acetate (sesamyl acetate) with sulfuryl chloride 
proceeded in good yield without the benzoyl 
peroxide catalyst. This result was not anticipated, 
since it is reported that phenyl acetate does not 
react with sulfuryl chloride under mild conditions 
in the absence of catalyst.6

The investigation resulted also in a synthesis 
in pure form and in reasonable yield of new com
pounds of the type I in which R = halogen and 
R' = OC2H4R". In the sequence of reactions hy- 
droxyethylation of sesamol3’7 with ethylene carbon
ate was followed by acetylation of the free hy
droxyl group, chlorination with sulfuryl chloride, 
and finally deacetylation which produced I (R = 
Cl, R' = OC2H4OII) in good yield. Treatment 
of the alcohol with phosphorus tribromide gave 
/3- bromo - 2 - chloro - 4,5 - methylenedioxyphenetole 
(Table I, No. 13) in 83% yield. Of interest was the 
finding that sesamol and 6-chlorosesamol were

(5) A. Parys, R ee . T ra v . C h im ., 49, 17 (1930).
(6) A. Peratoner, G azz. C h im . I ta l . ,  28, I, 197 (1898);

H. C. Brown, I n d .  E r g .  C h e m ., 36, 785 (1944).
(7) J. Boeseken, W. D. Cohen, C. J. Kip, R ee . T ra v . C h im .,  

55, 815 (1936); B. H. Alexander, T. A. Oda, R. T. Brown, 
and S. I. Gertler, J .  O rg. C h e m ., 23, 1969 (1958); S. I. Gert- 
ler, B. H. Alexander, and M. Beroza, J .  O rg. C h e m ., 24, 
327 (1959); B. H. Alexander, S. I. Gertler, R. T. Brown,
T. A. Oda, and M. Beroza, J .  O rg. C h e m ., 24, 1504 (1959).
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readily hydroxyethylated with ethylene carbonate, 
whereas attempts to hydroxy ethylate 2-(2-methyl- 
allyl)-4,5-methylenedioxyphenol or the methyl 
ester of '3-hydroxy-2-naphthoic acid in "he same 
manner were unsuccessful. Molecular models 
indicated that steric hindrance might be respon
sible for the lack of reactivity.

The methyl carbanilates (Table IV, Nos. 65 
and 66) were made by the procedure of Losanitsch8 
from the intermediate ammonium bmyldithio- 
carbanilate and ammonium p-chlorodithiocarbani- 
late, which are yellow to off-white solids. The 
ammonium salts are new compounds similar to 
those described by Miller,9 which are unstable at 
room temperature and decompose, liberating 
ammonium thiocyanate, hydrogen sulfide, and 
free sulfur; consequently no attempt was made to 
analyze them for the elements. However, the esters 
prepared from the salts are stable and gave good 
elemental analyses.

Kenner and Williams10 describe the synthesis of 
diethyl phosphates from phenols and diethyl 
phosphite. We have found their procedure ap
plicable to other hydroxy compounds.

The preparation of other compounds is described 
in the experimental section and the physical 
constants are given in the Tables.

The yields obtained in this study can probably 
be improved since purity of compounds rather 
than yield was emphasized.

EXPERIMENTAL
3 ,4 -M e th y le n e d io x y p h e n y l  c o m p o u n d s  (Table I) All com

pounds except Numbers 3-7, 12, 13, and 15 were prepared 
by the general procedures reported previously from this 
laboratory.4'7

2 - (3 ,4 -M e th y le n e d io x y p h e n o x y )e th a n o l ( N o .  3 ) . This com
pound was prepared from sesamol7 and ethylene carbonate 
by the procedure of Carlson and Cretcher.11

2 - (3 ,4 -M e th y le n e d io x y p h e n o x y )e th y l  aceta te ( N o .  4 ) . Acetyl 
chloride (0.61 mole) was added dropwise to a stirred solu
tion of 2-(3,4-methylenedioxyphenoxy)ethanol (0.61 mole), 
pyridine (0.61 mole) and benzene (500 ml.) a t 25°. After 
standing overnight at room temperature, the mixture was 
transferred to a separatory funnel, where it was washed 
successively with water, 5% aqueous hydrochloric acid, 
water, saturated sodium bicarbonate, and saturated sodium 
chloride. The benzene layer was dried, and after removal of 
the benzene the residue was distilled. The first- fraction 
boiled at 163-168°/23 mm. and was obtained in 33% 
yield; n 2j  1.5269. The second fraction, which contained the 
desired product (No. 4) boiled at 122-135°/1 mm. and solidi
fied in the receiving flask. The solid melted at 56-58° after 
recrystallization from aqueous ethanol. A mixed melting 
point with the starting material, 2-(3,4-methylenedioxy- 
phenoxy)ethanol, which melted a t 57-58°, was depressed 
to 38-48°.

The aforementioned first fraction was identified as sesamyl

(8) S. M. Losanitsch, B e r ., 24, 3021 (1891).
(9) L. P. Miller, C o n tr ib , B o y c e  T h o m p s o n  I n s t . ,  5, 31

(1933).
(10) G. W. Kenner and N. R. Williams, J .  C h em . S o c .,  

522 (1955).
(11) W. W. Carlson and L. H. Cretcher, J .  A m .  C h em . 

S o c ., 69, 1955 (1947); W. W. Carlson, U. S. Patent 2,448,- 
767, Sept. 7, 1948.

acetate by comparing it with the sesamyl acetate previously 
reported by Beroza;3 its isolation from the reaction mixture 
in 33% yield indicates that 2-(3,4-methylenedioxyphenoxy)- 
ethanol was partly cleaved, probably because of the hydrogen 
chloride liberated during the formation of the ester from 
the acid chloride.

2 -(2 -C h lo ro -4 ,5 -m e lh y le n e d io x y p h e n o x y )e th y l  aceta te (N o .  
15 ). Sulfuryl chloride (0.5 mole) was added dropwise to a 
stirred solution of 2-(3,4-methylenedioxyphenoxy)ethyi 
acetate (0.4 mole) in glacial acetic acid (200 ml.) while 
maintaining a temperature below 50°. After addition of the 
sulfuryl chloride, the mixture was stirred at room tempera
ture for 0.5 hr., then poured into ice and water with stirring. 
Crystallization occurred on standing. The crystals were 
filtered off, wasiied with water, dried, and recrystallized 
from ethanol.

0 -B ro m o -2 -ch lo ro -4 ,5 -m e th y len ed io xyp h en e to le  (N o . 1 3 ) . A 
mixture of 2-(2-chloro-4,5-methylenedioxyphenoxy)ethyl 
acetate (0.2 mole) and 2 N  sodium methylate (110 ml.) 
was allowed to stand a t 25° overnight, and then poured 
into ice and water with stirring, whereupon crystallization 
occurred. The crystals were washed with water, dried, and 
recrystallized from ethanol, giving practically pure 2-(2- 
chloro-4,5-methylenedioxyphenoxy)ethanol, which melted 
at 82-83°. Treatment of this compound (0.6 mole) with 
phosphorus tribromide (0.19 mole)12 at 75-80°, with stirring 
for 2 hr. produced a residue which when poured into ice 
and water gave the crystalline /3-bromo-2-chloro-4,5- 
methylenedioxyphenetole.

2 -B ro m o -4 ,5 -m e th y le n e d io x y -a - to lu e n e th io l  (N o . 6 ) . 6-
Bromopiperonyl bromide4 was treated with thiourea accord
ing to the procedures described by Urquhart and co-workers.13

6 -B r o m o p ip e r o n y l th ioace ta te  ( N o .  7 ). Prepared from 2- 
bromo-4,5-methylenedioxy-a-toluenethiol, benzene, acetyl 
chloride, and pyridine in the usual way.

2 -C h lo r o -4 ,5 -m e th y le n e d io x y p h e n y l aceta te  ( N o .  1 2 ) . Sul
furyl chloride (0.26 mole) was added dropwise to a stirred 
solution of sesamyl acetate3 (0.25 mole) and glacial acetic 
acid (90 ml.) a t 25°. The solution turned blue initially, but 
later became yellow as the temperature rose to 40°. After 
stirring for 0.25 hr. a t 35—40° to remove sulfur dioxide and 
hydrogen chloride, the solution was poured into ice and 
water, where precipitation of the crystalline product oc
curred.

6 -C h lo ro p ip e ro n a l. A solution of piperonal (0.25 mole), 
glacial acetic acid (200 ml.), benzoyl peroxide (10 g.), and 
sulfuryl chloride (0.75 mole) was allowed to stand at room 
temperature for 10 days. I t was then poured into a well 
stirred ice and water mixture, where crystallization oc
curred. The crystals, after being washed with cold water 
and dried, were recrystallized from aqueous ethanol and 
obtained in 50% yield; a mixed melting point with an 
authentic sample melting at 114-115° was not depressed.14

E th e rs  o f  te lra h y d ro p y r a n  (Table II). The ethers were 
prepared in diethyl ether from the alcohol, 2,3-dihydro- 
pyran, and a catalytic amount of concentrated hydrochloric 
acid, according to procedure described by O tt,15

X a n th a te s  (Table II). The compounds were made in the 
usual way from the alkyl or aryl halide, potassium xantho- 
genate, and ethanol.16

D ie th y l  p h o sp h a te s  (Table II). The phosphates were made 
from the phenol or alcohol and diethyl hydrogen phosphite, 
according to a minor modification of the procedure of Ken
ner and Williams.10 I t seemed preferable to stir rather than

(12) G. C. Harrison and H. Diehl, O rg. S y n th e s e s , Coll. 
Vol. m ,  370 (1955).

(13) G. G. Urquhart, J. W. Gates, Jr., and R. Connor, 
O rg. S y n th e s e s , 21, 36 (1941).

(14) K. Weisze, B e r ., 43, 2605 (1910).
(15) A. C. Ott, M. F. Murrav, and R. L. Pederson, 

J .  A m .  C h em . S o c ., 74, 1239 (1952k
(16) A. I. Vogel, P r a c tic a l C h e m is try , p. 484, Longmans, 

Green and Co., New York, 1951.
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shake the reaction mixture, and also to wash any aliphatic 
organic layers containing the crude unsatunted phosphate 
esters with a saturated salt solution rather than with dilute 
hydrochloric acid.

C h r y s a n th e m u m y l a n d  c h r y s a n th e m u m o y l der iva tiv es (Table 
III). The chrysanthemumyl derivatives were made from 
chrysanthemumyl alcohol, prepared by reducing synthetic 
ethyl chrysanthemumate with lithium aluminum hydride 
in the usual way. The double bond was not affected by this 
reduction. The esters of the alcohol were made v ia  the acid 
chloride route with pyridine as an acid acceptor. Similarly 
the esters of synthetic chrysanthemumic acid were made 
from chrysanthemumoyl chloride.17

P re p a r a tio n  o f  o ther c o m p o u n d s  (Table IV). The esters 
and amides were obtained in the usual manner from a mix
ture of the alcohol, phenol, or amine with the proper acid 
chloride, pyridine, and benzene. The methyl and am
monium dithiocarbanilates were made by the general pro
cedure of Miller9 and Losanitseh.8

B e l t s v i l l e , M d .

(17) Y. L. Chen and W. F. Barthel, J .  A m .  C h em . S o c .,  
75,4287(1953).
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T h e  T r i m e r i z a t i o n  o f  

H e x a f lu o r o - 2 - b u ty n e

J. F. H a r r i s , J r ., R. J. H a r d e r , ai\ d  G. N. S a u s e n  

R ece ived  O ctober 12 , 1 9 5 0

The trimerization of alkyl and aryl substituted 
acetylenes to give substituted benzenes is well 
known,1 but there appear to be no reports of tri
merization of a fiuoroalkyl acetylene.2

We have found that the novel hexakis(trifluoro- 
methyl) benzene (II) can be obtained in yields of 
70 to 75% by heating hexafluoro-2-butyne (I) 
with trifluoromethyl iodide or iodine at 260° 
under pressure. Smaller yields have also been ob
tained by heating the butyne alone at 275°.

Hexakis(trifluoromethyl)benzene (II) is a color
less, crystalline, readily sublimable compound 
melting at 210-212° (sealed capillary). The fluorine 
nuclear magnetic resonance spectrum in acetone 
consists of a single, unsplit resonance line, indi
cating that the fluorine atoms are all equivalent. 
The results of cryoscopic molecular weight measure
ments in benzene were about 4 to 7% higher than 
the value calculated for the trimer, while the 
molecular weight determined by the x-ray method 
was 3% low. However, mass spectrometric analysis 
showed the parent ion of mass 486 and a scries of 
ions logically derived from it.

The infrared spectrum of the trimer is char
acterized by many of the bands reported by Brown3 
for a compound, m.p. 208-209°, which was obtained 
by heating I at 320°, and to which the tetrameric 
structure III was assigned on the basis of an ebul- 
lioscopic molecular weight determination.4 The 

C'F3 CF- C'Fi <T-
l !

i I i I 
CF; CF; CF; C F, 

III
(1) (a) A. W. Reppe and W. J. Schweckendick, A n n . ,  

560, 104 (1948); (b) D. C. McKinley, I n d .  E n g . C h e m ., 44, 
995 (1952).

(2) Monofluoroacetylene has been reported to trimerize 
spontaneously; W. J. Middleton and W. H. Sharkey, J .  A m .  
C h em . S o c ., 81, 803 (1959).

(3) H. C. Brown, J .  Org. C h e m ., 22, 1256 (1957).

ultraviolet spectrum of the trimer is also strik.ngly 
similar (Amai 287 m/r, log e 2.22) to that reported 
by Ekstrom5 for Brown’s compound (\max 287 
mp, log « 2.24). The similarities in reaction condi
tions, melting point, and, NMR infrared and ultra
violet spectra lead us to suggest that Brown’s 
compound is actually the trimer (II).

Because of the bulkiness of trifluoromethyl 
groups, it was not possible to construct a model 
(Stuart-Briegleb) of the trimer without distorting 
the benzene ring from its normal planar configura
tion. It was, in fact, not possible to place more than 
three trifluoromethyl groups in adjacent positions 
without ring distortion. The resulting model had the 
trifluoromethyl groups locked in a highly crowded 
conformation. The unusual behavior of the trimer 
toward basic hydrolysis (see below) might be at
tributed to its highly crowded structure.

The trimer was found to be resistant to hydrolysis 
by sulfuric acid or by a chlorosulfonic acid-sulfuric 
acid mixture, in contrast to the ready hydrolysis 
reported for m -  and p-bis(trifluoromethyl) benzene 
under these conditions.4 However, hydrolysis by 
bases occurs readily; treatment of the trimer with 
two moles of potassium hydroxide in ethanol led 
to the formation of ethyl pcntakis(trifluoromethyl)- 
benzoate (IV) in 27% yield.

H  e x a k is ( tr i f lu o r o m e th y l)b e n z e n e  (II). a . C a ta ly tic . A mix
ture of 11.1 g. (0.068 mole) of hexafluoro-2-butyne, 1.8 g. 
(0.009 mole) of trifluoromethyl iodide, and 0.3 ml. of per- 
fluorodimethylcyclohexane was sealed in a platinum tube 
under a nitrogen atmosphere, and the tube pressured 
externally with nitrogen. The tube was heated at 260° under 
1000 atm. pressure for 15 hr. The reaction mixture was 
cooled below 0°, Altered, ami the solid residue was air- Iried. 
There was thus obtained 7.89 g. (71.1%) of hexakis(tri- 
fluoromethyl(benzene (II), melting a t 209-210° (sealed 
capillary). The melting point was unchanged by recrystal
lization from acetone, benzene, or methanol.

A n a l .  Calcd. for Ci;F,s: C, 29.65; F, 70.35; mol. wt., 486. 
Found: C, 29.78; T, 70.45; mol. wt., 505, 522 (cryoscopic in 
benzene).

Replacement of the trifluoromethyl iodide catalyst with
(4) Ebullioscopic molecular weight determinations (ben

zene) on the trimer carried out in our laboratory resulted in 
very high values (825, 850). This may be due to the volatility 
of the compound, resulting in the loss of material during the 
determination.

(5) B. Ekstrom, C h em . B e r ., 92 , 749 (1959).
(6) P. G. Scheurer and G. M. le Fabe,./. A m .  C h em . S o c .,  

72, 3308 (1950).
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iodine (0.1 mole per mole of hexafluoro-2-butyne) gave a 
70.5% yield of nearly pure II as a pale yellow solid, m.p. 
209-211° (with previous softening).

The infrared spectrum (carbon tetrachloride) has strong 
absorption at 8.1-8.3, 8.51, and 9.51 y , with much weaker 
bands at 7.12, 7.43, 7.61, and 7.73 y . Additional bands for 
II at 8.63m, 8.75m, 12.41s, 13.35s and 13.79s y  are detected 
by use of a potassium bromide wafer. The trimer crystals 
are monoclinic. X-ray diffraction data were determined from 
a single crystal grown from acetone. There are four formula 
weights per unit cell with a space group of C52*f’21/c, a0 = 
9.42, b0 =  16.54, Co =  8.98. The f) angle is 99.5°. Assuming 
a molecular weight of 486.24, the x-ray density is 2.33.7 
The density at 25° (“Ultracene’b is 2.2603, corresponding 
to a molecular weight of 470.

The trimer (50% in acetone) has an F 19 resonance at 
— 945 c.p.s. at 40 mc./sec., relative to trifluoroacetic acid = 
0.8

b. T h e r m a l. An 80-cc. stainless steed bomb containing 25 
g. (0.155 mole) of I was heated for 7 hr. a t 275° and 7 hr. 
a t 285°. A pressure drop from 905 p.s.i. a t 275° to 390 p.s.i. 
a t 285° occurred during this time. After cooling and venting 
the bomb, there was obtained 15.1 g. of fluffy solid. Sublima
tion of 14 g. of this material a t 100°, 1 mm. for 2 hr. yielded
5.47 g. of wet crystals. Pentane extraction of this material 
left 3.53 g. of II, m.p. 210-212° (sealed capillary).

H y d r o ly s is  o f  II. Approximately one half of 11.0 g. (0.023 
mole) of II was dissolved in 1 1. of hot absolute ethanol. 
Then one third of a solution of 3.4 g. (0.052 mole) of potas
sium hydroxide in 35 ml. of ethanol and 2 ml. of water was 
added during 20 min. The rest of the turner was dissolved 
in the mixture, and the remainder of the base was added 
slowly. After standing overnight at room temperature, the 
volume was reduced to 150 ml., and the hot solution was 
decanted from precipitated potassium fluoride. Upon cooling 
the solution in an ice-salt bath, there was obtained 4.22 g. 
of colorless leaflets, m.p. 72-76°. Recrystallization from 
pentane gave 3.0 g. (27%) of ethyl pentakis(trifluoromethyl)- 
benzoate (IV). m.p. 89-90°.

A n a l .  Calcd. for Ci4lI6Fi502: C, 34.30; II, 1.03; F, 58.14. 
Found: C, 34.51; H, 1.40; F, 58.24.

Carbonyl absorption in the infrared was at 5.67 n  (potas
sium bromide disk) and the proton NM Il spectrum indi
cated the presence of an ethyl group. The fluorine NMR 
spectrum had complex absorption in the CF3 region which 
is consistent with the unsymmetrical, highly crowded struc
ture IV.

Attempts to isolate other hydrolysis products from this 
reaction were unsuccessful.

Contribution N o. 575 from the
Central Research D epartment
E xperimental Station
E. I. du Pont de N emours & Company, I nc.
Wilmington 98, Del .

(7) E. A. Braude and F. C. Nachod, D e te r m in a t io n  o f  
O rg a n ic  S tr u c tu r e s  b y  P h y s ic a l  M e th o d s , Academic Press 
Inc., N. V., 1955, p. 468.

(8) The convention employed here is that resonances 
occurring at high field relative to the reference are assigned 
positive values.

H e x a ( t r i f lu o r o m e th y l ) b e n z e n e 1

H. C. Brown, H. L. Gewanter, D. M. White, and 
W. G. Woods2

R ece ived  O ctober 1 6 , 196!)

The thermal reaction of perfluorobutyne-2 under 
autogenous pressure has been reported previously3

as producing a white, crystalline compound be
lieved to be the polycyclic tetramer. Further exami
nation of this compound by Ekstrom4 led to the 
incorrect assignment of the structure as octa(per- 
fluorometh yl) cyclooctatetraene.

A redetermination of the molecular weight of 
the product, both by ebullioscopic method in ben
zene and by isothermal distillation in benzene, gave 
a value of 472, which is reasonably close to the 
value of 486 expected for the trimer of perfluoro- 
butyne. Further consideration has therefore been 
given to the structure and additional data obtained 
which shows conclusively that this compound is 
actually the previously unreported hexa(trifluoro- 
methyl)benzene (I).

CF3

/ \
FjC—C C—CF,

F3C—c  c —c f 3

V
!

c f 3

I

The fluorine nuclear magnetic resonance in dilute 
tetrahydrofuran of two samples of the trimer was 
determined at 40 megacycles/sec. and about
10,000 gauss and only one, single unsplit peak 
was found. This peak is found displaced 433 c.p.s. 
to lower magnetic fields than the fluorine resonance 
of benzotrifluoride and some 2,320 c.p.s. to higher 
fields from the fluorine peak of tribromofluoro- 
methane, the latter being used as an internal stand
ard. It was shown conclusively that this one peak 
contained all the fluorine atoms in the fluoro
carbon, as no detectable resonance could be found 
at ± 5,000 c.p.s. from the observed peak. Further
more, known solutions of the perfiuorobutyne 
trimer and benzotrifluoride were prepared in which 
the ratios of the number of fluorine atoms due to 
the trimer to those due to benzotrifluoride were 
0.988 ; 1.010. The spectra were run and the inte
grated areas of the two peaks determined with a 
planimeter which gave values of 0.99 ± 0.09 and
1.11 ± 0.12 for the ratios. Coupled with the ob
servation that only one peak can be detected, tliis 
result shows clearly that the trimer contains only 
one type of fluorine atom.

The ultraviolet absorption spectrum (max 285 
niju, log 6 = 2.20) of the perfiuorobutyne trimer 
tends to confirm the presence of an aromatic ring. 
The ultraviolet extinction coefficient of this com

(1) This work was supported in part by the Office of 
Naval Research under Contract N-onr 580(03); NR 356-333 
with the University of Florida. Reproduction in whole or 
in part is permitted for any purpose of the United States 
Government.

(2) Present address: U. S. Borax Research Corporation, 
Anaheim, California.

(3) H. C. Brown, O rg. C h e m ., 22, 1256 (1957).
(4) B. Ekstrom, B e r . , 92, 749 (1959).
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pound, when compared with the extinction coef
ficients for trifluoromethyl benzene and 6f.s(tri- 
fluoromethyl)benzene, is in the expected range. 
The ultraviolet curve showed a smoothing out 
effect with an electron donating solvent such as 
ether when compared with the spectrum determined 
in chloroform. The inductive effect of the eighteen 
fluorine atoms would be expected to make the ring 
very electron deficient and could account for this 
phenomenon.

The solubility characteristics of the trimer are 
appropriate to an electron deficient structure, as 
it has a low solubility in benzene but is soluble in 
electron rich solvents. A solubility in tetrahydro- 
furan greater than that in ethyl ether is consistent 
with the greater basicity of the former.

The melting point of the perfluorobutyne trimer 
is in the range expected for hexa (trifluoromethyl) - 
benzene. A plot of the melting points of the methyl- 
benzenes vs. the melting points of the known tri- 
fluoromethylbenzenes is linear.

All the evidence shown above is based on the 
physical properties of the trimer and substantiates 
the proposed aromatic ring structure. We would 
like to report, in addition, that unequivocal 
chemical confirmation of the ring structure was 
obtained by vapor phase chlorination of the trimer 
under ultraviolet irradiation to produce chloro- 
trifluoromethane and hexachiorobenzene.

Preparation of hexa(trifluoromethyl)benzene has 
been modified to include a relatively cold reservoir 
in the pyrolysis tube for condensation of the prod
uct as formed. Yields of 68% of the resublimed or 
recrystallized product have been obtained.

Further work on reactions of hexaftrifluoro- 
methyl)benzene promoted by free radical attack 
and also by the attack of nucleophilic reagents is 
in progress.

E X P E R IM E N T A L

H e x a { lr i f lu o r o m e th y l)h e n z m e . Hexafluorobutync-2 (20 g., 
0.123 mol.) was condensed into a previously evacuated 
heavy wall l’yrex tube 55 cm. X 2.4 cm. designed to project 
from a vertical tube furnace approximately 6 in. The tube 
was then sealed and heated a t 375° for 00 hr. The autog
enous pressure in the 250 ml. tube was calculated to be 
about 25 atm. As the reaction proceeded, the solid product 
condensed in the exposed, relatively cool portion of the 
tube. The tube was cooled, opened, and the condensed 
solid removed and resublimed. Recrystallization from car
bon tetrachloride gave 13.7 g. (68.5%) of pure hexa( tri
fluoromethyl jbenzene, m.p. 200° (sealed tube).

C h lo r in a tio n  o f  h e x a { ln J lu o r o m e th y l)b e n ze n  c. Hexa( tri
fluoromethyl )benzene (4.86 g., 0.01 mol.) was placed in a 
500 cc. Vycor flask. Dry chlorine gas, 4.4 g. (0.062 mol.), 
was condensed into the flask, and the flask was sealed and 
heated to 260° under ultraviolet radiation supplied by a 
Hanovia utility lamp for 44 hr. The vessel was cooled and 
opened into a vacuum system to remove the volatile mate
rial which was subsequently bubbled through a 10% solu
tion of sodium hydroxide to remove any unreacted chlorine. 
The remaining gas was identified by molecular weight deter
mination (Dumas-104) and infrared spectra as chlorotri- 
fluoromethune. The solid product was recrystallized from

benzene to give pure hexachiorobenzene, m.p. 229-230°’ 
mixed melting point with authentic samples 229-231°. 
The infrared spectra of this solid material also corresponded 
to that of an authentic sample of hexachiorobenzene.

D e p a r t m e n t s  o f  C h e m i s t r y  a n d  
C h e m i c a l  E n g i n e e r i n g  

U n i v e r s i t y  o f  F l o r i d a  
G a i n e s v i l l e , F l a .

G e n e r a l  E l e c t r i c  R e s e a r c h  L a b o r a t o r y  
S c h e n e c t a d y , N .  Y .

Q u e b r a c h a m i n e .  I I

H e r m a n n  K n y  a n d  B e r n h a r d  W i t k o p  

R ece ived  O ctober 1, 195U

The establishment by x-ray analysis of the struc
ture I for aspidospermine1-3 makes II an attractive

formulation for quebrachamine.1 2 3 4 This note reports 
two further experiments designed to clarify the 
nature of the substituent, Id or R, at the a-indole 
position, and identifies the “AT(a)-acetyldihydro- 
indole base” previously reported,4 as I.

The positive Ehrlich and Hopkins-Cole reactions 
of quebrachamine suggested an a-unsubstituted 
indole ring. Such a-unsubstituted indoles may be 
characterized or diagnosed by their <*,a'-disulfides. 
Quebrachamine trichloroacetate reacted in ben
zene with disulfur dichloride to yield a crystalline 
disulfide, whose ultraviolet absorption peak showed 
the expected shift to longer wave lengths.5 Reduc
tive hydrolysis, however, gave back quebrachamine. 
It must be concluded that quebrachamine disulfide 
is an abnormal disulfide in which two molecules of 
quebrachamine are linked together by an S-S 
bridge attached to an unknown position of the in
dole part. Tetrahydroearbazole did not yield a 
disulfide.

Another reaction characteristic of a-unsubsti- 
tuted indoles is their oxidation to (di)oxindole 
derivatives with .Y-bromosuccinimide.6 Quebrach
amine under such conditions gave a tribromo com

(1) S. C. Nyburg and J. I'1. 1). Mills, T e tra h e d ro n  L e tte r s ,  
11, 1 (1959).

(2) G. F. Smith and J. T. Wrobel, J .  C h em . S o c ., in press.
(3) If. Conroy, P. R. Brook, and Y. Amiel, T e tra h e d ro n  

L e tte rs , 11, 4 (1959).
(4) C f. B. Witkop, J .  A m .  C h em . S o c ., 79, 3193 (1957).
(5) C f. K. Freter, J. Axelrod, and B. Witkop, J .  A m .

C h em . S o c ., 79, 319 (1957).
(6) A. Patchornik, W. B. Lawson, and B. Witkop, J .  

A m . C h a n .  S u e ., £0, 4747 (1958).
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pound C'i9lI23X2Br3, m.p. 290°, whose ultraviolet 
spectrum (Table I) was similar to that of the hy
droxy base Ci9H26N20, m.p. 188°. Both these 
compounds have peaks similar to, but extinctions 
higher than, the /3-hydroxyindoIenine III derived 
from ibogamine (Table I).7 This type of spectrum, 
intermediate between indole and indolenine, may

OH

III

point to transannular interaction with N b. No 
definite structures are assigned to these products 
at this time. The failure of JV-bromosuccinimide to 
convert quebrachamine to an oxindole derivative is 
proof for an «-substituted indole nucleus. This is in 
agreement with the results of recent studies of the 
nuclear magnetic resonance spectrum of quebrach
amine8 which clearly shows the absence of the peak 
characteristic of the proton in the a-position of the 
indole ring.

TABLE I
U l t r a v i o l e t  S p e c t r a  i n  9 5 %  E t h a n o l

Compound r̂a»x e

Hydroxy base Cr.lI .5N2O, m.p. 188°, 295 7,080
from quebrachamine 286 7,590

227 28,200
Tribromo compound Ci9H>3N2Br3, 293 7,470

m.p. 290°, from quebrachamine 285 7,440
231 44,000

Hydroxyindolenine III  from ibogamine 292 3,020
281 3,200

253-254 3,910
228 13,700
222 19,800

The same study led to the conclusion that the 
NMR peaks of possible indolenine tautomers of 
cyclohcptenoindole, cyclooctenoindole and of II, 
a cyclononenoindole, would be masked by the 
multiplicity of saturated methylene protons.

The so-called “JV(a)-acetyldihydroindole base,” 
m.p. 213°,4 and the “isomeric hydroxy base,” 
m.p. 103°,4 turned out to be aspidospermine and 
deacetylaspidospermine.9 Apparently the latter is 
admixed with samples of “pure” quebrachamine, 
m.p. 144°, which give a single spot on chromato
grams in three different solvent systems. Repeated 
recrystallization gave a sample, m.p. 145-146°,
[a]!? —116.5°, which with hydrogen peroxide in 
acetic acid gave solely the hydroxy base, m.p. 
188°.

(7) D. F. Dickel, C. L. Holden, R. C. Maxfield, L. E. 
Paszek, and W. I. Taylor, J .  Org. C h en i., 80, 123 (1958).

(8) L. A. Cohen, J. W. Daly, H. Kny, and B. Witkop, 
J .  A m .  ( 'h e m . S o c ., in press.

(9) We are greatl}- indebted to Prof. It. Conroy for point
ing out first these possibilities.

E X P E R IM E N T A L 10

F ra c tio n a l rc c ry s ta ll iz a tio n  o f  q u e b ra ch a m in e . A sample of 
quebrachamine (5 g.) obtained through the courtesy of E. 
Merck, Darmstadt,11 was recrystallized twice from methanol 
and showed then m.p. 143-145°, [a]2D0 —117.3° (c, 1.0 in 
95% C2H5). Further recrystallizations from cyclohexane 
furnished 5 fractions of increasing solubility which had the 
following melting points: 145-146°; 145-146°; 146-147°; 
145-146°; 144-145°. The rotations of the first four fractions 
were all [oRd —116.5 ±  2°. The last fraction and mother 
liquors had [qRd —118.8 ±  2 ° which slowly increased on 
standing in solution, since the hydroxy base C19N26N2O, 
[a]2D° —504°, is formed.

C h ro m a to g ra p h ic  a n a ly s is . In three solvent systems (a) 
2-butanol-formic acid-water (75:15:10), (b) 99% of a mix
ture of 2 parts of methanol, 1 part of benzene, 1 part of 1- 
butanol and 1 part of water, and 1% of a 15% aq. ammonia 
solution, (c) phenol-formic acid-water (120 g.:1.6 cc.:40 
cc.) quebrachamine traveled close to the solvent front (What
man No. 1 filter paper) showing R f  values >0.9. Deacetyl
aspidospermine was indistinguishable in these systems. In 
amyl alcohol-water (90:6) there was a slight separation of 
quebrachamine (if/ 0.92) and deacetylaspidospermine (0.83) 
which however was insufficient to detect 10 % deacetyl
aspidospermine in a mixture made up with quebrachamine. 
The use of filter paper impregnated with borate buffer of pH 
7.4, 9.3, arid 10.4 did not improve the separation.

E le c tro p h e r o g ra m sn  of mother liquors of quebrachamine in 
acidic buffer systems showed the presence of small amounts 
of oxy base C19H26N2O, m.p. 188°, which moved slightly 
faster than quebrachamine. Deacetylaspidospermine moved 
(after 50 min.) approximately twice as fast as quebracha
mine and was detectable by its coloration on spraying with 
1 %, ethanolic einnamaldehyde solution and subsequent 
exposure to hydrogen chloride gas. In mixtures made up of 
50% quebrachamine and 50% deacetylaspidospermine 
separation and detection were still possible, but 10% 
deacetylaspidospermine admixed to quebrachamine could 
not be detected in this way.

I d e n t i f ic a t io n  o f  “ base C n H 2s N 20 2, m .p .  S I S 0"  w ith  a s p id o 
s p e r m in e . By the action of 6 cc. of acetic acid-30% hydrogen 
peroxide (1:1) on 0.5 g. of commercial “pure” quebrach
amine 40 mg. of the base considered to be an A’B-acetyl- 
hydroxy- derivative C2iH28N202 of quebrachamine was ob
tained .4 The mixed melting point of this base with aspido
spermine (G aH J^C h) was 213°. The ultraviolet and infra
red spectra of the two bases were identical. No aspidosper- 
mine was found when the purest sample of quebrachamine 
obtained by repeated recrystallizations first, from methanol 
and then from cyclohexane was oxidized with peracetic acid. 
This led only to the formation of the base CidLtNLO, m.p. 
188°.

