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Two macrocyclic diterpenes, a- and (3-3,8,13-duvatriene-l,5-diols, isolated from tobacco, are shown to be 
diastereoisomers of 12-isopropyl-l,5,9-trimethyl-3,8,13-cyclotetradecatriene-l,5-diol (II). These compounds 
provide two additional examples of the newly characterized naturally occurring diterpene series containing a 
fourteen-membered ring.

In the preceding paper relating to the constituents of 
tobacco,1 we have reported the isolation and char
acterization of two novel macrocyclic diterpenes. 
These diterpenes, designated a-4,8,13-duvatriene-l,3- 
diol (a-I) and /3-4,8,13-duvatriene-l,3-diol (<8-I), were 
shown to be diastereoisomers of 12-isoprop> 1-1,5,9- 
trimethyl - 4,8,13 - cyclotetradecatriene -1,3 - diol (I). 
Since this work was completed, cembrene, an unsat
urated hydrocarbon isolated from pinus albicaulis, 
has been characterized as 14-isopropyl-3,7,ll-trimethyl-
1,3,6,10-cyclotetradecatetraene2 (named as 12-iso- 
propyl-1,5,9 - trimethyl-1,4,8,13 - cyclotetradecatetraene 
by the numbering system used in this paper). The 
structural similarities of cembrene and the diols isolated 
from tobacco are obvious. Cembrene and the tobacco 
diols possess the same locations of isopropyl and methyl 
groups on a cyclotetradecane ring and three double 
bonds are located in identical positions. Cembrene 
and the tobacco diols are the first examples of macro- 
cyclic diterpenes and are the first terpenes reported 
to contain the 14-carbon ring system.

At this time we wish to describe the characterization 
of two additional diterpenes of related structure which 
we have isolated from tobacco. The new compounds, 
assigned the names a-3,8,13-duvatriene-l,5-diol3a (a-II)

(1) D. L. R oberts and  R. L. Row land, J .  O r g .  C h e m . ,  27, 3989 (1962).
(2) W, G. D auben, W . F. Thiessen, and  P. R. Resnick, J .  A m .  C h e m .  S o c . ,  

84, 2015 (1962).
(3) (a) T he nom enclature used in  th is  series of com pounds is based on the

name duvane previously assigned to the s truc tu re  12-isopropyl-l,5,9-tri- 
m ethylcyclotetradecane. The a -  and  jS-designations have no absolute stereo
chemical significance b u t the  a -  and  /S-compounds of the  3,8,13-duvatriene-
1,5-diol structu re  are each re la ted  to  the correspondingly designated com
pound of the 4,8,13-duvatriene-l,3-diol struc tu re , (b) N .m .r. values are 
reported  in t units: G. Y. D . T iers, J .  P h y s .  C h e m . ,  62, 1151 (1958).

and /?-3,8,13-duvatriene-l,5-diol3a (/3-II), are allylic 
isomers of the compounds of structure I and are dem
onstrated to be diastereoisomers of 12-isopropyl-l,5,9- 
trimethyl-3,8,13-cyclotetradecatriene-l,5-diol (II).

Because tobacco contains larger quantities of /3-II 
than a-II, characterization studies were initiated upon 
the /3-isomer.

Elemental analyses and active hydrogen determi
nation showed that /3-II, m.p. 150-152°, [a]25D +  40°, 
possesses the formula C20H 32 (OH) 2. The mass spectrum 
is similar to that of a-I and j3-I in showing the fragment 
of greatest mass at 288, corresponding to the loss of 
water from the formula C2oH340 2. The infrared ab
sorption of (3-II indicates that it is an allylic tertiary 
alcohol (3.0, 9.0 u) containing a trans disubstituted 
olefinic linkage (10.25 p). The n.m.r. spectrum3b 
shows the presence of an isopropyl group (6 protons,
9.15 p.p.m.), two CfTsCOH groups (6 protons, 8.61 
and 8.65 p.p.m.), one C(CHS)=C  group (3 protons, 
8.50 p.p.m.), and five olefinic protons. Quantitative 
hydrogenation proved the presence of three double 
bonds and one ring. The absence of selective ultra
violet absorption by /3-I1 shows that none of the double 
bonds are conjugated.

Catalytic hydrogenation of /3-II using Adams’ catalyst 
in ethyl alcohol yielded three products: a monohy
droxyl compound, alcohol A; and two isomeric diols, 
alcohols B and C. The major product from hydrogena
tion, alcohol C, was stable to the oxidizing action of 
chromic oxide in pyridine or in acetic acid-water. The 
resulting conclusion that both hydroxyl groups are 
tertiary is in agreement with the n.m.r. spectra of /3-II, 
alcohol B, and alcohol C, all of which show the presence
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of two CHiCOH groupings (six protons at 8.6-8.8 
p.p.m.). Moreover, the formation of the monohydric 
alcohol, alcohol A, from hydrogenation of 0-11, indi
cates that at least one of the hydroxyls of 0-11 is allylic.

Hydrogenation of 0-11 using Adams’ catalyst in 
acetic acid gave, in addition to the three alcohols ob
tained with Adams’ catalyst in ethyl acetate, a satu
rated hydrocarbon III in 7% yield. The same hydro
carbon was obtained in 90% yield by dehydration of the 
saturated monohydric alcohol A followed by catalytic 
hydrogenation. Since the product from dehydration of 
alcohol A should contain only one double bond, it was 
not susceptible to cyclization reactions and the saturated 
hydrocarbon III was anticipated to have the same car
bon skeleton as that of 0-11. Moreover, hydrocarbon 
III showed infrared absorption identical with that of 
the saturated hydrocarbon obtained by hydrogenolysis 
of 0-4,8,13-duvatriene-l,3-diol (0-1). Since 0-4,8,13- 
duvatriene-l,3-diol (0-1) has been shown to be 12-iso
propyl -1,5,9 - trimethyl - 4,8,13 - cyclotetradecatriene-
1,3-diol (I),1 hydrocarbon III is 12-isopropyl-l,5,9-tri- 
methylcyclotetradecane, i.e., duvane. Accordingly,
0-11 must be an unsaturated diol with the carbon skele
ton of III, containing a cyclotetradecane ring with iso
propyl and methyl substitutions in the same positions 
as in the 4,8,13-duvatriene-l,3-diols (I).

To complete the characterization of 0-11 except for 
stereochemical assignments, it is then necessary to as
sign the positions of the two hydroxyl groups and the 
three double bonds in the cyclotetradecane ring. From 
the n.m.r. spectrum of 0-11 and its hydrogenation prod
ucts and from the absence of reaction of hexahydro-0-II 
(alcohol C) with oxidizing agents, the hydroxyl groups 
are located, along with two of the methyl groups, at the
1,5- or 1,9-positions. The n.m.r. spectrum of 0-11 re
quires that the third methyl group be attached to an 
olefinic double bond. The locations of the remaining 
two double bonds are limited in that at least one double 
bond is allylic to a hydroxyl and none of the double 
bonds are conjugated.

Surprisingly, although alcohol C (hexahydro-0-II) 
was not oxidized by chromic oxide, 0-11 was oxidized 
using a large excess of chromic oxide in pyridine. The 
major product (16-31% yield) was an oil with infrared, 
ultraviolet, and n.m.r. spectra identical with the spec
tra of 0-4,8,13-duvatrien-l-ol-3-one (0-IV) obtained by 
oxidation of 0-4,8,13-duvatriene-l,3-diol (0-1).1 Cat
alytic hydrogenation of the 0-4,8,13-duvatrien-l-ol-3- 
one (0-IV) obtained by oxidation of 0-11 yielded 0-1- 
duvanol-3-one A and 0-l-duvanol-3-one B (0-V), iden
tical on the basis of infrared spectra, melting points, and 
mixture melting points with the 0-l-duvanol-3-ones A

and B obtained from 0-1 by catalytic hydrogenation and 
subsequent oxidation.1

The conversion of 0-11 to 0-4,8,13-duvatrien-l-ol-3- 
one (0-IV) allows structure assignment to 0-11. Since
0-11 is a ditertiary alcohol, oxidation is proposed to have 
occurred via allylic rearrangement. Rearrangement of
0-11 to a secondary alcohol, either 0-1 or the alcohol 
which differs from 0-1 only in its configuration at the 3- 
position, and the subsequent oxidation of the secondary 
alcohol to ketone would account for the formation of
0- IV. Accordingly, the structure, 12-isopropyl-l,5,9- 
trimethyl - 3,8,13 - cyclotetradecatriene - 1,5 - diol (II), 
is proposed for 0-11.

Besides 0-4,8,13-duvatrien-l-ol-3-one (0-IV), three 
other products were obtained from the oxidation of 0-11. 
The structures of the other products, which are in agree
ment with structure II for 0-3,8,13-duvatriene-l,5-diol, 
are discussed below.

An a,0-unsaturated ketone, obtained in 4-8% yield 
from chromic oxide-pyridine oxidation of 0-11, is an 
isomer of 0-4,8,13-duvatrien-l-ol-3-one and is desig
nated as iso-0-4,8,13-duvatrien-l-ol-3-one. The infra
red spectrum of iso-0-4,8,13-duvatrien-l-ol-3-one shows 
the presence of an a,0-unsaturated carbonyl group (6.01,
6.24 fi) and a trans disubstituted double bond (10.25 /¿). 
The ultraviolet absorption, 242 m^, log e 3.97, con
firms the a,0-unsaturated ketone structure. The
n.m.r. spectrum shows the presence of a hindered iso
propyl group (9.17 p.p.m.), one methyl on a carbon 
bearing a hydroxyl group (8.76 p.p.m.), one methyl on 
an isolated double bond (8.51 p.p.m.), one methyl on a 
double bond in a conjugated system (8.24 p.p.m.), and 
four olefinic protons (5.15-4.0 p.p.m.). The only sig
nificant difference in the n.m.r. spectra of 0-IV and the 
iso compound is related to the methyl group on the 
double bond in the conjugated system. The location of 
the peak for this methyl group at 8.24 p.p.m. in the 
iso compound and at 7.92 p.p.m. in 0-IV indicates that 
the 4,5-double bond is cis in iso-0-4,8,13-duvatrien-l-
01- 3-one and is trans in 0-4,8,13-duvatrien-l-ol-3-one.4 5

A third product, obtained in 5-15% yield from the
chromic oxide-pyridine oxidation of 0-11, was shown 
from its elemental analyses and mass spectrum to cor
respond to a compound in which one oxygen atom has 
been added to either 0-4,8,13-duvatrien-l-oI-3-one or 
iso-0-4,8,13-duvatrien-l-ol-3-one. The addition of
oxygen to the a,0-unsaturated carbonyl system of IV is 
reasonable upon consideration of the isolation of <*,0- 
oxido ketones from chromic oxide oxidation of allylic 
alcohols.® The a,0-oxido ketone structure for the third 
oxidation product is in agreement with its infrared spec
trum (carbonyl absorption at 5.92 ¡x), the absence of 
selective absorption of ultraviolet light, and its n.m.r. 
spectrum. Identification of the third oxidation prod
uct was completed by its preparation from 0-4,8,13- 
duvatrien-l-ol-3-one (0-IV) by reaction with alkaline

(4) L. M . Jackm an  and R. H . Wiley, J .  C h e m .  S o c . ,  2886 (1960).
(5) L. F . F ieser and  M. Fieser, “ N atu ra l P roducts R elated  to  Phenan- 

th ren e ,” 3 rd  ed., R einhold Publishing Com pany, New Y ork, N . Y ., 1949, p. 
228.IV V
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hydrogen peroxide. Accordingly, the third oxidation 
product is /3-4,5-oxido-8,13-duvadien-l-ol-3-one (8-VI).

The fourth oxidation product, isolated in 2-8% yield, 
was shown by elemental and active hydrogen analyses 
to be C20M32O(OH)2 and, accordingly, corresponds to 
/3-II to which one oxygen atom has been added. Since 
the oxidation of /3-II has been explained via rearrange
ment to a secondary alcohol, the oxide could be derived 
from either the tertiary alcohol (II) or secondary alcohol 
(I) structures. Structure VII, related to the tertiary 
alcohol II, is favored from consideration of the n.m.r. 
spectrum. The n.m.r. spectrum of this oxidation prod
uct shows two protons at 6.85-7.1 p.p.m.; the protons 
attached to an epoxide ring are reported to show ab
sorption at 7.0-7.2 p.p.m.6

Although oxidative degradation of d-H gave poor 
yields of oxidation products, levulinic acid and 5-keto-
2-isopropylhexanoic acid were identified in the acid 
fraction from the oxidation. Isolation of these acids is 
in agreement with structure II.

The a-isomer, a-II, was isolated from tobacco leaf in 
only trace amounts. «-II, m.p. 118-120°, [«]26d +  
100°, was shown from elemental and active hydrogen 
analyses to be a diol isomeric with /3-II. The struc
tural similarity of «-II and /3-II is evident from the 
ultraviolet, mass, and n.m.r. spectra. The mass spec
trum of «-II was very similar to that of j3-II; however, 
a-II has the distinction of being the only isomer of this 
series (I and II) which showed a parent peak at mass 
306. The n.m.r. spectrum of «-II is particularly in
structive since it shows the presence of five olefinic 
protons, one methyl group at an olefinic double bond, 
two methyl groups of the type CHzC—Oil, and a hind
ered isopropyl group, with all methyl peaks in positions 
close to the positions observed in 8-II.

The structure of «-II was determined from its oxida
tion product. The product obtained by chromic oxide- 
pyridine oxidation of a-II was identical with «-4,8,13- 
duvatrien-l-ol-3-one (a-IV) obtained by oxidation of 
«-4,8,13-duvatriene-l,3-diol (a-I).1 Since «-II exhibits 
the n.m.r. spectrum of a ditertiary alcohol, the oxidation 
must have proceeded by allylic rearrangement similar 
to that postulated in oxidation of /3-II. Therefore, 
«-II must be one of the diastereoisomers of 12-isopropyl-
l,5,9-trimethyl-3,8,13-cyclotetradecatriene-l,5-diol (II). 
Since a-IV and /?-IV are epimeric at position l ,1 a-II and 
(3-II must also differ in configuration at position 1.

The allylic relationship between the 4,8,13-duvatri- 
ene-1,3-diols (I) and the 3,8,13-duvatriene-l,5-diols (II) 
was further demonstrated by the rearrangement of the
1,3-diols to the 1,5-diols. These transformations of I to 
II were accomplished by slow chromatography on 
acidic alumina. The isomerizations of «-I to «-II and 
of /3-I to /3-II provide verification of the structures of 
«-II and /3-II.

The conversion of a-I to a-II and of jS-I to ¡3-11 raises 
the question whether «- and /3-II are artifacts produced 
from «- and /3-I during the isolation process. This

(6) C. Y. Hopkins and H. J. Bernstein, C a n .  J .  C h e m ., 37, 775 (1959).

question is difficult to resolve for a-II since it was iso
lated from tobacco in minute quantity. However, 
«-II was isolated using procedures which did not cause 
isomerization of a-I. The isolation of /3-II was accom
plished by a variety of procedures involving a minimum 
of operational steps. Accordingly, we consider that 
(3-II is not an artifact and that the allylic isomers of 
structures I and II are present in aged tobacco leaf. A 
similar occurrence of allylic isomers, phytol and iso- 
phytol, in jasmine has been noted by Demole and Le- 
derer.7 8

Experimental*
Isolation of 0-3,8,13-Duvatriene-l ,5-diol (0-11).—/3-II has been 

isolated from aged flue-cured and burley tobaccos by several 
procedures. A simple isolation procedure was as follows: A 
methanol extract of tobacco was partitioned between 90% meth
anol and hexane. The material which partitioned into 90% 
methanol was purified by chromatography using silicic acid or 
Florisil. From the fractions eluted by hexane-ether mixtures, 
0-11 crystallized after partial concentration and chilling to —27°. 
The recrystallized material corresponded to 0.0015% of the dry 
weight of the tobacco.

Physical Properties of 0-3,8,13-Duvatriene~l ,5-diol (0-11).— 
0-3,8,13-Duvatriene-l,5-diol melts at 150-152° after recrystalliza
tion from ether, [a]25D = +40°. 0-11 shows no selective absorp
tion of ultraviolet light. Infrared absorption occurs at 3.1, 9.0, 
and 10.25 m- The n.m.r. spectrum shows 5 olefinic protons at
4.3-4.6 p.p.m. and methyl peaks at 9.16 (6), 8.61 (3), 8.65 (3), 
and 8.50 (3).

Anal. Calcd. for C20H34O2: C, 78.39; H, 11.19; active H 
(2), 0.66; O, 10.42; mol. wt., 306. Found: C, 78.25; H, 
11.19; active H, 0.70; O, 10.96; mol. wt. (ebull.), 321; mass, 
288 (306-18).

Catalytic Hydrogenation of 0-3,8,13-Duvatriene-l ,5-diol (0-EI).
—Quantitative hydrogenation using Adams’ catalyst in ethyl 
acetate gave an equivalent weight of 99, corresponding 
to three double bonds in a molecular weight of 306. From re
duction of 0.8 g. of 0-11 using Adams’ catalyst (24 hr. at 3 atm.), 
three products were isolated by chromatographic separation 
followed by crystallization from hexane.

(a) Monohydric alcohol A, 190 mg., m.p. 80-82°, [a]27D 
0°.

Anal. Calcd. for C20H40O: C, 81.01; H, 13.60; active H 
(1), 0.34. Found: C, 80.96; H, 13.60; active H, 0.34.

(b) Dihydric alcohol B, 130 mg., m.p. 132-134°, [<*]27d 
+96°. N.m.r. spectrum: 8.78 (6) and 9.11 (9).

Anal. Calcd. for C20H40O2: C, 76.86; H, 12.89; mol. wt., 
312. Found: C, 76.42; H, 12.80; mass, 294 (312-18).

(c) Dihydric alcohol C, 310 mg., m.p. 159-161°, [a ]®D 
+  13°. N.m.r. spectrum: 8.82 (6) and 9.07-9.15 (9).

Anal. Calcd. for C20H40O2: C, 76.86; H, 12.89; mol. wt., 
312. Found: C, 76.93; H, 12.88; mol. wt. (ebull.), 354; 
mass, 294 (312-18).

From the attempted reactions of alcohol C with chromium 
trioxide in pyridine or in acetic acid-water, alcohol C was re
covered unchanged.

Hydrogenolysis of 0-3,8,13 -Duvatriene-1,5-diol (0-11).—Hy-
drogenolysis of 300 mg. of 0-11, using Adams’ catalyst in 50 ml. of 
ethyl acetate containing four drops of 70% perchloric acid, gave a 
50% yield of a saturated hydrocarbon, n26D 1.4955, which 
appeared from its elemental analysis to be tricyclic.

Anal. Calcd. for C2oH36: C, 86.87; H, 13.13. Found: 
C, 86.86; H, 13.03.

(7) E . Demole and  E . Lederer, B u l l .  s o c .  c h i m .  F r a n c e , 1128 (1958).
(8) All m elting points were determ ined using a  F isher—Johns m elting 

poin t apparatu s and  are uneorrected. E lem ental analyses were perform ed 
by the Huffm an M icroanalytical Laboratories, W heatridge, Colorado, and  
by  the Spang M icroanalytical L aboratory , Ann A rbor, M ichigan. Active 
hydrogen was determ ined b y  th e  procedure of J . A. Giles, A n a l .  C h e m . ,  32, 
1716 (1960). N uclear m agnetic resonance (n.m .r.) spectra were run  in 
deu tera ted  chloroform solution using V arian  Associates HR-60 instrum ent. 
The n.m .r. spectra are reported  by  r  value [G. Y. D. Tiers, J .  P h y s .  C h e m . ,  

62, 1151 (1958)], w ith the  num ber of hydrogens in  parentheses. We are 
indebted to  John  J . W halen and  Johnnie L. S tew art for in frared  spectra, to 
George W. Young for m ass spectra, to  D r. A. H . Laurene for n .m .r. data , 
and  to J. A< Giles and  P. H. Ayers for the  active hydrogen determ inations.
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The product from hydrogenation of 200 mg. of 0-11 using 
Adams’ catalyst in glacial acetic acid (24 hr. at 3 atm.) was chro
matographed with acid-washed alumina (Merck), giving 14 mg. of 
hydrocarbon III (with infrared absorption identical with that 
obtained by catalytic hydrogenation of dehydrated monohydric 
alcohol A), 60 mg. of monohydric alcohol A, and 130 mg. of a 
mixture of dihydric alcohols B and C.

Conversion of Monohydric Alcohol A to 12-Isopropyl-l,5,9- 
trimethylcyclotetradecane (III).—Alcohol A (60 mg.) and fused 
potassium acid sulfate (200 mg.) were heated under nitrogen at 
180° for 10 min. The residue was extracted with three 10-ml. 
portions of ethyl acetate, and the ethyl acetate extracts were 
hydrogenated using Adams’ catalyst. The hydrogenation 
product, 52 mg., showed infrared absorption identical with that 
of hydrocarbon III obtained in 7% yield by hydrogenation 
of (¡-II in acetic acid.

Anal. Calcd. for C20H40: C, 85.63; H, 14.37; mol. wt., 280. 
Found; C, 85.82; H, 14.29; mass, 280.

Hydrogenolysis of (3-4,8,13-Duvatriene-l ,3-diol (/3-I).—The 
product from hydrogenation of 500 mg. of /3-I using Adams’ 
catalyst in glacial acetic acid (18 hr. at 3 atm.) was chromato
graphed using alumina (Merck). Besides the /3-1,3-duvanediols 
A and B ,1 a saturated hydrocarbon (20 mg.) was isolated. The 
hydrocarbon showed infrared absorption identical with that of 
hydrocarbon III obtained from hydrogenolysis of /3-II.

Conversion of (¡-3,8,13-Duvatriene-l ,5-diol (¿3-11) to /3-1- 
Duvanol-3-ones A and B ((¡-V).—The oxidation of 290 mg. of 
iS-II with 1 g. of chromic oxide in 8 ml. of pyridine at room tem
perature for 40 hr., followed by chromatography on silicic acid, 
yielded 86 mg. of an oil, identified as (3-4,8,13-duvatrien-l-ol-3- 
one (¿3-1V) by infrared absorption. Hydrogenation using 
Adams’ catalyst in ethanol (24 hr. at 3 atm.) followed by chroma
tographic separation on silicic acid and crystallization from 
pentane gave 11 mg. of solid, m.p. 126-127.5°, no depression of 
melting point with (i-l-duvanol-3-one A ((¡-V), and 41 mg. of 
solid, m.p. 99-100°, no depression of melting point with (3-1- 
duvanol-3-one B (/3-V). The infrared spectra were identical 
with those of the corresponding (i-l-duvanoI-3-ones prepared by 
chromic oxide-pyridine oxidation of (3-1,3-duvanediols A and B .1

Chromic Oxide-Pyridine Oxidation of (¡-3,8,13-Duvatriene-
1,5-diol (/3-II).—For the oxidation of /3-II using chromic oxide in 
pyridine, the reaction time was varied from 20 to 140 hr. In each 
case, four reaction products were isolated and (3-II was recovered. 
The results from a typical run are as follows.

To a mixture prepared by addition of 6.0 g. of chromic oxide to 
50 ml. of pyridine was added 1.9 g. of (¡-II. After 6 days, the 
mixture was diluted with 300 ml. of water and was extracted with 
200 ml. of ether. The ethereal extract was washed with 100 ml. 
of water and with two 150-ml. portions of 2 N  hydrochloric acid. 
The residue from concentration of the ethereal extract was sepa
rated by chromatography into five components, described in 
the order of elution from silicic acid.

(a) Iso-(3-4,8,13-duvatrien-l-ol-3-one, 120 mg. Infrared ab
sorption: 2.95, 6.01, 6.24, and 10.25 n. Ultraviolet absorp
tion: 242-243 m/i, log e 3.97. N.m.r. spectrum: 9.17
(6), 8.76 (3), 8.51 (3), 8.24 (3), and 5.15-4.0 (4).

Anal. Calcd. for C20H32O2: C, 78.90; H, 10.60; mol. wt., 
304. Found: C, 79.04; H, 10.63; mass, 304.

(b) ^-4,8,13-Duvatrien-l-ol-3-one (¡3-IV), 310 mg. Infra
red absorption identical with p-4,8,13-duvatrien-l-ol-3-one ob
tained by chromic oxide-pyridine oxidation of (3-4,8,13-duvatriene-
1,3-diol ((¡-I)1: 2.95, 6.04, 6 .22, and 10.25 n. Ultraviolet 
absorption: 244 m/x, log e 4.27. The n.m.r. spectrum
was identical with that of (3-4,8,13-duvatrien-l-ol-3-one ob
tained by oxidation of (3-1.1

(c) (3-4,5-0.xido-8,13-duvadien-l-ol-3-one ((¡-VI), 100 mg., 
melting point after recrystallization from pentane at —27°, 
122-124°. Infrared absorption: 2.90, 5.92, and 10.28 ft. 
Ultraviolet absorption: no selective absorption above 220 m/x. 
N.m.r. spectrum: 9.15 (6), 8.67 (3), 8.56 (3), 8.43 (3), 7.17 
(2), 6.42 (1), and 5.45-4.7 (3).

Anal. Calcd. for C20H32O3: C, 75.00; H, 10.06; mol. wt., 
320. Found: C, 75.36; H, 9.95; mass, 320.

(d) (3-3,8,13-Duvatriene-l,5-diol ((¡-II), 50 mg., identified by 
its infrared spectrum and m.p., 150-152°.

(e) (3-3,4-Oxido-8,13-duvadiene-l,5-diol ((¡-VII), 50 mg., 
melting point after recrystallization from pentane at —27°,
117-119°. Infrared absorption: 2.90, 6.0, 9.0, and 10.25 ji. 
Ultraviolet absorption: no selective absorption above 220 m/t.

N.m.r. spectrum: 9.14 (6), 8.93 (3), 8.60 (3), 8.50 (3), 7.0 (2), 
and 4.7 (3).

Anal. Calcd. for C20H34O3: C, 74.48; H, 10.62; active H 
(2), 0.62; mol. wt., 322. Found: C, 74.49; H, 10.44; active
H, 0.60; mass, 304 (322-18).

Peroxide Oxidation of (3-4,8,13-Duvatrien-l-ol-3-one ((3-IV) 
to (3-4,5-Oxido-8,13-duvadien-l-ol-3-one (0-VI).—To a solu
tion of 103 mg. of (¡-4,8,13-duvatrien-l-ol-3-one ((3-IV) in 6 ml. 
of ethyl alcohol was added a solution prepared from 0.2 g. of 
hydrated sodium carbonate, 5 ml. of water, and 1 ml. of 30% 
hydrogen peroxide. After 10 min., 60 ml. of water was added. 
The mixture was extracted with tw7o 100-ml. portions of ether. 
The ethereal extracts were washed with four 30-ml. portions of 
water. Chromatography of the residue from concentration of 
the ethereal extract gave 20 mg. of (¡-4,S, 13-duvatrien-1 -ol-3-one 
and 50 mg. of material showing the infrared absorption of crude 
(3-4,5-oxido-8,13-duvadien-l-ol-3-one. Crystallization of the 
latter fraction from pentane at —27° yielded 14 mg. of solid, 
m.p. 120- 122°, with infrared absorption identical with that of 
(3-4,5-oxido-8,13-duvadien-l-ol-3-one isolated directly from 
chromic oxide-pyridine oxidation of (i-3,8,13-duvatriene-l,5-diol.

Oxidative Degradation of (3-3,8,13-Duvatriene-1,5-diol ((3-II). 
-—A solution of 2 g. of (3-II in 200 ml. of pyridine was added with 
stirring to a mixture of 19 g. of sodium periodate, 0.2 g. of 
potassium permanganate, and 2 g. of potassium carbonate in 600 
ml. of water. The permanganate color was dissipated rapidly. 
Potassium permanganate was added portionwise over a period of
4.5 days. After addition of 5.7 g. of potassium permanganate 
the permanganate color persisted for a period of 2.5 hr. The 
reaction mixture was filtered through Celite. The alkaline fil
trate was extracted with two 350-ml. portions of ether. The 
aqueous solution was acidified with sulfuric acid to a pH of < 2 
and the acidified solution was extracted with three 200-ml. por
tions of ether. Of the ethereal extracts from the acidified solu
tion, 60% was allowed to react with diazomethane, yielding 560 
mg. of mixed methyl esters. Chromatography on silicic acid 
gave 106 mg. of an oil showing infrared absorption indicative of 
methyl 5-keto-2-isopropylhexanoate and 91 mg. of an oil showing 
the infrared absorption of methyl levulinate.

Of the crude methyl 5-keto-2-isopropylhexanoate, 43 mg. was 
converted to the semicarbazone. After crystallization from 
pentane, 7 mg. of solid was obtained which showed infrared ab
sorption similar to that of authentic methyl 5-keto-2-isopropyl- 
hexanoate semicarbazone. The product melted at 123-125° 
and a mixture with authentic semicarbazone melted at 124- 
127°.

The crude methyl levulinate isolated from the oxidation re
action was converted to the 2,4-dinitrophenylhydrazone deriva
tive. After chromatography on silicic acid and crystallization 
from ethanol, 15 mg. of solid, m.p. 137-139°, with infrared ab
sorption of methyl levulinate dinitrophenylhydrazone, was ob
tained.

Isolation of a-3,8,13-Duvatriene-l,5-diol («-II).—The isola
tion of a-3,8,13-duvatriene-l,5-diol was accomplished by the 
procedure reported for isolation of the a- and (¡-4,8,13-duvatriene-
I, 3-diols (a- and (¡-I).1 In the chromatographic separation 
using alumina, «-II was eluted after (3-II but before a- and (3-1.

Physical Properties of a-3,8,13-Duvatriene-l,5-diol (a-II).--- 
a-II melts at 118-120° after recrystallization from hexane, [a]26D 
+  100°. a-II shows no ultraviolet absorption other than end 
absorption below 220 m/i. Infrared absorption occurs at 3.05,
8 .8 , 9.0, 9.25, and 10.2 n- The n.m.r. spectrum shows peaks 
at 9.18 (6), 8.67 (6 ), 8.49 (3), 4.62 (3), and 4.37 (2).

Anal. Calcd. for C20H34O2: C, 78.39; H ,'11.19; active H 
(2), 0.66; mol. wt., 306. Found: C, 78.40; H, 11.12; active
H, 0.60; mass, 306.

Chromic Oxide-Pyridine Oxidation of a-3,8,13-Duvatriene-
I, 5-diol (a-II).—A mixture prepared by addition of 300 mg. of 
a-II to a suspension of 1.0 g. of chromic oxide in 15 ml. of pyri
dine was allowed to stand at room temperature for 4 days. After 
addition of 125 ml. of water, the mixture was extracted with 
ether. The residue from concentration of the dried ethereal 
extract was separated by chromatography using silicic acid into 
three fractions: (1) 54 mg. of a-4,8,13-duvatrien-l-ol-3-one 
(a-IV), m.p. 74-75°, mixture melting point with a-IV prepared 
by oxidation of a-I ,1 73-74°, infrared absorption identical with 
that of a-IV prepared by oxidation of a-I; (2) 49 mg. of material 
which showed infrared absorption indicating a mixture of a-IV 
and another a,0-unsaturated keto alcohol; (3) 51 mg. of unre
acted a-II.
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Isomerization of 4,8,13-Duvatriene-l,3-diols (I) to 3,8,13- 
Duvatriene-l,5-diols (II).—A hexane solution of 216 mg. of a-I 
was added to a 20 X 75 mm. chromatographic column of acid- 
washed alumina (Merck). After a-I had been allowed to con
tact the adsorbent for 40 hr., elution was attempted using hexane- 
ether mixtures. Elution with ether yielded 20 mg. (9%) of 
material with infrared absorption identical with that of «-11. 
Starting material, a-I, 170 mg., was recovered by elution with 
ether containing 2% methanol.

Using the same procedure, 0-1 was converted to 0-11 in 20% 
yield.
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Certain Bz(benz)-amino-substituted 2-hydroxy-l,4-naphthoquinones and 5-hydroxy-6-methyl-substituted 
indoloquinones, including a pyrrolo[l,2-a]indoloquinone, have been prepared. Their pertinence as ultraviolet 
models for mitomycin degradation products is discussed.

In the course of an investigation concerning the 
structure of the mitomycin group of antibiotics, Webb 
and collaborators isolated degradation products which 
were apparently amino-substituted 2-hydroxy-3- 
methyl-l,4-quinones.1 In this paper we wish to report 
the synthesis of several naphtho- and indoloquinones 
prepared as ultraviolet models of these degradation 
products. One of the partial structures originally 
suggested for these products contained a 1,4-naphtho
quinone nucleus and, therefore, we undertook the 
synthesis of the four possible Bz-amino-2-hydroxy-
1,4-naphthoquinones. Although three of these com
pounds and a potential close precursor to the fourth 
had already been reported by Kehrmann and his 
collaborators,2 it was desirable to devise more conveni
ent pathways for the preparation of three of the com
pounds in view of the difficult and tedious procedures 
which the Kehrmann group had utilized. In particular, 
it appeared that the use of the Fremy’s salt (potassium 
nitrosodisulfonate) procedure3 for the conversion of 
phenolic compounds to quinones might lead to con
siderably shortened sequences.

The unknown 6-amino-2-hydroxy-l,4-naphthoqui
none (II) was prepared by hydrolysis, according to the 
procedure of Thomson,1 of the known2a 6-acetamido-4- 
anilino-1,2-naphthoquinone (I).

acetylation of the hydrochloride in aqueous solution, 
followed by de-O-acetylation in dilute alkali. The 
previously reported5 acetylation in pyridine was found 
difficult to repeat. Oxidation of IV with Fremy’s 
salt afforded an 89% yield of 7-acetamido-l,2-naphtho
quinone (V). This conversion previously required 
three steps.2d Attempts to elaborate the 2-hydroxy-
1,4-quinone system via Thiele acetylation of V followed 
by hydrolysis and oxidation of the tetraacetate VI were 
unpromising. The Thiele acetylation gave erratic 
results and the yield of VI was never better than 18%, 
although subsequent alkaline hydrolysis of VI followed 
by ferric chloride oxidation gave a 96% yield of the
7-acetamido derivative VII. A superior route was 
provided by the addition of aniline to V. The resulting 
7 - acetamido - 4 - anilino - 1,2 - naphthoquinone (VIII), 
formed in 40% yield by the procedure of Kehrmann 
and Wolff,2d then was hydrolyzed in sulfuric acid 
directly to the desired IX, obtained in 76% yield after 
partition chromatography. Compound IX could be 
A’-aeetylated to VII; VII could be hydrolyzed to IX.

IV

CHsCONH H2N

I
NHC6H5

was
was

7-Amino-2-hydroxy-l ,4-naphthoquinone (IX)2b 
prepared as follows. 7-Amino-2-naphthol (III)5 
converted to the W-acetyl derivative IV via 0,N-di-

(1) J. S. W ebb, D. B. Cosulich, J. H . M ow at, J . B. P a trick , R . W . Brosch- 
ard , W. E . M eyer, R . P . W illiam s, C. F . Wolf, W . Fulm or, C. Pidacks, and  
J .  E . Lancaster, J .  A m .  C h e m .  S o c . ,  84, 3185 (1962).

(2) (a) F . K ehrm ann and  M . M atis, B e r . ,  31, 2413 (1898); (b) F . K ehr
m ann a nd  G. Steiner, i b i d . ,  33, 3280 (1900) ; (c) F . K ehrm ann and  G. Steiner, 
i b i d . ,  33, 3285 (1900); (d) F . K ehrm ann and  H. Wolff, i b i d . ,  33, 1538 
(1900); (e) F . K ehrm ann and  E. M isslin, i b i d . , 34, 1224 (1901); (f) F . K ehr
m ann an d  A. D enk, i b i d . ,  33, 3295 (1900).

(3) (a) H . T euber and  G. Jellinek, i b i d . ,  85, 95 (1952); (b) H. T euber and  
G. Thaler, i b i d . ,  91, 2253 (1958); (c) H . T euber and  G. Staiger, i b i d . ,  89, 
489 (1956).

(4) R. H. Thomson, J .  O r g .  C h e m . ,  13, 874 (1948).
(5) L. R aiford and  W. T albo t, J .  A m .  C h e m .  S o c . ,  49, 559 (1927).

OAc
OAc

h 2n OH

Preparation of 8-amino-2-hydroxy-l,4-naphthoqui- 
noue (XIII)2e was accomplished by similar procedures: 
Fremy’s salt oxidation of 8-acetamido-2-naphthol (X), 
addition of aniline to the resulting 8-acetamido-l,2-
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Fig. 1.—Ultraviolet absorption spectra in methanol: --------, 2-
aminomitosene-l,7-diol; ------- , 6-amino-2-hydroxy-l,4-naphtho-
quinone (II); . . . 7-amino-2-hydroxy-l,4-naphthoquinone
(IX); — • —, 8-amino-2-hydroxy-l,4-naphthoquinone (XIII).

naphthoquinone (XI) and hydrolysis of the 4-aniliïio 
derivative XII to XIII.

XIII XII

We were unable to devise a successful alternate 
preparation for the known20 5-amino-2-hydroxy- 1,4- 
naphthoquinone XVII. In contrast to the facile 
Fremy’s salt oxidation of the 7- and 8-acetamido-2- 
naphthols, this oxidation was unsuccessful with 5- 
acetamido-2-naphthol (XIV).6 However, the desired
o-quinone XV was obtained from XIV by the three-step 
procedure of Kehrmann and Denk.2f Addition of 
aniline to XV then afforded the 4-anilino-c-quinone 
XVI. Despite the successful hydrolysis of the other 
three acetamido-4-anilino-l,2-naphthoquinones, XVI 
could not be hydrolyzed to XVII.7 Since at aoout this 
time the naphthoquinone hypothesis was abandoned,

(6) A n in teresting  sidelight to  the F rem y’s sa lt oxidation studies was the 
observation th a t  5-am ino-l-naphthol undergoes a  facile selective oxidation 
of the phenolic ring to  give 5-am ino-l,4-naphthoquinone in high yield.

OH O

h 2n  h 2n  o
However, 8-am ino-2-naphthol does no t react w ith F rem y’s sa lt under the 
sam e conditions.

o

XVII XVI

further attempts to prepare this particular naphtho
quinone model were discontinued.

Comparison of the ultraviolet absorption spectra 
of the three Bz-amino-2-hydroxy-l,4-naphthoquinones 
with the spectra of the 2-hydroxy-l,4-quinone degrada
tion product revealed no close similarity (Fig. 1); 
this observation in conjunction with other evidence led 
Webb and co-workers1 to abandon the original postula
tion that the degradation products were naphthoqui
nones. Indoloquinone structures for the degradation 
products were then proposed1 and the synthesis of 
appropriate model indoloquinones was undertaken. 
One pertinent indoloquinone had already been reported 
in the literature, namely, ethyl 5-hydroxy-2,6-dimethyl-
4,8-dioxo-3-indolecarboxylate (XVIII) and we repeated 
the synthesis of this compound as described by Teuber 
and Thaler3b with some modification in the final step8 
(see Experimental section). Although XVIII was a 
reasonably good ultraviolet model for the hydroxy- 
p-quinone degradation products (Fig. 2 and 3), the 
carboxylate function of the former was obviously not 
present in the latter. An indoloquinone substituted 
only with alkyl groups seemed to be a more pertinent 
model. We, therefore, prepared 5,6,7,8-tetrahydro-3- 
hydroxy-2-methyl-l,4-carbazoledione (XX) from the 
known30 5,6,7,8-tetrahydro-2-methyl-3,4-carbazoledione
(XIX) by prolonged treatment with 0.1 N  sodium 
hydroxide solution. The near identity of the ultra
violet absorption spectrum of XX with that of 2-amino- 
mitosene-l,7-diol9 in acid (Fig. 2) and in alkali (Fig. 3)

(7) Since X V I is th e  only isomer th a t  has the  acetam ido group in  close 
proxim ity to the  4-anilino group, i t  is possible th a t  th is  acetam ido group 
either inhib its the  hydrolysis or partic ipates in the  hydro lv tic  reaction form 
ing alkali-insoluble p roducts. R ing closures involving acetam ido groups 
a ttach ed  to  o-quinone system s have been observed by  Senoh and  W itkop 
[J. A m .  C h e m .  S o c . ,  81, 6222 (1959}]. Also, Sander reported  th a t  the

OH

CH;i
1

pyrim idine derivative i was form ed by  the s tannous chloride—hydrochloric 
acid reduction of 5-aeetam ido-l,4~naphthoquinone-4-anil [ B e r ., 58, 824 
(1925)].

(8) Considerable difficulty was encountered in repeating  th e  elaboration  
of o-quinone to  hydroxy-p-quinone in  m ethanolic hydrochloric acid. T he 
procedure th a t  we finally u tilized was derived from the observation of M r. 
V. J . K err th a t  prolonged aging in 0.1 N  hydrochloric acid or 0.1 N  sodium  
hydroxide produced the  change in u ltrav io le t absorption  charac te ris tic  of 
the desired elaboration.

(9) The triv ia l nam e “ mitosene” has been proposed [ref. 1] for the  
s truc tu re  2 ,3-dihydro-9-hydroxy meth yl-6-m ethy l-l f/~ pyrrolo[l ,2-a]indole- 
5,8-dione carbam ate.
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c o 2c2h 6

0

h 3c OON' 
H 

XIX

HO

h 3c igQ
XX

afforded significant support for the proposed indolo- 
quinone structure.1

Finally, a mitomycin A degradation product with an 
ultraviolet absorption spectrum significantly different 
from the above hydroxyindoloquinones (compare Fig. 3 
with Fig. 4) was postulated by Webb and co-workers1 
to possess the l-oxopyrrolo[l,2-a]indoloquinone struc
ture XXI. Therefore, we undertook the synthesis of 
the closely related model compound XXV from 2,3-di- 
hydro - 7 - methoxy - 6 - methyl -1 - oxo -1H - pyrrolo- 
[l,2-a]indole (XXII).10 Cleavage of the methoxy 
group in XXII was effected by treatment with alumi
num chloride in refluxing xylene and the resulting 
phenolic product XXIII was oxidized with Fremy’s 
salt to the corresponding o-quinone XXIV. Prolonged 
treatment of XXIV with 0.1 A hydrochloric acid fur
nished the hydroxy-p-quinone XXV. The ultraviolet 
absorption spectrum of the latter compound closely re
sembled that of the mitomycin A degradation product 
XXI (Fig. 4).11

A, n y u .

Fig. 2.—Ultraviolet absorption spectra in 0.1 N  hydrochloric
acid: -------- , 2-aminomitosene-l,7-dioI;-------- , 5,6,7,8-tetra-
hydro-3-hydroxy-2-methyl-l,4-carbazoledione (XX); . . . .,
ethyl 5 - hydroxy - 2,6 - dimeth vl - 4,8- dioxo - 3 - indolecarboxylate 
(XVIII).

A , n y u ,.

Fig. 3.—Ultraviolet absorption spectra in Ü. 1 A sodium hydrox
ide: -------- , 2-aminomitosene-l,7-diol;------- , 5,6,7,8-tetrahydro-
3-hydroxy-2-methyl-l,4-carbazoledione (XX); . . . ., ethyl 5- 
hydroxy-2,6-dimethyl-4,8-dioxo-3-indolecarboxylate (XVIII).

Experimental
General.—Melting points are uncorrected. Ultraviolet spec

tra were determined in methanol using a Cary recording spectro
photometer. Infrared spectra were determined in potassium 
bromide disks on a Perkin-Elmer spectrophotometer (Model 21). 
Solutions were dried over magnesium sulfate.

6-Amino-2-hydroxy-l,4-naphthoquinone (II).—A solution of 
0.52 g. of 6-acetamido-4-anilino-l,2-naphthoquinone (I)2“ in 10 
ml. of concentrated sulfuric acid was cautiously diluted with 20

(10) G. R. A llen, J r., J. F . P oletto , and  M. J. Weiss, to  be published.
(11) The u ltrav io le t absorption spectra of liydroxy-p-quinones is nearly

identical w ith those of the  corresponding m ethoxy-p-quinones in acid and  
neutral solution. In  d ilu te  alkali the spectra of liydroxy-p-quinones undergo 
bathochrom ic shifts, b u t  those of m ethoxy-p-quinones do no t. In  the  
present work only the n eu tra l solution com parison was m ade since both 
X X I and  X XV decompose in dilute alkali.

ml. of water and the mixture was heated at mild reflux for 10 
min. After cooling, the resulting brown solution was neutral
ized to pH 6 with 20% sodium hydroxide solution. The brown 
precipitate, which formed immediately, was collected and dried. 
The crude 6-amino-2-hydroxy-l,4-naphthoquinone (II) (0.32 g.) 
was purified by partition chromatography. It was dissolved in 
20 ml. of the lower and 20 ml. of the upper phase of the system 
cyclohexane-dioxane-water (10:15:2) and mixed thoroughly with 
40 g. of Celite12 diatomaceous earth. This mixture was packed 
on a column which had been prepared from 250 g. of Celite diato
maceous earth and 125 ml. of the lower phase of the solvent sys
tem just described. The column (3.8 X 60 cm.) was eluted with 
the upper phase of the solvent system and the effluent was passed 
through a recording spectrophotometer which had been set at 
300 mp. The ultraviolet absorbing material was contained in the

(12) Celite is the tradem ark  of Jolins-M anville Corporation for diatom a- 
ceous earth  products.
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X.rryu-.

Fig. 4.—Ultraviolet absorption spectra in methanol: -------- ,
7-hydroxymitosen-l-one (X X I);-------- , 2,3-dihydro-7-hydroxy-
6- methyl-l,5,8-trioxo-1 H-pyrrolo [ 1,2-a] indole (XXV).

second hold-back volume (410 ml.). Concentration in vacuo 
afforded 0.25 g. (78%) of red-brown solid which did not melt 
below 320°; Xmal 2.78, 2.86, 2.94, 6.06, 6.28 #«; 242 (« 24,000), 
293 (e 19,500), 309 (e 18,500), 340 (« 8,600), 465 (e 6,500) mM; 
(see Fig. 1); pXa 5.10.

Anal. Calcd. for C,0H7NO3 (189.16): C, 63.49; H, 3.73; 
N, 7.41. Found: C, 63.44; 63.38; H, 4.40, 4.34; N, 7.25.

7-Acetamido-2-naphtliol (IV).—A solution of 24.0 g. of 7- 
amino-2-naphthol (III )5 in 280 ml. of water and 14 ml. of concen
trated hydrochloric acid was treated with 24 ml. of acetic an
hydride and a cold solution of 34.0 g. of sodium acetate and 0.50 
g. of sodium hydrosulfite in 100 ml. of water. The precipitate of
7- acetamido-2-acetoxynaphthalene was collected on a filter, 
washed with water, and pressed drjr. Without further purifica
tion, it was dissolved in a solution of 350 ml. of water and 56 ml. 
of 10% sodium hydroxide. A small amount of insoluble material 
was removed by filtration and the filtrate was acidified with 3 N  
hydrochloric acid. The white precipitate was collected, washed 
with water, and dried. This procedure afforded 23-3 g. (77%) of
7-acetamido-2-naphthol (IV), m.p. 227-232° (lit.,5 m.p. 232°).

7-Acetamido-1,2-naphthoquinone (V).—An ice-cooled solution 
of 9.0 g. (0.045 mole) of 7-acetamido-2-naphthol (IV) in 200 ml. 
of methanol was added rapidly, with stirring, to an ice-cooled solu
tion of 27.0 g. (0.10 mole) of Fremy’s salt in 2 1. of water and 400 
ml. of 0.167 M  potassium dihydrogen phosphate. The brick-red 
quinone, which precipitated immediately, was collected, 
washed well with water, and dried. This procedure afforded 8.5 
g. (88.5%) of 7-acetamido-l,2-naphthoquinone (V), m.p. 214- 
215°. Recrystallization from methanol raised the melting point 
to 223° (lit.,2d m.p. 224°); Xmaj! 2.96, 6.02 M; 247 (e 34,000), 272 
(e 19,500), 320 (« 1,750), 335 (e 1,950), 455 (« 1,600) mM.

7-Acetamido-2-hydroxy-l,4-naphthoquinone (VII).—To a 
stirred, ice-cooled mixture of 20 ml. of acetic anhydride and 10 
drops of concentrated sulfuric acid was added 1.0 g. of 7-acet- 
amido-1,2-naphthoquinone (V). After 20 min., when all of the 
quinone had dissolved, the resulting dark solution was poured 
into ice-water. The yellow oil that separated was extracted into 
50 ml. of ethyl acetate. After successive washes with water, potas
sium bicarbonate solution (until the acetic acid was removed), 
and water, the extract was dried, filtered, and diluted with 50 
ml. of ether. A white powder precipitated. It was washed 
with ether and dried; yield 0.29 g. (17.5%); m.p. 225-227°; 
^max 3 • 03, 5.68, 6.02 ¡i. Without further purification this 7- 
acetamido-l,2,4-triacetoxynaphthalene (VI) was dissolved in a 
solution of 0.34 g. of potassium hydroxide in 10 ml. of ethanol. 
The solution was kept under nitrogen for 10 min., then diluted 
with 25 ml. of water and acidified with 3 ml. of 3 N  hydrochloric 
acid. A solution of 1.0 g. of ferric chloride in 15 ml. of water and 
1 ml. of concentrated hydrochloric acid was added. The yellow 
precipitate of 7-acetamido-2-hydroxy-l ,4-naphthoquinone (VII) 
was collected, washed with water, and dried. This procedure 
afforded 0.18 g. (17% over-all) of material with m.p. 239-240° 
dec.; Xma3t 2.78, 2.94, 5.95, 6.05 u; 233 (e 12,500), 268 (e 25,000), 
292 (t 13,000), 344 (e 3,700), 410 (« 1,400) mM.

Anal. Calcd. for CisIRNO, (231.20): C, 62.34; H, 3.92; 
N, 6.06. Found: C, 61.96; H, 4.27; N, 6.26.

7- Amino-2-hydroxy-l,4-naphthoquinone (IX).—This compound 
was prepared by the procedure utilized for 6-amino-2-hydro.\y-
I , 4-naphthoquinone (II, see above). From 1.70 g. of 7-aceta- 
mido-4-anilino-l,2-naphthoquinone (VIII)2d there was obtained 
after partition chromatography of the hydrolysis product (con
tained in hold-back volumes 1.5-2.5, recording spectropho
tometer set at 280 nm) an 0.80 g. (76%) yield of 7-amino-2-hv- 
droxy-1,4-naphthoquinone (IX), red-brown solid, no melting 
below 320°; Xmai 2.78, 2.86, 3.03, 6.06 M; 243 (e 23,000), 281 
(« 19,000), 305 (e 9,000), 360 (« 6,000), 500 (e 4,000) niyu (see 
Fig. 1).

Interconversion of 7-Amino-2-hydroxy-l,4-naphthoquinone (IX) 
and 7-Acetamido-2-hydroxy-l,4-naphthoquinone (VII).—To a
stirred suspension of 50 mg. of 7-amino-2-hydroxy-l,4-naphtho
quinone in 2 ml. of water containing three drops of concentrated 
hydrochloric acid was added a solution of 160 mg. of sodium 
acetate in a little water, followed by 0.15 ml. of acetic anhydride. 
The solid soon dissolved and then a yellow precipitate formed. 
After 12 hr., the mixture was filtered and the washed filter cake 
was dissolved in 3% sodium hydroxide solution. Upon acidifi
cation with 3 N  hydrochloric acid, a yellow precipitate was 
formed. It had an infrared spectrum which was superimposable 
with that of 7-acetamido-2-hydroxy-l ,4-naphthoquinone (VII) 
prepared via the tetraacetate (VI) (both samples were 0.375% in 
potassium bromide disks).

To a solution of 50 mg. of 7-acetamido-2-hydroxy-l,4-naphtho
quinone (VII), prepared via the tetraacetate (VI) in 2 ml. of 
concentrated sulfuric acid was cautiously added 4 ml. of water. 
The resulting mixture was boiled 5 min., cooled, and diluted -with 
5 ml. of water. The brown solution was made slightly alkaline 
with 10% sodium hydroxide (dark red solution), then a few drops 
of dilute sulfuric acid were added to cause the precipitation of
7-amino-2-hydroxv-l,4-naphthoquinone (IX), which was col
lected, washed well with water, and dried. It had an infrared 
spectrum which was superimposable with that of the compound 
prepared via VIII (both samples were 0.375% potassium bromide 
disks).

8- Acetamido-l,2-naphthoquinone (XI).—To a suspension of 
10 g. (0.05 mole) of 8-acetamido-2-naphthol (X) in a solution of
II . 3 g. of potassium dihydrogen phosphate in 1000 ml. of ice- 
water was added 30 g. of Fremy’s salt. The resulting suspension 
was stirred at 5° overnight. At the end of the reaction period, 
the brick-red product was collected on a filter, washed with water, 
and dried at 38° (125 mm.), yielding 5.9 g. (55%) of 8-acetamido-
l ,  2-naphthoquinone. An additional 2.0 g. (18%) was obtained 
by extraction of the mother liquors with methylene chloride, 
desiccation of the extracts, and concentration to dryness. The 
product is soluble in most organic solvents, but darkens on stand
ing in solutions; Xmns 2.91, 6.09 ii; 251 (e 13,800), 440 («3,2001 
m¡j. Although a satisfactory analysis could not be obtained for 
this compound, it was suitable for use in the preparation of sub
sequent compounds.

8-Amino-2-hydroxy-l,4-naphthoquinone (XIII).—To a suspen
sion of 5.0 g. of 8-acetamido-l,2-naphthoquinone iXI) in 50 ml. 
of ethanol was added with stirring 5 ml. of aniline. Stirring was 
continued for 10 min., then 10.85 ml. of a solution 1.5 M  in 
chromic anhydride and 4.5 M  in sulfuric acid was added with 
stirring during about 20 min. with external cooling. Stirring 
was continued for an additional 10 min., then the product was 
collected on a filter, washed successively with 20 ml. of water, 
20 ml. of ethanol, and 30 ml. of methylene chloride, and dried in 
a vacuum oven. The crude 8-acetamido-4-anilino-l,2-naphtho- 
quinone (XII) weighed 7.7 g. Its insolubility in organic sol
vents precluded convenient purification by standard techniques. 
A satisfactory analysis could not be obtained and the material 
was used without further purification. It was converted to 8- 
amino-2-hydroxy-l ,4-naphthoquinone (XIII) by the procedure 
utilized for 6-amino-2-hydroxy-l ,4-naphthoquinone (II, see 
above). From 6.5 g. of XII was obtained after partition chroma
tography of the hydrolysis product [the second colored band 
(orange) that developed was collected] a 0.6 g. yield of 8-amino- 
2-hydroxy-l,4-naphthoquinone (XIII), m.p. 230-233° (lit.,2e
m. p. 225°, sublimes with decomposition); Xmax 2.94, 3.00,
6.16 221 (e 19,000) sh., 252 (e 11,000) sh., 277 (<= 10,000),
480 (e 5,100) rrifi (see Fig. 1).

Anal. Calcd. for CnffUNOa (189.10): C, 63.5; H, 3.7; N, 
7.4; CH3CO, 0 . Found: C, 63.9; 63.4, 63.8; H, 4.2, 4.2, 
4.1; N, 7.3; CH3CO, 0.6.
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5-Acetamido-4-anilino-l,2-naphthoquinone (XVI).—Aniline (6 
ml.) was added to a stirred suspension of 6.1 g. of 5-acetamido-
1,2-naphthoquinone (XV) in 20 ml. of ethanol. The quinone 
dissolved on addition of the aniline and immediately a brown 
precipitate separated from the dark solution. This precipitate 
was collected on a filter, washed with 20 ml. of ethanol in several 
portions, and dried in a vacuum desiccator, yield 5.1 g. (72%), 
no melting below 320°; Xmas 2.95, 5.95, 6.04 p; 260 (e
19,000), 296 (<= 12,000), 410 (« 4,900).

Anal. Calcd. for Ci8Hi4N20 3 (306.31): C, 70.6; H, 4.6;
N, 9.2. Pound: C, 70.8; H, 5.2; N, 8.9.

Ethyl 5-Hydroxy-2,6-dimethyl-4,7-dioxo-3-indolecarboxylate
(XVIII).—This compound was prepared by a variation of the 
known method.3b A solution of 0.20 g. of 2,6-dimethyl-3- 
earbethoxy-4,5-indoloquinonesb in 1 1. of methanol was added to 
9 1. of 0.1 N  aqueous hydrochloric acid. After 7 days at 25°, 
the mixture was extracted with two 1-1. portions of ether. The 
extract was washed with water, dried, and concentrated to afford
O. 21 g. of red solid, m.p. 215-235°. Recrystallization from 
benzene afforded 0.076 g. (36%) of red crystals, dec. at 250° (lit.,3b 
dec. at 250°); Xmai 3.11, 5.88, 6.17 p; 220 (e 21,000), 241 
(e 15,000), 291 (e 14,500), 330 (e 6,900), 450 («, 540) mM (see Fig. 
2 and 3 for acid and alkali ultraviolet curves).

5,6,7,8-Tetrahydro-3-hydroxy-2-methyl-l,4-carbazoledione
(XX).:—A solution of 100 mg. of 5,6,7,8-tetrahydro-2-methyl-3,4- 
carbazoledione (XIX)3c in 1 1. of methanol was added to 9 1. of 
0.1 iV sodium hydroxide. After 18 hr. the resulting green solu
tion had changed to blue. I t was then acidified with 3 N  
hydrochloric acid until it turned pink and extracted with 2 1. of 
ether (in excess of the ether required to saturate the aqueous 
solution). The ether extract was washed with -water, dried, 
and concentrated. The residue was recrystallized from acetone- 
benzene; copper-colored plates which did not melt below 330° 
were obtained. Yield 50 mg. (47%); Xmox 2.96, 6.15 p', 232 
(e 19,000); 301 (e 19,000); 360 (« 4,400); 500 (<= 1,200) mM 
(see Fig. 2 and 3 for acid and alkali ultraviolet curves).

Anal. Calcd. for CI3H13N 03 (231.24): C, 67.52; H, 5.67; 
N, 8.06. Found: C, 67.44; H, 5.74; N, 6.26.

2,3-Dihydro-7-hydroxy-6-methyl-l-oxo-17/-pyrrolo [ 1,2-a] - 
indole (XXIII).—A mixture of 645 mg. (3 mmoles) of 2,3-dihydro-
7-methoxy-6-methyl-l-oxo-lR-pyrrolo[l,2-a]indole (XXII),9 800 
mg. (6 mmoles) of anhydrous aluminum chloride, and 20 ml. of 
xylene was stirred in a nitrogen atmosphere and heated at reflux 
temperature for 5 hr. I t was cooled and decomposed with ice 
and dilute hydrochloric acid and extracted into ethyl acetate. 
The ethyl acetate solution was washed with water, dried, and 
concentrated. The glassy solid residue (536 mg.) was purified by 
partition chromatography (see above) on 850 g. of Celite diato- 
maceous earth with the system heptane-ethyl acetate-methanol- 
water (70:30:15:6). The recording spectrophotometer was set 
at 330 mp. The product was contained in hold-back volumes
3.5-5.0. Concentration of this effluent afforded 139 mg. (23%)

of 2,3-dihydro-7-hydroxy-6-methyl-l-oxo-lii-pyrrolo [ 1,2-a] in
dole (XXIII); orange powder, m.p. 255° dec.; Xmax 3.05 (s),
5.95 (s) p; 332 (e 20,000) mp.

Anal. Calcd. for C^HnNOs (201.22): C, 71.62; H, 5.51; 
N, 6.96. Found: C, 71.99, 71.70; H, 6.08, 5.82; N, 6.73.

2,3 -Dihydro -6-methyl-l ,7,8-trioxo-l//-pyrrolo [ 1,2-a] indole 
(XXIV).—To a solution of 268 mg. (1 mmole) of Fremy’s salt in 
20 ml. of 0.167 M  potassium dihydrogen phosphate solution and 
40 ml. of water was added a solution of 100 mg. (0.5 mmole) 
of 2,3-dihydro-7-hydroxy-6-methyl-l-oxo-l/7-pyrrolo[l,2-a] indole 
(XXIII) in 25 ml. of acetone. The Fremy’s salt was decolorized 
instantly and the dark red solution that formed was diluted with 
65 ml. of water and extracted with 200 ml. of ethyl acetate. 
This extract was washed with brine, dried, and concentrated. 
The residue was purified by partition chromatography (see 
above) on 56 g. of Celite with the system heptane-ethyl acetate- 
methanol-water (50:50:15:6). The recording spectrophotom
eter was set at 300 vnp. The product was contained in hold
back volumes 3.S-5.5. Concentration of the effluent afforded 
30 mg. (28%) of 2,3-dihydro-6-methyl-l,7,8-trioxo-lii-pyrrolo- 
[ 1,2-a]indole (XXIV), red prisms, dec. 230°; Am»* 5.7 (s),
6.0 (s) p; 300 (<= 19,000), 510 (<= 750) mM.

Anal. Calcd. for C,2H9N 03 (215.20): C, 66.97; H, 4.22; 
N, 6.51. Found: C, 66.96; H, 4.62; N, 5.57.

2,3-Dihydro-7-hydroxy-6-methyl-l ,5,8-trioxo-l//-pyrrolo- 
[l,2-a]indole (XXV).—A solution of 15 mg. of 2,3-dihydro-6- 
methyl-l,7,8-trioxo-li/-pyrrolo[l,2-a]indole (XXIV) in 150 ml. 
of methanol was mixed with 1350 ml. of 0.1 N  hydrochloric acid 
solution. The resulting pink solution was kept at 25° and its 
ultraviolet absorption spectrum was determined at intervals. 
After 10 days it had Ama3! 290 mp and it was yellow. The solution 
was saturated with salt and extracted with 500 ml. of ether. This 
extract was dried and concentrated. Crystallization of the 
residue from acetone afforded 2.8 mg. (17%) of 2,3-dihydro-7- 
hydroxy-6-methyl-l,5,8-trioxo-lH-pyrrolo[l,2-a]indole (XXV), 
yellow needles; m.p. 265° dec.; W * 3.05 (m), 5.8 (s), 6.0 (s),
6.10 (s) p; 289 (f 19,000) m/t (see Fig. 4); violet solution in 
dilute alkali.

Anal. Calcd. for C,2H9X 04 (231.20): C, 62.34; H, 3.92. 
Found: C, 63.26; H, 4.44.
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The acidic products obtained from metalation and subsequent carbonation of 1-dodecene are shown to vary 
with time. At short reaction times 2-tridecenoic acid, arising from metalation at the terminal vinylic position, 
predominates. At longer reaction times the major products are /3,y-unsaturated acids, due to metalation at the 
allylic position. The precursor of 2-tridecenoic acid, 1-sodio-l-dodecene, was shown to be stable to the metala
tion conditions. The variation of products with time is accounted for by competing metalation of 2-dodecene 
formed in an accompanying isomerization of starting material. No metalation is observed at the secondary 
vinylic position although 2-sodio-l-dodecene was found to be stable under the reaction conditions. These ob
servations are discussed in terms of relative rates of proton removal at the terminal vinylic, the allylic, and the 
secondary vinylic positions.

Metalation of a-olefius generally has been considered 
to proceed through preferential reaction at the reso
nance stabilized allylic position.1 Thus the acidic 
products obtained by stoichiometric metalation and car
bonation,2-3 as well as the base-catalyzed isomerization 
of olefins,4 have been accounted for by reaction at this 
position. Benkeser’s5 recent work on the metalation 
of cumene and ethylbenzene discloses a kinetically 
favored proton abstraction at a ring position followed 
by equilibration to the thermodynamically favored 
«-isomer. That the benzenoid positions are not sub
ject to appreciable resonance stabilization has been 
established previously.6 In olefinic systems containing 
no allylic protons, such as 3,3-dimethyl-l-butene, and 
those in which allylic resonance stabilization is hindered, 
metalation with an alkylsodium compound removes 
vinylic protons.7-8 However, by isolation of some 
straight chain «,/3-unsaturated acid, following metala
tion and carbonation of a-olefins, Morton2 has shown 
that proton abstraction at the terminal vinylic position 
does occur.

Since a-olefins contain both primary and secondary 
vinylic positions, neither of which would be expected 
to exhibit much resonance stabilization, as well as a 
potentially resonance stabilized allylic reaction site, a 
re-examination of this system under non-equilibrium 
conditions seemed worthwhile.

Metalating agents were prepared from the corres
ponding alkyl chlorides and metal dispersions using 
typical high speed stirring techniques.2 Reactions 
were conducted at room temperature, with portions of 
the heterogeneous reaction mixture being removed at 
the time intervals reported in Table I. Carbonation 
was effected by pouring the reaction mixtures over 
excess solid carbon dioxide. Characterization of prod
ucts was accomplished by a combination of infrared, 
nuclear magnetic resonance, and gas-liquid chromato
graphic (g.l.c.) studies. Details are given in the 
Experimental section. Table I gives typical data

(1) R. A. Benkeser, D. J. Foster, D. M. Sauve, and J . T. Nobis, C h e m .  

R e v . ,  57, 867 (1957).
(2) A. A. M orton, F . D. M arsh, R. D. Coombs, A. L. Lyons, S. E. Penner,

H . E . R am sden V. B. Baker, E. L. L ittle , and R. L. Letsinger, J .  A m .  

C h e m .  S o c . ,  7 3785 (1950).
(3) A. L ü ttrm ghaus, G. W agner, V. Sääf, E . Sweker, and G. B erth , A n n . ,  

557, 66 (1945).
(4) W. O. H aag and H . Pines, J .  A m .  C h e m .  S o c . ,  82, 387 (19(0).
(5) (a) R . A. Benkeser and T . V. Liston, i b i d . ,  82, 3221 (1960); (b) R. A. 

Benkeser, A. E . Trevillyan, and J. Hooz, i b i d . ,  84, 4971 (1962).
(6) G. E. Hall, R. Piccolini, and .1. D. R oberts, i b i d . ,  77, 4540 (1955).
(7) A. A. M orton and  R . A. Finnegan, J .  P o l y m e r  S e i . ,  38, 19 (1959).
(8) R. A. Finnegan and R. S. M cNees, C h e m .  I n d .  (London), 36, 1450

(1961). ■ -  -

T a b l e  I
R e a c t io n  o f  1 -D o d e c e n e  w i t h  P e n t y l s o d iu m “

a-
Acids Vinyl- Recovered
from un  3-Tri- 2-Tri- olefin
1-do de ca- decen- decen- com position, %

Hexanoic decene, noic, oic, oic, l-do- 2-do-
Time acid, % % % %b %b decene decene*

5 min. 75 25 26 9 65 82 17
15 min. 50 50 31 12 52 57 42
20 min. 52 48 38 17 44 37 63

2 hr. 40 60 53 32 15 0 99
a The variations with time have been shown to be consistent 

in repeated runs, although the absolute values vary somewhat. 
4 These are predominantly the trans isomers. c Approximately 
equal amounts of cis and trans isomers are present.

obtained from the reaction of a four molar excess of
1-dodecene with pentylsodium.

It is evident that the Ci3 acid products can be ac
counted for by allyl carbanionic I and terminal vinyl 
carbanionic IV intermediates.9

H H co 2 
C9Hi9C—C—CH2 — >

e  Na®
I

o  o
H H H H I)

C9H19C—COH +  C9H19C =C —OBJ— COH (1)

CH
II
c h 2

II III

o
H H CO« H H 1

C9HI9CH2—C=C©Na® -— C9H19CH2C =C —COH (2) 
IV V

The g.l.c. data (see Experimental) show that little 
if any 2-carboxy-l-dodecene (VII), arising from proton 
abstraction at the secondary vinylic position, is realized. 
This can be rationalized on the familiar grounds that 
secondary positions yield higher energy anionic species 
than primary positions and that the higher energy 
requirement causes slower reaction. However, there 
is another possible explanation for the absence of this 
product. The secondary intermediate VI could be

(9) The possibility th a t  the <x,0-imsaturated p roduct arises from isomeriza
tion of I I I  seem s unlikely for several reasons. (I) M ore pronounced iso
m erization would be required  a t  sho rt times. While i t  is true, as a  referee 
suggests, th a t  m ore pentylsodium  is present during carbonation  a t  these 
tim es, consum ption of pentylsodium  produces an o th e r strong  base (I) which 
could also cause isom erization during  carbonation. (2) Since carbonation  
occurs preferentially  a t  th e  in ternal position one m ight expect to  observe 
isom erization of I I .  We have found no evidence for th is process. (3) As 
reported la te r in the tex t, m etalation  of irons-2-dodecene to  produce I fol
lowed by  carbonation gives no detectable am ount of a,/3-unsaturated p roduct 
under the sam e conditions used for 1-dodecene.
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formed, but then undergo rapid conversion to the allyl 
isomer I and never be carbonated at the position of 
initial proton abstraction. We, therefore, generated
2-sodio-l-dodecene by another route and tested its 
stability to the metalation reaction conditions.

Two reaction paths can be visualized for the conver
sion of a secondary vinylorganosodium compound to a 
resonance stabilized allyl isomer. Either an intra- 
reaction 3) or an intermolecular (reaction 4) process 
could give the postulated conversion. To determine

Na®
e  H H

C9H„CH2C CI(, — >- C9H19C—C ^C H 2 (3)
0  Na®

VI I

© H
c 9h 19c h 2c= c h 2 +  c 9h 19c h 2—c= c h 2— ^

VI
H H H

C9H19CH2C=CH 2 +  C9H19C—C—CH2 (4)
I e

if the intramolecular process was important, 2-sodio-l- 
dodecene was formed (see Experimental) in octane and 
allowed to stir for four hours at room temperature. 
The reaction mixture was then carbonated and the 
acidic product shown to be exclusively 2-carboxy-l- 
dodecene (VII). Thus intramolecular proton transfer 
in this compound does not appear to be facile.

C9H19CH2—c= c h 2

OH
VII

The possibility that intermediate VI was formed 
during olefin metalation, but underwent intermolecular 
reaction with excess olefin was tested similarly. The 
formation of 2-sodio-l-dodecene was repeated and a 
ten molar excess of 1-dodecene was added to the reac
tion mixture. After a two-hour stirring period the 
mixture was carbonated. The resulting Ci3 acid prod
uct consisted of at least 50% VII. I t thus appears 
that, if an organosodium intermediate were formed at 
the secondary vinylic position during metalation, it 
would possess sufficient stability to give rise to carbona- 
tion products at this position at short reaction times.

One is then left with the reasonable postulate that 
metalation at a secondary vinylic position is slow com
pared to reaction at either a terminal vinylic or at an 
allylic position. Support for this explanation is found 
in the potassium amide-catalyzed deuterium exchange 
of 1-propene in ND3,10 wherein the rate of exchange of 
the first five protons has been found to be quite rapid 
compared to the exchange of the sixth.

From Table I it is apparent that considerable varia
tion in the composition of Cm acid product occurs over 
the two-hour interval. The most striking observation 
is that the proportion of products attributable to an 
allyl intermediate, a-vinylundecanoic acid and 3-tri- 
decenoic acid, increases at the expense of the propor
tion of product due to a vinyl intermediate, 2-tri- 
decenoic acid. This leads to the conclusion that pro
ton abstraction from the terminal vinylic position is

(10) A. I. Shatenshtein, L. N. Vasil’eva, N. M. D ykhno, and E . A. Iz
railevich, Dokl. Akad. Nauk, SSSR, 85, 381 (1952); Chem. Abslr., 46, 9954 
(1952).

more rapid than from the allylic position in this reac
tion.

The demonstration that 2-sodio-l-dodecene is stable 
to the reaction conditions and that no 2-carboxyl-l- 
dodecene is realized on metalation and carbonation of
1-dodecene, coupled with the decrease in the ratio of 
afi to ,3,y-unsaturated acids, suggests that the relative 
rates of proton removal from different positions of a- 
olefins by alkvlsodium metalating agents decrease in 
the order terminal vinylic > allylic > secondary vinylic.

To rationalize this order, one can speculate that the 
ground state energies of the bonds in question are an 
important factor. The allylic system would un
doubtedly afford stabilization at any point along the 
reaction coordinate where C-H bond breaking had 
occurred to a significant extent. In other systems11-13 
studies on isotope effects indicate that the transition 
state for proton removal from carbon does involve 
considerable bond breaking. Nevertheless, the re
spective ground state hybridization of the terminal 
vinyl and allyl positions, sp2 vs. sp3, could account for 
a somewhat faster reaction at the nonresonance stabi
lized sp2 position in our system.1415 That the state of 
hybridization is not an overriding factor is evident 
from the lack of reaction at the internal sp2 position.

The increase with time in the amount of allyl-derived 
products as compared to the vinyl-derived acid, noted 
in Table I, suggests an explanation similar to that 
offered for alkylbenzene metalation,6 i.e., that there is 
a kinetically favored formation of the nonresonance 
stabilized vinyl intermediate IV followed by conver
sion to the thermodynamically favored allyl isomer I. 
Since this would require a rather rapid disappearance 
of IV, we undertook an alternate synthesis of this 
intermediate to study its stability under metalation 
conditions.

Free radical addition of hydrogen bromide to 1-do- 
decyne16 provided 1-bromo-l-dodecene. The product 
was found to be a mixture of cis and trans isomers in 
which cis predominates in a ratio of approximately 
2: l .17 Treatment of this mixture with w-butylsodium, 
under conditions essentially identical to the analogous 
reaction with 2-bromo-l-dodecene, gave not only the 
cis- and irans-a,(3-unsaturated acids upon carbonation, 
but also a significant amount (44%) of 2-tridecynoic 
acid.18 Reaction of the 1-bromo-l-dodecene mixture 
with sodium metal dispersed in octane provided the 
vinylorganosodium compounds19 with only traces of

(11) (a) A. Streitseiser, Jr., W. C. Lang w orthy, and  D. E . Van Sickle, 
J. Am. Chem. Soc., 84, 251 (1962); (b) A. Streitw ieser, Jr., and D. E. Van 
Sickle, ibid., 84, 254 (1962).

(12) D . Bryce-Sm ith, V. Gold, and D . P. N. Satchell, J. Chem. Soc., 2743 
(1954).

(13) (a) F . S. Y akushin, A. I. Shatenshtein, E . A. Y akolera, and Yu. G. 
D ubinski, Zh. Fiz. Khim., 33, 2820 (1959); Kinetika i Kataliz, 1, 489 
(1960); (b) for a  discussion of ref. 13a, see A. I. Shatenshtein, Tetrahedron, 
18, 95 (1962).

(14) S. I. M iller and W. G. Lee, J. Am. Chem. Soc., 81, 6313 (1959).
(15) J. Hinze and H. Jaffe, ibid., 84, 540 (1962).
(16) C. A. Young, R. R. Vogt, and J . A. Nieuwland, ibid., 58, 1806 (1936).
(17) P. S. Skell and R. G. Allen, ibid., 80, 5997 (1958).
(18) The reaction of 1-bromo- 1-propene m ixtures w ith bu ty llith ium  has 

been reported  to  give exclusively acetylenic derivatives [D. V. C u rtin  and 
J . W. C rum p, ibid., 80, 1922 (1958)]. The fac t th a t  2-brom o-l-dodecene 
gives only m etal interchange w ith  n-butylsodium , while e lim ination  com
petes w ith  m etal interchange in the  case of 1-brom o-l-dodecene, supports 
the  suggestion fS. J . C ristol and R. F . Helmreich, ibid., 77, 5034 (1955)] 
th a t  «--elimination is the preferred dehydrobrom ination reaction path.

(19) The question of geom etric s tab ility  of these com pounds is receiving 
fu rther a tten tion .

0  *  *
i M u m i M f n j D  n i u T T i t n f n f l f n I



1176 B r o a d d u s , L o g a n , a n d  1 l a u t t V o l . 28

acetylenic by-product, as determined by examination 
of the carbonation products obtained.

As in the case of 2-sodio-l-dodecene, two reaction 
paths can be visualized for the conversion of a terminal 
vinylorganosodium compound to an allyl intermediate. 
Thus, either an intra- (reaction 4) or an intermolecular 
(reaction 5) proton transfer could account for the ob
served decrease in the ratio of vinyl derived to allyl 
derived products with time.
Intramolecular

H H H H
C9HI9CH2—C=C©Na® ----»- C9H19C—C—CH, (4)

O Na®
IV I

Intermolecular
H H H

C9H19CH2—C=CONa® +  C9H19CH2—C=CH2
II VIII

H H H
C9H19CH2C=CH2 +  C9H19C—C—CH2 (5)

0  Na®
VIII I

The feasibility of reaction path 4 was tested by 
preparing the vinylorganosodium mixture and stirring 
it at room temperature for four hours prior to carbona
tion. Even after this time interval there was no detect
able amount of products arising from an allyl intermedi
ate. I t thus appears that this reaction path is not a 
contributing factor in the variation of acid isomers 
shown in Table I.

Similarly the possibility of intermolecular conversion 
was tested by the synthesis of 1-bromo-l-undecene and 
its conversion to the sodio derivative, followed by addi
tion of a ten molar excess of 1-dodecene. If reaction 
path 5 is operative in the metalation sequence, one 
would expect a mixture of 1-sodio-l-undecene and 1-do
decene to give C13 acid products upon carbonation, i.e.

H H H
C9H19CH2—C=CH 2 +  C9H19C =C  ^

Na® ©
H H H

C9H19C=CH2 +  C9H19C ^ C ^ C H 2 (6)
0  Na®

Repeated experiments, as described above, showed 
the presence of no detectable amounts of CA acid prod
ucts upon carbonation of the reaction mixture after 
four hours of agitation.

These studies strongly indicate that vinylorganoso- 
diuiri intermediates are stable to the reaction conditions 
employed in metalation of a-olefins. Therefore, kinetic 
vs. thermodynamic control is not an adequate explana
tion of the observed variation in acidic products.

The data included in Table I, however, suggest 
another explanation. It will be noted that as the reac
tion progresses the ratio of CA to C6 acid in the product 
increases, indicating that proton abstraction from olefin 
by the saturated metalating agent continues. It will 
also be noted that the composition of the recovered 
olefin is undergoing a marked change. Thus the start
ing four molar excess of 1-dodecene has been converted 
essentially quantitatively to internal olefin during the 
two-hour interval. One can then reason that the in
crease in proportion of allylic products is due to com
peting proton abstraction from the 2-olefin in which 
there are no terminal vinylic protons to be abstracted.

Our metalation results may then be rationalized by 
the following scheme.

c 9h 19c h 2'
H

-C= =CH, +  RNa —

H H
C9H19C—C—CH2 -

© Na®
RH

C9H19CH2

(7)
H H

-C = C 0  +  RH 
Na©

H H H e
C9H19C—C—c h 2 +  c 9h 19c h 2—c= c h 2

0  Na®
H H H H

C9HI9C =C —CH3 +  C9H19C ^ C —CH2 (8)
0  Na®

H H 0 H H
C9H19C =C —CH3 +  RNa — C9H19C ^ C ^ C H 2 +  RH (9)

0  Na®

The reactions involving saturated metalating agent 
(A, B, and D) are essentially irreversible. This is 
shown by the fact that although the reactions were 
conducted in a large excess of octane, no detectable 
amount of nonanoic acid was observed. There is no 
reason to believe that alkenylsodium compounds react 
with pentane, as required for the reverse reaction, and 
not with octane.

The isomerization of 1-dodecene is shown as occurring 
through proton abstraction by the saturated metalating 
agent to give an allyl intermediate (reaction A). A 
chain process involving this intermediate and starting 
olefin accounts for the production of 2-dodecene.20

The increase in proportion of product formed by 
carbonation of an allyl, as opposed to a vinyl, intermedi
ate is thought to be due to a competition for reaction 
with saturated metalating agent between 1-dodecene 
and 2-dodecene, i.e., reaction D begins to compete with 
reactions A and B. To demonstrate the feasibility of 
this proposal ¿rans-2-dodecene was synthesized and 
subjected to metalation conditions identical to those 
used for 1-dodecene. The products obtained, at five 
minutes, half an hour, one hour, and two hours, were 
exclusively attributable to the allyl intermediate I, 
with no evidence of a,d-unsaturated product. Further
more Shatenshtein’s21 studies on the rates of deuterium 
exchange of 1- and 2-pentenes indicate that these com
pounds undergo base-catalyzed reactions at similar 
rates.

I t readily can be seen from Table I that at least a 
four molar excess of 1-dodecene has undergone isomeri
zation during a time interval in which proton abstrac
tion by the saturated metalating agent, pentylsodium, 
is still occurring. Surface coating of the heterogeneous 
pentylsodium by deposition of insoluble allyl and vinyl 
oi'ganosodium compounds most probably causes a 
decreased reactivity of the saturated compound. Hov7- 
ever, an equally important factor in the apparent rapid 
isomerization of 1-dodecene, as compared to formation 
C13 organosodium compounds, could well be a more 
rapid rate of proton removal by the allyl intermediate.

This order of reactivity would be rather surprising 
since pentylsodium is undoubtedly more basic than the

(20) H. Pines, “ Advances in C atalysis and  R elated  S u b je c ts /’ Vol. 12, 
Academic Press, New York, N. Y., 1960.

(21) A. I. Shatenshtein, L. N . Vasil’eva, and  N. M . D ykhno, Z h .  F i z .  

K h i m . ,  28, 193 (1954).
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allyl intermediate22 and even in cases of equal basicity 
resonance stabilized anions usually23 undergo nucleo
philic attack on hydrogen at a slower rate than then- 
saturated counterparts.24 However, Morton’s25 ob
servations on the effectiveness of alkyl- vs. alkenyl- 
sodium compounds as catalysts for olefin isomerization 
are pertinent. These workers have reported that pen- 
tenyl- and octenylsodium are more effective catalysts 
than pentylsodium based on elapsed time for noticeable 
exothermic reaction and completeness of isomerization 
during a given interval.26 One can conjecture that the 
degree of covalent bonding27 in a carbon-sodium bond 
causes some localization of the negative charge in the res
onance stabilized compounds, with concomitant increase 
in basicity. This argument, however, could only ac
count for a basicity approaching that of a saturated an
ion. Unless some other factor is operative, an allyl in
termediate, in which the negative charge is contained in 
a system possessing x character, would be expected to ab
stract protons from a common substrate at a slower 
rate than the saturated analog. This additional factor 
could be the “alpha effect” proposed recently by 
Edwards and Pearson.28 These authors explain the 
inordinately rapid proton abstractions by anions con
taining an alpha hetero atom as a stabilizing effect 
which the adjacent electron pair exerts on the transition 
state. This explanation is clarified by considering pro
ton abstraction in the limiting case. Thus the nega
tive species is pictured as donating two electrons to a 
distant substrate, thereby developing positive charge 
during the transition state. One then can rationalize 
the apparent high reactivity of the allyl anionic system 
by this concept since a stabilizing effect29 would be pres
ent in the transition state of the allyl anion (10) which 
would not be present in the saturated system (11).

H H H H
R—C—C—CH2 — > R—C—C—CH; +  2e (10)

e  ©

R C H 2e  — >■ R C H 2® +  2e (11)

Although this effect may be a contributing factor, it 
certainly does not explain all the reported results.26 
Much more work is needed in this area before any defi
nite conclusions can be drawn.

Experimental

Dodecene-1.—This olefin was purchased from Matheson 
Coleman and Bell and was distilled from sodium metal prior to 
use.

Metalating Agents.—The alkylsodium metalating agents 
were prepared by the addition of the corresponding alkyl chloride 
to a previously prepared dispersion of sodium in n-octane at 0°.2

(22) The B ronsted relation  (R. P . Bell, “ The P roton  in C hem istry ,” 
Cornell U niversity  Press, Ithaca , N . Y., 1959, C hap. X) would predict a faster 
ra te  for the stronger base.

(23) R. P. Bell, “Acid-Base C atalysis,”  C larendon Press, Oxford, 1941, p. 
92.

(24) R. P. Bell, J .  P h y s .  C h e m . .  55, 885 (1951).
(25) A. A. M orton  and E. J . Lanpher, J .  O r g .  C h e m . ,  20, 839 (1955).
(26) A referee reports th a t  a  la te r presen tation  of cataly tic  effectiveness 

(E. J . Lanpher, Symposia Preprin ts. Vol. 4, No. 4, p. B-5, Division of Pe
troleum  C hem istry, 136th N ational M eeting of the  American Chemical 
Society, A tlan tic  C ity , N. J ., Septem ber, 1959) gives the  order of sodium  com
pounds as pentenyl >  octenyl >  pen ty l =  phenyl >  butenyl >  allyl >  
benzyl ~  triphenylm ethyl — fiuorenyl.

(27) E. G. Rochow, D. T . H urd, and  R. N. Lewis, “ The C hem istry of 
Organometallic Com pounds,” John  Wiley and  Sons, Inc., New York, N. Y., 
19 57, p. 18.

(28) J. O. Edw ards and R . G. Pearson, J .  A m .  C h e m .  S o c . ,  84, 16 (1962).
(29) J. Hine, "Physical Organic C hem istry ,”  M cG raw -H ill Book Co., Inc.,

New York, N. Y., 1956, p. 148.

The high speed stirring apparatus used has been described.30 
Several runs of this preparation gave yields varying from 60 to 
70% as measured by the acidic product formed upon carbona- 
tion.

Metalation Reactions.—Metalation was accomplished at 
room temperature by the addition of olefin to the alkylsodium- 
octane mixture with rapid stirring. Portions of the reaction 
mixture were removed at varying time intervals and poured over 
excess solid carbon dioxide. All operations were conducted under 
an atmosphere of dry nitrogen. The acidic and neutral fractions 
of the products were separated as usual.2 Table I (see text) 
gives typical data obtained from repeated reactions of a four 
molar excess of 1-dodecene with ra-pentylsodium.

Runs in which the total reaction mixture was carbonated after 
18 hr. gave 40-50% yields. Distillation (b.p. 140-145° at 0.6 
mm.) through an 8-in. Vigreux column failed to separate the Ci3 
acid isomers.

Characterization of Acid Products.—The skeletal arrangement 
of the acid products was established by esterification, hydro
genation, and g.l.c. comparison of the resultant saturated esters 
to alternately synthesized standards. Esterification was ac
complished either by addition of diazomethane in ether31 or by 
refluxing the acid in excess methanol with a catalytic amount of 
sulfuric acid. Hydrogenation was carried out in a Parr hydro
generator using 10% palladium on charcoal at 50 p.s.i. The 
g.l.c. standards were obtained as follows.

Methyl Tridecanoate (IX).—Tridecanoic acid was purchased 
from Matheson, Coleman and Bell and esterified using diazo
methane in ether. Distillation through an 18-in. spinning band 
column gave the ester (b.p. 82-83° at 0.2 mm., ??,28d 1.4320, lit.,32 
b.p. 71° at 0.1 mm. and b.p. 90.3° at 0.4 mm.) which was shown 
to be 99% pure by g.l.c.

Methyl a-Methyldodecanoate (X).—This ester was prepared 
by carbonation of the Grignard reagent obtained from 2-bromo- 
dodecane followed by acidification and esterification. Distilla
tion as above gave the ester (b.p. 65-66° at 0.1 mm., ?i28d 
1.4298) which was 99% pure by g.l.c. analysis.

Anal. Calcd. for Ci4H280 2: C, 73.7; H, 12.3. Found: C, 
74.2; H, 12.5.

Methyl a-Ethylundecanoate.—This ester was prepared by 
malonic ester condensations.33 Distillation through an 18-in. 
spinning band gave the ester (b.p. 64-65° at 0.1 mm., n28d 
1.4295) which was 99% pure bv g.l.c. analysis.

Anal. Calcd. for C„H280 2”: C, 73.7; H, 12.3. Found: C, 
74.2; H, 12.5.

Methyl «-Propyldecanoate (XII).—This ester was also prepared 
by malonic ester condensations.33 Distillation through the 18- 
in. spinning band column (b.p. 62-63° at 0.1 mm., ?i28d 1.4288) 
gave the ester which was 98% pure by g.l.c. analysis.

Anal. Calcd. for Ci4H280 2: C, 73.7; H, 12.3. Found: C, 
73.5; H, 12.3.

Gas chromatographic analyses were performed on an Aero
graph Model A-90-S using 10-ft., V4-in. columns. A polyester 
(succinic acid-triethylene glycol) liquid phase supported on acid 
washed Chromosorb-W was used. During the course of this 
work the percentage of liquid phase varied from 15 to 25%. 
Each column was shown to separate the four standards before 
use in analysis. Their order of emergence was XII, XI, X, and
IX.

Gas-liquid chromatography of the hydrogenated esters ob
tained from metalation and carbonation of 1-dodecene shows that 
at least 98% of the Ci3 product is made up of methyl tridecanoate
(IX) and methyl a-ethylundecanoate (XI). Comparison of the 
above chromatogram to that of methyl nonanoate shows that 
there is no detectable amount of this C9 ester in the product. 
Apparently no metalation of the n-octane medium occurs.

The position of unsaturation and geometrical configuration of 
each unsaturated ester was established by g.l.c. collection of pure 
samples followed by a combination of hydrogenation, infrared, 
and nuclear magnetic resonance (n.m.r.) studies. Table II 
summarizes the hydrogenation and infrared data. Table III 
records the pertinent aspects of the n.m.r. spectra.

(30) “Sodium Dispersions,”  U. S. Industrial Chemicals Company, New 
York 16, N. Y., p. 18.

(31) F. G. Arndt, “Organic Syntheses,” Coll. Vol. I I , John Wiley and 
Sons, Inc., New York, N. Y., 1940, p. 165.

(32) K. S. Markley, “F atty  Acids,” 2nd ed., Interscience Publishers, Inc., 
New York, N. Y., 1960, p. 523.

(33) A. I. Vogel, “A Textbook of Practical Organic Chemistry,” Long
mans, Green and Co., New York, N. Y., 1951, p. 467.
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T able II
I n f r a r e d  a n d  H y d r o g e n a t io n  S t u d ie s  o n  t h e  U n s a t u r a t e d  
M e t h y l  E s t e r s  O b t a in e d  f r o m  M e t a l a t io n  o f  1 -D o d e c e n e

After
hydrogenation 

g.l.c. shows Infrared absorptions,
identity with C—c C—H

Methyl a-vinylun- 
decanoate XI 6.1 10.1 and 10.9

2-Carbomethoxy-l-
dodecene X 6.15 10.65

Methyl cfs-2-tri- 
decenoate IX 6.1 12.25

Methyl trans-3-tri- 
decenoate IX 6-6.1 (sh) 10.3

Methyl frans-2-tri- 
decenoate IX 6.05 10.2
“ See ref. 34.

The ratio of C6 to Ci3 acids at the varying time intervals was 
determined by esterification and comparison of peak areas by 
g.l.c. Areas were obtained by multiplying the peak height by 
the band width at half height.

Characterization of Recovered Olefin.—The composition of 
recovered olefins was determined similarly. However, since 
resolution of peaks was not complete, the ratio of 1-dodecene:2- 
dodecene was estimated from peak heights. This was shown to 
be in reasonable agreement with an alternate method in which 
periodate-permanganate oxidation of the double bond is followed 
by esterification and g.l.c. analysis of the resultant ester mixture. 
For example, a sample of the olefin recovered after 5 min. (see 
Table I) was found to be 80% 1-dodecene and 19% 2-dodecene 
by this method.34 35

2-Bromo-l-dodecene.—1,2-Dibromodecane (50 g., 0.15 mole) 
was added dropwise to sodamide (7.8 g., 0.2 mole) in 500 ml. of 
ammonia and stirred for 30 min. The ammonia was allowed to 
evaporate (overnight) and the residue was treated with a solution 
of 25 ml. of ethanol in 300 ml. of diethyl ether followed by 100 
ml. of water. The organic layer was separated, dried with mag
nesium sulfate, and distilled through a 6-in. Vigreux column to 
yield 20 g. (53%) of a mixture of 1-bromo-l-dodecene and 2- 
bromo-1-dodecene. These compounds were separable on the 
g.l.c. columns described previously. The mixture was distilled 
through an 18-in. spinning band column to give 3.6 g. of chro- 
matographically pure 2-bromo-l-dodecene. The product showed 
a strong infrared absorption at 11.2 ¡x and no absorption at 10.7 
fi, indicating isomeric purity.34

Anal. Calcd. for C,2H23Br: C, 58.4; H, 9.13; Br, 32.2. 
Found: C, 58.6; H,9.4; Br,32.8.

Reaction of 2-Bromo-l-dodecene with Butylsodium.—A dis
persion of sodium metal (4.6 g., 0.2 g.-atom) in 200 ml. of octane 
was prepared and n-butyl chloride (9.2 g., 0.1 mole) added 
dropwise at 0° with rapid stirring. The reaction mixture was 
allowed to stir for 30 min. after addition was complete. Then 
2-bromo-l-dodecene (3.0 g., 0.012 mole) was added over a
5-min. interval. The mixture warmed to room temperature 
during the 4-hr. stirring period following addition. Carbona- 
tion was effected by pouring it over excess solid carbon dioxide. 
The acid products were isolated as described* and esterified by 
refluxing with a solution of 2 g. of sulfuric acid in 50 ml. of meth
anol for 1 hr. The esterification mixture was poured into 400 
ml. of water and the organic layer extracted with ether. After 
drying with magnesium sulfate, the ether solvent was removed 
on a rotating evaporator yielding 2.1 g. (71%) of product. 
Gas-liquid chromatography showed the product to contain 
only one Cis ester which was shown to be 2-carbomethoxy-l- 
dodecene (see Tables II and III):

Reaction of 2-Sodio-l-dodecene with 1-Dodecene.—The 
reaction of 2-bromo-l-dodecene with butylsodium was repeated 
to give 2-sodio-l-dodecene (0.013 mole), whereupon 1-dodecene 
(16.8 g., 0.1 mole) was added to the reaction mixture. Stirring 
was continued for 4 hr. before carbonation was effected by pouring 
the reaction mixture over excess solid carbon dioxide. Work

(34) L. J. Bellamy, “The Infrared Spectra of Complex Molecules,” John 
Wiley and Sons, Inc.. New York. N. Y., 1959, pp. 45-51.

(35) We thank Dr. D. F. Kuemmel of these laboratories for performing
the oxidative analyses.

up and esterification of the acid product gave a mixture of Cu 
isomers of which 51% was 2-carbomethoxy-l-dodecene by g.l.c. 
analysis.

Preparation of 1-Bromo-l-dodecene.—The procedure of 
Young16 was used with modifications. Dodecyne-1 (50 g., 0.3 
mole) obtained from Farchan Chemical Co. was used as pur
chased. To the neat acetylene was added benzoyl peroxide (1 
g.) and then dry hydrogen bromide was passed into the mixture 
at 0° until the original weight had increased by 23.8 g. The 
reaction mixture was washed successively with water and 10% 
sodium hydroxide solution, dried with magnesium sulfate, and 
distilled to yield 52.8 g. (71%) of a mixture of cis- and trans-1- 
bromo-l-dodecene. The product was characterized by g.l.c. 
and subsequent conversion to the sodium compounds followed by 
carbonation and esterification (see Tables II and III).

Anal. Calcd. for CI2H23Br: C, 58.4; H, 9.13; Br, 32.2. 
Found: C, 58.9; H, 9.5; Br, 31.7. Infrared absorption at
10.7 fi and none at 11.2 ^ indicated the 1-bromo product.

Preparation of 1-Bromo-l-imdecene.—The same procedure 
as described for 1-bromododecene-l was used to give a 76% yield 
of product.

Anal. Calcd. for CnHaBr: C, 56.7; H, 9.0; Br, 34.2. 
Found: C, 56.2; H, 8.9; Br, 35.1.

Reaction of 1-Bromo-l-dodecene with Butylsodium.—Butyl
sodium was prepared as previously described2 from sodium 
metal (4.6 g., 0.2 g.-atom) and n-butyl chloride (9.2 g., 0.1 
mole) in 200 ml. of octane. To this mixture was added 1-bromo-
l-dodecene (5.0 g., 0.020 mole) dropwise with stirring. The 
resulting product was allowed to stand overnight prior to carbona
tion by pouring over excess solid carbon dioxide. The usual 
work-up provided 2.6 g. (61%) of acidic product. Esterifica
tion and g.l.c. separation of the resulting ester mixture shows 
that 44% of the acid product is methyl-2-tridecynoate. In
frared absorption at 4.5 n, hydrogenation to methyl tridecanoate, 
and an n.m.r. spectrum showing no vinylic protons established 
the identity of this product. The remaining 56% of acid product 
is accounted for by methyl cis- and irans-2-tridecenoate (see 
Tables II and III).

Reaction of 1-Bromo-l-dodecene with Sodium Dispersion.—
A dispersion of sodium (6.9 g., 0.3 g.-atom) in 200 ml. of octane 
was prepared2 and 1-bromo-l-dodecene (10.0 g., 0.04 mole) 
added dropwise at room temperature. Stirring was continued 
and a 50-ml. portion of the reaction mixture removed after 4 
hr. This portion was poured over excess solid carbon dioxide 
to effect carbonation. The usual work-up and g.l.c. analysis 
showed three peaks in the approximate ratio of 2 :1 :0 .1. Collec - 
tion of pure samples by g.l.c. gave the data recorded in Table II 
and showed the mixture to consist of 2 parts methyl ci's-2-tri- 
decenoate, to 1 part methyl inms-2-tridecenoate, to 0.1 part 
methyl 2-tridecynoate. The remaining reaction mixture was 
allowed to stand for 24 hr. prior to carbonation. The acid mix
ture obtained was somewhat more complex in that peaks ac
counting for approximately 10% of the total Ci3 ester mixture 
were observed at retention times corresponding to the allylic 
products, methyl a-vinylundecanoate and methyl-2-tridecenoate; 
however, 90%> of the product is still accounted for by vinyl inter
mediates.

Reaction of 1-Bromo-l-undecene with Sodium Dispersion.—
This reaction was run in an identical fashion to that of 1-bromo- 
l-dodecene and again an acidic product consisting of three com
pounds in a ratio of ca. 2 :1:0.1 was realized. The infrared 
spectrum of this mixture (2.7 g., 32%) was identical to the 
previous mixture.

Reaction of 1-Sodio-l-undecene with 1-Dodecene.—1-Sodio-l- 
undecene (0.021 mole, maximum) was generated as in the fore
going examples and 1-dodecene (33.6 g., 0.2 mole) added to the 
reaction mixture. Stirring was continued for 4 hr. prior to 
carbonation with excess solid carbon dioxide. The acid mixture 
obtained was composed of the same isomers, by' g.l.c. analysis, 
as found in the absence of added 1-dodecene. No evidence of 
metalation of the added 1-dodecene was obtained.

Preparation of fraras-2-Dodecene.—The method of Hennion36 
was used. Undecyne-1 (62.0 g., 0.407 mole) was converted to 
the Grignard reagent by reaction with ethyl Grignard (0.407 
mole) in tetrahydrofuran. Methyliodide (57.8 g., 0.407 mole) 
was added and the reaction mixture refluxed 8 hr. at which time

(36) G; F; Hennion and T. Fi Banigan, Jr., J. Ami Chism: Snc., 68; 12Öä 
(1946).
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T a b l e  III
N . m .h . C o n s t a n t s  o f  U n s a t u r a t e d  M e t h y l  E s t e r s " 

Ty Tx Ta rb tc !./A B | |./AC ! |4b<:|

7.09 4.2 4.9 4.9 17.0 9.0 2.0

7.75 4.54 3.95 1.8

7.38 3.89 .. 4.33

7.85 3.18 4.32

11.0

10.0

7.06 8.00 3.52 3.52

H CIE GOGH,, 
Y

4ax I 14ax ! 14cx| |4by|

8.0 —0 ~ 0

1.5 0

7.0 . . 1.5

7.0 1.5

 ̂ . . .

a Samples were dissolved in carbon tetrachloride solution using tetramethylsilane as an internal reference and adopting the r scale 
[G. V. D. Tiers, J. Phys. Chem., 62, 1151 (1958)]. The spectra were obtained on a Varian A-60 spectrometer. First-order analysis 
was used for all compounds except 1. In this case an ABXY approximation [H. J. Bernstein, J. A. Pople, and W. G. Schneider, 
Can. J. Chem.., 35, 66 (1957)] was applied (HB = A, He = B, HA = Y, Hx = X). Consequently the signs of the spin coupling con
stants were not determined. 6 The values for these compounds are consistent with those reported [R. R. Fraser and D. E. McGreer, 
Can. J. Chem., 39, 505 (1961)] for methyl cis- and irarcs-crotonate. c These values are ‘/ 2 j./Ax +  J by\- d These values cannot be de
termined from the spectrum.

it was practically colorless. Dilute (ca. 5%) hydrochloric acid 
was added until all precipitated salts dissolved. The organic 
layer was washed several times with water, dried with magnesium 
sulfate, and distilled to give 59.3 g. (88%) b.p. 68-74° (0.2 mm.) 
of 2-dodecyne. The product shows no C—H stretch at 3.0 y 
and a C=C stretch at 4.7 y; g.l.c. analysis shows the material 
to be 98% pure.

Reduction with sodium in liquid ammonia was used to produce 
fraras-2-dodecene. Sodium (19.55 g., 0.85 g.-atom) was placed 
in 800 ml. of liquid ammonia in a three-necked flask equipped 
with stirrer and Dry Ice condenser. Dodeeyne-2 (30.0 g., 0.18 
mole) was added and the mixture was stirred overnight. The 
ammonia was allowed to evaporate and the residue hydrolyzed 
by the addition of 50 ml. of ethyl alcohol in 100 ml. of ether,

followed by enough water to dissolve all salts. The organic 
layer was separated, dried with magnesium sulfate, and distilled 
at aspirator vacuum (102-106°) to give 18.7 g. (62%,) of pure 
olefin, as shown by g.l.c. analysis.

Metalation of frtms-2-Dodecene.—Metalation and carbonation 
was carried out in the manner described previously. Portions of 
the reaction mixture were removed at 5 min., 0.5 hr., 1 hr., and 
2 hr. Characterization of the acid products, by g.l.c. of the 
methyl esters, shows that at least 95% of the Ci3 product is made 
up of a-vinylundecanoic acid and 3-tridecenoic acid in all cases 
and that no detectable amount of 2-trideeenoic acid is present in 
the product. Yields of the acidic product were not determined. 
The ratio of a-vinylundecanoic to 3-tridecenoic acid varied 
between 1.8 and 2.5.
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The mechanism of condensation of benzaldehyde with piperidine to give 3,5-dibenzylpyridine (1) is discussed, 
and evidence is presented that N-benzyl-£2-tetrahvdropyridine ( 4 )  is an intermediate. Reactions of benzalde
hyde with 6-chloro-l,2,3,4-tetrahydroquinoline and with 1,2,3,4-tetrahydroisoquinoline have been shown to give 
3-benzyl-6-chloroquinoline ( 16) and 4-benzylisoquinoline ( 17), respectively.

S e v e n t y  y e a r s  a go  R ü g h e im e r  re p o rte d  t h a t  b e n z a l
d e h y d e  co n d en ses w ith  N -b e n z o y lp ip e r id in e  a t  h ig h  
te m p e ra tu re  t o  g iv e  3 ,5 -d ib e n zy lp y rid in e  ( l ) . 2 T h is  
w o r k  w a s  co n firm ed  a n d  e x te n d e d  r e c e n tly  b y  P o irer , 
M o rin , M c K im , a n d  B e a r s e ,3 a n d  b y  th e  p re se n t a u 
th o r s ,4 5 w h o  fo u n d  t h a t  th e  a c e tic  a c id -c a ta ly z e d  re a c 
t io n  o f p ip e rid in e  a n d  b e n z a ld e h y d e  in  re flu x in g  to lu en e  
g iv e s  th e  sam e p ro d u c t. F r o m  th ese  re su lts  s tru c tu re s  
co u ld  be a ssig n e d  to  th e  u n k n o w n  p ro d u c ts  o f som e 
s im ila r  re a c tio n s .5 6 P ip e rid in e  or N -b e n z o y lp ip e r id in e  
h a s  b e e n  sh o w n  to  co n d en se  as w e ll w ith  o-, n i- ,  a n d  
p -to lu a ld e h y d e ,7 p -c u m in a ld e h y d e ,8 p -c im e th y l-  
a m in o -3'6 a n d  p -d ie th y la m in o b e n z a ld e h y d e ,e a n isa l
d é h y d e ,3 a n d  3- a n d  4 -p y r id in e a ld e h y d e .3

I n  th e  e a r lie r  p a p e r  w e  p ro p o se d  t h a t  th is  tr a n s fo rm a 
t io n  in v o lv e s  re a rra n g e m e n t of th e  in it ia lly  fo rm e d  
S c h iff  c a tio n  (2) v ia  a  seco n d  S ch iff c a tio n  (3) to  th e  
e n a m in e  (4) fo llo w e d  b y  co n d en sa tio n  a t  th e  /3-position

0
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CH2C6H5
4

ÛÈ '
I

c h 2c6h 5
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I!
c h c 6h 5
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CH2C6H5

c h 2c6h 5
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(1) Inquiries may be addressed to W. D. B. a t Room 2-304, M.I.T.
(2) (a) L. Rügheimer, B e r . ,  24, 2186 (1891); (b) L. Rügheimer, i b i d . ,  25, 

2421 (1892); (c) L. Rügheimer, A n n . ,  280, 36 (1894); (d) L. Rügheimer and 
W. Kronthal, i b i d . ,  280, 50, 51 (1894).

(3) R. H. Poirier, R. D. Morin, A. M. McKim, and A. E. Bearse, J ,  

O r g .  C h e m . ,  26, 4275 (1961).
(4) E. P. Burrows, R. F. Hutton, and W. D. Burrows, i b i d ., 27, 316 

(1962).
(5) S. Skraup and K. Böhm, B e r . ,  5 9 ,1015 (1926).
(6) E. D . Parker and A. Fürst, J .  O r g .  C h e m . ,  23, 201 (1958).
(7) L. Rügheimer and K. Döring, A n n . ,  280, 74 (1894).
(8) L. Rügheimer and W. Herzfeld, i b i d . ,  280, 60 (1894).

w ith  b e n z a ld e h y d e  to  g iv e  th e  a d d u c t  5. D e h y d r a t io n  
o f 5 w o u ld  g iv e  a  seco n d  en a m in e  (6) w h ic h  on  a d d it io n  
o f b e n z a ld e h y d e  a n d  loss o f h y d r o x id e  w o u ld  p ro d u c e  
th e  1 ,3 ,5 -tr ib e n z y lp y r id in iu m  io n  7. D is p la c e m e n t b y  
a  s u ita b le  n u cleo p h ile  su ch  a s  a c e ta te  io n , w a te r , o r 
p ip e rid in e  w o u ld  th e n  g iv e  3 ,5 -d ib e n z y lp y r id in e .9 W e  
fu r th e r  s u g g e ste d  t h a t  R ü g h e im e r ’s re a c tio n  p ro ce ed s 
b y  th e  sam e m e ch a n ism , e x c e p t  t h a t  w a te r  fo rm e d  d u r
in g  th e  co n d en sa tio n  is co n su m ed  in  h y d r o ly s is  o f 
N -b e n z o y lp ip e r id in e . W e  n o w  re p o rt e v id e n c e  in 
fa v o r  o f th e  e n a m in e  p a th w a y .

A d d it io n  of b e n z a ld e h y d e  to  e n a m in e s  a n d  su b se 
q u e n t d e h y d ra t io n  in  th e  m a n n er p ro p o se d  fin d s s u p p o rt 
in  th e  re c e n t lite r a tu r e . T h u s  B irk o fe r , K im , a n d  
E n g e ls  h a v e  p re p a re d  co m p o u n d s s u ch  a s  8 b y  re a c tio n  
o f c y c lic  k e to n e s  w ith  b e n z a ld e h y d e  in  re flu x in g  b e n 
z e n e .10 A lth o u g h  te tr a h y d r o p y r id in e s  h a v e  n o t  b e en  
s tu d ie d  in  th is  re sp e ct, i t  seem s l ik e ly  t h a t  th e  u n 
d efin e d  1 : 1  a d d u c t  o f y -co n ic e in e  (9) a n d  b e n z 
a ld e h y d e 11 is  th e  3 -p h e n y lh y d r o x y m e th y l d e r iv a t iv e  
(10 ), s im ila r  to  5. F r o m  th e  re a c tio n  o f  N -b e n z o y l-

p ip e rid in e  a n d  p -cu m in a ld e h y d e  R iig h e im e r  a n d  H e rz -  
fe ld  iso la te d , b e sid e s  th e  d ic u m in y lp y r id in e , 3 - p -  
c u m in y lp y r id in e  (11) a n d  p -c y m e n e .8 T h e  la t t e r  are  
m o st r e a d ily  v is u a liz e d  as p ro d u c ts  o f p y r o ly s is  o f th e  
seco n d  en a m in e  (12, co rresp o n d in g  to  6).

C o n c e rn in g  th e  la s t  s te p  o f th e  re a ctio n , d e co m p o si
t io n  o f th e  p y rid in iu m  ion  7, P o irier , et a l . ,  h a v e  s h o w n

(9) Poirier, e t  a l . ,  have outlined  a  sim ilar pathw ay, b u t w ithou t specifically 
invoking enam ine in term ediates.

(10) L. Birkofer, S. M . K im, and  H. D. Engels, B e r . ,  95, 1495 (1962).
(11) J . von B raun an d  A. Steindorff, i b i d . ,  38, 3094 (1905).
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benzyl acetate to be present in the reaction mixture; 
however, stronger evidence that 7 is an intermediate is 
provided by Rugheimer’s isolation (in low yield) of 
either 3,4,5- or 2,3,5-tribenzylpyridine (13),2b resulting 
most probably from Ladenburg rearrangement of the 
tribenzylpyridinium ion.12

Although every step in this mechanism is plausible, 
it seemed advisable to test at least one intermediate, 
the most accessible being N-benzyl-A2-tetrahydro- 
pyridine (4). Leonard and Hauck have shown that 
A2-tetrahydropyridines lacking a substituent in the
2-position undergo dimerization to tetrahydroanabasine 
derivatives.13 We prepared N,N'-dibenzyl-A2-tetra- 
hydroanabasine (14) according to their directions, 
anticipating that dimerization would be reversible 
under the /3-condensation conditions. When the dimer 
was treated with benzaldehyde and acetic acid in reflux
ing toluene the product was indeed 3,5-dibenzylpyridine, 
in 16% yield.

There is, however, a serious objection to the first step 
of the piperidine reaction in which the Schiff cation 2 
rearranges to 3, for this is precisely the type of double 
bond migration shown not to occur in the closely re
lated Sommelet reaction.14 This introduces the possi
bility that the first step may be intermolecular hydride 
transfer from piperidine to the Schiff cation, producing 
N-benzylpiperidine and A^tetrahydropyridine (15). 
The latter could also give 3,5-dibenzylpyridine by a 
series of steps similar to those described above, al
though the Ladenburg product (13) would be more 
difficult to reconcile. The Sommelet-type mechanism 
would necessarily limit to 50% the yield of /3-conden
sation product, but this, regrettably, is not disqualify
ing in any of the reactions we have studied.15 Evi
dence eliminating this mechanism will be described
later.

9  + 0 -1 ■ 0  + Q
c h c 6h 5
2

1
H c h 2c6h 5 15

A number of other cyclic amines were treated with
benzaldehyde. Neither 1,2,3,4-tetrahydroquinoline 
nor 6-methyl-l,2,3,4-tetrahydroquinoline gives a /3- 
condensation product. In the former case the product 
is the same as that obtained by Einhorn from the zinc 
chloride-catalyzed reaction, probably 6,6'-benzalbis- 
tetrahydroquinoline (16).16’17 In 6-chlorotetrahydro- 
quinoline the aromatic ring is deactivated, and the 
^-condensation product, 3-benzyl-6-chloroquinoline 
(17), is formed in 20% yield. In 1,2,3,4-tetrahydro- 
isoquinoline the problem of aromatic ring condensation 
is absent, and 4-benzylisoquinoline (18) is produced in

(12) H. S. Mosher in R. C. Elderfield, “ Heterocyclic Compounds,” Vol. 
I, John Wiley and Sons, Inc., New York, N. Y., 1950, p. 414.

(13) N. J. Leonard and F. P. Hauck, Jr., J .  A m .  C h e r n .  S o c . ,  79, 5279
(1957). f*

(14) S. J. Angyal, O r g .  R e a c t i o n s ,  V III, 199 (1954). Dr. H uttoh first 
called our attention to this point and suggested the alternative mechanism.

(15) Riigheimer reported a 70% yield of 1 from N-benzoylpiperidine.2c 
The yield of 1 claimed by Poirier, e t  a l ,  for the piperidine reaction is too 
high, being based on the wrong stoichiometry.

(16) A. Einhorn, B e r . ,  19, 1243 (1886).
(17) L. Riigheimer and W. Kronthal, i b i d . ,  28, 1321 (1895), claimed that

benzylquinolines were produced from N-benzoyltetrahydroquinoline and 
benzaldehyde, bu t provided no evidence in this or subsequent papers.

34% yield.18 This being the cleanest reaction we en
countered, it seemed best suited for testing the Som
melet-type mechanism, which requires that N-benzyl-
1,2,3,4-tetrahydroisoquinoline (19) be formed in at 
least as great a yield as the isoquinoline. Infrared 
analysis of the reaction mixture showed that the N- 
benzyl derivative, if present at all, is produced in less 
than 3% yield. Since 19 was shown to be stable under 
the reaction conditions, the Sommelet mechanism 
may be discarded.

C6H6
I

19

Providing as it does access to the carbon skeleton of 
saturated amines, this reaction would appear to have 
important synthetic potential. At the onset of the 
work our sanguine expectation was that, within struc
tural limitations, any aldehyde lacking a reactive 
a-hydrogen would undergo multiple alternate condensa
tion with any amine, the most favorable prospects 
being those in which aromatic systems are created. 
We have not, however, succeeded in isolating pyridine 
derivatives from the reactions of pivalic or cinnamic 
aldehyde with piperidine, or from the reactions of ben
zaldehyde with 2-methyl- or 2,6-dimethylpiperidine, 
nor have we obtained a pyrrole from the condensation 
of benzaldehyde with pyrrolidine. In retrospect, 
these results are not inconsistent with the enamine 
mechanism, but they limit the preparative utility of
3-condensation.

Experimental
3,5-Dibenzylpyridine from N ,N '-Dibenzyl-A2-tetrahydroanaba- 

sine.—The anabasine derivative was prepared in 38% yield by 
mercuric acetate oxidation of N-benzylpiperidine according to the 
directions of Leonard and Hauck,13 except that solid sodium sul
fide nonahydrate rather than hydrogen sulfide was used to 
precipitate the mercury salts after the reaction was complete. 
To 5.72 g. of the anabasine derivative in 100 ml. of dry toluene 
was added 7.5 g. of benzaldehyde and 3.0 ml. of glacial acetic 
acid. The solution was heated to reflux under a Dean-Stark 
trap. After 20 hr. about 1.5 ml. of aqueous phase had collected. 
The reaction mixture was cooled and the solvent was removed 
under reduced pressure, leaving 13.1 g. of dark, viscous oil. 
A 1.03-g. sample of the product was dissolved in benzene and 
chromatographed on 25 g. of Merck acid-washed alumina. 
Elution with ether (2-10% in benzene) yielded 0.106 g. of white 
crystalline material, m.p. 88-89° after recrystallization from 
ether. The infrared spectrum of this material (potassium 
bromide disk) was identical with that of 3,5-dibenzylpyridine,4 
and the mixture melting point with authentic material was un
depressed.

3-Benzyl-6-chloroquinoline.—A solution of 8.18 g. of 6-chloro- 
quinoline (Eastman White Label) in 200 ml. of absolute ethanol 
was hydrogenated at room temperature and atmospheric pressure 
using W-7 Raney nickel as catalyst. After 9 hr., 2430 ml. of

(18) For the similar condensation reactions of N-benzoyltetrahydroiso- 
quinoline, c f .  L. Riigheimer and B. Friling, A n n . ,  326, 261 (1903), and L. 
Riigheimer and E. Albrecht, i b i d . ,  326, 297 (1903). v
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h y d r o g e n  h a d  b e e n  t a k e n  u p  (2 4 5 0  m l .  c o r r e s p o n d e d  t o  tw o  m o la r  
e q u iv a l e n t s  o f h y d r o g e n ) ,  a n d  f u r t h e r  u p t a k e  w a s  v e r y  s lo w . 
T h e  c a t a l y s t  w a s  t h e n  s e p a r a te d  a n d  t h e  f i l t r a t e  w a s  e v a p o r a t e d  
t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e , r e d is s o lv e d  in  a c e to n e  (2 5  m l .) ,  
a n d  f i l te r e d  t o  r e m o v e  s o d iu m  h y d r o x id e .  E v a p o r a t i o n  o f th e  
a c e to n e  g a v e  7 .9 3  g . o f  c r u d e  c r y s ta l l in e  6 - c h lo r o - l ,2 ,3 ,4 - t e t r a -  
l i y d r o q u in o l in e ,19 w h ic h  w a s  d is s o lv e d  d i r e c t l y  in  5 5  m l .  o f d r y  
to lu e n e .  T o  t h i s  s o lu t io n  w a s  a d d e d  b e n z a ld e h y d e  (1 0 .6  m l .)  
a n d  g la c ia l  a c e t i c  a c id  (1 m l . ) ,  a n d  t h e  m ix tu r e  w a s  a llo w e d  to  
re f lu x  41  h r .  u n d e r  a  D e a n - S t a r k  t r a p .  T h e  to lu e n e  w a s  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u r e  a n d  th e  r e s id u e  w a s  e x t r a c t e d  w i t h  fo u r  
5 0 -m l. p o r t io n s  o f  h o t  » - h e p ta n e .  T h e  h e p ta n e  e x t r a c t s  y ie ld e d
9 .5 6  g . o f  d a r k  s i r u p ,  o f  w h ic h  1 .0 3  g . w a s  d is s o lv e d  in  b e n z e n e  
a n d  c h r o m a to g r a p h e d  o n  33  g . o f  W o e lm  a lu m in a  ( a c t i v i t y  I ) .  
F r o m  t h e  l a t e r  1 :1 0  e th e r - b e n z e n e  f r a c t io n s  a n d  t h e  p u r e  e th e r  
f r a c t io n s  2 5 6  m g . o f c r u d e  c r y s ta l l in e  3 -b e n z y l-6 - c h lo r o q u in o lin e  
w a s  o b ta in e d .  A n  a n a ly t i c a l  s a m p le ,  r e c r y s ta l l iz e d  f o u r  t im e s  
f ro m  e th e r ,  h a d  m .p .  9 1 .5 - 9 2 ° .  T h e  y ie ld ,  b a s e d  on  t h e  w e ig h t  
o f  6 - c h lo r o te t r a h y d r o q u in o l in e ,  w a s  2 0 % .

Anal. C a lc d .  f o r  C i6H 12N C 1 : C ,  7 5 .7 4 ;  H ,  4 .7 7 ;  N ,  5 .5 2 . 
F o u n d :  C ,  7 5 .9 0 ;  H ,  4 .8 0 ;  N ,  5 .5 7 .20

T h e  u l t r a v io l e t  s p e c t r u m  o f  t h e  p r o d u c t  [Amax 2 6 5 -2 7 0  ( u n 
re s o lv e d  m u l t i p l e t ) ,  2 9 6 , 3 0 2 , 3 0 9 , 3 1 5 , 3 2 3  m ,u, £imx 4 3 5 0  , 3 1 4 0 , 
2 7 5 0 , 4 0 3 0 , 3 1 4 0 , 5950] c lo s e ly  r e s e m b le d  t h a t  o f 6 - c h lo ro q u in o -  
l in e  [Amax 2 7 2  ( b r o a d ) ,  2 9 2 , 2 9 8 , 3 0 6 , 3 1 2 , 31 9  m /x, <=m!,x 4 3 0 0 , 
2 9 5 0 , 2 5 0 0 , 3 3 0 0 , 2 6 0 0 , 4 4 0 0 ] .

4-Benzylisoquinoline.— A  s o lu t io n  o f  5 .0 0  g . o f 1 ,2 ,3 ,4 - t e t r a -  
h y d r o is o q u in o l in e  ( E a s t m a n  W h i t e  L a b e l )  a n d  1 .5  m l .  o f  a c e t ic  
a c id  i n  8 0  m l .  o f  d r y  to lu e n e  w a s  h e a t e d  a t  re f lu x  fo r  4 8  h r .  u n d e r  
a  D e a n - S t a r k  t r a p .  A b o u t  2 m l .  o f  a q u e o u s  p h a s e  c o l le c te d . 
R e m o v a l  o f  s o lv e n t  u n d e r  r e d u c e d  p r e s s u r e  l e f t  1 3 .5  g . o f  t h i c k  
r e d  o il ,  w h ic h  w a s  e x t r a c t e d  w i t h  f iv e  5 0 -m l. p o r t io n s  o f  h o t  h e p 
t a n e .  T h e  h e p ta n e  e x t r a c t  w a s  a l lo w e d  t o  s t a n d  o v e r n ig h t ,  
t h e n  d e c a n te d  f ro m  p r e c i p i t a t e d  g u m s  a n d  d e c o lo r iz e d  w i th  
c h a r c o a l .  E v a p o r a t i o n  u n d e r  r e d u c e d  p r e s s u r e  l e f t  5 .6 8  g . o f 
y e l lo w  o il  w h ic h  p a r t i a l l y  c r y s ta l l i z e d .  C r y s t a l l i n e  m a t e r i a l ,  
w a s h e d  w i th  e th e r  a n d  r e c r y s ta l l i z e d  f ro m  a c e to n e ,  h a d  m .p .
1 1 9 .5 - 1 2 0 ° .  A u th e n t i c  4 - b e n z y l is o q u in o l in e ,  p r e p a r e d  in  3 .7 %  
y ie ld  b y  a  s m a ll - s c a le  a d a p t a t i o n  o f t h e  m e th o d  of A v ra m o ff

(19) .1. v o n  K raun , A. P e tz o ld , a n d  J . S eem an , B e r . ,  5 5 ,  3779 (1922).
(20) S c a n d in a v ia n  M ic ro a n a ly tica l L a b o ra to ry , C o p en h a g en , D e n m a rk .
(21) M . A v ram o ff a n d  Y . S p rin za k , ./. A m .  C h e m .  S o c . ,  78, 4090 (1956).

a n d  S p r in z a k ,21 h a d  m .p .  1 1 9 .5 -1 2 0 °  a f t e r  th r e e  r e c r y s t a l l i z a 
t io n s  f ro m  a c e to n e .  A  m ix tu r e  m e l t i n g  p o i n t  w a s  u n d e p r e s s e d ,  
a n d  t h e  in f r a r e d  s p e c t r a  o f th e  tw o  s a m p le s  p o t a s s iu m  b r o m id e  
d i s k )  w e re  s u p e r im p o s a b le .

T h e  u l t r a v io l e t  s p e c t r u m  o f  4 - b e n z y l is o q u in o l in e  h a d  Amax 
26 5  ( s h ) ,  2 7 4 , 2 8 5 , 2 9 8 , 3 1 0 , 3 1 8 , 3 2 3  m M, £max 4 4 8 0 , 5 1 3 0 , 
4 2 7 0 , 2 0 7 0 , 3 9 1 0 , 3 8 7 0 , 5 4 8 0 . A  h o m o g e n e o u s  s a m p le  o f  th e  
d e c o lo r iz e d  r e a c t io n  m ix tu r e  e x h ib i te d  t h e  th r e e  lo n g e s t  w a v e  
le n g th  b a n d s ,  f ro m  w h ic h  i t  w a s  d e te r m in e d  t h a t  4 - b e n z y l is o -  
q u iu o l iu e  w a s  p r o d u c e d  in  3 4 %  y ie ld  f ro m  t e t r a h y d r o i s o q u i n o -  
l in e .  A b o u t  o n e  t h i r d  o f  t h e  m a t e r i a l  w a s  c o l le c te d  c r y s t a l l i n e  
a n d  e th e r - w a s h e d .

N-Benzyl-1,2,3,4-tetrahydroisoquinoline (3.87 g . ) ,  p r e p a r e d  
f ro m  te t r a h y d r o i s o q u in o l in e  a n d  b e n z y l  c h lo r id e  i n  p y r i d in e  
s o lu t io n ,  w a s  t r e a t e d  w i t h  b e n z a ld e h y d e  (4  m l . )  a n d  a c e t ic  a c id  
( 1 .5  m l . )  in  p r e c is e ly  t h e  s a m e  m a n n e r  a s  d e s c r ib e d  a b o v e  f o r  
te t r a h y d r o i s o q u in o l in e .  N o  w a te r  c o l le c te d  in  t h e  D e a n - S t a r k  
t r a p ,  a n d  r e c o v e r y  o f  t h e  N - b e n z y l  d e r iv a t iv e  w a s  q u a n t i t a t i v e .  
T h e  in f r a r e d  s p e c t r u m  of N - b e n z y l t e t r a h y d r o i s o q u in o l in e  ( c h lo 
r o fo r m  s o lu t io n )  e x h ib i te d  a  n u m b e r  o f s t r o n g  b a n d s  a b s e n t  f ro m  
t h e  s p e c t r u m  o f  4 -b e n z y l is o q u in o l in e . I n  p a r t i c u l a r ,  t h e  b a n d  a t  
2 8 0 0  c m . -1 h a s  i n t e n s i t y  p r o p o r t i o n a l  t o  c o n c e n t r a t i o n .  F r o m  
th i s  i t  w a s  d e te r m in e d  t h a t  N - b e n z y l te t r a h y d r o i s o q u in o l in e  c o n 
s t i t u t e d  n o  m o r e  t h a n  6 %  o f  t h e  n o n c r y s ta l l in e  p o r t io n  o f  t h e  
d e c o lo r iz e d  r e a c t io n  m ix tu r e  o f  t e t r a h y d r o i s o q u in o l in e  a n d  b e n z 
a ld e h y d e ,  a n d  w a s  t h u s  f o rm e d  in  le s s  t h a n  3% y ie ld  in  t h a t  r e 
a c t io n .

1,2,3,4-Tetrahydroquinoline and Benzaldehyde.— T r e a t m e n t  
of t e t r a h y d r o q u in o l in e  w i t h  b e n z a ld e h y d e  u n d e r  t h e  c o n d i t io n s  
a f fo rd in g  4 - b e n z y l is o q u in o l in e  f ro m  t e t r a h y d r o i s o q u in o l in e  g a v e  
o n ly  p o ly m e r ic  m a t e r i a l .  W h e n  th e  h e a t in g  p e r io d  w a s  d e 
c re a s e d  t o  15 h r .  a  s m a ll  a m o u n t  ( le s s  t h a n  5 %  o f  t h e  i n i t i a l  
w e ig h t  o f  t e t r a h y d r o q u in o l in e )  o f  c r y s ta l l in e  m a t e r i a )  w a s  i s o 
l a t e d  f ro m  t h e  h e p ta n e  e x t r a c t .  I t  w a s  r e c r y s t a l l i z e d  f ro m  a c e 
to n e  a n d ,  o n  t h e  b a s i s  o f  i t s  m e l t in g  p o i n t  ( 1 5 1 - 1 5 2 ° )  a n d  i n f r a 
r e d  s p e c t r u m  ( N - H  b a n d  a t  3 4 4 0  c m . -1 i n  c a r b o n  t e t r a c h l o r i d e  
s o lu t io n )  w a s  a s s ig n e d  t h e  s a m e  s t r u c t u r e  a s  E i n h o r n ’s  c o m 
p o u n d 16 ( 6 ,6 '- b e n z a lb i s t e t r a h y d r o q u in o l in e ,  m . p .  1 5 2 - 1 5 3 ° ) .

S p e c t r a .— U l t r a v io le t  s p e c t r a  i n  9 5 %  e th a n o l  w e re  d e te r m in e d  
u s in g  th e  C a r y  M o d e l  14 r e c o r d in g  s p e c t r o p h o to m e te r .
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W h e n  a n  a q u e o u s  s o lu t io n  o f c h lo r o a c e ta ld e h y d e  ( I )  is a d d e d  to  a n  ex cess  o f  a q u e o u s  s o d iu m  c y a n id e  a t  0 ° ,
2 - c h lo r o - l - c y a n o e th y l  a c e t a t e  ( I I )  is o b ta in e d  in  9 0 %  y ie ld .  A  s t u d y  o f  th i s  r e a c t io n  in d ic a te s  t h a t  th e  c y a n o 
h y d r in  o f I  d e h y d r o h a lo g e n a te s  t o  a c e ty l  c y a n id e , w h ic h  th e n  a c e ty la te s  t h e  c o n ju g a te  b a s e  o f  m o re  c y a n o 
h y d r in  t o  y ie ld  I I .

Introduction
The reaction of an equimolar quantity of an aldehyde 

with cyanide ion in water normally will give the con
jugate base of the corresponding aldehyde cyanohydrin. 
However, certain aldehydes have been shown to undergo 
reactions in the presence of cyanide ion which do not 
lead to cyanohydrins. The best known and most 
thoroughly studied example of what may be termed an 
atypical reaction of an aldehyde with cyanide ion is the 
benzoin condensation. In this reaction the cyanide ion 
sufficiently increases the acidity of the hydrogen of the 
—CHO group by converting the aldehyde to a mixture of 
cyanohydrin and its conjugate base so that this alde- 
hydic hydrogen now alpha to a nitrile becomes easily 
removable in the presence of a base.1 This appears to

(1) F o r  p e r t in e n t  re fe rences  see J .  H ine , “ P h y s ic a l O rg an ic  C h e m is try ,”  
M cG raw -H ill B ook  C o ., In c ., N ew  Y o rk , N . Y ., 1956, p. 257.

be a crucial step in the formation of a benzoin from the 
corresponding aldehyde.

The rearrangement of j3-formyl acrylic acid to suc
cinic acid has also been shown to be cyanide ion-cata
lyzed.2 The proposed mechanism as in the benzoin 
condensation again incorporates the ability of the 
cyanide ion to increase greatly the acidity of the hydro
gen of the —CHO group.

The interesting cyanide ion-catalyzed decomposition 
of d,|8-dicarbethoxypropionaldehyde into diethyl malo- 
nate and ethyl acetate is another example of a reaction 
whose mechanistic explanation depends on the in
creased acidity of the aldehydic hydrogen. In this 
latter case the anion formed fragments to give a more 
stable anion ; the aldehyde is converted to an ester.

(2) V. F ra n z e n  a n d  Li F ik e n tsh e r , A n n . ,  623, 68 (1959)i
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As early as 1873M it was observed that cyanide ion 
caused a-chloroaldehydes to undergo unusual reactions. 
In aqueous solution these aldehydes were converted to 
acids containing one less chlorine atom in the alpha 
position by the action of cyanide ion. The most thor
oughly studied reaction of this type is the cyanide ion- 
catalyzed transformation of chloral to dichloroacetic 
acid.3 4 5 6 The mechanism generally accepted today was 
proposed, along with an alternate route, almost fifty 
years ago.6 In 1931, Lapworth argued convincingly 
by analogies for the mechanism now favored.7 Again, 
as in the previous examples, a necessary step in the 
postulated mechanism is the cyanide ion’s ability to 
labilize the aldehydic hydrogen.

C h C C H O
H C N

O H
I

CI3C— C — H  ■
I

C N

- HCl /
----- >  C 12C = C

OH

C N
O

/"  H2O
C l-C H C  — >- C 12C H C 0 2H  +  H C N

\
C N

(3) o .  W allach, B e r . ,  6, 114 (1873).
(4) F . D . C hattaw ay  and  H . Irving, J .  C h e m .  S o c . ,  1038 (1929).
(5) A. H . B la tt, “Organic Syntheses,” Coll. Vol. I I ,  John  Wiley and  Sons, 

Inc., New York, N . Y ., 1943, p. 181.
(6) A. K ötz and  K. O tto , J .  p r a k t .  C h e m . ,  88, 531 (1913).
(7) W. Cocker, A. Lapw orth , and A. T. Peters, J .  C h e m .  S o c . ,  1382

(1931).

However, this mechanism has not been fully verified in 
spite of recent work projected toward this goal. Fodor 
and Katritzky8 showed that, when chloral deuterio- 
hydrate reacts with sodium cyanide in deuterium oxide, 
no CH is found in the product, dichloroacetic acid. 
This indicates that, if an epoxide intermediate is formed, 
it cannot rearrange to dichloroaeetyl cyanide by an 
intramolecular hydride shift. However, an epoxide 
intermediate is not ruled out.

In 1958 another mechanism was proposed for this 
reaction but later experimentally refuted.9'10

We have now found another unusual aldehyde- 
cyanide ion reaction. When aqueous chloroacetalde
hyde is added slowly to an aqueous solution of sodium 
cyanide at 0°, a 90% yield of 2-e h loro-1-cyanoethyl 
acetate is isolated.11 A mechanism for this reaction 
is proposed which is consistent with the experimental 
evidence to be presented.

Results and Discussion
Addition of aqueous chloroacetaldehyde to an equi

molar or preferably excess aqueous sodium cyanide 
solution, as in the preparation of a cyanohydrin, gives 
an unexpectedly vigorous exothermic uncontrollable 
reaction which finally leads to a black tarry mass. 
With proper temperature control, however, and slow 
addition of chloroacetaldehyde, the major product 
isolated is not acetic acid, as one might anticipate, but
2-chloro-l-cyanoethyl acetate (II) in 90% yield along 
with the cyanohydrin of I in 8% yield and a very small 
amount of acetic acid (<2%). Starting material I 
is thus roughly 100% accounted for. On a 0.10-molar 
scale the reaction can be completed in less than five 
minutes; the acetate begins to separate as a light yellow 
oil after about half of I has been added if the reaction 
temperature is kept at 0°. A sample of II prepared 
from the reaction of acetic anhydride with 3-chloro- 
lactonitrile had an infrared spectrum, boiling point, 
refractive index, and n.m.r. spectrum identical with II 
prepared by the reaction studied.

Strong evidence in the literature supports the forma
tion of a cyanohydrin as the initial step in this reaction. 
It is a fact well documented that the carbonyl-cyano-

O -  O H
C N -  /  H ,0  /

CICH oCH O C 1C H .C H  :^z±: C 1C H 2C H  ( 1)
\  \

C N  C N
I II  IV

hydrin equilibrium is a very rapid reaction for simple 
aldehydes, especially in the presence of base.12 The 
pH of the aqueous cyanide ion solution is approximately

(8) G. Foder and  A. R . K atritzky , C h e m .  I n d .  (L ondon), 153.0 (1961).
(9) The suggestion was m ade (D . J . C ram  and  G. S. H am m ond, “ Organic 

C hem istry ,”  J . Wiley and Sons, Ine ., New York, N. Y ., 1959, p. 255) th a t  
a  necessary s tep  m ay be incorporation  of cyanide ion on to  th e  p roduct in the  
chloral transform ation . A subsequent reb u tta l was based  on 14C experi
m ents . 10 However, i t  should be noted  th a t  the chloral transform ation  to  
dichloroacetic acid is published in  “ Organic Syntheses,” ref. 5. Only a 
c a t a l y t i c  a m o u n t  of cyanide ion is used.

(10) C. Rosenblum , C. T averna, and  N . L. W endler, C h e m .  I n d .  (London), 
718 (1960).

(11) R. M . Nowak, U . S. P a te n t 2,915,549 (D ecem ber 1, 1959).
(12) Some pertinen t references discussing th e  ra te  of th e  carbonyl- 

cyanohydrin  equilibrium  are: A. Lapw orth , J .  C h e m .  S o c . ,  995 (1903); 
2533 (1928); W. J.. Jones, i b i d . ,  1560 (1914); J . W. B aker and  M. L. Hem
ming, i b i d . ,  191 (1942).



1184 N o w a k V o l . 28

12. Under these conditions chloroacetaldehyde cyano
hydrin (IV) will form in a few seconds.

It was shown that IV can be formed easily and swiftly 
in 85% yield under nonbasic conditions by adding 
aqueous sodium cyanide to an equimolar solution of I 
and acetic acid in water. Here the pH of the solution 
never gets more basic than pH of 5,3. It was also 
shown that when IV was slowly added to an aqueous 
sodium cyanide solution at 0°, acetate II was formed in 
90% yield. The reaction proceeded at an equivalent 
rate but much less exothermally than in the preparation 
of II from I. About 8% cyanohydrin was also reiso
lated. When IV reacted in ether at 20° with an equi
molar quantity of triethylamine, dehydrohalogenation 
occurred smoothly over a sixty-minute interval, as 
evidence by the precipitation of triethylamine hydro
chloride. Three products were isolated. They were a- 
acetoxyacrylonitrile (V) (66% yield), II (6% yield), 
and 1,1-dic.yanoethyl acetate (VI) (12% yield). Com
pound V arises from dehydrochlorination of II formed 
during the reaction. This dehydrochlorination was 
studied under the same reaction conditions. An 80% 
yield of V was obtained from II at 30° within sixty 
minutes using triethylamine as base.13 Both V and II 
were expected products. However, VI was the most 
interesting of the three products for its isolation is a 
strong indication that acetyl cyanide (VII) is present in 
the solution. It is well known that acetyl cyanide can 
be made to dimerize under the conditions used to yield 
VI.14

It is concluded from the above work that the reaction 
proceeds through the cyanohydrin and that another 
possible intermediate is VII.

The assumption that acetyl cyanide is an inter
mediate in the reaction was next tested. Bartlett has 
shown that VII solvolyzes rapidly in methanol.14 
In fact VII is almost as reactive an acylating agent as 
acetyl chloride or acetic anhydride. If VII is an 
intermediate in the reaction, path 2 should be a gen-

o -  o c o c h 3
/  /

ClCEbCH +  CH3COCN — > C1CH2CH +  CN - (2)

eral reaction for the formation of 1-cyanoalkyl acetates 
from aldehydes. This we have found to be true. 
This reaction was tried with acetaldehyde. An equi
molar quantity of VII was added slowly to an aqueous 
solution of acetaldehyde and excess sodium cyanide. 
The same time and temperature interval as in the 
studied reaction to produce II was followed. A 92% 
yield of 1-eyanoethyl acetate (VIII) was isolated along 
with 5% cyanohydrin. The use of chloroacetaldehyde 
in this reaction gives no useful information regarding 
path 2 since I in the presence of sodium cyanide forms 
II without addition of VII.

If VII is an intermediate, as the above reaction 
strongly suggests, there are two logical paths to its 
formation. One possibility is through an epoxide 
intermediate.

(13) H e in r ic h  L ange, TJ. S . P a te n t  2 ,266,771 (J u ly  29 , 1939).
(14) B a r t l e t t  s ta te s  t h a t  a c e ty l cy a n id e  is  a n  a c tiv e  ace ty lau in g  a g e n t 

r a p id ly  h y d ro ly z e d  b y  w a te r . I n  m e th a n o l a t  ro o m  te m p e ra tu re  th e  
c a rb o n y l a b s o rp tio n  fo r  th e  cy a n id e  a t  331 m p  is  h a lf  g one  in  40  see. In  
w a te r , h y d ro ly s is  is  ev e n  fa s te r . I n  a  h ig h ly  b as ic  a q u e o u s  s o lu tio n  i ts  
h y d ro ly s is  m u s t  b e  ex ceed in g ly  fa s t ;  see P . D . B a r t l e t t  a n d  B . E . T a te , 
J .  A m .  C h e m .  S o c . ,  78 , 6575 (1956).

0 - 0  0
I /  \  B /  \  B H  +

CICHoCH •— CHo—CH +  Cl -  — >- C H r-C : -  — »

CN CN ¿N
III IX

o -
| B H  +

CHo=C — > CH.-COCN +  B (3) 

CN

To test this hypothesis glycidonitrile (IX) was pre
pared by the method of Payne.15-16 Glycidonitrile then 
was added to an aqueous solution of sodium cyanide and 
acetaldehyde. If IX is an intermediate in the reac
tion, VIII should be formed. No VIII could be iso
lated. A small amount of IX was recovered on work-up 
along with a trace of an unidentified liquid. Even 
allowing the reaction to proceed twice as long as the 
chloroacetaldehyde cyanide reaction did not destroy 
all the IX. Glycidonitrile was next added to an 
aqueous sodium cyanide solution to determine whether 
under reaction conditions similar to that used to form II, 
acetic acid would form as would be anticipated if IX 
rearranged to VII. The reaction mixture was not 
analyzed for products. Instead Duclaux values were 
run on the acidified reaction mixture. Potentiometric 
titration of the distillate indicated that no acetic acid 
had been formed. Path 3 is therefore eliminated as 
the major source of VII.

A second possible path to VII is via dehydrohalogena
tion of IV followed by tautomerization. Support for 
this proposal was obtained by running the studied 
reaction in deuterium oxide.

OH OH
I B I BH + +  C1-

ClCHoCH— > C H 2= C ------- -— >-CH3COCN (4)

¿N  CN
X

Due to the difficulty of preparing anhydrous I, a con
centrated aqueous solution was used instead. When 
diluted with deuterium oxide, the solution contained
0.17,0.30, and 1.2 moles of I, water, and deuterium oxide, 
respectively. This solution was added to a solution of 
0.17 mole of sodium cyanide and 1.3 moles of deuterium 
oxide. Deuterium content in purified II was analyzed 
by mass spectrometry.

It was first shown by mass spectrometry that II does 
not exchange with deuterium oxide under the reaction 
conditions, so that any deuterium found in II must 
have entered before or during the reaction. Any ex
change of starting material before dehydrohalogenation 
should fortunately show up in the chloromethyl group of
II. The deuterium data in Table I show that only 
9.6% of the chloromethyl groups contain deuterium, 
indicating that exchange of I before the formation of II 
was not rapid. However, 55% of the methyl groups of 
II were found to contain at least one deuterium.

It can be shown easily that while the deuterium found 
in the chloromethyl group is a statistical distribution 
based on simple exchange of ClCHr— with solvent, the

(15) G . B. Payne, i b i d . ,  81, 4901 (1959).
(16) W e gratefu lly  acknowledge a sam ple of glycidaldehyde supplied  

b y  G. B. Payne of the  Shell D evelopm ent Com pany, Em eryville, Calif. 
W e also heartily  agree w ith D r. Payne when he points o u t th e  v i o l e n t  d e 

c o m p o s i t i o n  th a t  glycidaldehyde oxime will undergo if le ft to  s tan d  a t  room 
tem pera tu re  for m uch longer th an  1 hr.
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T a b l e  I
M a s s  S p e c t r o m e t r y  A n a l y s is  o f  2 -C h l o r o -1 -c y a n o e t h y l  

A c e t a t e  P r e p a r e d  in  D e u t e r i u m  O x i d e “
Ion
+

P a rts6 Ion P a rts6

C1CH2CHCN
+

100 c h 3c o + 100

CICHDCHCN
+

10 c h 2d c o + 1 1 0

C1CD2CHCN 0 .6 c h d 2c o + 13
“ See ref. 17. 6 Each undeuterated moiety has been arbi

trarily .set equal to 100.

deuterium in the methyl group is far from that predicted 
by exchange with solvent.

The deuterium data are consistent with a mechanism 
shown by paths 1 followed by 4, then 2, with the follow
ing stimulations: dehydrohalogenation must be either a 
concerted mechanism or loss of chloride ion must at 
least be fast enough so as not to allow exchange of the
aldehydic hydrogen (this means that the deuterium

+
content found in the C1CH2CHCN moiety is also 
found in X before tautomerizatioii); acetylation of III 
by YII must be rapid compared to exchange with 
solvent or enolization; and a deuterium isotope effect 
of 8.3 is encountered presumably at the tautomeriza- 
tion step.18-19 This isotope effect is consistent with 
what is known about deuterium isotope effects at a car
bon adjacent to a carbonyl in the presence of strong 
base.20 Table II compares the observed values for 
deuterium distribution in the methyl group and the 
values predicted based on the proposed mechanism.

T a b l e  II
O b s e r v e d  a n d  P r e d ic t e d  D e u t e r i u m  C o n t e n t  i n  t h e  M e t h y l  

G r o u p

Ion Observed, % a Predicted,

c h 3c o + 44.8 44.8
c h 2d c o + 49.4 50.1
c h d 2c o + 5.8 4.8
c d 3c o + b ~ 0 .3

0 Calculations in this column are based on Table I. 6 A 
small peak at mass 46 could not be determined accurately due to 
the complexity of the cracking pattern, but is consistent with 
<0.5% CD3CO+.

To obtain the predicted values in Table II, cnol X
with a deuterium distribution identical to the C1CH2- 
+
CHCN moiety in Table I was calculated to pick up a 
ratio of hydrogen to deuterium such that the observed 
and predicted CH3CO+ moiety concentration in Table 
II coincided. The mono- and dideuteratcd moieties 
could then be compared with the observed results.

(17) M ass spectrom etry  analysis of e ither the  ace ta te  or m ethyl ions 
m ight be expected to  give th e  same results. This, however, was n o t the 
case. The C H 3 +/ C H 2D +/ C H D 2+ ratio  was found to  be 100/97/6.8, re
spectively. The discrepancy betw een the m ethyl and  acetyl cations is as
sum ed to be due to  a deuterium  isotope effect in the  cleavage reaction during 
spectral analysis. The m ethyl cation should, therefore, be least accurate 
since the  broken bond is closest to  the rriethyl group. The ra tio  of peak 
heights of CH sCO + to  C H 3+ is roughly 22 to  1 indicating  C H 3C O + as the  
m ajor cracking route. The acety l cation was, therefore, accepted as giving 
the m ost reliable data .

(18) T he tem pera tu re  varied  from  —10 to  0° during the  experim ent 
and the  ra tio  of w a ter to  deuterium  oxide (determ ined b y  n .m .r.) w as known 
only to an  accuracy of ± 5 % .

(19) A m axim um  isotope effect for the  O -H  bond a t  0° is 12.G. See 
K. Wiberg, C h e m .  R e v . ,  65, 713 (1955).

(20) Pocker found th a t  C D 3C H O  reacted 7.4 tim es slower th an  acetal
dehyde in ,  an  aldol condensation; see Y. Pocker, C h e m .  I n d .  (London), 599 
(1959).

The good agreement between observed and predicted 
values in Table II strongly supports the postulated 
mechanism.

To add further support to a concerted E2 elimina
tion of hydrogen chloride rather than a two-step E2 
elimination, a solution of acetaldehyde was allowed to 
exchange in a solution of deuterium oxide and sodium 
cyanide under conditions similar to which I was con
verted to I I .21 However, the reaction time was five 
times as long. Then acetyl chloride was swiftly added 
as a method of efficiently and rapidly isolating acetal
dehyde cyanohydrin (XI). Ether extraction and frac
tionation gave a 20% yield of 1-cyanoethyl acetate. 
It was determined by n.m.r. spectroscopy that, while the 
methyl group from the acetaldehyde had become highly 
deuterated, 100-CD3, 66.2-CHD2, and 15.8-CH.D for 
every 1.1-CH3, neither the proton spectrum nor the 
deuterium spectrum gave the slightest indication that 
deuterium exchange had taken place at the aldehydic 
hydrogen. There was, as expected, no indication of ex
change at the acetate methyl. This great difference 
in the rate of loss of proton from XI and from IV indi
cates that loss of hydrogen chloride from IV must 
follow a concerted E2 mechanism, that is, that carban- 
ion formation cannot be the rate-determining step in 
loss of hydrogen chloride from IV. While XI would be 
expected to undergo exchange via a carbanion inter
mediate, if IV also passes through a carbanion inter
mediate the great acceleration in rate must be accounted 
for merely by the inductive effect of one (3-chlorine atom. 
This is unreasonable, as Pearson has pointed out.22 
Rather, a proton is removed from IV with greater ease 
due to the simultaneous departure of the chloride ion 
and double bond formation.

Experimental23
3-Chlorolactonitrile (IV).—To 588 g. (3.0 moles) of 40% 

aqueous chloroacetaldehyde was added slowly 183 g. (3.05 
moles) of glacial acetic acid. To this solution was added, keep
ing the temperature between —10° and +5°, 147 g. (3.0 moles) 
of sodium cyanide dissolved in 500 ml. of water. Stirring was 
continued 1 hr. after addition was complete. The cyanohydrin 
(IV) then was extracted with ether. The ether solution was

(21) W hile i t  is logical to  postu la te  a  concerted E2 elim ination, since the 
carbanion form ed by  p ro ton  loss can be resonance stabilized by  — C = N ,  
a tw o-step E2 elim ination appears as a possibility. P e rtin en t references 
to  the s tu d y  of tw o-step v s . one-step E2 elim inations can be found in  E. S. 
Gould, “ M echanism  and S tructu re  in  Organic C hem istry ,”  H olt, R inehart 
and  W inston, Inc ., New York, N . Y ., 1959, pp . 478-480.

(22) W einstock, B ernardi, and  Pearson have estim ated  th a t  the  inductive 
effect of a chlorine atom  in  the b e ta  position of an  e th y l ketone increases 
by  roughly 15 tim es the  ra te  of ionization of the  chlorethyl over the  ethyl

ketone. S ubstitu tion  of a — C = N  for t h e ^ C = 0  would n o t be expected

to change th is value greatly  even th o u g h ^ C = = 0  stabilizes the negative

charge in the alpha position b e tte r th an  •—C = N ;  see J . W einstock, J . L. 
B ernardi, and R. G. Pearson, J .  A m .  C h e m .  S o c . ,  80, 4961 (1958); R . G. 
Pearson and  R . L. Dillon, i b i d . ,  75, 2439 (1953).

(23) M elting po in ts and  boiling points are uncorrected. T he infrared  
spectra  were run  on a  B eckm an-IR 5 infrared  spectrophotom eter. A m odi
fied W estinghouse 90° sector type m agnetic m ass spectrom eter w ith a  heated 
inlet was used. Gas chrom atography was run  on a  3-ft. b y  0.25-in. stainless 
steel colum n packed w ith  15% Dow polyglycol E-4000 (polyethylene glycol; 
4000 molecular weight) on 42/60-m esh acid-washed Chrom osorb. A high 
carrier gas ra te  a t  151° was used. N .m .r. 30-M c. spec tra  were run  on a  high 
resolution n.m .r. spectrom eter described by  E . B. B aker and L. W. Burd, 
R e v .  S c i .  I n s t r . ,  28, 313 (1957). N .m .r. 60- and 9.2-M c. spectra  were run 
on a  high resolution n.m .r. spectrom eter described by  E . B. B aker and  L- W. 
Burd, i b i d . ,  to  be published. Line positions -were m easured w ith respect 
to a  separate  w ater sam ple by  in terchanging sam ple and reference.
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dried, concentrated, and fractionated through a 12-in. Vigreux 
column to yield 225 g. (71%) of IV, b.p. 88-90° (2.5 mm.), 
j i36d  1.4565. Infrared spectrum showed characteristic absorp
tion at 3400 cm. -1 and 2240 cm .'1. N.m.r. spectrum at 30 
Me.: At a 20 volume % solution of IV in deuterium oxide, the
—CH2C1 protons are a slightly broadened doublet (splitting
5.0 ±0.1 c.p.s.) centered at —26.8 c.p.s. from the water refer
ence. The CH proton is a pair of doublets (splittings of 4.8

and 5.2 c.p.s.) centered at +8.1 c.p.s. The unlike ^ C H —

CH2— splittings indicate strongly hindered rotation about this 
C—C bond. The —OH proton is a single line at —1 c.p.s. due 
to fast exchange with deuterium oxide. On the neat sample 
“OH exchange is much slower and OH/CH splitting of about 5 
to 6 c.p.s. appears. The —OH proton lies at —1 c.p.s. and the 
CH at + 8  c.p.s.

Anal. Calcd. for C3H4CINO: C, 34.12; H, 3.79; Cl, 33.65; 
N, 13.27. Found: C, 34.42; H, 3.88; Cl, 33.54; N, 13.16.

2-Chloro-l-cyanoethyl Acetate (II) from Chloroacetaldehyde 
and Sodium Cyanide.—To a solution of 98 g. (1.95 moles) of 
sodium cyanide dissolved in 300 ml. of water was added slowly
389.5 g. (2.0 moles) of 39.3 ±  0.1% (aldehyde assay) aqueous 
chloroacetaldehyde. The temperature of the reactants was con
trolled between —10 and 0°. Addition time was 20 min. After 
an additional 5 min. of stirring, the solution was extracted with 
four 150-ml. portions of ether which were combined and dried 
over anhydrous sodium sulfate. After flashing the ether at 
60° (20 mm.), 139 g. of a mixture of acetate (II) and cyanohydrin 
(IV) was obtained. N.m.r. indicated 8% cyanohydrin in the 
mixture while infrared with use of standards showed 7 %. Frac
tionation gave a 90% yield of acetate (II), b.p. 65° (1 mm.), 
n3id  1.4355, along with 5-7% of IV. N.m.r. spectrum of pure I 
at 30 Me.: CH3CO (-76 .0  ±  0.2 c.p.s.), CH2CICCNO (doublet 
centered at —25.5 ±  0.2 c.p.s., splitting 5.0 ±  0.2 c.p.s.) and 
CHCNO (triplet centered at +24.3 ±  0.2 c.p.s., splitting 4.9 
±  0.2 c.p.s.). The spectrum is in complete agreement with II.

Anal. Calcd. for C5H6C1N02 (II): C, 40.68; H, 4.06; Cl, 
24.07; N, 9.50. Found: C, 40.76; H, 4.11; Cl, 24.24; N,
9.62.

The aqueous layer remaining after ether extraction was acidi
fied to pH 3 and continuously extracted with ether for 20 hr. 
The infrared spectrum of the product after removal of the ether 
was identical with acetic acid with the exception of a strong 
bond at 3450 cm.“1 indicating the presence of water. N.m.r. 
was used to determine that the 13.5 g. of solution was a mixture 
of water and acetic acid in a mole ratio of 1.5 to 1. There was

no indication in the n.m.r. spectrum of a ^C H 2. Neutral

equivalent calculated for the above mixture: 87; found: 86. 
Material balance based on 1.95 moles of chloroacetaldehyde is
1.76 moles of II plus 0.08 to 0.09 mole of IV plus 0.12 mole of 
acetic acid for a total of 1.97 moles of I accounted for.

2-Chloro-l-cyanoethyl Acetate (II) from 3-Chlorolactonitrile 
and Acetic Anhydride.—A mixture of 20 g. of cyanohydrin (IV), 
excess acetic anhydride, and 5 drops of pyridine was allowed to 
stand for 24 hr. Fractionation gave 24 g. (86%) of II. The 
infrared spectrum, refractive index, and b.p. of II were identical 
with II prepared from I and sodium cyanide in aqueous solution.

2-Chloro-l-cyanoethyl Acetate (II) Prepared in Deuterium 
Oxide.—Anhydrous chloroacetaldehyde is not only difficult to 
obtain but also difficult to store due to a great tendency to 
trimerize and polymerize. To avoid the problem of preparing 
a pure sample of I a 40% aqueous solution of I was continuously 
extracted with ether. The ether was then dried over sodium 
sulfate and concentrated. A 71% aqueous solution of I was 
obtained. This solution was shown by n.m.r. to contain 0.17 
mole of chloroacetaldehyde and 0.30 mole of water. To this was 
added 1.2 moles of deuterium oxide. The resultant solution 
was added to a solution 0.17 mole of sodium cyanide dissolved 
in 1.3 moles of deuterium oxide. The reaction was run as 
described above with the exception that addition took only 1 
min. and the product was extracted with ether just 9 min. later. 
The 2-chloro-l-cyanoethyl acetate isolated by fractionation was 
shown to be at least 99.8% pure by gas chromatography. Mass 
spectrometric analysis of this sample is tabulated in Table I.

Exchange of II in Deuterium Oxide-Sodium Cyanide Solu
tion.—A sample of pure II was stirred in a solution of sodium 
cyanide-deuterium oxide. The concentration of each material

approximated the concentration found in the preparation of II 
from I and cyanide. After 15 min. at 0° II was extracted with 
ether and fractionated. Infrared and refractive index indicated 
II had been recovered. Mass spectrometric analysis indicated 
that on the basis of 100 parts of CH3C = 0 + and 100 parts of 
C3H3NC1+ only 0.6 and 0.4 parts of CH2D C = 0 + and C3H2- 
DNC1+, respectively, were found. Thus II does not significantly 
exchange under the conditions of the reaction.

Glycidonitrile (IX).—Prepared by the method of G. B. Payne,
J. Am. Chem. Soc., 81, 4901 (1959).

a-Acetoxyacrylonitrile (V) v ia  Dehydrohalogenation of 2- 
Chloro-l-cyanoethyl Acetate.—To 295 g. (2.0 moles) of 2- 
chloro-l-cyanoethyl acetate in 2000 ml. of dry ether was added 
slowly 202 g. (2.0 moles) of triethyl amine diluted with 100 ml. 
of ether. The reaction temperature was kept below 30°. After 
addition, the solution which now contains a copious precipitate 
of amine hydrochloride was stirred an additional 6 hr. To the 
solution was added excess dilute aqueous hydrochloric acid to 
both dissolve the amine hydrochloride and neutralize any un
reacted amine. Without a thorough acid wash the product will 
fractionate as an amber liquid instead of a colorless liquid. To 
the ether solution was added a pinch of f-butylcatechol as a 
polymerization inhibitor. The ether solution then was con
centrated and fractionated through a 12-in. column packed with 
0.25-in. Berl saddles to give 202 g. (91%) of V, b.p. 65° (12 mm.); 
v?H) 1.4191. An 80% yield of V can be obtained if the reaction 
is run for only 1 hr. Identifying infrared absorption peaks are 
found at 2232, 1774, and 1636 cm.“1. Other strong bands are 
found at 1370, 1190, 970, 923, 874, and 673 cm.“1.

Anal. Calcd. for C3H5N 02 (V); C, 54.05; H, 4.50; N, 
12.61. Found: C, 54.28; H, 4.34; N, 12.39.

Dehydrohalogenation of 3-Chlorolactonitrile (IV) with Triethyl- 
amine.—To a stirred solution of 55 g. (0.55 mole) of triethyl- 
amine in 200 ml. of dry ether was added 53 g. (0.50 mole) of
3-chlorolactonitrile. After 15 min. the reaction became notice
ably exothermic and a flocculant precipitate of amine hydro
chloride began to form. The mixture was kept at 25° and stirred 
for a total of 1 hr. Water was added to dissolve the amine 
hydrochloride salts. The solution was acidified to pH 3 and 
extracted with ether. The ether was dried and then flashed to 
give 26 g. of a liquid which was examined by gas chromatography. 
Gas chromatography indicated 18.2 g. (66% of a-acetoxyacrylo- 
nitrile, 2.2 g . (6%) of II, and 4.2 g. (12%) of what was proved 
to be 1,1-dicyanoethyl acetate (VI). The over-all yield based 
on cyanohydrin was 84%. N.m.r. spectrum of VI at 30 Me.: 
a sharp peak at —79 ±  0.5 c.p.s. and a broad peak at —83 ±  0.5 
c.p.s.; m.p. 69.5-70.5° (69.4-70.2° reported by Bartlett18).

Anal. Calcd. for C6H6N,02 (VI): C, 52.1; H, 4.35; N, 20.3. 
Found: C, 51.98; H, 4.21; N, 20.12.

1-Cyanoethyl Acetate (VIII).—To 200 ml. of water and 98 g. 
(2.0 moles) of sodium cyanide was added slowly 44 g. (1 mole) of 
acetaldehyde. Then, while the reaction temperature was kept 
at —10 to 0°, 94 g. (1.2 moles) of acetyl chloride was added 
dropwise with vigorous stirring. The addition reaction was 
very exothermic. After addition was complete stirring was 
continued for 2-3 min. To the solution was added 100 ml. of 
water to dissolve the sodium acetate. The product was extracted 
with ether and concentrated to give 113 g. (95% yield), w36d  
1.3960 of crude product. Fractionation gave a 90% yield of 
VIII, b.p. 68° (8 mm.), n 36D 1.3948. Infrared and n.m.r. 
spectra are consistent with VIII. If acetic anhydride is used 
instead of acetyl chloride, the yields are equally good. An 
excess of sodium cyanide is necessary for optimum yields. When 
equimolar cyanide and aldehyde was used, the yield of VIII 
was only about 55-65%.

Anal. Calcd. for C3H,N02 (VIII): C, 52.17; H. 4.35; N, 
20.29. Found: C,51.98; H, 4.21; N, 20.00.

Exchange Reaction of Acetaldehyde in Deuterium Oxide-So
dium Cyanide.—To a solution of 8.35 g. (0.17 mole) of sodium cya
nide in 20 g. of deuterium oxide was added slowly at 0° 7.0 g. (0.16 
mole) of acetaldehyde in 5 g. of deuterium oxide. The solution was 
kept between —10 and 0° for 25 min. Then 13.5 g. (0.2 mole) 
of acetyl chloride was added within a 2-min. interval. An oil 
formed almost immediately. The solution was twice extracted 
with ether. The combined ether fractions were concentrated 
and fractionated. A 20% yield of deuterated VIII was ob
tained. The major component was a high boiling residue prob
ably arising from an aldol condensation. The infrared spectrum 
of this material was consistent with l-cyano-3-acetoxybutyl
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acetate. This material was not further identified. Purified 
VIII from the reaction was studied with n.m.r.

The proton spectrum shows a large sharp peak at —180 c.p.s.
O

/
due to nondeuterated —O—C—CH3, a broad doublet at —212 
c.p.s. due to partially deuterated CH3C, and a broad triplet at

I
CN

+  13 c.p.s. due to CH.
Spin decoupling at the D frequency of 9.211569 Me. and 

high power sharpens both the CH3C and CH. The CH3 is

CN
separable into three doublets corresponding to CHD2, CH2D, 
and CH3. These are shifted 1 c.p.s. from each other due to a 
small isotopic effect on the chemical shift. Their relative areas, 
on a molar basis, should correspond to the amounts of each pres
ent.

The CH is split by the deuterated methyls into a seven line 
pattern corresponding to 1/8 CH3, 1/4 CH2D, (1/2 CHD2 +  
3/8 CH3), (CD3 +  1/2 CH2D), (1/2 CHD2 +  3/8 CH3), 1/4 
CH2D, and 1/3 CH3. The integral curve gives on a normalized 
basis: 100 CD3, 66.2 CHD2, 15.8 CH2D, ~ 1.1 CH3. This 
corresponds well with the ratios 100 CHD2, 47.7 CH2D, 5.0 CH3

in the CH3 spectrum allowing for an apparent line shape as- 
symetry.

The CH3 spectrum shows no trace of a line near the center of 
the pattern which would be expected if there were any deuterium 
at the CH position.

The deuterium spectrum shows a large line due to the CD3, 
CHD2, and CH2D and a small line near the deuterium oxide 
reference point. In the proton spectrum the CH3 and CH are 
separated by 225 c.p.s. or 3.74 p.p.m. Multiplying 3.74 p.p.m. 
by the deuterium frequency of 9.211 Me. we obtain 34.5 c.p.s. 
for the CD3 to CD separation which is not near the position of 
the small line found. It is concluded that there is no CD in 
VIII and that the small line is probably deuterium oxide im
purity.
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Compounds with methylenes activated by acyl groups react with 4,6-diammo-5-nitroso-2-phenylpyrimidine 
in the presence of sodium cyanide with incorporation of cyanide, loss of aeylate, and cyelization to form 6-substi- 
tuted 7-aminopteridines. The principles involved in this process were modified to permit the synthesis of six
6-alkyl-7-aminopteridines.

The diuretic activity displayed by 4,7-diamino-2- 
phenyl-6-pteridinecarboxamide (I) and related com
pounds2 prompted us to undertake the synthesis for 
biological screening of a series of compounds bearing 
alkyl groups in the 6-position (III). Although a num
ber of 6-aryl-7-aminopteridines (IV) have been prepared 
through condensation of arylacetonitriles with ap
propriate 4-amino-5-nitrosopyrimidines,3 compounds of 
type III have not been reported. While the methylene 
group of an arylacetonitrile is sufficiently acidic to form 
an anion and react with a 4-amino-5-nitrosopyrimidine 
in the presence of basic catalysts, the a-methylene of a 
simple alkylnitrile cannot form an anion under similar 
conditions because it is a weaker acid than a 4-amino-5- 
nitrosopyrimidine. Reaction in the latter case there
fore fails.

I. R = Nib 
II. R = phenyl

NH2

III. R = alkyl
IV. R = aryl

(1) Présent address: Endo Laboratories, R ichm ond H ill 18, N. Y.
(2) (a) .T. W einstock, U. S. P a te n t 2,963,478 (1960); (b) E . C. Taylor, 

U. S. P a ten t 2,963,479 (1960) ; (c) E . C. T aylor and  J . W einstock, U. S. 
P a ten t 2,963,480 (1960); (d) J . G rannells and  J . W einstock, U. S. P a ten t 
2,963,481 (1960); (e) T . S. Osdene and  E . C. Taylor, U. S. P a te n t 2,975,180 
(1961).

(3) R. G. W. Spickett and G. M . Tim m is, J .  C h e m .  S o c . ,  2887 (1954).

A solution to the problem of preparing compounds of 
type III came about in unexpected fashion. It was 
found that, although 4,6-diamino-5-nitroso-2-phenyl- 
pyrimidine (V) condenses with phenylacetaldehyde and 
phenylacetone in the presence of potassium acetate to 
give the pteridines VI and VII, the reactants condense 
in each case in the presence of sodium cyanide to give 
only the 7-aminopteridine (VIII). Compound VIII 
is also produced when V reacts with phenylacetonitrile 
in the presence of sodium cyanide.

VI. R = H
VII. R = CH3 

V ili. R = NH2

In similar fashion, bcuzoylacetamide reacts with V 
in the presence of potassium acetate to produce 4- 
amiiio - 2,7 - diphenyl - 0 - pteridinecarboxamide
(II). With sodium cyanide as the condensing agent, 
the reactants yield I.

In the synthesis of VIII from phenylacetaldehyde or 
phenylacetone, and in the synthesis of I from benzoyl- 
acetamide, an acyl group is lost and a nitrile incor
porated at appropriate stages in the process. Kròhnke4

(4) F . Krohnke, C h e m .  B e r . ,  80, 298 (1947).
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observed a related replacement of an acyl group by a 
nitrile some years ago.

The effect of catalyst on reaction course is note
worthy. In the acetate-catalyzed condensation of 
phenylacetone with V, for example, reaction proceeds 
through the hydroxylamine intermediate (IX). This 
intermediate loses water to form the anil (X) which, in 
turn, cyclizes to form VII.

IX X
(NaCN) I  - H ,

(  /)—C—COCH;I,
N ^ O

XII XIII

The cyanide-catalyzed reaction also proceeds through 
IX, but the latter, instead of dehydrating, becomes 
oxidized to the nitrone (XI). This then may add 
cyanide (XII), lose acetate to give the anil (XIII), and 
cyclize to produce VIII.

That hydroxylamines related to IX may undergo 
oxidation rather than dehydration is well known.4”9 
For example, fluorene condenses with p-nitrosodi- 
methylaniline to give only the nitrone (XIV).6

De Waal and Brink10 have cited other instances 
where the nature of the product is dependent upon the 
condensing agent. They found that p-nitrobenzyl-y- 
picolinium bromide reacted with p-nitrosodiethyl- 
aniline in the presence of sodium hydroxide at room 
temperature to produce the nitrone (XV), whereas the 
same reactants produced the anil (XVI) when the con
densing agent was piperidine at 80°. Their work was 
complicated by the finding that the anil could be ob
tained, together with some p-nitrodiethylaniline, by 
heating the nitrone with p-nitrosodiethylaniline in the 
presence of piperidine. They regarded the nitrone as a 
possible intermediate in the formation of the anil.

I t appears unlikely that nitrones are intermediates 
in the syntheses of II, VI, and VII for two reasons. 
(1) Compound II was obtained in 70% yield from V. 
This is higher than would have been predicted if one or 
more equivalents of nitrosopyrimidine had been con
sumed as oxidizing agent. (2) Numerous pteridine
5-oxides have been prepared in this laboratory in ex
cellent yield through cyclization of nitrone inter
mediates in the presence of potassium acetate. The 
oxides are stable compounds and will be described in a 
subsequent paper.

The yield of VIII from phenylacetone is low partly 
because some of the nitrosopyrimidine is consumed as 
oxidizing agent. If one were to start with a-phenyl- 
acetoacetonitrile (XVII), the oxidation step would be 
omitted. Compound XVII would be expected to con
dense with V to form XII and ultimately to produce 
VIII in high yield. This is indeed the case and VIII 
was obtained from XVII in over 90% yield.

CN 
I

^  / / — CHCOCH 3  

XVII

CN
alkyl — CH—COR 

XVIII

Compound XVII bears three activating groups on 
the same carbon atom. Replacement of phenyl by 
alkyl should give a molecule (XVIII) which is still 
sufficiently acidic to condense with an o-aminonitroso- 
pyrimidine in the presence of alkali. If the reactions 
of compounds of type XVIII parallel those of XVII,
6-alkyl-7-aminopteridines (III) should result.

Four alkylnitriles were benzoylated with ethyl 
benzoate in the presence of sodium methoxide by the 
general procedure of Dorsch and McElvain.11 Upon 
reaction with V in aqueous ethanol in the presence of 
sodium cyanide, each produced a 6-alkyl-7-amino- 
pteridine (XIX-XXII).

XIV XVI

(5) A. Schonberg and  R . M ichaelis, J .  C h e m .  S o c . ,  627 (1937).
(6) E . R ergm ann, i b i d . ,  1628 (1937).
(7) F . B arrow  and  F . J . Thorneycroft, i b i d . ,  769 (1939).
(8) D . C. D ittm e r and  J . M . Kolyer, J .  O r g .  C h e m . ,  27, 56 (1962).
(9) F . K rohnke, B e r . ,  71, 2583 (1938).

NH2 n h 2

XIX. R = methyl XXI. R = cyclohexyl XXIII. X  = SCH3 
XX. R = ethyl XXII. R -  benzyl XXIV. X = H

Ethyl a-methylcyanoacetate used in place of a- 
methylbenzoylacetonitrile in inaction with V also 
yielded XIX. The reaction proceeded more slowly, 
however, and with inferior yield.

(10) H . L. de W aal and  C. v. d. M. Brink, C h e m .  B e r . ,  89, 636 (1956).
(11) J . B. Dorsch and  S. M . M cE lvain, J .  A m .  C h e m .  S o c . ,  54, 2960 

(1932).
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n h 2
Com

pound Ri Rs R. Xmax. m/* (log «) pH

II Phenyl Carboxamide Phenyl 276 (4.42), 368 (4.34) 1
VI Phenyl Phenyl Hydrogen 238 (4.78), 287 (4.54), 372 (4.26) 1
VII Phenyl Phenyl Methyl 278 (4.45), 355 (4.23) 1
VIII Phenyl Phenyl Amino 240 (4.38), 266 (4.50), 370 (4.40) 1

266 (4.47), 270 (4.38) 13
XIX Phenyl Methyl Amino 254 (4.42), 350 (4.31) 1

243 ( 4.53), 346 (4.23) 13
XX Phenyl Ethyl Amino 241 (4.35), 254 (4.42), 350 (4.32) 1

243 (4.55), 346 (4.24) 13
XXI Phenyl Cyclohexyl Amino 254 (4.43), 354 (4.35) 1
XXII Phenyl Benzyl Amino 255 (4.44), 354 (4.35) 1
XXV Methylthio Methyl Amino 255 (4.35), 347 (4.39), 363 (4.28) 1

254 (4.58), 263 (4.37), 346 (4.25), 359 (s) (4.18) 13
XXVI Methylthio Methyl Phenyl 267 (4.31), 295 (4.00), 362 (4.31) 1
XXVII Hydrogen Methyl Amino 248 (4.20), 283 (3.61), 340 (4.21), 356 (s) (1.01) 1

236 (s) (4.35), 259 (s) (4.05), 335 (4.08) 13

The formation of the 6-alkyl-7-aminopteridines 
(XIX-XXII) from substituted benzoylacetonitriles, 
and the formation of X III from XVII, required in each 
case that acylate rather than cyanate be eliminated at 
an appropriate stage in synthesis. In none of these 
reactions involving 4,6-diamino-5-nitroso-2-phenyl- 
pyrimidine (V) was there evidence of cyclization oc
curring through the carbonyl group with accompanying 
elimination of cyanate.

This remarkable specificity did not extend to the 
reactions of two other nitrosopyrimidines. When 4,6- 
diamino-2-methylthio-5-nitrosopyrimidine (XXIII) 
and 4,6-diamino-5-nitrosopyrimidine (XXIV) were used 
in place of V in reactions with a-methylbenzoylaceto- 
nitrile, mixtures were obtained. Single products could 
be made to predominate, however, through appropriate 
choice of solvent, catalyst, and reaction temperature.

Compound XXIII reacted with a-rnethvlbenzoyl- 
acetonitrile in ethoxyethanol in the presence of potas
sium acetate to form 4,7-diamino-6-methyl-2-methyl- 
thiopteridine (XXV) and 4-amino-6-methyl-2-methyl- 
thio-7-phenylpteridine (XXVI) in a molar ratio of 
about eleven to one. On the other hand, when sodium 
cyanide in aqueous ethanol was used in the reaction, 
the same products were formed in about a one to one 
ratio.

HsNyYVX

n h 2

XXV. X = s c h 3 
XXVII. X = H

w / / W V CHs
CH

NN
NH;

XXVI

The reaction of compound XXIV in ethoxyethanol 
in the presence of potassium acetate favored formation 
of 4,7-diamino-6-methylpteridine (XXVII) to a pteri- 
dine by-product by a molar factor of approximately 
five. In an aqueous alcoholic sodium cyanide medium 
only the by-product, the structure of which is currently 
under investigation, was isolated.

More information is needed before one can speculate 
significantly on the manner in which the 2-substituent 
on nitrosopyrimidines influences the course of pteridine 
formation. I t  must first be determined whether inter
mediates similar to XII, which are formed from nitro
sopyrimidines and compounds of type XVII and XVIII, 
proceed to pteridines through loss of anion followed by 
cyclization of whether cyclization precedes loss of anion.

The role of solvent, catalyst, and reaction tempera
ture also remains to be clarified. Cyanide catalyst is 
important in causing nitrone formation (XI) rather 
than anil formation (X), but the experiments with 
XXIII and XXIV show that it clearly does not deter
mine the course of pteridine formation once inter
mediates of type XII are generated.

The ultraviolet spectra of new pteridines reported in 
this paper are recorded in Table I.

Several of the pteridines produced potent diuretic 
effects in the rat. The biological data will be reported 
elsewhere at a later date.

Experimental
The ultraviolet spectra at pH 1 were determined in 4.5% aqueous 

formic acid. The spectra at pH 13 were determined by taking a 
5 to 10-ml. aliquot of compound in 4.5% formic acid and bringing 
the volume to 100 ml. with 1 N  aqueous sodium hydroxide. In 
those cases where the compound crystallized from alkaline 
solution, no values at pH 13 are recorded.

4,7-Diamino-2-phenyl-6-pteridinecarboxamide (I).—A mixture 
of 1.63 g. (0.01 mole) of benzoylacetamide, 1.0 g. (0.005 mole) 
of 4,6-diamino-5-nitroso-2-phenylpyrimidine, 0.5 g. (0.01 mole) 
of sodium cyanide, 10 ml. of water, and 40 ml. of ethanol was 
heated under reflux for 3 hr. There was obtained 0.25 g. of 
yellow crystals, identical with an authentic sample of I .22

4-Amino-2,7-diphenyl-6-pteridinecarboxamide (II).—A mix
ture of 1.07 g. (0.005 mole) of 4,6-diamino-5-nitroso-2-phenyl- 
pyrimidine, 1.63 g. (0.01 mole) of benzoylacetamide, 1.0 g. of 
potassium acetate and 50 ml. of ethanol was heated under reflux 
for 2 hr., during which time the nitroso compound dissolved and 
the product crystallized from solution in fine needles. The 
mixture was concentrated, cooled, and filtered to give 1.2 g. 
(70%) of almost colorless needles. After one recrystallization 
from ethanol, the compound melted at 322-324° dec.

Anal. Calcd. for Ci9HuN60: C, 66.66; H, 4.12; N, 24.55. 
Found: C, 66.69; H.4.24; N, 24.67.
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4-Amino-2,6-diphenylpteridme (VI).—A mixture of 6.45 g. 
of 4,6-diamino-5-nitroso-2-phenylpyrimidme, 5 g. of potassium 
acetate, 7.2 g. of phenylacetaldehyde, and 50 ml. of ethoxyethanol 
was heated under reflux for 30 min. The mixture was concen
trated to half volume under reduced pressure and 10 ml. of 
water was added. A brown substance separated from the cooled 
solution. It was taken up in ethanol and the resulting solution 
was treated with charcoal, concentrated, and cooled. There 
was obtained 1.5 g. of orange crystals which, upon recrystalliza
tion from dimethylformamide, yielded 1.3 g. of orange plates, 
m.p., 288-289° dec.

Anal. Calcd. for C,8Hi3N5: C, 72.22; H, 4.38; N, 23.40. 
Found: C, 72.23; H, 4.53; N, 23.16.

4-Ammo-7-methyl-2,6-diphenylpteridine (VII).—A mixture of 
2.15 g. of 4,6-diamino-5-nitroso-2-phenylpyrimidine, 3.3 g. of 
phenylacetone, 3.0 g. of potassium acetate and 50 ml. of n-butyl 
alcohol was heated under reflux for 4 hr. The mixture was cooled 
in an ice bath for 1 hr. and the yellow needles were filtered, 
washed with water and ethanol, and dried. The product weighed
1.3 g. (41.5% yield). For analysis a sample was recrystallized 
from 5:1 ethanol-ethoxyethanol, m.p. 288-290° dec.

Anal. Calcd. for C19H15N5: C, 72.82; H, 4.82; N, 22.35. 
Found: C, 72.38; H, 5.13; N, 22.05.