Q u e b ra c h a m in e  d isu lf id e . To a cooled solution of 29.2 mg- 
of quebrachamine in 10 ml. of anhydrous benzene was 
added 100 mg. of anhydrous trichloroacetic arid and 1 ml. 
of a solution of 6.8 mg. of disulfur dichloride (S-CR) in 
benzene. After 2 hr. the reaction mixture was poured into 
an excess (ca . 100 ml.) of petroleum ether (b.p. 30-40°). 
The precipitate was removed by centrifugation, washed with 
ether and petroleum ether, and rccrystallized from petroleum 
ether to colorless crystals (20 mg., 60%), m.p. 166°: R f  
0.25, compared with quebrachamine 0.8 (2,4-lutidine-i-amyl 
alcohol, 1:1, saturated with water). The reactions according 
to Ehrlich, llopkins-Cole and with cinnamic aldehyde were

(10) All melting points are corrected. The analyses were 
performed by the Analytical Services Unit of this laboratory, 
under the direction of Dr. W. C. Alford.

(11) We are greatly indebted to Dr. Jan Thesing for his 
assistance and cooperation.

(12 ) Approximately 50 volts/cm., using the Wieland- 
Pfleiderer Pherograph [cf. A n g e w . C h e m ., 67, 257 (1955)].
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all negative. The Keller reaction, coned, sulfuric acid con
taining a trace of ferric ion, was positive.

A n a l .  Calcd. for C-slI:,oN'iS.j: C, 72.71); II, 7.99; N, 8.94; 
S, 10.23. Found: C, 72.50; II, 8.04; N, 9.00; S, 10.33.

U ltra v io le t sp e c tr u m :  Xm.i (log e) 300 (3.50); 212 (4.30).
I n fr a r e d  s p e c tr u m  (potassium bromide): 2.95-2.98 (broad); 

3.43; 3.58; 0.05vw; 0.20vw; 0.44s; 0.80vs; 7.25m; 7.39s; 
7.52\v; 7.86m; 8.10m; 8.28m; 8.39s; 8.5Gw; 8.74m; 8.86m; 
9.08w; 9.37w; 9.74m; 9.88nr; lO.Ovw; lO.llvw; 10.36m; 
10.69w; 11.51m g.

On reductive hydrolysis of the disulfide (10 mg.) with 
zinc in acetic acid the ether solution of the crude reaction 
product showed (in chloroform) a band at 5.81 g of medium 
intensity, and 6.20vs, both bands typical of oxindole deriva
tives. However, on purification of the material v ia  the picrate 
only a small amount of quebraehamine picrate, m.p. 193°, 
identified by mixed melting point and infrared spectrum, was 
obtained. The same result was given by the reduction of the 
disulfide with Haney nickel.

Q u e b ra e h a m in e  “I r ib r o m id e ."  AVBromosuccinimide (0.222 
g.) was added slowly with mechanical stirring to 0.141 g. of 
quebraehamine in 3 ml. of glacial acetic acid and 2 ml. of 
water. Stirring was continued for 1 hr. a t room temperature 
and then 4,V sodium hydroxide was added in the cold until 
the solution was a t pH 6. Extraction with dichloromethane 
and ra-propyl alcohol yielded a yellow oil which was crystal
lized from chloroform and benzene to yield 0.08 g. of cotton- 
like needles, m.p. 287-289°. The analytical sample was 
prepared by a recrystallization from the same solvents. I t 
displayed m.p. 290°, ultraviolet spectrum Xmax 231 (« 
44,000), 285 (e 7,440), 293 (e 7,470) and had no carbonyl 
absorption in the infrared.

A n a l .  Calcd. for C19H23N2Br3: C, 43.96; H, 4.47; Br, 46.18. 
Found: C, 43.99; H, 4.59; Br, 45.99. The formula C19H2a- 
NjBr3 (C, 43.79; H, 4.84; Br, 46.00) is not excluded.

A c k n o w le d g m e n t. We are greatly indebted to 
Drs. K. Freter and A. A. Patchett for experimental 
assistance, to Dr. H. Conroy for helpful discussions 
and to Dr. G. F. Smith for an advance copy of his 
manuscript prior to publication.

N a t i o n a l  I n s t i t u t e  o p  A r t h r i t i s  
a n d  M e t a b o l i c  D i s e a s e s

N a t i o n a l  I n s t i t u t e s  o f  H e a l t h

P u b l i c  H e a l t h  S e r v i c e

U. S. D e p a r t m e n t  o f  H e a l t h ,
E d u c a t i o n , a n d  W e l f a r e

B e t h e s d a , M d .

S y n th e s is  o f  9 -M e th y l-3 ,9 -d ia z a b ic y c lo [4 .2 .1 1 -  

n o n a n e

R. J. M i c h a e l s  a n d  H. E. Z a u g g  

R ece ived  S e p te m b e r  2 0 , 1 9 5 9

This note reports the preparation of the title 
compound, II, by treatment of tropinone with 
hydrazoic acid to give the bicyclic lactam I which 
was reduced with lithium aluminum hydride. The 
overall yield of II was 61%.

7 N n?h  7 \ n h
CH3- N  I C H - N

I

/
C H - N

II

This scheme provides access to a bicyclic homo
piperazine system of potential value as an inter
mediate for compounds of pharmacological interest.

E X P E R IM E N T A L

9 -M e th y !-3 ,9 -d ia e a b ic y c lo [4 .2 .1 }n o n a n -4 -o n e  (I). A solu
tion of 11.1 g. (0.08 mole) of tropinone in 100 ml. of chloro
form cooled to —5° in an ice-salt bath was treated drop- 
wise with stirring with 25 ml. of concentrated sulfuric acid, 
keeping the temperature below 15°. After cooling :o  5° 
the stirred reaction mixture was treated with 10.4 g. (0.16 
mole) of sodium azide in approximately 0.5-1 g. portions 
a t such a rate that the temperature did not exceed 35°. 
Addition of the azide required about 2 hr. after which the 
reaction mixture was stirred at 50° for another 2 hr. I t was 
then poured into a 600 ml. beaker one third filled with ice. 
Solid potassium carbonate was added portionwise until the 
mixture was strongly alkaline. This was followed by 50 ml. 
of a 60% potassium hydroxide solution; the inorganic salts 
were removed by filtration and washed well with chloroform. 
The alkaline filtrate was extracted with three portions of 
chloroform and the combined chloroform washings and 
extracts were dried over anhydrous sodium sulfate. Filtra
tion of the drying agent followed by removal of the c.iloro- 
form by distillation gave 11.1 g. (90% ) of crude I, m.p. 79- 
83°. For analysis, a sample was converted to the hydro
chloride, m.p. 258-259° dec. (from ethanol).

A n a l .  Calcd. for C8H15C1N20 : C, 50.39; H, 7.93; N, 14.69. 
Found: C, 50.42; H, 7.96; N, 14.59.

9 -M e th y l-3 ,9 -d ia z a b ic y c lo [ 4 -2 .1 ] n o n a n e  (II). To a solution 
of 11.0 g. (0.071 mole) of I in 400 ml. of dry ether was added 
dropwise w-ith stirring under an atmosphere of dry nitrogen, 
a solution of 6.8 g. (0.18 mole) of lithium aluminum hydride 
in 200 ml. of dry ether. Addition was complete in 0.5 hr., 
and the mixture was stirred and refluxed for 46 hr.

Water (25 ml.) was added dropwise to the cooled reaction 
mixture which was then filtered by suction. The filter cake 
was washed well with ether and the combined filtrate and 
washings were dried over anhydrous sodium sulfate. Filtra
tion and removal of the ether by distillation followed by 
vacuum distillation of the residual oil gave 6.8 g. (68%) of 
II, b.p. 111-113° (38 mm.), n2D4 1.4992.

A n a l .  Calcd. for C8H16N2: C, 68.52; H, 11.50; N, 19.98. 
Found: C, 68.71; H, 11.91; N, 20.26.

I I .D ih y d r o c h lo r id e , m.p. 290-291° dec. (from dry ethanol).
A n a l .  Calcd. for C8Hl8Cl2N2: C, 45.08; H, 8.51. Found: 

C, 45.46; H, 8.61.

A c k n o w le d g m e n t. The authors are indebted to 
Mr. E. F. Shelberg and his associates for the 
microanalyses.

O r g a n i c  R e s e a r c h  D e p a r t m e n t

R e s e a r c h  D i v i s i o n

A b b o t t  L a b o r a t o r i e s

N o r t h  C h i c a g o , I I I .

P re p a ra t io n  o f  m -  a n d  p -D ie th y n y lh e n z e n o s

A l l a n  S . H a t

R e c e iv e d  S e p te m b e r  3 0 , 195 9

We wished to prepare reasonably large quanti
ties of 7>i- and p-diethynylbenzenes. Deluchat1

(1) R. Deluchat, Ann. chim., 1 [11] 181-255 (1934).
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had prepared these compounds by a laborious seven 
step synthesis starting from the corresponding 
xylene isomer. This route was obviously not satis
factory for relatively large scale preparation of 
these materials.

When the commercially available divinylbenzenc 
mixture1 2 3 (40% m -  and p-divinvlbenzenes) is bromi- 
nated in chloroform solution, l,4-b:s(l,2-dibromo- 
ethyl)benzene separates on cooling. Recrystalliza
tion from chloroform yields the pure material. 
The bromination residue now contains 1,3-bis- 
(1,2-dibromoet,hyl) benzene along with considerable 
quantities of the dibromodiethylbenzenes from the 
ethylstyrenes in the starting material. A molecular 
distillation readily separates the dibromodiethyl
benzenes from the tetrabromodiethylbenzene. The 
latter fraction on crystallization from eth
anol yields pure l,3-bis(l,2-dibromcethyl)benzene. 
Treatment with four moles of potassium f-but oxide 
in i-butanol readily converts the tetrabromodi- 
ethylbenzenes to the respective diethynylbenzenes.

E X P E R IM E N T A L

B r o m in a tio n  o f  m ix e d  d iv in i/lb en zen e s . Bromine (1300 g., 
8.13 moles) was added over 2 hr. with stirring to a cooled 
solution of 750 g. mixed divinylbenzene (-0%  = 2.3 moles 
m - and p-divinylbenzene) in 1200 ml. of chloroform. The 
reaction mixture was then cooled to 5° and a voluminous 
precipitate settled out which was separated by filtration. 
Itecrystallization from chloroform yielded 26-1 g. (0.59 
mole) of l,4-bis(l,2-dibromocthyl(benzene, m.p. 155-157° 
(lit.1 m.p. 157°). The two filtrates were combined and the 
chloroform removed on a rotating evaporator a t 100° (3 
mm.). The residue was then fractionated in a molecular still. 
Distillation at 50° (40-70 p) and then at 80° (20-50 p )  
separated most of the dibromodiethylbenzenes. The residue 
which was a viscous sirup was distilled a t 150° (12-30 p ). 
The distillate crystallized when triturated with cold alcohol 
and after recrystallization from alcohol yielded 420 g. 
(0.93 mole, combined yield of 66%), l,3-bis( 1,2-dibromo- 
ethyl(benzene, m.p. 65-66.5° (lit.1 m.p. 64°).

p -D ie th y n y lb e n ze n e . To a solution of 18 g. (0.46 mole) of 
potassium in 1 1. of i-butanol at the temperature of reflux 
was added 50 g. (0.11 mole) of l,4-bis(l,2-dibromocthyl)- 
benzene. After 1 hr. the reaction mixture was made up to 4
1. with ice water and the pale yellow solid was removed by 
filtration. There was isolated 9.8 g. (0.078 mole, 71 % yield) 
of p-diethynylbenzene, m.p. 95° (lit.1 m.p. 95°). Sublima
tion at 90-100° (2 mm.) gave a colorless solid m.p. 96.5°.

m -D ie th y n y lb e n z e n e  was prepared in an identical fashion 
and in comparable yield from l,3-bis(l,2-dibromoethyl )- 
benzene. After flooding with water the product was isolated 
by ether extraction and distillation to yield m-diethynvl- 
benzene, b.p. 78° (14 mm.), n \ °  1.5825 ( it.1 b.p. 78° (15 
mm.) n 'o  1.5841).

A c k n o w le d g m e n t. The distillations were performed 
by Mr. E. M. Hadsell. It is a pleasure to acknowl
edge the very capable assistance of Mr. R. J. 
Flatley.

G e n e r a l  E l e c t r i c  R e s e a r c h  L a b o r a t o r y  
P. O . Box 1 0 8 8 , T h e  K n o l l s  
S c h e n e c t a d y , X .  Y .

(2) Purchased from Monomer-Polymer Laboratories, 5000 
Landgon Street, P.O. Box 9522, Philadelphia 24, Pa.

A b se n ce  o f  E xch a n g e  b y  th e  “ A ld e h y d ic ”  

H y d ro g e n  o f  l ie n z a ld e h y d e  S o d iu m  B is u l f i te

J o h n  A. S o u s a  a n d  J .  D a v i d  M a r c . e r u m  

R ece ived  October It), 1 9 5 0

In 1939 Thompson and Cromwell reported that 
in contrast to the lack of hydrogen-deuterium ex
change by aldehydes, benzaldehvde-di sodium bi
sulfite (I-rfi) exchanged up to 76% with conductivity 
water in a period of seventeen days.1 They suggested 
that this could be evidence for the enolization of 
the bisulfite complex. Such an enol form (II-di) 
would be of particular interest since it postulates 
an expanded valence shell of ten electrons for the 
sulfur at om in the complex.

D O  _  OD
C—S—0 “  Na+ 7 T -*  O - c 4 - 0 -  Na+
I  i i i
6  o  o o

H i - j , H i i  j.

We desired to prepare some deuterated benz- 
aldehydes by utilizing the reverse of this reported 
exchange reaction. We first attempted to prepare 
benzaldchyde-di by placing benzaldehyde sodium 
bisulfite (I) in excess deuterium oxide for a long 
period of time, as indicated in experiment 1, 
Table I. The infrared spectrum of the aldehyde 
showed that no exchange had occurred.2 Similar 
experiments (2, 4, and 5 through 9) were made 
using different methods of separating the products, 
and of determining the extent of exchange by in
frared analysis. These experiments were conducted 
under various conditions such as exposure to near 
ultraviolet light or in the presence of added sub
stances which might somehow have acted as cata
lysts in the original work. Experiment 3 is es
sentially a duplication of one experiment of the 
reported exchange reaction, using benzaldehyde 
prepared from lithium aluminum deuteride.2 In 
every experiment no hydrogen-deuterium exchange 
was found on the “carbonyl” carbon of I or I-di. 
Thus, there is no evidence for the existence of an 
enol form, such as II-rfi.

The attempted exchange experiments are sum
marized in Table I. The infrared spectra of I and
I-r/i are shown in l'ig. 1. The deuterated complex 
is readily distinguished from I by the absence of 
bands at 1411 and 845 cm.-1 and the presence of 
bands at 1347, 969, 945, and 766 cm.-13.

(1) A. F. Thompson, Jr., and N. H. Cromwell, J .  A m .  
C h em . S o c ., 61, 1374 (1939).

(2) K. B. Wiberg, J .  A m .  C h em . S o c ., 76, 5371 (1954).
(3) Deutero-benzaldehvde is easily distinguished from 

benzaldehyde by the large shift in the C—H stretching 
frequency (c f. ref. 2), and also shows the absence of bands 
a t approximately 1387, 826, and 714 cm.“1 and the presence 
of bands at approximately 1222, 791, and 733 cm.-1.



A PR IL  1 9 6 0 NOTES 6 3 9

WAVENUMBERS IN CM

Fig. 1. Infrared spectra of benzaldehyde sodium bisulfite (I) and benzaldehyde-di sodium bisulfite (I-di) in potassium
bromide disks

TABLE I
A t t e m p t e d  P r o t i u m  E x c h a n g e  i n  B e n z a l d e h y d e  S o d i u m  B i s u l f i t e  A d d i t i o n  C o m p o u n d  ( I )

Expt. Reactants
Mole Ratio 

of Reactants
Period,
Days Light

Method of 
Separation

Products
Analyzed

« I-di/ILO 1/11.1 17 — Vac. distln. H20
1 I/D .O 1/31.5 28 Dark Na2C03 rxn. BzH
2 I/D?() 1/35 26 Dark Vac. distln. BzH
3 I-d,/H 2() 1/11.7 34 Dark Vac. distln. H20

Na2C03 rxn. BzD
4 I-di/HoO 1/11.1 2 Near UV Evaporation I
5 i / d 2o 1/31.5 45 Rm. light Evaporation I
6 (Same as 5; 1 drop 0N  HC1 added to 2 ml. of solution)
7 (Same as 5; 1 drop 6V NaOH added to 2 ml. of solution)
8 (Same as 5; ca. 100 mg. 5% Pd-BaSCh added to 2 ml. of solution)
9 (Same as 5; ca. 50 mg. quinoline-sulfur added to 2 ml. of solution1

° Ref. 1.

The increases in the density of water observed 
in the work of Thompson and Cromwell1 could not 
have been due to an exchange reaction. A possible 
explanation of their results may be found in our 
observation that benzaldehyde and sulfur dioxide 
vapors appear to exist in equilibrium with the 
benzaldehyde sodium bisulfite complex. In the 
vacuum distillation of water from a water-complex 
mixture at room temperature, small but significant 
amounts of benzaldehyde and sulfur dioxide are 
carried over into the water, which would increase 
its density.

E X P E R IM E N T A L

Benzaldehyde sodium bisulfite (I) was prepared by mixing 
40% aqueous sodium bisulfite with a slight excess of freshly

distilled benzaldehj'de, allowing the complex to separate on 
standing, filtering it, washing it three times with ether and 
drying over phosphorus pentoxide at 1 m for 1.5 hr. Benzalde- 
hyde-di sodium bisulfite (I-di) was prepared by Wiberg’s 
method.2 The 5% palladium-barium sulfate and the quino
line-sulfur were prepared as described in O rg a n ic  R e a c t io n s .* 

R e a c tio n  c o n d itio n s  a n d  se p a ra tio n  o f  p ro d u c ts . All experi
ments were carried out in evacuated, out-gassed, sealed-off 
tubes.1 These were allowed to stand a t room temperature, 
in the dark or in room light as indicated in Table I, except 
for experiment 5 in which exposure was made with a water 
cooled AH-6 mercury arc (glass envelope) for 29 hr. using 
Corning glass filter No. 5840 followed by 20 hr. without a 
filter. Separation by vacuum distillation was made at 25° 
for water and between 60° and 115° for benzaldehyde. In 
experiments 1 and 3 the complex was treated with an excess 4

(4) E. Mosettig and R. Mozingo, O rg. R e a c tio n s , IV, 
386-9 (1948).
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of 3%, sodium carbonate followed by ether extraction, drying 
over magnesium sulfate, and distillation of the benzaldehyde 
a t reduced pressure under nitrogen.

A n a ly s i s .  In all of the experiments infrared absorption 
spectra were used to analyze for the presence of deutcrated 
and undeuterated products. Most of the spectra were taken 
with a calcium fluoride prism in a Perkin-Elmer model 112 
Spectrometer. The benzaldehyde and benzaldehyde-di were 
run between sodium chloride plates or in carbon tetrachlo
ride solution; water and deuterium oxide were run in thin 
calcium fluoride cells1; crystals of I and I-di were run using 
the model 85 microscope attachment to the 112. Spectra of 
I and I-di (recrystallized from water and dried under 
vacuum) were also run in potassium bromide disks on a 
Baird Model A and are shown in Fig. 1.

I n s ta b i l i t y  o f  the co m p le x  u n d e r  v a c u u m . At 60° large 
amounts of benzaldehyde, sulfur dioxide, and water were 
vacuum distilled from I in a period of several days. These 
were identified by mass spectral analysis with a Consoli
dated Electrodynamics model 21-103C mass spectrometer. 
Similarly, a t 25° more than 7% of the benzaldehyde was 
vacuum distilled from a dry sample of I in 5 days, and was 
analyzed by its ultraviolet spectrum with a Cary model 11 
spectrophotometer. A mixture of 1.86471 g. of I (freshly 
washed with ether and dried) and 1.48630 g. of water was 
placed in one arm of a U-tube, which was outgassed and 
evacuated. The water w7as vacuum distilled for 2 hr. into the 
other arm from a maximum temperature of 25°. After 
dilution to 5.0 ml. the water had a pH o: 3.1 compared to 
an initial pH of 6.0 and the ultraviolet spectrum (measured 
in a 0.0107 cm. calcium fluoride cell) showed a total of 
0.0016 g. of free benzaldehyde. When diluted again by Vso 
(measured in a 1.00 cm. cell) it showed a total of 0.0021 g. 
of free benzaldehyde. The difference in free aldehyde with 
concentration can probably be attributed to some benzalde
hyde-sulfurous acid complex formation. Thompson and 
Cromwell, using comparable amounts of water and complex, 
found that after vacuum distillation the water had increased 
in total weight between 0.00213 and 0.30756 g. and at
tributed this to an exchange reaction.

P i o n e e r i n g  R e s e a r c h  D i v i s i o n

Q u a r t e r m a s t e r  R  & E C e n t e r  L a b o r a t o r i e s

N a t i c k , M a s s .

(5) R. C. Gore, R. B. Barnes, and E. Petersen, A n a l .  
C h e m ., 21, 382 (1949).

U n s a tu ra te d  F o u r -M e m b e re d  R in g  C o m 

p o u n d s . I I I .  T h e  R e a c t iv i ty  o f  R e n z v c y c lo -  

b u te n e  T o w a rd  E le c t r o p h il ic  S u b s t i tu t io n

F r e d e r i c k  R .  J e n s e n  a n d  G a r y  M a c i e l  

R eceived  J u n e  30 . 1 9 5 9

In view of the possible effects of compression of 
the bond angles in benzene on the rate of substi
tution, it was of interest to determine the absolute 
reactivity of benzocyclobutene towards electro
philic substitution. Although the bond angles 
and interatomic distances have not been determined 
for benzocyclobutene, it is to be expected that the 
bond angles to the cycloalkane ring are appreciably 
smaller than the normal bond angle of 120°.

The electrophilic reaction selected was the alumi
num chloride-catalyzed benzoylation reaction using

ethylene chloride as solvent. Since substitution of 
a methyl group in benzene increases the rate of 
reaction by a factor of 132 (Table I), the benzoyla
tion reaction is very sensitive to substitution effects. 
Any net effect of the fused ring should give a marked 
change in the rate of benzoylation. The aromatic 
compounds selected as standards for reference 
purposes were o-xylene, indane, and tetralin.

For this reaction, individual experiments follow 
second order kinetics according to expression 1.

rate = ^(CdRCOCl-AlCbXArH) (1)

However, the value of depends on the initial 
concentration of the complex.1 With benzocyclo
butene, the reactions apparently followed second- 
order kinetics to about 50% reaction and then the 
rates of reaction fell off rapidly. After ten to fifteen 
minutes, the reaction mixtures began to darken 
and turned progressively darker with time. The 
cause of this behavior was not investigated. The 
reactions of the other compounds followed second- 
order kinetics to at least 90% reaction, and the 
reaction mixtures stayed colorless for at least 
twenty-four hours.

The results are summarized in Table I.2 * * * The 
three compounds with the fused cycloalkane rings 
react two to three times faster than o-xylene. How
ever, benzocyclobutene reacts only slightly faster 
than indane and tetralin. Since there.is no rate 
acceleration, any decreased stability of benzo
cyclobutene by the bond compressions must be 
countered by an equal degree of instability of the 
transition state.

TABLE I
R a t e s  o f  t h e  A l u m i n u m  C h l o r i d e - C a t a l y z e d  B e n z o y l a 
t i o n  o f  S e l e c t e d  B e n z e n e  D e r i v a t i v e s  i n  E t h y l e n e  

C h l o r i d e  S o l u t i o n  a t  2 5 ° “

Aromatic

A-, X 10* 
(l.m .-1
sec.-1)

Relative
R ate6

Benzene 0.00855 1/1700
Toluene 1.13 1/13
o-Xvlene 15.1 1
Benzocyclobutene 41' 2.8
Indane 28.6 1.9
Tetralin 33.6 2.3

“ For benzene and toluene, initial concentrations 0.222.1/; 
for the other compounds, 0.200.1/. 6 The small effect of 
initial concentration on rate is ignored in calculating the 
relative rates. '  Less than 50% reaction. The calculated 
rate constants for benzocyclobutene decrease sharpbr after 
50% reaction.

There are at least two explanations which could 
account for the “normal” reactivity of benzocyclo-

(1) F. R. Jensen, J .  A m .  C h em . S o c ., 79, 1226 (1957).
(2) When no unusual reactivities were observed, the

decision was made not to determine the manner in which
the benzoyl chloride is consumed. The reported rate con
stants probably represent the upper limit for aromatic sub
stitution.
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butene. One possible explanation is that the bond 
compressions have no effect on the resonance sta
bilization of the molecule. The second possibility 
is that the resonance stabilization of benzocyclo- 
butene is decreased by the bond compressions, but 
that the stabilization of the transition state by the 
cycloalkane ring is less for benzoyclobutene than 
for tetralin and indane.

It is of interest to note that indane and tetralin 
are both more reactive than o-xylene. There is 
probably very little difference in the steric hin
drance to attack in the o rth o - positions of these 
molecules. Nor can, the effect be attributed to the 
substitution of hydrogen by an alkyl group, 
since ethylbenzene is less reactive than toluene in 
the benzoylation reaction.3 The increased reactivity 
may be due to the presence of more favorable con
figurations for hyperconjugation4 with the alkyl 
groups in the transition states for substitution of 
indane and tetralin than for o-xylene.

E X P E R IM E N T A L

The benzocvclobutene was prepared by the catalytic 
hydrogenolysis of 1,2-dibromobenzocyclobutene using the 
method given by Cava and Napier for the hydrogenolysis 
of 1,2-diiodobenzocyclobutcne.5 Whereas yields of 20-55% 
were reported using the diiodo- compound, yields of 80- 
85% were obtained using the dibromo- compound. The 
hydrocarbon sample by mass spectral anaRsis6 contained 
99.6% of material with mass number 104, and the infrared 
spectrum corresponded to that reported for henzocyclo- 
butene.4 The benzocyclobutane had b.p. 150.5°/754 mm. 
(lit.,4 b.p. 150°/748 mm.). The other hydrocarbons had 
purities of at least 99.5% as shown by cooling curve deter
minations. The other reactants and the solvent were purified 
as described previously.1 The reactions were followed by 
determining the rate of disappearance of benzoyl chloride.3

D epa rtm en t  of C hem istry  
U n iv ersity  of C a lifornia  
B er k el ey  4, C a l if .

(3) H. C. Brown, B. A. Bolto, and F. It. Jensen, J .  O rg. 
C h e m ., 23, 414 (1958).

(4) A. Streitwieser, Jr., R. H. Jagow, R. C. Fahey, and 
S. Suzuki, J .  A m .  C h e m . S o c ., 80, 2326 (1958).

(5) M. P. Cava and D. R. Napier, J .  A m .  C h e m . S o c ., 80, 
2255 (1958).

(6) We are indebted to Mr. Seymour Meyerson of the 
Standard Oil Company (Ind.) for the mass spectra analysis.

D im e r  o f  1 0 -M e th y le n e -9 -p h e n a n th ro n e

P et e  D. G a rdn er  and H ossein  Sarrafizadeii R.

R ece ived  S e p te m b e r  18 , 1 9 5 9

Although several highly substituted homologs 
of quinone methide (I) are known only one has 
been reported which contains its double bond 
terminally II.1 In an attempt to obtain a com-

(1) F., Clar. R r r ., 69, 1686 (1936) and references cited 
therein.

pound having the orf/io-functionality of I for pur
poses of studying its chemistry, we have directed 
our efforts toward the synthesis of 10-methylene-
9-phenanthrone (III). It might be expected to be 
stable both by analogy with II and by considera
tion of the relatively small energy difference be
tween it and the fully aromatic phenanthrene 
system (10-methyl-9-phenanthrol). Naively, per
haps, one might expect it to have properties similar 
to those of a hyper-reactive aryl vinyl ketone. 
Molecular orbital calculations are not helpful in 
making predictions in cases of this sort because of 
the oxygen atom; a new parameter is required, 
the uncertainty in which would permit one to have 
but little faith in the result. At any rate, one would 
expect the molecule to have a large delocalization 
energy and a large free valence value at the termi
nal carbon atom.2

The condensation of 9-phenanthrol with formal
dehyde and dimethylamine under very mild condi
tions afforded the expected Mannich base IV which 
proved to be very unstable. Loss of nitrogen oc
curred during attempts to purify it and the majority 
of such experiments gave, directly, a high-melting, 
nitrogen-free substance Y. Treatment of a crude 
sample of IV with methyl iodide gave the meth- 
iodide which was also unstable and afforded, as 
before, the yellow compound. The reaction of 9- 
phenanthrol with formaldehyde afforded V di
rectly indicating similar instability of the 10- 
methylol compound.

The dimeric quinone methide V absorbs at 5.94 
p  in the infrared. Its ultraviolet spectrum exhibits 
high intensity maxima at 250, 275, 295, and 306 
m p  with e values (X 104) 5.65, 2.74, 1.07, and 0.950, 
respectively. Low intensity absorption is at 340 
and 360 mp with t  (X 103) 3.82 and 2.65, respec
tively. Reduction of V with lithium aluminum 
hydride afforded the corresponding carbinol. The 
latter substance absorbs in the infrared at 2.90 
p  but the 5.94 band found in the spectrum of V is 
not present. The ultraviolet spectrum exhibits 
high intensity absorption at 256, 276, and 297

(2) Compare, for example, with p-quinodimethane, pre
dicted by calculations3 to be nearly as stable as benzene 
(stable as reflected by delocalization energy) but highly 
reactive. Experimental evidence bearing only on its re
activity is available.
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m/t with e (X 103 4 5) 6.35, 3.32, and 1.44 respectively. 
Low intensity absorption at 343 and 362 mp, has 
e 1.92 X 103. This spectrum is almost identical 
with that of the dihydro dimer of 9,10-phenanthra- 
quinodimethane (VI).4 Extinction coefficients of 
low intensity absorption make it- clear that only 
one of the phenanthrene nuclei retains the 9,10- 
double bond. On the basis of these data, and in 
consistency with characterized quinone methide 
dimers in other series,6 7 the substance is formulated 
as V.

the cautious addition of water followed by dilute hydro
chloric acid. Isolation of the product by ether extraction 
and the usual processing of the extract afforded 0.90 g. 
(90%) of the expected carbinol, m.p. 249-250°. This substance 
appeared as colorless prisms after several recrystallizations 
from ethyl acetate and had the same melting point. The 
carbonyl absorption found at 5.94 y. in V was lacking in the 
spectrum of the carbinol. Hydroxyl absorption appeared at
2.9 /i. The ultraviolet spectrum is described in the discussion.

A n a l .  Calcd. for C3oHs 0 2: C, 86.93; H, 5.35; mol. wt. 414. 
Found: C, 86.64; H, 5.15; mol. wt. 480 (cryoscopic in benzil).

A c k n o w le d g m e n t. The authors are indebted to the 
Robert A. Welch Foundation for the financial 
support of this work.

D e p a r t m e n t  o f  C h e m i s t r y

U n i v e r s i t y  o f  T e x a s

A u s t i n , T e x .

E X P E R IM E N T A L 6

O -P h en a n th ro l. This substance was prepared by the pro
cedure of Bachman" (22-40% yields) and also by applica
tion of the method developed by Hawthorne8 for another 
phenol (26% yield).

1 0 -D im e th y la m in o m e th y l-9 -p h e n a n th r o l (IV) a n d  i t s  m e th -  
io d id e . A solution of 5.9 g. of 9-phenanthrol in 20 ml. of 
ethanol was treated with 6.0 ml. of 25% aqueous dimethyl- 
amine and 2.3 ml. of 36% aqueous formaldehyde. After 
standing for 8 hr. at room temperature, "he mixture was 
freed of solvent, without heating, at an aspirator. The solid 
residue (crude IV) could not be purified without decomposi
tion and so was dissolved in ether and converted to the 
methiodide using 5.0 g. of methyl iodide. After 12 hr. at 
room temperature the salt was collected by filtration and 
washed with ether. The methiodide in this crude state (4.0 
g. 35%) melted with decomposition at 225°. Attempts to 
purity it resulted in the formation of V.

A n a l .  Calcd. for CiSHo0NI: N, 3.55. Found: N, 3.92.
D im e r  o f  1 0 -m e th y le n e -9 -p h e n a n th ro n e  (V). A solution of 

7.0 g. of 9-phenanthrol, 3.2 ml. of 38% aqueous formaldehyde 
and 6.2 ml. of 25% aqueous dimethvlamine in 60 ml. of 
ethanol was heated under reflux for 2 hr. The mixture, con
taining suspended yellow solid, was filtered and the filtrate 
was concentrated to a small volume whereupon additional 
solid crystallized. The combined solids were recrystallized 
from benzene to give 3.2 g. (43%) of well formed yellow 
prisms of V, m.p. 251-252°.

A n a l .  Calcd. for C.-.oHioOo: C, 87.35; H, 4.89. Found: 
C, 87.13; H, 4.82.

Spectral data are described in the discussion section.
A similar experiment in which the dimethylamine was 

replaced by a catalytic quantity of pyridine gave the same 
substance in 40% yield. Reactions conducted in the absence 
of base of any kind afforded the dimer in 36% yield.

L i th iu m  a lu m in u m  h y d r id e  re d u c tio n  o f V .  One gram of the 
dimer (V) was heated for 10 hr. under reflux in a suspension 
of a very large excess of lithium aluminum hydride in 50 
ml. of tetrahydrofuran. Excess hydride was destroyed by

(3) C. A. Coulson, 1). P. Craig, A. Maccoll, and A. Pull
man, D is c u s s io n s  F a r a d a y  S o c ., 2, 46 (1947).

(4) P. D. Gardner and H. Sarrafizaceh R., J .  A m .  
C h em . S o c ., in press.

(5) See for example K. Hultzsch, J .  p ia k t .  C h e m ., 159, 
180 (1941).

(6) Melting points are corrected. Infrared spectra were 
obtained in potassium bromide wafers. Ultraviolet spectra 
were of 95% ethanol solutions.

(7) W. E. Bachman, J .  A m .  C h em . S o c ., 56, 1363 (1934).
(8) M. F. Hawthorne, J .  O rg. C h e m ., 22, 1001 (1957).

C o n d e n s a t io n  o f  o -B e n z o y lb e n z o y l C h lo r id e  

w i t h  E th y l  M a lo n a te

C . F. K o e l s c h  

R ece ived  S e p te m b e r  2 3 , 1 9 5 9

The compound formed by action of o-bcnzoyl- 
benzoyl chloride on ethoxymagnesiomalonic ester, 
formerly represented as ethyl 3-phenylphthalidyl- 
malonate (II),1 is actually the enol form of ethyl
o-benzoylbenzoylmalonate (I).

C6HSrrco^ i- C = C ( C O O E t) 2
Oil

C6H5

C—CH(COOEt)2

/ °c= o
II

Structure I allows simple formulation of the 
conversion of the substance into ethyl 3-phenyl- 
indone-2-carboxylate (III) by aqueous base, 
whereas with structure II this change requires 
assumption of a strained intermediate (IV).

C6H,

III IV

Spectral and chemical properties of the compound 
are in agreement with I. In chloroform the com
pound has a sharp absorption band at 3500 cm.“ 1 
(enolic OH), a broad band with maxima at 1600, 
1650, 1725 and 1770 cm.-1 (C =0 and C=C—O), 
and a broad band at 1260-1300 cm.-1 (ester). 
It gives a deep red-brown color with ferric chloride, 
and it is soluble in cold 1% sodium hydroxide. 
Acidification of this solution, if it has not been

(1) W. L. Yost and A. Burger, J .  O rg. C h e m ., 15, 1113
(1950).
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heated or kept too long, precipitates the com
pound unchanged.

Formation of I has no bearing on the true struc
ture of o-benzoylbenzovl chloride, as illustrated bv 
V and VI.

Authentic ethyl 3-phenylphthalidylmalonate (II) 
can be obtained in good yield from ethyl o-benzoyl- 
benzoate and ethyl sodiomalonate in alcohol. 
The properties of this substance are quite different 
from those of its isomer. Its infrared spectrum 
shows absorption at 1720 and 1770 cm.-1, cor
responding to lactone and ester carbonyl groups. 
It gives no ferric chloride color and it is insoluble 
in cold dilute sodium hydroxide. When it is heated 
with the latter reagent, it dissolves, and acidifica
tion then precipitates 3-phenyl phthal idyl malonic 
acid. Heating this acid yields the known2 3- 
phenvlphthalidylacetic acid, also obtained directly 
from the malonic ester by acid hydrolysis.

By analogy with the present results, it is probable 
that the compound obtained from ethyl benzoyl- 
benzoate and benzyl cyanide is not C6H5COC6H4- 
COCHCN,3 but rather HOOCC6H4C— CCN or

CeHs C jHs C e ïh
the corresponding lactone. The reported stability 
to hydrolysis then is easily understandable, and 
the méthylation product is a methyl ester.

E X P E R IM E N T A L

E th y l  o -b en zo y lh en zo y lm a lo n a le  (I). Slight modification of 
the original preparation1 enables one to obtain yields of 90- 
95%. I t  was not necessary to avoid heating benzoylbenzoyl 
chloride, and the material was freed of thionyl chloride at 
100° under reduced pressure, two portions of dry benzene 
being added to insure complete volatilization. As I is soluble 
in and rapidly altered by aqueous sodium carbonate, an 
excess must be avoided in final washing of the crude prod
uct; furthermore, the compound is quite soluble in ether 
and it is well to use 2:1 ether-ligroin (30-00°) for the first 
crystallization. The crude product obtained in the present 
research melted a t 80-85°; recrystallization from ethyl 
acetate-ligroin gave clear prisms, m.p. 86-88° (lit.,1 77- 
79°).

A n a l .  Calcd. for O.mHMX: C, 68.5; II, 5.5. Found4: C, 
68.4; H, 5.4.

E th y l  3 - p h e n y lp h th a l id y lm a lo n a te  (II). A solution of 10 g. 
of sodium in 100 ml. of absolute alcohol was treated with 70 
g. of ethyl malonate and then 100 g. of ethyl benzoylbenzo- 
ate. The mixture was boiled for 1.5 hr. and then distilled 
to a sirup under reduced pressure. Addition of 100 ml. of

(2) W. S. Johnson, A. L. McCloskey, and D. A. Dun- 
nigan, J .  A m .  C h em . S o c ., 72, 514 (1950).

(3) W. Wislicenus, H. Eiehert, and M. Marquardt, A n n . ,  
436, 95 (1923).

(4) The author thanks Mrs. O. Hamerston for analytical 
work.

water gave a cloudy solution from which ether extraction 
(2 X 100 ml.) removed 9.1 g. of ethyl malonate and 20 g. 
of ethyl benzoylbenzoate. The product was precipitated by 
acidification as an oil which soon solidified; recrystallization 
from alcohol and then from ethyl acetate-ligroin gave 95 g. 
of colorless need.es m.p. 100-102°.

A n a l .  Calcd. for QnHooO«: C, 68.5; H, 5.5. Found: C, 
68.5; H, 5.6.

When II  was boiled with 10% sodium carbonate for about 
5 min., it gave a colorless solution. Acidification gave an oil 
which solidified when it was dried and rubbed with ether. 
Crystallization from ethyl acetate-ligroin gave an a cid -ester, 
colorless needles, m.p. 97-98° that frothed at about 145°.

A n a l .  Calcd. for CioH-gOc: C, 67.0; H, 4.7. Found: C, 
66.7; H, 4.5.

When 1 g. of II was boiled for 1 hr. with 4 ml. of acetic 
acid and 4 ml. of 48% hydrobromic acid, it gave 3-phenyl- 
phthalide-3-aeeti3 acid, needles from toluene, m.p. 177— 
178° with previous sintering (lit.,2 m.p. 179-181°); boiling 
the acid with methanol-sulfuric acid gave m e th y l  3 -p h e n y l-  
p h th a lid -S -a c e ta le , needles from methanol, m.p. 86-87°; b.p. 
230-232° a t 10 mm.

A n a l .  Calcd. for CnHH0 4: C, 72.3; H, 5.0. Found: C, 
72.0; H, 5.0.

When 6.7 g. of II was boiled 15 min. with 4 g. of sodium 
hydroxide in 25 ml. of water and the resulting solution was 
then cooled and acidified, there was obtained 5.3 g. crude
3 -p h e n y lp h th a l id y lm a lo n ic  a c id , a white powder nearly 
insoluble in hot acetic acid, ethyl acetate, benzene, or chloro
form. Acetone dissolved it easily, however, and crystalliza
tion from acetor.e-ligroin gave 4.1 g. of colorless needles, 
m.p. 160-164° with gas evolution; the melt resolidif.ed and 
then melted again at 176-178°.

A n a l .  Calcd. for C,-H,,06: C, 65.4; H, 3.9. Found: C, 
65.2; H, 3.9.

S c h o o l  o f  C h e m i s t r y

U n i v e r s i t y  o f  M i n n f .s o t a

M i n n e a p o l i s  14, M i n n .

C o n d e n s a t io n  R e a c tio n s  o f  P h th a la ld e h y d ic  

A c id . I

V a u g h n  W. F l o u t z  

R ece ived  S e p te m b e r  3 8 , 1 9 5 9

On the basis of certain reactions of phthalalde
hydic acid several early investigators1’2 postulated 
a tautomeric closed-ring form for this compound. 
This view is substantiated in a recent paper by 
Wheeler, Young, and Erley,3 who have examined 
the infrared absorption of phthalaldehydic acid. 
These investigators also give data for a consider
able number of substituted phthalides prepared by 
syntheses involving the very reactive 3-position in 
the 3-hydroxyphthalide form. However, in none 
of the phthalides which they describe is the carbon 
atom at the 3-position linked directly to carbon in 
the substituent.

The solubility and stability of phthalaldehydic

(1) S. Racine, B e r ., 19, 778 (1886).
(2) Bistrzycki and Yessel de Schepper, B e r ., 31, 2790 

(1898).
(3) D. D. Wheeler, D. C. Young, and D. S. Erley, J .  O rg. 

C h e m ., 22, 556 (1957).
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acid in concentrated sulfuric acid, and even in 
mixtures of concentrated sulfuric acid and 20% 
fuming sulfuric, suggested that condensations might 
be carried out between phthalaldehydic acid and 
aromatic hydrocarbons, aryl halides, etc., not un
like the condensation occurring in the production of 
DDT. A search of the literature revealed that this 
approach to the synthesis of 3-substituted phthal- 
ides from phthalaldehydic acid has been examined 
only in condensations using certain phenols and 
phenolic ethers.’ 4>5

The experiments reported here show that sul
furic acid, which on occasion is bolstered with 20% 
fuming sulfuric acid, can be employed successfully 
as the medium for condensing phthalaldehydic acid 
with a number of aromatic hydrocarbons and aryl 
halides. Two of the phthalides synthesized and de
scribed, namely 3-(2,5-dichlorophenyl)phthalide 
and 3 - (2,5 - dibromophenyl)phthalide, are ap
parently unreported in the literature; the others 
have been prepared by more circuitous methods. 
Thus the preferred preparation for 3-phenylphthal- 
ide, possibly the most important of the phthalides 
described in this paper, has been the method of 
Ullman6'7 which involves the reauction of o- 
benzoylbenzoic acid. 3-Phenylphthalide has also 
been synthesized by the reaction of phthalaldehydic 
acid with phenylmagnesium bromide.8

The present study is being extended to determine 
the possibility of similar condensations of phthal
aldehydic acid with other aromatics.

E X P E R IM E N T A L

The phthalaldehydic acid used in these experiments was 
purified by a single recrystallization from water. This 
afforded a white crystalline solid, m.p. 99-100°. The fuming 
sulfuric acid was Merck 20-23%, reagent grade.

S - P h e n y lp h th a l id e . Five grams (0.033 mole) of phthalalde
hydic acid was dissolved in 30 ml. of cone, sulfuric acid, 95- 
98%. To this solution was added 2.6 g. (0.033 mole) of ben
zene, and the mixture mechanically stirred a t room tempera
ture to disperse the benzene. After about 0.5 hr. the benzene 
disappeared, giving a homogeneous solution. Stirring was 
then continued for 0.5 hr.

The reaction mixture, light amber in color, was slowly 
poured with stirring into about ten times its volume of cold 
water. The product separated as a thick gum and quickly 
hardened to a granular solid. After standing until cool the 
solid was removed, crushed, and thoroughly washed with 
cold water. The crude product, m.p. 112-114°, weighed 6.9 
g. (98%) and was nearly white in color. A single crystal
lization from ethanol gave 6.0 g. (86%) cf white crystals, 
m.p. 116-117°; lit.,7 m.p. 115-116°.

A n a l .  Calcd. for ChH10O2: C, 79.98; H, 4.79. Found: C, 
80.12; H, 4.94.

To verify the product as 3-phenvlphthalide 0.5 g. was 
oxidized with alkaline permanganate solution according to

(4) Bistrzycki and Oehlert, B e r ., 27, 2632 (1894).
(5) M. M. Brubaker and R. Adams, J .  A m .  Chern. S n r .,  

49, 2279(1927).
(6) F. Ullmann, A n n . ,  291, 23 (1896).
(7) C. R. Hauser, M. T. Tetenbaum, and D. S. Hoffen- 

berg, J .  O rg. C h e m ., 23, 861 (1958).
(8) Mermod and Simonis, B e r ., 41, 982 (1908).

accepted procedure.9 This gave 0.45 g. of anhydrous o- 
benzoylbenzoic acid, m.p. 127°; lit..,10 m.p. 127°.

S -T o ly lp h th a lid e . Three grams (0.02 mole) of phthalalde
hydic acid was dissolved in 30 ml. of 5:1 cone, sulfuric 
acid-water. To this was added 1.84 g. (0.02 mole) of toluene, 
and the mixture was mechanically stirred to disperse the 
insoluble toluene. After approximately 2 hr. the toluene dis
appeared, giving a clear green solution. This was permitted 
to stand for 1 hr., then poured into a large volume of cold 
water. The product separated as a yellow gum, soon harden
ing to a crumbly solid. When cold the solid was removed, 
pulverized, and washed with cold water. After air-drving 
the crude product, ivory in color, weighed 4.5 g. (100%). 
Crystallization from ethanol yielded 3.8 g. (85%) of a white 
powdery solid which showed no sharp melting point, but 
softened at 85° and became a clear liquid at ca . 115°. This 
behavior is not unexpected, as the synthesis permits forma
tion of a mixture of the 3-tolylphthalides, particularly the 
o- and p-isomers. Reported melting points11 for the isomers 
are as follows: 3-(p-tolvl)-phthalide, 130°; o-, 111°; m -, 
86.6°.

A n a l .  Calcd. for C .JD O u C, 80.35; H, 5.39. Found: C, 
79.86; H, 5.47.

3 - (p - X y ly l) - p h th a I id e . Three grams (0.02 mole) of phthal
aldehydic acid was dissolved in 20 ml. of 9:1 cone, sulfuric 
acid-water. To this solution at room temperature was added 
2.12 g. (0.02 mole) of p-xylene and the mixture was stirred 
to disperse the insoluble hydrocarbon. After about 30 min. 
the mixture became orange in color and homogeneous. The 
reaction product was then isolated in the same manner as 
described previously for 3-phenylphthalide. After air drying 
the crude product, ivory in color, weighed 4.5 g. (94%) and 
melted at 104-111°. Crystallization from ethanol yielded a 
white powder-like solid, m.p. 111-112°; lit.,12 m.p. 112°.

A n a l .  Calcd. for Ci6H h0 2: C, 80.65; H, 5.92. Found: C, 
80.84; H, 5.68.

To verify the product as 3-(p-xylyl)phthalide 0.5 g. was 
subjected to alkaline permanganate oxidation.9 This gave 
0.48 g. of 2-(o-carboxybenzoyl)terephthalic acid (commonly 
called benzophenone-2,2',5'-tricarboxylic acid) m.p. 282° 
dec. Kent, equiv. Calcd.: 105: found: 108.

3 -(C h lo ro p h e n y l)p h th a lid e . Five grams (0.033 mole) of 
phthalaldehydic acid was dissolved in 30 ml. of 2:1 cone, 
sulfuric acid-20'% fuming sulfuric acid. To this was added 
3.75 g. (0.033 mole) of chlorobenzene, and the mixture was 
stirred to disperse the insoluble halide. As a slight tempera
ture rise occurs, the reaction vessel was kept in a water bath 
at room temperature during the initial stages of the reaction. 
After some 45 min. the dispersed phase disappeared, leaving 
a homogeneous solution. The reaction product was then 
separated and dried as previously described for 3-phenyl
phthalide. The crude material weighed 8.2 g. (100%) and 
was nearly white in color. Crystallization from ethanol gave 
a white, microcrystalline solid. The purified product failed 
to melt sharply, softening at 85° and becoming completely 
liquid at 95°. This is to be expected, as the reaction for 
preparation permits formation of isomeric 3-(chlorophenyl)- 
phthalides, the o- and p -  in particular. Successive recrystal
lizations of first crops of crystals from ethanol gave a gradual 
rise of softening temperature. The melting point of 3-(p- 
chlorophenyl)phthalide reported13 is 124°. The product 
melting at 85-95° was used for the analysis.

(9) L. F. Fieser, E x p e r im e n ts  i n  O rg a n ic  C h e m is try , 3rd 
ed. D. C. Heath and Co., Boston, Mass., 1955, p. 203, No. 3.

(10) W. Hemilian, B e r ., 11, 838 (1878).
(11) Dimeter Ivanov Dalev, A n n u a ir e  u n iv .  S o fia , F a c . 

p h y s .-m a th ., Livre II, 41, 37-68 (1944-45); C h e m . A b s tr . ,  
49, 4595b (1955).

(12) E. Clar, Fr. John, and B. Howran, B e r . ,  6 2 , 940 
(1929).

(13) J. O’Brochta and A. Lowy, J .  A m .  C h e m . S o c ., 61, 
2765 (1939).
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A n a l .  Calcd. for C„H /),CI: C, 68.72; H, 3.71; Cl, 14.49. 
Found: C, 68.74; H, 3.90; Cl, 14.67.

S -{ B r o m o p h e n y l)p h th a lid e . Five grams (0.033 mole) of 
pht.halaldehydie acid was dissolved in 30 ml. of 2:1 cone, 
sulfuric acid-20% fuming sulfuric acid. To this was added 
5.23 g. (0.033 mole) of bromobenzone. Following essentially 
the same procedure outlined for the preparation of 3- 
(chlorophenyl)phthalide there was obtained 9.25 g. (96% )  
of crude product. Crystallization from ethanol yielded a 
white crystalline solid which did not show a sharp melting 
point but softened at 92° and finally became completely 
liquid ca. 105°, indicating a mixture of isomers. The re
ported14 melting point for 3-(p-bromophenyl)phthalide is
139-140°.

.4?;«/. Calcd. for CuH90 2Br: C, 58.16; H, 3.14; Br, 27.64. 
Found: C, 58.32; H, 3.07; Br, 27.47.

8 -(2 ,5 -D ic h lo ro p h e n y l)p h th a lid e . Five grams (0.033 mole) 
of pht.halaldehydie acid was dissolved in 36 ml. of 1:1 concen
trated sulfuric acid-20% fuming sulfuric acid. To this was 
added 4.9 g. (0.033 mole) of p-dichlorobenzene. In order to 
keep the insoluble p-dichlorobenzene in melted condition the 
reaction vessel was placed in a water bath maintained at 65- 
70°. The mixture was mechanically stirred, and after about 
2 hr. the dispersed p-dichlorobenzene disappeared, yielding 
a homogeneous reddish-brown solution. The mixture was 
allowed to stand in the hot water bath for an additional 
hour, then cooled and poured slowly with stirring into about 
ten times its volume of cold water. The. product separated 
as a gum which gradually hardened. When cold the solid 
was removed and the lumps crushed and washed several 
times with cold water. The crude product, light tan in color, 
weighed 8.4 g. (90%) and molted at 128-130°. Recrvstal- 
lization from ethanol, with added Norit, gave colorless 
needles, m.p. 130-131°.

A n a l .  Calcd. for C„H80 2C12: C, 60.24; H, 2.89; Cl, 25.41. 
Found: C. 59.90; H, 2.80: Cl, 25.54.

S - (2 ,5 -D ib r o m o p h e n y l)p h th a lid e . Five grams (0.033 mole) 
pht.halaldehydie acid was dissolved in 45 ml. of 2:1 cone, 
sulfuric acid-20% fuming sulfuric acid. To this solution was 
added 7.86 g. (0.033 mole) of p-dibromohenzene, and the 
reaction vessel was then placed in an oil-bath at a bath 
temperature of 90-95° in order to maintain the insoluble 
p-dibromobenzene in a melted state for better dispersion. 
Following essentially the same procedure used in the prep
aration of 3-(2,5-dichlorophenvl)phthalide, there was ob
tained 12.2 g. (99%) of crude product, light ivory in color, 
m.p. 121-124°. Crystallization from ethanol, with added 
Norit, afforded colorless crystals, m.p. 124-125°.

.4n a l. Calcd. for CuH»02Br2: C, 45.69; H, 2.19; Br, 43.43. 
Found: C, 45.49; II, 2.37; Br, 43.59.

A c k m rw lc d g m e n t. The author is indebted to the 
Dow Chemical Company for supplying the phthal- 
aldehydic acid. Appreciation is expressed to 
Professor Walter A. Cook who provided some of the 
microanalytical data.

K n i g h t  C h e m i c a l  L a b o r a t o r y

U n i v e r s i t y  o f  A k r o n

A k r o n  4 , O h i o

(14) E. I). Bergmann and E. Loewenthal, H u ll. sue. ch iiu . 
F ra n ce , 1952, 66-72.

D ic v c lo p ro p y lg ly c o lic  A c id

H. E. Z a u g g , N. R. S p r i n g e r , a n d  R. J. M i c h a e l s

R ece ived  S e p te m b e r  2 9 , 1 9 5 9

The interesting physiological activity of certain 
basic esters of benzilic acid is well known.1 The

availability of dicyclopropyl ketone through the 
convenient procedure of Hart and Curtis2 has now 
made possible the preparation of the analog of 
benzilic acid, dicvclopropylglycolic acid (I).

I. R = H 
II. R = CH3

III. R = —CII2CH2N(C2H5)2HC1

Although Hart and Curtis showed that dicyclo
propyl ketone reacts with the usual carbonyl rea
gents, we have been unable to prepare its cyanohy
drin. Nor does it appear to form a chloroform addi
tion product3 from which the hydroxyacid could be 
derived. In these respects dicyclopropyl ketone 
resembles benzophenone.

The desired acid I was finally secured through 
permanganate oxidation of l,l-dicyclopropyl-2- 
propyn-l-ol, derived from dicyclopropyl ketone by 
addition of sodium acetylide.4 The yield of the oxi
dation step was only fair (40-45%).

Direct acid-catalyzed esterification of I could not 
be accomplished. Use of an ion exchange resin as 
the acid catalyst was no better. Likewise the action 
of either m e t h y l  iodide or dimethyl sulfate on the 
sodium salt of I produced no ester. Finally, however, 
II was obtained in 71% vie Id using diazomethane. 
The basic ester III was formed by treating the acid 
I with diethylaminoethyl chloride in isopropanol 
according to the method of Horenstein and Pah- 
licke.5

E X P E R IM E N T A L

D ic y c lo p ro p y lg ly c o lic  a c id  (I). To a stirred suspension of
40.8 g. (0.3 mole) of 1,1-dioyclopropyl-2-propyn-l-ol in 800 
ml. of water held at 3-5° by means of an ice bath was added 
dropwise, over a period of 2.5 hr., a solution of 118.5 g. 
(0.75 mole) of potassium permanganate in 850 ml. of water. 
After stirring in the ire bath for another 1.5 hr., a large 
quantity of a filte- aid (filtered) was added and stirring was 
continued overnight in a refrigerated room.

The manganese dioxide and filter aid were collected at the 
filter and washed well with water. The combined filtrate 
and washings were decolorized with charcoal and extracted 
with ether from which, after drying and removal of ether 
by distillation, 6.0 g. (15%) of the acetylenic carbinol was 
recovered.

The ice-cold alkaline solution was acidified by the drop- 
wise addition of cold concentrated sulfuric acid, and then 
extracted with five 200-ml. portions of ether. The combined 
ether extracts were dried over anhydrous magnesium sul
fate. Filtration and removal of the ether by distillation gave

(1) Alfred Burger, M e d ic in a l  C h e m is try , Interscience Pub
lishers, Inc., New York, 1951, Vol. I, p. 423.

(2) H. Hart and O. Curtis, Jr., J .  A m .  C h em . S e e .,  7 8 ,  
112 (1956).

(3) C. Weizmann, E. Bergmann, and M. Sulzbacher, 
/ .  .4m. C h em . S o t . ,  70, 1153, 1189 (1948).

(4) F. E. Fischer and K. E. Hamlin, in press.
(5) H. Horenstein and H. Pahlicke, B e r ., 71, 1644(1938).
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an oily semisolid product (do g.) which was collected at the 
vacuum filter. Reerystallization from hexane (Skellysolve 
B) gave 12.3 g. of first crop, m.p. 83-85° and (i.l g. of second, 
m.p. 82-84° (18.4 g. = 46% of theory, based on unrecovered 
earbinol). Several more recrystallizations for analysis 
raised the melting point to 84-86°.

A n a l .  Calcd. for C ,H |,03: C, 61.52; H. 7.75; 0 , 30.73. 
Found: C, 61.68; H, 7.97; O, 30.80.

The infrared spectrum was consistent with the assigned 
structure.

M e th y l  (lic yc lo p ro p y lg lyco la te  (II). To a solution of 6 g. 
of diazomethane in 100 ml. of ether was added a solution 
of 8 g. (0.051 mole) of dicyclopropylglycolic acid (I) in 50 
ml. of ether. After standing at room temperature in the dark 
for 24 hr., the ether was removed by distillation and the 
residual oil was distilled under reduced pressure. After a 
forerun, 2.1 g., b.p. 30-124° (60 mm.), the methyl ester II 
distilled at 124° (60 mm.); yield, 6.2 g. (71%), m 2d 1.4535.

A n a l .  Calcd. for CgHuO.,: C, 63.51; H, 8.29. Found: C, 
63.18; II, 8.51.

The infrared spectrum, including a band at 1.63 a in the 
near infrared, characteristic of the cyclopropane ring,6 was 
consistent with the assigned structure.

5 -D ie th y la m in o e th y l d icyc lo  p ro  p y g lyco la te  h yd ro ch lo rid e
(III). A solution of 7.8 g. (0.05 mole) of dicyclopropylglycolic 
acid (I) and 7.5 g. (0.055 mole) of d-diethylaminoethyl 
chloride in 60 ml. of isopropanol was refluxed with stirring 
for 18 hr. On cooling, the product, crystallized. It was col
lected by vacuum filtration and dissolved in 50 ml. of cold 
water. Addition of excess cold 40% sodium hydroxide solu
tion precipitated an oil (free ester base) which was taken up 
in ether, washed with water and dried over anhydrous 
sodium sulfate. After removal of the driing agent by filtra
tion, a slight excess of ethereal hydrogen chloride solution 
was added and the precipitated hydrochloride was collected. 
Three recrystallizations from ethanol gave 6.5 g. (45%) of 
the ester hydrochloride III, m.p. 152-154°

A n a l .  Calcd. for ChH„.(.C1X03: C, 57.62; II, 8.98: X, 4.80; 
Cl, 12.15. Found: C, 57.77; H, 8.98; X, 4.82; Cl, 12.17.

(6) W. II. Washburn and M. J. Mahoney, .7. A m .  ( 'h e m .  
S o c ., 80, 504 (1958).

A c h i ir w lc d g m v u ts . The authors are indebted to 
Mr. E. F. Shelberg and Mr. W. II. Washburn and 
their associates for the microanalyses and infrared 
spectra, respectively.

O r g a n i c  R e s e a r c h  D e p a r t m e n t

R e s e a r c h  D i v i s i o n

A b b o t t  L a b o r a t o r i e s

X o r t i i  C h i c a g o , I I I .

S y n th e s is  o f  3 - I Iy d ro x y p y r id in e s .  I .

C o n d e n s a t io n  o f  A r o m a t ic  A ld e h y d e s  w i th  

E th y l  C y a n o a c e ta te

F r a n k  D .  P o p p  

R eceived  O ctober 1, 1 9 5 0

In the course of investigations of methods of 
syntheses of 3-hydroxypyridines in progress in 
this laboratory, it was necessary to prepare a series 
of compounds of type I.

CX
/

R—C H =C
\

COsKt

The a,/3-unsat united cyanoesters, I, in which R 
is an aromatic group, were prepared by condensa
tion of the appropriate aromatic aldehyde with 
ethyl cyanoacetate by the general Knoevanagel1 2 
reaction using piperidine as a catalyst.2 In this

(1) J. Scheiber and F. Meisel, H er.. 48, 257 (1915).
(2) See for example P. I). Gardner and R. 1. Brandon,

J . O ry. C h e m ., 22, 1704 (1957).

TAB] dà I
C o n d e n s a t i o n  o f  A l d e h y d e s  w i t h  E t h y l  C y a n o a c e t a t e

CX
/

R—CH—< '

c< )E t

R
Yield,

()/_ M.P."
Car
bon

Calcd.
Hydro

gen
X it re

gen
Car
bon

Found6
Hydro

gen
Nitro

gen
O-CICelb— 61 54-55e,<i 61.16 4.28 5.95 61.11 4.03 5.97
3,4-(C.H50 ) ;C db— 86 126-127e 66.42 6.62 4.84 06.40 6.04 4.95
p -( C1(TLCH;>.X (Adi 1— 89 174-175« 56.31 5.32 8.21 50.38 5.54 7.93
3,4-(CIL02)C6H r - i 1 106-107°^ 03.07 4.52 5.71 63.70 4.63 5.47
0-( LXCr.Hj— 08 101-103 58.53 4.09 11.38 58.82 4.10 11.60
3-C1H M-HOCsIL— 02 108-109‘•A 63.15 5.30 7). 07 63.13 5.39 5.90
p -H O C JL - 58 173-174-0 66.35 5. 11 0 45 00.09 5.05 0.23
p-(CH:,CH:>).XCcH4- 81 95-96° 70.56 7.40 10.29 70.42 7.49 10.09
o-0>X CcH jCH =CH — 83 141-142« 61.76 4 44 10.29 62.21 1.42 10.42

® All melting points are uncorrected. 6 Analyses by Spang Mieroanalytical Laboratory, Ann Arbor, Mich., and Drs. 
Weiler and Straus, Oxford, Eng. « Recrystallized from 95% ethanol. d Reported m.p. 53° (from esterification of acid), J. A. 
McRae and C. \ . Hopkins, C a n . .1. R es., 7 . 248 (1932).* Recrystallized from chloroform. ! Reported m.p. 104° (from esteri
fication of acid), C. II. Clarke and F. Francis, Rer., 44, 273 (1911). g Reported m.p. 96° (from condensation reaction), F. 
Iteidcl, J .  p ra h t. C h a n ., (2), 54, 533 (1896). h Reported m.p. 111° (from esterificat ion of acid), reference as footnote f. 1 Re
ported m.p. 162-163° (from condensation reaction), reference as footnote g.
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manner, the compounds shown in Table I were pre
pared.

All of the compounds reported had infrared 
spectra which exhibited a nitrile band at 2195 ± 
10 cm.-1 and an ester band at 1700 ± 10 cm.-1

E X P E R IM E N T A L

R ea g en ts . The author thanks Kay-Fries Chemicals, Inc. 
for a generous gift of ethyl cyanoacetate. The aldehydes 
used were obtained from commercial sources and used 
without further purification or were prepared by standard 
literature methods. Thanks go to the Antara Chemicals 
Division of General Aniline and Film Corp. for a sample of 
p-diethylaminobenzaldehyde.

T y p ic a l  c o n d e n sa tio n . To a mixture of 22.0 g. (0.2 mole) 
of ethyl cyanoacetate and 0.2 mole of aldehyde in about 60 
ml. of dry dioxane a t 0° was added dropwise 0.8 ml. of 
piperidine. After standing overnight at room temperature, 
crystals had formed (in a few cases cooling was needed to 
promote crystallization). The solids were filtered, washed, 
dried, and recrystallized several times from an appropriate 
solvent.

D e p a r t m e n t  o f  C h e m i s t r y

U n i v e r s i t y  o f  M i a m i

C o r a l  G a b l e s , F l a .

P r e p a r a t io n  o f  V a r io u s  S u b s t i tu te d  

P y r im id in e s 1

R a y m o n d  P. M a r i e l l a  a n d  J a m e s  J .  Z e l k o 2 

R e c e iv e d  O ctober 2 9 , 1 9 5 9

During the last decade, numerous pyrimidines 
and purines have been investigated which might be 
useful in human cancer chemotherapy, and several 
have been found to possess tumor-inhibiting proper
ties.3'4 * The pharmacological activity of these com
pounds has prompted the preparation of various 
substituted pyrimidines.

The substituted pyrimidines synthesized during 
the course of this investigation have incorporated 
the physiologically active ring systems of pyridine 
and thiophene and were prepared in hopes that some 
of them would exhibit physiological activity of some 
type, since they are related to a number of the 
biological and medicinal agents, such as nucleic 
acids, several vitamins and enzymes, uric acid, 
and sulfadiazine.

Pharmacological tests of these substituted pyrim
idines are being made.

(1) This work is based on a thesis submitted bj- James J. 
Zelko in partial fulfillment for the degree of Master of Science 
at Loyola University, Chicago, 111.

(2) Cooperative National Science Foundation Fellow, 
Summer 1959.

(3) C. Heidelberger, N. C. Chaudhuri, P. Danneberg,
D. Mooren, L. Griesbach, R. Duschinsky, R. J. Schnitzer,
E. Pleven, and J. Schemer, N a tu r e , 179, 663 (1957).

(4) R. Duschinsky, E. Pleven, and C. Heidelberger, J .
A m e r . C lient. S o c ., 79, 4559 (1957)

The substituted pyrimidines synthesized are 
listed in Table I and Table II and were prepared 
by condensing the appropriate /3-diketone or /3- 
keto ester with guanidine carbonate. The general 
procedure is given in the experimental section.

The 2-amhto-4-alkyl-6- (a-thienyl) pyrimidines 
were prepared by condensing the appropriate acyl-
2-thenoylmethane with guanidine carbonate.

The 2-amii:o-4-alkyl-6- (/3-pyridyl) pyrimidines 
were prepared by the same method, but the appro
priate nicotinylacylmethane was employed.

In the case of 2-amino-4-hydroxy-6-(a-thienyl)- 
pyrimidines, ethyl S-kcto-fo-thienyl) propionate was 
condensed with guanidine carbonate.

In the attempted preparation of 2-amino-4- 
hydroxy-6-(/3-pyridyl)pyrimidine, ethyl nicotinoyl- 
acetate was treated with guanidine carbonate, 
but ring closure did not occur as the intermediate 
product (I) was obtained instead.

o O O O NH
|  I  « ii i  ] « li ii

C -C H 2-C — OEt c - c h 2- c - n h -  c- n  h  2

HjN—C -N H 2

The infrared spectra of these pyrimidines have 
been recorded and showed prominent peaks near 
3200-3100 cm.-1 due to CH stretching vibrations. 
In addition, strong peaks were noted in the region 
near 1665 cm.-1, 1600-1565 cm.-1 and 1555-1540 
cm.-1 which are due to C=C and C=N vibrations, 
respectively, in this aromatic system. There is some 
belief that the higher frequency bands are due to 
NH2 deformations modes rather than C=C and 
C=N vibrations themselves.6 There is also a strong 
band near 3320 cm.-1 and this is assigned to the 
NH2 group.