4,7-Diamino-2,6-diphenylpteridine (VIII). (A) From 
Phenylacetonitrile.—A mixture of 1.17 g. of phenylacetonitrile, 
0.5 g. of 4,6-diamino-5-nitroso-2-phenylpteridine, 0.25 g. of 
sodium cyanide and 30 ml. of 90% ethanol was boiled for 10 
min. The green color rapidly disappeared and the yellow 
pteridine separated from solution. The product was collected 
and recrystallized from dimethylformamide to give 0.65 g. of 
VIII, m.p. over 320°.

Anal. Calcd. for Ci8Hi4N6: C, 68.78; H, 4.49; N, 26.74. 
Found: C, 68.43; H, 4.60; N, 26.53.

(B) From Phenylacetaldehyde.—To a mixture of 2.15 g. of
4,6-diamino-5-nitroso-2-phenylpyrimidine, 2.4 g. of phenylacet
aldehyde and 20 ml. of ethanol was added a solution of 1.0 
g. of sodium cyanide in 5 ml. of water. The mixture was heated 
to boiling and the reactants went into solution. After standing 
at room temperature overnight, the 0.9 g. of yellow product that 
separated was washed thoroughly with water and recrystallized 
from dimethylformamide to yield 0.5 g. of VIII, identical with 
the product prepared by method A.

(C) From Phenylacetone.—Under conditions similar to 
those of method B 4 ml. of phenylacetone reacted with 2.15 g. 
of 4,6-diamino-5-nitroso-2-phenylpyrimidine to form 0.8 g. of
VIII.

(D) From «-Phenylacetoacetonitrile.—To a boiling mixture 
of 1.1 g. of 4,6-diamino-5-nitroso-2-phenylpyrimidine, 1.6 g. of 
a-phenylacetoacetonitrile and 50 ml. of ethanol was added 0.5 
g. of sodium cyanide in 5 ml. of water. The mixture was heated 
under reflux for 5.5 hr. Upon concentration and cooling there 
was obtained 1.45 g. (90.7%) of VIII, identical with an authen
tic sample prepared from phenylacetonitrile.

4,7-Diamino-6-methyl-2-phenylpteridine (XIX). (A) From 
Reaction with «-Methylbenzoylacetonitrile.—To a mixture of
21.5 g. (0.1 mole) of 4,6-diamino-5-nitroso-2-phenylpyrimidine 
and 31.8 g. (0.2 mole) of «-methylbenzoylacetonitrile11 in 200 
ml. of ethanol was added a solution of 10 g. (0.2 mole) of sodium 
cyanide dissolved in 40 ml. of water. The mixture was heated 
for 18 hr. Upon concentration to about 60 ml. and cooling 
there was obtained 23 g. of crude pteridine. This was recrystal
lized from methanol to give 15.2 g. (60%) of pale yellow needles 
of XIX, m.p. 308-309° dec.

Anal. Calcd. for C13H12N6: C, 61.89; H, 4.80; N, 33.31. 
Found: C, 62.05; H.4.91; N, 33.33.
it (B) From Reaction with Ethyl «-Methylcyanoacetate.—To
a mixture of 2.15 g. of 4,6-diamino-5-nitroso-2-phenylpyrimi- 
dine, 2.6 g. of ethyl «-methylcyanoacetate and 30 ml. of ethanol 
was added a solution 1.0 g. of sodium cyanide in 10 ml. of water. 
The mixture was heated (24 hr.) until disappearance of green 
color. There was obtained 0.6 g. of XIX, identical with the 
sample obtained as described in method A.

4,7-Diamino-6-ethyl-2-phenylpteridine (XX).—To a mixture of
1.07 g. (0.005 mole) of 4,6-diammo-5-nitroso-2-phenylpyrimidine 
and 1.7 g. (0.01 mole) of «-ethylbenzoylacetonitrile11 in 35 ml. of 
ethanol was added a solution of 0.5 g. of sodium cyanide in 6 ml. 
of water. The mixture was heated under reflux for 8 hr. There 
was obtained 1.05 g. of yellow product, m.p. after recrystalliza
tion from dilute acetic acid, 276-280° dec.

Anal. Calcd. for C14H14NS: C, 63.14; H, 5.30; N, 31.56. 
Found: C, 63.14; H, 5.46; N, 31.21.

«-Cyclohexylbenzoylacetonitrile.12—Cyclohexylacetonitrile was 
prepared from cyclohexylmethyl bromide by the general procedure 
described by Friedman and Shechter.13 A solution of 55 g. of 
sodium cyanide in 400 ml. of dry dimethyl sulfoxide was heated 
to 60° and 177 g. of cyclohexylmethyl bromide was added at such 
a rate as to maintain the temperature at 60-65°. After the addi
tion, the reaction mixture was heated to 85° for 3 hr. One 
liter of water was added and the oily layer was taken up in ether. 
The ethereal layer was dried over magnesium sulfate and distilled 
over phosphorus pentoxide to give 86.0 g. (70%) of cyclohexyl
acetonitrile, b.p. 83-86° (20j mm.), m 26d  1.4577. Wallach14 
reported nlsD 1.4575.

To a stirred mixture of 120 g. (0.8 mole) of ethyl benzoate and
43.2 g. (0.8 mole) of sodium methoxide heated at 80° was added 
86 g. (0.88 mole) of cyclohexylacetonitrile over a period of 2 hr. 
The temperature of the heating bath was raised to 115-120° 
and heating was continued for 10 hr.

The thick mixture was cooled and diluted with ice and water 
at 0°. Ether was added and the mixture was stirred while 
sulfuric acid was added until the pH was brought to between 2 
and 3. The mixture w'as extracted with several portions of 
ether and the combined ethereal extracts were washed with 5% 
sodium bicarbonate solution to remove benzoic acid. The ether
eal solution was dried over magnesium sulfate and distilled. 
There was obtained 41 g. of pale yellow oil, b.p., 180-190°(1 mm.). 
The product solidified and, upon recrystallization from ether- 
hexane mixture, melted at 45-46°.

Anal. Calcd. for Ci5H„NO: C, 79.26; H, 7.54. Found: 
C, 79.53; H, 7.63.

4.7- Diamino-6-cyclohexyl-2-phenylpteridine (XXI).—A mix
ture of 7.4 g. of 4,6-diamino-5-nitroso-2-phenylpyrimidine, 15 g. 
of «-cyclohexylbenzoylacetonitrile, 3.5 g. of sodium cyanide, 60 
ml. of water and 180 ml. of ethanol was heated under reflux for 
20 hr. The green color remained and an additional 7 g. of a- 
cyclohexylacetonitrile was added and reflux maintained for an 
additional 16 hr. Upon cooling there was obtained 5.5 g. of 
yellow solid. Concentration yielded an additional 0.95 g. 
The two crops were combined and recrystallized from dilute 
acetic acid to give 5.4 g. of XXI, m.p. 338-340°.

Anal. Calcd. for Ci8H3„N6: C, 67.48; H, 6.29; N, 26.23. 
Found: C, 67.56; H, 6.49; N, 26.26.

«-Benzylbenzoylacetonitrile.12—This compound was prepared 
from hydrocinnamonitrile and ethyl benzoate by the same proce
dure used for the preparation of «-cyclohexylbenzoylacetonitrile. 
From 164 g. of hydrocinnamonitrile there was obtained 63 g. of 
product, b.p., 186-202° (0.5 mm.), m.p., upon recrystallization 
from methanol, 79-80°.

Anal. Calcd. for C46Hi3NO: C, 81.68; H, 5.57. Found: 
C, 81.81; H, 5.65.

4,7-Diamino-6-benzyl-2-phenylpteridine (XXII).—To a
mixture of 12.9 g. (0.06 mole) of 4,6-diamino-5-nitroso-2- 
phenylpyrimidine, 27.0 g. (0.12 mole) of a-benzylbenzoylaceto- 
nitrile and 225 ml. of ethanol was added a solution of 6 g. (0.12 
mole) of sodium cyanide in 75 ml. of water. The resulting 
mixture was heated under reflux for 20 hr. The solvent was 
removed under reduced pressure and the residue was washed 
thoroughly with water and recrystallized from ethanol to yield
4.8 g. of X X n ,  m.p., 280-281° dec.

Anal. Calcd. for Ci9Hi6N6: C, 69.49; H, 4.91; N, 25.59. 
Found: C, 69.27; H, 5.21; N, 26.53.

4.7- Diammo-6-methyl-2-methylthiopteridine (XXV).—A mix
ture of 1.S5 g. of 4,6-diamino-2-methylthio-5-nitrosopyrimidine,
3.2 ml. of «-methylbenzoylacetonitrile, 3.0 g. of potassium 
acetate and 50 ml. of ethoxyethanol was heated under reflux for 
2 hr. The brown solution was concentrated to 30 ml. and cooled. 
A yellow solid (1.0 g.) separated and was filtered. When the 
filtrate stood for 1 hr., 0.2 g. of a second compound separated 
which proved to be identical with XXVI described in the follow
ing experiment. The filtrate was then concentrated to about 15 
ml. and diluted with 5 ml. of water. Upon standing overnight, 
an additional 0.8 g. of the first compound separated. The 
combined first and third crops (1.8 g.), upon recrvstallization 
from ethanol, melted at 308-310° dec.

(12) We th an k  M r. A. J . Villani of th is laborato ry  for th e  p rep a ra tio n  of 
th is  com pound.

(13) L. Friedm an  a n d  H . Shechter, ./. O r g .  C h e m . ,  25, 877 (1960).
(14) O. W allach, A n n . ,  359, 311 (1908).
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Anal. Calcd. for C8H10N6S: C, 43.23; H, 4.53; N, 37.81. 
Found: C, 43.45; H, 4.57; N, 37.96.

XXV and 4-Amino-6-methyl-2-methylthio-7-phenylpteridine 
(XXVI).—A mixture of 14.8 g. (0.08 mole) of 4,6-diamino-2- 
methylthio-5-nitrosopyrimidine, 16 g. (0.1 mole) of a-methyl- 
benzoylacetonitrile, 5.0 g. (0.1 mole) of sodium cyanide and 250 
ml. of 75% ethanol was heated under reflux for 16 hr. There 
was obtained a first crop of 4.1 g. of pteridine and, after concen
tration, 3.9 g. of a second crop. The first crop wg,s recrystal
lized from ethanol three times to give 2.5 g. of 4-amino-6-methyl-
2-methylthio-7-phenylpteridine, m.p., 268-269°.

Anal. Calcd. for Ci4H13N6S: C, 59.34; H, 4.62; N, 24.72; 
S, 11.32. Found: C, 59.40; H, 4.70; N, 24.91; S, 11.21.

The second crop was also recrystallized three times from ethanol 
to yield 2.6 g. of XXV, identical with the sample prepared by 
the method of the preceding experiment.

4,7-Diamino-6-methylpteridme (XXVII).—A mixture of 8.2 g. 
of 4,6-diammo-5-nitrosopyrimidine, 15 g. of a-methylbenzoylace- 
tonitrile, 9.0 g. of potassium acetate, and 175 ml. of ethoxyethanol 
was heated under reflux for 1 hr. The dark brown solution was 
evaporated to dryness under reduced pressure and the residue 
was stirred with a little water and filtered. The brown precipi
tate was stirred at 60° with three 85-ml. portions of 5% hydro
chloric acid. The acid solutions were combined, extracted with 
ether, and purified with charcoal. The resulting yellow solution 
was made basic with sodium hydroxide, cooled in the refrigerator 
for 4 hr., and filtered. There was obtained 5.2 g. of buff-colored 
product. For further purification, the product was dissolved in 
60 ml. of warm 3% hydrochloric acid and cooled to give 4.1 g.

of beautiful, well formed needles of hydrochloride. The salt, 
on treatment with ammonia, yielded almost colorless needles of 
XXVII. The compound does not melt but turns black at 
about 330°.

Anal. Calcd. for C7H8N6: C, 47.72; H, 4.58; N, 47.70. 
Found: C, 47.85; H, 4.90; N, 47.89.

The brown gummy solid which was not dissolved by the ex
tractions with hydrochloric acid was washed with ethanol and 
recrystallized from glacial acetic acid with the aid of charcoal. 
There was obtained 1.5 g. of well formed needles of by-product. 
For analysis, this product was recrystallized from ethanol with 
charcoal treatment. I t formed colorless needles, m.p., 268-269° 
dec.

Anal. Found: C, 64.15; H, 3.88; N, 32.05.
Reaction of XXIV with a-Methylbenzoylacetonitrile. The 

Cyanide-catalyzed Reaction.—To 2.8 g. of 4,6-diamino-5-nitroso- 
pyrimidine and 6.4 g. of a-methylbenzoylacetonitrile in 250 ml. of 
ethanol was added 2 g. of sodium cyanide in 8 ml. of water. 
The mixture was heated under reflux for 3 hr., concentrated to 
about 50 ml., cooled, and filtered. There was obtained 2.0 g. of 
crystals of a compound which, upon reerystallization from acetic 
acid, proved to be identical with the by-product in the afore
mentioned sodium acetate-catalyzed reaction.

Acknowledgment.—The authors are grateful to Mrs. 
Doris Rolston of these laboratories for the analytical 
data and to Dr. Walter E. Thompson and Mr. Richard
J. Warren for the spectral data.
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2,4,5,6-Tetraminopyrimidine and 4,5,6-triamino-2-phenylpyrimidine react with aldehydes and hydrogen 
cyanide to form aminonitriles which may be cyclized with sodium methoxide and oxidized with hydrogen per
oxide to 6-substituted-7-aminopteridines. a^/J-Unsaturated aldehydes are reduced in the process; cinnamaldé
hyde and phenylpropargylaldehyde yield 6-phenethyl-7-amino- and 6-styryl-7-aminopteridines, respectively.

2,4,7-Triamino-6-phenylpteridine (I) (generically 
named triamterene), first reported from this laboratory 
to be a diuretic drug by Wiebelhaus, Weinstock, and 
co-workers2 has proved to be an effective diuretic agent 
in man.3 4

As part of an extensive program devoted to the 
preparation of related molecules for biological evalua
tion, the synthesis of 6-alkyl analogs was undertaken. 
The present paper reports the preparation of these and 
related compounds.

In the previous paper of this series,6 the synthesis of 
a number of 6-alkyl-7-aminopteridines from nitroso- 
pyrimidines was described. This synthetic method 
produced poor results when extended to comparatively

(1) P resent address: Endo Laboratories, R ichm ond H ill 18, N . Y.
(2) Y. D. W iebelhaus, J. W einstock, F . T . B rennan, G. Sosnowski, an d  

T. J. Larsen, F e d .  P r o c . ,  20, 409 (1961).
(3) A. P. Crosley, J r ., L. M . Ronquillo, W . H. S trickland, and  F . Alexan

der, A n n .  I n t e r n a l  M e d . ,  56, 241 (1962).
(4) R . J . Donnelly, P . T urner, and  G. S. C. So w ry, L a n c e t ,  1, 245 (1962).
(5) I .  J . P ach ter an d  P. E . N em eth, P a r t  I ,  J .  O r e ■ C h e m . ,  28, 1187 

(1963).

inactive nitrosopyrimidines such as 2,4,6-triamino-5- 
nitrosopyrimidines, and an alternate method, more 
generally applicable, was sought for the work of the 
present investigation.

Numerous 6-substituted 7-pteridinones have been 
synthesized through condensation of a-keto acids with
4,5-diaminopyrimidines. 7-Chloropteridines have oc
casionally been prepared from these pteridinones.6' 7 
I t was hoped that such compounds might serve as inter
mediates in the present study.

2,4-Diamino-6-phenyl-7-pteridinone8-10 was con
verted into the corresponding chloro compound and 
thence into various 7-amino derivatives.10 However, 
this route failed at the chlorination step in a number of 
related cases10'11 and was clearly not of general ap
plicability for the preparation of 6-substituted 7- 
aminopteridines.

It is well known that 2,4,5,6-tetraminopyrimidine
(II) condenses with carbonyl compounds preferentially

(6) J . H . M ow at, J .  H . Boothe, B . L . H utchings, E . L. R . S tokstad , 
C. W. W aller, R . B. Angier, J . Semb, D . B. Cosulich, and  Y . SubbaR ow , 
J .  A m .  C h e m .  S o c . ,  70, 14 (1948).

(7) A. A lbert and  F . Reich, J .  C h e m . S o c . ,  127 (1961).
(8) A. G. Renfrew, P . C. P ia tt ,  and  L. H . C retcher, J .  O r g .  C h e m . ,  17, 

467 (1952).
(9) R . G. W . Spickett and  G. M . Tim m is, J .  C h e m .  S o c . ,  2887 (1954).
(10) I .  J . P ach ter an d  P . E . N em eth, to  be published.
(11) D r. J .  W einstock, p riva te  com m unication.
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T able I
2,4,6-Tr ia m in o- a n d  4,6-D iamxno-2-p h e n y l -5-(o:-c t a n o a l k t l a m in o )-pyrim tdin es

H2N. N ^ R
ll "T

R '- C H - ■rcCHaCOOH
1
CN n h 2

Yield,“ M .p . / ✓----C arbon, % ------> ----H ydrogen, % --- - <—■— N itrogen, % ------ -
Com pound R R' % n °c. Calcd. Found Calcd. Found Calcd. Found

1 Amino Methyl 95 1 183-184 42.60 42.60 6.15 5.97 38.65 38.92
2 Amino Isopropyl 1206 2 C 143-145 45.74 45.60 6.79 6.70 28.72 28.48
3 Amino 3-Cyclohexenyl 111* 2” 134-135 50.65 50.73 6.64 6.75 25.84 26.43
4 Amino Benzyl 986 2“ 155-156 52.42 52.43 5.95 5.75 25.18 25.09
5 Amino /3-Phenethyl 78 2” 160-162 53.89 53.60 6.25 6.59 24.30 24.29
6 Amino Phenyl 103 1 169-170 53.32 53.59 5.43 5.66 31.10 31.04
7 Amino Styryl 77 2” 134-136 53.86 53.46 5.78 5.97 24.43 24.83
8 Amino Phenethynyl 836 d d d d
9 Phenyl Methyl 95” 0 212-213 61.40 60.98 5.55 5.78 33.05 33.16

10 Phenyl Phenyl 97“ 0 217-219 69.07 69.15 5.49 5.75 25.44 25.27
11 Phenyl Phenyl 89* 0 201-203 68.34 68.31 5.10 4.75 26.57 26.64
a Crude yield based[ on assumption that products before recrystallization are monoacetate salts. b Cooled to — 20° to ensure com-

plete crystallization; contains extraneous salt. c Crystallized for analysis from methanolic acetic acid. d Cyclized during attempted 
purification. e Yield based on assumption that product is not a salt. ! Melting point of analytical sample.

at the 5-amino group.12 Condensation with aldehydes 
should, therefore, provide anils of type III which should, 
in turn, react with hydrogen cyanide to produce amino- 
nitriles of type IV. If these aminonitriles, upon treat
ment with alkali, would undergo cyclization in prefer
ence to loss of hydrogen cyanide and regeneration of 
anils, a useful route to 6-substituted 7-aminodihydro- 
pteridines (V), and eventually to the desired pteridines
(VI), would be at hand.

h 2N ^ N  n H2
T ¡1 +  RCHO

H2N ^ y N 
NH2 
II 
H

HzNy NY NH2

R—C H = N / T N —
NH2

III

H2N ^ N
Ì  ÌI

N NH2 .,■ alkali
NC.

h 2n .

R ' N Y n Y ih --N H '
H n h 2 RX

V IV

r
N

NH,

HCN

The literature contains two reports of work along 
these lines. Several years ago Blicke and Godt13 
successfully condensed 5,6-diamino-l,3-dimethyl-2,4- 
pyrimidinedione (VII) with formaldehyde and hydro
gen cyanide, cyclized the intermediate with alkali and 
oxidized with hydrogen peroxide to obtain 7-amino-l,3- 
dimethyl-2,4-pteridinedione (VIII).

At about the same time, Polonovski14 reported that
2,4,5-triamino-6-methylpyrimidine (IX) reacted with 
loss of ammonia during a related synthesis to produce 
2-amino-7-hydroxy-4-methylpteridine (X).

In the present work, when, 2,4,5,6-tetraminopyrimi- 
dine (II) hydrochloride16 was suspended in methanolic

c h 3 c h 3
H2IA

H2N '
tV
A ^ n - c h 3

H2N N N X) 

^ N ^ Y N- C H i
0 0

VII VIII

h 2n .̂ t V / N I V

1 ll
H O \ . N ^ N ^ / N H 2

h 2ink
c h 3 c h 3

IX X

acetic acid, treated with aqueous sodium cyanide and 
then with various aldehydes, 2,4,6-triamino-5-(a- 
cyanoalkylamino)pyrimidines (IV) formed rapidly and 
crystallized from solution as acetate salts. Products 
were derived from eight aldehydes. The series in
cluded aliphatic, aromatic, a,/5-unsaturated and /3,y- 
unsaturated aldehydes. Crude yields of the products 
(Table I) were generally excellent. In each case, 
crystallization of product began at about room tem
perature when proper solvent conditions xvere worked 
out.

The products crystallized originally as monoacetate 
salts from the acetic acid-sodium acetate-containing 
reaction mixtures. Although they separated in high 
yield from solutions containing excess aldehyde and 
cyanide, they dissociated considerably into simpler 
components upon boiling with methanol. To minimize 
this retrograde process, samples were prepared for 
analysis in several cases in the presence of excess acetic 
acid. In these instances the analytical products were 
determined to be diacetate salts (Table I). When no 
acetic acid was added to the methanolic recrystallization 
solvent, products analyzing as monoacetate salts were 
obtained.

It was occasionally necessary to cool a reaction mix
ture to —20° to effect complete crystallization; in

(12) G. B. E lion, G. H . H itchings, and  P. B. Russell, J .  A m .  C h e m .  S o c . ,  

72, 78 (1950).
(13) F . F . Blieke and  H. C. Godt, J r .,  i b i d . , 76, 2798 (1954).
(14) M . Polonovski, e t  a l . t in the “ Ciba F oundation  Symposium on 

C hem istry and  Biology of P terid ines,” L ittle , Brown and  Com pany, Boston, 
M ass., 1954, p. 171.

(15) 2,4,5,6-Tetram inopyrim idine is commercially available as th e  sulfate 
sa lt .15 This salt is very difficultly soluble in aqueous and  alcoholic solutions 
and  for the present work i t  was converted in to  the  more readily  soluble 
hydrochloride through tre a tm en t w ith barium  chloride. T he free base 
oxidizes ra th e r readily to  colored products and  for th is reason was no t used.

(16) Aldrich Chem ical Com pany, M ilwaukee, Wis.
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T a b l e  II
2,4,7-T r ia m in o - a n d  4,7-D iam in o-2-p h e n y l-6-s u b st it u t e d  P t e r id in e s  

H2N ^ N  ^ N _ R

R' f̂lST
r
N

NH2

Com-
pound Over-all

cyclized Y ield,“ yield ,6 M .p., ✓------Carbon , %------ r— Hydroge:n, %  — ,------N itrogen, % ------■>
(Table I) R R' % % °C. Calcd. Found Calcd. Found Calcd. Found

1 Amino Methyl 41 39 >340 43.79 43.95 4.74 4.74 51.28 51.11
2 Amino Isopropyl 28 34 343 49.30 49.38 5.98 6.28 44.72 44.61
3 Amino 3-Cyclo- 33 37 >350 56.02 56.17 5.88 5.94 38.11 37.74

hexenyl
4 Amino Benzyl 35 34 332 58.41 58.48 4.90 4.96 36.68 36.76
5 Amino /3-Phenethyl 54 42 296-298 d d d

7 Amino /S-Phenethyl 00 46 296-298 59.77 59.88 5.37 5.51 34. S5 34.86
6 Amino Phenyl 33' 34‘ 320-322 d d d

8 Amino Styryl 45 37 345-347 60.20 60.17 4.69 4.96 35.11 34.86
C Amino Styryl C 51' 345 d d d

9 Phenyl Methyl 36 34 308-309 d d d
10 Phenyl Benzyl 34 33 280-281 d d d
11 Phenyl Phenyl 21' 19“ >350 d d d
“ Yield based on crude aminonitrile (Table I). 6 Yield based on quantity of original pyrimidine prepared as described in the Expert

mental section. c Pteridine synthesized in one step in acid medium, 
sample. e Cyclized to pteridine without use of peroxide.

: Identified through comparison with previously analyzed

such cases “yields” of crude products exceeded 100% 
due to co-crystallization of contaminating sodium salt.

Co-crystallization of extraneous salt could be avoided 
through use of hydrogen cyanide gas in place of sodium 
cyanide and acetic acid. In one experiment with 
2,4,5,6-tetraminopyrimidine hydrochloride and benz- 
aldehyde where this was done, the hydrochloride of the 
product (IV) (R = phenyl) was obtained in good yield. 
Since it was more convenient and less hazardous to gen
erate hydrogen cyanide in situ, and since contaminating 
salt did not affect the results in the subsequent steps, 
the sodium cyanide-acetic acid procedure was used 
generally in this work.

Each nitrile cyclized when heated briefly under reflux 
with methanolic sodium methoxide. Except in the in
stances noted in the following discussion, the resulting 
hot methanolic solutions were diluted with aqueous 
hydrogen peroxide and in each case a crystalline light 
yellow pteridine (VI) separated from the solution 
within a few minutes. In Table II two columns of 
yields are listed. The first column indicates the yields 
of pteridines based upon the crude cyano compounds 
consumed. The second column, more significantly, 
lists the overall yields of the process based upon the 
polyaminopyrimidine employed in the first step. 
Generally, the over-all yields of pteridines ranged be
tween 30 and 50%. The convenience of the synthesis 
deserves emphasis. The two stages of the process 
require minutes to cany out and in a few cases purified 
pteridines were prepared from pyrimidines within two 
hours.

It has been assumed in this work that the 5-amino 
group of a 4,5,6-triaminopyrimidine system condenses 
with aldehyde and cyanide and that the eventual 
product is a 6-substituted 7-aminopteridine. Others 
have felt,17 however, that “the position of the amino 
group is not conclusively proved” in a pteridine pre
pared by a synthesis of this type.

(17) T . S. Osdene and  G. M . Tim rais, J .  C h e m .  S o c . ,  2036 (1955).

To prove that the products are indeed 6-substituted
7-amino compounds, we undertook the preparation of 
the previously and unequivocally synthesized5 6- 
methyl- and 6-benzyl-7-aminopteridines XI and XII.
4,5,6-Triamino-2-phenylpyrimidine (XIII) rapidly 
formed aminonitriles in excellent yield when treated 
with acetaldehyde and phenylacetaldehyde in the 
presence of generated hydrogen cyanide. The amino
nitriles cyclized in alkali and were oxidized to XI and
XII. In each case the identity of the product was es
tablished through comparison with an authentic sam
ple.6

H2Nv v nt a \  //
R '- 'N N

NH2

H a N ^ N  

H2N

».__J \
>  T \ J

n h 2

XI. R = methyl
XII. R = benzyl

XIII

A dihydro derivative of triamterene (I) would be of 
interest from a biological standpoint. A synthesis 
starting with benzaldehyde, but with omission of the 
peroxide oxidation step, was therefore carried out in 
the hope that such a product might be obtained. The 
intermediate nitrile (compound 6, Table I) formed 
readily and was cyclized with sodium methoxide in a 
small volume of methanol. A new compound (XIV) 
was obtained. A small quantity of 2,4,6-triamino-5- 
benzylidenaminopyrimidine (XV), identical with a 
sample18 prepared from benzaldehyde and 2,4,5,6- 
tetraminopyrimidine, was found in the mother liquor.

Compound XIV gave analytical values similar to 
those expected for a dihydro compound. Its ultraviolet 
spectrum (Fig. 1) was closely related to that of I. In
stances have been reported previously where dihydro- 
pteridine spectra closely resemble those of pteridines.19

(18) The au tho r is grateful to D r. J . W einstock and  M r. J . L. K irkpatrick  
for th is sample.

(19) G. B. S lion  and  G. H. H itehings, J .  A m .  C h e m .  S o c . ,  74, 3877 
(1952).
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Fig. 1.—2,4,7-Triammo-6-phenylpteridine ( I ) , -------- ; 2,4,6-
triamino-5-benzylidenammopyrimidine (XV), . . . .  ; complex
XIV (of I and XV), -------- ; 2,4,7-triamino-6-styrylpteridine,
■ -  • Spectra in ethanol.

H2bL N ^ R  

C H = N -^ V n
n h 2

XV. R = amino
XVII. R = phenyl

XVI

There was evidence, however, which was not consist
ent with a dihydropteridine structure. For one thing, 
the yield of XIV was considerably higher than had been 
obtained for any of the pteridines of Table II. Sec
ondly, the yield of I obtained from XIV after heating 
with dimethylformamide or diphenyl ether did not ex
ceed 50%. Thirdly, when XIV was warmed with 
dilute acid and then made basic, I was obtained to
gether with some benzaldehyde. P’inally the ultraviolet 
spectrum of XV (Fig. 1) was found to be similar to 
those of both I and XIV. The data suggested the pos
sibility that XIV was a molecular complex of I and XV. 
The analytical requirements for such a complex would 
agree closely with the values found for XIV.

To test this possibility, methanolic solutions of I and 
XIV were combined in the presence of sodium meth- 
oxide. Upon concentration to small volume, XIV 
crystallized from solution in good yield and its nature 
was thus revealed.

When nitrile 11 of Table I was treated in similar 
fashion, a mixture of XVI6 and XVII was obtained. 
In this case the compounds did not form a complex and 
were readily separated.

These experiments indicate that dihydro-6-aryl-7- 
aminopteridines lack stability and oxidize readily to the 
corresponding pteridines.

An attempt was made to prepare 2,4,7-triamino-6- 
styrylpteridine (XXIV) from cinnamaldéhyde and II. 
The aminonitrile (compound 7, Table I) formed in the 
expected manner. During the methoxide-catalyzed 
cyclization reaction, however, a product crystallized 
before addition of hydrogen peroxide. The product 
was unaffected by oxidizing agents. Its ultraviolet 
spectrum was similar to those of 2,4,7-triamino-6- 
alkylpteridines and clearly was not that of the more ex
tensively conjugated styrylpteridine. I t seemed prob

able that an intermediate dihydropteridine (e.g.,
XVIII) formed and then underwent isomerization to
2,4,7-triamino-6-(/3-phenethyl)pteridine (XIX).

This was shown to be the case. When the nitrile 
XX, derived from /3-phenylpropionaldehyde, was 
treated with methanolic sodium methoxide, a solution 
of XXI was obtained. Upon addition of hydrogen 
peroxide, the pteridine XIX crystallized and w’as found 
to be identical with the product of the cmnamaldehyde 
sequence.

If cmnamaldehyde reacts to produce a 6-phenethyl- 
pteridine, phenylpropargylaldehyde might be expected 
to undergo related reactions to give a 6-styrylpteridine. 
The intermediate nitrile XXII derived from phenylpro
pargylaldehyde did indeed cyclize and undergo isomer
ization to yield the yellow styryl compound (XXIV) 
when treated with methanolic sodium methoxide. The 
ultraviolet spectrum of the product in ethanol (Fig. 1) 
displayed an absorption maximum at 414 niju, which is 
in keeping with the assigned structure.

When recystallization of XXII from boiling meth
anolic acetic acid was attempted, cyclization to the ace
tate salt of XXIV occurred. None of the other nitriles,

XXIV
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purified in this manner, underwent corresponding reac
tions. It is postulated that in the case of XXII, heat
ing with acid causes rearrangement to the extended 
conjugated structure X XIII which then cyclizes readily 
to XXIV.

It was subsequently found that ten-minute reflux of a 
mixture of phenylpropargylaldehyde, 2,4,5,6-tetramino- 
pyrimidine hydrochloride, methanolic acetic acid, and 
aqueous sodium cyanide produced the acetate salt of 
XXIV in 51% yield.

Further experiments along these lines are in progress 
and will be reported subsequently.

The ultraviolet maxima of the 2,4,7-triamino-6-sub- 
stituted pteridines are recorded in Table III.

T a b l e  III
U l t r a v io l e t  S p e c t r a  (A q u e o u s  S o l u t io n s )

n h 2

R Xmal, (log «) pH

Methyl 255 (4.16), 278 (s) (3.65), 342 (4.29) 1
257 (4.16), 350 (4.15) 13

Isopropyl 253 (4.18), 278 (s) (3.75), 342 (4.32) 1
258 (4.18), 280 (s) (3.76), 351 (4.18) 13

Cyclohexenyl 253 (4.20), 279 (s) (3.76), 344 (4.33) 1
258 (4.21), 282 (s) (3.76), 349 (4.20) 13

Benzyl 257 (4.23), 276 (s) (3.89), 344 (4.30) 1
260 (4.24), 282 (s) (3.88), 356 (4.19) 13

/J-Phenethyl 241 (4.26), 252 (s) (4.21), 280 (s) 
(3.76), 342 (4.29)

1

258 (4.20), 281 (s) (4.78), 354 (4.16) 13
Phenyl 254 (s) (4.19), 288 (s) (3.85), 358 

(4.33)
1

269 (4.13), 368 (4.27) 13
Styryl 269 (4.33), 309 (4.22), 397 (4.43) 1

297 (4.30), 409 (4.42) 13

The new compounds were tested for biological effects. 
The results will be discussed elsewhere at a later date.

Experimental
The ultraviolet spectra of Table III at pH 1 were determined in 

4.5% aqueous formic acid. The spectra at pH 13 were deter
mined by taking a 5- to 10-ml. aliquot of compound in 4.5% 
formic acid and bringing the volume to 100 ml. with 1 N  aqueous 
sodium hydroxide.

The aldehydes were obtained from commercial sources and 
were redistilled before use.

2,4,5,6-Tetraminopyrimidine Hydrochloride.—A 300-g. sample 
of 2,4,5,6-tetraminopyrimidine sulfate16 was dissolved in a boiling 
mixture of 1500 ml. of water and 400 ml. of concentrated hydro
chloric acid. The solution was treated with an equivalent 
amount of barium chloride in aqueous solution. Toward the 
end of the addition, the barium chloride was added dropwise 
until no further barium sulfate separated. The resulting mixture 
was filtered and concentrated to small volume under reduced 
pressure. Filtration and drying yield 252 g. of hydrochloride. 
Chlorine analyses by ionic titration and organic combustion 
showed that the product was an equal mixture of dihydrochloride 
and trihydrochloride. This material was used in the experiments 
described in this paper and yields are calculated based on this 
composition of the hydrochloride.

Formation of Aminonitriles.—The condensations of 2,4,5,6- 
tetraminopyrimidine hydrochloride and 4,5,6-triamino-2-phenyl- 
pyrimidine with aldehydes and hydrogen cyanide generally were 
carried out in similar fashion. Solvent conditions for proper 
crystallization of the rather labile reaction products were some
times of critical importance and varied from case to case. Several 
reaction procedures are exemplified below and may be used,

together with the data of Table IV, to construct procedures for 
the other products fisted in Table I which are not specifically 
exemplified in this section.

2,4,6-Triamino-5-(a-cyanoethylamino )pyrimidine Acetate 
(Compound 1).—A suspension of 9 g. of 2,4,5,6-tetraminopyri- 
idine hydrochloride in 50 ml. of methanol and 20 ml. of acetic 
acdi was heated to 50° and treated first with a solution of 5 g. of 
sodium cyanide in 20 ml. of water and then with a solution of 3 
g. of acetaldehyde in 10 ml. of methanol. The solids dissolved 
and the resulting solution warmed spontaneously. Prisms soon 
began to crystallize. The mixture was allowed to stand at room 
temperature for 15 min. and then in the refrigerator for 2 hr. 
Upon filtration, there was obtained 11.6 g. of product.

2,4,6-Triamino-5-(a-cyanoisobutylamino)pyrimidine Acetate 
(Compound 2),—A mixture of 9 g. of 2,4,5,6-tetraminopyrimi
dine hydrochloride, 25 ml. of acetic acid and 40 ml. of methanol 
was heated to 50°. There was added 5 g. of sodium cyanide dis
solved in 17 ml. of water followed by 5.5 g. of isobutyraldehyde 
in 10 ml. of methanol. The hot solution was filtered by suction 
to remove about. 1 g. of insoluble solid and the filtrate was 
allowed to stand at room temperature for 1 hr. and then cooled to 
— 20° overnight. Upon filtration there was obtained 13.4 g. of 
almost colorless needles.

2,4,6-Triamino-5-(a-cyanobenzylamino)pyrimidine Hydro
chloride. Formation with Gaseous Hydrogen Cyanide.—A mix
ture of 5 g. of 2,4,5,6-tetraminopyrimidine monohydrochloride 
(obtained from the aforedescribed mixed hydrochlorides by treat
ment with aqueous ammonia), 6 g. of benzaldehyde and 10 ml. of 
acetic acid was heated until solution was achieved. A 75-ml. 
portion of hot ethanol was added and the mixture was heated to 
the boiling point. Heating was discontinued and a stream of 
hydrogen cyanide gas was passed into the solution for 10 min. 
The temperature fell to 65° and the product began to crystallize. 
The flask was stoppered and allowed to stand for 5 hr. Filtra
tion yielded 6.0 g. of pure product, m.p. 197° dec.

The mother liquor was concentrated under reduced pressure 
and, on standing, yielded an additional 1.1 g. of product for a 
total yield of 7.1 g. of the hydrochloride. For analysis, a 
sample was recrystallized from ethanol.

Anal. Calcd. for C12HI4C1N,: C, 49.40; H, 4.84; N, 33.61. 
Found: C, 49.22; H, 4.72; N, 33.75.

4,6-Diamino-5-(a-cyanobenzylamino)-2-phenylpyrimidine 
(Compound 6).—A solution of 10 g. of 4,5,6-triamino-2-phenyl- 
pyrimidine in 75 ml. of methanol and 25 ml. of acetic acid was 
treated at room temperature with 5 g. of sodium cyanide in 25 
ml. of water and 10 g. of benzaldehyde in 20 ml. of methanol. 
The solution became warm and within a minute began to de
posit large crystals. The mixture was allowed to stand at room 
temperature overnight and was then filtered. The product was 
washed well with methanol and dried. It weighed 14.0 g. and 
melted at 201-203°. The melting point was unchanged upon 
recrystallization from dimethylformamide and methanol.

Formation of Pteridines.—The cyclization of aminonitriles was 
carried out in each case in methanolic sodium methoxide. The 
cyclization reaction time varied from 2 min. for compound 7 
(Table I) to 20 min. for the difficultly soluble compound 10. 
Except in the cyclizations of compounds 6 and 11, it was found 
advantageous "o add hydrogen peroxide to produce fully aromatic 
pteridines in best yield. The following examples are illustrative.

4.7- Diamino-6-methyl-2-phenylpteridine (XI).—To a solution 
of 5.0 g. of sodium methoxide in 80 ml. of methanol was added 5 
g. of 4,6-diamino-5-(a-cyanoethylammo)-2-phenylpyrimidine. 
The mixture was heated under reflux for 10 min. during which time 
complete solution was obtained. The hot solution was diluted 
with 80 ml. of water and 10 ml. of 30% hydrogen peroxide. 
Upon standing, the product crystallized from solution. After 
5 hr. at room -emperature the mixture was filtered and 2.5 g. of 
crystals was obtained. Recrystalfization from methanol yielded
1.8 g. of pure product, identical with a sample prepared by 
another procedure.6

2.4.7- Triamino-6-phenylpteridine (I), 2,4,6-Triamino-5-benzyl- 
idenaminopyrimidine (XV), and Their Complex (XIV).—A 5-g.
sample of 2,4,6-triamino-5-(a-cyanobenzylamino)pyrimidine ace
tate and 2.5 g. of sodium methoxide were added to 40 ml. of 
methanol and the mixture was heated to boiling. The nitrile 
reacted and dissolved. After 10 min. of boiling, the solution was 
allowed to stand for 8 hr. There was obtained 3.6 g. of yellow 
elongated plates. The product, upon recrystallization from 
methanol yielded 3.0 g. of a complex of I and XV, m.p. 288- 
292°.
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Tetram ino-
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Com
pound Aldehyde, g.

pyrimidine
hydrochloride,

g.
Methanol,

ml.

Acetic
acid,

ml.

Sodium
cyanide,

g.
Water,

ml. Remarks

1 Acetaldehyde, 3 9 50 +  10 20 5 20 b

2 Isobutyraldéhyde, 5.5 9 40 +  10 25 5 17 a

3 3-Cyclohexene-l-aldehyde, 9.5 9 40 +  10 25 5 17 a
4 Phenylacetaldehyde, 10 9 75 +  20 25 5 25 b

5 /3-Phenylpropionaldehyde, 9.5 9 40 +  10 35 5 22 b

6 Benzaldehyde, 9 9 75 +  20 30 5 22 b

7 Cinnamaldéhyde, 10 9 75 +  20 60 5 25 a

8 Phenylpropargylaldehyde, 10 9 45 +  10 45 5 20 a

9 Acetaldehyde, 3

4,5,6-Triamino-2- 
phenylpyrimidine, g. 

10 50 +  10 23 5 25 b

10 Phenylacetaldehyde, 10 8.4 75 +  20 25 5 25 c

11 Benzaldehyde, 10 10 7 5 +  10 25 5 25 c
8 Cooled overnight at —20°. 6 Cooled for 1 to 5 hr. at 7°. c Crystallized completely at room temperature.

Anal. Calcd. for CmHjjNis: C, 57.36; H, 4.82; N, 37.82. 
Found: C, 57.08; H, 4.86; N, 38.01.

From the alkaline methanolic filtrate a small quantity of a 
second yellow compound was obtained. It crystallized from 
ethanol in long solvated needles which, on drying in vacuo, 
melted at 159-161° and proved to be identical with a sample of
2.4.6- triamino-5-benzylidenaminopyrimidine (XV) prepared from
2.4.5.6- tetraminopyrimidine and benzaldehyde.18

Anal. Calcd. for CuHnN,: C, 57.88; H, 5.30; N, 36.82. 
Found: C, 57.79; H, 5.29; N, 36.92.

The complex (3 g.) was heated to boiling with 100 ml. of 1.5 IV 
hydrochloric acid for 3 min. The mixture generated a strong 
odor of benzaldehyde and a pale yellow hydrochloride formed. 
The mixture was cooled, the hydrochloride collected, and dis
solved in 250 ml. of hot water containing a few drops of hydro
chloric acid. Addition of ammonia to the hot solution resulted in 
the crystallization of 1.3 g. of pure I, m.p. 320-322°.

4.7- Diamino-2,6-diphenylpteridine (XVI)6 and 4,6-Diamino-5- 
benzylidenamino-2-phenylpyrimidine (XVII).—To a solution 
of 14 g. of sodium methoxide in 400 ml. of methanol was added 14 
g. of 4,6-diamino-5-(a-cyanobenzylamino)-2-phenylpyrimidine. 
The mixture was boiled and stirred. Within 5 min., complete 
solution was achieved. Shortly thereafter the product began to 
crystallize. The mixture was stirred vigorously, concentrated 
to 150 ml. over a period of 30 min., cooled, and filtered. There 
was obtained 11.1 g. of yellow-orange solid.

The crude product was finely powdered and boiled, with stir
ring, with 400 ml. of methanol. I t was then filtered and the hot 
methanolic filtrate was concentrated to yield 5.1 g. of XVII, 
which after one further crystallization from methanol, gave 
yellow-orange flat long prisms, m.p. 211-212°. The product 
was identical with a sample prepared from benzaldehyde and
4.5.6- triamino-2-phenylpy rimidine.

Anal. Calcd. for ChERNs: C, 70.57; H, 5.23. Found: 
C, 70.54; H, 4.89.

The methanol-insoluble fraction weighed 4.6 g. Upon re
crystallization from dimethylformamide there was obtained 2.9 
g. of XVI, m.p. over 350°, identical by infrared spectral 
comparison with a previously prepared sample.6

2.4.7- Triamino-6-i-phenethylpteridme (XIX). Method A.—A
9.3-g. sample of finely divided 2,4,6-triamino-5-(a-cyanocinnam- 
ylamino)pyrimidine acetate was added to a solution of 9 g. of 
sodium methoxide in 200 ml. of methanol. The mixture was 
stirred and boiled for 2 min. The starting material rapidly dis
solved and a yellow solid separated. I t  was collected, washed 
with methanol and dried to give 6.3 g. of product. Upon re
crystallization from a large volume of ethanol with charcoal treat

ment, there was obtained 4.55 g. of light yellow plates, m.p. 
296-298° dec.

Method B.—A 2.5-g. sample of 2,4 ,6-triamino-5-(of-cyano-7- 
phenylpropylamino)pyrimidine acetate was added to a solution 
of 2.5 g. of sodium methoxide in 35 ml. of methanol. The mix
ture was heated to boiling for 3 min. and was then diluted with 30 
ml. of water and 4 ml. of 30% hydrogen peroxide. Within a 
minute, pale yellow crystals of pteridine began to separate from 
solution. After 1 hr. the product was collected by filtration, 
washed with methanol, and dried to give 1.1 g. of XIX, identical 
by infrared spectral comparison with the product of method A. 
There was no depression of melting point on admixture of the 
samples.

2,4,7-Triamino-6-styrylpteridine (XXIV). Method A.—To a
solution of 6 g. of sodium methoxide in 125 ml. of methanol was 
added 6 g. of 2 ,4,6-triamino-5-(a-cyano-7-phenylpropargylamino) 
pyrimidine. The mixture was boded for 3 min., cooled, and 
filtered. A yellow insoluble pteridine was obtained in 2.2 g. 
yield. I t formed large solvated prisms from dimethylform
amide. Upon recrystallization from ethanol it melted at 345- 
347° dec.

MethodB.—Amixture of 2.5g. of 2,4,5,6-tetraminopyrimidine 
hydrochloride, 12 ml. of methanol, and 12 ml. of acetic acid was 
diluted successively with solutions of 1.5 g. of sodium cyanide in 
6 ml. of water and 2.5 g. of phenylpropargylaldeliyde in 
3 ml. of methanol. The resulting mixture was boded and 
stirred for 10 min. An orange solution formed from which 
a bright yellow solid crystallized. The mixture was cooled 
to room temperature and filtered. The product was washed 
with methanol, then thoroughly with water, then with methanol 
again, and dried. It weighed 1.9 g. and was identical by infrared 
spectrum with an acetate salt prepared from the product of 
method A. The acetate of XXIV was dissolved in boding 5% 
acetic acid and the solution was filtered to remove traces of 
insoluble brown material and then diluted with excess aqueous 
ammonia and boiled for 2 min. The light yellow prisms that 
crystallized from the hot aqueous solution weighed 1.35 g. and 
were identical with the product of method A.
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4-Amino-5-mtrosopyrimidines condense with benzoylacetonitrile, phenacylpyridinium bromide, and acetonyl- 
pyridinium chloride in the presence of sodium cyanide to produce 7-amino-6-pteridyl ketones. Reduction of the 
products with sodium borohydride yields the corresponding carbinols. 7-Substituted pteridine 5-oxides are 
produced when 4-amino-5-nitrosopyrimidines condense with the aforementioned pyridinium salts in the presence 
of potassium acetate. The use of a-cyanobenzylpyridinium salts in related reactions results in the formation 
of 7-amino-6-phenylpteridine 5-oxides.

Many of the pteridines that produce diuresis in ani
mals can be grouped into classes represented by struc
tures I 2 and II .3 Previous papers in the present 
series4 5 dealt with the synthesis for biological evalua
tion of 6-alkyl and 6-aralkyl compounds in these classes. 
In pursuit of further information on the relationship of 
structure to diuretic activity, we have now undertaken 
the chemically interrelated syntheses of some 6-ke
tones, 6-carbinols, and 5-oxides of pteridines of classes 
I and II.

Although alkyl-substituted 6-pteridyl ketones were 
among the first pteridine derivatives to be reported,6 
they have not received recent attention and 7-amino-6- 
pteridyl ketones, required in the present investigation, 
have not been reported.

/3-Ketonitriles, such as III, may be expected to con
dense with 4-amino-5-nitrosopyrimidines (IV) in the 
presence of alkaline catalysts to form pteridines of type 
V or VI, depending upon whether the cyclization in
volves nitrile or ketone. I t was found that in ethanol 
in the presence of sodium methoxide or, preferably, 
sodium cyanide as the alkaline catalyst, pyrimidines 
IVa a,nd IVb reacted with III to produce only the 6- 
pteridyl ketones Va and Vb.7 The less reactive 2,4,6- 
triamino-5-nitrosopyrimidine did not condense with 
III in appreciable yield under the same conditions.

Krohnke8 has shown that phenacylpyridinium salts 
(Vila) and acetonylpyridinium salts (Vllb) condense 
with nitrosobenzene derivatives the presence of cyanide 
to give the same products as do /3-ketonitriles.

The pyridinium salts were useful in the present work. 
Compound Vila reacted with IVa, IVc, and IVd to 
produce pteridines Va, Vc, and Vd. In the reaction of 
Vila with IVa, compound Via was isolated as a minor 
by-product; from none of the other reactions described 
in this paper was a 6-pteridinecarbonitrile isolated.7

O
II

c - c h 2- c n

I I I

T >
O N '

n h 2
IVa, b, c and d

H i N ^ N  N  r

C ^ N ^ f N 
o  n h 2

Va, b, c and d
a. R = phenyl, b. R = hydrogen, c. R = methylthio.
d. R = methyl.

Compound Vllb reacted readily with IVa, IVb, and 
IVc, to produce the methyl ketones V illa, VUIb, and 
VIIIc.

0
II + / = \

R - C - C H 2- N . J >  X "

Vila. R = phenyl 
X = bromide 

b. R = methyl 
X = chloride

Villa. R = phenyl
b. R = hydrogen
c. R = methylthio

4,6 - Diamino - 2 - piperidino - 5 - nitrosopyrimidine and
2,4,6-triamino-5-nitrosopyrimidine did not react satis
factorily with either Vila or Vllb.

It was found possible to replace the 2-methylthio 
groups of Vc and VIIIc with piperidine under reflux 
and thus obtained derivatives (Ve and VUId) with 
basic groups at positions 2,4, and 7. In these reactions, 
the 6-carbonyls serve as activating groups. 4,7-Di- 
amino-6-methyl-2-methylthiopteridine,4 5 a related com
pound in which the activating effect is lacking, fails to 
react at an appreciable rate under the same conditions.

(1) Present address: E ndo  Laboratories, R ichm ond H ill 18, N . Y.
(2) V. D . W iebelhaus, J. W einstock, F . T . B rennan, G. Sosnowsky, and  

T . J . Larsen, F e d .  P r o c . ,  20, 409 (1961).
(3) (a) E . C. T ay lor and  J . W einstock, U. S. P a te n t 2,963,480 (1960); 

(b) T . S. Osdene an d  E . C. T aylor, U . S. P a te n t 2,975,180 (1961).
(4) I. J . P aeh te r and  P . E . N em eth, P a r t  I ,  J .  O r g .  C h e m 28, 1187 

(1963).
(5) I. J. P aeh ter, P a r t  I I ,  i b i d . ,  28, 1191 (1963).
(6) F. Sachs a n d  G. M eyerheim , B e r . ,  41, 3957 (1908).
(7) As we shall describe elsewhere, V ia  is th e  m ajor p roduct when brom i- 

nated  benzoylacetonitrile reacts w ith 4,5,6-triam ino-2-phenylpyrim idine 
(X X ).

(8) F . Krohnke, A n g e w .  C h e m . ,  65, 605 (1953).

Vc. R = phenyl Ve. R = phenyl
VIIIc. R = methyl Vllld. R = methyl

Pure products were not obtained from the reactions of 
Vc and VIIIc with ammonia.

Triamino-5-nitrosopyrimidines react ŵ ell under alka
line conditions only with strongly nucleophilic anions 
such as those derived from phenylacetonitrile and 
cyanoacetamide. The reactions generally require ele
vated temperatures. These nitrosopyrhnidines are
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less reactive as a consequence of resonance interactions 
involving the nitroso and three amino groups.

In an attempt to render the molecules more reactive, 
they were subjected to acetylation. I t was expected 
that competing interactions of amino and acetyl groups 
would decrease interactions of amino and nitroso groups 
and hence serve to activate the latter.

2,4,6-Triamino-5-nitrosopyrimidine reacted with ace
tic anhydride in acetic acid under mild conditions to 
produce a blue diacetyl compound. More prolonged 
reaction at higher temperature gave a green triacetyl 
derivative. 4,6 - Diamino - 5 - nitroso - 2 - piperidino- 
pyrimidine reacted readily to form a green diacetyl 
compound.

The nature of the acetylated products is presently not 
certain. One possible structure for the diacetyl com
pounds is IX. Another is X 9; infrared absorption data 
in the 5.5-6.l-/u region (Table I) are not inconsistent 
with ester formulations.

XII X llla . R = phenyl
b. R = hydrogen 
e. R = piperidino

Pteridine syntheses from pyridinium salts are not 
limited to the preparation of pteridyl ketones. The 
salt XIV reacted with IVa in the presence of sodium 
cyanide to produce 4,7-diamino-2-phenyl-6-pteridine- 
carboxamide (XV).

H2NCOCH2 O  

XIV

C H sC O N H .N  NRS 

O N ''Y 'N
n h c o c h 3

IX

h 2n ^ n ^ n r 2

CH3C0 0 NV
NCOCH3

X

T a b l e  I

I n f r a b e d  A b s o r p t io n  M a x im a  ( N t jjo l )
5-N itrosopyrim idine

2.4.6- Triamino- 
Diacetylated 2,4,6-triamino- 
Triacetylated 2,4,6-triamino-
4.6- Diamino-2-piperidino- 
Diacetylated 4,6-diamino-2-

piperidino-

W ave length, a

5.93, 6.02 (s), 6.05 (s), 6.08
5.68, 5.84, 5.93
5.69, 5.79, 5.90
6.02 (s), 6.08
5.78, 5.85

Diacetylated 2,4,6-triamino-5-nitrosopyrimidine re
acted rapidly when heated with benzoylacetonitrile 
(III) in the presence of aqueous ethanolic sodium cy
anide to produce a yellow pteridine. The product, a 
monoacetyl derivative, gave phenyl 2,4,7-triamino-6- 
pteridyl ketone (Vf) in good yield when treated with 
cold aqueous sodium hydroxide.

Vf XI

Similarly, diacetylated 4,6-diamino-5-nitroso-2-pi- 
peridinopyrimidine produced a pteridine to which 
structure XI is assigned. Upon brief alkaline hydrol
ysis the product gave Ve, identical with the com
pound previously derived from Vc.

Sodium borohydride in methanol reduced the ketones 
to the corresponding carbinols (XII and XIII). Four 
carbinols were prepared in this manner.

(9) E . C. T ay lor, C. W. Jefford, and  C. C. Cheng, J .  A m .  C h e m .  S o c ., 83, 
1261 (1961), reported  th a t  4,6-diam ino-2-dim ethylam ino-5-nitrosopyrim i- 
dine an d  re la ted  molecules underw ent rearrangem ent to  su b stitu ted  4- 
eyano-s-triazines when heated  under reflux w ith acetic anhydride. T hey 
suggested th a t  oximino esters re la ted  to  X  are in term ediates in the  process.

In the syntheses of pteridines from pyridinium salts, 
hydroxylamines (XVI) and nitrones (XVII)8 are prob
able intermediates.

RCO—CRN) v
1 x _

RCOCH
II

NOH N ~ 0

N ^ iN N y N

R R
XVI XVII

NH2

In the absence of cyanide, the nitrones might be ex
pected to cyclize to the corresponding pteridine 5- 
oxides. Authentic pteridine N-oxides have thus far 
not been reported in the literature.

When Vila and Vllb were condensed with IVa in the 
presence of potassium acetate in place of sodium 
cyanide, the N-oxides XVIIIa and XVIIIb were pro
duced. Compound Vllb reacted with IVb in similar 
fashion to produce XVIIIc.

Upon hydrogenation of XVIIIa and XVIIIb with 
Raney nickel as catalyst, the pteridines X lXa and 
XlXb were produced. These were identical with the 
products derived from the reactions of phenylglyoxal 
and methylglyoxal with 4,5,6-triamino-2-phenylpyrimi- 
dine (XX). More prolonged hydrogenation of the 
N-oxides XVIIIb and XVIIIc or the pteridine XlXb 
yielded the 5,6,7,8-tetrahydro compounds XXIb and

a. R = phenyl, R ' = phenyl, b. R = methyl, R ' = phenyl, 
c. R = methyl, R ' = hydrogen.



M a y , 1963 P t e r id in e s . I l l 1199

XXIc. Compound XlXa was resistant to further 
hydrogenation under the same conditions.

a-Cyanobenzyl benzenesulfonate (XXII), derived 
from benzaldehyde, benzenesulfonyl chloride and 
sodium cyanide,10 was converted into the pyridinium 
compound XXIII. Without purification, the latter 
was treated with nitrosopyrimidines IVa and IVd in 
the presence of alkali to produce the N-oxides XXVa
and XXVb in good yield.

NC — CH—OS02—C6H5 
1

n c - c h - nQ

A  n A
U - o s o 2- c 6H5

XXII XXIII

IVa; IVd

XXVa and b XXI Va and b
a. R = phenyl, b. R = methylthio.

In the preparation of XXVa and XXVb, sodium 
cyanide was found to be a most effective alkaline 
catalyst. Apparently, intermediates of type XXIV 
cyclize to N-oxides rapidly and show little, if any, 
tendency to add cyanide and lose cyanate.4

Compound XXVb did not react at an appreciable 
rate with refluxing piperidine. This is not surprising, 
for the net effect of an oxide at N-5 on nucleophilic dis
placement should be marked activation of C-6 but only 
limited activation of C-2, C-4, and C-7.11

2,6 - Diamino - 4 - methylthio - 5 - nitrosopyrimidine
(XXVI) reacted with XXIII to produce 2,7-diamino-4- 
methylthio-6-phenylpteridine 5-oxide (XXVII). 4- 
Methylthio groups undergo displacement more readily 
than the 2-isomers; compound XXVII was converted 
into XXVIII with piperidine at reflux. When XXVII 
was boiled with sodium methoxide in methanol, dis
placement accompanied by N-oxide reduction occurred. 
Compound XXIX was produced. It was identical 
with the product of the reaction12 of 2,4-diamino-6- 
methoxy-5-nitrosopyrimidine (XXX) with phenylaceto- 
nitrile. Methoxide in methanol is not a general re
ducing agent, for neither XVIIIa nor XXXII (vide 
infra) was altered under conditions which produced
XXIX.

2,4,6-Triamino-5-nitrospyrimidine reacted with dif
ficulty with XXIII just as it had with III, Vila, and 
Vllb. Its blue diacetyl derivative reacted readily, 
however, and an acetylated pteridine was produced. 
This derivative underwent deacetylation upon treat
ment with alkali, or even upon brief boiling with 
methanol, to produce 2,4,7-triamino-6-phenylpteridine
5-oxide (XXXII). The very facile loss of the acetyl 
group suggests that the initial product had structure

(10) R. M. D odson and  H. W. T urner, J .  A m .  C h e m .  S o c . ,  73,4517 (1951).
(11) I. J ,  P aeh ter and  M . C. Kloetzel, i b i d . ,  74, 971 (1952).
(12) This reaction was carried o u t by  D r. B laine Su tton  and  M iss Alice 

Sheppard of these laboratories.

XXXI and that the oxide function participated in the 
solvolysis.

The ultraviolet absorption maxima of selected pteri
dines prepared during the course of this work are listed 
in Table II.

Several of the compounds produced potent diuretic 
effects in experimental animals. The biological data 
will be reported elsewhere at a later date.

Experimental
The ultraviolet spectra of Table II at pH 1 were determined in 

4.5% aqueous formic acid. The spectra at pH 13 were deter
mined by taking a 5- to 10-ml. aliquot of compound in 4.5% 
formic acid and bringing the volume to 100 ml. with 1 N  aqueous 
sodium hydroxide. In those cases where the compound crystal
lized from alkaline solution, no values at pH 13 are recorded.

For analyses, the pteridines were dried in vacuo at 150°.
Phenyl 4,7-Diamino-2-phenyl-6-pteridyl Ketone (Va).—To a 

mixture of 12.5 g. (0.058 mole) of 4,6-diamino-5-nitroso-2- 
phenylpyrimidine, 12.5 g. (0.086 mole) of benzoylacetonitrile 
and 150 ml. of ethanol was added a solution of 9.0 g. of sodium 
cyanide in 50 ml. of water. The resulting mixture was heated 
under reflux with stirring for 1.5 hr. and then cooled. The 
yellow crystalline product (16.1 g.) was collected. Upon re
crystallization from dimethylformamide and then from dioxane 
it melted at 327-328° dec.

Anal. Calcd. for CuHuNeO: C, 66.66; H, 4.12; N, 24.54. 
Found: C, 66.63; H, 4.20; N, 24.84.

Va and 4-Amino-2,7-diphenyl-6-pteridinecarbonitrile (Via).— 
To 1.4 g. of 4,6-diamino-5-nitroso-2-phenylpyrimidine (IVa) in 
in 15 ml. of ethanol was added 1.4 g. of phenacylpyridinium 
bromide in 15 ml. of 50% ethanol and 0.5 g. of sodium cyanide in 
2 ml. of water. The mixture was boiled for 15 min., cooled, and 
filtered to yield 1.2 g. of Va, identical with the product of the 
reaction of III and IVa.

The aqueous alcoholic filtrate was concentrated by boiling on a 
steam bath for 30 min. On cooling there was obtained 0.3 g. 
of a second compound (Via), identical with a sample7 to be de
scribed in a subsequent publication.

Phenyl 4,7-Diamino-6-pteridyl Ketone (Vb).—To a mixture 
of 7.0 g. (0.05 mole) of 4,6-diammo-5-nitrosopyrimidine, 10.15 g.
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T a b l e  II
U l t r a v io l e t  S p e c t r a

1 2 0 0

Com-
pound ^mai m/i (log e) pH

Vb 280 (4.39), 386 (4.05) 1
256 (s) (4.26), 280 (4.11), 358 (3.89), 389 

(3.90)
13

Vd 279 (4.36), 384 (4.08) 1
252 (s) (4.23), 283 (4.18), 393 (4.06) 13

Ve 287 (4.26), 394 (4.45) 1
Vf 280 (4.30), 386 (4.27) 1

247 (4.48), 290 (4.19), 402 (4.39) 13
V illa 277 (4.53), 394 (4.22) 1
VUIb 275 (4.46), 382 (4.07) 1

248 (4.21), 272 (s) (4.05) 13
VIIIc 277 (4.46), 391 (4.33) 1

250 (4.47), 382 (4.27), 397 (4.30) 13
VUId 278 (4.24), 387 (4.45) 1

247 (4.58), 292 ( 4.21), 409 (4.52) 13
XII 256 (4.22), 281 (s) (3.77), 345 (4.32) 1

260 (4.20), 284 (s) (3.74), 356 (4.21) 13
XHIa 258 (4.42), 354 (4.31) 1

246 (4.54), 350 (4.23) 13
XHIb 252 (4.18), 285 (3.60), 344 (4.16) 1

240 (4.33), 262 (s) (4.04), 338 (4.05) 13
XIIIc 262 (4.18), 350 (4.37), 365 (s) (4.31) 1

267 (4.34), 293 (s) (3.97), 371 (4.20) 13
XVIIIa 276 (4.41), 292 (s) (4.32), 330 (4.09), 368 (s) 

(4.21), 382 (4.27)
1

XVIIIb 282 (4.38), 313 (4.15), 342 (4.01), 358 (3.99) 1
XVIIIc 284 (3.81), 340 (3.95), 354 (3.97) 1

254 (4.10), 285 (3.88), 354 (3.84) 13
XlXa 254 (4.33), 278 (s) (4.22), 312 (4.01), 361 

(4.35), 373 (4.35)
1

XlXb 271 (4.25), 301 (4.15), 320 (4.15), 333 (4.16), 
346 (s) (4.08)

1

269 (4.41), 342 (3.97) 13
XXVa 258 (4.50), 366 (4.28) 1
XXVb 269 (4.40), 309 (3.76), 365 (4.27) 1

245 (4.46), 277 (4.38), 370 (4.18) 13
XXVIII 252 (4.21), 380 (4.18) 1

244 (s) (4.35), 277 (4.19), 391 (4.10) 13
XXIX 286 (3.85), 354 (4.40) 1

274 (3.99), 362 (4.33) 13
XXXII 246 (4.42), 296 (3.70), 362 (4.25) 1

240 (4.61), 267 (4.39), 374 (4.20) 13

(0.07 mole) of benzoylacetonitrile, and 250 ml. of ethanol was 
added a solution of 3.5 g. of sodium cyanide in 20 ml. of water. 
The resulting mixture was heated under reflux for 1 hr., concen
trated, and cooled. There was obtained 7.90 g. of yellow plates. 
Upon recrystallization from ethanol the product melted at 291- 
293°.

Anal. Calcd. for CuHi0N6O: C, 58.64; H, 3.79; N, 31.56. 
Found: C,58.66; H, 3.81; N, 31.53.

Phenyl 4,7-Diamino-2-methylthio-6-pteridyl Ketone (Vc).—-To
5.49 g . of 4,6-diamino-2-methylthio-5-nitrosopyrimidine and 10.7 
g. of phenacylpyridinium bromide in 100 ml. of 80% ethanol 
was added a solution of 5.0 g. of sodium cyanide in 20 ml. of 
water. The mixture was heated under reflux for 20 min., 
cooled, and filtered. The yellow product was washed copiously 
with water13 and dried to give 7.9 g. of crude Vc. Upon two 
recrystallizations from dimethylformamide there was obtained
4.5 g. of Vc, m.p. 335° dec.

Anal. Calcd. for C,4H12N6OS: C, 53.83; H, 3.87; N,
26.91. Found: 0,53.54; H, 3.93; N, 27.40.

Phenyl 4,7-Diamino-2-methyl-6-pteridyl Ketone (Vd).—This 
compound was prepared from 4,6-diamino-2-methyl-5-nitroso- 
pyrimidine (1.0 g.) and phenacylpyridinium bromide (2.0 g.) by 
a procedure similar to that used for the synthesis of Vc. There

(13) Failure to remove traces of sodium cyanide results in the formation 
of dark red impurities upon subsequent recrystallization from dimethyl- 
formamide.

was obtained 1.1 g. of yellow product from dimethylformamide, 
m.p. 307° dec.

Anal. Calcd. for Ci4Hi2N80 : C, 59.99; H, 4.32; N, 29.99. 
Found: C, 59.87; H, 4.24; N, 29.85.

Methyl 4 ,7-Diamino-2-phenyl-6-pteridyl Ketone (Villa).— 
To 21.5 g. (0.1 mole) of 4,6-diamino-5-nitroso-2-phenylpyrimi- 
dine, 20.6 g. (0.12 mole) of acetonylpyridinium chloride and 200 
ml. of ethanol was added 7.5 g. (0.15 mole) of sodium cyanide 
in 50 ml. of water. The resulting mixture was heated under 
reflux with stirring until the green color of the nitrosopyrimidine 
was no longer apparent (80 min.). The mixture was cooled, 
filtered, and the product was washed thoroughly with hot water,13 
and dried. There wTas obtained 26.6 g. of yellow V illa.

For analysis, a sample was recrystallized from dimethylform
amide and then from aqueous acetic acid. It then melted at
306-310° dec.

Anal. Calcd. for CI4HI2N60: C, 59.99; H, 4.32; N, 29.99. 
Found: C, 60.10; H, 4.23; N, 29.81.

Phenylhydrazone of Villa.—A solution of 0.7 g. of V illa, 1.0 
g. of phenylhydrazine and 75 ml. of acetic acid was heated under 
reflux for 10 min. It was diluted with 50 ml. of water and cooled. 
The product was collected and washed with ethanol. The 
resulting 0.65 g. of yellow solid was reerystallized first from acetic 
acid and then from ethanol to give beautiful yellow needles, m.p. 
306-308°.

Anal. Calcd. for C2„H18N8: C, 64.85; H, 4.90; N, 30.25. 
Found: C, 64.48; H, 4.73; N, 30.21.

Methyl 4,7-Diamino-6-pteridyl Ketone (VUIb).—To a boiling 
mixture of 1.4 g. of 4,6-diamino-5-nitrosopyrimidine, 2.5 g. of 
acetonylpyridinium chloride and 100 ml. of ethanol was added a 
solution of 0.75 g. of sodium cyanide in 10 ml. of water. The 
mixture was stirred under reflux for 30 min., cooled, and filtered. 
The product (1.6 g.) was dissolved in water containing a few 
milliliters of acetic acid, treated with charcoal, and precipitated 
with ammonia. The 1.5 g. of long yellow needles thus obtained 
melted over 340°.

Anal. Calcd. for C8H8N60 : C, 47.06; H, 3.95; H, 41.16. 
Found: C, 47.10; H, 4.09; N, 41.35.

Methyl 4,7-Diamino-2-methylthio-6-pteridyl Ketone (VIIIc).— 
A mixture of 6.0 g. of finely powdered 4,6-diamino-2-methylthio-
5-nitrosopyrimidine, 5.0 g. of sodium cyanide, 7.5 g. of acetonyl
pyridinium chloride and 200 ml. of 80% ethanol was heated under 
reflux for 1.5 hr. The yellow product that formed was filtered, 
washed well with water,13 and dried. It weighed 6.1 g. It 
became light orange in color upon recrystallization from dimethyl
formamide. It became black when heated over 280°.

Anal. Calcd. for C,HioN6OS: C, 43.19; H, 4.03; N, 33.58. 
Found: C, 43.37; H, 4.03; N, 33.87.

Phenyl 4,7-Diamino-2-piperidino-6-pteridyl Ketone (Ve).—A 
mixture of 5.0 g. of phenyl 4 ,7-diamino-2-methylthio-6-pteridyl 
ketone (Vc) and 150 ml. of piperidine was heated under reflux 
for 26 hr. I t was then evaporated to dryness under reduced 
pressure. The residue was washed with ethanol and dried to 
give 4.2 g. of yellow product. For analysis a sample was re
crystallized from methanol. I t melted at 300-301° dec.

Anal. Calcd. for C,8H19N,0: C, 61.88; H, 5.48; N, 28.06. 
Found: C, 61.91; H, 5.40; N, 28.31.

Methyl 4,7-Diamino-2-piperidino-6-pteridyl Ketone (VUId).— 
A 1.0-g. sample of methyl 4,7-diamino-2-methylthio-6-pteridyl 
ketone (VIIIc) and 50 ml. of piperidine was heated under reflux 
for 24 hr. Excess piperidine was removed under reduced pres
sure and the product was recrystallized from ethanol with the 
aid of charcoal to obtain 0.76 g. of orange needles, m.p. 293- 
298° dec.

Anal. Calcd. for C13H„N,0: C, 54.34; H, 5.96; N, 34.13. 
Found: C, 54.66; H, 6.07; N, 34.44.

Diacetylated 2,4,6-Triamino-5-nitrosopyrimidine.—A mixture 
of 10 g. of 2,4,6-triamino-5-nitrosopyrimidine, 50 ml. of acetic 
anhydride and 100 ml. of acetic acid was heated on a hot plate 
slowly with stirring. The starting material dissolved, the 
solution turned blue, and the blue compound began to crystallize 
from solution. The mixture wras then quickly cooled in an ice 
bath to prevent further acet3'lation. The product was filtered, 
washed with ethanol, and dried. It weighed 13 g. and melted 
at 199-200° dec.

Anal. Calcd. for C8H10N6O3: C, 40.33; H, 4.23; N, 35.28. 
Found: C, 40.59; H, 4.56; N, 35.38.

Triacetylated 2,4,6-Triamino-5-nitrosopyrimidine.—A mixture 
of 5.0 g. of 2,4,6-triamino-5-nitrosopyrimidine, 50 ml. of acetic 
anhydride and 150 ml. of acetic acid was boiled gently with stir
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ring for 10 min. until the color of the solution turned from blue to 
green. The solution was cooled to 0 ° and scratched. There was 
obtained 4.2 g. of light green crystals. Upon concentration of 
the filtrate under reduced pressure, an additional 2.2 g. of green 
product was obtained. The compound was recrystallized from 
ethanol to give green needles, m.p. 214° dec.

Anal. Calcd. for CioH12N60 4: C, 42.86; H, 4.32; N, 29.99. 
Found: C, 42.71; H, 4.46; N, 30.10.

Diacetylated 4,6-Diamino-5-nitroso-2-piperidinopyrunidine.— 
A 2.0-g. sample of 4,6-diamino-5-nitroso-2-piperidmopyrimidine 
was heated at 50° with a mixture of 8 ml. of acetic anhydride and 
16 ml. of acetic acid for 15 min. Three milliliters of water was 
added. The mixture was cooled in an ice bath for 1 hr. and 
filtered to yield 2.55 g. of green needles, m.p. upon recrystalliza
tion from ethanol, 185-186°.

Anal. Calcd. for Ci3H18N80 3: C, 50.97; H, 5.92; N, 27.44. 
Found: C, 51.45; H, 5.99; N, 27.48.

Phenyl 2,4,7-Triamino-6-pteridyl Ketone (Vf).—A mixture of 
20 g. of benzoylacetonitrile and 24 g. of diacetylated 2,4,6- 
triamino-5-nitrosopyrimidine in 350 ml. of absolute ethanol was 
brought to boiling and 14 g. of potassium acetate in 150 ml. of 
absolute ethanol was added. The mixture was stirred under 
reflux until no blue starting material was visible (30 min.). I t 
was cooled and filtered. A small sample of the yellow product 
thus obtained was washed with water, recrystallized once from 
ethanol, and analyzed. The analytical results, although dis
agreeing by 0.7, 0.2 and 0.8% with the theoretical values for 
carbon, hydrogen and nitrogen, respectively, indicated that the 
product was predominantly a monoacetyl derivative. The 
remainder of the yellow granular compound was stirred at room 
temperature with 350 ml. of 1.5% sodium hydroxide for 2 hr., 
during which time it dissolved and a new product crystal
lized from solution. The new product (Vf) was dissolved in hot 
dilute acetic acid, treated with charcoal and then with excess 
ammonia. There was obtained 19.6 g. of Vf. For analysis, a 
sample was dissolved once again in dilute acetic acid and reprecip
itated with ammonia. I t melted at 338-339° dec.

Anal. Calcd. for Ci3H„N70: C, 55.51; H, 3.94; N, 34.86. 
Found: C, 55.75; H, 4.09; N, 34.95.

Phenyl 4,7-Diamino-2-piperidino-6-pteridyl Ketone (Ve) from 
Diacetylated 4,d-Diamino-5-nitroso-2-piperidmopyrimidine.—A 
mixture of 1.02 g. of diacetylated 4,6-diamino-5-nitroso-2- 
piperidinopyrimidine and 1.0 g. of benzoylacetonitrile was heated 
under reflux with 25 ml. of absolute ethanol for 5 min. It was 
then treated with 0.6 g. of potassium acetate in 5 ml. of absolute 
ethanol. Heating under reflux was continued (about 10 min.) 
until the color of the mixture turned from blue-green to bright 
yellow. The mixture was then cooled to 20° and a solution of 
0.5 g. of sodium hydroxide in 5 ml. of water was added. The 
yellow compound dissolved and glittering yellow plates separated. 
The mixture was allowed to stand at room temperature for 30 
min. and the product was collected, washed with water until the 
washings were neutral, and dried to yield 1.1 g. of Ve, m.p. 
300-302° dec., identical with the product prepared from Vc and 
piperidine.

4,7-Diamino-2-phenyl-6-pteridinecarboxamide (XV).—A mix
ture of 0.9 g. of the pyridinium salt of bromoacetamide, 0.3 g. 
of 4,6-diamino-5-nitroso-2-phenylpyrimidine, 0.1 g. of sodium 
cyanide dissolved in 4 ml. of water, and 12 ml. of ethanol was 
heated on a steam bath. Reaction proceeded to completion in 
less than a minute. There was obtained 0.35 g. of yellow 
crystals, identical with a sample of XV prepared from cyano- 
acetamide.2

<i-Phenyl-2,4,7-triamino-6-pteridylcarbinol (XII).—A 9.0-g. 
sample of phenyl 2,4,7-triamino-6-pteridyl ketone (Vf) was 
boiled with 500 ml. of methanol for 10 min. and cooled to 50°. 
Over a 15-min. period, 6 g. of sodium borohydride in 100 ml. of 
methanol was added. The reaction temperature was kept be
tween 50 and 55°. The mixture was filtered to remove 0.8 g. of 
insoluble material, neutralized with acetic acid, and evaporated 
to dryness under reduced pressure. The residue was thoroughly 
washed with water and dried to give 7 g. of crude product. 
A test showed that a small quantity of phenolic pteridine was 
present. The product was dissolved in dilute acetic acid and 
then made quickly alkaline with 5% sodium hydroxide. The 
finely divided precipitate that separated was stirred for 30 min. 
at room temperature with two 100-ml. portions of 1% sodium 
hydroxide. It was then recrystallized from dimethylformamide 
and finally dissolved in hot dilute acetic acid and reprecipitated

from the hot solution with ammonia. There was obtained 3.1 g. 
of yellow prisms which turn black at about 275°.

Anal. Calcd. for Ci3Hi3N70: C, 55.12; H, 4.63; N, 34.61. 
Found: C, 55.16; H, 4.75; N, 34.75.

l-(4,7-Diamino-2-phenyl-6-pteridyl)ethanol (XIHa).—A mix
ture of 5.0 g. of methyl 4,7-diamino-2-phenyl-6-pteridyl ketone 
(Villa) and 150 ml. of methanol was treated with a solution of
5.0 g. of sodium borohydride in 50 ml. of methanol at such a 
rate that the reaction temperature did not exceed 50°. After 
25 min., the solution was clarified by filtration, neutralized with 
acetic acid, and evaporated to dryness under reduced pressure. 
The residue was thoroughly washed with water and dried to 
give 4.5 g. of pale yellow plates. After recrystallization from 
methanol, the m.p. was 274-276° dec.

Anal. Calcd. for CI4H14NsO: C, 59.56; H, 5.00; N, 29.77. 
Found: C, 59.58; H, 4.92; N, 29.69.

l-(4,7-Diammo-6-pteridyl)ethanol (XIHb).—By a procedure 
similar to that used for the preparation of XIHa, 1.0 g. of methyl
4,7-diamino-6-pteridyl ketone (VHIb) was converted into 0.8 g. 
of XHIb. The product formed off-white needles from methanol, 
m.p. 248-250° dec.

Anal. Calcd. for C8H10N6O: C, 46.60; H, 4.89; N, 40.76. 
Found: C, 46.67; H, 5.20; N, 40.74.

l-(4,7-Diamino-2-piperidino-6-pteridyl)ethanol (XIIIc).—
By a procedure similar to that used for the preparation of XIHa,
4.0 g. of methyl 4,7-diamino-2-piperidino-6-pteridyl ketone 
(VUId) was converted into 3.5 g. of XIIIc. The yellow product, 
m.p. 226-227°, was recrystallized for analysis from methanol.

Anal. Calcd. for CI3H19N70 : C, 53.96; H, 6.62; N, 33.89. 
Found: C, 53.99; H, 6.81; N, 33.54.

4-Amino-2,7-diphenyIpteridine 5-Oxide (XVHIa).—To a hot 
solution of 2.15 g. (0.01 mole) of 4,6-diamino-5-nitroso-2- 
phenylpyrimidine and 1.96 g. (0.02 mole) of potassium acetate 
in 250 ml. of ethanol was added 3.98 g. (0.014 mole) of phenacyl- 
pyridinium bromide in 20 ml. of water. The resulting mixture 
was boiled for 1 hr., cooled, and filtered. The yellow product 
was recrvstallized from dimethylformamide to give 2.3 g. of 
needles, m.p. 258-260°.

Anal. Calcd. for Ci8H3N60: C, 68.56; H, 4.16; N, 22.11. 
Found: C, 68.45; H, 4.22; N, 22.13.

Reduction of 4-Amino-2,7-diphenylpteridme 5-Oxide (XVIHa). 
Synthesis of XIXa.—A mixture of 1.0 g. of XVIIIa, 200 ml. of
ethanol, and a half teaspoonful of Raney nickel was shaken with 
hydrogen at 50 p.s.i. for 10 hr. The nickel was removed and the 
solution concentrated to give 0.8 g. of needles of XIXa, m.p., 
252-253°, identical with a sample prepared from phenylglyoxal 
and 4,5,6-triamino-2-phenylpvrimidine.

Anal. Calcd. for C18H13N5‘: C, 72.22; H, 4.38; N, 23.40. 
Found: C, 71.94; H, 4.66; N, 23.86.

4-Amino-2,7-diphenylpteridine (XIXa).—To 6.0 g. (0.03 mole) 
of 4,5,6-triamino-2-phenylpyrimidine in 100 ml. of ethanol was 
added 6.16 g. (0.04 mole) of phenylgyoxal hydrate in 20 ml. of 
ethanol, and 3.92 g. (0.04 mole) of potassium acetate and 4.6 ml. 
(0.08 mole) of acetic acid in 10 ml. of water. The mixture was 
heated on a steam bath for 30 min., cooled, and filtered. The 
yellow product thus obtained weighed 8.6 g. I t was recrystal- 
iized from dimethylformamide to give 7.1 g. of prisms, m.p. 
252-253°.

4-Amino-7-methyl-2-phenylpteridine 5-Oxide (XVIIIb).—To a
boiling mixture of 21.5 g. of 4,6-diamino-5-nitroso-2-phenylpy- 
rimidine, 20.0 g. of potassium acetate and 1 1. of ethanol was 
added a solution of 25.6 g. of acetonylpyridinium chloride in 
100 ml. of water. The resulting mixture was boiled for 1 hr. 
during which time the green nitroso compound disappeared and a 
golden yellow product (22.7 g.) separated. It was recrystallized 
from dimethylformamide to give 19.0 g. of well formed crystals, 
m.p. 287° dec.

Anal. Calcd. for CJ3H„N60 : C, 61.65; H, 4.38; N, 27.65. 
Found: C, 61.43; H, 4.72; N, 27.61.

Reduction of 4-Amino-7-methyl-2-phenylpteridine 5-Oxide 
(XVIIIb). Synthesis of XlXb and XXIb.—A mixture of 2.0 g. of
4-amino-7-methyl-2-phenylpteridine 5-oxide (XVIIIb), one-half 
teaspoonful of Raney nickel, and 200 ml. of ethanol was shaken 
under 50 p.s.i. of hydrogen for 30 min. The nickel was removed 
and the solution was evaporated to dryness. Upon treatment 
of the residue with dilute acetic acid, all but 150 mg. of yellow 
needles dissolved. The needles, upon recrystallization from 
ethanol, melted at 269-270° and proved to be identical with a 
sample of XlXb prepared from methylglyoxal and 4,5,6-tri- 
amino-2-phenylpyrimidine.
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The yellow acetic acid solution was made basic with ammonia 
and a colorless solid (1.4 g.) separated. Upon recrystallization 
from methanol, colorless prisms of XXIb, m.p. 174-176°, 
were obtained.

When 1.8 g. of XVIIIb was similarly hydrogenated for 1.5 hr.,
1.6 g. of XXIb was obtained as the only product.

Anal. Calcd. for Ci3H15N5: C, 64.71; H, 6.27; N, 29.03. 
Found: C, 64.77; H, 6.33; N, 29.28.

4-Ammo-7-methyl-2-phenylpteridine (XlXb).—To a solution 
of 30.2 g. of 4,5,6-triamino-2-phenylpyrimidine, 72 g. of 30% 
methylglyoxal in water and 500 ml. of ethanol was added a solu
tion of 29.4 g. of potassium acetate and 34 ml. of acetic acid in 
100 ml. of water. Upon heating on a steam bath, yellow crystals 
rapidly formed. After 30 min. the mixture was cooled and fil
tered to yield 31.7 g. of XlXb. The product was dissolved in 
dilute hydrochloric acid, treated with charcoal, and then precipi
tated with 10% sodium hydroxide. Upon recrystallization from 
dimethylformamide there was obtained 18.7 g. of pale yellow 
needles, m.p. 269-271 dec.

Anal. Calcd. for Ci3HnN5: C, 65.81; H, 4.67; X, 29.52. 
Found: C, 66.04; H, 4.81; N, 29.67.

Reduction of XlXb.—Hydrogenation of 18.6 g. of XlXb with 
Raney nickel in 500 ml. of ethanol under 50-p.s.i. pressure 
yielded 16.7 g. of crude XXIb which, upon recrystallization from 
methanol, gave 13.0 g. of prisms, m.p. 174-176°.

4-Amino-7-methylpteridine 5-Oxide (XVIIIc).—A mixture of
l .  39 g. (0.01 mole) of 4,6-diamino-5-nit,rosopyrimidine, 1.96 g. 
(0.02 mole) of potassium acetate, and 250 ml. of ethanol was 
heated to boiling and diluted with 2.56 g. (0.015 mole) of acetonyl- 
pvridinium chloride in 20 ml. of water. The resulting mixture 
was boiled for 1.5 hr. Upon concentration and cooling there 
was obtained 2.0 g. of crude product which, upon recrystallization 
from ethanol with the aid of charcoal, yielded 1.0 g. of yellow 
prisms, m.p. 250-251.

Anal. Calcd. for C7H-N60 : C, 47.45; H, 3.98; N, 39.53. 
Found: C, 47.72; H, 4.25; N, 39.86.

Reduction of 4-Amino-7-methylpteridine 5-Oxide (XVIIIc). 
Synthesis of XXIc.—A 3.4-g. sample of XVIIIc was hydrogenated 
in 200 ml. of ethanol at 50 p.s.i. for 8 hr. with 1 teaspoonful of 
Raney nickel as catalyst. Removal of the catalyst and evapora
tion of the solvent left a noncrystalline residue which was con
verted to a solid hydrochloride with ethereal hydrogen chloride. 
Recrystallization of the product from methanol gave 1.5 g. of 
pale yellow prisms of the dihvdrochloride of XXIc, m.p. 243- 
245° dec.

Anal. Calcd. for C7H,3ChN5: C, 35.31; H, 5.50; X, 29.41. 
Found: C, 35.85; H, 5.63; N, 29.00.

4.7- Diamino-2,6-diphenylpteridine 5-oxide (XXVa).—To 4.3 g. 
(0.02 mole) of 4,6-diamino-5-nitroso-2-phenylpyrimidine in 250 
ml. of acetone was added a solution of 7.4 g. (0.027 mole) of a- 
cyanobenzvl benzenesulfonate, 8 ml. of pyridine and 15 ml. of 
acetone which had been boiled previously for 5 min. To the 
resulting green solution was added 2.0 g. (0.04 mole) cf sodium 
cyanide in 20 ml. of water. A deep red color developed instantly. 
The solution was heated to 40° for 5 min. and then allowed to 
stand at room temperature for 1 hr. The solid was collected, 
washed with water and ethanol and dried to give 6.5 g. of crude 
product. Recrystallization from dimethylformamide yielded 5.6 
g. of fine pale yellow needles, m.p. over 350°.

Anal. Calcd. for Ci8Hi4N60 : C, 65.44; H, 4.27; N, 25.44. 
Found: C, 65.21; H, 4.28; N, 25.73.

4.7- Diammo-2-methylthio-6-phenylpteridine 5-Oxide (XXVb). 
—A 3.7-g. (0.02 mole) sample of finely powdered 4,6-d:amino-2- 
methylthio-5-nitrosopyrimidine was converted into XXVb by a 
procedure similar to that used for the preparation of XXVa. 
There was obtained 4.6 g. of product which was recrystallized 
from dimethylformamide to give 3.8 g. of pale yellow needles,
m. p. 351° dec.

Anal. Calcd. for C13H12N6OS: C, 51.99; H, 4.03; X, 27.98. 
Found: C, 51.91; H, 4.03; X, 28.26.

2.7- Diammo-4-methylthio-6-phenylpteridine 5-Oxide (XXVII). 
—The procedure used for the preparation of XXVa was modified 
to accommodate the lack of solubility of 2,6-diamino-4-methyl- 
thio-5-nitrosopyrimidine in pure acetone. A 3.7-g. (0.02 mole) 
sample of the nitrosopyrimidine was dissolved in 40 ml. of 
dimethyl sulfoxide. The resulting blue solution was diluted in 
rapid succession with 250 ml. of boiling acetone, with a solution 
of 8.0 g. of a-cyanobenzyl benzenesulfonate, 8 ml. of pyridine, and

15 ml. of acetone which had been boiled previously for 5 min., and 
finally with a solution of 2.0 g. of sodium cyanide in 20 ml. of 
water. Yellow prisms soon separated from the intensely 
colored solution. After 2 hr. the product was collected, washed 
with water and ethanol, and dried. The 3.5 g. of yellow com
pound thus obtained was dissolved in 50 ml. of dimethylform
amide. Upon dilution with an equal volume of methanol, the 
solution deposited 2.8 g. of analytically pure prisms of XXVII, 
m.p. 306-308° dec.

Anal. Calcd. for C13H12N6OS: C, 51.99; H, 4.03; X, 
27.98. Found: C, 52.06; H, 4.24; N, 27.97.

2.7- Diamino-6-phenyl-4-piperidinopteridme 5-Oxide (XXVIII). 
—A 2.45 g. sample of 2,7-diamino-4-methylthio-6-phenylpteri- 
dine 5-oxide (XXVII) was heated under reflux for 16 hr. with 100 
ml. of piperidine. Removal of excess piperidine and recrystal
lization of the residual product from ethanol gave 1.8 g. of 
yellow needles of XXVIII, m.p. 265° dec.

Anal. Calcd. for C17HI9N70 : C, 60.52; H, 5.68; X, 29.06. 
Found: C, 60.69; H, 5.56; N, 29.09.

Reaction of XXVII with Methanolic Sodium Methoxide. Syn
thesis of XXIX.—A 1.0-g. sample of XXVII was heated under 
reflux for 7.5 hr. with 1.0 g. of sodium methoxide in 150 ml. of 
methanol. The resulting clear solution was allowed to stand 
at room temperature for 16 hr. Yellow plates (0.6 g.) of XXIX, 
m.p., 256° dec., separated. Elemental analysis showed that the 
N-oxide function was no longer present. The product was found 
to be identical with a sample of XXIX prepared from 2,4-di- 
amino-6-methoxy-5-nitrosopyrimidine and phenylacetonitrile.

2.7- Diamino-4-methoxy-6-phenylpteridine (XXIX).12—To a so
lution of 11 g. of 2,4-diamino-6-methoxy-5-nitrosopyrimidine in a 
mixture of 750 ml. of dry dimethylformamide and 250 ml. of 
methanol was added with stirring 3.2 g. of sodium methoxide and
7.6 g. of phenylacetonitrile. The reaction mixture was heated 
under reflux for 1.5 hr. The solvent was removed under reduced 
pressure and the residue was stirred with water, collected, and 
slurried twice with 5% hydrochloric acid. The crude hydro
chloride was dissolved in water, treated with charcoal, 
filtered, and made basic with sodium hydroxide. The product 
was collected and recrystallized first from butanol and then from 
methanol to give 1.6 g. of yellow needles of XXIX, m.p. 258° 
dec.

Anal. Calcd. for C^H^NeO: C, 58.20; H, 4.51; N, 31.33. 
Found: C, 58.14; H, 4.52; N, 31.22.

2.4.7- Triammo-6-phenylpteridine 5-Oxide (XXXII).—A 10.0-g. 
sample of diacetylated 2,4,6-triamino-5-nitrosopyridine was dis
solved in 120 ml. of dimethyl sulfoxide. The resulting solution 
was diluted in rapid succession with 400 ml. of boiling acetone, 
with a solution of 16.6 g. of a-cyanobenzyl benzenesulfonate,
16.6 ml. of pyridine, and 50 ml. of acetone which had been 
boiled previously for 5 min., and finally with a solution of 4.1 g. 
of sodium cyanide in 40 ml. of water. Yellow crystals soon sepa
rated from the intensely colored solution. The product was 
filtered, washed with water and ethanol and dried to give 6.8 g. 
of bright yellow solid (XXXI).

A 5.0-g. sample of the yellow acetylated derivative was sus
pended in 100 ml. of boiling stirred methanol. A solution of 
5 g. of sodium methoxide in 75 ml. of methanol was added and the 
resulting mixture was boiled with stirring for 5 min. The mix
ture was then diluted with an equal volume of water and cooled. 
The product (XXXII) was collected, slurried with 15 ml. of 
acetic acid, and heated with 200 ml. of water until solution was 
achieved. The yellow solution was clarified by filtration and, 
while still hot, diluted with excess concentrated aqueous ammonia. 
Beautiful yellow plates (3.55 g.) crystallized, m.p. 340° dec.

I t was subsequently found that XXXII could be obtained 
from XXXI upon boiling with methanol alone.

Anal. Calcd. for C12HnN70: C, 53.53; H, 4.12; X, 36.41. 
Found: C, 53.77; H, 4.39; N, 36.33.
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6- and 7-Pteridinecarboxamides were prepared and subjected to the Hofmann hypobromite reaction to obtain 
the corresponding amino compounds. A synthesis of 7-phenyl-6-pteridinecarbonitriles is described. 2,4- 
Diamino-6-phenylpteridine was synthesized and shown to be different from the compound previously assigned 
that structure.

2,4,7-Triamino-6-phenylpteridine (I) is an effective 
diuretic agent in man.2 As part of a program devoted 
to the synthesis of compounds for comparative biolog
ical evaluation, the preparation of 2,4,6-triamino-7- 
phenylpteridine (II) and related substances was under
taken.

Sachs and Meyerheim6 found that 5,6-diamino-1,3- 
dimethyl-2,4-pyrimidinedione (VIII) reacted with 2,3,-
4-pentanetrione to produce a single pteridine (IX). It 
was hoped that substances such as VI and VII might be 
produced by an analogous route.

H2N

h 2n

? H3 0  0  0
N n II 11 II

+ C H s-C -C -C -C H
n - ch 3

0
VIII

Although 2,4-diamino-6-phenyl-7(877)-pteridinone3-4 
was converted into the corresponding chloro compound 
and thence into various 7-amino derivatives4 of I, no 
useful product could be isolated when chlorination of 
the isomeric 2,4-diamino-7-phenyl-6(5H)-pteridinone3b 
was attempted under the same conditions.

As an alternate approach, the preparation of 6- 
pteridinecarboxamides followed by Hofmann hypobro
mite conversion into 6-aminopteridines appeared at
tractive.

We found previously that 4,6-diamino-5-nitroso-2- 
phenylpyrimidine (III) reacted with benzoylacetamide
(V) in the presence of potassium acetate to produce 
4 - amino-2,7-diphenyl-6 -pteridinecarboxamide (VI) .5 
When the analogous reaction was attempted with the 
less reactive 2,4,6-triaminopyrimidine (IV), no signifi
cant yield of product was obtained.

fbNv /  R o  o
T iT / = \  ii ii

o n ^ n  ^ J k c - c h 2- c - n h 2

n h 2
III. R = phenyl V
IV. R = amino

VI. R = phenyl 
VII. R = amino

(1) Present address: Endo Laboratories, R ichm ond Hill 18, N . Y.
(2) A. P . Crosley, J r .,  L. M . Ronquillo, W . H . S trickland, an d  F. Alexan

der, A n n .  I n t e r n .  M e d . ,  56, 241 (1962).
(3) (a) A. G. Renfrew , P . C. P ia tt ,  and  L. H. C retcher, J .  O r g .  C h e m . ,  

17, 467 (1952); (b) R. G. W . Sp icke tt and  G. M . Tim m is, J .  C h e m .  S o c . ,  

2887 (1954).
(4) I. J . P ach ter and  P. E . N em eth , to be published.
(5) I. J. P ach ter and  P. E . N em eth, P a rt I, J .  O r g .  C h e m . ,  28, 1187 (1963).

Upon treatment of benzoylacetamide with nitrous 
acid, the isonitroso compound X was produced. The 
latter reacted with excess nitrous acid to produce XI 
(or its solvated equivalent).7 This product was not 
isolated, but was permitted to condense in solution with
o-phenylenediamine (XII), 4,5,6-triamino-2-phenylpy- 
rimidine (XIII) and 2,4,5,6-tetraminopyrimidine (XIV) 
to produce XV, VI and VII, respectively. Compound 
VI, prepared by this route, was identical with the prod
uct derived from III and V.

0  0  0
Il II II 

c - c - c — n h 2

XI

V
h n o 2|

VI; VII

XV XIII, R= phenyl
XIV, R = amino

When it was found, in connection with subsequent 
work,8 that IV could be activated for condensation reac
tions through diacetylation with acetic anhydride, 
the diacetyl compound and V were heated with ethan- 
olic potassium acetate. A yellow pteridine formed 
readily. This intermediate acetylated product was 
hydrolyzed with cold alkali to give VII in good yield.

(6) F . Sachs and G. M eyerheim , B e r . ,  41, 3957 (1908).
(7) F . K rohnke, C h e m .  B e r . ,  80, 298 (1947), used  a  different process to  

m ake com pounds re la ted  to X I.
(8) I. J .  P ach ter, P. E. N em eth, an d  A. J . Villani, P a r t  I I I ,  J .  O r g .  C h e m . ,  

28, 1197 (1963).
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The preparation of VII by this route constitutes a 
proof of structure.

3- Phenyl-2-quinoxalinecarboxamide (XI) reacted 
with aqueous potassium hypobromite to produce the 
known 2-amino-3-phenylquinoxaline9 in excellent yield.

4- Amino-2,7-diphenyl-6-pteridinecarboxamide (VI)
and 2,4 - diamino - 7 - phenyl - 6 - pteridinecarboxamide
(VII) are much less soluble than XV in aqueous potas
sium hypobromite. The Hofmann reactions were 
therefore carried out in dimethylformamide solution 
and the products XVI and II were obtained.

XVI XVII

The ultraviolet spectra (Table I) of the 6-amino-7- 
phenylpteridines (XVI and II) were found to show ab
sorption at much longer wave lengths than do those of 
the 7-amino-6-phenyl isomers (XVII and I).3bU0 
This is in accord with the results of previous investiga
tions.3b'11

The hypobromite reaction in dimethylformamide was 
also used to convert 4,7-diamino-2-phenyl-6-pteridine- 
carboxamide (XVIII)12 into 8-amino-2,3-dihydro-6- 
phenyl-liï-2-imidazo[4,5-gr]pteridinone (XIX).

King and Spensley13 reported that phenylglyoxal 
reacts with 2,4,5,6-tetraminopyrimidine (XIV) to 
give 2,4-diamino-7-phenylpteridine (XX), but that 
co,co-dichloroacetophenone reacts with XIV to give the 
isomeric compound XXI.

It was of interest to us to see whether halogen deriva
tives of V would react correspondingly with XIII and 
XIV to give products isomeric with VI and VII.

XX XXI

Compound V reacted with one and two moles of 
bromine to yield crystalline monobromo- and dibromo- 
benzoylacetamide. Each reacted with XIII to give VI 
and with XIV to give VII. In the reactions of mono- 
bromobenzoylacetamide, air probably served as the 
oxidizing agent.

The lack of correspondence of our results with those 
of King and Spensley caused us to question and rein
vestigate the previous work. It was reported that XX 
melted at 285-286°, that XXI melted at 290-291°

(9) F . K rohnke and  H. Leister, C h e m .  B e r . ,  91, 1479 (1958).
(10) I. J. Pach ter, P a r t  I I ,  J .  O r g .  C h e m . ,  28, 1191 (1963).
(11) O. B. Elion, G. H. Hitchings, and  P. B. Kussell, J .  A m .  C h e m .  S o c . ,  

72, 78 (1950).
(12) T. S. Osdene and  E. C. Taylor, U. S. P a te n t 2,975,180 (1961).
(13) F . E . K ing and  P. C. Spensley, J .  C h e m .  S o c . ,  2144 (1952).

dec., and that a mixture of the two melted at 277°. It 
was further reported that w-nitroacetophenone, XIV, 
and sodium dithionite yielded a product, probably a 
mixture, m.p. 280-281°, which did not show melting 
point depression on admixture with either XX or XXI.

In our hands, a>,w-dichloroacetophenone reacted with 
XIV to give a product, m.p. 299-300° dec. Phenyl
glyoxal reacted with XIV to give a product, m.p. 300- 
301° dec. The infrared and ultraviolet spectra of the 
products were identical. Upon admixture there was 
no depression of melting point. Both reactions yielded 
XX.

The isomeric compound (XXI) was prepared un
equivocally through condensation of diacetylated 2,4,6- 
triamino-5-nitrosopyrimidine8 with phenylacetaldehyde 
in ethanolic potassium acetate followed by hydrolysis of 
the intermediate acetylated product. Compound XXI 
melted at 340° dec. and depressed the melting point of 
XX upon admixture.

In the reactions of a,/3-dioxohydrocinnamamide
(XI), the central carbonyl is most reactive. If the iso- 
nitroso compound (X) were to react to form a pteridine, 
the benzoyl carbonyl would be expected to react first. 
This proved to be the case and XXIV was produced 
when X reacted with XIII. The structure of the 
product was proved through its conversion in a Hof
mann reaction to the previously prepared compound
XVII.5

X + X III---- - XVII

Monobrominated a-benzoylacetonitrile (XXV) re
acted with XIII and XIV to produce the corresponding
6-pteridinecarbonitriles (XXVI and XXVII). In pre
vious work8 it was shown that cyclization occurred 
predominantly through the nitrile rather than through 
the ketone when benzoylacetonitrile and related com
pounds reacted with nitrosopyrimidines such as III.
6-Pteridyl ketones (e.g., XXVIII) were the products. 
In one reaction of III, compound XXVI was isolated 
as a minor by-product.8 The formation of XXVI from 
III serves as proof for the structure assigned to the 
product of the reaction of XXV with XIII.

O
II
C -C H  —CN + XIII; XIV 

I
Br

XXV
n h 2

XXVI, R = phenyl 
XXVII, R= amino

XXVIII

The structure of compound XXVII was also proved 
when, upon hydrolysis, it yielded the amide VII.

It is tempting to suggest that the relative reactivities 
of the nitrile and ketone groups in the syntheses of
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XXVI and XXVIII are determined by reaction pH and 
that cyclization proceeds through nitrile in alkali and 
through ketone in near neutral or acid solution. There 
are most certainly other important factors involved in 
such reactions, for at times mixtures are produced5 and 
occasionally a single product is obtained, the nature of 
which is at complete variance with the foregoing sug
gestions. For example, it has been found that when 
benzoylacetonitrile condenses with triazine in the 
presence of alkaline catalyst, ring closure to form the 
final product proceeds through the ketone and not 
through the nitrile.14

Krôhnke7 reported that o-phenylenediamine reacts 
with benzoyl (p-dimethylaminophenylimino) acetoni
trile in acetic acid to give 3-phenyl-2-quinoxazoline- 
carbonitrile. Although we could repeat this synthesis 
in excellent yield, we were unable to carry out analogous 
reactions with X III or XIV to produce pteridines. 
Neither acid nor alkaline conditions proved useful.

The ultraviolet absorption maxima of new pteridines 
are recorded in Table I.

T a b l e  I
U l t r a v io l e t  S p e c t r a

Com-
pound V ax , m/a (log e ) pH

II 262 (4.31), 404 (4.08) 1

269 (4.33), 416 (4.00) 13
VII 254 (4.26), 354 (4.2S) 1

272 (4.39), 381 (4.08) 13
XVI 281 (4.39), 402 (4.26) 1

XIX 250 (4.21), 268 (4.24), 350 (4.34), 366 (4.26) 1

271 (4.43), 308 (4.10), 382 (4.31), 399 (s) 
(4.20)

13

XX» 256 (s) (4.03), 280 (3.87), 357 (4.35), 366 (s) 
(4.33)

1

238 (4.30), 266 (4.29), 306 (s) (3.78), 382 
(4.10)

13

XXI 266 (4.50), 365 (4.13) 1

276 (4.46), 302 (s) (4.18), 389 (4.06) 13
XXIV 290 (4.40), 370 (4.20) 1

287 (4.42), 370 (4.12) 13
XXVI 278 (4.30), 376 (4.22) 1

XXVII 254 (4.40), 364 (4.31) 1

° Prepared. previously by King and Spensley.13

Experimental
The ultraviolet spectra at pH 1 were determined in 4.5% aqueous 

formic acid. The spectra at pH 13 were determined by taking 
a 5- to 10-mi. aliquot of compound in 4.5% formic acid and bring
ing the volume to 100 ml. with 1 TV aqueous sodium hydroxide. 
In those cases where the compound crystallized from alkaline 
solution, no values at pH 13 are recorded.

a-Isonitrosobenzoylacetamide (X).—A solution of 2.3 g. of 
sodium nitrite in 4 ml. of water was added drop wise with stirring 
to a solution of 5.0 g. of benzoylacetamide in 16 ml. of acetic 
acid. The reaction mixture was kept at 10-15° during the addi
tion and then for an additional 30-min. period, during which 
time the product began to crystallize. The mixture was diluted 
with 30 ml. of cold water, cooled at 5° for 3 hr., and filtered. 
The product was recrystallized from ethanol to give 5.0 g. of X, 
m.p. 148-149°.

Anal. Calcd. for C9H8N2Q3: C, 56.25; H, 4.20; N, 14.58. 
Found: C, 55.93; H, 4.27; N, 14.40.

3-Phenyl-2-qmnoxalinecarboxamide (XV).—To a solution of
5.0 g. of isonitrosobenzoylacetamide (X) in 16 ml. of acetic acid 
was added a solution of 6.9 g. of sodium nitrite in 15 ml. of water 
at such a rate that the reaction temperature did not exceed 15°. 
The mixture was allowed to stand at room temperature for 16 hr. 
and was then treated with 3.3 g. of o-phenylenediamine in 5 ml. * 551

(14) K. R . Huffm an, F . C. Schaefer, and  G. A. Peters, J .  O r g .  C h e m . ,  27,
551 (1962).

of acetic acid. The resulting solution was heated on a steam 
bath for 10 min., made basic with aqueous ammonia, and cooled. 
Colorless needles crystallized. The product was collected and 
recrystallized from ethanol to give 2.3 g. of XV, m.p. 200-201 °.

Anal. Calcd. for Ci6H,iN30: C, 72.28; H, 4.45; N, 16.86. 
Found: C, 72.18; H, 4.13; N, 16.57.

4-Amino-2,7-diphenyl-6-pteridinecarboxamide (VI). Method 
A.—To a solution of 0.5 g. of a-isonitrosobenzoylacetamide (X) 
in 10 ml. of acetic acid was added 0.69 g. of sodium nitrite in 3 
ml. of water. The solution was stirred during the addition and 
the temperature was kept at 10-15°. I t was then allowed to 
stand at 25° for 16 hr. A 0.5-g. sample of 4,5,6-triamino-2- 
phenylpyrimidine (XIII) was added and the resulting mixture 
was heated on a steam bath for 15 min., diluted with 10 ml. of 
water, and cooled. The pale yellow needles which crystallized 
weighed 0.55 g. Upon recrystallization from ethanol the product 
melted at 325° dec. and was found to be identical with a sample 
of VI prepared previously.6

Method B.—A mixture of 4.0 g. of 4,5,6-triamino-2-phenyl- 
pyrimidine, 5.0 g. of a-bromobenzoylaeetamide and 150 ml. of 
water was heated under reflux for 1 hr. The yellow needles 
which separated were collected and recrystallized from ethanol to 
give 2.9 g. of VI, m.p. 320-322° dec., identical with a sample 
prepared previously.6

When a similar reaction was carried out with a.a-dibromo- 
benzoylacetamide in place of a-bromobenzoylacetamide, the same 
product (VI) resulted.

2,4-Diammo-7-phenyl-6-pteridmecarboxamide (VH). Method
A.—To a solution of 5.0 g. of a-isonitrosobenzoylacetamide (X) 
in 50 ml. of acetic acid was added a solution of 7.0 g. of sodium 
nitrite in 15 ml. of water at such a rate that the temperature was 
maintained at 10 to 15°. The mixture remained in the cold 
bath for 2 hr. and then stood at room temperature for 2 hr. 
It was heated on a steam bath and 3.5 g. of 2,4,5,6-tetramino- 
pyrimidine was added. Heating was continued for 30 min. 
The resulting solution was cooled and made basic with aqueous 
ammonia to precipitate an orange-yellow product (4.1 g.). 
Treatment with 5% hydrochloric acid yielded an insoluble salt 
which was collected and treated with aqueous ammonia. The 
reliberated base was recrystallized from dimethylformamide and 
finally boiled for 10 min. with water. The product analyzed as a 
hydrate of VII, m.p 318°.

Anal. Calcd. for Ci3Hi3N70: C, 52.11; H, 4.39; N, 32.76. 
Found: C, 52.11; H, 4.33; N, 32.68.

Method B.—A mixture of 1.2 g. of benzoylacetamide and 1.2 g. 
of diacetylated 2,4,6-triamino-5-nitrosopyrimidine8 was heated 
under reflux for 5 min. with 30 ml. of absolute ethanol. Potas
sium acetate (1.0 g.) in a minimum volume of hot absolute ethanol 
was added and heating under reflux was continued for 30 min. 
The mixture was cooled and filtered and the product was stirred 
for 2.5 hr. with 25 ml. of 2% aqueous sodium hydroxide. During 
this time the pale yellow acetylated pteridine dissolved and a 
deeper yellow compound separated in 1.2 g. yield. Upon a single 
recrystallization from ethanol there was obtained 1.0 g. of the 
monohydrate of VII, identical with the product prepared by 
method A.

Method C.—A mixture of 5.6 g. of 2,4,5,6-tetraminopyrimi- 
dine, 9.6 g. of a-bromobenzoylacetamide and 250 ml. of water 
was heated under reflux for 6 hr. The hot solution was filtered 
to remove a small amount of insoluble reddish material and the 
filtrate was made basic with ammonia. The product (5.8 g.) 
separated. It was purified by converting it into a hydrochloride 
salt with 5% hydrochloric acid, reliberating the free base with 
ammonia, recrystallizing from dimethylformamide, and finally 
boiling with water for 10 min. The product was identical with 
the hydrate of VII prepared by method A.

The same product was obtained when a,a-dibromobenzoyl- 
acetamide was used in place of or-bromobenzoylacetamide in a 
related reaction.

2-Amino-3-phenylquinoxalme.—To a cold mixture of 1.6 g. of
bromine and 15 ml. of water was added, with stirring, a cold 
solution of 3.4 g. of potassium hydroxide in 30 ml. of water. The 
resulting solution was stirred into a suspension of 2.1 g. of 3- 
phenyl-2-quinoxalinecarboxamide (XV) in 5 ml. of water. The 
resulting mixture was allowed to stand for 1 hr. at 25°. It was 
then heated on a steam bath for 2 hr. and cooled. There was 
obtained 1.9 g. of product which, upon recrystallization from 
2:1 methanol-ethyl acetate, melted at 160°.

Anal. Calcd. for C14H„N3: C, 76.00; H, 5.01; N, 18.99. 
Found: C, 76.13; H, 5.09; N, 19.00.
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The product was identical with a sample prepared by the 
method of Krohnke and Leister9 who reported m.p. 163°.

4.6- Diamino-2,7-diphenylpteridine (XVI).—To a cold stirred 
mixture of 2.8 g. of bromine and 30 ml. of water was slowly 
added a cold solution of 5.04 g. of potassium hydroxide in 25 ml. 
of water. The resulting hypobromite solution was cooled to 10° 
and added in one portion to 5.1 g. of 4-amino-2,7-diphenyl-6- 
pteridinecarboxamide (VI) in 50 ml. of dimethylformamide. 
The resulting solution turned dark immediately and the tempera
ture rose spontaneously to 45°. I t was allowed to stand for 1 
hr. and was then heated on a steam bath for 1.5 hr. A solution 
5 g. of potassium hydroxide in 25 ml. of water was added and 
heating was continued for another hour. Upon cooling, the 
brownish yellow product (4.1 g.) was collected and purified by 
twice dissolving it in dilute acetic acid, decolorizing with charcoal, 
and reprecipitating with aqueous ammonia. The yield of 
virtually pure product was 3.1 g. For analysis it was recrystal
lized once from dimethylformamide and once from ethanol to 
give 1.5 g. of needles of XVI, m.p. 280-281°.

Anal. Calcd. for CisHI4N6: C, 68.77; H, 4.49; N, 26.74. 
Found: C, 68.59; H, 4.44; N, 26.52.

2.4.6- Triamino-7-phenylpteridine (II).—A hypobromite solu
tion prepared by adding a solution of 1.7 g. of potassium hy
droxide in 12 ml. of water to a mixture of 0.8 g. of bromine and 
8 ml. of cold water was added to a solution of 1.4 g. of 2,4- 
diamino-7-phenyl-6-pteridinecarboxamide (VII) in 6 ml. of 
dimethylformamide. The mixture was heated to 50°, allowed 
to stand for 2 hr., and then heated on a steam bath for 1 hr. 
A solution of 5 g. of potassium hydroxide in 5 ml. of water was 
added slowly and heating was then continued for another hour. 
The yellow product (0.75 g.) which separated was collected 
and recrystallized by dissolving in dimethylformamide, adding a 
little water, and cooling. The compound (II) melted at 320° 
dec.

Anal. Calcd. for Ci2HuN7: C, 56.91; H, 4.38; N, 38.72. 
Found: C, 56.80; H, 4.70; N, 39.09.

8-Amino-2,3-dihydro-6-phenyl-li7-2-imidazo [4,5-g]pteridinone
(XIX).—A solution of potassium hypobromite was prepared by 
adding a cold solution of 16.8 g. of potassium hydroxide in 140 ml. 
of water to a mixture of 8.0 g. of bromine in 90 ml. of water. 
I t was added to a solution of 14.0 g. of 4,7-diamino-2-phenyl-6- 
pteridinecarboxamide (XVIII) in 70 ml. of warm dimethylform
amide. The resulting mixture was heated on a steam bath for
3.5 hr. and filtered to remove 3.8 g. of unchanged XVIII. The 
solution was acidified with acetic acid and the product was col
lected, dissolved in dilute aqueous sodium hydroxide, clarified 
with charcoal, and reprecipitated with acetic acid. There was 
obtained 9.25 g. of XIX. The product, upon recrvstallization 
from dimethylformamide formed a solvate, m.p. over 350°.

Anal. Calcd. for CI6HI6N80 : C, 54.54; H, 4.58; N, 31.80. 
Found: C, 54.93; H, 4.48; N, 32.14.

Upon boiling with water for 15 min., the unsolvated product, 
m.p. over 350°, was obtained.

Anal. Calcd. for C13H9N7O: C, 55.91; H, 3.25; N, 35.11. 
Found: C, 55.77; H, 3.20; N, 34.91.

a-Bromobenzoylacetamide.—A solution of 32.0 g .  (0.2 mole) 
of bromine in 50 ml. of chloroform was added dropwise with 
stirring to a solution of 32.6 g (0.2 mole) of benzoylacetamide in 
450 ml. of chloroform. The reaction mixture was maintained 
at 10-15°. Stirring was continued for 20 min. after the bromine 
addition. The solvent was removed in vacuo and the solid residue 
was recrystallized from ethanol to yield 41.5 g. of colorless crys
tals. Upon a second recrystallization from ethyl acetate, the 
product melted at 124-125°.

Anal. Calcd. for CgHgBrNCh: C, 44.65; H, 3.33; N,
5.79. Found: C, 44.94; H, 3.26; N, 5.82.

«.«-Dibromobenzoylacetamide.—A solution of 3.2 g. of bro
mine in 20 ml. of chloroform was added dropwise to a stirred solu
tion of 4.85 g. of a-bromobenzoylacetamide in 100 ml. of chloro
form. The mixture was kept at 15-20° during the addition. 
When half the bromine had been added, the product began to 
crystallize. After completion of the addition, the mixture was 
stirred for 20 min. and concentrated in vacuo to half volume. 
The product was filtered, washed with chloroform, and dried to 
give 5.75 g., m.p. 174°. Upon recrystallization from ethanol, 
needles, m.p. 17S-179°, were obtained.

Anal. Calcd. for CdTB^NCh: C, 33.6S; H, 2.20; N,
4.36. Found: C, 33.42; H, 2.15; N, 4.49.

2,4-Diamino-6-phenylpteridine (XXI).—A mixture of 4.8 g. of 
diacetylated 2,4,6-triamino-5-nitrosopyrimidine, 5.2 g. of phenyl

acetaldehyde, 2.0 g. of potassium acetate and 125 ml. of ethanol 
was heated under reflux for 2.5 hr. I t  was cooled to room tem
perature and a solution of 2.0 g. of sodium hydroxide in 75 ml. of 
water was added. Upon brief warming, the yellow acetylated 
reaction product dissolved and crystals of XXI slowly separated. 
After 3 hr. the compound was filtered. The filtrate was neutral
ized with acetic acid and concentrated in vacuo to obtain a second 
crop. The yield of crude product was 4.3 g. I t  was dissolved 
in dilute acetic acid, treated with charcoal, reprecipitated with 
ammonia, recrystallized from dimethylformamide, and finally 
boiled with water. There was obtained 3.1 g. of XXI, m.p. 
340° dec.

Anal. Calcd. for Ci2Hi0N6: C, 60.49; H, 4.23; N, 35.28. 
Found: C, 60.41; H, 4.45; N, 35.02.

4-Amino-2,6-diphenyl-7-pteridinecarboxamide (XXIV) and 4,7- 
Diamino-2,6-diphenylpteridine (XVII).—A mixture of 2.0 g. of
K-isonitrosobenzoylacetamide (X) and 2.1 g. of 4,5,6-triamino-2- 
phenylpyrimidine (XIII) was heated under reflux with 100 ml. 
of water for 24 hr. There was obtained 1.4 g. of yellow pteridine. 
Upon standing for a day, a second crop of 0.7 g. was obtained. 
The two fractions had different infrared spectra. Upon re
crystallization of each from dimethylformamide, however, each 
yielded the same compound (XXIV), m.p. 30S-309°.

Anal. Calcd. for Ci9Hi4N60 : C, 66.66; H, 4.12; N, 24.55. 
Found: C, 66.68; H, 4.0S; N, 24.82.

When a sample of XXIV was treated with potassium hypo
bromite in a reaction analogous to that used for the conversion 
of VI into XVI, the previously described6 4,7-diamino-2,6- 
diphenylpteridine (XVII) was produced.

4-Amino-2,7-diphenyl-6-pteridinecarbonitrile (XXVI).—A 
solution of 6.0 g. of bromine in 25 ml. of chloroform was added 
dropwise to a stirred solution of 5.45 g. of benzoylacetonitrile in 
25 ml. of chloroform. Stirring was continued for 45 min. after 
the addition while a stream of air was blown over the surface of 
the solution. The residual liquid was diluted with 50 ml. of 
methanol and 4.1 g. of 4,5,6-triammo-2-phenylpyrimidine (XII) 
was added. From the resulting solution, the reaction product 
was permitted to crystallize over a period of 1 hr. The yellow 
needles were collected and recrystallized from dimethylformamide 
to give 3.0 g. of XXVI, m.p. 306-307°.

Anal. Calcd. for CI9H12N6: C, 70.36; H, 3.73; N, 25.91. 
Found: C, 70.75; H, 3.82; N, 26.04.

The product was identical by infrared spectral comparison 
and mixed melting point with a sample of XXVI derived8 from
4,6-diamino-5-nitroso-2-phenylpyrimidine (III).

2,4-Diammo-7-phenyl-6-pteridinecarbonitrile (XXVII).—To a 
solution of 3.7 g. of benzoylacetonitrile in 30 ml. of chloroform 
maintained at 10 to 15° was added a solution of 4.0 g. of bromine 
in 20 ml. of chloroform. After the addition, the solution was 
stirred at room temperature for 30 min. The solvent was re
moved under reduced pressure and the residual oil was dissolved 
in 25 ml. of ethanol. The ethanolic solution was added to a hot 
solution made by heating to boiling 3.2 g. of 2,4,5,6-tetramino- 
pyrimidine dihydrochloride, 6.0 g. of potassium acetate, and 20 
ml. of water. Upon admixture a brown solution resulted. 
The product formed rapidly and separated. The mixture was 
permitted to stand at room temperature for 2 hr. The yellow 
product (2.8 g.) was collected and dissolved in dimethylform
amide. The resulting solution was diluted with ethanol and 
2.15 g. of needles of XXVII, m.p. 328-330° dec., crystallized.

Anal. Calcd. for C13H9N7: C, 59.31; H, 3.45; N, 37.25. 
Found: C, 59.13; H, 3.59; N, 37.55.

Hydrolysis of 2,4-Diamino-7-phenyl-6-pteridinecarbonitrile 
(XXVII). Synthesis of Vn.—A 0.25-g. sample of 2,4-diamino-7- 
phenyl-6-pteridinecarbonitrile (XXVTI) was heated on a steam 
bath for 15 min. with 2 ml. of concentrated sulfuric acid. The 
resulting yellow solution was cooled and poured into 25 ml. of 
cold water. Pale yellow plates of the sulfate salt crystallized 
immediately. The mixture was made strongly basic with aque
ous ammonia. The salt dissolved and a new product (VII) 
crystallized in 0.25 g. yield. The product was identical with a 
previously prepared sample.
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S e c o n d a r y  a n d  t e r t i a r y  6 /3 - h y d ro x y - 5 a - p re g n a n e s  ( I l l a - h )  h a v e  b e e n  u s e d  a s  s u b s t r a t e s  t o  s t u d y  t h e  n a t u r e  
o f  p r o d u c t s  o b t a in e d  o n  t r e a t m e n t  w i th  le a d  t e t r a a c e t a t e  in  a n  i n e r t  s o lv e n t .  T h e  e f fe c t  o f  t h e  p r e s e n c e  o f  
io d in e  in  t h i s  r e a c t io n  w a s  a ls o  s tu d ie d  in  s o m e  c a s e s . 3 /3 ,2 0 /3 -D ia c e to x y -5 a -e h lo ro -6 /3 ,l9 -o x id o p rc g n a n c  ( I V c )  
a n d  3 ^ -a c e to x y -5 a -b ro m o -1 7 o f -m e th y l-6 /S ,1 9 -o x id o p re g n a n -2 0 -o n e  ( I V f )  a r e  c o n v e r te d  via s a p o n if ic a t io n  a n d  
o x id a t io n  to  6 f t l9 - o x id o p r e g n -4 - e n e - 3 ,2 0 -d io n e  ( I X a )  a n d  1 7 < * -m e th y ]-6 /3 ,1 9 -o x id o p reg n -4 -en e -3 ,2 0 -d io n e  ( I X b ) ,  
r e s p e c t iv e ly .  6 a -M e th y l-6 /3 ,1 9 -o x id o p re g n -4 -e n e -3 ,2 0 -d io n e  ( I X c )  w a s  s y n th e s iz e d  b y  th e  o x id a t io n  o f  5 a - b r o m o  
d e r iv a t iv e s  X a  a n d  X b .  O p p e n a u e r  o x id a t io n  o f 3 /3 ,1 9 ,2 0 /3 - tr ih y d ro x y -6 -m e th y lp re g n -5 -e n e  ( V I d )  g a v e  19- 
h y d r o x y -6 o : - m e th y lp ro g e s te ro n e  ( V U I b )  w h ic h  w a s  c o n v e r te d  t o  6 a - m e th y l - 1 9 - n o r p r o g e s te r o n e  ( X V I I ) .  6 - 
M e th y l- 1 9 - n o rp r e g n a - 4 ,6 -d ie n e -3 ,2 0 - d io n e  ( X X I )  w a s  s y n th e s iz e d  b y  r in g  o p e n in g  o f  t h e  o x id o p r o g e s te r o n e  
( I X c )  fo llo w e d  b y  o x id a t io n  a n d  e l im in a t io n  o f  C -1 9 . T h e  n a t u r e  a n d  r e a c t i v i t y  o f  t h e  A1 2 3 4 5 6-3 /3 ,1 9 -d ih y d ro x y  
s y s te m  a r e  d is c u s s e d .

Intramolecular attack by an electron deficient group 
(oxygen in particular) on a suitably located non-acti- 
vated C-H bond has been advantageously utilized1 
in recent years to synthesize C-18 and/or C-19 sub
stituted steroids. The potentiality of 19-hydroxy- 
A4-3-ketones to generate2 19-norsteroids of biological 
importance has been demonstrated recently.20

A n  in v e s tig a tio n  w a s  in it ia te d  to  s tu d y  th e  sco p e  
a n d  lim ita tio n s  o f th e  re a ctio n s  o f 6 /3 -h yd ro xyp regn an es3 
w ith  lea d  t e tr a a c e ta te  a n d  to  e x p lo re  th e  tra n s fo rm a 
tio n s  of 6/3,19 -o x id es o b ta in e d  th e re fr o m  to  p ro d u c e  
19 -n o rstero id s.

Readily available4 3/3-hydroxy-A5-steroids were used 
to synthesize the substrates required for this work. 
Pregnenolone was converted to 3/3,20/3-diacetoxypregn-
5- ene (la)6 in excellent yields using sodium borohydride, 
followed by acetylation. Conventional routes such as 
(i) A5-steroid -> 6-nitro derivative6 -*• 6-ketone, and (ii) 
A6-steroid —► 5a-bromo-6/3-ol7 — bromo ketone —*■
6- ketone gave 3/3,20/3-diacetoxy-5a:-pregnan-6-one (Ha) 
in very poor yields (<20%). The latter compound as 
well as the ketones lib  and c were prepared in good 
yields using the hydroboration-oxidation method al
ready described.8 Ketones Ha and b were smoothly 
converted to the corresponding alcohols Ilia  and d 
with sodium borohydride.9 The carbinols Illb, e, 
and g were synthesized by treating the corresponding 
ketones Ha, b, and c with methylmagnesium bromide.

L e a d  T e tr a a c e ta te  R e a c t io n .— T h e  a lco h o ls  I l l a - h  
w ere t r e a t e d 10 w ith  e x ce ss  lea d  te tr a a c e ta te  a n d  io d in e  
(m o lar ra tio  1 : 1 )  to  y ie ld  th e  co rresp o n d in g  6/3,19- 
o x id es I V a -  h  in  s a t is fa c to r y  y ie ld s . In  a ll  th e  cases

(1) (a) M. Wehrli, M. S. Heller, K. Schaffner, and O. Jeger, H e l v .  C h i m .  

A c t a ,  44, 2162 (1961); (b) D. H. R. Barton, J. M. Beaton, L. E. Geiler, 
and M. M. Peehet, J .  A m .  C h e m .  S o c . ,  82 , 2640 (1960); (c) M. Akhtar and 
D. H. R. Barton, i b i d . ,  84 , 1496 (1962).

(2) (a) G. Barber and M. Ehrenstein, J .  O r g .  C h e m . ,  20 , 1253 (1955); (b) 
M. Hagiwara, S. Noguchi, and M. Nishikawa, C h e m .  P h a r m .  B u l l .  J a p a n ,  8, 
84 (1960); (c) A. Bowers, R. Villotti, J. A. Edwards, E. Denot, and O. Hal- 
pern. J .  A m .  C h e m .  S o c . ,  84 , 3204 (1962).

(3) For references to similar studies in androstane series, see A .  Bowers, 
e t a l . ,  J .  O r g .  C h e m . ,  27 , 1862 (1962).

(4) Similar substrates are used in an anlogous study involving nitrite 
photolysis see ref. lc.

(5) R. B. Turner and D. M. Voitle, J .  A m .  C h e m .  S o c . ,  73 , 2283 (1951).
(6) C. E. Anagnostopoulos and L. F. Fieser, i b i d . ,  76, 532 (1954).
(7) V. Grenville, D. K. Patel, V. Petrow, I. A. Stuart-Webb, and D. M. 

Williamson, J .  C h e m .  S o c . ,  4105 (1957).
(8) J. F. Bagli, P. F. Morand, and R. Gaudry, J .  O r g .  C h e m . ,  27 , 2938 

(1962).
(9) W. G. Dauben, E. J. Blanz, Jr., J. Jiu, and R. A. Micheli, J - A m .  

C h e m .  S o c . ,  78 , 3752 (1956).
(10) Ch. Meystre, K. Heusler, J . Kalvoda, P. Wieland, G. Anner, and A.

Wettstein. E x p e r i e n t i a ,  17 , 475 (1961).

where comparative lead tetraacetate experiments were 
conducted, the yields of the 6/3,19-oxides obtained when 
iodine was present were consistently superior to those 
obtained when iodine was excluded. Of particular 
interest are the results obtained with 3/3,20/3-diacetoxy- 
5a-pregnan-6/3-ol (Ilia) and 3/3,20/3,diacetoxy-5a-chloro- 
pregnan-6/3-ol (IIIc). Treatment of Ilia  with lead 
tetraacetate in the absence of iodine gave a mixture of 
products from which 3/3,20/3-diacetoxy-5a-pregnan-6- 
one (Ha) was isolated by crystallization in 62% yield.11 
A chromatography of the residue obtained from the 
mother liquors afforded 3/3,20/3-diacetoxy-6/3,19-oxido- 
5a-pregnane (IVa, ca. 6%). Treatment of IIIc with 
lead tetraacetate likewise yielded a mixture12 of 3/3,20/3- 
diacetoxy-5a-chloropregnan-6-one (lid) and the cor
responding oxide IVc. Attempts to separate these 
compounds either by crystallization or by column 
chromatography were unsuccessful. Treatment of the 
mixture with zinc and acetic acid gave, on crystal
lization of the crude product, ketone Ha as a major 
component. Chromatography of the residual material, 
followed by crystallization of the benzene-ether (19:1) 
eluate, yielded 3/3,20/3-diacetoxy-5a-chloro-6/3,19-oxi- 
dopregnane (IVc). In contrast, when Ilia  and c were 
treated with excess 1:1 molar lead tetraacetate-iodine, 
the oxides IVa and c were directly obtained by crystal
lization in 68 and 85% yields, respectively. The type 
of annulation described here can lead10 to 19-iodinated 
or 19-hydroxy oxides. However, we were not able to 
isolate13 any such derivatives.14 The structures of the 
oxides IVa-h were established by their elemental anal
yses and by their infrared and nuclear magnetic reso
nance (n.m.r.) spectra.

Treatment of the diketal oxide (IVd) with sulfuric 
acid in acetone hydrolyzed the protective ketal group
ings to give 6/3,19-oxido-5«-pregnane-3,20-dione (Va). 
This compound was also obtained from IVa by saponi
fication followed by oxidation with 8 N  chromic acid

(11) T h e se  re su lts  p re s e n t a  m a rk e d  c o n tra s t  to  th o se  o b ta in e d  w hen  
3/3,17|S-diacetoxyandrostan~6/S-ol w as tr e a te d  w ith  le a d  te t r a a c e ta te  u n d e r  
s im ila r co n d itio n s  (see ref. 3  a n d  10).

(12) T h e  p resen ce  of 3 /3 ,20 /3 -d iacetoxy-5a-ch lo ropregnan-6-one in  th e  m ix
tu r e  w as es ta b lish ed  b y  th in - la y e r  c h ro m a to g ra p h y  a n d  b y  i t s  o p tic a l ro ta 
tio n  ( v i d e .  E x p e rim e n ta l) .

(13) A lth o u g h  no  C -19 io d in a te d  s te ro id s  w ere  iso la te d , in  som e cases, 
e . g . ,  IV a  a n d  f a f te r  th e  w ork -u p , th e  c ru d e  p ro d u c t slow ly  lib e ra te d  som e 
m ore io d in e  o v e rn ig h t. T h is  w as n o te d  b y  p ro d u c tio n  of b row n  color, odor, 
a n d  b y  s u b se q u e n t deco lon iza tion  b y  th io su lfa te  e x tra c tio n .

(14) F o rm a tio n  of su ch  d e r iv a tiv e s  m a y  in v o lv e  C -19 d iiodo com pounds 
as  in te rm e d ia te s  (see ref. 10). A n e x a m in a tio n  of m odels rev ea l s ev ere  1,3 
d ia x ia l in te ra c t io n  b e tw e en  th e  C -19 d iio d o m e th y l g ro u p  a n d  th e  C-2, C-4, 
C -6 , a n d  C - l l  ax ial s u b s t i tu e n ts .



1208 B a g l i, M o r a n d , a n d  G a u d r y V o l . 28

R ' R '

A ; R " - R "

i r C u R ^ 1
)

I 1
R ' 7 /

I I

R R ' R " R '"

a
yOAc

' ' ' H
— C H (O A c )C H ; I H H

b o CH!x^ H H

c)
yO Ac

' \ H
— C O O C H , C H S H

d
yO Ac

'-H
— C H (O A c )C H ;} H CI

e
y O A c

''H
— C O O C H , C H , B r

R ' R '

F r " rT - R "

Jr tUR'
V y Y x

O H
I I I

R '
Ÿ

V1
X

I V

R R ' r " X Y

a
yO Ac

S'H
— C H ( O A c ) C H 3 H H H

b
yOAc.

' ' ' H
— C H ( O A c ) C H 3 H c h 3 h

c
yOAc,

'' 'H
— C H ( O A c ) C H 3 H H C I

d
0 ^ CH,X ° 0 ]

H H H

e 0 UO H c h 3 H

f
/O A c

S'H

1 0
 

c 1 o c h 3 H B r

g
yOAc

' 'H
— C O O C H s c h 3 c h 3 H

h yOAc,
- C O O C H 3 c h 3 h B r

' H
C h a r t  1

solution in acetone. 6 a-Methyl-6/3, 19-oxi do-5 a-preg- 
nane-3,20-dione (Vb) was similarly obtained from di- 
ketal oxide (IVe) and 3/3,20/3-diacetoxy-6a-methyl- 
6/3,19-oxido-5a-pregnane (IVb), respectively.

S p e c tr a l D a t a .—An examination of the infrared 
spectra of the oxides described above revealed the 
presence of a low intensity band in the 1499-1488-cm.-1 
region. This band was generally well separated16 from 
the envelope of bands representing the C-H bending 
modes of the methylenes in the rest of the molecule. 
I t appears after annulation of the 6/3-alcohols to the 
6/3,19-oxides and is absent in the products where the

(15) T h is  b a n d  is s l ig h tly  s h if te d  to w a rd s  th e  lo w er f req u en c y  a n d  hence 
w as n o t  c o m p le te ly  reso lv e d  in  co m p o u n d s  IX a , b, a n d  c.

T able  I
C haracteristic  I nfrared  B ands o f  6j3,19-Oxido  D eriv a tiv es

C o m p o u n d C-19 M e th y len e O th e r  b a n d
no. b en d in g  in  cm . -1 in  cm . -1

I V a 1492 8 5 0
I V b 1496 82 9

IV c 1497 853
I V d 1490 827
IV e 1492 831
IV f 1495 8 6 0
IV g 1488 82S
I V h 1499 8 5 2
V a 1494 S58
V b 1492 82 6

X a 1496 83 2
X b 1497 83 0
I X a 1487 881
I X b 1487 8 8 0
I X c 1485 8 8 0

oxide ring is cleaved. The band may, therefore, be 
assigned to the C-H scissoring of the protons of the 
newly formed C-19 methylene. These bands together 
with another characteristic band in the 860-800-cm._1 
region are listed in Table I.

Some observations on the n.m.r. spectra of the C-19 
oxygenated compounds are worthy of mention. I t is 
well established16 that the nuclei of atoms of the same 
species bonded to a common carbon atom may behave 
as non-equivalent due to unsymmetrical electronic or 
steric environment. The n.m.r. spectra of the 6/3,19- 
oxidoprogesterones (IXa, b, and c) exhibit a pair of dou
blets, having a pattern intermediate between A2 and AB 
systems, ascribable to C-19 protons. Such a splitting 
of methylene protons a to the oxygen of a cyclic ether 
is not unprecedented.17 The r values for these signals 
are listed in Table II. The resonance signals of the 
C-19 protons of the oxides where the C-4 double bond is 
absent appears as a sharp singlet (A* system) in the re
gion of 6.30 t . In the case of the triacetates Via and b, 
the signals due to C-19 protons appear as a pair of dou
blets (see Table II) of the type described above for 
oxidoprogesterones.

T able 11
N .m .r . D ata for  C -1 9  Oxygenated  D eriv a tiv es  in  C D C 1 3“

C o m p o u n d
no. C -19 p ro to n s  (J ) b

I X a 5 .8 5  d ( 9 . 0 )

I X b
6 .5 3  d ( 9 .0 )  
5 .8 2  d  ( 9 . 0 )

I X c
6 .5 5  d ( 9 . 0 )  
5 .8 6  d ( 9 . 0 )

I V a
6 .5 4  d  ( 9 .0 )  
6 .3 0

I V b 6 .3 1
IV c 6 .1 6
V i a 5 .5 8  d  ( 1 2 .6 )

V I b
6 .1 0  d ( 1 2 .6 )  
5 .6 1  d ( 1 2 .6 )
6 .1 2  d  ( 1 2 .6 )

“ V a lu e s  a r e  g iv e n  in  r  u n i t s  r e l a t i v e  t o  t e t r a m e t h v l s i l a n e  a s  
re fe re n c e . S in g le ts  a r e  u n m a r k e d ,  d o u b le t s  a r e  d e s c r ib e d  b y  d . 
T h e  v a lu e s  o f  d o u b le t s  r e p r e s e n t  t h e  c e n te r  o f  t h e  d o u b le t .  
6 I n  c y c le s  p e r  s e c o n d .

(16) W . D . P h illip s , J .  P h y s .  C h e - m .,  25 , 949 (1956).
(17) L . F . F ieser, T . G o to , a n d  B . K . B h a t ta c h a ry y a ,  J .  A m .  C h e m .  S o c . ,  

82, 1700 (1960).
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H

V I I  V ia .  R  =  H , R '  =  C O C H 3 V i l l a .  R  =  H
b. R  =  C H 3, R '  =  C O C H 3 b . R  =  C H 3
c. R  =  R '  =  H
d . R  =  C H 3 )R '  =  H

C hart 2

The appearance of “abnormal” ultraviolet spectra 
as a result of the interaction between non-adjacent 
chromophores has by now been amply exemplified.18 
These variations show up either as a charge transfer 
(x -*■ 7T*) absorption band in some unsaturated ke
tones,180 or as intensified n—►  x* absorption depending 
upon the value of the overlap integral between the 
olefinic x-orbitals and the p-orbitals of the carbonyl 
oxygen. We have observed the ultraviolet spectra of 
lactones XHIa, b, and c. All three compounds exhibit 
an absorption band in the region of 2 3 0  m fi. The ap
propriate Xm„  and € values are listed in Table III. 
These lactones represent a novel class of chromophore 
exhibiting such x -*■ x* absorption. This absorption 
may be similar to that observed in some /3 ,7 -unsaturated 
ketones not exhibiting intensification of n —►  x* ab
sorption.180 When the spectra of these compounds 
were recorded in alkaline medium, the absorption band 
disappeared and on treatment of the solution with acid 
the band reappeared. The above experiment clearly 
demonstrates that the absorption is associated with the 
stereoelectronic factors that are most favorable for 
x — x* transition, due to the geometry of the system 
in the lactone form.

T a b l e  I I I

C om p o u n d
no. M ax  (mii) e

X l l l a 231 3 3 5 0
X H I b 2 2 8 1330
X I I I o 2 28 2 4 1 0

C le a v a g e  o f th e  O x id e  R in g .— The opening of the 
6/?, 19-oxides described above was achieved (i) by acid 
catalysis in the cases where a C-5 hydrogen was present 
and (ii) by reductive cleavage in the cases where a 
halogen atom was attached to C-5. The latter 
method involved the use of lithium-liquid ammonia or

(18) (a) R . C . C ookson  a n d  N . S. W a riy a r , J .  C h e m .  S o c . ,  2302 (1956);
(b) H . L a b h a r t  a n d  G . W agn ie re , H e l v .  C h i m .  A c t a ,  42 , 2219 (1959); (c) 
S. W inste in , L. de V ries, an d  R . O rlosk i, J .  A m .  C h e m .  S o c . ,  83, 2020 (1961); 
R . C . C ookson  an d  J . H ud ec , J .  C h e m .  S o c . .  429 (1962).

of zinc and acetic acid. 3/3,20/3-Diacetoxy-6/9, ] 9- 
oxido-5a-pregnane (IVa), when treated with a catalytic 
amount of p-toluenesulfonic acid in the presence of 
acetic acid and acetic anhydride, gave a mixture of 
products. An infrared spectrum of this mixture 
showed intense bands due to the acetate grouping 
(1720, 1250 cm.-1), and absence of the 1492-cm.-1 
band present in the oxide. Saponification of the 
mixture, followed by chromatography of the crude 
alcohols, afforded 3/3,19,20/3-trihydroxypregn-5-ene 
(Vic) in ca. 27% yield. The structural assignment 
Vic follows from its n.m.r. spectrum (in deuterated 
methanol). The 6.07 r signal attributed to the C-6 
proton of the oxide IVa was absent, and a new singlet 
at 4.44 r ascribable to the C-6 vinyl proton had ap
peared. Saponification of the oxide IVc gave 5a- 
chloro-6/3,19-oxido-pregnane-3/3,20|8-diol (VII). On 
treatment with lithium-liquid ammonia, diol VII 
afforded a triol in 59% yield. This triol was shown 
by mixture melting point, t.l.c.,19 and by comparison of 
the n.m.r. spectra to be identical with compound Vic 
obtained above from IVa via acid catalysis. A tri
acetate obtained by acetylation showed an n.m.r. spec
trum in complete agreement with the structure Via.

An acid-catalyzed ring opening of 3/3,20(3-diacetoxy- 
6a-methyl-6/3,19-oxido-5a-pregnane (IVb) proceeded 
smoothly to give a triacetate (VIb), which on saponifica
tion, afforded 3d,19,20/3-trihydroxy-6-methylpregn-5- 
ene (VId) in excellent yield. N.m.r. spectra of the 
triol VId (in deuterated methanol) and the triacetate 
VIb both exhibited the signals attributable to vinyl 
methyl protons at 8.35 and 8.38 t, respectively. Acid- 
catalyzed cleavage of oxide IVd gave a crude product 
which was shown to contain an a,/3-unsaturated ketone 
by infrared and ultraviolet spectra (X„„ 238 m/i, em„x 
8380). Alkaline hydrolysis followed by careful chro
matography resulted in isolation of 19-hydroxyprogester- 
one (Villa) in a very low yield. Compound V illa  
was also isolated from an Oppenauer oxidation of triol

(19) T h e  a b b re v ia tio n  “ t . l .c ."  th ro u g h o u t  th is  a rtic le  refers to  “ th in -lay e r 
c h ro m a to g ra p h y ."
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X I V ic .  R =  R '  =  H X V

d. R  =  C H 3, R '  =  H
X H Ia. R  = CH3, R '  = COCH3 X lV a. R  = H

b .  R  =  H ,  R '  =  C O C H 8 b .  R  =  C H 3
c. R  =  H ,  R '  =  O C O C H s

Chart 3

Vic. The infrared spectra and the Rf values by t.l.c. 
of the products obtained from both sources were iden
tical.

6/3,19-Oxidoprogesterone (IXa) and 6a-methyl-6/3,19- 
oxidoprogesterone (IXc), when treated with zinc and 
acetic acid for varying periods of time and temperature, 
gave crude products whose infrared spectra indicated 
the cleavage of the oxide ring in varying degrees. 
When IXa was treated with zinc and acetic acid for 
thirty minutes at room temperature, essentially start
ing material was recovered together with a very small 
amount of hydroxylic material. The latter product 
had an Rf value by t.l.c. identical with that of 19- 
hydroxyprogesterone (Villa). When the experiment 
was conducted at reflux temperature for 2.5 hours, a 
mixture of products was obtained which showed in its 
infrared spectrum a complete absence of bands in the
0— H stretching region, and a band of 1735 cm.-1 
attributable to an acetate carbonyl. Saponification 
of the crude product gave an oil whose infrared spectrum 
showed strong 0— H bands and absence of the acetate 
absorption. Treatment of 17o:-methyl-6/3,19-oxido- 
pregn-4-ene-3,20-dione (IXb) with zinc and acetic 
acid on a steam bath for twenty minutes yielded an 
oil which was shown to have hydroxyl and acetate 
groups from its infrared spectrum. The characteristic 
band at 1487 cm.-1 (6/3,19-oxide) in the starting mate
rial was absent.

C - 1 9  S u b s t itu te d  a n d  C - 1 9  N o rp r o g e s te r o n e s .—
T h e  s y n t h e s e s  o f  6 / 3 , 1 9 - o x i d o p r e g n - 4 - e n e - 3 , 2 0 - d i o n e  

(IXa) a n d  t h e  1 7 c t - m e t h y l  d e r i v a t i v e  (IXb) w e r e  

s m o o t h l y  a c c o m p l i s h e d  b y  s a p o n i f i c a t i o n  o f  t h e  o x i d e s  

I V c  a n d  f ,  r e s p e c t i v e l y ,  f o l l o w e d  b y  c h r o m i c  a c i d  

o x i d a t i o n .

The reaction of a-halo ketones with methylmag- 
nesium bromide to give the corresponding dehalo- 
genated ketones is well documented.20 We found that 
5a-halo-6-keto steroids likewise yielded 6-ketones in

stead of the desired carbinol on treatment with methyl- 
magnesium bromide. When triol VId reacted with 
N-bromoacetamide in ¿-butyl alcohol, a crystalline 
solid was obtained in 69% yield. An infrared spectrum 
showed bands at 3450, 3619 (bonded and nonbonded
0— H stretching), 1695 (C-20 ketone) cm.-1, and a band 
at 1497 cm.-1 indicative of 6/3,19-oxide. An elemental 
analysis indicated the presence of one atom of bromine. 
The structure of this product was readily discerned to 
be 3/3-hydroxy-5 a-bromo-6/3,19-oxido-6 a-methylpreg-
nan-20-one (Xb). That the carbonyl group was lo
cated at C-20 rather than at C-3 was established as 
follows. Compound Xb was recovered unchanged on 
treatment with acid or with alkali. Mild acid treat
ment however, preceeded by chromic acid oxidation 
gave 6 a- methyl - 6/3,19-oxidopregn-4-ene-3,20-dione 
(IXc). The presence of a C-20 ketone in Xb was fur
ther confirmed by its n.m.r. spectrum (C-21 methyl, 
singlet at 7.94 r). When a solution of bromine in 
acetic acid was added to a solution of the triols Vic or 
VId, they were quantitatively transformed to the diols 
Xc and Xa, respectively, characterized by their bromine 
analyses and by their infrared and n.m.r. spectra. Sub
sequent oxidation followed by acid-catalyzed dehydro- 
bromination led to the corresponding oxidoprogester- 
ones, IXa and c, respectively. Triol VId, when treated 
with methanolic hydrochloric acid, was quantitatively 
transformed into diol XI. Acetylation with pyridine 
and acetic anhydride afforded a diacetic identical in all 
respects with 3/3,20/3-diacetoxy-6o:-methyl-6/3,19-oxido- 
5a-pregnane (IVb). Similar acid treatment of Vic 
was abortive and gave only unchanged starting mate
rial. All the cyclization reactions of A6-19-alcohols 
described above can be interpreted simply as being 
initiated by an electrophilic attack at the 5,6-double 
bond and terminated by an intramolecular nucleophilic

(20) M. S. Kharasch and O. Reinmuth, “Grignard Reactions of Non-
metallie Substances,” Prentice Hall, New York, N. Y., 1954, p. 181.
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ring closure by the C-19 oxygen on the intermediate 
cation (XII) thereby generating the products.

Oxidation of the triol VId with chromic acid in ace
tone at 0° resulted in isolation by crystallization21 of a 
product in 32% yield. An infrared spectrum had a 
band at 1737 cm.-1 suggesting the presence of a 6-lac
tone and one at 1698 (C-20 ketone) cm.-1. An n.m.r. 
spectrum of this compound had a sharp singlet at 8.50 
r ,  characteristic of a vinyl methyl (at C-6) and an un
resolved multiplet at 5.31 t, ascribable to a proton on a 
carbon bearing an oxygen atom. Furthermore, it also 
exhibited sharp signals at 7.94 and 9.26 r due to a C-21 
methyl ketone and a C-18 angular methyl, respectively. 
We have assigned structure XHIa to this lactone. This 
is further substantiated by the following experiments. 
Saponification of the lactone XHIa yielded a carboxylic 
acid XIVa identified by its characteristic infrared spec
trum. This acid was quantitatively transformed to its 
methyl ester XlVb whose infrared and n.m.r. spectra 
were in complete agreement with its assigned structure. 
The alcohol Vic on oxidation with chromic acid-acetone 
also yielded the corresponding lactone XHIb.

The formation of lactones XHIa and b under the 
above conditions of oxidation is particularly inter
esting. That the lactone results from the cyclization 
of the corresponding C-19 carboxylic acid during oxida
tion is highly improbable. The following arguments 
support this contention. In order to regenerate the 
lactone XHIa from the acid XlVa, it was necessary to 
reflux the acid in methanolic hydrochloric acid for 2.5 
to 3 hours. An analogous lactone XIIIc in the an- 
drostane series has been recently reported.22 The 
lactonization in this case was effected by heating the 
corresponding C-19 acid with aqueous acetic acid in a 
sealed tube at 220-230° for two hours. Furthermore, 
lactone XHIa was also isolated in low yields from a 
a pyridine-chromic acid oxidation of the triol VId. 
This reagent is known24a not to oxidize a primary alcohol 
to carboxylic acid. A mechanism for the genesis of the 
lactone XHIa and b is readily envisaged by considering 
an equilibrium between the lactol XV and the corre
sponding aldehyde, followed by oxidation of XV.

Oppenauer oxidation of the triol VId yielded two 
crystalline products. One of these was shown by its 
infrared, ultraviolet, and n.m.r. spectra to be 19- 
hydroxy-6a-methylprogesterone (VUIb). It was con
verted2*3 to 6a-methyl-19-norprogesterone (XVII) via 
aldehyde XVI. The second product of the Oppenauer 
oxidation showed in its infrared spectrum bands at 
3420, 3622 (bonded and nonbonded O— H stretching), 
1695 (C-20 ketone), and 1592 (aromatic C = C  stretch
ing) cm r1. The presence of the aromatic ring was 
confirmed by its characteristic ultraviolet spectrum 
(Xmal 284 m/x, e 1570). Acetylation of this compound 
afforded an acetate, the infrared spectrum of which 
showed no hydroxyl group and a new carbonyl band at 
1755 (phenolic acetate) cm.-1. Saponification of this 
acetate regenerated the phenol. An n.m.r. spectrum 
of this phenol showed signals at 9.44 and 7.87 r  at
tributable to C-18 and C-21 methyls, respectively, and 
a doublet at 8.8 r  ascribable to a C-6 methyl group.

(21) A tte m p ts  to  iso la te , b y  c h ro m a to g ra p h y , a n y  c ry s ta llin e  m a te r ia l 
from  th e  res id u e  o b ta in e d  fro m  th e  m o th e r  l iq u o r  w ere  unsuccessfu l.

(22) R . G a rd i a n d  C . P e d ra li, G a z z .  c h i m .  i t a l . ,  9 1 , 1420 (1961). W e
w ith  to  th a n k  D r. R . G a rd i fo r  su p p ly in g  u s  w ith  a  sam p le  of la c to n e  X I I I c  
fo r  sp ec tra l pu rposes .

The aromatic proton resonances appeared as a pair of 
doublets at 3.17 r (./ab = 9 c.p.s.) characteristic of two 
protons located ortho to each other. Furthermore, the 
spectrum exhibited a sharp signal at 7.83 r. This 
phenol had a correct analysis for C22II3o0 2 , suggesting 
the presence of a fourth methyl group. In the absence 
of the signal due to the third proton on the aromatic 
ring, we have assigned the 7.83 r peak to a methyl group 
on the aromatic ring. The above spectral and ana
lytical data can be accommodated by six structural 
possibilities (XVIII), viz., where the aromatic ortho 
hydrogen atoms are attached to (i) C-l and C-2, (ii) 
C-3 and C-4, or (iii) C-2 and C-3.

X I X a .  R  =  O H , R '  =  C H 3 

b . R  =  C H 3) R '  =  O H

The ‘Oppenauer phenol’ was isolated in about 2-3% 
yield from the triol VId. The same phenol was also 
isolated in ca. 6% yield when 6a-methyl-19-hydroxy- 
pregn-4-ene-3,20-dione (VUIb) was subjected to the 
same Oppenauer conditions as triol VId, thus indicating 
VUIb as a progenitor of the ‘Oppenauer phenol.’ The 
‘Oppenauer phenol’ is best formulated by the expres
sions XIXa or b. Its formation from VUIb may be 
rationalized by considering a Lewis acid23 catalyzed re
arrangement. One possible pathway to such a re
arrangement is shown below.

An acid-catalyzed (p-toluenesulfonic acid in presence 
of acetic acid and acetic anhydride) opening of 6 a- 
methyl-6/3,19 - oxidopregn - 4 - ene - 3,20 - dione (IXc) 
yielded a 19-acetoxy compound which was saponified 
to give 6-methyl-19-hydroxypregna-4,6-diene-3,20-di- 
one (XX).

(23) R . B . W o o d w ard  a n d  T . S ingh, J .  A m .  C h e m .  S o c . ,  72 , 494 (1950).
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A pyridine-chromic acid oxidation followed by alka
line treatment of the crude product gave 6-methyl-19- 
norpregna-4,6-diene-3,20-dione (XXI).

Compounds IXa, b, and c were found inactive in 
Clauberg (subcutaneous and oral) assays.24 They were 
also devoid of androgenic-anabolic activity. 6a- 
Methyl-19-norprogesterone (XVII) was found to be an 
active progestational agent, both orally and sub
cutaneously in preliminary tests.

E x p e r im e n ta l25

3 f l,2 0 S -D ia c e to x y -5 « -p re g n a n -6 i3 -o l ( I l i a ) . — T o  a  s o lu t io n  o f 
k e to n e  H a  (0 .0 8 5  g . )  in  m e th a n o l  (5  m l . )  w a s  a d d e d  a s o lu t io n  of 
s o d iu m  b o r o h y d r id e  ( 0 .0 3 5  g . )  in  m e th a n o l  (2  m l . ) .  A f te r  s t i r r in g  
o v e r n ig h t  a t  ro o m  t e m p e r a tu r e ,  a c e t ic  a c id  ( 2  m l . )  w a s  a d d e d  t o  
d e s t r o y  t h e  ex cess  h y d r id e .  T h e  s o lu t io n  w a s  e v a p o r a t e d  t o  
d r y n e s s  a n d  t h e  r e s id u e  w a s  t a k e n  u p  in  c h lo r o fo r m . T h is  s o lu 
t i o n  w a s  w a s h e d  w i th  s o d iu m  b ic a r b o n a te  s o lu t io n  a n d  w a te r  a n d  
t h e n  d r i e d .  T h e  r e m o v a l  o f s o lv e n t  l e f t  a  c r y s ta l l in e  so lid  ( 0 .0 7 8  
g . ) ,  w h ic h  a f t e r  o n e  c r y s ta l l i z a t io n  f ro m  a c e to n e - h e x a n e ,  g a v e  
a lc o h o l  I l i a  ( 0 .0 5 0  g . ) ,  m .p .  1 6 5 - 1 6 7 ° .  A n  a n a ly t i c a l  s a m p le 26 

h a d  m .p .  1 7 3 - 1 7 4 ° ;  [a] + 2 ° ;  v 3 6 5 0  ( n o n b o n d e d  O - H ) ,  3 5 0 0  
( b o n d e d  O - H ) ,  1 7 2 5  ( a c e t a t e  c a r b o n y l )  c m . “ 1.

Anal. C a lc d .  fo r  G H h o O s  (4 2 0 .5 7 ) :  C ,  7 1 .3 9 :  H ,  9 .5 9 .
F o u n d :  C ,7 1 .5 8 ;  H ,  9 .8 0 .

3,20-Diethylenedioxy-5«-pregnan-6f3-ol ( IH d ).— T o  a  re f lu x in g  
s o lu t io n  o f  k e to n e  l i b  (0 .5 8  g . )  in  m e th a n o l  (3 0  m l . )  w a s  a d d e d  a  
s o lu t io n  o f s o d iu m  b o r o h y d r id e  (0 .2 4  g . )  in  m e th a n o l  ( 6  m l .)  
o v e r  a  p e r io d  o f  5  m in .  R e f lu x in g  w a s  c o n t in u e d  f o r  1 h r . ,  t h e  
s o lu t io n  w a s  c o o le d , a n d  ex cess  h y d r id e  w a s  d e s t r o y e d  b y  a c e to n e  
( 2  m l . ) . A f te r  r e m o v in g  t h e  s o lv e n ts ,  t h e  r e s id u e  w a s  t a k e n  u p  in  
c h lo r o fo r m  a n d  t h e  l a t t e r  s o lu t io n  w a s  w a s h e d  w i th  s o d iu m  b i 
c a r b o n a te  s o lu t io n  a n d  w a te r  a n d  th e n  d r ie d .  E v a p o r a t i o n  o f t h e  
s o lv e n t  l e f t  a  w h i te  s o lid  (0 .5 6  g . ) ,  m .p .  1 9 3 - 1 9 6 ° .  C r y s ta l l i z a 
t i o n  f r o m  m e th a n o l  ( c o n ta in in g  a  t r a c e  o f  p y r id in e )  a f fo rd e d  
n e e d le s ,  m .p .  2 0 0 - 2 0 2 ° ;  [a] + 3 ° ;  v 3 6 4 0  ( n o n b o n d e d  O - H ) ,  
3 5 2 0  ( b o n d e d  O - H )  c m . -1 .

Anal. C a lc d .  f o r  C 25H 40O 5 ( 4 2 0 .5 7 ) :  C ,  7 1 .3 9 ;  H ,  9 .5 9 . 
F o u n d :  C ,  7 1 .6 1 ;  H ,  9 .5 9 .

6 /3 -H y d ro x y -5 a -p re g n a n e -3 ,2 0 - d io n e .— A  s o lu t io n  o f  a lc o h o l 
I H d  (0 .4 0  g . )  in  m e th a n o l  (2 0  m l . )  c o n ta in in g  a  d r o p  o f  p e r c h lo r ic  
a c id  w a s  h e a t e d  o n  a  s t e a m  b a t h  f o r  15 m in .  T h e  s o lu t io n  w a s  
c o o le d , d i l u t e d  w i th  w a te r ,  a n d  e x t r a c t e d  w i th  e th e r .  W o r k in g  
u p  in  t h e  u s u a l  w a y  g a v e  a  w h i te  s o l id ,  m .p .  2 3 4 + 2 3 7 ° . A n  
a n a ly t i c a l  s a m p le  o b ta in e d  f ro m  a c e to n e - h e x a n e  m e l te d  a t  
2 3 6 - 2 3 9 ° ;  [a ] + 8 4 ° ;  v 3 6 3 0  ( n o n b o n d e d  O - H ) ,  3 5 0 0  ( b o n d e d  
O - H ) ,  17 0 0  ( c a r b o n y l  s t r e t c h in g )  c m . -1 .

Anal. C a lc d .  fo r  C 2,H 320 3 ( 3 3 2 .4 7 ) :  C ,  7 5 .8 8 ;  H ,  9 .7 0 .  
F o u n d :  C ,  7 5 .6 7 ;  H ,  9 .7 7 .

3/3,20;3-Diacetoxy-6a-methyl-5a-pregnan-6iff-ol ( I l l b ) . — T o  a  
s o lu t io n  o f k e to n e  I l a  ( 6 .0  g . )  in  d r y  b e n z e n e  (5 7 0  m l . )  w a s  a d d e d  
a  s o lu t io n 25 (1 8 0  m l . )  o f m e th y lm a g n e s iu m  b r o m id e .  T h e  s o lv e n t  
w a s  d is t i l le d  u n t i l  t h e  v a p o r  t e m p e r a t u r e  r e a c h e d  7 5 ° .  T h e  
r e a c t io n  m ix tu r e  w a s  re f lu x e d  fo r  2  hr., c o o le d , a n d  e th y l  a c e t a t e

(24) (a) W e w ish to  th a n k  D r. C . R ev esz  of o u r  la b o ra to r ie s  fo r p h a rm 
aco log ica l te s t in g , (b) J .  R . H o lu m , J .  O r g .  C h e m . ,  26 , 4814 (1961).

(25) A ll m e ltin g  p o in ts  a re  u n co rrec ted . U n less  o th e rw ise  m e n tio n e d  th e  
fo llow ing ho ld s . R o ta tio n s  w ere d e te rm in e d  in  ch lo ro fo rm  ( ~  1 %  so lu tio n ) 
w ith  a  so d iu m  la m p  a t  room  te m p e ra tu re . In f ra re d  s p e c t ra  w ere  reco rd e d  in  
ch lo ro fo rm , on  a  P e rk in -E lm e r  (M o d el 21) s p e c tro p h o to m e te r  eq u ip p ed  
w ith  so d iu m  ch lo ride  o p tics . U ltra v io le t  s p e c tra  w ere  ta k e n  in  e th a n o l 
w ith  a  B ec k m an  (M o d e l D K ) reco rd in g  in s tru m e n t. N .m .r . s p e c tra  w ere  
reco rd e d  on  a  V arian  60-M c. sp e c tro m e te r . F lo ris il (6 0 -1 0 0  m esh , F lo r id in  
C o .), a lu m in a  (W oelm  a c tiv i ty  I I I ) ,  a n d  silica gel (D av iso n  g rad e  923, 1 0 0 - 
200  m esh ) w ere  u sed  fo r co lu m n  c h ro m a to g ra p h y . S ilica gel G  (acc . to  
S ta h l, E . M e rc k  C o ., G e rm an y ) w as used  fo r  th in -  a n d  th ic k - la y e r  ch ro m a
to g ra p h y . L e a d  te tr a a c e ta te  a n d  ca lc iu m  c a rb o n a te  w ere  d r ie d  o v e r  phos
p h o ru s  p e n to x id e  u n d e r  v a c u u m  fo r  48 h r . P e tro le u m  e th e r  refers  to  t h a t  
f ra c t io n  w ith  b .p . 3 0 -6 0 ° . O rg an ic  e x t ra c ts  w ere  d r ie d  o v e r a n h y d ro u s  
m ag n es iu m  s u lfa te  a n d  th e  so lv en ts  w ere  rem o v ed  u n d e r  v ac u u m . A cetone  
u sed  fo r  o x id a tio n  w as d is tille d  o v e r p o ta ss iu m  p e rm a n g a n a te . B enzene 
a n d  cyc lo h ex an e  u sed  fo r  le a d  te t r a a c e ta te  rea c tio n s  w ere  d r ie d  o v e r so d iu m . 
D r y  p y r id in e  w as u sed  fo r  a c e ty la tio n s . G r ig n a rd  so lu tio n  w as 3 M  in  
e th y l  e th e r  (A rap ah o e  C hem ica ls , In c .) .

T h e  a u th o r s  w ish  to  th a n k  D r . G . P a p in e a u -C o u tu re  a n d  h is  asso c ia tes  fo r 
a n a ly tic a l a n d  s p e c tra l  d a ta .  A ssis tan ce  fro m  D r. G . M y e rs  a n d  h is  g ro u p  
in  la rg e  sca le  p re p a ra tio n s  is g ra te fu lly  ac know ledged .

(26) T h is  a lcoho l w as re c e n tly  re p o r te d  b y  D . H . R . B a r to n , e l  a l . ,  J .  A m .

C h e m .  S o c . ,  83 , 4076 (1961).

(1 4 0  m l . )  w a s  a d d e d  fo llo w e d  b y  1 0 %  h y d r o c h lo r ic  a c id  (1 8 7  
m l . ) .  A f te r  s e p a r a t i n g  t h e  la y e r s ,  t h e  a q u e o u s  l a y e r  w a s  e x 
t r a c t e d  w i th  e th y l  a c e t a t e ;  t h e  c o m b in e d  e x t r a c t s  w e r e  w a s h e d  
w i th  s o d iu m  b ic a r b o n a te  s o lu t io n  a n d  w a te r  a n d  t h e n  d r i e d .  
T h e  c r u d e  p r o d u c t  ( 6 .5  g . )  o b ta in e d  a f t e r  r e m o v a l  o f  t h e  s o lv e n t  
w a s  a c e ty l a t e d  w i th  p y r id in e  (4 2  m l . )  a n d  a c e t ic  a n h y d r id e  (2 3  
m l . )  a t  ro o m  t e m p e r a t u r e  o v e r n ig h t .  W o r k in g  u p  in  t h e  u s u a l  
m a n n e r  a n d  c r y s ta l l i z a t io n  o f t h e  c r u d e  a c e t a t e  f r o m  a q u e o u s  
m e th a n o l  g a v e  I l l b  ( 4 .5  g . ) ,  m .p .  1 9 7 - 1 9 9 ° .  S e v e r a l  r e c r y s t a l 
l i z a t io n s  f ro m  c h lo r o f o r m - m e th a n o l  a f fo rd e d  a n  a n a ly t i c a l  s a m 
p le ,  m .p .  1 9 9 - 2 0 0 ° ;  [a] + 1 0 ° ;  r  3 6 3 0  ( n o n b o n d e d  O - H ) ,  172 2  
( a c e t a t e  c a r b o n y l )  c m . -1 .

Anal. C a lc d .  f o r  C jeH ^ O s (4 3 4 .6 0 ) :  C ,  7 1 .8 5 ;  H ,  9 .7 4 . 
F o u n d :  C ,  7 2 .0 5 ;  H ,  9 .9 1 .

3,20-Diethyl enedioxy-6a-methyl-5a-pregnan-6/S-ol (Ille).—
C r u d e  k e to n e 8 l i b  ( 5 .0  g . ,  m .p .  1 6 3 - 1 6 6 ° )  w a s  d is s o lv e d  in  
t e t r a h y d r o f u r a n  (1 2 5  m l . ,  f r e s h ly  d is t i l le d  o v e r  l i t h iu m  a lu m in u m  
h y d r id e ) .  A  s o lu t io n  (2 5  m l . )  o f m e th y lm a g n e s iu m  b r o m id e 25 
w a s  s lo w ly  a d d e d  in  a n  a tm o s p h e r e  o f  n i t r o g e n ,  a n d  t h e  r e a c t io n  
m ix tu r e  w a s  s t i r r e d  a t  ro o m  t e m p e r a t u r e  o v e r n ig h t .  A d d i t io n  
o f a  s a t u r a t e d  a m m o n iu m  c h lo r id e  s o lu t io n  w a s  fo llo w e d  b y  e x 
t r a c t i o n  o f t h e  m ix tu r e  w i th  e th y l  a c e t a t e .  T h e  c o m b in e d  e x 
t r a c t s  w e re  w a s h e d  t o  n e u t r a l i t y  a n d  d r ie d .  R e m o v a l  o f  t h e  s o l
v e n t  a n d  o n e  c r y s ta l l i z a t io n  o f  t h e  r e s id u e  f ro m  m e th a n o l  g a v e  
c o lo r le s s  c r y s ta l s  (3 .7 6  g . ) ,  m .p .  1 8 7 - 1 8 9 ° .  R e c r y s t a l l i z a t i o n  
f ro m  t h e  s a m e  s o lv e n t  a f fo rd e d  a n  a n a ly t i c a l  s a m p le ,  m .p .  1 8 8 -  
1 9 1 ° ; [a] + 1 0 ° ;  v  3 6 4 0  ( n o n b o n d e d  O - H ) ,  3 5 2 0  ( b o n d e d  O - H ) ,  
1103  (C ~ 3  k e t a l ) ,  105 2  ( C - 2 0  k e t a l )  c m . - 1 .

Anal. C a lc d .  f o r  C mH ^ O s ( 4 3 4 .6 0 ) :  C ,  7 1 .8 5 ;  H ,  9 .7 4 . 
F o u n d :  C ,  7 1 .7 3 ;  H ,  9 .8 2 .

6jS-Hydroxy-6a-methyl-5o:-pregnane-3,20-dione.— A  s o lu t io n  o f  
a lc o h o l  I l l e  (0 .2 1  g . )  in  a c e to n e  (1 5  m l . )  c o n ta in in g  a  d r o p  o f c o n 
c e n t r a t e d  s u lf u r ic  a c id  w a s  r e f lu x e d  f o r  1 h r .  A f te r  c o o l in g , t h e  
s o lu t io n  w a s  d i lu te d  w i th  w a te r  a n d  e x t r a c t e d  w i t h  e t h e r .  T h e  
c o m b in e d  e th e r  e x t r a c t s  w e re  w a s h e d  f re e  o f  a c id ,  d r i e d ,  a n d  
e v a p o r a t e d  t o  d r y n e s s .  A n  in f r a r e d  s p e c t r u m  of t h e  c r u d e  
p r o d u c t  ( 0 .1 8  g . )  s h o w e d  t h e  p r e s e n c e  o f  s o m e  A 4- 3 -k e to n e  (1 6 6 0  
c m . -1 ). E lu t io n  w i th  b e n z e n e  f ro m  a n  a lu m in a 25 c o lu m n  ( 9 .0  g .)  
g a v e  6 d - h y d r o x y - 6 a - m e th y l- 5 a - p re g n a n e -3 ,2 0 - d io n e  ( 0 .0 7 5  g . ) .  
T w o  c r y s ta l l i z a t io n s  f ro m  a c e to n e - h e x a n e  g a v e  f lu ffy  n e e d le s ,  
m .p .  2 1 4 - 2 1 5 ° ;  [a] + 7 8 ° ;  v  3 6 2 8  ( n o n b o n d e d  O - H ) ,  3 5 0 0  
( b o n d e d  O - H ) ,  1 7 1 0 -1 6 9 7  ( b r o a d  b a n d ,  C - 3  a n d  C - 2 0  k e to n e )  
c m . -1 .

Anal. C a lc d .  f o r  C22H 340 3 ( 3 4 6 .4 9 ) :  C ,  7 6 .2 6 ;  H ,  9 .8 9 . 
F o u n d :  0 , 7 6 . 1 5 ;  H ,  9 .6 9 .

3/S,20/3-Diacetoxy-5a-chloropregnan-6/3-ol (IIIc). A. From 
5/3,6/3-Epoxide.— D r y  h y d r o g e n  c h lo r id e  g a s  w a s  b u b b le d  t h r o u g h  
a  s o lu t io n  o f  3 |3 ,2 0 /3 -d ia ce to x y -5 |S ,6 /3 -ep o x y p reg n an e  ( 5 .0  g . )  in  
c h lo r o fo r m  (2 0 0  ml.) f o r  1 h r .  R e m o v a l  o f t h e  s o lv e n t ,  fo llo w e d  
b y  c r y s ta l l i z a t io n  o f t h e  r e s id u e  f ro m  e th y l  a c e t a t e - h e x a n e ,  g a v e  
p r i s m s  ( 4 .3 5  g . ) ,  m .p .  1 9 9 - 2 0 0 ° .  A n  a n a ly t i c a l  s a m p le  h a d  m .p .  
2 0 3 - 2 0 4 ° ;  [a ] — 2 0 ° ;  v  3 6 3 0  ( n o n b o n d e d  O - H ) ,  3 4 8 0  ( b o n d e d  
O - H ) ,  1 7 2 0  ( a c e t a t e  c a r b o n y l )  c m . -1 .

Anal. C a lc d .  f o r  C 25I I M0 6C1 (4 5 5 .0 2 ) :  C ,  6 6 .1 3 ;  H ,  8 .6 5 ;  
C l ,  7 .8 1 .  F o u n d :  C ,  6 5 .9 5 ;  H ,  8 .7 9 ;  C l ,  7 .8 6 .

B. From 3/3,20/3-Diacetoxypregn-5-ene (la).— T o  a  s o lu t io n  
o f  o le f in  l a  ( 5 0  g . )  in  e th e r  ( 6 0 0  m l . )  w e re  a d d e d  a c e t ic  a c id  (4 0  
m l . )  a n d  a  s o lu t io n  o f  c a lc iu m  h y p o c h lo r i te  (5 0  g . )  i n  w a t e r  (3 0 0 0  
m l . ) .  T h e  r e a c t io n 27 m ix tu r e  w a s  s t i r r e d  a t  3 5 °  f o r  4 0  m in .  
T h e  o r g a n ic  l a y e r  w a s  t h e n  s e p a r a te d  a n d  t h e  a q u e o u s  l a y e r  w a s  
e x t r a c t e d  w i th  e t h e r .  T h e  c o m b in e d  e th e r  e x t r a c t s  w e r e  w a s h e d  
w i th  s o d iu m  b i c a r b o n a te  s o lu t io n  a n d  w a te r  a n d  t h e n  d r i e d .  
R e m o v a l  o f  t h e  s o lv e n t  a n d  c r y s ta l l i z a t io n  o f  t h e  r e s id u e  f ro m  
e th y l  a c e t a t e - h e x a n e  g a v e  c r y s ta l l in e  c h lo r o h y d r in  I I I c  (2 0  g . ) ,  
m .p .  1 9 3 - 1 9 6 ° .

3fS-Acetoxy-5a-bromo-17«-methyl-17j3-carbomethoxyandrostan- 
6)3-ol (Illh).— T o  a  s t i r r e d  s o lu t io n  o f  o le f in 28 I c  ( 1 .0  g . )  i n  d io x a n e  
(2 0  m l . )  a n d  w a te r  ( 5  m l . )  w a s  a d d e d  N - b r o m o s u c c in im id e  ( 0 .7  
g . )  fo llo w e d  b y  7 0 %  p e r c h lo r ic  a c id  ( 0 .2  m l . )  i n  w a t e r  ( 1 .0  m l . ) .  
S t i r r in g  w a s  c o n t in u e d  a t  ro o m  t e m p e r a t u r e  f o r  35 m in .  S o d iu m  
b ic a r b o n a te  w a s  a d d e d  t o  d e c o lo r iz e  t h e  s o lu t io n  w h ic h  w a s  t h e n  
p o u r e d  in to  a n  ex cess  o f w a te r .  T h e  r e s u l t in g  o ily  p r e c i p i t a t e  
w a s  e x t r a c t e d  w i th  e th e r ,  a n d  t h e  c o m b in e d  e t h e r  e x t r a c t s  w e r e  
w a s h e d  w i th  s o d iu m  b i c a r b o n a te  s o lu t io n  a n d  w a te r  a n d  th e n  
d r ie d .  C r y s ta l l i z a t io n  f ro m  a c e to n e - h e x a n e  o f  t h e  r e s id u e  o b 
t a in e d  o n  r e m o v a l  o f  t h e  s o lv e n t  g a v e  c o lo r le s s  n e e d le s  ( 0 .4 6  g . ) ,  
m .p .  1 6 4 -1 6 6 °  d e c .  T w o  r e c r y s ta l l i z a t io n s  f ro m  c h lo r o f o r m -

(27) S. M o ri, J .  C h e m .  S o c .  J a v a n ,  64, 981 (1943).
(28) R . D e g h e n g h ia n d  R . G a u d ry , J .  A m .  C h e m .  S o c . ,  83 , 46 , 68  (1961).
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h e x a n e  y ie ld e d  a n  a n a ly t i c a l  s p e c im e n ,  m .p .  1 7 1 .5 - 1 7 2 .5 ° ;  
[a] —5 0 ° ;  v 3 6 3 5  ( n o n b o n d e d  O - H ) ,  3 5 2 0  ( b o n d e d  O - H ) ,  1722  
( a c e t a t e  c a r b o n y l )  c m . - 1 .

Anal. C a lc d .  f o r  C ^ H ^ O s E r  ( 4 8 5 .4 6 ) :  C , 5 9 .3 9 ;  H ,  7 .6 8 ; 
B r ,  1 6 .4 7 . F o u n d :  0 , 5 9 . 2 9 ;  H ,  7 .7 7 ;  B r ,  1 6 .5 9 .

3d-Acetoxy-5a:-bromo-17a-methyl-17|8-carbomethoxyandrostan-
6-one (He).— C r u d e  b r o m o h y d r in  I l l h  (5 .7  g . ) ,  o b ta in e d  a s  
a b o v e ,  w a s  d is s o lv e d  in  a c e to n e 26 (1 0 0  m l . )  a n d  t h e  s o lu t io n  w as  
c o o le d  t o  0 ° .  A n  8  N  c h ro m ic  a c id 29 s o lu t io n  (2 .5  m l . )  w a s  a d d e d  
a n d  s t i r r in g  w a s  c o n t in u e d  f o r  4  m in .  T h e  r e a c t io n  m ix tu r e  w a s  
d i lu t e d  w i th  w a te r  a n d  e x t r a c t e d  w i th  e th e r .  W o r k in g  u p  in  t h e  
u s u a l  m a n n e r  a f fo rd e d  a  w h i te  s o lid  (5 .2 7  g . ) ,  m .p .  1 6 8 -1 7 0 °  d e c . 
T w o  c r y s ta l l i z a t io n s  f ro m  a c e to n e  g a v e  p r is m s ,  m .p .  1 8 3 .5 - 1 8 4 °  
d e c . ;  [a] — 1 4 9 ° .

Anal. C a lc d .  fo r  C24H350 5B r  (4 8 3 .4 4 ) :  B r ,  1 6 .5 4 . F o u n d :  
B r ,  1 6 .7 3 .