E X P E R IM E N T A L

P r e p a r a tio n  o f  s u b s t i tu te d  p y r im id in e s .  The substituted 
pyrimidines were prepared by heating 3.5 g. of the appro
priate 3-diketonc or 8-keto ester with 1.5 g. of guanidine 
carbonate a t 130-140° for 3-4 hr. according to the method of 
Evans.6 The molten mass was allowed to cool and then dis
solved in hydrochloric acid. The substituted pyrimidine was 
then precipitated upon the addition of dilute ammonium 
hydroxide.

The substituted pyrimidine was recrystallized three times 
from absolute alcohol, and white crystals were obtained. 
The average yield was 20%.

The respective picrates were prepared by dissolving 0.1 g. 
of the pyrimidine in 5 ml. of absolute alcohol and adding a 
saturated solution of picric acid dissolved in absolute 
alcohol. Upon standing, the picrate settled out and was 
recrystallized from absolute alcohol.

In the case of the 2-amino-4-hydroxy-6-( a-thienyl'py
rimidine, the acid-base technique was not employed, but the 
pyrimidine was recrystallized from 80% alcohol.

(5) L. J. Bellamy, T h e  I n fr a r e d  S p e c tr a  o f  C o m p le x  M o le 
cu les , Second Edition, John Wiley and Sons, (New York, 
1956), p. 282.

(6) P. N. Evans, J .  p r a k t .  C h em . [2] 48, 513 (1S93J.
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TABLE I

P y r i m i d i n e s  o f  T y p e

Molecular % Nitrogen Molecular % Nitrogen
R Formula M.P. Calcd. Found“ Formula M.P.S Calcd. Found“

—c h 3 C9H 9N3S 172° 21.97 21.50 c 15h 12n 6o 7s 243-248° 19.93 19.94
—c 2h 6 C,oH„N3S 139° 20.47 20.32 C16H14N60 78 233-237° 19.34 19.25
—ii-G,H7 CuH13N3S 116° 19.16 19.13 c „h 16n 6o 7s 213-214° 18.74 18.81

ï-C3H7 C 1 1H 13N 3S 115° 19.16 19.03 c „h î6n 6o 7s 220- 222° 18.74 18.65
W--C4H 9 c 12h I6n 3s 79° 18.01 18.27 c 18h ,8n 6o 7s 196-199° 18.17 18.00-
¿-C4H 9 c 12h 1bn 3s 1 1 0 ° 18.01 18.17 CigHigNßOyS 175-176° 18.17 17.92
ra-CsHu c 13h „n 3s 82° 16.99 16.88 c ,9h 20n 6o7s 163-164° 17.64 17.60
-O H C8H,N3OS 306° dec. 21.74 21.95 c 8h ,n 3o 8s 241-248° 19.90 19.72

“ Nitrogen analyses by Micro-Tech Laboratories, Skokie, 111. 6 Melting points of the picrates were taken in a sealed 
evacuated capillary tube, are uncorrected, and all melt with decomposition.

TABLE II

P y r i m i d i n e s  o f  T y p e

Molecular % Nitrogen Molecular % Nitrogen
R Formula M.P. Calcd. Found“ Formula M.P .0 Calcd. Found“

—CH3 C10H 10N 4 205° 30.09 29.83 C16H 13N7O7 245-249° 23.60 23.75
¿-Butyl C13H16N 4 138° 24.43 24.43 C19H 19N 7O7 210- 2 12° 21.43 21.34
¿-Butyl C13H 16N 4 149° 24.66 24.66 C19Hl9N70 7 206-207° 21.43 21.38
Phenyl CI5Hi2N4 166° 22.57 22.57 C21H 15N707 223-225° 20.53 20.78

“ Nitrogen analyses by Micro-Tech Laboratories, Skokie, 111, 6 Melting points of the picrates were taken in a sealed
evacuated capillary tube, are uncorrected, and all melt with decomposition.

P r e p a r a t io n  o f  I. A 3.5-g. sample of ethylnicotinoylacetate 
and 5 g. of guanidine carbonate was heated at 140° for 1 hr. 
The molten mass was allowed to cool and recrystallized 
from 80% alcohol, and light colored crystals were obtained 
melting at 283-288° dec.

A n a l .  Calcd. for C9Hio02N4: N, 27.37. Found: N, 27.17.

D e p a r t m e n t  o f  C h e m i s t r y  
L o y o l a  U n i v e r s i t y  
C h i c a g o  20, III .

Q u a te rn a ry  A m m o n iu m  S a lts . IV .  S y n th e s is  

a n d  D e c o m p o s it io n  o f  .V - M e lh y l- i \ r,A - d i - / i -  

p r o p y la n i l in iu m  S a lts

H u s s e i n  A. F a h i m , A b d a l l a h  M. F l e i f e l  a n d  (Mrs.) 
F a w z i a  F a h i m

R ece ived  A u g u s t  I S ,  1 9 5 9

In continuation of the research done by Fahim 
and Galaby,1 Fahim and Fleifel,2 and Fahim et 
a l . , s we now have studied the synthesis and de

ft) H. A. Fahim and M. Galaby, J .  C h em . S o c ., 3529
(1950) .

(2) H. A. Fahim and A. M. Fleifel, J .  C h em . S o c ., 2761
(1951) .

composition of some (V-methyl-iV',A/’-di-ft-propyl- 
anilinium salts. The tertiary bases, used as start
ing materials in this investigation, were prepared 
by propylation of the corresponding primary aro
matic amines with tri-n-propyl phosphate as recom
mended by Bilman e t  a l A  for the preparation of 
dipropylaniline. The dipropylanilines obtained 
were identified through the picrate. The boiling 
points and the yields of the tertiary bases are 
recorded in Table I.

TABLE I 
T e r t i a r y  B a s e s

Primary
aromatic

amine
Boiling point of 

the dipropylaniline
Yield,

%
p-Anisidine 158-160/15 mm. 70
o-Anisidine 142-145/15 mm. 45
p-Phenetidine 166-168/60 mm. 44
o-Phenetidiue 173-175/60 mm. 45
p-Toluidine 165-168/65 mm. 51
m-Toluidine 170-173/60 mm. 51
o-Toluidine 144-146/55 mm. 58

(3) H. A. Fahim, F. G. Baddar, and M. Galaby, J .  
C h em . S o c ., 317 (1955).

(4) J. H. Bilman, A. Radike, and A. W. Mundy, J .  A m .  
C h em . S o c ., 64, 2977 (1942).
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TABLE II
Q u a t e r n a r y  I o d i d e s , Q u a t e r n a r y  P i c r a t e s , P i c r a t e s  o f  S t a r t i n g  M a t e r i a l s  a n d  P r o d u c t s

Start- Carbon, Hydrogen, Iodine,
ing % % %

Mate- Sol- Yield, Calcd. Calcd. Calcd.
rial Compound ventc M.P. % Formula (Found) (Found) (Found)

la Af-Methyl-A,A-di-?i- A 142-143 100“ C„HmONI 36.39
propyl-p-anisidinium
iodide

(36.3)

Ar-Methjd-Ar,Ar-di-n- B 103-104 c 20h 26o8n  4 53.33 5.77
propyl-p-anisidinium
picrate

(53.40) (5.80)

AI,A-di-?i-propyI-p- B 93-94 Cl 9H24O8N 4 52.3 5.50
anisidine picrate (52.40) (5.70)

A-Methyl-Â-propyl-p- B 102 CnH^OglS 4 50.0 4.90
anisidine picrate (49.80) (4.95)

lb IV-Methyl-Af, A-di-n- A 238-239 45 ChHmONI 36.39
propyl-o-anisidinium
iodide

(36.9)

A-Methyl-A,A-di-ra- B 143-144 C20H26O8N4 53.33 5.77
propyl-o-anisidinium
picrate

(53.75) (5.90)

A,A-di-ra-propyl-o- B 110 C19H24OaN4 52.3 5.50
anisidine picrate (52.14) (5.70)

A-Methyl-A-propyl-o- B 139-140 C17H20O8N4 50.0 4.90
anisidine picrate (49.50) (5.0)

Ic A-Methyl-A,A-di-n- A 241-242 100 c 1sh 26o n i 35.59
propyl-p-pheneti- 
dinium iodide

(36.2)

A-Methyl-A,A-di-n- B 117 C2IH2808N4 54.31 6.03
propyl-p-pheneti- 
dinium picrate

(53.90) (5.90)

A,A-di-n-propyI-p- B 105-10G C2oH2608iS 4 53.33 5.77
phenetidine picrate (53.98) (6.05)

A'-Methyl-A-propyl-p- B 137-138 C18H22Ü8.N 4 51.18 5.21
phenetidine picrate (51.65) (5.10)

Id A-Methyl-A,A-di-n- A 233-234 53 c ,5h 26o n i 35.59
propyl-o-pheneti- 
dinium iodide

(36.2)

A-Methyl-A,A-di-n- B 139-140 c 21h 28o 8n 4 54.31 6.03
propyl-o-pheneti- 
dinium picrate

(53.80) (5.90)

N , N -di-n-propy I-o- B 9(3 C2oH260 8IN 4 53.33 5.77
phenetidine picrate (53.01) (5.79)

A-Methyl-A-propyl-o- B 184-185 c 18h 22o 8n 4 51.18 5.21
phenetidine picrate (51.75) (5.30)

Ie A-Methyl-A,A-di-n- A 133-134 80 Ci4H24NI 38.02
propyl-p-toluidinium
iodide

(38.76)

N  - M e thy 1-A, A’-di -n- B 140-141 C20H26O7N4 55.27 6.0
propyl-p-toluidinium
picrate6

(55.26) (6.09)

AijA'-di-n-propyl-p- B 109 C 19.H2407.N4 54.28 5.71
toluidine picrate (53.97) (5.67)

A’-Meth}-l-A’-propyl-p- B 284-285 c i7h 2„o 7n 4 51.0 5.0
toluidine picrate (50.86) (4.85)

If A-Me thy l-.A, A'-di-re- A 148-149 37 c „ h 21n i 38.02
propjd-m-tolui- 
dinium iodide

(38.6)

A,A-di-?i-propyl-m- B 128-129'' C 19H 2407N 4 54.28 5.71
toluidine picrate (54.27) (5.74)

A-Methyl-Af-propyl- B 89-90 CnH2„0 ,N4 51.0 5.0
m-toluidine picrate (50.59) (5.12)

Ig N ,  N -di-n-propyl-o- B 140-141 Cl 9H24O7N 4 54.28 5.71
toluidine picrate (54.29) (5.90)

a The yields of Ar-methyl-A,./V-di-ra-propylanilinium salts were calculated on the oasis of the iodide. 6 A'-Methyl-A^,Ar-di-7i- 
propy 1 -m-Loluidinium picrate was obtained as a yellow oil which could not be solidified. c A = methanol-ether; B = ethanol. 
d F. j .  Wobb, W. S. Cook, H. E. Albert, and G. E. P. Smith, I n d .  E n g .  C h e m ., 46, 1711 (1954) (C h e m . A b s tr . , 14282 (1954)), 
gave the same m.p. for the picrate, when they prepared the tertiary base (If) by tne action of n-propyl bromide in aqueous 
potassium carbonate.
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A-Methyl-A^M-di-n-propylanilinium salts of the 
tertiary bases (Ia-g) were prepared by the action 
of methyl iodide on the corresponding N , N - d i -  
n-propylanilines.

ArN(C3H7)2 +  C H J — > [ArX(C3H; )2CH,]+I- 
I II

la. Ar = p-OH-OCoHj—
b. Ar = o-CHsOCsH,—
c. Ar = p-C,H5OC6H4—
d. Ar = o-C.,HsOC6H4—
e. Ar = p-CH,C«H4—
f. Ar = m-CHjCeH,—
g. Ar = o-CH3C6H4—

Ila. Ar = p-CHsOCsH,—
b. Ar = o-CH3OCsH4—
c. Ar = p -C Ä O C Ä —
d. Ar = o-C2Hr.OCf.H4- —
e. Ar =  p-CHrf'r.H,—
f. Ar =  ro-CHaCsHi—

Only in the case of A^A-di-ra-propyl-o-toluidine, 
could the formation of the quaternary ammonium 
salt not be achieved under normal conditions, 
when the tertiary base was treated with methyl 
iodide or methyl sulfate, due probably to steric 
effect.1'2

The thermal decomposition of the quaternary 
ammonium iodides was affected by heating above 
their melting points. The remaining tertiary bases, 
left after decomposition, were identified as the cor
responding picrates. Mixed melting-point determi
nation of the picrates of the starting materials 
(Ia-f) and the picrates obtained on thermal de
composition, showed depression in each case. This 
fact, together with the analytical figures obtained 
from decomposition picrates, indicated that thermal 
decomposition led to the formation of the mixed 
dialkylaniline, i.e., n-propyl iodide was always 
eliminated and N -methyl-iV-propyl aromatic base 
was left. A similar result has been reported pre
viously.1-3

Decomposition of the iodides Ila-f with ethanolic 
sodium ethoxide followed the same route ob
served in the thermal decomposition. Mixed melt
ing-point determination of the picrates obtained 
on thermal decomposition and those from alkaline 
decomposition showed no depression, indicating 
that they are identical. The quaternary iodides, 
the quaternary picrates, the picrates of the start
ing materials, and the picrates of the products of 
decomposition are listed in Table II.

E X P E R IM E N T A L

P r e p a r a tio n  o f  the  d ip r o p y la n i l in e s  (Ia-g). Tri-re-propyl 
phosphate was prepared according to the general procedure 
described for the synthesis of re-alkyl phosphates.5

The method used for the preparation of Ia-g was that 
adopted by Bilman et a l The corresponding picrates were 
prepared by mixing an ethanolic solution of the freshly dis
tilled tertiary base with saturated ethanolic solution of 
picric acid. The products were filtered and crystallized.

P r e p a r a t io n  o f  th e  q u a te r n a r y  a m m o n iu m  io d id e s . Equi- 
molecular proportions of the tertiary base Ia-g and methyl 
iodide were mixed in a sealed tube and left for some days 
a t room temperature (20°) (in case of la, Ic, and Ie), or 
heated a t 100° for 5-10 hr. (Ib, Id, and If), (40 hr. in case of

(5) G. R. Dutton and C. R. Xoller, O rg. S y n th e s is , Vol. 
XVI, p. 9.

Ig). The solid products were washed with ether and crystal
lized.

P r e p a r a t io n  c f  the  q u a te r n a ry  a m m o n iu m  p ic r a te s . The 
quaternary ammonium picrates wrere obtained when an 
aqueous solution of the corresponding iodide was added to 
an excess of a saturated aqueous solution of picric acid. The 
precipitate was collected, dried, and crystallized.

D e c o m p o s itio n  o f  the  q u a te r n a ry  a m m o n iu m  io d id e s , (a) B y  
hea t. The thermal decomposition of the iodides Ila -f  was 
effected by heating 0.5 g. of the pure substance in a Pyrex 
tube above its melting point until bubbles ceased to evolve. 
The oily residue was extracted with ether, filtered to remove 
any undecomposed iodide and the ether removed. A few 
drops of ethanol were added, followed by a saturated 
ethanolic solution of picric acid. The picrate was filtered off 
and crystallized.

(b) B y  e th a n o lic  s o d iu m  e th o x id e . The decomposition of the 
iodides Ila -f  was carried out by heating (1.5 g.) with 
ethanolic sodium ethoxide [from metallic sodium (0.3 g.) 
and absolute ethanol (20 ml.)] for 5 hr. on the steam bath. 
Sodium iodide, formed as a result of decomposition, was 
filtered, the ethanol was concentrated and a few ml. of water 
added. The oil that separated was taken up in ether, dried, 
and the ether removed. The oily residue was converted into 
the picrate, which was then filtered and crystallized.

C h e m i s t r y  D e p a r t m e n t , F a c u l t y  o p  S c i e n c e

C a i r o  U n i v e r s i t y

G i z a , C a i r o

E g y p t , T J .A .R .

T h io p h o s g e n a t io n  o f  

D im e th y la m m o n iu m  C h lo r id e 1

E u g e n e  L i e b e r 2 a n d  J. P. T r i v e d i  

R eceived  O ctober 2 0 , 19,50

In continuation of studies3 on the preparation 
and properties of the thiatriazole ring system a 
supply of dimethylthiocarbamvl chloride (II) was 
required. Billiter and Rivier4'6 report a convenient 
procedure using dimethylammonium chloride (I) 
and thiophosgene in the presence of aqueous so
dium hydroxide. The thiophosgene (in alcohol- 
free chloroform) is added to an aqueous solution 
of I followed by slow addition of sodium hydroxide, 
the temperature being maintained at 25° by addi
tion of ice. Yields of 65 to 95% of II were reported. 
Two moles of alkali are used per mole of I and at 
the end of the reaction the aqueous phase was re
ported4 to be alkaline. At this point the chloro
form layer changes from red to yellow in color. 
In our hands :he repetition of this procedure failed 
to confirm any of these observations; only a 7%

(1) The authors gratefully acknowledge the support of 
these studies by the Air Force Office of Scientific Research.

(2) Present address: Department of Chemistry, Roosevelt 
University, Chicago 5, Illinois, to whom all correspondence 
should be addressed.

(3) E. Lieber, J. Ramachandran, C. N. R. Rao, and C. N. 
Pillai, C a n . J .  C h em ., 37, 563 (1959).

(4) O. Billiter and H. Rivier, B e r ., 37, 4319 (1904).
(5) Houben-Weyl, M e th o d e n  d e r  O rg a n isc h c n  C h em ie ,

Georg Thieme Verlog, Stuttgart, Germany, volume IX, 
page 830 (1955).
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yield of II was obtained, the aqueous layer was 
acidic and the chloroform layer remained red in 
color. In addition, a nicely crystalline product 
melting at 104° consistently appeared by fractional 
recrystallization of the crude II. This was identi
fied as tetramethylthiuram monosulfide (III) 
and in one experiment (Table I) it became the 
major product. Tetramethylthiourea was also 
isolated in this instance. Billiter and Rivier4 fail 
to mention the formation of any by-products in 
their reaction.

TABLE I
T h iophosgenation  of D im ethylamm onium  Ch lo ride®

Temp. °

Ratio 
NaOH/ 

+ — 
Me2NH3Cl

% Yield of 
Dimethylthio-

carbamyl Chloride
28 1 2
28 2 7
28 2.5 None6
20 2.7 25°
10 2 15

-5® 2 38
-20e 2 46-50

® In all experiments a one to one molar ratio of thio- 
phosgene to dimethylammonium chloride was maintained. 
5 Tetramethylthiuram monosulfide was isolated in 1.6% 
yield, the major product being an unworkable oil. c The 
major product (47%) was III; 5% of IV was also obtained. 
® The temperature varied from 0° to —5°. e The tem
perature varied from —10° to —20°.

An investigation of this reaction was conducted. 
The results are summarized in Table I. Increasing 
the quantity of sodium hydroxide until the aqueous 
layer became alkaline was without effect, in fact 
no yield of II was obtained and only 1.6% of III 
and an intractable oil were the major products. 
The most important variable was the tempera
ture of the reaction regardless of whether the 
aqueous phase ended up in an acidic or alkaline 
condition. The lowest practical temperature with 
the set of reagents used was found to be —10 to 
— 20° in which case consistent, yields of II of 46 to 
50% were obtained. At lower temperatures in
crease in sodium hydroxide reduces the yield of II 
while favoring the formation of III. This suggests 
that the formation of III can be accounted for 
by a nucleophilic displacement of chloride ion by 
sulfide ion; the sulfide ion arising from the alkaline

2 II +  S" — *■ III +  2 Cl- 

hydrolysis of the thiophosgene.

(CH3)2NH3C1
I
+

O H -

---------------------- >

----------------------

(CH3)2NC(S)C1
II

[(CH3)2NC(S)]2S
III

[(CH3)2N ]2CS 
IV

EXPERIMENTAL6’7
Dimethylihiocarbamyl chloride (II). Into a three necked 

round-bottom flask equipped with a mechanical stirrer, 
reflux condenser, and dropping funnel and surrounded by 
acetone-Dry Ice bath was placed 8.3 g. (0.1 mole) of di
methylammonium chloride dissolved in 10 ml. of -water. 
The temperature was adjusted to —10°. Thiophosgene (12 
g., 0.1 mole) dissolved in 30 ml. of alcohol-free chloroform 
was added to the reaction flask with stirring over a period 
of 30 min. An aqueous solution of sodium hydroxide (100 
ml. of a 2Af solution) was then added over a period of 1 hr., 
not allowing the temperature to rise above —10°. The mix
ture was finally stirred for an additional 30 min., the chloro
form layer separated and immediately dried over calcium 
chloride. The chloroform was then removed at reduced 
pressure at steam bath temperature. The residue (which is 
semisolid when cooled in an ice bath) was recrystallized 
from petroleum ether yielding a product melting at 41° in 
agreement with that reported.4 The yield varied from about 
5 to 5.5 g. (45 to 50% based on I).

Tetramethylthiuram monosulfide (III). This arises (Table I) 
from the fraction-crystallization of crude II. It w'as identified 
by mixture melting point with an authentic specimen of 
tetramethylthiuram monosulfide prepared according to the 
procedure of von Braun and Stechele.8 When using an
hydrous ether (as solvent for the thiophosgene) II is re
covered as the ether soluble fraction, while recrystallization 
of the ether-insoluble residue yields III.

Tetramethylthiourea (IV). This wras found in several 
instances as a by-product of the fractional crystallization of 
II. I t was identified by its melting point9 of 75-76°.

D epa rtm en t  of Chem istry
D e  P aul U n iversity
C hicago 14, III.

(6) Melting points are uncorrected.
(7) The thiophosgene was supplied by the Rapter Chemi

cal Company, Chicago, Illinois. Vapor phase chroma
tography showed this to be 99% plus in thiophosgene con
tent.

(8) J. von Braun and F. Stechele, Ber., 36, 2274 (1903).
(9) O. Billiter, Ber., 43, 1856 (1910).

Cyclic Sulfites and the 
Bissinger Rearrangement

R ichard  G. G illis  

Received September S, 1959

The “Bissinger rearrangement” is a convenient 
name for the reaction first described by Bissinger, 
Kung, and Hamilton,1 in which a dialkyl sulfite 
gives an alkyl alkanesulfonate on heating with a 
tertiary base. Dimethyl sulfite gave a 49-56% 
yield of methyl methanesulfonate after 24 hr. with 
1 mol. per cent of tributylamine; the yield decreased 
with increasing size of alkyl groups. The rearrange
ment of dimethyl sulfite gave dimethyl ether as by
product, and a mechanism was suggested which 
accounted for both the rearrangement and the ether 
formation. We have found triethylamine is also a * J.

(1) W. E. Bissinger, F. E. Kung, and C. W. Hamilton,
J. Am. Chem. Soc., 70, 3940 (1948).CSC12
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satisfactory catalyst, but not quinoline or dimethyl- 
aniline.

If the Bissinger rearrangement of trimethylene 
sulfite (la) were successful, it would provide a 
convenient route to

CH2----- 0
/  \  

(CH*)» so

c h 2— o
la. n = 1
lb. n = 2

(CH2)„-----CH,
\

O
/

c h 2------- s o 2
Ila. n — 1 
lib . n = 2

3-hydroxy-l-propanesulfonic acid sultone (Ha) 
whose preparation from allyl alcohol has been de
scribed.2 Similarly, a successful rearrangement of 
tetramethylene sulfite (lb) would provide a route 
to 4-hydroxy-l-butanesulfonic acid sultone (lib) 
which has been prepared from 4-chlorobutyl ace
tate .3

In an attempt to prepare la, Majima and 
Simanuki4 obtained mainly trimethylene chloride. 
Myles and Prichard6 state that 1,4-butanediol and 
longer chain glycols give only chain polymers when 
treated with thionyl chloride and pyridine below 
35°. However, successful preparations have been 
reported by de la Mare and co-workers,6 and also 
by Szmant and Emerson.7 We have prepared both 
la  and lb in reasonable yield from the correspond
ing glycol and thionyl chloride by the method of 
Kyrides.8

The attempted rearrangement of lb gave only 
tetrahydrofuran as an identifiable organic product 
in 76% yield. It was substantially pure; in one 
experiment traces of two carbonyl containing im
purities were detected by paper chromatography. 
The attempted rearrangement of la  gave a mixture 
of six organic products including acrolein and pro- 
pionaldehyde, together with water and sulfur di
oxide. The same reaction of ethylene sulfite gave 
seven organic products including acetaldehyde.

The formation of tetrahydrofuran from tetra
methylene sulfite is compatible with the mechanism 
advanced by Bissinger et al. for the formation 
of dimethyl ether as a by-product from dimethyl 
sulfite. The reaction may be formulated as shown:

R3N +  lb — > R3N+— CH2CH2CH,CH20 —S02

I
r 3n +—c h 2c h ,c h ,c h 2—o -  +  so ,

i
li,N +  CH, -CH,

! I
CH2 CH,
\  /  

o
(2) J. H. Helberger, Ann., 588, 71 (1954).
(3) W. E. Truce and F. D. Hoerger, J. Am. Chem. Soc., 

76, 5357 (1954).
(4) R. Majima and H. Simanuki, Proc. Imp. Acad. Japan, 

2, 544 (1926); Chem. Abstr., 21, 1796 (1927).
(5) W. J. Myles and J. H. Prichard, U. S. Patent 2 ,4 6 5 ,-  

9 1 5 ; Chem. Abstr., 4 3 ,  4835 (1949).

The formation of a five-membered ring is favored 
for steric reasons; trimethylene and ethylene sul
fites would lead to four- and three-membered rings, 
and the decomposition of the zwitterionic inter
mediate to aldehyde products is understandable.

E X P E R IM E N T A L 9

Preparation of cyclic sulfites. Tetramethylene sulfite was pre
pared from tetramethylene glycol and thionyl chloride by 
the method of Kyrides8 in 45% yield. The product had b.p. 
119° at 15 mm., n2£ 1.4650; d\° 1.2537; Rd. Calcd.: 29.90. 
Found: 30.02 (lit.,7 n2D5 1.4631).

Trimethylene sulfite was prepared from trimethylene glycol 
and thionyl chloride by the same method in 42% yield. 
The product had b.p. 76° at 15 mm., n™ 1.4567; d™ 1.3225; 
Rd. Calcd. 25.25. Found 25.14 (lit., 1.4509,6 re2D° 1.45307).

Ethylene sulfite was prepared similarly in 79% yield and 
had b.p. 70° at 20 mm., n2„° 1.4461 (lit.,8 n2D5 1.4450).

Analytical methods. Gas chromatography of the products 
was carried out using a McWilliam-Dewar detector10 and 
dioctyl phthalate as stationary phase supported on 30-50 
mesh crushed “Insulox”11; nitrogen was the carrier gas and 
the column temperature was 100°. The retention times, q, 
are given relative to benzene (1.00) under the same condi
tions.12 13 14 15 Peak heights relative to the largest peak are shown 
in parentheses. The organic products were also treated with 
dinitrophenylhydrazine in methanol, and the mixed dinitro- 
phenylhydrazones were separated by descending paper 
chromatography in a heptane-methanol system.13-16 Finally, 
the products were examined by infrared spectroscopy in a 
Perkin Elmer Model 12C instrument using sodium chloride 
optics.

Rearrangement products. The rearrangement was at
tempted by heating the sulfite (0.2 mol.) with triethylamine 
(0.01 mol.) at a pot temperature of 180° for 9 hr. The 
reaction mixture was distilled and the distillate examined. 
In each case the residue was an intractable tar.

Tetramethylene sulfite gave tetrahydrofuran in 76% yield. 
The distillate had b.p. 64-70°; naD° 1.4030 (lit.,16 b.p. 64- 
66°; n™ 1.4070). Gas chromatography showed no trace of 
contaminants, and the product had retention time identical 
with an authentic specimen. In one experiment, the paper 
chromatograph showed very faint traces of two carbonyl 
components which ran slower than crotonaldehyde; in a 
second experiment, not even these trace impurities were 
found. Tetrahydrofuran was characterized as tetramethylene

(6) C. A. Bunton, P. B. D. de la Mare, P. M. Greaseley, 
I). R. Llewellyn, N. II. Pratt, and J. G. Tillett, J. Chem. 
Sac., 4751 (1958).

(7) H. H. Szmant and W. Emerson, J. Am. Chem. Soc., 
78, 454 (1956).

(8) L. Kyrides, J. Am. Chem. Soc., 66, 1006 (1944).
(9) Melting points and boiling points are uncorrected.
(10) T. G. Williams and R. A. Dewar, “Second Symposium 

on Gas Chromatography,” (ed. D. H. Desty), Butterworths 
Scientific Publications, London, 1958, p. 174.

(11) “Insulox” is the registered trade name for an 
insulating firebrick manufactured by Nonporite Pty. Ltd., 
Hawthorn, Victoria.

(12) R. J. Cvetanovic and K. O. Kutschke, “Vapor Phase 
Chromatography” (ed. D. H. Desty), Butterworths Scien
tific Publications, London, 1957, p. 87.

(13) F. E. Huelin, Australian J. Sci. Res., 5B, 328
(1952).

(14) D. F. Meigh, Nature (London), 170, 579 (1952).
(15) D. A. Forss, E. A. Dunstone, and W. Stark, Chem. & 

Ind., 4 2 , 1292 (1954); 4 5 , 521 (1957).
(16) T. H. Durrans, “Solvents,” Chapman & Hall Ltd., 

London, 7th ed., 1957, p. 185.
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bis(2-thiopseudourea)dipicrate, prepared from 1,4-diiodo- 
butane made by a modification of the method of Stone and 
Schechter.17 To 5 g. of potassium iodide was added 5 ml. of 
sirupy phosphoric acid (85%) and 1 ml. of rearrangement 
product. The mixture was refluxed gently for 1.5 hr., then 
10 ml. of water was added, and the whole was extracted 
with 15 ml. of ether. The ether solution was washed with 
water, sodium thiosulfate solution and again with water; 
then the ether was removed and replaced by 10 ml. of 
ethanol. A 1-g. sample of thiourea was added, and after 10 
min. refluxing, 0.5 g. of picric acid. The precipitated tetra- 
methylene bis(2-thiopseudourea)dipicrate was filtered, 
washed with ethanol, and dried, m.p. 240° dec. (lit.18 240- 
242° dec.). A specimen prepared in the same way from 
authentic tetrahydrofuran also had m.p. 240° dec., and the 
mixed melting point of the two was the same.

Trimelhylene sulfite gave a product which showed five 
peaks on the gas chromatograph, at q = 0.17 (26), 0.32 
(100), 0.42 (48), 0.86 (48), 2.22 (7). The second peak was an 
unresolved mixture of acrolein (q = 0.29) and propion
aldéhyde (q = 0.32). In check experiments, these were not 
resolved on a squalane column at 100° or 64°. Three alde
hydes were detected by paper chromatography, acrolein 
(R; = 0.21), propionaldéhyde (/?/ = 0.26) and a third 
(R; = 0.35) which is thought to be an aldol condensation 
product. Infrared spectroscopy of the mixture confirmed the 
presence of acrolein and propionaldéhyde by the C=C and 
C = 0  stretching bands in the 6^ region. There were no 
indications at any time of the presence of acetone.

Ethylene sulfite gave a product which showed seven peaks 
on the gas chromatograph at q = 0.14 (100), 0.54 (6), 0.60
(6), 0.90 (35), 1.14 (12), 1.64 (94), and 3.18 (6). Two of 
these were identified as acetaldehyde (q — 0.16) and 
paraldehyde (q = 0.56). Paper chromatography of the 
dinitrophenylhydrazone from the product showed only one 
spot due to acetaldehyde (R /  = 0.12), and the 6/x region of 
the infrared spectrum confirmed this.

Acknowledgments. The author is indebted to Mr.
G. J. Long for experimental assistance and to the 
Chief Scientist, Australian Defence Scientific 
Service, Department of Supply, Melbourne, Aus
tralia, for permission to publish.

Australian  D e f e n c e  S c ien tific  Service
D e f e n c e  Standards L aboratories
D epa rtm en t  of S upply
M aribyrnong , V icto ria , Australia

(17) H. Stone and H. Schechter, Org. Syntheses, 30, 33 
(1950).

(18) A. W. Nineham, J. C hem . S o c .,  2601 (1953).

Synthesis of Certain Sulfonium Analogs of 
Meperidine and of the Methadone Class of 

Analgesics

Co rris M. H ofmann and M artin  J. W eiss  

Received October 12, 1959

In continuation of our investigations1 dealing 
with the preparation of sulfonium analogs of phar-

(1) M. J. Weiss and M. B. O’Donoghue, J. Am. Chem. 
Soc., 79, 4771 (1957). This paper contains a review of 
sulfonium analog work in the pharmaceutical field. The 
preparation of sulfonium derivatives in the phenazine series 
has been reported recently.8

macologically active tertiary and quaternary 
amines, we wish to report the synthesis of sulfonium 
analogs of meperidine2 3 4 5 and also of the methadone 
class. Both meperidine and methadone are im
portant analgesic agents.

C J L  CCLCoHi

I
c h 3

Meperidine
0 = 0 —C2H6

(C6Hs)2—C—CH r-C H —N—(CH3)2
I

c h 2
Methadone

The meperidine sulfonium analog VI was pre
pared from the known 4-cyano-4-phenyltetrahydro- 
thiapyran (III).7 This nitrile (III) was converted 
to the 4-carbethoxy intermediate (V) by direct 
ethanolysis in the presence of sulfuric acid or, 
more satisfactorily, in two steps by hydrolysis with 
70% aqueous sulfuric acid to the corresponding 
acid7 (IV) followed by esterification with ethanolic 
hydrogen chloride. Treatment of V with excess 
methyl iodide then gave the desired analog (VI); 
reaction of V with excess ethyl iodide afforded 
the corresponding ethiodide.