3iS-Acetoxy-17a'-methyl-17(3-carbomethoxy-5«-androstan-6-one 
( l i e ) . — B ro m o  k e to n e  H e  ( 3 2 .0  g . ) ,  p r e p a r e d  a s  a b o v e ,  w a s  d is 
s o lv e d  in  a c e t ic  a c id  (1 0 4 0  m l . )  a n d  z in c  d u s t  (1 2 8  g . )  w a s  a d d e d .  
T h e  r e a c t io n  m ix tu r e  w a s  r e f lu x e d  w i th  v ig o r o u s  s t i r r in g  fo r  3 h r . ,  
f i l te r e d  w h ile  h o t ,  a n d  t h e  r e s id u e  w a s h e d  w i th  e th e r .  T h e  f i l t r a t e  
w a s  e v a p o r a t e d  a n d  a  s o lu t io n  o f t h e  r e s id u e  in  e th e r  w a s  w a s h e d  
f re e  o f a c id  a n d  d r ie d .  R e m o v a l  o f t h e  s o lv e n t ,  fo llo w e d  b y  c r y s 
ta l l i z a t io n  o f t h e  r e s id u e  f ro m  a q u e o u s  m e th a n o l ,  a f fo rd e d  n e e d le s  
(2 1 .0  g . ) ,  m .p .  1 4 7 - 1 5 0 ° .  T h is  c o m p o u n d  w a s  id e n t ic a l  in  all 
r e s p e c ts  w i th  k e to n e  l i e  d e s c r ib e d  b e f o r e .8

30-Acetoxy-6a:,17a'-dimethyl-17/3-carbomethoxy-5a:-anclrostan- 
6/3-ol (Illg).— T o  a  s o lu t io n  o f k e to n e  lie  ( 3 .7  g . ,  m .p .  1 5 0 - 1 5 7 ° )  
in  a n h y d r o u s  b e n z e n e  (1 5 0  m l . )  w a s  a d d e d  a  s o lu t io n 25 (3 7  m l . )  
o f  m e th y lm a g n e s iu m  b r o m id e .  T h e  r e s u l t in g  p r e c ip i t a t e  w a s  
d is s o lv e d  b y  a d d in g  d r y  t e t r a h y d r o f u r a n  (5  m l . ) .  T h e  r e a c t io n  
s o lu t io n  w a s  s t i r r e d  a t  r o o m  t e m p e r a t u r e  o v e r n ig h t  a n d  ex cess  
G r ig n a r d  r e a g e n t  w a s  d e s t r o y e d  w i th  s a t u r a t e d  a m m o n iu m  
c h lo r id e  s o lu t io n .  A f te r  e x t r a c t in g  t h e  a q u e o u s  p h a s e  w i th  e th y l  
a c e t a t e ,  t h e  o rg a n ic  e x t r a c t s  w e re  w a s h e d  w i th  w a te r  a n d  d r ie d .  
T h e  r e m o v a l  o f s o lv e n t  y ie ld e d  a n  o il ( 3 .4  g . ) .  T h is  o il w a s  
a c e t y l a t e d  in  t h e  u s u a l  m a n n e r  w i th  p y r id in e  (2 6  m l . )  a n d  a c e t ic  
a n h y d r id e  (1 4  m l . ) .  O n e  c r y s ta l l i z a t io n  o f  t h e  c r u d e  a c e t a t e  t r o m  
a q u e o u s  m e th a n o l  g a v e  co lo r le ss  c r y s ta l s  ( 2 .8  g . ) ,  m .p .  1 6 5 - 1 7 5 ° .  
A n  a n a ly t i c a l  s a m p le  o b ta in e d  b y  m o r e  r e c r y s ta l l i z a t io n s  f ro m  
t h e  s a m e  s o lv e n t  h a d  m .p .  1 7 8 - 1 8 0 ° ;  [a ] — 1 2 .5 ° ;  v 3 6 3 5  ( n o n 
b o n d e d  O - H ) ,  1 7 2 0  ( a c e t a t e  c a r b o n y l )  c m . - 1 .

Anal. C a lc d .  f o r  C 25H 40O5 (4 2 0 .5 7 ) :  C ,  7 1 .3 9 ;  H ,  9 .5 9 . 
F o u n d :  C ,  7 1 .0 9 ;  H ,  9 .5 5 .

3/j-Acetoxy-5«-bromo-6u-hydroxy-17«-methylpregnan-20-one 
( I l l f ) . — T o  a  s o lu t io n  1 7 o - m e th v lp r e g n e n o lo n e  a c e t a t e 28 (1 1 .0  g .)  
in  d io x a n e  (1 7 6  m l . )  a n d  w a te r  ( 6 .6  m l . )  w a s  a d d e d  N - b ro m o -  
s u c c in im id e  ( 7 .7  g . )  fo llo w e d  b y  7 2 %  p e r c h lo r ic  a c id  ( 2 .2  m l . )  
in  w a te r  (11  m l . ) .  T h e  m ix tu r e  w a s  s t i r r e d  a t  ro o m  t e m p e r a t u r e  
f o r  3 0  m in . ,  s o l id  s o d iu m  b is u l f i te  w a s  a d d e d ,  a n d  t h e  m ix tu r e  
w a s  d i lu te d  w i th  i c e - w a t e r .  T h e  u s u a l  w o r k - u p  w i t h  e t h e r  g a v e  a  
r e s id u e ,  w h ic h , a f t e r  o n e  c r y s ta l l i z a t io n  f ro m  a c e to n e - h e x a n e ,  
y ie ld e d  b r o m o h y d r in  I l l f  (5 .1  g . ) ,  m .p .  1 6 6 - 1 6 8 ° .  S e v e r a l  
c r y s ta l l i z a t io n s  f ro m  t h e  s a m e  s o lv e n ts  g a v e  a n  a n a ly t i c a l  s a m p le , 
m .p .  1 7 5 -1 7 6 ° ;  [a] - 4 9 ° ;  v 3 6 3 5  ( n o n b o n d e d  O - H ) ,  3 4 9 0  
( b o n d e d  O - H ) ,  172 5  ( a c e t a t e  c a r b o n y l ) ,  169 2  ( C - 2 0  c a r b o n y l )  
c m . -1 .

Anal. C a lc d .  f o r  C 24H 370 4B r  (4 6 9 .4 6 ) :  C ,  6 1 .4 0 ;  H ,  7 .9 4 . 
F o u n d :  C ,6 1 .6 2 ;  H ,  8 .0 4 .

Lead Tetraacetate Reaction. Method A (i).— T o  a  s o lu t io n  o f 
s t e r o id  in  d r y  b e n z e n e  w a s  a d d e d  le a d  t e t r a a c e t a t e 26 a n d  t h e  m ix 
t u r e  w a s  r e f lu x e d  w i th  s t i r r in g  fo r  1 8 -4 8  h r .  T h e  m ix tu r e  w a s  
th e n  co o le d  a n d  a n  e x c e s s  o f  2 0 %  a q u e o u s  p o ta s s iu m  io d id e  w a s  
a d d e d .  T h e  l ib e r a t e d  io d in e  w a s  n e u t r a l i z e d  w i t h  s o d iu m  t h i o 
s u l f a te  s o lu t io n .  A f t e r  s e p a r a t i n g  t h e  l a y e r s ,  t h e  a q u e o u s  l a y e r  
w a s  e x t r a c t e d  w i th  b e n z e n e .  T h e  c o m b in e d  o r g a n ic  l iq u o r  w a s  
w a s h e d  w i th  w a te r  a n d  th e n  d r ie d .  E v a p o r a t i o n  o f  t h e  s o lv e n t  
g a v e  t h e  c ru d e  p r o d u c t .

Method A ( i i ) .— I n  t h e  c a s e s  w h e re  k e t a l s  w e re  u s e d ,  t h e  a b o v e  
m e th o d  w a s  m o d if ie d  b y  p r e t r e a t m e n t  o f  t h e  le a d  t e t r a a c e t a t e  
w i th  a n h y d r o u s 26 c a lc iu m  c a r b o n a te  in  t h e  m a n n e r  d e s c r ib e d  b y  
K a lv o d a  a n d  c o - w o r k e r s .30 T h e  r e a c t io n  w a s  c a r r ie d  o u t  in  d r y  
c y c lo h e x a n e  a t  re f lu x  t e m p e r a t u r e  a n d  w a s  w o r k e d  u p  a s  d e s c r ib e d  
in  m e th o d  A  ( i ) .

(29) A. B ow ers, T . G. H a lsa ll, E . R . H . Jo n es , a n d  A. J .  L em in , J .  C h e m .  

S o c ., 2548 (1953).
(30) J . K a lv o d a , G . A n n er, D . A rigon i, K . H eu s le r, H . Im m e r , O. Jeg er, 

M . L j. M ihailov ic , K . S chaffner, a n d  A. W e tts te in , H e l v .  C h i m .  A c t a ,  44, 
186 (1961).

M e th o d  B ( i ) .— I n  th i s  p r o c e d u r e ,  m e th o d  A  ( i )  w a s  m o d if ie d  b y  
a d d in g  io d in e  t o  t h e  s o lu t io n  o f  t h e  s t e r o id ,  fo llo w e d  b y  le a d  
t e t r a a c e t a t e .

M e th o d  B ( i i ) .— S a m e  p r o c e d u r e  a s  m e th o d  A  ( i i ) ,  e x c e p t  t h a t  
t h e  r e a c t io n  w a s  c o n d u c te d  in  t h e  p r e s e n c e  o f  io d in e .

T r e a t m e n t  o f  3 0 ,2 O (3 -D iac e to x y -5 a -p reg n an -6 /3 -o l ( I l i a )  w ith  
L e a d  T e t r a a c e t a t e .  M e th o d  A  ( i ) .— T o  a  s o lu t io n  o f a lc o h o l  I l i a  
(3 .1 4  g .)  in  b e n z e n e  (3 0 0  m l .)  w a s  a d d e d  le a d  t e t r a a c e t a t e  (1 2 .6  
g . )  a n d  t h e  r e a c t io n  m ix tu r e  w a s  r e f lu x e d  f o r  17  h r .  T h e  c r u d e  
p r o d u c t  ( 2 .7  g .)  o b ta in e d  a f t e r  t h e  w o r k -u p  g a v e ,  o n  c r y s ta l l i z a 
t i o n  f ro m  h e x a n e ,  k e to n e  H a  ( 2 .0  g . ) .  T h e  r e s id u e  f ro m  th e  
m o th e r  l iq u o r  w a s  c h r o m a to g r a p h e d  o n  F lo r i s i l25 (2 8  g . )  in  
b e n z e n e . E lu t io n  w i th  e th e r - b e n z e n e  ( 1 :1 9 )  g a v e  a  s o l id ,  w h ic h  
o n  c r y s ta l l i z a t io n  f ro m  a c e to n e - h e x a n e ,  a f fo rd e d  3/3,20/3-di- 
a e e to x y -6 /3 ,1 9 -o x id o -5 a -p re g n a n e  ( I V a ,  0 .1 9  g . ) ,  m .p .  1 3 4 -1 4 0 ° . 
A n  a n a ly t i c a l  s a m p le  o b ta in e d  b y  re c y r s ta l l iz a t . io n  f ro m  a q u e o u s  
m e th a n o l  h a d  m .p .  1 4 7 - 1 4 7 .5 ° ;  [«] + 1 9 ° ;  v  1719 ( a c e t a t e  
c a r b o n y l ) ,  1492  (C -1 9  m e th y le n e )  c m . -1 .

Anal. C a lc d .  fo r  C 25H 3a0 5 ( 4 1 8 .5 5 ) :  C ,  7 1 .7 4 ;  H ,  9 .1 5 .  
F o u n d :  C ,  7 1 .6 1 ;  H ,  9 .2 2 .

M e th o d  B ( i ) .— T h e  a b o v e  e x p e r im e n t  w a s  r e p e a t e d  w i th  a lc o 
h o l  I l i a  (0 .8 0  g .)  in  t h e  p r e s e n c e  o f  io d in e  (0 .9 2  g . ) .  C r y s t a l l i z a 
t i o n  o f  t h e  c r u d e  p r o d u c t  f ro m  h e x a n e  g a v e  s t o u t  p l a t e s  (0 .5 4  g . ,  
6 8 % ) ,  m .p .  1 5 1 -1 5 3 ° . T h is  m a te r i a l  w a s  s h o w n  t o  b e  i d e n t ic a l  
in  a l l  r e s p e c ts  w i th  3 ^ ,2 0 (3 -d ia c e to x y -6 (3 ,1 9 -o x id o -5 a -p re g n a n e  
( I V a )  o b ta in e d  a b o v e .  A  c h r o m a to g r a p h y  o n  F lo r is i l26 o f  t h e  
r e s id u e  f ro m  th e  m o th e r  l iq u o r  aff o r d e d  0 .1 2  g . m o r e  o f t h e  o x id e  
I V a ,  m .p .  1 2 2 -1 2 6 ° , w h o s e  in f r a r e d  s p e c t r u m  w a s  e s s e n t ia l ly  
id e n t ic a l  t o  t h a t  of t h e  s t a n d a r d .

3 ,2 0 -D ie th y le n e d io x y -6 /3 ,1 9 -o x id o -5 a -p re g n a n e  ( IV d ) .  M e th o d  
A ( i i ) .— A lc o h o l I l l d  ( 1 .0  g .)  w a s  a d d e d  t o  a  s t i r r e d  s u s p e n s io n  o f 
c a lc iu m  c a r b o n a te  (1 .3 3  g .)  a n d  le a d  t e t r a a c e t a t e  ( 4 .5  g . )  in  
c y c lo h e x a n e  (1 3 5  m l . ) .  T h e  r e a c t io n  m ix tu r e  w a s  r e f lu x e d  fo r  
5 0  h r .  A n  in f r a r e d  s p e c t r u m  o f  t h e  c r u d e  p r o d u c t  (0 .9 1  g . ) ,  
m .p .  1 7 5 -1 7 9 ° , s h o w e d  i t  t o  b e  a  m ix tu r e  o f s t a r t i n g  m a t e r i a l  
( a b s o r p t io n  b a n d  in  t h e  O'— H  s t r e t c h in g  r e g io n ) ,  C -6  k e to n e  
( w e a k  b a n d  a t  1703 c m . - 1 ), a n d  6/3 ,1 9 -o x id e  ( in f le c t io n  a t  1495 
c m . -1 ). A t t e m p t s  t o  p u r i f y  th i s  m a t e r i a l  b y  c o lu m n  c h r o m a 
to g r a p h y  w e re  u n s u c c e s s fu l .  A n  a n a ly t i c a l  s a m p le  o f  3 ,2 0 -d i-  
e th y le n e d io x y -6 /3 ,1 9 -o x id o -5 a -p re g n a n e  ( I V d )  w a s  s u c c e s s fu lly  
o b ta in e d  b y  t h i c k - la y e r  c h r o m a to g r a p h y 31 o n  s i l ic a  g e l ,25 m .p .
2 0 1 - 2 0 2 ° ;  [a) + 1 6 ° ;  v  1490  (C -1 9  m e th y le n e )  c m . - 1 .

Anal. C a lc d .  f o r  C 25H 380 6 ( 4 1 8 .5 5 ) :  C ,  7 1 .7 4 ;  H ,  9 .1 5 . 
F o u n d :  C ,7 1 .7 3 ;  H ,  9 .2 5 .

M e th o d  B ( i i ) .— T h e  a b o v e  e x p e r im e n t  w a s  r e p e a t e d  w i th  
d ik e t a l  a lc o h o l  I l l d  (2 .0  g . )  in  t h e  p r e s e n c e  o f io d in e  (2 .2 4  g . ) .  
T h e  r e a c t io n  m ix tu r e  w a s  re f lu x e d  f o r  6 4  h r .  a n d  w a s  w o r k e d  u p  
a s  d e s c r ib e d  a b o v e .  O n e  c r y s ta l l i z a t io n  f ro m  m e th a n o l  g a v e  
o x id e  I V d  (1 .4 8  g . ) ,  m .p .  1 9 9 - 2 0 1 ° .  A  s e c o n d  c r o p  (0 .1 9  g . ) ,  
m .p .  1 8 8 -1 9 2 ° , w a s  o b t a in e d  o n  c o n c e n t r a t i o n  o f  t h e  m o th e r  
l iq u o r .

6 /3 ,1 9 -O x id o -5 a -p re g n a n e -3 ,2 0 -d io n e  ( V a ) .  A . F r o m  D ik e ta l  
I V d .— C r u d e  3 .2 0 -d ie th y le n e d io x y -6 /3 ,1 9 -o x id o -5 a -p re g n a n e  ( IV d ,
2 .0  g .)  o b ta in e d  b y  m e th o d  A  ( i i)  w a s  d is s o lv e d  in  a c e to n e  (1 2 0  
m l .)  c o n ta in in g  s u lfu r ic  a c id  (3  d r o p s ) .  T h is  s o lu t io n  w a s  h e a t e d  
o n  a  s t e a m  b a t h  fo r  20  m i n . ,  c o o le d , a n d  th e n  d i lu t e d  w i th  w a te r .  
E x t r a c t io n  w i th  e t h e r  fo llo w e d  b y  t h e  u s u a l  w o r k - u p  g a v e  a  w h i te  
s o lid  (1 .7 2  g . ) .  A  p o r t io n  (1 .6 8  g . )  w a s  d is s o lv e d  in  b e n z e n e  a n d  
c h r o m a to g r a p h e d  o n  a lu m in a 25 (7 5  g . ) .  E lu t io n  w i t h  b e n z e n e  
g a v e  a  c r y s ta l l in e  s o lid  " A ”  (0 .8 8  g . ) .  F u r t h e r  e lu t i o n  w i t h  2 %  
e th e r - b e n z e n e  g a v e  0 .4 3  g . o f  m a t e r i a l  s h o w n  t o  b e  6 /3 ,1 9 -o x id o - 
5 a - p r e g n a n e -3 ,2 0 - d io n e  ( V a ) . 32 T w o  c r y s ta l l i z a t io n s  f ro m  a c e 
to n e - h e x a n e  g a v e  n e e d le s  (0 .1 2  g . ) ,  m . p .  214—2 1 8 ° ;  v 17 0 5  (C -3  
a n d  C -2 0  c a r b o n y ls ) ,  14 9 4  (C -1 9  m e th y le n e )  c m . - 1 .

Anal. C a lc d .  fo r  C 21H 3„ 0 3 ( 3 3 0 .4 5 ) :  C ,  7 6 .3 2 ;  H ,  9 .1 5 . 
F o u n d :  C ,  7 6 .4 5 ; H ,  9 .0 2 .

T h e  so lid  “ A ”  e lu te d  w i th  b e n z e n e  w a s  s h o w n  b y  i t s  in f r a r e d  
s p e c t r u m  t o  b e  t h e  C -3  m o n o k e ta l .  F u r t h e r  t r e a t m e n t  o f  t h i s  
m a t e r i a l  w i th  a c id  g a v e  t h e  d ik e to n e  V a .

B . F r o m  D ia c e ta te  I V a .— D ia c e t a t e  I V a  (0 .1 6  g . ,  m . p .  1 2 5 -  
1 3 2 ° )  w a s  d is s o lv e d  in  m e th a n o l  ( 2 .0  m l . )  a n d  a  s o lu t io n  o f  p o t a s 
s iu m  h y d r o x id e  (0 .1  g . )  in  m e th a n o l  (1 .4  m l . )  w a s  a d d e d  t o  i t .  
T h e  r e a c t io n  s o lu t io n  w a s  r e f lu x e d  f o r  5 h r . ,  c o o le d , a n d  w o rk e d  
u p  in  t h e  u s u a l  w a y  t o  g iv e  t h e  c o r r e s p o n d in g  d io l  (0 .1 3  g .) .  
T h is  m a t e r i a l  w a s  t a k e n  u p  in  a c e to n e 25 (1 0  m l . )  a n d  co o led  to

(31) W e w ish to  th a n k  D r. G . S ch illing  of o u r  la b o ra to r ie s  fo r purifica
tio n  of co m p o u n d s  IV d , IV e , V U Ib , a n d  X H I b  b y  th ic k -la y e r  c h ro m a to g ra 
p h y .

(32) An a l te rn a t iv e  s y n th e t ic  ro u te  d ik e to n e  V a  h a s  b ee n  re c e n tly  de
sc rib e d  (see ref. 3).
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0 ° .  T o  th i s  s t i r r e d  s o lu t io n  w a s  a d d e d  8  N  c h ro m ic  a c id 23 s o lu 
t i o n  ( 0 .6  m l . )  a n d  s t i r r in g  w a s  c o n t in u e d  f o r  5  m in .  M e th a n o l  
w a s  a d d e d  a n d  w o rk in g  u p  in  t h e  u s u a l  m a n n e r  g a v e  d ik e to n e  
Y a  ( 0 .1 1 4  g . ) ,  m .p .  2 0 8 - 2 1 6 ° .  T h e  i d e n t i t y  o f  t h i s  p r o d u c t  w a s  
c o n f irm e d  b y  m ix tu r e  m e l t in g  p o in t  a n d  c o m p a r is o n  o f in f r a r e d  
s p e c t r a .

3 /3 ,2 0 (3 -D ia c e to x y -6 a -m e th y l-6 /3 ,1 9 -o x id o -5 a -p re g n a n e  ( IV b ) . 
M e th o d  A  ( i ) .— T o  a s o l u t i o n  o f  d i a c e t a t e I l l b  ( 1 . 0 g . )  in  b e n z e n e  
(6 0  m l . )  w a s  a d d e d  le a d  t e t r a a c e t a t e  (4 .0  g . )  a n d  th e  s u s p e n s io n  
w a s  r e f lu x e d  fo r  4 8  h r .  C r y s ta l l i z a t io n  o f  t h e  c r u d e  p r o d u c t  f ro m  
a c e to n e - h e x a n e  g a v e  c o lo r le s s  p l a t e s  (0 .4 6  g . ) ,  m .p .  1 6 9 -1 7 1 ° . 
S e v e r a l  r e e r y s ta l l i z a t io n s  a f fo rd e d  a n  a n a ly t i c a l  s a m p le ,  m .p .
1 7 5 - 1 7 6 ° ;  [a] + 1 8 ° ;  v  1722  ( a c e t a t e  c a r b o n y l ) ,  1492  (C -1 9  
m e th y le n e )  c m . - 1 .

Anal. C a lc d .  f o r  C 29H 40O 6 ( 4 3 2 .5 8 ) :  C ,  7 2 .1 9 : H ,  9 .3 2 . 
F o u n d :  C ,  7 2 .4 7 ;  H ,  9 .2 3 .

M e th o d  B ( i ) .— T o  a  s o lu t io n  o f d i a c e t a t e  I l l b  ( 4 .7  g .)  in  
b e n z e n e  (2 8 4  m l . )  w e re  a d d e d  io d in e  (5 .3  g . )  a n d  le a d  t e t r a a c e t a t e  
(1 9 .0  g . ) ,  a n d  t h e  r e a c t io n  m ix tu r e  w a s  r e f lu x e d  f o r  4 8  h r .  
C r y s t a l l i z a t i o n  o f t h e  c r u d e  p r o d u c t  f ro m  a c e to n e - h e x a n e  g a v e  
o x id e  I V b  (3 .1  g . ,  7 2 % ) ,  m .p .  1 7 1 -1 7 3 ° .

3 ,2 0 - D ie th y le n e d io x y -6 a - m e th y l - 6 3 ,1 9 -o x id o -5 a - p r e g n a n e  
( I V e ) .  M e th o d  A  ( i i ) .— D ik e t a l  a lc o h o l  I l l e  (1 .8 9  g . )  w a s  a d d e d  
t o  a  s u s p e n s io n  o f  c a lc iu m  c a r b o n a te  (2 .6  g . )  a n d  le a d  t e t r a a c e t a t e  
(8 .1  g .)  i n  c y c lo h e x a n e  (2 5 0  m l . ) .  T h e  r e a c t io n  m ix tu r e  w a s  r e 
f lu x e d  f o r  4 0  h r .  T h e  c r u d e  p r o d u c t  w a s  p u r i f ie d  b y  c h r o m a 
t o g r a p h y  o n  a lu m in a 25 (8 5  g . )  i n  h e x a n e .  E lu t i o n  w i th  b e n z e n e -  
h e x a n e  ( 2 : 1 )  a f fo rd e d  a  y e llo w  s i r u p  (0 .5 8  g . )  w h ic h  w a s  id e n t i f ie d  
in  in f r a r e d  s p e c t r u m  ( c h a r a c te r i s t i c  b a n d  a t  149 2  c m . - 1 ) a s  o x id e  
I V e .  F u r t h e r  e lu t io n  w i th  e th e r - b e n z e n e  o f  in c r e a s in g  p o l a r i ty ,  
fo llo w e d  b y  e lu t io n  w i t h  p u r e  e t h e r ,  a f fo rd e d  a  c r y s ta l l in e  s o lid  
(0 .7 3  g .)  id e n t i f ie d  a s  u n c h a n g e d  s t a r t i n g  a lc o h o l  ( H i e )  b y  i t s  
in f r a r e d  s p e c t r u m .

T h e  c r u d e  o x id e  ( I V e ,  0 .5 8  g .)  o b t a in e d  a b o v e  w a s  r e c h r o m a to 
g r a p h e d  o n  a lu m in a 26 (2 4  g . ) .  E l u t i o n  w i t h  b e n z e n e - h e x a n e  
( 2 : 1 )  fo llo w e d  b y  e lu t io n  w i t h  b e n z e n e  a f fo r d e d  a  c r y s ta l l in e  
s o lid  ( 0 .2 2  g . ) .  O n e  c r y s ta l l i z a t io n  f ro m  m e th a n o l  g a v e  n e e d le s ,  
m .p .  1 3 8 - 1 4 1 ° .  A n  a n a ly t i c a l  s a m p le  p r e p a r e d  b y  u s in g  th i c k -  
l a y e r  c h r o m a to g r a p h y 31 h a d  m .p .  1 3 8 - 1 4 0 ° ;  [a ] — 1 6 ° ; v  1492  
(C -1 9  m e th y le n e )  c m . - 1 .

Anal. C a lc d .  fo r  C 2SH 40O 5 (4 3 2 .6 0 ) :  C ,  7 2 .1 9 ;  H ,  9 .3 2 . 
F o u n d :  C ,  7 1 .8 8 ;  H ,  9 .1 4 .

M e th o d  B ( i i ) .— D i k e t a l  a lc o h o l  I l l e  ( 1 .0  g . )  a n d  io d in e  (1 .1 2  
g .)  w e re  a d d e d  t o  a  s u s p e n s io n  o f  c a lc iu m  c a r b o n a te  ( 1 .3  g .)  
a n d  le a d  t e t r a a c e t a t e  ( 4 .0  g . )  in  c y c lo h e x a n e  (1 2 0  m l . ) .  T h e  
m ix tu r e  w a s  r e f lu x e d  w i th  s t i r r in g  fo r  6 4  h r .  a n d  t h e  c r u d e  p r o d u c t  
w a s  p u r i f ie d  b y  c h r o m a to g r a p h y  o n  a lu m in a  (4 0  g . ) .  E lu t io n  
w i th  b e n z e n e - h e x a n e  ( 1 : 1 ) ,  fo llo w e d  b y  b e n z e n e  g a v e  c r y s t a l s  
( 0 .8 0  g . ) .  O n e  c r y s ta l l i z a t io n  f ro m  h e x a n e  a f fo rd e d  n e e d le s  
( 0 .5 5  g . ) ,  m .p .  1 3 0 - 1 3 2 ° .  A n  in f r a r e d  s p e c t r u m  o f  th i s  s o lid  w a s  
id e n t i c a l  w i th  t h a t  o f  o x id e  I V e  o b ta in e d  a b o v e .

6 « - M e th y l - 6 j3 ,1 9 -o x id o -5 a -p re g n a n e -3 ,2 0 -d io n e  ( V b ) .  A . 
F r o m  D ik e ta l  I V e .— T h e  o x id e  I V e  (0 .2 3  g . )  w a s  d is s o lv e d  in  
a c e to n e  (1 0  m l .)  c o n ta in in g  a  d r o p  o f  s u lfu r ic  a c id .  T h e  s o lu t io n  
w a s  h e a t e d  o n  a  s t e a m  b a t h  fo r  2 0  m in . ,  c o o le d , a n d  d i lu t e d  w i th  
w a te r .  E x t r a c t i o n  w i th  e th e r  a n d  w o rk in g  u p  in  t h e  u s u a l  w a y  
g a v e  a  w h i te  s o lid  (0 .1 8  g . ) .  T w o  c r y s ta l l i z a t io n s  f ro m  a c e to n e  
g a v e  n e e d le s ,  m .p .  2 1 1 - 2 1 2 ° ;  [a]  + 1 3 0 ° ;  v  1 7 0 2  (C -3  a n d  C -2 0  
c a r b o n y ls ) ,  1492  (C -1 9  m e th y le n e )  c m . -1 .

Anal. C a lc d .  fo r  C 22H 320 3 (3 4 4 .4 8 ) :  C ,  7 6 .7 0 ;  H ,  9 .3 6 .  
F o u n d :  C ,  7 6 .7 2 ;  H ,  9 .2 1 .

B. F r o m  D ia c e ta te  I V b .— T h e  d i a c e t a t e  I V b  (0 .4 3  g .)  w a s  
d is s o lv e d  i n  m e th a n o l  (2 0  m l . )  c o n ta in in g  p o ta s s iu m  h y d r o x id e  
(0 .5 4  g .)  a n d  th e  s o lu t io n  w a s  re f lu x e d  fo r  5 .5  h r .  S o lv e n t  w a s  
s u b s e q u e n t ly  d is t i l le d  f ro m  t h e  s o lu t io n  u n t i l  c r y s t a l s  b e g a n  to  
a p p e a r  a n d  th e n  th e  r e a c t io n  m ix tu r e  w a s  c o o le d . F i l t r a t i o n  of 
t h i s  m ix tu r e  a f fo rd e d  6 a -m e th v l-6 /3 ,1 9 -o x id o -5 a -p re g n a n e -3 /3 ,-  
20/3-d io l (0 .3 7  g . ) ,  m .p .  2 2 4 - 2 2 6 ° .

T h is  d io l  w a s  d is s o lv e d  in  a c e to n e 25 (9 0  m l . )  a n d  o x id iz e d  w i th  
8 N  c h ro m ic  a c id 29 s o lu t io n  ( 1 .5  m l . ) .  W o r k in g  u p  in  t h e  u s u a l  
w a y  g a v e  a  c r y s ta l l in e  s o lid  ( 0 .3 0  g . ) ,  m .p .  2 0 5 - 2 0 8 ° .  T h is  
m a te r i a l  w a s  s h o w n  t o  b e  6 a -m e th y l -6 |3 ,1 9 - o x id o -5 a -p r e g n a n e -
3 ,2 0 - d io n e  (V b )  b y  a  m ix tu r e  m e l t in g  p o i n t  a n d  b y  c o m p a r is o n  o f 
i t s  i n f r a r e d  s p e c t r u m  w i t h  t h a t  o f a n  a u t h e n t i c  s a m p le  o f  V b .

3 |3 ,2 0 /3 -D ia c e to x y -5 a -c h lo ro p re g n a n -6 -o n e  ( l id .) .— T o  a  co o le d  
s o lu t io n  ( 0 ° )  o f  c h lo r o h y d r in  I I I c  ( 0 .5 0  g . )  i n  a c e to n e 26 (6 0  m l . )  
w a s  a d d e d  8  N  c h ro m ic  a c id 29 s o lu t io n  ( 1 .0  m l . ) ,  a n d  t h e  r e a c t io n  
m ix tu r e  w a s  s t i r r e d  fo r  5 m in .  M e th a n o l  w a s  a d d e d  t o  d e s t r o y  
e x c e s s  c h ro m ic  a c id  a n d  t h e  s o lv e n t  w a s  r e m o v e d .  T h e  r e s id u e  
w a s  d is s o lv e d  in  c h lo ro fo rm  a n d  t h e  s o lu t io n  w a s  w a s h e d  w i th

s o d iu m  b i c a r b o n a te  s o lu t io n  a n d  w a te r  a n d  t h e n  d r i e d .  E v a p o r a 
t i o n  o f  t h e  s o lv e n t  a f fo rd e d  a  c r y s t a l l i n e  m a t e r i a l ,  w h ic h  a f t e r  o n e  
c r y s ta l l i z a t io n  f ro m  a c e to n e - h e x a n e ,  g a v e  a  c o lo r le s s  s o l id  (0 .4 2  
g . ) ,  m .p .  1 4 8 - 1 4 9 ° .  A n  a n a ly t i c a l  s a m p le  f ro m  t h e  s a m e  s o lv e n t  
h a d  m .p .  1 4 9 -1 5 0 ° ;  [a] — 1 0 0 ° ; v  17 2 0  ( a c e t a t e  a n d  C -6  c a r 
b o n y ls )  c m . -1 .

Anal. C a lc d .  f o r  C 26H 3, 0 6C1 ( 4 5 3 .0 ) :  C ,  6 6 .2 8 ;  H ,  8 .2 3 .  
F o u n d :  C ,  6 6 .1 3 ;  H ,  8 .0 8 .

L e a d  T e t r a a c e t a t e  R e a c t io n  w i th  3 /3 ,2 0 /3 -D ia c e to x y -5 a -c h lo ro -  
p re g n a n -6 /3 -o l ( I I I c ) .  M e th o d  A  ( i ) .— L e a d  t e t r a a c e t a t e  ( 7 .0  
g . )  w a s  a d d e d  t o  a  s o lu t io n  o f  d i a c e t a t e  I I I c  ( 1 .8  g . )  i n  b e n z e n e  
(7 5  m l . )  a n d  th e  r e a c t io n  m ix tu r e  w a s  r e f lu x e d  w i t h  s t i r r in g  f o r  
19 h r .  T h e  c r u d e  p r o d u c t  ( 1 .8  g .)  o b t a in e d  w a s  re f lu x e d  w i th  
z in c  (7 .0  g .)  a n d  a c e t ic  a c id  ( 1 3 0 m l . )  f o r  3  h r .  a n d  t h e n  f i l t e r e d .  
A f te r  e v a p o r a t in g  t h e  f i l t r a t e  t o  d r y n e s s ,  t h e  r e s id u e  w a s  t a k e n  u p  
in  e t h e r  a n d  t h e  s o lu t io n  w a s  w a s h e d  f re e  o f  a c id  a n d  t h e n  d r i e d .  
R e m o v a l  o f  t h e  s o lv e n t  a n d  c r y s ta l l i z a t io n  o f t h e  r e s id u e  f ro m  a c e 
to n e - h e x a n e  g a v e  3 (3 ,2 O 0 -d ia c e to x y -5 a -p re g n a n -6 -o n e 8 ( H a ,  0 .6 9  
g . ) , m . p .  1 8 0 - 1 8 2 ° .  T h e  r e s id u e  (0 .8 5  g . )  f ro m  t h e  m o t h e r  l i q u o r  
w a s  c h r o m a to g r a p h e d 26 o n  a  c o lu m n  o f  F lo r is i l  ( 3 4  g . ) .  E lu t i o n  
w i th  b e n z e n e - e th e r  ( 1 9 :1 )  g a v e  a  s o l id  ( 0 .4 8  g . ) ,  w h ic h  o n  c r y s 
t a l l i z a t i o n  f ro m  a c e to n e - h e x a n e ,  a f fo rd e d  3 d ,2 0 |S -d ia c e to x y -5 a :-  
c h lo ro -6 /3 ,1 9 -o x id o p re g n a n e  ( I V c ,  0 .2 2  g . ) ,  m .p .  1 5 3 - 1 5 5 ° .  A n  
a n a ly t i c a l  s a m p le  f ro m  a c e to n e - h e x a n e  h a d  m .p .  1 5 5 - 1 5 6 ° ;  [a]
+ 2 4 ° ;  v  1721 ( a c e t a t e  c a r b o n y l ) ,  149 7  (C -1 9  m e th y le n e )  c m . - 1 .

Anal. C a lc d .  f o r  C mH-uO sC I  ( 4 5 3 .0 ) :  C ,  6 6 .2 8 ;  H ,  8 .2 3 ;  C l ,
7 .8 2 .  F o u n d :  C ,  6 6 .3 6 ;  H , 8 . 3 4 ;  C l ,  7 .9 2 .

T h e  c r u d e  p r o d u c t  o b ta in e d  f ro m  a n o th e r  r e a c t io n  o f  d i a c e t a t e  
I I I c  ( 1 .0  g . )  w i t h  l e a d  t e t r a a c e t a t e  w a s  c h r o m a to g r a p h e d  o n  
F lo r is i l  ( 4 0  g . ) 25 in  b e n z e n e . T h e  c r y s ta l l in e  e lu a t e  o b t a in e d  w i th  
e th e r - b e n z e n e  ( 1 :4 9 )  w a s  c r y s ta l l i z e d  f ro m  e t h e r - h e x a n e  t o  g iv e  
a  s o lid  (0 .8 4  g . ) ,  m .p .  1 4 6 - 1 4 8 ° .  T h e  p r e s e n c e  o f  c h lo r o  k e to n e  
l i d  a n d  t h e  o x id e  I V d  in  t h i s  m ix tu r e  w a s  e s t a b l i s h e d  b y  c o m p a r i 
s o n  o f t h e  Ri v a lu e s  o n  a  t . l . c . 19 w i th  t h e  a u t h e n t i c  s a m p le s .  T h e  
m ix tu r e  w a s  s h o w n  t o  c o n ta in  9 3 .5 %  o f  c h lo r o  k e to n e  l i d  a n d  
6 .5 %  o f o x id e  I V c  b a s e d  o n  i t s  o p t i c a l  r o t a t i o n  ( —9 1 .7 ° ) .

M e th o d  B ( i ) .— T o  a  s o lu t io n  o f d i a c e t a t e  I I I c  (1 5 .0  g .)  b e n 
z e n e  (4 9 0  m l . )  w e r e  a d d e d  le a d  t e t r a a c e t a t e  (6 0 .0  g .)  a n d  io d in e  
(1 6 .8  g .) ,  a n d  t h e  r e a c t io n  m ix tu r e  w a s  r e f lu x e d  f o r  18  h r .  
C r y s t a l l i z a t i o n  o f  t h e  c r u d e  p r o d u c t  f ro m  a c e to n e - h e x a n e  g a v e  
o x id e  I V c  (1 1 .9  g ., 8 5 % ) ,  m .p .  1 5 1 -1 5 3 ° .

5 c -C h lo ro -6 / j ,1 9 -o x id o p re g n a n e -3 S ,2 0 / j -d io l  ( V I I ) .— D i a c e t a t e  
IV c  (5 .0  g . )  w a s  d is s o lv e d  in  m e th a n o l  (1 4 7  m l . ) ,  a n d  a  s o lu t io n  o f 
p o t a s s iu m  h y d r o x id e  ( 6 .0  g .)  i n  5 0 %  a q u e o u s  m e th a n o l  (9 6  m l . )  
w a s  a d d e d  t o  i t .  T h e  r e a c t io n  s o lu t io n  w a s  r e f lu x e d  f o r  5 .5  h r .  
a n d  c o n c e n t r a t e d  u n d e r  a  s t r e a m  o f  n i t r o g e n  u n t i l  t h e  p r o d u c t  
b e g a n  t o  c r y s ta l l i z e .  T h e  m ix tu r e  w a s  c o o le d  a n d  f i l t e r e d  t o  g iv e  
s t o u t  p l a t e s  ( 3 .5  g . ) ,  m .p .  2 5 2 - 2 5 4 ° .  O n e  m o r e  c r y s t a l l i z a t i o n  
d id  n o t  a l t e r  t h e  m e l t in g  p o in t .

Anal. C a lc d .  f o r  C 21H 330 3C1 (3 6 8 .9 3 ) :  C l ,  9 .6 1 .  F o u n d :  
C l ,  9 .3 7 .

6 « ,1 7 a -D im e th y l-1 7 /3 -c a rb o m e th o x y -6 f l ,1 9 -o x id o -5 c ( -a n d ro s ta n -  
3 + o l  ( IV g ) .  M e th o d  B ( i ) .— T o  a  s o lu t io n  o f  a lc o h o l  I l l g  ( 1 .0  
g . )  i n  b e n z e n e  (6 0  m l . )  w e re  a d d e d  le a d  t e t r a a c e t a t e  ( 4 .0  g .)  
a n d  io d in e  ( 1 .1 2  g . ) ,  a n d  t h e  r e a c t io n  m ix tu r e  w a s  r e f lu x e d  fo r  
4 8  h r .  T h e  c r u d e  p r o d u c t  (1 .0 6  g . ) ,  w h ic h  f a i l e d  t o  c r y s ta l l i z e  
f ro m  s o lv e n ts ,  w a s  d is s o lv e d  in  m e th a n o l  (1 0  m l . )  a n d  t o  t h i s  w a s  
a d d e d  a  s o lu t io n  o f  p o t a s s iu m  h y d r o x id e  (0 .4 8  g . )  i n  5 0 %  a q u e o u s  
m e th a n o l  ( 7 .6  m l . ) .  A f te r  k e e p in g  a t  r o o m  t e m p e r a t u r e  o v e r 
n ig h t ,  t h e  r e a c t io n  m ix tu r e  w a s  d i lu t e d  w i th  w a t e r  a n d  e x t r a c t e d  
w i th  e t h e r .  T h e  u s u a l  w o r k - u p  g a v e  a  c r u d e  p r o d u c t  (0 .8 0  g . ) ,  
w h ic h  a f t e r  o n e  c r y s ta l l i z a t io n  f ro m  a c e to n e - h e x a n e ,  a f fo r d e d  
c o lo r le s s  p l a t e s  ( 0 .6 2  g . ) ,  m .p .  1 5 8 -1 6 0 ° . A n  a n a l y t i c a l  s a m p le  
h a d  m .p .  1 5 9 - 1 6 0 ° ;  [a] + 2 ° ;  v  3 6 2 1  ( n o n b o n d e d  O - H ) ,  3 4 3 2  
( b o n d e d  O - H ) ,  172 0  ( e s t e r  c a r b o n y l ) ,  14 9 4  (C -1 9  m e th y le n e )  
c m . -1 .

Anal. C a lc d .  f o r  C 23H 360 4 (3 7 6 .5 2 ) :  C ,  7 3 .3 6 ;  H ,  9 .6 4 .  
F o u n d :  C ,  7 3 .0 0 ;  H ,  9 .6 2 .

3 /3 -A c e to x y -5 a -b ro m o -6 u , 19 -o x id o - l  7 a  - m e th y lp r e g n a n - 2 0 - o n e  
(IVf). M e th o d  B ( i ) .— T o  a  s o lu t io n  o f  a lc o h o l  I l l f  ( 6 .0  g . )  in  
b e n z e n e  (2 5 0  m l . )  w e re  a d d e d  le a d  t e t r a a c e t a t e  (2 4  g . )  a n d  io d in e  
( 6 .7 2  g . ) ,  a n d  t h e  r e a c t io n  m ix tu r e  w a s  r e f lu x e d  f o r  18  h r .  T h e  
u s u a l  w o r k - u p  y ie ld e d  a  c r u d e  p r o d u c t  ( 5 .9  g . )  w h ic h  w a s  c h r o 
m a to g r a p h e d  o n  a  c o lu m n  o f  F lo r i s i l26 (2 3 6  g . )  i n  b e n z e n e .  
E lu t i o n  w i t h  e th e r - b e n z e n e  ( 1 :1 9 )  fo llo w e d  b y  s o lv e n ts  o f  i n 
c r e a s in g  p o l a r i t y  u p  t o  e t h e r  g a v e  a  s e m is o lid  (4 .1  g . )  w h ic h  s o l id i 
f ie d  o v e r  h e x a n e ,  m .p .  1 4 5 - 1 5 8 ° .  A n  a n a l y t i c a l  s a m p le  o b t a in e d  
b y  s e v e ra l  c r y s ta l l i z a t io n s  f ro m  a c e to n e - h e x a n e  h a d  m .p .  1 6 8 -  
1 6 9 ° ; [<*1 — 1 ° ;  v  1725  ( a c e t a t e  c a r b o n y l ) ,  1691 ( C -2 0  k e to n e ) ,  
149S (C -1 9  m e th y le n e )  c m . -1 .
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Anal. C a lc d .  fo r  C 24H 350 4 B r  ( 4 6 7 .4 2 ) :  C ,  6 1 .8 0 ;  H ,  7 .3 6 . 
F o u n d :  C ,  6 1 .9 3 ;  H ,  7 .5 4 .

3/3-Acetoxy-5a-bromo-17a-methyl-l7|3-carbomethoxy-6£i,19- 
oxidoandrostane (IVh). Method B (i).— L e a d  t e t r a a c e t a t e  (8 .0  
g . )  a n d  io d in e  ( 2 .2 4  g . )  w e r e  a d d e d  t o  a  s o lu t io n  o f  b r o m o h y d r in  
I l l h  (2 .0  g .)  in  b e n z e n e  (1 2 0  m l . ) ,  a n d  t h e  r e a c t io n  m ix tu r e  w a s  
re f lu x e d  fo r  19 h r .  T h e  c r u d e  p r o d u c t  ( 1 .9 5  g .)  w a s  c r y s ta l l iz e d  
f ro m  c h lo r o f o r m - m e th a n o l  t o  y ie ld  c o lo r le s s  c r y s t a l s  (1 .2  g . ) ,  
m .p .  1 8 6 -1 9 0 ° . A n  a n a ly t i c a l  s a m p le  f ro m  t h e  s a m e  s o lv e n ts  
h a d  m .p .  2 1 3 - 2 1 4 ° ;  [a] — 1 5 ° ;  v  1499  (C -1 9  m e th y le n e )  c m . - 1 .

Anal. C a lc d .  f o r  C 24H 35 0 6B r  (4 8 3 .4 2 ) :  C ,  5 9 .6 9 ; H ,  7 .29 - 
F o u n d :  C ,  5 9 .9 7 ;  H ,  7 .6 4 .

60,19-Oxidopregn-4-ene-3,2O-dione (IXa).33— T o  a  s o lu t io n  o f 
d io l  V I I  (3 .3  g . )  in  a c e to n e ,25 c o o le d  t o  0 ° ,  w a s  a d d e d  a n  8  N  
c h ro m ic  a c id 29 s o lu t io n  (1 5  m l . ) ,  a n d  t h e  m ix tu r e  w a s  s t i r r e d  a n d  
a llo w e d  t o  r e a c h  ro o m  t e m p e r a t u r e .  E x c e s s  c h ro m ic  a c id  w a s  
d e s t r o y e d  w i th  m e th a n o l  t h e n  h y d r o c h lo r ic  a c id  ( 0 .5  m l . )  w a s  
a d d e d  a n d  s t i r r in g  w a s  c o n t in u e d  f o r  4  h r .  a t  ro o m  t e m p e r a t u r e .  
T h e  s o lv e n t  w a s  r e m o v e d  a n d  t h e  r e s id u e  w a s  d is s o lv e d  in  c h lo ro 
f o rm . T h e  r e s u l t in g  s o lu t io n  w a s  w a s h e d  w i th  s o d iu m  b ic a r b o 
n a t e  s o lu t io n  a n d  w a te r  a n d  th e n  d r ie d .  E v a p o r a t i o n  o f  t h e  s o l
v e n t  g a v e  a n  o ily  r e s id u e  (2 .9 6  g . )  w h ic h  c r y s ta l l i z e d  t o  g iv e  
o x id o p ro g e s te ro n e  I X a  (2 .1  g . ) ,  m . p .  1 4 0 - 1 4 2 ° .  A n  a n a ly t i c a l  
s a m p le , o b ta in e d  b y  c r y s t a l l i z a t i o n  f ro m  h e x a n e ,  h a d  m .p .  1 4 2 -  
1 4 3 ° ; [a] - 2 4 ° ;  * 1699 ( C -2 0  k e to n e ) ,  16 7 0  (C -3  k e to n e ) ,  148 7  
( C - 1 9 m e t h y le n e ) c m . -1 ; Xma* 2 3 9 m / i ( e  1 2 ,5 0 0 ) .

Anal. C a lc d .  fo r  C 2IH 280 3 (3 2 8 .4 3 ) :  C ,  7 6 .7 9 ;  H ,  8 .5 9 . 
F o u n d :  C ,  7 6 .9 3 ;  H ,  8 .6 5 .

6(3,19-Oxido-17a-methylpregn-4-ene-3,20-dione (IXb).— T o  a
s o lu t io n  o f a c e t a t e  IV f  (0 .5 2  g . ,  m .p .  1 6 1 - 1 6 3 ° )  in  m e th a n o l  (8  
m l .)  w a s  a d d e d  a  s o lu t io n  o f p o t a s s iu m  h y d r o x id e  ( 0 .2  g .)  in  
m e th a n o l  ( 3 .0  m l . ) .  A f te r  s t a n d in g  o v e r n ig h t  t h e  c r y s ta l l in e  
p r e c ip i t a t e  ( 0 .3 2  g . ,  m .p .  2 1 9 - 2 2 1 ° )  w a s  c o l le c te d  b y  f i l t r a t i o n .  
A  s e c o n d  c r o p  (0 .1 3  g . ,  m .p .  2 1 3 - 2 1 6 ° )  w a s  o b ta in e d  b y  c o n c e n 
t r a t i o n  o f  t h e  f i l t r a te .

T h e  c ru d e  d io l  ( b o th  c r o p s , 0 .4 3  g .)  o b t a in e d  a b o v e  w a s  d is 
s o lv e d  in  a c e to n e .25 T o  t h e  s t i r r e d  s o lu t io n ,  a t  0 ° ,  w a s  a d d e d  8  N  
c h ro m ic  a c id 29 s o lu t io n  ( 1 .7  m l . ) ,  a n d  t h e  r e a c t io n  m ix tu r e  w a s  
a l lo w e d  t o  r e a c h  ro o m  t e m p e r a tu r e .  A f te r  d e s t r o y in g  e x c e ss  
c h ro m ic  a c id  w i th  m e th a n o l  t h e  s o lu t io n  w a s  e v a p o r a t e d  a lm o s t  
t o  d r y n e s s .  T h e  r e s id u e  w a s  t a k e n  u p  in  c h lo r o fo r m , a n d  t h e  
s o lu t io n  w a s  w a s h e d  w i th  a q u e o u s  s o d iu m  b ic a r b o n a te  s o lu t io n  
a n d  w a t e r  a n d  th e n  d r ie d .  R e m o v a l  o f  t h e  s o lv e n t  g a v e  a n  o ily  
s o l id  ( 0 .3 5  g . ) ,  Xmlix 2 4 0  m /i  (e 1 2 ,3 0 0 ) . O n e  c r y s t a l l i z a t i o n  f ro m  
a c e to n e - h e x a n e  g a v e  c r y s t a l s  ( 0 .2 7  g . ) ,  m .p .  1 7 0 -1 7 1 ° . A n  
a n a ly t i c a l  s a m p le  f ro m  t h e  s a m e  s o lv e n ts  h a d  m .p .  1 7 0 -1 7 1 ° ;  
[ a ] - 1 0 3 ° ;  r  16 8 7  (C -2 0  k e to n e ) ,  1665  (C -3  k e to n e ) ,  16 2 0  ( A 4 
C = C ) ,  148 7  (C -1 9  m e th y le n e )  c m . -1 .

Anal. C a lc d .  f o r  C 22H 30O 3 (3 4 2 .4 6 ) :  C ,  7 7 .1 5 ;  H ,  8 .8 3 .  
F o u n d :  C ,  7 7 .4 3 ;  H ,  9 .0 5 .

30-Hydroxy-5a-bromo-6a-methyl-6^,19-oxidopregnan-2O-one 
(Xb).— T o  a  s o lu t io n  o f  t r i o l  V I d  ( 0 .5 5  g .)  i n  i - b u ty l  a lc o h o l  (2 5  
m l .)  w a s  a d d e d  a  s o lu t io n  o f  N - b r o m o a e e ta m id e  (0 .7 6  g .)  in  
w a te r  ( 9 .0  m l . ) .  A f te r  s t i r r in g  a t  ro o m  t e m p e r a t u r e  fo r  18 h r . ,  
t h e  r e a c t io n  s o lu t io n  w a s  d e c o lo r iz e d  b y  a d d in g  s o d iu m  b is u l f i te .  
D i lu t i o n  w i th  w a te r ,  e x t r a c t i o n  w i th  e th e r ,  a n d  w o rk in g  u p  in  t h e  
u s u a l  m a n n e r  g a v e  a  c r u d e  p r o d u c t  ( 0 .6 3  g . ) .  O n e  c r y s ta l l i z a 
t i o n  f ro m  a c e to n e - h e x a n e  g a v e  c o lo r le s s  c r y s ta l s  (0 .4 7  g . ,  6 9 % ) ,  
m .p .  1 8 0 - 1 8 2 ° .  S e v e r a l  r e c r y s ta l l i z a t io n s  f ro m  c h lo r o f o r m -  
h e x a n e  g a v e  a n  a n a ly t i c a l  s a m p le ,  m .p .  1 8 8 - 1 8 9 ° ;  [a ] + 3 9 ° ;  
v 3 6 2 0  ( n o n b o n d e d  O - H ) ,  3 4 5 5  ( b o n d e d  O - H ) ,  16 9 6  (C -2 0  
k e to n e ) ,  1 4 9 7  fC -1 9  m e th y le n e )  c m . -1 .

Anal. C a lc d .  f o r  C 22H 330 3B r  (4 2 5 .4 0 ) :  C ,  6 2 .1 1 ;  H ,  7 .8 8 . 
F o u n d :  C ,  6 1 .9 1 ;  H ,  8 .1 0 .

Acid Treatment of Xb.— T o  a  s o lu t io n  o f a lc o h o l  X b  ( 0 .2 6 6  g .)  
in  m e th a n o l  ( 3 .0  m l . )  w a s  a d d e d  3  d r o p s  o f  h y d r o c h lo r ic  a c id  
a n d  t h e  s o lu t io n  w a s  l e f t  a t  ro o m  t e m p e r a t u r e  o v e r n ig h t .  R e 
m o v a l  o f t h e  s o lv e n t  g a v e  a  r e s id u e  ( 0 .2 4 5  g . )  w h ic h  w a s  id e n t ic a l  
in  a ll  r e s p e c ts  w i th  t h e  s t a r t i n g  m a te r i a l .

Base Treatment of Xb.— T o  a  s o lu t io n  of X b  ( 0 .0 6 0  g . )  in  
m e th a n o l  ( 5 .0  m l . )  w a s  a d d e d  a  s o lu t io n  o f p o ta s s iu m  h y d r o x id e  
( 0 .0 5  g . )  i n  5 0 %  a q u e o u s  m e th a n o l  ( 1 .0  m l . )  a n d  t h e  r e a c t io n  
s o lu t io n  w a s  re f lu x e d  f o r  1 h r .  T h e  s o lu t io n  w a s  t h e n  n e u t r a l i z e d  
w i th  1 0 %  h y d r o c h lo r ic  a c id ,  d i l u t e d  w i th  w a te r ,  a n d  e x t r a c t e d  
w i th  e th e r .  W o r k in g  u p  in  t h e  u s u a l  w a y  g a v e  a  s o lid  ( 0 .0 6 0  g . )

(33) S ince co m p le tio n  of th is  w o rk  a  m od ified  ro u te  to  co m p o u n d  V l l l b  
[K . H eusler, e t  a l . ,  H e l v .  C h i m .  A c t a , 45 , 2161 (1962)] a n d  th e  sy n th es is  of 
com pound  IX a  [K . H eusler, e i  a l . ,  E x p e r i e n t i a ,  IS , 464 (1962)] h av e  a p 
p ea re d  in  th e  li te ra tu re .

w h o s e  in f r a r e d  s p e c t r u m  w a s  id e n t ic a l  w i th  t h a t  o f  t h e  s t a r t i n g  
m a te r i a l .

5a-Bromo-6a-methyl-6^, 19-oxidopregnane-3/3,20/3-diol (Xa).— 
T o  a  s o lu t io n  o f t r io l  V I d  ( 3 .5  g . )  i n  m e th a n o l  (7 0  m l . )  w a s  a d d e d  
d r o p w is e  a  s o lu t io n  o f  b r o m in e  ( 1 .9  g . ,  1 .1  m o le )  in  a c e t ic  a c id  
( 4 .0  m l . ) .  T h e  s o lu t io n  w a s  t h e n  d i lu t e d  w i th  w a te r  a n d  t h e  p r e 
c ip i t a t e  (4 .2  g . )  t h u s  o b t a in e d  w a s  c o l le c te d  b y  f i l t r a t io n ,  m .p .
2 1 3 - 2 1 5 ° .  T w o  c r y s ta l l i z a t io n s  r a is e d  t h e  m e l t in g  p o in t  t o  2 2 8 -  
2 3 0 ° .  A n  in f r a r e d  s p e c t r u m  ( s a t u r a t e d  s o lu t io n )  h a d  b a n d s  a t  
3 6 2 0  ( n o n b o n d e d  O - H ) ,  1 4 9 6  ( C -1 9  m e th y le n e )  c m . - 1 . A n a ly 
s is  o f t h i s  s a m p le  i n d ic a te d  t h e  p r e s e n c e  o f  o n e  a to m  o f  b r o m in e  
( c a lc d .  1 8 .6 9 ; f o u n d  1 8 .0 5 ) .

6a-Methyl-6|3,19-oxidopregn-4-ene-3,20-dione (IXc). A. 
From Alcohol Xb.— A  s o lu t io n  o f  X b  ( 0 .3 5  g . )  in  a c e to n e 25 w a s  
c o o le d  to  0 °  a n d  t o  i t  8  N  c h ro m ic  a c id 29 s o lu t io n  ( 1 .0  m l . )  w a s  
a d d e d .  T h e  r e a c t io n  m ix tu r e  w a s  a l lo w e d  t o  r e a c h  ro o m  t e m 
p e r a t u r e  a n d  th e n  m e th a n o l  w a s  a d d e d .  A f te r  r e m o v a l  of th e  
s o lv e n t  t h e  r e s id u e  w a s  t a k e n  u p  in  e th e r  a n d  w o r k e d  u p  a s  u s u a l  
t o  g iv e  a  t a r r y  r e s id u e  ( 0 .2 8  g . )  w h ic h  w a s  c h r o m a to g r a p h e d  o n  a  
c o lu m n  o f  F lo r i s i l26 (1 2  g . )  i n  b e n z e n e .  E lu t io n  w i th  e t h e r - b e n z 
e n e  ( 3 : 7  a n d  1 :1 )  g a v e  c r y s ta l l in e  m a te r i a l  w h ic h  a f t e r  o n e  
c r y s ta l l i z a t io n  f ro m  a c e to n e - h e x a n e  a f fo rd e d  6 a -m e th y l-6 /3 ,1 9 -  
o x id o p re g n -4 -e n e -3 ,2 0 -d io n e  ( I X c ,  0 .0 6 6  g . ) ,  m .p .  1 7 2 - 1 7 4 ° .  
A n  a n a ly t i c a l  s p e c im e n  h a d  m .p .  1 7 5 - 1 7 6 ° ;  [a] — 1 0 1 ° ; <-1698 
(C -2 0  k e to n e ) ,  166 6  (C -3  k e to n e ) ,  148 5  (C -1 9  m e th y le n e )  c m . -1 ; 
Xmai 2 3 8  m M ( £ 1 3 ,6 0 0 ) .

Anal. C a lc d .  f o r  C 22H 30O 3 ( 3 4 2 .4 6 ) :  C ,  7 7 .1 5 ;  H ,  8 .8 3 .  
F o u n d :  C ,  7 7 .0 9 ;  H ,  8 .8 8 .

B .  From Diol Xa.— A  s o lu t io n  o f c h ro m ic  a n h y d r id e  ( 1 .9  g .)  
i n  a c e t ic  a c id  (5 0  m l . )  a n d  w a te r  ( 2 .0  m l . )  w a s  a d d e d  t o  a  s o lu t io n  
o f  d io l  X a  ( 4 .2  g . ,  m .p .  2 1 3 - 2 1 5 ° )  in  a c e t ic  a c id  (1 0 0  m l . ) .  T h e  
r e a c t io n  s o lu t io n  w a s  s t i r r e d  f o r  2 .5  h r .  t h e n  d i lu t e d  w i th  w a te r ,  
a n d  t h e  s o lid  ( 4 .0  g . )  w h ic h  p r e c ip i t a t e d  w a s  c o l le c te d  b y  f i l t r a 
t i o n .  T h is  s o lid  w a s  d is s o lv e d  in  m e th a n o l  (9 0  m l . )  c o n ta in in g  2 
d r o p s  o f c o n c e n t r a t e d  h y d r o c h lo r ic  a c id .  A f te r  s t a n d in g  o v e r 
n ig h t  a t  r o o m  t e m p e r a t u r e ,  t h e  s o lu t io n  w a s  d i lu te d  w i th  w a te r ,  
e x t r a c t e d  w i th  e th y l  a c e t a t e ,  a n d  w o r k e d  u p  i n  t h e  u s u a l  w a y .  
O n e  c r y s ta l l i z a t io n  o f  t h e  c r u d e  p r o d u c t  ( 2 .8  g . )  f ro m  a c e to n e -  
h e x a n e  g a v e  c o lo r le s s  p r is m s  ( 2 .2  g . ,  6 4 %  f ro m  t r i o l  V I d ) ,  m .p .  
1 7 3 - 1 7 5 ° .  T h is  c o m p o u n d  w a s  s h o w n  t o  b e  i d e n t ic a l  t o  6 a -  
m e th y l-6 /3 ,1 9 -o x id o p re g n -4 -e n e -3 ,2 0 -d io n e  ( I X c )  i n  a l l  r e s p e c ts .

Acid Treatment of Triol VId.— T o  a  s o lu t io n  o f  t r io l  V I d  (0 .0 5  
g . )  in  m e th a n o l  ( 5 .0  m l . )  w a s  a d d e d  3 d r o p s  o f  h y d r o c h lo r ic  a c id  
a n d  th i s  w a s  h e a t e d  f o r  1 h r .  o n  a  s t e a m  b a t h .  T h e  r e s id u e  (0 .0 5  
g . )  o b t a in e d  o n  r e m o v a l  o f t h e  s o lv e n t  w a s  d i r e c t l y  a c e ty l a t e d  
w i th  p y r id in e  a n d  a c e t ic  a n h y d r id e  a n d  a  c r y s ta l l in e  s o lid  ( 0 .0 6  
g . ) ,  m .p .  1 6 0 - 1 6 4 ° ,  w a s  o b t a in e d  o n  w o rk in g  u p  in  t h e  u s u a l  w a y .  
T h is  d i a c e t a t e  w a s  s h o w n  b y  c o m p a r is o n  o f i t s  i n f r a r e d  s p e c t r u m  
a n d  m ix e d  m e l t in g  p o i n t  w i th  a n  a u t h e n t i c  s a m p le  t o  b e  id e n t ic a l  
w i th  3 /? ,2 0 d -d ia c e to x y -6 a -m e th y l-6 /S ,1 9 -o x id o -5 a -p re g n a n e  ( I V b ) .

3/?,19,20/3-Triacetoxypregn-5-ene (Via).— A  s o lu t io n  o f  c r u d e  
d io l  V I I  ( 3 .0  g . ,  m .p .  2 5 3 - 2 5 5 ° )  in  d r y  t e t r a h y d r o f u r a n  (1 1 0  m l .)  
w a s  a d d e d  o v e r  2 5  m in .  t o  a  s o lu t io n  o f  l i t h iu m  ( 3 .0  g . )  in  l iq u id  
a m m o n ia  ( 4 5 0  m l . ) .  T h e  r e a c t io n  s o lu t io n  w a s  s t i r r e d  fo r  10 
m in . ,  s a t u r a t e d  a m m o n iu m  c h lo r id e  s o lu t io n  (1 7  m l . )  w a s  c a r e 
f u l ly  a d d e d ,  a n d  t h e n  t h e  a m m o n ia  w a s  r e m o v e d .  W a t e r  w a s  
a d d e d  g r a d u a l ly  a n d  t h e  l a y e r s  w e r e  s u b s e q u e n t ly  s e p a r a te d .  
T h e  a q u e o u s  l a y e r  w a s  f u r t h e r  e x t r a c t e d  w i th  t e t r a h y d r o f u r a n ,  
a n d  t h e  c o m b in e d  o rg a n ic  l iq u o r  w a s  w o r k e d  u p  in  t h e  u s u a l  w a y  
t o  g iv e  t h e  c r u d e  p r o d u c t  ( 3 .2  g . ) .  T h is  w a s  a c e t y l a t e d  w i th  
p y r id in e  (5 8  m l . )  a n d  a c e t ic  a n h y d r id e  (2 9  m l . )  t o  y ie ld  t h e  c r u d e  
t r i a c e t a t e  V i a  ( 3 .7  g . ) .  O n e  c r y s ta l l i z a t io n  f ro m  a q u e o u s  m e th 
a n o l  g a v e  c o lo r le s s  n e e d le s  ( 2 .3 2  g . ) ,  m .p .  1 3 7 - 1 3 8 .5 ° .  A n  
a n a ly t i c a l  s a m p le  f ro m  m e th a n o l  h a d  m .p .  1 4 3 - 1 4 4 ° ;  [a ] —6 0 ° ;  
v  172 2  ( a c e t a t e  c a r b o n y l )  c m . -1 .

Anal. C a lc d .  f o r  C 27H 40O 6 (4 6 0 .5 9 ) :  C , 7 0 .4 0 ;  H ,  8 .7 5 . 
F o u n d :  C .7 0 .2 3 ;  H ,  9 .0 0 .

Pregn-5-ene-3/3,19,20/3-triol (Vic). A. By Hydrolysis of Tri
acetate Via.— T r i a c e t a t e  V i a  ( 2 .3  g . ,  m .p .  1 3 7 - 1 3 8 .5 ° )  w a s  
d is s o lv e d  in  m e th a n o l  (6 9  m l . )  a n d  a  s o lu t io n  of p o ta s s iu m  h y 
d r o x id e  (2 .9 7  g . )  in  5 0 %  a q u e o u s  m e th a n o l  (4 6  m l . )  w a s  a d d e d  t o  
i t .  T h e  r e a c t io n  s o lu t io n  w a s  r e f lu x e d  f o r  5 .5  h r . ,  a n d  t h e  s o lv e n t  
w a s  r e m o v e d  u n t i l  c r y s ta l l i z a t io n  s e t  in .  A f te r  c o o l in g , t h e  t r io l  
V ic  ( 1 .6  g . ) ,  m .p .  2 2 5 - 2 3 0 ° ,  w a s  c o l le c te d  b y  f i l t r a t i o n .  A n  
in f r a r e d  s p e c t r u m  of th i s  m a te r i a l  ( in  N u jo l )  s h o w e d  s t r o n g  
h y d r o x y l ic  a b s o r p t io n  a n d  t h e  a b s e n c e  o f  a c e t a t e  b a n d s .

B. From Diacetate Oxide IVa.— T h e  o x id e  I V a  (0 .4 7  g .)  
w a s  d is s o lv e d  in  a c e t ic  a c id  ( 3 .0  m l . )  a n d  a c e t ic  a n h y d r id e  ( 0 .8 4  
m l . )  a n d  p - to lu e n e s u lf o n ic  a c id  ( 0 .0 0 5  g . )  w a s  t h e n  a d d e d .  T h e  
r e a c t io n  s o lu t io n  w a s  r e f lu x e d  f o r  2  h r . ,  d i lu te d  w i th  m e th a n o l ,
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a n d  t h e  s o lv e n ts  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  T h e  r e s id u e  
w a s  t a k e n  u p  in  e th e r ,  t h e  s o lu t io n  w a s  w a s h e d  w i th  s o d iu m  b i 
c a r b o n a te  s o lu t io n  a n d  w a te r ,  a n d  th e n  d r ie d .  R e m o v a l  o f  t h e  
s o lv e n t  l e f t  a n  o ily  m a te r i a l  (0 .5 2 7  g . )  w h ic h  w a s  h y d r o ly z e d  a s  
d e s c r ib e d  a b o v e .  T h e  c r u d e  t r io l  V ic  (0 .2 1  g . )  w a s  s u b s e q u e n t ly  
p u r i f ie d  b y  c h r o m a to g r a p h y  o n  F lo r is i l  ( 8 .0  g . ) .  E lu t i o n  w i th  
m e th a n o l - c h lo r o f o r m  ( 1 :4 9 )  g a v e  a  s o lid  w h ic h  a f t e r  o n e  c r y s t a l 
l i z a t io n  f r o m  c h lo r o f o r m - h e x a n e  y ie ld e d  a  m a te r i a l  (0 .1 1  g .)  
w i th  m .p .  1 8 5 - 1 9 1 ° .  T . l . c . 19 o f  t h i s  s u b s t a n c e  s h o w e d  i t  t o  b e  
m a in ly  t r io l  V i c .  A n  n . m . r .  s p e c t r u m  of t h i s  s a m p le  w a s  i d e n t i 
c a l  w i th  t h a t  o f t h e  a u th e n t i c  t r io l  V ic .

O x id a t io n  o f  T r io l  V ic  w i th  C h ro m ic  A c id .— T o  a  s t i r r e d  s o lu 
t i o n  o f  t r io l  V ic  ( 1 .0  g . )  in  a c e to n e 26 (4 5  m l . )  a t  1 0 °  w a s  a d d e d  
a n  e x c e ss  o f  8  N  c h ro m ic  a c id 29 s o lu t io n .  T h e  c o o lin g  b a t h  w a s  
r e m o v e d  a n d  s t i r r in g  w a s  c o n t in u e d  fo r  10 m in .  A f te r  m e th a n o l  
h a d  b e e n  a d d e d  t o  d e s t r o y  e x c e s s  o x id a n t  t h e  r e a c t io n  m ix tu r e  
w a s  d i lu t e d  w i th  w a te r ,  e x t r a c t e d  w i th  e th y l  a c e t a t e ,  a n d  w o r k e d  
u p  in  t h e  u s u a l  w a y  t o  g iv e  a  y e llo w  o il ( 0 .7 5  g . ) .  T w o  c r y s t a l 
l i z a t io n s  f ro m  m e th a n o l  g a v e  l a c to n e  X H I b  ( 0 .0 7 4  g . ) ,  m .p .  1 7 5 -  
1 7 8 ° .  T h ic k - la y e r  c h r o m a to g r a p h y 31 of t h e  m o th e r  l iq u o r s  a f 
f o r d e d  a  f u r t h e r  0 .0 5 3  g . o f l a c to n e  X H I b ,  m .p .  1 8 3 - 1 8 4 ° .  A n  
a n a l y t i c a l  s a m p le  f ro m  m e th a n o l  h a d  m .p .  1 8 3 - 1 8 4 ° ;  [a] + 2 ° ;  
v 173 6  ( l a c to n e  c a r b o n y l ) ,  16 9 7  (C -2 0  k e to n e )  c m . -1 ; Xmal 22 8  
Hpi (e  1 3 3 0 ) .

Anal. C a lc d . f o r  C 2iH 280 3 (3 2 8 .4 4 ) :  C ,  7 6 .7 9 ;  H ,  8 .5 9 . 
F o u n d :  C , 7 6 .8 3 ;  H ,  8 .6 8 .

5 « -B ro m o -6 i3 ,1 9 -o x id o p re g n a n e -3 /3 ,2 0 ,3 -d io l ( X c ) .— B r o m in e  
(1 .4 6  g .)  in  a c e t ic  a c id  (1 3 .5  m l . )  w a s  s lo w ly  a d d e d  t o  a  s t i r r e d  
s o lu t io n  o f t r i o l  V ic  ( 2 .7  g . )  i n  m e th a n o l  (5 5  m l . )  u n t i l  a  p a le  
c o lo r  p e r s i s te d .  S t i r r in g  w a s  c o n t in u e d  f o r  10  m in .  lo n g e r  a n d  
d i lu t i o n  w i th  w a te r  p r e c ip i t a t e d  t h e  c r u d e  p r o d u c t  ( 2 .8 5  g . ) ,  
m .p .  2 0 5 - 2 1 6 °  d e c .  A n  a n a ly t i c a l  s a m p le  o b t a in e d  a f t e r  s e v e ra l  
c r y s ta l l i z a t io n s  f ro m  m e th a n o l  h a d  m .p .  2 1 9 - 2 2 1 °  d e c . ;  [a] 
— 1 8 ° ;  v 149 7  (C -1 9  m e th y le n e )  c m . - 1 .

Anal. C a lc d .  f o r  C ^ H ssO aB r ( 4 1 3 .3 9 ) :  C , 6 1 .0 4 ;  H ,  8 .0 4 ;  
B r ,  1 9 .3 2 . F o u n d :  C ,  6 0 .9 3 ;  H ,  7 .7 5 ;  B r ,  1 9 .6 2 .

C o n v e rs io n  o f  D io l X c  to  6 8 ,1 9 - O x id o p ro g e s te r o n e  ( I X a ) .—  
C h ro m ic  a n h y d r id e  ( 0 .7  g . )  w a s  d is s o lv e d  in  a c e t ic  a c id  ( 1 6 .0  
m l . )  a n d  w a te r  ( 0 .7  m l . )  a n d  t h i s  w a s  a d d e d  t o  a  s t i r r e d  s o lu t io n  
of d io l  X c  (1 .4 2  g . )  i n  a c e t ic  a c id  (3 3 .0  m l . ) .  S t i r r in g  w a s  c o n 
t i n u e d  a t  ro o m  t e m p e r a t u r e  f o r  4  h r . ,  a n d  t h e  s o lu t io n  w a s  t h e n  
p o u r e d  i n to  w a t e r .  T h e  s o lid  ( 1 .2  g . )  w h ic h  p r e c ip i t a t e d  w a s  
c o l le c te d  b y  f i l t r a t io n ,  s u b s e q u e n t ly  d is s o lv e d  in  m e th a n o l  (2 5  
m l . )  c o n ta in in g  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  (0 .2 5  m l . ) ,  a n d  
l e f t  a t  r o o m  t e m p e r a t u r e  o v e r n ig h t .  D i lu t i o n  w i th  w a te r ,  ex 
t r a c t i o n  w i th  e th e r ,  a n d  w o r k in g  u p  in  t h e  u s u a l  w a y  g a v e  a  
fo a m  ( 0 .7  g . ) .  C r y s ta l l i z a t io n  f ro m  e th e r  a f fo rd e d  c r y s ta l s  ( 0 .1 7  
g . ) ,  m .p .  1 3 6 - 1 3 8 " ;  [a ] —2 0 ° .  T h is  s o l id  w a s  s h o w n  b y  i t s  
u l t r a v io l e t  a n d  in f r a r e d  s p e c t r a  a n d  b y  a  m ix tu r e  m e l t in g  p o i n t  
t o  b e  6 3 ,1 9 - o x id o p ro g e s te ro n e  ( I X a ) .

1 9 -H y d ro x y p r e g n - 4 -e n e -3 ,2 0 - d io n e  ( V i l l a ) .  A . F r o m  D ik e t a l  
O x id e  ( I V d ) .— p -T o lu e n e s u lfo n ie  a c id  ( 0 .0 2 8  g . )  w a s  a d d e d  t o  a  
s o lu t io n  o f o x id e  I V d  (0 .2 8  g . )  in  a c e t ic  a n h y d r id e  (2 8  m l . ) .  T h e  
r e a c t io n  s o lu t io n  w a s  r e f lu x e d  fo r  1 .2 5  h r . ,  c o o le d , a n d  d i lu t e d  
w i th  m e th a n o l .  A f te r  r e m o v in g  th e  s o lv e n ts  u n d e r  r e d u c e d  
p r e s s u r e ,  t h e  r e s id u e  w a s  t a k e n  u p  in  e t h e r  a n d  w o r k e d  u p  in  t h e  
u s u a l  w a y  t o  g iv e  a  b r o w n  s i r u p  ( 0 .4 2 5  g . ) ,  v 1735  ( a c e t a t e  c a r 
b o n y l ) ,  17 0 0  (C -2 0  k e to n e ) ,  1665  (A 4- 3 -k e to n e )  c m . -1 ; Xmax 
2 3 8  m M (e 8 3 8 0 ) .

T h e  a b o v e  p r o d u c t  w a s  d is s o lv e d  in  m e t h a n o l  (5 0  m l . )  c o n 
t a in in g  p o ta s s iu m  h y d r o x id e  (1 .0  g . )  a n d  t h e  s o lu t io n  w a s  r e 
f lu x e d  f o r  4 5  m in .  T h e  s o lu t io n  w a s  c o n c e n t r a t e d  u n d e r  r e d u c e d  
p r e s s u r e ,  d i lu te d  w i t h  w a te r ,  a n d  e x t r a c t e d  w i th  e t h e r .  W o r k in g  
u p  in  t h e  u s u a l  w a y  g a v e  a n  o il ( 0 .2 1 5  g .)  w h ic h  w a s  c h r o m a to 
g r a p h e d  o n  a  c o lu m n  o f  F lo r is i l  ( 1 0 .0  g . ) .  E lu t i o n  w i t h  m e t h a n o l -  
e th e r  ( 1 :1 9 )  g a v e  a  s o lid  (0 .0 7 8  g . )  w h ic h  a f t e r  tw o  c r y s ta l l i z a 
t io n s  f ro m  e t h e r  a f fo rd e d  1 9 -h y d ro x y p r o g e s te ro n e  ( V i l l a ) ,  m .p .
1 6 8 - 1 7 0 ° ;  v 3 6 4 0  ( n o n b o n d e d  O - H ) ,  3 4 6 0  ( b o n d e d  O - H ) ,  1700  
(C -2 0  k e to n e ) ,  1662  (A 4- 3 - k e to n e )  c m . - 1 ; Xma* 24 3  u p t  (e  1 5 ,0 0 0 ) . 
R e p o r t e d 2“ m .p .  1 7 0 - 1 7 1 ° ;  Xma* 2 4 2  m,u (e 1 2 ,9 0 0 ) .

B . F r o m  T r io l  V ic .— T o  a  s o lu t io n  o f  t r i o l  V ic  ( 0 .5 0  g . )  in  
d r y  to lu e n e  (4 0  m l . )  a n d  c y c lo h e x a n o n e  (8 .0  m l . )  w a s  a d d e d  a  
s o lu t io n  o f  a lu m in u m  is o p ro p o x id e  (0 .8  g . )  in  d r y  to lu e n e  (1 0  
m l . ) .  T h e  r e a c t io n  m ix tu r e  w a s  re f lu x e d  fo r  4  h r . ,  c o o le d , a n d  
w a s h e d  w i th  d i l u t e  h y d r o c h lo r ic  a c id ,  s o d iu m  b ic a r b o n a te  s o lu 
t i o n ,  a n d  w a t e r .  T h e  o rg a n ic  l iq u o r  w a s  s t e a m  d is t i l l e d  a n d  th e  
r e s id u e  w a s  e x t r a c t e d  w i th  e t h e r  a n d  w o r k e d  u p  in  t h e  u s u a l  w a y .  
C h r o m a to g r a p h y  o f  t h e  c r u d e  p r o d u c t  o n  a  c o lu m n  o f  F lo r i s i l26 
(2 0  g . )  g a v e ,  o n  e lu t i o n  w i t h  m e t h a n o l - e t h e r  ( 1 : 1 9 ) ,  a  s o lid  
(0 .0 8 8  g . )  w h ic h  a f t e r  c r y s t a l l i z a t i o n  f ro m  a c e t o n e - e t h e r  h a d  m .p .

1 5 0 - 1 5 5 ° ;  Xmax 2 4 3  (c  1 2 ,0 0 0 ) .  A n  in f r a r e d  s p e c t r u m  o f  t h i s  
s a m p le  w a s  e s s e n t ia l ly  id e n t i c a l  w i th  t h a t  o f  V i l l a  o b t a in e d  b y  
m e th o d  A . T . l . c  ,19 o f  t h i s  m a t e r i a l  w i th  t h e  p r o d u c t  o b t a in e d  b y  
m e th o d  A  s h o w e d  a  m a jo r  s p o t  a t  t h e  s a m e  Rt v a lu e  a s  t h a t  o f t h e  
l a t t e r  s u b s ta n c e .

6 -M e th y lp re g n -5 -e n e -3 ,3 ,1 9 ,2 0 ,3 - tr io l  ( V Id ) .— T o  a  s o lu t io n  of 
o x id e  I V b  ( 1 8 .5  g . )  i n  a c e t ic  a c id  (5 0 0  m l .  a n d  a c e t ic  a n h y d r id e  
(2 5 0  m l .)  w a s  a d d e d  p - to lu e n e s u lf o n ic  a c id  ( 1 .5 7  g .)  a n d  t h i s  w a s  
s t i r r e d  a t  ro o m  t e m p e r a t u r e  f o r  4 4  h r .  T h e  s o lu t io n  w a s  t h e n  
d i lu t e d  w i th  m e th a n o l  a n d  s u b s e q u e n t ly  e v a p o r a t e d  t o  d r y n e s s .  
T h e  r e s id u e  w a s  t a k e n  u p  in  e t h e r  a n d  w o r k e d  u p  i n  t h e  u s u a l  
w a y  t o  g iv e  a  s i r u p  (2 0 .6  g .)  w h o s e  in f r a r e d  s p e c t r u m  in d ic a te d  
t h e  a b s e n c e  o f  t h e  c h a r a c t e r i s t i c  o x id e  b a n d  (1 4 9 6  c m . - 1 ). T h is  
s i r u p  w a s  d is s o lv e d  in  m e th a n o l  (3 0 0  m l . ) ,  a n d  a  s o lu t io n  of 
p o ta s s iu m  h y d r o x id e  (2 0  g .)  i n  5 0 %  a q u e o u s  m e th a n o l  (2 4 0  m l . )  
w a s  a d d e d  t o  i t .  T h e  s o lu t io n  w a s  re f lu x e d  f o r  5 h r .  a n d  s o lv e n t  
w a s  r e m o v e d  u n t i l  c r y s ta l l i z a t io n  s e t  i n .  A f te r  c o o l in g  t h e  m ix 
t u r e ,  t h e  p r e c ip i t a t e d  s o l id  (1 3 .1 5  g . ) ,  m .p .  2 0 2 - 2 0 4 ° ,  w a s  c o l
l e c te d  b y  f i l t r a t i o n . A n  a n a ly t i c a l  s a m p le  o b t a in e d  f ro m  a c e t o n e -  
h e x a n e  h a d  m . p .  2 0 3 - 2 0 4 ° ;  v ( s a t u r a t e d  s o lu t io n )  3 6 3 0  ( n o n 
b o n d e d  O - H )  c m . - 1 .

Anal. C a lc d .  f o r  C jJ L e O s  ( 3 4 8 .5 1 ) :  C ,  7 5 .8 1 ;  H ,  1 0 .4 1 . 
F o u n d :  C ,  7 5 .6 0 ;  H ,  1 0 .2 0 .

R e a c e ty l a t i o n  o f  t r i o l  V I d  ( 0 .5 0  g . )  w i t h  p y r id in e  ( 4 .0  m l . )  a n d  
a c e t ic  a n h y d r id e  ( 1 .5  m l .)  a f fo rd e d  a  s i r u p y  t r i a c e t a t e  V I b  w h o s e  
in f r a r e d  s p e c t r u m  w a s  id e n t ic a l  w i th  t h a t  o f  t h e  t r i a c e t a t e  o b 
ta in e d  a b o v e  b y  a c id  c a ta ly z e d  c le a v a g e  o f  t h e  o x id e  I V b .  T h is  
s i r u p  s lo w ly  c r y s ta l l iz e d  o v e r  p e t r o le u m  e t h e r  ( b . p .  3 0 - 6 0 ° )  a n d  
t h e  c r y s t a l s  (0 .4 0  g . ) ,  m .p .  1 0 2 -1 0 5 ° , w e re  c o l le c te d  b y  f i l t r a t i o n .  
A n  n . m . r .  s p e c t r u m  of t h i s  s o lid  w a s  i n  c o m p le te  a g r e e m e n t  w i th  
t h e  s t r u c t u r e  V I b .

O x id a t io n  o f  T r io l  V I d . A . W i th  C h ro m ic  A c id .— T o  a  s o lu 
t i o n  o f  t r i o l  V I d  (0 .8 0  g .)  i n  a c e to n e 26 (1 3 0  m l . )  c o o le d  t o  0 °  w a s  
a d d e d  8  N  c h ro m ic  a c id 29 s o lu t io n  ( 6 .2 5  m l . ) .  T h e  r e a c t i o n  m ix 
t u r e  w a s  s t i r r e d  a n d  a llo w e d  t o  r e a c h  r o o m  t e m p e r a t u r e .  E x c e s s  
c h ro m ic  a c id  w a s  d e s t r o y e d  w i th  m e th a n o l  a n d  t h e  s o lv e n ts  w e re  
r e m o v e d .  T h e  r e s id u e  w a s  t a k e n  u p  i n  c h lo r o fo r m  a n d  w o r k e d  
u p  in  t h e  u s u a l  w a y  t o  g iv e  a  s i r u p  ( 0 .7 0  g . ) ,  w h ic h  c r y s ta l l i z e d  
f ro m  c h lo r o f o r m - m e th a n o l  a s  c o lo r le s s  n e e d le s  o f  l a c to n e  X I H a  
(0 .2 9  g . ) ,  m .p .  1 9 0 - 1 9 8 ° .  A n  a n a l y t i c a l  s p e c im e n  f ro m  t h e  s a m e  
s o lv e n ts  h a d  m .p .  2 0 1 - 2 0 2 ° ;  [a ] — 7 0 ° ;  v 1 7 3 7  ( l a c to n e  c a r 
b o n y l ) ,  169 8  (C -2 0  k e to n e )  c m . - 1 ; Xmax 231  m ^i (e 3 3 5 0 ) .

Anal. C a lc d .  f o r  C 22H 30O 3 (3 4 2 .4 6 ) :  C ,  7 7 .1 5 ;  H ,  8 .8 3 . 
F o u n d :  C ,  7 7 .1 4 ;  H ,  8 .7 1 .

B .  W i th  P y r id in e - C h r o m ic  A c id .— A  p y r id in e - c h r o m ic  a c id  
c o m p le x  w a s  p r e p a r e d  f ro m  p y r id in e  (1 0 .0  m l . )  a n d  c h ro m ic  a c id  
( 1 .0  g . ) .  T o  i t  w a s  a d d e d  a  s o lu t io n  o f  t r i o l  V I d  ( 0 .5 0  g . )  in  
p y r id in e  (1 0  m l . ) ,  a n d  t h e  r e a c t io n  m ix tu r e  w a s  s t i r r e d  a t  ro o m  
t e m p e r a t u r e  o v e r n ig h t .  A f t e r  f i l te r in g  t h e  r e a c t io n  m ix tu r e  t h e  
f i l t r a t e  w a s  d i lu te d  w i th  w a t e r  a n d  e x t r a c t e d  w i t h  b e n z e n e .  T h e  
c o m b in e d  e x t r a c t s  w e re  w a s h e d  w i th  d i l u t e  h y d r o c h lo r ic  a c id ,  
s o d iu m  b ic a r b o n a te  s o lu t io n ,  a n d  w a te r  a n d  t h e n  d r i e d .  R e 
m o v a l  o f s o lv e n t  g a v e  a  b ro w n  o il ( 0 .3 5  g . )  w h o s e  i n f r a r e d  s p e c 
t r u m  w a s  e s s e n t ia l ly  i d e n t ic a l  w i th  t h a t  o f  l a c to n e  X I H a .  O n e  
c r y s ta l l i z a t io n  f ro m  c h lo r o f o r m - m e th a n o l  y ie ld e d  a  s u b s t a n c e  
(0 .1 5  g . ) ,  m .p .  1 8 9 - 1 9 6 ° ,  w h ic h  w a s  s h o w n  t o  b e  i d e n t i c a l  i n  a l l  
r e s p e c ts  t o  t h e  l a c to n e  X I H a .

3 8 - H y d ro x y -6 -m e th y lp re g n -5 -e n -2 0 -o n -1 9 -o ic  A c id  ( X lV a ) .—
L a c to n e  X I H a  ( 0 .8 8  g .)  w a s  d is s o lv e d  in  a  0 .1  N  e t h a n o l ic  s o d iu m  
h y d r o x id e  s o lu t io n  (9 0  m l . )  a n d  r e f lu x e d  fo r  2 .5  h r .  E t h a n o l  w a s  
r e m o v e d  a n d  t h e  r e s id u e  w a s  t a k e n  u p  in  w a t e r ,  c o o le d  in  a n  i c e -  
w a t e r  b a t h ,  a n d  a c id if ie d  w i t h  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id .  
T h e  p r e c i p i t a t e d  c a r b o x y l ic  a c id  X l V a  (0 .8 0  g . ) ,  m .p .  2 2 4 - 2 2 8 ° ,  
w a s  c o l le c te d  b y  f i l t r a t i o n .  A n  in f r a r e d  s p e c t r u m  ( N u jo l )  s h o w e d  
t h e  c h a r a c t e r i s t i c  h y d r o x y l  s t r e t c h in g  b a n d  (3 4 4 8  c m . -1 ) o f  a n  
a c id  a n d  c a r b o n y l  b a n d s  a t  1712  ( c a r b o x y l  g r o u p )  a n d  1 6 8 4  ( C -2 0  
k e to n e )  c m . -1 . T h e  a b o v e  m a te r i a l  w a s  r e p u r i f ie d  o n c e  t h r o u g h  
i t s  s o d iu m  s a l t  t o  g iv e  a  c r y s ta l l in e  s o lid  (0 .6 0  g . ) ,  m .p .  2 2 5 - 2 2 8 ° ,  
a n d  w a s  u s e d  in  t h e  fo llo w in g  e x p e r im e n t .

M e th y l  E s t e r  o f  C a rb o x y lic  A c id  X lV a .— T o  a  s o lu t io n  o f  c a r 
b o x y lic  a c id  X l V a  (0 .5 6  g . )  in  m e th a n o l ,  c o o le d  t o  0 ° ,  w a s  a d d e d  
e x c e s s  d ia z o m e th a n e  s o lu t io n  in  e t h e r  a n d  t h e  r e a c t io n  s o lu t io n  
w a s  k e p t  b e tw e e n  0 - 5 °  f o r  10  m in .  T h e  s o lv e n ts  a n d  e x c e s s  
d ia z o m e th a n e  w e re  r e m o v e d  u n d e r  n i t r o g e n  a tm o s p h e r e  a n d  t h e  
c r u d e  p r o d u c t  c r y s ta l l iz e d  f ro m  m e th a n o l  t o  g iv e  c o lo r le s s  c r y s t a l s  
o f  3 )3 -h y d ro x y -6 -m e th y lp re g n -5 -e n -2 0 -o n -1 9 -o ic  a c id  m e th y l  
e s t e r  ( X l V b ,  0 .6 0  g . ) ,  m . p .  1 8 5 - 1 9 1 ° .  S e v e r a l  c r y s t a l l i z a t i o n s  
f ro m  t h e  s a m e  s o lv e n t  g a v e  a n  a n a l y t i c a l  s a m p le ,  m .p .  1 9 5 - 1 9 6 ° ;  
[a] —6 0 ° ;  v 3 6 1 9  ( n o n b o n d e d  O - H ) ,  3 4 8 0  ( b o n d e d  O - H ) ,  1 7 1 7  
( e s t e r  c a r b o n y l ) ,  170 0  (C -2 0  k e to n e )  c m . - 1 .
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Anal. C a lc d .  fo r  C 23H 3,0 4  ( 3 7 4 .5 0 ) :  C ,  7 3 .7 6 ;  H ,  9 .1 5 . 
F o u n d :  0 , 7 4 . 0 1 ;  H ,  9 .3 8 .

6a-Methyl-19-hydroxypregn-4-ene-3,20-dione ( V l U b ) 33.— T o  a  
s o lu t io n  o f  t r io l  V I d  (1 5 .0  g . )  in  d r y  to lu e n e  (1 2 0 0  m l . )  a n d  c y c lo 
h e x a n o n e  (2 4 0  m l . )  w a s  a d d e d  a  s o lu t io n  o f  a lu m in u m  is o p ro p o x  - 
id e  (2 4  g . )  in  d r y  to lu e n e  (5 0  m l . ) ,  a n d  t h e  r e a c t io n  m ix tu r e  w a s  
re f lu x e d  fo r  3 .7 5  h r .  A f te r  c o o lin g  t h e  r e a c t io n  m ix tu r e  i t  w a s  
w a s h e d  w i th  d i l u t e  h y d r o c h lo r ic  a c id ,  s o d iu m  c a r b o n a te  s o lu t io n ,  
a n d  w a te r .  T h e  o rg a n ic  s o lu t io n  w a s  s t e a m  d is t i l le d  a n d  t h e  r e s i 
d u e  w a s  e x t r a c t e d  w i th  e th e r  a n d  w o r k e d  u p  in  t h e  u s u a l  w a y .  
T h e  c r u d e  p r o d u c t  ( 1 6 .0  g . )  w a s  c h r o m a to g r a p h e d  o n  a  c o lu m n 25 
o f  F lo r is i l  (4 5 0  g.) in  b e n z e n e .  E lu t i o n  w i th  b e n z e n e - e th e r  ( 9 : 1 )  
g a v e , a s  a  f i r s t  f r a c t i o n ,  a n  o il (1 .1  g . )  w h ic h  c r y s ta l l iz e d  s lo w ly . 
T w o  r e c r y s ta l l i z a t io n s  f ro m  a c e to n e - h e x a n e  g a v e  c o lo r le s s  n e e d le s  
(0 .3 1  g . )  o f  a  p h e n o l  ( X l X a  o r  b ) ,  m .p .  2 1 0 - 2 1 2 ° .  A n  
a n a ly t i c a l  s a m p le  f ro m  t h e  s a m e  s o lv e n ts  h a d  m .p .  2 1 9 - 2 2 0 ° ;  
[a] + 7 6 . 5 ° ;  v 3 6 2 5  ( n o n b o n d e d  O - H ) ,  3 4 2 0  ( b o n d e d  O - H ) ,  
169 6  (C -2 0  k e to n e ) ,  1592  ( a r o m a t i c  C = C  s t r e t c h in g )  c m . -1 ; 
Xmsx 2 8 4  mju (e  1 5 7 0 ).

Anal. C a lc d .  f o r  C 22I I 3(l0 2 (3 2 6 .4 6 ) :  C ,  8 0 .9 3 ;  H ,  9 .2 6 . 
F o u n d :  0 , 8 1 . 2 0 ;  H , 9 . 2 6 .

F u r t h e r  e lu t io n  w i t h  b e n z e n e - e th e r  ( 1 : 1 ) ,  e t h e r ,  a n d  e t h e r -  
m e th a n o l  ( 9 : 1 )  a f fo rd e d  a  s e m is o l id  w h ic h ,  o n  t r i t u r a t i o n  w i th  
e th e r ,  g a v e  6 a -m e th y l -1 9 - h y d ro x y p r e g n - 4 -e n e -3 ,2 0 - d io n e  ( V U I b ,
2 .6 5  g . ) ,  m .p .  1 5 9 - 1 6 1 ° .  A n  a n a l y t i c a l  s a m p le 31 f ro m  e t h e r  h a d  
m . p .  1 7 8 - 1 8 0 ° ;  [a] + 1 5 0 ° ;  v 3 6 4 0  ( n o n b o n d e d  O - H ) ,  3 4 4 0  
( b o n d e d  O - H ) ,  16 9 6  (C -2 0  k e to n e ) ,  1660  (A 4-3 -k e to n e )  c m . -1 ; 
Xmo* 24 2  m M (e 1 4 ,4 0 0 ) .

Anal. C a lc d .  f o r  C ^H -aC h  (3 4 4 .4 8 ) :  C ,  7 6 .7 0 ;  H ,  9 .3 6 . 
F o u n d :  C ,  7 6 .8 4 ;  H . 9 . 0 3 .

6a-Methyl-19-norpregn-4-ene-3,20-dione (XVII).— T o  a  so lu 
t io n  o f c h ro m ic  a n h y d r id e  (2.1 g .)  i n  p y r id in e  (5 0  m l . )  a n d  w a te r  
(2 5  m l .)  w a s  a d d e d  a  s o lu t io n  o f  a lc o h o l  V U I b  ( 1 .0  g . )  in  p y r id in e  
(3 0  m l .) ,  a n d  th e  r e a c t io n  s o lu t io n  w a s  s t i r r e d  a t  6 0 - 6 5 °  fo r  1 .5  
h r .  T h e  s o lu t io n  w a s  th e n  p o u r e d  in to  i c e - w a te r ,  e x t r a c t e d  w i th  
e th e r ,  a n d  w o rk e d  u p  in  t h e  u s u a l  w a y  t o  g iv e  a  s i r u p  (0 .8 0  g . ) .  
A n  in f r a r e d  s p e c t r u m  of t h i s  m a t e r i a l  h a d  a n  a b s o r p t io n  b a n d  a t  
2 7 3 0  ( a ld e h y d ic  C — H  s t r e t c h in g )  a n d  a n o th e r  n e w  b a n d  
( s h o u ld e r )  a t  1717  ( a ld e h y d e  c a r b o n y l )  c m . -1 .

T h e  a b o v e  m a t e r i a l  w a s  d is s o lv e d  in  m e th a n o l  (4 0  m l . )  a n d  
p o u r e d  i n to  4 %  a q u e o u s  s o d iu m  h y d r o x id e  s o lu t io n  (3 8 0  m l . ) ,  
a n d  th i s  w a s  s t i r r e d  a t  5 0 - 5 5 °  fo r  4 5  m in .  T h e  r e a c t io n  m ix tu r e  
w a s  c o o le d , e x t r a c t e d  w i th  e th e r ,  a n d  w o rk e d  u p  in  t h e  u s u a l  w a y  
t o  g iv e  t h e  c r u d e  p r o d u c t  (0 .6 9  g . ) .  O n e  c r y s ta l l i z a t io n  f ro m  
a c e to n e - h e x a n e  g a v e  a  s u b s ta n c e  (0 .3 5  g . )  w i th  m .p .  1 0 8 -1 1 0 ° . 
A n  a n a ly t i c a l  s p e c im e n  o b ta in e d  b y  s e v e r a l  r e c r y s ta l l i z a t io n s  
f ro m  th e  s a m e  s o lv e n ts  h a d  m .p .  1 1 3 .5 - 1 1 4 .5 ° ;  [a] + 9 7 ° ;  v 
170 0  (C -2 0  c a r b o n y l ) ,  166 5  (A 4- 3 -k e to n e )  c m . -1 ; Xmal 2 41  m/i
(e 1 6 ,0 0 0 ) .

Anal. C a lc d .  fo r  C 21H 30O 2 (3 1 4 .4 5 ) :  C ,  8 0 .2 1 ;  H ,  9 .6 2 . 
F o u n d :  C ,  8 0 .3 1 ;  H ,  9 .4 9 .

6-Methyl-19-hydroxypregna-4,6-diene-3,20-dione (XX).— A  
s o lu t io n  o f  6 a - m e th y l -6 d ,1 9 - o x id o p ro g e s te r o n e  ( I X b ,  2 .7  g . )  in  
a c e t ic  a c id  (8 0  m l .)  a n d  a c e t ic  a n h y d r id e  (4 0  m l . )  c o n ta in in g  p- 
to lu e n e s u lfo n ic  a c id  ( 0 .2 6  g . )  w a s  s t i r r e d  a t  ro o m  t e m p e r a t u r e  fo r

4 0  h r .  A f te r  d i lu t io n  w i th  m e th a n o l  t h e  s o lv e n ts  w e r e  r e m o v e d  
a n d  th e  r e s id u e  w a s  t a k e n  u p  in  e th e r  a n d  w o r k e d  u p  in  t h e  u s u a l  
w a y  t o  g iv e  a  p a le  b ro w n  s i r u p  (2 .8  g . ) .  A n  in f r a r e d  s p e c t r u m  
s h o w e d  b a n d s  a t  1732  ( a c e t a t e  c a r b o n y l ) ,  1 7 0 0 -1 6 6 0  (C -2 0  k e to n e  
a n d  A4-6- 3 - k e to n e ) ,  1 6 2 7 , 1585 (A 4 a n d  A6 d o u b le  b o n d s )  c m . -1 .

T o  a  s o lu t io n  o f  t h e  c r u d e  p r o d u c t  o b t a in e d  a b o v e  in  m e th a n o l  
(7 0  m l . )  w a s  a d d e d  a  s o lu t io n  o f  p o ta s s iu m  c a r b o n a t e  ( 6 .3  g . )  in  
w a te r  (5 0  m l . )  a n d  th i s  w a s  k e p t  a t  ro o m  t e m p e r a t u r e  u n d e r  
n i t ro g e n  o v e r n ig h t .  D i lu t io n  w i th  w a te r ,  e x t r a c t i o n  w i t h  e th e r ,  
a n d  w o rk in g  u p  in  t h e  u s u a l  w a y  y ie ld e d  a  p a le  y e l lo w  s i r u p  (2 .3 2  
g . ) .  T h is  w a s  c h r o m a to g r a p h e d  o n  a  c o lu m n 25 o f  F lo r i s i l  (8 0  g .)  
i n  b e n z e n e . E lu t io n  w i th  b e n z e n e - e th e r  ( 8 : 2  a n d  1 : 1 )  g a v e  a  
c o lo r le s s  o il ( 1 .5  g .)  w h ic h  c ry s ta l l iz e d  o v e r  e t h e r  t o  g iv e  p r i s m s  
(0 .8 8  g . ), m .p .  1 1 4 -1 1 6 ° . A n  a n a ly t ic a l  s a m p le  f r o m  a c e t o n e -  
h e x a n e  h a d  m .p .  1 1 6 -1 1 7 ° ;  [a] + 1 6 0 ° ;  v 3 6 4 0  ( n o n b o n d e d  
O - H ) ,  3 4 6 5  ( b o n d e d  O - H ) ,  1697  (C -2 0  k e to n e ) ,  1 6 5 5  (A 4’6-3 -  
k e to n e ) ,  1623 a n d  1581 (A 4 a n d  A6 d o u b le  b o n d s )  c m . - 1 ; Xmal 
2 9 0  m ^ ( e  2 7 ,5 5 0 ) .

Arud. C a lc d .  f o r  C 22H 30O , ( 3 4 2 .4 6 ) :  C ,  7 7 .1 5 ;  H ,  8 .8 3 .  
F o u n d :  C ,  7 7 .2 9 ; H ,  8 .8 4 .

6-Methyl-19-norpregna-4,6-diene-3,20-dione (XXI).— A  so lu 
t i o n  o f  a lc o h o l  X X  (0 .6 8  g . ,  m .p .  1 1 4 -1 1 6 ° )  in  p y r id in e  (1 0  m l . )  
w a s  a d d e d  t o  a  s o lu t io n  o f  c h ro m ic  a n h y d r id e  ( 1 .5  g . )  in  w a te r  
(1 6  m l . )  a n d  p y r id in e  (3 3  m l . )  a n d  th i s  w a s  s t i r r e d  a t  7 4 °  ( b a t h  
t e m p e r a t u r e )  f o r  1 .5  h r .  T h e  r e a c t io n  s o lu t io n  w a s  c o o le d  a n d  
p o u r e d  i n to  1 0 %  h y d r o c h lo r ic  a c id  (2 0 8  m l . )  c o n ta in in g  c ru s h e d  
ic e . E x t r a c t io n  w i th  e th e r  a n d  w o r k in g  u p  in  t h e  u s u a l  w a y  g a v e  
a n  o il (0 .6 3  g . )  w h o s e  in f r a r e d  s p e c t r u m  s h o w e d  a b s o r p t io n  a t  
2 7 5 0  ( a ld e h y d ic  C — H  s t r e t c h in g ) ,  a n d  1720  ( s h o u ld e r ,  a ld e h y d e  
c a r b o n y l)  c m . -1 .

T h e  o il w a s  d is s o lv e d  in  m e th a n o l  (1 4  m l . )  a n d  a d d e d  t o  a  4 %  
s o d iu m  h y d r o x id e  s o lu t io n  (1 5 3  m l . ) .  A f te r  s t i r r in g  a t  6 6 °  ( b a t h  
t e m p e r a t u r e )  fo r  1 h r . ,  t h e  c r u d e  p r o d u c t  (0 .3 0  g . )  w a s  i s o la te d  
b y  e x t r a c t io n  w i th  c h lo ro fo rm  a n d  w o rk in g  u p  in  t h e  u s u a l  w a y .  
T h is  m a te r i a l  w a s  c h r o m a to g r a p h e d  o n  a  c o lu m n  o f  s i l ic a  g e l25 
(1 5  g .)  in  b e n z e n e .  E lu t i o n  w i t h  b e n z e n e - e th e r  ( 9 : 1 )  g a v e  a  
s o lid  m a te r i a l  (0 .1 8  g . )  w h ic h  a f t e r  tw o  c r y s ta l l i z a t io n s  f ro m  a c e 
to n e - h e x a n e  a f fo rd e d  0 .0 8 3  g .  o f  s u b s t a n c e ,  m .p .  1 4 9 - 1 5 5 ° .  A n  
a n a ly t i c a l  s a m p le  f ro m  t h e  s a m e  s o lv e n t  p a i r  h a d  m .p .  1 5 5 -1 5 6 ° ;  
[a] + 1 1 5 ° ;  v 1697  (C -2 0  k e to n e ) ,  1 6 5 5 -1 6 5 0  (A 4.5- 3 -k e to n e ) ,  
1 6 2 2 , 1581 (A 4 a n d  A6 d o u b le  b o n d s )  c m . -1 ; Xmai  2 89  m n (e 
2 4 ,6 0 0 ) .

Anal. C a lc d .  fo r  C 2IH 280 2 (3 1 2 .4 4 ) :  C ,  8 0 .7 3 ;  H ,  9 .0 3 . 
F o u n d :  C ,  8 0 .9 7 ;  H ,  8 .8 8 .
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T h e  r e a c t io n  o f  c a r b o n  m o n o x id e  w i th  ¿ e rf-a lk y l a r o m a t i c  h y d r o c a r b o n s  l ia s  b e e n  s tu d ie d .  H ig h  y ie ld s  of 
« ,« '- d i a ) k y l  s u b s t i t u t e d  c a r b o x y l ic  a c id s  a r e  p r o d u c e d  b y  c le a v a g e  a n d  r e a c t io n  o f t h e  fe r / -a lk y l  f r a g m e n t  w i th  
c a r b o n  m o n o x id e .

The reaction of olefins with carbon monoxide and 
water to produce carboxylic acids has been studied 
extensively by Koch and co-workers.4’6 The car
bonylation goes readily at near room temperature under 
moderate carbon monoxide pressures in the presence of 
strong acid catalysts. Hydrolysis of the intermediate 
product-catalyst complex results in high yields of 
carboxylic acids. Friedman and Cotton6 recently pub
lished a work on carbonylation using anhydrous hydro
gen fluoride as catalyst. During the course of this 
study they showed that ferf-butylbenzene undergoes 
reactive cleavage in the presence of hydrogen fluoride 
and carbon monoxide to produce moderate yields of 
benzene and trimethylacetic acid. The reactive cleav
age of ¿erf-alkyl aromatic hydrocarbons under car
bonylation conditions using boron trifluoride mono
hydrate as catalyst has been studied in more detail in 
this laboratory. High yields of the aliphatic acids 
expected from addition of carbon monoxide to the 
tertiary carbonium ions resulting from alkyl group 
cleavage were produced.

When catalyst is used in molar excess, yields ap
proach the theoretical. Results of carbonylation of 
selected ¿erf-alkyl aromatic hydrocarbons using a 
boron trifluoride monohydrate/aromatic hydrocarbon 
ratio of 2 are shown in Table I. I t is seen that even 
under these relatively mild conditions conversions are 
excellent and selectivities for the expected aliphatic

T a b l e  I

C a r b o n y l a t io n  o f  /«/ I-A l k y l  A r o m a tic  H y d r o c a r b o n s  

C o n d i t io n s :  C O  p r e s s u r e  5 0 0  p .s . i .g .
T e m p e r a tu r e  2 5 °
R e a c t io n  t im e  2 h r .
B F 3-H ü O /h y d ro c a rb o n  2 . 0  (A f)

E x p t .

P lydro-
ca rb o n

co n v e rted ,
Y ield

of

Y ield  of 
p a re n t 
h y d ro 

no. H y d ro c a rb o n % acid® carbon®

1 l ,3 - D im e th y l - 5 - f e r f -b u ty l -
b e n z e n e 9 3 .0 8 9 .5 9 8 . 4 6

2 1,3 - D im e th y l- 5 - ie r / - p e n ty l -  
b e n z e n e 7 2 .2 9 7 .5 9 9 . 7b

3 l- M e th y l - 5 - f e r f - p e n ty l -
b e n z e n e 7 4 .9 9 7 .9 9 9 .7C

4 f e r i - B u ty lb e n z e n e 4 6 .3 7 8 .9 9 5 .7 ' '
a M o le  % o n  a r o m a t i c  c o n v e r te d . b meta-Xy le n e . 3 T o lu e n e .

d B e n z e n e .

(1) P re s e n t a d d re ss : U n iv e rs ity  of T e x as  M ed ica l School, G a lv e sto n , T ex .
(2) P re s e n t a d d re ss : M a ra th o n  O il C o m p a n y  D en v e r  R esea rch  C en te r , 

L i tt le to n , Colo.
(3) P re s e n t  ad d re ss : D e p a r tm e n t  of C h em is try , L o u isian a  S ta te  U n iv e r

s ity , B a to n  R ou g e , La.
(4) H . K och , R i v .  C o m b u s t . ,  10, 77 (1956); B r e n n s t o f f - C h e m . ,  36 , 321 

(1956).
(5) H . K och , U . S. P a te n t  2 ,831,877 (A p ril 22, 1958); B elg ian  P a te n t  

518,682 (M arch  4 , 1955).
(6) B . S. F r ie d m a n  a n d  S. M . C o tto n , J .  O r g .  C h e m . ,  27 , 481 (1962).

acids and the cleaved aromatic hydrocarbons are high. 
Of the ¿erf-alkyl aromatic hydrocarbons studied, it is 
apparent that 1,3-dime thy 1-5-ferf-butylbenzene gives 
the highest conversions and that fert-pentyl aromatics 
were converted to a lesser extent than the ¿erf-butyl 
homologs.

Lowering the catalyst to hydrocarbon ratio to one 
reduced conversions. This effect is shown in Table
II. I t is apparent that a molar excess of catalyst over 
hydrocarbon is required for high conversions. Since 
catalyst is tied up as a complex with the carbonylation 
product, the excess acid is likely necessary to cause 
cleavage to proceed to near completion; alkyl group 
cleavage is likely necessary before carbonylation can 
occur.

T a b l e  I I

C a r b o n y l a t io n  o f  l,3 -D iM E TH Y L -5 -fe rf-B u TY LB E N ZE N E

C o n d i t io n s :  C O  p r e s s u re 5 0 0  p .s . i .g .
T e m p e r a tu r e 2 5 °
R e a c t io n  t im e 2  h r .

E xp t. no. l 5 6

B F 3'H 20 / h y d r o c a r b o n  ( i l i ) 2 . 0 1 . 0 0 ..5
H y d r o c a r b o n  c o n v e r te d 9 3 .0 5 8 .6 3 0 ..0
Y ie ld  o f t r im e th y la c e t ic  a c id “ 8 9 .5 9 7 .9 9 1 ..7
Y ie ld  o f m e ta -x y le n e “ 9 8 .4 9 7 .0 9 2 ..6

“ M o le  %  o n  h y d r o c a r b o n  r e a c t in g .

The high selectivity of the carbonylation of ¿erf- 
alkyl aromatic hydrocarbons is believed to be due to the 
alkylation-dealkylation equilibrium as illustrated with

+ c —c - c  
+

CO 

—2

oc
I / /  

c - c - c  + 
I

c

ferf-butyltoluene. Since the equilibrium for reaction 
1 lies far to the left under conditions employed in this 
study, it is apparent that ¿erf-butyl ions are fed into the 
system only at the rate that they are consumed by the 
carbonylation reaction. Polymerization, which is a 
major side reaction in carbonylation of branched ole
fins, is not significant here since the carbonium ion 
concentration is regulated by the position of equilibrium 
1. For this reason maintenance of a low olefin or ¿erf- 
alkyl ion concentration results in high selectivities for 
acid formation.

To illustrate this, a series of runs was made in which 
carbonylation of a ¿erf-alkyl aromatic, an isoolefin in 
presence of an aromatic, and an isoolefin alone were 
compared using a catalyst to alkyl group ratio of one. 
In Table III the yields of trimethylacetic acid produced
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T a b l e  I I I

E f f e c t  o f  tert-Bu t y l  S o u r c e  

C o n d i t io n s :  C O  p r e s s u r e  5 0 0  p .s . i .g .
T e m p e r a tu r e  2 5 °
T im e  2  h r .

E x p t . no . 5 7 8

H y d r o c a r b o n  c h a r g e d  (m o le s )
l ,3 -D im e th y l - 5 - ¿ e r¿ -b u ty lb e n z e n e 4 .0 1
m e ta -X y le n e 3 .8 6
2 - M e th y lp r o p e n e 3 .8 0 3 .8 9

B F 3-H 20  c h a r g e d  (m o le s ) 4 .0 0 3 .8 0 3 .8 9
fe r i - B u ty l  g ro u p s  c o n s u m e d

(m o le  % ) “ 5 8 .6 6 1 .3 1 0 0 .0
S e le c t iv i ty  fo r  t r im e th y la c e t ic  a c id 6 9 7 .9 4 9 .7 3 6 .5
l ,3 - D im e th y l - 5 - /e r i - b u ty lb e n z e n e

r e c o v e r e d “ (m o le  % ) 4 1 . 4 ' 1 1 .6 rf

“ T h a t  r e a c t in g  to  f o rm  p r o d u c t s  o th e r  t h a n  l ,3 - d im e th y l - 5 -  
le r f -b u ty lb e n z e n e . 6 C a lc u la te d  o n  ie r i - b u ty l  g r o u p s  r e a c t in g  a s  
in  a. c U n c h a n g e d .  d F o r m e d  b y  r e a c t io n .

by carbonylation of l,3-dimethyl-5rferf-butylbenzene 
are compared with those produced by direct carbonyla
tion of 2-methylpropene alone and in the presence of 
meta-xylene. In the case of the latter two runs the 
olefin was fed slowly into the reaction vessel containing 
the other reactants in order to minimize polymerization, 
whereas the l,3-dimethyl-5-fert-butylbenzene was all 
charged at once. The tert-alkyl aromatic hydrocarbon 
gave higher yields of acid than either the olefin with 
meta-xylene or the olefin alone. In the latter cases 
the 2-methylpropene not going to acid was largely 
lost to polymer, while with l,3-dimethyl-5-feri-butyl- 
benzene the ¿erf-butyl groups not converted to car
boxylic acid were retained on the aromatic ring.

Several catalysts other than boron trifluoride mono
hydrate were tested for this reaction but were found to 
be ineffective. These included phosphoric acid, sul
furic acid, and methanesulfonic acid. Although an
hydrous hydrogen fluoride was not tried, it would be 
expected to be an effective catalyst in light of the paper 
by Friedman and Cotton.

Carbonylation of isopropylbenzene was attempted 
using boron bifluoride monohydrate catalyst, under 
the conditions of Table I, but not even the odor of 
isobutyric acid was detectable. Friedman and Cotton 
were equally unsuccessful in carbonylation of iso
propylbenzene in the presence of hydrofluoric acid. 
This is likely due to the failure of the isopropyl group 
to cleave under the conditions used.

Due to the specificity of this reaction for ¿erf-alkyl 
groups, it may find utility not only as a method for 
synthesis of acids, but also as a degradative method of 
structure determination.

E x p e r im e n ta l

C a ta ly s t s  a n d  R e a c t a n t s .— T h e  b o r o n  t r i f lu o r id e  m o n o h y d r a te  
c a t a l y s t  w a s  p r e p a r e d  b y  s a t u r a t i n g  d e io n iz e d  w a te r  w i th  a n 
h y d r o u s  b o r o n  t r i f lu o r id e  a t  a b o u t  r o o m  t e m p e r a tu r e  a s  p r e 
v io u s ly  d e s c r ib e d .7 T h e  c a r b o n  m o n o x id e  u s e d  w a s  a  c o m m e rc ia l  
p r o d u c t  o f  t h e  M a th e s o n  C o m p a n y .

l ,3 - D im e th y l - 5 - to d - b u ty lb e n z e n e  w a s  p r e p a r e d  b y  a lk y la t in g  
meta-xy le n e  ( 9 5 % )  w i th  t e c h n ic a l  g r a d e  ( 9 8 % )  d i i s o b u ty le n e  
( P e t r o - T e x  C h e m ic a l  C o .)  a t  3 0 °  u s in g  b o r o n  t r i f lu o r id e  m o n o 
h y d r a t e  a s  c a t a l y s t .  T h e  a lk y l a t e  p r o d u c t  w a s  s e p a r a te d  b y  
f r a c t i o n a t io n  u s in g  a  1 in .  X 4  f t .  P o d b ie ln ia k  H y p e r c a l  c o lu m n  
a t  a  2 0  t o  1 re f lu x  r a t i o .  A n a ly s is  b y  g a s  c h r o m a to g r a p h y  in d i 
c a t e d  a  p u r i t y  o f  9 8 .9 %  1 ,3 - d im e th y l -5 - te r f - b u ty lb e n z e n e  w i th  
0 .7 %  p a r a - ie r t - b u ty le th y lb e n z e n e  a n d  0 .4 %  lert-butyl-ortho- 
x y le n e  a s  t h e  m a in  im p u r i t i e s .

T h e  tert- p e n ty l  a r o m a t ic s  w e re  p r e p a r e d  b y  a lk y l a t i n g  th e  
p a r e n t  a r o m a t ic  w i th  2 - c h lo r o - 2 - m e th y lb u ta n e  u s in g  a n  a lu m in u m  
c h lo r id e  c a t a l y s t  a n d  f r a c t i o n a t io n  a s  d e s c r ib e d  a b o v e .

P u r e  g r a d e  (9 9  m o le  %  m in im u m )  is o p r o p y lb e n z e n e  a n d  p u r e  
g r a d e  f e r t - b u tv lb e n z e n e  f ro m  P h i l l ip s  P e t r o le u m  C o . w e re  u s e d  a s  
r e c e iv e d .

E x p e r im e n ta l  P r o c e d u r e .— A ll e x p e r im e n ta l  w o r k  w a s  c a r r ie d  
o u t  i n  a  2-1. s t a in le s s  s te e l  a u to c la v e .  I n  e a c h  e x p e r im e n t  4  
m o le s  o f  ¿ e r i-a lk y l a r o m a t ic  w a s  c h a r g e d  a n d  s u f f ic ie n t  c a t a l y s t  
a d d e d  t o  g iv e  t h e  d e s i r e d  c a t a l y s t / h y d r o c a r b o n  m o le  r a t i o .  
I n  a  t y p i c a l  e x p e r im e n t  3 4 3  g . (4  m o le s )  o f c a t a l y s t  a n d  6 4 9  g . 
(4  m o le s )  o f  l ,3 -d im e th y l-5 -f< ? r i-b u ty lb e n z e n e  w e r e  c h a r g e d  t o  
t h e  r e a c to r .  C a r b o n  m o n o x id e  w a s  a d d e d  t o  a  t o t a l  r e a c to r  
p r e s s u r e  o f  5 0 0  p . s . i . g .  a t  2 5 °  a n d  s t i r r in g  w a s  s t a r t e d .  A t  th e  
e n d  o f  t h e  r u n  t h e  s y s te m  w a s  a l lo w e d  t o  s e t t l e  a n d  t h e  c a r b o n  
m o n o x id e  w a s  v e n te d  th r o u g h  a  D r y  I c e  t r a p .  T h e  c o n te n t s  o f 
t h e  r e a c to r  w e re  d r a in e d  in to  a  t a r e d  f la s k  a n d  w e ig h e d . W a te r  
(5 0 0  m l . )  w a s  a d d e d  w i th  s t i r r in g  t o  t h e  p r o d u c t - c a t a l y s t  m ix tu r e  
w i th  t h e  t e m p e r a t u r e  h e ld  b e lo w  2 5 ° .  T h e  a q u e o u s  p h a s e , w h ic h  
c o n ta in e d  n o  s ig n i f ic a n t  q u a n t i t y  o f  a c id , w a s  s e p a r a te d  a n d  d i s 
c a r d e d .  T h e  o rg a n ic  p h a s e  w a s  m a d e  b a s ic  w i t h  2 N  s o d iu m  
Iv y d ro x id e . T h e  p h a s e s  w e re  s e p a r a te d  a n d  th e  a q u e o u s  p o r t io n  
w a s  e x t r a c t e d  w i th  5 0 0  m l. o f p a r a - x y le n e ,  a n d  th e n  a c id i f ie d w i th  
d i l u t e  h y d r o c h lo r ic  a c id  u n t i l  a  p H  o f  le s s  t h a n  2  w a s  r e a c h e d .  
T h e  c a rb o x y lic  a c id ,  w h ic h  f o rm e d  a  s e p a r a te  l iq u id  l a y e r ,  w a s  
s e p a r a te d  b y  m e a n s  o f a  s e p a r a to r y  f u n n e l .  T h e  a q u e o u s  l a y e r  
w a s  e x t r a c t e d  w i t h  tw o  5 0 0 -m l. p o r t io n s  o f b e n z e n e  a n d  th e  
e x t r a c t s  w e re  a d d e d  to  t h e  t r im e th y la c e t ic  a c id  p r o d u c t  p r e 
v io u s ly  s e p a r a te d .  T h e  m ix tu r e  w a s  d is t i l le d  t o  1 2 5 °  o v e r h e a d  
o n  a  s im p le  o n e - p la te  c o lu m n . T h e  p u r i t y  o f  t h e  p r o d u c t ,  in  
t h i s  e x a m p le  9 7 % ,  w a s  d e te r m in e d  b y  a c id  n u m b e r .

E x p e r im e n t s  in  w h ic h  i s o b u ty le n e  w a s  c a r b o n y la t e d  w e re  m a d e  
a s  d e s c r ib e d  a b o v e  w i th  t h e  i s o b u ty le n e  b e in g  c h a r g e d  a t  a  c o n 
s t a n t  r a t e  t h r o u g h o u t  t h e  r u n  b y  m e a n s  o f a  R u s k a  p u m p .

(7) R . J . Lee, H . M . K n ig h t, a n d  J . T .  K elly , I n d .  E n g .  C h e m . ,  50, 1001 
(1958).
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T h e  s c o p e  o f t h e  c o n d e n s a t io n  o f  c a r b o n y l  c o m p o u n d s  w i th  b r o m o m a lo n o n i t r i le  a n d  io d id e  io n  t o  p r o d u c e  
te t r a c y a n o c y c lo p r o p a n e s  ( W id e q v is t  r e a c t io n )  h a s  b e e n  e x p lo re d . T h e  r e a c t io n  is  r a p id  a n d  g iv e s  g o o d  y ie ld s  
w i th  a ld e h y d e s .  W i t h  m e th y l  k e to n e s  t h e  y ie ld  f a l l s  off a s  t h e  o th e r  a lk y l  g r o u p  is  a l t e r e d  in  o r d e r  m e th y l  >  
e t h y l  >  i s o p r o p y l  >  ¿ -b u ty l,  t h e  l a t t e r  ( p in a c o lo n e )  g iv in g  n o  p r o d u c t .  B ic y c lo p r o p y l  d e r iv a t iv e s  c a n  b e  m a d e  
f r o m  c y c lo p r o p a n e c a r b o x a ld e h y d e  o r  m e th y l  c y c lo p r o p y l  k e to n e .  2 - P e n ta n o n e  g a v e  3 ,3 - d i e t h y l - l , l , 2 ,2 - t e t r a -  
c y a n o c y c lo p r o p a n e  in  m o d e s t  y i e l d ; lo n g e r  c h a in  i n t e r n a l  k e to n e s  (i.e., d i - n - a m y l  k e to n e )  d id  n o t  r e a c t .  T h e  
r e a c t io n  is  g e n e r a l  f o r  p r e p a r in g  s p i r o  c o m p o u n d s  o f  t h e  t y p e

w h e re  n — 4 - 9 ,  b u t  fa ils  f o r  l a r g e r  r in g s .  T h e  c y c lo p r o p a n e  h y d r o g e n  in  m o n o a lk y l -  o r  a r y l t e t r a c y a n o c y c lo -  
p r o p a n e s  a p p e a r s  a t  a b n o r m a l ly  lo w  fie ld s , a n d  a  p o s s ib le  r a t i o n a l iz a t i o n  is  o f fe re d  in  t e r m s  o f  t h e  a n i s o t r o p y  
o f  t h e  n i t r i l e  g r o u p .

Introduction
The synthesis of tetracyanocyclopropanes from car

bonyl compounds, bromomalononitrile, and iodide ion2 
is known3 as the Wideqvist reaction. Although there 
are no mechanistic studies of the reaction, it is likely 
that it involves a series of equilibria such as those 
shown.4 The reaction normally is carried out by add-

R i ^
r .— o

4“
R i \  / O H  BrCH(CN)2 R l \  / 0 H 2  

-  c  -------------------^  C

r/
+

r /  XC B r ( C N ) 2 r /  XC B r ( C N ) 2
+

B r C H ( C N ) 2 B r C ( C N ) 2

C N I1'

RX
_ C N  x r

+  B r~ « -- ( )2 R iR 2C = C ( C N ) 2 +  I B r  +  H 20
l i / - C N

C N

ing aqueous potassium iodide to the aldehyde or ketone 
and bromomalononitrile at room temperature, using 
water, aqueous alcohol, or an excess of the carbonyl com
pound as solvent. Tetrahydrofuran was used as the 
solvent to prepare the parent member of the series 
(R i =  R 2 =  H ) .6

A summary of Wideqvist’s investigations into the 
scope of the reaction is given in Table I. A number of 
his preparations were carried out under identical con-

(1) W e a re  in d e b te d  to  th e  d o n o rs  of th e  P e tro le u m  R esea rc h  F u n d , 
A m erican  C h em ica l S ocie ty , fo r  fin an c ia l s u p p o r t (g ra n t 488-C ).

(2) (a) S. W id eq v is t, A r k i v .  K e m i ,  M i n e r a l .  G e o l . ,  20B } N o , 4, 8  (1945); 
(b ) L . R a m b e rg  a n d  S. W id eq v is t, i b i d . ,  12A , N o . 22, 12 (1937).

(3) H . H a r t  a n d  F . F re e m a n , J .  A m .  C h e m .  S o c . ,  in  p ress .
(4) B ro m o m alo n o n itr ile  is  a n  a c id  w ith  a  pA"a ~ 5  (R . G . P e a rs o n  a n d  

R . L . D illon , i b i d . ,  75 , 2439 (1953)), c e rta in ly  s tro n g  enough  fo r th e  p ro 
to n a tio n  of th e  f irs t co n d e n sa tio n  p ro d u c t . T h is  m ech an ism , su g g es ted  b y  
a  re fe ree , g a in s  s u p p o r t from  th e  o b se rv a tio n  t h a t  eq u im o la r a m o u n ts  of 
iso p ro p y lid en e  m a lo n o n itr ile  a n d  b ro m o m a lo n o n itr ile  in  aq u e o u s  e th a n o l 
g a v e  a  h ig h  y ie ld  o f 3 ,3 -d im e th y l- l ,l ,2 ,2 - te tra e y a n o c y e lo p ro p a n e  in  a  few  
m in u te s  a t  ro o m  te m p e ra tu re  (u n p u b lish e d  re su lts  w ith  Y o o n  C . K im ).

(5) R . M . S crib n e r, G, N . S au sen , a n d  W . W . P r ic h a rd , J .  O r g ,  C h e m . ,  

25, 1440 (1960). W id e q v is t2® h a d  failed  to  iso la te  a  p ro d u c t u s in g  aq u e o u s  
alcoho l.

T a b l e  I

A  S u m m a r y  o f  P r e v i o u s  P r e p a r a t i o n s  o f  
T e t r a c y a n o c y c l o p r o p a n e s  b y  t h e  W i d e q v i s t  R e a c t i o n “ '6

Ri R 2
Yield,

%
c h 3 c h 3 7 0
c h 3 c h 3c h 2 68
c h 3 c 6h 6c h 2 39°
c h 3 m- C 6H ,3 3 0 c
c h 3 c 6h 5 14”

— ( C H s )3— 92"
H H 6 8 “
H c h 3 7 0
H c 6h 5 80°
H F u r f u r y l 5 9 '

0 A ll d a t a  a r e  t a k e n  f r o m  r e f .  2 a  e x c e p t  t h e  f o r m a ld e h y d e  
p r o d u c t ,  f o r  w h ic h  se e  r e f .  4 .  b T h e  fo llo w in g  c o m p o u n d s  f a i le d  
t o  g iv e  t e t r a c y a n o c y c lo p r o p a n e s :  m e th y l  « - n a p h t h y l  k e to n e ,
m e s i ty l  o x id e , a c e to l ,  b e n z o p h e n o n e ,  « - h y d r o x y a c e to p h e n o n e ,  
a n d  q u in o n e .  c T h e s e  r e a c t io n s ,  a s  w e ll  a s  t h e  u n s u c c e s s fu l  
o n e s  in  f o o tn o te  6 , w e re  a l l  c a r r ie d  o u t  u n d e r  s im i la r  c o n d i t io n s  
( 1 .5  g . o f  b r o m o m a lo n o n i t r i l e  a n d  1 g . o f  c a r b o n y l  c o m p o u n d  
w e r e  d is s o lv e d  in  10  m l.  o f  a lc o h o l  a n d  t r e a t e d  a t  r o o m  t e m p e r a 
t u r e  w i th  a  s o lu t io n  o f  3 .5  g . o f  p o ta s s iu m  io d id e  in  10  m l.  o f  
w a te r .  T h e  p r o d u c t  w a s  f i l t e r e d  a f t e r  a  fe w  m in u te s  t o  a  fe w  
h o u r s ,  a n d  r e c r y s ta l l i z e d  f ro m  a q u e o u s  a c e to n e  o r  a lc o h o l) .

ditions and give an indication of structural effects on the 
yield.

The present paper demonstrates with additional ex
amples the generality of the Wideqvist reaction, and 
also points up some of its limitations. The n.m.r. 
spectra of Wideqvist products derived from aliphatic 
aldehydes confirm the presence of a cyclopropane ring, 
and the unusually low field at which these hydrogens 
appear, in relation to model acyclic compounds, is 
discussed.

R e s u lts

A summary of tetracyanocyclopropanes prepared in 
the present work is given in Table I I .  The yields 
shown in the table are not necessarily optimum; a 
number of the preparations were carried out under 
identical, though not necessarily optimum, conditions, 
in order to compare the effect of structural changes on 
yield.
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T a b l e  I I

T e t r a c y a n o c y c l o p r o p a n e s  P r e p a r e d  i n  t h e  P r e s e n t  W o r k

Ri R î

Yield,
% Method* M .p.. °C .& Formula c

—Calcd.— 
H N C

—•Found—
H N

H c h 3c h 2 7 2 .4 A 1 8 0 -1 8 7 ° C sH eN 63 52 3 . 5 5 3 2 .9 3 6 3 .3 4 3 .6 1 3 2 .8 0
H c h 3c h 2c h 2 7 5 .9 A 1 3 0 - 1 3 P
H ( C H 3)2C H 7 3 .2 A 1 7 2 .1 - 1 7 2 .8 c 10h 8n 4 65  20 4 .3 8 3 0 .4 2 6 5 .4 8 3 .9 9 3 0 .7 0
H C y c lo p r o p y l 9 3 .4 B 2 3 4 -2 3 5 C pjH iN h 6 5 .9 3 3 .3 2 3 0 .7 6 6 5 .7 9 3 .3 8 3 0 .8 7
H p-C IC Y H , 8 4 .0 B 2 4 0 -2 4 1 C 13H 6N 4C1 61 8 0 1 .9 9 2 2 .1 7 6 1 .8 7 2 .0 4 2 2 .0 0

H to- N 0 2C 6H 4 7 7 .2 B 2 4 5 -2 4 6 c ,3h 6n 6o 2 5 9 .3 2 1 .9 1 2 6 .6 1 5 9 .4 3 2 .0 4 2 6 .7 0
c h 3 c h 3c h 2c h 2 39 C 1 6 7 .5 - 1 6 8 c „ h 10n 4 6 6  65 5 .0 9 2 8 .2 7 6 6 .6 4 5 .1 1 2 8 .4 0
c h 3 ( C H 3)2C H 1 8 .3 C 1 8 7 -1 8 8 C n H jo N , 6 6 .6 5 5 .0 9 2 8 .2 7 6 6 .8 4 5 .2 7 2 8 .2 5
c h 3 C y c lo p ro p y l 2 .5 " C 1 9 4 -1 9 5 ' C iiH 8N 4 6 7 .3 3 4 .1 0 2 8 .5 5 6 7 .4 8 4 .0 6 2 8 .3 8
C H 3C H 2 c h 3c h 2 2 1 . 2 C 1 6 7 -1 6 8 C „ H , oN 4 6 6 .6 5 5 .0 9 2 8 .2 7 6 6 .5 6 5 .0 3 2 8 .2 5

— ( C H 2)3— 6 0 .4 B 2 2 1 - 2 2 1 . 5f c ,„h 6n 4 6 5 .9 3 3 .3 2 3 0 .7 6 6 5 .7 8 3 .3 0 3 0 .6 8
— ( C H 2)4— 7 6 .3 B 2 3 9 -2 4 0 ° C u H sN 4 6 7 .3 3 4 .1 0 2 8 .5 5 6 7 .1 9 3 .9 8 2 8 .6 2
— ( C H 2)6— 25 D 1 6 8 -1 6 9 c 13h 12n 4 6 9 .6 2 5 .4 0 2 4 .9 8 6 9 .4 2 5 .4 8 2 5 .0 0
— ( C H 2) r - 4 D 1 7 2 .5 - 1 7 3 C]4Hi4N4 7 0 .5 6 5 .9 2 2 3 .5 1 7 0 .6 8 6 .1 6 2 3 .6 5
— ( C H 2)8— 7 D 2 0 5 -2 0 6 C i&H]6N4 7 1 .4 0 6 .3 9 2 2 . 2 1 7 1 .4 7 6 .4 2 2 2 .2 5

a M e th o d  A : A  s o lu t io n  o f  7  g . o f  p o t a s s iu m  io d id e  i n  2 0  m l.  o f  w a te r  w a s  a d d e d ,  a t  r o o m  t e m p e r a t u r e ,  t o  0 .0 2  m o le  o f  c a r b o n y l  
c o m p o u n d  a n d  0 .0 4  m o le  o f  b r o m o m a lo n o n i t r i l e  i n  5 m l. o f  e th a n o l ,  s t i r r e d  f o r  3 0  m in . ,  a n d  t h e  p r o d u c t  f i l te r e d  a n d  r e c r y s ta l l iz e d .  
M e th o d  B :  S a m e  a s  A , e x c e p t  t h a t  0 .0 2  m o le  o f  b r o m o m a lo n o n i t r i l e  a n d  2 0  m l .  o f  e th a n o l  w e r e  u s e d .  M e th o d  C :  S a m e  a s  B , b u t  
r e a c t io n  t im e  in c r e a s e d  t o  1 2  h r .  M e th o d  D :  0 .0 1  m o le  o f  c a r b o n y l  c o m p o u n d ,  0 .0 2  m o le  o f  b r o m o m a lo n o n i t r i l e ,  10  m l.  o f  e th a n o l ,  
7  g . o f  p o ta s s iu m  io d id e  i n  10 m l.  o f  w a te r ,  r e a c t io n  t i m e  2 4  h r .  C o m p o u n d s  w h ic h  f a i le d  t o  r e a c t  b y  th e s e  p r o c e d u r e s  a r e  d is c u s s e d  
in  t h e  t e x t .  s A ll  w e re  r e c r y s ta l l i z e d  f r o m  9 5 %  e th a n o l ,  u n le s s  o th e r w is e  i n d ic a te d .  c T h is  c o m p o u n d  w a s  p r e p a r e d  p r e v io u s ly  b y  
t h e  a c t io n  o f  b r o m in e  o n  p r o p y l id e n e b is m a lo n o n i t r i l e  [R . P .  M a r ie l l a  a n d  A . J .  R o th .  I I I .  J. Org. Chem., 2 2 , 113 0  (1 9 5 7 )] ,  w h o  r e p o r te d  
a  m .p .  o f  1 9 7 ° . d P r e p a r e d  p r e v io u s ly  b y  a n  a l t e r n a t e  p r o c e d u r e  ( s e e  f o o tn o te  c ) , r e p o r t e d  m .p .  1 3 1 ° . e R e c r y s ta l l iz e d  f ro m  e th y l  
a c e t a t e .  1 R e c r y s ta l l iz e d  f ro m  a q u e o u s  a c e to n e .  s T h is  y ie ld  w a s  r a is e d  t o  1 4 %  u s in g  0 .0 2  m o le  o f  k e to n e ,  0 .0 4  m o le  o f  b r o m o m a lo n o 
n i t r i l e ,  2 0  m l .  o f  e th a n o l ,  a n d  8  m l. o f  s a t u r a t e d  a q u e o u s  p o ta s s iu m  io d id e , a l lo w in g  t h e  m ix tu r e  t o  s t a n d  f o r  1 2  h r . ,  t h e n  d i lu t in g  w i th  
w a te r  a n d  f i l te r in g .

The position and multiplicity of the cyclopropyl 
hydrogen in the n.m.r. spectra of several tetracyano
cyclopropanes prepared from aldehydes are given in 
Table III.

T a b l e  I I I

T h e  P o s i t i o n  o f  t h e  C y c l o p r o p y l  H y d r o g e n  i n  t h e  N . m .r . 

S p e c t r a  o f  S e v e r a l  T e t r a c y a n o c y c l o p r o p a n e s “

R r6 D escription

H 6 .5 3 S in g le t
c h 3 6 .4 9 Q u a r t e t
c h 3c h 2 6 .4 7 T r i p l e t
c h 3c h 2c h 2 6 .4 5 T r ip l e t
( C H 3)2C H 6 .5 0 D o u b le t
C y c lo p ro p y l 6 .7 5 C o m p le x
C 6H 5 5 .0 7 S in g le t
p - C l- C 6H 4 5 .1 0 S in g le t
to- N 0 2- C 6H 4 4 .7 7 S in g le t

“ C o m p le te  s p e c t r a  a r e  in  t h e  P h .D .  th e s is  o f  F i l lm o r e  F r e e 
m a n , M ic h ig a n  S t a t e  U n iv e r s i ty ,  1 9 6 2 . 6 M e a s u r e d  in  a e e to n e -  
dt, w i th  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  r e f e r e n c e :  se e  G . V . D .  
T ie r s ,  J. Phys. Chem., 6 2 , 1151 ( 1 9 5 8 ) .

D is c u s s io n

S co p e  o f th e  R e a c t io n .—In general, the yields of 
tetracyanocyclopropanes seem to depend on the extent 
of condensation of the carbonyl compound with bromo
malononitrile; i.e., structural changes in the carbonyl 
component affect the yields in a manner predictable 
from other carbonyl addition reactions.6 The entire 
equilibrium is not shifted to the production of tetra-

(6) See, for example, L. F. Fieser and M. Fieser, “ Advanced Organic 
Chemistry," Reinhold Publishing Corporation, New York, N. Y., 1961, 
p. 417.

cyanocyclopropane because iodide ion also directly 
reduces the uncombined bromomalononitrile.

Aliphatic and aromatic aldehydes react almost 
instantaneously, the yields being high after short 
reaction times at room temperature. Glycidaldehyde 
was the only aldehyde tried which did not give an 
isolable crystalline product, failure here probably 
being due to the multiplicity of products which might 
arise from attack of bromomalononitrile anion on the 
epoxide ring. Notable is the facile synthesis of a 
bicyclopropyl derivative (I) from cyclopropanecar- 
boxaldehyde.

C N
C N

C N

I  C N

Ketones generally reacted more slowly than al
dehydes. For a series of methyl ketones treated by an 
identical procedure (C, Table II), the yield decreased 
in order CH3 (58.2%) > CH3CH2 (46.2%) > CHSCIT- 
CH2 (39%) > (CH3)2CH (18.3%) >  (CH3)3C (0%). 
This fall-off may be rationalized in terms of electronic 
(inductive) or steric effects. That it is not entirely 
steric is shcwm by the poorer yield, under comparable 
conditions, from methyl cyclopropyl ketone (2.5%) 
than from methyl isopropyl ketone (18.3%). The 
carbonyl group in the latter is probably the more 
hindered sterically, but the partial positive charge on 
the carbonyl carbon is better dissipated by the cyclo
propyl group, thus decreasing the reactivity of the 
ketone to addition reactions.7 The poor yields with

(7) The effect is also apparent in a comparison of tiie relative rates of 
borohydride reduction of methyl isopropyl ketone [0.195; H. C. Brown and 
IC. Ichikawa, J .  A m .  C h e m .  S o c . ,  84, 373 (1962)], and methyl cyclopropyl 
ketone (0.015; H. C. Brown, private communication). The reference 
compound is acetone (1.0).
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methyl aryl ketones are also to be noted in this con
nection (Table I).

Cyclic ketones offer the possibility for producing 
spiro systems of the type II. Wideqvist2a had shown 
that good yields of II (n = 6) could be obtained from

cyclohexanone (92%, method B, Table II) and, as is 
seen from Table II, the reaction also goes extremely 
well for the smaller rings (II, n = 4, 5). This reaction 
constitutes perhaps as simple a synthesis of a spiro-
[2.3] hexane as is known; despite the inherent strain 
in this ring system, the reaction must attain an ap
preciable driving force from the conversion of the 
sp2 carbon of cyclobutanone to something which ap
proaches spd hybridization. The large difference often 
noted8 between cyclopentanone and cyclohexanone in 
carbonyl addition reactions is not apparent from the 
present studies based on yield. There is a sharp drop 
in the yield of tetracyanocyclopropane from cyclo- 
heptanone, which falls off even further for cyclo- 
octanone and cyclononanone. No product was obtained 
(method D, Table II) with larger rings (II, n = 10, 
12, 15). The last of these might be expected to be 
comparable in reactivity to an acyclic internal ketone, 
such as di-n-amyl ketone, which also gave no Wideqvist 
product.

The reaction is not limited to methyl or cyclic 
ketones; 3-pentanone gave a yield (method C) only 
moderately less than 2-pentanone (see Table II). 
But many other internal ketones failed to react (i.e., 
ethyl m-butyl ketone, diisopropyl ketone, dicyclo
propyl ketone, benzophenone).

T h e  N .m .r . S p e c tr a .—The multiplicity of the cyclo
propane hydrogen peaks in the n.m.r. spectra of tetra- 
cyanocyclopropanes prepared from aliphatic aldehydes 
clearly establishes their structures (quartet for R = 
CH3, triplets for R = CH3CH2 or CH3CH2CH2 and 
doublet for R = (CH3)2CH; see Table III). But the 
position of the aliphatic singlet in the n.m.r. of products 
from aromatic aldehydes does not exclude the alter
nate structure IV which conceivably could be obtained 
by a prototropic rearrangement of III. Indeed the 
methine proton in compounds analogous to IV (alkyli-

C N
I I I

C N

C — C N

A r —C %
C H ( C N ) 2

IV

denebismalononitriles) appears9 at 5.02-5.14 r, very 
close to the values for the last three compounds in 
Table III. Structure IV was unequivocally eliminated 
by comparison of the ultraviolet absorption spectrum 
of III (Ar = CgHg), which showed no absorption above 
300 m,ii, with that of benzylidinemalononitrile, a model 
for IV, which had Amax 306 mji U = 22,000) in ethanol.

The cyclopropane hydrogen in these compounds ap-
(8) M, S. Newman, “ Steric Effects in Organic Chemistry,”  John Wiley 

and Sons, Inc., New York, N . Y., 1956, p. 238.
(9) H. H art and F. Freeman, C h e m .  I n d .  (London), 332 (1963).

pears at appreciably lower field (1-1.5 r  units) than 
one might anticipate by comparison with acyclic 
models. Cyclopropane hydrogens often appear at 
higher field than their acyclic analogs, the difference 
being generally about 1 r unit (compare the cyclo
propane methylenes at 9.78 r  with the methylene of 
propane, at 8.75 r 10-12). An explanation for the 
shielding of cyclopropane hydrogens has been given10 11 12 
in terms of a ring current, with the ring protons lying 
within the radius of the precessing electrons (contrary 
to aromatic protons which are deshielded because of 
their location outside the ring current). Since the 
electronegativity effects13 of the nitrile groups on the 
resonance of the methylene protons in V and VI should 
be virtually identical, one might expect the methylene

^ C H ( C N ) 2
c h 2

' ' 'C t f f C N ) ; ,

V

/ C ( C N ) 2
c h 2 I

^ C ( C N ) 2

V I

of VI to appear at approximately 1 r unit higher than 
for V, due to the cyclopropane ring. In fact, the 
methylene protons in VI (6.53 r) appear at lower field 
than those of V (6.90 r 9).14 15 16 This must be the result 
of different geometries of the nitrile groups in V and 
VI with respect to the methylene protons. The rigid 
geometry of VI orients the nitriles in such a position 
that, due to the anisotropy of the carbon-nitrogen 
triple bond, the metl^lene protons will be de
shielded.16> 16 This explanation may also account
for the rather remarkable n.m.r. spectrum of cyclo
propyl cyanide, recently reported17 without comment. 
A methine hydrogen on the same carbon as a nitrile 
group should appear at about 7.2 t,18 whereas in cyclo
propyl cyanide all the protons show resonance between 
about 8.8 and 9.2 t,17 in a relatively unstructured band. 
The nitrile group should shield the methine proton but 
deshield the methylene protons, the result being that, 
coupled with the shielding effect of the cyclopropane 
ring itself, all the protons appear lumped together.

E x p e r im e n ta l

T h e  te t r a c y a n o c y c lo p r o p a n e s  l i s te d  in  T a b le  I I  w e re  p r e p a r e d  
f ro m  t h e  c o r re s p o n d in g  a ld e h y d e s  o r  k e to n e s  b y  p r o c e d u r e s  
d e s c r ib e d  in  t h e  f o o tn o te s  t o  t h e  t a b l e .  M e l t in g  p o in t s  a r e  
u n c o r r e c te d ,  y ie ld s  a r e  o f r e c r y s ta l l iz e d  p r o d u c t ,  a n d  a ll  a n a ly s e s  
w e r e  b y  S p a n g  M ic r o a n a ly t ic a l  L a b o r a to r y ,  P .O .  B o x  1 1 1 1 , 
A n n  A r b o r ,  M ic h ig a n .  T h e  n . m . r .  s p e c t r a  ( T a b le  I I I )  w e re  
r u n  o n  a  V a r ia n  M o d e l  A -6 0  in s t r u m e n t .

(10) L. M. Jackman, “Applications of Nuclear Magnetic Resonance 
Spectroscopy in Organic Chemistry,” Pergamon Press, London, 1959, p. 52.

(11) For other examples, see J. A. Pople, W. G. Schneider and H. J. 
Bernstein, "High-resolution Nuclear Magnetic Resonance,” McGraw-Hill 
Book Company, Inc., New York, N. Y., 1959, pp. 285, 289; also, M. C. 
Caserio, W. H. Graham, and J. D. Roberts, T e t r a h e d r o n , 11, 171 (1960), 
especially Fig. 3.

(12) K. B. Wiberg and B. J. Nist, J .  A m .  C h e m .  S o c . .  83, 1226 (1961).
(13) B. P. Dailey and J. N, Schoolery, i b i d . ,  77, 3977 (1955); A. A. 

Bothner-By and C. Naar-Colin, i b i d . ,  80, 1728 (1958).
(14) The effect is general. In the second and third compounds in Table 

III , the  cyclopropane hydrogen appears a t 6.49 and 6.45 r; the correspond
ing protons in ethylidene- and propylidenebismalononitriles, the acyclic 
analogs, appear a t  6.67 and 6.87 r, respectively.9

(15) See ref. 10, pp. 112-115, and particularly Fig. 7.4, for the regions of 
shielding and deshielding around a carbon-carbon triple bond.

(16) Attention has been called to  the importance of the anisotropy of the 
nitrile group in interpreting the spectrum of acrylonitriles; G. S. Reddy, 
J. H. Goldstein, and L. Mandell, J .  A m .  C h e m .  S o c . ,  83, 1300 (1961).

(17) H. Weitkamp, U. Hasserodt, and F. Korte, B e r . ,  95, 2280 (1962).
(18) The average value for the methylene protons in RCH 2CN is 7.35 ±

0.07r, from N. S. Bhacca, L. F. Johnson, and J. N. Shoolery, “ N M R Spectra 
Catalog,” Varian Associates, 1962, Spectra 58, 69, 106, 127.
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A  d i r e c t  s te r e o c h e m ic a l  c o r r e la t io n  b e tw e e n  m e n th o l  a n d  m e n th y la m in e  h a s  b e e n  e s ta b l is h e d  t h r o u g h  a  
s e q u e n c e  o f  s te re o s p e c if ic  r e a c t io n s  o n  a  m e n th a n e c a r b o x y l ic  a c id .  T h e  c o n f ig u ra t io n  o f  n e o is o m e n th y la m in e  
a n d  a  n e w  c o m p o u n d ,  n e o is o p in o c a m p h y la m in e ,  h a s  b e e n  d e te r m in e d  b y  t h e i r  p r e p a r a t io n  f r o m  i s o m e n th o l  a n d  
is o p in o c a m p h e o l,  r e s p e c t iv e ly ,  b y  r e a c t io n s  o f  k n o w n  s te r e o c h e m is t r y .

The stereochemistry of isomeric menthylamines was 
assigned by Read2 on the basis that the optical rotation 
of their derivatives fitted the principle of superposition 
and that there was a regular pattern in the behavior 
of the amines on treatment with nitrous acid.3 Sodium 
and alcohol reduction of ( —)-menthone and the cor
responding oxime leads predominantly to ( — )-menthol 
and (—)-menthylamine, respectively. Conformational 
analysis4 predicts analogous stereochemistry (equa
torial —OH and —NH2) for ( — )-menthol and ( —)- 
menthylamine. Similar arguments can be advanced 
for the stereochemistry of isomenthol and isomenthyl- 
amine. We wish to report here data that correlate 
more directly the absolute configuration of some ter- 
pene alcohols and amines.

Carbonation of the Grignard reagent from ( —)- 
menthyl chloride5 (II) has been reported to give two 
epimeric acids (III and IV), one of which is a crystalline 
solid. We have carried out this Grignard reaction in 
tetrahydrofuran medium and analyzed the resulting 
mixture of acids by vapor phase chromatography of the 
corresponding methyl esters; the crystalline acid III 
and its epimer IV were obtained in the ratio of 2:1. 
Since the crystallization of III was a very slow process, 
the mixture of isomers was used in the next reaction. 
Treatment with methyllithium produced a mixture 
of methyl ketones V and VI with an epimer ratio of 3:1. 
Equilibration with base converted this mixture to V, 
the more stable isomer (acetyl side chain in the equa-

(1) Part III , A. K. Bose, J .  O r g .  C h e m . ,  20 , 1010 (1955).
(2) J. Read and W. J. Grubb, J .  C h e m .  S o c . ,  313 (1934); N. L. MeNiven 

and J. Read, i b i d . ,  153 (1952).
(3) Also see A. K. Bose, E x p e r i e n i i a ,  9 , 256 (1953); J. A, Mills, J .  C h e m .  

S o c . ,  260 (1953).
(4) See, for example, H. S. Orloff, C h e m .  R e v . ,  54, 347 (1954).
(5) J. G. Smith and G. F. Wright, J .  O r g .  C h e m . ,  17, 1116 (1952).

torial position). Hypobromite oxidation of V to 
menthanecarboxylic acid produced the isomer III 
exclusively. Since this oxidation proceeds without 
inversion, III and V must correspond to each other in 
configuration. Baeyer-Villiger oxidation of V followed 
by hydrolysis led to ( —)-menthol. Schmidt reaction 
on III produced ( — )-menthylamine. Since both the 
Baeyer-Villiger oxidation and the Schmidt reaction 
are known to proceed with retention of configuration, 
the absolute configuration of (—)■-menthol (I), the 
carboxylic acid III, the methyl ketone V, and ( —)- 
menthylamine (VII) must be as represented in col. 1.

We have recently described6 a synthesis of axial 
amines by the following sequence.

NaNs
E q u a t o r i a l  a lc o h o l  — >- e q u a to r i a l  t o s y l a t e ----------->

in DM F 
2H

a x ia l  a z id e  — >  a x ia l  a m in e

The conversion of the tosylate to the azide is expected 
to proceed with Walden inversion7 and this expectation 
was borne out by the preparation6 of 3a-aminocholes- 
tane from 3/t-cholestanol and (-f-)-neomenthylamine 
from ( — )-menthol. Under similar reaction conditions 
we have prepared (+)-neoisomenthylamine from (+)- 
isomenthol (VIII). We can, therefore, write the abso
lute configuration IX for (-f)-neoisomenthylamine.

A 0 H  x k  NHa x  XI  XII
VIII IX

The only pinocamphylamine that appears to have 
been reported8 so far was obtained by the reduction of 
pinocamphone oxime with sodium and alcohol. Con
formation analysis predicts the stereostructure X for 
this isomer. We have prepared an amine via the 
tosylate and azide from (+)-isopinocampheol (XI).9 
The tosylate was found to be quite unstable and the 
poor yield (8%) of the amine obtained from this tos
ylate was obviously due to extensive decomposition 
prior to the formation of the azide. The n.m.r. spec
trum of the N-acetyl derivative of this amine showed it 
to be homogeneous. In the light of the observations 
made in the menthol series, the absolute configuration 
X II can be assigned to this amine which should be 
called (-f)-neoisopinocamphylamine in keeping with 
the general usage regarding terpene nomenclature.

(6) A. K. Bose, J. F. Kistner, and L. Farber, i b i d . ,  27, 2925 (1962).
(7) P. Brewster, F. Hiron, E. D. Hughes, C. K. Ingold, and P. A. D. S. 

Rao, N a t u r e ,  166, 178 (1950).
(8) O. Wallach and W. Rojahn, A n n . ,  313 , 367 (1900); L, Ruzicka and S. 

Pontalti, H e l v .  C h i m .  A c t a ,  7 , 489 (1924).
(9) H. C. Brown and G. Zweifel, J .  A m .  C h e m .  S o c . ,  81, 247 (1959).
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E x p e rim e n ta l

A ll m e l t in g  p o in t s  w e re  t a k e n  in  c a p i l l a r y  t u b e s  a n d  w e re  u n 
c o r r e c te d .  M ic ro a n a ly s e s  w e re  p r e p a r e d  b y  S c h w a r z k o p f  
M ic r o a n a ly t i c a l  L a b o r a to r y ,  W o o d s id e  7 7 , N e w  Y o r k ,  a n d  
A lf re d  B e r n h a r d t ,  M ik r o a n a ly t i s c h e s  L a b o r a to r iu m  im  M a x -  
P l a n c k - I n s t i t u t ,  M ü lh e im  ( R u h r ) ,  W e s t  G e r m a n y .  T h e  o p t ic a l  
r o t a t o r y  d is p e r s io n  s tu d ie s  w e re  m a d e  w i th  a  R u d o lp h  se lf-  
r e c o r d in g  s p e c t r o p o la r im e te r .  G a s  c h r o m a to g r a p h ic  s tu d ie s  
w e r e  m a d e  w i th  a  P e r k i n - E l m e r  v a p o r  f r a c to m e te r  u s in g  c o lu m n s  
A  (d i is o d e c y l  p h t h a l a t e )  a n d  K  ( C a r b o w a x  1 5 0 0 ) .

( — ) - M e n th y l  C h lo r id e  ( I I ) . — F o llo w in g  t h e  m e th o d  d e s c r ib e d  
b y  S m i th  a n d  W r ig h t ,5 ( — ) -m e n th o l  w a s  t r e a t e d  w i th  t h e  L u c a s  
r e a g e n t  t o  p r o d u c e  m e n th y l  c h lo r id e ,  n 20D 1 .4 6 1 5 . V a p o r  
p h a s e  c h r o m a to g r a p h y  ( v . p . c . )  i n d ic a te d  t h e  m a t e r i a l  t o  b e  
h o m o g e n e o u s .

p - M e n th a n e - 3 - c a r b o x y lic  A c id s  ( I I I  a n d  I V ) .— ( — ) - M e n th y l  
c h lo r id e  (2 0  g . )  in  10 m l .  o f t e t r a h y d r o f u r a n  w a s  a d d e d  o v e r  30  
m in .  t o  5 g .  o f  m a g n e s iu m  tu r n in g s  a n d  20  m l .  o f  t e t r a h y d r o f u r a n  
u n d e r  n i t r o g e n .  T h e  G r ig n a r d  r e a c t io n  w a s  b e s t  i n i t i a t e d  b y  
t h e  a d d i t io n  o f  a  fe w  p ie c e s  o f  m a g n e s iu m  t h a t  w e r e  v ig o r o u s ly  
r e a c t in g  w i th  e th y l  b r o m id e  a n d  a  c r y s t a l  o f  io d in e  in  a  s e p a r a te  
v e s s e l .  A f te r  re f lu x in g  fo r  a  f u r t h e r  h o u r ,  t h e  l iq u id  p h a s e  o f th e  
s o lu t io n  m ix tu r e  w a s  s ip h o n e d  o n to  2 0 0  g .  o f s o l id  c a r b o n  d i 
o x id e . F o l lo w in g  a c id if ic a t io n  w i th  d i l u t e  h y d r o c h lo r ic  a c id ,  
t h e  p r o d u c t s  w e re  e x t r a c t e d  w i th  e th e r .  T h e  a c id  f r a c t io n  w a s  
s e p a r a te d  b y  w a s h in g  t h e  e th e r  l a y e r  w i th  5 %  s o d iu m  h y d r o x id e  
s o lu t io n .  A c id if ic a t io n  o f  t h e  a q u e o u s  l a y e r  a n d  e x t r a c t io n  w i th  
e t h e r  g a v e  16 g . o f  a n  a c id ,  A . V .p .c .  o f t h e  m e th y l  e s t e r  p r e 
p a r e d  f ro m  a  s a m p le  o f  t h i s  a c id  -w ith d ia z o m e th a n e  s h o w e d  t h e  
p r e s e n c e  o f  t h e  e p im e r s  I I I  a n d  I V  in  t h e  r a t i o  o f  6 8 :3 2 .  T h e  
a c id  m ix tu r e ,  A ,  c r y s ta l l iz e d  p a r t i a l l y  o n  lo n g  s t a n d in g ;  f i l t r a t i o n  
a n d  w a s h in g  w i th  h e x a n e  g a v e  t h e  s o lid  is o m e r  I I I ,  m .p .  6 2 - 6 5 ° ,  
[<*]%> —4 6 .5 °  (c , 1 .4 6  in  C H C L ) .  T h e  th io m o r p h o l in a m id e  
d e r iv a t iv e 10 o f  I I I ,  m . p .  1 1 1 - 1 1 3 ° ,  s h o w e d  a  n e g a t iv e  C o t to n  
e f fe c t .

M e n th y l  M e th y l  K e to n e s  (V  a n d  V I ) .— A  s o lu t io n  o f  6 .5  g .  o f
t h e  a c id  m ix tu r e  A  ( s e e  a b o v e )  in  50  m l .  o f  e t h e r  w a s  a d d e d  d r o p -  
w is e  w i th  s t i r r in g  u n d e r  n i t r o g e n  t o  a  s o lu t io n  o f  m e th y l l i t h iu m  
p r e p a r e d  f ro m  3 g .  o f  l i t h iu m  in  100  m l .  o f  e t h e r .  A f t e r  s t a n d in g  
o v e r n ig h t  t h e  s o lu t io n  w a s  p o u r e d  i n to  i c e - w a t e r  a n d  t h e  e th e r  
l a y e r  s e p a r a te d .  R e m o v a l  o f  t h e  s o lv e n t  a f t e r  d r y in g  o v e r  
m a g n e s iu m  s u l f a te  g a v e  4 .8  g .  o f  c r u d e  k e to n e ,  v a p o r  p h a s e  
c h r o m a to g r a p h y  ( “ K ”  c o lu m n )  o f  w h ic h  s h o w e d  t h e  p r e s e n c e  o f 
b o t h  e p im e r s  V  a n d  V I  in  a b o u t  3 : 1  r a t i o .  T h e  O . R . D .  c u r v e  
in  m e th a n o l  h a d  a  n e g a t iv e  C o t t o n  e f fe c t  w i t h  t h e  e x t r e m u m  a t  
3 2 0  m /i-  A c id if ic a t io n  o f  t h e  a q u e o u s  l a y e r  g a v e  1 .7  g .  o f  u n 
c h a n g e d  a c id .

E q u il ib r a t io n  o f M e th y l  M e n th y l  K e to n e  E p im e r s  V  a n d  V I .—
F o u r  g r a m s  o f  t h e  a b o v e  e p im e r  m ix tu r e  w a s  e q u i l i b r a te d  b y  
re f lu x in g  w i t h  4 0  m l .  o f  2 %  m e th a n o l ic  s o d iu m  h y d r o x id e  s o lu 
t i o n .  A d d i t io n  o f  w a te r  a n d  e x t r a c t io n  w i th  e t h e r  fo llo w e d  b y  
d r y in g  a n d  r e m o v a l  o f  t h e  s o lv e n t  g a v e  t h e  e p im e r  V , b . p .  
6 8 - 6 9 °  (2  m m ) .  V .p .c .  i n d ic a te d  le s s  t h a n  2 %  o f  t h e  i s o m e r  V I .  
T h e  O . R . D .  c u r v e  in  m e th a n o l  o f V  h a d  a  p o s i t iv e  C o t t o n  e f fe c t  
w i th  t h e  e x t r e m u m  a t  3 0 3  m p , [ a ] 23D  — 2 6 .0 °  (c , 1 0 0 ) , [<*]%> 
1 .4 5 5 7 . T h e  2 ,4 - d in i t r o p h e n y lh y d r a z o n e  o f  V  h a d  m . p .  1 3 6 -  
1 3 7 °  ( f r o m  i s o p r o p y l  a lc o h o l) .

Anal. C a lc d .  f o r  C isELeOiN-i: C ,  5 9 .1 2 ;  H ,  7 .1 8 ;  N ,  1 5 .5 . 
F o u n d :  C ,  5 9 .7 8 ;  H ,  7 .2 9 ;  N ,  1 5 .2 5 .

H y p o b r o m i te  O x id a t io n  o f  V .— A  s o lu t io n  o f s o d iu m  h y p o -  
b r o m it e  f ro m  1 .2  g .  o f  s o d iu m  h y d r o x id e ,  2 0 0  m g . o f  b r o m in e  a n d  
10 m l .  o f w a t e r  w a s  a d d e d  d r o p w is e  t o  2 4 0  m g . o f  V  in  10 m l .  
d io x a n e  a t  0 ° ,  a n d  s t i r r e d  f o r  2  h r .  A f te r  s t a n d in g  o v e r n ig h t ,  
2 0 0  m g . o f  s o d iu m  b is u lp h i te  w a s  a d d e d  a n d  t h e  s o lu t io n  r e f lu x e d  
fo r  2  h r .  T h e  r e a c t io n  m ix tu r e  w a s  p o u r e d  i n to  w a te r  a n d  t h e  
n e u t r a l  f r a c t i o n  e x t r a c t e d  w i t h  e t h e r .  A c id if ic a t io n  o f  t h e  
a q u e o u s  l a y e r  g a v e  1 10  m g . o f  a n  a c id .  V .p .c .  o f t h e  m e th y l  
e s t e r  p r e p a r e d  b y  t h e  a d d i t i o n  o f  d ia z o m e th a n e  in  e t h e r  s h o w e d  
a  s in g le  p e a k  w h ic h  c o in c id e d  w i th  t h e  p e a k  o b s e rv e d  f o r  t h e  
e s t e r  o f  t h e  c r y s ta l l in e  a c id  I I I .

B a e y e r - V i l l ig e r  O x id a t io n  o f  V .— T r if lu o ro a c e t ic  a n h y d r id e  
(1 4  m l . )  w a s  a d d e d  d r o p w is e  t o  a  s u s p e n s io n  o f  2  m l .  o f 9 0 %  
h y d r o g e n  p e r o x id e 11 in  2 0  m l .  o f  m e th y le n e  c h lo r id e  a t  0 ° ,  a n d  
t h e  r e s u l t in g  s o lu t io n  a d d e d  s lo w ly  t o  2 .4  g .  o f  V  in  50  m l .  o f 
m e th y le n e  c h lo r id e  a t  0 ° .  A f te r  0 .5  h r . ,  2 4  g .  o f a n h y d r o u s  
d ib a s ic  s o d iu m  p h o s p h a te  w a s  a d d e d  a n d  r e f lu x e d  f o r  2  h r .  T h e  
m ix tu r e  w a s  f i l t e r e d ,  t h e  s o lv e n t  e v a p o r a t e d ,  a n d  t h e  p r o d u c t  d is -

(10) C . D je ra s s i a n d  K . U n d h e im , J .  A m .  C h e m .  S o c . ,  82 , 5755 (1960).
(11) W . D . Em m onB  a n d  G . B . L ucas , i b i d . ,  77 , 2287 (1955).

t i l l e d  a t  1 5 0 °  ( b a t h  t e m p . )  (2  m m .) ,  y ie ld  2 .0  g .  B y  c o in c id e n c e  
o f  p e a k s  b y  v . p . c . ,  t h e  p r o d u c t  w a s  s h o w n  t o  b e  ( — ) -m e n th o l  
a c e t a t e .  H y d r o ly s i s  o f 1 .5  g . b y  re f lu x in g  in  5 m l .  o f  1 0 %  
a q u e o u s  e th a n o l ic  p o ta s s iu m  h y d r o x id e  f o r  2  h r .  g a v e  1 .1  g . o f 
( — ) - m e n th o l ,  i s o la te d  b y  a d d i t io n  o f w a te r  a n d  e x t r a c t i o n  w i th  
e t h e r  fo llo w e d  b y  d r y in g  a n d  r e m o v a l  o f s o lv e n t .  I t s  c o m p a r is o n  
w i th  ( — ) -m e n th o l  u s in g  v . p . c .  i n d ic a te d  t h a t  t h e  tw o  s a m p le s  
w e re  i d e n t ic a l .  T h e  3 ,5 - d in i t r o b e n z o a te  h a d  m . p .  1 5 2 - 1 5 3 °  
[ u n d e p re s s e d  b y  a d m ix tu r e  w i th  a n  a u th e n t i c  s a m p le  o f  ( — )- 
m e n th o l  3 ,5 - d in i t r o b e n z o a te ] ,  [ a ] 20D  — 7 9 .3 °  (c , 1 .6 ,  C H C L ) .

( — ) - M e n th y la m in e .— O n e  h u n d r e d  a n d  th i r t y '  m i l l ig r a m s  of 
s o d iu m  a z id e  w a s  a d d e d  in  s m a ll  p o r t io n s  t o  a  s t i r r e d  m ix tu r e  o f 
166  m g . o f t h e  a c id ,  3  m l .  o f c o n c e n t r a t e d  s u lp h u r ic  a c id ,  a n d  6 
m l .  o f  c h lo ro fo rm  a t  5 0 - 5 5 ° .  A f te r  0 .5  h r .  a t  t h i s  t e m p e r a t u r e ,  
t h e  m ix tu r e  w a s  d i lu t e d  w i th  i c e - w a te r  a n d  n e u t r a l  m a te r i a l s  
r e m o v e d  b y  e x t r a c t io n  w i th  e t h e r .  A d d i t io n  o f  e x c e s s  s o d iu m  
h y d r o x id e  s o lu t io n  l i b e r a t e d  t h e  f re e  a m in e  w h ic h  w a s  e x t r a c t e d  
in to  e th e r  a n d  d r ie d  o v e r  s o d iu m  h y d r o x id e  p e l le t s .  T h e  s o lv e n t  
w a s  r e m o v e d ,  2  m l .  o f  a c e t ic  a n h y d r id e  a d d e d ,  a n d  t h e  
s o lu t io n  re f lu x e d  fo r  1 h r .  E v a p o r a t i o n  o f  t h e  s o lv e n t  u n d e r  
r e d u c e d  p r e s s u r e  g a v e  109 m g . o f  N - a c e ty l  ( — ) - m e n th y la m in e  
w h ic h  w a s  r e c r y s ta l l i z e d  f ro m  b e n z e n e ;  m .p .  1 4 5 - 1 4 6 ° ,  [<*]21d  
- 8 4 °  (c , 0 .8  in  C H C L ) .

I n  a  s im i la r  e x p e r im e n t  1 g .  o f I I I  w a s  c o n v e r t e d  t o  0 .8  g .  o f  
N - b e n z o y l - ( - ) - m e n th y la m in e ,  m .p .  1 5 7 ° , u n d e p r e s s e d  o n  a d 
m ix tu r e  w i t h  a n  a u th e n t i c  s a m p le .

( — ) -N e o is o m e n th y la m in e  H y d r o c h lo r id e .— T o  1 .2 2  g . ( 3 .9  
m m o le s )  o f  ( +  ) - i s o m e n th y l  p - to lu e n e s u l f o n a te 12 d is s o lv e d  in  a  
m ix tu r e  o f 3 0  m l.  o f  d im e th y l f o r m a m id e  a n d  4 .5  m l .  o f  w a t e r  w a s  
a d d e d  1 .2 9  g . (2 0  m m o le s )  o f  s o d iu m  a z id e .  T h e  t e m p e r a t u r e  
w a s  k e p t  a t  8 5 °  w i t h  s t i r r in g  f o r  9  h r .  T h e  r e a c t io n  m ix tu r e  
t h e n  w a s  p o u r e d  in to  3 0  m l .  o f a  s a t u r a t e d  a q u e o u s  s o d iu m  
c h lo r id e  s o lu t io n  d i lu t e d  w i th  3  m l .  o f  w a te r .  I t  w a s  t h e n  e x 
t r a c t e d  w i th  e t h e r  a n d  th e  c o m b in e d  e t h e r  e x t r a c t s  w e r e  w a s h e d  
w i th  t h e  s a t u r a t e d  s o d iu m  c h lo r id e  s o lu t io n  a n d  d r ie d  o v e r  m a g 
n e s iu m  s u l f a te .

T o  a  s u s p e n s io n  o f  0 .3  g . (7 .9  m m o le s )  o f  l i t h iu m  a lu m in u m  
h y d r id e  in  50  m l .  o f  a b s o lu te  e th e r  t h e r e  w a s  a d d e d ,  o v e r  a  
p e r io d  o f  3 0  m i n . ,  t h e  d r ie d  e t h e r  e x t r a c t  f ro m  a b o v e .  T h e  m ix 
t u r e  w a s  s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  1 h r .  a n d  t h e n  r e f lu x e d  
f o r  1 h r .  m o r e .  T h e  e x c e s s  l i t h iu m  a lu m in u m  h y d r id e  w a s  d e 
s t r o y e d  w i th  m o i s t  e th e r  fo llo w e d  b y  w a te r  a n d  t h e  s o l id  m a t e r i a l  
w a s  f i l te r e d  o ff. T h e  o rg a n ic  l a y e r  w a s  w a s h e d  tw ic e  w i th  a  
s a t u r a t e d  s o d iu m  c h lo r id e  s o lu t io n  a n d  d r ie d  o v e r  a n h y d r o u s  
m a g n e s iu m  s u l f a te .  H y d r o g e n  c h lo r id e  g a s  w a s  p a s s e d  in to  th i s  
e th e r  s o lu t io n  a n d  t h e  m ix tu r e  t h e n  w a s  a l lo w e d  t o  e v a p o r a t e .  
A f te r  w a s h in g  t h e  r e s u l t in g  r e s id u e  w i th  h e x a n e ,  0 .1 3  g .  ( 1 7 % )  
o f  w h i te  c r y s ta l l in e  n e o is o m e n th y la m in e  h y d r o c h lo r id e  w a s  o b 
ta in e d .

A c e ty la t io n  o f  n e o is o m e n th y la m in e  h y d r o c h lo r id e  w i t h  a c e t ic  
a n h y d r id e  i n  a  p y r id in e  c a r b o n  te t r a c h lo r id e  s o lu t io n  y ie ld e d  
( — ) - N - a c e ty ln e o is o m e n th y la m in e ,  m .p .  9 9 - 1 0 0 .5 °  ( f i t . , 13 9 9 -  
1 0 0 ° ) .

Anal. C a lc d . f o r  C l2H 23N O : N ,  7 .1 0 . F o u n d :  N ,  7 .0 7 .
N e o is o p in a c o c a m p h y la m m e  H y d r o c h lo r id e .— T o  6 .1 7  g .  ( 0 .0 2 0  

m o le )  o f is o p in o c a m p h y l  p - to lu e n e s u l f o n a te 14 d is s o lv e d  in  a  m ix 
t u r e  o f  12 5  m l .  o f  N ,N - d im e th y l f o r m a m id e  a n d  21  m l .  o f  w a t e r  
w a s  a d d e d  6 .5 0  g .  (0 .1  m o le )  o f  s o d iu m  a z id e .  T h e  m i x t u r e  w a s  
s t i r r e d  a n d  k e p t  a t  a  t e m p e r a t u r e  o f  6 0 °  f o r  6  h r .  T h e  r e a c t io n  
m ix tu r e  t h e n  w a s  p o u r e d  in to  w a te r .  I t  w a s  e x t r a c t e d  w i t h  
e t h e r  a n d  t h e  c o m b in e d  e th e r  e x t r a c t s  w e re  w a s h e d  w i t h  t h e  
s a t u r a t e d  s o d iu m  c h lo r id e  s o lu t io n  a n d  d r ie d  o v e r  a n h y d r o u s  
m a g n e s iu m  s u l f a te .

T o  a  s u s p e n s io n  o f  1 .5 2  g . (0 .0 4  m o le )  o f  l i t h iu m  a lu m in u m  
h y d r id e  i n  5 0  m l .  o f  a b s o lu te  e th e r  t h e r e  w a s  a d d e d ,  o v e r  a  
p e r io d  o f  3 0  m i n . ,  t h e  d r ie d  e th e r  e x t r a c t  f ro m  a b o v e .  T h e  
m ix tu r e  w a s  s t i r r e d  a t  ro o m  t e m p e r a t u r e  f o r  1 h r .  a n d  t h e n  
re f lu x e d  fo r  1 h r .  m o r e .  T h e  e x c e s s  l i t h iu m  a lu m in u m  h y d r id e  
w a s  d e s t r o y e d  w i t h  m o is t  e th e r  fo llo w e d  b y  w a te r  a n d  t h e  s o lid  
m a t e r i a l  w a s  f i l te r e d  o ff. T h e  o r g a n ic  l a y e r  w a s  w a s h e d  tw ic e  
w i th  a  3  N  s o d iu m  h y d r o x id e  s o lu t io n  a n d  d r ie d  o v e r  a n h y d r o u s  
m a g n e s iu m  s u l f a te .  T h e  s o lu t io n  w a s  r e d u c e d  in  v o lu m e  a n d  t o  
i t  w a s  a d d e d  a  s o lu t io n  of h y d r o g e n  c h lo r id e  g a s  in  e t h e r .  T h e

(12) W. Hiickel and H. Niggemeyer, B e r . ,  72B , 1354 (1939).
(13) J. L. Simonsen, “ The Terpenes,” Vol. I, 2nd ed., Cambridge Uni

versity Press, Cambridge, England, 1953, p. 245.
(14) Reported as a liquid by H. Schmidt, B e r . ,  77, 544 (1944). Isopino

camphyl p-toluenesulfonate, which was prepared by treating ( +  )-isopino- 
campheol with p-toluenesulfonyl chloride in pyridine, is an unstable crys
talline material and was used immediately after preparation.
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s o lid , w h i te  n e o is o p in o c a m p h y la m in e  h y d r o c h lo r id e ,  0 .3 1  g . 
( 8 .1 % )  w a s  o b ta in e d .

A c e ty la t io n  o f  n e o is o p in o c a m p h y la m in e  h y d r o c h lo r id e  w i th  
a c e t ic  a n h y d r id e  in  t h e  p r e s e n c e  o f s o d iu m  h y d r o x id e  s o lu t io n  
g a v e  ( - f ) - N - a c e ty ln e o is o p in o c a m p h y la m in e ,  m . p .  1 4 8 .5 - 1 4 9 .5 ° ,
[ a ] 28D  + 5 0 . 8 °  ( c h lo ro f o r m  c, 1 .5 1 ) .

Anal. C a lc d .  f o r  C u H a O N :  C ,  7 3 .7 9 ;  H ,  1 0 .8 4 ; N ,  7 .1 7 . 
F o u n d :  C ,  7 4 .2 6 ;  H ,  1 0 .8 7 ; N ,  7 .5 4 .
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M u lt ip le  t r e a t m e n t s  w i th  f re s h  a lu m in u m  c h lo r id e  o f  n - p ro p y lb e n z e n e  la b e le d  in  e i t h e r  t h e  a- o r  /3 -p o sitio n  
w i th  C 14 le d  t o  c o m p le te  e q u i l ib r a t io n  o f t h e  is o to p ic  c a r b o n  b e tw e e n  t h e  a- a n d  /3 -p o sitio n s  o f t h e  s id e  c h a in  o f 
re c o v e re d  w - p ro p y lb e n z e n e ;  n o  a p p r e c ia b le  a m o u n t  o f  t h e  i s o to p e  w a s  f o u n d  in  t h e  y - p o s i t io n .  T h e  e f fe c tiv e n e s s  
of o th e r  L e w is  a c id  c a t a ly s t s  f o r  r e a r r a n g e m e n t  o f C 14- la b e le d  n - p ro p y lb e n z e n e  w a s  t e s te d ;  h y d r o g e n  b r o m id e -  
a lu m in u m  b r o m id e  p r o d u c e d  4 4 %  r e a r r a n g e m e n t  f ro m  t h e  a- t o  t h e  /3 -p o sitio n  in  o n e  t r e a t m e n t .

The aluminum chloride-induced rearrangement of 
n-propyl-/3-C14-benzene was reported to result in the 
appearance of up to 31% of the C14 in the «-position of 
the normal side chain, while none was found in the
7-position.3 Subsequently it was demonstrated that 
either isobutyl- or sec-butylbenzene is converted under 
the same conditions into a mixture containing a 2:1 
proportion of isobutyl- and sec-butylbenzene, respec
tively.4 In a sense, the butylbenzene isomers may be 
considered to be /3- and «-methyl-labeled propylben- 
zenes, so that the similarity in the rearrangement reac
tions is obvious.