The intermediate nitrile (III) was obtained 
directly by the sodium amide-catalyzed condensa
tion of phenylacetonitrile (I) with bis(2-chloro- 
ethyl) sulfide, a synthesis originally described 
by Eisleb7 and which in our hands afforded a 40% 
yield of III. This nitrile (III) was also prepared 
from l,5-dichloro-3-cyano-3-phenylpentane (II)8 
on treatment with sodium sulfide. Although the 
latter procedure avoids the use of the dangerous 
mustard gas, the preparation of the 1,5-dichloride
(II) requires three steps, and in our experience 
proceeded in relatively poor over-all yield (11%).9 
It was also possible to prepare the more advanced 
intermediate, 4-carbethoxy-4-phenyltetrahydrothia- 
pyran (V), by direct condensation of bis(2-chloro-

(2) S. O. Winthrop and M. A. Davis, J. Am. Chem. Soc., 
80, 4331 (1958).

(3) There are two reports in the literature concerning 
unsuccessful attempts to prepare sulfonium analogs of the 
l-methyl-4-acyloxy-4-phenylpiperidine class. 4,6 These 
piperidines are closely related to meperidine and are active 
analgesics.6

(4) H. M. E. Cardwell, J. Chem. Soc., 1059 (1950).
(5) V. Mychajlyszn and J. O. Jilek, Chem. Listy, 50, 

1479 (1956); Chem. Abstr., 5 1 , 2666 (1957).
(6 ) A. Ziering. L. Berger, S. D. Heineman and J. Lee, 

J. Org. Chem., 12 , 894 (1947).
(7) O. Eisleb, Ber., 74B, 1433 (1941).
(8 ) F. Bergel, A. L. Morrison, and H. Rinderknecht, 

J. Chem. Soc., 265 (1944).
(9) Dichloride II was obtained by condensation (sodium 

amide) of phenylacetonitrile (I) with 2-vinyloxyethyl 
chloride, acid hydrolysis of the vinyloxy groups and treat
ment of the resulting 1,5-diol with thionyl chloride.8
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ethyl) sulfide with ethyl phenylacetate in the 
presence of sodium amide. However, the yield for 
this reaction was very poor (12% crude).

Ct;H5CH,CN 
I

N a N % i T H T H - r U  sCsHs ON <u Hi L - - CHRC-CN
o i i . ' c n .
I ■ I ' 

------- CH, CH-.I ‘ I *
Cl Cl

Na.S

|70% H;SO,

c6h 5 cooh

C j H sO H

C.HjOH, H,SO, II

C6H5 CORAHS C(iH5 COoCoHj

k HCl

IV V
N aN m jiCl-CH.-Cm ijS 

Cr,H5CH2—CO0C2H5

S +1" 
! VI

ch3

A sulfonium analog of methadone itself was not 
prepared because of the potential synthetic dif
ficulties involved in the development of the iso-

although it is not as active as methadone.11 Since 
the completion of our work, the synthesis of one 
sulfonium analog of VII has been reported.5 We 
have also prepared this compound (Xa) although by 
a somewhat different route, and have in addition 
prepared several other methadone-type sulfonium 
analogs.

0 = C —C,H5[
( C6H5',2—c—CH2-C H ,—X( CH3 )o 

VII

Condensation of diphenylacetonitrile with (2- 
chloroethyl)methyl sulfide in the presence of sodium 
amide afforded the alkylated diphenylacetonitrile-
(VIII) in 42% yield. This compound was prepared 
by the Czechoslovak workers5 from 3,3-diphenyl-3- 
cyanopropyl bromide and sodium methyl mercap- 
tide. Conversion of VIII to the dimethyl sulfonium 
analog (Xa) was carried out in the same manner 
as reported by these workers;5 that is, by methyl 
iodide treatment of the sulfide (IX), prepared by 
reaction of ethyl magnesium bromide with nitrile

NaNH-
(C6h s)2—c h —c x  +  c i — c h 2-  c h 2—s—c h 3--------^

CîHsMgBr
(Censii—C—CN -------------- =-

c h 2—c h 2—s —c h 3
VIII

o
II

(CoH6)2—c - c—c 2h 5

c h 2—c h 2—s—c h 3
IX

o

(C6H6),C—c—c 2h 5

CH.,—CH,—S^CH-i
I
R I-

X
a. R = CH3
b. It = C2He

OAc

{C6H5)2—C—CH—C2H5
I + I-

c h 2—c h ;—& - c h 3
I

c h 3
XIII

R—I
LiAlH,

v
OH
I

(CoH„)2- C —C H -C 2H5

CH,—CH2—S—CH3

XIjACCI
OAc
I

(C6H5),—C—CH—C2H5

CH,—CH,—S—CH3

XII

propyl side chain.10 Instead, analogs of the closely 
related VII were prepared. This compound has a 
d-dimethylaminoethyl side-chain instead of the 
d-dimethylaminoisopropyl side-chain found in 
methadone, and it is reported to be an effective 
analgesic agent in experimental animals and man

(10) A. Berger, Medicinal Chemistry, Interscienee Pub
lishers, Inc., New York, N. Y., 1951, p. 182.

(VIII). Reaction of IX with ethyl iodide afforded 
the ethyl sulfonium analog (Xb).

Although reduction of the carbonyl group in 
methadone to give methadol generally causes a 
decrease in analgesic activity, acetylation of meth-

(11) C. C. Scott, E. B. Robbins, and K. Iv. Chen, Science, 
104, 587 (1946); E. C. Kleiderer, J. B. Rice, V. Conquest, 
and J. H. Williams, Report No. 981, Office of the Publica
tion Board, Department of Commerce, Washington, D. C.
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adol results in a restoration of this activity.12 13 
Therefore, it was of interest to prepare a sulfon- 
ium analog of the acetyl methadol type structure. 
Lithium aluminum hydride reduction of ketone 
IX gave the corresponding carbinol (XI) in 65% 
yield. Treatment of this carbinol with acetyl 
chloride produced a 59% yield of the acetate (XII), 
which on reaction with methyl iodide afforded 
the desired sulfonium analog (XIII).

None of the sulfonium analogs reported in this 
paper showed significant analgesic activity.

E X P E R IM E N T A L 15

l,5-Dichloro-8-cyano-3-phenylpentane (II). This compound 
was prepared by the three-step synthesis described by Bergel 
and coworkers8 in an over-all yield of 11.4%, m.p. 51-52°.

4-Cyano-4-phenyltetrahydrothiapyran (III). To a solution 
of 25.3 g. (0.105 mole) of l,5-dichloro-3-cyano-3-phenyl- 
pentane (II) in 125 ml. of ethanol was added a solution of
25.2 g. (0.105 mole) of sodium sulfide nonahydrate in 75 
ml. of water. A clear solution did not form. The mixture was 
refluxed on a steam bath for 27 hr., then cooled and poured 
into ice water. The milky solution was extracted several 
times with ether. The combined ether extracts were dried, 
filtered, and evaporated. The residue consisted of two oily 
layers. The lower layer was distilled; the main fraction, 7.8 
g. (37%), boiled at 137-142° at 1 mm., n“De 1.5729. Eisleb7 
reports a boiling point of 175° at 6 mm.

4-Carbethoxy-4-phenyltetrahydrothiapyran (V). (A) By 
ethanolysis of nitrile III. A mixture of 20.3 g. (0.1 mole) of 
4-cyano-4-phenyltetrahydrothiapyran (III), 30 g. of 98% 
sulfuric acid, 0.26 g. of water, 46 g. of ethanol, and 5.36 g. 
of ammonium chloride was heated in a glass-lined autoclave 
at 160° for 7 hr. The contents of the autoclave were treated 
with ice water and the mixture was extracted with ether. 
The ether extracts were dried, filtered, and evaporated to 
give 5.5 g. (22%) of the ester as an oil.

(B) By esterification of acid IV. A mixture of 5.5 g. (0.025 
mole) of 4-earboxy-4-phenyltetrahydrothiapyran (IV)7 and 
35 ml. of ethanol, which had been saturated with hydrogen 
chloride, was placed in a pressure bottle, and warmed on a 
steam bath for about 14 hr. After cooling, the solvent was 
removed and the residue was dissolved in ether. The ether 
solution was washed with a dilute sodium carbonate solu
tion, dried, and evaporated. This gave the ester V as a light 
brown oil, which was used as such for the preparation of the 
sulfonium salts VI.

(C) From ethyl phenylacelate and bis(2-r,kIoroethyl)sulfide. 
To a solution of sodium amide,11 prepared from 10.6 g. (0.72 
mole) of sodium and 500 ml. of liquid ammonia, was added 
59 g. (0.36 mole) of ethyl phenylacetate in 100 ml. of dry 
ether. The mixture was stirred and warmed gently to remove 
the ammonia which was replaced with 300 ml. of ether. A 
solution of 30 ml. (0.284 mole) of bis(2-chloroethyl)sulfide 
was then added dropwise during 5 min. The mixture was 
refluxed on a steam bath for 1 hr., 200 ml. of toluene was 
added andtrefluxing was continued for 90 min. (reflux tem
perature was 95-100°).

After cooling to 10°, water was added cautiously to de
compose any unreacted sodium amide, and when the reaction 
was no longer exothermic, a large amount of ice water was 
added. The toluene layer wras dried over calcium sulfate 
(Drierite), filtered and distilled. A 10-g. forerun boiling at
82-83° at 1 mm. was followed bj- the product (8.4 g., 29%)

(12) Ref. 10, p. 184.
(13) Melting points are uncorrected.
(14) C. R. Hauser, F. W. Swamer, and J. T. Adams,

Org. Reactions, VIII, 122 (1954).

boiling at 160-162° at 1 mm. A small amount of solid which 
codistilled with the product proved to be phenylacetamide, 
m.p. 155.5-156.5°, admixture of which with an authentic 
sample showed no depression in melting point.

4-Carbethoxy-l-inethyl-4-phenylhexahydrothiapyrylium 
iodide (VI). A solution of 4-carbethoxy-4-phenyltetrahydro- 
thiapvran (V), obtained via procedure B from 5.5 g. of IV, 
in 45 ml. of methyl iodide, was allowed to stand at room 
temperature for 24 hr. The sulfonium salt separated as a 
crystalline solid (3.5 g., 36%), m.p. 139-140° dec.

In a pilot run, the product was recrystallized from ethanol 
to give white crystals melting at 135-136° dec.

Anal. Calcd. for Ci5H21IOjS: C, 45.9; H, 5.40; I, 32.4; S, 
8.17. Found: C, 45.9; H, 5.65; I, 32.4; S, 8.00.

4-Carbethoxy-l-ethyl-4-phenylhexahydrolhiapyrylium iodide. 
This compound was prepared in a manner similar to that 
described above for the methiodide salt except that the ester 
was dissolved in acetone and then treated with a large excess 
of ethyl iodide. The ethiodide salt wTas obtained after 
drowning the reaction solution in ether. The product melted 
at 117.5-118°.

Anal. Calcd. for CI6H23I0 23: C, 47.3; H, 5.70; I, 31.2; S, 
7.89. Found: C, 47.1; H, 5.68; I, 30.5; S, 8.23.

2,2-Diphenyl-4-methylthiobutyron.itrile (VIII). A solution of
386.5 g. (2 moles) of diphenylacetonitrile in 1530 ml. of dry 
benzene was added dropw'ise with stirring, over a period of 1 
hr., to a mixture of 100 g. (2.5 moles) of sodium amide14 in 
1000 ml. of dry benzene. The reaction was not exothermic. 
The mixture ŵ as stirred at 40° for 1 hr., then 221 g. (2 
moles) of 2-chloroethyl methyl sulfide15 was added dropwise 
at 32-34° during 2.5 hr. The mixture was then stirred at 
50-70° for 15 hr. The liquid was decanted from the precipi
tated solids into a separatory funnel and water was added. 
The benzene layer was separated and wrashed three times 
with small portions of water. The solvent was removed and 
the residual oil was distilled. After an initial fraction (b.p. 
124-170° at 2 mm.) which consisted largely of diphenyl
acetonitrile (187 g., 49% recovery) and a small intermediate 
fraction, the prodv.ct VIII was obtained boiling at 182-185° 
at 2 mm. (227 g., 42%; ra2D" 1.5880).

Anal. Calcd. for C„H17NS: C, 76.4; H, 6.41; N, 5.24; S,
12.0. Found: C, 76.3; H, 6.38; N, 5.33; S, 11.2.

Mychajlyszn and Jilek5 prepared this compound in 71% 
yield, b.p. 160-165° at 1 mm., by the reaction of sodium 
methylmercaptide with 2,2-diphenyl-4-bromobutyronitrile.

4,4-Diphenyl-6-methylthiohexanone-3 (IX). Ethyl mag
nesium bromide was prepared from 36 g. (0.33 mole) of ethyl 
bromide, 8 g. (0.33 mole) of magnesium and 160 ml. of ether. 
A solution of 53.5 g. (0.2 mole) of 2,2-diphenyl-4-methyl- 
thiobutyronitrile (VIII) in 120 ml. of toluene was added. 
The solvent was distilled until the internal temperature rose 
to 102°. The mixture was stirred, warmed at 102-110° for
4.5 hr., and then allowed to stand at room temperature over
night. Ice w-as cautiously added to decompose the Grignard 
complex. The reaction was exothermic and the temperature 
rose to 50-60°. When the heat evolution had subsided, 100 
ml. of dilute hydrochloric acid was added and the mixture 
was warmed on the steam bath for 2 hr. The two layers were 
separated, and the aqueous layer was extracted three times 
with small portions of benzene. The benzene extracts were 
combined with the toluene layer and distilled at reduced 
pressure. After a small forerun (8.8 g.), the product (IX) 
boiled at 165-178° at 1 mm., and weighed 39.9 g. (67%), 
n3D° 1.5823. Mychajlyszn and Jilek5 report a b.p. of 170- 
173° at 0.5 mm.

A sample of material boiling at 176-177° at 1 mm., n™ 
1.5828, was analyzed.

Anal. Calcd. for Cls,H22OS: C, 76.5; H, 7.43; S, 10.7. 
Found: C, 76.5; H, 7.43; S, 10.8.

(15) Org. Syntheses, Coll. Vol. II, p. 136, John Wiley 
and Sons, New York, N. Y., 1943.
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Dimethyl-(3,8-diphenyl-4-oxohexyl)sulfonium iodide (Xa). 
A solution of 5.8 g. of 4,4-diphenyl-6-methylthiohexanone-3 
(IX) in 20 ml. of methyl iodide was allowed to stand for 4 
days. The product (Xa) separated as a white crystalline 
material, which after 2 reerystallizations from £5% ethanol, 
weighed 5.3 g., m.p. 125.5° (gas evolution). Mychajlyszn and 
Jilek5 report a m.p. of 122°.

(3,3-Diphenyl-4-oxohexyl)-ethyhnethylsidfomum iodide 
(Xb). A solution of 25.3 g. (0.085 mole) of 4,4-diphenyl-6- 
methylthiohexanone-3 (IX) in 75 ml. acetone was treated 
with 46.8 g. (0.3 mole) of ethyl iodide. The solution was 
allowed to stand at room temperature for several days. The 
sulfonium salt separated out during this time as a crystalline 
solid. The mixture was filtered and the light yellow solid 
weighed 5.4 g., m.p. 114-115.5°. After recrystallization from 
15 ml. of 95% ethanol there was obtained 4.3 g. of a white 
solid, m.p. 118.5-119°.

Anal. Calcd. for C21H,-IOS: C, 55.5; H, 5.99; I, 27.9; S,
7.06. Found: C, 55.4; H, 5.61; I, 27.8; S, 7.47.

4.4- Diphenyl-6-7nethylthiohexanol-3 (XI). A mixture of 4.6 
g. (0.12 mole) of lithium aluminum hydride in 200 ml. of 
ether was refluxed on a steam bath in an atmosphere of 
nitrogen for 4.5 hr. A solution of 119.3 g. (0.4 mole) of 4,4- 
diphenyl-6-methylthiohexanone-3 (IX) in 200 ml. of ether 
then was added dropwise over a period of 40 min. The mix
ture was refluxed for 2.5 hr. Wet ethyl acetate (40 ml.) was 
added cautiously to decompose the complex and any un
reacted lithium aluminum hydride. After the decomposition 
was complete, 300 ml. of ice water was added. This gave a 
milky solution, which separated into 2 layers after standing 
overnight. The aqueous layer was acidified with dilute sul
furic acid, and then extracted several times with ether. The 
ether extracts were combined, dried over sodium sulfate, 
filtered, and evaporated. The residue, a thick viscous oil, 
was distilled at reduced pressure. The product boiled at 
182-184° at 1-2 mm. and weighed 77.4 g. (64.5%). This oil 
solidified to a white solid, m.p. 66-69°. Recrystallization 
from a mixture of hexane and petroleum ether gave 75.2 g. 
of the product XI, m.p. 70-71.5°.

Anal. Calcd. for CI9H24OS: C, 75.9; H, 8.05; S, 10.7. 
Found: C, 76.1; H, 8.22; S, 10.6.

4.4- Diphenyl-6-methylthio-3-hexyl acetate (XII). A mixture 
of 90 g. (0.3 mole) of 4,4-diphenyl-6-methylthiohexanol-3
(XI) in 400 ml. of dry pyridine was stirred and cooled in an 
ice bath while 27 g. (0.35 mole) of acetyl chloride was added 
over a period of 30 min. at 10-12°. The ice bath was removed 
and the temperature raised slowly untifrn clear solution 
formed (about 2 hr.). The solution was stirred at room tem
perature for 3 hr., and then poured onto ice water which had 
been made slightly acid with dilute hydrochloric acid. The 
mixture was extracted three times with portions of ether, 
and the ether extracts were combined, dried, filtered, and 
evaporated. The residue, a thick viscous amber oil, was dis
tilled at reduced pressure. The product (XII) boiled at 180- 
188° at 1 mm. and weighed 60.5 g. (59%).

(4-A cetoxy-S, S-diphenylhexyl )-dimethylsu If on ium iodide
(XIII). This compound was prepared from XII and methyl 
iodide by the procedure described above for the preparation 
of Xa. It was obtained in 38% yield after crystallization 
from 95% ethanol, m.p. 121.5-122.5°.

Anal. Calcd. for C22H29I0 2S: C, 54.5; H, 6.03; I, 26.2; 
S, 6.62. Found: C, 54.2; H, 6.44; I, 26.2; 8, 6.21 

Acknowledgment. We wish to thank Mr. 0. 
Sundberg and staff for microanalyses. We are in
debted to Dr. A. Osterberg and staff of the Experi
mental Therapeutics Section of these laboratories 
for the pharmacological evaluation of these com
pounds.
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Preparation of 2-Thiooxazolidones from 
Substituted Dithiocarbamvlacetic Acids

W illard  T. Som erville and C arl N . A ndersen

Received September 17, 1959

2-Thiooxazolidones1 substituted in the 4- and
5- positions have been prepared from aminoalcohols 
by reaction with carbon disulfide and potassium 
hydroxide2-3 4 and by the decomposition of thiuram 
disulfides derived from 2-aminoalcohols.3

We have now found that JV-substituted dithio- 
carbamylacetic acid derivatives produced from
2-aminoalcohols, carbon disulfide, and monochlor- 
acetic acid (Equation 1) may be decomposed by 
alkali to form a substituted 2-thiooxazolidone and 
thioglycolic acid (Equation 2).
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¿ h 2o h
I

----->
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R

R'— C-----NH—C—S - +
I li

c h 2o h  s
II

c ic h 2c o o n h 4 — >
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R '—C—NH—C—S—CH,COONH4 
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OH-

R

R

N = C = S  

¿ h 2o h

IV

R
I

R '— C—NH
I I

c h 2c= s

o
V

+  HS—CH2COONH4

(2)

The expected product of the scission of the substi
tuted dithiocarbamylacetic acid would be a hy- 
droxyalkyl isothiocyanate (IV), but this apparently 
cyclizes^to the corresponding 2-thiooxazolidone
( Y ) .V 1

In the above manner, 2-methyl-2-aminopro- 
panol-1, I R = R ' = CH3, yields 4,4-dimethyl-2-

(1) We have confirmed the work of M. G. Ettlinger, 
J. Am. Chem. Soc., 72 , 4792 (1950), who has shown by 
infrared spectra that these materials are thioketones and 
do not contain SH groups. Therefore, they are more properly 
termed 2-thiooxazolidones rather than oxazoline-2-thiols.

(2) H. A. Bruson and J. W. Eastes, J. Am. Chem. Soc., 
59, 2011 (1937).

(3) A. A. Rosen, J. Am. Chem. Soc., 74, 2994 (1952).
(4) B. Holmberg, J. Prakt. Chem., 79, 263 (1909) ob

served that dithiocarbamylacetic acid in alkali solution 
produced thioglycolic acid and thiocyanic acid.
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thiooxazolidone whereas the carbon disulfide and 
alkali process of Bruson1 2 produces a mixture of 
the 2-thiooxazolidone and thiazoline compounds. 
Similarly 2-aminobutanol-l, (I).R = H, R ' = C2H6, 
produces a thiooxazolidone derivative instead of 
a substituted thiazoline. The reaction products 
are thus similar to those obtained by the thiuram 
procedure.3

EXPERIMENTAL5

Preparation of substituted 2-thiooxazolidone from 2-amino 
alcohols. A mixture of 1 mole (89.1 g.) 2-aminobutanol-l, or 
2-methyl-2-aminopropanol-l, and 90 g. of ammonium 
hydroxide was cooled in an ice bath at 10° and 76 g. of carbon 
disulfide were added over a 15-min. period, and then stirred 
for 1 hr. or until it became a clear uniform solution. A solu
tion prepared by dissolving 94.5 g. (1 mole) of monochlor- 
acetic acid in 70 ml. of water and neutralizing with 70 ml of 
ammonium hydroxide solution was added to the above 
dithiocarbamate solution. This reaction was somewhat 
exothermic and the temperature rose to 20 to 25°. Stirring 
was continued for an hour after addition was complete and 
the mixture was then allowed to stand overnight. The white 
crystals of the substituted 2-thiooxazolidone which formed, 
were filtered by suction on a Buchner funnel and washed with 
a small amount of cold water. The yield was 45 to 55 g. of 
air dried crystals (35-42% of theory).

4-Ethyl-2-thio6xazolidone, (V), R = H; R ' = C2H6. The 
white crystals prepared above from 2-aminobutanol-l 
melted at 72.8 to 73.2° after recrystallization from alcohol 
(lit.,8 m.p. 74-75°). These crystals were soluble in alcohol, 
ethvl acetate, benzene, and acetone.

Anal. Calcd. for C5H,NOS: C, 45.77; H, 6.91; N, 10.68; 
S, 24.44. Found: C, 46.06; H, 6.88; N, 10.35; S, 24.56.

4,4-Dimethyl-2-thiodxazolidone, (V), R = R ' = CH3. 
When recrystallized from alcohol, the melting point was 
124.6 to 125.8° (lit.,6 * m.p. 123-125°). The compound was 
soluble in alcohol, benzene, and ethyl acetate.

Anal. Calcd. for C6H9NOS: C. 45.77; H, 6.91; N, 10.68; 
S, 24.44. Found: C, 45.96; H, 6.78; N, 9.90; S, 25.04.

R esearch  D epa rtm en t
van Am erin g en -H a ebi.e r  (A D iv isio n  of 

I nternational  F lavors & F ragrances I nc.)
U nion  B each , N. J.

(5) Microanalysis by the Clark Microanalvtical Labora
tory, Urbana, 111.

(6) C. Y. Hopkins, Can. J. Research, B20, 268 (1942).

Studies on Hydroxybenzotriazoles

H . S in gh  and R . S. K a p il1 

Received October 8, 1959

Several compounds containing the grouping 
>NOH have been reported2 to be useful as organic 
precipitating agents. l-Hydroxy-l,2,3-benzotria- 
zoles also contain a similar grouping. In view of 
the fact that they can be prepared readily by the 
action of sodium hydroxide3’41 or hydrazine hy
drate on o-nitrophenylhydrazines4 or even from
o-dinitrobenzenes,4a’j it was considered worthwhile 
to synthesize some additional derivatives and study 
their analytical behavior.

l-Hydroxy-l,2,3-benzotriazoles have been pre
pared by the action of hydrazine hydrate on o- 
nitrophenylhydrazines and also on o-dinitroben- 
zenes. They are suitable for the estimation of silver 
ion with which they give a quantitative precipitate.

Details of their analytical behavior shall be 
published elsewhere.

(1) Présent address: Division of Médicinal Chemistry, 
Central Drug Research Institute, Lucknow, India.

(2) (a) F. Ephriam, Ber., 63, 1928 (1930). (b) G. Denigs, 
Bull. soc. pharm. Bordeaux, 70, 101 (1932). (c) D. C. Sen, 
J. Indian Chem. Soc., 15, 473 (1938). (d) J. F. Flagg and 
N. H. Furman, Ind. Eng. Chem., Anal. Ed., 12, 529 (1940).
(e) Iv. J. Keuning and J. V. Dubsky, Rec. trav. chim., 59, 
978 (1940). (f) P. Wenger, R. Duckert, and M. Busset, 
Helv. Chim. Acta, 24, 889 (1941).

(3) R. Nietzki and E. Braunschweig, Ber., 27, 3381 
(1894).

(4) (a) T. Curtius and M. Mayer, J. prakt. Chem., 76
(ii), 369 (1907). (b) W. Borschc and D. Rantshew, Annalen, 
379, 152 (1911). (c) G. T. Morgan and T. Glover, J. Chem. 
Soc., 119, 1700 (1921). (d) O. L. Brady and J. H. Bowman, 
J. Chem. Soc., 119, 894 (1921). (e) O. L. Brady and J. N. E.
Dav, J. Chem. Soc., 123, 2258 (1923). (f) O. L. Brady and
C. V. Reynolds, J. Chem. Soc., 193 (1928); 1273 (1931).
(g) E. Millier and W. Hoffmann, J. prakt. Chem., 111, 293 
(1925). (h) E. Millier and G. Zimmermann, J. prakt. 
Chem., 111, 277 (1925). (i) E. Müller and K. WTeisbrod, 
J. prakt. Chem., 111, 307 (1925). (j) S. S. Joshi and D. S. 
Deorha, J. Indian Chem. Soc., 29, 545 (1952).

TABLE I

N OH
1 -H y d ro x y -1 ,2 ,3 -b e n z o t r ia z o l e s

No. R, r 2 R* Formula Color M.P.°C
Analysis

Calcd. Found

1 H Cl H C6H4N30C1 Colorless plates 210d“’!> Cl: 20.93 20.8
2 H Br H C8H4N3OBr Colorless plates 220d° Br: 37.39 37.2
3 H I H C6H4N3OI Colorless plates 200d“ I: 48.66 48.4
4 H Cl CHs c ,h 6n 3oci Colorless needles 203d- Cl: 19.34 19.2
5 H I CH3 CjHeNsOI Colorless needles 182» I: 46.18 46.0
6 H C Ül CeHjN.OCb Colorless needles 215“’c Cl: 34.81 34.5
7 Br H Br C6ILN3OBr2 Colorless needles 218da Br: 54.61 54.4

• Recrystallized from ethanol. 6 Lit.,4h m.p. 204-205°. c Lit.,4* m.p. 194-196°.
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5-Bromo-l-hydroxy-l,2,3-benzotriazole. To a solution of 2- 
nitro-5-bromophenylhydrazine (0.5 g.) in ethanol (20 ml.) 
was added hydrazine hj'drate (2 ml. 50%). It was heated on 
a water bath for 0.5 hr., concentrated to a small volume, 
diluted with water and filtered. The filtrate on acidification 
with dilute hydrochloric acid gave 5-bromo-l-hydroxy-l,2,3- 
benzotriazole (0.3 g.) as colorless plates from ethanol, m.p. 
220° dec. By adopting a similar procedure other hydroxy- 
benzotriazoles were prepared. The data concerning the new 
compounds are listed in Table I. All of them explode above 
their melting points.

Acknowledgment The authors wish to express 
their gratitude to Dr. S. S. Joshi, D.Sc., for his 
kind interest in this work.

D epartment op Chemistry
Meerut College
Meerut, I ndia

(5) All melting points are uncorrected.

Identification of Caffeic Acid in Cigarette 
Smoke

Chao-H wa Yang, Y. N akagawa, and S. H. Wender 

Received July 13, 1959

No previous report has been made of the presence 
of caffeic acid (3,4-dihydrox3rcinnamic acid) in 
cigarette smoke. Several groups of workers1-3 
however, have reported finding free caffeic acid irr 
various cured tobaccos, but Roberts and Wood,4 
using fresh cigar tobacco, and Weaving,6 using 
flue-cured tobaccos, could find none in their samples. 
Dieterman et al.6 have recently pointed out that 
esculetin (6,7-dihydroxycoumarin) in tobacco may 
often be confused on paper chromatograms with 
caffeic acid. In the present study on tobacco in 
eight brands of cigarettes commonly smoked in the
U. S., every sample tested was found to contain 
free caffeic acid. Also, in every case, the main 
stream smoke from the cigarette contained free 
caffeic acid.

In the purification of scopoletin (6-methoxy,
7-hydroxycoumarin) from cigarette smoke and from

(1) P. Wilkinson, M. Phillips, and A. M. Bacot, Jr. 
Assn. Off. Agric. Chemists, 37, 1004 (1954).

(2) M. Shiroya, T. Shiroya, and S. Hattori, Physiol. 
Plant, 8, 594 (1955).

(3) M. K. Mikhailov, Compt. Rend. Acad. Bulgare des 
Set., 11, 205 (1958).

(4) E. A. H. Roberts and D. J. Wood, Arch. Biochem., 33, 
299 (1951).

(5) A. S. Weaving, Tob. Sci., 2, 1 (1958).
(6) L. J. Dieterman, C. H. Yang, Y. Nakagawa, and S. H. 

Wender, J. Org. Chem., 24, 1134 (1959).
(7) C. H. Yang, Y. Nakagawa, and S. H. Wender, J. Org. 

Chem., 23, 204 (1958).

various tobacco extracts,7’1 2 3 4 5 6 7 8 two or more interfering 
blue fluorescing compounds persisted with the 
scopoletin through several developments of paper 
chromatograms. Dieterman et al.6 identified one of 
these interfering compounds as esculetin. The 
present identification establishes free caffeic acid 
as the other blue fluorescing compound.

During paper chromatography in certain acid 
solvent systems, such as 15% acetic acid-water, 
caffeic acid appears as two distinct zones. These 
have been shown to be cis- and trans- caffeic acid.

E X P E R IM E N T A L

Caffeic acid from, cigarette tobacco. The tobacco obtained 
from one hundred and twenty cigarettes (three each from 
forty packs of the same brand) was mixed and ground to a 
powder. Six 5.5-g. samples of this powder were thoroughly 
extracted with 85% isopropyl alcohol, as previously de
scribed by Yang et aid The combined extracts were concen
trated under reduced pressure, and the concentrate was then 
subjected to separation by mass paper chromatography.7 
After the initial chromatograph}' with Whatman 3MM 
paper, using the solvent system n-butyl alcohol-acetic acid- 
water (6:1:2 v./v.}, each zone containing caffeic acid, still 
mixed with some esculetin and scopoletin, was cut off and 
then eluted with methanol. The eluates were combined and 
streaked on S & S No. 589, Red Ribbon, chromatography 
paper, and developed in the system chloroform-acetic acid- 
water (2:1:1 v./v., bottom layer). This solvent system 
proved to be superior to the nitromethane-benzene-water 
system (2:3:5 v./v., upper layer) used in our previous 
studies on scopoletin and esculetin. In the chloroform 
system, the scopoletin (R / = 0.75) moves in a narrow zone 
quite removed from those of esculetin (R f = 0.39) and of 
caffeic acid (R / = 0.35). This was also the case with the 
benzene-propionic acid-water system (2:2:1 v./v., top 
layer) with Rf  values: scopoletin (0.66); caffeic acid (0.32); 
and esculetin (0.26). The two top zones resulting from paper 
chromatography with the chloroform system contained 
primarily caffeic acid and esculetin. They were cut off from 
each chromatogram together; sewn onto a new sheet of 
paper; and then developed in ethyl acetate-formic acid- 
water (10:2:3 v./v.). Each zone containing caffeic acid, 
with a trace of esculetin still present, was cut off and eluted 
with the ethyl acetate solvent system. The eluates were 
combined and again streaked on S & S No. 589 paper and 
developed in 15% acetic acid-water. Although separation 
of caffeic acid from esculetin was completed by this chro
matography with acetic acid, an isomer of caffeic acid now 
appeared as a separate, third zone.

The two zones of isomeric caffeic acid were cut from each 
chromatogram as a unit and sewn onto a new sheet of 
chromatography paper. Each such sheet was then developed 
in the ethyl acetate system to obtain one narrow blue zone 
for identification studies.

Identification of caffeic acid. The combined eluates con
taining the purified caffeic acid from each single zone 
obtained in the ethyl acetate system were then co-chroma- 
tographed with authentic caffeic acid purchased from Cali
fornia Foundation for Biochemical Research, using the re- 
butvl alcohol-acetic acid-water, chloroform-acetic acid- 
water, ethyl acetate-formic acid-water, benzene-propionic 
acid-water, and nitromethane-benzene-water sj’stems al
ready described, and re-butvl alcohol-benzene-pyridine- 
water (5:1:3:3 v./v., upper layer), isopropyl alcohol- 
pyridine-acetic acid-water (8:8:1:2 v./v.), and 15% acetic

(8) C. H. Yang, Y. Nakagawa, and S. H. Wender, Anal. 
Chem., 30, 2041 (1958).
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acid-water. Both the reference and isolated caffeic acid 
solutions gave the same R j values in every test. In the 15% 
acetic acid system, both the reference and unknown caffeic 
acid samples gave two zones each, with corresponding R /  
values.