< g > C H 2C " H 2C H 3 —  < ^ ) c H H 2C H 2C H 3

c h 3 c h 3

< ( 3 ) c h 2c h c h 3 < ( Q ) c h c h 2c h 3

The 2:1 “equilibrium” proportion of isobutyl- and 
sec-butylbenzene produced from either of these butyl- 
benzene isomers is probably a result of several factors;
e.q., the relative thermodynamic stability of the two 
isomers45 and their relative susceptibilities toward 
dealkylation and fragmentation reactions.6

However, «- and /3-C14-labeled n-propylbenzene 
molecules are chemically identical, and one would expect 
that the isotopic rearrangement of n-propyl-/3-C14- 
benzene should result in a 50:50 distribution of C14 
between the a- and /3-carbon atoms, since the 7-carbon 
atom is apparently not involved.3 I t occurred to us 
that a possible explanation of the observed incomplete 
rearrangement lay in deactivation of the catalyst by 
the di-, tri-, and polypropylbenzenes formed by dis

ci) A p re lim in a ry  re p o r t  of som e of th e  re su lts  d e sc rib ed  fu lly  h e re  w as 
g iven  in  C h e m . I n d .  (L o n d o n ), 1557 (1958).

(2) T a k e n  from  th e  P h .D . th e s is  of Ja m e s  E . D oug lass , T h e  U n iv e rs ity  of 
T exas, 1959. P ro c te r  a n d  G am b le  Co. F ellow , 1957-1958 ; U n iv e rs ity  of 
K en tu ck y , L ex ing ton , K y .

(3) (a) R . M . R o b e rts  a n d  S. G. B ran d e n b e rg e r, C h e m .  I n d .  (L o n d o n ), 
227 (1955); (b) R . M . R o b e rts  a n d  S. G . B ran d e n b e rg e r , J .  A m .  C h e m .  S o c .  

79 , 5484 (1957).
(4) R . M . R o b e rts , Y . W . H a n , C . H . S chm id , a n d  D . A. D av is , i b i d . .  

8 1 ,6 4 0 (1 9 5 9 ) .
(5 ) c. D . N en itzescu , I. N ecso iu , A. G la tz , a n d  M . Z a lm a n , C h e m .  B e r . ,  

92, 10 (1959).
(6) T h ese  reac tio n s  w ill be th e  su b je c t of a s u b se q u e n t p a p e r.

proportionation reactions wTich are concurrent with 
the rearrangement. A simple experimental test of this 
theory appeared to be multiple treatments with fresh 
catalyst; i.e., a- or /3-C14-labeled n-propylbenzene 
would be treated with catalyst, the monopropylbenzene 
separated from benzene, dipropylbenzene and higher 
disproportionation products, degraded, and radio- 
assayed to determine the extent of isotopic rearrange
ment. This recovered, partially rearranged n-propyl
benzene would then be subjected to treatment with 
fresh catalyst and the separation, degradation, and 
radioassay of recovered n-propylbenzene repeated. 
If the theory of catalyst deactivation were correct, 
repetition of these procedures should result in a 50:50 
distribution cf C14 between the «- and /3-carbon atoms 
of the side chain.

This paper describes results of such experiments and 
of certain other related experiments.

D is c u s s io n  o f R e s u lts

In previous papers we suggested two mechanisms for 
the rearrangement of n-propyl-/3-C14-benzene to n- 
propyl-«-C14-benzene,3'7 and Nenitzescu and coworkers5 
proposed a third which differed slightly from our second 
mechanism. Each of the steps in all of these mecha
nisms are assumed to be reversible, and hence we ex
pected that an equal distribution of C14 between the «- 
and /3-carbon atoms should be approached from start
ing material labeled in either position. To test the 
validity of these assumptions we synthesized both 
n-propyl-«-C14-benzene and n-propyl-/3-C14-benzene.

Twro syntheses of n-propyl-«-C14-benzene utilizing 
(a) sodium cyanide-C14 and (b) barium carbonate-C14 
as sources of the isotopic label are outlined in Fig. 1. 
A method different from that used in the earlier work3 
was used for the synthesis of n-propyl-/3-C14-benzene; 
it is outlined in Fig. 2.

M u ltip le  R e a r r a n g e m e n ts  o f  n - P r o p y l- « - C 14-b e n -  
z e n e .—Treatment of w-pro py 1 -«- C 14-benzen e with 
aluminum chloride at 100° for 6.5 hours in three con
secutive stages is outlined in Fig. 3. The procedure

(7) J. E. Douglass and R. M. Roberts, C h e m . I n d .  (London), 926 (1959).
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indicated by “stage 2 ' ” was transalkylation of the 
dipropylbenzene fraction produced in stage 1, to 
conserve material. The propylbenzene recovered and 
the dipropylbenzene produced in each stage were de
graded to benzoic and mixed phthalic acids by per
manganate oxidation as described previously3 and these 
acids were radioassayed to determine the amount of C14 
remaining in the «-positions of the side chains. The 
extended degradation used in the previous work3 was 
also applied to the propylbenzene recovered at each 
stage of this multiple rearrangement to confirm (by the 
benzaldehyde assay) the «-C14 content given by the 
simple oxidations, and to indicate individually the C14 
content of the ¡8- and «-carbon atoms (by the acetal
dehyde and iodoform assays). The results are given in 
Table I. It can be seen that rearrangement of C14 
from the a- to the /1-carbon atom of the side chain did 
progress from 27 ± 1% in the first stage, to 43 ± 1% 
in the second stages, to 47 ± 1% in the third stage, 
and that no introduction of C14 into the 7-position oc
curred.8

A second experiment was carried out in which water- 
activated aluminum chloride (mole ratio A1C13:H20

(8) After this work was completed, it  was recognized th a t the experi
mental error in the radioassay of iodoform is unusually high owing to the 
extremely small carbon content of this compound (3.05%). Hence, although 
radioassays of iodoform showed no activity significantly above background, 
it is estimated th a t the iodoform could possibly have contained 2-3% of 
C14. There is no actual evidence that it did, however, and the fact th a t the 
rearrangements of C 14 from both a - and /3-carbon atoms approached asymp
totically a 50:50 distribution of the isotope between these two carbon atoms 
suggests th a t there was indeed no C 14 in the iodoform.

= 1:0.25) was used as catalyst. (Studies on the 
effect of water and other cocatalysts on the rearrange
ment are described in the latter part of this paper.) 
The starting material was n-propyl-«-C14-benzene 
(2.12 yuc./mmole, determined by radioassay of benzoic 
acid from degradation). After heating at 100° for
6.5 hours with the catalyst, a sample of the n-propyl- 
benzene recovered was degraded to benzoic acid, which 
was found to contain radioactivity of 1.42 yuc./mmole, 
corresponding to 33.0% rearrangement of C14 from 
the «-position. The remainder of the recovered 
propylbenzene was heated with a fresh portion of 
water-activated catalyst and the propylbenzene fraction 
was again recovered by distillation. Degradation of a 
sample afforded benzoic acid having 1.11 ¿¿c./mmole, 
corresponding to 47.7% rearrangement of C14 from the 
«-position. Thus, the use of water-activated aluminum 
chloride accomplished the same degree of rearrange
ment in two stages as that produced in four stages by 
catalyst to which no water had been added deliberately.

T a b l e  I

T hree-stage R earrangement op n-PROPYi^a-C14-BENZENE 
by Aluminum Chloride at 1 0 0 ° “

Compound
Molecular radioactivity, 

jue./mmole Isotopic
radioassayed a-C ß-C 7-C rearrangement, %

n - P r - a - C 'A b e n z e n e 6
b e n z o ic  a c id 0 .4 9 7 0 0

S ta g e  1

B e n z o ic  a c id 0 .3 6 7 2 6 .2
P h t h a l i c  a c id s 0 .7 1 2 2 8 .4
B e n z a ld e h y d e 0 .3 6 2 2 7 .2
A c e ta ld e h y d e 0 .1 2 9 ' 2 6 .0
Io d o fo r m 0 '

S ta g e  2

B e n z o ic  a c id 0 .2 8 1 4 3 .5
P h t h a l i c  a c id s 0 .5 5 8 4 3 .8
B e n z a ld e h y d e 0 .2 8 4 4 2 . 8
A c e ta ld e h y d e 0 .2 0 6 4 1 . 4
Io d o fo r m 0

S ta g e  2 '

B e n z o ic  a c id 0 .2 8 6 4 2 .3
B e n z a ld e h y d e 0 .2 8 4 4 2 .9
A c e ta ld e h y d e 0 .2 1 4 4 3 .1
I o d o fo r m 0

S ta g e  3

B e n z o ic  a c id 0 .2 6 3 4 7 .1
P h t h a l i c  a c id s 0 .5 1 8 4 8 . 0
B e n z a ld e h y d e 0 .2 6 5 4 6 .6
A c e ta ld e h y d e 0 .2 2 7 4 5 .8
I o d o fo r m 0

° T h e  d e g r a d a t io n  sc h e m e s  a r e  o u t l in e d  in  re f . 3 b . b S t a r t i n g  
m a te r ia l .  c T h e  a c e ta ld e h y d e  a s s a y e d  a c tu a l ly  in c lu d e d  b o t h  
fi- a n d  7 -C  a to m s ,  b u t  s in c e  t h e  io d o f o rm  d e r iv e d  f r o m  t h e  
a c e ta ld e h y d e  w a s  a lw a y s  n o n r a d io a c t iv e ,  t h e  r a d i o a c t i v i t y  o f 
t h e  a c e ta ld e h y d e  c o u ld  b e  a t t r i b u t e d  to  t h e  j3-C a lo n e .

M u ltip le  R e a r r a n g e m e n ts  o f  n -P ro p y l-/3 -C 1 ̂ b e n 
z e n e .—A multistage experiment was also carried out 
using n-propyl-/3-C14-benzene as starting material. 
Unfortunately the first three stages of this experiment 
were, like the first experiment with n-propyl-«-C14 
benzene, performed before the activating effect of a 
cocatalyst was recognized. It may be observed in 
Table II that the extent of rearrangement in the fourth
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T a b l e  I I

F otjr-stage R ea rra ng em en t  o f  to-P ropyl-/3-C14-b en ze n e  
b y  A lum inum  C h lo ride  a t  100°

C o m p o u n d M o lec u la r ra d io a c tiv ity , Iso to p ic
d eg rad ed ¿tc./m m ole re a rra n g e m e n t,

-Pr-;3-C  14- b e n z e n e  

( S t a r t i n g  m a te r i a l )

/3-C14, 0.622°

■ P r-a ,|8 -C 14- b e n z e n e

S ta g e  1 a-C 14, 0 .109” 17.6
S ta g e  2 a-C 14, 0.179” 28.8
S ta g e  3 a-C 14, 0 .226” 36.4
S ta g e  4 C a -C 14, 0.281” 45.2
“ p - n - P r o p y lb e n z e n e s u l fo n a m id e  a s s a y e d .  ” B e n z o ic  a c id  a s 

s a y e d .  c W a t e r  a d d e d  to  c a t a l y s t  i n  m o la r  r a t i o  a p p r o x im a te ly  
A lC lj /H s O  =  1 :0 .1 .

stage, in which water was added to the aluminum chlo
ride, was considerably greater than would have been 
expected on the basis of the results from the first three 
stages. If water-activated catalyst had been used in the 
first three stages, the final distribution of C14 between 
the a- and /3-carbon atoms would undoubtedly have 
been very close to 50:50.

The results of these multiple catalyst treatments of 
n-propylbenzene labeled with C14 in either the a- or 
the /3-position thus show that there is progressive equi
libration of the a- and /3-, but not the 7-carbon atoms of 
the side chain and they support the theory that de
activation of the catalyst by disproportionation prod
ucts is responsible for the incomplete rearrangements 
produced by single catalyst treatments.

The degree of rearrangement of n-propylbenzene to 
isopropylbenzene was determined in some of these 
experiments, by infrared spectrophotometry or by 
isotope dilution analysis. For example, after the first 
stage of the multiple rearrangements recorded in Table 
I, the propylbenzene fraction was found to contain 
2.1% isopropylbenzene and, after the second stage, 
4.6%. The distribution of the C14 in this isopropyl
benzene has been determined and is reported in the 
following paper.9

S tu d ie s  o n  E ffe c ts  o f W a te r  and  O th e r  C o c a ta ly s ts .—
Having observed the activating effect of water on the 
aluminum chloride-induced rearrangement of sec- 
butyl - and isobutylbenzene,4 we carried out a series of 
experiments designed to show if the propylbenzene 
rearrangement is similarly susceptible to cocatalysis by 
water. Experiments 1-9 in Table III indicate that it is. 
There was not a great difference in the extent of re
arrangement produced by catalysts having mole ratios 
of H 2 O / A I C I 3  from 0.067 to 0.500, but when the mole 
ratio was increased to 1.00, the activity of the catalyst 
toward rearrangement was greatly reduced. This is in 
contrast to experience with sec-butyl- and isobutyl
benzene; catalysts having a H2O/AICI3 mole ratio 
of 1.00 were found to give complete equilibration of the 
butylbenzenes.

An approximate measure of the rate of the rearrange
ment is given by experiments 6-8 and 3, in which treat
ments with catalyst having the optimum H20/A1C13 
ratio were carried out for different time intervals at 
100°. Experiment 9 was conducted at 80°. Since 
the equilibration of sec-butyl- and isobutylbenzene by 
water-activated aluminum chloride was found to be

(9) J .  E . D oug lass  a n d  R . M . R o b e rts , J .  O r a -  C h e m . ,  28 , 1229 (1963).

Complete within one hour at 100°, it can be seen that 
the n-propylbenzene rearrangement is much slower.

Comparison of experiments 3 and 10 shows that 
water-activated aluminum bromide is equally as effec
tive as the chloride.

Several experiments were carried out in which alu
minum bromide saturated with hydrogen bromide was 
used as catalyst. At room temperature for 6.5 hours, 
very little rearrangement occurred (experiment 11). 
One experiment in which the temperature was kept at 
100° for 6.5 hours gave a black product from which no 
propylbenzene could be recovered. When the time 
was cut down to one hour, propylbenzene was recovered 
in about 7% yield; it had undergone the most extensive 
rearrangement effected in one stage (experiment 12).

T a b l e  I I I

E x t e n t  o f  R e a r r a n g e m e n t  o f  C 14- L a b e l e d  w- P r o p y l -  

b e n z e n e  I n d u c e d  b y  C o m p l e x  C a t a l y s t s “-1’
Expt.

no. Cu*
Catalysts, 
mole ratios

Tim e,
hr.

Rearrangement,
%

H 20 /A 1 C 1 3

1 a . 0 .0 6 7 6 . 5 3 6 . 4
2 0 .1 2 5 6 . 5 3 5 .5
3 a .2 5 0 6 .5 3 8 . 8
4 a .5 0 0 6 . 5 3 1 . 2
5 (3 1.00 6 . 5 11 .4
6 a .2 5 0 0 . 5 4 .2 7
7 a .2 5 0 1 .5 1 3 .5
8 a .2 5 0 4 . 5 3 1 . 6
9 OL .2 5 0 6 .5 9 . 2 2 ”

H 20 / A l B r 3

10 a . 0 .2 5 0 6 . 5 3 8 .5

H B r / A l B r ,

11 V 0 .5 0 0 '1 6 . 5 1 .2 5 s
12 OL O.ôOO“1 1 . 0 4 4 .3

“ A lX 3/ n - P r C 6H 5 m o le  r a t i o w a s  0 .3 3 4  in a l l  e x p e r im e n ts
c e p t  i n  n o . 11 , 0 .4 5 8 , a n d  n o . 12 , 0 .3 2 0 . ” T e m p e r a tu r e  w a s  
1 0 0 °  i n  a l l  e x p e r im e n ts  e x c e p t  n o . 9 , 8 0 ° ,  a n d  n o . 11 , 2 5 ° . 
4 P o s i t io n  o f  C 14 in  s t a r t i n g  m a te r ia l .  d R e a c t io n  m ix tu r e  w a s  
s a t u r a t e d  w i th  H B r . 9“

E x p e r im e n ta l

R a d io a s s a y s  w e re  m a d e  e i t h e r  b y  w e t - c o m b u s t io n 10 t o  c a r b o n  
d io x id e  w h ic h  w a s  c o l le c te d  in  a n  io n iz a t io n  c h a m b e r  a n d  c o u n te d  
o n  a  v ib r a t in g - r e e d  e l e c t r o m e te r 11 o r  b y  e m p lo y m e n t  o f  a  
l iq u id  s c in t i l l a t io n  s p e c t r o m e te r  ( P a c k a r d  “ T r i - c a r b ” ). F o r  
t h e  s c in t i l l a to r  s o lu t io n ,  2 ,5 - d ip h e n y lo x a z o le  a n d  1 ,4 -d i [2 -(5 -  
p h e n y lo x a z o y l) ]  b e n z e n e  in  to lu e n e  w e r e  u s e d 12; in  t h e  r a d io a s s a y  
o f  a c e to p h e n o n e - C 14 s e m ic a rb a z o n e  i t  w a s  n e c e s s a r y  t o  a d d  
e th a n o l  t o  t h e  s o lu t io n .  C o u n t in g  e f f ic ie n c y  o f  t h e  s c in t i l lo m 
e t e r  w a s  d e te r m in e d  u s in g  a  b e n z o ic - l - C 14 a c id  s t a n d a r d  
(5 6 2 0  d . p . m . )  o b ta in e d  f ro m  N e w  E n g la n d  N u c le a r  C o r p .13

S o d iu m  P r o p io n a te - l - C 14. A . F r o m  S o d iu m  C y a n id e -C 14.—  
(S e e  F ig .  1 .)  S o d iu m  c y a n id e - C 14 ( T r a c e r l a b ,  I n c . 13) ( l .O m m o le ,
1 .0  m e .)  w a s  d is s o lv e d  in  20  m l .  w a te r  a n d  " d i l u t e d ”  w i th  9 .7 5  
g .  (1 9 9  m m o le s )  o f  o r d in a r y  s o d iu m  c y a n id e  d is s o lv e d  in  3 5  m l.  
o f  w a te r .  T r e a t m e n t  w i th  a q u e o u s  a lc o h o lic  e t h y l  io d id e  in  th e  
m a n n e r  d e s c r ib e d  p r e v io u s ly 3 r e s u l t e d  in  1 8 .3  g . ( 9 3 .5 % )  o f 
d r y  s o d iu m  p r o p i o n a t e - l - C 14.

B .  F r o m  B a r iu m  C a r b o n a te - C 14.— (S e e  F ig .  1 .)  C a r b o n a t io n  
o f  t h e  G r ig n a r d  r e a g e n t  p r e p a r e d  f ro m  2 1 0  m g . ( 8 .8  m g .- a to m s )  
o f  m a g n e s iu m  a n d  8 7 0  m g . ( 8 .0  m m o le s )  o f  e t h y l  b r o m id e  w a s  
e f fe c te d  b y  m o d if ic a tio n  t o  a  s m a ll  s c a le  o f  t h e  p r o c e d u r e  d e 

(9a) D . D . E ley  a n d  P . J .  K ing , J .  C h e m .  S o c . ,  2517 (1952).
(10) D . D . V an  S lyke a n d  J .  F o lch , J .  B i o l .  C h e m . ,  136, 509 (1940); D . D . 

V an  S lyke , J .  P la z in , a n d  J .  R . W eisinger, i b i d . ,  191, 299 (1951).
(11) O. K . N ev ille , J .  A m .  C h e m .  S o c . ,  70 , 3501 (1948).
(12) F . N . H ay es , D . G. O tt ,  V. N . K e rr , a n d  B . D . R o g ers , N u c l e o n i c s , 

13 , N o. 1 2 ,3 8  (1955).
(13) O n  a llo c a tio n  from  th e  U . S. A to m ic  E n e rg y  C om m ission .
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s c r ib e d  b y  C a lv in ,  et al.,u  u s in g  2 6 .2 3  m g . (0 .1 3 3  m m o le , 2 .3 3  
m e . )  o f  b a r iu m  c a r b o n a te - C 14 (O a k  R id g e  N a t io n a l  L a b o r a to r y 13) 
a n d  3 7 7 .0  m g .  (1 .9 1  m m o le s )  o f  o r d in a r y  b a r iu m  c a r b o n a te ;  
2 4 8  m g .15 o f  s o d iu m  p r o p i o n a t e - l - C 14 w a s  o b t a i n e d .  T h e  a c t iv e  
m a te r i a l  w a s  d i lu te d  w i th  o r d in a r y  s o d iu m  p r o p io n a t e  b e fo re  t h e  
n e x t  s t e p .

P r o p io p h e n o n e - l - C 14 w a s  p r e p a r e d  b y  a c y la t io n  o f  b e n z e n e  b y  
s o d iu m  p r o p i o n a t e - l - C 14 a n d  e x c e s s  a lu m in u m  c h lo r id e  a s  d e 
s c r ib e d  p r e v io u s ly .3b

n - P r o p y l - a - C 14- b e n z e n e  w a s  o b ta in e d  b y  r e d u c t io n  o f  p r o -  
p io p h e n o n e - l - C 11 u s in g  e i t h e r  t h e  C le m m e n s e n  m e t h o d 3b o r  t h e  
H u a n g - M in lo n  m o d if ic a tio n  o f  t h e  W o l f f - K is h n e r  m e t h o d .16 
T h e  l a t t e r  p r o v e d  t o  b e  m o re  r e l ia b le  a n d  s im p le r .  T h e  o v e r -a ll  
r a d io c h e m ic a l  y ie ld s  o f  t h e  n - p r o p y l - a - C !4- b e n z e n e  b y  t h e  tw o  
r o u te s  w e re  5 0 %  f ro m  s o d iu m  c y a n id e - C H a n d  3 2 %  f ro m  b a r iu m  
c a r b o n a te - C 14. I n  v ie w  o f  a  p r ic e  d i f f e r e n t ia l  o f 1 :9  in  f a v o r  o f 
b a r iu m  c a r b o n a te - C 14, th i s  is  t h e  r e a g e n t  o f  c h o ic e  i n  s p i t e  o f  t h e  
lo w e r  o v e r - a l l  y ie ld .

T h e  m o le c u la r  r a d io a c t iv i t y  o f  t h e  n - p r o p y l - a - C 14- b e n z e n e  w a s  
d e te r m in e d  b y  o x id a t io n  t o  b e n z o ic -7 -C 14 a c id 3b o r  b y  c o n v e r s io n  
t o  t h e  s u l f o n a m id e 17 18 a n d  r a d io a s s a y  o f  th e s e  c r y s ta l l in e  d e r iv a 
t iv e s .

? i-P ropy l-j3 -C 14- b e n z e n e  w a s  s y n th e s iz e d  b y  t h e  s te p s  o u t l in e d  
in  F ig .  2 .  T h e  c a r b o n a r i  o n  o f t h e  b e n z y lm a g n e s iu m  c h lo r id e  
w a s  c a r r ie d  o u t  in  t h e  s a m e  w a y  a s  t h a t  o f  e th y lm a g n e s iu m  
b r o m id e  ( a b o v e ) ,  u s in g  a b o u t  1 g .  o f  b e n z y l  c h lo r id e  in  a  t y p i c a l  
r u n .  A  y ie ld  o f a b o u t  8 2 %  o f  p h e n y la c e t i c - l - C 14 a c id  w a s  o b 
t a i n e d .  T h is  w a s  d i lu te d  w i th  a b o u t  3 5  g . o f  p h e n y la c e t ic  a c id  
a n d  c o n v e r te d  t o  t h e  a c y l  c h lo r id e  ( 9 3 % )  b y  t h e  m e th o d  of 
T r u i t t ,  et al.n ; t h e  e x c e s s  t h io n y l  c h lo r id e  w a s  r e m o v e d  t o  a  
c o ld  t r a p  u n d e r  r e d u c e d  p r e s s u r e .19

D im e th y lc a d m iu m  w a s  p r e p a r e d  b y  C a s o n ’s m e t h o d .20’21 
G o o d  y ie ld s  f ro m  i t s  r e a c t io n  w i th  p h e n y l a c e t y l - l - C 14 c h lo r id e  
w e re  o b ta in e d  o n ly  a f t e r  c o n s id e ra b le  e x p e r im e n ta t io n ;  d e ta i l s  
o f  t h e  o p t im u m  c o n d i t io n s  a r e  g iv e n  h e r e .  A  s u s p e n s io n  o f 
d im e th y lc a d m iu m  (c a . 0 .2 5  m o le )  in  b e n z e n e  ( c a .  3 0 0  m l . )  w a s  
c o o le d  t o  5 °  a n d  a  s o lu t io n  o f  p h e n y l a c e t y l - l - C 14 c h lo r id e  (0 .2 4  
m o le )  in  d r y  b e n z e n e  (7 5  m l . )  w a s  a d d e d  to  t h e  s t i r r e d  s u s p e n s io n  
o v e r  a  p e r io d  o f 10 m in .  T h e  m ix tu r e  w a s  t h e n  a llo w e d  t o  w a r m  
t o  ro o m  t e m p e r a t u r e  w i th  s t i r r in g  d u r in g  2 .5  h r .  T h e  r e a c t io n  
m ix tu r e  w a s  p o u r e d  o n to  a b o u t  3 0 0  g . o f  c r a c k e d  ic e ,  fo llo w e d  
b y  th e  a d d i t io n  o f  100  m l .  o f  6  A  h y d r o c h lo r ic  a c id .  A f te r  s t i r 
r in g  u n t i l  a l l  t h e  ic e  h a d  m e l te d ,  t h e  m ix tu r e  w a s  t r a n s f e r r e d  t o  a  
s e p a r a to r y  f u n n e l  a n d  t h e  tw o  la y e r s  w e re  s e p a r a te d .  T h e  
a q u e o u s  l a y e r  w a s  w a s h e d  w i th  tw o  1 0 0 -m l. p o r t io n s  o f  w a te r ,  
5 %  s o d iu m  b ic a r b o n a te  s o lu t io n ,  a n d  w a t e r .  I t  w a s  t h e n  d r ie d  
o v e r  a n h y d r o u s  c a lc iu m  c h lo r id e .  D is t i l l a t i o n  a f fo rd e d  a n  8 7 %  
y ie ld  o f  l - p h e n y l - 2 - p r o p a n o n e - 2 - C 14, b . p .  9 1 - 2 °  (1 0  m m .) .

(14) M . C a lv in , C . H eid e lb erg er, J . C. R e id , B . M . T o lb e r t, a n d  P . F . 
Y an k w ich , “ Iso to p ic  C a rb o n ,”  J o h n  W iley  a n d  S ons, In c .,  N ew  Y o rk , N . Y ., 
1949, p . 177.

(15) T h is  w as m ore  th a n  th e  th e o re tic a l a m o u n t of so d iu m  p ro p io n a te , 
due  p ro b a b ly  to  in c o m p le te  d ry in g  o r excess a lk a li . I t  c a u sed  no  d ifficu lty ; 
th e  over-a ll re s u lt w as eq u a lly  s a tis fa c to ry  a s  th e  re su lts  from  tw o  o th e r  runs  
in  w h ich  94 a n d  9 7 %  y ie ld s  of c ru d e  sod ium  p ro p io n a te  w ere  o b ta in ed .

(16) H u an g -M in lo n , J .  A m .  C h e m .  S i> c ., 68, 2487 (1946).
(17) I t .  L . S h rin er, R . C . F u so n , a n d  D . Y . C u r tin , “ T h e  S y s te m a tic  

Id e n tif ic a tio n  of O rgan ic C o m p o u n d s ,” 4 th  e d ., J o h n  W iley  a n d  S ons, 
In c ., N ew  Y o rk , N . Y ., 1956, p. 246.

(18) P . T ru i t t ,  D . M a rk , L. M . Long, a n d  J . J e a n s , J .  A m .  C h e m .  S o c . ,  

7 0 ,4 2 1 4  (1948).
(19) J .  C ason  a n d  H . R a p o p o rt, “ L a b o ra to ry  T e x t in  O rgan ic  C hem 

is t r y ,”  P re n tic e -H a ll , In c ., N ew  Y o rk , N . Y ., 1950, p . 356.
(20) J .  C aso n  a n d  F . S. P ro u t, J .  A m .  C h e m . S o c .  66 , 46 (1944).
(21) J .  C ason , i b i d . ,  68, 2078 (1946).

W o lf f - K is c h n e r 16 r e d u c t io n  o f t h e  k e to n e  t o  p - p ro p y l- /3 -C 14-  
b e n z e n e  w a s  a c c o m p lis h e d  in  7 3 %  y ie ld .  A n  o v e r - a l l  r a d i o 
c h e m ic a l  y ie ld  o f  4 3 %  w a s  o b ta in e d  ( f r o m  b a r iu m  c a r b o n a te -  
C 14).

F o r  r a d io a s s a y ,  t h e  h y d r o c a r b o n  w a s  c o n v e r te d  t o  t h e  d i a c e t -  
a m id o  d e r i v a t i v e .22

M u l t ip le  R e a r r a n g e m e n t s  of C 14- L a b e le d  n - P r o p y lb e n z e n e .—
T h e s e  w e re  c a r r ie d  o u t  a s  d e s c r ib e d  p r e v io u s ly ,3 u s in g  in  a ll  
e x p e r im e n ts  a  m o la r  r a t i o  o f  a lu m in u m  c h lo r id e /h y d r o c a r b o n  o f  
0 .3 .

I n  t h e  e x p e r im e n t  o f  T a b le  I ,  6 0 .3  g . o f  n - p r o p y l - a - C 14- b e n z e n e  
w a s  t a k e n  fo r  t h e  f i r s t - s ta g e  r e a c t io n ;  1 9 .8  g .  o f  p r o p y lb e n z e n e  
( 2 %  i s o p r o p y lb e n z e n e ,  b y  in f r a r e d  a n a ly s i s )  w a s  r e c o v e r e d  b y  
d is t i l l a t io n  a t  1 4 0 - 1 6 0 ° .  T h e  a m o u n t  r e m a in in g  f o r  t h e  s e c o n d  
s ta g e  t r e a t m e n t  ( a f t e r  s a m p le s  h a d  b e e n  t a k e n  f o r  d e g r a d a t io n )  
w a s  1 6 .9  g . ,  f ro m  w h ic h  4 .3  g .  o f  p r o p y lb e n z e n e  ( 5 %  is o p r o p y l 
b e n z e n e )  w a s  r e c o v e r e d  b y  d i s t i l l a t io n .  T h e  d ip r o p y lb e n z e n e  
f r a c t io n  f ro m  t h e  f i r s t  s t a g e  r e a c t io n ,  o f  w h ic h  7 .1  g .  r e m a in e d  
a f t e r  a  s a m p le  h a d  b e e n  t a k e n  fo r  d e g r a d a t io n ,  w a s  t r a n s a l k y l -  
a t e d  b y  t r e a t m e n t  w i th  8 0  m l .  o f d r y  b e n z e n e  a n d  3 .6  g .  o f a lu m i 
n u m  c h lo r id e  a t  1 0 0 °  f o r  4 .5  h r .  D e c o m p o s i t io n  w i t h  w a t e r  
fo llo w e d  b y  t h e  u s u a l  w o r k - u p  a n d  d i s t i l l a t io n  g a v e  6 .4 2 2  g . o f  
p r o p y lb e n z e n e  f r a c t io n .  T h is  w a s  d i lu te d  w i t h  8 .7 1 2  g . o f  n o n -  
r a d io a c t iv e  n - p ro p y lb e n z e n e .  A f te r  s a m p le s  w e re  t a k e n  f o r  
d e g r a d a t io n ,  t h e  r e m a in d e r ,  1 2 .9  g .  w a s  t r e a t e d  w i t h  a lu m in u m  
c h lo r id e  ( t h e  t h i r d  s t a g e ) .  T h e  r a d io a c t iv i t ie s  r e p o r t e d  in  T a b le
I  a r e  c o r r e c te d  f o r  t h e  d i lu t io n  d e s c r ib e d  a b o v e .

T h e  d e ta i l s  o f t h e  tw o - s ta g e  r e a c t io n  o f  n - p r o p y l - a - C 14-b e n z e n e  
w i th  w a t e r - a c t i v a t e d  c a t a l y s t  a r e  g iv e n  in  t h e  E x p e r im e n ta l  
s e c t io n  o f  t h e  fo llo w in g  p a p e r 9 a s  e x p e r im e n ts  2 .1  a n d  2 .2 .

T h e  f o u r - s ta g e  r e a c t io n  o f n -p ro p y l- (3 -C 14- b e n z e n e  s t a r t e d  w i th
9 6 .2  g .  o f  t h e  h y d r o c a r b o n .  T h e  p ro p y lb e n z e n e . f r a c t i o n  r e 
c o v e re d  a f t e r  t h e  f i r s t  s t a g e  o f  r e a c t io n  w a s  3 7 .4  g .  A f t e r  a  
s a m p le  w a s  t a k e n  f o r  d e g r a d a t io n ,  3 6 .5  g . w a s  s u b je c t e d  t o  r e 
a c t io n  w i th  a lu m in u m  c h lo r id e  a n d  1 2 .3  g . o f  p r o p y lb e n z e n e  f r a c 
t i o n  w a s  r e c o v e r e d .  F o r  t h e  th i r d - s ta g e  t r e a t m e n t ,  1 1 .3 2 g .  o f  t h i s  
f r a c t i o n  w a s  d i lu te d  w i th  2 2 .5 4  g . o f  n o n r a d io a c t iv e  n - p r o p y l -  
b e n z e n e ;  1 1 .0  g . o f  p r o p y lb e n z e n e  f r a c t i o n  w a s  r e c o v e r e d  a f t e r  
t h e  t h i r d  t r e a t m e n t .  T h e  f o u r t h  a n d  f in a l  r e a c t io n  -was c a r r ie d  
o u t  w i th  1 0 .6  g .  o f  h y d r o c a r b o n ,  f ro m  w h ic h  2 .6 3  g . o f  p r o p y l 
b e n z e n e  f r a c t io n  w a s  r e c o v e r e d .  T h e  r a d io a c t iv i t i e s  in  T a b le
I I  a r e  c o r r e c te d  fo r  t h e  d i lu t io n  a f t e r  s t a g e  tw o .

E x p e r im e n ts  w i th  C o m p le x  A c id s .— W a t e r  w a s  a d d e d  t o  t h e
h y d r o c a r b o n - a lu m in u m  h a l id e  m ix tu r e s  in  t h e  p r o p o r t io n s  s h o w n  
in  T a b le  I I I .  T h e  h e te r o g e n e o u s  m ix tu r e s  w e re  s t i r r e d  c o n t in 
u o u s ly  fo r  t h e  t im e s  g iv e n  in  t h e  t a b l e .  T h e  r a t i o  o f H B r /A lB r . ,  
is  a s s u m e d  f ro m  t h e  f in d in g  o f  a  c o m p le x  o f t h e  a p p r o x im a te  
c o m p o s it io n  ( C 6H 6V A l3B r 6- H B r .9a I n  o u r  e x p e r im e n t s ,  m ix 
t u r e s  o f re -p ro p y lb e n z e n e  a n d  a lu m in u m  b r o m id e  w e re  s a t u r a t e d  
w i th  d r y  h y d r o g e n  b ro m id e .  A lu m in u m  b r o m id e  w a s  d i s t i l l e d  
d i r e c t ly  i n to  t h e  r e a c t io n  f la s k .

T h e  m o le c u la r  r a d io a c t iv i t ie s  o f  t h e  s t a r t i n g  m a t e r i a l s  w e re  
a s  fo llo w s : r a - p r o p y l - a - C ^ b e n z e n e ,  in  e x p e r im e n ts  10  a n d  1 2 , 
0 .7 8 9  p c . /m m o le ;  in  a l l  o th e r s ,  0 .4 4 5  p c . /m m o le .  n - P r o p y l - d -  
C 14- b e n z e n e ,  in  e x p e r im e n t  2 , 2 .2 9  p c . /m m o le ;  e x p e r im e n t  5 , 
0 .5 8 0  p c . /m m o le ;  e x p e r im e n t  1 1 , 0 .6 2 2  p c . /m m o le .

E x t e n t  o f is o to p ic  r e a r r a n g e m e n t  w a s  d e te r m in e d  in  a l l  e x p e r i 
m e n t s  b y  d e g r a d a t io n  t o  b e n z o ic  a c id .
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U s in g  a n  i s o to p e  d i lu t io n  te c h n iq u e ,  t h e  d i s t r i b u t io n  o f  C H i n  t h e  s m a ll  a m o u n t  o f is o p r o p y lb e n z e n e  p r o d u c e d  
f ro m  n - p r o p y l - a - C 14- b e n z e n e  b y  r e a c t io n  w i th  a lu m in u m  c h lo r id e  h a s  b e e n  d e te r m in e d .  C o n s id e r a t io n  o f th e  
r e la t io n s h ip s  f o u n d  b e tw e e n  t h e  is o to p ic  d i s t r i b u t io n  in  t h e  tw o  p r o p y lb e n z e n e  i s o m e rs  h a s  le d  t o  a  b e t t e r  u n d e r 
s t a n d in g  of t h e  m e c h a n is m s  o p e r a t iv e  in  th e s e  i n t e r n a l  r e a r r a n g e m e n ts  o f a lk y lb e n z e n e  s id e  c h a in s

In tro d u ctio n

In the preceding paper3 we reported the progressive 
equilibration of C14 between the a- and the ^-positions 
in the side chain of n-propylbenzene effected by repeated 
treatment of n-propyl-a- or /3-C14-benzene with alu
minum chloride. We have mentioned that isopropyl
benzene is also produced in these reactions, but is found 
in only minor amounts,3-4 5 presumably because of its 
greater susceptibility to dealkylation.6

Since it is possible to observe 'partial rearrangement 
of isotopic carbon from the a- to the /3-position of the 
side chain (or vice versa), it seemed that determination 
of the distribution of the isotope in the isopropylbenzene 
produced concurrently might shed more light on the 
mechanism of these processes.6 This was recognized 
to be a difficult task owing to the small amounts of iso
propylbenzene remaining in the liquid reaction mixtures 
and the nearness of the boiling points of the isomeric 
propylbenzenes; however, a possible means of over
coming the difficulties appeared to be an isotope dilu
tion technique.7 * This paper reports the successful 
application of this technique to the problem, and con
clusions which have been drawn from the relationship 
found between the isotopic distributions in the propyl
benzene isomers.

R e s u lt s  a n d  D is c u s s io n

The separation problem was solved satisfactorily 
by diluting the propylbenzene fraction recovered by 
distillation of the reaction mixture with a known 
amount of pure isopropylbenzene and redistilling the 
resulting mixture through a very efficient column. 
It was necessary to dilute the small amount of radio
active isopropylbenzene with an amount of pure non- 
radioactive isopropylbenzene large enough to give ap
proximately equal weights of the two isomers in order to 
allow satisfactory fractionation. The radioactive iso

(1) A  p re lim in a ry  re p o r t  of som e of th e se  re su lts  w as g iv en  in  C h e m .  I n d  

(L o n d o n ), 926 (1959).
(2) T a k e n  from  th e  P h .D . th e s is  of J .  E . D ., T h e  U n iv e rs ity  of T exas, 

1959; P ro c te r  a n d  G am b le  Co. F ellow , 1957-58 . P re s e n t ad d re ss , U n iv e r
s ity  of K e n tu c k y , L ex ing ton , K y.

(3) R . M . R o b e rts  a n d  J .  E . D oug lass , P a r t  IX , J .  O r g .  C h e m . ,  28 , 1225 
(1963).

(4) R . M . R o b e r ts  a n d  S. G . B ran d e n b e rg e r , J .  A m .  C h e m .  S o c . ,  79 , 5484 
(1957).

(5) R . M , R o b e rts , p a p e r  p re se n te d  a t  th e  S ym posium  on  C a rb o n iu m  
Io n s  of th e  O rg an ic  D iv is io n , 139 th  N a tio n a l M ee tin g  of th e  A m erican  
C hem ical S ocie ty , M a rc h  2 7 ,1 9 6 1 , S t. L ou is, M o.

(6) T h is  w as o rig in a lly  su g g es ted  b y  P ro fesso r C . D . N en itze scu  in  a  p e r
sonal com m u n ica tio n .

(7) W e a re  in d e b te d  to  D r . S. G. B ra n d e n b e rg e r  fo r su g g estin g  th is  a p 
p roach .

propylbenzene thus obtained was shown to be at least 
96% pure by infrared analysis.

The degradation of isopropylbenzene was accom
plished by means of the two steps outlined in equations 
1 and 2:

C H ( C H 3) 2 Co++(0A c- )2 

+  0 2 HO Ac

O

2 .H  +

o
II
c — c h 3

( + C H 3O H )

C O O H  +  CHC1-,

(1)

(2)

The autoxidation of cumene (isopropylbenzene) has 
been studied extensively, but usually for the purpose 
either of determining the kinetics of the reaction or of 
obtaining the hydroperoxide in good yield. The de
composition of cumyl hydroperoxide in the presence of 
certain transition metal ion catalysts is well known;
e.g., Kharasch, et al.,s obtained acetophenone in 70% 
yield by treating an aqueous suspension of the hydro
peroxide with ferrous ammonium sulfate. However, 
since the isolation of the hydroperoxide from a small 
scale autoxidation mixture would be somewhat difficult, 
it was desirable to effect both the autoxidation of the 
isopropylbenzene and the decomposition of the result
ing hydroperoxide without isolation of the latter. A 
glacial acetic acid solution of anhydrous cobalt(II) 
acetate proved to be most suitable.9 The fate of the 
second ,3-methyl group is uncertain, although it most 
likely was converted into methanol, which perhaps 
underwent further oxidation. The procedure used 
for the hypochlorite oxidation of acetophenone to ben
zoic acid was patterned after that given by Newman and 
Holmes.10

Radioassay of the two degradation products, aceto
phenone (as semicarbazone) and benzoic acid, permitted 
calculation of the distribution of C14 in the isopropyl 
side chain. The radioactivity data could also be used 
to calculate the percentage of isopropylbenzene in the 
total propylbenzene fraction, by using isotope dilution 
formulas. Details of these calculations are given 
in Experimental.

The degradation applied to disclose the isotopic dis
tribution in n-propylbenzene was permanganate oxida
tion to benzoic acid, as in previous work.4

(8) M . S. K h a ra sch , A . F o n o , a n d  W . N u d e n b u rg , J .  O r g .  C h e m . ,  15. 
763 (1950).

(9) A . E .  W o o d w ard  a n d  R . B . M e s ro b ia n , J .  A m .  C h e m .  S o c . ,  75, 6189 
(1953).

(10) M . S. N ew m an  a n d  H . L . H o lm es, O r g .  S y n . ,  2 , 428 (1943).
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F ig .  1.— P r o p y lb e n z e n e  r e a r r a n g e m e n t  m e c h a n is m s .

In the first experiment, n-propyl-c*-Cu-benzene was 
treated with water-activated aluminum chloride at 
100°—conditions which previous experiments indicated 
should give about 30% isotopic rearrangement. Of the 
propylbenzene fraction recovered after the usual de
composition and distillation, a small sample was oxidized 
directly to benzoic acid, while the major part was diluted 
with pure (nonradioactivej isopropylbenzene and dis
tilled through an efficient column in order to obtain a 
sample of radioactive isopropylbenzene. This material 
was then degraded to acetophenone and benzoic acid 
as described above. The results of the radioassays 
are given in Table I. The distribution of isotopic 
carbon calculated as described in the Experimental

T a b l e  I

R a d i o a c t i v i t i e s  o f  S t a r t i n g  M a t e r i a l s  a n d  D e g r a d a t i o n  

P r o d u c t s “

E xp t. n -P r-a -C u -Ph6
Benzoic

acidc Acetophenone®
Benzoic

Acide

1 1 .8 3 1 .3 0 0 .0 5 6 5 0 .0 2 0 0

2 . 1 2 .1 2 1 .4 2 0 .0 6 1 0 0 .0 2 9 1
2 . 2 / 1 .1 1 0  0 1 9 4 0 .0 1 2 8

“ R a d io a c t iv i t i e s  i n  m ic ro c u r ie s  
6 ? i - P r o p y l - a - C 14- b e n z e n e  a s s a y e d

p e r  m ill im o le  
a s  s u lf o r a m id e .

( juc. /m m o le ) -  
• F r o m  n-

p r o p y lb e n z e n e .  d A s s e m io a rb a z o n e  (A a; cf. E x p e r im e n ta l  
s e c t io n ) .  e F r o m  a c e to p h e n o n e  (At,; cf. E x p e r im e n ta l  s e c t io n ) .  
■^The p r o p y lb e n z e n e  f r a c t io n  r e c o v e r e d  f ro m  e x p e r im e n t  2 .1  
w a s  t r e a t e d  w i th  f r e s h  A IC I3 +  H aO .

T a b l e  I I

D i s t r i b u t i o n  o f  C 14 i n  ti- P r o p y l -  a n d  I s o p r o p y l b e n z e n e

'—*------- ------------- P ercent C 14 in------------------------ ^
'——TV O J .------- v•PrCaHi------- .
a -C P ~ G a -C p - C ' s

71 29 22 78
67 33 31 69
52 4 8 49 51

section is presented in Table II. The proportion of 
isopropylbenzene in the propylbenzene fraction before 
dilution calculated from the isotope dilution formula 
was 3.55%, which was in good agreement with the 
value from infrared analysis, 3.6%.

In a second experiment, a larger amount of n-propyl- 
a-Cu-benzene was subjected to reaction so that enough 
propylbenzene could be recovered to allow a second 
treatment with fresh catalyst.3 The results of the 
consecutive treatments with catalyst are tabulated 
under experiments 2.1 and 2.2 in Tables I and II. 
In experiments 1 and 2.1, the distribution of isotopic 
carbon between the a- and ^-positions of the side chains 
of n-propyl- and isopropylbenzene exhibited an inverse 
relationship. After two catalyst treatments (experi
ment 2.2), the isotopic carbon was almost equally 
distributed between the a- and /3-positions in both 
propylbenzene isomers. These results are not at var
iance with the mechanism which was first suggested for 
the isotopic rearrangement of n-propylbenzene,4 but 
information accumulated since that time leads us to 
favor now a more orthodox mechanism which is out
lined in Fig. I .11 This mechanism also allows a more 
plausible explanation of the presently reported results.

Since all of the steps outlined in Fig. 1 are expected to 
be reversible, conversion of n-propyl-a-C14-benzene
(V) to ?i-propyl-/3-C14-benzene (I) may occur via either 
clockwise or counterclockwise routes. However, be
fore equilibrium is reached, any isopropylbenzene

(11) The guiding principle in the formulation of the first mechanism was 
to account for the apparently insignificant amount of rearrangement to 
isopropylbenzene. We now know that there is more rearrangement to iso
propylbenzene than is indicated by the amount of this isomer found in the 
liquid reaction mixture, owing to the greater susceptibility of isopropyl
benzene to dealkylation*; thus there is no necessity of avoiding a mechanism 
which would be expected to lead to isopropylbenzene as well as to iso- 
topically rearranged n-propylbenzene.
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produced from V should have more of the isotopic 
carbon in the /3-positions than in the «-position, since 
there is a route to VII via IIB, but VI can not be pro
duced without passing through the highest energy 
intermediate ions IIIA or IIIB. This expectation is 
realized in experiments 1 and 2.1. After equilibrium is 
reached (with respect to V and I) there is equal prob
ability of formation of VII and VI, and this is the find
ing in experiment 2.2. For this reason we prefer the 
formulation of Fig. 1 to the somewhat similar scheme of 
Nenitzescu,12 in which the primary carbonium ion is a 
common intermediate in the formation of both iso
propylbenzene and isotopically rearranged n-propyl- 
benzene. As a corollary, one may also cite this inverse 
relationship between isotopic distribution in n-propyl- 
and isopropylbenzene as evidence for the intervention 
of phenonium ions in these rearrangements.13

Experimental
R a d io a s s a y s  w e re  m a d e  b y  m e a n s  o f  a  l iq u id  s c in t i l l a t i o n  s p e c 

t r o m e te r  ( P a c k a r d  “ T r i - c a r b ” ) a s  d e s c r ib e d  in  t h e  p r e c e d in g  
p a p e r . 3

ra -P ro p y l-« -C 14- b e n z e n e  w a s  s y n th e s iz e d  f ro m  B a C 140 3 a s  
d e s c r ib e d  in  t h e  p r e c e d in g  p a p e r 3 a n d  r a d io a s s a y e d  in  t h e  f o rm  of 
i t s  s u lf o n a m id e .

R e a c t io n  o f  j i - P r o p y l- a -C 14- b e n z e n e  w i th  A lu m in u m  C h lo r id e -  
W a t e r .  E x p e r im e n t  1 .— A  m ix tu r e  o f  3 4 .4  g .  (0 .2 8 6  m o le )  o f  
n - p r o p y l - « - C 14~ b e n z e n e , 1 2 .7  g .  (0 .0 9 5 2  m o le )  o f a n h y d r o u s  
a lu m in u m  c h lo r id e  a n d  0 .1 4 5  g .  (0 .0 0 8 1  m o le )  o f  w a t e r  w a s  
h e a t e d  w i t h  s t i r r in g  a t  1 0 0 °  f o r  6 .5  h r .  T h e  m ix tu r e  w a s  
d e c o m p o s e d  w i th  w a te r ,  t h e  o r g a n ic  l a y e r  w a s  s e p a r a te d ,  d r ie d ,  
a n d  d is t i l le d  t h r o u g h  a  4 5 -c m . g la s s  h e l ic e s -p a c k e d  c o lu m n . 
A  1 0 .4 -g . p r o p y lb e n z e n e  f r a c t i o n  b o i l in g  a t  1 4 8 -1 6 0 °  w a s  o b 
t a in e d ;  in f r a r e d  a n a ly s i s  i n d i c a t e d  i t  t o  c o n ta in  3 .6 %  is o p r o p y l 
b e n z e n e .  I s o to p e  d i lu t i o n  a n a ly s i s  (s e e  b e lo w )  g a v e  3 .5 5 %  
i s o p r o p y lb e n z e n e .

A  1 .0 -m l. p o r t io n  o f  t h i s  f r a c t i o n  w a s  o x id iz e d  t o  b e n z o ic  a c id  
in  t h e  u s u a l  w a y 4 a n d  r e c r y s t a l l i z e d  t o  c o n s t a n t  m e l t in g  p o i n t  
a n d  r a d io a c t iv i t y .

T o  t h e  r e m a in d e r  o f  t h e  p r o p y lb e n z e n e  f r a c t i o n  ( 8 .9 5 5  g . )  w a s  
a d d e d  5 .9 4 1  g . o f  f r e s h ly  d is t i l l e d  n o n r a d io a c t iv e  i s o p r o p y lb e n 
z e n e  ( b .p .  1 5 1 - 1 5 2 ° ) .  T h e  r e s u l t in g  m ix tu r e  w a s  d is t i l le d  
t h r o u g h  a  P o d b ie ln ia k  S e r ie s  3 3 0 0  2 4 - in .  m ic ro  h e l i -g r id  c o lu m n , 
r a t e d  a t  100  p l a t e s  u n d e r  t o t a l  r e f lu x . A  4 .7 - m l.  f r a c t i o n ,  b . p .
1 5 1 .3 - 1 5 2 .0 ° ,  w a s  s h o w n  b y  in f r a r e d  a n a ly s i s  t o  b e  a t  l e a s t  
9 6 %  is o p r o p y lb e n z e n e .

A u to x id a t io n  o f  I s o p r o p y lb e n z e n e .— A  5 0 -m l. f la s k  w a s  
e q u ip p e d  w i th  a  d o u b le - s u r f a c e  r e f lu x  c o n d e n s e r ,  t o  t h e  t o p  o f  
w h ic h  w a s  a t t a c h e d  a  g la s s  t u b e  le a d in g  t o  a n  ic e -c o o le d  t r a p .  
O x y g e n  w a s  in t r o d u c e d  t h r o u g h  a  s m a ll  s id e  n e c k  a f t e r  h a v in g  
p a s s e d  th r o u g h  a  b u b b le - c o u n t in g  t u b e  f i lle d  w i th  s i l ic o n e  f lu id . 
G la c ia l  a c e t ic  a c id  u s e d  a s  s o lv e n t  h a d  a d d e d  t o  i t  1 m l .  o f  a c e t ic  
a n h y d r id e  p e r  100  m l .  o f  a c e t ic  a c id  t o  in s u r e  c o m p le te  d r y n e s s .  
A n h y d r o u s  c o b a l t  ( I I )  a c e t a t e  w a s  p r e p a r e d  b y  h e a t in g  t h e  t e t r a -  
h y d r a t e  in  a n  o v e n  a t  1 1 0 °  f o r  8  h r . ;  i t  w a s  f in e ly  g r o u n d  a n d  
s to r e d  o v e r  m a g n e s iu m  s u l f a t e  in  a  d e s ic c a to r .

T o  t h e  r e a c t io n  f la s k  w a s  a d d e d  16  m l .  o f  t h e  g la c ia l  a c e t ic  a c id ,
4 .0  m l .  o f  t h e  i s o p r o p y lb e n z e n e  f r a c t i o n  a n d  0 .1 0  g . o f a n h y d r o u s  
c o b a l t  ( I I )  a c e t a t e .  T h e  m ix tu r e  w a s  h e a t e d  a t  100  ±  1° w i th  
s t i r r in g  ( b y  m e a n s  o f  a  T e l fo n - c o v e r e d  m a g n e t )  f o r  2 4  h r . ,  w h ile  
a  s lo w  b u t  s t e a d y  s t r e a m  o f  o x y g e n  w a s  p a s s e d  i n to  t h e  f la sk . 
T h e  c o n te n t s  o f  t h e  f la s k  a n d  t r a p  w e re  th e n  d i s t i l l e d ,  t h e  a c e t ic  
a c id  b e in g  r e m o v e d  a t  a tm o s p h e r ic  p r e s s u r e  a n d  a c e to p h e n o n e ,
1 .2  m l . ,  a t  a s p i r a t o r  p r e s s u re .

T h e  s e m ic a rb a z o n e  w a s  p r e p a r e d  f ro m  a  0 .6 - m l.  s a m p le  o f  th e  
a c e to p h e n o n e  b y  t h e  s t a n d a r d  p r o c e d u r e  a n d  t h e  d e r iv a t iv e  w a s  
r e c r y s ta l l iz e d  t o  c o n s t a n t  m e l t in g  p o i n t  a n d  r a d io a c t iv i t y .

(12) C . D . N en itzescu , I . N ecso iu , A. G la tz , a n d  M . Z a lm a n , C h e m .  B e r . ,  

92, 10 (1959).
(13) A  m ech an ism  a n a lo g o u s  to  t h a t  of F ig . 1 ca n  b e  w r i t te n  fo r  th e

iso b u ty lb en ze n e-se c-b u ty lb en zen e  re a r ra n g e m e n t.

A  0 .5 - m l.  s a m p le  o f t h e  a c e to p h e n o n e  w a s  s t i r r e d  w i th  5 0  m l. 
o f  a  5 .2 5 %  s o lu t io n  o f  s o d iu m  h y p o c h lo r i te  ( C lo r o x )  a t  6 0 - 7 0 °  
f o r  4 5  m in .  E t h a n o l  (1  m l . )  w a s  a d d e d  a n d  t h e  m ix tu r e  w a s  
s t i r r e d  fo r  a n o t h e r  10  m in .  in  o r d e r  t o  d e s t r o y  a n y  u n c h a n g e d  
r e a g e n t .  A f te r  c o o l in g , t h e  r e a c t io n  m ix tu r e  w a s  w a s h e d  w i th  10 
m l .  o f  e t h e r  t o  r e m o v e  a n y  u n c h a n g e d  a c e to p h e n o n e ,  t h e  a q u e o u s  
s o lu t io n  w a s  e v a p o r a t e d  o n  t h e  s t e a m  c o n e  t o  a b o u t  o n e -h a lf  i t s  
o r ig in a l  v o lu m e  a n d  t h e n  a c id if ie d  t o  p H  1 w i th  6  N  h y d r o c h lo r ic  
a c id .  T h e  c r y s t a l s  o f  b e n z o ic  a c id  w h ic h  f o rm e d  o n  c o o lin g  
a m o u n te d  t o  3 3 6  m g . I t  w a s  r e c r y s ta l l i z e d  a n d  s u b l im e d  to  
c o n s t a n t  m e l t in g  p o i n t  a n d  r a d i o a c t iv i t y .

E x p e r im e n t  2 .1 — A  s e c o n d  e x p e r im e n t  w a s  c a r r ie d  o u t  w i th  
172  g . (1 .4 4  m o le s )  o f  r a -p r o p y l- a -C I4-b e n z e n e , 6 3 .7  g. (0 .4 7 7  
m o le )  o f  a lu m in u m  c h lo r id e  a n d  2 .1 6  g .  ( 0 .1 2 0  m o le )  o f  w a te r  a s  
s t a r t i n g  m a te r i a l s .  T h e  s a m e  c o n d i t io n s  o f  r e a c t io n  a n d  p r o c e 
d u r e s  o f  w o r k -u p  w e r e  u s e d  a s  i n  e x p e r im e n t  1 . A  4 7 .0 -g . 
p r o p y lb e n z e n e  f r a c t io n  w a s  o b ta in e d  b y  d i s t i l l a t i o n .  I s o to p e  
d i lu t io n  a n a ly s is  ( s e e  b e lo w )  i n d i c a t e d  3 .6 6 %  i s o p r o p y lb e n z e n e .  
A  1 .0 -m l. s a m p le  w a s  o x id iz e d  t o  b e n z o ic  a c id ,  w h ic h  w a s  p u r i 
f ie d  a n d  r a d io a s s a y e d  a s  b e f o r e .  A n  8 .5 1 8 -g . s a m p le  w a s  
d i lu t e d  w i th  6 .8 1 2  g .  o f  i s o p r o p y lb e n z e n e .  T h e  m ix tu r e  w a s  
f r a c t i o n a t e d  u s in g  t h e  P o d b ie ln ia k  c o lu m n  t o  g iv e  6 .0  m l .  o f 
r a d io a c t iv e  is o p r o p y lb e n z e n e ,  b . p .  1 5 0 .2 - 1 5 1 .6 ° .  T h is  w a s  
d e g r a d e d  t o  a c e to p h e n o n e  a n d  b e n z o ic  a c id  a s  b e f o re .

E x p e r im e n t  2 .2 — T h e  r e m a in d e r  o f  t h e  p r o p y lb e n z e n e  f r a c t io n  
a b o v e ,  3 7 .7  g . ,  0 .3 1 1  m o le , w a s  t r e a t e d  w i t h  1 4 .3 !g .  ( 0 .1 0 7  m o le )  
o f  a lu m in u m  c h lo r id e  a n d  0 .4 9  g .  (0 .0 2 7  m o le )  o f  w a t e r  a t  1 0 0 °  
fo r  6 .5  h r . ,  w i t h  s t i r r in g .  T h e  p r o d u c t s  w e re  d is t i l le d  t o  y ie ld
1 0 .3  g . o f  p r o p y lb e n z e n e  f r a c t i o n .  A  1 .0 -m l. s a m p le  w a s  d e g r a d e d  
t o  b e n z o ic  a c id .  A n o th e r  p o r t io n  w a s  d i lu t e d  q u a n t i t a t i v e l y  
w i th  i s o p r o p y lb e n z e n e  a n d  t h e  r e s u l t in g  m ix tu r e  w a s  d is t i l le d  
t h r o u g h  t h e  P o d b ie ln ia k  c o lu m n . T h e  r a d io a c t iv e  is o p r o p y l
b e n z e n e  o b ta in e d  w a s  d e g r a d e d  t o  a c e to p h e n o n e  a n d  b e n z o ic  
a c id  a s  b e fo re .

T h e  r e s u l t s  o f  t h e  r a d io a s s a y s  a r e  g iv e n  in  T a b le  I .  T h e  
v a lu e s  g iv e n  a r e  t h e  a v e r a g e  o f  a t  l e a s t  tw o  a s s a y s  a f t e r  c o n s t a n t  
a c t i v i t y  w a s  r e a c h e d .

C a lc u la t io n s .— A . D i s t r i b u t i o n  o f  C 14 in  is o p ro p y l-« ,/3 -C 14- 
b e n z e n e .  L e t

A a =  m o la r  r a d io a c t iv i t y  o f  a c e to p h e n o n e  s e m ic a rb a z o n e  f ro m  
d e g r a d a t io n  o f  i s o p r o p y lb e n z e n e  ( r e p r e s e n t s  t h e  a m o u n t  
o f  C 14 p r e s e n t  in  « - p o s i t io n  p lu s  o n e - h a l f  t h a t  i n  /3 -p o s itio n s  
o f  i s o p r o p y lb e n z e n e ) .

Aj, = m o la r  r a d i o a c t i v i t y  o f  b e n z o ic  a c id  f ro m  d e g r a d a t io n  o f  
a c e to p h e n o n e  ( r e p r e s e n t s  t h e  a m o u n t  o f  C 14 p r e s e n t  in  
a - p o s i t i o n  o f  i s o p r o p y lb e n z e n e ) .

T h e n  2 (Aa — At) = a m o u n t  o f  C 14 in  /3 -p o s itio n s  a n d

A i =  a m o u n t  o f  C 14 in  « -  p lu s  /3 -p o s itio n s
= At + 2 (Aa — At)
— 2Aa — At 

H e n c e

%  C 14 in  « - p o s i t io n  =  ^  10 0  =  ,-  Ab 100  ( 3 )
A t  2  A  a  A b

erf /~ ii4 * a  ’  + ■ 2( A a  1 2 ( j4 . a  ^4&) 1 A rv  ,  .  \%  C 14 in  /3 -p o sitio n s  =  --------- ----------  100 =  — ----------j — 100  ( 4 )
A  t  ¿ ¡ A  a  A  b

B . A m o u n t  o f  is o p r o p y lb e n z e n e  in  t h e  t o t a l  p r o p y lb e n z e n e  
d i s t i l l a t io n  f r a c t i o n .  L e t

Aa = m o la r  r a d i o a c t i v i t y  o f  u n d i lu t e d  is o p r o p y lb e n z e n e  
=  in i t i a l  m o la r  r a d i o a c t i v i t y  o f  n - p r o p y l - « - C 14- b e n z e n e .

Wo = w e ig h t  o f  t o t a l  p r o p y lb e n z e n e  f r a c t io n .
Wi = w e ig h t  o f  o r d in a r y  is o p r o p y lb e n z e n e  u s e d  a s  d i lu e n t .
A t =  m o la r  r a d io a c t iv i t y  o f  d i lu te d  is o p r o p y lb e n z e n e  =  

2 .4 a — At ( a s  a b o v e ) .

T h e n ,  t h e  u s u a l  in v e r s e  i s o to p e  d i lu t i o n  f o r m u la  m a y  b e  d e r iv e d  
t o  g iv e

W ■% i s o p r o p y lb e n z e n e  =  w -  10 0  (5 )
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4 ,4 '- D iv in y lh .y d ra z o b e n z e n e  ( I )  h a s  b e e n  p r e p a r e d .  T h e  r a t e s  o f  t h e  a c id - c a ta ly z e d  r e a r r a n g e m e n t  o f  I  in  
9 5 %  e th a n o l  a t  0 °  a n d  2 5 ° , a n d  in  7 5 %  ¿ -b u ty l  a lc o h o l  a t  2 5 °  w e re  d e te r m in e d .  T h e  r e a r r a n g e m e n t  w a s  fo llo w e d  
b y  b o t h  t h e  B in d s c h e d le r ’s G re e n  t i t r a t i o n  m e th o d  a n d  s p e c t r o p h o to m e t r ic a l ly .  I n  e a c h  c a s e  t h e  r e a r r a n g e 
m e n t  w a s  f i r s t -o r d e r  in  a c id , o v e r  t h e  r a n g e  o f a c id  c o n c e n t r a t io n s  0 .001  t o  0 .0 5  M. T h e  r a t e  o f r e a r r a n g e m e n t  
o f I  is  f a s t e r  t h a n  t h a t  o f h y d r a z o b e n z e n e .  T h e  p r o d u c t  o f  r e a r r a n g e m e n t  is  n e i th e r  t h e  s e m id in e  n o r  t h e  b is -  
p - a m in o p h e n y lb u ta d ie n e .  T h e  p r o d u c t  d e c o m p o s e s  s lo w ly  w i th  c h a r r in g  a b o v e  3 0 0 ° . is in s o lu b le  in  e th a n o l ,  a n d  
h a s  n o  u n s a tu r a t i o n .  T h e  r e a r r a n g e m e n t  is  n o t  a c c o m p a n ie d  b y  e x te n s iv e  d is p r o p o r t io n a t io n  a s  is  o b s e rv e d  in  
t h e  r e a r r a n g e m e n t  o f  o th e r  d i - p - s u b s t i t u t e d  h y d r a z o b e n z e n e s .  I t  is  p r o p o s e d  t h a t  t h e  p r o d u c t  is  a  p o ly m e r  t h a t  
a c c o m p a n ie s  t h e  o - b e n z id in e  t y p e  o f  r e a r r a n g e m e n t .

W e  h a v e  o b s e rv e d , w i th  t h e  r e a r r a n g e m e n t  o f  2 ,2 '- h y d r a z o n a p h th a l e n e ,  th e  c o n n e c t io n  b e tw e e n  a c id  o r d e r  
a n d  a c id  c o n c e n t r a t io n  w h ic h  B a n th o r p e ,  H u g h e s ,  a n d  I n g o ld 2 d is c o v e re d  in  t h e  r e a r r a n g e m e n t  o f  1- p h e n y I-
2 - /3 -n a p h th y lh y d r a z in e ;  t h a t  is , t h a t  t h e  t r e n d  is f ro m  s e c o n d -o r d e r  a t  h ig h e r  t o  f i r s t - o r d e r  a t  lo w e r  a c id  c o n 
c e n t r a t io n s .

The importance of rate data in interpreting the 
mechanism of the acid-catalyzed rearrangement of hy- 
drazo compounds has been evident in the last few years. 
The rearrangement of hydrazobenzene was shown to be 
second order with respect to acid by Hammond and 
Shine.3 Confirmation of second-order acid catalysis 
was provided by Carlin, Nelb, and Odioso4 5 and by 
Croce and Gettler.6

In more recent years cases of rearrangement of sub
stituted hydrazobenzenes have been disclosed in which 
a non-integral order of acid dependence was observed. 
These are o-hydrazotoluene,6 4-methy]-4'-chlorohy- 
drazobenzene,7 and 4-f-butyl-4'-chlorohycrazoben- 
zene.7 Since the variation in acid order with change in 
hydrazo structure must be capable of incorporation in a 
general mechanistic scheme for the benzidine rear
rangement, and since, in one case,7 the non-integral 
orders (1.58 and 1.51) were attributed to steric effects in 
the hydrazo compound, we were interested in investi
gating the kinetics of rearrangement of a number of per
tinent hydrazo compounds.

Because of our prior interest in hydrazonaphthalenes1 
we chose to work with 2,2'-hydrazonaphthalene; while, 
because of the proposals concerning steric effects7 we 
chose to work with some p,p'-disubstituted hydrazo
benzenes.

The cases of 2,2'-hydrazonaphthalene and its iso
mers have now been reported by Banthorpe, Hughes, 
and Ingold,2 in whose publications there are established 
cases of first-order and mixed-order acid dependence.

We have also worked with 2,2'-hydrazonaphthalene,8 
and have found that in acetone containing 25% water 
by volume, the rearrangement has an acid dependence 
that varies with acid concentration. The order in acid 
is close to 2 at acid concentrations of 0.01 to 0.02 M 
and approaches 1 in the region of 0.005 M, the ionic 
strength being 0.02 in all cases.

(1) F o r  P a r t  IV , see H . J .  S h ine, F .-T . H u an g , a n d  R . L. S nell, J .  O r g .  

C h e m 26, 380 (1961).
(2) D . V. B a n th o rp e , E . D . H u g h es , a n d  C . K . In g o ld , J .  C h e m .  S o c . ,  

2386-2444  (1962).
(3) G. S. H am m o n d  a n d  H . J .  S h ine , J .  A m .  C h e m .  S o c . ,  72 , 220 (1950).
(4) R . B . C a rlin , R . G . N e lb , a n d  R . C . O dioso , i b i d . ,  73, 1002 (1951).
(5) L . J .  C roce  a n d  J .  D . G e tt le r ,  i b i d . ,  75 , 874 (1953).
(6) R . B . C a r l in  a n d  R . C . O dioso, i b i d . ,  76, 100 (1954).
(7) M . J . S. D e w a r a n d  H . M cN ich o ll, T e t r a h e d r o n  L e t t e r s ,  5, 22 (1959).
(8) U n p u b lish e d  w o rk  describ ed  in  th e  M .S . d eg ree  th e s is  of S. J .  B u rd ic k ,

T e x as  T ech n o lo g ica l C o llege, A u g u st, 1961.

Banthorpe, Hughes, and Ingold have observed an 
acid dependence of 1.15 with this case. The results 
with 2,2'-hydrazonaphthalene in our solvent and acid 
range, the details of which are available,8 but which 
we shall omit in view of the prior publication,2 confirm 
the observation, made by Banthorpe, Hughes, and 
Ingold with l-phenyl-2-d-naphthylhydrazine, that it is 
at lower, rather than higher, acid concentrations that 
the trend to first-order acid dependence occurs.

We wish to report now our investigation of the acid- 
catalyzed rearrangement of 4,4'-divinylhydrazoben- 
zene, I. This compound undergoes a transformation in 
acid solution by a process clearly first-order in acid.

K in e t ic  R e s u lts

The rate of rearrangement of I was measured by the 
Bindschedler’s Green technique9 and also spectro
scopically. The rate datar from the titration method 
are given in Table I, while those from the spectroscopic 
method are given in Table II.

T a b l e  I

R a t e  C o n s t a n t s '1,6 f o b  t h e  R e a r r a n g e m e n t  o f  4 , 4 ' - D i v i n y l -  
HYDRAZOBENZENE IN 95%  ETHANOL AT 0°

[H y d ra z o ]  =  2.5 X ) 0 -3 M; io n ic  s t r e n g th  =  0.05.
R u n [H + l X lO3 10 2k ,  m in . ~]

1 5 .30 16 .7
2C 4.03 11.9
3 ' 3 .0 0 9 .9 3
4° 2 .2 0 6 .4 5
5 3 .8 0 11 .9
6 3.03 8 .8 2
7 2 .0 0 6 .29
8 2 ,0 7 6 .0 5
9 1.00 3 .11

10 5.01 1 4 .0
11 1.04 2 .6 7

0 C a lc u la te d  b y  t h e  m e th o d  of l e a s t  s q u a r e s ;  H .  M a r g e n a u  
a n d  G . M . M u r p h y ,  “ T h e  M a th e m a t ic s  o f P h y s ic s  a n d  C h e m 
i s t r y , ”  D .  V a n  N o s t r a n d  C o ., I n c . ,  P r in c e to n ,  N .  J . ,  6 t h  p r in t i n g ,  
1946 , p .  5 0 2 . 6 B in d s c h e d le r ’s G r e e n  m e th o d .  c L i t h i u m  p e r 
c h lo r a te  u s e d  f o r  m a in t a in in g  io n ic  s t r e n g t h ;  in  a l l  o t h e r  r u n s  
l i th iu m  c h lo r id e  w a s  u s e d .

(9) (a) M . J .  S. D ew ar, J .  C h e m .  S o c . ,  777 (1946); (b) H . J . S b in e , R . L. 
S nell, a n d  J . C . T ris le r , A n a l .  C h e m . ,  30, 383 (1958).
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T a b l e  I I

R a t e  C o n s t a n t s “ ' 6 f o r  t h e  R e a r r a n g e m e n t  o f  4 , 4 ' - D i v i n t l - 

HYDRAZOBENZENE AT 2 5 °

[H y d ra z o ]  =  5 X  1 0 ~ 5 M; io n ic  s t r e n g t h  = 0 .0 5 .
S o lv en t [ H +] X 10> 10**, m in .- i [H + ] X 10> 102&, m in .-1

9 5 %  e th a n o l  1 .0 4 .6 0 6 . 0 3 0 .2
1 .0 4 .5 4 6 .0 3 0 .4
2 . 0 8 .9 1 7 . 0 3 6 .2
2 . 0 9 .0 3 7 . 0 3 4 .1
3 . 0 1 3 .3 8 . 0 3 6 .6
3 . 0 1 3 .8 8 . 0 3 9 .6
4 . 0 1 8 .4 9 . 0 4 6 .3
4 . 0 1 8 .8 9 . 0 4 5 .8
5 . 0 2 1 .1 1 0 .0 4 8 .6
5 .0 2 2 .8 1 0 .0 4 8 .8

7 5 %  i - b u ty l  1 .0 5 .4 1 5 . 0 2 6 .5
a lc o h o l  1 .0 5 .5 5 5 . 0 2 6 .2

to o 1 0 .6 6 . 0 2 8 .9
2 . 0 1 0 .6 6 .0 3 0 .4
3 . 0 1 6 .1 7 . 0 3 4 .8
3 . 0 1 6 .0 7 .0 3 4 .3
4 . 0 2 1 .2 8 . 0 3 7 .8
4 . 0 2 1 .5 8 . 0 3 8 .9

0 C a lc u la te d  b y  th e  m e th o d  of l e a s t  s q u a re s .  6 S p e c tro s c o p ic  
m e th o d .

The rate of rearrangement of I is faster than that of 
hydrazobenzene. Comparison can be made with the 
data reported by Carlin4 for hydrazobenzene in 95% 
ethanol. At 0.15° and in 0.102 M  acid the rate con
stant for hydrazobenzene is 0.015 min.-1, while the 
rate constant obtained by us for the rearrangement of I 
at 0° in 95% ethanol, which was only 0.053 M  in acid, 
was eleven times larger, that is 0.167 min.-1

Because of the rapid rate of rearrangement of I it was 
not possible to go to ratios of acid to substrate concen
tration higher than those in Table I and use the Bind- 
schedler’s Green method. We found that the disap
pearance of I can be followed directly in the spectro
photometer, so that, from runs with high acid to sub
strate ratios, rates with half-lives of about one minute 
could be followed easily. Fig. 1 shows a series of 
traces obtained at time intervals with I dissolved in 
acidic ethanol. The gradual disappearance of I is seen 
at 287 npx, the Xmax of this hydrazo compound.

The logarithms of the rate constants given in Tables 
I and II were plotted against those of the acid concen
trations. The data from ethanol solutions are plotted 
in Fig. 2. The slopes of these plots were calculated by 
the method of least squares and were : titration method 
of following rates, 1.04; spectroscopic method (ethanol), 
1.09; (¿-butyl alcohol), 0.94.

Rate constants determined in conditions in which 
only the initial hydrazo concentration was varied did 
not differ sensibly from one and another.

P r o d u c t  A n a ly s is

The product was isolated from rearrangements in 
both 95% ethanol and in wet ether. The product was 
a pale yellow solid which did not melt below 300°. 
Above this temperature blackening and decomposition 
occurred slowly. It was not appreciably soluble in 
ethanol and other common organic solvents. Elemen
tal analysis agreed with the empirical formula of I.

The ultraviolet and infrared spectra of the product 
were compared with those of known materials. Fig. 
1 shows that rearrangement in ethanol leads to a very

F ig .  1.— T h e  c h a n g e  in  t h e  u l t r a v io l e t  s p e c t r u m  o f 4 ,4 '-  
d iv in y lh y d r a z o b e n z e n e  in w  e a k ly  a c id ic  9 5 %  e th a n o l .  T h e  t r a c e s  
s h o w in g  t h e  d e c r e a s e  in  a b s o r p t io n  a t  2 8 7  m/x w e r e  r e c o r d e d  a t  
5 -m in . in t e r v a l s .  T h e  t r a c e  N  w a s  m a d e  a f t e r  n e u t r a l i z i n g  th e  
a c id .

B : 1.9 2 .0  2.1 2.2 - l o g  [H  +]. 2.7 2 .8  2.9 3.0

F ig .  2 .— P lo t s  r e l a t i n g  r a t e  c o n s t a n t s  f o r  t h e  r e a r r a n g e m e n t  o f 
4 ,4 '- d iv in y lh y d r a z o b e n z e n e  in  9 5 %  e th a n o l  t o  a c id  c o n c e n t r a t io n .  
A , t i t r a t i o n  m e th o d ;  B , s p e c t ro s c o p ic  m e th o d .

simple spectrum. The ultraviolet spectrum of the iso
lated product taken in acidic ethanol had a maximum 
at 240 mju and a broad shoulder at 290 mja. Neutrali
zation of a rearrangement solution with sodium hy
droxide gave a spectrum with increased absorption in the 
240-mju region and a weak absorption at 287 m/x. The 
spectrum indicating this is labeled N in Fig. 1.

The infrared spectrum varied very little from prepa
ration to preparation even though some times the 
product had a greenish tinge and had become hard and 
resinous in appearance. The bands of the vinyl group 
and substituted vinyl group bands near 900 and 1000 
cm.-1 were absent. p-Vinylaniline has two sharp 
bands at 900 and 995 cm.-1. Several 1,4-diphenylbuta- 
dienes were examined and had sharp bands in the region 
990-995 cm.-1. In the product the aromatic region 
was very simply represented by one large band centering 
at 825 cm.-1, indicative of 1,4 or 1,2,4-substitution. In 
the shorter wave length region, the aromatic triplet be
tween 2850 and 3000 cm.-1 was clearly observed while 
between 2900 and 3500 cm.-1 the aromatic primary 
amine was shown strongly. These characteristics are 
shown in Fig. 3, in which the spectrum of polyvinylani- 
line is included. The polyvinylaniline was made by
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F ig .  3 .— I n f r a r e d  s p e c t r a :  A , p o ly v in y la n i l in e ;  B , t h e  p r o d u c t  
o f  r e a r r a n g e m e n t  o f  4 ,4 '- d iv in y lh y d r a z o b e n z e n e .

the thermal polymerization of p-vinylaniline. Further 
analysis in the region 1100 to 1600 cm.-1 is complicated 
by the overlapping of the aromatic and amino absorp
tions.

D is c u s s io n

The coincidence of the kinetic orders in acid deter
mined by the Bindschedler’s Green and spectroscopic 
methods leaves us with no doubt that in each case we 
have measured the rate of disappearance of the hy- 
drazo group. Since the amount of azostyrene present 
at the end of reaction was always very small the dis 
appearance of the hydrazo group could not have re
sulted from either oxidation or disproportionation. The 
possibility of reduction10 of the hydrazo compound to 
p-vinylaniline is also eliminated by our having carried 
out the reaction in wet ether and aqueous ¿-butyl 
alcohol and also failing to detect acetaldehyde in the 
ethanolic reaction medium. Thus, we conclude that 
the kinetics we have recorded are those of a true rear
rangement, first-order in both hydrazo compound and 
in acid.

It is evident that I rearranges more rapidly than 
hydrazobenzene. We would anticipate that I is a 
weaker base than hydrazobenzene, and that the rate of 
attack of a second proton on the monoprotonated ion, 
which would lead to second-order acid kinetics, would 
be slower in the case of I than in that of hydrazoben
zene. Thus, using the interpretation of rearrangement 
by two independent routes recently given,7 we have 
followed in I the rate of rearrangement by a first-order 
process dominant because of the now less facile, com
pared with hydrazobenzene, attack of a second proton 
on the monoprotonated ion.

At the onset of this work we had anticipated that the 
product of rearrangement would be either the semidine 
or, less likely, l,4-di(p-aminophenyl)-l,3-butadiene. 
I t  is our opinion now that neither of these is the prod
uct.

The melting point and solubility characteristics of 
the product make it evident that it is not simply the

(10) II. B. Carlin and G. S. Wich, J .  A m .  C lw m . S u e . , 80, 4023 (1958).

semidine.11 Further, it does not seem that the product 
has the semidine unit in it. The ultraviolet spectra of 
semidines are characterized by three well defined max
ima, as shown by Carlin for the dimethyl case and as we 
have found in the diethyl and dichloro cases.12 These 
maxima are in the regions 240, 280, and 300 mju. In 
acid solution the dimethylsemidine13 absorbs strongly at 
279 m/j. and only moderately at 235 m/i. In the last re
gion absorption is not characterized by a maximum. 
This is clearly different from our product in acid 
solution.

The product, furthermore, is not a 1,4-diphenylbuta- 
diene, a decision based on the absence of unsaturation 
bands in the infrared and the absence of the characteris
tic close trio of bands between 340-380 m/i in the ultra
violet spectrum of the product.

The product is, indeed, very much like polyvinylani- 
line, as seen in the infrared spectra, Fig. 3. p-Vinyl- 
aniline is consumed only very slowdy in mildly acidic 
ethanol. The characteristic band at 275 npi slowly dis
appears and after a week or more the spectrum is very 
much like that obtained by rearrangement of I. That 
is, the acidic solution of p-vinylaniline after two weeks 
has two broad bands at 345 and 242 rn.fi. Addition of 
sodium hydroxide no longer gives the strong band at 
275 mu, as happens when a fresh, acidic solution of the 
amine is treated this way, but gives a spectrum very 
similar to the one labeled N in Fig. 1; that is, a strong 
band at 238 mil, a weaker one at 287 m/i, and lastly a 
very weak broad band at 345 m/i. Unfortunately, we 
were able to retrieve only a gummy product from al
lowing p-vinylaniline to stand in acid for several weeks. 
The fact that the amine changes so slowly in this solu
tion also stresses that p-vinylaniline is not the initial 
product in the rearrangement of I.

It is our proposal that the product is a polymer whose 
formation is initiated by the rearrangement that occurs 
intramolecularly. The rearrangement we choose is not 
the customary semidine type but the o-benzidine. We 
have noted earlier1 that l-phenyl-2-d-naphthylhydra- 
zine forms the o-benzidine product both by thermal and 
acid-catalyzed rearrangement. The thermal rear
rangements of this and other hydrazonaphthalenes may 
be Claisen type rearrangements, but the acid-catalyzed 
rearrangements are true benzidine rearrangements. 
Some of these, which lead to the o-benzidine products, 
rearrange by the first-order acid process.2 I t  is our 
view in the present case that the process, which is first 
order in acid, leads to the o-benzidine product inter
mediate and that this intermediate is involved1 in a 
way so far unknown, in initiating further reaction with 
available vinyl groups. Since p-vinylaniline is con
sumed only slowly in acidic ethanol solution, there is no 
reason to believe that either the semidine or the o- 
benzidine would be consumed at an appreciably dif-

(11) I t  is in te re s tin g  to  co m p are  th e  p ro p e rt ie s  of o u r  p ro d u c t  w ith  th o se  
of 2 ,2 '-d iv in y lb e n z id in e  re p o rte d  b y  R . H . W iley  a n d  N . R . S m ith , i b i d . ,  

70, 2295 (1948), from  th e  re a r ra n g e m e n t of S ^ '-d iv in y lh y d ra z o b e n z e n e . 
T h a t  is, th e  2 ,2 /-d iv in y lb en z id in e  h a d  m .p . 123°. H e a tin g  i t  to  135° g av e  
a n  in fu sib le  in so lub le  p o ly m er. A tte m p ts  to  p re p a re  3 ,3 /_d iv in y lh y -  
d razo b en zen e  b y  re d u c tio n  of ra -n itro s ty ren e  w ith  z inc  a n d  h y d ro ch lo r ic  
ac id  gave  a  p o ly m er. G . K o m p p a , In a u g u ra l d is s e r ta tio n , H e ls in g fo rs , 
1893 (w e w ish to  th a n k  th e  L ib ra r ia n , U n iv e rs ity  of H e ls in k i fo r a  g if t 
of a  copy  of th is  d is s e r ta tio n ) , re p o rts  th e  2 ,2 ,-d iv in y lb e n z id in e  a s  b e in g  
re a d ily  so lub le  in  e th e r , b en z en e , a n d  h o t  a lcoho l; a n d  fa ir ly  so lu b le  in  co ld  
alcoho l.

(12) U n p u b lish ed  w ork  of J .  T . C ham ness.
(13) W e w ish  to  th a n k  P ro fesso r C arlin  fo r so k in d ly  se n d in g  us th is  com 

po u n d .
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ferent rate from p-vinylaniline if they were dissolved in 
weakly acidic ethanol. Similarly we think that I it
self would not undergo a fast reaction at its vinyl 
groups in weakly acidic ethanol unless its hydrazo group 
was first involved in a rearrangement scission.

E x p e r im e n ta l14

M a te r i a l s .— E th a n o l  w a s  s to c k  9 5 %  a n d  u s e d  w i th o u t  
f u r t h e r  t r e a t m e n t .  T h e  ¿ -b u ty l  a lc o h o l  w a s  E a s t m a n  ( W h i te  
L a b e l )  a n d  w a s  a l lo w e d  t o  c r y s ta l l i z e ,  t h e  s u p e r n a t a n t  l iq u id  
b e in g  d is c a r d e d ;  t h i s  w a s  d o n e  th r e e  t im e s .

p - N i t r o s ty r e n e  w a s  m a d e  a c c o r d in g  to  t h e  m e th o d  o f  S t r a s s -  
b u r g ,  G re g g , a n d  W a l l in g .15

4 ,4 '- D iv in y la z o b e n z e n e .— A  m ix tu r e  o f  9 0  m l .  o f  e th a n o l ,  15 
m l .  o f  12 A  s o d iu m  h y d r o x id e ,  a n d  7  g .  o f  p - n i t r o s ty r e n e  w a s  
h e a t e d  t o  b o i l in g  in  a  2 5 0 -m l.,  tw o - n e c k  f la s k  e q u ip p e d  w i th  a  
re f lu x  c o n d e n s e r .  Z in c  d u s t  (2 5  g . )  w a s  a d d e d  in  s m a ll  p o r t io n s .  
B o ilin g  w a s  c o n t in u e d  f o r  3 0  m in .  a f t e r  th e  a d d i t i o n  w a s  c o m 
p le t e ,  a n d  th e  h o t  s o lu t io n  w a s  f i l te r e d  i n t o  a  la r g e  v o lu m e  o f  c o ld  
w a te r .  T h e  p r e c ip i t a t e d  r e d ,  g u m m y  s o lid  w a s  f i l te r e d ,  d r ie d ,  
a n d  s u b l im e d  a t  1 2 0 °  a n d  2  m m . T h e  s u b l im e d  s o lid  w a s  r e -  
c r y s ta l l iz e d  s e v e ra l  t im e s  f ro m  9 5 %  e th a n o l  t o  g iv e  0 .9 5  g .  ( 1 7 %  
y ie ld ) ,  m .p .  1 3 8 - 1 3 8 .5 ° .

Anal. C a lc d .  f o r  C i6H i4N 2: C ,  8 2 .0 3 ;  H ,  6 .0 2 ;  N ,  1 1 .9 5 . 
F o u n d :  C ,  8 1 .8 4 ;  H ,  6 .1 8 ;  N ,  1 2 .2 2 .

T h e  in f r a r e d  s p e c t r u m  s h o w e d  a  s t r o n g  b a n d  a t  9 9 7  c m r 1 a n d  
a  s t r o n g  d o u b le t  a t  9 0 6 , 9 1 5  c m . - 1 .

4 ,4 '- D iv in y lh y d r a z o b e n z e n e  ( I ) . — T h e  a z o  c o m p o u n d  w a s  
r e d u c e d  i n  a c e to n e  s o lu t io n  w i th  z in c  d u s t  a n d  a q u e o u s  a m m o n iu m  
c h lo r id e . T h e  c o lo r le s s  a c e to n e  s o lu t io n  w a s  f i l te r e d  t h r o u g h  
s in te r e d  g la s s  i n t o  a  l a r g e  v o lu m e  o f  d i l u t e  a q u e o u s  a m m o n iu m  
h y d r o x id e  t h a t  h a d  b e e n  d e - g a s s e d  b y  s t i r r in g  u n d e r  a  w a te r  
a s p i r a to r  v a c u u m  f o r  3 0  m in .  T h e  c o lo r le s s  I  w a s  f i l te r e d  
q u ic k ly ,  w a s h e d  w i th  w a t e r  a n d  d r ie d  i n  a  v a c u u m  d e s ic c a to r .  
I n  a l l  o f  t h e  k in e t ic  a n d  p r o d u c t  w o r k  t h e  I  u s e d  w a s  p r e p a r e d  n o t  
m o r e  t h a n  18 h r .  p r io r  t o  u s e .  T h e  p r o d u c t  h a d  a  c a p i l l a r y  
m e l t in g  p o i n t  o f  1 1 5 ° , d e t e r m in e d  b y  p lu n g in g  i n t o  t h e  m e l t in g  
p o in t  b a t h  a t  v a r io u s  t e m p e r a tu r e s .

Anal. C a lc d .  f o r  C i6H 16N 2; C ,  8 1 .3 2 ;  H ,  6 .8 3 ;  N ,  1 1 .8 5 . 
F o u n d :  C ,  8 1 .0 1 ;  H ,  6 .8 4 ;  N ,  1 1 .9 9 .

1 .4 -  B i s ( p - n i t r o p h e n y l ) - l ,  3 - b u ta d i e n e .— T h is  c o m p o u n d  w a s  
u n k n o w n  w h e n  f i r s t  m a d e  in  o u r  l a b o r a t o r y .  S u b s e q u e n t ly ,  i t  
w a s  r e p o r t e d  b y  B u c k le s  a n d  F r a n k l in ,16 via t h e  d e c a r b o x y la t io n  
o f t h e  c o r r e s p o n d in g  p e n ta d ie n o ic  a c id .  W e  u s e d  t h e  s im p le r  
p r e p a r a t io n  via t h e  W i t t i g  r e a c t io n .  T o  a  s o lu t io n  o f  1 1 .6  g . o f 
p - n i t r o p h e n y l  t r ip h e n y lp h o s p h o n iu m  b r o m id e  ( m .p .  2 7 5  ° ) 17 
a n d  5 .0  g .  o f  p - n i t r o c in n a m a ld e h y d e 18 ( m .p .  1 3 9 - 1 4 0 ° ,  2 ,4 -  
d in i t r o p h e n y lh y d r a z o n e  m . p . ,  2 7 8 - 2 7 9 ° )  i n  137  m l .  o f  a b s o lu te  
e th a n o l  w a s  a d d e d  in  s m a ll  p o r t io n s  a  s o lu t io n  o f 0 .2  g .  o f l i t h 
iu m  m e ta l  in  103 m l .  o f  a b s o lu te  e th a n o l .  A f te r  s t a n d in g  o v e r 
n ig h t  a t  r o o m  t e m p e r a t u r e  t h e  s o lu t io n  w a s  d i lu t e d  w i th  100  m l .  
o f w a te r .  T h e  p r e c i p i t a t e  f o r m e d  w a s  f i l te r e d ,  w a s h e d  w i th  
w a te r ,  a n d  d r ie d .  R e c r y s ta l l iz a t io n  tw ic e  f ro m  p - x y le n e  g a v e  
y e l lo w -b ro w n  n e e d le s ,  m .p .  2 6 8 - 2 6 9 ° .  T w o  m o r e  c r y s t a l l i z a 
t io n s  f ro m  d im e th y l f o r m a m id e  g a v e  m .p .  2 7 0 - 2 7 0 .5 °  ( l i t . , 16 
fo r  t h e  trans-trans i s o m e r ,  2 5 7 .5 - 2 5 9 ° ) .  Y ie ld :  3 .7  g . ( 4 4 .3 % ) .

Anal. C a lc d .  f o r  C 16H 12N 20 4: C ,  6 4 .8 6 ;  H ,  4 .0 8 ;  N ,  9 .4 6 . 
F o u n d ;  C ,  6 4 .7 7 , 6 4 .9 2 ;  H ,  4 .2 5 ,  4 .0 9 ;  N ,  9 .2 6 ,  9 .7 1 .

1 .4 -  B i s ( p - a c e t a m id o p h e n y l ) - l ,3 - b u ta d i e n e .— O n e  g r a m  o f  th e  
d in i t r o  c o m p o u n d  a n d  14 g . o f  z in c  d u s t  w e r e  b o i le d  fo r  12 h r .  w i th  
120 m l .  o f a c e t ic  a c id  a n d  10  m l .  o f  w a te r .  A f te r  c o o l in g , t h e  
s o lu t io n  w a s  d e c a n te d  i n to  3 0 0  m l .  o f c o n c e n t r a t e d  a m m o n iu m  
h y d ro x id e . T h e  l ig h t  y e l lo w  s o l id  w a s  f i l te r e d ,  w a s h e d  w i th  
e th a n o l ,  a n d  d r ie d  g iv in g  0 .9 7  g .  ( 9 0 %  y ie ld ) .  C r y s t a l l i z a t i o n  
f ro m  a  m ix tu r e  o f d im e th y l f o r m a m id e  a n d  m e th a n o l  g a v e  a  
c o lo r le s s  p r o d u c t ,  m .p .  3 5 6 - 3 5 7 ° .19

(14) A n aly ses  b y  S chw arzkop f M ic ro a n a ly tic a l L a b o ra to r ie s , W oodside 
77, N .Y .

(15) R . W . S tra s sb u rg , R . A. G regg , a n d  C . W a llin g , J .  A m .  C h e m .  

S o c . ,  69 , 2141 (1947).
(16) W . E . F ra n k lin , P b .D . d is s e r ta tio n , S ta te  U n iv e rs ity  of Io w a , 

F e b ru a ry , 1960. U n iv e rs ity  M icro film s, In c .,  A n n  A rb o r, M ich .
(17) R . N . M c D o n a ld  a n d  T . W . C am p b e ll , J .  O r g .  C h e m . ,  24, 1969 

(1959).
(18) T . N ish im u ra , J .  J a p a n .  C h e m .  S o c . ,  25 , 54 (1952).
(19) L . K a tz , e l  a l . ,  U . S. P a te n t  2 ,852 ,556  (S ep te m b e r  16, 1958), l is t

th is  co m p o u n d  b u t  do n o t give a  m e ltin g  p o in t.

Anal. C a lc d .  f o r  C 2oH2oN20 2: C ,  7 4 .9 8 ;  H ,  6 .2 9 ;  N ,  8 .7 5 . 
F o u n d :  C ,  7 5 .0 3 ;  H ,  6 .2 3 ;  N ,  8 .7 2 .

T h e  u l t r a v io l e t  s p e c t r u m  o f  a  c h lo ro fo rm  s o lu t io n  s h o w e d  a  
t r i p l e t  o f p e a k s  a t  3 4 1 , 3 5 8 , a n d  3 8 0  m/i, a n d  a  s m a ll  a b s o r p t io n  
a t  2 7 8  iD.il.

T h e  fo llo w in g  1 ,4 - s u b s t i t u t e d  b u ta d i e n e s  w e re  d o n a t e d 20:
1 ,4 - d ip h e n y l- ,  l - p - n i t r o p h e n y l - 4 - p h e n y l - ,  a n d  1 - p -a c e ta m id o -  
p h e n y l - 4 - p h e n y l - l  ,3 - b u ta d ie n e .

p -V in y la n i l in e .— T h is  w a s  p r e p a r e d  b y  t h e  a lu m in u m  a m a lg a m  
r e d u c t io n  o f  p - n i t r o s ty r e n e 21 in  m o i s t  e t h e r  s o lu t io n .  B o il in g  o f 
t h e  r e a c t io n  m ix tu r e  w a s  c o n t in u e d  u n t i l  a  t e s t  s a m p le  w a s  
c o m p le te ly  s o lu b le  in  d i l u t e  h y d r o c h lo r ic  a c id .  T h e  a m in e  w a s  
o b ta in e d  b y  r e m o v in g  th e  e t h e r  u n d e r  r e d u c e d  p r e s s u r e  a f t e r  
f i l te r in g .  T h e  a m in e  w a s  n o t  d is t i l le d  a n d  w a s  s to r e d  a t  — 1 0 ° . 
N - a c e ty l  d e r iv a t iv e ,  m .p .  1 3 9 .5 - 1 4 0 ° ;  l i t . , 21 1 3 5 -1 3 6 ° .

R a te  W o r k .— B in d s c h e d le r ’s G re e n  w a s  p r e p a r e d  a s  e a r l i e r .9b 
S o lu t io n s  c o n ta in in g  a p p r o x im a te ly  3 .2  g . / l .  w e re  u s e d .  C o m 
m e r c ia l  2 0 %  a q u e o u s  t i t a n i u m  t r ic h lo r id e  w a s  d i lu t e d  (7  m l . / l . )  
a n d  s t a n d a r d i z e d  w i th  s o lu t io n s  o f  r e c r y s ta l l i z e d  p o ta s s iu m  d i 
c h r o m a te .  L i th iu m  c h lo r id e  a n d  l i t h iu m  p e r c h lo r a te  w e re  d r ie d  
b y  h e a t in g  a n d  w e re  s to r e d  in  a  d e s ic c a to r .  A lc o h o lic  s o lu t io n s  
o f  h y d r o g e n  c h lo r id e  w e re  m a d e  b y  b u b b l in g  t h e  g a s  i n t o  9 5 %  
e th a n o l .  T h e  s o lu t io n s  w e re  s t a n d a r d i z e d  p r io r  t o  u s e .  R a te s  
o f  r e a r r a n g e m e n t  w e re  m e a s u r e d  a s  d e s c r ib e d  e ls e w h e r e .3

T h e  s p e c tro s c o p ic  p r o c e d u r e  is  i l l u s t r a t e d  w i th  t h e  fo llo w in g  
e x a m p le .  A  s o lu t io n  o f  8 .8  m g .  o f  I  i n  50  m l .  o f e th a n o l  w a s  d i 
l u t e d  t e n f o ld  t o  7 .5  X  1 0 -5 M. T w o  m l .  o f th i s  s o lu t io n  w a s  
p ip e t t e d  i n to  a  g r o u n d -g la s s  s to p p e r e d  c e ll ( P y r o c e l l  M a n u f a c 
tu r in g  C o . ,  W e s tw o o d , N .  J . ) .  T o  th i s  w a s  a d d e d  1 m l .  o f  a n  
e th a n o l  s o lu t io n  c o n ta in in g  h y d r o g e n  c h lo r id e  a n d  l i t h iu m  c h lo 
r id e .  T h e  s to p p e r e d  ce ll w a s  s h a k e n  w h ile  in  t h e  c e ll  h o ld e r ,  
in s e r t e d  i n  t h e  s p e c t r o p h o to m e te r  p r e v io u s ly  s e t  t o  r e a d  in  t r a n s 
m is s io n  a t  2 8 7  m /t . R e a d in g s  w e re  t a k e n  a t  t im e  i n t e r v a l s ,  
c o n v e r te d  t o  o p t i c a l  d e n s i ty  a n d  th e  lo g a r i th m s  w e re  p l o t t e d  
a g a in s t  t im e .  A s a n  e x a m p le ,  t h e  a c id ic  s o lu t io n  a d d e d  l a s t  
w a s  m a d e  b y  d i lu t in g  3  m l .  o f  0 .1  M  e th a n o l ic  h y d r o g e n  c h lo r id e  
t o  5 0  m l. w i th  e th a n o l  a n d  a d d in g  0 .3 0 5 4  g . o f  l i th iu m  c h lo r id e . 
B y  u s in g  1 m l .  o f t h i s  s o lu t io n  a n d  2  m l .  o f  t h e  I  s o lu t io n  a n d  
a s s u m in g  t h e  v o lu m e s  t o  b e  a d d i t i v e ,  t h e  s o lu t io n  in  t h e  c e ll w a s  
2  X  1 0 -3  M in  a c id ,  5  X  1 0 -5 M  i n  I  a n d  h a d  a n  io n ic  s t r e n g t h  o f 
0 .0 5 . I n  th i s  c a s e  t h e  r a t e  d a t a  fo l lo w in g  w e re  o b ta in e d .

T im e  ( m in . ) :  0 1 2 3 4 5 6 7 8
%  T r a n s . :  1 0 .7  1 2 .5  1 4 .8  1 7 .5  2 0 .2  2 3 . 5  2 6 . 4  2 9 . 4  3 1 .8

A  p l o t  o f lo g  o p t ic a l  d e n s i ty  a g a in s t  t im e  g a v e  a  s t r a i g h t  lin e  
w h o s e  c a lc u la te d  s lo p e  ( r e f .  a, T a b le  I )  w a s  —3 .8 7  X  1 0 - 2 , 
g iv in g  a  r a t e  c o n s t a n t  o f 8 .9 1  X  1 0 - 2 m i n . - 1 .

T h e  t e m p e r a t u r e  o f  t h e  ce ll c o m p a r t m e n t  w a s  m a in t a in e d  a t  
2 5 °  b y  p u m p in g  w a te r  f ro m  a  t e m p e r a t u r e  c o n t r o l le d  b a t h  
t h r o u g h  t h e  c o d s  o f  t h e  c e ll c o m p a r tm e n t .  T h e  s o lu t io n s  u s e d  
w e re  b r o u g h t  t o  b a t h  t e m p e r a t u r e  p r io r  t o  p i p e t t i n g .  A  B e c k 
m a n  D K - 2  i n s t r u m e n t  a n d  a  B e c k m a n  c o n t r o l le d - t e m p e r a tu r e  
c e ll c o m p a r tm e n t  w e re  u s e d .

P r o d u c t  I s o la t io n .— T h e  fo llo w in g  is  o n e  o f th e  s e v e r a l  p r e p 
a r a t i o n s  c a r r ie d  o u t .  T h e  I ,  0 .2 0 6  g . ,  w a s  d is s o lv e d  in  100 m l .  
o f  9 5 %  e th a n o l  a n d  2  m l .  o f  1 A  e th a n o l ic  h y d r o g e n  c h lo r id e  w a s  
a d d e d .  E v a p o r a t i o n  o f  t h e  s o lv e n t  w i th  a  j e t  o f  n i t r o g e n  w a s  
s t a r t e d  15 m in .  l a t e r .  T h e  s o lid  r e s id u e  o b ta in e d  w a s  d is s o lv e d  
in  1 A  h y d r o c h lo r ic  a c id  a n d  t h e  s o lu t io n  w a s  e x t r a c t e d  s e v e ra l  
t im e s  w i th  e t h e r .  T h e  a c id  s o lu t io n  w a s  p o u r e d  o n to  2  g . o f 
s o d iu m  h y d r o x id e  p e l le t s .  A  l i g h t  y e llo w  s o lid  p r e c ip i t a t e d  a n d  
th i s  w a s  f i l te r e d ,  w a s h e d  w i th  w a te r ,  a n d  d r ie d ,  g iv in g  0 .2 0 0  g . 
( 9 6 .5 % ) .  R e p r e c ip i t a t i o n  f ro m  d im e th y l f o r m a m id e  a n d  d r y in g  
2 4  h r .  a t  7 0 °  a n d  1 m m . g a v e  a  l i g h t  y e llo w  s o l id .

Anal. C a lc d . f o r :  C 16H i6N 2: C ,  8 1 .3 2 ;  H ,  6 .8 3 ;  N ,  1 1 .8 5 . 
F o u n d :  C ,  8 0 .9 6 ;  H ,  7 .1 2 ;  N ,  1 1 .7 7 .

T h is  s o l id  w a s  n o t  s o lu b le  in  e th a n o l ,  c h lo r o fo r m , b e n z e n e ,  
d ie th y le n e  g ly c o l d im e th y l  e th e r ,  a n d  w a te r .  I t  w a s  s o lu b le  in  
d im e th y l f o r m a m id e ,  d i l u t e  a q u e o u s  a c id  a n d  d im e th y ls u l f o x id e .

A  s im i la r  r e s u l t  w a s  o b t a in e d  w h e n  t h e  r e a r r a n g e m e n t  s o lu t io n  
w a s  n o t  e v a p o r a t e d  b u t  w a s  n e u t r a l i z e d  w i t h  a m m o n iu m  h y -

(20) W e w ish to  th a n k  D r. T o d  W . C am p b e ll , E . I . du  P o n t  de N em ours 
a n d  C o., W ilm in g to n , D e l., fo r th e se  co m p o u n d s.

(21) .1. I I . B o y er a n d  H . A lu l, ./. A m .  C h e m .  S o c . ,  81, 2136 (1950).
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d r o x id e  s o lu t io n .  F i l t r a t i o n  o f t h e  f lo c c u le n t  p r e c i p i t a t e  w a s  
v e r y  t e d io u s .

I n  tw o  c a s e s  t h e  a z o s ty r e n e  in  th e  p r o d u c t  w a s  f o u n d  t o  b e  
1 .7 %  a n d  1 .2 %  o f  t h e  I  u s e d .

I n f r a r e d  s p e c t r a  w e re  o b ta in e d  w i th  a  P e r k i n - E l m e r  “ I n f r a 
c o r d , ”  M o d e l  1 3 7 . A ll s o l id s  w e re  r u n  in  p o ta s s iu m  b r o m id e  
p e l le t s .  p -V in y la n i l in e  w a s  r u n  n e a t  b e tw e e n  s o d iu m  c h lo r id e  
p l a t e s .
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of research that has been supported by the Robert A. 
Welch Foundation, the National Science Foundation 
(grant no. G-14551), and Texas Technological College 
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M e th o d s  fo r  t h e  p r e p a r a t io n  o f  s e c -m e r e a p to a lk y la m in e  h y d r o c h lo r id e s  a r e  p r e s e n te d .  T h e  s c h e m e  u s e d  f o r  
t h e  p r e p a r a t io n  o f  th e s e  c o m p o u n d s  in v o lv e s  t h e  p r e p a r a t io n  o f  s e c -b e n z y l th io n i t r o a lk a n e s ,  fo llo w e d  b y  r e d u c 
t i o n  o f t h e  n i t r o  g r o u p  w i th  l i t h iu m  a lu m in u m  h y d r id e  a n d  r e d u c t iv e  d e b e n z y la t io n  w i th  s o d iu m  in  l iq u id  a m 
m o n ia  t o  f re e  t h e  m e r c a p ta n .  S e v e r a l  p r o c e d u r e s  f o r  p r e p a r in g  th e  r e q u is i t e  s e c -b e n z y l th io n i t r o a lk a n e s  i n v o lv in g  
i s o la t io n  o f n i t ro o le f in s  fo llo w e d  b y  t h e  a d d i t i o n  o f  b e n z y l  m e r c a p ta n  o r  r e a c t io n  o f  t h e  l a t t e r  w i th  n i t ro o le f in s  
f o r m e d  in situ a r e  d is c u s s e d .

The synthesis of mercaptoalkylamines is a subject of 
current interest because of the antiradiation activity 
of some of these compounds.2'3 Although there are 
numerous reports of the synthesis of compounds in 
which the mercapto group is attached to a primary 
carbon atom, there is a paucity of data concerning the 
synthesis of mercaptoalkylamines bearing sulfur on 
secondary or tertiary carbon atoms. This paper de
scribes the preparation of a group of new sec-mereapto- 
alkylamine hydrochlorides of type I or II shown below. 
In addition, improved procedures for preparing nitro
olefins and sec-benzylthionitroalkane precursors are 
described.

Parham and Ramp4 reported that nitromethane, 
propionaldéhyde and benzyl mercaptan mixed in the 
absence of solvent and a catalytic amount of piperidine 
added, reacted exothermically to give 2-benzylthio-l- 
nitrobutane in nearly quantitative yield. These au
thors suggested that the 2-benzylthio-l-nitrobutane 
was apparently formed by the addition of benzyl mer
captan to 1-nitrobutene formed in situ. Our initial 
attempts to extend this method to longer chain alde
hydes were unsatisfactory. The reaction products 
were impure and because of decomposition could not 
be distilled without undue losses. Therefore, we 
turned our attention to the route shown in Chart B.

R '

R C H C H N H s C l

1h
I .  R  =  a lk y l ,  R '  =  H  

I I .  R  =  a lk y l ,  R '  =  C H 3 o r  C 2H 6

We initially planned to use the reaction scheme out
lined in Chart A for the preparation of the sec-mercapto- 
alkylamine hydrochlorides.

R C H O  +  R 'C H 2N 0 2 +  C 6H 5C H 2S H

R '
p ip e rid in e  [

------------s- RCHCHNOi

S C H 2C 6H 5

R  =  a lk y l
R '  =  H ,  C H S o r  C 2H 6 

R '

R C H C H N H s C l
I

S H
I  o r  I I

1. N a  liq . N H i
-<----------------------

2. HC1

I 111^LiA IH i

IP
I

R C H C H N H s
I

S C H 2C 6H 5
IV

C h a r t  A

(1) (a) T h is  in v e s tig a tio n  w as s u p p o r te d  b y  th e  D e p a r tm e n t  of th e  A rm y  
a n d  th e  U . S. A rm y  M ed ic a l R esea rch  a n d  D ev e lo p m en t C o m m an d , con
t r a c t  no . D A -49-193-M D -2164 ; (b) p a r t  of th is  m a te r ia l w as p re se n te d  a t  
th e  1 41st N a tio n a l M ee tin g  of th e  A m erican  C hem ica l S oc ie ty , W a sh in g to n , 
D . C ., M a rc h , 1962.

(2) P ro p o se d  A n ti-R a d ia t io n  D ru g  P ro g ram , P a r t  2 a n d  3, D e p a r tm e n t of 
R a d io b io lo g y , W a lte r  R eed  A rm y  In s t i tu te  of R esea rch , W a lte r  R eed  A rm y  
M ed ical C en te r .

(3) T . P . Jo h n s to n  a n d  A. G allag h er. J .  O r g .  C h e m . ,  26 , 3780 (1961).
(4) W . E . P a rh a m  a n d  F . L. R a m p , J .  A m , C h e m .  S o c . ,  73 , 1293 (1951).

R C H O  +  R 'C H 2N 0 2
o h

R '

r c h A h n o 2

A h
C H iC O C I

R '
C bH sC H î S H

R C H C H N 0 2 -<------------------ R C H = C

C H 2C 6H 6
I I I

p ip e rid in e

V
R '  R '

NaiCO,
- i------------- R C H C H N 0 2

benzene  1
n o 2

V I I

C h a r t  B

O A c
V I

Each of the four steps in Chart B is reported to occur 
in good yield. The major disadvantage was that 
several distillations were required. We overcame this 
difficulty, however, by preparing the desired nitroôlefin 
from the appropriate aldehyde and nitroalkane without 
purification of either the nitro alcohol or the nitro 
acetate. The nitro alcohol was prepared by allowing 
the aldehyde and the nitroalkane to condense in the 
presence of aqueous alcoholic sodium hydroxide ac
cording to the method of Sprang and Degering.5 The 
progress of the reaction was followed by the disap
pearance of the carbonyl band of the aldehyde and the 
appearance of a strong hydroxyl absorption at 3500- 
3600 cm.“ 1. The nitro acetates could be obtained 
directly from the crude nitro alcohols. The simplest 
procedure was to add acetyl chloride directly to the

(5) C . A. S p ran g  a n d  E . F . D eg erin g , i b i d , ,  64 , 1063 (1942).
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nitro alcohol without solvent. The completion of the 
reaction was determined by the disappearance of the 
hydroxyl absorption and the appearance of a strong 
carbonyl peak at 1725-1735 cm.-1. The crude nitro 
acetate was converted to the desired nitroolefin using 
the method of Hass, Susie, and Heider6 which uses a 
suspension of anhydrous sodium carbonate as the base 
in refluxing dry benzene. The progress of the reaction 
was readily determined by the disappearance of the 
acetate carbonyl absorption and the appearance of a 
strong carbon-carbon double bond peak at 1630-1640 
cm.-1. The relatively low boiling nitroolefins could be 
easily separated in high yield and good purity by one 
distillation (Table I). The desired sec-benzylthio- 
nitroalkanes (III) were prepared by the addition of 
benzyl mercaptan in benzene, catalyzed by piperidine, 
to the nitroolefin. Using this procedure the sec- 
benzylthionitroalkanes were prepared in high yield 
and excellent purity (Table II). The infrared spectra 
of these compounds show typical peaks at 3030, 3065, 
and 3085 cm.-1 due to aromatic C—H stretching and 
strong bands at 1550 and 1360 cm.-1 attributable to 
the nitro group. The crude sec-benzylthionitroalkane
(III) (B/ = H; R = C3H7, C4H 9, and C*Hu) could 
be purified by distillation under reduced pressure.
However, III (R' = H; R = CôHis, C7H15, and<^~^>—
and III (R = C 3 H 7 ; R' = C H 3 , and C 2 H 5 ) obtained in 
93-100% yield decomposed on attempted distillation. 
These compounds as crude undistilled products were 
sufficiently pure to be reduced to the corresponding sec- 
benzylthioalkylamines which could be easily purified 
by distillation or conversion to the hydrochlorides fol
lowed by recrystallization.

R R '

T a b l e  I  

N i t r o o l e f i n s  

R C H = C ( R ' ) N 0 2

%  Y ield
from  R C R O  B .p ., °C . (m m .)

B .p .,  °C . (m m .' 
re p o r te d

n-CMi H 6 7 .9 2 7 - 2 9  ( 0 . 1 - 0 . 1 5 ) 6 9 - 7 0  (12)®
tl-C 4H g H 4 2 .4 4 4 - 4 7  ( 0 . 2 5 - 0 . 3 ) 5 4 - 5 5  (1 .5 )*
n - C 6H n H 6 5 .3 9 6 - 9 9  ( 0 .0 8 ) 5 7 ( 1 ) '

H 4 9 ,2 7 3 - 7 4  ( 0 . 2 ) 112  ( 9 ) “
n - C Æ / H 6 0 .9 9 1 - 9 5  ( 0 . 2 - 0 . 3 )

C a
H 6 1 .1 9 9 - 1 0 0  ( 0 . 1 )

n - C 3H , c h 3 5 5 .2 4 2 - 4 5  ( 0 .0 5 ) 53  ( 1 ) '
71- C 3H 7 c 2h 5 3 8 .9 6 1 - 6 5  ( 0 . 7 - 0 . 8 ) 8 4 .4  ( 1 0 /

“ E .  S c h m id t  a n d  G . R u t z ,  Ber., 6 1 , 2 1 4 2  ( 1 9 2 8 ) .  4 R e f .  
12. c D .  N ig h t in g a l e  a n d  J .  R .  J a n e s ,  J. Am. Chem. Soc., 66, 
35 2  (1 9 4 4 ) . d Anal. C a lc d .  f o r  C 9H i 7N 0 2: C , 6 3 .1 2 ; H ,  1 0 .0 1 . 
F o u n d :  C ,6 3 .0 7 ;  H ,  1 0 .0 5 . n 26D 1 .4 6 2 0 ; d 25 0 .9 4 2 4 . e Anal. 
C a lc d . f o r  C 8H „ N 0 2: C , 6 2 .7 3 ; H ,  7 .2 4 . F o u n d :  C , 6 2 .9 2 ; 
H ,  7 .2 5 . k 25d  1 .5 1 9 5 , d 26 1 .0 7 2 1 . ' R e f .  6.

During the course of our investigation we found that 
the requisite benzylthionitroalkanes could be prepared 
by a route which eliminates the necessity for isolating 
the nitroolefin. We found that 2-benzylthio-l-nitro- 
hexane and 3-benzylthio-2-nitroheptane could be ob
tained in good yield by refluxing the corresponding 
nitroacetate with benzyl mercaptan in a suspension of 
anhydrous sodium carbonate in benzene. See Chart C.

(6) H . B . H ass, A. G. Susie, a n d  R . L. H eide r, J .  O r g .  C h e m . ,  15, 8  (1950).

R

C H 3( C H 2)3C H C H N 0 2 +  c 6h 5c h 2s h

I
O A c

C h a r t  C

N a 2C 0 3

ben zen e , reflux

R

C H 3( C H 2)3C H C H N 0 2

s c h 2c 6h 6

The 2-benzylthio-l-nitrohexane was distilled to afford 
an 82.6% yield of pure product. No attempt was made 
to distill the 3-benzylthio-2-nitroheptane. It was re
duced directly to 3-benzylthio-2-heptylamine which 
was obtained in a 69% over-all yield from the starting 
nitroacetate.

Finally we turned our attention to a reinvestigation 
of the Parham and Ramp procedure. We found, by 
the simple modification of carrying out the reaction in 
benzene,7 that the crude benzylthio-l-nitroalkane thus 
formed was now sufficiently pure to be directly reduced 
with lithium aluminum hydride to the corresponding 
crude amine. The latter could be then purified by dis
tillation. In this manner, 2-benzylthio-l-hexylamine 
could be prepared in a 44% over-all yield from valer- 
aldehyde. The compound was identical to the prod
uct obtained by lithium aluminum hydride reduction 
of the benzylthionitrohexane obtained by direct addi
tion of benzyl mercaptan to pure 1-nitrohexene.

Although the Parham and Ramp method provides 
the simplest sequence for obtaining the 2-benzylthio-1- 
alkylamines, it cannot be used for the preparation of 
pure 2-benzylthio-l-nitroalkanes. If the latter are 
required, it is necessary to prepare them via the nitro
olefin as outlined in Chart B or via the nitroacetate as 
outlined in Chart C.

The requisite sec-benzylthioalkylamines were best 
prepared by lithium aluminum hydride reduction of the 
corresponding nitro derivatives, using sodium potas
sium tartrate to decompose the alumino complex. One 
distillation afforded analytically pure amines in 58-84% 
yield. See Table III.

The sec-benzylthioalkylamines were converted to 
their hydrochlorides which were debenzylated with 
sodium in liquid ammonia to afford the desired sec- 
mercaptoalkylamine. The procedure used for the de- 
benzylation was modified somewhat from that reported 
by Baddiley and Thain8 (see Experimental section). 
The sec-mercaptoalkylamine hydrochlorides, which 
were obtained in 22-88% yield, showed -SH absorption 
at 2495-2550 cm.-1 in the infrared and analyzed 98- 
100% pure by a N-ethylmaleimide sulfhydryl analysis.9

The sec-mercaptoalkylamines recorded in Table IV 
have been tested as possible anti-radiation agents by 
the Department of Radiobiology, Walter Reed In
stitute of Research, Walter Reed Army Medical Cen
ter, Washington, D. C. The compounds of general 
structure II were tested as a mixture of racemates. 
None of the compounds showed any protection to mice 
against ionizing radiation.

(7) T h e  u se  of a  S ta rk -B id w e ll tu b e  to  C o llec t th e  w a te r  fo rm ed  p ro v id es  a 
co n v e n ie n t m e th o d  fo r fo llow ing  th e  co u rse  of th e  reac tio n .

(8) J .  B ad d iley  a n d  E . M . T h a in , J .  C h e m .  S o c . ,  800  (1952).
(9) N . M . A lex an d er, A n a l .  C h e m . ,  30 , 1 292 (1958).
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2 -B e n z y l t h io -1 -n it r o a l k a n e s

1 2 3 8  C a r r o l l , W h i t e , a n d  W a l l  V o l . 2 8

R C H C H ( R ') N O ,

s c h 2c 6h 5

% Molecular --- -  - Carbon, %------ r—Hydrogen, %—•
R R' Yield 7125 D d2i B.p.t °C. (mm.) formula Calcd. Found Calcd. Found

n-C3H, H 8 0 .1 1 .5 4 0 4 1 .0 9 6 4 137 ( 0 . 1 ) c ,2h „ n o 2s 6 0 .2 2 6 0 .4 0 7 .1 6 7 .1 5
n-C4H9 H 8 1 .3 1 .5 3 2 9 1 .0 8 4 1 3 1 -1 3 2  ( 0 .1 5 ) c ,3h 19n o 2s 6 1 .6 2 6 1 .8 1 7 .5 6 7 .5 5
n-CsHu H 9 1 .9 1 .5 3 0 4 1 .0 6 1 9 135 ( 0 . 1 ) CuH2iN 02S 6 2 .8 8 6 3 .0 8 7 .9 2 7 .7 4

T a b l e  I I I

sec-B e n z y l t h i o a l k y l a m i n e s

RCHCH(R')NH2
|

s c h 2c 6h 6
% Molecular r---- Carbon, %-----> Hydrogen %—

R R' Yield n26p d26 B.p., °C. (mm.) formula Calcd. Found Calcd. Found
n-C3H7 H 8 4 .6 1 .5 4 6 8 1 .0 1 0 6 113 ( 0 .0 5 ) Ci2H19NS 6 8 .8 4 6 8 .9 3 9 .1 5 8 .9 9
k-C4H9 I I 7 8 .3 1 .5 4 0 4 0 .9 9 8 7 100 ( 0 . 1 ) c 13h 21n s 6 9 .8 9 6 9 .5 6 9 .4 8 9 .2 2
n-OHh, H 65 1 .5 3 5 0 0 .9 8 2 6 132 ( 0 .1 ) CuHjjNS 7 0 .8 3 7 0 .8 1 9 .7 6 9 .6 3
n-C6Hi3 H 6 5 “ 1 .5 3 0 3 0 .9 7 6 1 139 ( 0 .0 6 ) c 15h 25n s 7 1 .6 5 7 1 .6 0 1 0 .0 2 9 .9 3
n - C 7H 15 H 5 8 . 5 “ 1 .5 2 6 5 0 .9 6 3 7 132  ( 0 .0 9 ) C i6H 27N S 7 2 .3 9 7 2 .5 1 1 0 .2 5 1 0 .1 5

o -
H 6 2 .5a’b 1 5 1 -1 5 3 ° C i îH ^ N S C I " 6 3 .4 6 6 3 .3 9 7 .8 1 7 .8 6

n - C 3H 7 c h 3 7 4 “ 1 .5 3 8 1 0 .9 9 1 7 9 7 - 1 0 2  ( 0 .0 5 ) C ,3H 2iN S 6 9 .9 0 6 9 .8 6 9 ,4 7 9 . 4 6
n - C 3H 7 c 2h „ 6 4 . 3 “ 1 .5 3 3 8 0 .9 3 2 6 1 1 0 -1 1 4  ( 0 .0 5 ) c 14h 23n s 7 0 .8 3 7 0 .7 1 9 .7 6 9 . 4 4

a Y ie ld s  c a lc u la te d  f ro m  t h e  c r u d e  2 - b e n z y l th io - l - n i t r o a lk a n e s .  6 O b ta in e d  a s  t h e  h y d r o c h lo r id e s .  c M e l t in g  p o in t  o f t h e  h y d r o 
c h lo r id e . d A n a ly s is  o f  t h e  h y d r o c h lo r id e .

T a b l e  IV

Sec-MERCAPTOALKYLAMINE HYDROCHLORIDES
R C H C H ( R ') N H 3C1

% M .p ., % pu re  by M olecu la r r—- C a rb o n , % ---- ' -—H y d ro g en , % —. /— N itro g e n , % —- .---- S u lfu r, % ---- •
R R ' Y ield °C . S H  ana ly sis fo rm u la C alcd . F o u n d C alcd . F o u n d C alcd . F o u n d C alcd . F  ound

n - C 3H 7 H 8 8 .1 a 100 C 5H u N S C 1 3 8 .5 7 3 8 .9 2 9 .0 6 9 .0 2 9 .0 0 8 .7 0 2 0 .6 0 2 0 .7 2
n - C 4H 9a ’6 H 40 a 9 9 .8 C 6H 16N S C 1 4 2 .4 6 4 2 .4 6 9 .5 0 9 .3 4 8 .2 5 8 .0 0 1 8 .8 9 1 8 .6 5
n - C 6H n H 5 9 .2 a 99 C 7H isN S C 1 4 5 .7 5 4 5 .7 8 9 .8 7 9 .8 2 7 .6 2 7 .4 7 1 7 .4 5 1 7 .4 6
7i-CeHi3 H 75 a 9 9 .4 C 8H 20N S C I 4 8 .5 8 4 8 .8 5 1 0 .1 9 1 0 .0 5 7 .0 8 6 .9 4 1 6 .2 1 1 6 .0 6
71-C 7H 15 H 4 9 .9 a 100 C 9H 22N S C 1 5 1 .0 3 5 1 .4 4 1 0 .4 7 1 0 .5 1 6 .6 2 6 .7 4 1 5 .1 4 1 4 .6 9

0 H 22 a 100 c 8h 16n s c i 4 9 .5 9 4 9 .4 0 8 .3 3 8 .2 2 7 .2 3 7 .1 4 1 6 .5 5 1 6 .2 6

n-C 3H 7 c h 3 5 7 .5 1 3 6 -1 3 8 9 9 .4 C o H .e N S C l 4 2 .4 6 4 2 .3 1 9 .5 0 9 .2 9 8 .2 5 8 .0 5 1 8 .8 9 1 8 .7 3
n - C 3H , c 2h 5 6 6 . 6 1 2 4 -1 2 7 100 C 7H 18N S C 1 4 5 .7 5 4 5 .6 2 9 .8 7 9 .6 7 7 .6 2 7 .4 7 1 7 .4 5 1 7 .2 5
71-C 4Ï Î 9 c h 3 55 1 4 3 -1 4 7 100 c 7h I8n s c i 4 5 .7 5 4 5 .5 1 9 .8 7 9 .7 1 7 .6 2 7 .8 8 1 7 .4 5 1 7 .1 8

a T h e s e  c o m p o u n d s  h a d  in d e f in i te  m e l t in g  p o i n t s .  6 D é b e n z y la t io n  d o n e  o n  f re e  a m in e .

E x p e r im e n ta l10

P r e p a r a t io n  o f  t h e  N itro o le f in s  via t h e  N itr o  A lc o h o l a n d  N itr o  
A c e ta te .— O n e  m o le  e a c h  o f  t h e  a ld e h y d e  a n d  n i t r o a lk a n e  in  
e th a n o l  w e re  t r e a t e d  a t  1 0 °  w i th  1 m o le  o f  s o d iu m  h y d r o x id e  a c 
c o r d in g  t o  t h e  m e th o d  o f  S p r a n g  a n d  D e g e r in g  ,5 O n  a c id i f i c a t io n , 
a n  a lm o s t  q u a n t i t a t i v e  y ie ld  o f  t h e  c r u d e  n i t r o  a lc o h o l  w a s  o b 
ta in e d .  T h e  in f r a r e d  s p e c t r u m  s h o w s  h y d r o x y l  a b s o r p t io n  a t  
3 5 6 0 -3 6 0 0  c m . -1 a n d  ty p i c a l  n i t r o  p e a k s  a t  1360  a n d  155 0  c m . - 1 . 
T h e  n i t r o  a lc o h o l  w a s  c o n v e r te d  t o  t h e  n i t r o  a c e t a t e  b y  a d d in g  
a n  e x c e s s  o f  a c e ty l  c h lo r id e  d i r e c t ly  t o  t h e  c r u d e  n i t r o  a lc o h o l 
u n d e r  a n h y d r o u s  c o n d i t io n s .  T h e  e x c e s s  a c e ty l  c h lo r id e  w a s  
r e m o v e d  a t  5 0 °  u n d e r  r e d u c e d  p r e s s u r e .  T h e  in f r a r e d  s p e c t r u m  
s h o w e d  a b s e n c e  o f  h y d r o x y l  a b s o r p t io n  a n d  a  s t r o n g  a c e t a t e  c a r 
b o n y l  p e a k  a t  1 7 2 5 -1 7 3 5  c m . - 1 . T h e  n i t ro o le f in s  w e re  o b ta in e d  
f ro m  t h e  c r u d e  n i t r o  a c e t a t e s  u s in g  t h e  m e th o d  o f  H a s s ,  S u s ie , 
a n d  H e id e r 6 b y  r e f lu x in g  0 .5  m o le  o f  a n h y d r o u s  s o d iu m  c a r 
b o n a te  w i t h  t h e  c r u d e  n i t r o  a c e t a t e s  d is s o lv e d  in  4 0 0  m l .  o f 
b e n z e n e  p r e v io u s ly  d r ie d  o v e r  c a lc iu m  h y d r id e .  T h e  n i t ro o le f in s  
o b t a in e d  a r e  r e c o r d e d  in  T a b le  I .  T h e  in f r a r e d  s p e c t r a  sh o w  
a b s e n c e  o f  a c e t a t e  p e a k s  a n d  c o n ta in  a  s t r o n g  C = C  p e a k  a t  
1 6 3 0 -1 6 4 0  c m . -1 .

P r e p a r a t i o n  o f  s e c -B e n z y l th io n i t ro a lk a n e s .— T o  a  m ix tu r e  o f 
0 .4  m o le  o f  b e n z y l  m e r c a p ta n  a n d  3 m l .  o f  p ip e r id in e  in  100  m l.

(10) B o iling  p o in ts  a n d  m e ltin g  p o in ts  a re  u n c o rre c te d . E le m e n ta l 
an a ly se s  a re  b y  M icro -T ech  L a b o ra to r ie s , S kok ie, 111.

o f b e n z e n e  w a s  a d d e d  d ro p w is e  0 .4  m o le  o f  t h e  n i t ro o le f in  i n  75  
m l .  o f  b e n z e n e .  T h e  r e a c t io n  m ix tu r e  u s u a l ly  w a s  l e f t  a t  ro o m  
t e m p e r a tu r e  f ro m  2 - 1 5  h r .  b u t  e s s e n t ia l ly  t h e  s a m e  y ie ld  w a s  
o b ta in e d  if  t h e  r e a c t io n  w a s  w o r k e d  u p  im m e d ia te ly  a f t e r  t h e  
a d d i t i o n .  T h e  s o lu t io n  w a s  w a s h e d  w i th  d i l u t e  h y d r o c h lo r ic  a c id ,  
w a te r  a n d  d r ie d  o v e r  m a g n e s iu m  s u l f a te .  R e m o v a l  o f t h e  b e n z e n e  
a f fo rd e d  9 0 - 1 0 0 %  o f t h e  c r u d e  p r o d u c t .  T h e  c r u d e  p r o d u c t s  
c o u ld  b e  p u r i f ie d  r e a d i ly  b y  o n e  d i s t i l l a t io n  th r o u g h  a  4 - in .  
V ig re u x  c o lu m n  u n d e r  r e d u c e d  p r e s s u r e .  T h e  in f r a r e d  s p e c t r u m  
s h o w s  ty p i c a l  p e a k s  a t  3 0 3 0 , 3 0 6 5 , a n d  3 0 8 5  c m . -1 d u e  t o  a r o 
m a t ic  C - H  a b s o r p t io n  a n d  s t r o n g  b a n d s  a t  1365  a n d  1 5 5 0  c m . -1 
a t t r i b u t a b l e  t o  t h e  n i t r o  g r o u p .  S ee  T a b le  I I  f o r  a n a ly s i s  a n d  
y ie ld s .  T h e  h ig h e r  m o le c u la r  w e ig h t  p r o d u c t s  d e c o m p o s e d  o n  
a t t e m p t e d  d i s t i l l a t i o n .  T h e s e  p r o d u c t s  w e re  r e d u c e d  in  c r u d e  
fo rm  t o  t h e  s e c -b e n z y l th io a lk y la m in e s  w h ic h  c o u ld  b e  p u r i f ie d  b y  
d i s t i l l a t i o n  o r  c o n v e r s io n  to  t h e  h y d r o c h lo r id e  fo llo w e d  b y  r e 
c r y s ta l l i z a t io n  .

P r e p a r a t i o n  o f t h e  s e c -B e n z y l th io a lk y la m in e s .— A  s o lu t io n  o f  
0 .3  m o le  o f  t h e  2 - b e n z y l th io - l - n i t r o a lk a n e s  in  2 0 0  m l .  o f  a n h y 
d r o u s  e t h e r  ( d r ie d  o v e r  s o d iu m )  w a s  a d d e d  d r o p w is e  t o  a n  ic e -  
c o o le d  s t i r r e d  s o lu t io n - s u s p e n s io n  o f  3 4 .1  g . (0 .9  M) o f  l i t h iu m  
a lu m in u m  h y d r id e  in  16 0 0  m l .  o f a n h y d r o u s  e t h e r .  T h e  r e a c t io n  
w a s  v e r y  e x o th e r m ic ,  a n d  t h e  a d d i t io n  u s u a l ly  r e q u i r e d  1 h r .  o r  
lo n g e r .  T h e  r e a c t io n  m ix tu r e  w a s  re f lu x e d  f o r  1 h r .  a f t e r  t h e  a d d i 
t io n  w a s  c o m p le te d .  T h e  ex cess  l i th iu m  a lu m in u m  h y d r id e  w a s  
d e c o m p o s e d  w i th  w a te r  a n d  2 1. o f 2 0 %  s o d iu m  p o ta s s iu m  t a r t r a t e
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solution was added. The reaction mixture was stirred until all 
the solids dissolved. The ether layer was decanted, and the 
aqueous layer was extracted three times with 150-ml. portions of 
ether. The ether layers were combined and dried over anhydrous 
magnesium sulfate. Removal of the ether under reduced pressure 
afforded an almost quantitative yield of the crude amines. One 
distillation through a 4-in. Yigreux column under reduced pres
sure afforded pure amines showing only one peak on a vapor phase 
chromatogram.11 The yields and analysis are recorded in Table
III. The infrared spectra shows N-H absorption at 3380 cm.-1. 
The hydrochlorides of these amines were prepared by bubbling 
dry hydrogen chloride gas into an ethereal solution of the amine. 
Removal of the ether under vacuum afforded the crude amine 
hydrochloride in 98-100% yield. The crude products were used 
for the preparation of the sec-mercaptoalkylamine hydrochlorides.

Preparation of 3-Acetoxy-2-nitroheptane.—Nitroethane (150.2 
g., 2 moles) was allowed to condense with n-valeraldehyde (172.3 
g., 2 moles) at 10° using 2 moles of sodium hydroxide in aqueous 
alcohol as the base.5 From the work-up 265.9 g. (82.4%) of 
crude product was obtained. The crude 3-hydroxy-2-nitro- 
heptane was converted to the acetate using the procedure re
ported by Tindall.12 3-Hydroxy-2-nitroheptane (161.2 g., 1 mole) 
and concentrated sulfuric acid (0.98 g., 0.01 mole) were placed in 
a flask and acetic anhydride (102 g., 1 mole) was added; the 
temperature was kept at about 60°. The acetic acid was removed 
on a rotary evaporator, and the remaining liquid was distilled 
under reduced pressure to afford 157.9 g. (77%) of a liquid, b.p. 
85-90° at 0.5 mm., ?i 25d  1.4353.

Anal. Calcd. for C9H17NO3: C, 53.18; H, 8.43. Found: 
C, 53.11; H, 8.31.

Preparation of 3-Benzylthio-2-heptylamine.—A stirred mixture 
of 3-acetoxy-2-nitroheptane (101.6 g., 0.5 mole), benzyl mercap
tan (62.1 g., 0.5 mole), sodium carbonate (26.5 g., 0.25 mole), 
and 400 ml. of benzene (dried over calcium hydride) was re
fluxed for 46 hr. The sodium acetate was filtered from the 
benzene and dissolved in water. The aqueous solution was ex
tracted with benzene and after drying over magnesium sulfate 
was combined with the benzene filtrate. Removal of the benzene 
afforded 133 g. of crude 3-benzylthio-2-nitroheptane.

The reduction of the crude 3-benzylthio-2-nitroheptane was 
conducted in the manner described for the general reduction of 
sec-benzylthionitroalkanes using lithium aluminum hydride. A 
69% yield of a colorless liquid, b.p. 108-115° at 0.07-0.08 mm., 
was obtained, w 26d  1.5321.

Anal. Calcd. for C14H23NS: C, 70.83; H, 9.76. Found: 
C, 70.61; H, 9.50.

Preparation of 2-Acetoxy-l-nitrohexane.—To a solution of
36.5 g. (0.249 mole) of crude l-nitro-2-hexanol (prepared by the 
method of Sprang and Degering6 in a 98.5% yield) in 100 ml. of 
chloroform was added 22 g. (0.28 mole) of acetyl chloride. The 
reaction mixture was left at room temperature for 2 hr. and then 
refluxed for 30 min. The reaction mixture was diluted with 100 
ml. of chloroform, washed with water, and dried over magnesium 
sulfate. Removal of the chloroform afforded 43.1 g. of crude 
nitroacetate. Distillation under reduced pressure afforded 34.36 
g. (74.3%) of liquid, b.p. 84-85 at 0.1 mm. Reported13 b.p. 105 
at 3 mm., ŵ d 1.4385; reported13 re25n 1.4337.

Preparation of 2-Benzylthio-l-nitrohexane via 2-Acetoxy-l- 
nitrohexane.—A mixture of 2 -acetoxy-l-nitrohexane (18.9 g., 
0.1 mole), benzyl mercaptan (12.4 g., 0.1 mole), sodium carbon

(11) Vapor phase chromatograms were obtained on an F and M Model 
300 vapor fraetometer using a 24-in., 0.25-in. aluminum column packed 
with 60/80-mesh acid-washed Chromosorb P containing 5% Carbowax 20 M.

(12) J. B. Tindall, I n d .  E n g .  C h e m . ,  33, 65 (1941).
(13) N. L. Drake and A. B. Ross, J .  O r g .  C h e m . ,  23, 717 (1958).

ate (5.3 g., 0.05 mole), and benzene (25 ml.) was refluxed 
for 3 hr. The reaction mixture was worked up as described for 
the preparation of 3-benzylthio-2-nitroheptane to afford 26.2 g. of 
crude product. Distillation under reduced pressure yielded 20.9 
g. (82.6%) of product, b.p. 140° at 0.1 mm., re25d 1.5335 as 
compared to n25d 1.5329 when prepared by the addition of benzyl 
mercaptan to 1-nitrohexene (Table II). The infrared spectra of 
the two compounds were superimposable, and both had the same 
retention time on a vapor phase chromatogram.11

Preparation of 2-Benzylthio-l-hexylamine via 2-Benzylthio-l- 
nitrohexane Obtained from the Parham and Ramp Procedure.4— 
A mixture of 17.2 g. (0.2 mole) of w-valeraldehyde, 12.2 g. (0.2 
mole) of nitromethane, 24.8 g. (0.2 mole) of benzjd mercaptan, 
4 ml. of piperidine, and 75 ml. of benzene was refluxed for 
20 hr. using a water separator. The product was taken up in 
benzene, washed with dilute acid, washed with water, and dried 
over magnesium sulfate. Removal of the benzene afforded 53 g. 
of crude product. An attempt was made to distil a small sample 
of the liquid at reduced pressure; however, the liquid decomposed 
on heating and no product could be forced over by heating the 
bath to 221°.

The remainder of the product was reduced to 2-benzylthio-l- 
hexylamine using the general procedure described for the reduc
tion of sec-benzylthionitroalkanes with lithium aluminum hydride. 
A 42% yield of liquid, b.p. 114-116° at 0.07-0.10 mm., was ob
tained, re26D 1.5404. When 2-benzylthio-l-hexylamine was ob
tained via 1-nitrohexene (Table III) the m 25d  was 1.5404. The 
infrared spectra of these two compounds were identical, and both 
had the same retention time on a vapor phase chromatogram.11

Preparation of sec-Mercaptoalkylamine Hydrochlorides.— 
The above compounds were prepared according to the method of 
Baddiley and Thain8 using the following modified procedure. 
The sec-benzylthioalkylamine hydrochloride14 (0.1 mole) was 
placed in a 1-1. three-necked flask equipped with a stirrer, gas 
inlet tube, and Dry Ice condenser and the complete system was 
protected against moisture with a soda lime drying tube. Am
monia (300 ml.) was introduced into the flask and in the case of 
high molecular weight sec-benzylthioalkylamine hydrochlorides, 
100 ml. of dry ether was added. Sodium metal in small pieces 
was added to the solution until a permanent blue color remained 
for 45 min. The sodium (0.20-0.22 g.-atom) was added while 
nitrogen was blown over the solution. The excess sodium was 
decomposed by adding a little ammonium chloride and the am
monia allowed to evaporate under nitrogen to a small volume. 
Anhydrous ether (200 ml.) was added, and the remainder of the 
ammonia was boiled out of the solution by heating the solution 
on a hot water bath. The stirred ether suspension was cooled, 
and 100 ml. of ether saturated with dry hydrogen chloride gas 
was added to the mixture and the contents were stirred rapidly 
for 2 hr. The solids were filtered, washed well with dry ether, 
transferred to a 1-1. flask, extracted three times with 200-ml. 
portions of isopropyl alcohol, and the total filtrate was concen
trated under nitrogen. Ether was added and the solution allowed 
to crystallize in the ice box. The crude solids obtained were puri
fied by recrystallization from an isopropyl alcohol and ether mix
ture or by vacuum sublimation. The products obtained showed 
—SH absorption at 2495-2550 cm.-1 in the infrared and analyzed 
99-100% pure by a N-ethylmaleimide sulfhydryl assay.9 See 
Table IV for yields and elemental analysis.

Acknowledgment.—We are indebted to Dr. Richard
G. Hiskey, University of North Carolina, and Dr. 
Samuel G. Levine for helpful discussions.

(14) In the case of 2-benzylthio-l-hexylamine the free amine was used in 
place of its hydrochloride. However, this led to a low yield, and the blue 
end point due to excess sodium was extremely difficult to detect.
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A general method for the preparation of iert-mercaptoalkylamine hydrochlorides is presented. The method 
involves the preparation of a ¿eri-benzylthionitroalkane by allowing a mixture of ketone, nitromethane, and 
benzyl mercaptan in benzene to react in the presence of piperidine followed by reduction of the nitro group with 
lithium aluminum hydride and reductive debenzylation with sodium in liquid ammonia. Other possible methods 
for the preparation of teri-benzylthionitroalkanes are discussed.

The previous article in this series2 described the syn
thesis of a number of new sec-mercaptoalkylamine 
hydrochlorides. In this paper we will discuss the 
preparation of analogous teri-mercaptoalkylamine hy
drochlorides both in the aliphatic and alicyclic series 
and some of the particular problems which occur in the 
synthesis of cyclic e;ro-nitro6lefins and the correspond
ing cyclic ferf-benzylthionitroalkanes. The general 
scheme used for the preparation of these tert-mercapto- 
alkylamine hydrochlorides is shown in Chart A.

O
II

R—C—R' +  C6H6CH2SH
C& N O ï

Piperidine
benzene

->  RR'CCH2N 02

s c h 2c 6h 6 
I

I (1) LiAlH, 
I  (2) HC1

1. Na, liq. NHi
RR'CCHjNHjCl -e-----------------  RR'CCH2NH3C1

I 2. H Cl I
SH SCH2C6H5

II
III. R = R ' = CH3—
IV. R = CH3—, R ' = C2Hs
V. R,R' = (CH2)„; n — 3, 4, 5, and 6

C h a r t  A

The crude teri-benzylthionitroalkanes (I) were re
duced to the ferf-benzylthioalkylamines (II) in good 
over-all yield. The debenzylation of II using the 
same procedure previously described2 proceeded in high 
yield and afforded nice crystalline compounds of ex
cellent purity.

The intermediates II [R, R ' = (CH2)4] and [RR' 
= (CH2)6] were also prepared by the scheme outlined 
in Chart B.

0
Il I. CHjNOi, CHsONa

R—C—R ' ------------------------j- RR'CCH2N 02
2. AcCl I

OAc
RR' = (CH2)4 or (CH2)5

1. NajCOj. CbH sC H îSH
benzene

2. LiAlHi y
RR'CCH2NH2

s c h 2c 6h 6
C h a r t  B

(1) (a) This investigation was supported by the Departm ent of the Army 
and the U. S. Army Medical Research and Development Command, contract 
no. DA-49-193-MD-2I64; (b) part of this material was presented a t the 
141st National Meeting of the American Chemical Society, Washington, 
D. C., March, 1962.

(2) F. I. Carroll, J. D. White, and Monroe E. Wall, P art I, J .  O r g .  C h e m . ,  

28, 1236 (1963).

The products obtained by this procedure were iden
tical to those obtained by the scheme outlined in Chart 
A.

In order to substantiate the structures of the lert- 
benzylthioalkylamines, methyl ethyl ketone and cyclo
hexanone were converted to II via the scheme shown 
in Chart C.

O
CHjONa

RCR' +  CH3N 02 ----------

RR'CCH2N 02
I

OH

1. AcCl

2. NaiC03 
benzene

RR'C=CH N 02

VI
R,R' = CHa, C2H5 or (CH2)5

VII
1. CüHsCILSH

piperidine
2. Li Al Hi

C h a r t  C

RR'CCH2NH2

s c h 2c 6h 5
II

The tert-benzylthioalkylamines obtained by isolation 
of the nitroolefin followed by addition of benzyl mer
captan and reduction with lithium aluminum hydride 
were identical to the products obtained via the modified 
Parham and Ramp procedure, Chart A, or by the nitro- 
acetate procedure, Chart B. 1-Aminomethylbenzyl- 
thiocyclohexane obtained via the modified Parham and 
Ramp procedure decomposed on attempted vacuum 
distillation and was isolated as the hydrochloride.

Several aspects of the reaction schemes given under 
Charts A, B, and C require further comment. In 
our previous paper2 we have shown that the reaction of 
aldehydes with nitromethane to give nitro alcohols 
proceeds in good yield. In contrast, the reaction equi
librium in the case of the same reaction with simple ali
phatic and alicyclic ketones lies on the side of the 
reactants. Thus, acetone gives about a 50% yield of 
the nitro alcohol, methyl ethyl ketone about 15% and 
diethyl ketone a negligible yield. Similarly, cyclo
hexanone gives a 47% yield of the nitro alcohol, whereas 
cyclopentanone and cycloheptanone gave very low 
yields. Hence, the procedure given under Chart C is 
of poor preparative significance. In addition, in the 
alicyclic series the exo-olefins VIII (n = 2 and 4) can
not be isolated. All elimination procedures tested 
have given the corresponding endo-olefins IX (n = 2 
and 4.)3'4

(3) H. B. Fraser and G. A. R. Kon, J .  C h e m .  S o c . ,  604 (1934).
(4) Z. Eckstein, A. Sacha, and T. Urbafiski, B u l l .  A c a d .  P o l o n .  S c i . ,  C l a s s  

I I I ,  5, 213 (1957); C h e m .  A b s t r . ,  51, 16318 (1957).
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¿erf-BENZYLTHIOALKYLAMINES
RR'CCH2NH2

s c h 2c 6h 5

R R '
%

Y ie ld “ 71 (¡25 B .p . (m m .) o r  m .p ., °C .
M o lecu la r

fo rm u la
------- C arbf
C alcd .

'n, %-------■
F o u n d

.— H y d ro g t 
C alcd .

in, % —
F o u n d

c h 3, c h 3 506 118—119c CnHigNSCP 57.00 56.69 7.83 7.82
c h 3, c 2h 6 76.5 1.5512 1.0148 110 (0.08) Ci2HI9NS 68.84 69.17 9.15 9.17
C2H5, c 2h 6 46 1.5548 1.0158 109 (0.05) Ci3H21NS 69.89 69.79 9.48 9.40
(CH2)s 60.3 1.5699 1.0684 116-119 (0.07-0.05) Ci2H„NS 69.51 69.49 8.27 8.14
(CH2)4 52.7 1.5692 1.0698 126-130 (0.05-0.1) c ,3h 19n s 70.53 70.53 8.65 8.38
(CH2)6 52.26 182-183 CuH^NSCP 61.85 61.77 8.16 8 . 0 0
(CH2)6 42.26 171-173 CisHiiNSCP 63.02 62.90 8.46 8.47

Over-all yield from the ketone. 6 Isolated as the hydrochloride. c H. M. Crooks, Jr., “Penicillamine, Its Analogs and Homologs
in the Chemistry of Penicillin,” H. T. Clark, J. R. Johnson, and Sir R. Robinson, Princeton University Press, 1949, p. 649, reported 
m.p. 116-117°. d Analysis on amine hydrochloride.

/C H 2 
f  \

(CH2),;/ C=CHN02

^ C H 2

VIII. n = 2, 3 and 4

^C H 2 
i  \

(CH2) ^ C -C H 2N02 

IX. n = 2, 3 and 4

It has been reported5 that acetic acid could be 
eliminated from 1-nitromethylcyclohexanol acetate 
with sodium carbonate to give the ea:o-olefin VIII (n 
= 3). When this experiment was performed in our 
laboratory, the exo-olefin VIII (n = 3) was formed. 
However, the main product obtained was the e'¡do- 
olefin IX (n =  3). The condensation of nitromethane 
with cyclobutanone has not been reported.

The modified Parham Ramp procedure adopted for 
the preparation of teri-benzylthioalkylamines2 gives ex
cellent yields, ranging from 42-76.5% (Table I). Sev
eral mechanisms can be formulated to account for the 
formation of the fert-benzylthioalkylnitroalkanes ob
tained via the Parham and Ramp6 procedure. Our 
data, however, are most consistent with the mechanism 
originally proposed by the above authors who suggested 
that the reaction proceeds via the addition of benzyl 
mercaptan to a nitroolefin formed as an intermediate in 
the reaction.7 Although as we have indicated, the 
equilibrium for the formation of nitro alcohols is un
favorable, the reaction can be driven forward because 
of the elimination of water giving the nitroolefin which 
is irreversibly trapped by immediate reaction with 
benzyl mercaptan. This is clearly shown in the case 
of methyl ethyl ketone which on base-catalyzed reac
tion with nitromethane affords a 15% yield of nitro 
alcohol but a 76% yield of benzylthioalkylamine when 
treated by the modified Parham-Ramp procedure. 
Similarly, diethyl ketone gives only a negligible yield 
of nitro alcohol but affords a 46% yield of benzylthio
alkylamine via the modified Parham-Ramp procedure.

In the case of the alicyclic series as exemplified by 
cyclohexanone the results have particular mechanistic

(5) Z. Eckstein, T. Urbatiski, and H. Wojnowska, R o c z n i k i  C h e m . ,  31, 
1177 (1957); C h e m .  A b s t r 52, 9971 (1958).

(6) W. E. Parham and F. L. Ramp, J .  A m .  C h e m .  S o c . ,  73, 1293 (1951).
(7) When Parham and Ramp6 allowed 2-nitropropane to react with 

formaldehyde and butyl mercaptan in the presence of piperidine, the only 
product isolated was 2~nitro~2-methylpropanol. The latter compound 
lacks an alpha hydrogen adjacent to the nitro group and hence cannot form 
a nitroolefin. Parham and Ramp suggested th a t the failure to isolate a /S- 
nitro sulfide in this case indicated th a t their general reaction proceeds v i a  

a nitroolefin intermediate.
n o 2

le 1
■> (CH,)2CCH20H

significance. As shown in Chart D, 1-nitromethyl- 
benzylthiocyclohexane (XII) can be prepared in three 
ways. Since XII decomposes on distillation, it is con
verted to X III which can be purified easily. The most 
direct route to XII is via the Parham and Ramp reac
tion. The data indicates that this reaction involves 
formation of an intermediate nitroolefin, which in this 
case is the less stable exo-olefin VIII (n = 3). Olefin

CH2NH2
LiAlH, ^ L ^ S C H 2C 6H 5

XIII
Chart D

VIII (n = 3) is readily converted to the endo-olefin IX 
(n = 3). However, IX (n — 3) does not react with 
benzyl mercaptan, whereas VIII (n = 3) in the pres
ence of piperidine reacts rapidly under mild conditions 
to give XII. Treatment of the nitro acetate XI under 
the same conditions which yields the olefin mixture 
VIII (n = 3) and IX (n = 3) but in the presence of 
added benzyl mercaptan affords, after lithium alumi
num hydride reduction, a high yield of XIII. This 
experiment indicates that the reactive exo-olefin VIII 
(n = 3) is indeed formed and is trapped by added benzyl 
mercaptan before it can isomerize to the endo form IX 
(n = 3). The data presented in conjunction with the 
previous results obtained by Parham and Ramp7 in
dicate that the reaction of cyclohexanone with nitro
methane and benzyl mercaptan in the presence of a 
base such as piperidine is probably a special case of the(CH3)2CHN02 +  c h 2o +  c4h 9sh



T a b l e  II
¿erf-MERCAPTOALKYLAMINE HYDROCHLORIDES

RR'CCH2NH3C1
I
SH

%  Pure

1242 Carroll, W h ite , and  W all V ol. 28

% by SH Molecular ----Carbon, %--- ' r—Hydrogen, %—. ✓—Nitrogen, %—> ✓---- Sulfur, %---- -
RR' Yield M.p.“ "C. analysis formula Calcd. Found Calcd. Found Calcd. Found Calcd. Found

c h 3, c h 3 97 220-2226 100 C4Hi2NSC1 33.91 33.92 8.54 8.49 9.89 9.76 22.64 22.38
CHa, C2H5 60.2 208-209 99.2 c 5h „nsc i 38.57 38.65 9.06 8.96 9.00 8.90 20.60 20.68
(CH2)s 92 227.5-228.5 100 c 5h 12n sc i 39.07 39.05 7.87 7.74 9.12 8.95 20.87 20.95
(CH2)4 96.4 224.5-225.5 100 C6HhNSC1 42.97 43.19 8.41 8.22 8.35 8.10 19.12 19.15
(CH2)5 55 194-196 100 c ,h I6n sc i 46.26 46.23 8.88 8.77 7.71 7.59 17.65 17.68
(CH2)6 62 192-195 100 c8h 18n sc i 49.08 49.03 9.27 9.39 7.17 7.03 16.38 16.35

a These m.p. values were done in a sealed capillary tube. The compounds sublimed without melting in an open capillary. 6 Re
ported m.p. 202-203°. See footnote c from Table I.

simpler reaction of 1-nitromethylcyclohexanol acetate
(XI) described previously.

The purity of the (erf-mercaptoalkylamine hydro
chlorides was determined by a sulfhydryl analysis 
using the N-ethylmaleimide method reported by 
Alexander.8 The success of this method depends on 
the reaction shown in Chart E. It was of some in
terest that the terf-mercaptoalkylamine hydrochlorides 
required thirty minutes to an hour to reach equilib
rium, whereas equilibrium was obtained instantane
ously in the case of all the sec-mercaptoalkylamine 
hydrochlorides.2

r r /
I n - c2h 5

H o

Tests for the ability of the feri-mercaptoalkylamine 
hydrochlorides to protect mice against ionizing radia
tion have been carried out by the Department of Radio- 
biology, Walter Reed Army Institute of Research, 
Walter Reed Army Medical Center, Washington 12,
D. C. None of the compounds showed protection.

RSH

C h a r t  E

H

RS

P
n - c2h 5
\
o

Experimental9
Preparation of tot-Benzylthioalkylamines via the ferf-Benzyl- 

thionitroalkanes Obtained from the Modified Parham and Ramp 
Procedure.—A mixture of ketone (0.2 mole), nitromethane (0.2 
mole), benzylmercaptan (0.2 mole), piperidine (4 ml.), and 75 ml. 
of benzene (dried over calcium hydride) was refluxed under a 
water separator until water ceased coming off (12-15 hr.).10 The 
reaction mixture was taken up in benzene, washed with dilute 
acid, washed with water, and then dried over magnesium sulfate. 
Removal of the benzene afforded an 87 to 100% yield of the prod
uct. The infrared spectra of these compounds showed no car
bonyl peak and contained strong aromatic and nitro peaks.

The crude ieri-benzylthionitroalkanes were reduced with 
lithium aluminum hydride using the method reported by Carroll, 
White, and Wall.2 The amines (II) [R = R ' = CH3; R = CH3, 
R ' = C2H5; and R, R ' = (CH2)3 and (CH2)4] were purified by 
distillation. The amines (II) [R, R ' = (CH2)5 and (CH2)6] de
composed on attempted distillation. These amines were con
verted to their hydrochlorides by adding a cold saturated ethereal 
solution of hydrogen chloride to a cold ethereal solution of the 
amine and purified by recrystallization from isopropyl alcohol. 
The amine or amine hydrochlorides were obtained in 42.2 to 
76.5/0 over-all yield from ketone.

(8) N. M. Alexander, Anal. C h e m . . , 30, 1292 (1958).
(9) Boiling points and melting points are uncorrected. Elemental analy

ses are by Micro-Tech Laboratories, Skokie, 111.
(10) In the case of diethyl ketone seven days reflux was required.

Preparation of 1-Nitromethylcyclohexanol Acetate.—Sodium 
methoxide ( 12.5 g.) was added to a mixture of cyclohexanone (590 
g., 6 moles) and nitromethane (122 g., 2 moles). After stirring in 
the deep freeze for 48 hr. the reaction mixture was neutralized 
with dilute hydrochloric acid, extracted with ether, washed with 
water, and dried over magnesium sulfate. Removal of the ether 
and excess cyclohexanone followed by distillation under reduced 
pressure afforded 150 g. (47.2%) of liquid, b.p. 81-85° at 0.1-0.15 
mm.; reported11 93-95° at 2 mm., JiæD 1.4900; reported11 
re20 d  1.4875.

The 1-nitromethylcyclohexanol was converted to the acetate 
with acetyl chloride in chloroform. Distillation under reduced 
pressure afforded a 98% yield of 1-nitromethylcyclohexanol ace
tate, b.p. 98-101° at 0.2-0.25 mm.; reported12 b.p. 116° at 
1 mm., m 26d  1.4687; reported12 ?i 20d  1.4669.

Preparation of 1-Aminomethylbenzylthiocyclohexane via 1- 
Nitromethylcyclohexanol Acetate.—A mixture of nitromethyl- 
cyclohexanol acetate (20.1 g., 0.1 mole), benzyl mercaptan (12.4 
g., 0.1 mole), sodium carbonate (5.3 g., 0.05 mole), and 25 ml. of 
benzene was refluxed for 27 hr. The sodium acetate was filtered 
from the benzene and dissolved in water. The aqueous solution 
was extracted with benzene and after drying was combined with 
the benzene filtrate. Removal of the benzene afforded 23.7 g., 
89.5% (crude yield) of product. The infrared spectrum of this 
liquid showed almost no acetate absorption at 1735 cm.“1, and 
contained strong nitro peaks at 1545 and 1370 cm.“1.

The crude 1-nitromethylbenzylthiocyclohexane was reduced to 
1-aminomethylbenzylthiocyclohexane with lithium aluminum 
hydride.2 Distillation under reduced pressure afforded 15.77 g. 
(74.8%) of pure product, b.p. 133-137° at 0.05 mm., n26D 
1.5700, d26 1.0683.

Anal. Calcd. for ChH21NS: C, 71.43; H, 8.99. Found: 
C, 71.36; H, 8.95.

A small sample of the amine was converted to the hydrochloride 
by adding a cold saturated ethereal solution of hydrogen chloride 
to a cold solution of the amine in ether. Recrystallization of the 
solid obtained from isopropyl alcohol afforded white crystals. M . 
p. 182-183°. A m.m.p. with the 1-aminomethylbenzylthio- 
cyclohexane hydrochloride obtained via the modified Parham and 
Ramp procedure (Table 1) was not depressed. The infrared 
spectra of the two compounds were identical.

Preparation of 1-Nitromethylcyclopentanol Acetate.—1-Nitro- 
methylcyclopentanol was prepared using the same conditions as 
described for the preparation of 1-nitromethylcyclohexanol. 
From 168 g. (2 moles) of cyclopentanol and 122 g. (2 moles) of 
nitromethane 31.8 g. (10.8%) of product was obtained, b.p. 112- 
113° at 11 mm.; reported13 120-121° at 14 mm.

1-Nitromethylcyclopentanol was converted to 1-nitromethyl- 
cyclopentanol acetate with acetyl chloride in chloroform. Dis
tillation under reduced pressure afforded ayield (50.8%) of liquid, 
b.p. 85° at 0.15 mm.; reported14 * b.p. 121-123° at 13 mm., rt25i> 
1.4622.

Preparation of 1-Aminomethylbenzylthiocyclopentane via 1- 
Nitromethylcyclopentanol Acetate.—1-Nitromethylbenzylthio-

(11) T. F. Wood and R. J. Cadorin, J . Am. Chem. Soc., 73, 5504 (1951).
(12) W. Sobôtka, Z. Eckstein, and T. Urbariski, Bull. Acad. Polon. Sci., 

Class I II , 5, 653 (1957); Chem. Ahstr., 52, 876 (1958).
(13) L. M. Kozlov, E. F. Fink, and G. B. Liorber, Trudy Kazansk. Khim. 

Tekhnol. Inst., 23, 148 (1957); Chem. Abstr., 52, 8933 (1958).
(14) L. M. Kozlov and B. G. Liorber, Trudy Kazansk. Khim. Tekhnol.

Inst., 26, 48 (1959); Chem. Abstr., 54, 2448 (1960).
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cyclopentane was prepared in the same manner as described for 
l-nitroniethylbenzylthiocyclohexane using 18.7 g. (0.1 mole) of 
1-nitromethylcyclopentanol acetate, 12.4 g. (0.1 mole) of benzyl 
mercaptan, 5.3 g. (0.05 mole) of sodium carbonate, and 25 ml. of 
benzene. Removal of the benzene afforded 22.6 g. (89.6% crude 
yield) of sulfide. The infrared spectrum showed absence of 
acetate peaks and the expected aromatic and nitro peaks were 
present.

The crude 1-nitromethylbenzylthiocyclopentane was reduced 
with lithium aluminum2 hydride to the desired 1-aminomethyl- 
benzylthiocyclopentane. Distillation of the crude liquid obtained 
afforded (63.2%) of pure amine, b.p. 129° at 0.1 mm., n26D
1.5692, d25 1.0698. n25n 1.5692 when obtained via the modified 
Parham and Ramp procedure (Table I).

Preparation of Nitromethylene Cyclohexane.—1-Nitromethyl- 
eyclohexanol, 142 g. (0.S96 mole), was acetylated with excess 
acetyl chloride. After the addition the excess acetyl chloride was 
removed under reduced pressure. The crude nitro acetate which 
showed no hydroxyl absorption was refluxed with a suspension of 
anhydrous sodium carbonate, 47.5 g. (0.448 mole) in 400 ml. of 
benzene (dried over calcium hydride). The sodium acetate was 
filtered from the benzene. After drying over magnesium sulfate 
these extracts were added to the benzene filtrate and the benzene 
was removed under reduced pressure. The remaining liquid was 
distilled under reduced pressure through a 4-in. Vigreux column. 
The early fraction, 59 g., b.p. 53-58° at 0.07 mm., was 1-nitro- 
methylcyclohexene; reported15 b.p. 98-102° at 12 mm. The 
later fraction, 25.6 g., b.p. 65-73° at 0.1 mm., was a mixture of 1- 
nitromethylcyclohexene and nitromethylenecyclohexene. Re
distillation of the latter fraction through a 22-in. spinning band 
column afforded 15 g. of liquid that was mainly nitromethylene
cyclohexene, b.p. 105-106° at 12 mm.; reported15 b.p. 10S-1100 
at 12 mm., n 25d  1.5065; reported15 n 25D 1.5079.

Preparation of 1-Aminomethylbenzylthiocyclohexane via Nitro- 
methylenecyclohexane.—To a solution of 10.1 g. (0.0815 mole) 
of benzyl mercaptan and 0.5 ml. of piperidine in 5 ml. of benzene 
was added 11.5 g. (0.0815 mole) of nitromethylenecyclohexane in 
5 ml. of benzene. After standing at room temperature for 3 hr. 
the reaction mixture was diluted with benzene, washed with 
dilute hydrochloric acid, washed with water, and dried over 
magnesium sulfate. Removal of the benzene afforded 16.4 g. 
(76%) of crude product.

The 1-nitromethylbenzylthiocyclohexane, 16.4 g. (0.062 mole) 
was reduced with lithium aluminum hydride (7.05 g., 0.186 
mole).2 Distillation of the crude product afforded 3.28 g. (22.6%) 
of a colorless product, b.p. 133° at 0.08 mm., naD 1.5685. When 
1-aminomethylbenzylthiocyclohexane was obtained via 1-nitro- 
methylcyclohexanol acetate the b.p. was 129° at 0.1 mm., ra25D
1.5692. The infrared spectra of the two compounds were iden
tical.

A small portion of the 1-aminomethylbenzylthiocyclohexane 
was dissolved in cold ether and treated with a saturated ethereal 
solution of hydrogen chloride. The solid obtained was recrystal
lized from isopropyl alcohol to afford crystals, m.p. 1S2-1830. 
A mixture melting point with 1-aminomethyl-l -benzylthiocyclo- 
hexane hydrochloride obtained via the modified Parham and Ramp

(15) G. D. Buckley and C. W. Scaife, B ritish P a ten t, 595,282 (Decem ber 
31, 1947); C h e m .  A b s t r . ,  42, 3773 (1948).

procedure (Table I) was not depressed. The infrared spectra of 
the two compounds were identical.

Preparation of l-Nitro-2-methyl-2-butanol.—A mixture of 2- 
butanone (2000 ml.), nitromethane (400 ml.) and sodium meth- 
oxide (60 g.) was allowed to stir at —20° for 4 days. The reac
tion mixture was neutralized to a Congo Red end point with 7% 
hydrochloric acid. The organic phase was decanted and the 
aqueous solution was extracted with ether. The ether extracts 
were mixed with the decanted organic layer and were washed 
with water. The ether solution was dried over magnesium sulfate 
and concentrated under vacuum. The remaining liquid was dis
tilled under reduced pressure through a 4-in. Vigreux column. 
A 155.8-g. (15.8%) sample was collected; b.p. 112-115° at 23 
mm.; reported16 b.p. 96-97° at 18 mm. The infrared spectrum 
shows a strong hydroxyl peak at 3570 cm.-1 and two strong nitro 
peaks at 1540 and 1385 cm.-1.

Preparation of l-Nitro-2-methylbutene.—In a 3-1. three
necked flask equipped with stirrer and dropping funnel and pro
tected from moisture by a Drierite drying tube was placed (133.2 
g., 1 mole) of l-nitro-2-methyl-2-butanol. Acetyl chloride (85 g.,
1.08 moles) was added dropwise at room temperature to the 
vigorously stirred nitro alcohol. The excess acetyl chloride rvas 
removed under reduced pressure. The infrared spectrum showed 
no -OH absorption and had a strong acetate peak at 1730 cm.-1. 
Benzene (400 ml.) and anhydrous sodium carbonate (53 g., 0.5 
moles) were added to the crude nitro acetate and the contents 
were refluxed for 24 hr. Work-up of the product as described by 
Hass, Susie, and Heider17 afforded 105.6 g. of crude product. 
Distillation under reduced pressure through a 4-in. Vigreux 
column afforded 83.4 g. (72.5%) of l-nitro-2-methylbutene, 
b.p. 41-43° at 0.08 mm.; reported16 b.p. 62° at 11 mm. The 
infrared spectrum showed a strong C=C peak at 1635 cm.-1 and 
the typical nitro peaks at 1510 and 1350 cm.-1.

Preparation of 2-Benzylthio-2-methyl-l-butylamine via 1- 
Nitro-2-methylbutene.—This reaction was conducted in the same 
manner as described for the preparation of 1-aminomethylben- 
zylthiocyclohexane. The crude 2-benzylthio-2-methyl-l-butyl- 
amine was distilled under reduced pressure to afford a 76.5% 
yield of pure product from starting nitroolefin; b.p. 110° at 0.05 
mm., ?i 26d  1.5530. n 25D was 1.5512 when prepared via the modi
fied Parham and Ramp procedure. The infrared spectra of the 
two compounds were identical.

Perparation of ferf-Mercaptoalkylamine Hydrochlorides.—The
¿erf-mercaptoalkylamine hydrochlorides were prepared by the 
method of Carroll, White, and Wall.2 The physical constants and 
elemental analysis are given in Table II.

The purity of the compounds were determined by a spectro- 
photometric assay for sulfhydryl groups using N-ethylmaleimide.8 
I t was necessary to allow the terf-mercaptoalkylamine hydrochlo
rides to stand at room temperature from 30 min. to 1 hr. with the 
standard N-ethylmaleimide solution before equilibrium was ob
tained .

Acknowledgment.—-We are indebted to Dr. Richard
G. Hiskey, University of North Carolina, and Dr. 
Samuel G. Levine for helpful discussion.

(16) A. L am bert and  A. Lowe, J .  C h e m .  S o c . ,  1517 (1947).
(17) H. B. Hass, A. G. Susie, an d  R. L. Heider, J .  O r g . C h e m . ,  15 8 

(1950).
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The reaction of phosphorus pentachloride with cyclic fluorocarbon sulfonic acids leads first, with loss of hydro
gen chloride, to a high melting solid, which decomposes upon strong heating to yield the sulfonic anhydride.
The non-cyclic acids produce a mixture of anhydride and sulfonyl chloride. The higher-boiling sulfonic an
hydrides are cleaved, above 200°, by metal salts such as sodium fluoride, zinc chloride, and aluminum chloride.
Sulfonyl fluorides and chlorides may thus be prepared in good yield; however only half of the anhydride is 
available for conversion. A new and very powerful chlorodeoxygenation reagent, PCb^ZnCh, is introduced.
It reacts directly with fluorocarbon sulfonate salts to produce the sulfonyl chlorides in high purity and in very 
high yields.

While the preparation and properties of perfluori- 
nated sulfonic acids1-6 and of their derivatives2-7 have 
been reported, the reactions of these sulfonic acids have 
been set forth rather sketchily.2-46 The object of 
the present paper is to describe several reactions of 
these acids having preparative significance.

The reaction of phosphorus pentachloride with the 
sulfonic acids is reported to yield the corresponding 
sulfonyl chlorides,1 2 3 4 5 6 7’4 6 some anhydride also being noted.2 
Yields are variable for the w-perfluoroalkanesulfonyl 
chlorides, but are exceedingly small when the perfluoro 
cycloalkane sulfonic acids are so treated, the sulfonic 
anhydride instead being produced in high yield. The 
reaction proceeds in two definite stages, in the first of 
which hydrogen chloride is evolved and a fluffy white 
solid is formed. From the infusibility of this solid it 
may be suspected of being ionic, but the plausible struc
ture RtS0 3- PC'l4+ does not correspond to the stoi
chiometry since two sulfonate groups are involved. 
Perhaps the cation has the structure RfS02-0PCl3+. 
When heated very strongly this solid is decomposed to 
yield the anhydride and phosphorus oxychloride.

There are certain synthetic advantages to be gained 
by use of the sulfonic anhydrides rather than the 
halides; these derive chiefly from their considerably 
higher boiling points which permit reactions to be 
effected at atmospheric pressure rather than in sealed 
vessels. The preparation of higher sulfonamides from 
strongly basic amines, such as piperidine, goes readily 
at room temperature; but weak amines, for example 
aniline and p-aminobenzoic acid, require much stronger 
heating. Such extreme conditions may result in 
decomposition of the nonfluorocarbon portion of the 
molecule; notably, in the case of p-aminobenzoic acid, 
reaction at 200° led to appreciable amounts of decar
boxylation.

The cleavage of sulfonic anhydrides by metal salts, 
which may be represented by the following equation 
is of particular utility for the synthesis of fluorocarbon

(RfS02)20  +  M+X- — > RfSOjX +  RfSOs-M +
(1) P. W. T ro tt  and T. J. Brice, 126th N ational M eeting of the American 

Chem ical Society, New York, N. Y ., 1954; A bstracts, p. 42-M.
(2) T. J. Brice and P. W. T ro tt, U. S. P a te n t 2,732,398 (January  24, 

1956).
(3) J. B urdon, L. Farazm and, M. Stacey, and  J. C. Tatlow , J .  C h e m .  S o c . ,  

2574 (1957).
(4) T. G ram stad  and R. N. Haszeldine, i b i d . ,  2640 (1957).
(5) T. G ram stad  and R . N. Haszeldine, i b i d . ,  173 (1956).
(6) R . N. Haszeldine and  J . M . K idd, i b i d . ,  2901 (1955); 4228 (1954).
(7) H. A. Brown, 128th N ational M eeting of the Am erican Chemical

Society, M inneapolis, 1955; A bstracts, p. 29-M.

sulfonyl fluorides; these compounds have hitherto only 
been obtained as endproducts of electrochemical 
fluorination.1-5 For this purpose sodium fluoride 
was employed successfully; however, little or no 
yield of sulfonyl chloride resulted when potassium 
chloride was substituted in the reaction. Aluminum 
chloride and zinc chloride were effective, making it 
likely that the problem is one of effective contact. 
The perfluorocycloalkanesulfonyl chlorides were first 
isolated thus. A defect, for synthetic purposes, of all 
sulfonic anhydride reactions is that only one-half of the 
molecule can be used effectively, the rest being “down
graded” to sulfonate salt as shown in the preceding 
equation.

I t has been noted that the fluorinated sulfonyl 
chlorides possess superior reactivity as compared to the 
sulfonyl fluorides which are produced by electrofluorina- 
tion.2 4 As yields of CF3S02F by the latter process 
are very high,2-4 it is of particular interest to provide a 
convenient method for the production of sulfonyl chlo
rides, including CF3S02C1, from the sulfonyl fluorides by 
a route involving not too many steps. Previous syn
theses24-6 have required the free and substantially 
anhydrous fluorocarbon sulfonic acids which have been 
liberated from the sulfonate salts first formed in the 
alkaline hydrolysis of the sulfonyl fluorides. An ob
vious shortcut would be the direct utilization of the 
sulfonate salts, for example by reaction with thionyl 
chloride or phosphorus pentachloride after the fashion 
well known for ordinary organic sulfonic salts.8 Un
fortunately, the fluorocarbon sulfonates are unreactive 
up to the dissociation temperature of phosphorus penta
chloride, ca. 162°. One might suspect that poor con
tact between reagents was responsible for the failure, 
but the addition of phosphorus oxychloride had no 
beneficial effect. A more vigorous chlorodeoxygenation 
reagent which is usable at higher temperatures is 
needed. The complex of phosphorus pentachloride 
with aluminum chloride is an ionic salt, PC14+ AICI4- .9 
Owing to its high melting point, 343°,9 it failed to react 
with potassium perfluoro (4-ethylcyclohexane) sul
fonate even upon strong heating. When the lower- 
melting sodium chloroaluminate was added to provide 
a liquid phase, some of the desired sulfonyl chloride was 
indeed produced.

(8) R . B. W agner and  H. D . Zook, “S ynthetic  Organic C hem istry ,” 
Jo h n  Wiley and  Sons, Inc., New York, N . Y., 1953, p. 821.

(9) Ya. A. Fiaikov and Y a. B. B u r’yanov, D o k l .  A k a d .  N a u k ,  S S S R ,  92, 
585 (1953); C h e m .  A b a t r ., 48, 5708 (1954).
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Table I
P hysical P roperties and Yields of Several F luorocarbon Sulfonic Anhydrides and Sulfonyl H alides

In fra red  band  position
Compound B.p., ”C. for —  SCLX“, „ Yield, %

(4-CF3-cyclo-C6F10SO2)2O 267-269 1.3443 6.76, 6.83 
13.50, 13.754

63°

( 4-C2F 6-cy clo-C6F 10SO2 )20 207 (60 mm.) 1.3489 6.75, 6.83 
13.71 broad4 95

4-CF3-cyclo-C6FioS02F 131-132 1.3172 6.78 80
CF3S02C1 32 1.3315 6.98 94
7i-CsF17SC>2C1 121 (100 mm.) 

108 (60 mm.)
(1.3278)d 

m.p. 36.5-7.5°
7.00 85"

4-C2F5-cy clo-CeF 10SO2CI 118 (100 mm.) Î A Ô I S 7 7.01 53c’a
105 (60 mm.)

° Only the structure-sensitive S = 0  asymmetric stretching frequency is listed. 6 Very strong; presumably this is the S—O stretching 
frequency. c Yield was no doubt higher, as there were substantial losses in handling. 1 d26t = 1.861; measured rapidly on the super 
cooled liquid. e Also 7% of the anhydride. f  d2h = 1.914. 0 Also 17% of the anhydride.

A more suitable low-melting complex was sought, 
and it was found that phosphorus pentachloride dis
solves readily in well-stirred molten zinc chloride until 
the composition reaches PCL^ZnCL. Further ad
ditions result merely in dissociation of the excess phos
phorus pentachloride; heavy losses of this component 
may also occur if the mixture is not stirred during the 
preparation. The stoichiometric compound, PCl5-2Zn- 
CU, has m.p. 190°, and begins to evolve phosphorus 
trichloride and chlorine at 250°; if excess zinc chloride 
is present this dissociation temperature is raised yet 
further. Curiously, this simple inorganic compound 
had not been reported in the literature at the time this 
work was carried out; since then it has been described,10 
but no reactions of it were presented.

When metal salts of the fluorocarbon sulfonic acids 
were treated with PCl6-2ZnCl2, or with solutions of it 
in excess zinc chloride, the corresponding sulfonyl 
chlorides were produced in high yield, little or none of 
the anhydride being formed. This would appear to be 
the method of choice for such preparations, since the 
intermediate sulfonate salt can be stored conveniently 
until such time as the chloride is desired. The vola
tile by-product, phosphorus oxychloride, is removed by 
distillation, highly pure sulfonyl chlorides being 
thereby recovered.

A technical advantage is realized when the zinc salt of 
the sulfonic acid is used, since the resulting zinc 
chloride, unlike potassium chloride, does not cause the 
reaction mixture to become semisolid. For this pur
pose it is desirable to use calcium hydroxide for the 
original alkaline hydrolysis of the sulfonyl fluoride, 
since the resulting highly soluble calcium salt is readily 
freed of excess base by treatment with carbon dioxide 
followed by filtration, which also removes the calcium 
fluoride produced in the reaction. The readily soluble 
zinc sulfonate is then obtained by metathesis with zinc 
sulfate. Other metal salts may be prepared in like 
fashion.

Physical properties and yields for the sulfonyl halides 
and anhydrides prepared in this research are presented 
in Table I. Literature values, where available, were 
generally confirmed, though n-C8Fi7S02Cl was shown 
to be a solid of m.p. 36.5-37.5°; Gramstad and Haszel- 
dine, had reported it as a liquid but gave the wrong

(10) A bout th ree  years a fte r com pletion of th is  work, th e  au th o r chanced 
to  see a  long paper on complexes of phosphorus pentachloride by, as he re
calls, a  Scandinavian au thor. Now, five years la ter, no record rem ains, and  a 
diligent search of C h e m . A b s t r a c t s  and  of likely journals has failed to  locate it.

refractive index. Presumably they did not have a 
sample of pure n-C8Fi7S02Cl.

Experimental
Materials.—The fluorinated sulfonic acids and their salts, 

dried at 110°, were available in these laboratories, having been 
prepared by the described methods.2-5 They were of good 
purity, this being further demonstrated by analytical data 
gathered on their derivatives, and reported below. The PC15-  
2ZnCl2 reagent, m.p. 190°, was prepared by adding phosphorus 
pentachloride to well-stirred molten zinc chloride in an open 
round bottomed flask, until a limiting gain in weight, correspond
ing exactly to the stoichiometric amount, was observed. The 
lower-melting solution of PCl5-2ZnCl2 in 2 moles of zinc chloride 
was prepared similarly, except that only half the gain in weight 
was permitted; no significance should be attached to this exact 
composition as no freezing-point maximum is observed. For 
synthetic purposes the weight gain is the important quantity, as 
it corresponds to usable phosphorus pentachloride.

Perfluoro(4-ethylcyclohexane)sulfonic Anhydride.—In a 500- 
ml. distilling flask fitted with air condenser was placed 200 g. 
(0.433 mole) of perfluoro(4-ethyleyclohexane)sulfonie acid and
50.0 g. (0.240 mole) of phosphorus pentachloride. Upon warm
ing of the well mixed reagents frothing occurred, copious quanti
ties of hydrogen chloride being given off; the remaining material 
became a porous, snow white, and apparently infusible plaster
like solid. With strong heating to ca. 180° decomposition oc
curred, and on further heating for over 3 hr. to ca. 225° about 
90% of the theoretical amount of phosphorus oxychloride dis
tilled and was collected. Some of the excess phosphorus penta
chloride remained in the flask, but otherwise the product was 
liquid. I t was cooled to room temperature and washed re
peatedly with water to remove phosphorus halides and unchanged 
sulfonic acid. The crude sulfonic anhydride, 192 g. (97.5%), had 
n25d = 1.3486; after vacuum fractionation at 60 mm. there was 
recovered 187.1 g. (95%) the'physical properties of which are 
listed in Table I.

Anal. Calcd. for Ci6F30O6S2: C, 21.20; F, 62.89. Found: 
C, 21.4; F, 63.4.

Related Reactions.—The reaction of 2.0 g. of perfluoro(4- 
ethylcyclohexane) sulfonic anhydride with 3 ml. of piperidine 
occurred at room temperature. Thepiperidide, 1.1 g. (95%), was 
recovered by dilution with water. I t  had m.p. 100-104° 
(recrystallized from ethanol).

Anal. Calcd. for C13H10F15NO2S: N, 2.65. Found: N,
2.69.

The anilide was prepared by heating the sulfonic anhydride 
with aniline to ca. 180°; the two immiscible phases suddenly 
coalesced and reacted. The product was dissolved in aqueous 
sodium carbonate, precipitated by acid, and recrystallized from 
concentrated aqueous acetic acid; it had m.p. 120- 121°.

Anal. Calcd. for Ci4H6F16N 02S: C, 31.30; N, 2.61. Found: 
C, 31.4; N, 2.59. The 4-carboxyanilide was prepared similarly 
from 4-aminobenzoic acid, and had m.p. 234-235°.

Anal. Calcd. for C,5H6F15N 04S: C, 30.99; N, 2.41. Found 
C, 31.1; N, 2.41. From this reaction there was also isolated 
some anilide, identified by melting point and mixture melting 
point with the authentic sample described previously.
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The sulfonic anhydride did not react at elevated temperatures 
with potassium chloride. When the anhydride, 40 g. (0.044 
mole), and aluminum chloride, 10 g. (0.075 mole), were strongly 
heated in a 100-ml. distilling flask, volatile products were 
collected which, upon fractional distillation, gave 12.8 g. (60%) 
of 4-C2F6C6FioS02Cl, b.p. 184°, n2iD 1.3516. The same product 
was obtained in slightly better yield, ca. 75%, when an equivalent 
amount of freshly fused zinc chloride was substituted for the 
aluminum chloride. A limitation, despite the relatively good 
yields, is that half of the sulfonic anhydride molecule is unavail
able in these reactions.

Perfluoro-(4-meth}dc3rclohexane)sulfonic anhydride was made 
in exactly similar fashion, except that only half as much sulfonic 
acid had been employed. The excess phosphorus pentachloride 
was driven off with heating and clogged the apparatus; handling 
losses resulted and the yield (63%) was not truly representative. 
The sulfonic anhydride was isolated by fractional distillation. 
Despite the excess of phosphorus pentachloride used here, none 
of the corresponding sulfonyl chloride could be detected in any 
fraction by infrared spectroscopy.

Anal. Calcd. for Ci4F260 5S2: C, 20.86; F, 61.27. Found: 
C, 21.0; F, 61.0. The piperidide prepared as above, had m.p.
S9-99° (isomer mixture).

Anal. Calcd. for Ci2Hi0F i3NO2S: N, 2.92. Found: N,
2.80.

A similar reaction of perfluoro(w-oetane)sulfonic anhydride4 
with piperidine yielded the piperidide, m.p. 77.5-78.5° (lit., m.p. 
75-76.5°2; 77°4). The anhydride had been prepared from the 
acid by reaction with phosphorus pentachloride (mole ratio 2:1), 
about a 10% yield of sulfonyl chloride also having been produced.

Perfluoro(4-methylcyclohexane)sulfonyl Fluoride.—In a 25-ml. 
flask fitted with a 10-cm. fractionating column filled with */16- 
in. “ Helipak” (reg. t.m., Podbielniak Co.), 'was placed 20.8 g. 
(0.026 mole) of perfluoro(4-methylcj'clohexane)sulfonic anhy
dride and 4.2 g. (0.10 mole) of sodium fluoride. The flask was 
slowly heated to 220° over a period of 10 hr. (more rapid heat
ing should not be harmful), and refluxing volatile materials were 
taken off occasionally. The product, 8.5 g. (80%), boiled at
131-132° and had ?i 25d  1.3172, in excellent agreement with re
ported data.2

Anal. Calcd. for C7F14O2S: C, 20.30; F, 64.23. Found: 
C, 20.1; F, 64.2.

Perfluorooctanesulfonyl Chloride.—Dried potassium perfluoro- 
octanesulfonate, 240 g. (0.45 mole) was heated with PC15-  
2ZnCl2, 274 g. (0.57 mole of phosphorus pentachloride) and 156 g. 
of zinc chloride (1.14 moles) in a 1-1. distilling flask at 100 mm. 
until no more volatiles were collected. The distillate was frac
tionally distilled at reduced pressure and yielded, in two experi
ments! 201 g. (87%) and 192 g. (83%) of n-C8Fi,SOsCl, b.p. 
121° (100 mm.), m.p. 36.5-7.5°.

Anal. Calcd. for C8C1F„02S: Cl, 6.84. Found: Cl, 6.95. 
Higher-boiling residues, ca. 6-8%., were shown by infrared analy
sis to be virtually pure perfluooctanesulfonic anhydride.

When instead PCl5-2ZnCl2 was used, the yield of sulfonyl 
chloride fell to 73-78%, much larger amounts of anhydride, ca. 
18%, being recovered. The pasty, viscous condition of the 
reaction mixture may have been responsible for the lower yield, 
since less zinc chloride was present to establish a liquid phase; 
presumably some of the undissolved sulfonate salt reacted with 
sulfonyl chloride to give the anhydride.

Perfluoro(4-ethylcyclohexane)sulfonyl Chloride.—In a similar 
fashion 12.0 g. (0.024 mole) of dried potassium perfluoro(4- 
ethylcyclohexane)sulfonate reacted with 12.9 g. (0.027 mole) of 
PCÏ5-2ZnCl2. Upon fractional distillation there was obtained
5.1 g. (53%) of 4-C2F5C6F10SO2Cl, b.p. 118° (100 mm.).

Anal. Calcd. for C8C1F150 2S: C, 19.99; F, 59.30; Cl,
7.38. Found: C, 20.0; F, 59.4; Cl, 7.48. Difficulties were 
encountered in the mixing of the reagents which would have been 
alleviated by use of PCl6-4ZnCl2, and the 17% yield of anhydride 
might have been reduced appreciably also.

Trifluoromethanesulfonyl Chloride.—Dried zinc trifluoro- 
methanesulfonate, 250 g. (0.69 mole), reacted with PCl6-2ZnCl2, 
928 g. (1.93 mole), by heating to 260° for 8 hr. at atmospheric 
pressure in a stirred 2-1. distilling flask. Upon fractional distil
lation of the volatile products, 220.1 g. (94%), of highly pure 
CF3SO0CI, b.p. 32°, n25D 1.3315, was obtained. When the po
tassium salt was used instead, the sulfonyl chloride was obtained 
in somewhat lower yield, 80-85%, but equal purity.

Acknowledgment.—The author thanks Ray A. 
Malzahn for assistance with some of the sulfonyl 
chloride preparations, and Dr. J. J. McBrady for in
frared analyses which greatly benefitted the research.
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The synthesis of indoleacetic acid in high yield by the reaction of indole with potassium glycolate at 250° is 
described. Selected methylated indoles also undergo this reaction as do salts of other a-hydroxy acids. The
probable mechanism of the reaction is discussed.

3-Indoleacetic acid, its higher homologs, and their 
simple derivatives have been, over a period of the last 
twenty-five years, the subject of extensive investigation 
regarding their plant-growth regulating properties. 
A great many useful effects have been discovered, 
especially with the acetic and butyric acids, but the 
synthetic effort required to prepare these materials 
has precluded any practical agricultural applications. 
This communication describes a method by which 
indoleacetic acid may be readily prepared, namely by 
the direct reaction of indole with potassium glycolate.

Numerous examples of the reaction of simple primary 
and secondary alcohols with various indoles are known. 
For example, benzyl alcohol, hexahydrobenzyl alcohol, 
butanol, cyclohexanol, and others react with indole in 
the presence of a base and a nickel catalyst at 145-185° 
to give the corresponding 3-alkylated indoles.1 At

(1) E. F. Pratt and L. W. Botimer, J . A m . Chem. Soc., 79, 5248 (1957).

210-220°, indole and alcohols react similarly in the 
presence of alkoxide and without a nickel catalyst, as 
do 2- and 7-methylindoles.2'3 2-Carboxyindole, how
ever, reacts only with primary alcohols giving the 3- 
derivatives with concomitant loss of the carboxyl group.2 
Ethylene glycol and 2-ethoxyethanol gave 3-ethylin- 
dole under these conditions, while ethanolamine and 
NjiV-diethylethanolamme gave no tryptamine deriva
tives or other characterizable products.2 The reaction 
of other complex alcohols with indole apparently has 
not been reported.

Initial experiments in which indole and butyl 
glycolate were allowed to react together at 185° with 
a nickel catalyst, as described by Pratt and Botimer,1 
provided only traces of the desired ester. Further 
investigation led to heating indole with potassium

(2) R. H. C ornforth and  R. Robinson, J .  C h e m .  S o c . ,  1942, 680.
(3) B. Oddo and C. Alberti, G a z z .  c h i m .  i t a l . ,  63, 236 (1933); C h e m .  A b s t r . ,  

27, 3933 (1933).
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R
I

R R 2 R 5 R 7 Yield, % M .p., °C. ------ — ------------- -——C onditions------

H H H H 90 164-166 70% Glycolic acid° 250° 22 hr.
H H H H 54 164-166 18% Glycolic acid 250° 19 hr.
H c h 3 H H 87 197-199“ 16% Glycolic acid 250° 17 hr.
H CH3 c h 3 H 43 169-17P 22% Glycolic acid 250° 17 hr.
H c h 3 H c h 3 29 164-166° 7% Glycolic acid 250° 16 hr.
c h 3 H H H 80 105-110á 85% Lactic acid 250° 21 hr.
CH(C2H5)2 H H H 10 131-133 See Experimental
0 Reported6 195-200°. 6 Reported7 172-173°. c Reported8 164-165°. d Reported7'9 102°, 111--112°. e Aqueous.

glycolate at 250° in the presence of potassium hydroxide 
which produced a 90% yield of indoleacetic acid, after 
dilution and acidification of the reaction mixture. 
Under similar conditions potassium lactate led to 
2-(3'-indolyl)propionic acid in 80% yield, and potassium 
2-hydroxy-3-ethylpentanoate the expected 2-(3'-in- 
dolyl)-3-ethylpentanoic acid in 10% yield. From the 
pentanoate there was also formed considerable amounts 
of l-(3'-indolyl)-2-ethylbutane, the structure of which 
was established by synthesis from indole and 2-ethyl- 
butanol. 2-Hydroxy-3-methylpropionic acid, as antici
pated from mechanistic considerations (see below), 
failed to yield any of the corresponding indole deriva
tive.

1. KOH, 250°
2. H +

+  HOCHCOsK 
R

R
I

c h c o 2h

R = H, CH3, CH(C2H5)2

2-Methyl-, 2,5-dimethyl-, and 2,7-dimethylindole 
also reacted with potassium glycolate to yield the 
corresponding acetic acids (Table I). Only relatively 
small amounts of these starting indoles were available 
thus limiting the efficiency of agitation and resulting in 
low yields of the desired products. This difficulty was 
partially solved by the addition of sufficient water to 
the reaction vessel to allow proper mixing. However, 
control experiments with indole and potassium glycolate 
indicate that this procedure can, in itself, be detri
mental to the yield of indole acid formed. 1,2-Di- 
methylindole, when treated with potassium glycolate, 
failed to give any of the 3-acetic acid; the 1,2-dimethyl- 
indole was recovered unchanged.

The formation of indoleacetic acids by the present 
method is only partially explained by either (A) 
the mechanism of Pratt and Botimer1 for the 3-alkyla- 
tion of indole or (B) that of Shoen and Becker4 for the
9-alkylation of fluorene. The essential features of 
both mechanisms involve an initial oxidation of a small 
amount of the alcohol to an aldehyde or ketone which 
condenses at the nucleophilic site with loss of water to 
give an indolenine or fulvene intermediate. These 
intermediates are reduced by the alcohol or alkoxide

(4) K. L. Shoen and E. I. Becker, J . A m . Chem. Soc., 77, 0030 (1955).

+  RR'CHOH

CHRR'
(A)

+ RR'C =  0

II
CHR

+  RCH2ONa

y
Na CH2R 

+ RCHO

RCH,OH (B)

c h 2r

RCH2ONa

present, thereby regenerating the carbonyl function 
and producing product.

In order for the condensation of glycolic acid with 
indole to take place, it seems reasonable that the glycol
ate salt must be dehydrogenated to a glyoxalate inter
mediate. Reaction of this aldehyde with indole gives 
indolegycolic acid5 which undergoes hydrogenolysis 
directly to product or dehydrates to an indolenine 
which is subsequently reduced.

O
il

h o c h 2co2k  ^  h c c o 2k  +  h 2

H

II
+ h c c o 2k

c h c o 2k

N

During the reaction at 250° the atmosphere of the 
reactor is abundant in hydrogen, and, if this hydrogen 
is released, the yield of indoleacetic acid is proportion
ately lowered. Also, the reaction cannot be success
fully performed in an open system since at about 250° 
an exothermic reaction takes place with gas evolu
tion and marked loss of product. These observations 
indicate that the reduction of indolenine or glycolate 
intermediates is a discrete step and is not affected by 
any direct interaction with potassium glycolate as in 
the previously described mechanisms.1'4 Alternatively,

(5) J . B. Greenberg, A. W. G alston, K . N. F. Shaw, and  M . D. Armstrong, 
S c i e n c e , 125, 992 (1957).

(6) E . Fischer, A n n . ,  236, 149 (1886).
(7) F . Kogl and  D. G. F . R . K osterm ans, Z .  p h y s i o l ,  c h e m . ,  235, 201 

(1935).
(8) M. W. Bullock and J . J. Hand, J .  A m .  C h e m .  S o c . ,  78, 5852 (1956).
(9) H. E rd tm ann  and A. Jonsson, A c t a  C h e m .  S c a n d . ,  8 , 119 (1954).
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it is possible that dehydrogenation of glycolate occurs 
much more readily than does the reduction of the inter
mediates via reaction with glycolate. However, since 
the reaction is conducted in stainless steel equipment, it 
is likely that the metal surface catalyzes the reaction 
of hydrogen with the indolenine or indole glycolate. 
Conditions employing lower reaction temperatures 
(100-150°) in the presence of added Raney nickel, 
however, were ineffective in producing indoleacetic 
acid, although traces detectable by paper chromatog
raphy were formed at temperatures as low as 100°.

The fact that 1,2-dimethylindole is unreactive 
towards potassium glycolate and is recovered unchanged 
under the present reaction conditions is of interest. 
With this isomer, an indolenine cannot form and it is 
attractive to suggest that the reaction must proceed 
through reduction of this intermediate as opposed to 
hydrogenolysis of an indoleglycolate. However, the
1-substituent may, more simply, prevent the formation 
of an indole anion thus precluding the initial condensa
tion of glyoxalate. This inertness does establish in the 
present case and in examples of other 3-alkylations1-3 
that the reaction does not involve 1-alkylation as 
part of the reaction sequence.

Experimental10
3-Indoleacetic Acid.—A 3-1. stainless steel rocker autoclave 

was charged with 270 g. (4.1 moles) of 85% potassium hydroxide 
and 351 g. (3.0 moles) of indole followed by the gradual addi
tion of 360 g. (3.3 moles) of 70% aqueous glycolic acid. The 
mixture was then heated at 250° under autogenous pressure for
14—22 hr., cooled to 90°, and 1 1. of water added to dissolve the 
crude potassium indoleacetate. Additional water was added to 
give a total volume of 3 1. and the solution extracted with ether 
to remove any neutral material present. The aqueous phase was 
acidified with coned, hydrochloric acid keeping the temperature
20-30° and finally cooling to 10°. The precipitated product was 
collected, washed with copious amounts of cold water, and 
dried. A 90% yield (475 g.) of light cream product was ob
tained, m.p. 163-165° dec. Crystallization of a sample from 
water (Darco) gave nearly colorless needles, m.p. 164-166° 
dec.; reported,11 m.p. 165°.

(10) M elting points are corrected and boiling points are uncorreeted. 
In frared  spectra  were recorded by  a  Perk in -E lm er, M odel 21, spectropho- 
tom eter.

(11) A. Ellinger, B e r . ,  37, 1801 (1904).

Indoleacetamide was prepared via the acid chloride by the 
method of Shaw and Woolley12 and obtained as colorless needles 
after crystallization from water, m.p. 149-150°; reported13 
m.p. 150-151°.

Methylated Indoleacetic Acids. General Procedure.—For
these preparations (Table I), 75- and 300-ml. stainless steel 
autoclaves were used in a Magne-Dash apparatus.14 The 
reactions were conducted as described for the preparation of 
indoleacetic acid, except that, in cases where the quantity of start
ing indole was limited (5-10 g.), water was added in a quan
tity sufficient to give a level above the dash mechanism. Some 
of the indole always sublimed into the dash mechanism thereby 
resulting in decreased yields.

Reaction of Indole with Potassium 2-Hydroxy-3-ethylpentan- 
oate.—In the manner described for the preparation of indole
acetic acid, 100 g. (0.85 mole) of indole, 75 g. (1.14 moles) 
of 85% potassium hydroxide, and 146 g. (1.0 mole) of 2-hydroxy-
3-ethylpentanoic acid16 were heated at 260° for 20 hr. The 
crude reaction mixture contained a considerable quantity of a 
neutral oil which was removed by extraction with ether. Acidi
fication of the aqueous phase gave 22 g. (9.5%) of a red sticky 
solid. Several crystallizations from cyclohexane afforded pure 
(2-3'-indolyl)-3-ethylpentanoic acid as slightly reddish needles, 
m.p. 131-133°.

Anal. Calcd. for C16H19N 02: C, 73.44; H, 7.81; N, 5.71. 
Found: C, 73.68; H, 7.59; N, 5.77.

Distillation of the ether extracts afforded 20 g. (20%) of 
indole, b.p. 118° (1.0 mm.), and 60 g. of a fraction, b.p. 136- 
150° (1.0 mm.), n30d 1.5563-1.5570. Redistillation afforded 
36 g. of nearly colorless l-(3'-indolyl)-2-ethvlbutane; a center 
fraction boiled at 124° (0.12 mm.), 1.5553. The infrared
spectrum of this material was identical to the spectrum of an 
authentic sample as prepared below.

Anal. Calcd. for C„H1#N: C, 83.53; H, 9.51; N, 6.96. 
Found: C, 83.83; H, 9.33; N, 6.79.

l-(3'-Indolyl)-2-ethylbutane.—A mixture of 60 g. (0.51 mole) 
of indole, 20 g. of 85% potassium hydroxide, and 500 ml. of
2-ethylbutanol was charged to a 3-1. stainless steel rocking auto
clave and heated at 260° for 21 hr. The reactor was cooled and 
the contents washed out with ether. After washing the ether 
solution several times with water, it was distilled yielding 89 g. 
(87%) of product, b.p. 132-136° (0.6 mm.), ra3»d 1.5513. A 
sample was redistilled, b.p. 161° (3.0 mm.), nmd 1.5525, for 
examination of its infrared spectrum.

Acknowledgment.—The authors are grateful to C. R. 
McClure for capable assistance and to Q. Quick and 
his associates for microanalyses and spectral data.

(12) E. Shaw and  D. W. Woolley, J .  B i o l .  C h e w . . .  203, 979 (1953).
(13) R. M ajim a and  T. Iioshino, B e r . ,  58, 2046 (1925).
(14) Autoclave Engineers, E rie, Pa.
(15) Geneoursly supplied by  R . W . Kiefer of th is laborato ry .
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Several «,/3-unsaturated carboxylic acids show anomalous rotatory dispersion and circular dichroism at rela
tively long wave lengths (~250-270 m;x). This finding necessitates the assumption that hitherto undetected 
very weak bands exist in the absorption spectra of these compounds; one such band is actually observed in the 
vapor spectrum of /3,/3-dimethylacrylic acid. Similar Cotton effects are also given by the sodium salt of one of 
the acids, and by several a,/3-unsaturated lactones. In the case of shikimic acid (I), the expected circular di
chroism is found, but the corresponding anomalous rotatory dispersion is completely obscured by background 
effects.

Recently, the study of rotatory dispersion, which 
has been applied so successfully to ketonic compounds,2

(1) This paper is dedicated to  th e  mem ory of our friend, D r. E rich  
M osettig .

(2) C. D jerassi, “ O ptical R o ta to ry  D ispersion: Applications to  Organic 
C hem istry ,” M cG raw -H ill Book Co., Inc ., New York, N. Y., 1960.

has been extended increasingly to substances having 
other chromophores. As a contribution to this field, 
we wish here to call attention to Cotton effects occurring 
at unexpectedly long wave lengths in the rotatory dis
persion curves of a,d-unsaturated carboxylic acids hav
ing asymmetric carbon atoms adjacent to the chromo-
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COOH
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I II

COOH

OAc
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phore, and to the existence of weak absorption bands 
causing these effects. The a,/3-unsaturated acids were 
investigated initially in the hope that it might be pos
sible to reach the Cotton effects produced by the main 
absorption bands (~210-230 mp) of the compounds; 
such effects would be expected to occur below ~240 m/i 
and hence might still be observable with available in
struments (limit ^230 m/u). The substances investi
gated were: shikimic acid (I), 5-epi-shikimic acid
(II),3 valerenic acid (III),4 5 valerenolic acid4 [(IV), 
probably a hydroxy derivative of (III)], shellolic acid
(V),6 and 3|0-acetoxyetia-5,16-choladienic acid (VI).6

All these acids except I (see below) showed anomalous 
rotatory dispersion (see Fig. 1, 2, and 3). Surprisingly, 
however, the Cotton effects occurred at much longer 
wave lengths (X ~  250-280 m/i) than had been antici
pated; the difference between XmaI and first extremum 
amounts to 40-60 m/u, a fact which makes it very un
likely that the observed effects could be caused by the 
main absorption bands of the compounds. Where 
experimentally observable or indicated by extrapolation 
of the curves obtained, the crossing of the line of zero 
rotation occurred at ^255-265 m/u. I t is thus neces
sary to assume that the absorption bands responsible 
for the Cotton effects are located in this spectral region.

More direct experimental evidence for the presence 
of these postulated bands was obtained by the finding 
that compounds I-VI (except III, which was not in
vestigated) show circular dichroism in the expected 
range of wave lengths (244-260 m/u) (see Fig. 1, 2, 3, 
and 4).

Little attention seems to have been paid to weak 
absorption bands occurring in the ultraviolet spectra 
of a,/3-unsaturated acids at wave lengths greater than 
that of the main peak; for instance, the detailed review 
of these spectra by Nielsen7 does not mention such 
bands at all. The literature does, however, contain a 
few references which may be pertinent; see, e.g., the 
shoulder at ~250 mp observed in the spectrum of cro-

(3) I. I. Salamon, unpublished work.
(4) G. Biichi, T . L. Popper, and O. Stauffacher, J .  A m .  C k e m .  S o c . ,  82, 

2962 (1960).
(5) P . Y ates and G. F . Field, i b i d . ,  82, 5764 (1960); R . C. Cookson, 

N. Lewin, and A. M orrison, T e t r a h e d r o n ,  18, 547 (1962).
(6) A. B u tenand t and J . Schm idt-Thom 6, B e r . ,  71, 1487 (1938).
(7) A. T . Nielsen, J .  O r g .  C h e m . ,  22, 1539 (1957).

Fig. 1.—Optical rotatory dispersion of: I, water, c = 0.048 
(246-240 mp: c = 0.2); II, water, c = 0.5; VII, water, c = 0.5; 
IX, ethanol, c = 0.108; X, methanol, c = 0.144. Maxima of 
circular dichroism indicated by vertical bars; circular dichroism 
expressed as molecular ellipticities, 8.

tonic acid in water,8 and the bands above ~250 mju 
in the absorption spectra of several substituted acrylic 
acids in ethanol.9a

In our own work, careful investigation of the solution 
spectra of I-VI in water or ethanol, and of those of 
/3,d-dimethylacrylic acid, an accessible and readily 
purified model compound, in water, hexane and cyclo
hexane failed to indicate the presence of any band in the 
pertinent region. With dimethylacrylie acid in the 
gas phase at 70°, however, a weak but distinct band with 
a maximum at 245 m̂ i was actually observed, thus giv
ing final proof for the reality of the postulated bands 
in this area (Fig. 5). Under the same conditions, iso
valeric acid, the saturated analog of dimethylacrylic 
acid, showed only relatively weak end-absorption with
out any indication of a band.9b

Our results thus seem to indicate that weak absorp
tion bands at or above 250 mp are typical of a,¡3-un
saturated carboxylic acids; we tentatively ascribe 
them to n —■► 7r* transitions of the conjugated carbonyl 
group, an interpretation which appears to be consistent 
with their location and low intensity.

The Cotton effects observed in our compounds, and 
the absorption bands causing them, are definitely con
nected with the presence of the chromophore C =C — 
COOH; thus quinic acid (VII), very closely related to 
II but lacking this chromophore, gives a plain negative

(8) H . M ohier and  H. Lohr, H e l v .  C h i m .  A c t a ,  21, 485 (1938); G. O. B urr 
and  E. S. M iller, C h e m .  R e v . ,  29, 419 (1941).

(9) (a) H. E. U ngnade and  I. O rtega, J .  A m .  C h e m .  S o c . ,  73, 1564 (1951). 
(b) Note Added in Proof.— O ur sample of /3,0-dimethylaerylic acid (recrys
tallized from hexane and  w ater) was free of im purities detectable by  gas- 
liquid chrom atography (diethyleneglycol ad ipate  on Gaschrom  P, 131°). 
O ur in te rp reta tion  of the  weak bands a round  250 m p  as n —* i r *  transitions 
finds strong support by  the  proof (W. D. Closson, S. F. B rady, E . M. 
Kosower, an d  P. C. H uang, J .  O r g .  C h e m . ,  in  press) th a t  a  weak band 
(X ~  240 m/x) of e th y l acry late is indeed caused b y  such a  transition . We 
are indebted  to  Professor Kosower for a  p rep rin t of th is  paper.
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Fig. 2.—Optical rotatory dispersion of: III, methanol, c = 
0.1 (270-260 mM: c = 0.02); IV, methanol, c = 0.1 (272-260 
ni/a: c = 0.02).

Fig. 3.—Optical rotatory dispersion of: V, methanol, c = 0.115; 
VI, methanol, c = 0.097.

dispersion curve of low intensity without any anomaly 
down to ~240 mp (see Fig. 1). Similarly, (+)-cfs- 
chrysanthemumcarboxylic acid10 (VIII) was investi
gated because it appeared possible that the grouping 
consisting of carboxyl, cyclopropane ring, and double 
bond might produce a Cotton effect analogous to the

(10) L. C rom bie and  M, E llio tt, “ Progress in the  Chem istry of Organic 
N a tu ra l P roducts ,’’ ed. by  L. Zechmeister, Springer Verlag, Vienna, Vol. 19, 
1961, p. 120, and  lite ra tu re  quoted there.

X, mp..

Fig. 4.—Circular dichroism of I, II, IV, V, VI, and X; all in 
ethanol.

at 70°, concentration unknown.

ones found with the «jd-unsaturated acids. Compound 
VIII, however, gave a smooth curve without anomalies 
down to 240 rn.fi, but the high molar rotation values 
indicate the proximity of a peak at shorter wave lengths 
([4»]«* +5000°; [$]244 +8600°, both at c = 0.17; 
[d>]24o +14800°, c = 0.034).

Among the o:,/3-unsaturated acids investigated, I and 
two of its derivatives, 4,5-isopropylidene-I (IX) and 
triacetyl-I (X), form an anomalous group. Since II 
is epimeric with I at the carbon atom which is adjacent 
to the chromophore, the remainder of the two molecules 
being identical, one would expect I to show a positive 
Cotton effect roughly antipodal to the negative one 
observed for II. Actually, I, IX, and X all give very 
similar plain negative dispersion curves (Fig. 1); no 
extremum could be reached with any concentration or 
path length investigated. This anomaly is made even 
more surprising by the fact that the levorotation of I 
is much more intense than that of II. I t is necessary to 
ascribe the rotatory dispersion of I, IX, and X to an 
unusually strong background effect; this interpretation 
is shown to be correct by the finding that I does give the 
expected positive circular dichroism, antipodal to, but 
weaker than, the negative one of II (Fig. 1 and 4).
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In I, a weak positive Cotton effect thus appears to be 
completely hidden by an exceptionally large negative 
background. The reason for this anomaly is not ap
parent; the similar behavior of I, IX, and X shows that 
it cannot be ascribed to any simple conformational dis
tortion of the double bond by, e.g., formation of an 
additional ring through covalent (as in IX) or hydrogen 
bonds (as in I). In addition to this anomaly of their 
rotatory dispersions, I and its relatives are also 
anomalous in showing composite curves of circular di- 
chroism (see Fig. 4), while those of the other acids in
vestigated are simple. These facts indicate that the 
case of I is a complex one and that attempts at a more 
detailed interpretation should be postponed until more 
experimental material is available. It is remarkable, 
however, that the empirical rule of Bose and Chatter- 
jee11 correctly predicts that I should have a more 
negative [ « ] d  value than II.

The conjugated chromophore of I thus appears to 
behave entirely normally, but this fact could be detected 
only by study of the circular dichroism, not by that of 
optical rotatory dispersion, where the effect of this 
chromophore is completely obscured by background 
influences.12

The occurrence of Cotton effects in this area is not 
restricted to the free acids; their salts and esters seem to 
show the same behavior. Thus the sodium salt of Y in 
aqueous solution gives a rotatory dispersion curve very 
similar to that of the free acid but shifted to greater 
negative rotations; though at 273 mu, [$] —1900°. 
Similarly, several a,/3-unsaturated lactones have been 
found to exhibit extrema in this area; e.g., digitoxigenin,

(11) A. K . Bose and  B. G. C hatterjee , J ,  O r g .  C h e m . ,  23, 1425 (1958).
(12) C f .  C. D jerassi, H . Wolf, and  E . Bunnenberg, J .  A m .  C h e m .  S o c .,

84, 4552 (1962).

[$1256 +4600°, a-levantenolide,13 [$]266 = +5930°, 
and /3-levantenolide,13 [<t>]266 = —5940°. The investi
gation is being extended to other compounds of this 
type.

It remains to be seen, when additional experimental 
material becomes available, whether the observation of 
such rotatory anomalies may be of value for the study 
of stereochemical problems, and what correlation 
exists between the direction of these Cotton effects and 
the configuration of the molecule.

Acknowledgment.—Samples were kindly furnished 
by Drs. I. I. Salamon (II), G. Biichi (III and IV), 
P. Yates (V), A. W. Burgstahler (VI), and M. S. 
Schechter (VIII). Compound I was a sample donated 
by the late Dr. H. O. L. Fischer; some of the measure
ments on this compound, and those on VII, were carried 
out with products from Nutritional Biochemicals Cor
poration. IX and X were prepared as described by 
Fischer and Dangschat.14 The rotatory dispersions 
were measured with a Rudolph recording spectro- 
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Circular dichroism measurements were made on the 
Jouan Dichrograph of the Chemistry Department of the 
University of Strasbourg. The authors are much 
indebted to Drs. G. Ourisson and P. Witz, and Miss H. 
Hermann for these measurements, to Mr. H. K. Miller 
for use of the spectropolarimeter, to Drs. A. K. Bose,
E. Charney, and W. Klyne for stimulating discussions, 
and to Mr. J. R. Mills for valuable technical assistance.

(13) J . A. Giles and  J . N . Schum acher, T e t r a h e d r o n ,  14, 246 (1961); 18, 
260 (1962).

(14) H. O. L. Fischer and G. D angschat, K e l t .  C h i m .  A c t a .  18, 1206 
(1935).
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Most amino acids dissolve in dioxane-sulfuric acid mixtures and react with isobutene to form the ¿-butyl 
esters in 60-75% yield. The monobenzyl esters of aspartic and glutamic acid form benzyl-i-butyl esters, which 
can be hydrogenated to the mono ¿-butyl esters. /3-f-Butyl L-aspartate and y-f-butyl L-glutamate gave the N- 
carboxyanhydrides when treated with phosgene.

The ¿-butyl esters of amino acids are useful carboxyl- 
protecting groups in peptide synthesis because they are 
cleaved readily by acids. The esters have been pre
pared from N-acylated amino acids by reaction with 
isobutene,2 or ¿-butyl acetate3 and by conversion of the 
a-chloro-i-butyl esters to the amino esters via the azide,4 
a process which yields racemic esters. Some amino 
esters have been prepared from the free amino acids by 
reaction with ¿-butyl acetate and perchloric acid.6

(1) This work was begun a t  th e  Lilly Research Laboratories, Indianapolis, 
and continued a t  th e  present address, supported  in  p a rt by  a  research 
gran t from th e  U . S. Public H ealth  Service (GM -K3-17960). Presented 
in p a rt a t th e  140th N ational M eeting of th e  American Chem ical Society,
Chicago, 111. Septem ber, 1961.

(2) G. W. Anderson and  F. M . Callahan, J .  A m .  C h e m . S o c . ,  82, 3359 
(1960).

(3) E. Taschner, C. Wasielewski, and  J . B iernat, A n n . ,  646, 119 (1961).
(4) A. Vollmar and  M. D unn, J .  O r g .  C h e m . ,  25, 387 (1960).
(5) E. Taschner, A. Chim iak, B. B ator, and T. Sokolowska, A n n . ,  646,

134 (1961).

In a preliminary communication6 we described a pro
cedure for converting free amino acids to their ¿-butyl 
esters by reaction with isobutene in a mixture of dioxane 
and sulfuric acid. The yields reported at that time 
were around 45%. By using a more dilute reaction 
mixture, we have been able to raise the yields to 60- 
75% in many cases. The yield depends on the solu
bility of the amino acid in dioxane-sulfuric acid; l -  

phenylalanine is quite soluble and is converted rapidly 
to its ¿-butyl ester in 75% yield, while glycine is only 
slightly soluble and forms little ester. Diethylene 
glycol-sulfuric acid is also a satisfactory solvent for the 
reaction.

The four benzyl-i-butyl diesters of L-aspartic and 
L-glutamic acid were prepared from the monobenzyl 
esters. Hydrogenation of these provided the four

(6) R. W. Roeske, Chem. Ind . (London), 1121 (1959).
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mono-i-butyl esters. ¿¡-¿-Butyl L-aspartate reacted 
with carbobenzoxy chloride to form an oily product 
which formed a crystalline salt with dicyclohexylamine, 
identical to that obtained by alkaline hydrolysis of 
carbobenzoxy-d-hbutyl a-benzyl L-aspartate.7

¿¡-¿-Butyl L-aspartate and y-^-butyl L-glutamate re
acted readily with phosgene to form the N-carboxyan- 
hydrides. These ought to be useful intermediates in 
the preparation of poly-L-aspartic and poly-L-glutamic 
acid.

The hydroxyl group of tyrosine is not etherified ex
tensively under our conditions; the reaction yields 
tyrosine-i-butyl ester in 45% yield. The ether-ester 
has been prepared from carbobenzoxy-L-tyrosine.8

Carbobenzoxy-f-butyl L-asparaginate (I) reacted 
readily with cold sodium hydroxide to form carbo
benzoxy- a-amino-L-succinimide (II). This observa
tion is surprising in view of the known resistance of 
t-butyl esters to alkaline hydrolysis and indicates that 
a ¿¡-¿-butyl aspartate residue in a peptide chain will 
probably undergo cyclization to the succinimide deriva
tive in base as the methyl ester does.

CONHj

CH2

ZNH¿H
I

C02¿Bu
I

c h 2— c = o
1.0 V  N aO H  I \
------------- > I N— H
25°, 5 min. j /

ZNHCH— C = 0  
II

As an example of the use of ¿-butyl esters in peptide 
synthesis, L-cystinylbis-L-valine was prepared by cou
pling dicarbobenzoxy-L-cystinyl dichloride and ¿-butyl 
L-valinate. The four protecting groups were removed 
with hydrogen bromide in acetic acid, the solution of the 
dihydrobromide in water was adjusted to pH 4.9 with 
lithium hydroxide, and the free peptide was pre
cipitated with ethanol.

All the ¿-butyl ester hydrochlorides have an infrared 
absorption band of medium strength in the 830 to 845- 
c m r 1 region. Strong absorption in the 800-920-cm._1 
region has been observed for the ¿-butoxy group in 
peroxides9 and attributed10 to skeletal vibration of the 
¿-butoxy group.

T able I
Amino Acid ¿-Butyl E ster H ydrochlorides, R-O-f-Bu-HCl“

[cr]26D
Yield, c — 2, .----Caled.---- . /-— Found— <

R % M.p., °C, E tO H c H C H
«-Bz n-Asp& 60 110-112 -2.6° 57.05 7.02 57.29 7.10
j3-Bz L-Asp 73 115-117 + 23.3° c
«-Bz l-G1u 67 124-126 + 13.8° c
■y-Bz l-G1u 62 107-108 + 16.4° 58.26 7.33 58. 32 7.31
e-Z-L-Lysd 65 147-149 + 13.6° 57.97 7.84 57.93 7.94
L-Pro 27 110-112 -30.5° 52.04 8.73 52.29 8.79
L-Ileu 60 158-160 +  30.9° c
L-Leu 02 160-167 +  12.4°
e-Tos-L-Lys® 72 136-138 +  14.8° c
L-Phe 75 / +  44.2° c

L-Tyr 45 143-145* +  24.4° c

L-Val 65 147-149 +  20.5° c

“ See example 1 for procedure used. 6 Bz is benzyl. c Analy
sis reported in ref. 6. d Z is benzyloxycarbonyl. e Tos is p- 
tolueneaulfonyl. ! Decomposes without melting. 1 The free 
amino ester.

(7) R. Schwyzer and H. D ietrich, H e l v .  C h i m .  A c t a ,  44, 2003 (1961).
(8) H. C. B eyerm an and  J. S. Bontekoe, R e e .  I r a v .  c h i m . ,  81, 691 (1962).
(9) A. P h ilpo tts  and  W . Thain, A n a l .  C h e m . ,  24, 638 (1952).
(10) H. Ory, i b i d . ,  32, 509 (1960).

Experimental11
Dioxane was distilled from calcium hydride or from sodium 

before use.
1. 3-Benzyl «-¿-Butyl L-Aspartate Hydrochloride.—Twenty- 

five milliliters of liquid isobutene was added to a solution of 3.0 
g. (0.013 mole) of 3-benzyl L-aspartate in a mixture of 25 ml. 
of dioxane and 2.5 ml. of concentrated sulfuric acid in a 500- 
ml. pressure bottle, and the mixture was shaken mechanically 
at room temperature for 4 hr.12 The solution was poured im
mediately into a cold mixture of 200 ml. of ether and 125 ml. of 
1 A sodium hydroxide, and the aqueous phase was washed well 
with ether. The ether solution was dried over sodium sulfate 
and evaporated under vacuum to about 5 ml. This was diluted 
with 25 ml. of ether. Addition of dry hydrogen chloride gave the 
crystalline hydrochloride.13 After recrystallization from ethyl 
acetate, it weighed 3.0 g. (73%) and had m.p. 115-117°.

All of the esters listed in Table I except those of L-tyrosine and 
e-tosyl L-lysine were prepared by this method. Acetone-ether 
and ethanol-ether were also used for reerystallization of the hy
drochlorides.

¿-Butyl L-Tyrosinate.—Three grams of L-tyrosine was dis
solved in a mixture of 25 ml. of dioxane and 6.0 g. of p-toluene- 
sulfonic acid monohydrate or 2.5 ml. of concentrated sulfuric 
acid. Twenty-five milliliters of liquid isobutene was added 
slowly and the reaction mixture was shaken for 20 hr. The 
solution was added to a cold mixture of 100 ml. of ethyl acetate, 
100 ml. of water and 5 ml. of 5 A sodium hydroxide, the pH 
was adjusted to 9.1, and the product extracted twice with ethyl 
acetate. Evaporation of the solvent left a crystalline residue 
of 1.8 g. (45%), m.p. 140-143°. The ester was recrystallized 
for analysis from ethyl acetate-petroleum ether, m.p. 143-145°. 
The pAa' values in 66% dimethylformamide were 7.45 and 12.7.

¿-Butyl e-Tosyl-u-lysinate.—This was prepared as in example 1 
except that the aqueous phase was adjusted to pH 9.5 before 
extracting the product.

2. 3-t-Butyl L-Aspartate.—A suspension of 5.93 g. (0.0188 
mole) of a-benzyl ¿¡-¿-butyl L-aspartate hydrochloride in 200 
ml. of ether was treated with 20 ml. of 25% potassium carbonate 
solution and the liberated ester was immediately extracted into 
the ether and the aqueous solution washed again with 50 ml. of 
ether. The ether was dried over sodium sulfate and evaporated 
under vacuum. The oily residue was dissolved in a mixture of 
125 ml. of 95% ethanol and 75 ml. of water, 0.2 g. of 5% pal
ladium on charcoal was added, and the solution was shaken under 
3 atm. of hydrogen for 1 hr. The catalyst was removed by filtra
tion and the solution was evaporated under vacuum to 50 ml. 
When 400 ml. of acetone was added, a gel formed, which changed 
to a crystalline precipitate when the mixture was stirred. The 
yield of material of m.p. 194-195° dec. was 2.69 g. (76%).

The other mono ¿-butyl esters of aspartic and glutamic acid 
listed in Table II were prepared in a similar way.

Carbobenzoxy-^-¿-butyl L-Aspartate-dicyclohexylamine.—A
solution of 0.63 g. (0.0033 mole) of 3-i-butyl L-aspartate in 3.3 
nil. of 1.0 A sodium hydroxide was treated with two portions 
each of 0.28 ml. of carbobenzoxy chloride and 1.8 ml. of 1 A 
sodium hydroxide over a 10-min. period. The solution was 
stirred vigorously during this time and for another 45 min. at 
room temperature. It was washed with ether, adjusted to pH
3.2 with hydrochloric acid, and extracted with ether to yield 1.00 
g. (93%) of the oily carbobenzoxy-fW-butyl-L-aspartate. The 
dicyclohexylamine salt was prepared as described by Schwyzer7; 
m.p. 126-128°.

3. ¿¡-¿-Butyl L-Aspartate-N-carboxyanhydride.—Phosgene gas 
was passed into a stirred suspension of 0.60 g. (0.0032 mole) of ¿¡-¿- 
butyl L-aspartate in 25 ml. of dioxane at room temperature 
until the solid dissolved (about 10 min.). Stirring was continued 
for 2 hr. A stream of dry nitrogen was passed through the solu
tion for 2 hr. and the solution was evaporated to dryness under 
vacuum. The white solid residue was stored in vacuo over po
tassium hydroxide overnight, then dissolved in 15 ml. of hot 
ethyl acetate, and filtered to remove a small amount of poly
merized material. Petroleum ether was added until the solution

(11) M elting points are corrected. The analyses were done by M idw est 
M icrolaboratories, Indianapolis, Ind .

(12) A P arr hydrogenation ap p ara tu s  is satisfactory. A bout 15-p.s.i. 
pressure is developed during the  reaction; the container is cooled to  reduce 
th e  pressure before opening.

(13) Some of th e  hydrochlorides required add ition  of petro leum  ether.
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R % M.p., °C . [o:]25d Ric c H C H
0-L-Asp 76 198-199 dec. +8.5° 

c, 1.3, H20
0.63 50.78 7.99 50.77 8.49

a-L-Asp 71 178-179 dec. +25.4° 
c, 1.1, H20

.66 50.78 7.99 50.79 7.83

7 - l-G 1u 86 190-191 dec. +  17.3° 
c, 1.1, HaO

.69 53.18 8.43 52.92 8.32

a-L-Glu 75 143-144 +  16.0° .71 53.18 8.43 53.10 8.43
c, 1.0, H20

a See example 2 for procedure used. 6 From the benzyl Z-butyl ester hydrochloride. c In n-butyl alcohol-acetic acid-water 4:1:1.

was turbid and the product crystallized; 0.48 g. (70%). It 
melts with decomposition at 138-140°, if placed in the bath at 
135°. [a]2Bd -35.6° (c, 2 .0, EtOAc).

Anal. Calcd. for C9H13O5 N: 0,50.23; H,6.09. Found: C 
50.41; H, 6.02.

7 -Z-Butyl L-Glutamate-A'-Carboxyanhydride.— This was pre
pared from 0.602 g. (0.00296 mole) of 7-Z-butyl L-glutamate as 
in example 3. I t  was recrystallized from ethyl acetate-petroleum 
ether; yield 0.54 g. (87%); m.p. 95-96°. M 25d-19.0° (c,
2.0, EtOAc).

Anal. Calcd. for CioHiS0 5N: C, 52.39; H, 6.60. Found: 
C, 52.89; 11,7.16.

Carbobenzoxy Z-Butyl L-Asparaginate (I).—A solution of 3.0 
g. of N-carbobenzoxy-L-asparagine, 25 ml. of dioxane and 2.5 
ml. of concentrated sulfuric acid was treated with 25 ml. of liquid 
isobutene and the mixture was shaken for 4 hr. The solution 
was poured into a mixture of 100 ml. of ether and 250 ml. of 
5% sodium bicarbonate, and extracted with ether (2 X 50 ml.). 
The ether solution was washed with 5% sodium bicarbonate, 
dried over sodium sulfate, and evaporated in vacuo. When the 
solid residue was recrystallized from ethyl acetate-petroleum 
ether, there was obtained 2.0 g. (55%) of material which melted 
at 105-106°. [<*]25d-14.9° (c, 2.0, ethanol).

Anal. Calcd. for CieHaOiNj: C, 59.61; H, 6 .88. Found: 
C, 59.77; H ,6 .86.

Reaction of I with Sodium Hydroxide.—A solution of 1.61 
g. (0.005 mole) of carbobenzoxy Z-butyl L-asparaginate in 10 
ml. of methanol and 5 ml. of water was treated with 5.0 ml. of
1.0 A sodium hydroxide, stirred for 3 min., acidified with 6 N  
hydrochloric acid, and evaporated to dryness under vacuum. 
The residue was dissolved in 25 ml. of ethyl acetate and 5 ml. 
of pH 7 buffer. The ethyl acetate was washed twice with pH 
7 buffer, dried over sodium sulfate, and evaporated. The residue 
was recrystallized from ethyl acetate-petroleum ether to give II, 
0.50 g. (40%), m.p. 7 8-82°. [a ]25D - 4 3 °  (c, 2 .0 ,95% ethanol).
Electrometric titration indicated solvent of crystallization. A 
sample was dried at 60° for 24 hr. before analysis.

Anal. Calcd. for C12H12O4N2: C, 58.06; H, 4.87. Found: 
C, 58.35; H, 5.00.14 *

(14) The physical properties agree w ith those found by  E . Sondheimer
and R. Holley, J .  A m .  C h e m .  S o c . ,  76, 2467 (1954).

Di-Z-butyl Dicarbobenzoxy-L-cystinylbis Valinate ( n i ) . —A 
mixture of 4.19 g. (0.02 mole) of Z-butyl L-valinate hydrochloride 
in 75 ml. of chloroform and 25 ml. of aq. 25% potassium carbonate 
at 10° was stirred while the solid diacid chloride obtained from
5.0 g. (0.01 mole) of dicarbobenzoxycystine16 was added. After 
the mixture was stirred for 30 min., the chloroform layer was 
washed with 5% sodium bicarbonate (3 X 100 ml.), 1 N  hydro
chloric acid (2 X 100 ml.), and 20 ml. of saturated sodium 
chloride solution, and dried over sodium sulfate. After evapora
tion of the solvent under vacuum, the solid residue was recrystal
lized from ethyl acetate-petroleum ether; yield 6.7 g. (82%), 
m.p. 172-174°. A sample recrystallized for analysis had m.p. 
173-175°. [o ] 26d  —80° (c, 1.0, dimethylformamide).

Anal. Calcd. for C4oH5sOioN4S2: C, 58.70; H, 7.13; N, 6.83. 
Found: C, 58.27; H, 6.97; N, 6.88.

L-Cystinylbis-L-valine (IV).—A solution of 5.73 g. (0.007 
mole) of the protected peptide III in 30 ml. of 2 ill hydrogen 
bromide in acetic acid was allowed to stand at 25° for 1 hr., 
then heated at 100° for 1 min. The hydrobromide was pre
cipitated by the addition of 200 ml. of ether, filtered, washed 
with ether, and allowed to stand in vacuo over potassium hy
droxide overnight. I t  was dissolved in 50 ml. of water and 
washed with ether to remove benzyl bromide. The pH of the 
solution was adjusted to 4.9 by adding 13.5 ml. of 1 N  lithium 
hydroxide and 400 ml. of ethanol was added. The precipitated 
peptide was filtered, washed well with ethanol, and dried. The 
yield waB 2.8 g. (90%). [ a ] 27D  — 22.7° (c, 0.81, 5 N  HC1).

Anal. Calcd. for CuffioOelNUSi.aO: C, 42.04; H, 7.07. 
Found: C, 41.99; H.7.31.

The product gave one ninhydrin-positive spot on a paper 
chromatogram in n-butyl alcohol-acetic acid-water (4:1:5), 
St 0.29.

Acknowledgment.—-The author wishes to thank Miss 
Anne Kask for her technical assistance and Mr. Donald 
Woolf of the Lilly Laboratories for the infrared work.

(15) Prepared  according to  th e  procedure of V. du V igneaud and  G. Miller, 
B i o c h e m .  P r e p . ,  2, 75 (1952). and  used im m ediately.
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Analogs of linoleic acid, an “essential fatty acid,” have been synthesized. Coupling l-bromo-2-alkynes with 
the Grignard derivative of appropriate chloroalkylacetylenes in the presence of cuprous chloride formed three 
17-carbon compounds, l-chloro-7,10-, l-chloro-9,12-, and l-chloro-10,13-heptadecadiyne. Diisobutylaluminum 
hydride reacted with these diynes to give adducts, which on protonation yielded l-chloro-ris,as-heptadecadienes. 
Adding another carbon atom by carbonating the Grignard reagents from the chloroheptadecadienes furnished 
the desired 18-carbon acids. In this way the following skipped (methylene-interrupted) unsaturated isomers 
of linoleic acid were obtained: CTs-8,cts-ll-octadecadienoic, a's-10,a's-13-octadecadienoic, and c»»-11,cm-14- 
octadecadienoic acids. The acids were characterized by their melting points, indices of refraction, and the 
melting points of their tetrabromides. The 18-carbon compounds and their ozonolysis products were examined 
with the help of gas-liquid chromatography.

Only three of the approximately twenty octadeca- 
dienoic acids in the literature incorporate the methyl
ene-interrupted or skipped unsaturated system. These 
acids, all biologically active,3 are cis-9,cis-12-octade- 
cadienoic, ci’s-8,cfs-ll-octadecadienoic,4 and cis-6,cfs-9- 
octadecadienoic acid.5 Only the familiar ds-9,m-12 
isomer (linoleic acid) has been synthesized.6 7 8 Since 
more information in this area is highly desirable, we 
undertook to synthesize and characterize three closely 
related isomers, the cfs-8,m-ll-octadecadienoic, cfs-10, 
cis-13-octadecadienoic, and ci’s-11 ,a.s-14-octadecadi- 
enoic acids (IX). The present paper reports our re
sults.

Syntheses.—The same general approach served for 
all the syntheses. Each proceeded through a 17-carbon 
diacetylenic intermediate VII, which was half-reduced 
to the diethylenic analog VIII and then extended to 
the final 18-carbon acid IX. The 17-carbon inter
mediates VII were prepared by combining l-bromo-2- 
alkynes (III) with chloroalkynes (VI). These starting 
materials were reached by brominating l-hydroxy-2- 
alkynes (II) with phosphorus tribromide and by alkylat
ing sodium acetylide with chloralkyl iodides (V). 
Combination of the fragments III and VI was effected 
by adding cuprous chloride as catalyst7 8 to a mixture of 
the bromide III and the Grignard derivative of chloro- 
alkyne VI. With ether as solvent, the yield of coupling 
product VII was as high as or even higher than with tet- 
rahydrofuran. However, tetrahydrofuran was pre
ferred, since this solvent shortened the reaction time 
fifteenfold.9

We planned to arrive at the final dienoic acids by way 
of the corresponding 18-carbon diynoic acids, which 
should he available by carbonating the Grignard rea-

(1) A bstracted  from  the d isserta tion  subm itted  by  John  J . B runo  to  the 
G raduate  School of B oston U niversity  in partia l fulfillm ent of the  require
m ents for the  degree of D octor of Philosophy, 1960. T he work was sup
ported  in p a rt by  research g ran t H  3773 from the N ational H eart In s titu te , 
U. S. Public H ealth  Service.

(2) P resen t address: Sprague E lectric Co., N orth  Adams, M ass.
(3) C f .  H . J . Deuel, J r., “ The Lipids,” Vol. I l l ,  Interscience Publishers, 

Inc., New York, N. Y., 1957.
(4) A. J. Fulco and J . F . M ead, J .  B i o l .  C h e m . ,  235, 3379 (1960).
(5) A. J . Fulco and J. F. M ead, i b i d . ,  234, 1411 (1959); W . Stoffel and 

E . H. Ahrens, J r .,  J .  L i p i d  R e s . ,  1, 139 (1960); J . F . M ead in K. B loch’s 
“ Lipide M etabolism ,” John  W iley and  Sons, Inc., New Y ork, N. Y ., 1960, 
p. 41.

(6) The m ost recen t synthesis is by  M. de G audem aris and  P. Arnaud, 
B i d l .  s o c .  c h i m .  F r a n c e ,  315 (1962).

(7) C f .  W. J . G ensler and G. R. Thom as, J .  A m .  C h e m .  S o c . ,  73, 4601 
(1951).

(8) C f .  W. J. Gensler and  À. P . M ahadevan, i b i d . ,  77, 3076 (1955).
(9) See am ong o thers S. N. Ege, R. W olovsky, and  W. J . Gensler, i b i d . ,

83, 3080 (1961).

CH3(CH2)mC=CH
I

C1(CH2)„C1
IV

N a l

CH3(CH2),nC=CCH2OH
II

jpBr,

CH3(CH2)„C=CCH2Br
III

I(CH2)„C1
V

HC=C(CH2)„C1
VI

CH3(CH2)„,C=CCH2C=C(CH2)„C1
VII

I  (C iHsLAlH

CH3(CH2)mCH=CHCH2CH=CH(CH2)uCl
VIII

Mg 
2. CO,

CH3( CH2)mCH=CHCH2CH=CH( CH2)„COOH 
IX

gents derived from the 17-carbon diacetylenic chlorides 
VII. Actually, in one experiment, carbonation of the 
Grignard reagent from l-chloro-9,12-heptadecadiyne 
(VII, m = 4, n = 8) gave the desired 10,13-octadeca- 
diynoic acid (40-50%). But this experiment could 
not be repeated; thereafter all attempts to prepare 
the Grignard derivative failed. Although this remark
able inertness to magnesium10 was not observed with
1- iodo-9,12-heptadecadiyne, the main process with the 
iodo compound was Wurtz coupling. Since replacing 
the halogen in chloro compounds VII or in l-iodo-9,12- 
heptadecadiyne with a nitrile group was also unsatis
factory,11 this approach was abandoned.

We then turned to the V II-VIII-IX  sequence and so 
to the half-reduction of the triple bonds of chlorides

(10) Search of the  lite ra tu re  revealed no exam ples of G rignard reagents 
prepared from  chlorides containing acetylenic bonds. T he unsuccessful 
a ttem p ts  include trials  w ith l-chloro-6,9-pentadecadiyne [W. R. T aylor 
and F. M. S trong, i b i d . ,  72, 4263 (1950)], l-chloro-5-hexadecen-8-yne [L. 
Crom bie and  A. G. Jacklin , ./. C h e m .  S o c . ,  1632 (1957)], and  l-chloro-4,7,- 
10,13-nonadecatetrayne [A. I. Rachlin, N . W asyliw, and  M . W, Goldberg, 
J .  O r g .  C h e m . ,  26, 2688 (1961)]. P ropargyl chlorides such as 1,4-dichloro-
2- b u ty n e  1A. W. Johnson, J .  C h e m .  S o c . ,  1009 (1946)], l-ch lo ro -l,l-d ia lk y l- 
2-alkyne [K. N . Cam pbell and L. T. E by , J .  A m .  C h e m .  S o c . ,  62, 1798 
(1940)], and l-chloro-2-heptyne (even w ith the  en tra in m en t m ethod) 
[M. S. N ewm an and J. H. Wotiz, i b i d . ,  71, 1292 (1949)] also fail to  react.

(11) Sodium  cyanide in alcohol gave ta rs , while cuprous cyanide in xylene 
[W. D. Celm er and I. A. Solomons, i b i d . ,  75, 3430 (1953)] or in acetonitrile  
[B. C. L. W eedon, J .  C h e m .  S o c . ,  4168 (1954)] gave only s ta r tin g  m aterial.
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VII. Neither hydrogenation over a palladium-on- 
calcium carbonate catalyst12'13 nor reduction with a 
zinc-copper alloy in alcohol14 proved suitable. Diiso- 
butylaluminum hydride,16 on the other hand, reacted 
smoothly with the diynes to give the desired chlorodi- 
enes VIII. Whether necessary or not, we followed the 
practice of routinely reducing each diacetylene twice 
so as to eliminate the possibility of finding unchanged 
triple bonds in the dienes VIII. This method was used 
satisfactorily for all the VII to VIII conversions.

The last step, conversion of the 17-carbon chlorodi- 
enes VIII to the octadecadienoic acids IX, proceeded 
without difficulty. In sharp contrast to the reaction 
with chlorodiyne VII, a mixture of ethyl bromide16 
and chlorodiene VIII reacted smoothly with mag
nesium. Carbonation of the Grignard reagent with 
gaseous carbon dioxide gave analytically pure acids IX 
in yields of 50-60% or better.

The acids IX were converted to stearic acid by cata
lytic hydrogenation so that any question of the presence 
of a branched chain could be dismissed. Each unsat
urated acid had the double bonds in the assigned posi
tions, since ozonolysis of the methyl esters led to the 
expected mono- and dicarboxylic acid cleavage frag
ments.17 The infrared absorptions curves of acids IX 
and their methyl esters gave no indication of trans- 
ethylenic materials; estimates based on the absorption 
at 10.3 p limited the Irans content to considerably less 
than 1%. The ultraviolet absorption at 233 mp showed 
that conjugated unsaturation was present at a concen
tration lower than 1%.18 Gas-liquid chromatographic 
analyses of the methyl esters, by indicating homoge
neities of 98-99%,19 20 were consistent with the results 
of the ultraviolet and infrared analyses.

Discussion
With the exception of the 7,10 isomer, a series of 

skipped diunsaturated fatty acids from cts-6 ,cts-9 -  
throughcts-ll,cfs-14-octadecadienoic acid has now been 
reported. In vivo fatty acid transformations can occur 
by dehydrogenating unsaturated fatty acids between 
the point of unsaturation and the carboxyl group and 
by extending the chain at the carboxyl end.4'6'21 Test 
of the generality of these processes by finding whether 
the new acids generate new families of skipped poly
unsaturated acids is of considerable interest. The 
parent acids and their biosynthesized derivatives are 
also of importance in connection with essential fatty 
acid activity,3 22 and even more so in the controversial

(12) H. Lindlar, H e l v .  C h i r r t .  A c t a ,  35, 446 (1952).
(13) The degree of selectivity and stereospecificity in catalytic half

hydrogenation of triple to double bonds can vary. [ C f .  N. A. Dobson, G. 
Elinton, M. Krishnamurti, It. A. Raphael, and R. G. Willis, T e t r a h e d r o n ,  

16, 16 (1961).]
(14) B. S. Rabinowitz and F. S. Looney, J .  A m .  C h e m .  S o c . ,  7 5 ,  2652 

(1953); A. J. Clarke and L. Crombie, C h e m .  I n d .  (London), 143 (1957).
(15) G. Wilke and H. Müller, C h e m .  B e r . ,  89, 444 (1956); also A n n . ,  629, 

222 (1960). Note th a t F. Bohlmann, E. Inhoffen, and J. Politt, i b i d . ,  604, 
207 (1957), using diethyl aluminum hydride, failed to generate an ethyl- 
enic bond from an acetylenic bond, possibly because ether was used as sol
vent.

(16) M. S. Kharaseh and O. Reinmuth, “Grignard Reactions of Non- 
nietallic Substances,” Prentice-Hall, Inc., New York, N. Y., 1954, pp. 38- 
45.

(17) J. G. Keppler, R e c .  t r a v .  c h i m . ,  76, 49 (1957).
(18) See R. T. Holman in “ Methods of Biochemical Analysis,” Vol. 

IV, D. Glick, ed., Interscience Publishers, Inc., New York, N. Y., 1957, p. 99.
(19) Personal communications from R. A. Landowne.
(20) R. A. Landowne and S. R. Lipsky, B i o c h i m .  B i o p h y s .  A c t a ,  46, 1 

(1961).
(21) C f .  E. Klenk and H. Debuch, A n n .  R e v .  B i o c h e m . ,  28, 39 (1939).

area of the relation between polyunsaturated acids, 
blood cholesterol, and atherosclerosis.3-23

With several of the diunsaturated acids IX at hand, 
comparison of some of their properties became possible. 
Table VII shows that the boiling points are closely 
bunched and that the indices of refraction are very 
similar. A clean separation of the acids by fractional 
distillation or a clear-cut distinction based on index of 
refraction appears unlikely. The melting points fall 
lower than those of the monounsaturated cfs-octadec- 
enoic acids.24 The 8,11 acid has the lowest melting 
point, the 11,14 acid the highest. Our data are not 
precise enough to prove or disprove a generalization 
that the melting points go up as the unsaturation moves 
away from the carboxyl group or to show whether the 
zig-zag pattern observed for the melting points of the 
monounsaturated acids24 has its counterpart in the 
diunsaturated acids IX.

Bromine added to acids IX to give crystalline tetra- 
bromides, whose melting points differ by no more than 
7° (Table VIII). The tetrabromo derivatives from 
adjacent members of the series show little depression 
in their mixture melting points. A tentative general
ization may be drawn: only non-adjacent members of 
the series of tetrabromides will give appreciable de
pressions and ranges in their mixture melting points. 
Accordingly, caution is indicated before relying on the 
sharpness of melting point of a derived tetrabromo 
derivative as an indication of the absence of adjacent 
isomers.

None of the methyl esters of compounds IX showed 
more than one peak on gas-liquid chromatographic 
analysis. Table IX shows that the retention times on 
a 5-ft. silicone column all lie between 28.2 and 29.4 min. 
(230°). A 5-ft. polyester packing permitted the 
esters to pass through more rapidly, retention times of 
15.5-19 min. (200°) being observed. Differences of
3-4 min. should permit at least partial separation. 
Unexpectedly, the order of retention time on the poly
ester column was not regular, although the shortest time 
was observed for the 8,11 isomer and the longest time 
for the 11,14 isomer. Better separation was obtained 
with longer packed columns and especially with long 
capillary columns.20

Homogeneity measures based on gas-liquid chroma
tography of the ozonolysis products indicated a 3-5.7% 
content of positional isomers in the methyl esters of 
acids IX. These measures accordingly were not in line 
with the abovementioned gas-liquid chromatography 
results nor with estimates based on ultraviolet and 
infrared absorption. Actually, by the same kind of 
cleavage analysis, the methyl ester of Hormel “high 
purity” linoleic acid furnished dimethyl azeleate with 
no less than 9.7% in homogeneity. We feel that 
assays based on ozonolysis products are better regarded 
as minimum, instead of true, measures of homogeneity.25

(22) C f .  H. J . Thomasson, I n t e r n .  R e v .  V i t a m i n  R e s e a r c h , 25, 62 (1953). 
Also note “Essential F atty  Acids,” Proc. Intern. Conf. Biochem. Problems 
of Lipids, Oxford, 1957 [ C h e m .  A b s t r . ,  53, 17277 (1959)].

(23) Council Report, J .  A m .  M e d .  A s s o c . ,  181, 411 (1962); J. Enselme, 
“Unsaturated F atty  Acids in Atherosclerosis,” Pergamon Press, New York, 
N. Y., 1962.

(24) W. F. Huber, J .  A m .  C h e m .  S o c . ,  73, 2730 (1951).
(25) Other indications th a t the method of ozonolysis and analysis of the 

products is not free of complications have been found by Keppler,17 R. R. 
Allen [ J .  O r g .  C h e m . ,  21, 143 (1956)], F. L. Benton, A. A. Kiess, and H. J. 
Harwood [J. A m .  O i l  C h e m i s t s '  S o c . ,  36, 457 (1959)], and E. Ucciani, J. 
Pasero, and M. N audet [ B u l l .  s o c .  c h i m .  F r a n c e ,  1209 (1962)].
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I-H ydeoxy-2-alkynes ( I I )  
CHOs(CH2)mC=CCH2OH

Yield, - - -  C a lc d - ----------- Found—
m % B.p., °C. n 28 D c H C H

5“ 72 62-63 (2 mm.) 1.4541 c 9h 16o 77.10 11.50 77.1 11.5
3"'c 82 80-81 (9 mm.) 1.4520
2° 77 73-74 (15-16 mm.) 1.4507ä CeH10O 73.40 10.27 73.2 10.3

“ Ch. Moureu and H. Desmots, Bull. soc. chim., [3] 27, 360 (1902). 6 W. J. Gensler and G. R. Thomas, J. Am. Chem. Soc., 73, 4601 
(1951). c M. S. Newman and J. H. Wotiz, ibid., 71, 1292 (1949). d At 26°.

T able II
1-Bromo-2-a lkynes ( I I I )

CH3(CH2)mC = CCH2Br
Yield,

m B .p., "C. n25 D %
5“ 67-68 (2.5 mm.) 1.4831 88
3" 43—44 (4 mm.) 1.4878 82
2° 76-78 (35 mm.) 1.4903 98

“ Anal. Calcd. for C9H15Br: C, 53.20; H, 7.45; Br, 39.38.
Found: C, 52.9; H, 7.3; Br, 39.7. 4 M. S. Newman and J. H.
Wotiz, J. Am. Chem. Soc., 71, 1292 (1949), report b.p. 104-105° 
(56 mm.); W. J. Gensler and G. R. Thomas, ibid., 73, 4601 
(1951), report b.p. 76-80° (15 mm.) and m> 1.491; J. H. Wotiz, 
ibid., 72, 1639 (1950), reports b.p. 54° (4 mm.) and nKT> 1.4844. 
c M. S. Newman and J. H. Wotiz, ibid., 71, 1292 (1949), report 
b.p. 97-98° (80 mm.) and tc25d  1.4884; J. H. Wotiz, ibid., 72, 
1639 (1950), reports b.p. 38° (4 mm.) and w®d 1.4886.

Experimental26
l-Bromo-2-alkynes (III).—Table I  gives the results of combin

ing appropriate acetylenic Grignard reagents with formaldehyde 
to form the intermediate propargyl alcohols (II).27 Phosphorus 
tribromide with pyridine in catalytic quantities converted the 
propargyl alcohols (II) to l-bromo-2-alkynes28 (See Table II). 
One-mole quantities could be handled without difficulty.

Chloroalkynes (VI).—The chloroiodoalkanes (V) were pre
pared from the corresponding dichloroalkanes.7-29 30 Table III 
summarizes the data. The directions used for alkylating sodium 
acetylide with the chloroiodoalkanes to give chloroalkynes VI are 
an adaption and modification of a procedure reported before for
9-chloro-l-nonyne." The results in Table IV were obtained 
when sodium acetylide from 0.66 mole of sodamide was allowed to 
react with 0.26 mole of chloroiodoalkane in 100 ml. of ether 
plus 1.2 1. of liquid ammonia.

1-Chloroheptadecadiynes (VII).—The three diynes (VII) were 
obtained from the appropriate l-bromo-2-alkyne (III) and chloro- 
alkyne (VI) by following essentially the same procedure, which is 
given below for l-chloro-7,10-heptadecadiyne (VII, m  = 5, 
n  = 6).

The reaction was carried out under dry nitrogen in a carefully 
dried three-necked flask equipped with dropping funnel and 
magnetic stirring bar. The tetrahydrofuran solvent was purified 
by treatment with potassium hydroxide and then distillation 
from lithium aluminum hydride. A solution of ethyl Grignard 
reagent was formed by dropping 20 ml. (23.0 g.; 0.211 mole) of 
dry ethyl bromide in 50 ml. of tetrahydrofuran into a stirred 
mixture of dry magnesium shavings (5.07 g.; 0.211 g.-atom; 
Dow sublimed metal) and 150 ml. of tetrahydrofuran. Bringing 
the mixture initially to a boil started the reaction, which then 
proceeded without external heating during the remainder of the 
addition. After another hour of boiling, the Grignard solution 
was treated with a solution of 29.25 g. (0.201 mole) of 8-chloro-l- 
octyne (VI, n = 6) in 50 ml. of tetrahydrofuran. The dropwise 
addition required 0.5 hr. The spontaneously boiling mixture

(26) Analyses were performed by Carol K. Fitz, Needham Heights, 
Mass.

(27) C f .  Taylor and Strong, J .  A m .  C h e m .  S o c . ,  72, 4263 (1950); Tchao 
Yin Lai, B u l l .  s o c .  c h i m . ,  [4] 53, 682 (1933); R. A. Raphael and F. Sond- 
heimer, J .  C h e m .  S o c . ,  2100 (1950).

(28) M. S. Newman and J. H. Wotiz, J .  A m .  C h e m .  S o c . ,  71, 1292 (1949). 
C f .  Taylor and Strong27 as well as Tchao Yin Lai, ref. 27 and B u l l .  s o c .  

c h i m . ,  [4] 53, 1533 (1933).
(29) C f .  R. A. Raphael and F. Sondheimer.27
(30) W. J. Gensler and C. B. Abrahams, J .  A m .  C h e m .  S o c . ,  80, 4593

(1958).

evolved a gas. The reaction mixture was boiled for an additional 
hour and then allowed to stand overnight under nitrogen.

Dry cuprous chloride (0.7 g.) was added, and the mixture was 
boiled for 1 hr. l-Bromo-2-nonyne (III, m = 5; 40.8 g.; 0.201 
mole) in 50 ml. of tetrahydrofuran was added to the stirred solu
tion, which was then boiled for 2-4 hr. Approximately 88% of 
the initial Grignard content was consumed in the first hour, 94% 
after 2 hr.

The reaction mixture, containing a heavy, bright green precipi
tate, was poured over 500 g. of crushed ice plus 50 ml. of con
centrated sulfuric acid. The aqueous layer was extracted with 
several 100-ml. portions of ether. The combined organic phases 
were washed with water until the washings were neutral to litmus 
and then dried with magnesium sulfate. Removal of solvent 
left the oily product, which was fractionated through a 5-cm. 
Vigreux column. The water-white l-chloro-7,10-heptadecadiyne
(VII) was distributed in ampoules, which were sealed without 
releasing the vacuum. In some preparations the distilled material 
contained small amounts of terminal acetylenic impurities as 
shown by a small absorption peak at 3.04 ¡i. Such impurities 
were readily precipitated by shaking the diyne (10 g.) with a 
saturated methanolic solution (50 ml.) of silver nitrate. Table 
V presents the data for the 1-chloroheptadecadiynes.

The infrared absorption spectra of the three compounds, taken 
as neat layers, were practically identical. The major absorption 
peaks occur at 4.35 (vw), 4.42 (vw), 4.48 (vw), 6.8 (s), 7.61 (s),
13.8, and 15.35 m ( s ) .  No peaks were noted at 3 m (acetylenic 
hydrogen) or at 5.1 n (allenic unsaturation).

1-Chloroheptadecadienes (VIII) by Diisobutylaluminum Hy
dride Reduction of 1-Chloroheptadecadiynes (VII).—The reagent 
was prepared31 by boiling 160 ml. of a 25%, solution of triiso- 
butylaluminum in heptane for 2-3 hr. Distillation afforded 27
ml. of colorless diisobutylaluminum hydride, b.p. 80-90° (0.05
mm. ) The recommended precautions for handling organoalu- 
minum compounds were observed.16'32

The reduction of l-chloro-7,10-heptadecadiyne is given here as 
illustrative. The diyne (13.76 g.; 0.052 mole) was placed in a 
300-ml. three-necked flask fitted with a mercury-sealed stirrer, a 
vertical condenser, and a dropping funnel. Dry, oxygen-free 
nitrogen, introduced through the top of the condenser under a 
slight positive pressure, blanketted the reagent and the reaction 
mixture at all times. Approximately 21 g. (0.15 mole) of diiso
butylaluminum hydride was added over a period of 1 hr. to the 
stirred mixture at 0°. After residual reagent was rinsed into the 
flask with a small volume of dry heptane, stirring was continued 
at room temperature for 12-15 hr.

The condenser was replaced with a tube leading to a trap held 
at Dry Ice-acetone temperature. With the stirred reaction mix
ture in a bath at — 5°, 60 ml. of a methanol-petroleum ether (b.p. 
30-60°) solution (2:3) was carefully added in 1 hr. Then just 
enough ice-cold 20% sulfuric acid was slowly added to dissolve 
the precipitated aluminum methoxide. After the condensate in 
the trap was transferred to the acidified mixture with 50 ml. of 
ether, the aqueous layer was separated and extracted twice with 
ether. The combined organic layers were washed in succession 
with water, saturated sodium bicarbonate solution, and again with 
water until the washings were neutral to litmus. The solution 
was dried with magnesium sulfate and then warmed on the steam 
bath under water-pump vacuum to remove all solvent.

To eliminate all possibility of acetylenic impurities, the oil was 
treated routinely with a second portion of reagent in a repetition 
of the above procedure.

(31) K. Ziegler, C h e m .  A b s t r . ,  51, 15081 (1957) [B ritish P a te n t 778,098 
(1957)]; K. Ziegler, H. G. Geller, H. Lehm kuhl, W. Pfohl, and  K. Zosel, 
A n n . ,  629, 1 (1960).

(32) C f .  “ H andling and Properties of T riisobu ty ialum inum ,1’ H ercules 
Powder Co., W ilmington, Del.
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T able III
C hloroiodoalkanes (V)

I(CH2)»C1
,—----------- —-—'Caled.---------------------- V ----------------------Found-

n B.p., "C. n25n C H I C H I

6°
Sb

55.5-57 (0.25 mm.) 
85-89 (0.25 mm.)

1.5176
1.5089 C8H16C1I 35.00 5.88 46.20 35.0 5.8 46.4

9' 96-98 (0.25 mm.) 1.5066 C3H18C1I 37.50 6.28 43.95 37.7 6.3 43.8
0 W. J. Genslerand G. R. Thomas, J. Am. Chem. Soc., 73, 4601 (1951), report b.p. 112-116° (12 mm.) and nKd 1.5220; R. A. Raphael 

and F. Sondheimer, J. Chem. Soc., 2100 (1950), report b.p. 73-74° (0.7 mm.) and n24D 1.5248; W. F. Huber, J. Am. Chem. Soc., 73, 
2730 (1951), reports b.p. 96-98° (6 mm.) and ?i 25d  1.5214. 4 W. F. Huber, ibid., 73, 2730 (1951), b.p. 101-105° (2.5 mm.), and n26n 
1.5113. e K. Ahmad, F. M. Bumpus, and F. M. Strong, ibid., 70, 3391 (1948), report b.p. 123-124° (2.8-2.9 mm.) and re25d 1.5060; 
W. F. Huber, ibid., 73, 2730 (1951), reports b.p. 123-126° (4 mm.) and m 26d  1.5074.

T able IV
Chloroalkynes (VI) 

HC=C(CH2)„C1

n
Y ield,

% B.p., °C. n 26 d c
—Caled.—  

H Cl C
—Found----

H Cl
6“ 77 40-42 (2.5 mm.) 1.4507 C8H13C1 66.40 9.06 24.50 66.3 9.1 24.3
8 88 56-59 (2.5 mm.) 1.4528 C,oH„C1 69.60 9.93 20.55 69.6 9.8 21.4
9 80 57-58 (0.15-0.2 mm.) 1.4538 C„H19C1 70.80 10.25 70.9 10.5

“ R. A. Raphael and F. Sondheimer, J. Chem. Soc., 2100 (1950), report b.p. 73-76° (10 mm.) and m12D 1.4590; W. J. Gensler and G. R. 
Thomas, J . Am. Chem. Soc., 73, 4601 (1951), report b.p. 73-76° (11 mm.) and w26d 1.4548.

T a ble  V
1-Chloeoheptadecadiynes  (VII) 

c h 3( c h 2 )„C=CCI12C—C( CH2)„C1
Yield, »----- Found0

m n B.p., °c. n 25 d % C H Cl
5 6 103--107 (0.5 X 10 mm.) 1.4784 70 76.6 10.2 13.5
3 8 106--109 (1 X 10"> mm.) 1.4779 68* 76.6 10.3 13.1
2 9 101--111 (0.5 X 10"* mm.) 1.4780 62 76.7 10.3 13.2

a Caled, for C1îH27Cl: C, 76.51; H, 10.20; Cl, 13.29. 4With
a 96-hr. reaction period in ether solvent, the yield was 81%.

The light yellow product (13.0 g.) dissolved in petroleum ether 
(b.p. 30-60°) was placed on a column of 130 g. of 28-200-mesh 
silica gel (Davison Chemical Co.). The first 250 ml. of eluate 
(petroleum ether solvent) contained 0.4 g. of a fatty solid which 
was discarded. The next 500 ml. of eluate (petroleum ether- 
ether solvent, 4:1) furnished 11.4g. (82%) of pale yellow, solvent- 
free product. Distillation afforded colorless to faintly yellow 
l-chloro-7,10-heptadecadiene (VIII), which was collected and 
stored in vacuo in sealed vials.

The 9,12 and 10,13 isomers were prepared in a similar way as 
colorless oils. The three isomers all showed very similar infrared 
absorption curves, with peaks evident at 3.32 (m), 6.05 (w), 7.15 
(m), 7.26 (m), 7.64 (m), 7.8 (m), 10.3 (vw), 11.0 (m), 13.8 (s), 
and 15.3 (s) /t. The absorption curve of the 7,10 isomer was 
taken before as well as after distillation. The close similarity in 
the two curves suggested that the chromatographed material 
was practically pure, and that distillation (presumably with the 
other isomers as well), with its accompanying losses, may have 
been unnecessary.

Table VI presents the data.

T a ble  VI
«'s.cis-C h lo roh epta d eca dienes  (VIII)

CH3( CH2)„CH=CHCH2CH=CH( CH2)nCl
Yield,

.— % —. ,--------F o u n d '--------.
m 77 B.p., °C. 7lMD a b c H
5 6 87-91 (1 X 10-* mm.) 1.4683 65 82
3 8 87-89 (1 X 10-* mm.) 1.4678 83 94 75.8 11.6
2 9 75-77 (0.5 X 10-' mm.) 1.4678 70 87 75.3 11.5

“ After distillation. 4 Before distillation. ‘ Caled, for Cn- 
H31C1; C, 75.37; H, 11.54; Cl, 13.09.

eis,cis-Octadecadienoic Acids (IX).—The appropriate 1-chloro- 
heptadecadiene was converted to its Grignard reagent and then 
carbonated. The procedure, the same for the three acids, is 
given below for 8,11-octadecadienoic acid (IX, m = 5, n = 6).

A 250-ml. three-necked flask was fitted with a vertical con
denser. Dry, oxygen-free nitrogen, which was supplied under a 
slight positive pressure through the top of the condenser, 
blanketted the reaction during the entire experiment. All 
glassware was carefully dried. Turnings of Dow sublimed 
magnesium (2.28 g. or 0.094 g.-atom) were dried briefly in the 
flask by brushing the flask with a soft flame. A mixture 
of l-chloro-7,10-heptadecadiene (VIII, m = 5, n — 6) (5.00 
g.; 0.0184 mole) and carefully dried ethyl bromide (6.05 g.; 
0.0555 mole) was placed in a dropping funnel and was diluted 
with 45 ml. of ether distilled directly into the dropping funnel 
from lithium aluminum hydride. Approximately 80 ml. of 
ether, distilled directly into the flask, covered the magnesium. 
The ethereal halide solution was added to the boiling, magneti
cally stirred mixture over a period of 2 hr. After the addition, 
the mixture was boiled for 18 hr.

Gaseous carbon dioxide, after passing through a tower of con
centrated sulfuric acid and then through an empty flask, was 
introduced into the cooled mixture through a tube reaching almost 
to the bottom of the flask. The inside temperature, initially 
— 60°, climbed to —5° and then rapidly dropped to —60°. 
Solidification was noted.

Enough cold 10% sulfuric acid was added to dissolve the excess 
magnesium. The aqueous layer was separated and extracted 
with several portions of ether. The combined ether layers were 
shaken with several portions of water and then dried with magne
sium sulfate. All material volatile below 50-60° (ca. 0.5 mm.) 
was removed, and the yellow residual oil (5.07 g.), diluted with 
an equal volume of light petroleum ether, was placed on a 2.5 X 
33 cm. column of 28-200-mesh silica gel (100 g.). Passing 300 ml. 
of petroleum ether through the column removed 0.3 g. of mate
rial, which was discarded. The solvent was changed to petroleum 
ether-ether (4:1, v ./v.), and 500 ml. was collected. Removal of 
solvent left 4.23 g. of 8,11-octadecadienoic acid, which was dis
tilled through a 5-cm. vacuum-jacketed Vigreux column. The 
practically colorless main fraction was distributed in several small 
ampoules, which were sealed without breaking the vacuum.

Melting points were determined by observing 0.1-0.2 g. of 
sealed solidified material as it was allowed to warm slowly in a 
bath. The infrared absorption curves of the acids IX, taken 
with neat samples, were all very similar and corresponded closely 
to the curve for “high purity” linoleic acid (Hormel). AH showed 
absorption peaks at 3.76 (m), 5.85 (s), 6.04 (w, sh), 7.17 (m),
7.26 (m), 7.8 (s), 8.1 (m), 10.7 (s), and 13.85 (s) ¡j.. Ultraviolet 
absorption curves were determined with ca. 1.8 X 10“3 M 
methanolic solutions of the acids. The extinction at the 233 mju 
maximum (log £ 2.2-2.5) served as a measure of the amount of 
conjugated impurities.18 Neutralization equivalents were deter
mined by titration of the acids in 95% alcohol under nitrogen 
with 0.05 N  aqueous sodium hydroxide to a phenolphthalein end 
point. The values were slightly high (0.43-0.90%); but pure 
stearic acid by the same procedure also gave high results (0.18-



T a b l e  VII
CI.I,CIS-OCTADECADIENOIC ACID (IX)

CH3(CH2)mCH=CHCH2CH=CH(CH2)„COOH

1258 G e n s l e b  a n d  B r u n o  V o l . 28

B.p., °C. Yield,0 Conj u- .---- Found6 Neu3.c lodine**
Isom er m n (KU* mm.) M .p., °C . (approx.) W25 d % gation, % C H equiv. no.
A8-11 5 6 118-120 -1 2 .5  to - 9 .5 1.4663 58 0.62 77.1 11.5 283 185,186
A 9-12 4 7 - 5 .1  to — 5.4“ 1.4690“ 0.45 185,185 

184/
A 10. 13 3 8 121-128 - 9  to - 6 .5 1.4670 51 0.87 77.2 11.5 282 184
A 11-14 2 9 112-115 6.0 to 8.0 1.4664 60 0.73 77.3 11.5 282 185
“ The figures refer to distilled material. The chromatographed acids were obtained in 20-30% higher yield. Much of the decreased 

yield of distilled material is due to mechanical losses. 6 Calcd. for Ci3H320 2: C, 77.09; H, 11.50. c Molecular weight: 280.44. “ Theo
retical iodine number: 181. e Reported by B. Sreenivasan, J. B. Brown, E. P. Jones, V. L. Davidson, and J. Nowakowska, J. Am. 
Oil Chemists’ Soc., 39, 255 (1962). The index of refraction refers to 20°. Synthetic linoleic acid was reported recently with b.p. 115- 
120° (0.001 mm.), m.p. —5°, and tc22d  1.4670 [M. de Gaudemaris and P. Arnaud, Bull. soc. chim. France, 315 (1962)]. -^The Wijs 
iodine number of this Hormel “high purity” linoleic acid was found by the supplier to be 181, the theoretical value.

0.7%). Iodine numbers were obtained by the Kaufmann 
method.33 Table VII summarizes the results.

Hydrogenation of as,cis-Octadecadienoic Acids (IX) to Stearic 
Acid.—A mixture of the unsaturated acid (ca. 0.1 g.), platinum 
oxide {ca. 0.06 g.), and 95% alcohol (20 ml.) was magnetically 
stirred at room temperature in an atmosphere of hydrogen until 
absorption of hydrogen ceased. After filtration, the solution was 
concentrated under reduced pressures to a volume of 2-3 ml. 
Cooling the concentrated solution gave white crystals, which were 
collected and dried in vacuo. Stearic acid, melting within the 
range 68-70°, was obtained in better than 97% yield from each of 
the three acids IX. Mixtures of the hydrogenation stearic acids 
with authentic stearic acid (m.p. 69.5-70°) melted at 68-70°.

Tetrabromostearic Acids from Skipped Octadecadienoic Acids
(IX).—Bromine was added dropwise to a stirred solution of 0.1- 
0.5 g. of unsaturated acid in 6-7 ml. of low boiling petroleum 
ether at temperatures held below 0°. When the yellow color 
persisted, the precipitated solids were collected and washed on the 
funnel with cold petroleum ether. The compounds were re
crystallized two or three times from methylene chloride-pentane 
or methylene chloride-cyclohexane and then dried in vacuo at 
56°. Table VIII summarizes the results. From the reported 
melting point of linoleic acid tetrabromide (m.p. 113.2-113.8°34;
115.4-115.5°5), we judge that the melting points in Table VIII 
might be slightly low.

T a b l e  VIII
T e t r a b r o m o  D e r iv a t iv e s  o f  O c t a d e c a d ie n o ic  A c id s  (IX) 

CH3( CH2)„CH—CHCH2CH—CH( CH2)nCOOH
I I  I I

Br Br Br Br
S tarting Yield, M .p.,a -Found6-
isomer m n % °C. c H Br

A8-11 5 6 20 106-107 35.9 5.2
a 9,12C 4 7 35 111.5-112.5 36.3 5.1 53.3
A 10-13 3 8 22 111-111.5 36.1 5.1 53.4
A11-14 2 9 26 112-112.5 36.2 5.2 53.5
“ The mixture melting points are as follows: [8,11 +  9,12] 

106-107°; [9,12 +  10,13] 107.5-112.5°; [9,12 +  11,14] 94- 
98.5°; [10,13 +  11,14] 108-111°. 6 Calcd. for CISH32Br402: 
C, 36.02; H, 5.38; Br, 53.26. c Hormel “high purity” linoleic 
acid.

Methyl cis,«s-Octadecadienoates.—The acids IX were esteri- 
fied by treating 0.1-0.2 g. samples in 10-15 ml. of dry ether with 
distilled ethereal diazomethane until a yellow color persisted. 
An atmosphere of pure nitrogen was maintained in the flask. 
After filtration through thin layers of a filter aid (Celite), an
hydrous magnesium sulfate, and activated charcoal, the solution 
was warmed in a stream of nitrogen to remove solvent. The 
residual colorless esters in several vials were exposed without 
delay to a 0.01-mm. vacuum. The vials, sealed without breaking 
the vacuum, were stored in the cold away from light.

Infrared absorption curves of the esters were taken with 0.04-
(33) N. D. Cheronis and  J . B. E n trik in , “ Semimicro Q ualita tive  Organic 

Analysis,“  2nd ed., Interscience Publishers, Inc ., New Y ork, N. Y ., 1957, 
p. 736.

(34) H. M . W alborsky, R . H. Davis, and D. R. How ton, J .  A m . C h e m .  

S o c . ,  73, 2590 (1951).

mm. thicknesses of the neat oils. All showed maxima at 3.33 (m),
3.49 (m), 6.05 (w), 7.15 (m), 7.26 (m), 7.34 (m), 7.58 (w), 8.05 
(m), 8.36 (s), 8.55 (s), 9.85 (m), 10.1 (w), 10.98 (w), and 13.85 
(m) /i. The minor differences in the 8-9- and 11-12.5-m region 
offer little encouragement in the use of infrared to distinguish the 
several esters. Except for these differences, all the esters includ
ing methyl linoleate showed practically the same curves. The 
curves showed no characteristic trans double bond absorption at
10.3 m- Since a distinct shoulder was observed here when a test 
mixture of methyl linoleate containing 1%, of methyl trans-11- 
octadecenoate was scanned under the same conditions, the con
tent of trans double bonds in the synthetic compounds was sub
stantially less than 1 %.

Gas-Liquid Chromatographic Analysis of the Octadecadienoic 
Acids IX and Esters.—Table IX gives the results of gas-liquid 
chromatography with the methyl octadecadienoates. Only one 
peak appeared for each ester. The retention times for the esters 
on a column with a polyester stationary phase show significant 
differences, but the trend of retention time with the position of 
the skipped unsaturation proved not to be regular.

T a b l e  IX
G a s - L iq u id  C h r o m a t o g r a p h ic  A n a l y s is “ o f  t h e  M e t h y l  

E s t e r s  o f  O c t a d e c a d ie n o ic  A c id s  (IX)
CH3( CH2),„CH==CHCH2CH=CH( CH2)„COOCH3

-— Silicone column---- s r— -Polyester column-—-
Temp., R etention Tem p., R eten tion

Isom er m 71 "C. tim e, min. °C. tim e, min.

A8’11 5 6 231 29.4 201 15.5
A9-12& 4 7 230 29.0 201 18.3
A10,13 3 8 231 28.2 2C1 15.6
A11-14 2 9 235 28.6 201 19.1
“ An “Aerograph” unit with catherometer detector was used

with two 5-ft. columns, one packed with siliccne (sample size, 
10 jul.) and the second with a polyester (“LAC-446” ; sample 
size, 1-3 /A.). The carrier gas was helium at a constant flow 
rate (rotameter reading, 85.0 mm.). 6 Methyl ester of Hormel 
“high purity” linoleic acid.

Longer packed columns and, even better, capillary columns 
gave more effective separation. These results are fully docu
mented elsewhere.20 With the more efficient columns, the four 
methyl esters showed 98-99% homogeneity. The maximum 
single impurity was observed in the methyl linoleate.19-20

After approximately 6 months of storage at —5° in vacuo away 
from light, the acids themselves were examined. The analyses 
were performed at the Unilever Research Laboratory (Vlaardin- 
gen) through the courtesy of Dr. R. K. Beerthuis. A column 
(120 cm. long; 0.4-cm. diameter) packed with 10% Apiezon L on 
diatomaceous earth (Celite) was used. At a flow rate of 20 ml. 
per min. of argon and at a column temperature of 182° the re
tention times of the 18-carbon acids were just over 2 hr. The 
column gave only partial separation of the 8,11 isomer (with the 
shortest retention time) from the other acids. Homogeneity 
estimates were made as follows: for the 8,11-acid, ca. 94%; for 
the 10,13 acid, ca. 100%,; for the 11,14 acid, ca. 96%. Whether 
the appearance of inhomogeneity in the 8,11 and 11,14 isomer is
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T a b l e  X
G a s - L iq u id  C h r o m a t o g r a p h ic  A n a l y s is “ o f  t h e  O z o n o l y s is  M e t h y l  E s t e r s  D e r i v e d  f r o m  O c t a d e c a d ie n o ic  A c id s

------ -------— ---------------------------------------R eten tion  tim e, min.-——------ -—— —-----—----------- ------------
O ctadecadienoic acid Colum n tem perature , 100° Column tem perature , 190°

IX Cleavage Cleavage Impurity,
Isomer m n Reference miethyl ester ester Reference methyl ester ester %

A8-11 5 6 Heptanoate 4.28 4.32 Octanedioate 7.50 7.25 2.9
A 9’i 2& 4 7 Hexanoate 2.60 2.55 Nonanedioate 9.4 8.5C 9.7
A10>13 3 8 Pentanoate 1.6 1.6 Decanedioate 13.2 11.8e 5.7
A11-14 2 9 Butanoate 0.91 0.92 Undecanedioate

Malonate
17.7
1.4

17.4 3.8

a An “Aerograph” unit with a catherometer detector was used. Samples (2-3 /d.) were injected into a 5-ft. packed helical column con
taining a polyester stationary phase (“LAC-446” ). Helium was used at a constant flow rate (rotameter reading, 85.0 mm.). 6 Methyl
ester of Hormel “high purity” linoleic acid. c Column temperature: 195°.

due to deterioration on storage, or to partial isomerization of the 
acids35 during the 2-hr. period on the column is not known.

Cleavage Analysis of Skipped Unsaturated Acids IX.—The pro
cedure given below for the ozonolysis and analysis of methyl cis- 
10,os-13-octadecadienoate was followed for all the methyl esters.

Ozonized oxygen was passed through a solution of 0.2 g. of the 
methyl ester of 10,13-octadecadienoic acid (IX, m = 3, n = 8) in 
10 ml. of pure chloroform in a bath at —18°. The gas flow was 
interrupted when the emergent gases developed a brown color in 
an aqueous potassium iodide solution, and the reaction mixture 
was then allowed to stand at room temperature for 0.5 hr.

Solvent was removed at 30° by distillation in vacuo, and the 
residual oil was treated with a slurry of freshly prepared silver 
oxide (0.9 g.), 10 ml. of water, and 1.6 ml. of 10% aqueous sodium 
hydroxide in several portions. The mixture was stirred vigorously 
and heated at 90-95° during and for 1 hr. after the addition.17 
Hydrochloric acid (20%) was added to pH 2. The mixture was 
extracted several times with ether, and the combined extracts, 
after one rinsing with water, were dried with magnesium sulfate. 
Treatment of the solution with diazomethane, as described above 
for the preparation of the methyl octadecadienoates, esterified all

(35) The m ethyl esters of po lyunsatu ra ted  acids suffer no significant 
change during  gas-liquid  chrom atography  a t  197° w ith Apiezon M  as the  
s ta tionary  phase [W. Stoffel, W. Insu l, J r., an d  E . H . Ahrens, J r .,  C h e m .  

A b s t r . ,  53, 3973 (1959); P r o c . S o c .  E x p t l .  B i o l .  M e d . ,  99, 238 (1958)].

free carboxylic acid groups. When volatile material was removed 
at steam temperatures under a moderately reduced pressure, 0.2 
g. of residue consisting largely of methyl valerate and dimethyl 
sebacate remained. Yields ranging from 80-95% were obtained 
at this point. No dimethyl malonate was recovered.

Table X summarizes the results of gas-liquid chromatographic 
analysis of the mixture. One or more minor peaks revealed the 
presence of lower, homologous diesters. The diester tracings 
were used to obtain the percentage impurities listed in Table X. 
Whether the values obtained in this way in fact reflect the degree 
of inhomogeneity in the 18-carbon acids, or whether the values 
are artifacts or the consequence of the degradation of initially 
homogeneous cleavage products25 was not determined.
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It has been shown that micromerol is mainly ursolic acid, mixed, in some cases, with smaller amounts of 
oleanolic acid. The three-dimensional crystal structure of methylmicromerol bromoacetate (methyl ursolate 
bromoacetate) has been determined in the course of this study, providing an independent confirmation of the 
stereochemistry of the a-amyrin system.

Among the numerous products isolated by Power 
and Salway2 from yerba buena (Satureia douglassii) were 
two colorless alcohols to which were assigned the for
mulas C33H52O3 • 2H20  and C30H46O4 • 2H20  and the 
names micromerol and micromeritol. Of these, micro
merol was present in significantly greater quantities.
Although the proposed formulas were not in agreement, 
the properties described for these compounds suggested 
strongly that they were triterpene carboxylic acids.

In the course of our isolation of xanthomicrol1 we 
obtained by cooling the crude, concentrated ethereal 
extract of yerba buena a copious greenish white precipi
tate. This showed on thin - layer chromatography 
(t.l.c.)3 two major components having the color reac-

(1) Previous paper, G. H. S tou t and  V. F . S tout, T e t r a h e d r o n ,  14, 296 
(1961).

(2) F. B. Power and  A. H . Salway, J .  A m .  C h e m .  S o c . ,  30, 251 (1908).

tions of triterpenes.4 The less polar material was 
present in considerably larger amounts and proved to be 
a colorless hydroxy acid, whose properties were in 
agreement with those reported for micromerol. Our 
sample and its derivatives, however, gave analyses 
compatible with the formula C30H48O3, i.e., a mono 
hydroxylated triterpene acid.

Methylation of micromerol with diazomethane gave 
a methyl ester which showed the same melting points 
for the hydrated and dried forms as reported by Powers. 
Since the ester appeared to be rather more easily crys
tallized and purified than micromerol itself, most of our 
material was isolated in this form by chromatography

(3) We wish to  th an k  M r. E rich  G auglitz, U. S. B ureau of Commercial 
Fisheries, Seattle, for first poin ting  ou t to  us th e  strik ing  advantages of this 
technique.

(4) C. R. Noller, R . A. Sm ith, G. H. H arris, J* W. W alker, J .  A m .  

C h e m .  S o c . ,  64, 3047 (1942).
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Fig. 1.—Electron density projection on (010) of methy- 
micromerol bromoaoetate. Contours at le/A .3 starting at 2e/A.3 
except for bromine.

29 50

X

Fig. 2.—Numbering system and observed stereochemistry of 
methylmicromerol bromoacetate.

following méthylation of the whole crude terpene 
fraction.

Consideration of the literature constants for micro- 
merol2 Sa had suggested that it was probably identical 
with ursolic acid5b'6 (I), and a direct comparison be
tween micromerol and ursolic acid appeared to sub
stantiate this view. Further investigation, however, 
produced two striking anomalies. Acetylation of 
methylmicromerol gave a monoacetyl derivative (A) 
whose melting point of 203-206° was in marked dis
agreement with that reported for acetyl methyl 
ursolate6b (243-244°). Treatment of this acetate

with selenium dioxide in refluxing acetic acid gave 
products whose ultraviolet spectra showed the chromo- 
phores II and III. The formation of a diene and a 
dienedione under these conditions is commonly used 
as proof that the compound oxidized belongs to the [j- 
amyrin group of the triterpenes.7 The problem was 
compounded when it was found that if micromerol 
was first acetylated and then methylated, a methyl 
acetate (B) melting 245-250° was obtained. Although 
the infrared and n.m.r. spectra of the two methyl 
acetates were nearly superimposable, and although 
both were homogeneous by t.l.c., all attempts to show

(5) (a) J. Sim onsen and W . C. J . Ross, “ The T erpenes,”  Vol. 4, Cam bridge 
U niversity  Press, 1957, p. 437; (b) i b i d . , Vol. 5, p. 116ff.

(6) T he existence of th e  solvated  form, m .p. 115°, of m ethyl urso late pro
duced b y  crystallization  from  95%  ethanol is often  ignored, b u t has been 
repo rted  by  F . B. Pow er and  C. W. M oore, J .  C h e m .  S o c . t 97, 1099 (1910).

(7) C. D jerassi, C. H. Robinson, an d  D . B. Thom as, J .  A m .  C h e m .  S o c . ,  

78. 5685 (1956).

them to be dimorphic crystalline forms were fruitless. 
Mixed samples melted at intermediate temperatures, 
and seeding solutions of the low-melting form did not 
produce high-melting material.

In order to clarify the problem of the nature of the 
ring system involved, and to locate the substituents if 
we were dealing with a new /3-amyrin derivative, meth
ylmicromerol bromoacetate was prepared and subjected 
to three-dimensional X-ray analysis. This compound 
crystallizes in the space group P212I2i with four mole
cules to the unit cell and with dimensions, a = 7.83
A., b = 14.19 A., and c = 27.11 A. The molecular 
weight found was 581 (calculated 592). Since the fine 
details of molecular structure were not in question, 
limited data were collected, consisting of 1113 reflec
tions, of which 839 were observed and 274 unobserved. 
Almost all the reflections had (sin 0)/A less than 0.43
A.-1, so that the resolution was approximately 0.7
A., ample to show discrete atoms but insufficient to 
provide good values for bond lengths.

The bromine atom was readily located from an un
sharpened three-dimensional Patterson calculation, 
and starting with phases based on the bromine alone 
five cycles of Fourier and structure factor calculations 
revealed all of the atoms in the molecule. The Fourier 
calculations used for locating atoms included both F0 
syntheses and difference syntheses in which each dif
ference (|F01 — |FC|) was weighted by the factor 
|FC |/1 F0 ] if | Fc | < | F01, corresponding approximately 
to the uncertaintiy in the phase information supplied by 
each calculated structure factor.8 The resulting elec
tron difference maps proved extremely useful in locating 
missing and badly misplaced atoms.

After all of the atoms had been found and the oxygen 
atoms assigned on chemical grounds and on their ap
pearance on difference maps, refinement by block 
diagonal9 and full matrix10 least squares using an over
all temperature factor gave a final residual index11 
value of R — 16.1%. Fig. 1 shows a Fourier 
synthesis based on the final parameters, and Fig. 2 
gives the numbering system of the heavy atoms, for 
which parameters are given in the Experimental section.

The structure indicated for micromerol by the X-ray 
analysis is that of an a-amyrin with a C-28 carboxyl 
group and a 3/3 hydroxyl, corresponding to the struc
ture of ursolic acid. Although the standard deviation 
in bond lengths is 0.12 A., C12-Ci3 is shorter than the 
remainder of the ring system bonds by an amount which 
is probably significant12 and corresponds to the expected 
location of the double bond. Thus the original view 
that micromerol is ursolic acid is substantiated.

It should be noted that this determination represents 
the first published X-ray study of an a-amyrin and as 
such is an independent conformation of the structure 
proposed previously on the basis of degradation13

(8) F 0 and  F i a re  th e  observed and calculated stru c tu re  factors, respec
tively.

(9) A modified version of UCLALS1, by  P. K . G antzel, R . A. Sparks, 
and  K . N . Trueblood, U niversity  of California a t  Los Angeles, 1961.

(10) W. R . Busing and H . A. Levy, “ A C rystallographic L east Squares 
Refinem ent Program  for th e  IB M  704,”  Oak R idge N ational L aboratories, 
1959.

(11) R = 2 || F„ | -  1 Fc || / z  |F„ |.
(12) D . W. J . C ruickshank, A c t a  C r y s t . ,  2 , 65 (1949).
(13) E . J . Corey and  J . J . Ursprung, C h e m .  I n d .  (London), 1387 (1954), 

J .  A m .  C h e m .  S o c . ,  78, 183 (1956); A. M elera, D . Arigoni, A. Eschenm oser, 
O. Jeger, and L. R uzicka, H e l v .  C h i m .  A c t a ,  39, 441 (1956).
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and partial synthesis.14 Although the ring system 
appears to be somewhat bowed, presumably from 
repulsion between the axial methyl groups, the stereo
chemistry found is in complete agreement with that 
shown in I.

In view of this conclusive evidence that micromerol 
is an a-amyrin, the selenium dioxide oxidation was 
studied further. I t was found that when the low- 
melting methyl micromerol acetate was partially oxi
dized, the recovered material was high-melting and 
gave no melting point depression with authentic methyl 
acetylursolate. Furthermore, the dienedione produced 
was found to be identical with the dienedione from 
oleanolic acid. If crystallized micromerol was used as 
the starting material, the same, high-melting, methyl 
acetate was formed regardless of the order of methyla- 
tion and acetylation.

Consequently, it may now be said that although 
micromerol is identical with ursolic acid, it may occur 
together with smaller amounts of a /3-amyrin15 which 
may be very difficult to remove and which may affect 
its properties to a striking degree. Pure methyl- 
micromerol or methyl ursolate is very difficult to 
crystallize, but the impure form crystallizes readily. 
Apparently the /3-amyrin component is concentrated 
during the isolation of the methyl esters from the 
crude methylated mixture and further during the puri
fication of the acetylmethyl compound (A), as the 
melting point depression found corresponds to that 
produced by not less than 50% added oleanolic acid.
T.l.c. is powerless to resolve the problem, as cor
responding derivatives of the a- and /3-amyrin series 
are not separated on the plates.

All of the material used for the studies described 
above was obtained from yerba buena gathered from 
one vacant lot near Seattle and probably representing a 
botanically homogeneous sample. A more recent 
collection made at a similar season but covering a 
considerably wider area around Deception Pass, 
Washington, has yielded only ursolic acid and not more 
than a trace of oleanolic acid; so the proportions of 
these two triterpenes are apparently rather variable 
within the species.

Experimental16
Isolation of Micromerol.—Crude triterpene material was ob

tained by chilling the concentrated ethereal extract of defatted 
yerba buena.1 The crude material (9.15 g., representing about 
1850 g. of dry plant) was digested with a large amount of ethanol 
and filtered hot. On cooling, the filtrate deposited a fine precip
itate which was recrystallized twice more from ethanol (char
coal) to give 1.49 g. of micromerol, m.p. 281-286° (cap., cor.) 
lit.,2 277°, [<*]24d  +40.5° (c ,  0.347; abs. ethanol). A mixture 
melting point with authentic ursolic acid, m.p. 280-287° (cap., 
cor.), from bearberry (Ardostaphylos uva-ursi)17 gave m.p. 
281-285°, (cap., cor.).

Anal. Calcd. for CsoiUA,: C, 78.89; H, 10.59. Found: 
C, 78.95; H, 10.61.

Methylmicromerol (Impure).—Crude terpene mixture (2.0 g.) 
was dissolved in ethanol (100 ml.) and treated at ice-bath tempera
ture with an excess of diazomethane in ether. After 20 min.

(14) E. J. Corey and  E. W. C antrall, J .  A m .  C h e m .  S o c . ,  81, 1745 (1959).
(15) This com pound very probably  is oleanolic acid, b u t since two 

asym m etric centers are lost in the  form ation of the  oleanolic acid dienedione, 
i t  is conceivably a skeletal stereoisomer.

(16) Unless otherwise specified, m elting points were taken  on a Kofier 
hot stage and are uncorrected.

(17) C. E . Sando, J .  B i o l .  C h e m . ,  90, 477 (1931).

formic acid and water were added, and the solution was extracted 
with ether. The ethereal extract was washed with water, 5% 
sodium hydroxide, and water, dried, and evaporated to give a 
partially crystalline, greenish-white solid. This was chromato
graphed on Merck acid-washed alumina (80 g.), and crystalline 
methylmicromerol (1.26 g.) was obtained from the fractions 
eluted with benzene. Recrystallization from ethanol gave ma
terial, m.p. 110-115°, which after being dried in vacuum at 85° 
had m.p. 166-168°, lit.,2 m.p. 167°. T.l.c. showed only one 
spot. [ « ] 22d  +67° (e, 0.400; CHCh).

Anal. Calcd. for C^HsoCh: C, 79.10; H, 10.71; -OCH3,
6.58. Found: C, 78.95; H, 10.55; -OCH3, 7.37.

Acetylmethylmicromerol. (A-Impure).—Methylmicromerol
(0.843 g.) prepared as above was treated with acetic anhydride (5 
ml.) and pyridine (5 ml.) at room temperature for 18 hr. Water 
and ether were added, and the ethereal solution was washed with 
dil. hydrochloric acid, 10% sodium hydroxide, and water. 
Evaporation of the ether gave a white solid which was crystal
lized from methanol to give the low-melting form of acetylmethyl
micromerol (0.536 g.), m.p. 203-206°, unchanged by recrystal
lization. [a]24d  +74.3° (c, 0.635; CHC13).

Anal. Calcd. for C33H620,: C, 77.30; H, 10.22; —OCH3,
5.66. Found: C, 76.97; H, 10.63; — OCH3, 6.46.

Acetylmicromerol.—Crystallized micromerol (0.500 g.) was 
treated for 48 hr. at room temperature with pyridine (5 ml.) 
and acetic anhydride (5 ml.) The reaction was worked up as 
usual to give a white solid which crystallized from ethanol to 
give a monoacetate (0.379 g.), m.p. 290-293°, (cap., cor.).

Anal. Calcd. for C^HsoOu C, 77.06; H, 10.11. Found:
C, 76.85; H, 9.92.

Power and Salway2 report an unstable acetate m.p. 188°. 
This is undoubtedly the mixed anhydride of acetylmicromerol 
and acetic acid.

Methylacetylmicromerol (B-Pure).—Acetylmicromerol (0.100 
g.), was methylated in ethanol solution with an excess of diazo
methane. Work-up in the usual manner and crystallization from 
ethanol gave product m.p. 245-250°. The melting point was 
not depressed by authentic acetylmethylursolate.

Anal. Calcd. for CssEUh: C, 77.30; H, 10.22. Found:
C, 77.49; H, 10.19.

Selenium Dioxide Oxidation of Acetylmethylmicromerol.—Low
melting acetylmethylmicromerol (A) (0.225 g.) in acetic acid 
(12.75 ml.) was refluxed with freshly sublimed selenium dioxide 
(0.128 g.), for 24 hr. The precipitated selenium was filtered off 
and the mixture of products was chromatographed on Davidson 
silica gel using 4:1 petroleum ether-ether containing 1% acetic 
acid as the eluent. The first crystalline fractions, m.p. 230- 
250°, were a mixture of two compounds partially separable by 
fractional crystallization. Two crystallizations from ethanol 
gave high-melting acetylmethylmicromerol (0.036 mg.) m.p.
245-250°, undepressed by admixture with form B above. The 
mother liquors showed an ultraviolet spectrum with 243,
252, 260 m/x, corresponding to the A'MWsLcliene of oleanolic 
acid, but a pure sample was not obtained.

Continued elution of the column gave another crystalline 
compound (0.016 g.), m.p. 244-246°, [< *]25d  — 152° ( e ,  0.36; 
CHC13), whose ultraviolet spectrum, 278 (e 14,600),
was that of a A9(n)'13(18)_diene-12,19-dione. A mixture melting 
point with the dienedione prepared by selenium dioxide oxidation

T a b l e  I
x / a y / b z / c x / a y / b z / c

Br 0.3197 0.6960 0.1034 C15 0.7636 0.5841 0.4899
0 1 .1771 .6684 .2090 C16 .7899 .5950 .5497
02 .1539 .8267 .2103 C17 .6970 .5111 .5684
0 3 .6580 .3408 . 5502 C18 .5092 .5097 .5637
04 .8736 .4027 . 5350 C19 .4171 .6016 .5933
C l .1482 .5740 .3418 C20 .4552 .5761 .6499
C2 .0906 .5918 .2815 C21 .6704 .5771 .6559
C3 .1995 .6599 .2654 C22 .7327 .4908 .6265
C4 .4336 .6402 .2627 C23 .5233 .7214 .2461
C5 .4565 .6167 .3218 C24 .4661 .5486 .2343
C6 .6602 .5986 .3327 C25 .3566 .4389 .3299
C7 .6780 .6148 .3894 C26 .6212 .4463 .4171
C8 .5685 .5465 .4190 C27 .4985 .6963 .4806
C9 .3683 .5689 . 4052 C28 .7245 .4139 .5540
CIO .3189 .5442 .3444 C29 .2141 .5934 .5900
C l l .2317 .4990 .4342 C30 .3947 .6607 .6826
C12 .3044 . 4853 .4918 Cx .7153 .2516 .5328
C13 .4325 .5275 .5020 Cy .1535 .7480 .1944
C14 .5788 .5992 .4759 Cz .1162 .7505 .1338
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of methyl acetyloleanolate showed no depression, and the infra
red spectra were identical.

Anal. Calcd. for CasELaC)«: C, 73.57; H, 8.61. Found: 
C, 73.79; H, 8.63.

Methylmicromerol Bromoacetate.—Methylmicromerol (0.048 
g.) in benzene (2.8 ml.) was treated with bromoacetyl bromide 
(0.1 ml.) and diethylaniline (0.2 ml.) at room temperature for 20 
hr. Water and ether were added, and the ethereal solution was 
washed with water, dilute hydrochloric acid, and water. Evapo
ration of the ether left a reddish-brown oil which was chromato
graphed on Davidson silica gel to give a colorless oil which 
crystallized from pentane. Repeated crystallizations from 
pentane gave crystals suitable for X-ray studies, m.p. 146-150°.

Anal. Calcd. for CaaEGCLBr: C, 66.98; H, 8.68; Br, 13.50. 
Found: C, 67.10; H, 8.63; Br, 13.30.

X-Ray data were collected photometrically from Weissen- 
berg photographs taken on a Nonius camera which was set to 
integrate in two directions.18 Levels h = 0 to h = 5 were taken 
on a crystal rotating about the a axis. The final parameters 
relative to the conventional origin19 are given in Table I. The 
final over-all temperature factor was B = 3.29 A.2

Acknowledgment.—This work was supported in part 
by the National Institutes of Health, grant CY- 
4082.

(18) E . H . W iebenga and D. W. Smits, A c t a  C r y s t . ,  3, 265 (1950).
(19) “ In te rna tiona l Tables for X -R ay  C rystallography,” Vol. I, Kynoch 

Press, B irm ingham , England, 1952, p. 105.
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0 ,0 '-Diethyldithiophosphoric acid (phosphorodithioic acid 0,0'-diethyl ester) was added by a radical mecha
nism to a variety of diolefins to study the factors determining the formation of the various isomeric monoadducts. 
Selective monoadditions of diethyldithiophosphoric acid to the unsubstituted olefinic bond in the bicycloheptene 
part of polycyclic diolefins (ercdo-dicyclopentadiene, Aldrin, 2,5-norbornadiene) could be readily carried out, 
probably in a cis-exo manner. On radical addition of diethyldithiophosphoric acid to 1,3-butadiene, 2,3-di- 
methyl- 1,3-bntadiene, isoprene, and 2,5-dimethyl-2,4-hexadiene, the thiophosphoryl-thiyl radical preferentially 
attacked the first carbon atom of the basic 1,3-butadiene skeleton in the first propagation step so as to give the 
more stable intermediate allylic radical. The latter in turn abstracted a hydrogen from the dithiophosphoric acid 
at the less highly substituted allylic carbon atom to yield the corresponding 1,4- and 1,2-monoadducts. Addition 
to piperylene, which proceeds via a radical intermediate having two secondary allylic carbon atoms, resulted in 
almost equal quantities of 1,2- and 1,4-adducts.

I. Introduction
The addition of crude 0,0'-dialkyldithiophosphoric 

acids (phosphorodithioic acid 0 ,0 '-dialkyl esters) to 
olefins is a much explored reaction4 since many of the 
adducts are important oil additives4-7 and insecti
cides.7-11 Additions of crude dialkyldithiophosphoric 
acids, which are synthesized from alcohols and phos
phorus pentasulfi.de,12'13 to unsymmetrical olefins yield 
the normal addition products according to Markowni- 
koff’s rule.4 This is probably the result of the presence 
of P4S3 in the crude acid. P4S3 could reduce the per
oxide type catalysts of radical addition.13

Bacon and LeSuer13 added purified 0,0'-diethyl- 
dithiophosphoric acid (phosphorodithioic acid 0 ,0 '- 
diethyl ester, 0 ,0 '-diethylphosphorodithioate) to the

( 1) Presented  a t  the.. 143rd N ational M eeting  of the  Am erican Chem ical 
Society, Los Angeles Calif., A pril, 1963.

(2) Esso R esearch and  Engineering Co., C en tra l Basie Research Labora
to ry , P . O. Box 45, Linden, N. J.

(3) Esso Research and Engineering Co., A nalytical R esearch Division, 
B ay w ay Refinery, P. O. Box 121, Linden, N. J .

(4) G. R . N orm an, W . M . LeSuer, and  T. W. M astin , J .  A m .  C h e m .  S o c . ,  

74, 161 (1952); U. S. P a te n t 2,802,856 (1957).
(5) F. B. A ugustine, U. S. P a te n t 2,561,773 (1951); 2,665,295 (1954); 

2,528,732 (1950).
(6) C. W. Georgi, “ M oto r Oils and  Engine Lubrication ,” R einhold P u b 

lishing Corp., New Y ork, N. Y., 1950, p. 167.
(7) R. R . W hetstone and  C. A. M ay, U. S. P a te n t 2,767,206 (1956).
(8) G. A. Johnson, J . H . F letcher, K . G. N olan, and  J . T . C assaday, 

J .  E c o n .  E n t o m o l . ,  45, 279 (1952).
(9) G. M atolcsy and  A. Oswald, M a g y .  K i m .  F o l y o i r a t ,  60, 348 (1954); 

N o v e n y t e r m e l S s ,  4, 351 (1955).
(10) J. T . Cassaday, U. S. P a te n t 2,578,652 (1951).
(11) R . L. M etcalf, “ Organic Insecticides,” Interscience Publisher, Inc., 

New York, N . Y ., 1955, pp. 251-315.
(12) T . W . M astin , G. R . N orm an, and  E . A. W eilm uenster, J .  A m .  C h e m .  

S o c . ,  67, 1662 (1945).
(13) W. E. Bacon and W. M. LeSuer„ i b i d . ,  76, 670 (1954).

monoolefins in an anti-Markownikoff maimer. Radical 
type additions of dialkyldithiophosphoric acids to di
olefins, however, remained unexamined. We became 
interested in the latter reaction in connection with our 
studies of thiol-diolefin addition reactions.14-16 At 
first the reactivity, towards the addition of diethyl
dithiophosphoric acid, of different types of double 
bonds in various diolefins containing isolated double 
bonds was determined and compared to the correspond
ing thiol additions.14 Then a study of dialkyldithio
phosphoric acid-conjugated diene additions was under
taken to determine whether the “1,2-” or “1,4-mecha- 
nism” of these reactions is affected by the same factors 
as it was in the case of thiol-diene systems.16'16

Diethyldithiophosphoric acid was chosen as a reagent 
because it is readily available and easy to purify.13 
Some polycyclic diolefins—ewdo-dicyclopentadiene, Al
drin, and 2,5-norbomadiene—were selected for the 
study as diolefins containing isolated double bonds. 
Simple diolefins—1,3-butadiene, 2,3-dimethyl-l,3-buta
diene, isoprene, piperylene, and 2,5-dimethyl-2,4-hexa- 
diene—were used as conjugated diolefins.

II. Results
I t was found that purified diethyldithiophosphoric 

acid and other dialkyldithiophosphoric acids readily 
add at room temperature to most of the diolefins ex
amined (Table I). The addition can be catalyzed by

(14) A. A. Oswald and  F . Noel, J .  O r g .  C h e m . ,  26, 3948 (1961).
(15) A. A. Oswald, B. E. H udson, J r .,  G. Rodgers, and  F. Noel, i b i d . ,  27, 

2439 (1962).
(16) A. A. Oswald, K . G riesbaum , W. A. T haler, and  B. E . H udson, J r ., 

J . A m .  C h e m .  S o c . ,  84, 3897 (1962).
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T able I
Addition of D iethyldithiophosphoeic Acid to D iolefins“

D iethyldithiophosphoric acid
------------------reacted, % b ------------------- -

In  the 
presence of

W ithou t cumene W ith
added hydro- u ltraviolet

ca ta ly s t peroxidec irradiation^

64 67 76
28 42 63
99
91 93
75 90
47 61 57

a n-Heptane solutions (50 ml. each) containing diethyldithio
phosphoric acid and a diolefin, both in 0.5 mole/1. concentration, 
were stirred for 3 hr. at room temperature in the presence of air. 
6 Determined on the basis of the potentiometric titration of the 
acid left. c About 0.02 mole/1. of cumene hydroperoxide was 
added to the reaction mixture. d Round-bottom reaction flask 
of quartz was irradiated from 20-em. distance during the reac
tion. e Very exothermic reaction occurred on the addition of the 
hydroperoxide.

peroxides or ultraviolet light. The distribution of the 
isomeric products of the catalyzed reactions are the 
same as those of the noncatalyzed reactions. These 
facts indicate that the reaction proceeds by a chain 
mechanism.

Most of the adducts were purified either by crystal
lization from ethanol or by distillation in vacuo (Table
II). Simple vacuum fractionation did not result in a 
complete separation of the isomeric monoadducts. 
They could be separated, however, on a capillary gas 
chromatography (g.c.) column coated with a n-tridecyl 
polyethylene glycol ether. Identification of g.c. peaks 
was possible by semiquantitative determination of the 
isomers in the product mixtures by nuclear magnetic 
resonance spectroscopy (n.m.r., Table III). The n.m.r. 
spectra of diethyldithiophosphoric acid adducts gen
erally resemble those of the corresponding thiol ad- 
ducts.14~w There is one special characteristic of the 
dithiophosphoric acid adducts: the proton(s) on the 
a-carbon of the S-alkyl group of the 0,0'-dialkyl-S- 
alkyl dithiophosphate products show an additional 
splitting of 15 c.p.s. due to electron coupling to the 
phosphorus nucleus (I  — 1/ 2) through the thiolester 
bond. The O-ethyl groups of the phosphate ester 
products show a triplet for the methyl protons and a 
double quartet for the methylene protons. The 
methylene protons are split into the usual 7-c.p.s. 
triplet by the methyl protons; this triplet is then split 
by spin coupling to the phosphorus through the oxygen 
(10 c.p.s.).

The infrared spectra of the products were also studied 
(Table IV) but gave little help in structure determina
tion because of the very strong absorption bands of the 
P—O—ethyl stretching vibration173, at about 9.8 ¡x 
and of an unassigned vibration at 10.4 g obscured the 
out of plane hydrogen deformation vibrations of trans- 
disubstituted ethylenes17b and vinyl compounds.170 
Another very strong band, probably due to the P=S  
stretching vibration,17d could interfere with possible 
out of plane hydrogen deformation vibrations of cis- 
disubstituted ethylenes.170 17

(17) L. J . Bellamy, “ T he  Infra-red  S pectra  of Complex M olecules,” 
J . Wiley and Sons, Inc., New York, N. Y., 1959: (a) p. 317; (b) p. 45; (c) 
p. 49; (d) p. 322; (e) p. 48; (f) pp. 42-43; (g) pp. 35-42.

N am e of diolefin used

Dicyclopentadiene
Aldrin
Norbomadiene
2,3-Dimethyl-l,3-butadiene
Isoprene
2,5-Dimethyl-2,4-hexadiene
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Diolefins with Isolated Double Bonds. Dicyclo- 
pentadiene. An equimolar amount of diethyldithio- 
phosphoric acid spontaneously adds to endo-dicyclo- 
pentadiene18 (I) at room temperature to yield a light 
yellow liquid adduct. When a mixture cf two moles 
of diethyldithiophosphoric acid and one mole of 
dicyclopentadiene reacted in the absence of a catalyst, 
one mole of the dithiophosphoric acid was recovered 
unchanged. This showed that normally only one 
double bond of the dicyclopentadiene takes part in the 
addition reaction to form S-5 or/and 6-(3a,4,5,6,7,7a- 
hexahydro-4,7-methano)indenyl 0,0'-dialkyldithio- 
phosphate (or phosphorodithioate), II.

Capillary g.c. indicated two major components. 
Comparison of the n.m.r. and infrared spectra (Tables 
III, IY) with those of dicyclopentadiene and of the 
4-chlorobenzenethiol-dicyclopentadiene monoadduct 
indicated that in both cases addition of the thiol group 
to the bicycloheptene double bond had occurred. The 
triplet signal at 5.9 p.p.m. downfield from the tetra- 
methylsilane internal reference, originating from vinylic 
hydrogens of the bicycloheptene part of the dicyclo
pentadiene molecule, was absent. The singlet signal 
of the vinylic hydrogens of the cyclopentenyl moiety 
at about 5.5 p.p.m., on the other hand, was retained 
in the adduct. The endo structure of the dicyclopen
tadiene ring system was probably preserved.

(CH3CH20)2P(S)SH
(CH3CH20)2P(S)S

Aldrin.—An equimolar amount of diethyldithio
phosphoric acid readily reacts with Aldrin (III), a 
widely used insecticide,19 in a spontaneous, somewhat 
exothermic reaction to yield a crystalline adduct. 
The reaction can be catalyzed by a peroxide or ultra
violet light. A second molecule of diethyldithiophos
phoric acid could not be added to the Aldrin molecule 
without catalysis.

N.m.r. spectra showed that the vinylic protons which 
gave signals at a low field (6.35 p.p.m.) in Aldrin were 
absent in both the diethyldithiophosphoric acid and 
the 4-chlorobenzenethiol adduct. Therefore, it was 
assumed that diethyldithiophosphoric acid, like 
thiols,14-20 adds to Aldrin in a cfs-ero-manner to yield 
exo - 2 - diethylthiophosphorylmercapto - endo - 5,6,7,-

(18) A. E ta r t  and P. L am bert, C o m p t .  r e n d . ,  112, 945 (1891).
(19) C. W. Kearns, C. J . W einm an, and  G. C. Decker, J .  E c o n .  E n l o m o l . ,  

42, 127 (1949); R . E. Lidov, U. S. P a te n t 2,635,979.
(20) S. J . C ristol and R . P . A rganbright, J .  A m .  C h e m .  S o c . ,  79, 6039 

(1957).
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8,9,9 - hexachloro - exo-endo - 1,2,3,4,4a,5,8,8a - octa- 
hydro-l,4,5,8-dimethanonaphthalene, IV.

Norbornadiene.—The synthesis of a monoadduct of 
diethyldithiophosphoric acid and norbornadiene (V) 
has been described in a U. S. patent.7 Monoaddition 
of 4-toluenethiol to norbornadiene by Cristol, Brindell, 
and Reeder21 resulted in the formation of exo-5-nor- 
bornen-2-yl 4-tolyl sulfide and 3-nortricyclyl 4-tolyl 
sulfide in a 2:3 ratio.

We found that the synthesis of the diethyldithio
phosphoric acid-norbornadiene monoadduct yields two 
major components in about 2:1 ratio.

On the addition of a second mole of diethyldithio
phosphoric acid, the larger component gave a crystalline 
diadduct. This indicated that the main product of the 
monoaddition was probably 0,0'-dietby]-S-e.'co-5-nor- 
bornen-2-yl dithiophosphate (phosphorodithioate) (VI) 
and the minor product was 0,0'-diethyl-S-3-nortricyclyl 
dithiophosphate (VII).

RSH RSH

rs- T ^ } sr rsT ^

v ii i VI VII

The sharp melting point of the diadduct obtained indi
cated a uniform compound (VIII). Elemental analyses 
(Table II), n.m.r., and infrared spectra (Table IV) of the 
compound supported the formation of a diadduct with a 
concurrent disappearance of unsaturation. The exact 
position of the addition of the second diethyldithio- 
phosphorylthiyl radical could not be determined.

A similar crystalline diadduct of benzenethiol to 
norbornadiene was also obtained.

Diolefins with Conjugated Double Bonds.—On 
radical addition of various thiols to conjugated diolefins 
it was found that the adduct is derived from the inter
mediate allylic radical at the less highly substituted 
carbon atom.1516 It was of interest to determine 
whether the same rule holds for additions of dialkyl- 
dithiophosphoric acids.

Butadiene.—Addition of an equimolar amount of 
diethyldithiophosphoric acid to 1,3-butadiene could be 
catalyzed by ultraviolet irradiation. Capillary g.c. 
showed that the adduct was 95% one isomer.

The disubstituted ethylene structure of the adduct 
is clearly indicated by its n.m.r. spectrum (Table III). 
Two trans-vinyl protons show up as an incompletely 
resolved multiplet representing the MN portion of a 
A2MNX3 spin system.22 The signal of the methylene 
protons on the carbon a to the sulfur is split into a 
double doublet with 6 c.p.s. coupling to the vinyl proton 
on the adjacent carbon, and 15 c.p.s. coupling to phos
phorus through the sulfur. The methyl protons of the
2-butenyl group can be clearly recognized as a doublet 
at about 1.7 p.p.m.

(21) S. J . C ristol, G. D. Brindell, and J . A. Reeder, J .  A m .  C h e m .  S o c . ,  80, 
635 (1958).

(22) J . A. Pople, W . G. Schneider, and  H . J . Bernstein, “ H igh-resolution 
N uclear M agnetic R esonance,” M cG raw -H ill Book Co., Inc., New York, 
N. Y., 1959, p. 242.

On the basis of g.c. and n.m.r. analyses, it is assumed 
that the addition of diethyldithiophosphoric acid to 
butadiene took place in an essentially 1,4-trans manner 
to yield 0,0'-diethyl-S-2-buten-l-yl dithiophosphate 
(phosphorodithioate) (IX).
RS- +  CH2=CH—CH=CH2 — >

"RS—CH2—CH—CH=CH2 "
4 
4

_RS—CH2—CH=CH—CH2 •_
RS—CH2—CH=CH—CH3 

IX

Dimethylbutadiene.—Capillary gas chromatography 
of the 1:1 adduct of diethyldithiophosphoric acid and
2,3-dimethyl-1,3-butadiene showed that the main 
isomer was formed in more than 96% yield. This was 
shown by n.m.r. to be the 1,4-adduct, 0,0-diethyl-S- 
(2,3-dimethyl)buten-l-yl dithiophosphate (Table III). 
No vinylic protons resulting from 1,2-addition could 
be observed in the spectra. The virtual absence of
1.2- addition is also indicated by the doublet methylene 
signal which is split only by the phosphorus. The 
protons of the three methyl groups of the adduct show 
two signals, one of them of double intensity. The less 
intensive signal is probably due to the methyl group 
on the carbon a to the methylene, since that methyl 
group is situated differently from the other two methyl 
groups. The absence of a = C —H stretching band 
and the weak C =C  stretching band171 (Table IV) in the 
infrared spectrum indicate that the 1,2-isomer is not 
present.

Isoprene.—Capillary gas chromatography (Table
III) of the undistilled adduct of diethyldithiophos
phoric acid and isoprene (2-methyl-l,3-butadiene) 
showed essentially two components present in about 
1:4 ratio. N.m.r. analyses (Table II) indicated that 
the main component was the 1,4-adduct (X). The 
formation of this compound could be rationalized by the 
following mechanism.
RS- +  CH2=C(CH,)—CH=CH2 -— >

"RS—CH2—C( CH3)—CH=CH2 "
4 
4

_RS—CH2—C( CH3 )=CH —c h 2 ■_
RS—CH2—C( CH3)=CH —c h 3 

X

Methylene protons of the 1,4-adduct are represented 
by a doublet with a 15 c.p.s. coupling constant to phos
phorus through sulfur. One methyl group signal ap
pears as a singlet while the other is split into a doublet 
by the single vinyl proton. The presence of a possible 
“reverse,” 4,1-adduct, in contrast to the reverse-adducts 
of thiol-isoprene additions,16 could not be ascertained 
by n.m.r.

No terminal vinyl unsaturation corresponding to a
1.2- or 4,3-adduct could be observed in the n.m.r. 
spectrum. The infrared spectrum supports the pro
posed structures by excluding the presence of the 1,2- 
or 4,3-adducts. The absence of a distinct = C —H 
stretching band170 and the weak C =C  stretching band171 
indicate that these structural units (vinyl or unsatu
rated methylene group) are absent in the product.

N.m.r. indicated changes on the distillation in vacuo 
of the adduct which could not be interpreted.
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T a b l e  IV
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D iethyldithiophosphoric acid adduct -----------------s ------------ ------------C haracteristic
A dduct Isom er .—Stretching region—• F ingerprin t region

no. S tarting  diene type = C — H C = C ------------- --- (including P—O—E t

i Dicyclopentadiene Monoadduct 3.30 s 6.20 w 8.04 i 8.60 s 9.10 s
i i Aldrin exo-2- 6.23 s 8.00 m 8.48s 8.68 m 8.71 w 9.00s
V Norbornadiene Diadduct 8.10 m 8.43 m 8.58 s 8.75 i 9.10 s
VI 1,3-Butadiene 1,4- 3.32 i 6.00 m 8.16 s 8.63 s 9.10s

2,3-Dimethyl-l ,3-butadiene 1,4- 6.00 m 8.12 in 8.38 m 8.60 s 9.10s
VII Isoprene 1,4- 3.29 i 6.02 m 8.10 m 8.29 m 8.62 s 9.13 s
VIII-IX inros-Piperylene 1,2- and 1,4- 3.31 i 6.01 w 8.18 m 8.60 s 9.10 s
XI 2,5-Dimethyl-2,4-hexadiene 1,2- 3.26 i 6.00 m S.25 m 8.38 m 8.60 s S. 92 s 9.10 s

(Diethyldithiophosphoric acid 4.05 s“ 8.60 s 9.10s
reference)

a Due to SH stretching.

Piperylene.—As a starting material for the addition, 
an equimolar amount of pure ¿rans-piperylene (tran-s-
1,3-pentadiene) was used. After the addition of 95% 
of the calculated amount of diethyldithiophosphoric 
acid, the unchanged piperylene was isomerized. Sepa
ration of the monoadducts by capillary g.c. showed two 
major peaks which are not completely separated and a 
small peak of much shorter retention time. Possible 
configurational isomers of the addition products were 
apparently not separated.

N.m.r. (Table III) indicated that the two major 
components of the product mixtures were the 1,2- 
and 1,4-adducts (XI and XII). The 1,4-isomer showed 
a double doublet similar to that of the 1,4-butadiene 
adduct for the methylene protons. The methyl pro
tons of this isomer were split into a triplet by the adja
cent methylene protons. The 1,2-isomer could be easily 
recognized from the doublet signal of the single methyl 
group of the pentenyl moiety. One of the two methyl 
doublets of the 4,1-adduct is almost obscured by the 
methyl triplets of the ethyloxy groups while the other 
virtually coincides with the methyl doublet of the 1,2- 
isomer. No significant amount of 4,3-adduct was 
formed since signals of terminal vinylic protons were 
absent from the infrared (Table IV) and n.m.r. spectra 
of the product.

The addition of diethyldithiophosphoric acid to 
piperylene apparently proceeds in the same manner as 
the addition of thiols. The diethylthiophosphoryl- 
mercapto radical preferentially adds to the first carbon 
atom of piperylene to yield the more stable allylic 
radical intermediate, having both of its reactive posi
tions at a secondary carbon. Subsequent hydrogen 
abstraction from the dithiophosphoric acid then occurs 
at these carbons to yield the isomeric 0,0'-diethyl-S- 
pentenyl dithiophosphates (phosphorodithioates), XI 
and XII.

The small amount of 4,1-adduct (XIII) probably re
sults from addition to carbon four of piperylene, 
followed by hydrogen abstraction at the primary carbon.

RS-
c h 3—c h = c h —c h = c h 2 — >

-RS—CH( CH3)—CH—CH=CH2

_RS—CH(CH3)—CH=CH—CH2-.
RS—CH( CH3)—CH=CH—CH3 

XIII

Dimethylhexadiene.—The addition of diethyldithio
phosphoric acid to 2,5-dimeth.yl-2,4-hexadiene, like 
that of thiols, required ultraviolet light initiation and a 
longer reaction time. Gas chromatography of the 
product showed again a single major component.

Examination of the monoadduct by n.m.r. (Table
III), in contrast to the other diene adducts examined, 
indicated that the main isomer was the 1,2-adduct
(XIV). The spectrum showed a characteristic doublet 
at 2.42 p.p.m. for the methylene protons which are 
expected to be absent in the 1,4-adduct (XV). The 
vinyl proton resonance pattern also showed a character
istic triplet at 5.25 p.p.m. as a result of spin splitting 
by the adjacent methylene group. The isomeric di- 
methylhexenyl structures could be distinguished on the 
basis of the relative chemical shifts and splittings of 
their terminal methyl group signals. The two methyl 
groups on the unsaturated carbon atom of the 1,2- 
adduct produced separate singlet peaks as a result of 
their cis and trans locations with respect to the single 
vinyl proton. The signal of the corresponding methyl 
groups of the 1,4-adduct appears at a higher field and is 
split into a doublet by the single methine proton. 
The other signals of the 1,4-adduct cannot be observed 
in the spectrum because of the low concentration of this 
isomer. On the basis of the n.m.r. analysis it is con-

CH2= C H —CH=CH—c h 3
RS-

C(CH3)2= C H —CH=C(CH3)2
RS-

“RS—CH2—ÇH—CH=CH—CH3- -RS—C( CII3 )2CH—CH=C( c h 3 ) r
t
>f

_RS—CH2—CH=CH—ÇH—CH3_ _RS—C( CH3 )2CH=CH—C( CH,),.

RSH

RS—CH2—CH2—CH=CH—CH3
XI RS—CH2—CH=CH—0H2—CH3 

XII

f RSH

RS—C(CH3)2—CH,—CH=C(CH3)2 i
XIV RS—C(CH3)2CH==CH—CH(CH3)2

XV
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absorption peaks, microns, vs, very strong, m, m edium, w, weak, i, inflection- 
above eight microns 
stretching vibrations)

9.15m 9.27m

—C—H deformation region
(iiJUOiuum& j:—o Huieucning;

9.60 vs 9.80 vs 10.45 vs 11.15 m 11.87 i 12.15 vs 13.55 s 14.95 vs 15.15 vs
9.56 vs 9.80 vs 10.40 vs 10.96 s 11.21 m 11.55 w 12.03 s 12.28 s 14.48 m 14.70 m 15.15 vs
9.56 vs 9.80vs 10.40 vs 11.06 m 11.58 w 12.10s 12.30 s 14.88 vs 15.10 vs
9.60 vs 9.85 vs 10.45 vs 12.10s 14.90 vs 15.15 vs
9.60 vs 9.80 vs 10.45 vs 11.25 i 12.10 vs 14.95 vs 15.S3 vs
9.60 vs 9.80 vs 10.45 vs 11.15 i 11.50 w 12.20 vs 14.95 vs 15.23 vs
9.60 vs 9.80 vs 10.45 vs 12.10 vs 12.30 vs 14.85 vs 15.20 vs
9.60 vs 9.80 vs 10.45 vs 11.70 m 12.15 vs 12.30 vs 14.95 vs 15.20 vs
9.60 vs 9.80 vs 10.50 vs 11.85 vs 13.00 vs 14.95 vs 15.15 vs

eluded that the main addition product is the 1,2-isomer, 
0,0'-diethyl-S-2-(2,5-dimethyl-4-hexen)yl dithiophos- 
phate, XIV. Its formation can be explained by the 
mechanism on p. 1266, bottom of col. 2.

III. Discussion
Diethyldithiophosphoric acid and some other 

dialkyldithiophosphoric acids (e.g., 0,0'-dialkylphos- 
phorodithioates) can be readily and selectively added 
by a radical mechanism to nonconjugated diolefins 
having a reactive unsubstituted bicyclo[2.2.1]heptene 
group. The n.m.r. spectra of these monoadducts 
were very similar to those of the corresponding thiol 
monoadducts. Since the stereochemistry of the thiol 
adducts is known,13’20’21’23 it is suggested that the addi
tions of diethyldithiophosphoric acid, like thiol addi
tions, occurred in a cis-exo manner without any inver
sion.

As expected two moles of diethyldithiophosphoric 
acid readily add to a mole of 2,5-norbornadiene, a diene 
which has both olefinic bonds in a bicycloheptene ring.

The course of radical additions of diethyldithiophos
phoric acid to conjugated diolefins is apparently affected 
by the stability and the substitution of the intermediate 
allylic radical formed on radical addition to the diene. 
The thiophosphorylthiyl radical preferentially adds to 
the first carbon atom of unsymmetrically substituted 
butadienes so as to yield the more stable allylic radical. 
The latter than abstracts a hydrogen from the thiol 
predominantly at the less highly substituted of the two 
allylic positions.

The above course of the addition is similar to that of 
thiols examined earlier.14’16 The hydrogen abstraction 
step of both reactions requires a significant activation 
energy.24 Therefore, according to Hammond’s cor
relation25 the stability of the final product should make 
an important contribution to that of the transition 
state. Indeed the thermodynamically more stable 
olefinic product is formed in such reactions, i.e., the

(23) N. K haraseh, ed., “ Organic Sulfur Com pounds I , ” Chap. 
13 by  G. B rindell and  S. J . C ristol, “A dditions of Thiols and  R elated  Sub
stances to  Bridged Bicyclic Olefins,”  Pergam on Press, New Y ork, N. Y., 
1961, pp. 121-133.

(24) C. Walling, “Free Radicals in Solution,” John  W iley and  Sons, Inc., 
New York, N. Y., 1957, p. 314.

(25) G. S. H am m ond, J .  A m .  C h e m .  S o c . ,  77, 334 (1955).

allylic radical is considerably reorganized in the transi
tion state and the product is derived from its less con
tributing resonance form.

Experimental
Materials.—The diethyldithiophosphoric acid used was puri

fied before use according to the method of Bacon and LeSuer.13 
Dimethyl- and diisopropyldithiophosphorie acids were purified 
by distillation in vacuo. Dicyclopentadiene of Enjay Chemical 
Co., bicyclo[2.2.1]2,5-heptadiene and 2,5-dimethyl-2,4-hexa- 
diene of Matheson, 2,3-dimethyl-l,3-butadiene of Houdry Corp., 
and isoprene of Eastman were redistilled before use. Aldrin, a 
95% pure experimental sample of Shell Chemical Corp., was 
recrystallized from re-heptane and then from methanol. The 
purified compound had a melting point of 101-102°. A com
mercial mixture of cis- and irares-piperylenes of Enjay was custom 
purified by Columbia Organic Chemicals Co. to yield 98% trans- 
piperylene, containing 2% cyclopentene but free from as-piperyl- 
ene. Benzenethiol was obtained from Matheson Co., Inc. and 
was distilled in vacuo under nitrogen before use. The cumene 
hydroperoxide catalyst used was from Hercules Powder Co. and 
had a hydroperoxide content of 81% according to the thiol 
method.26 The re-heptane and ethanol solvents were 99%+ 
grade.

Methods of Analyses.—The n.m.r. spectra were recorded with 
a Varian Model A-60 proton resonance spectrometer. The liquid 
products were run as such, the solid compounds in carbon tetra
chloride solution. Tetramethylsilane was used as an internal 
reference. The infrared spectra were obtained using a Baird, 
Model B, recording spectrophotometer. Purity of isoprene, 2,3- 
dimethyl-1,3-butadiene, piperylene and norbornadiene was 
checked by g.c. at room temperature using a Perkin-Elmer, Model 
D, vapor fractometer with a 2-m. “E ” column (2,4-dimethylsul- 
folane). The other dienes and the monoadducts were separated 
at 150° by capillary g.c., on a Barber-Coleman IDS, Model 20, 
chromatograph using a 50-ft. column coated with a re-tridecyl 
polyethylene glycol ether obtained from 30 moles of ethylene 
oxide per mole of re-tridecyl alcohol. The progress of the addition 
reactions was determined by potentiometric titration of the di
ethyldithiophosphoric acid in the mixtures with silver nitrate 
using a silver-glass electrode pair. To detect any post-isomeriza
tion of the liquid adducts, they were analyzed before washing 
with aqueous sodium carbonate solution and before distillation 
in vacuo.

Addition of Diethyldithiophosphoric Acid to eredo-Dicyclopen- 
tadiene.—Elemental analyses of the adducts are given in Table 
II. Characteristic infrared absorption peaks are recorded in 
Table IV.

For the removal of the unchanged diethyldithiophosphoric 
acid, the solution of the reaction mixture in 20 ml. of benzene was 
washed with 50 ml. of 5% aqueous sodium carbonate solution 
and then with 30 ml. of water. The organic phase was dried 
over anhydrous sodium sulfate and the benzene, unchanged di
cyclopentadiene, and any other volatile component were re
moved by distillation. The remaining product (27 g., 85%) is

(26) A. A. Oswald, F. Noel, and A. J. Stephenson, J .  O r g .  C h e m . ,  26, 3969 
(1961).
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a light yellow, mobile liquid of n20r> 1.5452, with a characteristic 
phosphate ester smell. Capillary g.c. analysis indicated that it 
contains two major components in two to three ratio.

Saponification Value. Calcd. for the monoadduct, C14H21O2- 
PS2: 316. Found: 314.

In another experiment, 9.3 g. (0.05 mole) of diethyldithio- 
phosphoric acid was added to 3.3 g. (0.025 mole) of dicyclopen- 
tadiene in the same manner. Three hours after the addition 48% 
of the dithiophosphoric acid had reacted. This percentage re
mained essentially unchanged during 3 days standing of the reac
tion mixture at room temperature. Work-up of the reaction mix
ture in a manner described above yielded the monoadduct.

Dimethyl- and diisopropyldithiophosphoric acid reacted with 
dicyclopentadiene in a similar manner to yield liquid mono
adducts.

Addition of Diethyldithiophosphoric Acid to Aldrin.—To a
solution of 18.2 g. (0.05 mole) of Aldrin (m.p. 101-102°) in 50 
ml. of n-heptane, 9.3 g. (0.05 mole) of diethyldithiophosphoric 
acid was added. The reaction mixture was allowed to stand for 
16 hr. A subsequent titration of a sample with potassium hy
droxide in the presence of neutral red indicator showed that only 
12.5% of the diethyldithiophosphroic acid remained unchanged. 
The diethyldithiophosphoric acid monoadduct of Aldrin crys
tallized from the solution on cooling. The crude crystals were 
recrystallized from ethanol to yield 13.8 g. (50%) of ezo-2-di- 
ethylthiophosphorylmercapto - endo - 5,6,7,8 ,9,9 - hexachloro- 
ezo-era<io-l,2,3,4,4a,5,8 - dimethanonaphthalene, II, as colorless 
crystals of m.p. 89.5-90.5°.

A similar procedure starting with 7.9 g. (0.05 mole) of dimethyl 
dithiophosphoric acid and 18.2 g. (0.05 mole) of Aldrin yielded
14.3 g. (55%) of eio-2-dimethylthiophosphorylmercapto-erado-
5,6,7,8,9,9-hexachloro-CTO-endo-l,2,3,4,4a,5,8,8a-octahydro-l,4,-
5,8-dimethanonaphthalene, m.p. 112-113.5°.

Anal. Calcd. for Ci4HI5Cl602PS2: C, 32.08; H, 2.88; Cl, 
40.59 ; 0 , 6.11; P, 6.10; S, 12.24. Found: C, 32.18; H, 2.89; 
Cl, 40.80; 0,6.10; P, 5.94; S, 12.60.

Addition of Diethyldithiophosphoric Acid to Norbornadiene.— 
To 9.2 g. (0.1 mole) of norbornadiene, 37.4 g. (0.02 mole) of 
diethyldithiophosphoric acid was added in the manner described 
in the previous example. The spontaneous exothermic reaction 
was 90% completed in 3 hr. On further standing, partial crystal
lization of the mixture occurred. The crystals were filtered off 
and recrystallized from ethanol to yield 23.7 g. (51%) of the color
less diadduct, m.p. 97.5-99°.

In another experiment equimolar amounts of norbornadiene 
and diethyldithiophosphoric acid were reacted in the same man
ner. Titration of the reaction mixture indicated that practically 
all the diethyldithiophosphoric acid reacted within an hour. A 
slightly yellow liquid adduct of nwD 1.5236 was obtained which 
according to g.c. consisted 70% of one and 30% of another isomer.
G.c. analysis of the liquid part of the diaddition reaction showed 
the presence of the smaller component only.

Addition of Benzenethiol to Norbornadiene.—To 22 g. (0.2 
mole) of benzenethiol, 9.2 g. (0.1 mole) of norbornadiene was

added in the manner described in the previous example. How
ever, the sequence of addition was reversed to repress the forma
tion of 3-nortricyclyl 4-tolyl sulfide by the excess of thiol pres
ent. After the completion of the addition, the mixture was 
heated to 70° and kept at that temperature for 1 hr. A subse
quent thiol determination indicated that only 28% of the original 
thiol was still present unreacted in the reaction mixture.

On scratching and cooling, crystals were formed in the reaction 
mixture. To complete the crystallization, the mixture was kept 
and recrystallized from w-heptane. In this manner, 10.8 g. 
(24%) of bisphenylmercaptonorbornadiene, m.p. 122-123° was 
obtained as colorless, large rhombic crystals.

Anal. Calcd. for C19H20S2: C, 73.03; H, 5.45; S, 20.52 
Found: C, 72.92; H,6.53; S, 20.36.

In another experiment, 9.2 g. (0.1 mole) of norbornadiene was 
added to 11 g. (0.1 mole) of benzenethiol with cooling at room 
temperature. Then the mixture was allowed to stand for 5 days. 
By that time, all the thiol had reacted. Analysis of the crude 
product by capillary g.c. showed four peaks of 1.5%, 34.4%, 
6.9% and 57.2% intensity. G.c. analysis of the liquid part 
from the diaddition experiment showed the absence of the 34.4% 
peak.

Addition of Diethyldithiophosphoric Acid to Conjugated 
Dienes.—A mixture of 0.25 mole of a thiol and 0.25 mole of a 
diene reacted in a closed 100-ml. round-bottom flask with mag
netic stirring at room temperature. In the case of 2,5-dimethyl-
2,4-hexadiene ultraviolet irradiation of the reaction mixture was 
necessary to increase the reaction rate. Water cooling of the 
irradiated reaction mixtures was necessary to avoid any rise of 
the temperature. Relative rates of the additions were determined 
on the basis of the decrease of the diethyldithiophosphoric acid 
content. Some of the comparative rate data are shown in Tables 
I and II.

After an arbitrary length of time the reaction was discontinued 
and the mixture was worked up. The unchanged diethyldithio
phosphoric acid was removed by washing with 5% aqueous 
sodium carbonate solution. If separation was difficult, the or
ganic phase was diluted with ether or benzene. After the drying, 
the separated organic phase was fractionally distilled. The 
adducts were usually obtained at about 1 mm. as mobile, color
less or slightly yellow liquid distillates having a characteristic 
phosphate ester odor. Separation of the isomeric monoadducts 
by superfractionation was not attempted. Some of the physical 
and analytical data of the isomeric adduct mixtures are given in 
Table II. The various isomers were identified and semiquanti- 
tatively determined by n.m.r. (Table III). Quantitative deter
mination of the isomers was accomplished by capillary g.c. (Table 
II).
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The hydrolysis of phosphorothioic acid (H3PO3S) in aqueous solution at constant ionic strength has rate 
maxima at pH ~3.0 and at pH ~8.0 and the rate minima at pH ~7.0 and at pH ~  — 0.30. The reactivity 
of the dianion at pH 8 is unusual since the dianions of most simple organic phosphate esters are inert. In acid 
solutions stronger than 2 M a rate increase is observed which is interpreted as a salt effect on the rate of hydrol
ysis of the neutral acid.

Phosphorothioic acid, H8P 03S, is reported to de
compose readily to hydrogen sulfide and phosphoric

(1) W e are  grateful to  th e  N ational In s titu te s  of H ealth  for support 
of th is work (grant A-1023).

(2) For experim ental details, see O. B. R am say, P h .D . thesis, U ni
versity  of Pennsylvania, 1960.

(3) R eported  a t  th e  139th N ational M eeting of th e  Am erican Chemical 
Society, St. Louis, M o., M arch, 1961.

(4) D epartm en t of Chem istry, Syracuse U niversity, Syracuse 10, N . Y.

acid although its anhydrous trisodium salt is stable.5 
This investigation was undertaken in order to compare 
quantitatively the rate of hydrolysis of phosphorothioic

(5) A. W urtz, C o m p t . r e n d . ,  24, 288 (1847); R . E lem en t, Z .  a n o r g .  

a l l g e m .  C h e m . ,  253, 237 (1947); J. V. K arabinos, R . A. Paulson, and  W. H. 
Sm ith, J .  R e s .  N a t l .  B u r .  S t d . ,  48, 322 (1952); S. K . Y asuda and J . L. 
L am bert, J .  A m .  C h e m .  S o c . ,  76, 5356 (1954); F . Binkley, J .  B i o l . C h e m . ,  

181, 317 (1949).
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acid with its thioalkyl analogs.6’7 The lack of any 
nonpolar hydrocarbon fragment in this thiophosphate 
made it possible that the compound would show be
havior different from that of the alkyl esters as the 
medium was altered. This report discusses the effect 
of the acidity of the medium on the rate of hydrolysis 
since this is an effect which has been extensively studied 
with other esters of phosphoric acid.2'8

Ionization Constants.—Values for pK 2 and pAs 
of phosphorothioic acid have been given as 5.6 and 10.2 
at 25°.9 A titration of a dilute solution of the tri
sodium salt at ca. 25° gave pAi = 2.05, p/v2 = 5.6, 
pKi = 10.3. The pK  values in solutions of 1 M 
ionic strength were pXi = 1.35, pK 2 = 4.95, pK 3 =
9.8. A pAi of 1.26 can be calculated from Hammett 
parameters given by Kabachnik.10 The pAi de
termined from a titration curve of the trisodium salt 
may be in error because of decomposition of the salt 
and because of the low concentrations of substrate used. 
The second and third ionization constants are greater 
than the corresponding constants for orthophosphoric 
acid.

pH-Rate Profile.11—A plot of the observed first-order 
rate constants against pH is shown in Fig. 1. The rate 
data are given in Table I. The rate constants for

T a b l e  I

R a t e  C o n s t a n t s  f o b  H y d r o l y s is  o f  P h o s p h o r o t h io ic  A c id  
a t  52.8° f r o m  p H  1-10.6 a t  1 M  I o n ic  S t r e n g t h

pH 105Aobsd, sec. 1 pH HMobsd, sec.
1.00 7.45 5.00 9.51
1.05 7.75 6.00 4.29
1.50 11.4 7.20 3.91
1.55 11.9 7.50 3.87
2.05 16.0 8.00 3.94
2.10 14.4 8.50 3.92
2.65 15.9 9.07 3.79
2.70 16.5 9.55 3.21
3.50 15.7 10.25 2.41
4.00 14.8 10.60 1.71

hydrolysis at 52.8° and at 1 M ionic strength for the 
neutral acid (&n = 2.43 X 10-5 sec.-1), monoanion 
(fcM = 16.7 X 10-6 sec.-1), dianion (fcD = 3.81 X 10-5 
sec.-1), and trianion (Ar = 1.56 X 10-5 sec. -1) were 
calculated from the observed rate constants and the 
ionization constants (at 25°) by the method of least 
squares from

, , On , , C m . , Cd , , Ct
Kobud =  f t  TT T  *H T  *D 7, h «T 77"O p O p  O p Op

where Cn, Cm, Cd, and Ct are concentrations of neutral 
acid, monoanion, dianion, and trianion, respectively, 
and Cp = Cn +  Cm +  Cd +  Ct- From the calculated

Fig. 1.—pH-Rate profile for the hydrolysis of phosphorothioic 
acid at 1 M  ionic strength: O, experimental points; A, calculated 
points.

rate constants, a pH-rate profile can be constructed 
which agrees well with the observed profile. An 
equally good fit of the calculated curve to the observed 
can be obtained if ki = 0 and pA3 = 10.3. It is prob
able that kr is very small and that the pK3 determi
nation was in error.

Hydrolysis in Neutral Acid Region.—Phosphorothi
oic acid is reported to yield sulfur in the presence of 
oxidizing acids or air.6 Yields of hydrogen sulfide 
were 79-86% in up to 5.4 M  perchloric acid. No 
visible sulfur was produced in the perchloric acid 
used, but considerable sulfur was produced in 9 M 
sulfuric acid. Aqueous solutions of perchloric acid are 
reported not to be reduced by hydrogen sulfide.12

The rate of hydrolysis reaches a minimum around 2 M  
hydrochloric or perchloric acid. At higher con
centrations of acid the rate increases; increasing the 
concentration of neutral salt (lithium chloride) also 
increases the rate. The rate constant for the hydrolysis 
of the neutral acid is not proportional to the concentra
tion of acid. The data on the hydrolysis in strong acid 
are given in Table II.

(6) See P ap er I I ,  D . C. D ittm er, O. B. R am say, and  R . E . Spalding, 
J .  O r g .  C h e m . ,  28, 1273 (1963).

(7) D. E . K oshland and E. B. H err, B i o c h e m .  B i o p h y s .  A c t a ,  25, 219 
(1957).

(8) The hydrolysis of phosphate esters has, been reviewed in “ Phosphoric 
Esters and  R elated  C om pounds,”  Special Publication  no. 8, T he Chemical 
Society, London, 1957.

(9) P. D . B artle tt an d  C. G. Swain, J .  A m .  C h e m .  S o c . ,  71, 1406 (1949).
(10) M. I. K abachnik, P r o c .  A c a d .  S c i .  U S S R ,  C h e m .  S e c t .  ( E n g .

T r a n s i . ) ,  110, 577 (1956).

(11) K inetic d a ta  cannot be used to  distinguish between a  reaction of 
w ater with a  m onoanion of phosphorothioic acid or of hydroxide ion w ith the  
n eu tra l acid, nor can a  reaction of w ater w ith a  dianion  be distinguished 
kinetically  from a reaction of hydroxide ion w ith th e  monoanion. I t  m ay 
be noted, however, th a t  hydroxide ion shows m uch greater nucleophilicity 
th a n  does w ater tow ard  phosphorus in  tripheny l phosphate  and  trim ethy l 
phosphate [R. P . H udson and  D. C. H arper, J .  C h e m .  S o c . ,  1356 (1958);
P . W. C. B arnard , C. A. B unton, D. R. Llewellyn, C. A. Vernon, and  V. A. 
Welch, i b i d . ,  2670 (1961)]. For th e  sake of organization, th e  discussion is 
arranged according to  th e  m ajor species present in  each p H  range.

(12) “ Gmelins H andbuch der anorganischen Chem ie,”  8th  ed ., Vol. 3. 
Chlorine, Verlag Chemie, Berlin, 1927, p. 387.
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[HClOi], M .

Fig. 2.—Relationship of log kti to ionic strength.

T a b l e  II
R a t e  C o n s t a n t s  f o r  t h e  H y d r o l y s is  o f  P h o s p h o r o t h io ic  

A c id  a t  52.8° i n  1-6.86 M  A c id

Acid concn., M lo^obsd, see.
1 . 0 0  HC104 2.05
1.98 HCIO4 1.71
2.97 HCIO4 1.95
4.90H C104 3.06
5.43 HCIO4 3.93
6.56 HCIO4 5.44
2.45 HC1 1.84
3.93 HC1 1.92
6.86 HC1 2.76
2.31 HC1 +  4.86 217 LiCl“ 5.97
2.31 HC1 +  3.69 217 LiCl 5.10
2.31 HC1 +  2.69 217 LiCl 4.33
3.33 HC1 +  3.80 217 1401“ 5.06
4 .76 HC1 +  2.43 217 LiCl“ 4.00

“ Ionic strength is constant at 7.1-7.2 M.

A plot of log &N13 against concentration (ionic 
strength) of perchloric acid (Fig. 2) is linear from 2-6.6 
M  perchloric acid. An H0 plot is linear also, but the 
slope is +0.24. The Hammett acidity function is 
related to the ionic strength.14 A Bunnett plot15

(13) k N  is  defined as

&obsd '¡q

c + c ;
where ow is th e  ac tiv ity  (relative hum idity) of w ater a nd  th e  o ther quan tities 
a re  as  defined earlier. A t acidities g reater th a n  abou t 3.5 M , th e  te rm  in &m 
becom es negligible. If  i t  is  assum ed th a t  th e  transition  s ta te  of th e  mono
anion  contains a  molecule of w ater, transition  s ta te  theo ry  requires th a t  th e  
ow te rm  be included. T he p lo t in  Fig. 2 is no t changed much b y  om itting  
a w, b u t th e  points a t  low acidities show greater deviations from th e  line.

(14) I .  I .  M oiseev and R . M. Flid, J .  A p p l .  C h e m .  U S S R  { E n g .  T r a n s l . ) ,  

27, 1047 (1954).

of (log /«n +  Ho) vs. log ttHiO is linear only from 5 M up
wards (slope = +4.1). Below 5 M  the slope increases 
greatly. A plot of Ho vs. log an.o for these points also is 
linear above 5 M; and the linearity observed in the 
Bunnett plot is attributed to this, since Ho is changing 
more rapidly with increasing acidity than is log fcN. A 
similar behavior in the plot of (log fear +  Ho) vs. log 
ctH2o for the S-n-butyl ester of phosphorothioic acid 
has been observed,6 although there was still some curva
ture at high acidities (a slope of about +4.5 could be 
obtained). A plot of (log k$ — [HC104]) vs. log «h2o 
has a maximum between 3 and 5 M. The plot of 
(log fcar — [HClOi]) for the S-n-butyl ester has no 
maximum and was similar in shape but shallower 
than the plot of (log kjq +  Ho); a crude slope of about 
+0.5 could be obtained from points beyond 5 M.

It may be thought that the increase in rate with in
creasing acidity is caused by the formation and hy
drolysis of the conjugate acid of phosphorothioic acid. 
The conjugate acid of phosphoric acid was invoked to 
explain the increasing rate of its exchange with H2180  
as the acidity of the medium was increased.16 How
ever, it is difficult to understand why S-n-butylphos- 
phorothioic acid fails to show acid catalysis of its 
rate of hydrolysis.2'6 Data in Table II show that 
hydrochloric acid affects the rate but slightly, less 
than does lithium chloride.

The conjugate acids of phosphoric acid16 and its 
methyl ester17 are reactive because on protonation the 
molecule obtains a better leaving group—water in the 
case of phosphoric acid, methanol in the case of methyl 
phosphate. Protonation of sulfur is less favored than 
protonation of oxygen, and the reactivity of the conju
gate acids in the sulfur case and in the oxygen case would 
not be comparable since in the latter the leaving group 
has been provided by protonation. The conjugate acid 
of the sulfur compound (protonated on oxygen) may 
be reactive, but the results reported in this paper and 
in the paper on the hydrolysis of the S-n-butyl ester6 
indicate that it is not greatly reactive. The behavior 
of phosphorothioic acid and its S-n-butyl ester in acid 
medium may be attributed to salt effects on the rate of 
hydrolysis of the neutral acid. The lithium chloride 
data in Table II tend to support this interpretation.

I t  is conceivable that acid might catalyze the tau- 
tomerism of phosphorothioic acid; the conjugate acid 
may exist to a large extent in the thiono form which is 
less reactive than the neutral acid. The rate of hy
drolysis of trialkylthionophosphates is less than the 
rate of hydrolysis of trialkylphosphates.18 The ad-
O +OH
II H* I!HSP(OH)2 HSP(OH)2

o
II +HSP(OH2)(OH) ̂ =± (H2+0)(H0)2P=S

dition of acid to aqueous solutions of phosphorothioic 
acid would have two effects: one to increase the rate 
of hydrolysis by a salt effect on the neutral acid, and 
two, to decrease the rate by formation of a less reac-

(15) .1. F. Bunnett, J .  A m .  C h e m .  S o c . ,  82, 499 (1960); 83, 4956, 4968, 
4973, 4978 (1961).

(16) C. A. Bunton, D. R. Llewellyn, C. A. Vernon, and V. A .  Welch, 
J .  C h e m .  S o c . ,  1636 (1961).

(17) C. A. Bunton, D. R. Llewellyn, K. O. Oldham, and C. A. Vernon. 
i b i d . ,  3574 (1958).

(18) D. F. Heath, i b i d . ,  3804 (1956).
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tive conjugate acid. From this viewpoint, one can 
understand the greater effect of lithium chloride over 
hydrochloric acid in increasing the rate of hydrolysis.

If, despite these arguments, it is assumed that the 
rate increase with phosphorothioic acid is caused 
solely by the formation of the conjugate acid, a nega
tive value of the equilibrium constant for the conver
sion of the conj ugate acid to the neutral acid is obtained. 
The rate constant for the hydrolysis of the neutral 
acid used in this calculation was obtained from the pH- 
rate profile where its use gives good agreement with 
experiment.

Attempts to study the hydrolysis in perchloric acid- 
sodium perchlorate solutions of constant ionic strength 
were not successful because of the production of con
siderable sulfur even at low acidities. This could be 
caused by some impurity such as chlorate in the sodium 
perchlorate or to the increase in the oxidation poten
tial of perchloric acid on addition of perchlorate ions.

The hydrolysis of the neutral acid may be complicated 
by the following equilibrium.

(HS)(HO)2PO (HO)sPS

The reduced rate of hydrolysis of phosphorothioic 
acid as compared with its S-n-butyl ester6 may be 
caused by such an equilibrium. A study of the phos
phorus n.m.r. spectrum might reveal the extent to 
which the two species are present.

Hydrolysis may proceed (1) by a displacement (Sn 2) 
on phosphorus by water, (2) by way of metaphosphoric 
acid as an intermediate, or (3) through a pentacovalent 
intermediate which decomposes by rupture of the S-P 
bond. An investigation of the exchange of H2180  
and H235S with phosphorothioic acid may give an 
indication of the mechanism.

Hydrolysis in Monoanion Region.—The most re
active species in water appears to be the monoanion,19 
a not unexpected finding since the monoanions of 
monoesters of phosphoric acid are the most reactive of 
the possible species.8

The similarity of the first ionization constants of 
phosphorothioic acid and phosphoric acid may indi
cate that the monoanion of the former is produced 
principally by an ionization of the O-H bond rather 
than an S-H bond. The ionization constants of 
(R0)2P 0 2H are greater than the constants of (RO)2- 
PS2H, and the ionization of O-H in (RO)2P(S)OH is 
reported to be greater than the ionization of S-H in 
(R0)2P(0)SH; thus, the equilibrium (in water) 

0  S
II II

(RO)2PSH ^  (RO)2POH lies to the left.20
It is probable that both monoanions, (H0)2P(0)S-  

and H2PS020 - , are present in solution and are inter
convertible.

In the monoanion and neutral acid regions, phos
phorothioic acid is considerably less reactive than the
S-n-butyl ester.2’6'7 This may be caused by the tauto
meric equilibrium discussed above, or by an increased 
stability of the initial state of the phosphorothioic acid 
species (if it is assumed that the transition states for

(19) N ote the  com m ent under ref. 11. The reaction of the  neutral 
acid with hydroxide ion  seemed unreasonable in  th e  case of dibenzyl 
phosphate hydrolysis [J. K um am oto  and  F . H . W estheim er, J .  A m .  C h e m .  

S o c ., 77, 2515 (1955)].
(20) M. I. K abachnik, S. T . Joffe, and  T. A. M astryukova, J .  G e n .  

C h e m .  U S S R  ( E n g .  T r a n a l . ) ,  25, 653 (1955).

the ester and the free acid are of the same stability) 
or by, different mechanisms for the two compounds. 
Phosphorothioic acid may fit into the water structure 
better than the butyl ester. The additional hydrogen 
bonding from the sulfhydryl group to water might sta
bilize the initial state of phosphorothioic acid relative 
to that of the butyl ester whose butyl groups is not 
likely to be greatly solvated. Both compounds pre
sumably are solvated by water at their oxygen atoms; 
it is this kind of specific solvation, an example of 
which is shown below, which has been suggested to 
facilitate the hydrolysis of the monoanions of phosphate 
esters.8

X ' '  I I
L % " ° - HJ

Hydrolysis in the Dianion and Trianion Regions.—
In the dianion region, phosphorothioic acid shows 
considerable reactivity in contrast to S-n-butylphos- 
phorothioate26'7 and other phosphate esters.8 This 
appears to be the first phosphate which shows any 
reactivity toward hydrolysis in the dianion region.21 
This hydrolytic reactivity of the dianion of phosphoro
thioic acid contrasts with the apparent lack of reac
tivity ,of the dianion of phosphoric acid to exchange with 
H2180. The leaving group in the case of the phosphoro- 
thioate is SH-  (or S-2) which is expected to be a con
siderably better leaving group than OH-  (or O-2). 
Rates of alkaline hydrolysis of S-alkyl esters of phos
phorothioic, acid are considerably greater than their 
oxygen analogs.22 A rate constant of 0.1 X 10-6 
sec.-1 at 100° for exchange of the dianion of phosphoric 
acid with H2180  would give a pH-rate profile nearly the 
same as the one obtained from the experimental data.16 
In the dianion of phosphorothioic acid, there still 
exists an hydroxyl group (or -SH) which, with a nega
tively charged oxygen, is held accountable for the 
great reactivity of monoanions of phosphate monoesters; 
an example of specific solvation by water follows.

O ' '"O
I !

Hk /H0
1

L H J

Such specific hydration8 positions a water molecule 
for attack on phosphorus, either to the rear of the 
semipolar P -0  bond (sulfur equatorial in the transition 
state) or on the face of the phosphorus atom opposite 
sulfur (sulfur axial in transition state). The attack 
by an unshared pair of electrons in a p or hybrid orbital 
on oxygen in the bound water could be accomplished 
by a rotation of the water molecule which brings the 
unshared pair of electrons, directed away from phos
phorus, into position for attack. This rotation would 
stretch or weaken the hydrogen bonds and would rup
ture any hydrogen bond from external water to the

(21) However, th e  m onofluorophosphate ion is reported  to  be hydrolyzed 
rapidly in strongly alkaline solutions although  i t  is stable in neu tra l or 
m oderately alka-ine solution [L. N . D evonshire and  H . H. Rowley, 
I n o r g .  C h e m . ,  1, 680 (1962)].

(22) R. F. H udson and L. Keay, J .  C h e m .  S o c . ,  3269 (1956); E . M. Thain, 
i b i d . ,  4694 (1957).
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unshared pair of electrons involved in the assault on 
phosphorus. The transition state for the attack of 
water may be either trigonal bipyramidal or tetragonal 
pyramidal, geometries which have been suggested for 
transition states for displacement reactions on phos
phorus.23

Alternatively, the hydrogen bonding of water may be 
to sulfur to give an intermediate similar to one suggested 
for the hydrolysis of phosphate ester monoanions.24

Hydrolysis of the monoanion by hydroxide ion may 
be less likely because of repulsion between OH-  and 
H 2 P S O 3 - . In the dianion region, the S-w-butyl ester 
is quite unreactive.2'6

The trianion of phosphorothioic acid seems very 
stable since it is prepared by refluxing thiophosphoryl 
chloride with aqueous sodium hydroxide.5 However, 
until a quantitative study of the hydrolysis of the 
trianion is made, its reactivity, although clearly less 
than the other anionic species, must remain in doubt.

Experimental
Trisodium phosphorothioate was prepared as described else

where.25 Analysis for inorganic phosphate, which is an im
purity, indicated the salt was 97% pure.

Determination of Products of Hydrolysis.—To 40 ml. of
5.4 M  perchloric acid at 52.8° was added 0.886 g. (0.00492 
mole) of trisodium phosphorothioate. The hydrogen sulfide 
produced was swept from the reaction flask by a stream of nitro
gen and passed through a condenser and into a solution of 5% 
mercuric cyanide. The gas stream then was passed through a 
solution of 10% sodium hydroxide. After 1293 min., the mer
curic sulfide was collected, washed with distilled water, and dried 
at 110° for 15 min. The yield of mercuric sulfide was 0.868 g. 
(0.00373 mole) corresponding, after correction for the amount 
of unhydrolyzed substrate, to 86%. Yields of mercuric sulfide 
from hydrolyses in 6.5 M  and 2.5 M perchloric acid were 79% 
and 84%, respectively. These yields are undoubtedly lower 
limits. There was no visible evidence of sulfur.

When 1.042 g . (0.00579 mole) of trisodium phosphorothioate 
was heated with 50 ml. of 9 M sulfuric acid on a steam-bath for 
1 hr., 0.121 g. of mercuric sulfide and 0.157 g. of sulfur were 
produced. The total yield of mercuric sulfide plus sulfur cor
responded to 94% hydrolysis.

Determination of Dissociation Constants.—A titration of an 
aqueous solution of trisodium phosphorothioate with perchloric 
acid gave the following pK  values: pKi = 2.05, pK% = 5.6, 
pX3 = 10.3. The pH was determined by means of glass and 
calomel electrodes with a Beckman Model H-2 pH meter. The 
pH of a solution of equal concentrations of the neutral acid and 
monoanion was 1.35 at an ionic strength of 1 M  (NaCl-HC104). 
A sleeve-type calomel electrode was used in this determination. 
The pH values of solutions of 1 M  ionic strength (KC1-HC1) of 
equal concentrations of monoanion and dianion and of dianion 
and trianion were, respectively, 4.95 and 9.8. All determina
tions were at approximately 25°.

(23) P . C. H aake and  F. H. W estheim er, J .  A m .  C h e r n .  S o c ., 83, 1104 
(1961); A. B lad4-Font, C. A. VanderW erf, and  W. E . M cEwen, ibid., 82, 
2397 (1960); M . Green and  R. F, H udson, P r o c .  C h e m .  S o c . ,  227 (1959).

(24) W. W. B utcher and  F. H. W estheimer, J .  A m .  C h e m .  S o c . ,  77, 2420 
(1955).

(25) S. K. Y asuda and J . L. L am bert, I n o r g .  S y n . ,  6, 102 (1957).

Kinetic Procedure.—The rates of hydrolysis were followed by 
the rate of formation of inorganic phosphate which was deter
mined by a colorimetric procedure similar to one described for 
the determination of phosphate in the presence of adenosine 
triphosphate.26 Concentration of substrate in all kinetic 
runs was 1.27 X 10~3 M.

All kinetic runs from pH 1-10.6 were adjusted to an ionic 
strength of 1 M  with potassium chloride. From pH 1-6, a 
phthalate buffer was used, from pH 7.2-8.5, a tris27 buffer, and 
from pH 9.07-10.6, a borate buffer. In this work, no attempt 
was made to investigate general acid or base catalysis or specific 
buffer effects.

The molybdate reagent used in the phosphate determination 
was prepared by addition of 125 ml. of 10 A sulfuric acid to a 
solution of 12.5 g. of ammonium molybdate and dilution to 500 
ml. An acid-ethanol solution was prepared by addition of 10 
ml. of concentrated sulfuric acid to 490 ml. of absolute ethanol. 
The l-amino-2-naphthol-4-sulfonic acid reagent was prepared by 
addition of 0.5 g. of the sulfonic acid to 195 ml. of a 15% solution 
of sodium bisulfite solution followed by addition of 5 ml. of a 20% 
solution of sodium sulfite. If a homogeneous solution was not 
obtained after vigorous shaking, more sodium sulfite solution 
could be added; but excess sodium sulfite should be avoided. 
The pale yellow, solution is stable for about a week in a refriger
ator.

Aliquots (1.0 ml.) from the kinetic runs were added to 10 ml. of 
the molybdate solution in a 60-ml. separatory funnel, 
and 1 ml. of the aminonaphtholsulfonic acid reagent and 10 ml. 
of isobutyl alcohol were added. The aqueous layer was discarded 
after the contents of the funnel were shaken vigorously for 15 
sec. The isobutyl alcohol layer was removed as completely as 
possible with a pipet, and 2 drops of the acid-ethanol solution 
were added. After 30 min. the optical density of the blue solu
tion was read at 660 m/i on a Bausch and Lomb “ Spectronic 20” 
spectrophotometer. An isobutyl alcohol extract of a molyb
date solution which contains no phosphate can be used as a 
blank, but it was sufficient in most cases to use isobutyl alcohol 
itself since the difference in blanks was only 0.02-0.03 units of 
optical density. Infinity optical density readings were deter
mined for each run since this reading was sensitive to the amount 
of sodium perchlorate and perchloric acid present. These read
ings were taken either after 10 half-lives or after oxidation of a 
sample with bromine water. Too acidic molybdate solutions 
(as, for example, would occur in the runs in strong acid) must be 
avoided or the analytical results will be erratic. The acidity 
may be adjusted by addition of sodium hydroxide solution. 
The concentration of phosphate in the aliquot is read from a 
standard plot of optical density versus concentration.

Calculation of Rate Constants.—The concentration of phos
phate is linearly related to the optical density of the reduced 
phosphomolybdate complex. The rate constant is

kob, = (2.303/i) log Dd I  p 9

where D0, Dt, and D are optical densities at zero time, time i, 
and at infinite time.

The values of a„, the relative humidity of water, used in 
calculating the rate constants for the neutral acid used in Fig. 2, 
were the data of Robinson and Baker.28 These data were ob
tained at 25° so that a small error was introduced on its use at 
52.8°.