The isolated and reference caffeic acids behaved similarly 
towards the chromogenic agents previously reported.6 In 
addition, both gave the same color reaction with the Hofner 
reagent4 (pink, changing to yellowish-brown) and with 2% 
alcoholic ferric chloride solution (green changing to gray).

The absorption spectra exhibited by the isolated caffeic 
acid in ethanol, and in buffer solutions at pH 3.5 and 6.8, 
checked in each case with the corresponding spectrum 
exhibited b}- the reference caffeic acid in ethanol and in 
buffer solutions at pH 3.5 and 6.8 in our laboratory and 
with those reported for these preparations by Sutherland.9

Caffeic acid in the mainstream smoke of cigarettes. The 
smoking of eight brands of cigarettes for caffeic acid analysis 
was performed by a procedure similar to the one already 
described for scopoletin in smoke by Yang et al.‘ Because 
caffeic acid, however, was present only in a trace amount 
in the smoke, samples representing smoke from forty packs 
of cigarettes were combined and concentrated to obtain 
sufficient caffeic acid for unambiguous studies by paper 
chromatography. The separation, purification, and identi
fication of caffeic acid from the cigarette smoke condensates 
were carried out by mass paper chromatography in the 
same manner as already described above for determination 
of caffeic acid in tobacco. Cigarettes analyzed included 
Camel, Lucky Strike, Philip Morris, Old Gold Straights, 
Pall Mall, Winston, Viceroy, and Oasis.

Isomerization of caffeic acid. On paper chromatography 
with 15% acetic acid-water, the reference caffeic acid gave 
two distinct zones. The farther moving zone (R f = 0.50) 
was called “CA-1,” and the slower moving zone (R/  = 0.42) 
was called “CA-2.” Each blue fluorescing zone was cut out 
separately; sewn onto separate new sheets of paper; and 
again developed in the 15% acetic acid. I t was observed 
that from the slower moving zone (CA-2), the faster moving 
zone (CA-1) was produced every time that a separated CA-2 
zone was rechromatographed in this acid system. If this 
procedure, involving separation by paper chromatography, 
cutting, sewing, and rechromatography of the CA-2 was 
repeated even five or more times, the slower moving zone 
of caffeic acid, would in every case, continue to change to 
give both isomers. The fluorescence of this slower moving 
zone would be weaker on each subsequent chromatogram. 
The CA-1 zone likewise gave both isomers on rechroma
tography of the faster moving zones, but produced only a 
relatively small amount of the CA-2 each time that the CA-1 
was developed in the 15% acetic acid-water.

Both CA-1 and CA-2 co-chromatographed with the refer
ence caffeic acid to give only one spot in all the solvent 
systems mentioned in this paper, except in the 15% acetic 
acid-water. In this latter system, the major spot from the 
reference caffeic acid on the first chromatograms was identical 
with CA-2, and the minor spot wras the same as CA-1. Both 
CA-1 and CA-2 gave the same color reactions when tested 
with all the chromogenic agents described in this report.

Williams10 has reported that cinnamic acid derivatives 
give two spots on paper chromatography with 2% acetic 
acid-water. He suggested that this was a case of cis-trans 
isomerization on paper. He did not, however, point out 
which spot corresponded to which isomer. Recently, Butler 
and Siegelman11 have reported that the faster moving zone 
of caffeic acid during paper chromatography with 5% acetic 
acid-water is cis-, and the slower moving zone is trans- 
caffeic acid, on the basis that ultraviolet light converted a

(9) G. K. Sutherland, Arch. Biochem. Biophys., 75, 412 
(1958).

(10) A. H. Williams, Chem. & Ind. (London), 120 (1955).
(11) W. L. Butler and H. W. Siegelman, Nature, 183, 

1813 (1959).

part of the slower moving zone into the faster moving one. 
Our slower moving zone behaved similarly, and based on 
their conclusions, it would appear that our CA-1 is cis- and 
our CA-2 is frans-caffeic acid. For further confirmation of 
these cis and trans configuration assignments to CA-1 and 
CA-2, we undertook ultraviolet and infrared spectral studies 
as described in following paragraphs.

Ultraviolet absorption spectra of the caffeic acids. Although 
the isomeric caffeic acids CA-1 and CA-2 could be readily 
obtained as completely separated zones on paper chro
matograms, much difficulty was experienced in getting solu
tions of either isomer completely free of the other. During 
the preparation of such solutions by extraction or elution 
of the individual zones from the paper, and application of 
heat, isomerization was usually found to occur, and an 
equilibrium mixture was set up according to the tempera
ture, solvent, etc. used. During such handling, except for 
the paper chromatography step itself, the CA-1 (cis) shifted 
more readily into the CA-2 (trans) than did CA-2 to CA-1. 
For the ultraviolet spectrophotometry, a solution consisting 
mainly of isomer CA-1 (but not entirely free of the other 
isomer) and another preparation consisting mainly of CA-2 
were prepared as described in the next paragraph.

Each isomeric zone was cut from the chromatogram 
separately and eluted with 95% ethanol in an elution 
chamber. Each eluate was then evaporated to dryness, in 
vacuo, without application of heat. The residue, containing 
the caffeic acid isomer plus a filter paper impurity, was then 
dissolved by 1 ml. of hot distilled water, added drop by 
drop, while the container was kept rotating. A blank solu
tion containing the filter paper impurity, but no caffeic 
acid, was prepared in exactly the same manner as just 
described, except that no caffeic acid was present on the 
sheet of chromatograph}- paper. The aqueous solution of 
each isomer was then added to cold distilled water in 
separate cuvettes, drop by drop, with a capillary tube. To 
the cuvette used as a blank, approximately an equal amount 
of the blank solution containing the filter paper impurity, 
but no caffeic acid, was added. The absorption spectra of 
these CA-1 and CA-2 solutions were then measured with the 
Beckman spectrophotometer, Model DU. Results are shown 
in Fig. 1. The CA-1 preparation exhibited its high maximum

WAVELENGTH (m/D
Fig. 1. Absorption spectra of aqueous solutions of caf

feic acid prepared from zones CA-1 (------- ) and CA-2
(-------- )•
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at 278 rrijii, whereas the CA-2 preparation had an even higher 
maximum at 340 mn. Mixing of various amounts of CA-1 
and CA-2 shifted the 340 m^ maximum cf CA-2 to various 
corresponding lower wave lengths.

To interpret these results, one uses the working rule 
which states that when the absorption properties of the 
cis-lrans isomers of a substance differ, "the more elongated 
isomer absorbs at somewhat longer wave lengths and more 
intensely.”12 13

Haskins and Gorz18 recently have found that such ab
sorption data apply in their studies on cis- and trans-o- 
cinnamic acid. If this rule should also hold with caffeic acid, 
CA-1 would then appear to be the cis isomer and CA-2 the 
Irons isomer of caffeic acid. These assignments of cis and 
Irons to the caffeic acid isomers check with the designations 
in above paragraphs.

Infrared absorption spectra of the caffeic acids. To prepare 
samples of CA-1 and CA-2 for infrared studies, caffeic acid 
solution was streaked onto S & S No. 589 paper and de
veloped in 15% acetic acid-water. The CA-1 and CA-2 
zones were cut out and separately eluted with methyl 
alcohol. The eluate containing CA-1 was extracted with 
n-hexane, which is supposed to favor solution of the cis 
isomer.14 The hexane was removed in vacuo at room tem
perature in the dark, and crystals of CA-1 were obtained. 
The methyl alcohol eluate CA-2 was concentrated in vacuo 
almost to dryness, in the dark at room temperature, and 
the residue was extracted several times with ethyl ether. 
Crystals of CA-2 were obtained after evaporation of the 
ether. Two milligrams of each of the crystalline CA-1 and 
CA-2 were mixed with 400 mg. of potassium bromide and 
made into pellets. These were studied with the Perkin- 
Elmer recording infrared spectrophotometer, Model 21.

At 814 cm.-1, the absorption of the compound from CA-2 
(Irons) showed stronger intensity than did the absorption 
from compound CA-1 (cis). Bellamy15 * states that conjuga
tion of the double bond with carbonyl groups has a very 
marked effect, and that the group —CH=CHCOOR (cis) 
absorbs near 820 cm.-1 with sufficient regularity for this 
to be a useful assignment. He continues by stating that this 
absorption from the cis form is usually much weaker in 
intensity than that from the trans series. Also, at 1640 cm._I, 
CA-2 showed stronger absorption than did CA-1. Thus, the 
infrared data confirmed the previous indications that the 
CA-2 fraction was primarily the trans isomer, and the CA-1 
fraction was mainly the cis isomer of caffeic acid.
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(12) A. E. Gillam and E. S. Stern, An Introducton to 
Electronic Absorption Spectroscopy in Organic Chemistry, 
Edward Arnold Publishers Ltd., London, England, 2nd 
ed., 1957, p. 267.

(13) P. A. Haskins and H. J. Gorz, Arch. Biochem. 
Biophys., 81, 204 (1959).

(14) E. Grovenstein and S. P. Theophilou, J. Am. Chem. 
Soc., 77, 3795 (1955).
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Halogénation of Glyeolnril 
and Diureidopentane

P rank  B. Sleza k , Alfred  H irsch , and I rving  R osen  
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The literature reveals the preparation of 1,3,4,6- 
tetrachloro-3a,6a-diphenylglycoluril (I) ,1-2 1,3,4,6- 
te trach lo ro -3a ,6a-d im ethy lg lyco lu ril (II),2’3 
and of l,3,4,6-tetrachloro-3a-methyl-6a-phen- 
ylglycoluril (III)2 but does not disclose 1,3,4,6- 
tetrachloroglycoluril (IV). This paper deals with 
the preparation of IV and some related compounds.

R R ' X n
R I C6H5 c 6h 5 Cl 0
1 II c h 3 c h 3 Cl 0

X N C N X ITI c h 3 c 6h 5 Cl 0
1 1 1 IV H II Cl 0

O II o (CH2)„

oo

V H II Br 0
1 1 1 VI II H I 0

X—N— ■C N X VII H H H 0
1 IX CII3 CH, H 1

R ' X CH, c h 3 Cl 1

We found that chlorination of aqueous suspen
sions of glycoluril (VII),4-6 under a variety of con
ditions, gave IV. Excellent yields were obtained 
when the chlorination mixture was kept neutral 
or slightly alkaline (pH 7-8) by the addition of 
various basic materials either as solids or as solu
tions. Although a wide variety of alkaline materials 
was successfully used, a 1 to 6N  sodium hydroxide 
solution was the most convenient alkali to add.

Bromination of glycoluril to 1,3,4,6-tetrabromo- 
glycoluril (V) required somewhat more alkaline 
conditions (pH 8-11). The use of analogous tech
niques failed to give tetraiodoglycoluril (VI).

A clear solution resulted on treatment of an 
aqueous suspension of VII with half the theoretical 
amount of chlorine required for the preparation of
IV. Further chlorination of this solution caused the 
precipitation of IV. Concentration of the clear 
solution resulted in the isolation of a dichloro- 
glycoluril (VIII)- No attempt was made to separate 
or characterize the possible isomers.

No material corresponding to a mono- or a tri- 
chloroglycoluril was found. Chlorination of VII to 
a theoretical trichloroglycoluril stage gave a solid 
which was readily separated into IV and VIII by 
extraction with water. The water solubility, at

(1) H. Biltz and O. Behrens, Ber., 43, 1984 (1910).
(2) J. W. Williams, U. S. Patent 2,649,389 (1953).
(3) H. B. Adkins, U. S. Patent 2,654,763 (1953).
(4) H. Biltz, Ber., 40, 4806 (1907).
(5) R. A. Pingree and M. A. Dahlen, Textile Finishing 

Treatments, P.B. Report 1576, Appendix III, Hobart Pub
lishing Company, Washington, D. C.

(6) W. Baird, C. B. Brown, and G. R. Perdue, Textile 
Auxiliary Products of I. G. Farbenindustrie, P.B. Report 
32565, Page 12, Hobart Publishing Company, Washington,
D. C.
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room temperature, of IV was found to be 0.01 
g./lOO ml. while that of VIII was 0.27 g./lOO ml.

This is the first instance that we are aware of in 
which a dihaloglycoluril has been isolated. Because 
VII was converted almost entirely into VIII before 
any significant amount of IV was observed, we are 
led to believe that other glycolurils could be simi
larly chlorinated. However, because of different 
solubility characteristics, the partial chlorination 
of other glycolurils might not be as easy to follow 
visually as was our example.

Chlorination of the related diureidopentane (IX), 
prepared by the method of de Haan,7 gave tetra- 
chlorodiureidopentane (X) but, because of the great 
insolubility of the materials involved, the chlori
nation proceeded with greater difficulty.

The products described are relatively stable. 
Pure, dry samples of IV and VIII have been kept 
in stoppered clear-glass vials at room temperature 
for as long as two years with only a 5-10% loss 
of available chlorine. However, mixtures with wet, 
strongly alkaline materials (sodium metasilicate 
and sodium metasilicate pentahydrate) resulted 
in rapid decomposition of IV and VIII, which, on 
occasion, became violent.

E X P E R IM E N T A L 8

Glycoluril (VII). A stirred solution of 30% aqueous glyoxal 
(2250 g., 11.6 mole) and urea (1900 g., 31.7 mole) in 4 1. 
of water was heated to 85-95° and maintained at this tem
perature for 20-30 min. while concentrated hydrochloric 
acid (25-45 ml.) was added as needed to maintain the solu
tion at pH 1.5-2.0. Cooling, filtering, and recrystallizing 
from water with the aid of decolorizing carbon gave 850- 
900 g. (52-55%) of white crystalline VII, decomposing at 
300°.

Tetrachloroglycoluril (IV). A stirred suspension of VII 
(71 g., 0.5 mole) in 3200 ml. of water was treated with 
chlorine (150 g., 2.1 mole) at the rate of 20-40 g./hr. while
6.V sodium hydroxide solution was added at such a rate as to 
maintain the mixture at pH 7-8, as measured with a pH 
meter. The resulting white solid was filtered, washed twice 
with 1-1. portions of water, and driod to give 136 g. (97%) 
of IV, decomposing slowly above 280°.

Anal. Calcd. for C4H2C14N40,: C, 17.2; H, 0.7; Cl, 50.7; 
N, 20.0. Found: C, 17.5; II, 0.8; Cl, 50.5; N, 20.2. Infrared 
examination did not show the NH band (3170 cm.-1) 
present in VII.

Dichloroglycoluril (VIII). This was carried out as in the 
preparation of IV except that 78 g. (1.1 mole) of chlorine 
was used. The solution was filtered to remove traces of IV 
and concentrated under vacuum at 50° to a volume of about 
200 ml. The resulting solid was filtered, washed with two 
100-ml. portions of wrater, and dried to give 90 g. (85%) 
of VIII, melting with rapid decomposition at 180°.

Anal. Calcd. for C,H4C12N,02: C, 22.8; H, 1.9; Cl, 33.6; 
N, 26.5. Found: C, 22.5; H, 1.6; Cl, 33.0; N, 26.0.

Tetrabromoglycoluril (V). A stirred suspension of VII (7.1 
g., 0.05 mole) in 2200 ml. of water was treated with bromine 
(80.0 g., 0.5 mole) over a 3-hr. period while the mixture was

APRIL 19 6 0

(7) T. de Haan, Rec. Irar. ehim., 27, 162 (1908).
(8) All melting points are uncorrected. Elemental and 

infrared analysis by the Diamond Alkali Company Research 
Analytical Laboratory.

maintained at pH 9-10. The resulting solid after filtering, 
washing with two 500-ml. portions of water, and drying 
gave 17.2 g. (75%) of V melting at 292-295° with decom
position.

Anal. Calcd. for C4H2Br4N40 2: C, 9.8; H, 0.4; Br, 69.6. 
Found: C, 10.5; H, 0.8; Br, 65.5.

Tetrachlorodiureidopentane (X). A stirred suspension of 
IX (56 g., 0.3 mole) in 3 1. of water wras treated with chlorine 
(110 g., 1.55 mole) over a 4-hr. period while the mixture was 
maintained at pH 5-8. The white solid was filtered, w'ashed 
with several portions of water and dried to give 87 g. (90%) 
of X melting at 210° with decomposition.

Anal. Calcd. for C7H8C14N40 2: Cl, 44. Found: Cl, 41.5.
R esearch  D epartm ent
D iamond Alkali C ompany
P a in esv ille , Ohio

C-73: A Metabolic Product of 
S trep to m yces  a lbu lu s

K oppaka  V. R ao 

Received August 11, 1059

C-73 is a crystalline compound which accompa
nies cycloheximide and E-73 in the broths of Strepto
myces albulus. The three compounds have identical 
carbon skeletons. C-73 has an aromatic ring in 
place of the cyclohexanone ring which is common 
to cycloheximide and E-73. The structure of C-73 
is shown (I.)

The isolation of the five fractions designated as 
A-73 (fungicidin), B-73, C-73, D-73 (cyclohex
imide), and E-73 from the culture filtrates of 
Streptomyces albulus has been described earlier.1 
Among these, E-73 showed pronounced antitumor 
activity in experimental animals and its structure 
has been elucidated.2 The present paper deals with 
the chemical nature of C-73.

C-73 (I) is a pale yellow crystalline solid sparingly 
soluble in common organic solvents. Elementary 
analysis corresponds to the empirical formula 
C15H17O4N. Its occurrence with cycloheximide in 
the culture broths and the close similarity between 
their empirical formulae CiellnChN and C16- 
II23O4N suggested a possible structural relation
ship between the two.

The ultraviolet spectrum of C-73 has maxima at 
262 and 345 m.u (e = 10,870 and 4,550 respectively). 
The infrared spectrum shows bands at 5.80, 5.90,
6.10, and 6.26 u among others. The substance shows 
bright yellow fluorescence under ultraviolet light. 
It gives a dark green color with alcoholic ferric 
chloride, indicating the presence of a phenolic 
group. C-73 is soluble in aqueous alkali to give 
bright yellow solutions.

(1) K. V. Rao and W. P. Cullen, J. Am. Chem. Soc., 
in press.

(2) K. V. Rao, J. Am. Chem. Soc., in press.
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Acetylation of C-73 yields a colorless mono 
acetate, Ci-H19ObN. C-73 forms an orange red 2,4- 
dinitrophenylhydrazone as evidence for the pres
ence of the carbonyl group. The color reaction with 
ferric chloride, the ultraviolet spectrum and the 
diminished hydroxyl band in the infrared spectrum 
suggest that the carbonyl group is ortho to the 
phenolic hydroxyl. Boiling C-73 with aqueous 
alkali produces one molar equivalent of ammonia 
and an acidic compound (II). This acid, which is 
dibasic (N = 147) has the molecular formula 
Ci5H1806. I t has ultraviolet absorption maxima at 
262 and 345 m^ (e = 11,000 and 4600 respectively, 
similar to the original compound). I t also retains 
the fluorescence and the ferric chloride reaction 
typical of C-73.

Méthylation of C-73 yields a colorless méthyla
tion product C17H21O4N which contains one meth- 
oxvl and one methylimide group.

The properties described thus far indicate the 
presence of a phenolic group, a keto group and an 
imide group in C-73. It may be recalled that both 
cycloheximide (III) and E-73 (IV) contain an imide 
group. As C-73 differs from cycloheximide only by 
the lack of six hydrogen atoms, the possibility ap
peared that the former is an aromasized analogue 
of cycloheximide. Among the alternatives consid
ered, structure I appeared most probable. During 
the course of the work on the structure of E-73, 
some of the phenolic transformation products of 
the latter became available and it appeared that 
C-73 could be related to one of them. Accordingly 
C-73 was reduced by the Clemmensen procedure 
whereby a colorless crystalline product (V) was 
obtained. This was shown to be identical in all 
respects to desacetyl dehydro E-73 described ear
lier.2 The formation of this common intermediate 
is considered as a proof for structure I for C-73. 
The reactions are described in Fig. 1. Unlike cyclo
heximide or E-73, C-73 has little or no antitumor 
activity in experimental animals.

OH
CH-C^CH^pO

' NH

OHI
HC

c h .

CH -CH -ciTr0

V H

I I I .  R = I I
IV. R -  0  Ac

Fig. 1 . Comparaison of C-73 with cycloheximide and E-73

E X P E R IM E N T A L

C-73 was purified by crystallization from a mixture of 
methanol and chloroform. The product separated out as 
pale yellow needles, m.p. 198-191) °.

A nal Calcd. for C16H i,0 4N: C, 65.41; H, 6.22, N, 5.09- 
Found: C, 65.57; H, 6.33; N, 5.10.

For acetylation, C-73 (0.2 g.) was left a t room temperature 
with acetic anlydride (2 ml.) and pj-ridine (0.5 ml.) for 24 
hr. The reagents were removed by a current of air and the 
residue crystallized from a mixture of methylene chloride 
and ether. The acetyl derivative separated as colorless 
needles, m.p. 149-150°.

Anal. Calcd. for C17H 190 5N: C, 64.34; Id, 6.04; N, 4.41. 
Found: C, 63.34; H, 6.52; N, 4.42.

The 2,4-dinitrophenylhydrazone of C-73 was prepared by 
the action of 2,4-dinitrophenylhydrazine in 2Ar methanolic 
hydrochloric acid. The derivative separated as orange red 
rectangular plates which did not melt below 280°.

Anal. Calcd. for C2lH2i0 7N 5 : C, 55.38; H, 4.65; X, 15.38. 
Found: C, 55.84; H, 4.84; N, 15.00.

Alkaline hydrolysis of C-73. A solution of C-73 (0.5 g.) 
in aqueous sodium hydroxide (25 ml.) was refluxed for 2 
hr. A current of nitrogen was passed through the solution 
during the hydrolysis and the exit gases trapped in 1 JV 
hydrochloric acid. The distillate was concentrated to dryness 
and the residue crystallized from methanol-acetone.

Anal. Calcd. for NH4CI: N, 26.17; Cl, 66.28. Found: N, 
26.85; Cl, 66.10.

The alkaline hydrolysis mixture was acidified and the 
precipitated solid crystallized from aqueous methanol. The 
product separated as long, colorless needles, m.p. 126-127°.

Anal. Calcd. for Ci6H j806: C, 61.23; H, 6.16. Found: 
C, 61.16: H, 6.20.

Methylation of C-73. A mixture of C-73 (0.5 g.), acetone 
(50 ml.), dimethyl sulfate (2 ml.), and anhydrous potassium 
carbonate ( 8  g.) was refluxed for 1 2  hr., the solvent was dis
tilled, the residue treated with water and the mixture ex
tracted twice with methylene chloride. Concentration of the 
solvent extract gave a colorless crystalline solid which was 
recrystallized from a mixture of ether-isopropvl ether. The 
methvl ether separated as colorless rectangular prisms, 
m.p. 1 0 0 - 1 0 1 °.

Anal. Calcd. for C17H 21O4N: C, 67.32; H, 6.97; N, 4.61; 
OMe, 1 10.21; N ile , 1  9.56. Found: C, 67.46; H, 7.10; N, 
4.77; OMe, 10.48; NMe, 8.0.

Reduction of C-73. Zinc amalgam was prepared from zinc 
dust (5 g.) and a 0.5% solution of mercuric chloride. The 
supernatant liquid was decanted and a solution of C-73 
(0.3 g.) in a mixture of ethanol (20 ml.) and 6 A' hydrochloric 
acid (20 ml.) was added and the whole refluxed for 4 hr. 
After 2 hr., an additional quantity (5 ml.) of the acid was 
added. At the end of the reaction, the mixture was filtered, 
the residue washed with ethanol, and the filtrate concen
trated to remove the ethanol. Extraction of the aqueous 
concentrate with ether followed by evaporation of the ex
tract, gave a colorless crystalline solid. When recrystallized 
from aqueous methanol, V separated as colorless glistening 
rectangular plates, m.p. 147-148°. A mixed melting point 
with desacetyl dehydro E-732 (V) (obtained by heating 
E-73 (IV) with 6 N  hydrochloric acid) was undepressed. The 
ultraviolet spectra (Xmnx at 280 my. e = 2 0 0 0 ) and the infra
red spectra were identical.

Anal. Calcd. for C,5H 190 3N: C, 68.94; H, 7.33; N, 5.36. 
Found: C, 68.43; H. 7.52; N, 5.67.
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Ethanolysis of 2-Substituted-4-arylidene-5- 
oxazolones. Effect of Trifluoromethyl Substi

tution on the Arylidene Ring

R o bert  F il l e r  and H erman  N ovar
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The ultraviolet absorption spectra of azlactones 
are usually measured in 95% ethanol, chloroform, 
ether, or acetic acid as solvents. A hypsochromic 
shift of the principal maximum of unsaturated 
azlactones has been observed1 when dilute etha- 
nolic solutions were allowed to stand at room tem
perature for several days. This shift is due to the 
noncatalyzed solvolysis of the oxazolone to form the 
open chain ester and this change offers a convenient 
means for following the course of the reaction 
spectrophotometrically.

Thus, 2-phenyl-4-benzylidene-5-oxazolone (la), 
360 m/i2 was gradually converted into ethyl 

a-benzamidocinnamate (Ha), Xml®11 282 m/x. After 
three to four days, about 50% conversion had oc
curred and the reaction was complete within 
twenty-one days.1 We have confirmed these results 
and have further observed that 2-methyl-4-benzyli- 
dene-5-oxazolone (lb), Amai 328 mg, was much 
more readily solvolyzed to lib, \ max 281 mp, with 
conversion almost complete after twenty-eight 
hours. This increased rate of alcoholysis of 2- 
methyl analogs has been observed previously with 
another oxazolone1 and is consistent with the facile 
hydrolysis of lb with boiling water-acetone to give 
the a-acetamido acid.3 Ia is stable under the latter 
conditions.

In the course of our studies on trifluoromethyl- 
substituted aromatic amino acids, we have pre
pared and similarly examined several analogs of 
Ia and lb (see Table I), possessing trifluoromethyl 
groups in the ortho and meta positions of the aryli
dene ring. The preparation of these compounds will 
be discussed in a forthcoming paper.4

Ic (\m„x 359 mju) was largely converted to the 
open-chain, a,/3-unsaturated ester after twenty- 
four hours and had reacted completely within 
seventy-two hours, while the meta trifluoromethyl 
compound, Id (Amax 358 mp), and the 2-methyl 
counterparts, Ie (Amax 324 mp) and If (Amax 322 
mp), showed no evidence of unchanged oxazolone 
after twenty four hours.

These results reflect the enhancement of solvoly
sis due to the electronic influence of the trifluoro
methyl group in labilizing the oxazolone ring. The

(1) E. L. Bennett and E. Hoerger, ./. .Ini. Chern. Soc., 
74, 5975 (1952).

(2) D. A. Bassi, V. Deulofeu, and F. A. F. Ortega, J. Am. 
Chem. Soc., 75, 171 (1953).

(3) Org. Syntheses, Coll. Vol. II, John Wiley and Sons, 
Inc., New York, N. Y., 1943, p. 1.

(4) R. Filler and H. Novar, in press.

TABLE I
RCH=C----- C = 0

! !
N 0

\  /  +  C2H5OH — RCH=C—COOC2H5
C I
I NHCOR'

R'
I II

Com
pound

Substituents
R R'

a C„H6 c 6h 5
b c6h 5 c h 3
c o-C6H4CF3 c 6h 5
d to-C6H4CF3 c 6h 5
e o-C6H4CF3 c h 3
f to-C6H4CF3 c h 3

site of attack is the lactone carbonyl moiety and it 
is difficult, as the results are not quantitative, to 
evaluate, particularly in the case of the o-tri- 
fluoromethyl compound, the relative importance of 
the inductive and field effects in the total electrical 
effect. Such an evaluation has been made by 
Roberts6 for o-substituted phenylpropiolic acids 
and esters.

I t is also of interest to note that the spectra of 
the 2-phenyl-4-trifluoromethylbenzylidene-5-oxazo- 
lones (Ic and Id) did not reveal any sign of trans- 
acylation during their preparation by the Erlen- 
meyer-Plochl reaction, in contrast to the observa
tions of Bennett and Niemann in the preparation 
of the 4-(p-fluorobenzylidene) analog.6

Concentrations of solutions were about 5 pg 
oxazolone/cc. Measurements were made with a 
Beckman DK-2 spectrophotometer.

D epa rtm en t  of C hem istry
I llino is I n stitu te  op T echnology
C hicago 16, III.

(5) J. D. Roberts and R. A. Carboni, J. Am. Chem. Soc., 
77, 5554 (1955;.

(6) E. L. Bennett and C. Niemann, J. Am. Chem. Soc., 
72, 1803 (1950)

The Synthesis of a Novel Ester of Phosphorus 
and of Arsenic

J. (!. Ver k a d e1* and L. T . R ey nolds11’

Received September 28, 1959

Stetter and Steinacker2 report the synthesis 
of l-phospha-2,8,9-trioxa-adamantane (II) and the 
corresponding 1-oxide and 1-sulfide. Using a modi
fication of their synthetic method, we have pre-

(la) Present address: Department of Chemistry, Uni
versity of Illinois, Urbana, Illinois.

(lb) Present address: Department of Chemistry, Cornell 
University, Ithaca, New York.

(2) H. Stetter and K. Steinacker, Ber., 85, 451 (1952).
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pared the heretofore unknown l-methyl-4-phospha-
3,5,8-trioxabicyclo[2.2.2]octane (I) in which the 
phosphorus-oxygen bond angles are even more 
restricted and the organic group less bulky.

CH2

Compounds I and II function as excellent donors. 
This is the consequence of the minimal steric 
hindrance, increased availability of the phos
phorus lone-pair electrons, and the high symmetry 
of the ligands. By contrast, the trialkoxyphos- 
phorus compounds of comparable molecular weight 
are relatively poor donors.3 It has been found4 that 
I and II form stable complexes with various 
metal ions and addition compounds with Group 
III Lewis acids. The arsenic analogues of I and II 
are also presently being investigated in this respect.

Despite the opportunity for polymer formation in 
the preparation, it is possible to obtain I in 40% 
yield. The preparation is effected by allowing 
phosphorus trichloride to react with 2-hydroxy- 
methyl-2-methyl-l,.3-propanediol at high dilution 
in tetrahydrofuran in the presence of a base (pyri
dine). Because of its volatility, I is separated from 
the reaction products by sublimation in vacuo. 
Contrary to expectation, I is very stable to air 
oxidation over a period of months, although it is 
quite hygroscopic. On the other hand, II is quite 
unstable in air.2

The slightly soluble l-methyl-4-phospha-3,5,8- 
trioxabicyclo[2.2.2]octane - 4 - sulfide is obtained in 
nearly quantitative yield when sulfur is allowed to 
react with I at 140° in a sealed tube. The solid 
product remains after any unreacted starting 
materials have been extracted with carbon disul
fide.

The previously unknown -4-arsa- analogue of I 
is obtained in 38% yield by using arsenic trichlo
ride instead of phosphorus trichloride in the prep
aration of the bicyclic arsenic compound. The 
volatile product is separated from the polymeric 
reaction mixture by sublimation in vacuo. The 
colorless crystalline sublimate is quite unstable 
to moisture and hydrolyzes readily.

Attempts to synthesize the 4-oxide and the 4- 
sulfide of the -4-arsa- compound have thus far been 
unsuccessful.

The infrared spectra of these compounds are 
commensurate with the assigned structures. The 
P = 0  stretching frequency appears as a strong

(3) A. Arbuzov and V. Zoroastrova, Doklady Akad. Nauk 
S.S.S.R., 84, 503 (1952).

(4) To be published elsewhere.

band at 1325 cm-1. It is interesting to note that 
this frequency lies somewhat above the range 
generally assigned to this band.5 The P= S  stretch
ing frequency occurs as a band of medium intensity 
at 800 cm.-1 which lies within the range generally 
assigned to such compounds.6

E X P E R IM E N T A L 7'8

1-Methyl-4-phospha-S,5,8-trioxahicyclo [2.2.2 ]octane. Tetra
hydrofuran was distilled after refluxing over lithium alumi
num hydride for 3 hr.; the portion boiling from 65-66° was 
taken. Pyridine was distilled after refluxing over barium 
oxide for 3 days: the portion boiling at 115° was taken. 
Two solutions were prepared: (1) a solution of 8.8 ml. (0.1 
mole) freshly distilled phosphorus trichloride diluted to 75 
ml. with tetrahydrofuran and (2) a solution of 12 g. (0.1 
mole) 2-hydroxymethyl-2-methyl-l,3-propanediol in 21.2
ml. (0.3 mole) pyridine. The latter solution was also diluted 
to 75 ml. with tetrahydrofuran. These two solutions wrere 
simultaneously added dropwise over a period of 45 min. to 
100 ml. of vigorously stirred tetrahydrofuran under dry 
nitrogen. The white reaction mixture was then stirred for 30 
min., after which the pyridinium hydrochloride was allowed 
to settle. The clear supernatant liquid was filtered and the 
residue washed wdth two 30-mi. portions of tetrahydrofuran. 
Tetrahydrofuran was then distilled from the solution in 
vacuo until the residue became a white syrupy mass. The 
product was sublimed at 1 mm. pressure and room tempera
ture on to a water-cooled finger until sublimation ceased. 
The temperature was then gradually raised by means of an 
oil bath to 80° and held constant within 2° of this tempera
ture until no more product sublimed. To effect purification, 
the crude product was sublimed three times at 50° and 1
mm. pressure, yield, 5.9 g. (40%), m.p. of the colorless 
prismatic crystals 97-98°.

Instead of further sublimation, the product may be 
recrystallized from hot w-heptane.

Anal. Calcd.: C, 40.60; H, 6.08. Found: C, 40.55; H,
6.07. Mol. wt. Calcd.: 148. Found: 157.