(26) B . B . M a rs h . B i o c h i m .  B i o p h y s .  A c t a ,  32 , 357 (1959).
(27) T r is  (h y d ro x y m e th y l)  a ra in o m e th an e .
(28) R . A. R o b in so n  a n d  O. J .  B ak e r, T r a n s .  P r o c . R o y .  S o c .  N e w  Z e a l a n d , 

76, 250 (1946).
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The hydrolysis of S-n-butylphosphorothioate (ji-CiHsSPOslR) in aqueous solution at constant ionic strength 
has a rate maximum at pH 3.25. As the acidity is increased to 10 M  perchloric acid and to 8 M  hydrochloric 
acid, the rate decreases. The rate decrease is interpreted as a salt effect on the hydrolysis of the neutral acid.
At ca. pH 3.50, variation of the ionic strength or kind of buffer had very little effect on the rate. At pH 3.25 
and 1 M  ionic strength, addition of Mn(II), Ni(II), Mg(II), and Zn(II) icns had little effect on the rate. De
creasing the ionic strength or dielectric constant of the solvent at pH 8 increases the rate. Added magnesium 
chloride decreased the rate at pH 8. These effects are interpreted as being caused primarily by variation of 
the second ionization constant and by complexing of the dianion with magnesium ion. S-(2-Aminoethyl)phos- 
phorothioate is less reactive than the butyl ester from pH 1-7. It has a rate maximum between pH 2 and 3 
and appears to have a second maximum between pH 8 and 9. I t protects mice against the effects of radiation.
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Monoesters of thiols and phosphoric acid have been 
suggested as models for intermediates in enzymic 
phosphate transfers.6 The activity of several phos
phate-transferring enzymes is dependent on the pres
ence of sulfhydryl groups6* and S-phosphoryl deriva
tives have been suggested as intermediates in the 
formation of acetylcholine from acetate and adenosine 
triphosphate from adenosine diphosphate,6*5 in succi
nate activation,60 and in the enzymic reduction of 
amino acids.6d

Wieland and Lambert have shown that S-w-butyl- 
phosphorothioate is capable of transferring phosphate 
to acetic acid (yielding acetyl phosphate), to alcohols 
and to phenol,7 and it has been shown more recently 
that S-n-butylphosphorothioate can yield pyrophos
phate when treated with phosphoric acid.8

Walsh has found that S-n-propylphosphorothioate 
was hydrolyzed completely in seven minutes at 100° 
in 1 N  hydrochloric acid.5 The hydrolysis of S- 
cysteinylphosphorothioate is reported to yield cysteine 
and phosphate in 1 N  sodium hydroxide and hydrogen 
sulfide, phosphoric acid, and ammonia in 1 Ar perchloric 
acid.9 The corresponding ester of coenzyme A was 
reported to be unstable in acidie and alkaline solutions.10 
After the work in this paper was completed, data on 
the hydrolysis of S-(2-aminoethyl)phosphorothioate 
were reported.11 The single rate maximum was re
ported at pH 3.

While the work reported in this paper was in prog
ress, Koshland and Herr reported briefly on the 
rate of hydrolysis of S-n-butylphosphorothioate.12 1 2 3 4 5 6 7 8 9 10 11

(1) We are grateful to  th e  N ational In s titu te s  of H ealth  (g ran t A-1023) 
and the  W alter Reed A rm y In s titu te  of Research for support of th is  work.

(2) Taken in  p a rt from  O. B. R am say, P h .D . thesis, U niversity  of 
Pennsylvania, 1960.

(3) R eported in p a rt a t  th e  133rd N ational M eeting of the American 
Chemical Society, San Francisco, Calif., April, 1958, and a t  th e  139th 
N ational M eeting of the  American Chem ical Society, St. Louis, M o., M arch, 
1961.

(4) D epartm ent of Chem istry, Syracuse U niversity, Syracuse 10, N. Y.
(5) E. O’F. W alsh, N a t u r e ,  169, 546 (1952).
(6) (a) E . S. G. Barron, A d v a n .  E n z y m o l . ,  11, 243 (19511; L. Noda, 

J .  B i o l .  C h e m . ,  232, 237 (1958); (b) G. Feuer and  M . W ollem ann, A c t a  

P h y s i o l .  A c a d .  S c i .  H u n g . ,  7, 343 (1955); C h e m .  A h s t r . ,  50, 1097 (1956); 
(c) R . A. Sm ith, I. F. Franck, and I. C. G unsalus, F e d e r a t i o n  P r o c . ,  16, 251 
(1957); (d) T. S tad tm an , P. E llio tt, and L. T iem ann, J. B i o l .  C h e m . ,  231, 
972 (1958).

(7) T. W ieland and  R . L am bert, C h e m .  B e r . ,  89, 2476 (1956).
(8) D. C. D ittm er and V. B. Opshelor, J. O r q .  C h e m . ,  26, 4706 (1961).
(9) F. Binkley, J.  B i o l . C h e m . ,  195, 283 (1952).
(10) G. Feuer an d  M. W ollem ann, A c t a  P h y s i o l .  A c a d .  S c i .  H u n g . ,  10, 

1 (1956); C h e m .  A b s t r . ,  51, 513 (1957).
(11) S. Akerfeldt, A c t a  C h e m .  S c a n d . ,  14, 1980 (1960).

They reported a rate maximum for hydrolysis between 
pH 2 and 4 and a leveling off of the rate between 1 and 
4 N  acid.

This paper reports the effects of various changes in 
the medium on the rate of hydrolysis of thiophosphate 
esters.

Kinetic data cannot be used to distinguish between 
a reaction of water with a monoanion of a phosphoro- 
thioate or of hydroxide ion with the neutral acid, nor 
can a reaction of water with a dianion be distinguished 
kinetically from a reaction of hydroxide ion with the 
monoanion. It may be noted, however, that hydroxide 
ion shows much greater reactivity than water toward 
phosphorus in triphenyl phosphate and trimethyl 
phosphate.13 For the sake of organization, the discus
sion is arranged according to the major ionic species 
present in each pH range.

pH-Rate Profiles.—The profile for S-n-butylphos
phorothioate shown in Fig. 1 agrees essentially with 
that of Koshland and Herr.12 A profile calculated from 
values of the first and second ionization constants 
(10-1 and 3.16 X 10-6 at ca. 25°) of the S-n-butyl 
ester and values of the rate constants for hydrolysis 
of the neutral acid (&n = 2.92 X 10-4 sec.-1) and the 
monoanion (fcM = 13.1 X 10-4 sec.-1) agrees well 
with the observed profile. The second ionization con
stant of the ester at 1 M  ionic strength was determined 
experimentally, but the first ionization constant was 
assumed in order to give the best fit of the calculated 
curve to the experimental curve. The rate constants, 
A"N and &m, were determined from experimental data 
by the method of least squares from the relationship,

where Cn = concentration of neutral acid, Cm = con
centration of monoanion, Cp = Cn +  CM +  Cd, and 
Cd = concentration of dianion.

The pH-rate profile for S-(2-aminoethyl)phosphoro- 
thioate is shown in Fig. 2. Determinations of the 
rate constants for this ester were less precise than for 
the n-butyl ester because of difficulty in determination

(12) D . E . K oshland and  E. B. H err, J r ., B i o c h i m .  B i o p h y s .  A c t a ,  25, 
219 (1957); E. B. H err, J r ., and  D. E . K oshland, A bstracts of Papers, 
131st N ational M eeting of the  Am erican Chem ical Society, M iam i, Fla. 
April, 1957, p. 44C.

(13) R . F . H udson and  D . C. H arper, J .  C h e m .  S o c ,, 1356 (1958); P. W . 
C. B arnard , C. A. B unton , D . R. Llewellyn, C. A. Yernon, and V. A. Welch, 
ibid., 2670 (1961).
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pH.

Fig. 1.—pH-Rate profile for the hydrolysis of S-re-butylphos- 
phorothioate at 37.1°, 1 M ionic strength: O, observed; A, cal
culated.

Fig. 2.—pH-Rate profile for hydrolysis of S-(2-aminoethyl)- 
phosphorothioate at 37°, 1 M  ionic strength. All points except 
the ones at pH 0 and pH 9.70 were obtained by use of an arbitrary 
infinity point.

of the infinity point, but it appears that the aminoethyl 
ester is less reactive than the n-butyl ester over much 
of the pH range. A second maximum appears at pH
8-9.

The general shapes of the curves in Fig. 1 and Fig. 2 
are similar to those observed for other phosphate esters 
for which the monoanion is considered the most reac
tive species. 14a'b’14 15 16

Rate data from pH 0.50 to pH 8.0 for 3-n-butyl- 
phosphorothioate and from pH 0 to pH 9.7 for S-(2- 
aminoethyl)phosphorothioate are given in Tables I 
and II.

Hydrolysis in the Neutral Acid Region.—The ap
parent first ionization constant (HR1) at ca. 25° of
S-n-butylphosphorothioate which gives the best fit of 
calculated to experimental curve in Fig. 1 is somewhat 
greater than K\ for the corresponding oxygen ester 
(1.3 X 1(R2)16 although the latter value is not at 1 M

(14) (a) A. D esjobert, B u l l .  s o c .  c h i m .  F r a n c e ,  809 (1947); C o m p t .  r e n d .  

224, 575 (1947); (b) C. A. B unton, D . R . Llewellyn, K. O. O ldham , and  
C. A. Vernon, J .  C h e m .  S o c . ,  3574, 3588 (1958).

(15) W. W. B utcher and  F. H. W estheim er, J .  A m .  C h e m .  S o c . ,  77, 2420 
(1955).

(16) W. D . K um ler and J. J. Eiler, ibid., 65, 2355 (1943).

T a ble  I
R ates of H ydrolysis of 1.64 X 10~2 M S-r-B utylphosphoro- 

THIOATE AT 37.1° AND 1 M  IONIC STRENGTH (KC1)
pH Buffer l'P&obsd» sec. 1

0.50 0.1 M  Phosphate 6.13
0.51 . 1 M  Phosphate 5.33
1.00 . 1 M  Phosphate 8.94
1.05 . 1 M  Phosphate 8.77
1.50 . 1 M  Phosphate 10.91
1.59 . 1 M  Phosphate 11.26
2.00 . 1 M Phosphate 11.94
2.15 . 1 M Phosphate 12.15
3.15 . 1 M  Phthalate 13.07
3.20 . 1 M  Phthalate 12.60
3.50 . 1 M  Phosphate 13.08
4.25 . 1 M  Phthalate 12.40
4.55 . 1 M  Phthalate 11.00
5.00 . 1 M  Phthalate 9.75
6 .00“ . 1 M  Phosphate 3.55
8 .006 .05 M  Tris“ 0.0933
Ionic strength =  0.95 W. 6 BuSP03Na2 =  1.27 X 10-

c Tris(hydroxymethyl)aminomethane.

T able  I I
R ates of H ydrolysis of S-(2-a m inoethyl)pho spho ro th io a te  

at 37° and 1 M  I onic Streng th  (KC1)

pH

Substrate 
concn., 
10® M Buffer 104&, s ec .-1

0 (1 M HCl) 1.25 2.18
0.30 (0.5 M HCl) 1.25 2.82 (3 ,21)‘
1.03 1.25 0.01 M  Phthalate 4.62 (5.14)
2 .0 2 1.27 . 01 M  Phthalate 5.85 (6.42)
2.46 1.20 .01 M* Phthalate 4.72 (5.93)
2.47 1.20 . 01 M  Phthalate 4.62 (6.25)
2.92 1.20 .01 M Phthalate 4.62 (5.63)
2.93 1.20 .01 M Phthalate 4.81 (5.63)
3.58 1.13 .05 M Phthalate 4.62 (5.25)
3.58 1.19 . 05 M  Phthalate 3.85(5.02)
3.58 1.19 . 05 M  Phthalate 4.62 (5.25)
4.28 1.13 .05 M Phthalate 3.98 (4.62)
4.33 0.486 . 05 M Phthalate 3.50 (3.98)
4.36 0.972 . 05 M Phthalate 3.39 (3.73)
5.33 0.620 . 05 M  Phthalate 1.02
5.37 1.24 .05 M  Phthalate 0.95
5.38 1.24 .05 M  Phthalate .96 (1.13)
7.02 1.20 .05 M  Tris6 .38
7.03 1.20 .05 M Phthalate .35 (0.42)
8.06 1.20 . 05 M  Tris6 1.31 (1.60)
9.08 1.20 .05 M  Tris6 0.99 (1.54)
9.70 1.20 . 05 M  Borate 0 .86e

a Values in parenthesis were obtained by using an arbitrary
infinity point so that a plot of log D  — D t  

D  -  Z>„ against time gave the
best straight line. Values not in parenthesis were from data 
obtained in the first 50 or 60% of reaction. 6 Tris(hydroxy- 
methyl)aminomethane. c Based on first 25% of reaction. Rate 
plot deviated from first-order rate law.

ionic strength. The first ionization constant was 
difficult to determine experimentally, but the second 
ionization constant (3.16 X 1(R6) which was determined 
is greater than the second ionization constant (1.45 X 
1OR of the oxygen ester16 which lends some support 
to the assumption of a greater acidity for the neutral 
thioester. This greater acidity may be the result of a 
decreased electron density on phosphorus in the 
thioester. Phosphorus n.m.r. spectra of phosphate
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esters have indicated that replacement of oxygen by 
sulfur decreases the shielding at phosphorus.17

In contrast to the oxygen esters of phosphoric 
acid,wb’18 there is no evidence of C-S cleavage in the 
hydrolysis of the thioester. In the hydrolysis in 3.6

RSP03H2 +  H20 — >  RSH +  H3PO4

M  sulfuric acid or in 6 M hydrochloric acid, no hydrogen 
sulfide was produced as would be the case if phosphoro- 
thioic acid were formed.19 In the sulfuric acid solu
tion a 96% yield of n-butanethiol was isolated as its 
mercury derivative. Only sulfur-phosphorus cleavage 
has been reported for hydrolyses of tri(S-ethyI)phos- 
phorotrithioate20 and of di(S-isopropyl)methylphos- 
phonodithioate.21 Hydrolysis of S - (2 - aminoethyl)- 
phosphorothioate in 1 M  perchloric acid results in only 
sulfur-phosphorus cleavage.22

Resonance involving the electrons of the ether oxy
gen may predispose the oxygen ester to carbon-oxygen 
cleavage, whereas such resonance is absent in the sulfur 
derivatives.23

ROPOsH2 ^ ----- >- RO = P 0 3H2

The rate of hydrolysis of S-n-butylphosphorothioate 
continues to decrease as the acidity increases, which 
contrasts with the behavior of oxygen esters13-16 and 
with previous reported data on the hydrolysis of S-n- 
butylphosphorothioate which indicated a leveling-off 
of the observed rate in acidic solutions.12 The rate 
data which are reported here in perchloric and in hy
drochloric acids were obtained by the use of two dif
ferent analytical methods (for inorganic phosphate 
and for unchanged ester) for following the reaction. 
The results obtained by each method were quite similar 
and are given in Table III. The analytical method for 
inorganic phosphate is sensitive to the acidity at which 
the determination is carried out and the acid concen
tration must be adjusted to ensure reproducible results.

The decreasing rate of hydrolysis of S-n-butylphos- 
phorothioate with increasing acidity can be rationalized 
as being caused by salt effects of hydrochloric and 
perchloric acids.24 25 Plots of the logarithm of the rate 
constant (fcN) of the neutral acid26 against the con
centration of hydrochloric or perchloric acid are linear 
from 2-10 M  acid concentration as shown in Fig. 3. 
The linearity is poorer at low acidities if the rate 
constant is not corrected for the amount of reaction

(17) J . R . Van W azer, C. F . Callis, J . N. Shoolery, and R. C. Jones, J .  A m .  

C h e m .  S o c . ,  78, 5715 (1956). This could be caused also by  a  neighbor- 
anisotropy effect. [J. A. Pople, W . G. Schneider, and  H . J . Bernstein, “ High 
Resolution N uclear M agnetic Resonance,”  M cG raw -H ill Book Co., Inc ., 
New York, N . Y., 1959, p. 176.]

(18) C. A. Vernon in  “ Phosphoric E ste rs  and  R elated  C om pounds,” 
Special Publication  no. 8, T he Chem ical Society, London, 1957, p. 17.

(19) D. C. D ittm er and  O. B. R am say, J .  O r g .  C h e m . ,  2£, 1268 (1963).
(20) B. Thain, .7. C h e m .  S o c . ,  4694 (1957).
(21) R . F . H udson and  L. K eay, i b i d . ,  3269 (1956).
(22) S. Akerfeldt, A c t a  C h e m .  S c a n d . ,  13, 1479 (1959).
(23) D elocalization of th e  electrons on th e  e th e r oxygen in  phenylphos- 

phate  and in phosphonate esters has been discussed by  H . R . G ersm ann and 
J. A. A. K etelaar, R e c .  t r a v .  c h i m . ,  77, 1018 (1958), and  briefly by  R . F. 
Hudson and L. K eay, J .  C h e m .  S o c . ,  2463 (1956).

(24) Salt-non-electrolyte in te rac tion  coefficients for sodium chloride and 
sodium perchlorate are considerably different [E. G runw ald and  A. F. 
Butler, J .  A m .  C h e m .  S o c . ,  82, 5647 (I960)]. T he  differences in  ra tes  be
tween hydrochloric and  perchloric acids m ay  be due in  p a rt to  specific anion 
effects on the  m olar activ ity  coefficients of th e  reacting  species.

(25) A correction has been applied for th e  am oun t of reaction proceeding
through the monoanion.

Fig. 3.—Relationship of log kn for S-ra-butylphosphorothioate to 
ionic strength: 0,HC104; A, HC1.

T a b l e  I I I

R a t e s  o f  H y d r o l y s is  o f  S -b -B u t y l p h o s p h o r o t h io a t e  in  
A c id  a t  37.1°

Acid, M

Substrate, 
103 M

Ionic
strength , M

UBfebed,
sec.-*

1.00 (HCl) 4 . 9 7 1 2.40
1.00 (HC1) 4 . 9 7 11 (LiCl) 1.99
2.20 (HCl) 16.4 2.20 1.44
2.80 (HCl) 1.27 5 (KC1) 1.31“
3.00 (HCl) 4.97 3 1.19
3.00 (HCl) 4.97 11 (LiCl) 0.939
4.11 (HCl) 16.4 4.11 .979
4.20 (HCl) 1.27 5 (KC1) .979“
5.00 (HCl) 4.97 5 .808
5.00 (HCl) 4.97 11 (LiCl) .656
6.03 (HCl) 16.4 6.03 .700
7.00 (HCl) 1.27 7 .592“
7.00 (HCl) 4.97 7 .607
7.00 (HCl) 4.97 11 (LiCl) .502
8.10 (HCl) 16.4 8.10 .510
1.06 (HCIO,) 16.4 1.06 2.31
2.50 (HCIO,) 1.27 2.50 1.19“
2.51 (HCIO,) 16.4 2.51 1.18
3.03 (HCIO,) 16.4 3.03 0.940
3.81 (HC104) 16.4 3.81 .739
3.82 (HCIO,) 1.27 3.82 .750“
5.52 (HCIO4) 16.4 5.52 .449
6.50 (HCIO,) 16.4 6.50 .310
7.29 (HCIO,) 16.4 7.29 .238
8.00 (HCIO,) 1.27 8.00 .210“
8.69 (HCIO4) 16.4 8.69 .154
9.94 (HCIO,) 16.4 9.94 .105
0 Rates followed by colorimetric analysis of inorganic phos

phate. All other rates were followed by iodometric analysis of 
unchanged thioester.

proceeding through the monoanion. All data in Table 
III from 3-10 M  acid can be correlated by
log/c„b„d = -3.648 — 0.083[HC1] -  0.017[LiCl] -  0.132[HCIO,]

Plots of log fcN or log /cotjsd against — Jit, have small 
slopes (ca. —0.2). Bunnett plots are not linear.26

The effects of ionic strength on the rate of reaction 
of neutral molecules has been discussed.27

In contrast to the decrease in rate for hydrolysis of
S-n-butylphosphorothioate with increasing acidity, the

(26) J . F . B unnett, J .  A m .  C h e m .  S o c . ,  82, 499 (1960).
(27) F . A. Long and  W . F . M cD evit, C h e m .  R e v . ,  51, 119 (1952); F. A. 

Long, W. F . M cD evit, and  F . B. D unkle, J .  P h y s .  C o l l o i d  C h e m . .  55, 813 
(1951); F . A. Long, F . B, D unkle, and W. F. M cD evit, i b i d . ,  55, 829 (1951).
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rate of hydrolysis of phosphorothioic acid is increased.19 
This reversal of behavior could be caused by differences 
in the magnitudes and signs of the salt effects on the 
initial state, transition state or on both states of the 
neutral acids.

The lack of acid catalysis which distinguishes this 
sulfur ester from the oxygen esters is probably the 
result of sulfur being less basic to protons than the 
ether oxygen. The lack of C-S cleavage lends some 
support to this explanation.

Intervention of the conjugate acid of the substrate 
has been considered but an unusually low ionization 
constant (4.5 X 10-2) for it is required to fit the data 
to such an assumption.

Hydrolysis in Monoanion Region.—In the mono
anion region, S-n-butylphosphorothioate and S-(2- 
aminoethyl)phosphorothioate are more reactive than 
the oxygen esters which in part may be because the 
P-S bond is weaker than a P -0  bond. The mecha
nisms of hydrolysis of oxygen esters have been discussed28 
and there is no reason to propose any unique new 
mechanisms for the hydrolysis of thiophosphate esters. 
Possible mechanisms are discussed elsewhere.2-19

The somewhat lower reactivity of S-(2-aminoethyl)- 
phosphorothioate as compared with S-n-butylphos- 
phorothioate may be caused by an electrostatic effect 
of the d-ammonium group or by inter- or intramolecular
hydrogen bonding.

H
4- —

H2N 0 H2N 0
CH, A y 0 CH2 p —0

""ch2s oh ""'ch2s'/  '"'oh

Effect of Metal Ions.—The effects of Mg(II), Ni(II), 
and Mn(II) ions on the rate of hydrolysis of S-ra- 
butylphosphorothioate at pH 3.5 and 1 M  ionic strength 
was negligible. Zn(II) ions caused an 18% decrease 
in the rate; a complex of zinc ions with the sulfur and 
the negative oxygen might decrease the rate by hinder
ing proton transfer from water. Complexing of the 
ions with the buffer might decrease their catalytic 
effect.

At pH 8, Mg(II) ions significantly decrease 
the rate of hydrolysis of S-n-butylphosphorothioate 
with the decrease apparently proportional to the con
centration of magnesium ions. The effect of Mg(II) 
ions seems likely to be an effect on the second ionization 
constant, since it is known that the apparent pK 2 of 
phosphoric acid is decreased by Mg(II) ions.29 Mag
nesium and other divalent ions complex with the dian
ions of phosphoric acid and its esters.30 Such complex
ing would decrease the concentration of the reactive 
monoanion (or neutral acid).

RSPO,H~ RSPOr +  H +

RSPOr +  Mg++ t-------- RSPOsMg

The data on metal-ion effects are given in Table IV.
The effect of metal ions on the hydrolysis of S-(2- 

aminoethyl)phosphorothioate, which should be interest

(28) “ Phosphoric E ste rs  and  R elated  C om pounds,”  Special Publication 
no . 8, The Chem ical Society, London, 1957.

(29) I. Greenwald, J . Redish, an d  A. C. Kubrick, J .  B i o l .  C h e m . ,  135, 65
•0 940). . . .

Table IV
R a t e s  o f  H y d r o l y s is  o f  S-b-B u t y l ph o sp h o r o th io a te  at 

37.6° in  th e  P r e s e n c e  of M e t a l  I ons

Sub Ionic M etal 104
stra te , Buffer, strength , ion, &obsd,

p H 103 M M M M sec ._1
3.25 16.4 0.01 P h tha la te 1 .0  (KC1) 0 .0 5  M nC b 12.0
3.25 16.4 .01 P h tha la te 1 .0  (KC1) .05 N iC k 12.1
3 .25 16.4 .01 P h th a la te 1 .0  (KCI) .05 M gCls 12.2
3.25 16.4 .01 P h tha la te 1 .0  (KCI) .05 ZnC h 10 .0
8 .00 1.27 .05 Tris° 0 .50  (KCI) 0 .1266
8.00 1.27 .05  Tris® . 50 (KCI) .0196 MgCls .1146
8.00 1.27 .05 Tris° . 50 (KCI) .0492 MgCls • 0882i
8.00 1.27 . 05 Tris® . 50 (KCI) .0980 M gCls .058i*

“ Tris(hydroxymethyl)aminomethane. 6 Rates followed
analysis for inorganic phosphate. In the acid molybdate solu
tion used in the analysis, magnesium acid phosphate is largely 
dissociated and magnesium ion does not interfere in the analysis. 
(Private communication from Dr. Robert Rutman, University of 
Pennsylvania.)

ing, has not yet been investigated extensively but 
Hg(II) ions are reported to catalyze the hydroly
sis.22 Complexing of an amino group and a /3-sulfur 
atom with a Cu(II) ion is effective in promoting an 
elimination reaction in S-alkyl cysteine derivatives.31

Effect of Ionic Strength and Buffer Concentration.— 
Increasing the ionic strength with potassium chloride 
at pH 8 decreased the rate of hydrolysis of S-n-butyl- 
phosphorothioate. The data are given in Table V.

T a b l e  V
E f f e c t  of I o n ic  St r e n g t h  and  B u f f e r s  on  t h e  H y d r o l y s is  of 

S-r-B u t y l ph o sp h o r o th io a te  a t  3 7 .1°

pH
Substrate, 

10! M

Ionic
strength ,

M c Buffer, M
104 &obsd, 

sec. _1

8.00 1.27 0.03 0.05 Tris“ 0.206'’
8.00 1.27 .10 .05 Tris“ .1866
8.00 1.27 .20 .05 Tris“ ,15T
8.00 1.27 .30 .05 Tris“ . 1356
8.00 1.27 .50 .05 Tris“ .1276
8.00 1.27 .75 .05 Tris“ .n o 6
8.00 1.27 1.00 .05 Tris“ . 09346
8.00 1.27 1.00 (Na2S04) .05 Tris“ .09616
3.50 16.4 0.19 .20 Citrate 12.1
3.50 16.4 1.00 .20 Citrate 12.8
3.15 16.4 1.00 . 10 Phthalate 13.1
3.50 16.4 1.00 . 10 Phosphate 13.1
3.25 16.4 0.13 . 10 Phthalate 12.5
3.28 16.4 .13 . 10 Phthalate 12.6

4.00 16.4 1.00

5 ml. dioxane 
per 50 ml. 

0.05 Phthalate 12.6
3.50 1.27 1.00 . 05 Phthalate 13. U
6.00 16.4 0.95 . 05 Phosphate 3.73
6.00 16.4 .95 . 10 Phosphate 3.55
6.00 16.4 .20 . 10 Phosphate 3.19
“ Tris(hydnoxymethyl)aminomethane. 6 Rates followed by 

analysis for inorganic phosphate. c Potassium chloride added 
when necessary.

Increasing the ionic strength, besides affecting the 
rate constants, probably increases the concentration of

(30) H. T abor and  A. B. H astings, i b i d . ,  148, 627 (1943); J. R . Van 
W azer and C. F. Callis, C h e m .  R e v . ,  58, 1011 (1958).

(31) D, C. D ittm e r and  J . R . Schaeffer, J .  A m .  C h e m .  S o c . .  83, 2475 
(1961).
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the dianion and decreases that of the monoanion.32 
The first and second ionization constants of phosphoric 
acid are increased as the ionic strength is increased.33

Variation of the buffer and ionic strength at pH 3.2-
3.7 had little effect on the rate of hydrolysis of S-n- 
butylphosphorothioate. The data are given in Table
V.

Earlier studies had indicated that pyridine and 2,6- 
lutidine were catalysts of the hydrolysis of S-n-butyl- 
phosphorothioate at pH 8, the stronger base being more 
efficient,34 and such results might be interpreted as 
indicating proton removal in the transition state as 
was found for the solvolysis of tetrabenzylpyrophos- 
phate.35 However, experiments with imidazole, a 
stronger base than pyridine and 2,6-lutidine, indicated 
it was not the base strength of the latter two com
pounds that was important in determining the rates. 
Although the kinetic data for imidazole were not as 
precise as most of the other data, this base definitely 
showed no catalytic effect. The rate acceleration with 
pyridine and 2,6-lutidine could have been caused by a 
medium effect on a rate constant (perhaps the mono
anion is destabilized relative to the transition state) or 
the decrease in the dielectric constant of the medium 
could have altered the relative concentrations of the 
mono- and the dianion in favor of the monoanion. 
Dioxane caused a rate acceleration analogous to pyri
dine. Plots of log A'0bsd against 1 /D, where D is the 
dielectric constant of the medium, are linear for pyri
dine36 and dioxane but not for methanol. The latter, 
of course, can react with the ester.7 The data are given 
in Table VI.

T a b l e  V I

E f f e c t  o f  D io x a n e , P y r i d i n e , M e t h a n o l , a n d  I m id a z o l e  o n  
t h e  R a t e s  o f  H y d r o l y s is  o f  1.27 X 10-3 M. S -ti- B u t y l -  
PHOSPHOROTHIOATE AT “pH 8.0,” IONIC STRENGTH 0.10 M, AT

37.1° i n  0.05 M  T r i s  B u f f e r

Solute, vol. % 104 fcobsd, s ec .-1

1.96 Dioxane 0.197
3.29 Dioxane .234
9.80 Dioxane .325
1.96 Pyridine .195
3.92 Pyridine .229
9.80 Pyridine .312
4.90 Methanol .259
9.80 Methanol .297
0 .178s Imidazole .0837
0 .8886 Imidazole .0828

“ Rates followed by analysis for inorganic phosphate. 5 Molar. 
These molar quantities are approximately equal to 1 and 5 
vol. % calculated by assuming the density of imidazole was 1.1.

(32) One m ight speculate th a t, if esters of thiols and phosphoric acid are
interm ediates in  phosphorylations in  living system s, th e  perm eability  of the 
cell walls to  ions and  th e  tran sp o rt of ions m ay play an  im p o rtan t p a rt in the  
regulation of phosphorylation reactions. Specific effects, such as observed 
for M g(II) ions, m ay be especially im portan t. I t  has been reported  th a t  the  
phosphorylation of adenosine diphosphate in  ra t  brain  m itochondria occurs 
in a  hypotonic m edium  b u t not in an isotonic one [A. Fonyo and  J. 
Somogy, A c t a  P h y s i o l .  A c a d .  S c i .  H u n g . .  18, 191 (1960); C h e m .  A h s l r . ,  56, 
13492 (1961)]. Calcium  ions inh ib it oxidative phosphorylation [F.
Aiello and  R . M aggio, E x p e r i e n t i a ,  17, 390 (1961)].

(33) J. W. H. Lugg, T r a n s .  F a r a d a y  S o c . ,  27, 297 (1931); J .  A m .  C h e m .  

S o e . ,  53, 2554 (1931).
(34) D . C. D ittm er and O. B. R am say, A bstracts  of Papers, 133rd N a

tional M eeting of the  Am erican Chem ical Society, San Francisco, Calif., 
April, 1958, p. 28 N.

(35) G. O. D udek and  F . H. W estheim er, J .  A m .  C h e m .  S o c . ,  81, 2641 
(1959).

(36) A linear relationship of dielectric constan t to  weight per cent of pyri
dine was assumed.

Reactivity in the Dianion Region—Data are insuffi
cient to determine if the dianion of S-n-butylphosphoro- 
thioate has any reactivity at all but it is reported stable 
in alkali for four hours at 37°.12 The slight increase in 
rate around pH 8-9 for S-(2-aminoethyl)phosphorothio- 
ate may be caused by a nucleophilic attack of the free 
amino group on phosphorus as has been suggested for 
the hydrolysis of diphenyl 2-aminoethyl phosphate,37 
or by an elimination reaction. The decrease in rate 
observed at pH 10 may not be real. There was diffi
culty in obtaining an experimental point at the pH of 
9.70, and the rate constant was calculated on the basis 
of only 25% of reaction.

Activation Energies and Entropies.—The energies and 
entropies of activation for S-n-butylphosphorothioate 
at pH 3.2 and in 2.5 M  perchloric acid are given in 
Table VII. The decrease in rate on going from pH 3.2

T a b l e  V I I

A c t iv a t io n  D a t a  f o r  t h e  H y d r o l y s is  o f  S -w- B u t y l p h o s -

pH Buffer, M

PHOROTHIOATE

Ionic T ,  

streng th  °C.

10s
^obsd»
sec .-1

kcal./- A S ,  

mole e.u.
3 .35 0 .10  P h tha la te 1 .0  (KC1) 14.9 6 .6 0 s 23.85
3 .20 . 10 Ph tha la te 1.0 25.2 27.3° 23.85  + 3 .0 8
3 .20 . 10 Ph tha la te 1.0 37.1 131s 23.85
2 .50  M  

HCIO, 2 .50 25 .2 3 .146 21.64 - 8 .6 2
2 .50  V  

HCiOi 2 .50 37.1 11.9* 21.64
2 .50  I f  

HCIO, 2.50 46 .8 3 6 .4& 21.64
“ 1.64 X 10 2 M  substrate. 6 1.27 X 10 3 M  substrate.

to 2.5 M  acid is the result of a decrease in entropy of 
activation. In 2.5 M  perchloric acid, approximately 
96% of the reaction proceeds through the neutral acid; 
and at pH 3.2, nearly 99% of the reaction proceeds 
through the monoanion (or the neutral acid and 
hydroxide ion).
, The initial state of the monoanion38 probably is 
strongly hydrogen bonded (water plus monoanion) 
and as these hydrogen bonds are broken or stretched in 
the transition state, the entropy increases. The initial 
state of the neutral acid may be less strongly hydrogen 
bonded and the transition state may be more polar 
and more highly solvated relative to the initial state. 
One might suppose that the energy to break up the 
hydrogen-bonded initial fstate of the monoanion is 
reflected in the higher energy of activation.

Antiradiation Results.39—Monosodium S-(2-amino
ethyl) phosphorothioate gave “good” protection to 
mice when administered thirty minutes before irradia
tion. One hundred percent of the mice survived (30 
days) a dose of 825 r. after administration of 400 mg. of 
the thiophosphate per kg. of mouse. Smaller doses 
of the compound gave much less protection, and larger 
doses were toxic. Disodium S-n-butylphosphorothio- 
ate gave only “slight” protection at levels of 1000. 
mg./kg.

(37) G. J . D uran t, J . H . Turnbull, and  W. Wilson, C h e m .  I n d .  (London) 
157 (1958).

(38) I t  is assum ed th a t  th e  reactive species is th e  m onoanion.
(39) T he testing  was done a t  th e  W alter Reed A rm y In s titu te  of R e

search, W ashington 12, D . C., and these  results were kindly com m unicated 
by  D r. D avid P. Jacobus.
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Experimental
Dioxane was purified by treatment with hydrochloric acid, 

potassium hydroxide, and sodium.40 Pyridine, A.C.S. An
alytical Reagent Grade, was distilled from calcium hydride, b.p.
114.5-115°. Other reagents were reagent grade and were used 
without further purification.

Barium S-ra-Butylphosphorothioate.—The salt was prepared by 
the method of Wieland and Lambert.7

Anal. Calcd. for C4H903PSBa.C2H50 H: S, 1.752 mmoles. 
Found: S, 1.755 mmoles (iodometric analysis).

Disodium S-n-Butylphosphorothioate.—The disodium salt 
was prepared by trituration of the barium salt with an equivalent 
amount of sodium sulfate. The barium sulfate was removed by 
filtration and a large excess of isopropyl alcohol (ca. 20 vol.) 
was added to the filtrate. The gelatinous disodium salt was 
filtered and dried in vacuo. Several recrystallizations may be 
required to give a pure sample.

Anal. Calcd. for CdLASPNa*: C, 22.43; H, 4.24; S,
14.97. Found: C, 22.17; H, 4.56; S, 14.76.

The disodium salt could be prepared also by passage of a solu
tion of the barium salt through an ion-exchange column of Am- 
berlite IR-120 (sodium form).

Sodium S-(2-Aminoethyl)phosphorothioate.—The monosodium 
salt was prepared by the same method as that used by Akerfeldt 
by reaction of trisodium phosphorothioate with 2-bromoethyl- 
ammonium bromide in aqueous dimethylformamide.22

Determination of Products of Acid Hydrolysis of S-n-Butyl- 
phosphorothioate.—To 50 ml. of 3.6 M  sulfuric acid was added 
1.059 g. (0.00494 mole) of disodium S-n-butylphosphorothioate, 
and the mixture was heated on the steam bath for 3.5 hr. The 
butanethiol was trapped in 5% solution of mercuric cyanide. No 
mercuric sulfide was observed. The yield of the air-dried mercury 
salt of butanethiol was 0.9002 g. (96%), m.p. 80-82°. The 
derivative was recrystallized from ethanol, m.p. 84.5-85° (cor.). 
No depression of the melting point was observed with an authen
tic sample of the mercury salt.41 The sulfuric acid solution was 
adjusted to pH 4 and refluxed overnight. No further precipitate 
was observed in the mercuric cyanide trap and the reaction 
solution gave a negligible titer with iodine.

No mercuric sulfide was observed when the hyrolysis was car
ried out in 6 M  hydrochloric acid. A considerable amount of 
C4H9SHgCl was produced along with (CJELSLHg.

Determination of Dissociation Constants of S-n-Butylphos- 
phorothioate.—The disodium salt was titrated at cfb. 25° with 
0.60 N  hydrochloric acid and the pH was read from a Beckman 
Model H-2 pH meter. A plot of pH vs. ml. of acid gave a curve 
with two sharp inflection points. From this curve, pK x = 2.21 
and pK2 = 5.93. The determination of the ionization constants 
by titration is subject to error because of the hydrolysis which 
occurs during the time for titration. I t  is also necessary to use 
inconveniently large samples for the determination of the Kx of 
strong acids. Glass and calomel electrodes were used.

When 10 ml. of 0.10 N  hydrochloric acid was added to a solu
tion of 0.143 g. (6.67 X 10- 4 mole) of C4H9SP03Na2 and 2.021 g. 
(0.0271 mole) of potassium chloride in 15 ml. of water, the pH 
was 1.90. When 5.0 ml. of 0.10 N  hydrochloric acid was added

(40) L. F . Fieser, “ E xperim ents in  Organic C hem istry ,” 3rd ed., D . C. 
H eath  and Co., Boston, 1955, p. 285.

(41) E . W ertheim , J .  A m .  C k e m .  S o c . ,  51, 3661 (1929).

to a solution of 0.214 g. (0.001 mole) of C4H9SP0 3Na2 and 1.722 
g. (0.0228 mole) of potassium chloride in 20 ml. of water, the pH 
was 5.50. Since these pH values are of half-neutralized acid 
and monoanion, they are equal to pKx and pK», respectively, but 
the determination of the piTi is subject to the limitations men
tioned in the preceding paragraph.

Kinetic Procedure.—The rates of hydrolysis of S-n-butylphos- 
phorothioate were followed either by determination of inorganic 
phosphate as described in the preceding paper19 or by determina
tion of unchanged ester. In the latter case, 5-ml. aliquots are 
removed from the reaction flask and drained into ca. 25 ml. of 
phosphate buffer at pH 8.5 to quench the reaction. The n- 
butanethiol is extracted with carbon tetrachloride (extraction is 
complete at this pH). For hydrolyses in strong acid solutions, it 
is necessary to add a calculated amount of sodium hydroxide 
solution to the buffer in order to neutralize the excess acid. After 
two extractions with carbon tetrachloride, the aqueous buffer 
solution was acidified to pH 1-2 with 6 N  hydrochloric acid. The 
unchanged ester was determined by addition of 1.00 ml. of 0.050 
N  iodine solution and back titration with 0.050 N  sodium thio
sulfate.

Pyridine has a pronounced inhibitory effect upon the develop
ment of the phosphomolybdenum blue which is used to determine 
inorganic phosphate. Pyridine also causes the phosphomotyb- 
date complex to become colloidal. These difficulties may be 
overcome by a change in the order of addition of reagents. After 
addition of 1 ml. of the reaction solution to the molybdate solu
tion, 10 ml. of isobutyl alcohol is added and the mixture shaken 
in a separatory funnel for 10 sec. Then, 1 ml. of the reducing 
agent is added, and the mixture shaken for 10 sec. more. The 
usual procedure is then followed.19 Optical densities resulting 
from this procedure are higher than expected; this is also the 
case for runs in dioxane, but the rate constants from runs in 
which the “normal” procedure was followed are not different 
from the rate constants from runs followed by the modified pro
cedure.

The measurement of “pH” of pyridine solutions was best done 
by means of a sleeve-type calomel electrode (Beckman 4970-71); 
a fiber-type calomel electrode gave erratic results.

The hydrolysis of S-(2-aminoethyl)phosphorothioate was fol
lowed by analysis of inorganic phosphate since the thiol formed 
could not be extracted from the reaction mixture. Some diffi
culty was experienced in determination of some of the infinity 
points. Two sets of rate constants could be determined depend
ing upon whether one uses half-lives determined from a plot of 
log (Z)«, — Dt)/(Dœ — Du) vs. time for the first 50-60% of reac
tion or a more arbitrary infinity point chosen to give a straight 
line through all of the observed points.

Calculation of Rate Constants.—Values of £0bsd for the hydrol
yses followed by the iodometric procedure were obtained by 
plotting log 10 (1 — z), where z is the fraction reacted, vs. time, 
whence

, 0.693cCobsd ,his
where his is the half-life. Runs in which phosphate was deter
mined colorimetrically were treated as previously described.19

Acknowledgment.—We wish to thank Dr. Daniel E. 
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cation of his results.
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Fluoroòlefins possessing the structure —CF2CH=CF2 have been found to undergo reaction with dinitrogen 
tetroxide with formation (after hydrolysis) of the novel nitro alcohols —CF2CHOHCF2NO2 and «-hydroxy- 
carboxylic acids —CF2CHOHCOOH. From C3F7CH=CF2 and C3F7CH2CF2CH=CF2 there were obtained 
C3F7CH0 HCF2N02 plus CsFÆHOHCOOH and C3F7CH2CF2CH0 HCF2N02 plus C3F7CH2CF2CHOHCOOH, re
spectively. From 2fi-pentafluoropropene there was obtained 2ff-pentafluoro-l-nitro-2-propanol (which formed 
a stable addition compound with ethyl ether, 3CF3CH0 HCF2N02-C2H50 C2H5) as well as trifluorolactic acid.

M a y , 196 3  D i n it r o g e n  T e t r o x id e  w it h  2 7 7 -P o l y f l u o r o - I - a l k e n e s  127 9

The addition of dinitrogen tetroxide to hydrocarbon 
olefins which usually yields vie dinitroalkanes, nitroni- 
trites (often hydrolyzed to nitro alcohols), and nitroni- 
trates has been well investigated.1'2

The addition of dinitrogen tetroxide to the perhalo- 
olefins has been reported to produce the dinitro adduct 
with tetrachloroethylene,3'4 tetrabromoethylene,3 tetra- 
fluoroethylene,5_'8a'9 chlorotrifluoroethylene,6-7 8'9 di-
chlorodifluoroethylene,5'7 and hexafluoropropene.8a 
Bissel9 also reported the production of l-chloro-2- 
nitrotrifluoroethyl nitrite from chlorotrifluoroethylene, 
while Knunyants88, reported the formation of nitroni- 
trites of the perfluoro-olefins, tetrafluoroethylene, hexa- 
fluoropropene, and octafluoroisobutylene, which on 
hydrolysis gave the nitrocarboxylic acid N 02CF2C00H, 
CF3CF(N02)C00H, and (CF3)2C(N02)C00H, respec
tively. Due to the hydrolytic instability of -—CFOH8b 
or •—CF2OH groups, nitro alcohols are not obtained in 
these reactions.

The ready availability of highly fluorinated olefins 
of the type RfCH =CF2 and Rf(CH2CF2)nCH=CF2,10 
where Rf = perfluoroalkyl, prompted us to study the 
reaction of these olefins with dinitrogen tetroxide in the 
hope of synthesizing fluorocarbon nitro alcohols, a new 
class of compounds.11 It was indeed of much interest 
to find that the major product of the reaction (after 
hydrolysis) was the desired nitro alcohol and that the 
principal byproduct was the novel fluorocarbon a- 
hydroxy acids.

Thus, terminal olefins of the structure RfCH=CF2, 
where Rf = CF3, C3F7, or C3F7CH2CF2, have reacted 
with dinitrogen tetroxide12 at temperatures of about 
100° and in the presence of a halogenated solvent to

(1) H. Schechter and  F. Conrad, J .  A m .  C h e m .  S o c . ,  75, 5610 (1953), and 
references therein.

(2) H . Schechter, J. J. G ardikes, and A. H . Pagono, i b i d . ,  81, 5420
(1959) , and references therein.

(3) H. B litz, B e r . ,  35, 1528 (1902).
(4) W. L. Argo, E . M . Jam es, and  J . L. Donnelly, J .  P h y s .  C h e m . ,  23, 

578 (1919).
(5) H. B. H aas and  A. C. W hitaker, U.S. P a te n t 2,447,504.
(6) D. D. Coffman, M . S. Raasch, G. W. R ibgy, P. L. Barrick, and  W. E. 

H anford, J .  O r g .  C h e m . ,  14, 747 (1949).
(7) R. N . Haszeldine, J .  C h e m .  S o c . ,  2525 (1953).
(8) (a) I. L . K nunyan ts  and A. V. Fokin, D o k l .  A J c a d . N a u k  S S S R ,  111, 

1035 (1956); 112, 67 (1957); (b) The first exam ple of a perfluorinated a -  

fluoro alcohol, heptafluorocyclobutanol, reasonably stab le  in th e  absence 
of m oisture, was reported  by  S. A ndreades an d  D. C. England, J .  A m .  C h e m . 

S o c . ,  83, 4670 (1961).
(9) E . R. Bissell, J .  O r g .  C h e m . ,  26, 5100 (1961).
(10) M. H auptschein  and  R . E. Oesterling, J .  A m .  C h e m .  S o c . ,  82, 2868

(1960) .
(11) D. J . Cook, O. R. Pierce, and  E . T . M cBee, i b i d . ,  76, 83 (1954),

prepared the  first (and only) exam ples of aliphatic fluorine-containing nitro
alcohols by condensation of n itroalkanes w ith fluoral and  heptafluorobutyral
hydrates. These com pounds, e . g . ,  C3H 7C H O H C H 2NO 2 and C3F 7CH O H C H -
(C2H b)N 02, contain hydrocarbon moieties alpha to  the  n itro  group.

produce N20 4 addition products that on hydrolysis 
yield the nitro alcohol RfCH20HCF2N 02, derived from 
the nitronitrite,13 * R fCH0N0CF2N 02, and the a- 
hydroxy acid RfCHOHCOOH, probably derived from 
the dinitrite, RfCH0N0CF20 N 0 1314 and its unstable

— HFhydrolysis intermediate, i.e., R f C H O H C F 2 O H  — >- 
R f C H O H C O F  R f C H O H C O O H .

In contrast to nitro alcohols possessing the •—CH- 
0 H C H 2 N 0 2  group, the fluorocarbon nitro alcohols such 
as C 3 F 7 C H 0 H C F 2 N 0 2  are stable to both strong acid 
and base. Thus, 2H-nonafluoro-l-nitro-2-pentanol was 
stable to boiling concentrated sulfuric acid and hot 
20% potassium hydroxide solution. These properties 
unequivocally eliminated the remote possibility that 
the structure had a nitrite group in place of the nitro 
group. The presence of a nitrite group was also ruled 
out by the infrared and ultraviolet spectra (see below). 
Incidentally, the intermediate nitronitrite could not 
have been the isomer resulting from reverse addition, 
i.e., R f C H N 0 2 C F 2 0 N 0 ,  because the nitro alcohol and 
not the nitro acid, i.e., R f C H N 0 2 C F 2 0 H  — R f C H N 0 2 -  
C O F  —* R f C H N 0 2 C O O H ,  was the hydrolysis product 
isolated.

The infrared spectrum of C3F7CH0HCF2N 02 showed 
OH stretching absorption at 2.88 p and had bands at
6.25 and 7.42 p, corresponding to the asymmetric and 
symmetric N 02 stretching vibrations for a —CF2N 02 
group. The ultraviolet spectrum showed the character
istic nitro absorption at 283 m/i.15’16 The spectra of 
nitrites, e.g., 2,2,2-trifluoroethyl nitrite, shows a strong 
band at 221 mp and multiple weak absorption bands in 
the 315-380-m/x region of the ultraviolet and at 5.8 p 
in the infrared.15 On the other hand, the compound 
ICH2CF2N 02 shows bands at 6.28 and 7.40 p correspond
ing to the asymmetric and symmetric N 02 stretching 
absorptions, while the isomer ICF2CH2N 02 has cor
responding peaks at 6.37 and 7.31 p16-, CF3CH2N 02

(12) D initrogen tetroxide is, of course, an equilibrium  m ixture with o ther 
nitrogen oxides, particu larly  nitrogen dioxide. T he com position is depend
en t on tem pera tu re  w ith th e  m onom olecular form predom inating  a t  higher 
tem peratu res; J . L. R iebsomer, C h e m .  R e v . ,  36, 157 (1945).

(13) I t  should be understood th a t, due to th e  oxidative reaction  conditions, 
the  in term ediates could also be n itron itra tes  and  d in itrates, respectively.

(14) I t  is of in te rest to  note th a t  J. L. Reibsomer, C h e m .  R e v . ,  36, 197 
(1945), indicated th a t  there  had been no instance in which i t  was shown clearly 
th a t  th e  d in itrite  is a p roduct of th e  reaction of an olefin w ith  dinitrogen 
tetroxide. On the  o ther hand, a  usual p roduct, th e  dinitroalkane was not 
isolated from th e  presen t reactions, although the  lack of a  q u an tita tiv e  ac
counting of products does no t preclude th e  possibility  th a t  some dinitro  
com pounds were formed.

(15) R . N , Haszeldine, J .  C h e m .  S o c . ,  2525 (1953); R . N. Haszeldine and 
B. J . H . M attinson, i b i d . ,  4172 (1955).

(16) M. H auptschein, R . E . Oesterling, M . Braid, E . A. Tyczkowski, 
and  D. M. Gardner, J .  O r g .  C h e m . ,  28, 1281 (1963). Also, M . H auptschein 
and  R. E. Oesterling, unpublished work.
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has corresponding bands at 6.34 and 7.33 /u16 (all in
frared spectra are of liquid phase). Thus, all of the 
spectral data support the formulation of a •—CF2N 02 
compounds as distinct from any isomeric nitrite.

The nitro alcohols were also characterized as either 
the N-phenyl carbamate or the cyanurate. The com
pound tris(2H, AH, 4f7-undecafluoro-l-nitro-2-heptyl) 
cyanurate did not decompose at temperatures up to 
340°.

2if-Pentafluoro-l-nitro-2-propanol was isolated as 
the stable etherate, 3CF3CH0 HCF2N0 2-C2H50C2H5. 
This nitro alcohol, like the perfluoro fatty acids,17 is 
sufficiently acidic to form stable addition compounds 
with ethers in other than 1:1 molar ratios.

The formation of the nitronitrite addition compound 
probably proceeds by a homolytic process2 involving 
attack of nitrogen dioxide (or dinitrogen tetroxide) 
at the terminal olefin carbon to form a nitroalkyl radi
cal, which then chain transfers (homolytic exchange) 
with dinitrogen tetroxide or couples with a nitrogen 
dioxide radical.

•NO; (N;0i)
CF2=C H R , — > 0 2NCF2CHRf — > 0 2NCF2CHR£ +  -N02

(N;Of) ' (-NO;) |
ONO

If the above mechanism is correct, we have in this 
case an example where the direction of attack of a -N02 
radical is opposite to that of a CF3- radical.1819

Experimental
Reaction of 2-R-Nonafluoro-l-pentene with Dinitrogen Tet

roxide.—A 46.4-g. portion (0.2 mole) of 2/f-nonafluoro-l-pen- 
tene10 was added to 100 ml. of 1,1,2-trichlorotrifluoroethane and 
the resulting solution was cooled to 0°. Into this solution there 
was condensed 27.6 g. (0.3 mole) of dinitrogen tetroxide and the 
mixture then was dried over phosphorus pentoxide at 0° for 2 to 
3 hr. The solution was filtered into a 300-ml. stainless steel 
autoclave chilled to —10°, which then was sealed and heated at 
100° for 16 hr. with agitation. The autoclave was cooled in an 
ice bath and the contents transferred to a 200-ml. Vigreux still. 
The excess dinitrogen tetroxide and trichlorotrifluoroethane sol
vent was distilled from the product leaving 40 g. of a yellow oil.

This crude product was stirred with 200 ml. of (water and then 
with excess sodium carbonate. Antimmiscible pale yellow oil 
was separated, and the water layer was extracted twice with 40-ml. 
portions of ether. The ether extracts were combined with the 
separated oil, dried over anhydrous magnesium sulfate, and 
subsequently evaporated to provide 24 g . (40%) of 2i7-nonafluoro-
1- nitro-2-pentanol, CF3CF2CF2CH0HCF2N 02. Distillation gave 
the pure nitro alcohol, b.p. 62° (44 mm.), ?i26d 1.3240.

Anal. Calcd. for C6F9H2N 03: C, 20.35; H, 0.68; N, 4.75. 
Found: C, 20.56; H, 0.86; N, 4.99.

The infrared spectrum of the liquid showed the typical asym
metric and symmetric N 02 stretching vibrations in compounds 
containing the — CF2N 02 group16’16 at 6.25 and 7.42 ¡x, respec
tively. A typical hydroxyl absorption band was present at
2.88 m- The ultraviolet spectrum in 95% ethanol showed the 
expected maximum at 283 m/u.15'16

The N-phenyl carbamate derivative of 2H-nonafluoro-l-nitro-
2- pentanol was prepared by refluxing for 30 min. 6 g. of the nitro 
alcohol dissolved in 20 ml. of carbon tetrachloride with 3.6 g. 
of phenyl isocyanate together with 3 drops of triethylamine.

(17) M . H auptschein  and  A. Y. Grosse, J ,  A m .  C h e m .  S o c . ,  7 3 ,  5139 
(1951).

(18) R. N . Haszeldine an d  B. R . Steele, J .  C h e m .  S o c 3005 (1955). 
These au thors noted, however, th a t  the  H B r adduct had th e  s truc tu re  CFa- 
C H 2C F2Br, representing a tta ck  of a  B r  on the  C F 2 group if the  m echanism 
was free radical, which the ir experim ental evidence suggested. They pre
ferred to  leave open th e  issue as to  w hether a  bromine atom  behaves differ
en tly  from a trifluorom ethyl radical in th a t  instance.

(19) A lthough no t isolated the  form ation of small am ounts of RfCHNCh-
COOH by  hydrolysis of R fC H N 02C F20N 0 (which represents a tta ck  of
•NO2 on th e  C H  group) is not unequivocally elim inated.

On cooling, a heavy precipitate was formed, which after filtering 
and drying yielded 6.8 g. of a pale yellow solid. Recrystalliza
tion from a benzene-light petroleum ether solvent gave colorless 
needles of pure 2if-nonafluoro-l-nitro-2-amvl carbanilate, 
C3F7CH(02CNHC6H6)CF2N02, m.p. 88-89°.

Anal. Calcd. for CizFsHvNA: C, 34.79; H, 1.70; N, 6.76. 
Found: C, 34.65; H, 2.17; N, 6.57.

The alkaline (sodium carbonate) aqueous layer remaining 
after ether extraction of the nitro alcohol in the original reaction 
was acidified with dilute hydrochloric acid and extracted three 
times with 40-ml. portions of diethyl ether. The ether extract 
was dried over anhydrous magnesium sulfate and evaporated to 
give 10 g. (20% yield) of a pale yellow oil which crystallized on 
standing overnight. Recrystallization from a benzene-light 
petroleum ether solvent gave colorless needles of pure 2H- 
pentafluoro-2-hydroxypentanoic acid, CF3CF2CF>CHOHCOOH, 
m.p. 68-69°, the infrared spectrum of which showed the charac
teristic—OH and —COOH absorptions at 2.9 and 5.8 ¡x, respec
tively.

Anal. Calcd. for CSF7H303: C, 24.60; H, 1.24; F, 54.49; 
neut. equiv., 244. Found: C, 24.38, 24.44; H, 1.43, 1.65; 
F, 54.90, 54.87; neut. equiv., 241, 246, 246.

Reaction of 2//,4//,4//-Undecafluoro-l-heptene with Dinitro
gen Tetroxide.—A 50-g. portion (0.17 mole) of 277,477,477- 
undeeafluoro-l-hepteneln was allowed to react with 23 g. (0.25 
mole) of dinitrogen tetroxide in 100 ml. of trichlorotrifluoro
ethane at 100° for 15 hr. according to the previous procedure. 
There was obtained 61 g. of a crude liquid product that after 
hydrolysis in aqueous sodium carbonate gave 35 g. (58%) of the 
water insoluble nitro alcohol. Distillation gave the pure 
colorless oil, 2ii,4i7,4I?-undecafluoro-l-nitro-2-heptanol, CF3- 
CF2CF2CH2CF2CHOHCF2NOj, b.p. 72° (4 mm.), n26d 1.3347.

Anal. Calcd. for C,FnH4N 03: C, 23.41; H, 1.12; N, 3.90. 
Found: C, 23.79; H, 1.20; N, 3.86.

The infrared spectrum of the liquid showed the typical asym
metric and symmetric N 02 stretching vibrations in compounds 
containing the —CF2N 02 group at 6.25 and 7.39 ¡x, respectively; 
an —OH band was at 2.86 ¡x. The ultraviolet spectrum in 95% 
ethanol showed a maximum at 284 m/x.

The aqueous alkaline layer from the above reaction was acidi
fied with dilute hydrochloric acid and extracted with diethyl 
ether to give 10 g. (19%) of a pale yellow oil which crystallized 
on standing. Recrystallization from benzene-light petroleum 
ether gave colorless needles of pure 2H,4I?,4ii-nonafluoro-2- 
hydroxyheptanoic acid, C3F7CH2CF2CHOHCOOH, m.p. 82- 
83°, the infrared spectrum of which showed the characteristic 
•—OH and —COOH absorptions at 2.88 and 5.8 ix, respectively.

Anal. Calcd. for C7F9H603: C, 27.28; H, 1.63. Found: 
C, 27.00; H, 1.69.

Reaction of 2//,4//,4/7-Undecafluoro-l-nitro-2-heptanol with 
Cyanuric Chloride.—A 7.2-g. sample of C3F7CH2CF2CHOHCF2- 
N 02 was converted to the sodium salt by treating with 0.6 g. of 
sodium hydride in 40 ml. of anhydrous diethyl ether. There 
was then added slowly 1.1 g. of cyanuric chloride (heat of re
action caused ether to reflux) and the mixture was then stirred 
for 1 hr. at room temperature. The reaction mixture was poured 
into an ice slush and the ether layer was separated, dried, 
and evaporated to give 7.5 g. of a dense yellow oil. Distillation 
in vacuo gave a pale yellow viscous oil, b.p. 175-185° (0.1 mm.). 
The infrared spectrum of the liquid is consistent with a tris- 
(polyfluoronitroalkyl)cyanurate having bands at 5.77, 6.05 sh,
6.20, 6.30 sh, 6.77, 6.99 sh, 7.18, and 12.24 ¡x) cf., tris-2,2,2- 
trifluoroethy] cyanurate (Nujol mull) bands at 5.82, 6.27, 6.36,
6 .86, 7.01, 7.19, and 12.41 M.16

These bands are generally associated with a triazine ring struc
ture.20 The strongest of these absorptions in the nitro-cyanurate 
derivative is at 6.2 ¡x enhanced, of course, by the intense N 02 
asymmetric stretching vibration. The spectrum of the nitro
alkyl cyanurate showed no —OH absorption, as expected.

Anal. Calcd. for C24F33HsN60 9: N, 7.29. Found: N,
7.27.

Reaction of 2//-Pentafluoropropene with Dinitrogen Tetrox
ide.—To a solution of 27.6 g. (0.3 mole) of dinitrogen tetroxide 
in 100 ml. of CF2C1CFC12 in a 300-ml. stainless steel autoclave 
was added by vacuum transfer 26.4 g. (0.2 mole) of 2H-penta- 
fluoropropene.10'21 After heating at 90-100° for If  hr. while

(20) W. M. Padgett, I I ,  and W. F . H am ner, J .  A m .  C h e m .  S o c . .  80, 803 
(1958).

(21) A. L. H enne and  T. P. W aalkes, ibid., 68, 496 (1946).
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shaking, the autoclave was cooled to room temperature; upon 
venting 2.5 g. of unchanged olefin was collected. The liquid 
product from the autoclave was stirred with 100 ml. of water and 
then made slightly alkaline with sodium bicarbonate. The 
water insoluble layer was separated, dried, and the solvent was 
removed by evaporation. The water layer was extracted three 
times with diethyl ether; the ether extract was dried and the 
ether removed by evaporation. The pale yellow oil residues were 
combined to provide 16 g. of a product that was vacuum distilled 
to give a colorless liquid, the constant boiling etherate of the 
nitro alcohol, 3CF3CHOHCi2NO2C2H5OC2H5, b.p. 70° (100 
mm.), r t 29D  1.335.

Anal. Calcd. for C13F16H16N3O10: C, 23.7; H, 2.44; F, 
43.2; N, 6.37; ethoxyl, 6.84. Found: C, 24.4; H, 2.78; 
F, 43.0; N, 6.35; ethoxyl, 6.92.

The infrared spectrum of this etherate showed strong bonded 
—OH in the 3-m region, and a strong asymmetrical and symmetri
cal NO2 stretching band at 6.25 and 7.33 p, respectively.

The N-phenyl carbamate derivative of 2-H-pentafluoro-l-nitro-
2-propanol was prepared by treating the etherate of this nitro 
alcohol with an equimolar amount of freshly distilled phenyl 
isocyanate and a small amount of triethylamine as a catalyst. 
The reaction mixture was warmed for a few minutes on a steam

bath and then cooled in ice to solidify the product. Recrystal
lization from petroleum ether gave C6H»NHC02CH(CF3)CF2N02, 
white needles, m.p. 88-89°.

Anal. Calcd. for CioFsHtNjO,: C, 38.24; H, 2.25; N,
8.92. Found: C, 38.05; H, 2.27; N, 8.38.

The aqueous alkaline layer remaining after ether extraction of 
the nitro alcohol was acidified with dilute hydrochloric acid and 
extracted three times with diethyl ether. This ether extract was 
dried over magnesium sulfate and evaporated to give 15 g. of a 
base soluble oil consisting mainly of a hydrate of 3,3,3-trifluoro- 
lactic acid, CF3CHOHCOOH, b.p. 57° (123 mm.)

Anal. Calcd. for CF3CHOHCOOH: F, 39.6; neut. equiv., 
144; calcd. for CF3CHOHCOOH H2O: F, 35.2; neut. equiv., 
162. Found: F, 36.15; neut. equiv., 154.
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T he R eaction  o f  1 ,1-D ifluoroethylene w ith  M ixtures o f  D in itrogen  T etroxide and  
Iod in e. D iflu oro iod on itroeth an es and  1 ,1 -D ifiu oro-I-a lk oxyn itroeth an es
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The reaction of 1,1-difluoroethylene with a mixture of dinitrogen tetroxide and iodine has been found to give 
the two novel isomeric adducts, l,l-difluoro-l-iodo-2-nitroethane (predominantly) and l,l-difluoro-2-iodo-l- 
nitroethane. The unusual facile reaction of the former isomer with alkanols to yield the novel fluoronitro ethers 
ROCF2CH2NO2, where R = CH3- or CH3CH2-, is described. l,l,l-Trifluoro-2-nitroethane was produced in 
good yield by the reaction of anhydrous sodium fluoride in tetramethylene sulfone with l,l-difluoro-l-iodo-2- 
nitroethane.

The reaction of olefins with mixtures of dinitrogen 
tetroxide and iodine has been reported to produce 
either d-iodoalkyl nitrates or /1-nitroalkyl iodides, de
pending on the olefin used and on the reaction condi
tions.1-3

As part of our studies on the chemistry of the olefin
1.1- difluoroethylene,4'6 we wished to investigate the 
synthesis and reactivity of the nitroiodides of 1,1- 
difluoroethylene. Of the theoretically possible ad
ducts, ICF2CH2N 02, ic h 2c f 2n o 2, ICH2CF2ONO 
(ICH2COOH after hydrolysis), and ICF2CH2ONO 
(ICF2CH2OH after hydrolysis), the first three were 
obtained from the reaction of a mixture of dinitrogen 
tetroxide and excess iodine with 1,1-difluoroethylene 
using methylene chloride as the solvent.

The predominant nitroiodide isomer produced was
1.1- difluoro-l-iodo-2-nitroethane, whether the olefin 
was added to a mixture of dinitrogen tetroxide and 
iodine or whether dinitrogen tetroxide was added 
slowly to the other reactants. The latter procedure 
minimized the formation of iodonitrite (or iodonitrate), 
which after hydrolysis gave iodoacetic acid, i.e., ICH2- 
CF2ONO [ICH2CF2OH] -* ICH2COOH. The 
mechanism of formation of the nitroiodides probably

(1) G. B. Bachm an and  T. J. Logan, J .  O r g .  C h e m . ,  21, 1467 (1956).
(2) T. E . Stevens and  W. D . Em m ons, J .  A m . C h e m .  S o c . ,  80, 338 (1958).
(3) G. B. Bachm an, T. J. Logan, K .  R . Hill, and  N. W. Standisti, J .  O r g .  

C h e m . ,  25, 1312 (1960).
(4) M. H auptschein, A. H . Fainberg, and M. Braid, i b i d . ,  23, 322 (1958).
(5) M. H auptschein, M. Braid, and F. E. Lawlor, J .  A m .  C h e m .  S o c . ,  80, 

846 (1958).

N20 4 ; 2N02-
•n o 2 +  c h 2= c f 2 — >- n o 2c h 2c f 2- +  n o 2c f 2c h 2-lI! lI!

N 0 2 CH2 CF2 I N 0 2 CF2 CH2 I 
+  1- + 1-

involves the trapping of an intermediate /3-nitroalkyl 
radical with iodine.

The nitro radical preferentially, but not exclusively, 
attacked the CH2 group of 1,1-difluoroethylene to give 
predominantly ICF2CH2N 02. This finding is similar 
to the attack of a perfluoralkyl radical, e.g., C3F7- from 
C3F7I, on 1,1-difluoroethylene, which gave 95% of 
C3F7CH2CF2I and only 5% of C3F7CF2CH2I.6

The main isomer ICF2CH2N 02 was found to react 
readily with dry sodium fluoride in tetramethylene 
sulfone to give a good yield of l,l,l-trifluoro-2-nitro- 
ethane, CF3CH2N 02, demonstrating that the iodine 
atom was attached to the •—CF2 group. The infrared 
and ultraviolet spectra of both of these compounds 
were consistent with the presence of a •—CH2N02 
group (see Experimental) and with a •—CF2I group for 
the former, i.e., Xmax at 270 mp in the ultraviolet.

The isomer l,l-difluoro-l-iodo-2-nitroethane is un
stable in basic aqueous solution, and has been found

(6) (a) M . H auptschein  and  R . E . Oesterling, i b i d . ,  82, 2868 (1960); 
(b) We favor th is  explanation for the  principal mode of form ation of the  
isom er l,l-difluoro-2~iodo-l-nitroethane over a lternative  in te rp reta tions  in 
volving ionic species ( e . g . ,  NO2- , I +) or iodine atom  a ttack .
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to undergo facile reactions with alkanols such as ethanol 
and methanol.

ROH +  ICF2CH2N 02 — ROCF2CH2NO2 +  HI

I t is believed likely that the reaction proceeds 
through the in situ formation of the very reactive 
nitroolefin.

- H I
ICF2CH2N 02 •— ^  [CF2=C H N 02]

[CF2=C H N 02] +  ROH — >  R0CF2CH2N 02

Experimental
The Reaction of 1,1-Difluoroethylene with a Mixture of Di

nitrogen Tetroxide and Iodine.—A stainless steel autoclave of 
1400-ml. capacity was charged with 500 ml. of methylene chlo
ride, 92 g. (1.0 mole) of dinitrogen tetroxide and 381 g. (1.5 
moles) of iodine. The autoclave was connected to a cylinder of
1,1-difluoroethylene, and placed on a shaking apparatus. The 
olefin at a pressure of 250 p.s.i.g. was introduced into the auto
clave at room temperature. Within 5-10 min. the pressure 
dropped to less than 100 p.s.i.g. The reactor was repressured 
with 1,1-difluoroethylene several times over a period of about 4 
hr. until the pressure remained constant at 200 p.s.i.g. During 
this procedure, the reaction temperature remained at 25-30°; 
very little heat of reaction was observed. The autoclave was 
vented and the concents were filtered to remove unchanged iodine. 
The methylene chloride solution was washed with aqueous sodium 
bisulfite until all iodine color was removed, leaving a pale yellow 
solution. The solution was dried over anhydrous magnesium 
sulfate, and the methylene chloride was removed by distillation. 
The residue was distilled through a Yigreux column at 161 g. 
(68%)7 of product having a boiling range of from 65 to 70° at 
20 mm. was collected.

This product was shown by vapor-liquid chromatographic 
analysis to consist of the isomers l,l-difluoro-l-iodo-2-nitro- 
ethane, ICF2CH2N02, and l,l-difluoro-2-iodo-l-nitroethane, 
ICH2CF2N 02, in about a 3:1 ratio.

Anal. Calcd. for C^HHNOj: C, 10.13; H, 0.85; N, 5.91. 
Found: C, 10.46; H, 0.87; N, 6.07.

Pure ICH2CF2N 02, the first isomer component to be trapped 
by preparative chromatography, using a DC-200 column (10% 
substrate on Chromosorb) at 75°, boiled at about 50° (10 mm.). 
The mass spectrum showed a parent peak (m/e) of 237 (molec
ular weight), and peaks ( m / e )  for C2F2H2I (191), C2F2H2N02 
(110), and C2F2H2 (64), corresponding to the loss of N 02, I, or 
both N 02 and I, respectively. The corresponding peaks for 
N 02 (46) and for I (127) were also present, as well as many of the 
possible one carbon cleavage products and NO (30). The princi
pal absorption bands (in microns) for the liquid in the infrared 
spectrum were at 3.27 m, 3.35 m, 3.40 m, 6.28 vvs, 7.09 s, 7.40 
vs, 7.76 vs, 7.96 vs, 8.51 s, 8.88 vs, 9.36 vs, 10.15 vs, 11.82 vs, 
13.47 vs, 14.55 s (s = strong, vs = very strong, w s  = very, 
very strong, m = medium). The peaks at 6.28 and 7.40 m 
correspond to the asymmetric N 02 and symmetric N 02 stretching 
vibrations, respectively, of the —CF2ND2 group.3 The ultra
violet spectrum of the isomer ICH2CF2N 02 taken in isooctane 
solution had a maximum absorption at 267 mu, corresponding to 
the —CH2I group in that compound.

Pure ICF2CH2N 02, the second isomer component to be trapped 
out by preparative chromatography, and also obtained by frac
tional distillation, boiled at 61° (11 mm.) and at 30° (1 mm.), 
n%> 1.4750.

Anal. Calcd. for C2F2H2IN 02: C, 10.13; H, 0.85; N, 5.91. 
Found: C, 10.13; H, 0.87; N, 5.97.

The mass spectrum of l,l-difluoro-l-iodo-2-nitroethane showed 
a parent peak ( m / e )  of 237, as well as the other peaks noted for 
the isomer l,l-difluoro-2-iodo-l-nitroethane, although in quite 
different relative intensities, as expected for isomers. I t is of 
interest to note that the relative intensity of the m / e  peak at 110 
representing loss of an iodine was much greater for ICF2CH2N 02 
than for the isomer ICH2CF2N 02, whereas the reverse was true

(7) Based on utilization  of tw o n itro  groups from each mole of dinitrogen 
tetroxide.

(8) The corresponding values for the  asym m etric and  sym m etric NO2 
vibrations for the  com pounds RfCHOHCFzNCh were a t  6.25-6.26 n  and a t 
7.39-7.42 f t , respectively. See M. H auptschein and  R . E . Oesterling, J .  O r g .  

Chem., 28, 1279 (1963).

(to a lesser extent) for the m/e peak at 191 representing loss of a 
N0 2 group.

The infrared spectrum of ICF2CH2N02 (liquid) displayed the 
following principal absorption bands (in microns): 3.27 m,
3.36 m, 3.42 m, 6.37 w s, 7.08 vs, 7.31 vs, 7.51 vs, 8.06 vs, 8.50 
vs, 9.02 vs, 9.58 vs, 10.57 vs, 10.98 vs, 11.23 vs, 11.96 s, 13.17 
s, 15+ s. The peaks at 6.37 and 7.31 n correspond to the asym
metric N 02 and symmetric N02 stretching vibrations, respec
tively of the —CH2N 02 group.

The ultraviolet spectrum of ICF2CH2N 02 taken in isooctane 
solution has an absorption maximum at 270 mp, corresponding to 
the —CF2I group.9’10

Isolation of By-product Iodoacetic Acid.—The aqueous bisulfite 
wash from the previous experiment was not examined. From a 
prior run, however, carried out in a 300-ml. autoclave, charged 
with 100 ml. of methylene chloride, 51 g. of dinitrogen tetroxide,
1.55 g. of iodine, and 64 g. of 1,1-difluoroethylene, which yielded 
34 g. of crude nitroiodide adduct, mostly ICF2CH2N 02, the bi
sulfite aqueous layer was extracted with diethyl ether and dried 
with anhydrous magnesium sulfate. After removal of the ether 
by distillation there was obtained 15 g. of iodoacetic acid, m.p. 
80-81°, the infrared spectrum of which was identical to an au
thentic sample. An additional 16 g. of iodoacetic acid was found 
in the residue after vacuum distillation of the nitroiodide. (Note 
that since no significant residue containing iodoacetic acid was 
found after distillation of the nitroiodide of the previous reaction, 
it is probable that relatively small quantities of iodoacetic acid 
were present in the aqueous wash of that reaction.)

Reaction of 1,1-Difluoroethylene with a Mixture of Dinitrogen 
Tetroxide and Iodine (Alternative Procedure).—A 300-ml. 
stainless steel autoclave was charged with 155 g. (0.61 mole) of 
iodine crystals, 75 ml. of methylene chloride, and 64 g. (1.0 
mole) of 1,1-difluoroethylene. A stainless steel cylinder was 
charged with 51 g. (0.55 mole) of dinitrogen tetroxide and 25 ml. 
of methylene chloride. The methylene chloride solution of 
dinitrogen tetroxide was pumped slowly into the autoclave over a 
period of about 16 hr. while shaking at room temperature. 
After venting of the autoclave and removal of about 68 g. of solid 
iodine, the methylene chloride soluti on was washed with water and 
then with an aqueous solution of sodium bisulfite. The solution 
was dried over anhydrous magnesium sulfate. The methylene 
chloride was removed by distillation to give 97 g. of a red liquid. 
Fractional distillation and infrared analysis showed it to consist 
mostly of the isomer ICF2CH2N 02 and minor amounts of the 
reverse addition product ICH2CF2N 02. There was recovered 
from this run only 3 g. of iodoacetic acid.

Preparation of l,l,l-Trifluoro-2-nitroethane from 1,1-Difluoro-
l-iodo-2-nitroethane.—A mixture of 25 ml. of dry tetramethylene 
sulfone, 9.3 g. (0.04 mole) of ICF2CH2N02 and 3 g. of dry sodium 
fluoride (0.07 mole) was stirred at 100° for 1.5 hr. The reaction 
mixture was then diluted with 200 ml. of water and steam distilled 
giving a pale yellow oil which was separated and dried over 
anhydrous magnesium sulfate. A yield of 3.5 g. (68%) of crude 
CF3CH2N 02 was obtained which on distillation gave the pure 
colorless liquid, l,l,l-trifluoro-2-nitroethane, b.p. 96°.11

Anal. Calcd. for C2F3H2N 02: N, 10.86. Found: N, 10.99.
The infrared spectrum (liquid) showed the characteristic asym

metric N02 vibration of 6.34 n and the symmetric N 02 vibration at
7.33 fi. The ultraviolet spectrum of CF3CH2N 02 taken in iso
octane had a maximum absorption of low intensity at 277 m,u.

The Reaction of 1, l-Difluoro-l-iodo-2-nitroethane with Ethanol. 
—To 28 g. (0.61 mole) of absolute ethanol at room temperature 
there was slowly added while stirring 23 g. (0.097 mole) of 
ICF2CH2N 02. The temperature rose during the addition to 
about 40°. Stirring was continued for an additional 4 hr. and 
the reaction product then was isolated by distillation of all 
volatile components boiling lower than 50° at 0.1 mm. and then 
treatment of the distillate with water. The water-insoluble 
parts were dried and redistilled affording 9.5 g. of the fluorinated 
nitro ether, l,l-difluoro-l-ethoxy-2-nitroethane, CH3CH2- 
0CF2CH2N 02, b.p. 61° (20 mm.).

Anal. Calcd. for C4F2H7N03: C, 30.97; H, 4.55; N, 9.03. 
Found: C, 30.40; H, 4.28; N, 8.93.

The infrared spectrum of C2H50CF2CH2N 02 (liquid) displayed 
the following absorption bands (in microns): 3.27 m, 3.35

(9) R. N. Haszeldine, J .  C h e m . S o c . ,  1764 (1953).
(10) M . H auptschein, M. Braid, and  A. H. Fainberg, J .  A m .  C h e m .  S o c . ,  

83, 2495 (1961).
(11) E . T. M cBee, H. B. Hass, and I. M. Robinson, i b i d . ,  72, 3579 (1950).
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ms, 3.42 m, 6.36 w s, 7.04 s, 7.26 vs, 7.40 vs, 7.81 vs, 8.07 vs,
8.36 s, 8.72 s sh, 9.16 s, 9.38 s, 9.67 vs, 10.37 m, 10.97 ms, 11.30 
s, 12.07 ms, 13.04 ms, 14.47 s. The peak at 6.36 p corresponded 
to the asymmetric NO2 stretching vibration in compounds con
taining the —CH2NO2 group.

On treatment of the nitro ether with a sodium hydroxide solu
tion, much fluoride ion was liberated, a behavior similar to that 
for ethers of the type ROCF2CH2CI.12

The Reaction of l,l-Difluoro-l-iodo-2-nitroethane with Meth
anol.—ICF2CH2NO2 (10.3 g.) was refluxed with 50 ml. of meth
anol for 4 hr. after which the excess methanol, as well as some 
methyl iodide and hydrogen iodide formed in the reaction, were 
boiled off at atmospheric pressure. The residue was dissolved 
in methylene chloride, washed with aqueous sodium bisulfite to 
remove iodine, dried over anhydrous magnesium sulfate, and 
distilled. The pure ether, l,l-difluoro-l-methoxy-2-nitro- 
ethane, b.p. 57° (22 mm.), was obtained in 95% yield.

Anal. Calcd. for C3F2H6N 03: C, 25.54; H, 3.57; F, 
26.93; N, 9.93. Found: C, 25.51; H, 3.41; F, 26.44; N,
9.84.

The infrared spectrum of CH30CF2CH2N 02 (liquid) displayed 
the following absorption bands (in microns): 3.22 m, 3.32 ms,

(12) P. T a rran t and  H . C. Brown, J .  A m .  C h e m .  S o c . ,  73, 1781 (1951).

3.46 m, 6.38 vvs, 6.89 s, 7.03 s, 7.22 s, 7.40 vs, 7.77 vs, 8.05 vs,
8.73 s, 8.90 s, 9.33 s, 9.71 s, 10.00 s, 10.97 vs, 12.02 s, 12.22 ms,
13.00 s, 14.46 s. The peak at 6.38 p corresponds to the asym
metric N 02 stretching vibration in compounds containing the 
—CH2NO2 group.

Vapor-Liquid Partition Chromatography.—A Perkin-Elmer, 
Model 154, vapor fractometer was used.

Infrared Spectra.—A Perkin-Elmer Infracord, Model 137, was 
used. The individual spectrograms were calibrated immediately 
after they were run using a polystyrene film as a standard. The 
absorption wave lengths are believed accurate to ± 0.02 p .

Ultraviolet Spectra.—A Beckman ratio recording spectropho
tometer, Model DK-2, was used. The wave length accuracy was 
checked by means of the mercury-in-quartz arc lamp.

Mass Spectra.—A Bendix Time-of-Flight spectrometer (Model 
12) at an ionizing potential of 70 volts was used.
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The ms-erythro (III) and -threo (IV) 2,4-dinitrophenylhydrazones of amicetose have been prepared from 1- 
nitro-4-hexene (VIII) which was synthesized from irans-4-hexen-l-ol (V). The structure proof of these isomers 
involved reaction with one mole of periodate. The natural isomer (I) was shown to be in the erythro series by 
an analysis of the rate of oxidation with periodate. Paper electrophoresis studies confirmed this result.

The antibiotic amicetin has been isolated from 
Streptomyces plicatus3 4 and Streplomyces vinaceus-drap- 
p u s d  Methanolysis of amicetin yielded, besides cyti- 
midine,5-6 a basic amino sugar, amosamine, and a neu
tral sugar amicetose isolated as its methyl glycoside in 
this laboratory.7 Hydrolysis of the methyl glycoside 
of amicetose with 3 N  hydrochloric acid gave free 
amicetose which was characterized as a crystalline 2,4- 
dinitrophenylhydrazone (I), m.p. 152-153°. The 
structure was established7 by periodate cleavage of 
the 2,4-dinitrophenylhydrazone (I), which consumed 
only one mole of reagent in fifteen minutes with no fur
ther significant uptake in three hours. Acetaldehyde 
was isolated as its 2,4-dinitrophenylhydrazone in 51% 
yield as the volatile reaction product. The non
volatile residue gave succindialdehyde bis-2,4-dinitro- 
phenylhydrazone (II) in quantitative yield.

In this paper the synthesis of the dl-erythro and 
-threo isomers (III and IV) of amicetose 2,4-dinitro
phenylhydrazone is reported and evidence presented 
that shows natural amicetose 2,4-dinitrophenylhydra
zone to be in the erythro series.

(1) This investigation was m ade possible by  research g ran ts  CY 3772 
and  A 769 from the  N ational In s titu te s  of H ealth , Public H ealth  Service.

(2) Wellcome T ru st T rave l G ran t R ecipient, 1960.
(3) T . H. Haskell, A. R yder, R . P . F rohard t, S. A. Fusari, T. L. Jaku- 

bowski, and  Q. R. B artz, J .  A m .  C h e m .  S o c . ,  80, 743 (1958).
(4) J. W. H inm an, E. L. Caron, and  C. DeBoer, ibid .,76, 5864 (1953).
(5) E. H . Flynn, J. W . H inm an, E . L. Caron, and  D . O. Woolf, ibid., 75, 

5867 (1953).
(6) T. H. Haskell, i b i d . ,  80, 747 (1958).
(7) C. L. Stevens, K. N agarajan , and  T. H. Haskell, J. O r y .  C h e m . ,  27,

2001 (1962).

4-Hexen-l-ol (V) was prepared from 3-bromo-2- 
methyltetrahydropyrane by the procedure of Brandon, 
Derfer, and Boord8 in 55% over-all yield. The in
frared absorption spectrum of (V) showed a strong ab
sorption at 10.38 p, characteristic of a trans double 
bond. The 3,5-dinitrobenzoate derivative (VI) was 
prepared from V in 41% yield and also showed a strong 
absorption at 10.38 p. Addition of phosphorus tri
bromide to a cooled ethereal solution of ¿rans-4-hexen-
l-ol (V) gave a 53% yield of l-bromo-4-hexene (VII). 
Treatment of VII with sodium nitrite in dimethyl- 
formamide9 at —10° converted it to l-nitro-4-hexene
(VIII) in 65% yield.

The reaction of l-nitro-4-hexene (VIII) with silver 
acetate and iodine in acetic acid and water (1.5 moles)10 
gave the expected monoacetate of DL-l-nitro-4,5-

(8) R. C. B randon, .1. M , Derfer, and  C. E. Booard, J .  A m .  C h e m .  S o c . ,  

72, 2120 (1950); L. Crombie and  S. H. H arper, ./. C h e m .  S o c . ,  1707 (1950), 
prepared V from the corresponding chloro te trahydropyrane an d  showed 
th e  p roduct to  be m ostly the  t r a n s  isomer.

(9) N. K ornblum , H. O. Larsen, R. K . Blackwood, D . D . M ooberry, 
E. P . Oliveto, and G. E . G raham , i b i d . ,  78, 1497 (1956).

(10) R. B. W oodward and  F. V. B rutcher, i b i d . ,  80, 209 (1958); S. Win- 
stein and  R. E. Buckles, i b i d . ,  64, 2780, 2787 (1942).
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hexanediol (IX) in 38.5% yield. In addition, the di
acetate X was isolated in 14.5% yield. The mono
acetate IX readily dissolved in 2 V aqueous potassium 
hydroxide solution containing a trace of methanol. 
The resulting aci salt solution was added to an 8 N  
sulfuric acid solution containing 2,4-dinitrophenyl- 
hydrazine reagent. Extensive alumina chromatog
raphy of the Nef reaction11 products afforded a solid
2,4-dinitrophenylhydrazone, m.p. 105-106°, in 11% 
yield. Since this was the only isomer isolated, it was 
considered to be the d l-threo isomer IV of amicetose 
arising from an attack by water molecules on the reac
tion intermediate shown below.10

IX. Ri = Ac, R2 = H 
orRi = H, R2 = Ac 

X .R i = R2 = Ac

On paper chromatography the threo isomer IV ran as 
a single spot in several different systems. The Rf 
values were identical to that of the natural isomer I. 
The ultraviolet and infrared spectra were very similar 
to those of natural isomer but the latter showed a 
slightly different pattern in the C—0 stretching region 
(8.5 to 9.5 fx). The threo isomer IV was further charac
terized as its diacetate IVa, m.p. 124.5-125.5°. This 
DL-diacetate also strongly resembled the optically 
active natural isomer diacetate in its paper chro
matographic behavior and in its infrared and ultra
violet absorption spectral properties. l-Nitro-4,5- 
hexanediol diacetate (X) was likewise converted to the 
aci salt and then treated under the conditions of the 
Nef reaction to give the same steric isomer IV, which 
was isolated as its 2,4-dinitrophenylhydrazone in 9% 
yield. Thus, both the monoacetate and the diacetate 
from the original hydroxylation reaction had the same 
steric configuration. The diacetate undoubtedly arose 
from the monoacetate by acetylation with the solvent 
acetic acid, as shown by Lucas, Mitchell, and Garner.12

Synthesis of the T>L-erythro isomer (III) was at
tempted by the reaction of l-nitro-4-hexene (VIII) 
with dry silver acetate and iodine in benzene.13 How
ever, in the reaction, an inseparable mixture of the d l - 
threo (IV) and -erythro (III) isomers was obtained 
(probably due to the presence of some water in the sys
tem) . Hence, an alternate approach was sought.

Epoxidation of l-nitro-4-hexene (VIII) with peracetic 
acid in chloroform gave l-nitro-4,5-epoxyhexane (XI). 
This compound formed a water soluble sodium aci 
salt on addition to an aqueous solution of 1 N  sodium 
hydroxide containing a trace of methanol. This aci 
salt solution was added slowly to a well stirred aqueous 
8 N  sulfuric acid 2,4-dinitrophenylhydrazine solution at 
0°. Chromatography of the Nef reaction products

(11) W. E . Noland, C h e m .  R e t . ,  55, 137 (1955).
(12) H. J . Lucas, F . W. M itchell, J r ., and  H. K. G arner, J .  A m .  C h e m .  

S o n . ,  72, 2138 (1950). Also see S. W instein and  K. E . Buckles, ref. 10.
(13) C. P revost, C o m p t .  r e n d . ,  196, 1129 (1933); 197, 1661 (1933); and 

C. P revost and  W iemann, i b i d . ,  204, 700 (1937).

over alumina gave a solid, m.p. 138°, in 3% yield, 
which had correct analysis for the d l -erythro isomer as 
would be expected from a trans opening of the epoxide 
by acid. Paper chromatography showed a single spot 
with an R{ value identical with that of the natural iso
mer, and the ultraviolet and infrared absorption spectra 
closely resembled those of the natural isomer (I).

The structural identity of the d l -erythro (III) and 
-threo (IV)-isomers was proved by cleavage with sodium 
periodate. In each case one mole of periodate14 was 
consumed. The periodate cleavate products were iso
lated as their 2,4-dinitrophenylhydrazones. Both the 
d l -erythro and -threo isomers gave succindialdehyde and 
acetaldehyde in good yields.

CH3

I I + CH3CH =N —NHPh(N02)2
NH NH
I I
Ph(N02)2 Ph(N02)2

A comparative study of the rates of periodate uptake 
of the natural (I) and the VL-threo (IV) and -erythro (III) 
isomers was conducted in dilute solutions at 8°. The 
results (Table I) show that the d l -threo isomer (IV) 
consumed periodate more rapidly than either the d l -  

erythro (III) or natural (I) isomer, the latter two having 
identical rates within experimental error. This result 
indicated that the natural isomer was in the erythro 
series.

Confirmation of this result came from paper electro
phoresis studies. Frahn and Mills15 were able to 
separate meso and d l -diols by paper electrophoresis 
using a borate buffer. In the first run the three isomers 
(I, III, and IV), as their 2,4-dinitrophenylhydrazones, 
were dissolved in borax solution and then spotted as 
yellow zones on paper strips. However, on applying a 
potential each of the isomers was observed to move the 
same distance16 within experimental error. In the

(14) Stevens, N agarajan , and  H askell7 have previously shown in a  control 
experim ent th a t  acetone 2,4-dinitrophenylhydrazone consum ed a  negligible 
am ount of periodate even afte r 24 hours.

(15) J . L. F rahn  and  J. A. Mills, C h e m .  I n d .  (London), 578 (1956).
(16) U nder the  sam e experim ental conditions heptaldehyde 2 ,4-d in itro

phenylhydrazone did no t move.
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next run the three isomers (I, III, and IV) were dis
solved in methanol and spotted as a yellow zone on 
paper strips. Paper electrophoresis was conducted in
0.083 M  borax at a pH of 9.2 and a constant voltage of 
380. Under these conditions, only the threo isomer (IV) 
was observed to migrate. This result was interpreted 
as evidence that the natural isomer (I) was in the 
erythro series. The results from the periodate and 
electrophoresis studies were not unexpected. Both 
reactions involve a cis cyclization between the diol 
group and either sodium periodate or sodium borate. 
In both cases a cis cyclization reaction of the erythro 
isomer (III) would involve methylalkyl chain eclipsing 
with an unfavorable conformation. A cis cyclization 
reaction of the threo isomer (IV) would involve a much 
less severe eclipsing (methyl and hydrogen) and was 
therefore expected to be favored. Thus, the erythro 
isomer (III) could be expected to consume periodate 
less rapidly and complex with borate and consequently 
migrate more slowly than the threo isomer (IV).

CH: «
X = Periodate or CH3

Borate Complex dl- threo

Experimental
The 3,5-Dinitrobenzoate of iraras-4-Hexen-l-ol.—A solution 

of 3,5-dinitrobenzoyl chloride (3.2 g., 13.8 mmoles) in dry ben
zene (10 ml.) was added at 0° to a solution of ¿raras-4-hexen-l-ol 
(1.0 g., 10 mmoles), [prepared in 62% yield by the procedure of 
Brandon, Derfer, and Boord8 from 3-bromo-2-methyltetrahydro- 
pyran (130.0 g., 0.72 mole) and sodium (32.5 g., 1.41 g.-atoms)], 
dry benzene (50 ml.), and pyridine (0.94 g.) and set aside at 25° 
for 12 hr. Pyridine hydrochloride was filtered and the benzene 
layer was washed consecutively with aqueouB sodium carbonate 
and water. Evaporation of the solution after drying with an
hydrous magnesium sulfate gave a pasty solid which was chroma
tographed in benzene over alumina to give the 3,5-dinitrobenzoate 
of irares-4-hexen-l-ol (1.2 g., 40.8%), m.p. 38.8-39.4° (re
crystallized from methanol). It showed an infrared absorption 

H
\  /

at 10.38 y  ( C=C ).
/  \

H
Anal. Calcd. for C13H14N20 6: C, 53.09; H, 4.80; N, 9.50 

0,32.63. Found: C, 53.25; H, 4.67; N, 9.46; 0,32.33.
l-Bromo-4-hexene.—Phosphorus tribromide (350.0 g., 1.3 

moles) in dry ether (500 ml.) was added dropwise over a 2- 
hr. period to a solution of 4-hexen-l-ol (338.0 g., 3.38 moles) 
in dry ether (1 1.) and pyridine (30 ml.) in a bath cooled to 
—30°. The temperature was maintained at 20° for 24 hr. 
and then the reaction mixture was poured into ice-water (2 1 .) 
and extracted with ether (5 X 100 ml.). The ether was washed 
with dilute aqueous sodium bicarbonate at 5°, water and then 
saturated aqueous sodium chloride. After drying the resulting 
solution over anhydrous magnesium sulfate, distillation gave 
an oil, l-bromo-4-hexene (295.0 g., 53%), b.p. 63-65° (35 
mm.), nkd 1.4652, infrared, 10.35 y .

Anal. Calcd. for CeHuBr: C, 44.18; H, 6.81. Found:
C, 44.08; H, 6.81.

l-Nitro-4-hexene.—To a vigorously stirred solution of sodium 
nitrite (10.5 g., 0.15 mole) in dry dimethylformamide (500 ml.) 
cooled to —10° was added l-bromo-4-hexene (16.3 g., 0.1 mole). 
After the addition, the temperature was allowed to rise to 20°, 
and after 4 hr. the solution was poured into ice-water (500 ml.). 
After extraction with petroleum ether, the organic layer was 
washed successively with water and saturated aqueous sodium 
chloride and then dried over anhydrous magnesium sulfate. 
Distillation gave two fractions; the lower boiling one had b.p.

53-55° (32.0 mm.), n x D  1.4224, infrared, 6.2 y ,  and amounted 
to 1.3 g. (probably a nitrite ester); and the higher boiling 1- 
nitro-4-hexene (7.5 g., 65%) which distilled as a colorless oil 
had b.p. 34-37° (1.2 mm.), n26d 1.4423, infrared (CCI4), 6.45 y  

(nitro) and 10.35 y .

Anal. Calcd. for C6HnN02: C, 55.79; H, 8.58; N, 10.85. 
Found: C, 55.49; H, 8.58; N, 11.09.

The Mono- and Diacetates of l-Nitro-4,5-hexanediol.—To
a well-stirred yellow complex of silver acetate (6.72 g., 0.04 
mole) and iodine (5.20 g., 0.04 mole) in glacial acetic acid (240 
ml.) maintained at 40° was added l-nitro-4-hexene (2.58 g., 
0.022 mole) in glacial acetic acid (10 ml.) and water (0.5 ml.). 
The mixture was stirred and heated under reflux for 16 hr., and 
the acetic acid was distilled in vacuo to yield a viscous oily 
residue. This oil was dissolved in benzene, filtered to remove 
insoluble inorganic material and after evaporation of the ben
zene gave a residual oil which on distillation afforded unchanged 
l-nitro-4-hexene (0.31 g., 9.6%), b.p. 25° (0.05 mm.). The 
viscous residue was chromatographed over alumina to give on 
elution with petroleum ether DL-f/ireo-l-nitro-4,5-hexanediol 
diacetate (0.9 g., 14.2%) as an oil, infrared, 5.75 y  (-OAc) and
6.45 y  (-nitro).

Anal. Calcd. for Ci0H,7NO6: C, 48.56; H, 6.93; N, 5.69; 
CH3CO, 34.81. Found: C, 48.87; H, 6.87; N, 6.17; CH3CO,
35.09.

Further elution of the original alumina column with benzene- 
ether (9:1) gave as a gum the monoacetate of DL-f/ireo-nitro-
4,5-hexanediol (1.44 g., 38.5%), infrared, 5.75 y  (-OAc) and
6.45 y  (nitro).

Anal. Calcd. for CsHaNOs: C, 46.82; H, 7.40; N, 6.83; 
CH3CO, 20.96. Found: C, 46.87; H, 7.10; N, 6.91; CH3CO, 
21.64.

l-Nitro-4,5-epoxyhexane.—To peracetic acid (3.5 g., 0.053 
mole) in chloroform (233 ml.) cooled to 0° was added l-nitro-4- 
hexene (5.4 g., 0.041 mole) in chloroform (10 ml.) and the 
mixture was set aside at 25° for 15 hr. After washing with 
aqueous sodium carbonate the chloroform layer was dried over 
anhydrous magnesium sulfate and concentrated to give 5.3 g. 
(82%) of an oil which was chromatographed over alumina. 
Elution with petroleum ether-ether (99:1) gave as an analytical 
sample a colorless oil, l-nitro-4,5-epoxyhexane, b.p. 51-53° 
(0.1 mm.), rekd 1.4429, infrared, 6.45 y  (nitro).

Anal. Calcd. for C6H„N03: C, 49.63; H, 7.63; O, 33.06. 
Found: C, 49.53; H, 7.85; 0,33.05.

DL-f/ireo-Amicetose 2,4-Dinitrophenylhydrazone.—n i,-threo- 
l-Nitro-4,5-hexanediol monoacetate (1.44 g., 7 mmoles) was 
added slowly with stirring to a 2 A aqueous potassium hydroxide 
solution (15 ml.) containing methanol (1 ml.). The resultant 
solution was allowed to stand for 24 hr. and then added slowly 
with stirring to an aqueous 8 N  sulfuric acid solution of 2,4- 
dinitrophenylhydrazine (1.8 g.) at —10°. The solution was 
allowed to stand for 1 hr. at —10°, diluted with water (1 :1), 
extracted with chloroform, and the organic layer washed suc
cessively with water, with saturated sodium chloride, and then 
dried over anhydrous magnesium sulfate. Removal of chloro
form gave a red gum which was chromatographed over alumina. 
Elution with chloroform afforded various compounds not further 
investigated. Elution with chloroform-methanol (98:2) gave 
235 mg. (11%) of 2,3,6-trideoxy-DL-£/sreo-hexose 2,4-dinitro- 
phenylhydrazone (DL-Mreo-amicetose 2,4-dinitrophenylhy- 
drazone) as yellow plates crystallized from chloroform, m.p. 105- 
106°, infrared (KBr), 2.95 y  (OH weak), 3.05 y  (-NH), 6.15 y  

(C=N). X“ °H 226 m^ (e 14,620) and 356 my (e 20,980). 
On paper chromatography, the jR, value was 0.79 in a system 
of methanol saturated with heptane.

Anal. Calcd. for C,2H,6N40 6: C, 46.14; H, 5.16; N, 17.96; 
0,30.76. Found: C, 46.06; H, 5.34; N, 17.93; 0,31.07.

Acetylation of the DL-i/treo-amicetose 2,4-dinitrophenyl- 
hydrazone (100 mg., 0.32 mmole) in acetic anhydride (2 ml.) 
and pyridine (2 ml.) at 40-45° for 16 hr. gave an orange gum 
after removal of the volatile reagents in vacuo. Chromatography 
over alumina gave on elution w'ith pentane-ether (9:1) the di
acetate of nL-£/ireo-amicetose 2,4-dinitrophenylhydrazone (50 
ing., 40%) which crystallized as yellow plates from ethanol, 
m.p. 127-127.5°, 226 m y  ( e  13>80) and 356 m y  (e 20,490),
infrared, 5.75, y  (-OAc).

Anal. Calcd. for C,6H20N4O6: C, 48.49; H, 5.09; N, 14.33; 
0,32.29. Found: C, 48.70; H, 5.26; N, 14.24; 0,32.33.

In a similar manner i> L-ifireo-l-nitrohexanediol diacetate 
after formation of the oci-salt with aqueous potassium hydroxide
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and subsequent Nef reaction with acidic 2,4-dinitrophenylhy- 
drazine, gave a 9% yield of the DL-ifa-eo-amicetose 2,4-dinitro- 
phenylhydrazone.

d L-en/i/wo-Amicetose 2,4-Dinitrophenylhy drazone.—1 -
Nitro-4,5-epoxyhexane (4.7 g., 0.036 mole) was added slowly 
with stirring to 60 ml. of aqueous 1 N  sodium hydroxide and the 
mixture was stirred for 2 hr. until it was homogeneous. This 
solution was added slowly with stirring over a period of 1 hr. 
to an aqueous solution of 2,4-dinitrophenylhydrazine in 9 N  
sulfuric acid (20 ml.) and methanol (50 ml.) cooled to 0°. The 
reaction mixture was maintained at 10° for 30 min., +en diluted 
with an equal volume of water and set aside for a further 30 
min. at 20°. After thorough extraction of the reaction mixture 
with chloroform, the extracts were washed with water, dried 
over anhydrous magnesium sulfate and the chloroform removed 
under reduced pressure to give a red gum which was chroma
tographed over alumina. On elution with chloroform various 
compounds were obtained which were not investigated further. 
Continued elution with chloroform-methanol (98:2) gave 2,3,6- 
trideoxy-DL-en/i/sro-hexose 2,4 - dinitrophenylhydrazone (dl- 
erythro-amicetose 2,4-dinitroplienylhydrazone). Recrystalliza
tion from chloroform gave 295 mg. (3%) of the pure isomer, 
m.p. 137.5-138°. Infrared (KBr), 2.96 y  (OH weak), 3.05 
y  (-NH), 6.15 y  (C=N), 226 mM (e 13,700), 356 m y  ( e

20,000). Paper chromatography gave a spot with an iff value 
of 0.79 in a system of methanol saturated with heptane.

Anal. Calcd. for C12H16N4O6: C, 46.14; H, 5.16; N, 17.96; 
0,30.76. Found: C, 46.34; H, 5.40; N, 18.16; 0,30.95.

Product Isolation from Periodiate Cleavage of VL-threo- and 
-erythro- Amicetose 2,4-Dinitrophenylhydrazones.—A solution 
of DL-ttreo-amicetose 2,4-dinitroplienylhydrazone (100 mg., 
0.32 mmole), dioxane (2 ml.), and water (8 ml.) was added to 
0.2 N  aqueous sodium periodate (10 ml.) contained in a Claisen 
flask and set aside for 3 hr. The reaction mixture, after dilution 
with water (30 ml.), was steam distilled and the volatile products 
were passed through a trap at 0° containing 2,4-dinitrophenyl
hydrazine in 3 A hydrochloric acid. An orange precipitate 
was obtained which was extracted into benzene, after which the 
benzene solution was dried and passed over an alumina column. 
Elution with benzene gave acetaldehyde 2,4-dinitrophenyl- 
hydrazone (35 mg., 43%) as yellow needles, m.p. 163-165° 
after crystallization from ethanol. With an authentic sample, 
the mixture m.p. was undepressed and the infrared spectra were 
superimposable. Paper chromatography in a system of meth
anol saturated with heptane showed an Rt value of 0.82 for the 
compound.

Excess ethanolic 2,4-dinitropheny]hydrazine-2 N  hydrochloric 
acid reagent was added to the solution remaining in the flask 
after steam distillation. The resulting orange precipitate was 
filtered and recrystallized from hot dimethylformamide to give 
orange needles of succindialdehyde bis-2,4-dinitrophenylhy- 
drazone (100 mg., 68%), m.p. 273-275°(d), X™r 580 m y  

(e 37,540), 458 m/i (e 19,610), and 377 m y  ( e  18,060). In the 
usual paper chromatographic system of methanol saturated with 
heptane, the derivative had an R, value of 0.0 as did an authentic 
sample. With this authentic sample the mixture melting point 
was undepressed and the infrared spectra were superimposable.

In a similar manner the DL-eri/ttro-2,4-dinitrophenylhydrazon3 
was cleaved with sodium periodate to give both acetaldehyde iden
tified as its 2,4-dinitrophenylhydrazone by m.p., infrared spec
trum and paper chromatography and succindialdehyde bis-

2,4-dinitrophenylhydrazone in 53%, identified in the same 
way.

Natural amicetose 2,4-dinitrophenylhydrazone has already 
been shown by Stevens, Nagarajan, and Haskell7 to give, on 
cleavage with sodium periodate, both acetaldehyde 2,4-dinitro
phenylhydrazone in 51% yield and succindialdehyde bis-2,4- 
dinitrophenylhydrazone quantitatively.

The Rate of Periodate Cleavage.—In a typical determination 
a sample (4.5 to 8.5 mg., 0.015 to 0.026 mmole) was dissolved 
in dioxane (5 ml.) and made up to a volume of 25 ml. in a graduate 
flask with water (15 ml.) and 0.02 N  aqueous sodium periodate 
(5 ml., 0.05 mmole). The reaction mixture was allowed to 
stand at 8° and periodically an aliquot (2 ml.) was withdrawn 
by pipette and quenched by the addition of an aqueous solution 
of sodium bicarbonate and 0.01 N  sodium arsenite (10 ml.). 
Then a few grains of potassium iodide were added and the 
solution was allowed to stand for a minimum period of 10 min. 
The solution was titrated with 0.01 N  iodine to the first perma
nent blue color using starch as an indicator. Under the condi
tions of the experiment, it was necessary to back titrate and 
titrate again several times until a reproducible end point was 
obtained. In this manner the rates of oxidation of the 2,4- 
dinitrophenylhydrazones of Vh-threo-, Tih-erythro-, and natural 
amicetose were measured and compared (see Table I). A blank 
was run under identical conditions.

Table I
The Rate of Periodate Cleavage at 8 ±  2°

'—— -------Moles of periodate consum ed— — *—•>
Time, T T L -th reo v L - e r y t h r o N atu ra l
min. (8.20 mg.) (4.5 mg.) (8.14 mg.)

7 0.70 0 . 1 0 0.20
18 .70 .25
23 .26
63 .72
93 .71 .63

190 .91
218 .79
240 .78

Paper Electrophoresis Studies.—A methanolic solution of 
each of the 2,4-dinitrophenylhydrazones indicated in Table II 
was introduced onto a paper strip (Spinco no. 300-846, S and 
S 2043 A. gl.) as a narrow band and placed in a Beckman Spinco 
Model R paper electrophoresis system. A comparison was 
made using 0.083 M  borax with a pH 9.2, at a constant voltage of 
380 v. and a current of about 10-12 ma. After 2 hr. and 10 
min., the strips were removed and dried. The migrations of 
the products are shown below in Table II.

Table II
2,4-D initro- M igration

phenylhydrazone (cm.)

(a) N atural-amicetose - 0 . 1
(b) DL-eryi/iro-amicetose - 0 . 1
(0) Di,-fhreo amicetose +  2 .3
(d) Heptaldehyde - 0 .0 5
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The sjTithesis of three 2,7-anhydro-4-nitro-4-deoxy-/3-D-heptulopyranoses and of the corresponding 4-amino 
sugars by way of the nitromethane method is described. The products are presumed to bear their nitrogen 
functions in equatorial positions, i.e., to possess any three of the ido, gulo, altvo, and alio configurations.

M a y , 1 9 6 3  N it r o g e n o u s  H e p t u l o s a x s

Ill contrast to the vast amount of knowledge that has 
accumulated in the field of nitrogenous five- and six- 
carbon sugars, little is known about their seven-carbon 
homologs. In fact, we are not aware of any that occur 
in nature, and only three 2-acetamido-2-deoxy-aldohep- 
toses2 3 and a number of 1-nitro-l-deoxyheptitols8 have 
been synthesized. In this paper we wish to report on 
the synthesis of some members of a new group of nitro
gen derivatives in the seven-carbon sugar family. They 
are 4-nitro- and 4-amino-4-deoxyheptulosans. Their 
synthesis was accomplished by applying the nitro
methane cyclization, which has been described in pre
ceding papers of this series, to the dialdehyde I that is 
readily obtainable from sedoheptulosan.4

When the dialdehyde I was condensed in methanolic 
solution with one molecular equivalent of nitromethane 
in the presence of one molecular equivalent of sodium 
methoxide, solid acf-nitro sodium salts were obtained, 
in various fractions comprising three stereoisomers, in 
nearly quantitative total yield. On the basis of earlier 
experiences with this method5 we assigned to the prod
ucts structure II (2,7-anhydro-4-acf-nitro-4-deoxy-/3-n- 
heptulopyranose sodium salts). The least soluble of 
them, salt I la, crystallized directly out of the reaction 
solution and amounted to 14% of the total salts formed.

CH2OH c h 2oh
i i

------c -------- c
CHO CHOH

— C =N 02]Na

CHO CHOH

H C -0  — H C - 0 --------

1 0 1 o- X o - c h 2
I II

c h 2ohI
- c --------

I
CHOH
I

CHR
I

CHOH
I

H C - 0 ----

The mother liquor upon prolonged standing deposited, 
in similar yield, a second salt, lib, which differed from 
the first in the infrared spectrum as well as, most 
strikingly, in its rotatory behavior in water. Whereas 
lia  exhibits a virtually constant levorotation ( [ « ] d

— 51° —► —50°), a fresh solution of lib  is strongly 
dextrorotatory, with the initial value of [u ] d  +115° de
creasing rapidly, turning negative and reaching a 
final value of —92° after several hours. A third 
isomer, lie, was recognized to exist in the mother 
liquor of the condensation solution although it could not 
be isolated directly from the latter. It was obtained in 
solid form when the free crystalline nitrodeoxyheptulo- 
san IIIc described below was reconverted into the sodium 
salt. This salt lie  shows a mutarotation of [a]D
— 138.5° —> —73°, which is opposite in sense to that of 
lib. As was established earlier,1 mutarotations of 
acf-nitro glycoside salts are indicative of spontaneous 
epimerizations taking place at carbon atoms adjacent to 
the nitro groupings.

Roughly 70% of the acf-nitro salts formed in the 
nearly quantitative condensation reaction did not 
crystallize spontaneously. However, by means of 
simple general techniques the total condensation 
products could be obtained in solid state. Thus, the 
remainder of the products after the collection of most 
of the crystallizable Ha was worked up giving fractions 
of material whose aqueous solutions were all levorota- 
tory and exhibited considerable mutarotations. These 
salt fractions were not stereochemically homogeneous 
but could nevertheless be utilized for further preparative 
work. For the sake of convenient reference they are 
herein given a common designation, salt Ilm.

By deionization with cation exchange resin the salts 
II were converted into free 2,7-anhydro-4-nitro-4- 
deoxy-/S-D-heptulopyranoses (HI). Thus, we have 
obtained three beautifully crystalline isomers, Ilia, 
Illb  and IIIc (method A).

Alternatively, the nitroheptulosans Illb  and IIIc 
could be prepared directly, without the isolation of 
acf-nitro salts, by conducting the nitromethane conden
sation of the dialdehyde in aqueous solution in the 
presence of one equivalent of sodium hydroxide fol
lowed by deionization (method B). The latter method 
is the preferred one for the preparation of IIIc.

L -O -C H ,
III. R = N02
rv. r  = n h 3]C)

(1) Paper V III in th is  series: H . II. Baer. J .  A m .  C h e i n .  S o c . ,  84, 83 
(1962).

(2) R . K uhn and  G. Baschang, A n n . ,  636, 164 (1960).
(3) J . C. Sowden and  R . Schaffer, J .  A m .  C h e m .  S o c . ,  73, 4662 (1951); 

J .  C. Sowden and  H . O. L. Fischer, i b i d . ,  68, 1511 (1946); J . C . Sowden and 
D. R . Strohbach, i b i d . ,  82, 954 (1960).

(4) J. W. P ra tt ,  N. K. R ichtm yer, an d  C. S. H udson, i b i d . ,  74, 2200 
(1952).

(5) See ref. 1, and  the  preceding papers I—V II.

lia
I I 4

Ilia

■ I llb  -<r-I—!— =► lib
I H4 |
1----> I lm --- -> IIIIc <-----1

Method A Method B
Condensation in

Methanolic solution 
with

Aqueous solution 
without

isolation of acf-salt
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The characteristic physical data of the nitrodeoxy- 
heptulosans are given in Table I, and their ways of 
formation are indicated intheprecedingscheme (p. 1287).

T a b l e  I
P h y sic a l  C o n sta n t s  o f  T h r e e  I so m er ic  

N it r o d e o x y h e p t u l o s a n s  III
Com pound M.p., °C. [a]S3D in H2O R ia

Ilia 176 1 Oi 0 0

m b 203 +  69° 0.58
I I I c 159 -176.5° 0.52

“ See Experimental.

Catalytic hydrogenation of the nitrodeoxyheptulosans 
III readily afforded the corresponding 2,7-anhydro-4- 
amino-4-deoxy-/3-D-heptulopyranoses which were iso
lated as their crystalline hydrochlorides IV. The con
stants of the new amino sugars are given in Table II. 
They were produced immediately in chromatographi- 
cally pure state when the pure, uniform nitro com
pounds were hydrogenated. However one need not 
always employ, in the preparation of the amines, 
homogeneous crystalline nitro compounds; rather, 
sirupy mixtures may be used since the amine hydro
chlorides crystallize without difficulty. Thus, the 
product obtained upon acidification of the hetero
geneous salt Ilm, followed by hydrogenation, repre
sented a mixture of amino sugars from which pure 
IVc could be crystallized in fair yield. Similarly, 
sirups remaining after the collection of all the nitro 
products which crystallized in the experiments of 
method B have been hydrogenated and have furnished 
crystalline mixtures of amino sugars.

T a b l e  II
S p e c if ic  R o ta t io n s  a nd  7igm-VALUES o f  T h r e e  I so m er ic  

A m in o d e o x y h e pt u l o sa n  H y d r o c h l o r id e s  IV
Compound

IVa
IVb
IVc

n See Experimental.

[ a ] 23D  in HiO

— 55° 
+39° 

-126°

l?g locoa&minert

) .04 
1 .30 
1.00

The configurations of our new sugar derivatives have 
not been established as yet. However, Richardson 
and Fischer,6 having investigated the course of the 
nitromethane condensation with the homologous di
aldehyde from levoglucosan, adduced experimental 
proof that in all their nitro sugars the N 02 group had 
adopted an equatorial position, and they suggested for 
a reason the large steric interference which an axial 
N 02 would encounter from the anhydride bridge. 
It is therefore very likely that our products III (and 
hence IV, too) also carry equatorially finked nitrogen 
atoms, i.e., that they possess any three of the gulo, 
altro, alio and ido configurations.

A comparison of the molecular rotations of the pair 
of homologs, 1,6 - anhydro -fi- n - gulopyranose (M d 
+8165)7and 2,7-anhydro-d-o-guloheptulopyranose (M d 
+7620),8 suggests that the corresponding 3-amino-3- 
deoxygulosan hydrochloride (Md +9100)6 has its 
homolog in IVb (Md +8900). A comparison of

(6) P a r t  VI of th is  series, A m .  C h e m .  S o r . .  83, 1132 (1961).
(7) L. C. S tew art and  N. K. R ichtm yer, i b i d . ,  77, 1021 (1955).
(8) By reversal of the sign of ro ta tion  of the known enantiom orph; 

L. C. S tew art, N. K. R ichtm yer, and  C. S. H udson, i b i d . ,  74, 2206 (1952).

1.6- anhydro-/3-D-altropyranose (Md —34,800)9 with
2.7- anhydro-/3-o-altroheptulopyranose (sedoheptulosan, 
Md —28,000)4 might allow the conclusion that 3-amino-
3-deoxyaltrosan hydrochloride (Md — 34,100)M° and 
IVc (Md —28,800) are homologs. A similar tenta
tive assignment for IVa cannot be made at present 
for lack of pertinent data.

Experimental
The melting points were determined in an aluminum block. 

The optical rotations were measured in 2-dm. tubes in carbon 
dioxide-free water; c, approximately 1 unless otherwise stated. 
Evaporations were done in vacuo at 35-40° (bath temperature).

Paper Chromatography.—The descending technique on 
Whatman no. 1 paper was used. The nitro compounds were 
irrigated with 1-butanol-acetic acid-water (4:1:5 v./v ., upper 
layer, with the lower layer in the bottom of the tank) and made 
visible by spraying with N  aqueous sodium hydroxide-methanol- 
butanol (1:2:7, v./v.) and inspection under an ultraviolet 
lamp. The amino derivatives were chromatographed with the 
Fischer-Dorfel11 solvent system and detected with a ninhydrin 
spray, glucosamine hydrochloride being used as a speed standard. 
The Rgl„-values given refer to a freshly set up solvent system; 
in older tanks the values tend to become somewhat lower.

Dialdehyde (I) from Sedoheptulosan.—Crystalline sedoheptu
losan hydrate4 (10.5 g., 0.05 mole) was added, in the course of 
10 min., to an ice-cooled solution of 21.4 g. of sodium meta
periodate (0.1 mole) in 250 ml. of water. The reaction mixture 
then was allowed to assume room temperature and to stand in 
the dark for 4 hr., during which period 45 ml. of a M sodium bi
carbonate solution (90% of 1 molar equiv.) was gradually added. 
Thereafter the solution was concentrated to beginning crystalliza
tion, mixed with two volumes of ethanol, chilled, and filtered. 
The inorganic filter residue was washed with ethanol and the 
filtrate further concentrated. This procedure was repeated, 
usually three to four times, until no more crystalline material 
could be removed. Finally a colorless sirup of I resulted that 
was deemed sufficiently free of salts (sodium iodate and formate) 
when it dissolved clearly in three volumes of cold methanol.

2,7-Anhydro-4-oa-nitro-4-deoxy-;3-i>-heptulopyranose Sodium 
Salts (II).—The sirupy dialdehyde obtained above was dissolved 
in 100 ml. of methanol. The solution was chilled in ice-water,
2.7 ml. of nitromethane (1 molar equiv.) was added, and then
36.5 ml. of a chilled sodium methoxide solution (containing 3 g. of 
sodium per 100 ml.) was dropped in with swirling in the course 
of 10 min. The reaction mixture was then kept overnight in the 
refrigerator.

The first crop of crystals which had slowly appeared was col
lected and washed with ice-cold methanol. The yield of the 
desiccator-dried, yellowish-white product was 1.65 g. Salt Ha. 
[o+ 3d  —50.8° —> —49.8° (final after 26 hr.). Vapor phase 
chromatography of a solution in water indicated the presence of 
methanol of crystallization.

Anal. Calcd. for C7HI0O,NNaCH3OH (275.2): N, 5.09, 
Na, 8.37. Found: >7,5.64; Na, 8.35.

A second crop of Ila  separated from the mother liquor that was 
kept at 4°, and was collected after 3 days; 0.53g., [ a ] 23D  —52.3° 
—* —50.8°. The infrared spectra of the first and second crops 
were identical.

When after removal of the crystalline Ila  the mother liquor 
was placed in the refrigerator again, another crop of crystals was 
deposited in the course of several days. I t was salt lib wdiich 
after washing with cold methanol weighed 1.9 g. (desiccator- 
dried); M 23d +115.0° (3 min.) -> -92.0° (final, 16 hr.). 
Vapor phase chromatography (Perkin-Elmer fractometer, 
Model 154, W-column) indicated the presence in the crystals of 
methanol of crystallization.

Anal. Calcd. for C,H10O,NNa-lACH3OH (259.2): C,
34.80; H, 4.65; Na, S.90. Found: C, 35.22; H, 4.99; Na, 
8.96.

(9) N. K. R ichtm yer and  O. S. Hudson, i b i d . ,  61, 214 (1939).
(10) L. I4’. Wiggins, J .  C h e m .  S o c . ,  18 (1947).
(11) Pyrid ine-ethyl ace ta te -w ater-ace tic  acid (5 :5 :3 :1 , v . / v . ) ,  w ith 

pyrid ine-ethyl a ce ta te -w a ter (0 :40 :11 , v ./v .) in the  b o ttom  of the  tan k ; 
F. G. Fischer and H. Dôrfel, Z .  p h y s i o l .  C h e m . ,  301, 224 (1955).
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The infrared spectrum of lib  differed markedly from that of 
Ha, especially in the regions of 1550-1570, 1325-1350, 1130, 
and 900-700 cm.-1.

In a number of otherwise identical experiments we did not 
wait for the slow formation of a second crop of Ha nor for the 
crystallization of lib . Rather, the reaction solution upon 
collection of the first crop of Ha (i.e., about 17 hr. after the start 
of the nitromethane condensation) was immediately worked up 
to give mixed salt fractions of generally similar however varying 
size and composition. These fractions are referred to as salt 
Ilm. The following description is typical.

The combined filtrate and washings obtained upon collection of 
the first crop of crystals (Ha) was evaporated to dryness and the 
solid residue triturated with approximately 50 ml. of a mixture 
of methanol and ethanol (2:1). Insoluble matter was filtered 
off and washed with the same solvents. Its dry weight was 4.64 
g.; [a]23d —51.9° —> —76.2° (final). From the filtrate another 
crop was precipitated by the addition of excess ethanol; 2.07 g., 
[a]D —69.2° —> —82.0° (final). The filtrate from this precipi
tate was brought to dryness and the residue of evaporation then 
triturated with a little ethanol. The major part remained un
dissolved and was isolated and washed with ethanol; 3.05 g., 
[cc]z3d  —14.8° —> —65.7° (final). The ethanolic extract and 
washings were finally evaporated yielding 0.47 g. of a solid, 
[a]23D +2° —> —22.4° (final). The combined yield of these 
fractions Ilm was 10.23 g. When added to the 1.65 g. of pre
viously separated Ila  the total yield in sodium salts II was 97% 
based upon the starting sedoheptulosan hydrate. The sodium 
contents of the fractions of Ilm from this and similar experiments 
were found to be 8.4, 8.1, 8.4, 8 .6 , 8.5, 8.5, 8.7, 8.0%.

2,7-Anhydro-4-nitro-4-deoxy-/3-o-heptulopyranoses (III). A. 
From the Sodium Salts (II).—One part of a salt II was generally 
dissolved in 50 parts of ice-cold water and at once stirred for 
10 min. with a cation-exchange resin (22 ml. of Amberlite IR-120 
[H+] per gram of II). The resin was filtered off, washed ex
haustively with water, and the filtrate evaporated to dryness, 
finally with the addition of two consecutive portions of ethanol. 
Colorless crystalline residues of III were thus obtained.

Nitrodeoxyheptulosan Ilia.—The product obtained from 1.60 
g. of salt Ila  was triturated with a little ethyl acetate and after 
short standing at 0° collected on a Büchner funnel and washed 
with cold ethyl acetate. The yield of crude I lia  was 640 mg., 
withm.p. 167° dec. and [«]23d  —55.8°. Another 32 mg. crystal
lized from the mother liquor upon storage at 4°. Two recrystal
lizations from boiling ethanol with the addition of a few drops of 
water gave beautiful needles that melted at 173.5° and showed 
[a] 23d  —60°. The highest melting point observed was 176°.12

Anal. Calcd. for CjHhOjN (221.2): C, 38.01; H, 5.01; 
N, 6.33. Found: C, 38.67; H, 5.28; N, 6.52.

Nitrodeoxyheptulosan Illb.—The product obtained from
1.50 g. of salt I llb  was triturated with a small amount of ice- 
cold ethanol. After 1.5 hr., 990 mg. of platelets showing [a]23D 
+  67.9° and m.p. 202° dec. were isolated; from the filtrate addi
tional crops amounting to 164 mg. and melting at 197-199° 
were obtained. Total yield, 85%. The product was proved by 
its infrared spectrum and Rt value to be identical with Illb  
described under B.

All the inhomogeneous fractions of salt Ilm were deionized in 
the same manner and invariably yielded crystalline dextrorota
tory Illb  amounting to 10-20% of the products of deionization, 
while the bulk of these products consisted of strongly levorotatory 
sirups. Although it was possible to obtain from the sirups im
pure crystals of nitrodeoxyheptulosan IIIc amounting to 14-22% 
(m.p. 143-145°, [a]23d —125°; —137.5°), it was more satis
factory for the preparation of this isomer to use method B. 
The sirups, however, could be utilized in hydrogenation experi
ments whereby they afforded crystalline aminodeoxyheptulosan 
IVc as described later.

(12) M aterial w ith v irtu a lly  th e  sam e ro ta tion  b u t  with m .p. 176° was 
obtained in separate  experim ents. In  general i t  was difficult to  raise the 
m elting poin t of sam ples of I l i a  b y  recrystallization  because of the  insta
b ility  of the compound in hydroxylic solvents. Thus, the  m aterial invariably 
gave streaking spots on paper chrom atogram s, and  crystals  recovered from 
aqueous optical ro ta tion  solutions m elted 8—10° lower th a n  before. W hen a 
sample was refluxed in propanol for 2 hr., a com plete transform ation  re
su lted as dem onstrated  by  hydrogenation  followed by paper chrom atogra
phy, which showed predom inantly  a  new am ine (Rgm 1.20) and  no IVa 
(# gm 1.04). In  the p repara tion  of I l i a  from I la  the m other liquor was 
sim ilarly shown to contain a  p roduct giving rise to  the  unknow n am ine 
(Rgm 1.20).

B. By Nitromethane Condensation in Aqueous Solution.—
Sirupy dialdehyde I (0.05 mole) was dissolved in 50 ml. of water 
containing 3 drops of phenolphthalein indicator. The solution 
was carefully adjusted with N sodium hydroxide to the point of a 
slight pink coloration remaining for at least 1 min.; about 4 ml. 
of the base was required. Under swirling in an ice bath 2.7 ml. 
of nitromethane was now added at once and 50 ml. of N sodium 
hydroxide was dropped in over a period of 10 min. The stop
pered reaction vessel was allowed to stand at room temperature 
for 17 hr. The slightly yellow solution was then chilled again 
with ice, stirred vigorously with 70 ml. of Amberlite IR-120 
(H+) for 15 min., filtered, and, after exhaustive washing with 
water of the resin, decolorized with activated charcoal. The 
colorless solution afforded a sirupy mixture of nitrodeoxyheptu- 
losans III by evaporation and dehydration with ethanol.

Nitrodeoxyheptulosan Illb.—The above sirupy residue was 
dissolved in 20 ml. of warm ethyl acetate with the addition of a 
small amount of ethanol. Upon keeping the solution overnight 
at 4° crystallization occurred and 1.62 g. of crude Illb  was iso
lated and washed with ethyl acetate. After three recrystalliza
tions from ethanol the melting point and rotation of the colorless 
platelets were constant; m.p. 203.5°, [<*]23d +69.5°; fit 0.58.

Anal. Calcd. for C7H11O7N (221.2): C, 38.01; H, 5.01; 
N, 6.33. Found: C, 38.72; H, 5.20; N, 6.52.

Further crops of Illb  were obtained pursuant to the isolation 
of IIIc described in the next paragraph.

Nitrodeoxyheptulosan IIIc.—After the isolation of the above 
crude Illb  the ethyl acetate mother liquor upon addition of 
excess ether furnished an amorphous precipitate which was fil
tered off, washed with ether, and dried. It weighed 3.3 g. and 
showed [a]d —125.5°. This product was dissolved in warm 
ethyl acetate containing a little methanol and placed in an open 
beaker. Evaporation in the air gave, after 2 days, a crystal- 
containing sirup from which by trituration with ethanol 1.22 g. 
of crystalline IIIc, m.p. 153°, [a]23D —175.0°, could be isolated. 
Recrystallization from ethanol afforded 0.88 g. of the pure IIIc 
in oblong prisms of m.p. 159° and [<*]23d —176.5°; Ri 0.52.

Anal. Calcd. for C,HuO,N (221.2): C, 38.01; H, 5.01; 
N, 6.33. Found: C, 38.51; H, 5.24; N, 6.26.

The mother liquor of the ether precipitate was allowed to 
evaporate in the air to give a crystal-containing sirup. Tritura
tion with ethyl acetate and methyl acetate furnished 710 mg. of 
crystals with a m.p. of 146° and [<*]23d  —94°. Additional crops 
(160 mg. of m.p. 147° and [a]23d —158°, and 560 mg. of m.p. 
149° and [a]23D —78.5°, respectively) were obtained from the 
filtrate which had been kept in the refrigerator for several days. 
These crystalline fractions obviously were mixtures of isomers, 
with relatively small proportions of the dextrorotatory Illb  
being present. A total of 200 mg. of the latter (which is the 
least soluble) was obtained from these fractions, in fairly but 
not entirely pure state, by recrystallization from ethanol.

When no additional crystalline material could be obtained from 
the main mother liquor, the latter was evaporated to a sirup 
whose dry weight was 1.99 g.; [a]23D —60.3°. The sirup was 
hydrogenated taking up 3 moles of hydrogen and yielding a 
sirupy mixture of amine hydrochlorides. Chromatography 
suggested the presence of the three amino sugars IV described in a 
following paragraph. Part of the sirup crystallized giving a 
preparation (640 mg., [a]D —78.6°) which still showed three 
spots on paper.

Reconversion of IIIc into Its Sodium Salt lie.—To an ice-cold 
solution of 93 mg. of nitroheptulosan IIIc in 4 ml. of methanol- 
ethanol (1: 1) 1 molar equiv. of sodium methoxide in methanol 
was added. The white precipitate of lie  that occurred imme
diately was isolated and washed with ethanol by centrifugation 
and was dried in a desiccator. The infrared spectrum was similar to 
spectra given by Ilm fractions but was clearly distinct from those 
of Ila  and lib . [«]23d  —138.5° (1 m in.)—» —73° (16 hr., final; 
c, 0.5).

2,7-Anhydro-4-amino-4-deoxy-/3-D-heptulopyranose Hydro
chlorides (IV),—The catalytic hydrogenations of the nitrodeoxy- 
heptulosans III were performed as described in earlier work.13 
A 10% excess over the calculated amount of 1 equiv. of hydro
chloric acid was provided, the starting acid concentration being 
approximately 0.05 N. The hydrogen uptake (3 molar equiv.) 
was usually complete and ceased after 1 to 1.5 hr. if the vessel 
was agitated vigorously. Evaporation of the hydrogenated

(13) H . H. Baer and H . O. 1j . Fischer, J .  A m .  C h e m .  S o c . ,  82, 3709 (1960); 
H. H. Baer, B e r . ,  93, 2865 (1960); c f .  also ref. 1.
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solutions followed by codistillation with ethanol led to the amino- 
deoxyheptulosans IV.

Aminodeoxyheptulosan IVa.—A 200-mg. sample of nitrohep- 
tulosan I l ia  (m.p. 173.5) was hydrogenated furnishing a crystal
line product, [ff]23D —46.7° (c, 0 .5), which was revealed by paper 
chromatography to be not uniform. Besides the main spot of 
Rem 1.03-1.04 there was a weaker spot of Rs 1.20.14 Recrystal
lization from the minimum amount of water and a tenfold excess 
of glacial acetic acid afforded 107 mg. of short prismatic columns 
which were chromatographically pure IVa; Rem 1.03, [q : ] 23d  

-54.7°.
Anal. Calcd. for C7H140 6NC1 (227.7): C, 36.93, H, 6.20; 

N, 6.15. Found: C, 37.03; H, 6.28; N, 5.94.
Aminodeoxyheptulosan IVb.—Nitrodeoxyheptulosan I llb  (130 

mg.) upon hydrogenation yielded 110 mg. of elongated needle
like prisms with square, sometimes sloping, end faces. The 
product, IVb, was immediately chromatographically uniform 
(RSm 1.30) and analytically pure; [«]%> +39.0°, unchanged 
upon recrystallization from water-acetic acid.

Anal. Calcd. for C,Hh0 5NC1 (227.7): C, 36.93; H, 6.20; 
N, 6.15; Cl, 15.57. Found: C, 37.12; H, 6.35; N, 6.00; 
Cl, 15.48.

In another run 280 mg. of IVa showing [ a ] 23D  +37.5 was ob
tained from 315 mg. of Ilia .

Aminodeoxyheptulosan IVc.—Crystalline nitrodeoxyheptulo
san IIIc (442 mg.) was hydrogenated to give 410 mg. of chroma
tographically uniform IVc (Rem 1.00); [ a ] 23D  —124.0°. Re- 
crystallization from water-acetic acid gave fine needles (rapid 
crystallization) or rectangular prisms and platelets (slow crystal
lization in the air); [ a ] 23D  —126°.

Anal. Calcd. for C7H140 6NC1 (227.7): C, 36.93; H, 6.20; 
N, 6.15; Cl, 15.57. Found: C, 36.86; H, 6.23; N, 5.91; 
Cl, 15.71.

In another run 220 mg. of IVc showing [a] 23d —123.5° was ob
tained from 221 mg. of IIIc.

Aminodeoxyheptulosan IVc was also obtained by the hydro
genation of levorotatory, sirupy nitrodeoxyheptulosan mixtures 
which originated in deionization of salt Ilm  (previously de
scribed). Thus, 3.76 g. of a sirup ([a]23n —90.5°) was hydro
genated and furnished a slightly yellowish, partly crystalline 
product which on the chromatogram showed spots of equal 
strength corresponding to IVb and IVc, and an unidentified faint 
spot of Rgm 1.60. Recrystallization from water-glacial acetic 
acid afforded 705 mg. of colorless crystals of IVc containing but a 
trace of IVb; [«]23d —122.0°. The mother liquor of the re

(14) The occurrence of th a t  spot obviously is connected w ith the in
s tab ility  of I l i a  and the  difficulty of p reparing  i t  in en tire ly  pure s ta te  ( c f .  

ref. 12). I t  m ight be possible to ob ta in  IV a in b e tte r yield and  p u rity  by 
directly  hydrogenating  an acidified solution of H a , i . e . ,  w ithou t isolating the 
in term ediate  n itro  com pound, I l i a .

crystallization gave another 160 mg. of crystals being mainR 
IVc ( [ « ] 23d  —114°), as well as various mixed fractions. Simi
larly, a nitrodeoxyheptulosan sirup (1.3 g.) stemming from the 
deionization of another fraction of the salts Ilm was hydro
genated to a partly crystalline amine mixture ([a]n —93°) 
whose chromatographic pattern was the same as that just de
scribed. By recrystallization from water-glacial acetic acid, 
390 mg. of rather pure IVc ( [ a ] 23D  —121.5°) was obtained. The 
mother liquor contained both IVc and IVb; 50 mg. of the former 
was deposited after 3 days. The infrared spectra of the prepara
tions of IVc obtained via the sirupy nitrodeoxyheptulosan mix
tures were identical with that of IVc from crystalline IIIc.

The Behavior of the aci-Nitro Salt lib in Aqueous Solution.— 
Two 120-mg. samples of one preparation of the salt lib  were 
treated as follows.

Sample (a) was introduced into an ice-cold solution of 5.5 ml. 
O.IA1 hydrochloric acid and 50 ml. of water. After 5 min., 5 ml. 
of Amberlite IR-120 (H+) was added and the mixture was shaken 
for 10 min. in order to remove sodium ion. Upon filtration, 
the acid solution was immediately hydrogenated. Chromato
graphic inspection of the total residue of evaporation obtained 
after the hydrogenation indicated the presence of only one 
amine, namely IVb. It crystallized readily.

Sample (b) was dissolved in 30 ml. of carbon dioxide-free 
water at 23° and allowed to reach a constant specific rotation of 
— 92°. After 18 hr. the solution was deionized with 5 ml. of 
Amberlite IR-120 (H+), acidified with 5.5 ml. of 0.1 AT hydro
chloric acid and hydrogenated. Chromatography of the product 
revealed that it contained at least two amines, giving spots of 
about equal strength at RKm 1.27 and Rgm 1.01.

Another sample of lib  was allowed to mutarotate in aqueous 
solution to the final [ajn-value. By careful evaporation the 
solute was recovered. Its infrared spectrum was now clearly 
distinct from that of the starting salt lib . It was also different 
from the spectrum of Ha, but it resembled closely those given 
by the non-uniform salts Ilm.
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Hypochlorite ion is a nucleophile toward the clectronegativelv substituted olefin, o-chlorobenzylidenemalon- 
onitrile. The product formed with stoichiometric amounts of the reactants is the epoxide (II).

The hydrogen peroxide epoxidation of olefins acti
vated by electron-withdrawing groups such as carbonyl 
and nitrile is well known.1-4 The active reagent 
species is the perhydroxyl anion, which is an extra
ordinarily powerful nucleophile, as noted by Edwards 
and Pearson.6 It would appear that hypochlorite ion,

(1) C. A. B unton  and  G. J. M inkoff, J .  C h e m .  S o c . ,  665 (1949).
(2) E. W eitz and  A. Scheffer, B e r . ,  54, 2327 (1921); G. B. Payne, J .  

A m .  C h e m .  S o c . ,  81, 4901 (1959); G. B. Payne, J .  O r g .  C h e m . ,  24, 2048 
(1959); H. E . Zim m erm an, L. Singer, and B. S. T hyagarajan , J .  A m .  C h e m .  

S o c . ,  81, 108 (1959).
(3) G. B. Payne and  P. H. W illiams, J .  O r g .  C h e m . ,  26, 651 (1961).
(4) G. B. Payne, i b i d . ,  26, 663 (1961).

another potent nucleophile,5 has not found use in direct 
epoxidation,6 with the possible exception of a single 
patent9 on the epoxidation of acrolein and alkyl-sub-

(5) J. O. E dw ards and  R. G. Pearson, J .  A m .  C h e m .  S o c . ,  84, 16 (1962).
(6) In  fact, m esityl oxide, which is epoxidized1 by  perhydroxyl ion a t  

pH  11-13, reacts w ith hypo chlorous acid a t  pH  4.5 to  10 to  give the  chloro- 
hydrin ,7 and  under very alkaline conditions to give 3 ,3-dim ethylacrylic acid 
through a haloform  reaction .8

(7) J . Colonge and  L. Cum et, B u l l .  s o c .  c h i m .  F r a n c e ,  [5] 14, 838 (1947).
(8) L. I. Sm ith, W. W. Prichard, and  L. J .  Spillane, “ O rganic Syn

theses,” Coll. Vol. I l l ,  John  W iley an d  Sons, Inc ., New Y ork, N . Y ., 1955, 
p. 302.

(9) G. W. H earne, D. S. LaFrance, and  H . de V. Finch, U. S. P a ten t 
2,887,498 (1959).
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stituted acroleins, in which instance the role of the 
anion was not made clear. Both hydrogen peroxide 
and hypochlorous acid are commonly employed as 
electrophilic reagents, but are ineffective in this ca
pacity toward electronegatively substituted carbon- 
carbon double bonds. It now appears that both these 
electrophilic reagents (not uniquely hydrogen peroxide) 
can be converted to reagents which are nucleophilic 
toward olefins of suitable structure by the simple ex
pedient of raising the pH from the usual acidic condi
tions in which these reagents are used. In a sense, the 
electronegative substituents provide an advantage, 
in that they make possible the conversion of olefin to 
epoxide in a single step instead of the two steps required 
for the chlorohydrin route.

The present study concerned itself with the reaction 
of hypochlorite with o-chlorobenzylidenemalononitrile 
(I), a compound known10 to react with nucleophilic 
reagents such as cyanide and bisulfite. By contrast, it 
was demonstrated early in the present work that I does 
not react with the electrophilic reagent chlorine (in 
carbon tetrachloride). Depending on reaction condi
tions, epoxidized o-chlorobenzylidenemalononitrile (II), 
the two isomers (III) resulting from hydrolysis of one 
or the other nitrile group of II to amide, and an acid or 
mixture of acids (IV) resulting from hydrolysis of the 
amide to carboxyl were obtained on treating I with 
hypochlorite. Possible mechanisms for the chlorine- 
mediated conversion of nitrile to amide to carboxyl 
have been presented in a previous publication,11 and the 
present work offers additional evidence of the suscepti
bility of electronegatively substituted nitriles to nucleo
philic attack by hypochlorite, as postulated there. 
Thus, when previously prepared compound II was kept 
at pH 8, it was recovered intact in the absence, but not 
in the presence, of hypochlorite.

0
III
a. (m.p. 138-140°)
b. (m.p. 189-190.5°)

IV

A few experiments were carried out on the kinetics 
of the hypochlorite epoxidation reaction (summarized in 
Table I). According to these experiments, the second 
order rate constant at 25° is approximately 2.2 X 104 
M-1 sec.-1 (assuming12 i ,  = 4 X 10~s). In the first 
experiment, a high concentration of sodium chloride 
was added, which, it may be calculated, should have 
converted about half the HOC1 to Cl2, at least a thou
sandfold more Cl2 than could have been present in the 
sixth experiment; that this hardly affected the value of 
fcobad leads one to dismiss any possible role for Cl2 as a 
reactive species. For comparison purposes, a single

(10) B. B. Corson and  R . W. Stoughton, J .  A m .  C h e m .  S o c . ,  50, 2825 
(1928).

(11) D. H. R osenblatt and  G. H. Broome, J .  O r g .  C h e m . ,  26, 2116 (1961).
(12) N. G. Lordi and  J . E pstein, J .  A m .  C h e m .  S o c . ,  80, 509 (1958).

experiment was carried out to determine the reactivity 
of I with perhydroxyl ion, whence the second-order rate 
constant of 4 X 105 M ~l (assuming13 = 2.24 X
10-12); and II was synthesized by the perhydroxyl 
method, some III being produced at the same time, to 
demonstrate the parallelism.

The kinetic experiments (on disappearance of the 
olefin bond of I) are of greatest significance in the 
choice among the possible reaction mechanisms below.

C-----C
/  i

L OH

H O Cl
------> epoxide +  Cl- (A)
rapid

\  /  HOCl
C =C  ~----- t

/  \
L OH

OPI-------------- ^
slow, ra te  

determ ining

epoxide +  Cl- (B)

C=C
ocr-

------------- >
slow, ra te  

determ ining

------>-
rapid

epoxide +  Cl-  (C)

T a b l e  I
K i n e t i c s  o f  E p o x i d a t i o n  o f  o- C h l o r o b e n z y l i d e n e m a l o n o -

NITRILE WITH A L aRGE EXCESS OF HYPOCHLOROUS A cID (lN 
W a ter  C ontaining  1% Ac e t o n it r il e ) at Am bien t  T em pera

tu re  (Approximately  25°)
103

pH
10<

[HOCl]
Ionic

strength
fa>bsd, 
sec. -1

w , a
M ~ l sec.~1 10» K j >

10 -* fa, 
il/ - 1  sec.

3 .24 6 .98 1 . 0 C 2 .22 3 .18
3 .30 4 .33 0 .105 1.28 2 .95 8 .56 1.73
3 .3 0 10.83 0.105 4 .33 4 .00 8.56 2 .3 4
3 .3 0 21.66 0 .105 8 .30 3 .83 8 .56 2 .2 4
3 .30 43.32 0 .105 16.1 3 .72 8 .56 2 .18
3 .57 6 .98 0 .005 2 .98 4 .27 4.72 2 .4 4
3 .89 9 06 0.015 10.2 11.25 5.33 2.72
3 .98 6 .98 0.015 8.12 11.63 5.33 2 .29
4 .02 6.98 0.015 6 .90 9 .89 5.33 1.77

a h '  = fcobBd/[HOCI]. 6log IC„ = log Xthermodynamic +  1.02 
(ionic strength)1'2. " 1 M in sodium chloride.

Mechanism A would imply linear rate dependence on 
hydroxyl ion concentration, as is indeed the case. 
This part of the reaction would have to be formulated 
as a reversible equilibrium lying far to the left because 
the disappearance rate of the double bond of o-chloro- 
benzylidenemalonitrile, in the absence of the nucleo
phile, is negligible within the pH range covered in 
Table I. This mechanism would also imply, however, 
independence of hypochlorous acid concentration at 
constant pH; this is controverted by the data for pH 
3.30. Mechanism B would permit a concentration 
dependence on both hypochlorous acid and hydroxyl 
ion. This involves the unlikely elimination of hypo
chlorous acid in the reverse step of the equilibrium, 
which would have to be quite rapid in order for the 
equilibrium to lie substantially to the left, as it must to 
satisfy the concentration dependence requirements 
derived from a consideration of the steady state ap
proximation.14 Thus, mechanism C is left; it satisfies 
the experimental data, and is analogous to the well- 
studied perhydroxyl reaction.1-5

(13) W. C. Schumb, C. N. Satterfield, and  R. L. W entw orth , “ Hydrogen 
Peroxide,” Reinhold Publishing Co., New York, N. Y ., 1955, p. 393.

(14) A. A. F ro st and  R. G. Pearson, “ K inetics and  M echanism ,” 2nd ed., 
John  W iley and  Sons, Inc ., New York, N. Y., 1961, p. 195.
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The formation of II, III and IV is probably sequen
tial. The mechanism for concurrent epoxidation of the 
olefinic linkage and hydrolysis of nitrile to amide, 
demonstrated in the reaction of cqd-unsaturated nitriles 
with hydrogen peroxide3 4 can find no analogy where 
hypochlorite is the reagent. This is borne out by the 
failure to isolate III or IV when a stoichiometric amount 
of hypochlorite is used.

Hypochlorite ion, as shown above, is a weaker nucleo
phile towards o-chlorobenzylidenemalononitrile than 
perhydroxyl ion. Below pH 10, however, hypochlorous 
acid is more reactive than hydrogen peroxide because 
it is so much more highly ionized. By extension, it is 
evident that olefins sufficiently reactive toward hypo
chlorite could be epoxidized by this reagent under less 
alkaline conditions than those required for hydrogen 
peroxide; avoidance of alkaline conditions might be an 
important consideration. For less reactive olefins, 
however, perhydroxyl might be the only nucleophilic 
reagent, albeit only at very high pH. Another differ
ence in the use of hypochlorite, as opposed to per
hydroxyl, is peculiar to eq/3-uiisaturated nitriles. It 
lies in the fact that the dominant reaction of per
hydroxyl ion with these compounds involves attack at 
the nitrile group first, followed by intramolecular 
epoxidation,3'4 so that an epoxyamide is obtained in a 
single step, and often very little product of simple 
epoxidation. The epoxy amide can also be obtained 
with hypochlorite (e.g., Ill), but most likely by a step 
subsequent to epoxidation.

Experimental
Failure of o-Chlorobenzylidenemalononitrile (I) to React in a 

Short Time, at Ambient Temperature, with Chlorine in Carbon 
Tetrachloride.—A carbon tetrachloride solution containing 0.05 
M  chlorine and 0.05 M  o-chlorobenzylidenemalononitrile10 was 
permitted to stand 10 min. A sample of the mixture was then 
diluted 3:2500 with the solvent and its absorption spectrum 
measured* 15 in the vicinity of the 300 niyu maximum (absorptivity 
= 1.03). A blank solution, similar in all respects except for the 
absence of chlorine, exhibited a nearly identical spectrum.

Reaction of I (M.p. 96°) with Hypochlorite. A. In Stoichio
metric Proportion.—Both partially neutralized chlorine water 
and hypochlorous acid12 were used successfully in this preparation. 
An early preparation of the epoxide (II), using partially neutral
ized chlorine water, gave a product which, after repeated re
crystallization from petroleum ether, sintered at 53.0-53.2° and 
melted at 53.2-53.5°, with the following analyses.

Anal. Calcd. for Ci0H6ON2Cl: C, 58.69; H, 2.46; O, 
7.S4; N, 13.69. Found: C, 58.9; H, 2.6; O, 8.2; N, 13.5.

The following procedure incorporates a somewhat improved 
technique for isolation: Aqueous hypochlorous acid12 (234 ml., 
0.141 M) and 1 N  sodium hydroxide (47 ml.) were added con
currently to a solution of 5.66 g. of I in 270 ml. of acetonitrile,16 
at such a rate that the solution was maintained in the vicinity of 
pH 7 with the help of a pH meter.17 When reaction was com
plete, as evidenced by constancy of pH, a little sodium chloride 
was added and the mixture was extracted twice with ether (250 
and 125 ml.). The combined ether extract was concentrated to 
remove all ether and steam distilled.18 19 The oil collected in the 
distillate was recrystallized from petroleum ether (b.p. 30-60°) 
to give 2.2 g. of II, m.p. 51-52°.

B. With a Mole Ratio of Hypochlorite to I of 1.8:1.—Chlo
rine water was adjusted to pH 7 with sodium hydroxide to give a 
0.121 M  hypochlorite solution (by titration). When 225 ml. of

(1.5) Celia of 1-cm. ligh t pa th , in a Beckman M odel DU spectrophotom eter
modified for recording by  Process a n d  In strum en ts, Inc., were used.

(16) T h is so lvent appeared  to  be relatively inert to the oxidizing reagent 
under conditions em ployed here.

(17) A B eckm an Alodel G pH  m eter was used w ith glass and  calomel 
electrodes.

(18) G lycidonitrile is sim ilarly quite  steam  volatile.*

this solution was added to a solution of 2.39 g. of I in 100 ml. of 
acetonitrile, the pH dropped quickly to about 3 and was adjusted 
to 7 with 14 ml. of 1 N  sodium hydroxide. Solvent was removed 
on the rotating evaporator and the residue was washed well with 
ether, the ether containing mostly I lia  and the washed residue 
containing largely M b  and sodium chloride. The crude I lia  
(0.75 g.) left on evaporation of the ether washings was purified 
by fractional precipitation from benzene with petroleum ether, 
appearing as the more soluble fraction. Further recrystalliza
tions of this crude I lia  from chloroform-carbon tetrachloride 
produced 0.08 g. of a mixture of slender needle-like and diamond
shaped transparent crystals, which became opaque on standing or 
heating, indicating that solvent was included; m.p. 13S-1400.

Anal. Calcd. for C,0H7O2N2Cl: C, 53.90; H, 3.17; O, 14.4.
Found: C, 53.89; H, 3.2; O, 13.8.

The residue containing M b was washed with water and re- 
crystallized several times from benzene to give 0.6 g. of pure 
M b, m.p. 189-190.5°.

Anal. Calcd. for C,„H70 2N2C1: C, 53.90; H, 3.17; O, 
14.4. Found: C, 54.2; H, 3.2; O, 13.9.

The isomers I lia  and M b had very similar infrared spectra.
C. With a Mole Ratio of Hypochlorite to I of 4.3:1.—In this 

experiment, the attempt was made to permit I to react, in the 
neighborhood of pH 7, with as much hypochlorite as it would 
consume. Chlorine water, brought to pH 7, was therefore added 
periodically to a solution of 1.07 g. of I in 105 ml. of acetonitrile, 
with continual pH adjustment (no higher than pH 7.8) with 1 N 
sodium hydroxide, until the hypochlorite to olefin ratio had 
reached 4.3:1 (the total volume of added aqueous solutions being 
330 ml.). After standing overnight, the mixture was evaporated 
to dryness at reduced pressure, and the residue taken up in a 
small volume of water and acidified with concentrated sulfuric 
acid to give a precipitate of IV, which was isolated and washed 
with cold water (0.458 g.). On recrystallization from chloro
form-petroleum ether, the substance melted at 166.5-167° on a 
melting point block; the melting point is sometimes lower, 
evidently depending on conditions and age of the sample. The 
pKa is about 2.4, close to that of cyanoacetic acid.16

Anal. Calcd. for C,0H6O3NCl: C, 53.7; H, 2.7; N, 0.3. 
Found: C, 53.5; H, 2.9; N, 6.3.

Preparation of II with Hydrogen Peroxide.—A mixture of 3 
ml. of 30% hydrogen peroxide, 65 ml. of water and 1 ml. of 1 M 
potassium nitrate was found to be 0.524 M in peroxide by titra
tion. A 20-ml. aliquot of this was added to a solution of 1.92 g. 
of I in 50 ml. of acetonitrile and the mixture was brought to pH
7.6 with 8 ml. of 0.03 N sodium hydroxide. After about 15 min., 
the mixture was concentrated in the rotating evaporator until a 
second phase appeared. Then ether and 2 N  sodium chloride 
were added, and the mixture was shaken and separated. The 
ether layer was evaporated to an oil, which was extracted with 
several portions of hot petroleum ether (b.p. 30-60°); the petro
leum other extract, on chilling, deposited 0.79 g. of crude II; 
while the residue from extraction, 0.39 g., contained mostly 
impure M b, m.p 176-185°. On recrystallization of crude II 
from petroleum ether, nearly pure material, m.p. 49-50°, was 
obtained. Recrystallization of M b  from benzene gave material 
of m.p. 190-191°; a small amount of I lia  was isolated from 
the mother liquors.

Kinetic Experiments.—Reaction mixtures for kinetic studies 
contained 0.1 M  acetate buffer adjusted to pH with sodium 
hydroxide and 5 X 10-5 M  I, introduced in acetonitrile (so that 
the reaction mixtures also contained 1% by volume of aceto
nitrile). The absorptivity (A) at 300 m w a s  measured15 as a 
function of time after introduction of the epoxidizing agent, and 
the half-lives, fi/., obtained from plots of log (A — A») against 
time; fc0b„d = 0.693/i1,!; the apparent second-order rate con
stant k2' — fcobsd/[oxidant]; the true second-order rate constant, 
fa = ([H+] -f- K„) kz'/K*. Data for hypochlorite are shown in 
Table 1. A single experiment conducted similarly with 1.1 
X 10“3 M  hydrogen peroxide in phosphate buffer gave fa' =
1S.1 Af-1 sec.“1, or taking K* as 2.24 X 10~12 for hydrogen 
peroxide,13 fa = 4.3 X 10s.

Disappearance of II in the Presence of Hypochlorous Acid.—

(19) I. Heilbron and II. M . B unbury , “ D ictionary  of O rganic Com
pounds,” 3 rd  ed., Vol. 1, Oxford U niversity  Press, New Y ork, N . Y .. 1953, 
p. 624.
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A mixture of 0.9 g. of II, 50 ml. of acetonitrile and 40 ml. of 
0.17 M hypochlorous acid was adjusted to pH 8 with 7 ml. of 
1 N  sodium hydroxide. At the end of an hour the mixture was 
acidified to pH 4.7 and extracted with ether. About 32% of

starting material was recovered after evaporating off the ether 
layer. When a similar amount of II was kept for an hour at pH 
8 in a mixture of 50 ml. of acetonitrile plus 50 ml. of water, the 
starting material was almost completely recovered.

In tera ctio n  o f 2 -C hlorob en zoth iazo le  w ith  A rom atic  T h iocarbam id es. I. 
F orm ation  o f G u an ylth iocarb am id es and Sulfides

C. P . J o s h u a

Organic Chemistry Research Section, Banaras Hindu University, Varanasi 5, India 
Received September 26, 1962

Interaction of 2-chlorobenzothiazole has been investigated with arylthiocarbamides. Hydrochlorides of the 
related substituted guanylthiocarbamides are obtained. 1,3-Diphenylthiocarbamide, however, gave bis(N,N'- 
diphenylguanyl) sulfide hydrochloride.

The interaction, mostly in alcoholic medium, of
2-chlorobenzothiazole with thiocarbamides has been 
investigated by W att1 and Scott and Watt.2 Thio- 
carbamide and its monosubstituted derivatives were 
found to give mercaptobenzothiazole, benzothiazolyl 
sulfide and cyanamide corresponding to the thio- 
carbamide used, as the main products. Based on these 
facts a reaction mechanism which involved initial 
formation of S-2-benzothiazolylisothiouronium chloride 
as an intermediate stage was proposed, although this 
last could not be isolated in any of the cases studied. 
From disubstituted thiocarbamides even on prolonged 
action no products were obtained except in the case 
of N,N'-o-phenylenethiocarbamide (thiobenzimidaz- 
olone) where a gray solid believed to be an addition 
product was isolated. With trisubstituted thiocar
bamides no reaction was observed.

In connection with our work3 on 2-substituted benzo- 
thiazole derivatives the interaction of thiocarbamides 
and 2-chlorobenzothiazole was reinvestigated. In view 
of the extreme lability of the S-R link in iso thio
carbamides where R was an acyl or an electronegative 
group in general, it was felt that the reaction conditions 
employed by the above workers were unconducive for 
the isolation of the addition or other more reactive 
products. In the present study, therefore, the reac
tions were carried out at the ordinary room temperature 
or at about 40-50° mostly without any solvent or with 
actone as solvent.

The reaction was investigated with fi) 1-phcnyl-, 
(ii) l-(p-tolyl)-, (iii) l-(o-tolyl)-, (iv) 1-(2,6-dimethyl- 
phenyl)-, (v) l-phenyl-3-methyl-, (vi) l-phenyl-3- 
ethyl-, (vii) l-(p-tolyl)-3-methyl-, (viii) l-phenyl-3,3- 
dimethyl-, and (ix) 1,3-diphenylthiocarbamides.

The products were colorless in all cases except the 
last one, viz., (ix) where it had a lemon-yellow color. 
All were hydrochlorides, of unstable bases which could 
not be isolated in pure condition, except in the case of 
(v), (vi), (vii), and (viii) where they were found to be 
identical with the products obtained by the oxidation 
of the related thiocarbamides4 with bromine in alcoholic 
medium and have been assigned structure la through 
Id, respectively.

(1) G. W att, J .  O r g .  C h e m . .  4, 436 (1939).
(2) W. Scott and  G. W att, i b i d . ,2 , 148 (1937).
(3) C. P. Joshua, J .  I n d i a n  C h e m .  S o c . ,  37, 621 (1960); 38, 155, 979 

(1961).
(4) P . K. Srivastava, unpublished work.

Ar
!

ltlt'N-—G—N—C—NRR'
II IIS NAr'

la from v, where R = H, R ' = CH3, Ar = Ar' = C6H3 
lb from vi, where R = H, R ' = C2Hb, Ar = Ar' = C6H5 
Ic from vii, where R = H, R ' = CH3, Ar = Ar' = CH3C6Hj 
Id from viii, where R = R ' = CH3, Ar = Ar' = C6H6

As judged from their decomposition products and 
other behavior there does not appear any doubt that 
the colorless products from other thiocarbamides also 
possessed similar structures. In the case of 1-phenyl- 
and T(p-tolyl)thiocarbamides, the products were found 
different from II, the l-arylguanyl-3-arylthiocar- 
bamides5'6

Ar

Ar—NH—C—N H—C—N H—Ar Ar—N H—C—N—C—NH2
I! II ¡1 I!
S NH NH S

II III

where Ar = phenyl or p-(tolyl) group. That they were 
identical with III was confirmed by their almost quan
titative and easy decomposition to diarylguanidine and 
thiocyanic acid, respectively.

The yellow product obtained from 1,3-diphenylthio- 
carbamide was proved by its identical behavior to be 
the hydrochloride (IV) corresponding to the hydro
bromide of bis(N,N'-diphenylguanyl) sulfide described 
by Suresh.7 The infrared absorption spectra of IV

PhNH NHPh
\  /

C—S—C , HC1
/  \

PhN NPh
IV

and of bis(N,N'-diphenylguanyl) sulfide hydrobromide 
prove unequivocally their identical sulfide structures.

There is evidence suggesting that in the case of the 
above reactions the initial product is an S-(2-benzo- 
thiazolyl)isothiouronium chloride8 as envisaged by 
W att1 and as shown by Suresh and D’Souza9 in the case 
of reaction with p-toluenesulfonyl chloride and by

(5) S. N. D ix it, ./. T n d i a n  C h e m .  S o c . . . 37, 153 (1960).
(6) K. S. Suresh, J .  S c i .  R e a .  B a n a r a s  H i n d u  U n i v . ,  IX  (2), 92 (1958- 

1959).
(7) K. S. Suresh, .7. I n d i a n  C h e m .  S o c . ,  37, 483 (1960).
(8) R. H. Sahasrabudhey, C. P . Joshua, and  S. N. Pandey, P r o c .  I n d i a n  

S c i .  C o n g r . ,  P a r t  I I I ,  A bstracts, 102 (1961).
(9) K. S. Suresh and  M. S. A. D ’Souza, J .  V i k r a m  U n i v . ,  3 (3), 10 (1959).
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Pandeya and Joshua10 in the reaction of N-alkylthio- 
carbamides with 2-chlorobenzothiazole. This, being 
unstable, decomposes into mercaptobenzothiazole, hy
drochloric acid and the related cyanamide. I t is 
likely that one of the following reactions then takes 
place.

RNH—CN HC1
or +  RNH—C—N H R '---->

R N = C = N R ' II
R

RNH—C—N—C—NHR', HC1
II.
NR'

RNH NHR

— c —s—c
/  \

R'N NR'
where R is an aryl group and R ' an alkyl or hydrogen.

, HC1

The reaction affords a method for the preparation 
of guanylthiocarbamides carrying more than one sub
stituent in the formamidino grouping and also with a 
substituent on the nitrogen to which the formamidino 
group was attached.

Experimental
The required aromatic thiocarbamides were obtained by the 

usual methods; viz., (1) isomerization of the related amine thio
cyanates obtained in solution by mixing aqueous solutions of 
amine hydrochloride and ammonium thiocyanate and (2) by the 
reaction of an aryl or alkyl isothiocyanate with an appropriate 
amine.

2-Chlorobenzothiazole was prepared by the reaction of 2 - 
mercaptobenzothiazole with thionyl chloride.

Interaction of 2-Chlorobenzothiazole with 1-Arylthiocarbamides. 
Formation of l-(Arylguanyl)-l-arylthiocarbamide Hydrochlorides.
—The interaction of 2-chlorobenzothiazole with 1-arylthiocar- 
bamides was carried out in acetone. A typical set of details per
taining to the reaction of 1-phenylthioearbamide is as follows.

A clear solution of doubly crystallized 1-phenylthiocarbamide 
(10 g.) in acetone (50 ml.) was mixed with 2-chlorobenzothiazole 
(4.5 ml.) and kept aside for some time. Within 10 min. the 
reaction mixture warmed up and a clot-like precipitate was 
formed which on standing for some time granulated as a white 
microcrystalline powder. The solid was filtered, washed with 
warm acetone and then finally with ether (yield 9.5 g., m.p. 
158°). The product was extremely soluble in water and ethanol 
and could not be crystallized from these solvents. From aqueous 
solution (which was acidic) a picrate (m.p. 142°) was obtained on 
addition of picric acid.

The l-(p-tolyl)-, l-(o-tolyl)-, and l-(2,6-dimethylphenyl)thio- 
carbamides also reacted in a similar manner. The reaction can 
be facilitated by warming the mixture on a water bath at about 
40-50° and by adding a drop of concentrated hydrochloric acid. 
The products obtained were slightly hygroscopic and decomposed 
gradually on keeping if moisture was not excluded.

Evaporation of the acetone mother liquors and washings left a 
sticky mass which, when treated with alkali, largely dissolved 
and was reprecipitated when acidified. On crystallization from 
ethanol, needle shaped crystals, m.p. 178°, identified as 2- 
mercaptobenzothiazole by undepressed mixture melting point 
with an authentic sample, were obtained.

(i) l-(Phenylguanyl)-l-phenylt,hiocarbamide hydrochloride 
(product from 1-phenylthiocarbamide), m.p. 158°. Picrate 
m.p. 142°.

Anal. Calcd. for ChHuNjS-HCI: equiv. wt., 306.5; C,
54.81; H, 4.89; N, 18.27; S, 10.44; 01,11.58. Found: equiv. 
wt., 311.5; 0,54.98; H, 4.89; N, 18.83; S, 10.82; 01,11.82.

(ii) l-(p-Tolylguanyl)-l-p-tolylthiocarbamide hydrochloride 
(product from l-(p-tolyl)thiocarbamide), m.p. 146°. Picrate, 
m.p. 145°.

(10) S. N. Pandeya and C. P. Joshua, J .  V i k r a m  U n iv . ,  1962, in press.

Anal. Calcd. for CieHisN^S-HCl: N, 16.7. Found: N,
16.82

(iii) l-(o-Tolylguanyl)-l-o-tolylthiacarbamide hydrochloride 
(product from l-(o-tolyl) (thiocarbamide), m.p. 156°. Picrate 
m.p. 152°

Anal. Calcd. for Ci6H2oNjSO-HC1: equiv. wt., 352.5; C,
54.56; H.5.67; N, 15.88. Found: equiv. wt., 349.2; 0,54.90; 
N, 15.82.

(iv) l-(2,6-Dimethylphenylguanyl) l-(2,6-dimethylphcnyl)- 
thiocarbamide hydrochloride [product from l-(2,6-dimethyl- 
phenyl)-thiocarbamide], m.p. 157°. Picrate, m.p. 136°.

Anal. Calcd. for Ci8H22N4S-HC1: equiv. wt., 362.5; 0,59.58; 
H, 6.34; N, 15.44. Found: equiv. wt., 365.8; 0 , 60.81; H, 
6.74; N, 15.56.

Behavior of l-(Phenylguanyl) 1-Phenylthiocarbamide Hydro
chloride with Water, Acid, and Alkali.—Aqueous solutions of 1- 
(phenylguanyl)-l-phenylthiocarbamide ly'droehloride decom
posed gradually on standing; the decomposition was rapid when 
heated; phenylthiocarbamide (m.p. 154°), phenylcarbamide 
(m.p. 147°), and hydrochloric acid were formed. When heated 
under reflux with concentrated hydrochloric acid and steam 
distilled, a few drops of an oily substance smelling of mustard oil 
separated. (This was identified as phenyl isothiocyanate by its 
reaction with aniline, when 1,3-diphenylthiocarbamide was ob
tained.) The warm residual solution deposited needle-shaped 
crystals which were identified as phenylthiocarbamide (m.p. 
154°); the filtrate, on cooling and standing, deposited more 
crystals. They were a mixture of phenylthiocarbamide and 
phenylcarbamide which could be separated by fractional crystal
lization from water.

Addition of a very dilute solution of alkali to an aqueous solu
tion of l-(phenylguanyl)-l-phenylthioearbamide hydrochloride 
afforded a white fluffy precipitate which could be isolated without 
much decomposition when the solution was still slightly acidic. 
This was the free base (m.p. 85°). I t decomposed gradually on 
keeping and could not be crystallized. When warmed with a 
moderately strong solution of alkali, l-(phenylguanyl)-l -phenyl
thiocarbamide decomposed. The solid product and the filtrate 
were examined. Phenylcyanamide, phenylthiocarbamide, di- 
phenylguanidine, and thiocyanic acid were identified as follows:

When the ice-cooled alkaline filtrate was made just acidic to 
litmus, phenylcyanamide hydrate11 precipitated as a white creamy 
mass. I t was found soluble in excess of acid and gave a silver 
salt. When boiled with dilute hydrochloric acid it formed 
phenylcarbamide, m.p. 147°, identified by comparison with an 
authentic sample. The alkaline filtrate, on acidification and 
treatment with a few drops of very dilute ferric chloride solution, 
gave a very deep red color which could be extracted with ether 
indicating the presence of thiocyanic acid. Extraction of the 
alkali-insoluble residue with cold, dilute acid and reprecipitation 
with alkali yielded diphenylguanidine, m.p. 147°. I t  did not 
show any depression in melting point when mixed with an authen
tic sample. The residue which was insoluble in both dilute acid 
as well as alkali could be crystallized from hot water and was 
found to be phenylthiocarbamide.

Decomposition of l-(Phenylguanyl)-l-phenylthiocarbamide 
Hydrochloride with Ammonium Hydrogen Sulfide.—An etha- 
nolic solution of ammonia saturated with hydrogen sulfide was 
mixed with a solution of 5 g. of the hydrochloride of l-(phenyl- 
guanyl)-] -phenylthiocarbamide, and hydrogen sulfide gas passed 
through the solution for about 10 min. The resulting solution, 
after evaporation of alcohol, was treated with strong ammonia. 
Shining white crystals were collected and crystallized from boiling 
water (yield 3 g.). They were soluble in very dilute acid and 
were identified as diphenylguanidine (m.p. 147°). The am- 
moniacal sulfide mother liquors gave a deep red color, indicating 
thiocyanic acid, when acidified and treated with ferric chloride.

Interaction of 2-Chlorobenzothiazole with l-Phenyl-3-methyl- 
thiocarbamide. Formation of l-(N-Phenyl-N'-methylguanyl)-l- 
phenyl - 3 - methylthiocarbamide Hycrochloride. — l-Phenyl-3- 
methylthiocarbamide (10 g.) was triturated with 2-chlorobenzo- 
thiazole (4.2 ml.) in a china dish. The reaction mixture warmed 
up and became a pasty, pale yellow mass. On treatment with 
warm, dry acetone and ether a white crystalline solid (about 
9 g.) was obtained, m.p. 162°. I t was acidic to litmus.

Anal. Calcd. for CieHigNiS-HCl: equiv. wt., 334.5. Found: 
equiv. wt., 335.5.

(11) Tl. Sahasrabudhey and H. Krall, J .  I n d i a n  C h e m .  S o c . ,  19, 343
(1942).
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It formed a picrate, m.p. 155°, and on treatment with dilute 
alkali gave a free base, m.p. 83°, which was found identical with 
the base obtained by Srivastava4 by the bromine oxidation of 
l-phenyl-3-methylthiocarbamide.

Anal. Calcd. for Ci6Hi8N4S: C, 64.20; H, 6.30; N, 18.72. 
Found: C, 64.18; H, 6.15; N, 18.84.

An aqueous solution of the hydrochloride decomposed when 
heated under reflux for about 1 hr. On steam distillation a few 
drops of an oily liquid smelling of mustard oil and identified as 
phenyl isothiocyanate were obtained. The residual solution on 
cooling gave a crystalline solid from which l-methyl-3-phenyl- 
thiocarbamide, m.p. 114°, and l-methyl-3-phenylcarbamide, 
m.p. 147°, were separated by fractional crystallization from 
water. Methylamine was evolved when the acidic filtrate was 
treated with strong alkali, and some unchanged base, m.p. 83°, 
precipitated.

Reaction with strong hydrochloric acid also afforded the same 
products. When the hydrochloride of the above guanylthio- 
carbamide or the free base was decomposed with ammoniacal 
hydrogen sulfide, N,N'-diphenyl-N''-methylguanidine, m.p. 
109°, was obtained. These observations are in agreement with 
those made earlier.4

Interaction of 2-Chlorobenzothiazole with l-(p-Tolyl)-3-methyl- 
thiocarbamide. Formation of l-(N-p-Tolyl-N'-methylguanyl)-l- 
p-tolyl-3-methylthiocarbamide Hydrochloride.—The reaction was 
carried out as above using the reactants in the same proportion. 
A white, crystalline, acidic solid, m.p. 113° was obtained. 
With aqueous picric acid it afforded a picrate, m.p. 140°, and on 
treatment with dilute alkali precipitated the free base, m.p 
72°.

Anal. Calcd. for Ci8H22N4S: C, 66.25; H, 6.74; N, 17.17; 
equiv. wt. (hydrochloride), 362.5. Found: C, 66.31; H, 6.93; 
N, 16.90; equiv. wt. (hydrochloride), 365.3.

Analogous to the behavior of the above compounds on reaction 
with hydrochloric acid, it afforded l-(p-tolyl)-3-methylthiocar- 
bamide, m.p. 126°, l-(p-tolyl)-3 ■methylearbamide, m.p. 178°, 
p-tolylisothiocyanate and methylamine.

Interaction of 2-Chlorobenzothiazole with l-Phenyl-3-ethylthio- 
carbamide. Formation of l-(N-Phenyl-N'-ethylguanyl)-l-phenyl- 
3-ethylthiocarbamide Hydrochloride.—The reaction was carried 
out as above using the reactants in the same proportion. A 
white, crystalline, acidic solid, m.p. 158° was obtained. With 
aqueous picric acid it afforded a picrate, m.p. 136°, and on treat
ment with dilute alkali precipitated the free base, m.p. 85°, 
which decomposed gradually on keeping.

Anal. Calcd. for CisH^NiS-HCl: equiv. wt., 362.5. Found: 
equiv. wt., 370.3.

Anal. Calcd. for C18H22N4S: N, 17.17; S, 9.81. Found: 
N, 17.21; S, 9.92.

Interaction of l-Phenyl-3,3-dimethylthiocarbamide and 2- 
Chlorobenzothiazole. Formation of l-(N,N-Dimethyl-N'-phenyl- 
guanyl)-l-phenyl-3,3-dimethylthiocarbamide Hydrochloride.—
Finely powdered 1-phenyl-3,3-dimethylthiocarbamide (10 g.) 
and 2-chlorobenzothiazole (4.2 ml.) were triturated in a china

dish and allowed to stand after adding a droplet of concentrated 
hydrochloric acid. The reaction mixture warmed up within a 
few minutes, and a yellowish sticky mass was obtained. Wash 
ing with warm, dry acetone and ether yielded a product, m.p. 
105° (about 9 g.).

Anal. Calcd. for Ci8H22N4SH CI: equiv. wt., 362.5. Found: 
equiv. wt., 364.5.

It afforded a picrate m.p. 139°. On treatment with alkali the 
free base, m.p. 118°, was obtained which was found identical 
with the product obtained by Srivastava4 from the bromine 
oxidation of l-phenyl-3,3-dimethyl-thiocarbamide.

Anal. Calcd. for Ci8H22N4S: C, 66.25; H, 6.74; N, 17.17. 
Found: C, 65.78; H, 6.65; N, 17.46.

On prolonged heating with strong hydrochloric acid, like other 
derivatives of this type {vide supra), it decomposed into 1-phenyl-
3,3-dimethylthiocarbamide, m.p. 134°, 1-phenyl-3,3-dimethyl- 
carbamide, m.p. 131°, phenyl isothiocyanate, and dimethyl- 
amine.

Interaction of 2-Chlorobenzothiazole with 1,3-Diphenylthio- 
carbamide. Formation of bis( N, N '-Diphenylguanyl jsulfide 
Hydrochloride.—Finely powdered, doubly crystallized 1,3- 
diphenylthiocarbamide (10 g.) and 2-chlorobenzothiazole (4 ml.) 
were thoroughly mixed in a china dish, and a drop of concentrated 
hydrochloric acid was added to facilitate the reaction. Within 
a few minutes the reaction mixture warmed up, and a yellow 
sticky product was obtained. On washing with dry, warm, 
acetone a pale yellow microcrystalline powder (about 9 g.) 
separated, m.p. 155° (dec.). Itwasfound to be acidic to litmus.

Anal. Calcd. for C26H22N4S-HCL: equiv. wt., 458.5;
C, 68.04; H, 5.01; N, 12.21. Found: equiv. wt., 454.0; C, 
68.14; H, 5.88; N, 12.27.

The product decomposed at once on contact with water giving 
phenyl isothiocyanate and triphenylguanidine hydrochloride, 
m.p. 248°, which on treatment with base gave free triphenyl
guanidine, m.p. 145°. Its identity with the free base of the 
hydrobromide formed by the oxidation of 1,3-diphenylthio- 
carbamide with bromine in ethanol7 was established by a com
parison of infrared spectra. The following absorption charac
teristics were noted.

Above derivative (hydrochloride): 3290 m, 2800 s, 2100 m, 
1630 s, 1570 s, 1494 s, 1440 s, 1338 s, 1260 m, 1200 m, 1176 m, 
1036 w, 1026 m, 90S s, 833 m, 745 s, 735 s, 690 s, 638 m.

Suresh’s7 compound (hydrobromide): 3320 m, 2800 s, 2090 
m, 1630 s, 1570 s, 1494 s, 1440 s, 1336 s, 1260 m, 1200 m, 1176 
m, 1036 w, 1025 m, 908 s, 835 m, 745 s, 735 s, 690 s, 638 m.
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The effect of aromatic solvents such as pyridine, collidine, and benzene upon the chemical shift of protons in 
systems possessing internal hindered rotation has been studied. It was found that progressive dilution of a 
carbon tetrachloride solution of N-methylcyclohexylacetamide with pyridine shifted the two N-methyl peaks 
unequally with respect to each other leading to gradual coalescence and crossover with a change in sign of their 
chemical shifts. This behavior is discussed in termB of specific complex formation between the amide and pyri
dine. Similar solvent dependency studies using N-methylsulfonamido, N-methylsulfinamido, and N-methyl- 
nitrosoamino derivatives also are described.

Nuclear magnetic resonance has proved to be a very 
valuable method for the study of hindered internal 
rotation in systems in which the rate of interconversion 
between two rotational conformers is sufficiently slow 
to allow a chemical shift difference between signals 
arising from the two retainers.1 Several N-methyl- 
amides2-3 show a doublet methyl resonance attributable 
to such a chemical shift difference between the methyl 
groups at each rotational site.8 Gutowsky and Holm3 
have determined the barrier height Ea for rotation 
about the CO—N bond for a number of amides. This 
measurement is based upon the variation with tempera
ture of the signals arising from the resonance absorption 
due to each rotational isomer. Typical values of Ea are 
7 ±  3 kcal. for N,N-dimethylformamide and 12 ± 2 
kcal. for N,N-dimethylacetamide. The origin of the 
potential energy barrier is due to resonance conjugation 
between the p-orbital on nitrogen and the p-orbital of 
the carbonyl ir-electron system resulting in the two 
planar dipolar forms A and C.
CH3

\
C =N

A

CH,

It

O CH3 eO CH,
I! /  \  • /

CH3—C—N C=N
\  /  \

R CH3 It
B C

The effect of solvent on this process may be separated 
into a direct effect on the barrier height changing its 
value and leading to a different rate of interconversion 
or, secondly, a molecular association between solvent 
and solute leading to an alteration of the proton chem
ical shifts of the rotamers. One would predict a sol
vent effect upon the barrier height since the ground 
state A is polar relative to the nonpolar transition state 
for rotation B. Such solvent dependency has been 
demonstrated by Rogers and Woodbrey.4 The second 
type of solvent effect is due to the specific contribution 
of aromatic solvents to the reaction field of the solute, 
5e,6 and possible solute solvent complex formation 
5c.6-8 These latter solvent effects lead to a difference 
in the chemical shift from the pure substance due to the

(1) J . A. Pople, W. G. Schneider, and  H. J . Berstein, “ High Resolution 
N uclear M agnetic R esonance,” M cGraw-Hill, New Y ork, N . Y ., 1958, p. 365.

(2) W. D. Phillips, J .  C h e m .  P h y s . ,  23, 1363 (1955).
(3) H. S. G utow sky and  C. H . Holm, J .  A m .  C h e m .  S o c . ,  25, 1228 (1956). 

In  th is  discussion the  term s singlet and doublet refer to m ultiplicity  resulting 
from  hindered in ternal ro ta tion  and no t spin—spin coupling.

(4) J. C. W oodbrey and  M. T. Rogers, J .  A m .  C h e m .  S o c . ,  84, 13 (1962).
(5) A. D. Buckingham , T. P. Schaefer, and  W. G. Schneider, J .  C h e m .  

P h y s . ,  32, 1227 (1960).
(6) J . V. H a tto n  and R. E . R ichards, M o l .  P h y s . ,  3, 253 (1960).
(7) (a) J . V. H a tto n  and  R . E . R ichards, i b i d . ,  5, 139 (1900); (b) C. E .

Johnson, J r .,  and F. A. Bovey, J .  C h e m .  P h y s . ,  29, 1012 (1958).
(8) J. V. H a tto n  and  W. G. Schneider, C a n .  J .  C h e m . ,  40, 1285 (1962).

secondary magnetic field generated by the ring current 
of the solvent.6

Results and Discussion
Solvent Effects on the Amide Group.—N-Methyl- 

cyclohexylacetamide (I) was chosen as a model com
pound for these studies because both N-methyl and C- 
methyl groups appear as sharply resolved doublets at 
room temperature when measured as a pure liquid (Fig. 
1) and in 20% carbon tetrachloride solution. At 
elevated temperatures (55°) both methyl groups are 
singlets in agreement with the concept of a relatively 
large barrier to internal rotation about the N—C—O 
bond.9 Cooling to room temperature leads to a restora
tion of the doublet pattern. The spectrum at room 
temperature is a superposition of the bands due to 
rotamers la and lb. In contrast to a symmetrical case 
such as N,N-dimethylformamide, la and lb correspond 
to different structures. Each has a different energy 
and the composition at room temperature should con
tain unequal amounts of each isomer depending upon

O CH,

CH3—C—N—C6Hu

I

CH.\

eo'
C =N

la

C,H„

CH,

CH;\

eo'
C =N

\
c 6h „

lb

their relative stabilities. The high and low field com
ponent of each doublet may be distinguished by the 
dissimilar shapes but assignment of their actual position 
in A or B cannot be made. For this discussion the taller 
peak in each doublet is designated as a and the shorter 
as /?. The band position of the methylenes and methine 
of the cyclohexane ring and the N-methyl and C-methyl 
are based upon abundant analogy and supported by the 
integrated ratios. Dilution of a 30% carbon tetra
chloride solution with pyridine to solutions of mole 
fraction of 83.50, 67.23, and 53.10 (in amide and py
ridine) causes a progressive downfield shift of the 
a C—CH3 by A5 = 0.08, the /3 C—CH3 by A5 = 0.09, 
and the a N —CH3 by A5 = 0.04, and the /3 N —CH3 
by A5 = 0.13 (Table I). The spectra of the amide- 
pyridine-carbon tetrachloride solution Ni, 83.50, 67.23, 
and 53.10 are shown in Fig. 1, 2, 3, and 4, respectively. 
At the concentrations of amide mole fraction of 53.10 
and 45.90 the a- and /3-N-methyl bonds coalesce to a 
sharp singlet absorption at 5 = 2.80. As dilution with 
pyridine is continued the /3 N-methyl peak moves from

(9) T he tem pera tu re  required for averaging the  N -m ethyl sh ifts in  N ,N - 
dim ethylform am ide in dilu te  m ethylcyelohexane is 99° (ref. 8).
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T a b l e  I

P h o t o n  S h i f t s  ( « )  f o r  N - M e t h y l c y c l o h e x y l a c e t a m i d e  ( I )  i n  V a r i o u s  S o l u t i o n s “
Mole fraction I 
in 30% carbon

Spec
trum

tetrachloride
solution Solvent a

---------- N -
Aa

-CH s------------
ß A ß a

---------- c -
A a

~C H 3-----------
ß A ß

— C H ^ -

1
2

100
83.50 Pyridine

2.79
2.83 0.04

2.66
2.77 0.11

1.94
2.01 0.07

1.99 
2.06 0.07

1.50
1.55

3 67.23 Pyridine 2.83 .04 2.79(sh) .13 2.02 .08 2.08 .09 1.55
4 53.10 Pyridine 2.80 .01 2.80 .14 2.02 .08 2.08 .09 1.55
5 45.90 Pyridine 2.80 .01 2.80 .14 2.02 .08 2.08 .09 1.55
6 33.75 Pyridine 2.73 -  .06 2.81 .15 2.04 .10 2.10 .11 1.55
7 19.61 Pyridine 2.70 -  .09 2.81 .15 1.99 .05 2.08 .09 1.55
8 6.95 Pyridine 2.67 -  .13 2.79 .13 2.00 .06 2.09 .10 1 .5 5
9 34.10 Benzene 2.41 -  .38 2.68 .02 1.80 -  .14 1.90 -  .09 1.40

10 61.10 s-Collidine 2.80 .01 2.78 .12 2.04 .10 2.00 .01 1.55
11 19.00 Piperidine 2.80 .01 2.80 .14 2.00 .06 2.00 .01 1.50
12 10.00 Ethanol 2.82 .03 2.73 .07 2.00 .06 2.05 .06 1.60
13 30.00 Piperidine 2.81 .02 2.81 .15 2.00 .06 2.00 .01 1.49

“ Chemical shifts S = 106 — ^   ̂ are relative to tetramethylsilane as internal standard at v = 60.0 Me. 6 A a and A/3 refer to the
shifts of the a and fi components of the N-methyl and C-rnethyl doublets relative to their positions in the N-methylcyclohexylacetamide 
in 30% carbon tetrachloride solution. c All spectra were determined at room temperature. d The methine proton and solvent bands 
are not included in this table.

under the singlet peak and appears at anew downfield po
sition with a concomitant high field shift of the a N —CH3 
peak. This reversed order of appearance persists as 
additional pyridine is added. Although the a- and 
/3-C-methyl peaks are shifted to lower field upon dilution 
with pyridine, no coalescence and crossover is observed. 
Benzene as solvent leads to uniform shifts of all bands 
to higher fields with the a N—CH3 being shifted past 
the /1-peak by A5 = —0.38. The spectrum of the 
amide in ethanol is similar to the spectrum of the pure 
amide in carbon tetrachloride. In 30% carbon tetra
chloride solution of I in collidine, the doublet character 
of the methyl groups is retained but the spacings be
tween the doublet peaks are decreased. Using piperi
dine as solvent the C-methyl peak appears as a sharp 
singlet. These results are summarized in Table I. 
Fig. 5 represents the spectrum of I in 30% carbon 
tetrachloride solution with benzene and corresponds to 
spectrum 9 in Table I.

A complete explanation of these solvent effects must 
account for (a) the direction of the line shifts observed 
in adding pyridine to a dilute solution of the amide in 
carbon tetrachloride, (b) the fact that the a and d 
components of the methyl doublets are shifted un
equally relative to one another and in the case of the 
N-methyl groups, the observed coalescence and cross
over pattern, and finally (c) the concentration de
pendency of the chemical shifts. These three points 
may be considered in terms of an amide-pyridine 
complex present according to the following equilib
rium.10

amide +  pyridine amide-pyridine

It is proposed that the complex formed in this system 
has a definite structure based upon electrostatic attrac
tion between the amide group and the pyridine. It has 
been suggested that “disk-shaped” aromatic solvents 
such as benzene solvate polar molecules by occupying a 
plane parallel to the plane of the solute.6'7a The effect

(10) In dilute carbon tetrachloride solution the amide is considered to be 
non-associated relative to the dimeric dipolar form proposed for the pure 
amide (ref. 4).

of this arrangement is quite generally highfield shifts 
due to the secondary magnetic field of the benzene. 
Johnson and Bovey7b have derived a method for calcu
lation of the diamagnetic or paramagnetic shift 8 for 
a proton in any position relative to the benzene ring,

. .  i . . . .  j . . . .  i . . . .  i . . . .  ...................... . . . .  i . . . .  i ................... I . . .5.0 4.0 3.0 2.0 1.0 0 PPM (0.

Fig. 1.—N-Methy]c.yclohexylacetamide (I) in 30% carbon tetra
chloride solution measured relative to tetramethylsilane.

Fig. 2.—N-Methvleyclohexylacetamide (I) and pyridine of 
mole fraction Ni 83.50 in 30% carbon tetrachloride solution rela
tive to tetramethylsilane.
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3.—N-Methylcyelohexylacetamide (I) and pyridine of mole fraction Ni 53.10 in 30% carbon tetrachloride solution 
relative to tetramethylsilane. The N-methyl peak is repeated at a sweep width of 50 c.p.s.

5.0 4.0 30 2.0 0 PRM.(s)

Fig. 4.—N-Methylcyclohexylacetamide (I) and pyridine of 
mole fraction Nj 33.75 in 30% carbon tetrachloride solution rela
tive to tetramethylsilane.

Fig. 5.—N-Methylcyclohexylacetamide (I) and benzene of 
mole fraction Ni 34.10 in 30% carbon tetrachloride solution rela
tive to tetramethylsilane.

if a free electron model is assumed for the aromatic. 
The effect is maximal when the aromatic solvent and 
solute are close; the diagmagnetic shifts decrease in
versely with the third power of the separation R of the 
solute and center of the aromatic ring. This is the

behavior observed in the present study with benzene 
namely, highfield shifts (Table I).

Pyridine, unlike benzene, does not have a symmetrical 
electronic structure and probably is attracted to a 
specific site in the amide group. The lone pah on the 
nitrogen of the pyridine might be partially bonded to 
the carbonyl group of the amide in the complex struc
ture. This could result in an approximately perpen
dicular orientation of the pyridine witli respect to tire 
average plane of the amide group. Contrasted with the 
parallel planes model for a symmetrical aromatic, the 
result of the perpendicular arrangement would be the 
observed lowfield shifts. This is due to the greatest 
magnetic susceptibility being direct along the axis of 
the pyridine ring and the amide carbonyl resulting in 
enhancement of the external field. These two struc
tural models for the amide-benzene (II) and amide- 
pyridine (II) are shown below.

c h 3 o
\  © /  
N=C
/  i \

C6H„ I ClI,

c h 3 o
\  /  
N—C
/  / \

c6h „©  c h 3<®>
II III

Also, it is clear that since a and d conformations of the 
N-methyl group occupy different positions relative to 
the pyridine molecule, they would experience different 
shielding. It is reasonable that in changing the con
centration and, therefore, the proportion of the com
plex, the resonance line due to one rotational state 
(a N—CHS) might be shifted by a larger amount rela
tive to the other (/3 N —CH3). Since the relative shifts 
of the resonance lines is dependent upon the equilibrium 
concentration of the amide-pyridine complex, by de
creasing the mole fraction of amide we favor complex 
formation and observe a constant variation of the spec
trum with concentration.

Solvent Effects upon the Sulfonamido, Sulfmamido, 
and Nitrosamino Groups.—Similarly hindered internal 
rotation in the related sulfinamides would require
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delocalization of the electron pair on nitrogen into the 
3d orbital of the sulfinyl group (1Y and IVa).

CH3 O
\  II

N—S—Z-C6Hi3

c h 3
IV

<— >

c h 3 o e
\®  I

N = S —¿-C6Hi3
/

c h 3
IVa

This system bears a formal relationship to the a- 
sulfinyl carbanion in which some question exists con
cerning stabilization of the anion by doubly bonded 
structures implying p-3d delocalization.11

The appearance of a doublet N-methyl resonance in 
the spectrum of N,N-dimethyl-(eri-hexylsulfinamide
(IV) at room temperature indicates the existence of 
IVa. In dilute carbon tetrachloride solution the spac
ing of the N-methyl decreases to a broad singlet peak. 
N,N-Dimethyl-p-toluenesulfinamide (V) shows a sharp 
singlet N-methyl peak presumably due to resonance 
conjugation of the sulfur atom with the aromatic ring 
resulting in a decrease of the S—N double bond char
acter. N-Methylcyclohexylmethanesulfonamide (VI) 
possesses two different methyl groups, namely, the 
N-methyl and S-methyl. Since rotation about the 
N —S bond leads to two equivalent rotational isomers, 
the N-methyl groups should appear as singlets. In 
dilute carbon tetrachloride solution both the N-methyl 
group and S-methyl group occur at 5 = 2.69. In 
pyridine solution, however, they are resolved appearing 
at 5 = 2.71 and 6 = 2.87. This result may be inter
preted in terms of amide-pyridine complex formation 
leading to an unequal change in their chemical shifts. 
N-Methylcyclohexylnitrosamine (VII) might be ex
pected to exhibit hindered rotation about the N—N 
bond leading to a doubling of the N-methyl resonance. 
In dilute carbon tetrachloride solution the N-methyl 
resonance appears as a sharp singlet at <5 = 2.82. In 
dilute pyridine this band, occurring at 5 = 2.93, is 
broadened and less symmetrical than in carbon tetra
chloride solution. The change in the chemical shift of 
the N-methyl group in VII from 5 = 2.92 in the pure 
liquid to S = 2.82 in 20% carbon tetrachloride is prob
ably due to dissociation of the polar nitrosamine by 
dilution. These results are summarized in Table II.

It may be concluded that pyridine forms a unique 
complex with polar molecules based upon electrostatic 
attraction. The effect of the complex formation is very 
specific changes in the chemical shifts of groups within 
the polar molecule. The magnitude and direction of 
the change in chemical shifts from a suitable model may 
be explained satisfactorily in terms of the preferred ori
entation of the pyridine with respect to the polar mole
cule. Future work is aimed at a quantitative study of 
complex formation in the amide-pyridine system.

Experimental
A Varian Associate high-resolution A-60 instrument operating 

at 60.0 Me. was employed. A sweep width of 500 c.p.s. was used,

(11) F. G. Bordwell and  P. J. B outon, J .  A m .  C h e m .  S o c . ,  79, 717 (1957).

T a b l e  II
C h e m i c a l  S h i f t s  (S ) o f  N , N - D i m e t h y l -1-h e x y l s u l f i n a m i d e  

(VI), N , N - D i m e t h y l - p - t o l u e n e s u l f i n a m i d e  (VIII), N - M e t h -
YLCYCLOHEXYLMETHANESULFON AMIDE, (IX) AND N-MeTHYL- 

CYCLOHEXYLNITROSAMINE (X) IN VARIOUS SOLVENTS*
Spec Com Concn.,
trum pound »Solvent % NCHs S—CHj
14 IV 2.&4b
15 IV Carbon tetrachloride 20 2.65
16 V Carbon tetrachloride 20 2.60
17 VI Carbon tetrachloride 20 2.69 2.69
18 VI Pyridine 30 2.71 2.87
19 VII 2.92
20 VII Carbon tetrachloride 20 2.82
21 VII Pyridine 30 2.93
a Chemical shifts S are measured relative to tetramethylsilane.

6 Broad doublet.

and spectra were repeated to assure constancy of the band posi
tions which are considered accurate to within 0.01 p.p.m. Th e 
symmetry of singlet peaks was checked by using an expanded 
scale of 50 c.p.s. The resonance absorption positions were 
checked also by using a sweep width of 50 c.p.s. Precision drawn 
tubes (8 in. X 0.20 in.) were used. All solvents were reagent 
grade quality and were dried and doubly distilled prior to use. 
Solutions were prepared by weighing solvent and solute to the 
nearest milligram.

N-Methylcyclohexylacetamide (I) was prepared by treatment 
of N-methylcyclohexylamine with acetic anhydride according to 
the method of Skita,11 b.p. 140° (13 mm.). I t was shown to be a 
pure substance by v.p.c. and had an infrared and n.m.r. spectrum 
consonant with the expected structure. N-Methyleyclohexyl- 
nitrosamine (X) was prepared according to Skita11 and had b.p. 
121° (12 mm.). The infrared and n.m.r. spectra were consistent 
with the expected structure.

N.N-Dimethyl-p-tolenesulfmamide (VIII).—Dimethylamine,
4.5 g. (0.10 mole), was dissolved in 50 ml. of ether. To this solu
tion cooled to 0° was added p-toluenesulfinyl chloride12 (3.49 g., 
0.02 mole) in 50 ml. of ether. The dimethylamine hydrochloride 
which formed immediately was filtered and the ether solution 
concentrated to dryness yielding a crystalline residue. Re
crystallization from hexane yielded 5.2 g., m.p. 54-55°.

Anal. Calcd. for C9H13NSO: C, 58.87; H, 7.16; N, 7.64. 
Found: C, 59.07; H, 7.15; N, 7.47.

N-Methylcyclohexylmethanesulfonamide (IX).—N-Methyl- 
cyclohexylamine, 5 g. (0.0443 mole), was dissolved in 20 ml. of 
pyridine, and 10 g. (0.114 mole) of methanesulfonyl chloride was 
added. After standing at room temperature overnight, ice was 
added and the resulting crystalline produce was collected, washed 
with water, and recrystallized from ethanol yielding 1.8 g., m.p.
65-66°.

Anal. Calcd. for C8H„NS02: C, 50.23; H, 8.94; N, 7.32. 
Found: C, 50.20; H, 8.90; N, 7.58.

N,N-Dimethyl-i-hexanesulfinamide (VI), b.p. 69-70° (0.35 
mm.), ?i20d 1.4724, was supplied by Phillips Petroleum Co.13 It 
was distilled prior to examination and v.p.c. analysis revealed 
impurities to the extent of 5%.
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A study was made of the influence of certain reaction variables on the relative rates of carbon-oxygen and 
carbon-carbon coupling in the oxidation of 2,6-dimethylphenol in the presence of homogeneous catalysts de
rived from copper(I) chloride and pyridine, in solution under oxygen (one atmosphere). With all other condi
tions held constant, the relative coupling rates are little affected by variation of the 2,6-dimethylphenol or cop- 
peril) chloride concentrations. However, C-0 coupling is markedly favored relative to C-C coupling by an in
crease of the ligand ratio [molar ratio of pyridine to copper(I) chloride] at constant copper(I) chloride concen
tration, or an increase of the catalyst concentration at constant ligand ratio. Increasing temperature or use of 
the sterically hindered ligands quinoline or 2,6-lutidine favors C-C coupling, but there is little effect of solvent 
dielectric constant in the range 2.3-7.5. An explanation of catalytic specificity in this system is advanced, 
which involves catalytic activity by two copper-amine complexes, differing in coordination number with respect 
to the ligand. It is proposed that the complex with the lower coordination number catalyzes predominantly 
C-C coupling, while that with the higher coordination number is specific for C-0 coupling.

Previous papers in this series have been concerned 
with the scope of the oxidative coupling of 2,6-disubsti- 
tuted phenols in the presence of copper-amine cata
lysts,28 and with the problem of over-all mechanistic 
type in the polymerization via carbon-oxygen coupling.4 
It was demonstrated3 that in a series of 2,6-dialkyl 
substituted phenols, two different types of product tend 
to form, depending on the bulk of the substituents R 
and R ' (equation 1).

R' R'
+ nH20

With larger groups, such as ¿-butyl, carbon-carbon 
coupling predominates and tetrasubstituted dipheno- 
quinones are produced via intermediate dihydroxydi- 
phenyl derivatives. On the other hand, with smaller 
substituents, such as methyl, a facile carbon-oxygen 
coupling can occur, resulting in poly(2,6-dialkyl-l,4- 
phenylene ethers) of high molecular weight. I t will 
be shown in the present paper that C -0 and C-C 
coupling can be competitive reactions even in the oxida
tion of 2,6-dimethylphenol, and that their relative 
rates are very sensitive to certain reaction conditions. 
It is believed that an examination of the dependence of 
the relative coupling rates on the conditions is de
sirable, not only from the point of view of synthetic 
utility, but also because this system is a novel example 
of transition metal coordination catalysis in homog
eneous solution.5 6 7 Further, as a phenol oxidation with

(1) (a) P resen ted  in p a rt a t  the  140th N ational M eeting of the  American 
Chem ical Society, Chicago, 111., Septem ber, 1961; (b) C hem istry D epart
m ent, Cornell U niversity ; (c) C apacito r D epartm ent, G eneral E lectric 
Com pany, H udson Falls, N. Y.

(2) A, S. H ay, H, S. B lanchard, G. F . Endres, and J . W. E ustance, J .  A  m .  

C h e m .  S o c . ,  8 1 ,  6335 (1959).
(3) A. S. H ay, J .  P o l y m e r  S c i . ,  58, 581 (1962).
(4) G. F . E ndres and Jack  K iw atek , i b i d . ,  58, 593 (1962).

a catalytic system involving a copper-nitrogen co
ordinate linkage, a study of this system might help to 
clarify the mechanism of the action of certain important 
enzymes of the oxidase type.6 7 Indeed, it recently 
has been reported8 that an enzyme of this type converts
2,6-dimethylphenol into 3,5,3',5'-tetramethyldipheno- 
quinone in 30% yield. The oxidation of phenol itself 
in methanol solution using a morpholine-copper(II) 
acetate catalyst has already been very well studied.9 
We believe that the study of 2,6-dimethylphenol in the 
present system can shed considerable further light on 
the subject, owing to the relative simplicity of the 
reaction sequence and products, and the high degree of 
specificity that can be achieved.

Experimental
Copper(I) chloride, pyridine, and 2,6-dimethylphenol were 

purified as described previously.4 Quinoline (Eastman Synthe
tic), 2 ,6-lutidine, chlorobenzene, and o-dichlorobenzene (all 
Matheson Coleman and Bell) were fractionally redistilled, re
taining constant-boiling middle fractions. Gas chromatographic 
analysis of the o-dichlorobenzene indicated that a considerable 
amount of the meta isomer was still present after such treatment. 
Benzene (Mallinckrodt AR) was used without further purifica
tion.

All oxidation experiments reported here were carried out, in 
closed systems in stirred constant-temperature water baths, 
permitting quantitative measurement of the rate and extent of 
oxygen absorption. The reaction vessel was constructed from a 
60/50 standard taper ground glass joint. The female half was 
rounded into a vessel of 40-80-ml. liquid capacity, and fitted 
with a 10/30 female joint at the side to receive a small self-con
tained dropping funnel. The male half was fashioned into a 
vessel head, with two 10/30 female joints to receive gas inlet or 
exit tubes and a port at the center to accommodate the shaft of a 
Vibro-Mixer stirrer. The latter was connected to the port with 
short overlapping sleeves of vinyl tubing, making a gas-tight 
but flexible seal. Volume changes in the system were measured 
and atmospheric pressure maintained with a 100-ml. capacity gas

(5) A bstracts of Papers, 141st N ational M eeting of the A m erican C hem i
cal Society, W ashington, D. C., M arch, 1962, Division of Inorgan ic  Chem is
try , Sym posium  on Homogeneous C atalysis and  the  R eactions of Coordi
na ted  Ligands.

(6) W. D. M cE lroy and B. Glass, ed., "C opper M etabo lism ,” Johns 
H opkins Press, B altim ore, M d., 1950.

(7) C. R. Dawson and W. B. T arpley, in "T h e  E nzym es," Vol. I I ,  Aca
demic Press, New York, N. Y., 1951, Chap. 57.

(S) S. M. Bocks, B. R . Brown, and A. H. Todd, P r o c .  C h e m . A’oc., 117 
(1962).

(9) W. B rackm an and  E . H avinga, R e c .  t r a v .  c h i m . ,  74, 937, 1021, 1070, 
1100, 1107 (1955).
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buret and reservoir filled with dibutyl phthalate, and a U-tube 
manometer open at one end to the atmosphere.

The usual procedure was to add the copper(I) chloride, pyri
dine (as a solution aliquot if the quantity was too small for ac
curate pipette measurement), and anhydrous magnesium sulfate 
to the solvent in the vessel (30-ml. solution volume), with the 2,6- 
dimethylphenol in 10 ml. of solvent in the funnel. After flushing 
the system with oxygen, the catalyst solution was “preoxidized” 
by agitation under oxygen for 2CU45 min. (longer times are re
quired at the lower ligand ratios). At zero time the monomer 
solution was run in quickly, with continued vigorous agitation, 
and the monomer solution was run in quickly, with continued 
vigorous agitation, and the absorption of oxygen at atmospheric 
pressure was recorded as a function of time. Reaction was con
tinued in each case until absorption of oxygen had ceased or be
come very slow.

The products were worked up as follows. Under conditions 
where no tetramethyldiphenoquinone was detectable, the reac
tion mixture was poured into four volumes of methanol contain
ing an excess of concentrated hydrochloric acid relative to the 
copper salt, a procedure which deactivates the catalyst. The 
precipitated polymer was filtered off, washed with methanol, 
and resuspended in 5% (vol.) concentrated hydrochloric acid in 
methanol. After refiltration and rewashing, the polymer was 
dried superficially under vacuum, redissolved in chloroform, and 
reprecipitated in 1% (vol.) concentrated hydrochloric acid in 
methanol. The work-up was completed with a final filtration on a 
tared sintered glass funnel, washing and drying under vacuum at 
65°. Where tetramethyldiphenoquinone was detected, the 
reaction mixture was chilled and filtered directly. The vessel 
and residue were washed with a little chloroform, and the residue 
was air-dried and resuspended in dilute aqueous hydrochloric 
acid (to dissolve magnesium sulfate and any residual copper 
salts). The finely crystalline red product was filtered onto a 
tared funnel, washed with distilled water, and dried under 
vacuum at room temperature. The first filtrate was added to 
four volumes of 1% lithium chloride in methanol, and the pre
cipitated polymer filtered onto a tared funnel, washed with 
methanol, and dried under vacuum at room temperature. 
Hydrochloric acid was not normally used in the work-up of such 
polymers since it sometimes led to a darkening of the color of 
the suspension, and the reprecipitation was omitted in order to 
minimize solubility losses of these low polymers. I t  was found 
that the infrared spectra of polymers worked up in this way were 
not significantly changed after reprecipitation in methanol con
taining hydrochloric acid.

Intrinsic viscosities were measured in Ubbelohde dilution vis
cometers in chloroform solution at 25°, using the customary ex
trapolation of several values of the reduced viscosity to zero 
concentration.

Infrared spectra were recorded with a Beckman IR-7 grating 
instrument, as differential spectra of 1.5% solutions (wt./vol.) in 
carbon disulfide in 0.5-mm cells, or as potassium bromide disks.

Results and Discussion
The particular system chosen for study was the oxida

tion of 2,6-dimethylphenol in solution under oxygen 
gas at atmospheric pressure, using as catalysts com
plexes derived from copper(I) chloride and pyridine or 
certain derivatives. Data concerning the effects on 
the relative rates of carbon-oxygen and carbon-carbon 
coupling were obtained for the following variables: 
(1) concentrations of phenol, copper salt and amine 
ligand, (2) temperature, (3) dielectric constant of the 
medium, and (4) steric hindrance in the ligand. Al
though pyridine can be used as both ligand and solvent 
for the reaction, it was necessary in the examination 
of these variables to introduce another solvent. In 
most of this work o-dichlorobenzene was used, since it 
is inert as far as coordination with copper ions is 
concerned, and a reasonably good solvent for both the 
catalytic complexes and the C -0 coupled polymeric 
products. It was soon found that one of the most 
critical and interesting variables is the ligand ratio,

or stoichiometric molar ratio of amine ligand to copper 
salt. When attempts were made to extend the study 
into the region of low ligand ratios, where the concentra
tion of amine is relatively low, difficulties were en
countered with auto-retardation effects, and frequently 
complete reaction could not be observed in a reason
able period of time. An example of this is shown in 
Fig. 1, for an oxidation of 2,6-dimethylphenol at

Fig. 1.—Oxidation of 2,6-dimethylphenol (0.2 M) in the pres
ence of 0.01 M  copper chloride and 0.02 M  pyridine, in o-dichloro
benzene at 30°: 6 , magnesium sulfate, 0.2 mole/1.; A, without 
magnesium sulfate.

ligand ratio 2.0. I t was also frequently observed that 
separation of another liquid phase or a solid copper 
salt accompanies autoretardation, suggesting that the 
effect is due to interference with catalysis by the 
water formed as reaction product (equation 1). This 
is confirmed by the fact that the effect can be elimina
ted by suspending anhydrous magnesium sulfate 
or other inert drying agent in the reaction mixture (Fig. 
1), and this procedure was followed in all experiments 
at low ratios reported here. At relatively high ligand 
ratios autoretardation effects have not been observed 
and a drying agent is unnecessary.

The effects of ligand ratio (or varying pyridine con
centration at fixed copper salt concentration) are sum
marized in Table T, for values ranging from 0.67 to 
2,420. The lower limit represents the minimum ligand 
ratio required for complete oxidation of copper(I) chlo
ride in inert solvent (to be described in a following 
publication), while the upper corresponds to pyridine 
at 0.005 M  copper salt. Plots of oxygen absorption vs. 
time for the experiments of Table I are of varying form, 
and the reaction kinetics are quite complex. Accord
ingly, the maximum slope of the plot in each case, 
given as Amax in the tables, is used as a measure of 
overall reaction rate. The data for per cent oxygen 
absorption in the tables are calculated on the basis of 
the stoichiometry of equation 1, and represent reaction 
tunes at which absorption has either ceased or become
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relatively very slow. Over a wide range of ligand ratios 
the final oxygen absorptions are close to the ideal 100%, 
but at both low and high ratios an excess is observed 
which is greater than the experimental uncertainty. 
The fractional yields of C -0 and C-C coupled products 
(methanol-insoluble polymer and tetramethyldipheno- 
quinone, respectively) are based on the dry weights of 
the isolated products, and the weight of 2,6-dimethyl- 
phenol originally present. The total yields are seen to 
be less than quantitative, and this is believed to be due 
primarily to loss of methanol-soluble low polymer 
fractions in the workup, and the mechanical losses 
involved in isolating a few hundred milligrams of mate
rial in pure condition. The fractional yield of C-C 
coupled product is the most reliable measure of relative 
coupling rates, since the poorly soluble tetramethyldi- 
phenoquinone is filtered directly from the reaction 
mixture, and losses should be relatively constant. The 
data are believed to be sufficiently accurate to serve as 
qualitative measures of the relative coupling rates.10

T able I
E ffects of Varying P yridine Concentration“

An;;x
Ligand X HP, Oxygen Intrinsic

Pyridine ratio, mole 1._i absorbed, Fractional yields viscosity
M N/Cu min._1 % /c-0 fc-c decil. g. -*1

0.0033 0 .67 0.091 107 0.072 0.56 C
.0050 1.0 .206 105 .16 .49 c
.0100 2.0 .662 96.5 .40 .34 0.086
.0150 3 .0 1 .2 6 100 .51 .26 .097
.050 10 5.20 99 .75 .10 .17
.50 100 1 1 .4 98.5 .86 0 .49

2 .79 558 7 .7 0 99 .82 0 .725
9.00 1800 1.30 108 .785 0 .71
9.00 1800 1.3 3 111 .79 0 .76

12. T 2420 0.666 109 .80 0 .94

° Conditions: 2,6-Dimethylphenol 0.2 M; copper(I) chloride 
0.005 M; o-dichlorobenzene solvent; 30°. At ligand ratios 0.2 
to 100, anhydrous magnesium sulfate was also present at 0.2 
mole/1. 0 Pyridine solvent. c Insufficient sample for deter
mination.

From the fractional yield data of Table I, and their 
graphical representation in part in Fig. 2, it is evident

( Py )/(CuCl) , MOLE RATIO
Fig. 2.—Dependence of fraction yields on the ligand ratio ¡Table 

I). 0 , f / ; A , f c_v.

that the relative rates of C-0 and C-C coupling are 
profoundly affected by the ligand ratio. Also affected 
are the maximum rate of oxygen absorption and the 
intrinsic viscosity of the C-0 coupled polymer, as 
shown in Fig. 3 and 4. (The latter figures are plotted 
on a semilog scale for the sake of clarity.) At the lowest 
ligand ratio (0.67) a rather slow reaction leads predomi
nantly to C-C coupling. Increasing the ligand ratio 
favors C-0 coupling at the expense of C-C, so that C -0 
coupling is dominant at ligand ratio 10 and C-C cou
pled products are no longer isolated at ligand ratio 100. 
The over-all rate rises to a maximum in the region of 
ligand ratio 100, falling off as pyridine becomes the 
major part of the reaction mixture.11 The intrinsic 
viscosity data indicate that the polymers formed along 
with the C-C coupled product at low ligand ratio are 
of low degree of polymerization. Increasing ligand 
ratio causes a rise which levels off at about ratio 500, 
with a further increase when pyridine is the solvent.12

Unlike the low polymers formed in the intermediate 
stages of oxidation of 2,6-dime thy lphenol at high ligand 
ratio,4 those formed on complete oxidation at low ligand 
ratio exhibit no absorption in the hydroxyl region of 
the infrared spectrum. Evidently a molecular termi
nation reaction has occurred in the latter cases. Since 
C-C coupling takes place simultaneously under these 
conditions, the possibility emerges that the tetramethyl- 
diphenoquinone or the intermediate dihydroxvdipheiiyl 
(equation 1) is functioning as a molecular terminating 
agent in the C-0 coupling polymerization. To test 
this possibility, 2,6-dimethylphenol was oxidized under 
conditions favorable for high polymerization, with the 
dihydroxydiphenyl derivative present as an additive 
from the start. The experiment of Table I at ligand 
ratio 558 was repeated with 0.05 M  3,5,3 ',5'-tetra- 
methyl-4,4'-dihydroxydiphenyl added with the 2,6- 
dimethylphenol. The final oxygen absorption was 98% 
(based on phenol plus diol) with 12maI = 8.44 X 10-3 
mole I.-1 min.-1. An 81% yield of polymer (based on
2 ,6-dimethylphenol) of intrinsic viscosity 0.86 and an 
85% yield of tetramethyldiphenoquinone (based on 
diol) were recovered. Thus, the oxidations of 2,6- 
dimethylphenol and its dihydroxydiphenyl derivative 
appear to have occurred independently, and there is 
no decrease of the intrinsic viscosity of the polymeric 
product.

A further important effect on the relative coupling 
rates is evident in Table II and Fig. 5, where the cata
lyst concentration is varied at a constant ligand ratio 
of 1.0 or 2.0. Higher concentrations result in increased 
over-all rates and favor C-0 coupling, with a change
over from mainly C-C to mainly C-0 coupling observed 
in a tenfold variation at ligand ratio 1.0. On the other

(10) In principle, the fractional yields can be combined with the over-all 
rate data in the calculation of the “partial rates” of the competing processes, 
and this was done in a preliminary communication.1 However, such partial 
rates can be compared meaningfully under varying conditions only if that 
step in the reaction sequence which determines the relative coupling rates 
is also the rate determining step in oxygen absorption. Since this has not 
been demonstrated, partial rates are not employed in the present paper.

(11) This is probably not a gross medium effect, since the dielectric con
stants of pyridine and o-dichlorobenzene are similar. It is noteworthy that 
the slow reaction in pyridine is accompanied by a small amount of C-C 
coupling. The tetramethyldiphenolquinone is not formed in sufficient quan
tity to separate from the reaction mixture, but it can be observed as a hydro
phobic red precipitate if the solution is diluted with water.

(12) This latter effect may be related to the fact that in pyridine solvent a 
precipitate of polymer and some catalyst separates from the reaction mixture 
toward the end of the reaction.
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hand, variation of the copper(I) chloride concentration 
at a constant pyridine concentration (0.05 M ) causes 
the over-all rate to pass through a maximum, but has 
little effect on the relative coupling rates, except where 
the concentration of the copper salt approaches that 
of the ligand (Table III and Fig. 6). These results can 
be accounted for as a near balance between two oppos
ing effects, i.e., increasing catalyst concentration and 
decreasing ligand ratio. The data of Table IV and 
Fig. 7 show little dependence of the relative coupling- 
rates on the initial concentration of 2,6-dimethylphenol 
over a sixfold range, at a constant catalyst ligand ratio
(3.0).

T a ble  I I

E ffects  of Varying  Catalyst C oncentration  at C onstant 
L igand R atios '1

Ligand & I X o Oxygen Intrinsic
CuCl ratio, mole I. ”1 absorbed, Fractional yields viscosity

M N/Cu min.-1 % /c -o / c -  c deoil, g.-1
0.005 1 .0 0.206 105 0.16 0.49 b

.010 1 .0 .535 102 .305 .40 0.096

.050 1 .0 3.27 101 .465 .18 .16

.005 2 .0 0.662 96.5 .40 .34 .086

.010 2.0 2.1 102 .54 .23 .16
0 C o n d i t io n s :  2 ,6 - D ir n e th y lp h e n o l  0 .2  M; a n h y d r o u s  m a g n e 

s iu m  s u l f a te ,  0 .2  rn o le /1 .;  o -d ic h lo ro b e n z e n e  s o lv e n t ;  3 0 ° . 
b I n s u f f ic ie n t  s a m p le  f o r  d e te r m in a t io n .

T able I I I

E ffects of V arying  C o pp e r ( I )  Ch lo ride  C oncentration '1

CuCl,
Umax X 10\ 

moie I.-1
Oxygen

absorbed, Fractional yields
Intrinsic
viscosity

M min. _1 % /c-o f c - c deed. g.
0.005 5.20 99 0.75 0.10 0.17

.010 7.35 99 .75 .12 .21

.020 8.25 100 .73 . 15 .20

.040 5.71 100 .66 .19 .15

.050 3.27 101 .465 .18 .16
a C o n d i t io n s :  ‘2 ,6 - D i r n e th y lp h e n o l  0 .2  M; p y r id in e  0 .0 5  M; 

a n h y d r o u s  m a g n e s iu m  s u l f a te ,  0 .2  m o le /1 .;  o -d ic h lo ro b e n z e n e  
s o lv e n t ;  3 0 ° .

T a ble  IV
Effects of Varying  Initial 2,6-Dimethylphenol 

Concentration“
2,6-Di
methyl
phenol,

Æmax X 103, 
mole 1. -1

Oxygen
absorbed, Fractional yields

Intrinsic
viscosity,

M min.-1 % /c - o / C-C decil. g. _1
0.10 0.99 102 0.47 0.18 0.092

.20 1.26 100 .51 .26 .097

.40 2.21 103.5 .565 .27 .098

.60 3.05 108 .58 .29 .12
“ C o n d i t io n s :  C o p p e r ( I )  c h lo r id e  0 .0 0 5  M; p y r id in e  0 .0 1 5  M ; 

f a n h y d ro u s  m a g n e s iu m  s u l f a t e ;  o -d ic h lo ro b e n z e n e  s o lv e n t ;  3 0 ° .

Table V  summarizes data for an increase of temper
ature from 30° to 60°, with ligand ratio 1.0 at two 
catalyst concentrations. The higher temperature is 
seen to favor C - C  coupling at the expense of C M ) ,  lead
ing to a change-over from C M )  to C - C  domination at 
0.05 M  catalyst. However, in the absence of knowledge 
of the temperature dependence of oxygen solubility in
o-dichlorobenzene and the effect of oxygen concentra
tion on the relative coupling rates, it is not certain that 
this observation is purely a temperature effect.

The solvent could conceivably affect the structure of 
the catalyst or the active complex in the present system

F ig . 3 .— D e p e n d e n c e  o f  m a x im u m  r a t e  o f  o x y g e n  a b s o r p t io n  on  
t h e  l ig a n d  r a t i o  ( T a b le  I ) .

F ig . 4 .— D e p e n d e n c e  o f in t r in s ic  v i s c o s i ty  o f C M ) c o u p le d  p o b r- 
rn e ric  p r o d u c t s  o n  t h e  l ig a n d  r a t i o  ( T a b le  I ) .

F ig . 5 .— F r a c t io n a l  y ie ld s  a s  f u n c t io n s  o f c o p p e r  c h lo r id e  c o n c e n 
t r a t i o n ,  a t  c o n s t a n t  l ig a n d  r a t i o  ( 1 .0 )  ( T a b le  I I ) :  O , / c - o ;  A , 
fc-c-

in at least two ways : (1) the more active solvents could 
function as ligands and coordinate with copper ions 
in the inner sphere, or (2) solvents of relatively weak
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F ig . 6 .— F r a c t io n a l  y ie ld s  a s  f u n c t io n s  o f c o p p e r  c h lo r id e  c o n 
c e n t r a t i o n ,  a t  c o n s t a n t  p y r id in e  c o n c e n t r a t io n  (0 .0 5  M) ( T a b le  
I I I ) :  0 , / c - o ;  A, fc-c-

F ig . 7 .— F r a c t io n a l  y ie ld s  a s  f u n c t io n s  o f in i t i a l  2 ,6 - d im e th y l -  
p h e n o l  c o n c e n t r a t io n ,  a t  c o n s t a n t  l ig a n d  r a t i o  ( 3 .0 )  ( T a b le  I V ) :  
0 , / c - o ;  A, fc-c-

T able V
E ffects  o f  Varying  T em pera tu re"

Amax X 103, Oxygen
CuCl, Temp. , mole 1. -* absorbed, Fractional yields

M °C. min. 1 % f c - o f c - c

0 .0 0 5 30 0 .2 0 6 105 0 .1 6 0 .4 9
.0 0 5 60 .8 7 0 102 .0 1 .7 5
.0 5 30 3 .2 7 101 .4 6 5 .1 8
.05 60 7 .2 0 86 .11 .63

n C o n d i t io n s : 2.,6 - D im e th y lp h e n o l  0 .2  M; lijiiin d r a t i o  1J
a n h y d r o u s  m a g n e s iu m  s u l f a te ,  0 .2  m o le /1 .;  o -d ic h lo ro b e n z e n e
s o lv e n t .

coordinating power could still play an important role 
through solvation of the complexes as a whole, the 
solvents of higher dielectric constant promoting ionic 
dissociation or ion-pair formation. The first effect 
seemed too broad in scope for the present investigation, 
but an attempt was made to assess the importance of 
the second. The scries of solvents benzene, chloro
benzene, c-d¡chlorobenzene offers a moderate range of 
dielectric constant (2.3-7.5) without strong coordinat

ing ability, and oxidations were carried out in these 
solvents at ligand ratio 3.0. The results (Table VI) 
indicate little effect on the relative coupling rates under 
these conditions.

T able V I

E ffects  of V arying  Solvent D ielectric  C onstant"
D i

elec
tr ic
con

A1 max
X 10». 

m ole 1. “ *

O xygen
ab 

sorbed , F rac tio n a l y ie lds
In tr in s ic
v isco s ity

S o lv en t s ta n t m in . -1 % / c - o fc-c dócil, g.

B e n z e n e 2 .3 0 .5 6 99 0 .6 0 0 .3 5 0 .1 7
C h lo ro b e n z e n e 5 .9 .9 7 103 .5 6 .2 9 .1 3 5
o -D ic h lo ro b e n -

z en e 7 . 5 1 .2 0 100 .5 1 .2 6 .0 9 7

“ C o n d i t io n s :  2 ,6 - D im e th y lp h e n o l  0 .2  M; c o p p e r ( I )  c h lo r id e  
0.00.5 M; p y r id in e  0 .0 1 5  M; a n h y d r o u s  m a g n e s iu m  s u l f a te ,  0 .2  
m o le /1 .;  3 0 ° .

In order to assess the effects of steric hindrance in the 
ligand, oxidations of 2,G-dimethylphenol were carried 
out with quinoline or 2,6-lutidine in place of pyridine, 
with the results summarized in Table VII. Owing to 
the relatively low reaction rates observed with these 
ligands compared to pyridine, it was necessary in these 
experiments to increase the copper(I) chloride concen
tration to 0.05 M. Insufficient data were obtained to 
determine the precise form of the dependence of the 
fractional yields on ligand ratio, but comparison data 
are available at both low and high ratios (1.0 and 55.8). 
Using the fractional yield of C-C coupled product as 
the most reliable measure of relative coupling rates, it 
is seen that at the low ligand ratio both quinoline and
2,6-lutidine favor C-C coupling appreciably in compari
son to pyridine. Increasing the ligand ratio favors 
C -0 coupling and results in polymers of higher intrinsic 
viscosity in each case, although the over-all rate is not 
enhanced in the hindered examples.

T able V I I

Oxidation  of 2,6-D im eth y lpheno l  w ith  P y ridin e  and
D eriv a tiv es"

A’max Oxygen
L ig an d X ios, a b  In tr in s ic
ra tio , m ole 1. o so rbed , F ra c tio n a l y ie lds v iscosity ,

L igand N/Cu m in. % f c - o f c - c decil. g. - 1

P y r id in e 1 .0 3 .2 7 101 0 .4 6 5 0 .1 8 0 .1 6
5 5 .8 21 .3 100 .85 0 1 .35

Q u in o lin e 1 .0 0 .935 105 .48 0 .3 0 .13
5 5 .8 .53 104 .82 Ü 1 .15

2 ,6 - L u t i - 1 .0 1 .80 118 .29 0 .3 7 5 0 .0 8
d in e 10.0 1.54 107.5 .73 0 .205

5 5 .8 1 .98 103 . 93 0 . 55

" C o n d i t io n s :  2 ,6 - D im e th y lp h e n o l ,  0 .2  M; c o p p e r ) I )  c h lo r id e  
0 .0 5  M; a n h y d r o u s  m a g n e s iu m  s u l f a te ,  0 .2  m o le /1 .;  o - d ic h lo ro -  
b e n z e n e  s o lv e n t ;  3 0 ° .

The effects of the variables examined on the relative 
coupling rates can be summarized as follows. Carbon- 
carbon coupling is favored by increasing temperature 
or steric hindrance in the ligand, while carbon-oxygen 
coupling is favored by increasing ligand ratio or catalyst 
concentration at constant ligand ratio. The concentra
tion of 2,6-dime thy lphenol and the dielectric constant 
of the solvent have relatively little effect, at least over 
the ranges examined. Thus, the most critical variables 
are those which would be expected to affect the struc
ture of the catalytic complex.
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It will be shown in a following publication that both 
C-0 and C-C coupling in the present system are 
brought about by oxidized forms of the copper-amine 
catalytic system. It is well established that in a solu
tion of a copper salt and a coordinating ligand, various 
complexes are capable of existence in equilibrium. 
These will differ in the number of ligand molecules 
coordinated with the metallic ion, and their relative 
concentrations will be governed by the stoichiometric 
concentrations of ligand and metal, and by the various 
associative equilibrium constants.1:1 The results of the 
present investigation strongly indicate that such equi
libria are important here, and constitute the key to 
catalytic specificity. It is proposed that two copper- 
amine complexes are catalytically active, differing in 
coordination number with respect to the amine ligand, 
and that the complex with the lower coordination 
number leads predominantly to C-C coupling, and the 
complex with the higher coordination number leads to 
C-0 coupling. This situation can be represented 
schematically as in equation 2 where L represents the 
amine ligand, with these qualifications: the two com
plexes may actually differ in nuclearity, and the differ
ence in coordination number is not necessarily unity.

C u n L „  +  L  v i C u n L „+ i

|  +  A rO H j  +  A rO H (2 )

C — C C — O

The other ligands involved in the complexes (chloride, 
oxide, or hydroxide ions) are omitted for the sake of 
clarity. Indeed, since both reactions are believed to 
involve intermediate complexes in which the anion 
derived from 2,6-dimethylphenol is coordinated with 
copper, this anion could be shown as a ligand on both 
sides of equation 2. In any event, this scheme accounts 
qualitatively for the observed effects of ligand ratio, 
catalyst concentration and steric hindrance in the 
ligand.14 It is believed reasonable to expect that the 
predominant structures present in oxidized solutions of 
copper(I) chloride and amines in a noncoordinating 
solvent should change drastically as the stoichiometric 
ligand ratio is increased from a low value like 0.67 or
1.0. Succeeding papers will present evidence concern
ing the structure and role of the catalytic complexes, 
and the nature of the bond-forming processes in carbon- 
oxygen and carbon-carbon coupling.

Acknowledgment.—We are indebted to Miss Cynthia 
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(13) F o r  th e  fo rm a tio n  c o n s ta n ts  of p y r id in e -c o p p e r  ion  com plexes in  
aq u e o u s  m ed ia , see (a) J . B je rru m , e t  a l . ,  “ S ta b i li ty  C o n s ta n ts  of M e ta l- Io n  
C o m p lex es ,”  P a r t  I , “ O rgan ic  L ig a n d s ,” T h e  C h em ica l S ocie ty , L ondon , 
1957, p . 28; (b ) B . R . J a m e s  a n d  R . J .  P . W illiam s, J .  C h e m .  S o c . ,  2007 
(1961).

(14) T h e  d ec rease  in  o x id a tio n  r a te  o b se rv ed  w ith  p y rid in e  a t  h igh  ligand  
ra t io  m a y  b e  d u e  to  fo rm a tio n  of c a ta ly t ic a lly  in a c tiv e  com plexes of h ighe r 
co o rd in a tio n  n u m b e r. B o th  valen ce  s ta te s  of th e  co p p e r ion  can  ach iev e  
fo u r-co o rd in a tio n  w ith  p y rid in e  (ref. 13.)
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S y n th e s e s  o f  2 - p u r in - 6 - y la m in o e th a n e th io l  ( I I ) ,  2 - p u r in - 8 - y la m in o e th a n e th io l  ( V I ) ,  a n d  2 - (2 - p y r im id in y l -  
a m in o ) e th a n e th io l  ( V I I  ) w e re  a c h ie v e d  b y  t h e  s u r p r i s in g ly  fa c ile  c a t a ly t i c  h y d r o g e n o ly s is  o f  t h e  c o r re s p o n d in g  d i 
su lf id e s  in  b a s ic  m e d ia .  A n  N  —»■ S  m ig r a t io n  o f  t h e  p u r in - 6 - y l  g r o u p  u n d e r  a c id ic  c o n d i t io n s  a n d  a  n o v e l  f o rm a 
t io n  o f  7 ,8 - d ih y d r o th ia z o lo [2 ,3 - j ]p u r in e  (V )  w e re  e n c o u n te r e d  d u r in g  d e v e lo p m e n t  o f  t h e  h y d r o g e n o ly s is  p r o 
c e d u re  fo r  I I .  C o m p o u n d  I I  w a s  a ls o  p r e p a r e d  f ro m  p u r i n e - 6 ( l / / ) - t h i o n e  in  lo w  y ie ld  via a  r e a r r a n g e m e n t  o f th e  
in t e r m e d ia t e  6 - ( 2 - a m in o e th y l th io ) p u r in e  ( I )  u n d e r  b a s ic  c o n d i t io n s .

As an extension of the previously reported series of 
¿¡-substituted derivatives of purine.-6-thiol,2 the prep
aration of 6-(2-aminoethylthio)purine (I) was attempted 
by the reaction of purine-6(liI)-thione and 2-bromo- 
ethylamine hydrobromide in AyV-dimethylformamide 
containing potassium carbonate. This effort led to 
the isolation of pure 2-purin-6-ylaminoethanethiol 
(II) in low yield (5%), an equal yield of the impure 
disulfide III, unchanged purine-6(l//)-tliione, but none 
of the intended product I. The thiol II reacted posi
tively in the sodium nitroprusside test and showed ultra
violet absorption compatible with that of jV6-alkyl- 
adenines3 and incompatible with that of 6-(alkylthio)- 
purines2; it obviously resulted from an intramolecular

(1) T h is  in v e s tig a tio n  w as s u p p o r te d  b y  th e  U . S. A rm y M ed ica l R esea rc h  
a n d  D ev e lo p m en t C o m m an d  (c o n tra c t no . D A -49-193-M D -2028) an d , 
in  p a r t ,  b y  th e  C ancel C h e m o th e ra p y  N a tio n a l S erv ice  C e n te r , N a tio n a l 
C an c e r In s t i tu te , N a tio n a l In s t i tu te s  of H e a lth  (c o n tra c t no. SA -43-ph- 
1740).

(2) T . P . Jo h n s to n , L. B. H o lu m , a n d  J . A. M o n tg o m e ry , J .  A m .  C h e m .  

S o c . .  80, 6265 (1958).
(3) F o r  exam ple, c f .  th e  s p e c t ra  of N s-m e th y la d e n in e  [S. F . M ason , 

C h e m .  S o c . ,  2071 (1954)].

rearrangement of I. The limited preparative value of 
this procedure prompted an investigation of other 
synthetic routes to II and related V-(heteroaromatic- 
substituted) aminoethanethiols.

N :

s c h 2c h 2n h 2

¿rN>N

n h c h 2c h 2s r

N ^

L' n

N
A>

I L  R  =  H
IV . R  =  C H 2C 6H 5

W6-[2-(Benzylthio)ethyl]adenine (IV), prepared from 
6-chloropurine and 2-(benzylthio)ethylamine, was de- 
benzylated with sodium in liquid ammonia, but the 
product isolated was apparently a mixture of the desired 
thiol II and the disulfide III; a pure monohydrate of 
III was obtained in low yield by dilution of a 2-meth- 
oxyethanol solution of the crude product with an equal 
volume of water. Chu and Mautner4 performed a



1306 JO H X RTO X  AND CtALLAGHER Vol. 28

similar debenzylation of 6-amino-8-[2-(benzylthio)- 
ethylamino]purine and isolated the product as the 
corresponding disulfide after intentional peroxide 
oxidation. The disulfide III was more conveniently 
prepared from 6-chloropurine and 2,2'-dithiobisethyl- 
amine dihydrochloride in refluxing propanol in the 
presence of potassium carbonate. In the preparation 
of III a 2:1 molar ratio of diamine to 6-chloropurine 
gave an 87% yield; the ratios 1:1 and 0.5:1 gave 82 and 
59% yields, respectively, with no attempted isolation 
of monosubstituted diamine as a probable by-product.5

Low pressure hydrogenolysis of III over palladium 
on charcoal was then investigated as a means of obtain
ing the thiol II in quantity. In 0.1 N sodium hydroxide 
solution the hydrogen uptake was surprisingly rapid, 
and the pure thiol II, identical with that prepared from 
purine-6(li7)-thione was isolated when normal precau
tions were taken to avoid air oxidation. (A reliable assay 
of II by iodometric titration could not be worked out.) 
Catalyst poisoning, which is usually associated with 
sulfur compounds, was apparently minimized by carry
ing out the hydrogenolysis in aqueous sodium hy
droxide, a good solvent for both the starting material 
and the product.

The hydrogenolysis of III in 0.3 N hydrochloric acid 
was slow, even with intermittent additions of fresh 
catalyst. The ultraviolet absorption spectrum of an 
aliquot of the reduction mixture indicated the product 
to be a hydrochloride of I (Xmax at pH 7, 285 mm), 
which could have resulted from a rearrangement of II 
(Xmax at pH 7, 269 mm) in acid solution. An analogous 
N —►  S migration of an acyl group has been previously 
described.6 Refluxing an aliquot of the solution con
taining I in 0.1 N hydrochloric acid for three hours re
sulted in the formation as a major product not the 
expected hypoxanthine2 but 7,8-dihydrothiazolo[2,3-f]- 
purine (V), which was identified by comparison of 
paper chromatograms and ultraviolet absorption spec
tra with those of an authentic sample.7 These results

V

clearly show that I, which rearranged to II under basic 
conditions, underwent ring closure with loss of ammonia 
(as ammonium chloride) under acidic conditions to 
form the hydrochloride of V.

Catalytic hydrogenolysis under basic conditions was 
then applied to the preparation of 2-purin-S-ylamino- 
ethanethiol (VI) and 2-(2-pyrimidinylamino)ethane- 
thiol (VII) from the corresponding disulfides, the latter 
reduction being carried out in 90% ethanol. The

(4) S .-H . C h u  a n d  H . G . M a u tn e r , J .  O r g .  C k e m . ,  26, 4498 (1961).
(5) C f .  H . L e t tr é  a n d  H . B allw eg , A n n .  C h e m . ,  L i e b i g ' s ,  649, 124 (1961).
(6) R . B . M a r tin , S. L ow ey , E . L . E lso n , a n d  J .  T . E d sa ll, J .  A m .  C h e m .  

S o c . ,  81, 5089 (1959).
(7) R . W . B alsiger, A. L . F ik es , T . P . J o h n s to n , a n d  J , A. M o n tg o m e ry , 

J .  O r g .  C h e m . ,  26, 3446 (1961).

disulfides, 8,8,-[dithiobis(ethyleneimino)]dipurine and 
2 ,2'-[dithiobis(ethyleneiinino)]dipyrimidme, were ob
tained by displacement reactions of 2,2'-dithiobisethyl- 
amine with 8-(methylsulfonyl)puriue and 2-chloro- 
pyrimidine, respectively.

L ll > - n h c h 2c h 2s h
N ^ N  

H
V I

Several attempts to find the proper conditions for a 
similar catalytic reduction of 2,2'-[dithiobis(ethylene- 
imino) jbisbenzothiazole over palladium on charcoal 
were unsuccessful; this reduction was achieved, how
ever, with sodium borohydride,8 and near pure 2-(2- 
benzothiazolylamino)ethanethiol (VIII, 95% by iodo
metric titration) was isolated and subsequently char
acterized as the %2,4-dinitrophenyl derivative. The 
intermediate disulfide was prepared in two ways: 
displacement by 2,2'-dithiobisethylamine of (1) the 
chlorine atom of 2-chlorobenzothiazole and (2) the 
phenylsulfonvl group of 2-(phenylsulfonyl)benzothi- 
azole.

^ % - N H C H 2C H 2S H

V I I I

Experimental9
2-(Benzylthio)ethylamine.— T o  a  s t i r r e d  m ix tu r e  o f  9 6 %  2- 

a m in o e th a n e th io l  h y d r o c h lo r id e 10 11 (5 .0 0  g . ,  4 2 .4  m m o le s ) ,  a n 
h y d r o u s  p o ta s s iu m  c a r b o n a te  (1 2 .3  g . ,  8 9 .0  m m o le s ) ,  a n d  N,N- 
d im e th y l f o r m a m id e  (5 0  m l . )  w a s  a d d e d  « - c h lo r o to lu e n e  ( 5 .0  m l . ,  
45  m m o le s ) .  A f te r  t h e  e x o th e rm ic  r e a c t io n  h a d  c e a s e d , t h e  m ix 
t u r e  w a s  h e a t e d  a t  6 0 °  fo r  1 h r . ,  t h e n  p o u r e d  in to  w a te r  (3 7 5  m l .) .  
T h e  a q u e o u s  m ix tu r e  w a s  a c id if ie d  ( p H  3 )  w i th  h y d r o c h lo r ic  a c id  
a n d  w a s h e d  w i th  e th e r ;  i t  w a s  t h e n  m a d e  b a s ic  ( p H  1 1 ) w i th  
s o d iu m  h y d r o x id e  a n d  e x t r a c t e d  w i th  e th e r .  T h e  e t h e r  l a y e r ,  
w a s h e d  w i th  w a te r  a n d  d r ie d  o v e r  s o d iu m  s u l f a te ,  w a s  e v a p o r a t e d  
to  a  c o lo r le s s  o il, w h ic h  w a s  f u r t h e r  d r ie d  u n d e r  r e d u c e d  p r e s s u r e  
a t  6 0 °  f o r  2 h r . ;  y ie ld  6 .0 S  g . ( 8 6 % ) ,  nud  1 .5 7 7 0 . V a c u u m  d i s 
t i l l a t i o n  o f  a  p o r t io n  o f t h e  c r u d e  p r o d u c t  a f fo r d e d  a n a ly t i c a l l y  
p u r e  2 - (b e n z y l th io ) e th y la m in e ,  b .p .  9 2 - 9 6 °  ( 0 .5 - 0 .6  m m . ) ,  
n22o 1 .5 7 6 3 .11 T h e  p r o d u c t  w a s  s to r e d  u n d e r  n i t r o g e n  ( a  s m a l l  
p o r t io n  f o rm e d  a  s o lid  c a r b o n a te  w h e n  e x p o s e d  t o  a i r  ).

Anal. C a lc d .  fo r  C 3H I3N S :  C ,  6 4 .5 6 ;  H ,  7 .8 3 ;  S , 1 9 .1 7 . 
F o u n d :  C ,6 4 .8 9 ;  H , 8 . 0 6 ;  S , 1 8 .9 6 .

N6-[2-(Benzylthio)ethyl]adenine (IV).— A  s o lu t io n  o f  c r u d e
2 - (b e n z y l th io ) e th y la m in e  (4 .0 0  g . ,  2 4 .0  m m o le s )  a n d  6 -c h lo ro 
p u r in e  (1 .4 8  g . ,  9 .6 0  m m o le s )  in  1 -p ro p a n o l  (1 5  m l . )  w a s  h e a t e d  
u n d e r  re f lu x  fo r  3 h r .  T h e  s o lu t io n  w a s  e v a p o r a t e d  u n d e r  r e 
d u c e d  p r e s s u r e  t o  n e a r  d r y n e s s  a n d  p o u r e d  in to  w a te r  (1 0 0  m l . ) .  
T h e  w h i te  s o lid  t h a t  p r e c ip i t a t e d  w a s  w a s h e d  w i th  w a te r  a n d  t h e n  
e th e r  a n d  d r ie d  in vacuo o v e r  p h o s p h o r u s  p e n to x id e  a t  8 0 ° ;  
y ie ld  o f  I V ,  2 .4 3  g . ( 8 9 % ) ;  m .p .  1 7 5 ° ; Amax in  m M (e  X  lO “ 3): 
2 7 5 -2 7 6  ( 1 5 .1 )  a t  p H  1 , 2 6 9  ( 1 6 .8 )  a t  p H  7 , 2 7 5  ( 1 7 .0 )  a t  p H  1 3 .

A  p i lo t  r u n  c a r r ie d  o u t  in  ( V .V -d im e th y l f o rm a m id e  a t  1 0 5 °  
p r o d u c e d  th e  a n a ly t i c a l  s a m p le  ( r e c ry s ta l l iz e d  f ro m  w a te r  a n d  
th e n  b e n z e n e ) ;  m .p .  1 7 6 °  w i th  s o f te n in g  f ro m  1 6 3 ° ; Amax in  m /t  
(e X  1 0 -% : 2 76  ( 1 4 .6 )  a t  p H  1 , 26 9  ( 1 6 .3 )  a t  p H  7 ,2 7 5  ( 1 6 .8 )  a t  
p H  13 , 2 69  ( 1 8 .7 )  in  e th a n o l .

Anal. C a lc d .  f o r  C i J G N s S :  C ,  5 9 .1 2 ;  H ,  5 .3 2 ;  S , 1 1 .2 6 . 
F o u n d :  C ,5 8 .9 4 ;  H ,  5 .3 2 ;  S , 1 1 .0 4 .

N 6, N '6'-(Dithiodiethylene)diadenine (III).— T o  a  s t i r r e d  m ix 

(8) C f .  T . P . Jo h n s to n  a n d  A. G allag h er, i b i d . ,  27, 2452 (1962).
(9) M e ltin g  p o in ts  u n d e r  260° w ere d e te rm in e d  on  a  K ofle r H e iz b a n k  

(un less o th e rw ise  n o te d ) ; th o se  abo v e  260° w ere d e te rm in e d  in  a  ca p illa ry  
a n d  a re  u n c o rre c te d .

(10) E v a n s  C hem eties , In c ., N ew  Y o rk , N . Y .
(11) C h u  a n d  M a u tn e r4 re p o r te d  b .p . 7 8 -8 0 °  (0 .15  m m .) a n d  n 25- 4D 

1.5740 fo r th e  p ro d u c t  from  az irid in e  a n d  a - to lu e n e th io l.

N  ^ N H C H 2C H 2S H

r  y

V I I
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t u r e  o f  2 ,2 '- d i t h io b is e th y la m in e  d ih y d r o c h lo r id e 12 (1 0 .3  g . ,  4 6 .0  
m m o le s ) ,  a n h y d r o u s  p o ta s s iu m  c a r b o n a te  ( 1 4 .0  g . ,  101 m m o le s ) ,  
a n d  1 -p ro p a n o l  (6 0  m l . )  w a s  a d d e d  6 - c h lo ro p u r in e  ( 7 .1 0  g . ,  4 6 .0  
m m o le s ) ,  a n d  t h e  r e s u l t in g  s u s p e n s io n  w a s  h e a t e d  u n d e r  re f lu x  fo r  
6 h r .  T h e  r e a c t io n  m ix tu r e  w a s  e v a p o r a t e d  in vacuo t o  45  m l .  a n d  
th e n  p o u r e d  i n to  w a te r  (9 0 0  m l . ) .  A f t e r  t h e  m ix tu r e  w a s  n e u 
t r a l iz e d  w i th  h y d r o c h lo r ic  a c id ,  t h e  o f f -w h ite  p r e c i p i t a t e  w a s  
w a s h e d  w i th  w a te r  a n d  d is s o lv e d  in  b o i l in g  1 N  h y d r o c h lo r ic  a c id  
(1  1 .), a n  in s o lu b le  t a n  s o lid  b e in g  r e m o v e d  b y  f i l t r a t i o n .  T h e  
co o le d  f i l t r a t e  w a s  b r o u g h t  t o  p H  8  w i th  c o n c e n t r a t e d  a m m o n iu m  
h y d r o x id e ,  a n d  t h e  r e s u l t in g  c re a m - c o lo re d  p r e c i p i t a t e  w a s  
w a s h e d  w i th  w a te r  a n d  d r ie d  in vacuo o v e r  p h o s p h o r u s  p e n to x id e  
a t  1 0 0 ° ; y ie ld  o f I I I ,  7 .2 7  g . ( 8 1 % ) ;  A m a x in m M e X  1 0 ~ 3): 275  
( 3 1 .0 )  a t  p H  1 , 2 6 5  ( 2 9 .2 )  a t  p H , 7 ,2 7 4  ( 3 2 .5 )  a t  p H  1 3 . F o r  
a n a ly s is ,  a  s a m p le  w a s  p r e c ip i t a t e d  f ro m  A7,.V - d im e th y lfo rm -  
a m id e  b y  t h e  a d d i t i o n  o f w a te r ;  m .p .  2 9 0 °  d e c . ( f r o m  2 0 0 ° )  w i th  
d a r k e n in g  f ro m  2 8 5 ° ;  Xmox in  m ^  (e  X  1 0 “ 3) : 27 6  ( 3 1 .8 )  a t  p H  
1, 26 6  ( 2 9 .1 )  a t  p H  7 , 2 7 5  ( 3 2 .8 )  a t  p H  13 .

Anal. C a lc d .  fo r  C i4 H i6N ioS 2: C ,  4 3 .2 8 ;  H ,  4 .1 5 ;  S , 1 6 .5 1 . 
F o u n d :  C ,  4 3 .1 1 ;  H ,  4 .1 5 ;  S , 1 6 .5 4 .

2 - P u r in - 6 - y la m in o e th a n e th io l  ( I I ) .  ( 1 )  F r o m  P u r in - 6 (  1 / / ) -
t h io n e .— 2 - B r o m o e th y la m in e  h y d r o b r o m id e  (6 6 3  m g . ,  3 .2 4  
m m o le s )  w a s  a d d e d  t o  a  w e ll s t i r r e d  m ix tu r e  o f  p u r i n e - 6 ( l f f ) -  
th io n e  m o n o h y d r a t e  (5 0 0  m g . ,  2 .9 4  m m o le s ) ,  a n h y d r o u s  p o t a s 
s iu m  c a r b o n a te  (8 1 5  m g . ,  5 .9 0  m m o le s ) ,  a n d  A C A -d im e th y l-  
f o rm a m id e  ( 4  m l . ) .  A f te r  t h e  e x o th e r m ic  r e a c t io n  h a d  c e a s e d , 
t h e  m ix tu r e  w a s  h e a t e d  a t  5 0 °  f o r  2  h r .  a n d  t h e n  p o u r e d  in to  
w a te r  ( 2 0 -2 5  m l . ) .  N e u t r a l i z a t i o n  o f t h e  r e s u l t in g  s o lu t io n  w i th  
h y d r o c h lo r ic  a c id  c a u s e d  t h e  p r e c ip i t a t i o n  o f  a  l i g h t  y e llo w  s o lid , 
w h ic h  w a s  e x t r a c t e d  w i th  h o t  c h lo r o b e n z e n e ;  t h e  r e s id u e  (3 1 6  
m g .,  6 3 % )  w a s  u n c h a n g e d  p u r i n e - 6 ( l i f ) - t h i o n e  (X m ax i n  TClfX’. 
3 2 4  a t  p H  1 , 321  a t  p H  7 , 3 0 8  a t  p H  1 3 ) . T h e  a q u e o u s  N,N-d i-  
m e th y l fo r m a m id e  f i l t r a t e ,  a d j u s te d  t o  p H  6 a n d  le f t  o v e r n ig h t  in  
a  r e f r ig e r a to r ,  w a s  f i l te r e d  to  r e m o v e  a  s m a ll  a d d i t i o n a l  p r e c ip i 
t a t e  o f p u r i n e - 6 ( l f f ) - t h i o n e  a n d  t h e  f i l t r a t e  e v a p o r a t e d  t o  d r y n e s s  
u n d e r  r e d u c e d  p r e s s u re .  T h e  r e s id u e ,  t r i t u r a t e d  in  w a te r  a n d  
d r ie d  in vacuo, w a s  a  p in k i s h  w h i te  s o lid  (4 5  m g . ,  m .p .  2 3 4 ° ) ,  
r e c r y s ta l l i z a t io n  o f  w h ic h  f ro m  c h lo ro b e n z e n e  a f fo rd e d  p u r e  I I  
a s  c o lo r le s s  c r y s t a l s ,  w h ic h  w e re  d r ie d  in vacuo a t  1 1 0 ° ; y ie ld  31 
m g . ( 5 % ) ;  m .p .  2 3 6 ° ;  Xmax in  mu (e X  1 0 ~ 3): 2 7 4  ( 1 6 .2 )  a t  p H  
1 , 2 6 8  ( 1 7 .2 )  a t  p H  7 , 2 7 6  ( 1 7 .4 )  a t  p H  13 ; s t r o n g ly  p o s i t i v e  
n i t r o p r u s s id e  t e s t . 13

Anal. C a lc d .  fo r  C ,H 9N 6S : C ,  4 3 .0 8 ;  H ,  4 .6 5 ;  N ,  3 5 .8 8 . 
F o u n d :  C ,  4 3 .0 5 ;  H ,  4 .4 2 ;  N ,  3 5 .8 3 .

T h e  r e f r ig e r a te d  a q u e o u s  f i l t r a t e  f ro m  th e  t r i t u r a t i o n  d e p o s i te d  
a n  a d d i t i o n a l  3 0  m g . ( 5 % )  o f  w h i te  s o l id ,  w h ic h  a p p a r e n t l y  w a s  a  
m ix tu r e  o f I I  a n d  I I I ;  m . p .  2 6 6 °  d e c . ;  Xm, x m i n i i :  27 6  a t  p H  1, 
2 6 7  a t  p H  7 , 27 5  a t  p H  13 ; t r a n s i t o r i l y  p o s i t iv e  n i t r o p r u s s id e  
t e s t .

(2 )  F r o m  N 6, N '6' - ( D i th io d ie th y l e n e ) d i a d e n in e .— A  s o lu t io n  
o f I I I  (1 .5 5  g . ,  4 .0 0  m m o le s )  in  0 .1  N  s o d iu m  h y d r o x id e  (1 6 0  m l . )  
w a s  h y d r o g e n a te d  a t  ro o m  t e m p e r a t u r e  in  a  P a r r  s h a k e r  a p p a r a 
tu s  a t  a n  i n i t i a l  p r e s s u r e  o f 45  p . s . i .  o v e r  5 %  p a l l a d iu m  o n  c h a r 
c o a l  (3 1 0  m g . ,  2 0 %  w e ig h t  o f  d is u l f id e ) .  W h e n  t h e  h y d r o g e n  
u p t a k e  w a s  c o m p le te  (ca. 1 h r . ) ,  t h e  c a t a l y s t  w a s  r e m o v e d  b y  
f i l t r a t io n  u n d e r  n i t r o g e n .  T h e  f i l t r a t e ,  c a r e f u l ly  n e u t r a l i z e d  
w i th  6 N  h y d r o c h lo r ic  a c id  w i th  c o o lin g , d e p o s i te d  I I  a s  a  w h i te  
c r y s ta l l in e  s o l id ,  w h ic h  w a s  c o l le c te d  u n d e r  n i t r o g e n  a n d  d r ie d  
in vacuo o v e r  p h o s p h o r u s  p e n to x id e ;  y ie ld  9 9 0  m g . ( 6 4 % ) ;  m .p .  
2 3 6 ° ; p o s i t iv e  n i t r o p r u s s id e  t e s t ;  p o s i t i v e  R h e in b o ld t  t e s t 11 
( re d  in  h y d r o c h lo r ic  a c id ) ;  Xmax in  mu (e X  1 0 ~ 3): 274  ( 1 6 .3 )  a t  
p H  1 ,2 6 8  ( 1 7 .4 )  a t  p H  7 , 2 7 6  ( 1 8 .3 )  a t  p H  13.

A  s im ila r  2 - h r .  h y d r o g e n o ly s is  o f  I I I  o n  a  2 0 -m m o le  s c a le  g a v e  
a n  8 0 %  y ie ld  o f  I I ,  m .p .  2 3 8 ° .

8 ,8 '-  [D ith io b is (  e th y le n e im in o )] d i p u r in e .— 8 -(  M e th y ls u l f  o n y l /  - 
p u r in e 15 (3 .9 6  g . ,  2 0 .0  m m o le s )  w a s  a d d e d  t o  a  s o lu t io n  o f 2 ,2 '-  
d i th io b i s e th y la m in e 12 (3 .3 5  g . ,  2 2 .0  m m o le s )  in  1 -p ro p a n o l  (3 0  
m l .) .  T h e  r e s u l t in g  m ix tu r e  w a s  r e f lu x e d  f o r  5 h r . a n d  e v a p o r a t e d  
to  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  A  s u s p e n s io n  o f t h e  r e s id u e  
in  w a te r  (5 0  m l . )  w a s  b r o u g h t  t o  p H  7 w i th  1 N  h y d r o c h lo r ic  a c id .  
T h e  p r e c ip i t a t e d  g u m  s lo w ly  so lid if ie d  t o  a  t a n  s o l id ,  w h ic h  w a s  
c o l le c te d  a n d  d r ie d  in vacuo; y ie ld  o f  c r u d e  d is u lf id e , 2 .7 8  g . 
( 7 2 % ) ;  Xmax in  m M (e X  1 0 “ 3): 29 8  ( 3 1 .4 )  a t  p H  1 , 2 8 8 -2 8 9  
( 2 5 .4 )  a t  p H  7 , 29 8  ( 2 5 .4 )  a t  p H  1 3 . F o r  a n a ly s i s ,  a  s m a ll  s a m p le  
o f t h e  c r u d e  p r o d u c t  w a s  tw ic e  r e c r y s ta l l i z e d  f ro m  w a te r ;  r e 

(12) T . P . Jo h n s to n  a n d  A. G allag h er, J.  O r g .  C h e m . ,  26, 3780 (1961).
(13) R . S h ap ira , D . G. D o h e rty , a n d  W . T . B u rn e t t ,  J r . ,  R a d i a t i o n  R e 

s e a r c h ,  7, 22 (1957).
(14) H. R h e in b o ld t, B e r . ,  60, 184 (1927).
(15) D . J .  B row n a n d  S. F. M aso n , J .  C h e m .  S o c . ,  682 (1957).

c o v e r y  o f  t h e  p r o d u c t  a s  a  w h i te  m ic r o c r y s ta l l in e  p o w d e r ,  1 8 % ; 
m .p .  2 8 2 °  d e c . ;  X™* in  m/x (e X  1 0 “ 3): 29 6  ( 3 8 .6 )  a t  p H  1, 
28 6  ( 3 3 .2 )  a t  p H  7 , 2 9 6  ( 3 0 .8 )  a t  p H  13.

Anal. C a lc d .  f o r  C h H i6N 10S 2: C ,  4 3 .2 8 ;  H ,  4 .1 5 ;  S , 1 6 .5 0 . 
F o u n d :  C ,  4 3 .5 1 ;  H .4 . .5 5 ;  S , 1 6 .2 2 .

2- (Purin-8-ylamino)ethanethiol (VI).— A  c la r i f ie d  0 .1  N  s o d iu m  
h y d r o x id e  s o lu t io n  (2 0 0  m l . )  c o n ta in in g  a p p r o x im a te ly  1 .6  g . 
(4 .1  m m o le s )  o f 8 ,8 '- [ d i th io b i s ( e th y le n e im in o ) ] d ip u r in e  w a s  
h y d r o g e n a te d  o v e r  3 9 0  m g . o f  5 %  p a l la d iu m  o n  c h a r c o a l  a t  a n  
i n i t i a l  p r e s s u r e  o f 50  p . s . i .  a t  ro o m  t e m p e r a t u r e  i n  a  P a r r  s h a k e r  
a p p a r a t u s ;  t h e  c a lc u la te d  a m o u n t  of h y d r o g e n  w a s  a b s o rb e d  
w i th in  a n  h o u r .  T h e  c a t a l y s t  w a s  r e m o v e d  b y  f i l t r a t io n  u n d e r  
n i t r o g e n ,  a n d  t h e  f i l t r a t e  w a s  n e u t r a l i z e d  w i th  6  N  h y d r o c h lo r ic  
a c id  a n d  e v a p o r a t e d  to  d r y n e s s  in vacuo. T h e  r e s id u e  w a s  t r i t 
u r a t e d  in  w a te r  ( 3 X 5  m l . )  a n d  d r ie d  in vacuo o v e r  p h o s p h o r u s  
p e n to x id e ;  y ie ld  o f  c r u d e  V I ,  1 .0  g .  (ca. 6 3 %  ) . A  s o lu t io n  o f  th e  
c r u d e  th io l  in  b o i l in g  e th a n o l  ( c a .  4 0  m l . )  w a s  t r e a t e d  w i th  N o r i t ,  
f i l te r e d  u n d e r  n i t r o g e n ,  a n d  e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e 
d u c e d  p r e s s u re ;  r e c o v e r y  9 6 % ;  m .p .  2 0 9 ° ;  p o s i t iv e  n i t r o p r u s 
s id e  a n d  R h e in b o ld t  t e s t s ;  Xmai  i n  mu (e X  1 0 ~ 3): 2 9 7  ( 1 9 .2 )  a t  
p H  1 , 28 9  ( 1 7 .1 )  a t  p H  7 , 2 99  ( 1 5 .6 )  a t  p H  13.

Anal. C a lc d .  f o r  C ,H 9N 6S : C ,  4 3 .0 5 ;  H ,  4 .6 4 ;  S , 1 6 .4 2 . 
F o u n d :  C ,  4 3 .2 0 ;  H ,  4 .8 8 ;  S , 1 6 .3 1 .

2,2'-[Dithiobis(ethyleneimino)]dipyrimidine.— A  s o lu t io n  o f 
2 -c h lo ro p y r im id in e 16 (1 2 .1  g . ,  0 .1 0 6  m o le )  a n d  2 ,2 '- d i th io b is -  
e th y l a m in e 12 (1 7 .0  g . ,  0 .1 1 1  m o le )  in  1 -p ro p a n o l  (7 5  m l . )  w a s  
re f lu x e d  fo r  5 h r .  D i lu t i o n  o f t h e  c o o le d  r e a c t io n  m ix tu r e  w i th  
w a te r  (7 5 0  m l . )  g a v e  1 3 .4  g .  o f v a c u u m - d r ie d  p r o d u c t  a s  a  w h i te  
p o w d e r ,  m .p .  1 6 6 ° . T h e  a q u e o u s  f i l t r a t e  y ie ld e d  a  s e c o n d  c ro p  
o f  1 .0 3  g . ,  m .p .  1 6 5 ° . T h e  t o t a l  y ie ld  w a s  8 8 % .  [ 2 ,2 '- D i th io -  
b is e th y la m in e  d ih y d r o c h lo r id e  (1 0 .3  g . ,  8 7 % ) ,  m . p .  2 1 8 °  ( l i t . , 12 
m .p .  2 1 6 ° ) ,  w a s  i s o la te d  f ro m  t h e  l a s t  f i l t r a te . ]  F o r  a n a ly s is ,  a  
s m a ll  s a m p le  o f t h e  f i r s t  c r o p  w a s  r e c r y s ta l l i z e d  f ro m  e th a n o l  w i th  
N o r i t  t r e a t m e n t .  T h e  w h i te  n e e d le s  o b t a in e d  m e l te d  a t  166° 
a f t e r  b e in g  d r ie d  in vacuo o v e r  p h o s p h o r o u s  p e n to x id e  a t  8 0 ° ;  
X „ i n m M e X 1 0 - ‘ ): 2 3 0  ( 3 7 .1 ) ,  3 1 5  ( 7 .5 4 )  a t  p H  1 ; 2 3 5 ( 3 6 .4 ) ,  
3 0 5  ( 5 .3 8 )  a t  p H  7 ; 2 3 5  ( 3 6 .4 ) ,  3 0 5  ( 5 .3 8 )  a t  p H  13.

Anal. C a lc d .  f o r  C i2H , 6N 6S 2: C ,  4 6 .4 2 ;  H ,  5 .1 9 ;  S , 2 0 .6 6 . 
F o u n d :  C ,  4 6 .7 6 ;  H ,  5 .5 6 ;  S , 2 0 .9 1 .

2-(2-Pyrimidinylamino)ethanethiol (VII).— A  s o lu t io n  o f  2 ,2 '-  
[ d i th io b is ( e th y le n e im in o ) ] d ip y r im id in e  (1 .5 5  g . ,  5 .5 0  m m o le s )  in  
e th a n o l  w a s  t r e a t e d  w i th  0 .9 0 3  N  s o d iu m  h y d r o x id e  s o lu t io n  (1 1 .1  
m l . ) ,  a n d  t h e  r e s u l t in g  s o lu t io n  w a s  d i lu t e d  so  t h a t  t h e  f in a l  
v o lu m e  w a s  3 0 0  m l .  a n d  t h e  m e d iu m  w a s  9 0 %  e th a n o l  ( b y  
v o lu m e ) .  H y d r o g e n a t io n  w a s  c a r r ie d  o u t  in  a  P a r r  s h a k e r  a p 
p a r a t u s  o v e r  3 1 0  m g . o f  5 %  p a l la d iu m  o n  c h a r c o a l  a t  a n  in i t i a l  
p r e s s u r e  o f  50  p . s . i .  f o r  2  h r .  T h e  c a t a l y s t  w a s  r e m o v e d  b y  fil
t r a t i o n  u n d e r  n i t r o g e n ;  t h e  f i l t r a t e ,  a f t e r  n e u t r a l i z a t i o n  w i th  th e  
c a lc u la te d  v o lu m e  o f  1 N  h y d r o c h lo r ic  a c id ,  w a s  e v a p o r a t e d  in 
vacuo t o  n e a r  d r y n e s s .  T h e  o ra n g e -c o lo re d  o il t h a t  s e p a r a te d  w a s  
e x t r a c t e d  w i th  e th e r  (3  X  15 m l . ) ;  t h e  e th e r  e x t r a c t ,  w a s h e d  o n c e  
w i th  w a te r  (1 0  m l . )  a n d  d r ie d  o v e r  s o d iu m  s u l f a te ,  w a s  e v a p o r a t e d  
t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  T h e  r e s id u a l  p a le  y e llo w  
s e m is o lid  w a s  t r i t u r a t e d  in  e th a n o l  (5  m l . ) :  t h e  in s o lu b le  so lid  
(7 8  m g . ,  m .p .  1 6 5 ° )  w a s  id e n t i f ie d  a s  t h e  s t a r t i n g  d is u lf id e , 
w h e r e a s  e v a p o r a t io n  o f t h e  e th a n o l  s o lu t io n  in vacuo g a v e  1 .1 5  g . 
( 7 4 % )  o f  a  p a le  y e l lo w  o il ,  w h ic h  g a v e  a  p o s i t iv e  n i t r o p r u s s id e  
t e s t . T h e  o il w a s  d is t i l le d  u n d e r  r e d u c e d  p r e s s u r e . T h e  d i s t i l la te ,  
b . p .  8 6 °  ( 0 .3  m m . ) ,  s o lid if ie d  t o  a  w h i te  c r y s ta l l in e  s o l id  h a v in g  a  
p e p p e r - l ik e  o d o r ;  m .p .  4 0 - 4 1 °  ( c a p i l l a r y )  y Xmax in  m /2 (e X  10 3): 
229  ( 1 7 .9 ) ,  3 1 5  ( 3 .6 2 )  a t  p H  1 ; 2 3 5  ( 1 8 .5 ) ,  3 0 5  ( 2 .7 4 )  a t  p H  7 ; 
2 3 7  ( 2 2 .8 ) ,  3 0 9  ( 2 .5 0 )  a t  p H  13 .

Anal. C a lc d .  fo r  C 6H 9N 3S : C ,  4 6 .4 2 ;  H ,  5 .8 4 ;  S , 2 0 .6 6 ; 
S H , 2 1 .3 .  F o u n d :  C ,  4 6 .3 8 ;  H ,  5 .8 4 ;  S , 2 0 .5 2 ;  S H ,  2 1 .6 , 2 1 .3  
( io d o m e tr ic ) .

2-(Phenylsulfonyl)benzothiazole.— A  s t i r r e d  m i x t u r e  o f  2 -  
e h lo r o b e n z o th ia z o le  (1 2 .0  g . ,  7 1 .5  m m o le s ) ,  s o d iu m  b e n z e n e -  
s u l f in a te  (1 2 .3  g . ,  7 5 .0  m m o le s ) ,  a n d  .V ,A - d im e th y l fo r m a m id e  
(5 0  m l . )  w a s  h e a t e d  a t  7 0 - 8 0 °  f o r  3 h r .  P o u r in g  t h e  r e s u l t in g  
m ix tu r e  i n to  w a te r  (5 0 0  m l . )  c a u s e d  t h e  p r e c ip i t a t i o n  o f  a  w h i te  
s o l id ,  w h ic h  w a s  w a s h e d  w i t h  w a te r  a n d  d r ie d  in vacuo o v e r  p h o s 
p h o r u s  p e n to x id e ;  y ie ld  1 8 .6  g .  ( 9 4 % ) ,  m .p .  1 6 1 -1 6 2 °  ( l i t . , 17 
m . p .  1 6 1 ° ) .

2 ,2 '-  [Dithiobis( ethyleneimino)] bisbenzothiazole.— A  m ix tu r e  
o f  2 - ( p h e n y ls u l f o n y l ) b e n z o th ia z o le  (1 .6 5  g . ,  6 .0 0  m m o le s ) ,  2 ,2 '-

(16) I . C . K ogon, R . M in in , a n d  C . G . O v erb erg er, O r g .  S y n . ,  35, 34 
(1955).

(17) O. B a y e r  an d  H . S ch in d h e lm , G e rm a n  P a t e n t  609,025 (F e b ru a ry  6, 
1935); C h e m .  A b s t r . ,  29, 3174 (1935).
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d i th io b i s e th y la m in e  (9 3 0  m g . ,  6 .1 0  m m o le s ) ,  a n d  1 -p ro p a n o l  (2 0  
m l . )  w a s  r e f lu x e d  fo r  3 .5  h r .  T h e  r e s u l t in g  s o lu t io n  w a s  co o le d  
a n d  p o u r e d  i n to  w a te r  (1 0 0  m l . ) ,  a n d  t h e  s o lid  t h a t  p r e c ip i t a t e d  
w a s  c o l le c te d  a n d  d r ie d  in  vacuo; y ie ld  1 .0 4  g . ,  ( 8 3 % ) ,  m .p .  
1 8 0 ° . R e c r y s ta l l iz a t io n  o f a  1 5 0 -m g . s a m p le  o f t h e  c ru d e  p r o d 
u c t  f ro m  a c e to n i t r i l e  (4 5  m l . )  g a v e  120 m g . o f  t h e  d is u lf id e  a s  a  
w h i te  s o lid , w h ic h  m e l te d  a t  1S 8° a f t e r  b e in g  d r ie d  in vacuo o v e r  
p h o s p h o r u s  p e n to x id e  a t  8 0 ° ;  Xm a lm m M ( < :X  1 0 - 3 ): 25 0  ( 2 0 .7 ) ,  
281  ( 1 7 .9 ) ,  2 8 8  ( 1 8 .7 )  a t  p H  1; Xraax a t  p H  7 a n d  p H  13 u n 
r e c o r d e d  b e c a u s e  s o lu t io n s  b e c a m e  c lo u d y .

Anal. C a lc d . fo r  C i s i l i s N A :  C ,  5 1 .6 4 ;  H ,  4 .3 3 ;  S , 3 0 .6 4 . 
F o u n d ;  C ,5 1 .7 3 ;  H ,  4 .6 6 ;  S , 3 0 .7 2 .

2 - (2 - B e n z o th ia z o ly la m in o ) e th a n e th io l  ( V I I I ) .— A  5 %  s o lu t io n  
o f 2 ,2 '- [ d i th io b i s ( e th y le n e h n in o ) ] b is b e n z o th ia z o le  (2 .0 9  g . ,  5 .0 0  
m m o le s )  in  2 - m e th o x y e t .h a n o l  w a s  a d d e d  to  a  5% s o lu t io n  o f 
s o d iu m  b o r o h y d r id e  (1 .2 8  g . ,  3 0 .0  m m o le s )  in  m e th a n o l  o v e r  a  
p e r io d  o f 5 m in .  T h e  r e s u l t in g  s o lu t io n  w a s  h e a t e d  a t  6 0 °  fo r  15 
m in .  a n d  th e n  e v a p o r a t e d  to  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  
T h e  s e m is o l id  r e s id u e  w a s  s u s p e n d e d  in  w a te r  (5 0  m l . )  a n d  th e  
p H  o f  th e  m ix tu r e  a d ju s te d  t o  8  w i th  h y d r o c h lo r ic  a c id .  T h e  
w h i te  so lid  w a s  c o l le c te d ,  w a s h e d  w i th  w a te r ,  a n d  e x t r a c t e d  w i th  
e th e r  (3  X  50  m l . ) .  T h e  e t h e r  s o lu t io n ,  a f t e r  b e in g  d r ie d  o v e r  
m a g n e s iu m  s u l f a te  a n d  f i l te r e d , w a s  e v a p o r a t e d  t o  d r y n e s s  u n d e r

r e d u c e d  p r e s s u re .  T h e  r e s id u a l  w h i te  s o lid  w a s  d r ie d  in vacuo 
o v e r  p h o s p h o r u s  p e n to x id e ;  y ie ld  1 .1 3  g .  ( 5 4 % ) ;  m . p .  8 5 - 8 6 °  
w i th  o p a q u e  m e l t  ( c a p i l l a r y ) ;  %  V I I I  b y  io d o m e t r ic  t i t r a t i o n  
9 5 . T h e  e th e r - in s o lu b le  s u b s t a n c e ,  m .p .  1 8 5 ° , w a s  id e n t i f ie d  a s  
t h e  s t a r t i n g  d is u lf id e  ( r e c o v e ry  2 3 % ) .

T h e  th io l  V I I I  w a s  f u r t h e r  c h a r a c te r iz e d  a s  t h e  S - 2 ,4 -d in it .ro -  
p h e n y l  d e r iv a t iv e ,  w h ic h  w a s  p r e p a r e d  f ro m  V I I I ,  l - c h lo r o - 2 ,4 -  
d in i t r o b e n z e n e ,  a n d  p o ta s s iu m  c a r b o n a t e  in  A % V -d im e tk y l-  
f o r m a m id e .  T h e  c r u d e  2 - [ 2 - ( 2 ,4 - d in i t r o p h e n y l th io ) e th y la m m o ]  
b e n z o th ia z o le  w a s  r e c r y s ta l l iz e d  f ro m  a n  a c e t o n i t r i l e - w a te r  s o l 
v e n t  p a i r  a s  a n  o r a n g e  s o lid , w h ic h  d e c o m p o s e d  w i t h o u t  m e l t in g  
a t  1 S 7 -1 S 9 °  ( c a p i l l a r y ) .

Anal. C a lc d .  f o r  C 16H 12N 40 4 S 2: C ,  4 7 .8 6 ;  H , 3 . 2 1 ;  S , 1 7 .0 4 . 
F o u n d ;  C ,  4 7 .5 4 ;  H ,  3 .1 0 ;  S , 1 6 .6 8 .
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T h e  p r o d u c t s  o b ta in e d  f ro m  t h e  a m in o e th y la t i o n  o f  s e v e ra l  2 - th io o x a z o l id o n e s  u n d e r w e n t  r e a r r a n g e m e n t  in  
a lk a l in e  s o lu t io n  t o  2 - (2 - m e r c a p to e th y la m in o ) - 2 -o x a z o l in e s ,  w h ic h  w e re  r e a d i ly  o x id iz e d  t o  t h e  c o r r e s p o n d in g  
d isu lf id e s . T h e  d isu lf id e s  r e q u i r e d  f o r  i d e n t i f i c a t io n  w e re  p r e p a r e d  b y  t h e  r e a c t io n  o f 2 -m e th y lth io - 2 -o x a z o l in e s  
w i th  2 - m e r c a p to e th y la m in e  h y d r o c h lo r id e .  A n  in t e r m e d ia t e  w i th  a n o m a lo u s  p r o p e r t i e s  w a s  e n c o u n te r e d  in  t h e  
l a t t e r  r e a c t io n .

The rearrangement of *8-(2-aminoethyl) isothiourea 
(AET), a radioprotective agent, to 2-mercaptoethyl- 
guanidine by transguanylation through a proposed cy
clic intermediate in neutral or weakly alkaline solution 
has been described by Doherty, et alA2 The study of 
this transformation was extended by these workers to 
a number of aminoalkylisothioureas and to 2-(2-amino- 
ethylthio)-2-imidazoline.3 We have recently reported 
the rearrangement of 2-(2-aminocthylthio)-2-thiazoline 
to 2-(2-mercaptoethylamino)-2-thiazolineby transthia- 
zolination through a proposed bicyclic intermediate.4

In the case of the transthiazolination described, the 
similarity of the rings comprising the hypothetical bi
cyclic intermediate permitted the formation of only a 
single product. We have attempted to extend the rear
rangement to 2-oxazoline derivatives, in which unsym- 
metrical bicyclic intermediates of type III would be in
volved.

From the reaction of 4,4-dimethyl-2-thiooxazolidone 
(la) and 2-bromoethylamine hydrobromide in refluxing 
isopropyl alcohol a crystalline hydrobromide of type II 
could not be isolated. However, when an aqueous solu
tion of the reaction product was adjusted to pH 7.3, there 
was obtained, after standing, 2-(2-mercaptoethylami- 
no)-4,4-dimethyl-2-oxazoline (IVa), isolated as the pic- 
rate, in 23% yield from the thiooxazolidone.5 Adjust-

(1) D . G . D o h e r ty , R . S h ap ira , a n d  W . T . B u rn e t t ,  J r . ,  J .  A m .  C h e m .  

S o r . . ,  79, 5667 (1957).
(2) J . X . K h y m , R . S h a p ira , a n d  D . G. D o h e r ty , i b i d . ,  79 , 5963 (1957).
(3) J .  X . K h y m , D . G . D o h e r ty , a n d  R . S h a p ira , i b i d . ,  80 , 3342 (1958).
(4) R . C . C la p p , L . L ong , J r . ,  a n d  T . H asse ls tro m , J .  O r g .  C h e m . ,  26 , 

1666 (1961).

ment of the solution of the reaction product to higher 
pH values, accompanied by aeration, resulted in the 
formation in 5-7% yield of the disulfide (Va) of the 
mercaptan.

Since sodium ethylate has been used effectively in the 
alkylation of 2-thiooxazolidones with alkyl halides,6 the 
reaction of la and 2-bromoethylamine hydrobromide 
was carried out with this reagent. After aeration in 
alkaline solution, a 12% over-all yield of the disulfide 
dipicrate was obtained.

Similarly, the reaction of both 2-thiooxazolidonc (lb) 
and 4-methyl-5-phonyl-2-thio6xazolidone (Ic) with 2- 
bromoethylamine in the presence of sodium ethylate, 
followed by aeration in alkaline solution, afforded the 
rearranged disulfides. Bis[2-(2-oxazolin-2-ylamino)- 
ethyl] disulfide (Vb) and bis[2-(4-methyl-5-phenyl-2- 
oxazolin-2-ylamino)ethyl] disulfide (Vc), isolated as the 
dipicrates, were obtained in 10-15% yield.

The compounds required for identification of the re
arrangement products were prepared by the reaction of 
the appropriate 2-mothylthio-2-oxazoline with 2-mer
captoethylamine hydrochloride. The reaction of 2- 
methylthio-2-thiazoline with various amines4’7 and an 
instance of the reaction of a 2-methylthio-2-oxazoi no

(5) I n  th e  p re p a ra tio n  of 2 -(2 -am in o e th y lth io )-2 - th ia z o lin e  d ih y d ro 
b ro m id e  from  2 -th io th ia zo lid o n e  a n d  2 -b ro m o e th y la m in e  h y d ro b ro m id e , 
a  y ie ld  of 2 7 %  w as o b ta in e d .4 T h u s  th e  23%  o v e r-a ll y ie ld  o b ta in e d  here 
m ig h t in d ic a te  a  r a th e r  h igh  y ie ld  in  th e  r e a r ra n g e m e n t s tep .

(6) L . L ong, J r . ,  R . C . C lapp , F . H . B is se tt , a n d  T . H asse ls tro m , J .  
O r g .  C h e m . ,  26, 85 (1961).

(7) A. F . M c K a y , D . J .  W h ittin g h a m , a n d  M .-E . K re lin g , J .  A m .  C h e m .  

S o c . ,  80, 3339 (1958).
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with an amine8 have been reported. The reaction of
2-methylthio-4,4-dimethyl-2-oxazoline (Via) and 2- 
mercaptoethylamine hydrochloride proceeded normally 
to 2-(2-mercaptoethylamino)-4,4-dimethyl-2-oxazoline 
(IVa), which could be isolated as the picrate. Treat
ment of the reaction product with base in the air yielded 
the disulfide Va.

The preparation of the desired disulfides starting from 
2-methylthio-4-mcthyl-5-phenyl-2-oxazoline (Vic) and 
2-methylthio-2-oxazoline (VI b), however, proceeded 
through an intermediate with anomalous properties. 
When the product from Vic and 2-mercaptoethylamine 
hydrochloride was treated with sodium hydroxide, ele
mentary and molecular weight analyses of the crystal
line base initially obtained in 50-60% yield indicated 
the formula Ci2H16N2OS. This formula corresponds to 
the mercaptan IVc rather than to the disulfide Vc. 
However, chemical and spectroscopic tests failed to 
show the presence of a mercapto group. On standing in 
neutral or basic solution in the air this compound was 
slowly converted to the disulfide Vc.

The reaction of 2-methylthio-2-oxazoline and 2-mer
captoethylamine hydrochloride yielded a crystalline hy
drochloride, the properties of which indicated that it 
was analogous to the anomalous intermediate. In al
kaline solution with aeration this compound similarly 
afforded the desired disulfide (Vb).

The infrared spectrum of the Ci2Hi6N2OS intermedi
ate failed to show the presence of hydroxyl and primary 
amino groups as well as of mercapto, and its n.m.r. 
spectrum presented evidence that the molecule con
tained two NH groups. These observations have sug
gested the possibility that a stable compound corre-

(8) M . S ku lsk i, D . L. G arm aise , a n d  A . F . M c K a y , C an . J .  C h e m . ,  34, 
815 (1956).

sponding to the proposed bicyclic intermediate in the 
transoxazolination (i.e., IIIc) has been obtained in this 
case, by ring closure of the 2-mercaptoethylamino side 
chain. On the other hand, a strong band at 6.16 n in 
the infrared spectrum would appear to indicate the 
presence of unsaturation in the heterocyclic ring,6'9 
which would require the formation of a side chain con
taining a terminal hydroxyl, amino, or mercapto 
group.10 The. investigation of the structure of this 
compound is being continued.

Experimental11
2-Methylthio-4,4-dimethyl-2-oxazoline (Via).— T o  a  s o lu t io n  

o f  2 .1 5  g .  ( 0 .0 9 4  g . - a to m )  o f  s o d iu m  in  100  m l. o f  a b s o lu te  e th a n o l  
w a s  a d d e d  1 2 .3  g . (0 .0 9 4  m o le )  o f  4 ,4 -d im e th y l - 2 - th io o x a z o l id o n e  
( l a ) . 8 J  A  s o lu t io n  o : 1 3 .5  g . (0 .0 9 5  m o le )  o f  m e th y l  io d id e  in  50  
m l .  o f e th a n o l  w a s  a d d e d ,  a n d  a f t e r  s t a n d in g  1 h r .  a t  ro o m  t e m 
p e r a t u r e  t h e  m ix tu re  w a s  r e f lu x e d  f o r  5 0  m in .  T h e  a lc o h o l  w a s  
r e m o v e d ,  a n d  th e  c o n c e n t r a t e  w a s  e x t r a c t e d  w i th  e th e r .  C o n 
c e n t r a t i o n  o f  th e  e t h e r  e x t r a c t  a n d  d i s t i l l a t io n  a f fo rd e d  9 .1 4  g . 
(6 7 %  y ie ld )  o f  a  c o lo r le s s  l iq u id ,  b . p .  6 3 - 6 4 °  (1 6  m m .) .

Anal. C a lc d .  fo r  C 6H „ N O S :  C ,  4 9 .6 2 ;  H ,  7 .6 4 . F o u n d :  
C ,  4 9 .4 7 ;  H ,  7 .6 6 .

T h e  p i c r a t e ,  p r e p a r e d  in  e th a n o l  a n d  c r y s ta l l iz e d  f ro m  c h lo r o 
f o r m - h e p t a n e ,  m e l te d  a t  1 5 7 -1 5 9 ° .

Anal. C a lc d .  fo r  C i2H 14X 4O sS :  C ,  3 8 .5 0 ;  H ,  3 .7 7 ;  S , 8 .5 6 . 
F o u n d :  C ,  3 8 .3 8 ;  H ,  3 .7 5 ;  S , 8 .7 2 .

2-( 2 -M ercaptoethylamino )-4,4-dimethyl-2-oxazoline (IVa) 
Picrate.— A  s o lu t io n  o f  7 .8 8  g .  ( 0 .0 5 4  m o le )  o f  V i a  a n d  6 .4  g . 
( 0 .0 5 6  m o le )  o f 2 - m e r c a p to e th y la m in e  h y d r o c h lo r id e  in  150  m l .  o f  
m e th a n o l  w a s  r e f lu x e d  f o r  4  h r .  C o n c e n t r a t i o n  o f  th e  s o lu t io n  
u n d e r  r e d u c e d  p r e s s u r e  g a v e  1 2 .5 2  g . o f  a  v is c o u s  o il t h a t  w a s  
s to r e d  u n d e r  n i t r o g e n .  T r e a t m e n t  o f  a  2 3 7 -m g . p o r t io n  o f  th is  
o il  w i th  e th a n o l ic  p ic r ic  a c id  s o lu t io n  y ie ld e d  2 2 5  m g . ( 5 5 % )  o f 
p i c r a t e ,  m .p .  1 5 7 -1 5 9 ° . C r y s t a l l i z a t i o n  f ro m  e t h y l  a c e t a t e  
a f fo rd e d  g l i s te n in g  y e llo w  p l a t e s ,  m .p .  1 5 9 - 1 6 0 ° .

Anal. C a lc d .  fo r  C ^ H n N s O s S :  C ,  3 8 .7 1 ;  H ,  4 .2 5 ;  S , 7 .9 5 . 
F o u n d :  C ,  3 8 .8 1 ;  H ,  4 .1 6 ;  S , 8 .0 2 .

T h e  p i c r a t e  g a v e  a  p o s i t iv e  n i t r o p r u s s id e  t e s t  fo r  m e r c a p to .  
I t s  i n f r a r e d  s p e c t r u m  ( p o ta s s iu m  b r o m id e )  s h o w e d  a  m e r c a p ta n  
b a n d  a t  3 .9 0  11 a n d  s t r o n g  b a n d s  a t  5 .8 5  ( X = C — X )  a n d  6 .1 0  m- 

Bis[2-(4,4-dimethyl-2-oxazolin-2-ylamino)ethyl] Disulfide 
(Va).— A n  1 1 .3 6 -g . p o r t io n  o f  t h e  1 2 .5 2  g .  o f o il o b t a in e d  in  th e  
p r e v io u s  e x p e r im e n t  w a s  d is s o lv e d  in  170  m l. o f  w a te r ,  a n d  th e  
s o lu t io n  w a s  m a d e  s t r o n g ly  a lk a l in e  w i th  s o d iu m  h y d r o x id e .  
A f te r  a e r a t i o n  f o r  s e v e ra l  h o u r s  a n d  c o o l in g , f i l t r a t i o n  y ie ld e d  3 .3 3  
g . ( 3 9 % )  o f  w h i te  s o lid , m .p .  1 3 0 - 1 3 3 ° .  P r i s m a t i c  c r y s t a l s ,  
m .p .  1 3 4 - 1 3 6 ° ,  w e re  o b t a in e d  b y  c r y s ta l l i z a t io n  f ro m  a q u e o u s  
e th a n o l .

Anal. C a lc d .  f o r  C i4H 26N 40 2S 2: C ,  4 8 .5 3 ;  H ,  7 .5 6 ;  S ,  1 8 .5 1 ; 
m o l .  w t . ,  3 4 6 . F o u n d :  C ,  4 8 .5 5 ;  H ,  7 .3 6 ;  S , 1 8 .4 2 ; m o l .  w t . ,  
3 4 5  ( R a s t ) .

A d d i t io n a l  p r o d u c t  c o u ld  b e  p r e c i p i t a t e d  b y  a e r a t io n  o f  th e  
f i l t r a t e .  I n  a n o th e r  r u n ,  a  4 8 %  y ie ld  w a s  o b ta in e d .

A  p o s i t iv e  n i t r o p r u s s id e  t e s t  w a s  o b t a in e d  o n ly  a f t e r  t r e a t m e n t  
w i th  p o ta s s iu m  c y a n id e ,  a s  a n t i c ip a t e d  f o r  a  d is u l f id e .12 T h e  
s t r o n g  ( N = C — X )  a b s o r p t io n  in  t h e  in f r a r e d  ( c h lo ro f o r m )  w a s  
a t  6 .0 0  m - T h e  s p e c t r u m  ( p o ta s s iu m  b r o m id e )  o f  t h e  d ip ic r a te  
o f t h e  d is u lf id e  h a d  s t r o n g  b a n d s  a t  5 .8 5  a n d  6 .1 0  n, s im i la r  t o  t h e  
p i c r a t e  o f  th e  m e r c a p ta n .  T h e  d ip i c r a t e  m e l te d  a t  2 0 3 - 2 0 4 .5 °  
a f t e r  c r y s ta l l i z a t io n  f ro m  a c e to n e .

Anal. C a lc d .  f o r  C 26H32N io0 16S2: C ,  3 8 .8 0 ;  H ,  4 .0 1 ;  S , 7 .9 7 . 
F o u n d :  C ,  3 8 .7 6 ;  H ,  4 .0 0 ;  S , 7 .9 7 .

IVa and Va from Rearrangement. A. Without Sodium 
Ethylate.— A  s o lu t io n  o f  1 .3 2  g . (0 .0 1  m o le )  o f  4 ,4 - d im e th y l - 2 -  
th io o x a z o l id o n e  ( l a )  a n d  2 .0 4  g . (0 .0 1  m o le )  o f  2 - b ro m o e th y l -  
a m in e  h y d r o b r o m id e  in  16 m l .  o f  i s o p r o p y l  a lc o h o l  w a s  re f lu x e d  
fo r  4  h r .  C o n c e n t r a t i o n  u n d e r  r e d u c e d  p r e s s u r e  a f fo rd e d  4 .2 1  g . 
o f v is c o u s  o il. A  s o lu t io n  o f  a  1 -g . p o r t io n  o f t h e  o il in  10  m l .  o f

(9) M . G. E ttl in g e r , J .  A m .  C h e m .  S o c . .  72 , 4699 (1950).
(10) T h e  fa ilu re  Df th e  in fra re d  sp ec tru m  to  show  h y d ro x y l, fo r exam p le , 

m ig h t b e  a t t r ib u ta b le  to  in te rn a l h y d ro g en  b o n d in g  to  a  b a s ic  n itro g en  
a to m .

(11) M e ltin g  p o in ts  w ere ta k e n  in  c a p illa ry  tu b e s  in a  H e rsh b e rg  a p p a ra tu s  
a n d  a re  u n c o rre c te d

(12) I .  W . G ro te , J .  B i o l .  C h e m . ,  93, 25 (1931).
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w a te r  w a s  a d j u s t e d  t o  p H  7 .3  b y  t h e  a d d i t i o n  o f  1  N  s o d iu m  
h y d r o x id e .  A f t e r  2 2 - 2 3  h r .  a t  r o o m  t e m p e r a t u r e  t h e  s o lu t io n  
w a s  f i l te r e d  a n d  a c id if ie d  w i th  h y d r o c h lo r ic  a c id .  S a t u r a t e d  
e th a n o l ic  p ic r ic  a c id  s o lu t io n  (5  m l . )  w a s  a d d e d ,  a n d  a f t e r  c o o lin g  
2 2 8  m g . o f  c r u d e  p i c r a t e  t h a t  m e l te d  f ro m  140  to  1 5 0 °  w a s  o b 
t a i n e d .  C r y s t a l l i z a t i o n  f ro m  e th a n o l - a c e to n e  g a v e  168 m g . o f 
y e l lo w  c r y s t a l s ,  m .p .  1 5 5 - 1 5 7 ° .  T o g e th e r  w i th  52  m g . o f c r y s t a l 
l in e  p i c r a t e ,  m .p .  1 5 3 - 1 5 6 ° ,  f ro m  a  s e c o n d  c ro p  th i s  r e p r e s e n te d  
a  2 3 %  y ie ld .  R e c r y s t a l l iz a t i o n  f ro m  e th a n o l - a c e to n e  g a v e  a  
p r o d u c t  t h a t  w a s  id e n t i c a l  b y  m ix tu r e  m e l t in g  p o i n t  a n d  in f r a r e d  
s p e c t r u m  t o  t h e  p i c r a t e  o f  I V a  p r e v io u s ly  o b t a in e d .

A  s o lu t io n  o f a  1 .0 3 -g . p o r t io n  o f  t h e  v is c o u s  o il f ro m  t h e  
r e a c t io n  in  10  m l .  o f  w a te r  w a s  a d ju s te d  t o  p H  9 .5  w i th  1  N  
s o d iu m  h y d r o x id e .  A f te r  a e r a t io n  f o r  4  h r .  a n d  1 8 -1 9  h r .  a t  
r o o m  t e m p e r a t u r e ,  f i l t r a t i o n ,  a c id i f ic a t io n ,  a n d  t r e a t m e n t  w i th  
p ic r ic  a c id  y ie ld e d  a  g u m m y  p r e c ip i t a t e .  O n  t r i t u r a t i o n  w i th  
e th a n o l  a n d  a c e to n e  5 5  m g . ( 5 .6 % )  o f p i c r a t e ,  m .p .  1 9 3 -1 9 6 ° , 
w a s  o b t a in e d .  C r y s ta l l i z a t io n  f ro m  e th a n o l - a c e to n e  a f fo rd e d  
y e l lo w  c r y s t a l s  i d e n t i c a l  ( m ix tu r e  m e l t in g  p o i n t  a n d  in f r a r e d  
s p e c t r u m )  t o  t h e  d ip i c r a t e  o f  V a .

B. With Sodium Ethylate.— T o  a  s o lu t io n  o f  0 .6 8  g . ( 0 .0 3 0  g .-  
a to m )  o f  s o d iu m  in  4 0  m l .  o f  a b s o lu te  e th a n o l  w e re  a d d e d  1 .9 6  g . 
( 0 .0 1 5  m o le )  o f l a  a n d  3 .0 6  g . (0 .0 1 5  m o le )  o f  2 - b r o m o e th y la m in e  
h y d r o b r o m id e .  T h e  s o lu t io n  w a s  r e f lu x e d  f o r  2 .5  h r . ,  c o o le d , 
a n d  f i l te r e d .  T h e  c o n c e n t r a t e  f ro m  o n e -h a lf  o f  t h e  f i l t r a t e  w a s  
d is s o lv e d  in  25  m l .  o f  w a te r ,  a n d  th e  p H  of t h e  s o lu t io n  w a s  
b r o u g h t  t o  1 0 .9 . A f te r  a b o u t  16 h r .  a t  r o o m  t e m p e r a t u r e  w i th  
4  h r .  o f a e r a t i o n ,  t h e  m ix tu r e  w a s  a c id if ie d  a n d  t r e a t e d  w i th  
p ic r ic  a c id .  T r i t u r a t i o n  o f  t h e  c r u d e  p r e c i p i t a t e  w i th  w a r m  
e th a n o l  a n d  a c e to n e  y ie ld e d  37 3  m g . ( 1 2 .4 % )  o f p i c r a t e ,  m .p .  
1 9 5 - 1 9 8 ° .  C r y s ta l l i z a t io n  f ro m  a c e to n e  g a v e  231  m g . o f  d is u l
f id e  d ip ic r a te ,  m .p .  2 0 2 .5 - 2 0 4 ° .

4-Methyl-5-phenyl-2thiooxazolidone ( I c ) .— T h e  m e th o d  of 
E t t l i n g e r 13 f o r  t h e  p r e p a r a t io n  o f  2 - th io d x a z o l id o n e s  w a s  u s e d .  
A  s o lu t io n  o f  3 0 .8  g . ( 0 .1 6 4  m o le )  o f <*-( l - a m in o e th y l ) b e n z y l  a lc o 
h o l  ( n o r e p h e d r in e )  h y d r o c h lo r id e  a n d  22  g .  o f 8 5 %  p o ta s s iu m  
h y d r o x id e  in  4 0 0  m l .  o f  w a te r  a n d  140 m l. o f d io x a n e  w a s  co o le d  
in  ic e , a n d  1 3 .1  g . (0 .1 7 1  m o le )  o f  c a r b o n  d is u lf id e  in  80  m l .  o f 
d io x a n e  w a s  a d d e d .  A f te r  25  m in .  o f s h a k in g ,  th e r e  w e re  a d d e d  
11 g . o f 8 5 %  p o ta s s iu m  h y d r o x id e  in  2 0 0  m l .  o f  w a te r  a n d  55  g . 
o f  l e a d  n i t r a t e  i n  3 0 0  m l .  o f  w a t e r .  T h e  m ix tu r e  w a s  h e a t e d  fo r  
3 0  m in .  a t  6 0 - 6 5 ° ,  a n d  th e  b la c k  p r e c i p i t a t e  w a s  f i l te r e d  o ff. 
T h e  p r e c ip i t a t e  t h a t  s e p a r a te d  f ro m  th e  f i l t r a t e  w a s  c r y s ta l l iz e d  
f ro m  a q u e o u s  e th a n o l ;  1 1 .5 4  g . ( 3 6 % )  of g l i s te n in g  w h i te  p l a t e s ,  
m .p .  9 2 - 9 4 ° ,  w e re  o b ta in e d .  A n  a n a ly t i c a l  s a m p le  m e l te d  a t  
9 3 - 9 4 .5 ° . 14

Anal. C a lc d .  f o r  C i0H n N O S :  C ,  6 2 .1 4 ;  H ,  5 .7 4 ;  S , 1 6 .5 9 . 
F o u n d :  C ,  6 2 .1 0 ;  H ,  5 .8 0 ;  S , 1 6 .8 4 .

2-Methylthio-4-methyl-5-phenyl-2-oxazoline (Vic).— 4 - M e th y l -
5 -p h e n y l-2 - th io o x a z o l id o n e  w a s  a lk y l a t e d  w i th  m e t h y l  io d id e  a n d  
s o d iu m  e t h y l a t e ,  s im i la r ly  t o  l a .  T h e  p r o d u c t  w a s  o b ta in e d  
( 8 5 - 9 0 %  y ie ld )  a s  a  c o lo r le s s  l iq u id ,  b . p .  1 0 3 -1 0 5 °  (3  m m .) .  
T h e  C = N  b a n d  ( c h lo ro f o r m )  w a s  a t  6 .2 1  >i.

Anal. C a lc d .  f o r  C n H ^ N O S :  C ,  6 3 .7 4 ;  H ,  6 .3 2 ;  S , 1 5 .4 7 . 
F o u n d :  C ,  6 3 .9 3 ;  H ,  6 .5 2 ;  S , 1 5 .4 3 .

Ci2Hi6N2OS Intermediate.— A  s o lu t io n  o f  12  g .  ( 0 .0 5 8  m o le )  
o f  V ic  a n d  6 .6  g . ( 0 .0 5 8  m o le )  o f 2 - m e r c a p to e th y la m in e  h y d r o 
c h lo r id e  i n  185  m l .  o f m e th a n o l  w a s  r e f lu x e d  f o r  4  h r .  A f te r  
c o o lin g , i t  w a s  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  a  v is c o u s  
l iq u id .  W a t e r  (2 5 0  m l . )  w a s  a d d e d  t o  t h e  c o n c e n t r a t e ,  a n d  th e  
m ix tu r e  w a s  e x t r a c t e d  w i th  e t h e r  t o  r e m o v e  a  l i t t l e  in s o lu b le  
m a te r i a l .  T h e  a q u e o u s  s o lu t io n ,  c o o le d  in  ic e , w a s  m a d e  b a s ic  
b y  th e  a d d i t i o n  o f  s o d iu m  h y d r o x id e  in  p o r t io n s .  C r y s t a l l i z a t i o n  
o f t h e  p r e c ip i t a t e d  s o lid  ( 1 1 .3 5  g . )  f ro m  h e p t a n e - e t h y l  a c e t a t e  
g a v e  8 .2 3  g . ( 6 0 %  y ie ld )  o f  w h i te  c r y s t a l s ,  m .p .  1 3 1 - 1 3 4 ° .  
R e c r y s ta l l iz a t io n  f ro m  h e p t a n e - e t h y l  a c e t a t e  a f fo rd e d  6 .6 1  g . 
( 4 8 % ) ,  m .p .  1 3 4 .5 - 1 3 6 ° .

Anal. C a lc d .  f o r  C i2H i 6N 2O S : C ,  6 0 .9 8 ;  H ,  6 .8 3 ;  N ,  1 1 .8 6 ; 
S , 1 3 .5 7 ; m o l .  w t . ,  2 3 6 . F o u n d :  C ,  6 0 .8 4 ;  H ,  6 .9 1 ;  N ,  1 1 .8 5 ; 
S , 1 3 .6 2 ; m o l .  w t . ,  2 3 8  ( R a s t ) ,  2 3 4  ( v a p o r  p r e s s u r e  o s m o m e te r ) .

T h e  in f r a r e d  s p e c t r u m  ( c h lo ro f o r m )  s h o w e d  a  b a n d  a t  2 .9 1  
M ( N H )  a n d  s t r o n g  m a x im a  a t  6 .1 6  a n d  6 .6 9  m - T h e  n .m . r .  
s p e c t r u m 15 i n  d e u te r io c h lo ro f o r m  c o n ta in e d  a  p e a k  a t  4 .6 5  p .p .m .,

(13) M . G . E t tl in g e r , J .  A m .  C h e m .  S o c . ,  72 , 4792 (1950).
(14) £ /ireo -4 -M ethy l-5 -pheny l~ 2-th io6xazo lidone, m .p . 12 8 -1 3 0 ° , a n d  th e  

e r y t h r o  iso m er, m .p . 1 0 8 -1 0 9 ° , p re p a re d  from  th e  am in o  a b o h o ls  b y  a  d if
f e re n t m e th o d , h a v e  b ee n  re p o r te d  b y  M . K o jim a , J .  P h a ^ m .  S o c .  J a p a n ,  

79, 11 (1959).
(15) D e te rm in e d  on  a  V a ria n  A -60 sp e c tro m e te r .

a n a lo g o u s  t o  t h e  p e a k  a t  4 .7 3  p .p .m .  a t t r i b u t a b l e  t o  N H  in  V a , 
t h a t  r e p r e s e n te d  tw o  p r o to n s  a n d  in d ic a te d  tw o  N H  g r o u p s .

T h e  p u r e  c o m p o u n d  d id  n o t  g iv e  a  p o s i t iv e  n i t r o p r u s s id e  t e s t  
fo r  m e r c a p to .  H o w e v e r ,  a f t e r  t r e a t m e n t  w i th  p o t a s s iu m  c y a 
n id e  o r  o n  s t a n d in g  a  p o s i t iv e  t e s t  w a s  o b t a in e d .  W h e n  a  
s o lu t io n  o f  t h e  c o m p o u n d  in  c h lo ro fo rm  o r  e th a n o l  w a s  a l lo w e d  
to  s t a n d  o p e n  to  t h e  a i r ,  a  s lo w  t r a n s f o r m a t io n  to o k  p la c e ,  a s  
e v id e n c e d  b y  t h e  f o r m a t io n  o f a  s t r o n g  b a n d  in  t h e  in f r a r e d  
s p e c t r u m  a t  6 .0 1  m, c h a r a c te r i s t i c  o f d is u lf id e s  o f  t y p e  V , a n d  t h e  
s im u l ta n e o u s  d i s a p p e a r a n c e  o f  t h e  s t r o n g  b a n d  a t  6 .1 6  ¡j.. I n  
e th a n o l  t h i s  t r a n s f o r m a t io n  w a s  in c o m p le te  a f t e r  2 d a y s  b u t  
c o m p le te  a f t e r  6  d a y s .  I n  a q u e o u s  e th a n o l ic  s o d iu m  h ju i ro x id e  
s o lu t io n  i t  w a s  c o m p le te  a f t e r  t h r e e  d a y s .

T h e  c o m p o u n d  f o rm e d  a  m o n o p ic r a te  t h a t  s e p a r a te d  f ro m  
e th a n o l  a s  f in e  y e llo w  c r y s t a l s ,  m .p .  1 7 4 - 1 7 6 ° .  I t s  in f r a r e d  
s p e c t r u m  ( p o ta s s iu m  b r o m id e ) ,  s im i la r ly  t o  t h a t  o f  t h e  b a s e ,  d id  
n o t  s h o w  a  m e r c a p ta n  b a n d  a t  3 .9  n a n d  s h o w e d  a  s in g le  s t r o n g  
p e a k  a t  6 .1 0  ¡n.

Anal. C a lc d .  f o r  C I8H 19N 50 8S : C ,  4 6 .4 5 ;  H ,  4 .1 1 ;  S , 6 .8 9 .  
F o u n d :  C ,  4 6 .3 6 ;  H ,  4 .1 9 ;  S ,  7 .0 8 .

Bis [2-(4-methyl-5-phenyl-2-oxazolin-2-ylamino )ethyl] Disulfide 
(Vc).— A  s o lu t io n  o f  0 .5  g . o f  t h e  C 12H 16N 2O S  in t e r m e d ia t e  in  16 
m l.  o f  e th a n o l  a n d  5 m l .  o f 1 0 %  s o d iu m  h y d r o x id e  w a s  a l lo w e d  to  
s t a n d  in  a n  u n s to p p e r e d  f la s k  f o r  6 4  h r .  A f t e r  a e r a t i o n  f o r  2  h r . ,  
a  s m a ll  q u a n t i t y  o f  s o lid  t h a t  h a d  s e p a r a t e d  w a s  f i l t e r e d  o ff, 
a n d  t h e  f i l t r a t e  w a s  c o n c e n t r a t e d .  T h e  c o n c e n t r a t e  w a s  d i s 
s o lv e d  in  c h lo r o fo r m  a n d  w a t e r ,  a n d  t h e  c h lo r o fo r m  l a y e r  w a s  
w a s h e d  w i th  w a t e r ,  d r ie d  o v e r  a n h y d r o u s  s o d iu m  s u l f a t e ,  a n d  
c o n c e n t r a t e d  t o  a n  o il. T o  th i s  c o n c e n t r a t e  (0 .5 1  g . )  w a s  a d d e d  
e th a n o l ic  p ic r ic  a c id ,  a n d  t r e a t m e n t  o f  t h e  r e s u l t i n g  c r u d e  p r e 
c ip i t a t e  w i th  w a r m  e th y l  a c e t a t e  y ie ld e d  0 .5 1  g . ( 5 2 % )  o f  p i c r a t e ,  
m .p .  1 9 7 -2 0 0 ° . C r y s ta l l i z a t io n  f ro m  e th a n o l - a c e t o n e  a f fo r d e d  
0 .3 9  g . (4 0 % ,)  o f  s m a ll  y e llo w  c r y s t a l s ,  m .p .  2 0 2 - 2 0 4 ° .

Anal. C a lc d .  f o r  C 36H 36N io6 16S 2: C ,  4 6 .5 5 ;  H ,  3 .9 1 ;  S , 
6 .9 0 ;  m o l .  w t . ,  9 2 9 . F o u n d :  C ,  4 6 .7 1 ;  H ,  3 .9 2 ;  S , 6 .9 6 ;  
m o l .  w t . ,  9 7 6  ( v a p o r  p r e s s u r e  o s m o m e te r ) .

T h e  f re e  b a s e  o f  t h e  d isu lf id e  c o u ld  n o t  b e  o b t a in e d  a s  a  c r y s t a l 
l in e  s o lid . T h e  b a s e  r e c o v e r e d  f ro m  t h e  c r y s t a l l i z e d  p i c r a t e  
f o rm e d  a  g la s s  t h a t  b e c a m e  a n  a m o r p h o u s  s o l id .  T h e  c y a n i d e -  
n i t r o p r u s s id e  c o lo r  t e s t  g iv e n  b y  th i s  p r o d u c t  a n d  i t s  in f r a r e d  
s p e c t r u m  ( s t r o n g  N = C — N  b a n d  a t  6 .0 0  n) w e re  c o n s i s t e n t  w i th  
i t s  f o r m u la t io n  a s  t h e  d is u lf id e , b y  c o m p a r is o n  w i th  t h e  o t h e r  
d is u lf id e s .  I t  w a s  a ls o  c h a r a c te r iz e d  a s  t h e  d i s t y p h n a t e ,  m .p .  
1 9 4 -1 9 7 °  ( f r o m  e th a n o l - a c e to n e ) .

Anal. C a lc d .  f o r  C s e H s e N w O i^ :  C ,  4 5 .0 0 ;  H ,  3 .7 8 ;  S ,
6 .6 7 . F o u n d :  C ,  4 4 .8 7 ;  H ,  3 .9 2 ;  S , 6 .6 2 .

T h e  in f r a r e d  s p e c t r a  ( p o ta s s iu m  b r o m id e )  o f  b o t h  t h e  d ip ic r a te  
a n d  d i s t y p h n a t e  s h o w e d  s t r o n g  m a x im a  a t  5 .8 5  a n d  6 .1 0  /t .

Vc from Rearrangement.— T h e  r e a c t io n  w a s  c a r r ie d  o u t  w i th  
s o d iu m  e t h y l a t e ,  s im i la r ly  t o  t h e  m e th o d  u s e d  fo r  t h e  p r e p a r a 
t io n  o f  V a  b y  r e a r r a n g e m e n t .  A  s o lu t io n  o f 0 .9 6  g .  ( 0 .0 4 2  g .-  
a to m )  o f  s o d iu m , 4 .0 2  g . (0 .0 2 1  m o le )  o f  4 - m e th y l- 5 - p h e n y l - 2 -  
th io o x a z o l id o n e  ( I c ) ,  a n d  4 .2 6  g . (0 .0 2 1  m o le )  o f 2 - b r o m o e th y l -  
a m in e  h y d r o b r o m id e  in  1 0 0  m l .  o f a b s o lu te  e th a n o l  w a s  r e f lu x e d  
fo r  3  h r .  a n d  f i l t e r e d .  A f te r  t h e  c o n c e n t r a t e  f r o m  t h e  f i l t r a t e  
h a d  b e e n  a l lo w e d  t o  s t a n d  in  a q u e o u s  e th a n o l ic  s o d iu m  h y d r o x id e  
a t  p H  1 0 .7  f o r  4  d a y s  w i th  i n t e r m i t t e n t  a e r a t i o n ,  t h e r e  w a s  o b 
t a i n e d  a  1 3 .5 %  y ie ld  o f  p i c r a t e  t h a t  m e l te d  f ro m  190  t o  1 9 5 °  
a n d  t h a t  g a v e  a n  in f r a r e d  s p e c t r u m  n e a r ly  id e n t i c a l  t o  t h a t  o f  t h e  
d ip i c r a t e  o f  V c . C r y s t a l l i z a t i o n  f ro m  e th a n o l - a c e t o n e  a f fo r d e d  a  
p i c r a t e ,  m .p .  1 9 5 .5 - 1 9 8 .5 ° ,  t h a t  r e p r e s e n te d  a n  1 1 .4 %  y ie ld  in  
th e  r e a c t io n .  I d e n t i t y  t o  V c  w a s  e s t a b l i s h e d ,  a f t e r  f u r t h e r  p u r i 
f ic a t io n ,  b y  m ix e d  m e l t in g  p o i n t  a n d  in f r a r e d  s p e c t r a .

I n  a n o t h e r  r u n ,  in  w h ic h  th e  s t a n d in g  in  a lk a l in e  s o lu t io n  w a s  
o m i t t e d ,  t h e  C i2H i6N 2O S  in t e r m e d ia t e ,  i s o la te d  a s  t h e  c r y s ta l l in e  
b a s e ,  w a s  o b t a in e d  in  3 .6 %  y ie ld .

2-Methylthio-2-oxazoline (VIb).— T h e  a lk y la t i o n  o f  2 - th io o x a -  
z o lid o n e  ( l b ) 13 w a s  c a r r ie d  o u t  s im i la r ly  t o  t h e  a l k y l a t i o n  o f  l a .  
D is t i l l a t i o n  g a v e  a  6 7 %  y ie ld  o f  c o lo r le s s  l iq u id ,  b . p .  6 9 - 7 1 °  
(1 4  m m .) .

Anal. C a lc d .  f o r  C 4 H 7 NOS: S , 2 7 .3 6 . F o u n d :  S , 2 7 .3 4 .
T h e  p i c r a t e  w a s  id e n t i c a l  t o  t h e  o n e  p r e v io u s ly  r e p o r t e d .6

Hydrochloride of C5H10N2OS Intermediate.— A  s o lu t io n  o f  6 .6  

g . (0 .0 5 6  m o le )  o f  V I b  a n d  6 .4  g . ( 0 .0 5 6  m o le )  o f  2 - m e r e a p to -  
e th y la m in e  h y d r o c h lo r id e  i n  1 50  m l .  o f  m e th a n o l  w a s  r e f lu x e d  fo r  
4  h r .  T h e  s o lu t io n  w a s  c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e ,  
a n d  c r y s ta l l i z a t io n  o f  t h e  c o n c e n t r a t e  f ro m  1 1 0  m l .  o f  i s o p r o p y l  
a lc o h o l  y ie ld e d  6 .5 8  g .  o f  c r y s ta l l in e  s o l id .  R e c r y s t a l l i z a t i o n  
f ro m  i s o p r o p a n o l  g a v e  5 .5 2  g .  ( 5 4 %  y ie ld )  o f  c o lo r le s s  c r y s t a l s ,  
m .p .  1 1 5 - 1 1 7 ° .  A n  a n a t y t i c a l  s a m p le  m e l t e d  a t  1 1 6 - 1 1 8 ° .
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Anal. C a lc d .  fo r  C 5H „ C 1 N ,0 S :  C ,  3 2 .S 7 ; H ,  6 .0 7 ;  S , 
1 7 .5 5 . F o u n d :  C , 3 3 .0 4 ;  H ,  6 .1 2 ;  S , 17 .8 2 .

T h e  p i e r a t e  w a s  o b ta in e d  a s  s m a ll  y e l lo w  c r y s t a l s ,  m .p .  1 4 2 -  
1 4 4 ° , f ro m  e t h y l  a c e t a t e .

Anal. C a lc d .  f o r  C i iH i3N 5O sS : C ,  3 5 .2 0 ;  H ,  3 .4 9 ;  S , 8 .5 4 .  
F o u n d :  C ,  3 5 .4 2 ;  H ,  3 .6 0 ;  S , 8 .8 0 .

T h e  h y d r o c h lo r id e  d id  n o t  g iv e  a  n i t r o p r u s s id e  t e s t  fo r  m e r -  
c a p to .  I t s  in f r a r e d  s p e c t r u m  ( p o ta s s iu m  b r o m id e )  d id  n o t  c o n 
t a i n  a  m e r c a p ta n  b a n d  a t  3 .9  n a n d  s h o w e d  a  s t r o n g  b a n d  a t
6 .1 0  p. T h e  p i e r a t e  ( p o ta s s iu m  b r o m id e )  s im i la r ly  d id  n o t  g iv e  
a  m e r c a p ta n  b a n d  a n d  e x h ib i te d  a  s in g le  s t r o n g  b a n d  a t  6 . 1 0  p, 
a n a lo g o u s ly  t o  t h e  p i e r a t e  o f  th e  C i2H i 6N 2O S  in t e r m e d ia t e  
r a t h e r  t h a n  t o  t h e  p i e r a t e  o f  t h e  m e r c a p ta n  I V a .

B is [2 - ( 2 -o x a z o lin -2 -y la m in o )e th y l]  D is u l f id e  ( V b ) .— T o  0 .6  g . 
o f  t h e  C 5H 10N 2O S  h y d r o c h lo r id e  in  6  m l. o f  w a t e r  w a s  a d d e d  
3 m l .  o f  1 0 %  s o d iu m  h y d r o x id e ,  a n d  t h e  s o lu t io n  w a s  a l lo w e d  to  
s t a n d  fo r  4  d a y s  w i th  i n t e r m i t t e n t  a e r a t i o n .  T h e  w h i te  c r y s t a l 
lin e  p r e c ip i t a t e  t h a t  s e p a r a te d  a m o u n te d  t o  0 .3 7  g .  ( 7 8 %  y ie ld ) ,  
m .p .  1 3 1 -1 3 3 ° . C r y s t a l l i z a t i o n  f ro m  e t h y l  a c e t a t e  a f fo rd e d  0 .3 2  
g . ( 6 7 % )  o f  g l i s te n in g  p l a t e s ,  m .p .  1 3 3 .5 - 1 3 5 .5 ° .

Anal. C a lc d .  fo r  C 10H 1SN4O 2S 2 : C ,  4 1 .3 6 ;  H ,  6 .2 5 ;  S , 
2 2 .0 8 ; m o l .  w t . ,  2 9 0 . F o u n d :  C ,  4 1 .5 4 ;  H ,  6 .3 0 ;  S ,  2 2 .0 2 ; 
m o l. w t .  ( v a p o r  p r e s s u r e  o s m o m e te r ) ,  2 8 8 .

T h e  p i e r a t e  s e p a r a te d  f ro m  e th a n o l - a c e t o n e  a s  f in e  y e l lo w  
c r y s ta l s ,  m .p .  2 0 2 - 2 0 4 ° .

Anal. C a lc d .  f o r  C ooT B .X joO ^ :  C ,  3 5 .3 0 ;  H ,  3 .2 3 ;  S , 
8 .5 6 .  F o u n d :  C ,  3 5 .6 2 ;  H . 3 . 3 8 ;  S , 8 .4 2 .

I n  t h e  i n f r a r e d  t h e  b a s e  s h o w e d  t h e  s t r o n g  b a n d s  a t  6 .0  a n d
6 .6  m a n d  th e  p i e r a t e  t h e  s t r o n g  b a n d s  a t  5 .8 5 - 5 .9  a n d  6 .1  p, 
c h a r a c te r i s t i c  o f  t h e  d is u lf id e s .

V b  f ro m  R e a r r a n g e m e n t .— I n  t h e  u s u a l  m a n n e r ,  e q u im o la r  
q u a n t i t i e s  o f  2 - th io o x a z o l id o n e ,  2 - b r o m o e th y la m in e ,  a n d  s o d iu m  
e t h y l a t e  w e re  r e f lu x e d  in  e th a n o l  f o r  3 h r .  A f te r  t h e  p r o d u c t  
h a d  b e e n  a l lo w e d  t o  s t a n d  in  s o lu t io n  a t  p H  9 - 1 0  f o r  5  d a y s ,  
th e r e  w a s  o b ta in e d  a  2 8 %  y ie ld  o f  c r u d e  p i e r a t e  t h a t  m e l te d  
f ro m  170  to  1 8 2 °  b u t  t h a t  g a v e  a n  in f r a r e d  s p e c t r u m  s im i la r  to  
t h a t  o f  t h e  d ip ic r a te  o f  V b . T h e  y ie ld  o f  tw ic e - c r v s ta l l iz e d  p i e r a t e ,  
m .p .  1 9 9 - 2 0 1 ° ,  w a s  1 1 .5 % . I d e n t i t y  t o  V b  d ip ic r a te  w a s  
d e m o n s t r a t e d  a f t e r  f u r t h e r  p u r i f i c a t io n ,  a n d  a  c r y s ta l l in e  b a s e  
i d e n t i c a l  t o  V b  w a s  r e c o v e r e d  f ro m  t h e  p i e r a t e .

W i t h o u t  s o d iu m  e t h y l a t e ,  V b  d ip i c r a t e  w a s  o b ta in e d  in  v e r y  
lo w  y ie ld .
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re -B u ty l m e r c a p ta n  h a s  b e e n  o x id iz e d  in  d im e th y l f o r m a m id e  ( D M F ) - m e t h a n o l  a n d  d ie t tn d e n e g ly c o l  d im e th y l  
e t h e r  (d ig ly T n e ) -m e th a n o l  m ix tu r e s  a t  2 3 .5  ±  0 .2 °  u s in g  s o d iu m  m e th o x :d e  a s  t h e  b a s e . T h e  r e l a t i v e  r a t e s  o f 
o x id a t io n  o f  t h e  m e r c a p t a n  d e c r e a s e d  a t  t h e  s a m e  r a t e  in  t h e  tw o  s o lv e n t  s y s te m s  a s  t h e  q u a n t i t y  o f m e th a n o l  
w a s  in c r e a s e d  in  e a c h  s o lv e n t  m ix tu r e  s u g g e s t in g  t h a t  s im i la r  t r a n s i t i o n  s t a t e s  a r e  in v o lv e d  in  b o t h  s y s te m s .
A  se r ie s  o f  io n  p a i r  c o m p le x e s  w h ic h  u l t i m a t e l y  in v o lv e  a n  i n t i m a t e  io n  p a i r  c o m p le x  b e tw e e n  m e th a n o l  a n d  t h e  
s o d iu m  m e r c a p t id e  a r e  s u g g e s te d  a s  p o s s ib le  e x p la n a t io n s  f o r  t h e  o b s e rv e d  r e s u l t s .  I n  a d d i t i o n ,  b e n z y l  m e r 
c a p ta n ,  th io p h e n o l ,  p - a m in o th io p h e n o l ,  p - n i t r o th io p h e n o l ,  a n d  c y c lo h e x y l m e r c a p ta n  w e re  o x id iz e d  u n d e r  a  
v a r i e t y  o f  c o n d i t io n s .  T h e  o b s e rv e d  r e s u l t s  in d i c a t e  t h a t  t h e  r a t e  d e t e r m in in g  s t e p  is r e a c t io n  o f  t h e  a n io n  
( I l S e ) w i th  o x y g e n .

Until recently, most studies on the base-catalyzed 
oxidation of mercaptans (thiols) to disulfides with 
molecular oxygen have been limited to an aqueous 
sodium hydroxide media.1 2 3 Some structural effects of 
mercaptans on the rate of oxidation in this medium have 
been observed4 but the results have been somewhat 
difficult to interpret since solubilities and salting-out 
effects vary for the mercaptans studied. Barringer5 
has reported that N,N'-disubstituted-p-phenylene- 
diamines are capable of accelerating this coupling 
reaction. The use of various transition metal phthalo- 
cyanines and other organic chelates in basic media has 
also been recommended.6 In the latter case, the 
rate-limiting step appears to be diffusion of oxygen and 
the mercaptide ion to the surface of the catalyst.7 
We have recently observed in these laboratories1 that 
various dipolar and ethereal solvents greatly enhanced

(1) T . J .  W allace an d  A. S ch rie she im . J .  O r g .  C h e m . ,  27 , 1514 (1962).
(2) T . J .  W allace , J . M . M iller, I I .  P o b in e r, a n d  A. S ch rieshe im , P r o c .  

C h e m .  S o c . ,  384 (1962).
(3) E . E . R eid , “ O rgan ic  C h e m is try  of B iv a le n t S u lfu r ,”  Vol. I , C hem ica l 

P u b lish in g  C o., In c ., N ew  Y o rk , N . Y ., 1958.
(4) J . X an , E . A. W ilson , L . D . R o b e r ts , a n d  N . H . H o rto n , J .  A m .  C h e m .  

S o c . ,  63, 1139 (1941).
(5) C . M . B arrin g er, I n d .  E n g .  C h e m . ,  47, 1022 (1955).
(C) W . K . T . G leim  an d  P . U rb a n , U . S. P a te n t  714,937 (F eb . 13, 1958).
(7) T . J . W allace, A. S chrieshe im , a n d  D . L. B aed er, u n p u b lish e d  resu lts.

the homogeneous, base-catalyzed oxidation rate of n- 
butyl mercaptan with molecular oxygen.

The present study was undertaken to determine how 
the addition of a hydroxylic material (methanol) to an 
aprotic base-solvent system would effect the rate of 
oxidation of n-butyl mercaptan. Further, it also 
seemed of interest to ascertain how the rate of oxidation 
varied with the structure of the mercaptan since this 
would provide information on the rate determining 
step in this reaction.

Results
One-tenth of a mole of n-butyl mercaptan was oxi

dized in DMF-methanol and diglyme-methanol mix
tures at 23.5 ± 0.2° under a constant oxygen pressure 
of one atmosphere. 0.2 mole of sodium methoxide was 
used in each oxidation reaction. Each reaction was 
carried out to about 30% completion. The amount of 
mercaptan converted to the disulfide was determined 
from the amount of oxygen consumed as a function of 
time according to the derived first-order rate expression. 
The apparent first-order rate constants obtained for the 
oxidation of n-butyl mercaptan to the disulfide in each 
hydroxylic-aprotic solvent mixture are summarized 
in Table I and calculated relative to the rate obtained in
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T a b l e  I
Oxida tio n  of r-B utyl M ercaptan  in  D M F -M etiian o l  and 

D iglyme- M etha n ol  Solutions at 23.5 ±  0.2°
V olum e k X 103, k R e la tiv e  to

% so lv en t m in .-I m e th an o l

/1 0 0 1077 334

\  75 36S 114
DMF ( 50 68.6 21.3

J 25 9.16 2.8
( 10 3.93 1.2

OO 323 100
Diglyme ;  75 CO O

O 43
) 50 36.5 11
l 35 6.21 1.9

Methanol 100 3.22 1.00

100% methanol. A plot of 1c relative DMF/fc rela
tive diglyme vs. the volume per cent of methanol in 
each reaction mixture (Fig. 1) gives a linear relation-

Fig. I.—A plot of { k / h )  D M F /(i'/W  diglyme vs. volume % 
methanol; k0 = rate in methanol; k = rate in DMF solutions; 
k ' = rate in diglyme solutions.

ship which decreases with increasing amounts of 
methanol.

Due to the paucity of information on structural 
effects in the oxidation of sulfur anions a second aspect 
of this research was concerned with how the rate of 
oxidation is influenced by the structure of the mercap
tan. Benzyl mercaptan, thiophenol, p-aminothio- 
phenol, p-nitrothiophenol, and cyclohexyl mercaptan 
were oxidized in several solvents at 23.5 ±  0.2° to 
their corresponding disulfides. In each reaction, an 
excess of either sodium methoxide or potassium tert- 
butoxide was used. The specific conditions employed 
and the results obtained are summarized in Table II. 
Results previously obtained with n-butyl mercaptan 
are also included for convenience of comparison. Thio
phenol oxidized at a considerably slower rate than n- 
butyl and benzyl mercaptans under the reaction con
ditions listed. Cyclohexyl mercaptan and p-amino- 
thiophenol are oxidized some four- to tenfold faster 
than thiophenol. p-Nitrothiophenol was not oxidized 
over a 20-hr. period.8

(8) A s im ila r re s u lt  in  d im e th y l su lfo x id e -ie ri-b u ty l a lcohol w as re c e n tly  
c o m m u n ic a te d : G . A. R usse ll, A . J .  M o y e , a n d  K . N ag p a l, ./ . A m .  C h e m .  

S o c . .  84, 4154 (1962).

T a b l e  II
V a r i a t i o n  o f  t h e  R a t e  o f  O x i d a t i o n  w i t h  

M e r c a p t a n  S t r u c t u r e

k x  10»,
Mercaptan Solvent Base min. 1 pAa“

TC-C4H9SH CHjOH NaOMe 3 .2 2 11.5
n-C4H9SH ierf-C4H9OH KOtBu 3 4 .7
n-C4H9SH DMF NaOMe 1077
C6H5SH CH3OH NaOMe 0.23 6 .5
C6HóSH ¿eri-C4H9OH KOtBu 8 .19
c6h5sh DMF NaOMe 76 .6
c6h„sh CHäOH NaOMe 0 .8 8
p-NHo—C6H4SH CH3OH NaOMe 2 .53
p-N 02—C6H4SH CH3OH NaOMe N.R.
c6h5ch2sh CH3OH NaOMe 5 .57 9 .4

a All pXa values listed were taken from the following sources; 
M. M. Kreevoy, et a l., J .  A m . C hem . S o c ., 82, 4899 (1960); D. L. 
Yabroff, fn d .  E n g . C h em ., 32, 257 (1940).

Discussion
To date, no detailed study on the mechanism of mer

captan oxidation in basic media has been attempted. 
In the present study, a mechanism, which takes into 
account both the rate determining step and the role of 
the solvent in this reaction, is proposed and discussed 
in detail.

In the present investigation, the oxidation of mer
captans was studied under such conditions that the 
reaction rate became independent of the rate of agita
tion. Thus, it may be assumed that the rate of 
diffusion of oxygen gas into the solution did not control 
the chemical reaction rate. In the base-solvent sys
tems employed the oxidation of a mercaptan to its 
corresponding disulfide may be described by the follow
ing mechanistic paths.

fa
Ionization RSH + Be ; RSe + BHfa (1)

Oxidation RS9 + 0 2
kz

— ^ RS- + 02- (2)

RS9 + (V
k i

- — > RS- + 02~2 (3)

Dimerization fe
2RS---- > RSSR (4)

Base regeneration 02~2 + BH — OH9 + Be + ‘/¡¡Os (5)
The above reaction scheme yields an over-all stoi

chiometry in agreement with the experimental results 
of this study.

2RSH + V2O2 + Be ---^ RSSR + HOe + BH (6)
Since, in these experiments, the base, Be, was employed 
in excess with respect to mercaptan concentration, the 
interconversion of alkoxide ions into hydroxide ions 
is not expected to influence appreciably the reaction 
kinetics. Further, it has been demonstrated that even 
in 1 N  sodium hydroxide solution the ratio of (RS0)/ 
(RSH) (see equation 1) is at least 2 X 10s for all 
mercaptans investigated.3 Based on this mechanism, 
the rate of oxygen consumption is given by

= -fe(RSe) (O.) + 7A(029) (7)

where the bracketed quantities denote the concentra
tions of the various species in the solution. Assuming 
that the 0 2~2 and 0 2e ions are present in steady 
state concentrations, the rate equation reduces to
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d(o2_)
d i Y  (RSe) (02) (8 )

The concentration of mercaptide ions is determined 
by the ionization equilibrium constant K  = ki/k2.

(RSe) = K ( R S H ) ( B e )
( B H ) (9)

The stoichiometric concentration of mercaptan, Crsh, 
is given by

C'r s h  =  ( R S e ) +  ( R S H )  (1 0 )

thus
( R S H )  =  C'r s h  ~  ( R S e ) (1 1 )

Substituting into the equilibrium expression for (RSH) 
and simplifying the relationship between Crsh and 
(RSe) is given by equation 12.

(RSe) = ------ --------------  (12)
[1 +  ¿ ( B H ) / ( B e )]

hence
d  (O 2) _  — a~3 _______ ly .s p b O 2)________ ,

At ~ 2 [1 + l/K  (BH)/(B-)] 1 '
With an alkoxide as the base, it is evident from equation 
13 that the rate of oxidation is inversely proportional 
to the concentration of added alcohol, BH (when no 
alcohol is added the oxidation would be inhibited to a 
small extent in its latter stages because of alcohol formed 
during the reaction). For low levels of conversion the 
concentration of BH may be considered to be constant,
i.e., (BH) = (BH) initial. Thus, for highly acidic 
species and a given initial base concentration [1 +  
(BH)/7v(B- )] = 1 and

d (O2) 3̂ p  /"o'! n n—^ — ------ 9 “ L r s h ( 1 '2) (1 4 )

From the over-all stoichiometry, each mole of RSH 
requires 1/ i mole of 0 2. Therefore,

d (RSH) = d (02) 
At di — 2 fc3 C r s h  ( 0 2) (15)

The equilibrium concentration of ox3̂ gen in the solution 
can be expressed as

O2 = KsPoi (16)
where Ks = constant and Po2 = partial pressure of 
oxygen gas. Thus, the rate of mercaptan disap
pearance is given by

d ^ f - -  = -2k3K.CMSP0, (17)

which under constant oxygen pressure yields upon 
integration

( R S H )
( R S H )  in i t i a l

= —kt (18)

where t = duration of oxidation and k = [2fc3/vsPo2]- 
Thus, at a given initial base concentration, a constant 
alcohol concentration, and a constant partial pressure 
of oxygen the rate equation simplifies to a first-order 
rate expression which is in agreement with the observed 
results and proposed mechanistic speculations.

The mercaptans investigated in the present study 
are relatively acidic species and in the base-solvent 
systems listed the ratio of the concentration of the 
anion, RSe, to the concentration of the unionized

mercaptan should be greater than 2 X 103.3 Thus, 
for low levels of conversion it is reasonable to assume 
that the rate determining step is reaction of the anion 
with oxygen (equations 2 and 3). An examination 
of the results in Table II indicates that the structure 
of the anion plays a key role in the rate determining 
step of this reaction. For example, p-nitrothiophenol 
forms the most stable anion and it is not oxidized. 
The thiophenolate ion, which is resonance stabilized by 
interaction cf the electron pair on the sulfur atom with 
the it system of the benzene ring, is less reactive toward 
oxygen than either the cyclohexyl mercaptide of p- 
aminothiophenolate ions. In the latter case, reso
nance interactions would lead to decreased stability of 
the resulting ion. This reactivity sequence may be 
rationalized by assuming that reaction of the anion 
with oxygen is rate limiting. The reverse order of re
activity would be observed if ionization of the mercap
tan was rate limiting. This is substantiated by the 
results obtained with n-butyl and benzyl mercaptans. 
Both mercaptans are less acidic than thiophenol and 
p-nitrothiophenol and their resulting anions are not 
resonance stabilized. However, they are oxidized at a 
relatively rapid rate. A similar reactivity sequence has 
recently been observed by Russell and co-workers3 
for the oxidation of carbanions, i.e., the most stable 
carbanion is the most difficult to oxidize.

Previous studies on solvent effects in the oxidation 
of mercaptans indicated that the rate of oxidation of 
n-butyl mercaptan was 35 to 300 times faster in various 
ethereal and dipolar, aprotic solvents than in methanol.1 
These results were rationalized on the basis of a specific 
cation solvation of the sodium cation initially associated 
with the mercaptide ion in an ion-pair intermediate. 
Further, an sp3 complex involving s-p overlap between 
the oxygen atom of the solvent and the empty 3-.s 
orbital of the sodium cation was suggested. Thus, 
it seemed reasonable to presume that any species 
capable of interacting with both the aprotic solvent and 
the sodium mercaptide would lead to a decreased rate 
of oxidation.

The results show that the relative rates of oxidation 
in DMF and diglyme ((fc/jt0)DMF/(A'/fc0)diglyme) 
decrease linearly as a function of the volume per cent of 
added methanol in each solvent mixture. This sug
gests that similar transition states are involved in 
both solvents. I t seems reasonable to assume that 
initially the transition state consists of an “external” 
ion-pair involving the aprotic solvent (DMF) and the 
sodium mercaptide (Figure 2). Depending upon the 
quantity of methanol added, the transition state can 
be transformed into an “intermediate” ion-pair complex 
composed of sodium mercaptide-solvent-methanol 
(Figure 3) which in the presence of excess methanol 
can exist as an “intimate” ion-pair involving sodium 
mercaptide-methanol (Figure 4). Based on the rate 
determining step, the energy difference between reac
tants and transition state must be less for the nonhy- 
drogen-bonded system than it is for the hydrogen- 
bonded case where methanol is present.

Similar explanations have been advanced con
cerning the greater catalytic activity of potassium 
tert-butoxide (K®eO(-Bu) in dimethyl sulfoxide as 
opposed to feri-butyl alcohol or dimethyl sulfoxide- 
¿eri-butyl alcohol mixtures.9’10 However, this is the
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first reported case in which the fate of the reactini
entity, RSeNa®, can be spectulated on with any 
reasonable certainty.

Experimental
R e a g e n t s .—The following materials were distilled under a 

nitrogen atmosphere through a 14-in. silvered column equipped 
with a tantaluin-wire spiral: n-butyl mercaptan (Matheson
Coleman, and Bell, b.p. 96-98°, ?i.20D 1.4411), cyclohexyl mercap
tan [Columbia Organic Chemicals, b.p. 62-65° (12 mm.), 
n20D 1.4925] benzyl mercaptan [Evans Chemeties Inc., b.p. 70° 
(3 m m . ) ,  ?z20d  1.5776], and thiophenol [Matheson Coleman and 
Bell, b.p. 75° (5 mm.) n 20D 1.5805]. p-Aminothiophenol, p- 
nitrothiophenol and p-aminophenyl disulfide (Kek Labs) were 
used without further purification. All mercaptans were stored 
under a nitrogen atmosphere in a cold box.

P u r i f ic a t io n  o f S o lv e n ts .—Dimethylformamide, diglyme, tert- 
butyl alcohol, and methanol were dried over indicating Drierite 
and then distilled over 13X Linde Molecular Sieves to remove 
any water that was present. The sieves had previously' been 
calcined under nitrogen at 750° for 4 hr. All solvents were 
stored in a nitrogen dry box.

S y n th e s i s  a n d  I d e n t i f i c a t io n  o f  D is u l f id e s .—Each authentic di
sulfide was prepared according to the method described in Vogel.11 
One-tenth mole of each mercaptan was added to 50 ml. of a 
15% sodium hydroxide solution in a flask equipped with a stirrer 
and nitrogen bubbler. Iodine (11.0 g.) was added over a 2-hr.

(9) D. J. Cram, C. A. Kingsbury, and B. Rickborn, J .  A m .  C h e m .  S o c . ,  83, 
3688 (1961).

(10) A. Schriesheim and C. A. Rowe, Jr., i b i d . ,  84, 3160 (1962).
(11) A. I. Vogel, “ A Textbook of Practical Organic Chemistry, Long

man’s Green and Co., London, England, 1959.

period and each reaction mixture was then stirred overnight. 
re-Butyl and cyclohexyl disulfide were purified by distillation 
under reduced pressure through a 14-in. silvered column equipped 
with a tantalum wire spiral. Boiling points and indices of re
fraction agreed with those tabulated in Reid.12 Phenyl and 
benzyl disulfides, when recrystallized from methanol, had respec
tive melting points of 62 and 74° (reported12 62 and 74°, respec
tively) . The yields of all disulfides varied between 65 and 80%.

In the isolation of disulfides from the oxidation reactions, the 
reaction mixture was neutralized with frydrochloric acid, diluted 
with an equal volume of water, and the disulfide removed by' 
extraction with petroleum ether. The disulfides were purified 
as above and the physical properties agreed with the literature 
values. In addition, the infrared spectrum of each disulfide was 
identical to the synthesized materials. In the case of the phenyd, 
p-aminophenyl, and benzyd disulfides mixture melting points 
with the authentic disulfides showed no depression.

P r e p a r a t i o n  o f  R e a c t io n  M ix tu r e s  a n d  A c tu a l  O x id a t io n  E x p e r i 
m e n t s .—All base-solvent systems were made up to the appro
priate molarity in a specially adapted heavy-walled 500-ml. erlen- 
meyer flask in a nitrogen drybox. Each solvent contained 0.20 
mole of the desired alkoxide base. One-tenth mole of each mer
captan was then added, the reaction flask sealed, and transferred 
to the oxidation apparatus which consisted of a polyethydene gas 
balloon, wet-test meter, drying tower, and a water-cooled 
condenser. Kinetic measurements were determined from the 
rate of oxyrgen consumption as a function of time using the 
previously derived first-order rate expression. This method of 
analysis as well as a detailed description of the apparatus em
ployed have been discussed in detail previously.9 10 11 1-13’14
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T elom erization  by Free R adical M ercaptan  C hain  Transfer. I.
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One-and two-unit telomers (only) have beer, obtained from styrene using ethanethiol as a free radical chain 
transfer agent in the liquid phase. Reversibility of telomer formation under the conditions studied was found 
to be slight. Chain transfer constants for one- and two-unit telomers and also long chain polymiers have been 
determined. The significance of the increase of transfer constant with chain length is discussed.

The formation of short chain polymer fragments 
(telomers and cotelomers) by free radical chain trans
fer has been known for some time. However, its 
potential versatility as a synthetic tool has thus far 
received little application owing in part to separation 
problems and in part to lack of fundemental data on 
chain transfer in very short chains. A number of 
workers3 have studied haloalkane agents and determined 
chain transfer constants for a few monomers measuring

(1) Acknowledgment is made to the donors of The Petroleum Research 
Fund, administered by the American Chemical Society, for support of this 
research.

(2) Presented in part a t the 141st National Meeting of the American 
Chemical Society, Division of Polymer Chemistry, Washington, D. C.,
March. 1962, and taken in part from the thesis of James C. Wang.

the relative rate of displacement (equation 1) to 
propagation (equation 2) for short chains containing n 
units. (Here M refers to monomer units and A and

kdn
B — M „- +  A — B  — ^  B — M , — A  +  B - ( 1 )

kpn
B — M „- +  M  — >  B — M „ + 1 ■ ( 2 )

B to fragments of the transfer agent, A-B. The sym-
(3) (a) For a  review and earlier references, see C. Walling, “ Free Radicals 

in Solution,” John Wiley and Sons, Inc., New York, N. Y., 1957, pp. 243- 
259 and 313-326; (b) J. C. Robb and E. Senogles, T r a n s .  F a r a d a y  S o c . ,  58, 
708 (1962); (c) W. J. Kirkham and J. C. Robb, i b i d . ,  57, 1757 (1961); (d) 
J. C. Robb and D. Vofsi, i b i d . ,  55, 558 (1959); (e) W. I. Bengough and 
R. A. M. Thomson, i b i d . .  57, 1928 (1961); (f) 56, 407 (1960).
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bol B—M b' represents the n-unit radical. The transfer 
constant C„ = k^n/kpn.)

Earlier work3a indicated that C„ was small when n = 
1 but increased rapidly to a constant value for chains of 
four units or longer. Recent work3b_£ using bromo- 
trichloromethane as the transfer agent has included 
studies of individual rate constants and has shown a 
more complex variation of C„ with chain length. 
Kirkham and Robb3c ascribe this to a reactivity mini
mum of the growing radical chain at three or four 
monomer units length and suggest that the formation 
of a “semi bond” between the radical bearing carbon 
and the CC13 group may be involved.

Although telomer formation has been observed with 
mercaptan chain transfer agents4 5, no corresponding 
studies of transfer constants or other kinetic data for 
short chains have been reported. This paper describes 
such a study involving telomer formation in the styrene- 
ethanetliiol system.

The object of the study was to determine first whether 
telomers could be obtained from this system in 
appreciable quantities and whether their formation was 
significantly reversible in the liquid phase. It was 
then hoped to determine several telomerization chain 
transfer constants to be compared with the polymeriza
tion transfer constant, C«,. Polymerization transfer 
constants for numerous primary alkanethiols with sty
rene have been reported6; however, the value for 
ethanethiol seems to have been omitted. It was, there
fore, determined in this work.

Experimental6
Preparation and Characterization of the Telomers.— E t h a n e 

th io l  (9 .4 2  g . ;  0 .1 5 2  m o le ) ,  r e d i s t i l l e d  s t y r e n e  (2 2 .7 3  g . ;  0 .2 1 8  
m o le )  a n d  a z o b i s i s o b u ty r o n i t r i l e  ( A I B N ;  2 .0  m o le  %  of t h e  
s ty r e n e )  w e r e  s e a le d  in  a  n i t r o g e n  f i l le d  p y r e x  r e a c t io n  t u b e  a n d  
h e a t e d  f o r  6 h r .  i n  a  c o n s t a n t  t e m p e r a t u r e  b a t h  a t  5 0 ° .  E x c e s s  
m e r c a p ta n  w a s  r e m o v e d  b y  d i s t i l l a t i o n  a t  0 °  u s in g  a  w a te r  
a s p i r a to r .  T h e  r e s id u e  w a s  d i s t i l l e d  t h r o u g h  a  7 - in .  V ig re u x  
c o lu m n  u n d e r  v a c u u m .  A f t e r  r e m o v a l  o f t h e  s t y r e n e ,  tw o  f r a c 
t io n s  b o il in g  o v e r  a  n a r r o w  r a n g e  w e r e  c o l le c te d .  R e d is t i l la t io n  
o f  t h e s e  g a v e  t h e  tw o  t e lo m e r s .  T h e  o n e - u n i t  t e lo m e r  b o i le d  a t  
6 8 - 6 9 °  ( 0 .4  m m .) ,  nwd  1 .5 3 9 5 .

Anal. C a lc d .  f o r  C io H u S : C ,  7 2 .3 4 ;  H ,  8 .4 2 ;  S , 1 9 .2 5 . 
F o u n d :  C ,  7 2 .4 7 ;  H ,  8 .2 2 ;  S , 1 9 .1 3 .

T h e  t w o - u n i t  t e lo m e r  b o i le d  a t  1 4 5 °  (0 .0 6  m m .) ,  ?i 20d  1 .5 6 S 5 .
Anal. C a lc d .  f o r  C i8H 22S : C ,  8 0 .0 0 ;  H ,  8 .1 7 ;  S , 1 1 .8 1 . 

F o u n d :  C ,  7 9 .7 3 ;  H ,  7 .8 4 ;  S , 1 1 .8 8 .
S u lfo n e s  o f t h e  t e lo m e r s  w e r e  p r e p a r e d  b y  a d d in g  a n  e x c e s s  o f 

a  s o lu t io n  o f e q u a l  v o lu m e s  o f 3 0 %  h y d r o g e n  p e r o x id e  a n d  g la c ia l  
a c e t ic  a c id  a n d  a l lo w in g  t h e  m ix tu r e  t o  s t a n d  in  a  w a t e r  b a t h  a t  
5 0 °  fo r  2 h r .  T h e  a c e t ic  a c id  a n d  h y d r o g e n  p e r o x id e  w e r e  r e 
m o v e d  b y  e v a p o r a t io n  o n  a  s t e a m  b a t h .  T h e  p r o d u c t s  w e re  
r e c r y s ta l l i z e d  f r o m  a n  e t h a n o l - w a t e r  m ix tu r e .

T h e  s u lfo n e  f ro m  t h e  o n e - u n i t  t e lo m e r  m e l t e d  a t  7 8 .5 - 7 9 .5 ° .  
F e h n e l  a n d  R e s n ic k 7 r e p o r t  a  m e l t i n g  p o i n t  o f  7 9 - 8 0 °  f o r  t h i s  
c o m p o u n d .

T h e  s u lfo n e  f ro m  t h e  t w o - u n i t  t e lo m e r  m e l t e d  a t  6 7 .5 - 6 8 .5 ° .
Anal. C a lc d .  fo r  C 18H 22S 0 2: C ,  7 1 .4 8 ;  H ,  7 .3 3 ;  S , 1 0 .5 9 . 

F o u n d :  C ,  7 1 .3 3 ;  H ,  7 .2 0 ;  S , 1 0 .3 2 .
Reversibility of Telomer Formation.— A  s a m p le  o f  o n e - u n i t  

te lo m e r  ( 2 .3 0  g . )  t o g e t h e r  w i t h  o n e  m o le  %  o f  A I B N  w a s  s e a le d  
in  o n e  le g  o f  a n  e v a c u a te d  H - s h a p e d  p y r e x  t u b e .  T h e  le g  
c o n ta in in g  t h e  t e lo m e r  w a s  p la c e d  in  c o n s t a n t  t e m p e r a t u r e  b a t h

(4) M. S. Kharasch and C. F. Fuchs, J .  O r g .  C h e m . ,  13, 97 (1948).
(5) (a) R. A. Gregg, D. M. Alderman, and F. R. Mayo, ./. A m .  C h e m .  

S o c . ,  70 , 3740 (1948); (b) V. A. Dinaburg and A. A. Vanscheidt, Z h .  O b s h c h .  

K h i m . ,  24, 840 (1954); C h e m .  A b s t r . ,  49, 8157d (1955).
(6) Boiling points and melting points are uncorreeted. Microanalyses 

are by Galbraith Laboratories, Knoxville, Tenn.
(7) E. A. Fehnel and P. R. Resnick, J .  O r g .  C h e m . ,  20, 996 (1955).

a t  5 0 °  f o r  2 4  h r .  w h ile  t h e  o t h e r  le g  w a s  d ip p e d  in  a  D r y  I c e -  
a c e to n e  b a t h .  O n ly  a  s m a ll  t r a c e  o f  m a t e r i a l  r e s u l t e d  i n  t h e  c o ld  
le g  o f  t h e  t u b e .  G a s  c h r o m a to g r a m s  o f  m a t e r i a l  in  b o t h  le g s  
c o m p a r e d  t o  g a s  c h r o m a to g r a m s  o f  p r e p a r e d  m ix tu r e s  o f  o n e -  
u n i t  t e lo m e r  a n d  e t h a n e th io l  i n d i c a t e d  t h a t  n o t  m o r e  t h a n  a  fe w  
% o f t h e  t e lo m e r  h a d  d e c o m p o s e d .

A  s im i la r  e x p e r im e n t  w i th  t w o - u n i t  t e lo m e r  l ik e w is e  in d ic a te d  
v e r y  l i t t l e  d e c o m p o s i t io n  a t  5 0 °  f o r  m a n y  h o u r s .  A n  a d d i t io n a l  
e x p e r im e n t  w i th  o n e - u n i t  t e lo m e r  c a r r ie d  o u t  in  a  s im i la r  m a n n e r  
b u t  w i th  e x c e s s  m e r c a p t a n  a d d e d ,  c o n f irm e d  t h e  s t a b i l i t y  o f  t h e  
t e lo m e r  u n d e r  t h e s e  c o n d i t io n s  ( p r e s u m a b ly  in  t h e  p r e s e n c e  o f 
t h i y l  r a d i c a l s ) .

Determination of the Polymerization Chain Transfer Con
stants.— S o lu t io n s  c o n ta in in g  f r e s h ly  d is t i l l e d  s ty r e n e  a n d  s m a ll  
q u a n t i t i e s  o f  e th a n e th io l  a n d  A I B N  w e r e  p r e p a r e d  in  q u a n t i t y .  
S e v e r a l  p y r e x  r e a c t io n  t u b e s  ( 3 0 -m l . c a p a c i ty )  w e r e  f i lle d  n e a r ly  
t o  t h e  t o p  w i th  s o lu t io n ,  s e a le d ,  a n d  a l lo w e d  t o  s t a n d  f ro m  1 -1 2  
h r .  i n  a  c o n s t a n t  t e m p e r a t u r e  b a t h  a t  5 0 ° .  T w o  a l iq u o t s  (5 .0 0  
m l . )  f ro m  e a c h  t u b e  a n d  f r o m  t h e  o r ig in a l  s o lu t io n s  w e r e  t i t r a t e d  
a m p e r o m e t r ic a l ly  w i th  0 .0 0 5 0  N  s i lv e r  n i t r a t e  b y  t h e  m e th o d  of 
K o l th o f f  a n d  H a r r i s .8 T i t r a t i o n  w a s  c a r r ie d  o u t  in  a  c lo s e d  f la s k , 
u s in g  a  g ly c e r in e  s e a l  f o r  t h e  r o t a t i n g  e le c t r o d e  a n d  a  m a g n e t ic  
s t i r r e r ,  t o  a v o id  lo s s  o f  e t h a n e th io l .  T h e  p o ly m e r  w a s  i s o la te d  
f ro m  tw o  a l iq u o ts  (5 .0 0  m l . )  b y  p r e c i p i t a t i n g  in  5 0 -m l. q u a n t i t i e s  
o f  m e th a n o l .  T h e  s u p e r n a t a n t  m e th a n o l  a n d  s ty r e n e  w e re  
d e c a n te d  a n d  e v a p o r a t e d  r a p id ly  a t  ro o m  t e m p e r a t u r e ,  a n d  t h e  
s m a ll  r e s id u e  ( a b o u t  0 .1  t o  0 .2  p a r t  o f  t h e  t o t a l )  w a s  a d d e d  t o  t h e  
p r e c i p i t a t e d  p o ly m e r .  S o lv e n t  w a s  r e m o v e d  b y  f re e z e  d r y in g  
a n d  t h e  p r e c i s e  w e ig h t  o f  e a c h  y ie ld  d e te r m in e d .

Determination of Telomer Chain Transfer Constants.— Q u a n 
t i t i e s  o f  e t h a n e th io l  v a r y in g  f ro m  1 - 1 5  g .  w e r e  p la c e d  in  3 0 - 6 0 -  
m l .  n i t r o g e n  f i lle d  P y r e x  r e a c t io n  f la s k s ,  t h e  w e ig h t  o f  t h e  m e r 
c a p t a n  b e in g  d e t e r m in e d  b y  t h e  in c r e a s e  in  w e ig h t  o f t h e  f la s k . 
T h e  f la s k s  w e r e  c o o le d  q u ic k ly  i n  D r y  I c e  a n d  a c e to n e .  A f te r  
a d d in g  w e ig h e d  q u a n t i t i e s  o f s t y r e n e  v a r y in g  f ro m  8 - 5 0  g , 
a n d  ( in  m o s t  e x p e r im e n ts )  s m a ll  w e ig h e d  q u a n t i t i e s  o f  i n i t i a to r ,  
t h e  f la s k s  w e r e  q u ic k ly  s e a le d  a n d  p la c e d  in  a  c o n s t a n t  t e m p e r a 
t u r e  b a t h  s e t  a t  5 0  ±  0 .1 °  w i th  i n i t i a l  s h a k in g  t o  m a k e  t h e  m ix 
t u r e  h o m o g e n e o u s . A f t e r  0 .5 - 3  h r . ,  t h e  t u b e s  w e r e  c o o le d , u n 
s e a le d ,  a n d  c o n n e c te d  d i r e c t l y  t o  a  w a t e r  a s p i r a t o r .  M e r c a p ta n  
w a s  t h e n  r e m o v e d  b y  p la c in g  a n  ic e  b a t h  a r o u n d  t h e  t u b e  a n d  
e v a p o r a t in g  t h e  m ix tu r e  a t  0 ° .  I n  t h e  m a j o r i t y  o f  e x p e r im e n ts ,  
t h e  w e ig h t  o f  t h e  r e s id u e  w a s  t h e n  d e t e r m in e d ,  a n d  th e  m ix tu r e  
w a s  a n a ly z e d  b y  g a s  c h r o m a to g r a p h y  o n  a n  e th y le n e  g ly c o l 
t e r e p h t h a l a t e  c o lu m n  t o  d e te r m in e  t h e  p e r  c e n t  o f  s ty r e n e  
a p p r o x im a te ly  s o  t h a t  t h e  d e g r e e  o f  c o n v e r s io n  c o u ld  b e  e s t i 
m a t e d .  T h e  r e s id u e  w a s  t h e n  f u r t h e r  d is t i l l e d  a t  a  t e m p e r a t u r e  
o f  5 0 °  u n d e r  r e d u c e d  p r e s s u r e  t o  r e m o v e  m o s t  o f  t h e  u n c h a n g e d  
s t y r e n e . I t  s h o u ld  b e  p o in t e d  o u t  t h a t  s o m e  p o ly m e r iz a t io n  m a y  
h a v e  o c c u r r e d  d u r in g  t h i s  p h a s e  o f  t h e  p r o c e s s ;  h o w e v e r ,  t h i s  
s h o u ld  n o t  a f fe c t  t h e  r e s u l t i n g  q u a n t i t i e s  o f  t e lo m e r s  s in c e  t h e  
c h r o m a to g r a m  s h o w e d  t h a t  t h e  m e r c a p t a n  h a d  b e e n  e f fe c t iv e ly  
r e m o v e d  a t  0 ° .

T h e  a n a ly s i s  o f  t n e  f in a l  m ix tu r e  w a s  a c c o m p l is h e d  b y  r u n n in g  
s e v e r a l  g a s  c h r o m a to g r a m s  i n t e r s p e r s e d  w i th  c h r o m a to g r a m s  o f 
m ix tu r e s  o f  t h e  p u r e  t e lo m e r s  a p p r o x im a t in g  t h e  c o m p o s it io n  
f o u n d .  R a t io s  o f  t h e  p e a k  h e ig h ts  o f  e a c h  te lo m e r  t o  t h o s e  of 
t h e  c o r r e s p o n d in g  s t a n d a r d s  w e re  u s e d  to  d e te m in e  q u a n t i t i e s  o f 
te lo m e r s ,  a n d  f ro m  th e s e  t h e  r a t i o  o f  o n e - u n i t  t e lo m e r  t o  tw o - u n i t  
t e lo m e r  w a s  c a lc u la te d  in  e a c h  c a s e .

Results
Observed Telomer Formation.—It was found to 

be relatively easy to isolate the one-unit telomer (the 
simple adduct) and the two-unit telomer from reac
tion mixtures obtained by reaction of ethanethiol with 
a moderate excess of styrene. These products and 
their sulfones gave analyses corresponding to the 
expected thioethers, C6H6CH2CH2SCH2CH3 and C6H6- 
CH2CH2CH(C6Il5)CH2SCII2CH3. In spite of several 
attempts, however, no identifiable sample of any 
higher telomer was isolated either in pure from or as 
a mixture of diastereomers.

(8) I. M. Kolthoff and W. E. Harris, I n d .  E n g .  C h e m . ,  A n a l .  E d . ,  18, 161 
(1946).
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In most experiments small amounts of AIBN were 
used as the initiator; however, as the reaction of sty
rene with carbon tetrachloride,3“ the process proceeded 
slowly in the absence of any initiator.

I t has been suggested3“ that both steps of mercaptan 
addition may be reversible. The experiments described 
above, appear to indicate a very slight tendency for the 
reaction to reverse. This was shown to be too small to 
complicate the determination of the chain transfer 
constants under the conditions used, although no 
quantitative estimate of the degree of reversibility 
can be made.

Determination of Chain Transfer Constants.—Fig.

F ig . 1.— D e te r m in a t io n  o f p o ly m e r iz a t io n  c h a in  t r a n s f e r  
c o n s t a n t :  m o le s  m e r c a p ta n  p e r  m o le  s ty r e n e ;  O  =  9 .4  X  1 0 ~1;
«  =  3 1 .1  X  1 0 “ 4.

1 shows the experimental linear variation of the 
logarithms of the per cents of styrene and ethanethiol 
remaining in five polymerizaition reactions. The slope 
of this line corresponds to the polymerization chain 
transfer constant.5“ The value of the slope as deter
mined by the method of least squares is 17.1 with a

standard deviation of 0.51, the error at the 5% proba
bility level being about ±1.4.

It has been pointed out3“ that the following simple 
expression involving telomerization transfer constants 
can be obtained directly from the rate expressions for 
the addition and displacement reactions (1 and 2),

d [ B —M»—A] /  Y ,  d [ B — M i—A] =  C„[AB]/[M] (3 )
M +  l

where [AB], [M], and [B—M,-—A] = concentrations of 
transfer agent, monomer, and w-unit telomer, respec
tively. If the extent of reaction is kept low (10% 
or less), the left-hand side can be approximated by 
measured ratios of product concentrations, and values 
for Cn can be determined.

The denominator of the left-hand side of equation 3 
refers to the total concentrations of all telomers having 
more than n monomer units. However, in the course 
of this work, it was soon found that the quantity of telo
mers having more than two units formed at low conver
sions was too small to obtain even a rough approxima
tion of the denominator in the expression for the sec
ond chain transfer constant; in fact at a one to one 
mole ratio of transfer agent to monomer, almost no 
mixture of high telomers was obtained. I t was there
fore concluded that the chain transfer constant C2 was 
relatively large.

This situation is better adapted to the use of equation 
4, which is readily derived from 3, for determination of 
the chain transfer constants,

d [ B — M , — A] 
d [ B — M „ + i— A]

=  C „ [ A B ] / [ M ]  +  C „ /C „ +1 (4 )

(where the left side is the ratio of n-unit telomer to 
n +  1-unit telomer). Thus the ratio of concentrations 
of one-unit to two-unit, telomer at low conversion 
should show a simple linear relationship to the ratio of 
reactants. The first chain transfer constant should cor
respond to the slope and the second chain transfer con
stant should equal this slope divided by the intercept. 
Sets of these ratios determined in ten experiments are 
listed in Table I and the plot (Fig. 2) shows a good ap
proximation of the linear relationship.

T a b l e  I

D a t a  f o r  C a l c u l a t io n  o f  T e l o m e r  C h a i n  

T r a n s f e r  C o n s t a n t s

Mole % AIBN Mole ratio,
Mole ratio (compared Time, % Styrene one-unit/

Run no. EtSH/styrene to EtSH) hr. consumed two-unit

1 1 .0 0 0 .2 0 1 .0 6 . 6 7 .5 3
2 1 .0 1 .2 0 2 . 5 1 1 .0 7 .3 8
3 ‘1 1 .0 0 .2 0 6 .0 2 5 .0 7 .2 8
4 0 .7 5 3 .2 7 0 .5 5 .4 8
5 .5 0 2 .4 0 .5 3 . 7 6
6 .5 0 1 .3 9 1 .0 3 .7 7
7 .3 1 0 .0 0 1 .0 3 . 0 2 .4 8
8 .2 0 0 .9 8 1 .5 2 . 6 1 .7 5
9 .1 9 6 1 .1 1 3 . 0 5 . 4 1 .5 8

10 .0 6 8 0 .0 0 1 .0 0 .8 8
a N o t  p l o t t e d  in F ig . 2  o r  u s e d in  d i r e c t c a l c u l a t i o n  o f t h e  s lo p e

The slope, as determined by the least squares method, 
is 7.15 and the intercept 0.24, corresponding to values 
of 7.15 for Ci and 30 for C2. The standard deviations 
are 0.12 for slope and 0.074 for the intercept, corre
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sponding to limits of error of about ±0.3 for Ci and ±  10 
for Ca at the 5% probability level. However, exami
nation of the results for runs number 1-3, 8, and 9 in 
Table I shows that a small but significant constant 
error is introduced by the change in mercaptan to 
monomer ratio as the reaction proceeds. Correction 
for this would raise the line slightly especially at the 
lower end. The resulting change in slope is small, but 
the relative change in intercept is substantial.9

Discussion
It is of interest to note that Sivertz10 in reporting a 

study of the kinetics of addition of butanethiol to sty
rene estimated a value for the average fcp of 230 at thiol 
concentrations at which the propagation was assumed 
to be chiefly due to the one-unit radical. Combination 
of this with his value of 1.24 X 103 for 7vd indicates a 
value of about 5.4 for Cj, which is comparable to the 
value reported above for the styrene-ethanethiol sys
tem.