1-M ethyl-4-phospha-3,5,8-trioxabicyclo [2.2.2}octane-4- 
oxide. To a solution of 1.48 g. (0.01 mole) l-methyl-4- 
phospha-3,5,8-trioxabicyclo[2.2.2]octane in 5 ml. absolute 
ethanol was added dropwise 1.13 ml. (0.01 mole) of 100 
volume hydrogen peroxide. The crystals formed on cooling 
the solution were filtered, wrashed wdth 4 ml. cold absolute 
ethanol, dried, and sublimed three times at 155° and 1 mm. 
pressure, yield, 1.5 g. (92%), m.p. of the colorless acicular 
crystals 249-250°.

Anal. Calcd.: C, 36.60; H, 5.48. Found: C, 36.90; H, 
5.48.

Mol. wt. Calcd.: 164. Found: 171.
The residue may also be recrvstallized from absolute 

ethanol instead of subliming to effect purification.
1-M ethyl-4-phospha-S fi  ,8-trioxabicydo [2.2.2|octane-4-sul- 

fide. A glass tube containing a mixture of 1.48 g. (0.01 mole) 
of I and 0.32 g. (0.01 mole) sulfur was evacuated, sealed, 
and heated to 140° in an oil bath for 5 min. After the vigorous 
reaction subsided, the tube was allowed to cool and the con
tents ground to a fine powrder. The yellow powder wras 
allowed to stand under 30 ml. of carbon disulfide for 24 hr. 
in order to dissolve any unchanged starting materials. The

(5) L. Bellamy, The Infrared Spectra of Complex Mole
cules, John Wiley & Sons, Inc., New York, Ed. 2, 1958, p. 
312.

(6) L. Bellamy, The Infrared Spectra, of Complex Mole
cules, John Wiley & Sons, Inc., New York, Ed. 2, 1958, 
p. 321.

(7) Melting points are uncorrected.
(8) Molecular weights were obtained by eryoscopic deter

mination in nitrobenzene.
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white powder was further extracted with three 20-mi. por
tions of carbon disulfide, dried and sublimed three times 
at 140° and 1 mm. pressure, yield, 1.6 g. (89%), m.p. of the 
colorless acicular crystals 224-225°.

Anal. Calcd.: C," 33.40; H, 5.00. Found: C, 33.56: H, 
5.18.

Mol. wt. Calcd.: 180. Found: 174.
l-Melhyl-4-arsa-3,5,8-trioxabicyclo[2.2.2]oclane. The prep

aration of this compound involved arsenic trichloride and 
was analogous to that of the -4-phospha- compound. The 
first sublimation of the crude syrup, however, was carried 
out at room temperature. The solid sublimate, contaminated 
with a small amount of oily material, was dissolved in ether, 
in which the oily substance was insoluble. The ether solution 
was decanted and evaporated to dryness. The residual white 
solid was sublimed three times at room temperature and 1 
mm. pressure, yield, 38%, m.p. of the colorless prismatic 
crystals 41-42°.

Anal. Calcd.: C, 31.25; H, 4.68. Found: C, 31.15; H, 4.68.
Mol. wt. Calcd.: 192. Found: 185.
Infrared Spectra. Spectra were taken in chloroform and 

carbon disulfide solutions as well as in nujol mulls on a 
Perkin-Elmer Model 21 Spectrophotometer.
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Phosphonic Acid and Esters. II. Formation of 
Telomers in Olefin/Phosphorous 

Acid Reactions

C i.a ibou rn e  E. G r iffin

Received August 31, 1959

In Part I it was shown that alkvlphosphonic 
acids (I) could be formed by the addition of phos
phorous acid to olefins in the presence of peroxides 
or ultraviolet irradiation (steps 1-2) .1 The low

R C H = C I L  +  - P ( 0 ) ( O H ) 2 — >  R C H C I I 2P ( 0 ) ( O H ) 2 (1 ) 

I I  I I I

I I I  +  H P ( 0 ) ( O H ) 2 — >  R C H 2C H 2P ( 0 ) ( 0 H ) 2 +  I I  (2)

I

yields of products obtained were attributed to the 
occurrence of polymerization, inhibition by allylic 
abstraction and telomerization (steps 3-4). Specific 
evidence for the occurrence of telomerization was 
provided by the isolation of a telomeric 2:1 adduct,
III +  RCII=CH2 — >

RCHCH2CHRCH2P(0)(0H)2 (3)
IV

IV +  HP(0)(OH)2 — >
RCH2CH2CHRCH2P(0)(0H)2 -I- II (4)

V

(1) C. E. Griffin and H. J. Wells, J. Org. Chem., 24, 2049 
(1959).

2-hexyldecylphosphonic acid (VI; Y, R = n- 
hexyl), as well as the primary reaction product (n- 
octylphosphonic acid) from the reaction of 1-octene 
and phosphorous acid. Similar telomers have been 
shown to arise in the peroxide initiated addition of 
dialkyl phosphonates to olefins.2 In order to de
termine the extern, of telomer formation, the previ
ous investigation1 has now been extended to a study 
of the reactions of 1-hexene, 1-decene, and cyclo
hexene.

1-Hexene was treated with phosphorous acid in 
the presence of dibenzoyl peroxide at reflux tem
perature; fractionation of the products led to the 
isolation of n-hexylphosphonic acid (23%) and the 
2:1 adduct, 2-butyloctylphosphonic acid (VII; 
V, R = n-butyl). Reaction with 1-decene gave 
n-decylphosphonic acid (18%) and 2-octyldodecyl- 
phosphonic acid (V ili: V, R = n-octyl). A re- 
investigation of the cyclohexene/phosphorous acid 
reaction led to the isolation of 2-cyclohexylcyclo- 
hexylphosphonic acid (IX) and the primary re
action product, cvclohexylphosphonic acid. Thus, 
telomerization appears to be generally character
istic of the olefin/phosphorous acid reactions and 
additional evidence for the low transfer constant 
of phosphorous acid is provided.

The structures proposed for the telomeric acids
(V) are those which would arise from telomeriza
tion of conventional (head to tail) orientation, i.e., 
attack of the radical (III) at the terminal olefinic 
carbon.3 The identity of the acids (V) was confirmed 
by comparison with samples prepared by an in
dependent route: peroxide initiated addition of 
diethyl phosphonate to the appropriate olefin 
and acidic hydrolysis of the resulting diethyl 
alkylphosphonate. The requisite olefins, including

RCH,CH2CR=CH2 +  HP(0)(0C2Hs)2 — >- V

the previously unreported 2-hexyl-l-decene, were 
conveniently prepared from the corresponding 
ketones by means of the Wittig reaction. In each 
case the acid prepared independently was identical 
with the 2:1 adduct isolated from the olefin/ 
phosphorous acid reactions.

The independent route employed above is, how
ever, capable of yielding two produts: V by attack 
of the phosphonate radical at the terminal ole
finic carbon and the isomeric 2-methyl alkylphos- 
phonic acid RCH2CH2CR(CH3)P(0)(0H )2 by at
tack at carbon two. On the basis of the known 
chemistry and orientation of this and similar free 
radical addition reactions, terminal attack is most 
probable.2’4 5-6 A conclusive demonstration was

(2) A. R. Stiles, W. E. Vaughan, and F. F. Rust, J. Am. 
Chem. Soc., 80, 714 (1958).

(3) Alternatively, the attack of III at carbon two of the 
olefin would yield a primary radical (less stable than the 
secondary radical IV) and, ultimately, the isomeric acid 
RCH(CH3)CHRCH2P(Oj(OH)2.

(4) P. C. Crofts, Quarterly Revs., 12, 363 (1958).
(5) C. Walling, Free Radicals in Solution, John Wiley

and Sons, Inc., New York, 1957, pp. 239-89.
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provided by the synthesis of VII by an unequiv
ocal route: Arbuzov reaction between l-bromo-2- 
butyloctane and triethyl phosphite followed by 
hydrolysis. A sample of the acid prepared in this 
manner was identical with VII prepared by the 
addition of diethyl phosphonate to 2-butyl-l- 
octene. By analogy structure V is proposed for the 
acids VI, VIII, and IX.

EXPERIMENTAL

The olefin/phosphorous acid reactions were conducted ac
cording to the method previously reported6 7 8 9 10 11 12 1; a 1:1 molar 
ratio of olefin to phosphorous acid was employed. The 1:1 
adducts were isolated by direct crystallization, while the 
2:1 adducts were most conveniently isolated by anion 
exchange chromatography- of reaction residues. Reactants 
and products are listed.

1-Hexene: n-hexylphosphonic acid (23%), m.p. 105-106° 
(from ligroin) (reported6 m.p. 104.5-106°); 2-butylodylphos- 
phonic acid (VII) (8%), m.p. 99-100° (from 50% ethanol).

1-Deeene: n-decylphosphonic acid (18%), m.p. 101.5-103° 
(from ligroin) (reported6 m.p. 102-102.5°); 2-octyldodecyl- 
phosphonic acid (VIII) (6%), m.p. 94-95° (from H20).

Cyclohexene: cyclohexylphosphonic, acid (20%)'; 2-cyclo- 
hexylcyclohexylphosphonic acid (IX) (9%), m.p. 98-99.5° 
(from 50% ethanol).

1- Octene experiments are reported in Part I.
2- Alkyl-l-alkenes were prepared from the appropriate 

ketones7 and triphenylphosphino methylene by the modifica
tion of a method described in the literature.8 Products were 
isolated directly by distillation after removal of triphenyl- 
phosphine oxide by filtration.

2-Butyl-l-octene (from undecanone-5)9 b.p. 83-84°/12 
mm. (reported9 b.p. 88-89°/14 mm.).

2-Octyl-l-dodecene (from nonadecanone-9)7 b.p. 184-186°/ 
10 mm. (reported10 b.p. 193-195°/12 mm.).

2-Hexyl-l-decene (from pentadecanone-7)11 b.p. 165-166°/ 
9 mm.

Anal. Calcd. for CiAE»: C, 85.63; H, 14.37; mol. wt., 
224.4. Found: C, 85.60; H, 14.49; mol. wt. (Rast), 225.9.

1- Cyclohexylcyclohexene was prepared according to the 
method of Truffault.12

Alkylphosphonic acids were prepared from the correspond
ing olefins and diethyl phosphonate (1:4 molar ratio) in 
the presence, of di-f-butyl peroxide according to established 
procedure.2 * * * Upon completion of reaction, unchanged diethyl 
phosphonate was removed by distillation under reduced 
pressure; the residue was hydrolyzed with coned, hydro
chloric acid. Filtration and recrystallization gave the phos- 
phonic acid.

2- Hexyldecylphosphonic acid (VI) m.p. 100.5-101.5° (from 
ligroin) (reported1 m.p. 100.5-101.5°).

Anal. Calcd. for Ci6H350 3P: O, 62.71; II, 11.51; neut. 
equiv., 153.2. Found: C, 62.84; II, 11.38; neut. equiv.,
153.6.

2-Bulyloctylphosphonic acid (VII) m.p. 99-100° (from 
50% ethanol).

Anal. Calcd. for Ci2H2703P: C, 57.57; II, 10.87; neut.
(6) G. M. Kosolapoff, J. Am. Chem. Soc., 67, 1180

(1945).
(7) Prepared according to the method of F. L. Breusch 

and F. Baykut, Chem-. Ber., 86, 684 (1953).
(8) F. Sondheimer and R. Mechoulam, J. Am. Chem. 

Soc., 79, 5029 (1957).
(9) J. v. Braun and H. Kroper, Ber., 62B, 2880 (1929).
(10) J. v. Braun and G. Manz, Ber., 67B, 1696 (1934).
(11) M. S. Kharasch, W. H. Urrv, and B. M. Kuderna, 

J. Org. Chem., 14, 248 (1949).
(12) R. Truffault, Bull. soc. chim. France, (5), 3, 442 

( 1936).

equiv., 125.2. Found: C, 57.59; H, 11.01; neut. equiv.,
125.9.

2-Octyldodecylphosphonic acid (VIII) m.p. 94-95° (from 
H;0).

Anal. Calcd. for C,0H43O3P: C, 66.26; H, 11.96; neut. 
equiv., 181.3. Found: C, 66.30; H, 11.76; neut. equiv.,
182.9.

2-Cyclohexylcyclohexylphosphonic acid (IX) m.p. 98-99.5° 
(from 50% ethanol).

Anal. Calcd. for C12H230 3P: C, 58.50; H, 9.41; neut. 
equiv., 123.1. Found: C, 58.61; H, 9.43; neut. equiv., 124.2.

In each case the alkylphosphonic acid prepared in this 
manner was identical with the 2:1 adduct isolated from the 
olefin/phosphorous acid reactions. Mixture melting points 
and infrared spectra were employed as criteria of identity.

2-Bulyloctylphosphonic acid (VII) was prepared inde
pendently by a conventional Arbuzov reaction. 1-Bromo- 
2-butyloctane -was prepared by the action of phosphorus 
tribromide on the corresponding alcohol in pyridine; after 
removal of solvent under reduced pressure, the reaction mix
ture w'as filtered and dissolved in ether. The ethereal 
extract was washed with water, dilute hydrochloric acid, 
and dilute ammonium hydroxide and dried over anhydrous 
sodium sulfate; removal of ether under reduced pressure 
gave the crude alkyl bromide. A mixture of the alkyl 
bromide and a three fold excess of triethyl phosphite was 
heated at 150° for 30 hr. The reaction mixture was treated 
as above to isolate the acid. A sample of acid from this 
preparation was identical w-ith the product of the 2-butyl- 
1-octene/diethyl phosphonate reaction.

D e p a r t m e n t  o f  C h e m is t r y

U n i v e r s i t y  o f  P it t s b u r g h

P i t t s b u r g h  13, P a.

Potential Anticancer Agents.1 XXX. Analogs 
of VvVbP-Triplienyìphosphonotliioic Diamide

E l m e r  J .  R e i s t , I r e n e  G. J u n g a , a n d  B . R .  B a k e r  

Received September 21, 1959

One of the compounds found in the mass screen
ing program of the Cancer Chemotherapy National 
Service Center to have slight antitumor activity is 
A/.V',P-trjphenylphosphonothioie diamide (I). This 
compound showed borderline activity against 
adenocarcinoma 755. The synthesis of a number of

NHC6H5
I

analogs of I for test evaluation was undertaken in 
this laboratory. The compounds were selected to 
give the widest possible diversity of structural 
types (Table I). These compounds were made by 
interaction of the appropriate phosphorus chloride 
and amine by one of several methods described in 
the Experimental.

(1) This work was carried out under the auspices of the
Cancer Chemotherapy National Service Center, National
Cancer Institute, Contract No. SA-43-ph-1892. For the
preceding paper in this series, cf. E. J. Reist, R. R. Spencer,
and B. R, Baker, J . Org. Chem., in press.
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Although compound I showed activity against 
adenocarcinoma 755 when tested in these labora
tories, none of the analogs showed any appreciable 
activity against this tumor, sarcoma 180, or leu
kemia L-1210.1 2

E X P E R IM E N T A L 3 *

Procedure A. To a solution of 1.12 g. (9.2 mmoles) of 3,4- 
xylidene in 20 ml. of anhydrous ether was added 0.50 g. 
(2.4 mmoles) of phenylphosphonothioic dichloride dropwise 
with stirring. The reaction mixture was allowed to stand 
overnight at room temperature protected from moisture, 
then the precipitated 3,4-xylidine hydrochloride was removed 
by filtration. Evaporation of the filtrate to dryness in vacuo 
gave a solid, which was recrystallized from absolute ethanol 
to give 0.70 g. (77%) of white crystals of V, m.p. 128-130°. 
Further recrystallizations raised the melting point to 132- 
133°. The analytical data are recorded in Table I.

Procedure B. A flask containing a mixture of 26.4 g. (0.207 
mole) of o-chloroaniline and 10.0 g. (0.048 mole) of phenyl
phosphonothioic dichloride was placed in an oil bath at 
room temperature and the temperature raised to 165° ever 
15-20 min., then held at that temperature for 1 hr. The 
mixture was cooled, then dissolved in 150 ml. of chloroform. 
Treatment of the chloroform solution with 100 ml. of lAr 
hydrochloric acid caused the precipitation of o-chloroaniline 
hydrochloride. After the removal of the hydrochloride by 
filtration, the layers were separated and the chloroform 
layer was washed with two 60-ml. portions of 2.1/ aqueous 
ammonia and 100 ml. of water. The chloroform layer was 
dried over magnesium sulfate, then concentrated to dryness 
in vacuo to yield 14.8 g. of a white solid. Recrystallization 
from absolute ethanol gave 9.6 g. (52%) of III as white 
crystals, m.p. 112-114°. An analytical sample was prepared 
from a similar run and recrystallized to constant melting 
point, 113-114°. The analytical data are recorded in Table 
I.

Procedure C. To a mixture of 12.98 g. (0.094 mole) o: p- 
nitroaniline and 7.44 g. (0.094 mole) of pyridine in 400 ml. 
of dry benzene was added 10.0 g. (0.047 mole) of phenyl
phosphonothioic dichloride dropwdse with stirring over a 
period of about 10 min. After the addition was complete, 
the reaction was heated at reflux for 7 hr., then cooled and 
concentrated to dryness in vacuo. The residue was dissolved 
in 200 ml. of ethyl acetate and w'ashed w'ith two 100-ml. 
portions of IN  hydrochloric acid, 150 ml. of 2M aqueous 
ammonia, and finally with two 100-ml. portions of water. 
The ethyl acetate solution w7as dried over magnesium sul
fate, then evaporated to dryness in vacuo. The solid residue 
was dissolved in 200 ml. of acetone, then water (approxi
mately 50 ml.) w'as added until the solution became slightly 
turbid. The solution was cooled to 0° overnight, then filtered 
to yield 5.95 g. (30%) of pale yellow' crystals of VII, m.p. 
196-200°. An analytical sample was prepared from a similar 
run and recrystallized to constant melting point, 198- 
200°. The analytical data are recorded in Table I.

Procedure D. To 40 ml. of concentrated ammonium hj'- 
droxide was added 2.0 g. (9.5 mmoles) of phenylphos
phonothioic dichloride dropwise with stirring. An oily 
layer separated which slowly crystallized on standing. The 
reaction was heated on a steam bath for 0.5 hr., then con
centrated to dryness in vacuo and the residue was taken up 
in 20 ml. of water. The aqueous layer was extracted with two
10-ml. portions of ether. The combined ether extracts were 
dried over magnesium sulfate, then evaporated to dryness

(2) These tests were performed at Stanford Research 
Institute by Dr. Joseph Greenberg and staff under a con
tract with the Cancer Chemotherapy National Service 
Center.

(3) Melting points were taken on a Fisher-Johns block 
and are uucorrected.

in vacuo to yield 0.91 g. (57%) of an oil. Crystallization from 
absolute ethanol gave 0.80 g. (50%) of IX as white crystals, 
m.p. 30-35°. Reerystallizat.ion from absolute ethanol raised 
the melting point to 38-40°. The analytical data are re
corded in Table I.

Procedure E. A solution of 7.3 g. (0.078 mole) of phenol 
and 6.2 g. (0.078 mole) of pyridine in 20 ml. of anhydrous 
ether was added dropwise with stirring to a solution of 13.2 
g. (0.078 mole) of thiophosphorvl chloride in 20 ml. of 
anhydrous ether over a period of about 10 min. The reaction 
mixture was heated at reflux for 1 hr., then cooled to 0° 
and the precipitated pyridine hydrochloride was removed by 
filtration. The filtrate was concentrated to dryness in vacuo 
to yield 15.6 g. (88%) of crude o-phenylphosphorothioic 
dichloride as an oil.

To a cold (5-10°) solution of 15.6 g. of this dichloride in 
10 ml. of dry benzene was added 28.1 g. (0.30 mole) of 
aniline in 30 ml. of benzene dropwise with stirring. The 
reaction mixture was stirred for 2 hr. in an ice bath, then 
filtered to remove aniline hydrochloride. The filtrate was 
concentrated to dryness in vacuo to yield a solid, which was 
recrystallized from absolute ethanol to give 17.4 g. (74%) 
of XIV as white crystals, m.p. 118-120°. An analytical 
sample was prepared from a similar run and recrystallized 
to constant melting point, 122-123°. The analytical data 
are recorded in Table I.

Acknowledgment. The authors are indebted to 
Dr. Peter Lim for interpretation of the infrared 
spectra.

D epa rtm en t  of B iological Sciences
Stanford  R esearch  I nstitute
M enlo  P ark , Ca l if .

(4) E. J. Kohn, U. E. Hanninen, and R. B. Fox, Naval 
Research Laboratory Rept. C-3180, 1947.

(5) M. F. Hersman and L. F. Audrieth, J. Org. Chem., 
23,1889 (1958).

(6) A. Michaelis, Ann., 293, 215 (1896).

Selective Oxidation of Alkyl Groups

L loyd N. F erguson  and Andrew  I. W im s1 

Received October 1, 1959

Previous workers2 have shown that the oxida
tion of p-dialkylbenzencs with nitric acid will yield 
alkylbenzoic acids, but no generalization has been 
expressed concerning the relative ease of oxidation 
of the alkyl groups. Cullis3 reported the relative 
rates of oxidation of some monoalkylbenzenes by 
permanganate. However, other than with f-butyl 
groups, the literature reveals that permanganate 
oxidizes dialkylbenzenes to benzene dicarboxylic 
acids. It would be useful sometimes in organic 
synthesis to be able to oxidize selectively only one 
alkyl group of dialkylbenzenes. For this reason,

(1) Taken from the M.S. Thesis of Andrew I. Wims, 
Howard University, 1959. Present position: Teaching 
Assistant, Pennsylvania State University.

(2) Cf. W. F. Tuley and C. S. Marvel, Org. Syntheses, 
Coll. Vol. III. Wiley and Sons, N. Y., 1955, p. 822; G. F. 
Hennion, A. J. Driesch, and P. L. Dee, J. Orn. Chem., 12, 
1102 (1952).

(3) C. F. Cullis and J. W. Ladbury, J. Chem. Soc., 555
4186 (1955).
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and to seek some principle for predicting the rela
tive ease of oxidizing alkyl groups, a study was made 
of the selective oxidation of dialkylbenzenes with 
nitric acid. The identity and purity of the products 
were verified by mixed melting points and infrared 
spectra.

E X P E R IM E N T A L

Preparation of compounds. Those dialkylbenzenes not 
readily available commercially were prepared by the Wurtz- 
Fittig reaction.4 Of the required substituted benzoic acids, 
only p-ethylbenzoic acid had to be synthesized, which was 
prepared by carbonating p-ethylphenylmagnesium bromide.5

The melting or boiling points of the compounds used in 
this study are listed in Table I. All liquids were distilled at 
reduced pressures and a constant boiling fraction taken. 
The boiling point of a small sample w'as then determined 
at atmospheric pressure. All solids were recrystallized from 
ethanol to constant melting points.

Oxidations with nitric acid. A typical oxidation with nitric 
acid can be described for p-cymene. A mixture of 15 g. of 
p-cymene, 70 ml. of water, and 20 ml. of concentrated nitric 
acid was placed in a flask. The mixture was allowed to reflux 
gently for 8 hr. After cooling, the solid was collected and dis
solved in 00 ml. of liV sodium hydroxide. The alkaline solu
tion was distilled over zinc dust until the distillate ran clear, 
in order to reduce any nitrated products. The solution was 
then acidified with dilute hydrochloric acid. The precipitate 
was recrystallized from ethanol to a constant melting point 
of 180°. The literature value for p-toluic acid is 181°. A 
mixed melting point with an authentic sample of p-toluic 
acid was 180-180.5°. Its infrared spectrum in spectro grade 
dimethylformamide had the characteristic band of p-toluic 
acid at 13.14 m, while the characteristic band of cumic acid 
at 12.88 n was absent.

Other dialkylbenzenes were oxidized similarly. Little 
attention was given to per cent yields, although the yields 
were sufficiently large to make the reactions suitable for a 
preparation. In all cases, only one of the twro potential 
acids was recovered, and it was identified by mixed melting 
point with an authentic sample and infrared spectra.

Permanganate oxidations. A few attempts were made to 
use potassium permanganate for oxidizing one alkyl group 
of a given dialkylbenzene, but except when a f-but.yl group 
was one of the alkyl groups, only the respective dicarboxylic 
acid was obtained. For example, p-f-butyltoluene yielded 
p-f-butylbenzoic acid, whereas p-cymene gave terephthalic 
acid. Experiments were made using a 10:1 molar ratio of 
hydrocarbon to permanganate at temperatures of 60-70°.

Infrared spectra. Spectra of the substituted benzoic acids 
were measured in spectro grade A^A-dimethylformamide in 
a Perkin Elmer spectrophotometer 12C using a rock salt 
optical system. Characteristic bands for the acids were found 
as follows: p-Toluic acid 13.14 m; p-ethylbenzoic acid 13.04 
n; p-cumic acid 12.88 y; p-i-butylbenzoic acid 12.80 p.

D IS C U S S IO N

Nitric acid oxidation of p-methyl-, p-ethyl, and 
p-isopropyl-f-butylbenzenes always gave p-f-butyl- 
benzoic acid as the only isolated product. This inert
ness of the f-butyl group to oxidation has been ob
served previously. For example, Ligge6 attempted

(4) Cf. E. Wertheim, A Laboratory Guide for Organic 
Chemistry, 3rd ed., McGraw-Hill, N. Y., 1948, p. 128.

(5) Cf. H. Gilman, N. B. St. John, and F. Schulze, Org. 
Syntheses, Coll. Vol. II, Wiley and Sons, N. Y., 1943, p. 
425.

(6) D. I. Ligge, J. Am. Chem. Soc., 69, 2088 (1947).

TABLE I
P hysical P r o perties  ok C ompounds U sed  in  T his  Study

Compound ( )1 iserved Literature
B.P.

p-Iithylcumenc 194-194.5 194“
p-i-Butylethylbenzene 206-206.5 205.45
p-f-Butvlcumer.e 222-222.5 220“
p-re-Propylethylbenzene 204 202-206«'
p-Isobutylethylbenzene 211 210“
p-Ethyltoluene f 162.5 161-162"
p-Cymene* 176 1771
p-t-Butyltoluene'1 191.5 192-193'
p-Bromoethylbenzene-'’ 187-188 188-189*
Isopropyl bromide'1 60 59.4‘
f-Butylbromide11 74 73.3“
p-Bromocumen e r 218 216"
n-Propylbromice'1 70 71'
Isobutyl bromide11 92 91p
o-EthyltolueneJ 164-165 164.8-165’

M.P.
p-Toluic acid* 180.5 181r
Cumic acid* 118-119 117-118’
p-f-Butvlbenzoic acid11 165.5 164-'
p-Ethylbenzoic acid 111-112 110-111'
o-Toluic acid'1 104-105 102-103“

nD
p-Methylbenzyl methyl 

ether
1.4991 1.4990’

“ D. Todd, J. Am. Chem. Soc., 7 1 ,  1356 (1949). 5 G. F. 
Hennion, A. J. Eriesch, and P. L. Dee, J. Org. Chem., 12, 
1102 (1952). c V. N. Ipatev, N. A. Orlov, and A. D. Petrov, 
Chem. Zentr., I , 2081 (1930). d Ng. Ph. Bun- Hou, Ng. Hoan, 
and Ng. D. Xuong, Rec. trav. chim., 7 1 ,  285 (1952). • O. 
Wallach, Ann., 4 1 4 , 210 (1917). 1 Purchased from Aldrich 
Chemical Co. 0 F. Richter and W. Wolff, Per., 63, 1723
(1930). h Purchased from Eastman Kodak Co. * K. T. 
Serijan, H. F. Hipsher, and L. C. Gibbons, J. Am. Chem. 
Soc., 7 1 ,  873 (1949). 1 P S. Varma, J. Indian Chem. Soc., 
14 , 157 (1937). * E. L. Skaw and R. MacCullogh, J. Am. 
Chem. Soc., 5 7 , 2439 (1935). * R. S. Schwartz. B. Post, and
I. Fankuchen, J. Am. Chem. Soc., 73, 4490 (1951). m J. W. 
Copenhauer, M. F. Roy, and C. F. Marvel, J. Am. Chem. 
Soc., 57, 1311 (1935). ” A. L. Soloman and H. C. Thomas,
J. Am. Chem. Soc., 72 , 2028 (1950). v K. Auwers, Ann., 4 1 9 , 
109 (1919). ’ 0 . Herb, Ann., 258 , 10 (1890). r L. Bert, Bull, 
soc. chim., 37, 1400 (1925). ’ Org. Synthesis, Coll. Vol. Ill, 
822 (1955). '  M. J. Schlatter and R. D. Clark, J. Am. Chem. 
Soc., 7 5 , 361 (1953). “ R. L. Shriner and R. C. Fuson, The 
Systematic Identification of Organic Compounds, John Wiley 
and Sons, Inc., New York, p. 250 (1957). ’ C. D. Gutsche 
and H. E. Johnson, J. Am. Chem. Soc., 7 7 , 109 (1955).

to oxidize p-di-f-butylbenzene with chromic oxide, 
aqueous potassium permanganate, and several 
concentrations of nitric acid. Only 50% nitric acid 
at 180° brought about a significant oxidation of the 
p-di-f-butylbenzene.

Initial experiments on the oxidation of diethyl
benzenes with 15% nitric acid gave the following 
results:
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It can be seen that, exclusive of the ¿-butyl groups, 
the preferential oxidation of these respective alkyl 
groups decreases in the order, isopropyl, ethyl, 
methyl. This is the order of increasing electro
negativity of the groups and also of the increasing 
number of alpha hydrogens. Hence, to explore 
further the selectivity shown, groups were chosen 
which have the same number of alpha hydrogens 
but a third group of varying electronegativity. 
For example, p-isobutylethylbenzene, has a methyl 
group and an isopropyl group, attached to the 
alpha carbons. In this case, oxidation produced 
p-ethylbenzoic acid. Thus, it appears that the rela
tive ease of oxidation of the alkyl groups, provided 
there is at least one a-hydrogen atom, is determined 
by the relative electronegativity of the alkyl groups 
attached to the alpha carbon atoms. To test this 
idea, p-n-propylethylbenzene, was oxidized, p- 
Ethylbenzoic acid was obtained, again supporting 
the idea expressed above. In all cases, mixed melt
ing points and infrared spectra of the oxidation 
products showed no sign of other p-alkylbenzoic 
acids being present.

The nitric acid oxidations in this study can be 
summarized as follows:

p -C H 3C 6H 4C H 2C H 3 — p - C H 3C 6H 4CO O H

o-C H 3C 6H 4C H 2C H 3 — o-C H ;A H 4C O O H  

p-R i— C 6H 4— R , — >  p-R j— C 6H 4C O O II 

Ri = ethyl; R2 = ra-propyl, isopropyl, and isobutyl 

Ri = ¿-butyl; R2 = methyl, ethyl, isopropyl

This generalization about the relative ease of 
oxidation of carbon-attached side chains only 
applies to hydrocarbon groups. Once a carbon- 
oxygen, carbon-nitrogen, or carbon halogen bond 
is formed, the carbon is easily oxidized. For example, 
the CH2OH, C H =0, and CH2C1 groups are 
probably much more easily oxidized than alkyl 
groups in spite of the fact that there are highly 
electronegative atoms attached to the a-carbon. 
To test this idea, p-methylbenzyl methyl ether 
was prepared and oxidized with 15% nitric acid. 
As expected, the product was p-toluic acid.

In summary, it can be generalized that 15% 
nitric acid wall oxidize dialkvlbenzenes to alkyl- 
benzoic acids, and with groups containing at least 
one a-hydrogen atom, the relative ease of oxidation 
increases with decreasing electronegativity of the 
groups attached to the a-carbon.

D epartm ent  of C hem istry  
H oward U n iversity  
W ashington  1, D, C,

Oxidation of a Secondary Alkyl Tosylate by 
Dimethyl Sidfoxide

M anuel  M. B aizer 

Received October 29, l!),r>!)

In the course of a study of the thermal decom
position of tosylates of secondary alcohols as a route 
to olefins, we had occasion in one instance to ex
amine the modification reported by Nace.1 In 
his procedure dimethyl sulfoxide is used as a me
dium and sodium hydrogen carbonate is optionally 
used to protect the olefin formed from the action 
of the liberated sulfonic acid.

When the tosylate (I) of l,3-diphenoxy-2-pro- 
panol (II) was heated with dimethyl sulfoxide and 
sodium bicarbonate for six hours at a maximum 
temperature of 103°, the only product recovered 
was unchanged starting material. When the re
action temperature was allowed to rise to 150°, 
10% of the input of I was recovered as its saponi
fication product II; the remainder was converted 
to a yellow oil which, after distillation followed by 
crystallization of the distillate, was found to be
l,3-diphenoxy-2-propanone (III). I l l  showed car
bonyl absorption in the infrared; its melting point 
and that of its 2,4-dinitrophenylhydrazone agreed 
with the values reported in the literature.2

While the oxidation by dimethyl sulfoxide of 
phenacyl3 and benzyl halides4 and of tosylates of 
benzyl alcohols5 to aldehydes has been reported,6 
the oxidation of a secondary alkyl tosylate to the 
corresponding ketone seems not to have been noted 
before.

Attempts to oxidize II directly by dimethyl 
sulfoxide were unsuccessful.

E X P E R IM E N T A L 7

Dimethyl sulfoxide was obtained from the Stepan Chemical 
Co. and used without purification.

1,3-Diphenoxy-2-propyl p-toluenesulfonate (I) was pre
pared from the alcohol and p-toluenesulfonyl chloride in 
pyridine according to the usual procedure. The crude yield 
was 95%, m.p. 117-119°. After recrystallization from 2- 
propanol the product melted at 121°.

Anal. Calcd. for C22H220 5S: C, 66.32; H, 5.57. Found: 
C, 66.08; H, 6.08.

(1) H. R. Nace, Chemistry & Industry [London), 1629
(1958) .

(2) J. Munch-Petersen, Acta Chem. Scand., 5, 519 (1951).
(3) N. Kornblum, et al., J. Am. Chem. Soc., 79, 6562 

(1957).
(4) H. R. Nace, U. S. Patent 2,888,488, May 26, 1959.
(5) N. Kornblum, et al., J. Am. Chem. Soc., 81, 4113

(1959) .
(6) I. M. Hunsberger and J. M. Tien, Chemistry & Indus

try [London), 88 (1959) also report the oxidation of ethyl 
bromoacetate to ethyl glyoxylate and propose a mechanism 
for the reaction.

(7) Melting points were taken on a Fisher-Johns block 
and are uncorrected.
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Attempted preparation of 1 ,S-diphenoxy-S-propene. A sus
pension of 19.9 g. (0.05 mole) I and 4.2 g. (0.05 mole) 
sodium bicarbonate in 75 ml. dimethyl sulfoxide was stirred 
vigorously and warmed slowly, so that it reached 90° in 63 
min. and 100° in 140 min. Carbon dioxide evolution was 
fairly brisk beginning at the former temperature. After 4 hr. 
at 100° the reaction mixture was poured onto ice. The 
gummy solid was broken up, washed thoroughly with water 
and dried in vacuo, wt. 17.3 g. Recrystallization from 2- 
propanol yielded unchanged I, melting point and mixture 
m.p. 121-122°.

Oxidation of I by dimethyl sulfoxide. The reaction mixture 
was prepared as in the experiment above and heated more 
strongly so that it remained in the range 138-150° for 2 hr. 
It was then poured onto ice. The precipitated tar was dis
solved in benzene and the solution washed several times 
with water, dried over sodium sulfate and filtered. Evapora
tion of the benzene at room temperature left 11.6 g. of a 
brown semisolid residue. Trituration with 2-propanol at 
room temperature followed by filtration removed 1.2 g. of 
solid which, after purification, was found to be identical 
with II. After removal of the propanol from the filtrate, 
the residual liquid was distilled, b.p. 158-163°/0.30-0.36 
mm. Trituration of the distillate with Skellysolve P induced 
crystallization. The solid after two recrystallizations from 
50% 2-propanol melted at 57° (reported2 59-60°). The 
infrared spectrum showed strong absorption at 5.90 ¡j . .

The 2,4-dinitrophenylhydrazone after recrystallization from 
ethanol containing a little ethyl acetate melted at 128° 
(reported2 125-126°).

Anal. Calcd. for C2iHi7N40 6: N, 13.30. Found: N, 13.96.
R esearch  and E n g in ee r in g  D iv isio n
M onsanto Chem ical  C ompany
D ayton , Ohio

Crystalline Racemic Bornyl Acetate

W illiam  J. Co nsid ine  

Received August I f , 1959

Although optically pure bornyl acetate has long 
been known to be a low melting solid with a tend
ency to supercool, nothing is known about the 
melting behavior of mixtures of the two optical 
antipodes. A search of the literature uncovered 
only a statement by Haller1 that racemic bornyl 
acetate did not crystallize, even at —17°. Having 
samples of pure d-bornyl acetate and (-bornyl 
acetate available, the melting point behavior of 
mixtures of the two was investigated.

When a mixture of equal parts of the dextro 
and laevo isomers was stored in a freezing chest 
for a week, crystallization occurred to give a solid 
mass which had a melting point of 7.0°. With this 
assurance, a series of mixtures was prepared and 
the melting points taken: % levo isomer (m.p.); 
100%, m.p. 27°; 75%, 18.5°; 62.5%, m.p. 12°; 
50%, m.p. 7°; 37.5%, m.p. 12°; 25%, m.p. 17.5°. 
0% (i.e. 100% dextro isomer), m.p. 26.5°.

A plot of these melting point data gives a sym
metrical fusion curve with a single eutectic point

(1) M. A. Haller, Comp, rend., 109, 29 (1889).

demonstrating2 the formation of a simple conglom
erate or racemic mixture. This behavior is to be 
contrasted with the much more common occurrence 
of a racemic compound, or, rarely, a solid solution.

E X P E R IM E N T A L 3

The d-bornvl acetate, [a] -f- 41.2°, used in this study had 
a melting point of 26.5° (lit.1 [a] +  44.38°; m.p. 24°). The 
f-bornyl acetate, [a] — 42.0°, had a melting point of 27.0° 
(lit.1 [a] — 44.45°; m.p. 24°). Each sample, and mixture, 
was originally crystallized by storage in a freezing chest 
( — 10°) for periods up to one week. Thereafter recourse 
was had to seeding when necessary.

F elton  C hem ical C ompany, I nc .
B rooklyn  37, N. Y.

(2) A. Findlay (ed. Campbell and Smith), The Phase 
Rule and Its Applications, 9th Ed., Dover, New York, 
1951, p. 190.

(3) All melting points are uncorrected and rotations (D 
line) are determined on the supercooled liquid at ambient 
temperatures. The temperature at which the last crystal 
disappeared was recorded as the melting point.

Interpretation of Some Reactions on 
Complex Ionic Bondsla

H ein z  U elzmann  

Received July 16, 1959

The mechanism of olefin polymerization with 
Ziegler catalysts has been considered to occur on 
complex ions, such as (TiCl2)+(AlR3Cl)_ from Ti- 
CI3/AIR3, with the direct participation of the cation 
metal and anion metal.lb The initiating step of the 
polymerization is the activation of the monomer on 
a cation of a transition element. The second step is 
the migration of the activated monomer to the an
ion metal (aluminum for instance, or titanium) 
which occurs at the moment when the propagation 
starter (R~, H~) neutralizes the cationic transition 
state of the monomer. The migration can be com
pared with the addition of a metal alkyl to a Lewis 
type metal alkyl with the formation of more stable 
complex ions. The polymerization mechanism of 
ethylene on (TiCb)+(AlR:iCl)'~ complex is formu
lated below.

CH£
II

( -)C H 2

(TiCh) + (AlRsCl) 
attraction

R
R /

/  CH2
c h 2 /

/  c h 2
- c h 2 /

(TiCl2)+ A1R2C1 — (TiCl2)+ (AlRjCl)-
addition of R _ and complex formation
anionic migration (propagation)

CH2

c h 2

•T ick  _(AlRsCl)" 
activation



672 NOTES v o l . 25

The addition of the propagation starter and the 
migration of the monomer are concerted reactions.

The principal reasons why this mechanism pro
ceeds are the following:

1. Special activity of transition metal cations for 
the activation of the monomer (low temperature 
initiation) can be based on the fact that inner orbi
tals (3d) participate in resonance stabilization of the 
electrons accepted from the monomer.

2. Migration of the monomer from titanium to 
aluminum is explained by the formation of a more 
stable aluminum carbon bond.

3. The addition of the carbanion chain end of 
the polymer to the cationically activated monomer 
(propagation) occurs continuously because it is still 
activated (excited) from the previous migration.

4. Very high molecular weight polymers are ob
tained because the growing chain end is resonance- 
stabilized in the complex anion, thus diminishing 
termination reactions.

The cation can be blocked by electron donors 
(ethers, amines, etc.) which form more stable co
ordination complexes with the cation than the 
monomer does.

The formation of a four valent titanium cation 
can be expected when titanium tetrachloride and 
aluminum triisobutyl are allowed to react at —78°. 
The ionic structure below has been proposed for 
the red, soluble complex formed under these con
ditions.115’* 2

TiCL +  A1R3----- >  (TiCl,) + (AIR3CI)-
-78°

R = isobutyl

This complex decomposes above —30° yielding Ti- 
C13R and A1R2C1 which can form another complex. 
The driving force for the decomposition in this di
rection is the formation of a more stable aluminum- 
chlorine bond.2

(la) This treatise is based on a paper presented at the 
Symposium on Stereoregulated Polymerizations at the 
Polytechnic Institute of Brooklyn, Brooklyn, N. Y., Nov. 
22,1958.

(lb) H. Uelzmann, J. Polymer Sci. 32, 457 (1958).
(2) H. Uelzmann, J. Polymer Sci. 37, 561 (1959). The 

heat of formation for the aluminum-chlorine bond (based 
on aluminum chloride) is 55.6 kcal., and for the titanium 
chlorine bond 44.8 kcal. (based on titanium tetrachloride). 
However, the heat of formation of titanium-chlorine in 
titanium trichloride is 55 kcal. and in titanium dichloride 
57 kcal. which is close to the aluminum-chlorine value. 
Weak addition complexes can be expected to be formed, 
and an equilibrium according to

TiClj +  AIR, (TiCl)+(AlR3Cl)-

TiCl, +  AIR, (TiCl2)+(A1R3C1)-

RTiCb +  A1R2C1 7 ^  (RTiCl2)+(AlR2Cl2)-

RTiCl, +  A1R2C1 7^ :  (RTiCl)+(AlR2Cl2)-

is possible. The nature of the R group, its stability, polarity, 
and steric factor is not accounted for in these formulations 
and will influence the complex formations.

The ionic nature of the complex solution at —78° 
has been proven by A. Malatesta3 in conductivity 
measurements.

Polymerization on simple and complex ionic 
bonds. The catalytic site in ionic polymerizations 
can be a simple or a complex ionic bond.

When a simple ionic bond is involved the poly
merization takes place on one metal atom only. 
Catalysts with simple ionic bonds are. for instance, 
Lic+)—R <-) or R2Al<+>—R(_) for ethylene poly-

CH2

( - )  I*jh2

Li<+> -  R(-)

CH,

/
Li

ö h 2 3

R - — >
(-) C,H,

Li<+)—CH2—CH2—R — >-
e tc .

merization or Iv+OH , Zn(C2H6)2/H 20 ,4 and stron
tium carbonate5 for epoxides

CH,

c h 2—¿ h
\ - /

o

K+ OH- -
/

/
O

CH, H
\ /

C+

c h 2 t

K OH-
CH,

(-) /  CiHbO
K<+>—O—CH,CH ------->-

\  e tc .
OH

No migration of the monomer, therefore, is likely to 
occur in a simple ionic mechanism and it can be ex
pected that both activation and propagation pro
ceed on the same metal-oxygen bond (K—0, Zn—- 
0, Sr—0, etc.).

The active site can also be a complex ionic bond 
which can be represented by a complex acid, such as 
H+(AlBr4)~ for a-olefins (cationic propagation), 
H +(FeCl2OR)_, H +(BF4)~ for cyclic ethers, or a 
complex salt, such as a Ziegler catalyst from TiCI3/  
A1R3 for olefins or Price’s catalyst ZnCl2/Al(OR)3 
for epoxides.6 The increase in reactivity by complex 
formation is generally known7 and is due to a strong 
ionic or polarized complex bond on which mono
mers or other reactive molecules are activated ac
cording to their polarization.

In olefin polymerization reactions complex ionic 
bonds generally offer better control of propagation 
than simple ionic bonds. The growing chain is more 
effectively resonance-stabilized as a member of a 
complex ion than as a simple ion. Therefore, com
plex catalysts allow the chain to grow longer yield-

(3) A. Malatesta, paper presented at the Ninth Canadian 
Polymer Forum, Oct. 26-28, 1959, Toronto, Ontario, Canada.

(4) Junji Furukawa et al., J. Polymer Sci., 36, 541 (1959).
(5) F. N. Hill, F. E. Bailey, Jr., and J. T. Fitzpatrick, 

Ind. Eng. Chem., 50, 5 (1958). Belgian Patent No. 557,766.
(6) C. C. Price and Maseh Osgan, J. Polymer Sci., 34, 153 

(1959). Belgian Patent No. 566,583.
(7) G. Wittig, Angew. Chem., 70,65 (1958).
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ing high degrees of polymerization. This is particu
larly true in anionic propagations where the cation 
or the anion portion of the catalytic bond can be ef
ficiently complexed and where termination reactions 
by hydride ion abstraction require higher activa
tion energies. In cationic propagations low tempera
tures are usually required for the formation of long 
chains in order to avoid proton eliminations or hy
dride shifts.

K. Ziegler and co-workers* 8 obtained only low 
molecular weight polvethylenes with aluminum al
kyls, but polymers of high molecular weight resulted 
when these metal alkyls were complexed with com
pounds of transition elements.

A similarity in structure can be expected between 
Ziegler catalysts, such as TiCl3/AlR3, and Price’s 
catalyst ZnCL/Al(OR)3. In both cases an electron 
donor reacts with a Lewis acid to form complex ions 
with two metal atoms:

TiCl, +  A1R3 — > (TiCb)+ (A1R3C1)-
donor acceptor

ZnCl2 +  Al(OR),— > (ZnCl)+(Al(OR),Cl)- 
donor acceptor

Therefore, it is likely that propylene oxide poly
merizes similarly to ethylene when Price’s catalyst 
is used:

CH,1 CH,1
CH2—CH CH-—CH
\ _ / 1 +

O O

(ZnCl) + f Al(OR)3Cl] -  —
1
ZnCl [Al(OR),Cl] -

attraction activation

CH3
I
CH—OR

/
c h 2

/
- 0

(ZnCl) + A1(0R)2C1
OR-  addition and 

migration

CH,
I

CH2—CH—OR
/

O 
/

(ZnCl)+ [Â1(0R)2C1]-. 
complex formation 

(propagation)

The migration of the monomer is comparable to the 
addition of an alcohólate anion to a Lewis type al
cohólate. Other epoxides would polymerize simi
larly.

The ionic bond on which the polymerization pro
ceeds offers two possibilities for complexing: the 
cationic or the anionic part. The mechanism of poly
merization and consequently the properties of the 
resulting polymers can be strongly influenced by 
either kind of complexing.

Cation complexes. Electron donors, such as ethers 
or tertiary amines, will react with the cation to form 
association complexes. The complexing could go so 
far that the cation completes its outer electron shell 
to form an octet:

R R M =metal (Li, Na)
\ _ /

R O 
\  ~ t + 5-
|0 |M----- CHj-chain

/  -  
R 0

/ " \R R
Cation complex

Similar complexes are generally known to be formed 
by the interaction of Grignard compounds and 
ethers:

|C 1 |M g  |R

Ö

Cation complexes are also formed from lithium or 
sodium cations and ethers [Szwarc catalysts,9 Dain- 
ton catalysts], or alcohólate and chlorine anions 
[Alfin catalysts10]. The differences in the polymeri
zation of butadiene (or styrene) in the presence or 
absence of these cation complexes (ether solvents) 
are generally known. Propagation on an ether-com- 
plexed or salt-complexed sodium cation gives usu
ally high molecular weight polymers and promotes 
stereo-preservkig polymerizations [formation of 
irans-1,4-polybutadiene from trans conformational 
monomeric butadiene1”]. However, when the energy 
level of the complexed cation is lower than the en
ergy level required for the activation of the mono
mer no polymerization will occur. This is possibly 
the reason why conjugated dienes or styrene but 
not ethylene or a-olefins can be polymerized with 
Szwarc-type or Alfin-type catalysts. Since less en
ergy is required for the activation of a conjugated 
system the complexed cations can activate dienes 
but not mono-olefins. The same seems to be true for 
lithium alkyls which normally polymerize ethylene 
to a certain degree. In the presence of ethers no 
polymerization of ethylene is observed.

Anion complexes. If the propagation starter (R- , 
H - , OR- , OH- ) is a member of a Lewis acid it can 
become a member of a complex anion by adding a 
negative ion.

TiCl, +  A1R3 — >- (TiCl2)+ (AIR3CI)- (olefins)

TiCls +  TiCl.iR — >■ (TiCl2)+ (TiChR)- (olefins) 

ZnCl2 +  Al(OR), — s- (ZnCl)+ (A1(0R)3C1)- (epoxides) 

R—OH +  FeCl, — > H + (FeCUOR)-  (epoxides)

The activation would be cationic, followed by a mi
gration and anionic propagation of the monomer.

Prerequisites for this type of anionic propagation
are:

(0) M. Szwarc et al.. J. Am. Chem. Soc., 78, 2656 (1956).
(8) K. Ziegler et al., Angew. Chem., 68, 721 (1956). (10) A. A. Morton, Ind. Eng. Chem. 42, 1488 (1950).
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1. The cation must always be reformed for the 
activation of new monomers.

2. The complex anion must contain a propaga
tion starter which neutralizes the cationically ac
tivated monomer.

3. The bond of the polymer chain to the metal of 
the complex anion must be more stable than the 
bond to the activating cation to assure migration 
and propagation.

If the afore mentioned prerequisites are not ful
filled the following course of reactions for a-olefins 
could be concluded. The cation can not be reformed 
when a complex acid such as H+(AlBr4)_ is used 
because of the elimination of the proton with the 
formation of a stable methyl group and a rather 
homopolar bond.

CH,=CH—CH3 CH,™CH—CH, cui,

H+(AlBr.,)- (AlBr4)-
cationic initiation and propagation

The carbonium ion formed allows cationic propa
gation only. If activated on a metal cation the bond 
of propylene to the cation is still ionic and allows 
migration, propagation, and reformation of the 
metal cation.

Contrary to olefins the anionic polymerization 
of epoxides by complex acids seems to be possible. 
The activating proton of the complex acid is not 
destroyed after the initiation of the monomer be
cause of the formation of an ionizable hydroxyl 
group.

CH3
I

H+(FeCl3OR)- +  CH2—CH — >
\ - /

o

c h 3

(H—O—CH.—CH (FeChOR)--
activation OR addition and 

CH,
/

CH2—CH
/  \

0  OR
/  etc.

H+(FeCl3)-  — :
complex formation (propagation!

A cationic propagation would occur if the negative 
complex ion does not contain a propagation starter 
which would neutralize the cationically activated 
monomer. Such a complex acid could be H+BF4_. 
On the other hand H+(BF3OR)_ or H+(BF3OH)~ 
could propagate anionically.

Cationic mechanisms with H+BF4~ as a catalyst 
for the polymerization of cyclic ethers are generally 
known.

Reductions with complex metal hydrides. It can be 
deduced from the mechanisms discussed in the fore
going section that a similar migration of ionized 
groups or molecules from one metal to another is 
much more common in organic chemistry than hith
erto expected.

In reduction mechanisms of organic compounds 
with complex hydrides (lithium aluminum hydride, 
sodium aluminum hydride, sodium borohydrides, 
etc.) a direct participation of both the cation metal 
and anion metal would explain why there can be 
differences in reactivities when the cation metals are 
changed. H. C. 3rown and co-workers11 found that 
lithium borohydride reduces ester groups but sodium 
borohydride does not. Since different cations also 
differ in energy levels or steric factors their partici
pation in the reduction mechanism as the initiating 
or activating site (attracting negatively polarized 
atoms, such as oxygen, nitrogen) explains their 
deviating behavior and selectivity in the above- 
mentioned complex ions. A reaction mechanism 
which proceeds solely on the complex anion allows 
no interpretation of this phenomenon. As already 
discussed the energy level of the cation can be modi
fied additionally by the formation of coordination 
complexes with solvents which act as electron donors 
(ethers, amines). H. C. Brown et al.u have found that 
sodium borohydride in ethyleneglycol dimethylether 
reduces aldehydes but not ketones. It can be as
sumed that the sodium cation forms a coordination 
complex (octet formation) with the ether:

;  u  TCH3— 0/  0  — CH,
Na BH.r

CH,— 0 t ) ~  CH,

The activity of the sodium cation is decreased to 
such an extent that it can still activate aldehydes 
but not ketones. The latter apparently require 
higher activation energies than aldehydes and are 
more sterically hindered. The complete mechanism 
of the reduction of an aldehyde by lithium alumi
num hydride is explained by the sequence of reac
tions shown below.

The negatively polarized oxygen atom, as the 
most exposed reactive atom of the aldehyde, is at
tracted and activated by the cation with the forma
tion of a lithium-oxygen bond and a carbonium ion 
(cationic transition state). A hydride ion adds to 
the carbonium ion and the resulting alcohólate ion 
migrates and adds to the aluminum. The driving 
force is the reformation of stable complex ions. 
Here the migration compares with a simple addition 
of lithium alcohólate to A1H3:

(11) H. C. Brown, Lecture series “Frontiers in Chem
istry,” April 24, 1959, Western Reserve University, Cleve
land, Ohio.
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Li+(A1H4)-
attraction
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R

/
O

/
Li (AIH4)-
activation

R
/CH2

R
/

o —c h 2
/  3 R — C HO

Li+ (A1H,)- ----------------- >- Li+ [Al(OCH.R)4]-
via same route

complex formation

It cnn be expected that many other reactions of 
complex ionic bonds follow a similar mechanism, 
particularly in those cases where exposed reactive 
atoms are negatively polarized and, therefore, are 
subject to a cationic activation.

-0
Li+ Alila 
H ~ addition and migration

C en tra l  R esearch  L aboratories 
T h e  G en era l  T ir e  and R u bber  C ompany 
Akron , Ohio
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Communications TO T H E  EDITOR

Fluorinated O-Alkyl Oximes.
Solid Derivatives of Fluorinated Olefins

Sir:
We wish to report the reaction between oximes 

and fluorinated olefins giving addition compounds,
O-alkyl oximes, which are either solids or liquids 
depending on the oxime used in the reaction. The 
reaction is brought about in pyridine, or pyridine 
and benzene, in the presence of sodium hydroxide 
or potassium hydroxide and at 5° to 25° depending 
on the olefin. Most fluorinated ethylenes and other 
similarly substituted olefins undergo this reaction. 
Yields are usually high, ranging from 60 to 95%, 
most often closer to the latter value. The solids 
are easily recrystallized from ethanol. High molecu
lar weight oximes such as benzcphenone oxime 
and fluorenone oxime always gave solid products 
in the reactions studied so far; lower molecular 
weight oximes such as acetone oxime give liquid 
products.

Examples of these oximino ethers are the follow
ing: (satisfactory analytical data have been ob
tained on all of the compounds reported).

Compounds M.P.°

33.5

56.0

b.p. 75.5/50 
63

b.p. 66/18
39.5

52

72.5-73 
118
66.5 
71

(C6H6)2C=N 0CF2CFC1H

NOCFjCFCIH
( CH, ),C=N0CFSCFC1H 
(C6HS)2C=N 0CF2CC12H 
(CH,)2C=N 0CF2CC12H 
(C6H5)2C=NOCF2CFHCF,

NOCF.CFHCF,
(C,H6)2C=NOCF2CBr2II
(C6H6)2C = N 0 CF2C12H
(C6Hs)2C=NOCF2CH2C1
(C,H5)2C=NOCF2CH2Br

CL f  T,
: ' U k(p u  i r>—TvTfx_I /

Under the same conditions 1,1-difluoroethylene,
1,2-dichloro-l ,2-difluoroethylene, bromoethylene,
and tetrachloroethylene did not react.

An attempt to obtain hydrolytic scission at the 
double bond of these ethers by means of dilute 
hydrochloric acid resulted in an attack at a carbon
bearing fluorine, giving off hydrogen fluoride with 
a subsequent attack on the glass apparatus.

This hydrolysis is believed to be analogous to the 
hydrolysis of fluorinated ethers having the struc
ture —CH2—0 —CF2— which hydrolyze to esters 
—CH2—0 —C— when treated with strong acid.

II
0

More work in this respect is in progress and will 
be reported in detail in the near future.1

D epa rtm en t  o f  Chem istry  A. P. Ste fa n i
U n iv ersity  o f  C olorado J. R. L âcher
B o ulder , C olo . J- D . P ark

Received February 12, 1960

(1) These studies are being supported in part by the 
Quartermaster Corp. U.S. Army and by a fellowship grant 
from the Continental Oil Co., Ponca City, Okla.

Stereochemistry of the Claisen 
Rearrangement1

Sir:
Aside from the interesting interpretive arguments 

of Hart2 based on the experimental findings of Alex
ander and Kluiber,3 the stereochemistry of the Clai
sen rearrangement has not received any attention. 
Since the retention of configuration suggested by 
Hart is not in accord with the results of work on the 
closely related SNi' reaction,4 we should like to re
port that we cannot confirm the suggestions made 
by Hart.

Assuming that the point of bond severance and 
the point of attachment of the migratory allyl 
group must lie on the same side of the benzene ring 
it may be seen that inversion of configuration re
quires the formation of a trans double bond between 
the a and /3 carbon atoms of Fig. 1. This corre
spondence between the stereochemistry at the dou
ble bond and the asymmetric atoms holds for the 32 
possible transhion states (all combinations of initial 
cis or trans and final cis or trans double bonds, boat 
or chair conformation and R. or S configuration) 
providing only that the initial assumption is valid. 
The relation between double bond geometry and 
configurational changes for all cases is given in

(1) This research was supported in part by the National 
Science Foundation as grant NSF-G7432. Paper number 
four on the Claisen Rearrangement.

(2) H. Hart, J. Am. Chem. Soc., 76, 4033 (1954).
(3) E. R. Alexander and R. W. Kluiber, J. Am. Chem. 

Soc., 73, 4304 (1951).
(4) H. L. Goering and R. W. Greiner, J. Am. Chem. Soc., 

79, 3464 (1957); H. L. Goering and R. R. Jacobson, J. Am. 
Chem. Soc., 80, 3277 (1958). F. Caserio, G. E. Dennis, R.
H. deWolfe, and W. G. Young, J. Am. Chem. Soc., 77, 4182
(1955).
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Table I. It is clear then that the stereochemistry 
of Claisen rearrangement may be studied equally 
readily by optical methods3 or by a study of the 
geometric isomerism about the double bond. Uti
lizing the latter method we have prepared a sample 
of as-4-phcnoxypent-2-ene, b.p. 43-45° (0.6 mm.), 
no 1.5097 (Anal. Calcd. for CuHi40 : C, 81.44; 
H, 8.70. Found: C, 81.55; H, 8.58), infrared band 
at 718 cm.-1, by semihydrogenation of 4-phenoxy- 
pent-2-yne, b.p. 59.5-60° (0.65 mm.) no 1.5254 
(Anal. Calcd. for CnH120: C, 82.48; H, 7.55. 
Found C, 82.56; H, 7.56) over the Lindlar6 cata
lyst. A sample of ¿r<ms-4-phenoxypent-2-ene, b.p. 
48-48.5° (0.4 mm.), 71d 1.5101 (lit.3 no 1.5110), in
frared band at 965 cm.-1, was also prepared by 
standard methods. Each isomer was free of the 
other geometric form as indicated by infrared spec
troscopy.

TABLE I

Geometry

Gonfig.
Relation

Initial 
double bond

Final
double bond

trans trans Invert.
trans CIS Reten.

cis Ira ns Reteri.
cis CIS Invert.

Each ether was rearranged in a 1M solution in 
boiling mesitylene (b.p. 163°) and the unchanged 
ether as well as the rearrangement product re
covered in each case. In each case the rearrangement 
product consisted of mainly (ca. 90%) o-(l-methyl- 
frims-but-2-enyl)phenol, b.p. 64-65° (0.2 mm.). 
n2o 1.5325. However in each case a small but sig
nificant amount of cis product was obtained and the 
amount was notably greater in the product from 
the trans ether. These results were reproduced in 
three separate runs, the analysis being by infrared 
spectroscopy. It is interesting that the trans ether 
was recovered as pure trans ether after partial reac
tion whereas the cis ether was slowly converted to 
the trans form. However, prolonged heating of the

product from the rearrangement of either the cis or 
trans ether under the conditions of the rearrange
ment produced no change as indicated by infrared 
spectra.

These results can be consistently interpreted by 
assuming a cyclic transition state whose geometry 
resembles that of the chair form of cyclohexane 
(Fig. 1) and applying the principles of conforma
tional analysis. This brings the stereochemistry of 
the Claisen rearrangement into accord with that of 
the SNi' process and shows that it occurs with high 
stereospecificity.

D epa rtm en t  of Chem istry  E lliot  N. M arvell
Oregon  State  Co llege  J ohn  L. Steph en son
C orvallis, Or e .

Received February 8, 1960

New Synthesis of 4-Hydroxycoumarins1

Sir:
The principal known methods for the synthesis 

of 4-hydroxycoumarins are: (a) condensation of 
acetyl salicyloyl chlorides with acetoacetic, cyano- 
acetic, or malonic ester and conversion of the result
ing 3-substitutec 4-hydroxycoumarins to the corre
sponding 4-hydroxycoumarins;2 (b) cyclization of 
acetyl methyl salicylates in the presence of an alkali 
metal;3 (c) condensation of o-hydroxyacetophe- 
nones with diethyl carbonate in the presence of an 
alkali metal4 and (d) cyclization of diaryl malonates 
in the presence of anhydrous aluminum chloride at 
about 180°.6

We have evolved a new and simple process for 
the synthesis of 4-hydroxycoumarins in which a 
phenol is treated with an equimolecular proportion 
of a malonic acid in the presence of a mixture of 2-3 
moles each of anhydrous zinc chloride and phos
phorus oxychloride as the condensing agent at 
temperatures preferably between 60-75°. The suc
cess of this reaction is dependent upon the specific 
condensing action of the mixture of anhydrous 
zinc chloride and phosphorus oxychloride6 which are 
individually almost ineffective. Other condensing 
agents such as anhydrous aluminum chloride, stan
nic chloride, and ferric chloride and mixtures with 
phosphorus oxychloride are also ineffective. Lower 
alkyl esters of malonic acid or substituted malonic 
acid may also be used in the reaction, but usually 1 2 3 4 5 6

(1) V. R. Shah, J. L. Bose, and R. C. Shah (to Council of 
Scientific & Industrial Research, India), Indian Patent 
62890, Jan. 20, 1958. Patents filed in U.S.A., U.K., Switzer
land, and Germany.

(2) R. Anschiitz, Ber., 36,465 (1903).
(3) H. Pauly and K. Lockemann, Ber., 48, 28 (1915).
(4) J. Boyd, A. Robertson, and W. B. Whalley, J. Chem. 

Soc., 174(1948).
(5) E. Ziegler and H. Junek, Monalsh., 86, 29 ( 1955).
(6) P. K. Grover. G. D. Shah, and R. C. Shah, J. Chem. 

Soc., 3982 (1955).(5) H. Lindlar, Helv. Chini. Acta, 35,446 (1952).
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poor yields of 4-hydroxycoumarins are then ob
tained.

The new method would appear tc be of industrial 
significance for the production of 4-hydroxycou- 
marin which is a key intermediate for the synthesis 
of a number of leading anticoagulant drugs, like 
dicoumarol and tromexan, and also for the synthe
sis of modern anticoagulant rodenticides, warfarin 
and fumarin.

Small quantities of diaryl malonates were often 
isolated from the reaction product. The possibility 
of formation of diaryl malonates in situ and their 
further cyclization under the conditions of our 
method was, however, unlikely since no appreciable 
quantity of 4-hydroxycoumarins could be obtained 
when diaryl malonates such as diphenyl malonate 
were heated with a mixture of anhydrous zinc chlo
ride and phosphorus oxychloride under the usual 
conditions of the new method.

We have condensed successfully by our method 
phenols such as phenol, thiophenol, o-, to-, and p- 
cresols, 2,5-xylene-l-ol, a- and /3-naphthols, and 
resorcinol, with malonic acid to give, in most cases, 
good yields of the corresponding known 4-hydroxy
coumarins. Thymol and p,p'-dihydroxydiphenyl 
with malonic acid yielded respectively 5-methyl-8- 
isopropyl-4-hydroxycoumarin. m.p. 223-224°, 
(Anal. Calcd. for C13H14O3: C, 71.54; H, 6.47. Found: 
C, 71.45; H, 6.19) and4,4,-dihydroxy-6,6'-dicouma- 
rin m.p. > 360°, difficult to combust and character
ized through the diacetyl derivative, m.p. 229-230° 
(Anal. Calcd. for C22Hi408:C, 65.03; H, 3.47. 
Found: C, 65.50; H, 3.77). We have also success
fully condensed substituted malonic acids, such as 
n-propyl-, «-butyl-, n-hexyl-, and phenylmalonic 
acid with phenol to give good yields of the corre
sponding known 3-substituted 4-hydroxycoumarins. 
n-Octylmalonic acid with phenol yielded 3-n-octyl-
4-hydroxycoumarin, m.p. 143-144° (Anal. Calcd. 
for Ci7H220 3: C, 74.42; H, S.08. Found: C, 74.76; 
H, 8.21).

The following preparation of 4-hydroxycoumarin 
is typical: A mixture of phenol (225 g.), malonic 
acid (247.5 g.), anhydrous zinc chloride (979 g.), 
and phosphorus oxychloride (657 ml.) was heated 
with stirring at 60-65° for 35 hr., cooled and de

composed with ice and water and allowed to stand. 
The resulting crude 4-hydroxycoumarin was col
lected, dissolved in 10% sodium carbonate and 
acidified. At about the neutral point some oily by
product separated out and was removed. Acidifica
tion of the remaining solution gave 4-hydroxycou- 
marin of m.p. 201-203° in 64% yield. On recrystalli
zation from water or dilute alcohol pure 4-hydroxy
coumarin of m.p. 209-210° was obtained.

N a t i o n a l  C h e m i c a l  L a b o r a t o r y  V. R. S h a h

P o o n a  8 , I n d i a  J. L .  B o s e

R. C . S h a h

Received February 23, 1960

Convenient Method for Splitting Diethyl 
Ether

Sir:
During the course of investigation of methods for 

the preparation of lanthanon iodides in which we 
were attempting to use diethyl ether as a solvent 
we discovered an unusual reaction. Anhydrous hy
drogen iodide reacts immediately with diethyl 
ether at room temperature to produce ethyl alcohol 
and ethyl iodide.

C2H5OC2H5 +  HI , C2H6I +  C2H5OH

A two layer system is obtained which can be sepa
rated by means of a separatory funnel. Undoubtedly 
hydrogen iodide reacts further with some of the 
ethyl alcohol to produce more ethyl iodide and some 
water.

Though we have not conducted a detailed investi
gation of this reaction it appears that it may be 
quite superior to the usual method of refluxing 
ethers with aqueous solutions of hydrogen iodide to 
split them. We have suggested that a student at 
another university study the general application of 
this reaction as a method for splitting ethers.

D e p a r t m e n t  o f  C h e m i s t r y  M o d d i e  D .  T a y l o r

H o w a r d  U n i v e r s i t y  L o u i s  R. G r a n t

W a s h i n g t o n  1, D .  C.
Received February 29, 1960
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