The increase by a factor of 2.4 in the styrene ethane- 
thiol transfer constant going from Ci to C„ is sub
stantially less than has been reported for the haloal- 
kanes.3 Since the electronegativity of sulfur on the 
Pauling scale is essentially the same as carbon, it seems 
unlikely that any polar effect would account for even 
this difference. Models indicate, however, that there

(9) E x tra p o la tio n  of re su lts  from  ru n s  1 -3 , 8  a n d  9 to  zero  per c e n t s ty re n e  
consum ed  an d  s u b s t itu t io n  of th e  re su ltin g  ra tio s  in  e q u a tio n  4 w ould  le ad  
to  values of 7 ,03  fo r Ci a n d  14 fo r  C 2.

(10) C. S iv ertz , J .  P h y s .  C h e m . ,  63, 34 (1959).

F ig . 2 .— R e la t io n s h ip  b e tw e e n  o n e - u n i t  t o  tw o - u n i t  te lo m e r  m o le  
r a t i o  a n d  e th a n e th io l  t o  s ty r e n e  m o le  r a t io .

should be appreciably less interference with the forma
tion of the transition state for addition of monomer 
units to the one-unit radical as compared to radicals pos
sessing two or more styrene units. Results indicate 
that the value for C2 is certainly substantially higher 
than Ci and may possibly be even higher than C«,.

Information about the chain transfer constants C3 to 
C5 would be especially interesting for comparison with 
the bromotrichloromethane-styrene system30; however, 
a different approach will probably be required because 
of the difficulty in isolating higher telomers.

P h otod im ers o f  4 '-S u b stitu ted  2 -S tyry lp yrid in es1

J. L. R .  W i l l i a m s , J. M. C a r l s o n , G. A .  R e y n o l d s , a n d  R .  E .  A d e l

Research Laboratories, Eastman Kodak Company, Rochester, New York 
Received November 23, 1962

P h o to d im e r s  o f 2 - s ty r y lp y r id in e  a n d  5 - e th y l - 2 - s ty r y lp y r id in e  s u b s t i t u t e d  w i th  C H 30 ,  C H 3, N 0 2, a n d  
( C H 3)2N  in  t h e  4 '- p o s i t io n s  h a v e  b e e n  p r e p a r e d .  I r r a d i a t i o n  o f  t h e  f r e e  b a s e s  o r  t h e  m e th io d id e  s a l t s  in  s o lu t io n  
g a v e  d if f ic u l t ly  s e p a r a b le  m ix tu r e s  o f  d im e r s ,  c is  is o m e rs , a n d  tram i s o m e rs .  I r r a d i a t i o n  o f  t h e  m e th io d id e  s a l ts  
i n  t h e  s o lid  s t a t e  y ie ld e d  t h e  d im e r ic  s a l t s  in  t h e  c a s e s  o f  2 - s ty r y lp y r id in e ,  5 - e th y l - 2 - s ty r y lp y r id in e ,  a n d  t o  a  
le s s e r  d e g re e  w i th  4 '- m e th y l - 2 - s ty r y lp y r id in e .  A ll o th e r  m e th io d id e  s a l t s  f a i le d  t o  d im e r iz e  w h e n  i r r a d i a t e d  
a s  so lid s . S o l id - s ta te  d im e r iz a t io n  o f  t h e  m e th o s u l f a te  d e r iv a t iv e s  e x c e p t  t h e  tw o  4 '- d im e th y la m in o - s u b s t i t u t e d  
d e r iv a t iv e s  w a s  a c h ie v e d . T h e  d im e r ic  m e th o s u l f a te s  w e re  t h e n  c o n v e r te d  b y  a n io n  e x c h a n g e  t o  t h e  c o r r e s p o n d 
in g  m e th io d id e  s a l t s .  P h o to d im e r iz a t io n s  o f t h e  s u b s t i t u t e d  s ty r y lp y r id in e  h y d r o c h lo r id e s  i n  a q u e o u s  s o lu t io n  
w e re  s u c c e s s fu l  i n  a l l  c a s e s  e x c e p t  th o s e  o f t h e  4 '- n i t r o - s u b s t i t u te d  d e r iv a t iv e s .  I r r a d i a t i o n  o f s u s p e n s io n s  o f t h e  
h y d r o c h lo r id e  s a l t s  i n  h e p t a n e  g a v e  s im i la r  r e s u l t s .

In preceding papers2 3’3 the preparation of two photo
dimers of £ra?is-2-styrylpyridine (la) was described and 
their relationship to the trans-cis photoisomerization 
of ¿rans-2-styrylpyridine (la) was demonstrated.
Solid-state irradiation of the methiodide (Ic) and the 
hydrochloride (Ie) salts to irans-2-styrylpyridine (la) 
produced dimers with the same configurations, as in
dicated by physical data. Solution irradiation of la 
produced only a mixture of cis and trans isomers.
On the other hand, solution irradiation of the methio
dide (Ic) or the hydrochloride (Ie) gave mixtures of

(1) C o n tr ib u tio n  no. 2331 from  th e  K o d ak  R esea rch  L ab o ra to rie s .
(2) J .  L. R . W illiam s, J .  O r g .  C h e m . ,  25 , 1839 (I960).
(3) J .  L . R . W illiam s, S. K . W e b ste r, a rid  J .  A. V anA llan , i b i d . , 26, 4893 

(1961).

cis and trans isomers as well as dimers. Dimer Id, ob
tained by irradiation of 2-styrylpyridine hydrochloride 
(Ie), in solution or in the solid state, followed by isola
tion and quaternization of the dimeric free base (lb), 
was identical with dimer Id, obtained by solid-state ir
radiation o: frans-2-styrylpyridine methiodide (Ic). 
In order to extend the dimerization study to sub
stituted derivatives of iraras-2-styrylpyridine and trans- 
5-ethyl-2-styrylpyridine, a group of derivatives with 
CH30, CH3, NOs, and (CH3)2N in the 4'-positions w'ere 
prepared.4

In the present work, it was found that o-ethyl-2- 
styrylpyridine methiodide (Vic) photodimerized quan-

(4) J  L. R . W illiam s, e t  a l . ,  J .  O r g .  C h e m . ,  in  p ress.
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D im ees  of Su bstitu ted  2-Styrylpybidines

---- —Analysis------- Mol. wt.,
Empirical ,-------- — Found (caled.) found W x i

Code formula c H N M.p., "C. (Caled.) TQfi e x 1 0 -

i b C 2 6H 2 2 N 2 1 9 0 -1 9 1 26 4 1 3 .5

I I  b C 2 3 ÏÏ 2 6 O2 N 2 7 9 .1 5 . 9 6 . 7 1 6 4 -1 6 5 409 2 6 4 1 0 .5

( 7 9 .6 ) ( 6 .2 ) ( 6 .2 ) ( 4 2 2 .5 )

m b C 2 8 H 2 6 N 2 8 5 .7 6 . 8 7 . 4 1 8 4 -1 8 5 401 26 4 9 . 8

( 8 6 .1 ) ( 6 .7 ) ( 7 .2 ) ( 3 9 0 .5 )

I V b C 2 6 H 2 0 N 4 O4 6 8 .7 4 . 5 1 2 .1 1 6 1 -1 6 2 a 271 3 4 .0

( 6 9 .0 ) ( 4 .4 ) ( 1 2 .4 )
V b C 3 0 H 3 2 N 4 8 0 .0 7 .6 1 2 .0 2 4 8 -2 5 0 50 5 26 0 4 7 .0

( 8 0 .3 ) ( 7 .2 ) ( 1 2 .5 ) ( 4 4 8 .6 )

V I b C 3 0 H 3 0N 2 8 5 .9 7 .3 6 .5 143 43 0 27 0 1 0 .0
( 8 6 .2 ) ( 7 . 2 ) ( 6 .6 ) (4 1 8 )

V H b C 3 2 H 3 4N 2O2 8 0 .2 6 .9 6 . 4 120 536 27 0 1 0 .8

( 8 0 .3 ) ( 7 .2 ) ( 6 .7 ) (4 7 9 )

V I H b C3 2 H 3 4N 2 8 6 .1 7 .6 6 .3 115 431 269 1 5 .4

( 8 5 .7 ) ( 7 .6 ) ( 6 .1 ) (4 4 6 )

I X b C3 0 H 2 8N 4 O4 7 0 .5 5 . 7 1 0 .9 ISO b 27 3 2 8 .6

( 7 0 .9 ) ( 5 .5 ) ( 1 1 .0 )
X b C3 4 H 4 0 N 4 8 1 .3 7 .9 1 0 .8 1 5 8 -1 5 9 5 0 4 261 3 6 .4

( 8 1 .0 ) ( 7 . 9 ) ( 1 1 .1 ) ( 5 0 4 .8 )

a P r e p a r e d  b y  d i r e c t  n i t r a t i o n  o f  I b . 6 P r e p a r e d  b y  d i r e c t  n i t r a t i o n  o f  V I b .

T able I I

D im ers  o f  Substitu ted  2-Styrylpykidine  M ethio d ides  
-̂----------------------- Analysis--------------- ------ —-

—— Substituents—------ > Empirical -----Found (caled.)------ ^asi!
•Position 4 '-Position Code formula c H N I M .p., °C. m m 6 X 10-'

H H I d C 2 3 H 2 8 N 2 I 2 31 0 271 1 9 .3

H c h 3o l i d C 3 0-H3 2 N 2 I 2O2 5 1 .1 4 . 8 4 . 6 3 6 . 0 2 5 1 -2 5 2 2 7 0 1 7 .0
( 5 1 .0 ) ( 4 . 6 ) ( 4 . 6 ) ( 3 5 .9 )

H c h 3 I l l d C 3QH3 2 N 2 5 3 .0 4 . 8 4 .3 3 7 .5 24 5 2 7 0 1 3 .1
( 5 3 .5 ) ( 4 . 8 ) ( 4 . 2 ) ( 3 7 .6 )

H n o 2 I V d C2 8H 2 6 N 4 I 2O4 4 6 .0 3 . 5 8 . 0 a 26 5 271 4 0 .1

( 4 5 .7 ) ( 3 .5 ) ( 7 . 6 )
H ( C H s)2N V d c
C2H 6 H V I d C3 2 H 3 6N 2 I 2 5 4 . 7 5 . 2 4 . 0 3 6 .3

C 2H 5 c h 3o V l l d C3 4H 4 0 N 2I 2O2 5 3 .7 5 .1 3 . 6 3 3 .1 2 4 3 - 2 4 4 277 1 7 .6

( 5 3 .4 ) ( 5 .3 ) ( 3 .7 ) ( 3 3 .2 )
c 2h 6 c h 3 V U I d C3 4 H 4 0 N 2 I 2 5 5 .6 5 . 7 3 . 8 3 4 .2 2 5 6 -2 5 7 2 7 5 1 9 .8

( 5 6 .0 ) ( 5 .6 ) ( 3 .8 ) ( 3 4 .6 )
c 2h 5 n o 2 I X d C3 2 H 3 4 N 4I 2 0 4 4 8 .5 4 .3 7 .1 b 2 4 5 -2 4 6 27 7 3 6 .1

( 4 8 .3 ) ( 4 .0 ) ( 7 .3 )

c 2h 5 (CH3)2N X d c
0 P r e p a r e d  b y  n i t r a t i o n  a n d  q u a t e r n i z a t io n  o f  l b .  ” P r e p a r e d  b y  n i t r a t i o n  a n d  q u a t e r n i z a t io n  o f  V I b .  c Q u a te r n i z a t io n  o f  V b  a n d  

X b  le d  t o  d o u b ly  q u a te r n iz e d  s a l t s ,  n o t  Y d  a n d  X d .

titatively when irradiated in the solid state. Attempts 
to photodimerize 4'-methyl-2-styrylpyridine methio- 
dide (Me) in the solid state by the benzene suspension 
method were only partly successful since the dimeriza
tions were shown by ultraviolet studies to be only 90% 
complete. Similar treatment of 4'-methoxy-2-styryl- 
pyridine methiodide (lie), 4'-nitro-2-styrvlpyridine 
methiodide (IVc), and 4'-dimethylamino-2-styrylpyri- 
dine methiodide (Vc) failed to produce dimers. The 
analogous 4'-substituted compounds in the 5-ethyl 
series, Vile, VIIIc, and Xc, behaved similarly.

When aqueous solutions of the trans isomers of Ic 
to Xc were irradiated, mixtures of dimers, residual 
trans isomers and cis isomers resulted. The ratios of 
the products varied with substitution, and in all cases 
tedious fractional crystallization of the irradiation mix
tures was required to yield the dimers. A more gen
eral and facile method for dimer preparation was 
realized when 5 X 10 ~2 M  aqueous solutions of the 
various 2-styrylpyridine hydrochlorides (Ie-Xe) were

irradiated as previously reported3 for Ie. In pre
liminary experiments, 500-watt, water-cooled, me
dium-pressure, immersion-type Hanovia lamps were 
employed. However, it was found more convenient 
to expose the stirred aqueous dimerization solutions in 
open dishes to the light from General Electric GRS 
lamps. The dimerizations in aqueous solution of 4'- 
nitro-2-styrylpyridine hydrochloride (IVe) and 4'- 
nitro-5-ethyl-2-styrylpyridine hydrochloride (IXe) were 
unsuccessful. Under similar conditions, 4'-dimethyl- 
amino-2-styrylpyridine dihydrochloride (Ve) and 4'- 
dimethylamino - 5 - ethyl - 2 - styrylpyridine dihydro
chloride (Xe) were converted in low yield to the corre
sponding dimers Vf and Xf. In all other cases (Ie, 
He, M e, Vie, Vile, VUIe), the desired dimers were 
obtained and converted to the free bases, the physical 
constants of which are listed in Table I. The corre
sponding methiodides listed in Table II were prepared 
by quaternization of the dimeric bases.

Since the dimerizations of the nitro derivatives (IVc
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and IVe, and IXc and IXe) were unsuccessful, direct 
nitration of la and IXa was carried out in order to ob
tain the 4'-substituted nitro dimers, IVb and IXb, 
which were then converted through the methosulfates 
to the dimer methiodides, IVd and IXd.

The differences in the degree of photodimerization 
of the various substituted methiodides, Ib-Xb, in the 
solid state are considered to be related to the crystal 
parameters which dictate the distance between the 
double bonds of different adjacent molecules in the 
crystal lattices. Topochemical control by lattice 
parameters during photodimerization of a group of 
substituted cinnamic acids has been described by 
Schmidt.6 It thus seemed reasonable that sub
stitution and the nature of the anion might control the 
crystal parameters and therefore the ease of dimeriza
tion. Accordingly, a group of l-alkyl-2-styrylpyri- 
dinium salts was prepared in each of which the iodide 
anion was replaced by the methosulfate in the hope 
that modification of the lattice parameters might 
facilitate dimerization. By this method, the solid- 
state benzene suspension irradiation of 4'-methyl-2- 
styrylpyridine methosulfate (Hie), 4'-methoxy-2-styryl- 
pyridine methosulfate (He), 4'-nitro-2-styrylpyri- 
dine methosulfate (IVe), 4'-ethy]-4'-methoxy-2-styryl- 
pyridine methosulfate (Vile), and 5-ethyl-4'-nitro-2- 
styrylpyridine methosulfate (IXe) provided the corre
sponding methosulfate dimers (IHf, Ilf, IVf, Vllf, 
and IXf) in quantitative yields. The analogous, 
doubly quaternized dimethosulfate salts of 4'-dimethyl- 
amino-2-styrylpyridine (Ve) and 5'-ethyl-4-dimethyl- 
amino-2-styrylpyridine (Xe) failed to yield the corre
sponding photodimers (Vf and Xf). The methosulfate 
photodimers, lllf, Ilf, IVf, Vllf, and IXf, were con
verted by anion exchange in water solution to the 
corresponding methiodides, all of which were identical 
in physical properties with those prepared by the 
other methods mentioned. Compounds IVd and IXd 
prepared by this route were identical with samples 
prepared by nitration of the dimers of la  and Via.

The 4'-dimethylamino-substituted dimer (Vb) was 
prepared by solid-state irradiation of the suspension

(5) G. M. J. Schmidt, a t the X V IIIth  International Congress of Pure and 
Applied Chemistry, Montreal, August, 1961.

T a ble  I I I

D im er  Y ields  v s . I rradiation  T im es  for  Substituted  2- 
Sty ry lpyrid in e  H ydrochlorides

/—In aqueous solution®—■■ -̂-----In  solid state®------•
Dimer Yield, <7,) Time, min.c Yield, % Time, hr.c

i b 67 7
iib 81 44 23 6

n i b 3 8 48 65 1 1

I V b 0 44 0 16
V b 1 0 55 67 7

V I b 48 44 4 7 8

V H b 38 46 4 7 1 1

V U I b 24 72 40 7
I X b 0 44 0 16

X b 2 6 2 3 7 6 7

a T h e  y ie ld  r e p o r t e d  i s  b a s e d  o n  i s o la te d  d im e r .  Y ie ld s  o f cis 
is o m e rs  p r o d u c e d  s im u l ta n e o u s ly  w e re  n o t  d e te r m in e d .  6 P r o d 
u c t  fa i le d  t o  c r y s ta l l iz e .  c T h e  t im e s  l i s t e d  in d i c a t e  t h e  p e r io d  
to  r e a c h  a p p r o x im a te  p h o t o s t a t i o n a r y  c o n d i t io n  f o r  t h e  e q u i 
l ib r iu m ,  trans i s o m e r \cis i s o m e r :d im e r .

which resulted •when a benzene solution of Va was
saturated with dry hydrogen chloride. The dimeric 
free base was then produced by neutralization of the 
dimer hydrochloride (Vg) with aqueous sodium car
bonate. This method failed to give the corresponding 
dimer from 5-ethyl-4'-dimethylamino-2-styrylpyridine 
dihydrochloride since a noncrystallizable oil resulted 
when the irradiated hydrochloride was treated with 
aqueous sodium carbonate. The method was success
ful when Ic, lie, IIIc, Vic, Vile, and VIIIc were ir
radiated in the solid state as suspensions in heptane. 
Compounds IVc and IXc did not dimerize under these 
conditions. The yields and irradiation times for the 
preparation of the dimeric bases by irradiation of sus
pensions of the various hydrochlorides are listed in 
Table III.

Experimental
T h e  m e th o s u l f a te  s a l t s  w e re  p r e p a r e d  b y  q u a t e m iz a t io n  o f  th e  

c o r re s p o n d in g  s ty r y lp y r id in e s  w i th  d im e th y l  s u l f a te .  T h e  s a l t s  
w e re  r e c r y s ta l l iz e d  f ro m  a c e to n e  o r  a c e to n e - m e th a n o l  m ix tu r e s  
a n d  s u b m i t t e d  fo r  a n a ly s e s  a s  in d ic a te d  in  T a b le  I V .

T h e  p r e p a r a t io n s  o f  th e  ¿ r a n s - 2 - s ty r y lp y r id in e s  u s e d  in  th i s  
w o r k  w e re  d e s c r ib e d  p r e v io u s ly . 4

A ll u l t r a v io l e t  s p e c t r a  w e re  d e te r m in e d  in  m e th a n o l  s o lu t io n  (5  
X  1 0 -6  M ), u s in g  a  1 -c m . q u a r t z  c e ll in  a  C a r y  M o d e l  14 i n s t r u 
m e n t .

T able IV

2-Sty ry lpyrid in e  M ethosulfates

-Analysis-

5-Position 4'-Position Code
Empirical

formula c
I" ound 

H
(ealed.)

N s M.p., °C.
H C H .,0 I lg C i6H 19N O .,S 50 .5 5 .7 3 .9 9 .2 158

H c h 3 I l l g cI6ir,aN04s
(5 7 .0 )
59 .5

(5 .7 )
5 .8

(4 .2 )
4 .2

(9 .5 )
1 0 . 1 209-211

H n o 2 IV g c 16h 16n 2o 6s

(5 9 .8 )
5 1 .2

(5 .9 )
4 .5

(4 .4 )
7 .7

( 1 0 . 0 )
9 .1 172

C 2H 6 c h 3o V llg C ,sH 23 N 0 5S
(5 1 .2 )
59 .3

(4 .6 )
6 .5

( 8 . 0 )
3 .9

(9 .1 )
8 .7 134

c 2h 5 n o 2 I X g C 17H 20N 2O 6S
(5 9 .2 )
53 .7

(6 .3 )
5 .3

(3 .8 )
7 .0

( 8 . 8 )
8 . 8 175

H H I g C 2iH 2iN 0 3S
(5 3 .7 )
6 8 .5

(5 .3 )
5 .9

(7 .4 )
3 .6

(8 .4 )
8 .4 189-190

c 2h 5 H V Ig C i7H 2IN 0 4S
( 6 8 . 8 )
6 1 .0

(5 .8 )
6 .4

(3 .8 )
4 .0

(8 .5 )
9 .3 109-111

c 2h 6 C H 3 V H Ig C 1sH 23N 0 4 S - H 20
(6 0 .9 )
59.1

(6 .3 )
6 .7

(4 .2 )
3 .8

(9 .6 )
9 .4 a

a A n  o ily  so lid

(5 8 .9 )
w a s  o b ta in e d  a n d  w a s  i r r a d i a t e d  a s  s u c h  in  s u s p e n s io n .

(6 .9 ) (3 .8 ) (8 .7 )
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I r r a d i a t i o n s .  A . S o lid  S t a t e .— S o l id - s ta te  p h o to d im e r iz a t io n s  
o f  t h e  s ty r y lp y r id in e  m e th io d id e s  a n d  n ie th o s u l f a te s  w e re  c o n 
d u c t e d  a s  b e n z e n e  s u s p e n s io n s  a c c o rd in g  to  t h e  p r e v io u s  d e s c r ip 
t i o n . 3

S o l id - s ta te  p h o to d im e r iz a t io n s  o f t h e  s ty r y lp y r id in e  h y d r o 
c h lo r id e s  w e re  c o n d u c te d  in  a  m a n n e r  s im i la r  t o  t h a t  d e s c r ib e d  
e a r l i e r ,3 e x c e p t  t h a t  t h e  s u s p e n s io n  m e d iu m  u s e d  w a s  h e p ta n e  
s in c e  c e r t a in  o f t h e  .5 -e th y l -2 - s ty r y lp y r id in iu m  s a l t s  s h o w  s l ig h t  
s o lu b i l i ty  in  b e n z e n e  a n d  i r r a d i a t i o n s  o f t h e  s a l t s  in  s o lu t io n  
g e n e r a l ly  p r o m o te d  p h o to is o m e r iz a t io n .

B . S o lu t io n . I n  p r e v io u s  w o rk  a  H a n o v ia  m e d iu m -p r e s s u r e  
la m p  w a s  u s e d .  A  m o r e  c o n v e n ie n t  m e th o d  is a s  fo llo w s: I n  a  
t y p i c a l  i r r a d i a t i o n ,  a  s o lu t io n  o f  1Ü g . (0 .5 5  m o le )  o f  trans-2- 
s ty r y lp y r id in e  in  a  m ix tu r e  o f 10 m l .  o f  c o n c e n t r a t e d  h y d r o 
c h lo r ic  a c id  a n d  1 1 . o f w a te r  w a s  p la c e d  in  a  2-1. e v a p o r a t in g  d is h .  
T h e  s o lu t io n  w a s  s t i r r e d  b y  m e a n s  o f  a  T e f lo n -c o v e re d  s t i r r e r  b a r  
m a g n e t ic a l ly  d r iv e n  t h r o u g h  t h e  b o t to m  of t h e  d is h .  A  G R S  
s u n la m p  w a s  p la c e d  12 in .  a b o v e  t h e  s u r f a c e  o f  t h e  s o lu t io n .  
P e r io d ic a l ly ,  a l iq u o ts  w e re  w i th d r a w n  a n d  d i lu t e d  w i th  w a t e r  t o  
g iv e  2 .5  X  1 0 ~ 6 M s o lu t io n s  fo r  u l t r a v io l e t  e x a m in a t io n .  P r io r  
t o  i r r a d i a t i o n ,  t h e  s o lu t io n  h a d  th e  fo llo w in g  c h a r a c te r i s t i c s :  

3 2 8  m ,u, e 2 5 ,3 0 0 . A f te r  21 h r .  o f i r r a d i a t i o n ,  t h e  c h a r a c t e r i s 
t i c s  o f  t h e  s o lu t io n  w e re :  Xmaj  26 4  n p i ,  e 8 ,8 0 0 , a n d  \ lm  321  m /j, 
e 4 ,6 4 0 . T h e  i r r a d i a t i o n  p r o d u c t  w a s  i s o la te d  in  th e  m a n n e r  d e 
s c r ib e d .3

N i t r a t io n  o f th e  D im e r  o f 2 -S ty r y lp y r id in e  ( l b ) :  I V b .— A  s o lu 
t i o n  o f  7 .2  g .  o f t h e  d im e r  o f l a  ( l b )  in  50  m l .  o f c o n c e n t r a t e d  s u l 
fu r ic  a c id  w a s  c o o le d  to  10° in  a n  ice  b a t h  a n d  t o  t h i s  s t i r r e d  
s o lu t io n  w a s  s lo w ly  a d d e d  2 .6  m l .  o f c o n c e n t r a t e d  n i t r i c  a c id .

T h e  m ix tu r e  w a s  a llo w e d  to  w a r m  u p  to  ro o m  t e m p e r a t u r e ,  
p o u r e d  in to  25 0  m l .  o f  i c e - w a te r ,  a n d  m a d e  b a s ic  w i th  a m m o n iu m  
h y d r o x id e .  T h e  p r e c ip i t a t e d  s o lid  w a s  c o l le c te d ,  w a s h e d  w i th  
w a te r ,  a n d  r e c r y s ta l l i z e d  f ro m  e th a n o l  t o  y ie ld  6 .5  g . o f  p r o d u c t  
( I V b ) ,  m .p .  1 6 1 -1 6 2 ° .

Anal. C a lc d .  fo r  C 26H 20N 4O 4: C ,  6 9 .0 ;  H ,  4 .4 ;  N ,  1 2 .4 . 
F o u n d :  C ,  6 8 .7 ;  H ,  4 .5 ;  N ,  1 2 .1 .

N i t r a t io n  o f  th e  D im e r  o f  5 -E th y l - 2 -s ty ry lp y r id in e  ( V b ): I X b .—  
B y  t h e  p r o c e d u r e  d e s c r ib e d  f o r  I V b  th e r e  "was o b ta in e d  f ro m  8 .4  
g . o f t h e  d im e r  ( V b ) ,  6  g . o f t h e  d in i t r o  d e r iv a t iv e  ( I X b ) ,  m e l t in g  
a t  1 8 0 ° .

Anal. C a lc d .  fo r  CaoHjsNiOi: C , 7 0 .9 ;  H, 5 .5 ;  N ,  1 1 .0 . 
F o u n d :  C ,  7 0 .5 ;  H, 5 .7 ;  N ,  1 0 .9 .

Q u a te m iz a t io n  o f  IV b :  D i ( l - m e th y l - 2 - p y r id in iu m ) d i ( 4 - n i t r o -  
p h e n y l) c y c lo b u ta n e  I o d id e  ( IV d ) .— A  m ix tu r e  o f 1 g .  o f  I V b ,  o b 
t a in e d  b y  n i t r a t i o n  o f  t h e  d im e r  o f  l a  ( l b ) ,  a n d  5 m l .  o f  d im e th y l  
s u l f a t e  w a s  h e a t e d  o n  a  s t e a m  b a t h  fo r  3 0  m in .  T h e  s o l id  t h a t  
s e p a r a te d  f ro m  t h e  s o lu t io n  w a s  c o l le c te d , w a s h e d  w i th  e t h e r ,  
d is s o lv e d  in  15 m l .  o f w a r m  w a te r ,  a n d  1 g . o f  p o t a s s iu m  io d id e  
w a s  a d d e d  t o  t h e  s o lu t io n .  T h e  s o lid  t h a t  s e p a r a te d  w a s  c o l le c te d  
a n d  d r ie d  t o  y ie ld  1.1 g . o f t h e  q u a t e r n a r y  s a l t  ( I V d ) ,  m .p .  2 6 5 ° .

Anal. C a lc d .  f o r  C z s ^ N A U s :  C ,  4 5 .7 ;  H, 3 .5 ;  N ,  7 .6 .  
F o u n d :  C ,  4 6 .0 ;  H, 3 .5 ;  N ,  8 .0 .

Q u a te m iz a t io n  o f IX b : D i ( l - m e th y l - 5 - e th y l - 2 - p y r id in iu m ) -  
d i ( 4 -n i t r o p h e n y l) c y c lo b u ta n e  ( I X d ) .— T h e  p r e p a r a t i o n  o f  I X d  
w a s  c a r r ie d  o u t  b y  t h e  p r o c e d u r e  u s e d  f o r  t h e  q u a t e m i z a t i o n  o f 
I V b .  T h e  d im e r  I X d  m e l te d  a t  2 4 5 - 2 4 6 ° .

Anal. C a lc d .  fo r  C 32H 34N 4O 4I 2: C ,  4 8 .5 ;  H, 4 .3 ;  N ,  7 .1 .  
F o u n d :  C ,  4 8 .3 ;  H, 4 .0 ;  N ,  7 .3 .

T h e C h em istry  o f P yrid ine. I. N u cleop h ilic  S u b stitu tio n  o f  1-A lk oxypyrid in ium
S alts by M ercaptide Ions

L u d w i g  B a u e r  a n d  L i b e r o  A. G a r d e l l a 1

Department of Chemistry, College of Pharmacy, University of Illinois, Chicago 12, Illinois
Received November 23, 1962

T h e  r e a c t io n  o f 1 -a lk o x y p y r id in iu m  s a l t 3 w i th  p r o p y l-  a n d  o c ty lm e r c a p t id e  io n s  is  d e s c r ib e d . I n  e a c h  in s ta n c e ,  
t h e  p r o d u c t  c o n s is te d  o f  p y r id in e  a n d  a  m ix tu r e  o f 3 -  a n d  4 - a lk y lm e r c a p to p y r id in e s ,  p r e d o m in a n t ly  t h e  3 - is o m e r . 
T h e s e  r e a c t io n s  a r e  d is c u s s e d  in  th e  l ig h t  o f e x is t in g  k n o w le d g e  o f n u c le o p h il ic  a t t a c k  o n  p y r id in e  N -o x id e s . 
U n e q u iv o c a l  s y n th e s e s  o f  t h e  c o r r e s p o n d in g  2 - , 3 -, a n d  4 - a lk y lm e r c a p to p y r id in e s  a s  r e fe re n c e  c o m p o u n d s  is 
r e p o r te d .

Current interest is centered on the use of pyridine N- 
oxide and 1-alkoxypyridinium salts as intermediates for 
the synthesis of substituted pyridines.2 Nucleophilic 
substitution in the 1-alkoxypyridinium cation, I, has 
received considerable attention recently. It was shown 
that cyanide ion (X = CN) reacted with these salts to 
form 2- and 4-pyridinecarbonitriles3 (equation 1) and no 
substitution was observed at the 3-position of the pyri
dine ring. The reaction of Grignard reagents with 1- 
alkoxypyridinium salts was reported recently to yield 
only 2-substituted pyridines and apparently substitu
tion did not occur at the 3- or 4-position of the ring.4 
These authors offer a mechanism which satisfactorily 
accounts for the formation of the 2- and 4-snbstituted 
pyridines (equation 1).

In our studies, we treated 1-alko.xypyridinium salts 
with mercaptide and thiophenoxide ions with the aim of 
introducing the alkyl- and arylmercapto group into the 
pyridine ring. Initially, this reaction was explored with

(1) Taken from the Ph.D. thesis of Libero A. Gardella, University of 
Illinois a t the Medical Center, Chicago 12, 111., June, 1962.

(2) For recent reviews on this topic, see (a) D. V. Ioffe and L. S. Eiros, 
R u s s ,  C h e m .  R e v . ( E n g .  T r a n s L ) ,  30 , 569 (1961); (b) K. Thomas and D. 
Jerchel, in W .  Foerst's “ Neuere Methoden der Praparativen Organischen 
Chemie,” Band III, Verlag Chemie, GmbH, Weinheim/Bergstr., 1961, 
p. 61; (c) A. R. Katritzky and J. M. Lagowski, “ Heterocyclic Chemistry,’’ 
John Wiley and Sons, Inc., New York, N. Y., 1960, pp. 61, 102; (d) E. N. 
Shaw, “ Pyridine and Its Derivatives, Part Two,” E. Klingsberg, ed,, Inter
science Publishers, Inc., New York, N. Y., 1961, Chap. IV, pp. 97-153.

the anions of propyl- and octylmercaptide ions and 
these were found to effect substitution in the pyridine 
ring to yield the corresponding alkylmercaptopyridines. 
The reaction of 1-ethoxypyridinium ethyl sulfate with 
sodium M-propylmercaptide was studied in some detail 
and is presented first. When this reaction was con
ducted in a mixture of 1-propanethiol and ethanol 
(10:1) two major fractions were obtained. The first one 
was identified as pyridine (70%). This product can 
arise from nucleophilic attack at the a-carbon of the 1- 
alkoxy side chain via the intermediate, II, which de
composes to pyridine and an aldehyde (equation 2).5

(3) (a) W. E. Feeley and E. M. Beavers, J . A m .  C h e m .  S o c . ,  31 , 4004 
(1959); (b) H. Tani, C h e m .  P h a r m .  B u l l . ,  J a p a n ,  7, 930 (1959); J .  P h a r m .  

S o c . ,  J a p a n ,  81, 141 (1961), and papers quoted therein.
(4) O. Cervinka, C o l l e c t i o n  C z e c h .  C h e m .  C o m m u n . ,  27, 5b7 (1962).



M ay , 1 9 6 3 T h e  C h e m i s t r y  o f  P y r i d i n e . I 1 3 2 1

The higher boiling fraction was a colorless oil with cor
rect analysis for a propylmercaptopyridine (30% yield) 
but proved to be a mixture of isomers which could not 
be separated by distillation. However, by means of 
chromatography on alumina, this mixture was resolved 
into 3- and 4-propylmercaptopyridines, with the 3-iso- 
mer being the dominant constituent (6:1). The 2- 
isomer could not be detected in the mixture although it 
was one of the expected products (equation 1). Whereas 
the formation of the 4-pyridyl sulfide can be explained 
by the mechanism proposed for the nucleophilic attack 
of cyanide on I, it is difficult at present to rationalize 
the formation of the 3-isomer. Although /3-substitution 
has been observed when pyridine N-oxides were treated 
with a variety of reagents, the reactions are not compar
able.6 Further experiments are planned to gain insight 
into the mechanism of the reaction of I with mercaptide 
ion.

A number of attempts were made to improve the total 
yield or change the nature of the products in the reac
tion of I with mercaptide ion. Since the reactants are 
ionic species, the nature of the solvent was thought to 
play an important role. This aspect was investigated 
with varying results. When 1-ethoxypyridinium ethyl 
sulfate was added to sodium n-propylmercaptide in 1- 
propanethiol, a heterogeneous mixture resulted. The 
mixture of propylmercaptopyridines did not change 
materially whether the reaction was heated at the reflux 
for 0.5 or 24 hours (22 and 27% yield, respectively). 
Although the yield did not change materially, the prod
uct proved to be a cleaner one when to this reaction 
mixture some ethanol (1/10 of the volume of thiol) was 
added. However, as the amount of ethanol to thiol was 
increased (1:1) the yield of sulfides dropped to 9% while 
the reaction in ethanol furnished barely 1% yield.

We also turned our attention to explore other solvent 
media for this reaction. The reaction between 1- 
ethoxypyridinium ethyl sulfate and two moles of sodium 
n-propylmercaptide in either tetrahydrofuran (1 hour 
of reflux) or toluene (23 hours of reflux), yielded in each 
case only 8% of the mixture of sulfides and pyridine 
was isolated in 70 and 60%, respectively. The yield of 
the sulfide mixture was only 5% when the reaction was 
conducted in a non-acidic yet polar medium such as 
N,N-dimethylformamide (100°, 0.5 hours) while in a

(5) T h is  re a c tio n  is  q u ite  a  gene ra l one  a n d  fo r ex am p les  o f i t  see, (a) 
W . E . F eeley , W . L . L e h n , a n d  V. B o eke lheide , J .  O r g . C h e m . ,  2 2 ,  1135 
(1957), a n d  references  q u o te d  th e re in ; (b) A. R . K a tr i tz s k y , j ,  C h e m .  S o c . ,  

2408 (1956); (c) J .  M . T ien , I .  M . H u n sb e rg e r, a n d  A. M . J a v a lla n s , A b
s tra c ts  of th e  135 th  N a tio n a l M ee tin g  of th e  A m erican  C hem ica l S ocie ty , 
B o sto n , M ass ., A p ril, 1959, p . 7 6 -0 ; (d) C- H . D e p u y  a n d  E . F . Z aw eski, J .  

A m .  C h e m .  S o c . ,  81 , 4920 (1959). T h is  re a c tio n  p ro cee d s  read ily  a t  0° an d  
h as  been u tiliz ed  in  th e  sy n th e s is  of a ro m a tic  a ld eh y d es ,5“ g lyoxylic  e s te rs ,50 
an d  cy c lopen tene-3 ,5 -d ione .5d I n  th e se  in s ta n ces , th e  nucleoph ile , X , w as 
th e  hyd rox ide  ion .

(6) T o  exp la in  /S -su b stitu tio n , a  m ech an ism  h as  been  p ro p o sed  by  (a) 
E . O chia i a n d  M . Ik e h a ra , P h a r m .  B u l l . ,  J a p a n ,  3 , 454 (1955); (b) M . M . 
R ob ison  a n d  B . L. R ob ison , J .  O r g .  C h e n . ,  21 , 1337 (1957). F o r  exam ple, 
th e  reac tion  of iso qu ino line  2-oxide w ith  ac etic  an h y d rid e  g ives (a fte r  
hydro lysis) m a in ly  1-isoqu ino lino l (53% ) a n d  a  sm alle r  q u a n t i ty  of 4- 
isoqu ino lino l (8 .9 % ),6b w hile 3 -ch lo ro isoqu ino line  2-oxide w ith  th e  sam e re
ag e n t p ro d u ces  m a in ly  3 -ch lo ro -4 -isoqu ino lino l (61% ) w ith  less th a n  1 %  of 
th e  expected  3 -ch lo ro -l- iso q u in o lin o l [M . M . R ob iso n  a n d  B. L . R ob ison , 
J .  A m .  C h e m .  S o c . ,  80, 3443 (1958)]. F u r th e rm o re , th e  reac tio n  of p- 
to lu en esu lfo n y l ch lo rid e  w ith  p y r id in e  N -o x id e  y ie ld s  (am ong  o th e r  p ro d u c ts)  
m a in ly  3 -p -to lu en esu lfo n y lo x y p y rid in es  [M . M a ra k a m i a n d  E . M a ts u m u ra , 
C h e m .  A b s t r . ,  45, 4698 (1951); 47, 1745 (1953); E . M a ts u m u ra , i b i d . ,  48, 
6442 (1954); H . J .  d en  H erto g , D . J . B u u rm a n , a n d  P . A. deV illie rs, R e c .  

t r a v .  c h i m . ,  80, 325 (1961)]. E x c lu s iv e  ^ - s u b s titu tio n  w as o b serv ed  w hen 
iso qu ino line  2-oxide w as t r e a te d  w ith  p - to lu en esu lfo n y l ch lo ride  to  give 
4 -p -to luenesu lfony loxy isoqu ino line  on ly .6“

basic medium such as triethylamine (100°, 5 hours) the 
sulfides were formed in 18% yield. Since two possible 
competing reactions can occur between the 1-ethoxy
pyridinium cation and the mercaptide ion (equations 1 
and 2, attack on the ring or alkoxy side chain, re
spectively) it was sought to minimize or eliminate the 
latter by increasing the size of the N-alkoxy side chain.sb 
Thus, the reaction of 1-butoxypyridinium benzene- 
sulfonate with sodium n-propylmercaptide in propane- 
thiol containing some ethanol (4:1) at 100° for two 
hours yielded 23% of the sulfides and only 1.5% of 
pyridine. Although the formation of pyridine by 
nucleophilic attack on the side chain was inhibited in 
the last reaction, the substitution by mercaptide ion was 
not greatly enhanced.

The reaction of 1-ethoxypyridinium ethyl sulfate with 
sodium n-octylmercaptide in a mixture of 1-octanethiol 
and ethanol (10:1 by volume) was also studied. This 
reaction yielded a mixture of 3- and 4-octylmercapto- 
pyridines (6.7%) and pyridine (12.7%) as identified by 
means of infrared spectroscopy. Interestingly enough, 
the reaction of 1-ethoxypyridinium ethyl sulfate with 
sodium thiophenoxide in thiophenol did not furnish a 
detectable amount of phenylmercaptopyridines. The 
only product of the reaction which could be identified 
was pyridine (25%). No explanation is offered at pres
ent why the thiophenoxide ion failed to effect nuclear 
substitution.

Experimental7
S y n th e s i s  o f  R e f e r e n c e  C o m p o u n d s .— 2- a n d  4 - A lk y lm e re a p to -  

p y r id in e s  w e re  p r e p a r e d  b y  t h e  d i r e c t  d i s p l a c e m e n t  o f t h e  c o r 
r e s p o n d in g  h a lo  g r o u p  b y  a lk y lm e r c a p t id e  io n .  T h e  s o lv e n t  o f 
c h o ic e  w a s  N ,N - d im e th y l f o r m a m id e  a n d  t h e  p r o c e d u r e  o f  P r o f i t 8 
w a s  m o d if ie d  b y  s u b s t i t u t i n g  s o d iu m  h y d r id e  f o r  p o t a s s iu m  h y 
d r o x id e  a s  t h e  b a s e .

2 - P r o p y lm e r c a p to p y r id in e .— 1 - P r o p a n e th io l9 ( 7 .6  g . ;  0 .1  m o le )  
w a s  a d d e d  d r o p w is e  w i th  s t i r r in g ,  t o  a  s u s p e n s io n  o f  s o d iu m  h y 
d r id e  ( 2 .4  g . ;  0 .1  m o le )  in  N ,N - d im e th y l f o r m a m id e  (4 0  m l . ) .  
A f te r  t h e  e v o lu t io n  o f  h y d r o g e n  h a d  c e a s e d ,  2 - c h lo r o p y r id in e 10 
( 1 1 .3 5  g . ,  0 .1  m o le )  w a s  a d d e d  a n d  t h e  m ix tu r e  r e f lu x e d  in  a n  o il 
b a t h  f o r  4 .0  h r .  T h e  r e a c t io n  m ix tu r e  w a s  c o o le d , a c id if ie d  w i th  
1 0 %  h y d r o c h lo r ic  a c id ,  a n d  t h e  s o lv e n ts  w e re  r e m o v e d  b y  d is 
t i l l a t i o n  in vacuo. W a t e r  (2 0 0  m l . )  w a s  a d d e d  to  t h e  r e s id u e  a n d  
t h e  s o lu t io n  e x t r a c t e d  w i th  a  1 :1  e th e r - b e n z e n e  s o lu t io n  ( fo u r  
5 0 -m l. p o r t io n s ) .  T h e  a q u e o u s  l a y e r  w a s  m a d e  b a s ic  w i th  a  2 0 %  
s o d iu m  h y d r o x id e  s o lu t io n  a n d  e x t r a c t e d  w i th  m e th y le n e  c h lo r id e  
( e ig h t  5 0 -m l. p o r t io n s ) .  D i s t i l l a t i o n  o f  t h e  m e th y le n e  c h lo r id e  
e x t r a c t  f u r n i s h e d  2 - p r o p y lm e r c a p to p y r id in e  (3 .1  g . ;  2 0 % ) ,  b .p .
1 0 8 -1 1 0 °  (1 8  m m .) .  T h is  s u lf id e  h a d  p r e v io u s ly  b e e n  m a d e  f ro m  
t h e  r e a c t io n  o f 2 - m e r c a p to p y r id in e  a n d  1 -b ro m o p r o p a n e  in  6 2 %  
y ie ld  a n d  i t s  b .p .  w a s  r e c o r d e d  a t  5 3 - 5 5 °  a t  1 m m .11

T h e  p ic r a te  w a s  c r y s ta l l i z e d  f ro m  e th a n o l ,  m . p .  1 2 2 -1 2 3 °  
( l i t . , 11 m.p. 1 2 4 - 1 2 5 ° ) . '

4 - P r o p y lm e rc a p to p y r id in ie .— T h is  s u l f id e  w a s  p r e p a r e d  in  t h e  
s a m e  m a n n e r  a s  a b o v e  f ro m  4 - c h lo ro p y r id in e  ( 1 1 .3 5  g . ; 0 .1  m o le )  
a n d  1 - p r o p a n e th io l  ( 7 .6  g . ;  0 .1  m o le )  w i th  t h e  m o d if ic a tio n  t h a t  
t h e  m ix tu r e  w a s  h e a t e d  o n  a  s t e a m  b a t h  fo r  4 .0  h r .  T h e  s u lf id e  
b o i le d  b e tw e e n  1 3 0 -1 3 3 °  a t  (1 6  m m .)  a n d  w e ig h e d  1 2 .2  g . (8 0 % ,) , 
ra26D 1 .5 6 3 2 .

Anal. C a lc d .  f o r  C 8H „ N S :  C ,  6 2 .7 0 ;  H ,  7 .2 4 ;  N ,  9 .1 4 . 
F o u n d :  C ,  6 2 .6 5 ;  H ,  7 .0 5 ;  N , 9 . 2 3 .

17) All m e lting  p o in ts  a n d  bo ilin g  p o in ts  a re  u n co rrec ted . M icro a n a ly ses  
w ere  p erfo rm ed  b y  M icro -T ech  L a b o ra to r ie s , Skokie, 111., a n d  D r. K u r t
E d e r , G en ev a , S w itze rlan d . Som e of th e  n it ro g e n  a n a ly se s  w ere perfo rm ed  
u s in g  a  C o lem an  N itro g e n  A n aly zer, M od el 29.

(81 E . P ro f it  a n d  W . R olle, J .  p r a k t .  C h e m . ,  (4) 11, 22 (1960).
(9) W e g ra te fu lly  acknow ledge th e  gene rous  g ift of th is y h e m ic a l from  (aï 

P e n n s a lt  C hem ica ls  C o rp ., P h ila d e lp h ia , P a .;  (b) P h illip s  P e tro le u m  C o ., 
B a rtle sv ille , O kla.

(10) P u rc h a se d  from  A ld rich  C hem ica l C o m p a n y , M ilw aukee, W is.
(11) D . R. T a rb e ll a n d  M . A. M cC all, J .  A m .  C h e m .  S o c . ,  74 , 48 (1952).
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p - T o lu e n e s u l f o n a te  c r y s ta l l iz e d  f ro m  a c e to n e ,  m .p .  1 1 0 -1 1 2 ° .
Anal. C a lc d .  f o r  C 15H 19N O 3S 2: C ,  5 5 .3 6 ;  H ,  5 .8 8 ;  N ,  4 .3 0 ;  

F o u n d :  C ,  5 5 .3 3 ;  H ,  5 .8 2 ;  N ,  4 .2 7 .
T h e  p ic r a te  w a s  r e c r y s ta l l i z e d  f ro m  e th a n o l ,  m .p .  1 3 4 - 1 3 6 ° .  

T h is  s a l t  w a s  f o u n d  to  b e  s e n s i t iv e  t o  l ig h t  a n d  tu r n e d  d a r k  in  i t .
Anal. C a lc d .  f o r  C 14H 14N 4O 7S : N ,  1 4 .6 5 . F o u n d :  N ,  1 4 .6 2 .

2 -  O c ty lm e r c a p to p y r id in e .— T h is  s u lf id e  w a s  p r e p a r e d  in  t h e  
s a m e  m a n n e r  a s  d e s c r ib e d  f o r  2 - p r o p y lm e r c a p to p y r id in e  f ro m  2 - 
c h lo r o p y r id in e  (5 .7 8  g . ;  0 .0 5  m o le )  a n d  1 - o c ta n e th io l9“ (7 .3 0  g . ;  
0 .0 5  m o le ) .  T h e  p r o d u c t  d is t i l le d  a t  1 1 3 -1 1 5 °  ( 2 .0  m m .)  a n d  
w e ig h e d  3 .0  g . ( 2 7 % ) .

Anal. C a lc d .  f o r  C13H21NS: C , 6 9 .9 0 ;  H ,  9 .4 8 ;  N ,  6 .2 7 . 
F o u n d :  C ,  7 0 .0 5 ;  H ,  9 .2 5 ;  N ,  6 .1 4 .

T h e  p ic r a te  w a s  c r y s ta l l iz e d  f ro m  e th a n o l ,  m .p .  7 7 - 7 8 ° .
Anal. C a lc d .  f o r  C 19H 24N 40 , S :  N ,  1 2 .3 8 . F o u n d :  N ,  1 2 .2 5 .

4 - O c ty lm e r c a p to p y r id in e .— T h is  s u lf id e  w a s  s y n th e s iz e d  a s  
d e s c r ib e d  f o r  t h e  4 - p ro p y l  a n a lo g  f ro m  4 - c h lo ro p y r id in e  ( 2 .8 4  g . ;  
0 . 0 2 5 m o le )  a n d  1 - o c t a n e th io l ( 3 .6 5 g . ;  0 .0 2 5 m o le ) .  T h e f r a c t i o n  
w h ic h  w a s  c o l le c te d  w e ig h e d  3 .2  g . ( 5 7 .5 % )  a n d  b o i le d  a t  1 2 7 -  
1 2 9 °  ( 2 .0  m m .) .

Anal. C a lc d .  f o r  C 13H 2IN S :  C ,  6 9 .9 0 ;  H ,  9 .4 8 ;  N ,  6 .2 7 . 
F o u n d :  C . 6 9 . 9 1 ;  H ,  9 .3 3 ;  N ,  6 .4 3 .

T h e  p ic r a te  ( f r o m  e th a n o l )  m e l t e d  b e tw e e n  1 1 0 - 1 1 3 ° .
Anal. C a lc d .  f o r  C ,9H 24N 40 ,S :  N ,  1 2 .3 8 . F o u n d :  N ,  1 2 .5 0 .

3 -  P ro p y lm e r c a p to p y r id in e  f ro m  3 - A m in o p y r id in e .— T h e  s y n 
th e s is  o f th i s  s u lf id e  w a s  a d a p te d  f ro m  t h a t  o u t l in e d  b y  A lb e r t 12 

fo r  h is  s y n th e s i s  o f  3 - b e n z o y l th io q u in o l in e  f ro m  3 -a m in o q u in o l in e .
S o d iu m  n i t r i t e  ( 8 .5  g . ;  0 .1  m o le )  in  w a te r  (2 0  m l . )  w a s  a d d e d  

d r o p w is e ,  w i th  s t i r r in g ,  t o  a  s o lu t io n  o f 3 - a m in o p y r id in e  ( 9 .4  g . ;  
0 . 1  m o le )  in  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  ( 2 1  m l . )  a n d  ic e  ( 2 1  

g . ) ,  t h e  t e m p e r a t u r e  b e in g  k e p t  b e tw e e n  — 5 a n d  0 ° .  T h e  s o lu 
t io n  o f t h e  d ia z o n iu m  s a l t  w a s  a d d e d  s lo w ly  to  a  s o lu t io n  o f p o t a s 
s iu m  e t h y l  x a n t h a t e 13 (2 2  g . ;  0 .1 4  m o le )  in  w a te r  (2 5  m l . )  a t  
4 0 - 5 0 ° .  W h e n  t h e  a d d i t io n  w a s  c o m p le te d ,  t h e  m ix tu r e  w a s  
h e a t e d  t o  8 0 ° ,  c o o le d  a n d  e x t r a c t e d  w i th  e t h e r  ( f iv e  1 0 0 - m l.  p o r 
t i o n s ) .  E t h e r  w a s  r e m o v e d  in vacuo a n d  n o  a t t e m p t  w a s  m a d e  to  
i s o la te  e t h y l  3 - p y r id y l  x a n t h a t e ,  b u t  r a t h e r  t h e  r e s id u e  w a s  
h y d r o ly z e d  im m e d ia te ly  b y  b o i l in g  i t  w i th  p o ta s s iu m  h y d r o x id e  
(1 5  g . ;  0 .2 5  m o le )  i n  9 5 %  e th a n o l  (1 2 5  m l . )  f o r  23  h r .  T h e  in 
t e r m e d ia t e  th io l  w a s  n o t  i s o la te d  b u t  a lk y l a t e d  in  t h e  b a s ic  
m e d iu m  b y  t h e  a d d i t io n  o f  1 - io d o p ro p a n e  (51  g . ;  0 .3  m o le ) .  
H e a t in g  a t  re f lu x  w a s  c o n t in u e d  fo r  a n  a d d i t io n a l  4 .0  h r .  a n d  t h e  
r e a c t io n  m ix tu r e  t h e n  a c id if ie d  w i th  c o n c e n t r a t e d  h y d r o c h lo r ic  
a c id .  S o lv e n ts  w e r e  r e m o v e d  in vacuo, t h e  r e s id u e  w a s  d is s o lv e d  
in  w a t e r  (5 0 0  m l . )  a n d  e x t r a c t e d  w i th  a  1 :1  e t h e r - b e n z e n e  s o lu 
t i o n  ( f o u r  1 0 0 -m l. p o r t io n s ) .  T h e  a q u e o u s  l a y e r  w a s  m a d e  
b a s ic  w i th  a  2 0 %  s o d iu m  h y d r o x id e  s o lu t io n ,  e x t r a c t e d  w i th  
m e th y le n e  c h lo r id e  ( f iv e  2 0 0 -m l.  p o r t io n s )  a n d  th i s  e x t r a c t  w a s  
d i s t i l l e d .  T h e  s u lf id e  ( 4 .2 5  g . ;  2 8 %  b a s e d  o n  3 - a m in o p y r id in e ) ,  
b o i le d  a t  1 2 4 -1 2 8 °  (1 6  m m .) ,  « 26d 1 .5 5 4 8 .

Anal. C a lc d .  f o r  C 8H „ N S :  C ,  6 2 .7 0 ;  H ,  7 .2 4 ;  N ,  9 .1 4 . 
F o u n d :  C ,  6 2 .8 0 ;  H ,  7 .1 3 ;  N ,  8 .9 9 .

T h e  p ic r a te  m e l te d  b e tw e e n  1 1 3 -1 1 5 °  ( f r o m  e th a n o l ) .
Anal. C a lc d .  f o r  C14H14N4O7S: N ,  1 4 .6 5 . F o u n d :  N ,  1 4 .4 0 .
A n  a t t e m p t  t o  p r e p a r e  t h i s  su lf id e  f ro m  3 - c h lo ro p y r id in e  

p r o v e d  a b o r t i v e .  B y  h e a t in g  th i s  h a lo  c o m p o u n d  w i th  s o d iu m  
re -p r o p y lm e r c a p t id e  n e a t  a t  1 7 5 °  f o r  3 6  h r .  le d  t o  t h e  r e c o v e r y  o f 
6 0 %  of 3 - c h lo ro p y r id in e  a s  t h e  o n ly  r e c o g n iz a b le  p r o d u c t .

3 - O c ty lm e rc a p to p y r id in e  f ro m  3 - P y r id in e s u lf o n ic  A c id .—  
T h e  s u lfo n ic  a c id  w a s  c o n v e r t e d  t o  t h e  s u l f o n y l  c h lo r id e 14 w h ic h  
w a s  r e d u c e d  to  t h e  3 - p y r id in e th io l  h e x a c h lo r o s t a n n a te . 15 T h is  
d o u b le  s a l t  ( 4 .4 4  g . ;  0 .0 1  m o le )  w a s  d is s o lv e d  in  10% , s o d iu m  
h y d r o x id e  s o lu t io n  (4 0  m l . ) .  l - I o d o o c ta n e  ( 4 .8  g . ,  0 .0 2  m o le )  
w a s  a d d e d  t o  t h i s  s o lu t io n  a n d  t h e  m ix tu r e  f i r s t  s t i r r e d  a t  ro o m  
t e m p e r a t u r e  f o r  1 .5  h r . ,  t h e n  a t  100° fo r  2 .5  h r .  T h e  r e a c t io n  
m ix tu r e  w a s  e x t r a c t e d  w i th  m e th y le n e  c h lo r id e  (1 5 0  m l . ) a n d  th i s  
e x t r a c t  s h a k e n  w i th  1 :3  h y d r o c h lo r ic  a c id  (2 0 0  m l . ) ,  b u t  t r e a t 
m e n t  w i th  b a s e  o f t h e  a c id ic  a q u e o u s  p h a s e  d id  n o t  y ie ld  a  p r o d u c t .  
S in c e  t h e  m e th y le n e  c h lo r id e  l a y e r  m ig h t  h a v e  d is s o lv e d  t h e  p r o d 
u c t  ( p o s s ib ly  a s  i t s  h y d r o c h lo r id e )  t h e  m e th y le n e  c h lo r id e  s o lu t io n  
w a s  s h a k e n  w i th  1 0 %  s o d iu m  c a r b o n a te ,  a n d  th e n  d i s t i l l e d .  T h e  
s u lf id e  w a s  o b ta in e d ,  b . p .  1 2 2 -1 2 4 °  a t 0 . 4  m m . I t  w e ig h e d  2 .3  g . 
( 5 0 % ) .  I t  w a s  r e d i s t i l l e d  fo r  a n a ly s is ,  b . p .  1 2 0 °  a t  0 .1  m m .

(12) A. A lb e rt a n d  G . B . B a rlin , J .  C h e m .  S o c , ,  2384 (1959).
(13) C . C . P r ic e  a n d  G . W . S tac y , O r g .  S y n . ,  28, 82 (1948); th e  d isp la ce

m e n t of th e  d iazo n iu m  g ro u p  b y  th e  e th y l x a n th a te  ion  h as  re c e n tly  been  
re in v e s tig a te d  in  d e ta il b y  J . R . C ox, e t  a l . ,  J .  O r g .  C h e m . ,  25, 1083 (1960).

(14) H . G. M aeh ek , M o n a t s h . ,  72, 84 (1939).
(15) N . S te ig er, B r it ish  P a te n t  637,130 (M ay  10, 1959); C h e m .  A b s t r 44, 

8380 (1950).

Anal. C a lc d .  f o r  C i3H 2iN S :  C ,  6 9 .9 0 ;  H ,  9 .4 8 ;  N ,  6 .2 7 .  
F o u n d :  C ,  7 0 .0 8 ;  H ,  9 .3 0 ;  N ,  6 .3 1 .

I t s  p ic r a te  c r y s ta l l iz e d  f ro m  e th a n o l ,  m . p .  9 1 ° .
Anal. C a lc d .  fo r  C 19H 24N 4O 7S : N ,  1 2 .3 8 . F o u n d :  N ,  1 2 .0 6 .
1 -E th o x y p y r id in iu m  E th y l  S u l f a te .— T h e  m e th o d  f o r  t h e  p r e p 

a r a t i o n  o f l - m e th o x y p y r id in iu m  m e th y l  s u l f a t e  a s  d e s c r ib e d  b y  
F e e le y  a n d  B e a v e rs ®  w a s  a d a p t e d .  U n l ik e  t h e  1 - m e th o x y  a n a lo g ,  
th is  s a l t  w a s  e x c e e d in g ly  d if f ic u l t  t o  c r y s ta l l i z e .  U s u a l ly ,  a  g u m  
w a s  o b ta in e d  a n d  w a s  u s e d  a s  s u c h  im m e d ia te ly  in  t h e  n e x t  s t e p .  
A l th o u g h  i t  w a s  in d u c e d  t o  c r y s ta l l iz e  o n c e  o n  p ro lo n g e d  s c r a t c h 
in g , i t  w a s  e v e n  to  h y g ro s c o p ic  to  i n s e r t  i n to  a  m e l t in g  p o i n t  
tu b e .  T h e  s a l t  w a s  c h a r a c te r iz e d  b y  i t s  p ic r a te  w h ic h  c r y s ta l l iz e d  
f ro m  e th a n o l  b y  t h e  a d d i t io n  o f a  1 : 1  s o lu t io n  o f e t h e r  a n d  h e x a n e ,  
m .p .  7 6 - 7 8 °  ( l i t . , 4 m .p .  7 6 - 7 6 .5 ° ) .

R e a c t io n  o f 1 -E th o x y p y r id in iu m  E th y l  S u l f a te  w i th  S o d iu m  
n - P r o p y lm e r c a p t id e .— S o d iu m  h y d r id e  [4 .8  g . ;  0 .2  m o le  ( 9 .2  g . 
o f a  5 3 .2 %  s u s p e n s io n  in  m in e r a l  o il a s  o b t a in e d  f ro m  M e t a l  
H y d r id e s ,  I n c . ,  B e v e r ly ,  M a s s . ) ] , w a s  a d d e d  s lo w ly , w i th  s t i r r in g ,  
to  1 - p r o p a n e th io l  (7 6  g . ;  1 .0  m o le )  c o n ta in e d  in  a  1-1. f la s k .  
(S in c e  i t  w a s  o b s e rv e d  t h a t  t h e  m ix tu r e  fo a m e d  c o n s id e r a b ly  d u r 
in g  t h e  r e a c t io n ,  i t  is  a d v is a b le  t o  u s e  a  la r g e  v e s s e l . )  T o  th i s  
s t i r r e d  s u s p e n s io n  o f s o d iu m  n - p r o p y lm e r c a p t id e  in  1 - p r o p a n e 
th io l  w a s  a d d e d  1 - e th o x y p y r id in iu m  e t h y l  s u l f a t e  a s  a  s i r u p  ( p r e -

T a b l e  I

I n f r a r e d  A b s o r p t i o n  B a n d s  (C m . -1) o f  2-, 3-, a n d  

4 - A l k y l m e r c a p t o p y r i d i n e s  

I n  c h lo ro fo rm
'— P ro p y lm e re a p to p y r id in e s  ' '■—-Octyl m e rc a p to p y rid in e s— -

2_a 3- 4- 2- 3- 4-

3305 w -b6 3275 w -b6 3300 vw~b° 3275 vw -b 6
3038 m 3081 sh 3076 sh
2970 vs 2974 2964 2959 sh
2930 s 2935 v s 2920  vs 2935 vs
2861 s 2876 s 2866 s 2861 s 2851 s 2861 vs

2492 vw -b 2467 w 2492 vw -b 2467 w -b
2261 vw

1931 w 1931 vw -b
1676 vw -b

1582 vs 1580 s 1580 vs 1580 vs 1578 m 1583 vs
1560 s 1565 s 1560 s 1565 m

1542 s 1543 s
1470 vs 1486 vs 1485 s

1452 vs 1465 s 1456 vs 1471 vs 1468 s
1440 vw 1440 m 1441 w

1427 m 1431 w
1414 v s 1408 vs 1412 vs 1417 vs 1408 s 1413 s
1378 m 1382 m 1381 m 1381 w 1379 w 1381 w

1340 vw 1341 vw
1322 vw 1321 vw 1321 vw

1291 s 1293 in 1288 m 1294 vw -b
1279 s 1282 m 1265 vw -b
1238 s 1238 s-b 1242 s 1241 w 1242 m -b 1240 m

1187 w 1184 w
1145 s

1126 vs-b 1121 s 1124 vs 1122 m
1 1 1 1  s 1111 s-b 1109 s 1 1 1 1  s-b

1096 m 1096 s 1096 sh 1091 m
1052 vw 1065 s 1066 m

1041 s 1035 m 1049 vw 1043 111 1034 w
1019 s 1019 s

994 sh 998 sh
982 s 984 s 984 m 985 s
897 w 897 w 897 w

803 s 807 s 809 s

A b s o rp t io n  b a n d s  b e tw e e n  7 0 0  a n d  8 0 0  1cm . 1 in  c a r b o n  d is u lf id e
798 s 799 vs 790  s 797 vs

756 vs 759 vs
743 sh 740 sh

732 m 731 sh
726 s 728 m 729 s 727 sh 726 m

710 s 714 s 710 vs 7 10  s

“ T h e  su lf id e  h a s  b e e n  r e c o r d e d  p r e v io u s ly  a s  a  l iq u id  f i lm . 11 

4 T h is  b r o a d  b a n d  w a s  a b s e n t  in  t h e  s p e c t r u m  d e t e r m in e d  in  
c h lo ro fo rm  f ro m  w h ic h  e th a n o l  h a d  b e e n  r e m o v e d  n o r  w a s  i t  
p r e s e n t  in  t h e  s p e c t r u m  in  c a r b o n  te t r a c h lo r id e  o r  c a r b o n  d i 
su lf id e . T h is  b a n d  w a s  o b s e rv e d  in  t h e  s p e c t r a  o f  3 -  a n d  4 - s u b -  
s t i t u t e d ,  b u t  a b s e n t  in  2 - s u b s t i t u t e d  p y r id in e s  e v e n  w h e n  r e 
c o rd e d  in  s p e c t r a l  g r a d e  c h lo ro fo rm . S in c e  c h lo r o fo r m  is  s t a b i l 
iz e d  b y  e th a n o l ,  t h i s  b r o a d  b a n d  is  a t t r i b u t e d  t o  t h e  O H  s t r e t c h 
in g  f r e q u e n c y ,  t h e  h y d r o x y l  g r o u p  b o n d e d  t o  t h e  r in g  n i t ro g e n  
a to m  of t h e  le s s  h in d e r e d  3 - a n d  4 - s u b s t i t u t e d  p y r id in e s .
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p a r e d  a s  a b o v e ) .  T h e  h e te r o g e n e o u s  m ix tu r e  d id  n o t  sh o w  s ig n s  
o f r e a c t io n .  A f t e r  s t i r r in g  t h i s  m ix tu r e  f o r  5 .0  m in . ,  e th a n o l  (1 0  
m l . )  w a s  a d d e d  a n d  t h e  r e a c t io n  m ix tu r e  b e g a n  t o  re f lu x  v ig o r 
o u s ly  a n d  f o a m e d  c o n s id e ra b ly .  W h e n  t h e  f o a m in g  le s s e n e d ,  th e  
r e a c t io n  m ix tu r e  w a s  r e f lu x e d  a n  a d d i t io n a l  0 .5  h r .  o n  a  s t e a m  
b a t h ,  c o o le d  a n d  a c id if ie d  w i th  1 0 %  h y d r o c h lo r ic  a c id  a n d  m o s t  
o f t h e  s o lv e n t  r e m o v e d  b y  d i s t i l l a t i o n  in vacuo. T h e  r e s id u e  w a s  
t r e a t e d  w i th  w a te r  (3 0 0  m l . )  a n d  e x t r a c t e d  w i th  a  1 :1  b e n z e n e -  
e t h e r  s o lu t io n  ( f o u r  1 0 0 -m l. p o r t io n s ) .  T h e  a q u e o u s  l a y e r  w a s  
th e n  m a d e  b a s ic  w i th  a  2 0 %  s o lu t io n  o f  s o d iu m  h y d r o x id e ,  e x 
t r a c t e d  w i th  m e th y le n e  c h lo r id e  ( f iv e  2 0 0 -m l. p o r t io n s ) .  A f te r  
m e th y le n e  c h lo r id e  h a d  b e e n  d i s t i l l e d ,  t h e  r e s id u e  w a s  f r a c t io n 
a te d  ( t h e  r e c e iv e r  p la c e d  in  a  1 : 1  c h lo r o f o r m - c a r b o n  te t r a c h lo r id e  
a n d  D r y - ic e  b a t h )  t o  y ie ld  p y r id in e  ( 5 .5  g . ;  6 9 .6 %  b a s e d  on  
p y r id in e  1 -o x id e ) , b .p .  3 0 - 4 0 °  (1 6  m m .)  a n d  a  m ix tu r e  o f 3 -  a n d
4 - p ro p y lm e r c a p to p y r id in e s ,  (4 .9 1  g . ;  3 2 .1 %  b a s e d  o n  p y r id in e  
1 -o x id e ) ,  b . p .  6 4 - 6 8 °  (1  m m . ) .  I n f r a r e d  s p e c t r a  c o n f irm e d  th e  
p r e s e n c e  o f  3 -  a n d  4 - is o m e r s .

Anal. C a lc d .  fo r  C 8H n N S :  C ,  6 2 .7 0 ;  H ,  7 .2 4 ;  N ,  9 .1 4 .  
F o u n d :  0 , 6 2 . 5 6 ;  H ,  7 .3 4 ;  N ,  8 .8 6 .

T h e  f r a c t io n  c o n ta in in g  t h e  m ix tu r e  o f 3 -  a n d  4 - p r o p y lm e r 
c a p to p y r id in e s  (4 .9 1  g . )  w a s  p la c e d  o n  a  c o lu m n  o f  a lu m in a  (1 0 0  
g . ;  A lc o a  a c t i v a t e d  a lu m in a ,  g r a d e  F - 2 0 )  in  p e t r o l e u m  e t h e r  (1 0  
m l . ) ,  b . p .  3 0 - 6 0 ° .  T h e  c o lu m n  w a s  e lu t e d  w i th  p e t r o le u m  e th e r  
( b .p .  3 0 - 6 0 ° )  w i th  5 0 0 -m l. p o r t io n s .  T h e  r e s id u e  o f e a c h  f r a c t io n  
w a s  e x a m in e d  b y  i t s  in f r a r e d  s p e c t r u m ,  a n d  c a r e f u l ly  s c r u t in iz e d  
fo r  i t s  c o m p o n e n ts  u s in g  t h e  in f r a r e d  s p e c t r a  o f  p u r e  2 - , 3 -  a n d  4 - 
p r o p y lm e r c a p to p y r id in e s  ( r e c o r d e d  in  T a b le  I )  a s  r e f e re n c e s .  
I n  p a r t i c u l a r ,  e a c h  f r a c t i o n  w a s  e x a m in e d  fo r  t h e  p r e s e n c e  o f  
s m a ll  q u a n t i t i e s  o f  is o m e r ic  im p u r i t i e s .  F o r  th i s  p u r p o s e  c e r t a in  
s t r o n g  b a n d s  in  t h e  s p e c t r u m  o f  e a c h  i s o m e r  w e r e  c h o s e n .  T h e  
f i r s t  e lu a t e s  f ro m  t h e  c o lu m n  c o n ta in e d  o n ly  t h e  3 - is o m e r , c h a r 
a c te r iz e d  b y  s t r o n g  s h a r p  b a n d  a t  1019  c m . - 1  w h ic h  is  a p p a r e n t l y  
f e a tu r e d  in  m a n y  3 - s u b s t i t u t e d  p y r i d in e s . 16 I f  t h e  2 -  a n d / o r  4 -  
is o m e rs  w e re  p r e s e n t  in  t h e s e  f r a c t io n s ,  t h e  p r e s e n c e  o f  th e m  
w o u ld  h a v e  b e e n  d e t e c t e d  b y  a b s o r p t io n  n e a r  9 8 0  c m . - 1  s in c e  
b o th  is o m e rs  p o s s e s s  s t r o n g  b a n d s  t h e r e .  F u r t h e r m o r e ,  t h e  2 - 
a n d  4 - is o m e rs  s h o w  v e r y  s t r o n g  b a n d s  n e a r  158 0  c o m p a r e d  t o  a  
m u c h  w e a k e r  b a n d  a t  1577  c m . - 1  f o r  t h e  3 - is o m e r .  T o  d is t in g u is h  
if  t h e  2 -  o r  t h e  4 - is o m e r  w a s  t h e  o n ly  c o n t a m i n a n t ,  u s e  o f  t h e  o v e r 
a ll  p a t t e r n s  o f  t h e  2 -  a n d  4 - is o m e rs  w a s  m a d e .  T h e  m o s t  d is 
t in g u is h in g  f e a t u r e  b e tw e e n  th e s e  tw o  is o m e r s  w a s  t h e  v e r y  
s t r o n g  b a n d  a t  145 2  f o r  t h e  2 - is o m e r ,  t h e  s t r o n g  b a n d  a t  1465 
c m . - 1  f o r  t h e  4 - is o m e r . F u r t h e r  e lu t io n  t h e n  a f fo rd e d  t h e  p u r e
4 - is o m e r , f r e e  f ro m  2 -  a n d  3 - is o m e rs  s h o w n  b y  t h e  a b s e n c e  o f  t h e  
1 4 5 2 - a n d  1 0 1 9 - c m ._1 b a n d s ,  r e s p e c t iv e ly .

I n  t h i s  p a r t i c u l a r  e x p e r im e n t ,  4 5 0 0  m l .  o f  p e t r o le u m  e th e r  
e lu t e d  o n ly  3 - p r o p y lm e r c a p to p y r id in e  (4 .5 0  g . ;  p r io r  t o  d i s t i l l a 
t i o n )  w h ic h  b o i le d  b e tw e e n  1 2 3 -1 2 4 °  a t  16 m m . ,  a n d  w e ig h e d  4 .1  
g .  ( 2 6 .8 %  b a s e d  o n  p y r id in e  1 -o x id e ) .  I t s  r e f r a c t i v e  in d e x  ( n 26̂  * 3165

(16) I t  h a d  been  sh o w n  t h a t  3 -s u b s t itu te d  p y rid in e s  a b so rb  in  th e  v ic in ity  
of 1020 c m .-1 [A. R . K a tr i tz k y ,  A. R . H a n d s , a n d  R . A . Jo n es , J .  C h e m . S o c . ,

3165 (1958)]. F o r  exam p le , 3 -c h lo ro p y rid in e  ab so rb s  a t  1025, 3 -am ino- 
p y rid in e  a t  1010, 3 -n i t ro p y r id in e a t  1021, a n d  3 -ace ty lp y rid in e  a t  1023 c m .“1.

1 .5 5 5 0 )  a n d  in f r a r e d  s p e c t r u m  w e re  id e n t ic a l  t o  t h e  a u th e n t ic  
s a m p le  m a d e  f ro m  3 - a m in o p y r id in e .  F u r t h e r m o r e ,  i t s  p ic r a te  
( m .p .  1 1 3 - 1 1 5 ° )  d id  n o t  d e p r e s s  t h a t  m a d e  f ro m  t h e  a u th e n t ic  
s a m p le .

F u r t h e r  e lu t io n  o f t h e  c o lu m n  w i th  a n h y d r o u s  b e n z e n e  ( in  
1 0 0 - m l.  p o r t io n s ,  c h e c k in g  e a c h  f r a c t i o n  fo r  i t s  c o n te n t s  b y  
m e a n s  o f  in f r a r e d  s p e c t r o s c o p y ;  a  t o t a l  o f  2 0 0  m l . )  y ie ld e d  4- 
p r o p y lm e r c a p to p y r id in e  (0 .7  g .)  w h ic h  w h e n  d i s t i l l e d ,  b . p .  1 2 8 -  
1 3 0 °  a t  16 m m . ,  w e ig h e d  0 .5 5  g . ( 3 .6 %  b a s e d  o n  p y r id in e  1 -o x id e ) . 
I t s  in f r a r e d  s p e c t r u m  w a s  id e n t ic a l  t o  t h a t  o f  t h e  s a m p le  m a d e  
f ro m  4 - c h lo ro p y r id in e .

R e a c t io n  o f 1 - E th o x y p y r id in iu m  E th y l  S u l f a te  a n d  S o d iu m  n- 
O c ty lm e r c a p t id e .— S o d iu m  h y d r id e  [4 .8  g . ;  0 .2  m o le  ( 9 .2  g . o f a  
5 3 .2 %  s u s p e n s io n  in  m in e r a l  o il)]  w a s  a d d e d  s lo w ly  in  v e r y  s m a ll  
p o r t io n s ,  w i th  s t i r r in g ,  t o  1 - o c ta n e th io l  (1 4 6  g . ;  1 .0  m o le )  c o n 
t a in e d  in  a  1-1. f la s k .  E x t r e m e  c a r e  m u s t  b e  t a k e n  d u r in g  t h e  
a d d i t io n  o f  s o d iu m  h y d r id e  t o  t h e  1 - o c ta n e th io l ,  s in c e  t h e  r e a c t io n  
is  e x t r e m e ly  e x o th e r m ic  a n d  th e r e  is  a  t e n d e n c y  t o  c h a r  t h e  s o d iu m  
n - o c ty lm e r c a p t id e .  T o  t h e  s t i r r e d  s u s p e n s io n  o f  s o d iu m  n - o c ty l -  
m e r c a p t id e  in  1 - o c t a n e th io l  w a s  a d d e d  t h e  g u m m y  1 - e th o x y -  
p y r id in iu m  e th y l  s u l f a t e  p r e p a r e d  f ro m  p y r id in e  1 -o x id e  ( 9 .5  g . ,  
0 .1  m o le )  a s  p r e v io u s ly  d e s c r ib e d .  T h e  r e s t  o f t h e  p r o c e d u r e  
w a s  t h e  s a m e  a s  d e s c r ib e d . O n  w o r k -u p  o f  t h e  r e a c t io n  m ix tu r e  
t h e  f r a c t io n s  c o l le c te d  w e re  p y r id in e ,  b . p .  3 0 - 4 0 °  (2 0  m m .) ,  1 .0  
g . ( 1 2 .7 % ) ,  a n d  t h e  3 -  a n d  4 - o c ty lm e r c a p to p y r id in e s ,  b . p .  114— 
1 1 8 °  (2  m m .) ,  1 .5  g . ( 6 .7 % ) .  T h e  p r e s e n c e  o f t h e  m ix tu r e  o f t h e  
tw o  is o m e r ic  s u lf id e s  w a s  p r o v e n  b y  t h e  a n a ly s is  o f  t h e  in f r a r e d  
s p e c t r u m  a s  e v id e n t  f ro m  t h e  s t r o n g  b a n d s  a t  101 9  a n d  80 9  c m .

Anal. C a lc d .  fo r  C 13H 21N S :  C ,  6 9 .9 0 ;  H ,  9 .4 8 ;  N ,  6 .2 7 . 
F o u n d :  C ,  6 9 .7 1 ;  H ,  9 .3 2 ;  N ,  6 .2 9 .

T h is  m ix tu r e  a f fo rd e d  a  p i c r a t e  w h ic h  c r y s ta l l i z e d  f ro m  e th a n o l  
t o  a  c o n s t a n t  m .p .  8 3 - 8 5 °  w h ic h  is  b e lo w  t h e  m e l t in g  p o in t s  o f  
t h e  p i c r a t e s  o f  e i t h e r  t h e  3 -  a n d  4 - is o m e r s .

Anal. C a lc d .  fo r  C 19H 24N 4O 1S : N ,  1 2 .3 8 . F o u n d :  N ,  1 2 .0 9 .
W h e n  1 .0  g . o f  t h i s  m ix tu r e  w a s  p la c e d  o n  2 0  g . o f a lu m in a  

(A lc o a , g r a d e  F -2 0 ) ,  n o  s u lf id e  w a s  e lu t e d  w i th  p e t r o l e u m  e th e r  
( b .p .  3 0 - 6 0 ° ) .  H o w e v e r ,  e a c h  f r a c t io n  (2 5 -m l. p o r t io n s ;  6 7 5  m l. 
in  a l l )  e lu t e d  w i th  1 0 %  b e n z e n e  in  p e t r o le u m  e t h e r  o r  b e n z e n e  
a lo n e  c o n s is te d  o n ly  o f  m ix tu r e  o f  t h e  3 -  a n d  4 - is o m e r s .  T h e  
a b s e n c e  o f  t h e  2 - is o m e rs  w a s  e s ta b l i s h e d  s in c e  a l l  f r a c t io n s  d id  n o t  
sh o w  b a n d s  a t  1 4 5 6 , 1043 a n d  9 8 4  c m . ' 1 ( s e e  T a b le  I ) .
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T h e  r e a c t io n  o f l - a lk o x y - 2 -  a n d  4 - p ic o l in iu m  s a l t s  w i th  th io p h e n o x id e  io n  f u r n i s h e d  2 -  a n d  4 - [ ( a r y lm e r c a p to ) -  
m e th y l ]  p y r id in e s ,  r e s p e c t iv e ly ,  b u t  n o  n u c le a r  s u b s t i t u t io n  w a s  o b s e rv e d . H o w e v e r ,  t h e  s im i la r  r e a c t io n  w i th  
m e r c a p t id e  io n  w a s  c o n s id e ra b ly  m o re  c o m p le x . I t  w a s  f o u n d  t h a t  l - a lk o x y -4 - p ic o l in iu m  s a l t s  w i th  m e r c a p t id e  
io n s  y ie ld e d  b e s id e s  4 - [ ( a lk y lm e r c a p to ) m e th y l ] p y r id in e  a ls o  2 -  a n d  3 - a lk y lm e rc a p to - 4 - p ic o l in e s  a n d  l ,2 - d i ( 4 -  
p y r id y l ) e th a n e .  E x p la n a t io n s  a r e  r e n d e r e d  fo r  t h e  f o r m a t io n  o f th e s e  v a r io u s  p r o d u c ts .  S y n th e s e s  o f a  n u m b e r  
o f th e s e  t h io e th e r s  a s  r e fe re n c e  c o m p o u n d s  a r e  d e s c r ib e d .

Nucleophilic attack by mercaptide ion on 1-alkoxy- 
pyridinium salts gave rise to a mixture of pyridine and

(1) A b s tra c te d  from  th e  P h .D . th e s is  of L ib ero  A. G ard e lla , U n iv e rs ity  of 
I llino is  a t  th e  M ed ica l C e n te r , C h ic ag o  12, 111., J u n e , 1962; a  p a r t  of th is  
w o rk  w as p re sen ted  a t  th e  140 th  N a tio n a l M e e tin g  of th e  A m erican  C hem i
ca l S ocie ty , C h icago , 111., S e p te m b e r  4, 1961.

3- and 4-alkvlmercaptopyridines.2 However, thio
phenoxide ion, under identical conditions, yielded only 
pyridine and no arylmercaptopyridines could be de
tected.2 Pyridine produced in these reactions arises

(2) L. Bauer and L. A. Gardella, part I, J. Org. Chem., 28, 1320 (1963).
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from nucleophilic attack by mercaptide or thiophen- 
oxide ion on the N-alkoxy side chain, while the forma
tion of the thioethers is the outcome of nuclear substitu
tion. When the reaction of mercaptide and thio- 
phenoxide ions was extended to l-alkoxy-2- and -4- 
picolinium salts a variety of products were isolated. 
The reaction of thiophenoxide ions with 1-alkoxy- 
picolinium salts is discussed first.

When l-methoxy-4-picolinium methyl sulfate was 
added to an ethanol solution of sodium thiophenoxide, 
a vigorous reaction ensued. There was isolated a mix
ture of 4-picoline, its N-oxide and a crystalline unknown 
sulfur compound, m.p. 48-51°, Ci2HnNS. Three iso
meric structures can be written for this unknown solid, 
viz., 2- and 3-(phenylmercapto)-4-picoline and 4- 
[(phenylmercapto)methyl]pyridine, III (R' = CelR). 
Its nuclear magnetic resonance (n.m.r.) spectrum3 
clearly distinguished between the three isomeric thio
ethers. Its spectrum showed resonance characteristics 
of a pyridine possessing two pairs of equivalent protons 
(A2R2 type) as witnessed by the doublets centered at 
<5 = 7.00 and 8.33 and also featured two other sharp 
bands, one due to the phenyl (5 = 7.12) and the other 
due to alkyl protons (5 = 3.85). Integration of the 
peaks due to the pyridine, phenyl and alkyl protons 
revealed them to be in ratio of 4:5:2. It then became 
apparent, that only structure III (R' = CehR) can be 
accommodated by this spectrum. Further confirma
tion of this structure was obtained when this thioether 
was synthesised from 4-(chloromethyl)pyridine hydro
chloride, IV, and (two moles of) sodium thiophenoxide.

nucleophilic attack of thiophenoxide ion at the a-carbon 
of the N-alkoxy side chain."6 In order to hinder rcac-

CH2-<-:0—COOH3

T

r
*0—COCH3 

V

CH2-OCOCH3

VI

tion at that site, the bulk of the alkoxy substituent was 
increased. When R in I was changed from methyl to 
ethyl, the yield of III increased from 10 to 24%. It 
was found further that when I (R = ethyl) reacted 
with two moles of sodium thiophenoxide, the yield of 
III (R = CelR) jumped from 24 to 65%. For these 
reactions, ethanol was found to be the best solvent.

The reaction of I (R = C2H5) was extended to p-t- 
butylthiophenoxide and p-chlorothiophenoxide to form 
the thioethers, III [R' is p-^-CiHgCeTR) and p-ClC6H4, 
respectively]. The reaction of l-ethoxy-2-picolinium 
ethyl sulfate, VII, with sodium thiophenoxide was also 
explored. There was isolated 2-picoline (31%), its N- 
oxide (16%) and 2-[(phenylmercapto)methvl]pyridine,
VIII (38%).

N ■CH2 - S C 6H5

VIII

c h 3 CH2:~

N + X -
OR

I

R 'S  N a+

CH 2SR'

N'
III

N +
OR
II

R 'S  N a+

IV

To explain the formation of III from I, the following 
mechanism is advanced. Abstraction of a proton by 
thiophenoxide ion from the active methylene group of 
I leads to the dipolar ion II, better represented by the 
neutral resonance hybrid, Ha. Further nucleophilic 
attack by thiophenoxide ion on the excyclic methylene 
group of Ha, wuth concerted departure of the alkoxide 
ion restores aromaticity to form III. This mechanism 
is in keeping with that proposed for the transformation 
of 4-picoline 1-oxide with acetic anhydride to 4-(ace- 
toxymethyl)pyridine, VI. For that reaction, it has been 
postulated that the intermediate anhydro base, V, 
undergoes nucleophilic attack by acetate ion to form 
VI.4 *

The formation of 4-picoline and its N-oxide during 
the reaction of I with thiophenoxide ion stem from

(3) D e te rm in e d  in  ea rb o n  te tra c h lo r id e  u s ing  te tra m e th y ls iia n e  a s  in 
te rn a l s ta n d a r d  u s in g  th e  V arian  A-60 s p e c tro m e te r . W e a re  in d e b te d  to  
D r. L. F . J o h n so n  of V a rian  A ssocia tes, P a lo  A lto , C a lif ., fo r  th is  sp e c tru m .

(4) F o r  a s tu d y  of m echan ism  of th is  re a c tio n  see (a) V. J .  T ra y n e lis  a n d
R. F . M arte llo , J .  A m .  C h e m .  S o c . ,  82 , 2744 (1960); (b) S. O ae, T . K ita o
a n d  Y . K ita o k a , i b i d . ,  84 , 3359 (1962).

The reaction of I with mercaptide ions was consider
ably more complex and was studied extensively with 
two thiols, 1-propane- and 1-octanethiol. Treatment of 
I (R = C2H6) with sodium propylmercaptide in excess
1-propanethiol (containing a little ethanol) yielded the 
cleanest product. It consisted of 4-picoline, a mixture 
of (propylmercapto)pyridines (IX, X, and XI), and 
a high-boiling fraction which contained mostly 1,2- 
di(4-pyridyl)ethane, XII. The separation and identi
fication of the thioethers is discussed first.

XI XII

Column chromatography on alumina was attempted 
to separate the thioethers. Elution of successive frac
tions was followed by infrared spectroscopy and the 
spectra compared to reference compounds. For the 
purpose of identifying components of this mixture, 2- 
propylmercapto-4-picoline, IX, and 4- [(propylmer-

(5 ) I t  h a d  p rev io u sly  been  re p o r te d  b y  N , A. C o a ts  a n d  A. R . K a tr i tz k y  
[./. O r g .  C h e m . ,  24 , 1836 (1959)1 th a t  th e  re a c tio n  of 1 -m e th o x y p y rid in iu m  
7>-toluenesulfonate w ith  so d iu m  b e n z y lm erc ap tid e  fo rm e d  p y r id in e  N -ox ide , 
iso la te d  a s  th e  p ic ra te  in  3 5 %  y ie ld . T h is  rea c tio n  can  b e  re g a rd e d  as  a  
nucleoph ilic  d isp la c e m e n t reac tio n  b y  m e rc a p tid e  ion  on  th e  or-alkoxy g ro u p  
to  form  th e  N -ox ide:

'- 'a  +
R ,S :~  R — O— N C bH4CII3(4) R 'S R  +  O — N C bH 4C H 3.



M a y , 1 9 6 3 T h e  C h e m i s t r y  o f  P y r i d i n e  IT 1 3 2 5

cap to) methyl ]pyridine, XI, were synthesized (see be
low). The first pure component was proved to be pure 
IX, identified by comparison with an authentic sample. 
The second compound corresponded to “a” (propyl- 
mercapto)methylpyridine. Raney nickel desulfuriza
tion of this sulfide yielded 4-picoline. But since the in
frared spectrum and its picrate were different to those of 
authentic IX and XI, this thioether was assigned the 
remaining isomeric structure, X. The remaining frac
tions proved to be an inseparable mixture of X and XI, 
in varying proportions, as witnessed by the appearance 
in the infrared spectrum of the 1606- and 999-crn. 1 
bands, characteristic of XI. All attempts to effect 
complete separation of X and XI on acid or basic alu
mina of different activities as well as on silica gel, proved 
futile. The presence of XI in this mixture was proved 
when a p-toluenesulfonate could be crystallized from 
the original mixture.

The formation of these three sulfides by the reaction 
of I (R = ethyl) with propylmercaptide ion can be 
explained in the following manner: Nucleophilic
attack of the mercaptide ion on the active methylene 
group of I follows the path suggested for that for thio- 
phenoxide ion (see above). Since the 4-position of the 
pyridine ring is blocked, nuclear substitution may occur 
at the 2- and 3-position. Attack at the 3-position may 
follow the mechanism, which has been suggested to ex
plain the formation of 3-acetoxy-4-picoline during the 
reaction of 4-picoline 1-oxide with acetic anhydride.4 
This involves nuclear attack by the acetate ion on V 
with the departure of the N-acetoxy moiety to form 3- 
acetoxy-4-picoline. To apply this mechanism to our 
reaction it would involve nucleophilic attack of mer
captide ion on Ha (the counterpart on the anhydrobase,
V) with the concomitant loss at alkoxide ion to form 
XIII or its stable tautomer XIV.

CH2 c h 2 c h 3

C i R XIII XIV
11 a

The unexpected formation of l,2-di(4-pyridyl)ethane, 
XII, during this reaction remains to be explained. It 
may be produced in the following manner: Attack of 
the mercaptide ion on the a-carbon of the N-alkoxy 
side chain can give rise to 4-picoline (equation 2 in 
ref. 2). In the medium of the reaction, mercaptide ion 
can act as a strong base and abstract a proton from 4- 
picoline to form its anion, XV. Acting as a competing 
nucleophile, XV may also attack Ha in a manner similar 
to the mercaptide ion to form XII.

The reaction of I (R = C2H6) with octylmercaptide 
ion in excess thiol containing some ethanol (10:1; v./v.) 
afforded 4-picoline, a “middle” fraction which consisted 
of a mixture of three sulfides, the n-octyl analogs IX, X, 
and XI, and some l,2-di(4-pyridyl)ethane, XII. The 
mixture of sulfides was partially resolved by column

chromatography. For an effective separation, it be
came necessary to use a large ratio of alumina to thio
ether (100:1) and collect the eluate in small volumes. 
It was found that petroleum ether (b.p. 30-60°) first 
eluted pure 2-octylmercapto-4-picoline and then pure
3- octylmercapto-4-picoline. However, subsequent elu- 
ates of the latter were contaminated by 4-[(octylmer- 
capto)methyl]pyridine. Again, the presence of these 
three isomers were spotted by using the characteristic 
infrared bands.

Synthesis of Reference Compounds.—For the pur
pose of identifying the products of the reaction de
scribed above, a number of alkyl- and arylmercapto 
substituted 2- and 4-picolines were synthesized by 
alternate routes. These sulfides are listed in Table II. 
The reaction of 2- and 4-(chloromethyl)pyridine hydro
chloride with two moles of thiol and sodium ethoxide 
(to form the anion) in ethanol furnished the correspond
ing sulfides. The reaction for the 4-isomers is repre
sented by the conversion of IV to III. A series of 2- 
alkylmercapto-4-picolines was prepared from 2-chloro-
4- picoline by reaction with mercaptide ion as described 
before.2 2-Chloro-4-picoline was made unequivocally 
from 2-amino-4-picoline by the low temperature diazo- 
tization in the presence of fuming hydrochloric acid.6 
Reaction of 2-chloro-4-picoline with thiophenol afforded
2-phenyhnereapto-4-picolme, made for comparison 
with 4-[(phenylmercapto)methyl] pyridine obtained 
from the reaction of I with thiophenoxide ion.

Another method for the preparation of 2-chloro-4- 
picoline seemed feasible to us based on some related 
reactions reported in the literature. It has been shown 
that the reaction of 2-picoline 1-oxide and 2,6-lutidine
1-oxide with phosphorus oxychloride affords predom
inantly 4-chloro-2-picoline and 2,6-dimethyl-4-chloro- 
pyridine, respectively.7 However, these reaction prod
ucts were accompanied by a small amount of the halo- 
genated sidechain products, viz., 2-(chloromethyl)pyri- 
dine and 2-(chloromethyl)-6-methylpyridine. By an 
analogous reaction, it seemed possible to us to treat
4-picoline 1-oxide with phosphorus oxychloride and 
obtain 2-chloro-4-picoline. When this reaction was 
carried out as described for the 2-picoline 1-oxide, a 
(chloromethyl)pyridine was obtained. Reaction of it 
with thiophenol (hydrogen chloride to be absorbed by 
the pyridine moiety) furnished a 55% yield of 4- 
[(phenylmercapto)methyl]pyridine identical in all re
spects to that made from 4-(chloromethyl)pyridine. 
From this observation, we conclude that the reaction 
of 4-picoline 1-oxide with phosphorus oxychloride yields 
predominantly 4-chloromethylpyridine. The first in
termediate of this reaction may be XVI which loses the
elements of hydrogen chloride to give XVII. Nucleo-

c h 3 C H 2* ^ -:C 1 C H 2C1

1o
/7~* + ^  (1 

N  ,  1 -  6
0 - P O C l 2 C-O— P O C b

XVI XVII

philic attack by chloride ion on XVII with the simul
taneous loss of the phosphorus moiety leads to 4- 
chloromethylpyridine. This reaction may proceed

(6) O. Seide, B e r . ,  87 , 791 (1924).
(7) T . K a to , J .  P h a r m .  S o c .  J a p a n ,  76 , 1239 (1955); C h e m .  A b s t r . ,  50, 

8665 (1956).
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along lines similar to the reaction of 2,6-lutidine 1-oxide 
with p-toluenesulfonylchloride to give 2-(chloromethyl)-
6-methylpyridine in 43% yield.8

The infrared spectra of the two isomers, 2-(phenyl- 
mercapto)-4-picoline and 4-[(phenylmercapto)methyl] 
pyridine as well as the three isomeric propylmercapto- 
methylpyridines, IX, X, XI, are listed in Table I.

Experimental9
S ta r t i n g  M a t e r i a l s .— 2- a n d  4 -p ic o l in e  1 -o x id e  w e re  o b ta in e d  

f ro m  R e i l ly  C o a l  T a r  a n d  C h e m ic a l  C o r p . ,  I n d i a n a p o l i s ,  I n d . ;  
2 -  a n d  4 - ( c h lo r o m e th y l ) p y r id in e  h y d r o c h lo r id e s  f ro m  A ld r ic h  
C h e m ic a l  C o . ,  M i lw a u k e e ,  W is .  W e  g r a t e f u l ly  a c k n o w le d g e  t h e

T a b l e  I

I n f r a b e d  A b s o r p t i o n  B a n d s  ( C m . - 1 ) o p  S o m e  o p  t h e  
T h i o e t h e r s

4 -[(P h e n y l-
m e rc a p to ) -

m e th y l] -
p y rid in e

2 -P h en y l-
m e rcap to -
4-pieoline

4 -[(P ro p y l-  
m e rcap to )-  

m e th y l ]- 
p y rid in e

2 -P ro p y l-
m e rcap to -
4 -p icoline

3 -  P ro p y l-  
m e rcap to -
4 -  picoIine

3 2 7 5  w -b 3 3 5 0  w -b 3 3 0 5  m -b 3 3 5 3  w -b 32 5 3  w -b
3 0 7 0  s 3 0 5 0  s h 3 0 5 8  s h
2 9 7 5  s -b 3 0 0 0  v s 2 9 5 9  v s 2 9 5 9  v s 2 9 5 9  v s

2 9 3 5  s h 2 9 3 5  s h
2 8 7 5  s h 2 8 8 5  s h 2 8 7 0  s 2861 s

2 4 8 6  w -b 2 4 9 2  w -b 2 4 9 2  w -b 24 6 7  v w -b 2 4 6 7  w -b

1941 w -b 2 0 0 0  v w 192 6  v w  
161 4  s h

1603  v s  
15 8 6  s

1596  v s -b 1606  v s 159 5  v s
1580  s

15 6 5  s 1567 m 1549  s
1536  s

150 9  s h
1539  s h

14 9 6  s h  
1483  s 147 8  s h

1495  w
14 7 8  s

146 5  v s 146 5  s 1465  s -b 1463  s
14 4 2  s 144 4  v s 144 2  s h 1442 sh 1442  s h

14 2 0  s
139 6  s h

142 2  s
1401 s

1381 v s 1381 m 13 7 4  s 1381 s 
13 6 5  s h

133 5  w 13 3 5  v w
130 4  w 1297  m 12 8 9  s h 128 9  m
1 2 8 4  s 12S4 s

1248  s -b 1243  s -b 1243  s -b 1253  s h  
1238  s 12 3 8  s

1223  s h  
120 7  s h  
1 1 9 4  s h  
1141 v w -b

1172  w

1121 v s 112 0  v s
10 8 8  s 1087  v s 1091  w 109 6  s 11 0 6  s
10 6 9  s 106 7  m 1067  m  

10 5 0  v w 105 0  v w
106 0  w

1 0 2 4  s 102 4  s 104 5  vw ' 
1041 v w

1043  s

9 9 9  s h 9 9 9  m 9 9 9  s
9 9 5  s 9 8 9  s 9 8 5  s
8 8 7  s

8 7 2  s
8 9 2  m -b 8 9 7  w  

S72 s
8 9 7  v w

83 1  m 83 7  s h 8 2 7  s
8 1 9  m 82 3  s

8 0 4  s
8 2 0  s

(8) E. Matsumura, T . Hirooka and K. Imagawa, N i p p o n  K a g a J c u  

Z a s s h i ,  82, 616 (1961).
(9) All melting points and boiling points are uncorrected. Microanalyses 

were performed by Micro-Tech Laboratories, Skokie, 111., and by Dr. 
K urt Bder, Geneva, Switzerland. Some of the nitrogen analyses were per
formed using a  Coleman Nitrogen Analyzer, Model 29.

g e n e r o u s  a n d  k in d  g i f ts  o f : 1 -p ro p a n e  a n d  1 - o c ta n e th io l s  f ro m  
P e n n s a l t  C h e m ic a l  C o r p . ,  P h i la d e lp h ia ,  P a .  a n d  P h i l l ip s  P e t r o 
le u m  C o . ,  B a r t l e s v i l l e ,  O k la . ;  p - c h lo ro t .h io p h e n o l  f ro m  E v a n s  
C h e m e t ic s ,  I n c . ,  N e w  Y o r k ,  N .  Y .

Synthesis of Reference Compounds: (A) 2-and 4-[Aryl (or 
Alkyl)mercaptomethyl]pyridines from 2- and 4-(Chloromethyl)- 
pyridine Hydrochlorides.— A  g e n e r a l  p r o c e d u r e  h a s  b e e n  d e 
v e lo p e d  fo r  t h e  s y n th e s i s  o f t h e s e  t h io e th e r s .  T o  a  s o lu t io n  o f 
s o d iu m  e th o x id e  ( 0 .2  g . - a to m  o f  s o d iu m  d is s o lv e d  in  100  m l .  in  
e th a n o l )  w a s  a d d e d  t h e  th io l  ( 0 .2  m o le )  fo l lo w e d  b y  t h e  r e q u i s i t e  
( c h lo r o m e th y l ) p y r id in e  h y d r o c h lo r id e  (0 .1  m o le ) .  T h e  m ix tu r e  
w a s  h e a t e d  o n  a  s t e a m  b a t h  fo r  2 h r . ,  c o o le d , a n d  s o lv e n ts  r e 
m o v e d  a t  3 0  m m . ( I f  o n e  e x p e c ts  a  h ig h ly  v o la t i l e  t h i o e t h e r ,  t h e  
s o lu t io n  m a y  b e  a c id if ie d  p r io r  t o  t h e  l a s t  s t e p . )  T h e  r e s id u e  w a s  
a c id if ie d  w i th  1 0 %  h y d r o c h lo r ic  a c id  (1 0 0  m l . )  a n d  e x t r a c t e d  
w i th  a  m ix tu r e  o f  e th e r - b e n z e n e  ( 1 : 1 ;  f iv e  3 0 - m l.  p o r t io n s  t o  
r e m o v e  n e u t r a l  a n d  a c id ic  p r o d u c t s ) .  M e th y le n e  c h lo r id e  m a y  b e  
u s e d  f o r  t h i s  e x t r a c t ,  b u t  w e  h a v e  f o u n d  t h a t  s e v e r a l  o f  t h e  h y d r o 
c h lo r id e s  w e re  a p p r e c ia b ly  s o lu b le  in  t h a t  s o lv e n t .  T h e  a q u e o u s  
p h a s e  w a s  m a d e  a lk a l in e  w i th  2 0 %  s o d iu m  h y d r o x id e  a n d  e x 
t r a c t e d  w i th  m e th y le n e  c h lo r id e  ( e ig h t  3 0 - m l . p o r t i o n s ). D i s t i l l a 
t io n  o f th i s  e x t r a c t  a f fo rd e d  t h e  t h i o e t h e r s .  T h e i r  p h y s ic a l  c o n 
s t a n t s ,  a n a ly s e s ,  a n d  d e r iv a t iv e s  a r e  l i s t e d  in  T a b le  I I  u n d e r  
m e th o d  A .

Preparation of 4-[(Phenylmercapto)methyl]pyridine via the 
Product of Reaction of 4-Picoline 1-Oxide with Phosphorus 
Oxychloride.— A  c h lo ro fo rm  s o lu t io n  o f  4 - p ic o l in e  1 -o x id e  (1 0 .9  
g . ;  0 .1  m o le  in  5 0  m l . )  w a s  a d d e d  d r o p w is e ,  w i th  s t i r r in g ,  t o  a  
c h lo ro fo rm  s o lu t io n  o f p h o s p h o r u s  o x y c h lo r id e  (1 9 .2  g . ;  0 .1 2 5  
m o le  ( in  5 0  m l . ) ,  a n d  t h e  m ix tu r e  w a s  r e f lu x e d  f o r  5 .5  h r .  T h e  
m ix tu r e  w a s  p o u r e d  o n to  ic e  a n d  m a d e  a lk a l in e  w i t h  s o d iu m  h y 
d r o x id e  a t  5 ° .  T h e  in o r g a n ic  s a l t s  w e r e  r e m o v e d  b y  f i l t r a t i o n .  
T h e  f i l t r a t e  w a s  e x t r a c t e d  w i th  c h lo ro fo rm  ( e ig h t  5 0 -m l. p o r t io n s ) ,  
a n d  t h e  o rg a n ic  e x t r a c t  d i s t i l l e d .  T h e  y ie ld  o f  t h e  “ e h lo r o p ic o ,  
l i n e ”  w a s 4 .5  g . ( 3 5 % ) ,  b . p .  3 9 - 4 0 °  ( 1 .5  m m .) .  T h is  “ c h lo r o p ic o -  
l i n e ”  (2 .6 0  g . ;  0 .0 2  m o le )  a n d  th io p h e n o l  ( 2 .2 0  g . ;  0 .0 2  m o le )  
w e re  h e a t e d  a t  1 5 0 -1 6 0 °  f o r  4  h r .  O n  c o o l in g  c r y s t a l s  f o r m e d .  
T h e  p r o d u c t  w a s  m a d e  b a s ic  w i th  1 0 %  a q u e o u s  s o d iu m  h y d r o x id e  
a n d  e x t r a c t e d ,  w o r k e d  u p  a s  in  A  t o  y ie ld  4 - [ ( p h e n y lm e r c a p to ) -  
m e th y l ] p y r id in e  2 .2 5  g . ( 5 5 %  y ie ld  b a s e d  o n  t h e  c h lo ro  c o m 
p o u n d )  id e n t ic a l  t o  t h e  t h i o e t h e r  d e s c r ib e d  in  m e th o d  A .

(B) 2-Alkylmercapto-4-picolines.— T h e s e  w e re  p r e p a r e d  e s 
s e n t ia l l y  b y  th e  m e th o d  of P r o f i t . 10 11 A  ty p i c a l  e x p e r im e n t  is  d e 
s c r ib e d  f o r  t h e  s y n th e s i s  o f 2 - o c ty lm e rc a p to - 4 - p ic o l in e :  P o t a s 
s iu m  h y d r o x id e  ( 1 .4  g . ;  0 .0 2 5  m o le )  w a s  d is s o lv e d  in  a  s o lu t io n  
o f N ,N - d im e th y l f o r m a m id e  (4 0  m l . )  a n d  1 - o c ta n e th io l  ( 3 .6 5  g . ,  
0 .0 2 5  m o le ) .  T o  t h i s  w a s  a d d e d  2 - c h lo ro -4 -p ic o lin e 6 ( 3 .1 8  g . )  a n d  
t h e  r e a c t io n  m ix tu r e  h e a t e d  o n  a  s t e a m  b a t h  f o r  3 .0  h r . ,  c o o le d , 
a c id if ie d  w i th  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id ,  a n d  w o r k e d  u p  a s  
in  m e th o d  A . T h e  p r o d u c t s  a r e  l i s t e d  in  T a b le  I I .

2-Phenylmercapto-4-picoline.— T h e  m e t h o d  fo llo w s  t h a t  o f  
B r o o k e r ,  et. a l . n  T r i e th v l a m in e  (2 .0 2  g . ;  0 .0 2  m o le )  w a s  a d d e d  
in  s m a ll  p o r t io n s ,  w i th  s h a k in g ,  t o  a  m ix tu r e  o f  2 - c h lo r o - 4 - m e th y l -  
p y r id in e  ( 1 .2 7  g . ;  0 .0 1  m o le )  a n d  th io p h e n o l  (2 .2 0  g . ;  0 .0 2  m o le ) .  
W h e n  t h e  a d d i t io n  w a s  c o m p le te d ,  t h e  r e a c t io n  m i x t u r e  w a s  r e 
f lu x e d  o n  a  s t e a m  b a t h  f o r  5 .0  h r .  T h e  r e a c t io n  m i x t u r e  w a s  
c o o le d , m a d e  a lk a l in e ,  a n d  w o r k e d  u p  a s  i n  A  a n d  t h e  p r o d u c t  
r e c o r d e d  in  T a b le  I I .

(C) Reaction of 1-Ethoxy-2- and 4-Picolinium Salts with 
Thiophenoxide Ions.— A  ty p ic a l  e x p e r im e n t  is  d e s c r ib e d .  1- 
E th o x y - 4 - p ic o l in iu m  e th y l  s u l f a t e 12 w a s  p r e p a r e d  b y  h e a t i n g  4 -  
p ic o l in e  1 -o x id e  (1 0 .9  g . ,  0 .1  m o le )  w i t h  e t h y l  s u l f a t e  ( 1 5 .4  g . ;  
0 .1  m o le )  a t  1 0 0 °  f o r  2  h r .  T h e  s i r u p  w h ic h  w a s  w a s h e d  w i t h  d r y  
e t h e r  ( tw o  2 5 -m l. p o t io n s )  w a s  d is s o lv e d  in  e th a n o l  (2 5  m l . )  a n d  
u s e d  im m e d ia t e ly  in  t h e  n e x t  s t e p .

T o  a  s t i r r e d  ic e -c o ld  s o lu t io n  o f s o d iu m  th io p h e n o x id e  in  
e th a n o l  [ m a d e  b y  d is s o lv in g  s o d iu m  ( 4 .6  g . ;  0 .2  g . - a t o m )  in  100  
m l. e th a n o l  a n d  a d d in g  th io p h e n o l  (2 2 .0  g . ;  0 .2  m o le ) ]  w a s  
a d d e d  t h e  e th a n o l  s o lu t io n  o f  l - e th o x y - 4 - p ic o l in iu m  e t h y l  s u l f a t e  
p r e p a r e d  a b o v e .  T h e  a d d i t io n  w a s  c o n t r o l le d  t o  m a i n t a i n  t h e  
t e m p e r a t u r e  b e tw e e n  10  a n d  3 0 ° .  A f t e r  t h e  c o m p le t io n  o f  t h e  
a d d i t io n ,  t h e  r e a c t io n  w a s  s t i r r e d  a t  ro o m  t e m p e r a t u r e  f o r  0 .5

(10) E. Proft and W. RoIIe, J .  p r a k t .  C h e m . ,  (4) 11, 82 (1960). The 
method of Brookeru  as described below for the preparation of 2-aryl mer- 
captopyridines failed to yield thioethers when mercaptans were used.

(11) L. G. S. Brooker, e t .  a l . ,  J .  A m .  C h e m .  S o c . ,  73 , 5326 (1951).
(12) The salt was not crystallized b u t was characterized as the picrate,

m.p. 96-97° (from ethanol). O. Cervinka, C o l l e c t i o n  C z e c h .  C h e m .  C o m 

m u n . ,  27 , 567 (1962), reports its m.p. 99°.
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h r .  a n d  t h e n  e v a p o r a t e d  a t  3 5 °  in vacuo. T h e  r e s id u e  w a s  a c id i 
f ie d  a n d  w o r k e d  u p  a s  d e s c r ib e d  in  m e th o d  A .

T h e  o n ly  m o d if ic a tio n  in  t h e  w o r k - u p  w a s  t o  w a s h  th e  m e t h y l 
e n e  c h lo r id e  e x t r a c t  c o n ta in in g  t h e  thioether s e v e r a l  t im e s  w i th  
w a t e r  p r io r  t o  d i s t i l l a t i o n .  T h is  p r o c e d u r e  w a s  f o u n d  to  b e  of 
a d v a n ta g e  a s  i t  r e m o v e s  m o s t  o f  4 -p ic o l in e  1 -o x id e  d u e  t o  i t s  in 
h e r e n t  s o lu b i l i ty  in  w a t e r .  T h is  a v o id e d  c o n ta m in a t io n  o f  th e  
h ig h e r  b o i l in g  th io e th e r s  w i th  t h e  N - o x id e .

T h e  r e a c t io n  w i th  th io p h e n o x id e  a f fo rd e d  4 -p ic o l in e , b .p .  
4 0 - 5 0 °  a t  13 m m . ( 3 .2  g . ;  3 4 % )  a n d  1.3 g . o f  4 - [ ( p h e n y lm e r e a p to ) -  
m e th y l ] p y r id in e  ( l i s t e d  in  T a b le  I I ) .  O th e r  t h i o e t h e r s  m a d e  in  
t h i s  f a s h io n  a r e  l i s t e d  in  T a b le  I I  u n d e r  m e th o d  C .

W h e n  2 -p ic o l in e  1 -o x id e  w a s  s u b s t i t u t e d  in  t h i s  r e a c t io n ,  t h e  
s a m e  p r o c e d u r e  w a s  fo l lo w e d . I n  i t s  r e a c t io n  w i th  s o d iu m  t h io 
p h e n o x id e  u n d e r  t h e  c o n d i t io n s  d e s c r ib e d ,  t h e r e  w a s  o b ta in e d  2 -  
p ic o l in e  ( 3 .0  g . ;  3 1 % )  b .p .  4 0 - 5 0 °  a t  13 m m . ,  2 -p ic o l in e  1 -o x id e  
( 1 .7  g . ;  1 6 % ) b . p .  8 5 - 1 0 0 °  a t  0 .5  m m .,  a n d  t h e  t h i o e t h e r  l i s t e d  in  
T a b le  I I .

(D) Reaction of 1-Ethoxy 4-Picolinium Salts with Mercaptide 
Ions, (a) With Propylmercaptide Ion.— S o d iu m  p r o p y lm e r c a p -  
t i d e  w a s  p r e p a r e d  b y  t h e  a d d i t io n  o f  s o d iu m  h y d r id e  ( 4 .8  g .;  
0 .2  m o le )  t o  1 - p ro p a n e th io l  (7 6  g . ;  1 m o le ) .  T o  t h e  r e s u l t in g  
s u s p e n s io n  w a s  a d d e d  t h e  e th a n o l  s o lu t io n  o f  t h e  1 - e th o x y  s a l t  
p r e p a r e d  a b o v e  u n d e r  C  ( b u t  d is s o lv e d  in  10  m l .  e th a n o l  o n ly )  
a n d  t h e  m ix tu r e  h e a t e d  u n d e r  re f lu x  f o r  0 .5  h r .  T h e  s o lv e n ts  
w e re  t h e n  e v a p o r a t e d  in vacuo a n d  t h e  r e s id u e  w o r k e d  u p  a s  
d e s c r ib e d  in  m e th o d  A . D is t i l l a t i o n  o f  t h e  b a s ic  f r a c t io n  g a v e
4 -p ic o l in e , b . p .  4 0 - 5 0 °  a t  2 0  m m . (4 .0  g . ;  4 3 % ) ,  a  m ix tu r e  o f 
t h i o e t h e r s  ( s e e  b e lo w ) , b .p .  8 0 - 9 5 °  a t  2 .0  m m . ( 8 .0  g . ;  4 7 .9 % ) ,  
a n d  l ,2 - d i ( 4 - p y r id y i ) e th a n e  X I I ,  b .p .  1 3 0 - 1 5 0 ° a t  2 m m . ( 0 .8 g . ;  
8 .7 % ) ,  w h o s e  id e n t i f ic a t io n  is  d e s c r ib e d  below u

Separation of the Thioethers IX, X, and XI.— T h e  m ix tu r e  ( 5 .0  
g . )  w a s  p la c e d  o n  a lu m in a  (1 0 0  g . ;  A lc o a , a c t i v a t e d ,  G r a d e  F -2 0 )  
w i th  p e t r o le u m  e t h e r  ( b .p .  3 0 - 6 0 ° ) .  E lu t i o n  w i th  t h e  f i r s t  tw o  
f r a c t io n s  ( tw o  2 0 0 -m l. l o t s )  y ie ld e d  0 .7 1  g . w h o s e  in f r a r e d  s p e c 
t r u m  w a s  id e n t ic a l  t o  2 - p ro p y lm e r c a p to - 4 -p ic o l in e .  D is t i l l a t io n  
y ie ld e d  0 .3 8  g . o f t h e  t h i o e t h e r ,  b . p .  1 3 3 -1 3 6 °  (2 0  m m .) ,  n 25D 
1 .5 5 0 0 , w h o s e  p i c r a t e  m .p .  1 3 7 -1 3 9 °  w a s  u n d e r p r e s s e d  b y  th e  
p i c r a t e  o f t h e  s a m p le  p r e p a r e d  in  B .

C o n t in u e d  e lu t io n  w i th  a n  a d d i t io n a l  2 0 0  m l .  c f  p e t r o l e u m  
e t h e r  ( b .p .  3 0 - 6 0 ° )  a f fo rd s  a  f r a c t io n  w h ic h  c o n s i s te d  of a m ix tu r e .  
F u r t h e r  e lu t io n  w i th  t h e  s a m e  s o lv e n t  f u r n i s h e d  s e v e n  f r a c t io n s  
(1 4 0 0  m l .  in  a l l )  w h ic h  c o n ta in e d  p u r e  3 - p r o p y lm e r c a p to - 4 -  
p ic o l in e  (1 .8 7  g . in  a l l ) .  D i s t i l l a t i o n  g a v e  a n  a n a ly t i c a l  s a m p le  
( 0 .8 8  g . )  w h o s e  p h y s ic a l  c o n s t a n t s  a r e  r e c o r d e d  in  T a b le  I I .  I t s  
p i c r a t e  ( m .p .  1 4 0 - 1 4 3 ° )  d e p r e s s e d  t h e  m .p .  o f  t h a t  o f  2 -p ro p y l-  
m e r c a p to -4 - p ic o l in e  ( m .p .  1 3 7 - 1 3 9 ° )  t o  1 1 3 - 1 2 7 ° .  D e s u l f u r iz a 
t i o n  o f t h i s  t h i o e t h e r  (0 .5  g . )  w a s  a c h ie v e d  w i th  W -5  R a n e y  
n ic k e l  ( t h r e e  t e a s p o o n s ,  ca. 20  g . )  in  b o i l in g  a c e to n e  (1 5 0  m l . )  f o r  
2 0  h r .  W o r k - u p  o f  t h e  r e a c t io n  m ix tu r e  y ie ld e d  4 - p ic o l in e  (0 .3  
g . ) ,  b .p .  3 0 - 5 0 °  (2 0  m m .) .  T h e  p i c r a t e ,  m .p .  1 6 1 -1 6 3 °  ( f ro m  
e th a n o l ) ,  d id  n o t  d e p r e s s  t h a t  o f  a n  a u t h e n t i c  s a m p le ,  m .p .  165— 
1 6 6 ° , a n d  t h e  in f r a r e d  s p e c t r a  o f  t h e  tw o  p i c r a t e s  w e r e  s u p e r -  
im p o s a b le .

F u r t h e r  e lu t io n  o f  t h e  c h r o m a to g r a p h  w i th  a n  a d d i t io n a l  f i f te e n  
f r a c t io n s  (3 0 0 0  m l .  o f  p e t r o l e u m  e t h e r ,  b . p .  3 0 - 6 0 ° )  y ie ld e d  in  
e a c h  a  m ix tu r e  o f  3 - p ro p y lm e r c a p to - 4 -p ic o l in e  a n d  4 - [ ( p r o p y l -  
m e r c a p to ) m e th y l ]  p y r id in e  in  v a r y in g  p r o p o r t io n s .  R e c h r o 
m a to g r a p h y  o f  th i s  f r a c t i o n  ( a f t e r  i t  w a s  r e d i s t i l l e d )  o n  f r e s h  
a lu m in a  a g a in  o n ly  e f fe c te d  p a r t i a l  s e p a r a t i o n  a s  d e s c r ib e d  a b o v e .

T h e  h ig h e s t  b o i l in g  f r a c t i o n  o b ta in e d  in  t h i s  e x p e r im e n t  w a s  
d is s o lv e d  in  a c e to n e  a n d  t r e a t e d  w i th  a n  e x c e s s  o f  ¡o -to lu e n e -  
s u lfo n ic  a c id .  T h e  salt s o  f o r m e d  c r y s ta l l iz e d  f ro m  a c e to n e  o r  
e th a n o l ,  m .p .  2 4 5 - 2 4 6 ° .

Anal. C a le d ,  fo r  C 26I I 2SN 2S 20 6: C ,  5 9 .0 6 ;  1 1 ,5 .3 4 ;  N ,  5 .3 0 . 
F o u n d :  C ,  5 9 .1 2 ;  H ,  5 .4 9 ;  N ,  5 .5 6 .

T h e  ¡0- to lu e n e s u l f o n a te  m a d e  f ro m  s a m p le  o f 1 ,2 - d i (4 - p y r id y l ) -  
e th a n e  ( p u r c h a s e d  f ro m  A ld r ic h  C h e m ic a l  C o . ,  M i lw a u k e e ,  W is . )  
w a s  id e n t ic a l  t o  t h e  s a m p le  i s o la te d  a b o v e  ( m e l t in g  p o i n t ,  m ix 
t u r e  m e l t in g  p o in t ,  a n d  in f r a r e d  s p e c t r u m ) .

W h e n  t h e  r e a c t io n  d e s c r ib e d  a b o v e  is  c a r r ie d  o u t  i n  e th a n o l  
a lo n e , t h e r e  w a s  i s o la te d  4 -p ic o lin e  ( 6 7 .7 % ) ,  t h e  m ix tu r e  o f  s u l 
f id e s  ( 1 8 % ) ,  a n d  X I I  ( 1 5 % ) .  A  s im i la r  r e a c t io n  p e r f o r m e d  in
N ,  N - d im e th y lf o r m a m id e  p r o d u c e d  t h e  m ix tu r e  o f s u lf id e s  in 
3 0 %  a n d  X I I  in  11% , y ie ld .

(b) With Octylmercaptide Ion.— T h e  e x p e r im e n t  w a s  p e r 
f o rm e d  e s s e n t ia l ly  a s  in  a .  l - E th o x y - 4 - p ic o l in iu m  e th y l  s u l f a t e  
( f r o m  0 .1  m o le  o f  4 -p ic o lin e  1 -o x id e )  w a s  d is s o lv e d  in  2 5  m l. 
e th a n o l .  S o d iu m  o c ty lm e r c a p t id e  w a s  p r e p a r e d  b y  d is s o lv in g  
s o d iu m  (4 .6  g . )  i n  e th a n o l  (5 0  m l . )  a n d  1 - o c ta n e th io l  (1 0 0  m l . ) .  
T h e  1 -e th o x y  s a l t  w a s  n o w  a d d e d  a n d  t h e  r e a c t io n  h e a t e d  a t  1 0 0 °  
fo r  0 .5  h r .  a n d  t h e n  w o r k e d  u p  a s  in  A . T w o  f r a c t io n s  w e re  
i s o la te d ;  4 -p ic o l in e  ( 6 .8  g . ;  7 3 % ) ,  b . p .  4 0 - 5 0 °  (1 4  m m .) ,  a n d  
t h e  thioethers a n d  l , 2 - ( 4 - p y r id y l ) e th a n e ,  X I I  ( 4 .2  g . ) ,  b . p .  1 3 0 -  
1 5 0 °  ( 0 .7  m m .) .  S e p a r a t io n  of X I I  f ro m  t h e  t h io e th e r s  w a s  a c 
c o m p lis h e d  a s  fo llo w s : W h e n  t h e  m ix tu r e  w a s  t r e a t e d  w i th  e x c e s s  
d r y  p - to lu e n e s u l f o n ic  a c id  in  a c e to n e  a n d  a  s m a ll  a m o u n t  o f d r y  
e th e r ,  t h e  p - to lu e n e s u l f o n a te  o f X I I  (s e e  a b o v e ) ,  m .p .  2 4 0 - 2 4 4 ° ,  
c r y s ta l l i z e d .  T h e  s o lid  w a s  f i l te r e d  off a n d  t h e  m o th e r  l i q u o r 13 
e v a p o r a t e d  t o  d r y n e s s .  T h e  r e s id u e  w a s  t r e a t e d  w i th  2 0 %  s o d iu m  
h y d r o x id e ,  e x t r a c t e d  w i th  m e th y le n e  c h lo r id e , a n d  r e d i s t i l l e d .  
T h e  thioethers b o ile d  a t  1 3 8 -1 4 1 °  (1 .1  m m .) .

C h r o m a to g r a p h y  of t h e  t h io e th e r s  ( 5 .0  g .)  o n  A lc o a  a c t i v a t e d  
a lu m in a  (1 0 0  g . ,  g r a d e  F -2 0 )  e f fe c te d  t h e  fo llo w in g  s e p a r a t io n s  
w h e n  2 0 0 -m l. p o r t io n s  w e re  c o l le c te d . T h e  f i r s t  f r a c t i o n  e lu te d  
b y  p e t r o le u m  e th e r ,  b . p .  3 0 - 6 0 ° ,  c o n ta in e d  p u r e  2 - o c ty lm e r c a p to -
4 -p ic o l in e  ( 0 .5  g . ) .  T h e  n e x t  s e v e n  f r a c t io n s  (1 4 0 0  m l .  o f t h e  
s a m e  e lu e n t )  y ie ld e d  1 .2  g .  o f 3 - o c ty lm e rc a p t ,o -4 -p ic o l in e  w h o s e  
c o n s t a n t s  a r e  r e c o r d e d  in  T a b le  I I . F u r t h e r  e lu t io n  b y  p e t r o le u m  
e th e r  s im p ly  g a v e  m ix tu r e s  o f 3 - o c ty lm e rc a p to - 4 - p ic o l in e  a n d  4 -  
[ ( o c ty lm e r c a p to ) m e th y l]  p y r id in e ,  a s  a s c e r ta in e d  b y  t h e  e x a m 
in a t io n s  o f t h e  in f r a r e d  s p e c t r a  o f  th e s e  f r a c t io n s .

W h e n  th i s  r e a c t io n  w a s  p e r fo r m e d  b y  t h e  a d d i t io n  o f t h e  1- 
e th o x y - 4 -p ic o l in iu m  s a l t  ( in  N ,N - d im e th y l f o r m a m id e )  t o  a  s u s 
p e n s io n  o f s o d iu m  o c ty lm e r c a p t id e  in  N ,N - d im e th y l f o r m a m id e  
a n d  ex cess  1 - o c ta n e th io l ,  t h e  f r a c t io n  c o n ta in in g  t h e  th io e th e r s  
a n d  X I I  ( b .p .  1 3 3 -1 6 0 °  a t  0 .8  m m .)  w a s  im p r o v e d  ( 7 .5  g .  f ro m
O . 1 m o le  o f 4 -p ic o lin e  1 -o x id e ) . S e p a r a t io n  of t h e  c o m p o n e n ts  as 
s h o w n  a b o v e  in d ic a te d  i t  t o  b e  a  s im i la r  m ix tu r e .
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(13) In  one  ex p e rim en t, a n o th e r  crop  of c ry s ta ls , m .p . 1 1 3 -1 1 5 ° , w as  o b 
ta in e d  on  slow  e v a p o ra tio n  of th is  m o th e r  l iq u o r . T h e  m .p . w as  un d e p re sse d  
on  a d m ix tu re  w ith  a  sam p le  of 4 - [(o c ty lm erc ap to ) m e th y l ]p y rid in e  p -to lu en e- 
su lfo n a te  m a d e  in  A, (m .p . 110—117°). H o w e v e r, th e  y ie ld  of th is  s a l t  w as 
p o o r a n d  n o  o th e r  f ra c tio n s  cou ld  b e  s e p a ra te d  b y  fra c t io n a l c ry s ta lliz a tio n . 
H ence , c h ro m a to g ra p h y  w as re so rte d  to  ag a in  a s  d e sc rib ed  p rev io u sly .
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T h e  p r o d u c t s  o b t a in e d  f ro m  th e  r e a c t io n s  o f  o - a m in o -6 - m e th y lu ra c i l s  ( I ,  l a ,  a n d  l b )  w i th  n i t r o u s  a c id  a r e  s h o w n  
to  b e p y r im id o [ 5 ,4 - d ]  [ l ,2 ,3 ] t r i a z in e  3 -o x id e s  ( I I ,  H a ,  a n d  l i b ) .  H y d r o ly s e s  o f  t h e  4 - c h lo ro p y r im id o tr ia z in e s ,  V i a  
a n d  b , y ie ld  5 - d ia z o b a r b i tu r ic  a c id s , V i l a  a n d  b . A  m e c h a n is m  is  p o s tu l a t e d  fo r  th i s  u n u s u a l  h y d ro ly s is .

Our interest in the possible physiological activity of 
derivatives of 177-pyrazolo[4,3-d]pyrimidine-5,7(4.fi,- 
6i/)-dione2 (III), an isomer of xanthine, prompted us 
to reinvestigate the nature of the reactions and inter
mediates used for its synthesis. Compound III has 
been synthesized by the action of nitrous acid on 5- 
amino-6-methyluracil (I)3 followed by the reduction, 
with stannous chloride, of the intermediate compound 
II so formed. The intermediate II has been formulated 
by Behrend as IIx and by Rose as diazouracil-6- 
aldoxime Ily. The evidence presented in this paper 
will establish the correct structure for the intermediate 
II to be pyrimido[5,4-d] [1,2,3]ti-iazine-6,8(577,7#)- 
dione 3-oxide.

Since, for pharmacological reasons, we were largely 
interested in alkylated derivatives of the pyrimidines, 
we chose as our starting materials 1,3,6-trimethyluracil 
and l,3-diethyl-6-methyluracil. The reactions in the 
two series closely paralleled each other. Only the 
reactions of the methyl derivatives will be discussed. 
Descriptions of the comparable ethyl derivatives are 
given in Experimental.

l,3,6-Trimethyl-5-aminouracil (la), prepared via 
nitration of 1,3,6-trimethyluracil and catalytic reduc
tion of the 5-nitro compound so obtained, was treated 
with nitrous acid under conditions similar to those used 
by Behrend.3a The compound so formed, Ha, agreed 
with C7H7IN6O3. The analysis was not consistent with 
a formula corresponding to Behrend’s IIx (see also ref. 
3b) and the compound could not be formulated by a 
structure analogous to Rose’s Ily. The infrared spec
trum of Ha showed no absorption in the i-p  region as 
would be expected for a diazo ketone.4 On the other

(1) U n iv e rs ity  of M in n e so ta , M in n ea p o lis  14, M in n .
(2) T h e  co m p o u n d s  in  th is  p a p e r  a re  n a m ed  a s  d e r iv a tiv e s  of lH -p y ra z o lo -  

[4 ,3 -d ]py rim id ine  a n d  p y rim id o [5 ,4 -d ] [ l,2 ,3 ] tr ia z in e . T h ro u g h o u t th is

p ap e r, w ith  th e  ex c ep tio n  of fo rm u la s  IV  a n d  V, w here th e  n a tu re  of R  
is c learly  d e s ig n a ted , R o m a n  n u m e ra ls  w ith o u t le tte rs  re fe r to  co m pounds 
in  w hich R  =  H ; R o m a n  n u m e ra ls  co m b in ed  w ith  “ a ”  (e . y ., V i l l a )  refer to  
co m p o u n d s in  w hich  R  =  CH y— a n d  com bined  w ith  “ b ”  (e . g . } V U Ib )  to  
com pounds in  w hich R  =  C 2H 6-— . C o m b in a tio n s  w ith  x a n d  y refer to  
a l te rn a te  w ays of fo rm u la tin g  a  g iv en  co m p o u n d .

(3) (a) R . B eh ren d , A n n . ,  245, 213 (1888); (b) F . L. R ose, J .  C h e m .  S o c . ,  

3448 (1952). T h e  p y razo lo p y rim id in ed io n e  ( I I I )  h a s  a lso  been  p re p a re d  
by R . K . R ob in s , F . W . F u rc h t, A. D . G rau e r, a n d  J .  W . Jo n e s  [J . A m .  C h e m .  

S o c . ,  78, 2418 (1956)], b y  th e  fu s ion  of 4 -am in o p y razo le -3 -carb o x a m id e  w ith  
u rea . T h e  p re p a ra tio n  an d  p roo f of s tru c tu re  of a lk y la te d  d e r iv a tiv e s  of 
I I I  will be rep o rte d  in  th e  fu tu re .

(4) F or a brief d iscuss ion  of th e  s tru c tu re  and  sp e c tra  of d iazo  pheno ls 
(d iazo  ke tones , “ 1 ,2 ,3 -oxad iazo les” ) see “ H ete rocyclic  C o m p o u n d s .’’ 
R . C . E lderfield , ed ., Jo h n  W iley  a n d  S ons, In c ., N ew  Y ork , N . Y .; J .  II . 
B oyer, Vol. 7, 1961, p. 522. See a lso  J . D . C . A nderson , R . J .  W . L eF ev re , 
an d  I . R . W ilson , J .  C h e m .  S o c . ,  2082 (1949); R . J . W . L e F e v re , J . B. Sousa, 
a n d  It. L. W erner, i b i d . ,  4686 (1954).

l a . R = C H « —
l b .  R = C 2H 5—

IV . R  =  C H 3—  o r  C 6H 5—  V . R  = C H 3- o r C 6H 5-

liand, Meisenheimer5 had shown that treatment of the 
syn-oximes of o-aminoacetophenone and o-aminoben- 
zophenone (IV) with nitrous acid led to the formation of 
products best formulated as 4-substituted 1,2,3-benzo- 
triazine 3-oxides (V). In a similar manner, compounds 
of structures IIx or Ily, if formed as intermediates, 
would be expected to give the pyrimido[5,4-d][l,2,3]- 
triazine 3-oxide (II).

Further evidence that Ila  was actually a triazine 3- 
oxide was obtained by the following series of reactions. 
Treatment of Ila with thionyl chloride at room temper
ature, followed by chromatography of the products so 
formed, yielded the pyrimidotriazinetrione V illa and
l,3-dimethyl-5-diazobarbituric acid (Vila). Since it 
appeared very probable that both V ila and V illa 
were products of hydrolysis of an initially formed 4- 
chloropyrimidotriazine Via, an attempt was made to 
isolate this expectedly rather unstable compound.6 
By repeated and rapid crystallizations of the product 
from the reaction of Ila  with thionyl chloride,7 pure 
4 - chloro - 5,7 - dimethylpyrimido[5,4 - tf][l,2,3]tri- 
azine-6,8(5#,7#)-dione (Via) was obtained in moder
ate yield. Hydrolysis of Via with dilute hydrochloric 
acid produced both Vila and Villa.

I t was realized that V illa  could be formulated 
as 5,7 - dimethylpyrimido - [5,4 -d] [1,2,3 [triazine -4,6,8-

(5) J . M eisenhe im er, O. Senn , a n d  P . Z im m e rm an n , B e r . ,  60, 1736 (1927). 
F o r  a  d iscuss ion  of th e  ch e m is try  of 1 ,2 ,3 -triaz ines  see, “ T h e  C h e m is try  of 
H e te ro c y c lic  C o m p o u n d s ,”  A . W e issberger, co n su ltin g  e d ., In te rsc ien ce  
P u b lish e rs , In c ., N ew  Y o rk , N . Y ., “ T h e  1,2,3- a n d  1 ,2 ,4 -T riaz ines, T e tra -  
zines a n d  P e n ta z in e s ,”  J .  G . E rick so n , P . F . W iley , a n d  V. P. W y s tra c h , 
1956, p. 1.

(6) F o r  th e  s y n th e s is  a n d  p ro p e rtie s  of 4 ,5 ,6 - tr ip h e n y l- l ,2 ,3 -tr ia z in e , see 
E . A. C h an d ro ss  an ti G . S m o lin sky , T e t r a h e d r o n  L e t t e r s ,  13, 19 (1960).

(7) F o r  re la ted  rea c tio n s  on  p y rid in e  1-oxide u s ing  su lfu ry l ch lo ride , see 
B. B o b ran sk i, L. K o ch an sk a , a n d  A. K ow alew ska, B e r . ,  71 , 2385 (1938).



1 3 3 0 P a p e s c h  a n d  D o d s o n Vol . 28

I  l a  
b
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V I a . R  =  C H 3 —
b . R  =  C 2H 6—

frared spectrum,4 and by direction comparison of its 
infrared spectrum with that of authentic sample.9 
Its formation can be rationalized on the basis of the 
following equations. The liberation of HCN from the 
hydrolysis was detected by the use of picric acid test

V I

I
R

.N :

H  «

0  +  -  
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O ^ N ^ O  +  H C N
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(3H,5H,7H)-trione, as the corresponding 177-trione 
VUIax or as the 4-hydroxypyrimidotriazinedione 
VUIay. To obtain further evidence for its structure, 
V illa  was methylated with dimethyl sulfate to IXa. 
The 4-chlorotriazine Via, in turn, was converted to the
4-methoxytriazine Xa with sodium methoxide in 
methanol. The ultraviolet spectra of Via, Villa, 
IXa, and Xa fell into two groups: the spectra of Via 
and Xa were very similar in form, and position and 
intensity of maxima; the spectra of V illa  and IXa were 
also very similar in form, and position and intensity of 
maxima (see Experimental). On the other hand, there 
was little resemblance in form between the ultraviolet 
spectra of the two groups. From the structures of 
Via and Xa and the comparison of spectra, VUIay 
probably can be eliminated as an important tautomer 
for V illa. The structure IXa was assigned to the 
méthylation product of V illa  on the basis of analogous 
méthylations in the benz[d] [l,2,3]triazin-4-one series.8 
Because of the similarity of the ultraviolet spectra of 
V illa  and IXa, formula V illa is considered to be the 
most important tautomer of that compound. How
ever, it is realized that the position of méthylation of 
V illa is not rigorously established.

To relate more clearly the structure of pyrimido- 
[5,4-d] [l,2,3]triazine-6,8(5Iî,7Iî)-dione 3-oxide (II) to 
that of its dimethylated and diethylated derivatives, 
Ha and lib, a sample of II was prepared by the method 
described by Rose.3b The observation by Rose of the 
existence of a very stable hydrate of II was confirmed. 
Comparison of the ultraviolet spectra of II, Ha, and 
lib  showed a great similarity in form and intensity of 
maxima. The Amax 256.5 m/x of II was at slightly lower 
wave length than that of I la (Amax 263 mp) and lib  
Amax 264 m^).

5-Diazobarbituric Acid.—The formation of 1,3- 
dimethyl-5-diazobarbituric acid (Vila) by the hydrol
ysis of 4-chloro-5,7-dimethylpyrimido[5,4-d] [1,2,3 ]tri- 
azine-6,8(5I7,7//)-dione (Via) came as a surprise to us. 
The compound Vila was identified by its analysis, by 
the presence of strong absorption at 4.62 n in its in-

(8) K . K ra tz , J .  p r a J c t .  C h e m 53, 210 (1896).

paper.10 The reactions postulated above resemble 
those that were recently described by M. S. Gibson11 
to explain the isomerization of substituted pyrazolo- 
[2,3-c] [1,2,3 ]benzotriazines to pyrazolo [4,3-c ] cinnolines. 
They are also related to the conversion of 3,4-dihydro-
4-oxobenzo-l,2,3-triazine to o-chlorobenzonitrile by re
action with a mixture of phosphorus pentachloride and 
phosphorus oxychloride.12

Experimental13
1 .3 .6 -  Trimethyl-5-nitrouracil.— T o  a  s o lu t io n  o f 1 .5  m l .  o f 

fu m in g  n i t r i c  a c id  (d 1 .5 0 )  in  39  m l .  o f c o n c e n t r a t e d  s u l f u r ic  a c id  
c o o le d  t o  1 0 °  w a s  a d d e d  1 2 .7  g . o f 1 ,3 ,6 - t r im e th y lu r a c i l  a t  s u c h  a  
r a t e  t h a t  t h e  t e m p e r a t u r e  n e v e r  e x c e e d e d  2 0 ° .  W h e n  a l l  o f  t h e
l ,  3 ,6 - t r im e th y lu r a c i l  h a d  d is s o lv e d , a n  a d d i t i o n a l  5 .2 3  m l .  of 
fu m in g  n i t r i c  a c id  w a s  a d d e d  a t  t e m p e r a t u r e s  b e lo w  2 0 ° .  T h e  
r e s u l t in g  s o lu t io n  w a s  p o u r e d  o v e r  ic e , a n d  t h e  r e s u l t i n g  p r e c ip i 
t a t e  (1 3 .5  g . ,  m .p .  1 4 6 - 1 4 8 ° )  w a s  s e p a r a te d  b y  f i l t r a t i o n  a n d  w a s  
w a s h e d  t h o r o u g h ly  w i th  i c e - w a te r .  C r y s ta l l i z a t io n  o f  a  p o r t io n  
o f t h i s  m a t e r i a l  f ro m  d i lu t e  a lc o h o l g a v e  a n a ly t i c a l l y  p u r e  1 ,3 ,6 -  
t r im e th y l - 5 - n i t r o u r a c i l ,  m .p .  1 5 3 - 1 5 4 ° .

Anal. C a lc d .  f o r  C ,H 9N 30 4: C ,  4 2 .2 1 ;  H ,  4 .5 5 ;  N ,  2 1 .1 0 . 
F o u n d :  C ,  4 2 .1 2 ;  H ,  4 .7 8 ;  N ,  2 0 .8 5 .

1.3- Diethyl-5-nitro-6-methyluracil, m .p .  8 5 - 8 6 ° ,  w a s  p r e p a r e d  
f ro m  l ,3 - d ie th v l - 6 - m e th y lu r a c i l  b y  a  s im i la r  p r o c e d u r e .

Anal. C a lc d .  f o r  C 9H 13N 30 4: C ,  4 7 .5 7 ;  H ,  5 .7 7 ;  N ,  1 8 .4 9 . 
F o u n d :  C ,  4 7 .5 9 ;  H ,  5 .6 3 ;  N ,  1 8 .8 3 .

1.3.6- Trimetliyl-5-aminouracil ( la ).— 1,3 ,6 - T r im e th y l - 5 - n i t r o -  
u r a c i l  (3 6  g . )  i n  1 1. of a b s o lu te  a lc o h o l  w a s  h y d r o g e n a te d  a t  7 0 -  
9 9 °  a n d  7 4 0 -7 5 0  p . s . i .  u s in g  3 .6  g .  of a  5 %  p a l la d iu m - o n - c a r b o n  
c a t a l y s t .  A f te r  c o m p le t io n  o f  t h e  h y d r o g e n a t io n ,  t h e  s o lu t io n  
w a s  f i l te r e d ,  t h e n  e v a p o r a t e d  in vacuo t o  1 2 5  m l .  O n  b e in g  c o o le d  
th i s  s o lu t io n  d e p o s i te d  14  g . o f  l ,3 ,6 - t r im e th y l - 5 - a m in o u r a c i l  
( l a ) ,  m . p .  1 6 9 - 1 7 1 ° .  A n  a d d i t io n a l  7 .7  g .  o f  t h e  s a m e  p r o d u c t ,
m .  p .  1 6 7 - 1 6 9 ° ,  w a s  o b t a in e d  b y  f u r t h e r  e v a p o r a t io n  o f  t h e  
m o th e r  l i q u o r s .

Anal. C a lc d .  f o r  C ,H „ N 30 2: C ,  4 9 .6 9 ;  H ,  6 .5 5 ;  N ,  2 4 .8 4 .  
F o u n d :  C ,  4 9 .5 6 ;  H ,  6 .7 4 ;  N ,  2 5 .2 5 .

1.3- Diethyl-5-amino-6-methyluracil ( lb ), m .p .  9 6 - 9 9 ° ,  ■was 
p r e p a r e d  f ro m  t h e  c o r r e s p o n d in g  5 - n i t r o  d e r iv a t iv e  b y  a  s im i la r  
m e th o d .

Anal. C a lc d .  f o r  C 9H 15N 3O 2: C ,  5 4 .8 0 ;  H ,  7 .6 7 ;  N ,  2 1 .3 1 .  
F o u n d :  C ,5 4 .8 9 ;  H , 7 . 5 7 ;  N ,  2 1 .1 5 .

(9) E . F a h r , A n n . ,  627, 213 (1959); F . G . F isch e r , W . P . N e u m a n n , an d  
J . I to c h , C h e m .  B e r . ,  85, 752 (1952); F . J . D iC a rlo , A . S. S ch u ltz , a n d  A. M . 
K e n t, J .  B i o l .  C h e m . ,  194, 769 (1952). W e a re  in d e b te d  to  D r. E . F a h r ,  
U n iv e rs ity  of W u rzb u rg , G e rm an y , fo r a  co p y  of th is  in f ra re d  sp e c tru m .

(10) H o u b em W ey l, “ M e th o d e n  d e r  O rg an iseh en  C h em ie , A n a ly tisch e  
M e th o d e n ,”  G eo rg  T h iem e V erlag , S tu t tg a r t ,  1953, p . 21.

(11) M . S. G ibson , C h e m .  I n d .  (L o n d o n ), 698 (1962).
(12) D . B u ck ley  a n d  M . S. G ib so n , J .  C h e m .  S o c . ,  3242 (1956).
(13) W e a re  in d e b te d  to  D rs . R . T . D illon  a n d  W . H . S ause  of th e  A n a ly t i

ca l D iv is io n  o f G . D . S earle  a n d  C o. fo r th e  a n a ly tic a l a n d  o p tic a l d a t a  re 
p o rte d , to  M r. W . M . S elby  fo r he lp  w ith  c a ta ly t ic  re d u c t io n s , to  D r. E . G. 
D a sk a la k is  fo r he lp  w ith  ch ro m a to g ra p h ic  s e p a ra t io n s , a n d  to  D r . W . M . 
H o eh n  a n d  th e  S pecia l S y n th e s is  G ro u p  fo r  th e  p re p a ra t io n  o f la rg e r  q u a n 
ti t ie s  of som e of th e se  m a te r ia ls . All u lt ra v io le t s p e c t ra  w ere d e te rm in e d  in 
m e th an o l.
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5 ,7 - D im e th y lp y r im id o [5 ,4 -d ]  [ 1 ,2 ,3 ]  t r i a z in e - 6 , 8 (5 7 7 ,7 7 7 ) -d io n e
3 -O x id e  ( I l a ) . — A  s o lu t io n  o f  2 9 .8  g . o f  l ,3 ,6 - t r im e th y l - 5 - a m in o -  
u r a c i l  ( l a )  in  24 5  m l. o f c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  a n d  190 g . 
of ic e  w a s  t r e a t e d  a t  0 - 5 °  w i th  25  g . o f s o d iu m  n i t r i t e  in  4 1 .5  m l. 
o f w a te r .  T h e  s o d iu m  n i t r i t e  s o lu t io n  w a s  a d d e d  s lo w ly  w ith  
s t i r r in g  u n d e r  t h e  s u r f a c e  o f t h e  a m in e  h y d r o c h lo r id e  s o lu t io n .  
T o w a rd  t h e  e n d  o f t h e  r e a c t io n  a  p r e c i p i t a t e  f o r m e d .  T h e  m ix 
t u r e  w a s  s t i r r e d  f o r  a n  a d d i t io n a l  1 .5  h r .  w h ile  t h e  t e m p e r a t u r e  
w as a l lo w e d  t o  r is e  t o  r o o m  t e m p e r a t u r e .  T h e  r e s u l t in g  p r e c ip i 
t a t e  w a s  s e p a r a te d  b y  f i l t r a t i o n ,  w a s h e d  w i th  w a te r  t o  r e m o v e  t h e  
a c id , t h e n  w a s h e d  w i th  a lc o h o l, a n d  d r i e d .  F r o m  t h e  r e a c t io n  30  
g .  o f t h e  N -o x id e  I l a ,  m .p .  2 4 7 - 2 4 9 °  d e c . ,  w a s  o b t a in e d .  C r y s 
t a l l i z a t io n  o f  t h i s  m a te r i a l  f ro m  a c e t ic  a c id  r a is e d  t h e  m .p .  t o  
2 4 9 -2 5 0 °  d e c . ;  Amax 26 3  m p  (« 3 5 ,0 0 0 ) ,  Ashouider 2 9 0  m /i (« 1 0 ,4 8 0 ) ,  
Ashouider 3 4 0  m M (« 2 ,0 5 0 ) ;  X ^  5 .7 5 , 5 .9 1 ,  6 .3 3 , 6 .8 9 , 7 .2 8 , 7 .5 1 , 
a n d  7 .7 1  a-

Anal. C a lc d .  f o r  C ,H ,N 50 3: C , 4 0 .1 9 ;  H ,  3 .3 7 ;  N ,  3 3 .4 8 . 
F o u n d :  C ,  4 0 .0 4 ;  H ,  3 .3 5 ;  N ,  3 3 .5 4 .

5 ,7 - D ie th y lp y r im id o [5 ,4 -d ]  [1 ,2 ,3 ]  t r i a z in e - 6 , 8 (577 ,777  ) -d io n e
3 -o x id e  ( l i b ) ,  m .p .  2 4 4 - 2 4 5 °  d e c . ,  Xmax 2 6 4  m /i  (« 3 6 ,8 0 0 ) ,  
Xshouidcr 29 0  n m  (« 9 ,6 0 0 ) ;  Xmax 3 4 0  m /i (e 1 ,6 2 0 ) ;  X™r 5 .7 8 , 5 .9 1 ,
6 .3 1 , 6 .6 3 , 6 .9 5 , 7 .0 6 , 7 .2 2 , 7 .4 0 , a n d  7 .4 8  u .

Anal. C a lc d .  f o r  C 9H „ N 50 3: C , 4 5 .5 7 ;  H ,  4 .6 7 ;  N ,  2 9 .5 2 . 
F o u n d :  C ,  4 5 .5 8 ;  H ,  4 .5 9 ;  N ,  2 9 .1 2 .

1 .3 -  D im e th y l - 5 - d ia z o b a r b i tu r ic  A c id  ( V i l a )  a n d  5 ,7 - D im e th y l-  
py rim ido[5 ,4 -< 7] [ 1 ,2 ,3 1 t r i a z in e - 4 ,6 ,8 i 3 7 7 ,5 7 /, 777 j - t r io n e  ( V i l l a ) .  
— 5 ,7 - D im e th y I p y r im id o |5 ,4 - ( / |  [1 , 2 ,3 ]  t r ia z in e - 6 ,8 (5 7 7 ,7 /7  ) -d io n e
3 -o x id e  ( I l a )  ( 1 5 .0  g . )  a n d  150 m l. o f t h io n y l  c h lo r id e  w e re  s t i r r e d  
a t  ro o m  t e m p e r a t u r e  in  a  c lo s e d  v e s se l  fo r  18  h r .  T h e  e x cess  
th io n y l  c h lo r id e  w a s  r e m o v e d  in vacuo a t  a  t e m p e r a t u r e  o f le ss  
t h a n  3 5 ° .  T h e  r e s id u e  w a s  d is s o lv e d  in  180 0  m l .  o f  b e n z e n e  b y  
p ro lo n g e d  s t i r r in g  a t  r o o m  t e m p e r a t u r e  a n d  w a s  t h e n  c h r o m a to 
g r a p h e d  o n  8 0 0  g . o f s i l ic a  g e l . T h e  c o lu m n  w as w a s h e d  w i th  
b e n z e n e  a n d  t h e n  w i th  a  g r a d u a l ly  in c r e a s in g  p r o p o r t i o n  o f  e th y l  
a c e t a t e  in  b e n z e n e .

E lu t io n  o f  t h e  c o lu m n  w i th  1 5 %  e th y l  a c e t a t e  in  b e n z e n e  
y ie ld e d  9 .1 6  g . o f l ,3 - d im e th y l - 5 - d i a z o b a r b i tu r i c  a c id .  R e p e a te d  
c r y s ta l l iz a t io n s  o f  t h i s  m a te r i a l  f ro m  m e th a n o l ,  a f t e r  d e c o lo r iz a -  
t io n  w i th  c a r b o n ,  g a v e  5 .9  g . o f  l ,3 - d im e th y l - 5 - d ia z o b a r b i tu r ic  
a c id  ( V i l a ) ,  m .p .  1 6 5 -1 6 6 °  d e c . ,  Amax 261  m p  (« 1 3 ,8 0 0 ) , Abb(
4 .6 2 , 5 .8 1 , 5 .9 8 , 6 .7 5 , 6 .9 9 , 7 .2 1 , 1 3 .1 8 , a n d  1 3 .3 2  /«; ( r e p o r t e d  
m .p .  1 6 5 ° ) .9 T h e  in f r a r e d  s p e c t r u m  o f t h i s  m a te r i a l  w a s  i d e n t i 
c a l  w i th  t h a t  o f a n  a u t h e n t i c  s a m p le . 9

Anal. C a lc d .  f o r  C 6H 6N 40 3: C , 3 9 .5 7 ;  H .  3 .3 2 ;  N ,  3 0 .7 7 . 
F o u n d :  C ,  3 9 .9 0 ;  H ,  3 .7 6 ;  N ,  3 0 .6 8 .

E lu t io n  o f t h e  c o lu m n  w i th  a  g r a d u a l ly  in c r e a s in g  p r o p o r t i o n  of 
e th y l  a c e t a t e  in  b e n z e n e  w a s  c o n t in u e d .  F in a l ly ,  e lu t io n  w i th  
7 5 %  e th y l  a c e t a t e ,  2 5 %  b e n z e n e  g a v e  2 .4 7  g .  o f  t h e  c r u d e  t r io n e  
V i l l a ,  w h ic h  a f t e r  r e p e a t e d  c r y s ta l l i z a t io n s  f ro m  e th y l  a c e t a t e  
y ie ld e d  p u r e  5 ,7 - d im e th y lp y r im id o [ 5 ,4 - d ]  [ l ,2 ,3 ] t r i a z in e - 4 ,6 ,8 -  
( 3 / / , 5 / / , 7 7 f ) - t r i o n e ,  m . p .  2 0 2 - 2 0 3 °  d e c . ;  Xmax 281  m /i (e  8 ,3 5 0 ) ,  
32 3  m /i ( « 7 ,3 5 0 ) ,  XahouUer 2 3 3  m /i  ( « 4 ,8 2 0 ) ,  3 1 4  m M (« 7 ,0 8 0 ) ,  Xmi„ 
301  mju ( « 6 ,1 5 0 ) .

Anal. C a lc d .  f o r  C jH jN sO s : C , 4 0 .1 9 ;  H ,  3 .3 7 ;  N ,  3 3 .4 8 .  
F o u n d :  C ,  4 0 .2 1 ;  H ,  3 .2 3 ;  N ,  3 3 .8 1 .

1 .3 -  D ie th y l - 5 - d ia z o b a r b i tu r ic  A c id  ( V l lb )  a n d  5 ,7 - D ie th y lp y r i -
m id o [5 ,4 -d ]  [ 1 ,2 ,3 ]  t r ia z in e - 4 ,6 ,8 (3 7 7 ,5 7 7 ,7 7 /j - t r io n e  ( V U I b ) .—
5 ,7 - D ie th y lp y r im id o [5 ,4 - d ]  [ l ,2 ,3 ] t r i a z in e - 6 ,8 ( 5 / / ,7 7 7 ) - d io n e  3 -
o x id e  ( l i b )  ( 1 0 .0  g . )  a n d  1 0 0  m l .  o f  t h io n y l  c h lo r id e  w e re  s t i r r e d  
o v e r n ig h t  a t  ro o m  t e m p e r a t u r e .  T h e  r e s u l t in g  s o lu t io n  w a s  
e v a p o r a te d  in vacuo a n d  t h e  r e s id u e  c h r o m a to g r a p h e d  a s  d e s c r ib e d  
a b o v e . E lu t io n  o f  t h e  c o lu m n  w i th  5 %  e t h y l  a c e t a t e  in  b e n z e n e  
y ie ld e d  6 .2 5  g . o f  l ,3 - d ie th y l - 5 - d ia z o b a r b i tu r i c  a c id  ( V l l b ) ,  w h ic h ,  
a f t e r  c r y s ta l l i z a t io n  f ro m  p e t r o le u m  e t h e r  ( b .p .  2 8 - 3 8 ° ) ,  g a v e  5 .3  
g . of p u r e  m a te r i a l ,  m .p .  5 4 - 5 5 ° ;  Xmax 2 6 1 .5  m /i  ( « 1 3 ,6 0 0 ) ;  A™ ^ '3 

4 .5 9  a n d  4 .6 4  M.
Anal. C a lc d .  f o r  C 8H 10N 4O 3: C , 4 5 .7 1 ;  H ,  4 .8 0 ;  N ,  2 6 .6 6 . 

F o u n d :  C , 4 6 .0 2 ;  H ,  4 .9 9 ;  N ,  2 7 .0 2 .
E lu t io n  o f  t h e  c o lu m n  w i th  2 5 %  e th y l  a c e t a t e  i n  b e n z e n e  g a v e  

1 .0 3 2  g . o f t h e  t r i a z in e t r i o n e  V U I b ,  m .p .  1 7 9 - 1 8 0 °  d e c .  C r y s t a l 
l iz a t io n  of t h i s  m a te r i a l  f r o m  w a t e r  r a i s e d  i t s  m .p .  t o  1 9 3 -1 9 4 °  
d e c . ;  Amax 2 8 2  m ^  (« 8 ,5 4 0 ) ,  3 23  m /i  (« 7 ,6 5 0 ) ,  Ashouider 3 1 5  m /i 
(« 7 ,3 5 0 ) .

Anal. C a lc d .  f o r  C 9H n N 60 3: C , 4 5 .5 7 ;  H ,  4 .6 7 ;  N ,  2 9 .5 3 . 
F o u n d :  C ,  4 5 .7 1 ;  H ,  4 .8 7 ;  N ,  2 9 .1 3 .

4 - C h lo r c - 5 ,7 - d im e th y lp y r im id o  [5 ,4 -d\ [1 ,2 ,3 ]  t r ia z in e - 6 , 8 - 
( 5 7 / ,7 7 /) - d io n e  ( V i a ) .— A  s u s p e n s io n  o f 7 0  g . o f t h e  t r ia z in e  N -  
o x id e  I l a  in  14 0 0  m l .  o f t h io n y l  c h lo r id e  w a s  s t i r r e d  o v e r n ig h t .  
T h e  r e s u l t in g  s o lu t io n  w a s  e v a p o r a t e d  in vacuo a t  a  t e m p e r a tu r e  
n o t  e x c e e d in g  3 5 ° .  T h e  r e s id u e  (7 2  g . )  c o n s is te d  la r g e ly  o f th e
4 -c h lo ro t r ia z in e  V i a  c o n ta m in a t e d  w i th  a  s m a ll  q u a n t i t y  o f t h e  
d ia z o b a r b i tu r ic  a c id  V i l a  ( in f r a r e d  s p e c t r u m ) .  R e p e a te d  c r y s t a l 
l i z a t io n  o f  th i s  m a te r i a l  f ro m  b e n z e n e - e th y l  a c e t a t e  f a i le d  t o  r a is e  
t h e  m e l t in g  p o in t  a b o v e  1 5 4 °  (3 9  g . ) .  C r y s t a l l i z a t i o n  of a  1 0 -g . 
p o r t io n  o f t h i s  p r o d u c t  f ro m  3 0 0  m l .  o f m e th a n o l  m a d e  w e a k ly  
b a s ic  w i th  a  fe w  d r o p s  of 1 0 %  s o d iu m  h y d r o x id e  y ie ld e d  7 .0  g .  of
4 - c h lo ro - 5 ,7 - d im e th y lp y r im id o [5 ,4 - d ]  [ 1 ,2 ,3 ]  t r ia z in e - 6 ,8 (5 7 7 ,7 7 7 )- 
d io n e  ( V i a ) ,  m .p .  1 6 1 -1 6 2 °  d e c .  T h e  a n a ly t i c a l  s a m p le ,  m .p .
1 6 5 -1 6 6 °  d e c . ,  Xmax2 7 5 m /i  ( « 9 ,7 8 0 ) ,  Xsh„„ider 3 1 0 m «  ( « 4 ,3 8 0 ) ,  w as  
o b t a in e d  b y  c h r o m a to g r a p h y  o f 3 .0  g .  o f t h i s  m a te r i a l  o n  s il ic a  
g e l . A  s m a ll  q u a n t i t y  o f t h e  t r i a z in e t r i o n e  V i l l a  w a s  a ls o  
e lu te d  f ro m  t h e  c o lu m n .

Anal. C a lc d .  fo r  C 7H 6C I N 5O 2: C , 3 6 .9 3 ;  H ,  2 .6 6 ;  C l ,  
1 5 .5 8 ; N ,  3 0 .7 8 . F o u n d :  C , 3 6 .9 1 ;  H ,  2 .8 4 ;  C l, 1 5 .3 1 ,
N ,  3 0 .6 1 .

H y d r o ly s is  o f  a n  a n a ly t i c a l l y  p u r e  s a m p le  o f 4 -c h lo ro -5 ,7 -  
d im e th y lp y r im id o [ 5 ,4 -d ]  [ i ,2 ,3 ] t r i a z in e - 6 ,8 ( 5 /7 ,7 7 / ) - d io n e  ( V ia )  
w i th  b o i l in g  5 %  h y d r o c h lo r ic  a c id  f o r  1 m in .  p r o d u c e d  a  m ix tu r e  
o f 1 ,3 - d im e th y l - o - d ia z o b a r b i tu r ic  a c id  ( V i l a )  a n d  5 ,7 - d im e th y l -  
p y r im id o [5 ,4 - r f [  [ l ,2 ,3 ] t r i a z in e - 4 ,6 ,8 ( 3 i7 ,5 7 7 ,7 7 7 ) - t r io n e  ( V i l l a )  
( ca. 1  p a r t  V i l a : 3 p a r t s  V i l l a ) .  T h e  p r o d u c t s  w e r e  i d e n t i 
fied  b y  is o la t io n  o f t h e  p u r e  m a te r i a l s  a n d  c o m p a r is o n  ( m .p . ,  
m . m .p . ,  in f r a r e d  s p e c t r a )  w i th  t h o s e  p r o d u c e d  a b o v e .  H y d r o 
c y a n ic  a c id  w a s  e v o lv e d  f ro m  t h e  h y d r o ly s i s  (p ic r ic  a c id  t e s t ) .

4 -C h lo r o -5 ,7 - d ie th y lp y r im id o  [5 ,4 -d] [ 1 , 2 ,3 ] t r i a z in e - 6 ,8(577 ,777) 
d io n e  ( V I b ) ,  m .p .  1 3 7 - 1 3 8 °  d e c . ,  Amax 2 7 5  (« 9 ,7 2 0 ) ,  Ashouider 31 0  
(« 4 ,3 9 0 ) ,  w a s  p r e p a r e d  b y  a  s im i la r  p ro c e s s .  T h e  p r o d u c t  w a s  
p u r i f ie d  b y  c r y s ta l l i z a t io n s  f ro m  e t h y l  a c e t a t e - e t h e r .

Anal. C a lc d .  f o r  C 9H 10C I N 5O 2: C , 4 2 .2 8 ;  H ,  3 .9 4 ;  C l, 
1 3 .8 7 ; N ,  2 7 .4 0 . F o u n d :  C , 4 2 .4 0 ;  H ,  4 .0 9 ;  C l, 1 4 .0 4 ; N ,
2 7 .2 5 .

4 - M e th o x y - 5 ,7 - d im e th y lp y r im id o [5 ,4 -d ] [ 1 ,2 ,3 ] t r i a z in e - 6 ,8 - 
(5 7 7 ,7 7 7 )-d io n e  ( X a ) .— T o  a  s u s p e n s io n  o f  1 .1  g . of t h e  4 -c h lo ro -  
p y r im id o t r ia z in e d io n e  V i a ,  m . p .  1 6 1 - 1 6 2 °  d e c . ,  in  5 0  m l .  of 
m e th a n o l ,  c o o le d  in  a n  ic e  b a t h ,  w a s  a d d e d  a  s o lu t io n  o f 0 .2 5  g . of 
s o d iu m  m e th o x id e  in  3 m l .  of m e th a n o l .  T h e  r e a c t io n  m ix tu r e  
w a s  s t i r r e d  f  o r  15  m i n ., t h e  p r e c i p i t a t e  w a s  s e p a r a te d  b y  f i l t r a t io n ,  
t h e n  c r y s ta l l i z e d  f ro m  w a t e r .  I n  t h i s  m a n n e r ,  0 .6 5  g .  o f t h e  4 -  
m e th o x y p y r im id o t r ia z in e d io n e  X a  w a s  o b ta in e d ;  m .p .  1 9 2 -1 9 4 °  
d e c . ,  Amax 2 7 4  m/x (« 1 0 ,2 5 0 ) , Ashouider ca. 3 0 5  m /j (« 5 ,5 8 0 ) .

Anal. C a lc d .  fo r  C 8H 9N 50 3: C ,  4 3 .0 5 ;  H ,  4 .0 6 ;  N ,  3 1 .3 8 . 
F o u n d :  C ,  4 2 .6 8 ;  H ,  3 .7 6 ;  N ,  3 1 .4 9 .

3 ,5 ,7 - T r im e th y lp y r im id o [5 ,4 ,d ]  [1 ,2 ,3 ]  t r i a z i n e - 4 ,6 ,8 (3 7 7 ,5 7 7 ,-  
7 7 7 ) - tr io n e  (E X a).— T o  a  s u s p e n s io n  o f  1 .6  g . o f 5 ,7 - d im e th y lp y r i -  
m id o [5 ,4 -d ]  [ l ,2 ,3 ] t r ia z in e -4 ,6 ,8 - ( 3 7 7 ,5 7 7 ,7 7 7 ) - t r io n e  ( V i l l a )  a n d
O . 8  m l .  o f  d im e th y l  s u l f a te  in  2 0  m l .  o f  m e th a n o l  a n d  8  m l .  o f
w a te r  w a s  a d d e d ,  s lo w ly  a n d  w i t h  s t i r r in g ,  3 .0  m l .  o f  a  1 0 %  
s o lu t io n  o f s o d iu m  h y d r o x id e  i n  w a t e r .  T h e  c le a r  s o lu t io n  t h a t  
r e s u l t e d  w a s  e v a p o r a t e d  t o  a  s m a ll  v o lu m e ,  c o o le d , a n d  t h e  
p r e c i p i t a t e  t h a t  r e s u l te d  w a s  s e p a r a te d  b y  f i l t r a t i o n .  A f te r  tw o  
c r y s ta l l i z a t io n s  f ro m  w a te r ,  t h e r e  w a s  o b ta in e d  4 3 0  m g . o f 3 ,5 ,7 -  
t r im e th y lp y r im id o [ 5 ,4 - d ]  [1 ,2 ,3 ]  t r i a z in e - 4 , 6 ,8 (3 7 7 ,5 7 7 ,7 7 7 ) - tr io n e  
( I X a ) ,  m .p .  1 7 4 °  d e c . ;  Amax 241 m/x ( « 6 ,4 3 0 ) ,  2 8 3 .5  ( « 7 ,5 1 0 ) ,
3 2 3  m /i (« 7 ,9 4 0 ) ,  XBhoul(,er 3 1 4  m /i (e 7 ,1 4 0 ) ,  Xmin 301  m M (e 5 ,9 0 0 ) .

Anal. C a lc d .  f o r  C 8H 9N 50 3: C ,  4 3 .0 5 ;  H ,  4 .0 6 ;  N ,  3 1 .3 8 . 
F o u n d :  C . 4 3 . 0 8 ;  H ,  4 .0 2 ;  N ,  3 1 .2 1 .

P y r im id o [5 ,4 -d] [1 ,2 ,3 ]  t r i a z in e - 6 ,8 (5 7 7 ,7 7 7 ) -d io n e  3 -o x id e  ( I I ) ,  
m .p .  2 3 2 °  d e c .  ( r e p o r t e d  m .p .  2 3 9 °  d e c . ,  2 4 5 °  d e c . ) , 3b Amax 2 5 6 .5  
m /i (« 3 1 ,9 0 0 ) ,  Ainflection ca. 2 8 0  m /i (« 1 4 ,7 0 0 ) , Ashouider 3 3 0  m /i (« 
2 ,5 4 0 ) ,  w a s  p r e o a r e d  b y  t h e  m e th o d  d e s c r ib e d  b y  R o s e .3b

Anal. C a lc d .  f o r  C 6H 3N 6( V H 2 0 : C ,  3 0 .1 6 ;  H ,  2 .5 3 ;  N ,
3 5 .1 7 .  F o u n d :  C ,  3 0 .1 5 ;  H ,  2 .5 7 ;  N ,  3 5 .3 3 .

T h e  a n h y d r o u s  m a t e r i a l  w a s  a ls o  p r e p a r e d  b y  t h e  m e th o d  
d e s c r ib e d  b y  R o s e .3b

Anal. C a lc d .  f o r  C 5H 3N 50 3: C ,  3 3 .1 6 ;  H ,  1 .6 7 ;  N ,  3 8 .6 7 . 
F o u n d :  C ,  3 3 .0 0 ;  H ,  1 .4 6 ;  N ,  3 8 .6 1 .
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C om p ou n d s in  th e  Pyrrolo[3,4-d]pyrim idine Series. S yn th eses B ased  on
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Three procedures have been developed for the synthesis of the pyrro lo [3,4-d]pyrimidine ring system: (1) 
condensation of a 4-carbethoxy-3-amino-2-oxo-3-pyrroline ( I I I )  with guanidine, (2) condensation of a 4-carbeth- 
oxy-2,3-dioxopyrrolidine (enol form, I )  w ith urea or guanidine, or (3) condensation of a 4-benzylidene-2,3-dioxo- 
P5rrrolidine ( V I I I )  with guanidine.

The efficacy of analogs of the naturally occurring 
purines and pyrimidines as antimetabolites, and in 
particular the useful antitumor activity of such com
pounds as 6-mercaptopurine and 5-fIuorouracil, has 
prompted the synthesis of a large number of these 
analogs. The present investigation is concerned with 
the pyrrolo[3,4-d]pyrimidine series, which appears to 
have received no attention previously.2 Such com
pounds can be regarded as purine analogues as well as 
pyrimidine derivatives of a new type. Moreover, in 
the members of the series which will be described here 
(see formulas IV, VII, and X) the pyrrolidone carbonyl 
group is attached to the 4-position of the pyrimidine 
ring, the position occupied by the carboxyl group in 
orotic acid (A), which is a precursor in the biosynthesis 
of pyrimidines and pyrimidine nucleotides both in 
animals and in microorganisms.3 Examination of the 
new synthetic compounds for possible antimetabolite 
activity therefore should be of considerable interest.

H - N

0=^ C O .H

Chart I illustrates the reactions investigated. In 
the discussion of individual compounds, the letter h 
following the numeral which designates the formulas in 
Chart I will indicate that R is hydrogen, b that R is 
benzyl, and c that R is cyclohexyl. In order to keep 
the nomenclature as simple as possible, the common 
practice of naming pyrimidines as derivatives of the 
fully aromatic form of the pyrimidine system has been 
followed. The formulas in Chart I correspond to these 
names, with oxygens shown as incorporated in hydroxyl 
groups, although the infrared data indicate the pres
ence of carbonyl groups in the pyrimidine portions of 
structures IV and VII.

(1) T h is  in v e s tig a tio n  w as su p p o rte d  by  a  research  g ra n t  (R G -4371) 
from  th e  N a tio n a l In s t i tu te s  of H e a lth , U . S. P ub lic  H e a lth  Service,

(2) O n th e  o th e r  h an d , a  co n s id e rab le  a m o u n t of w ork  on  co m p o u n d s in  
th e  p y rro lo  [2,3-<2]pyrimidine series has  ap p e a re d  rece n tly . See (a) R . A. 
W est, K . L edig, a n d  G . H . H ite k in g s , B rit ish  P a te n t  812.366 (A pril 22, 
(1959); C h e m .  A b s t r . ,  54, 592 (1960); (b) R . A. W e st an d  L. B ea u ch am p , 
J .  O r g .  C h e m . ,  26, 3809 0 9 6 1 ) ;  (c) R . A. W est, i b i d . ,  26 , 4959 (1961); (d) 
J . D avo ll, J .  C h e m .  S o c . ,  131 (1960).

(3) See, fo r exam p le , (a) F . W . C h a tta w a y , N a t u r e , 153, 250 (1944); 
(b) H . J .  R ogers , i b i d . ,  153, 251 (1944); (c) I i .  S. L o rin g  a n d  J . G. P ierce , 
./. B i o l .  C h e m . ,  153, 61 (1944); (d) H . Iv. M itc h e ll , M . B . H o u lah a n , an d  
J .  F . N yc, i b i d . ,  172, 525 (1948); (e) S. B e rg s tro m , e t  a l . ,  i b i d . ,  177, 495 
(1949); (f) H . A rv id son , e t  a l . ,  i b i d . ,  179, 167 (1949); (g) L. L . W eed, 
M . E d m u n d s , an d  D . W . W ilson , P r o c .  S o c .  E x p t l .  B i o l .  M e d . ,  75 , 192 (1950); 
(h) L. D . W rig h t, e t  a l ,  J .  A m .  C h e m .  S o c . ,  73, 1898 (1951); (i) R . B. 
H u r lb e r t  a n d  V. R . P o tte r , J .  B i o l .  C h e m . ,  195, 257 (1952); (j) I. L ieb erm a n  
a n d  A. K o rn b erg , i b i d . , 207, 911 (1954).

2,3-Dioxopyrrolidines with functional substituents 
in the 4-position appeared to be suitable starting ma
terials for the preparation of compounds in the pyrrolo- 
[3,4-d]pyrimidine series. However, the 4-carbethoxy-
2,3-dioxopyrrolidines, which, as /3-keto esters, might 
perhaps have been expected to yield the pyrimidine 
ring readily by reaction with guanidine or urea,4 af
forded the desired products only after the usual pro
cedures for related pyrimidine syntheses were consider
ably modified. It seems evident that the difficulty 
resided in the fact that the 4-carbethoxy-2,3-dioxopyr- 
rolidines actually exist almost entirely in the form of 
enols (I), which are exceptionally acidic (pK & = ca. 
4.25),6 and evidently yield enolate anions which are 
stabilized by resonance against nucleophilic attack at 
either the ester or ketonic function. Thus treatment 
of lb with guanidine yielded the guanidinium salt lib, 
which did not readily undergo the elimination of water 
and ethanol which would have produced the pyrrolo- 
pyrimidine IVb; initial attempts to obtain IVb from 
lib  by refluxing with excess guanidine in ethanol led to 
partial decomposition to blue-colored by-products, and 
recovery of most of the salt (lib) unchanged.

To obtain compounds with the increased reactivity 
toward guanidine, it proved expedient to convert the 
compounds of type I into 2-amino derivatives (III), 
which do not form enolate anions. The 3-amino deriv
atives were easily obtained in satisfactory yield (ca. 
85%) by treatment of compounds of type I with 
ammonium formate. Unfortunately, no guanidino 
derivatives analogous to III were obtained when guani
dine salts (carbonate, acetate or hydrochloride) were 
used in place of ammonium formate; the esters I were 
recovered unchanged from such experiments.

The 3-amino derivatives (Illh and Illb) reacted 
satisfactorily with excess guanidine in refluxing absolute 
ethanol in the presence of one mole of sodium ethoxide 
to yield 2-amino-4-hydroxyl-5H-pyrrolo[3,4-d]pyrimi- 
din-7(6iT)-ones (IVh and IVb). In the absence of 
sodium ethoxide, yields of the benzyl derivative IVb 
were somewhat reduced and there were indications of 
the presence of lower-melting products. The best of 
the procedures thus far investigated afforded ca. 85% 
yields of IVb and ca. 58% yields of IVh. Yields were 
unreliable unless the ethanol used was thoroughly dried 
and purified by distillation from magnesium ethoxide. 
A recent experiment has shown, moreover, that by 
using highly purified ethanol and a large excess of

(4) C f . ,  for exam p le , th e  rev iew  of sy n th e t ic  m e th o d s  fo r p y r im id in e s  b y  
G . W . K e n n e r  a n d  A. T o d d  in R . C. E ld erfie ld ’s “ H ete ro c y c lic  C o m p o u n d s ,” 
Vol. 6, J o h n  W iley  a n d  Sons, In c ., N ew  Y o rk , N . Y ., 1957, p . 234.

(5) (a) P . L. S o u thw ick , E . P . P rev ic , J . C asan o v a , J r . ,  an d  E. H . C arlso n , 
J .  O r g .  C h e m . ,  21, 1087 (1956); (b) P . L . S o u th w ick  a n d  R . T . C rouch , 
J .  A m .  C h e m .  S o c . ,  75 , 3413 (1953).
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VIII IX

C h a r t  I

guanidine, a partial conversion of the ester lb to the 
pyrrolopyrimidine IVb can be achieved; decomposi
tion of the guanidine salt lib  evidently is retarded un
der these conditions, and the pyrimidine ring closure 
takes place slowly. There are several mechanisms by 
which compounds of type IV could be formed by base- 
promoted reactions of compounds of type III with 
guanidine. Presumably, intermediates of the types 
V and/or VI are involved, but it has not been deter
mined whether the ammonia which is eliminated arises 
from the amino group of III or from the guanidine.6

After a number of unsuccessful attempts had been 
made to condense urea with lb with the aid of bases 
or acids in ethanol or dioxane, the desired reaction was 
obtained by heating lb in fused urea under reduced 
pressure at 180°.7 The conversion of lb to the dihy- 
droxypyrrolopyrimidine Vllb was rather low (14%), 
but much of the starting material (ca. 69%) was re
covered in the form of the 3-amino derivative Illb , 
which could be used in the preparation of the amino 
hydroxy pyrrolopyrimidine IVb.

The dihydroxy derivative Vllb could also be obtained 
through the nitrous acid deamination of compound 
IVb. This conversion, achieved in 42% yield without 
any extended study of reaction conditions, provided 
confirmation of the assumed close structural relation
ship between compounds Vllb and IVb. Compound 
Vllh, the dihydroxy derivative having an unsubstituted 
pyrrolidine nitrogen, was not obtained by means of 
the reaction of urea with the unsubstituted 4-carbeth-

(6) I f  i t  is th e  am in o  n itro g e n  of th e  co m p o u n d s  I I I  w hich  is  re ta in e d  in  
th e  final p ro d u c ts , th i s  p y rim id in e  rin g  c lo su re  cou ld  b e  reg a rd e d  a s  som e
w h a t ana logous to  th e  s y n th e t ic  m e th o d  re c e n tly  in tro d u c e d  b y  T a y lo r , in  
w hich fo rm a m id in e  a c e ta te  r e a c ts  w ith  o -am in o n itr ile s  to  fo rm  fu sed -rin g  
s tru c tu re s  in c o rp o ra tin g  th e  p y rim id in e  s y s te m . See E . C . T a y lo r  a n d  W . 
A. E h rh a rt ,  J .  A m .  C h e m .  S o c . ., 82, 3138 (1960).

(7) H ea tin g  of su ita b le  in te rm e d ia te s  in  fu sed  u re a  occasio n a lly  h a s  been  
em p lo y ed  in  th e  p a s t to  fo rm  2 ,4 -d ih y d ro x y p y rim id in e  d e r iv a tiv e s . See, 
fo r exam p le , E . F isch er a n d  G . R o ed e r, B e t . ,  34, 3751 (1901).

oxy-2,3-dioxopyrrolidine Ih ; even fusion of these 
reactants failed to yield any of the desired pyrrolopyrim
idine. However, compound Vllh was obtained in 
47% yield by nitrous acid deamination of compound 
IVh.

The pyrrolo [3,4-d]pyrimidines of the types IV and 
VII displayed the expected properties. They melted 
with decomposition or decomposed without melting 
only at high temperatures, and, while insoluble in 
water, dissolved in aqueous sodium hydroxide solutions. 
The 2-amino compound IVb, although insoluble in 
aqueous ethanol alone, dissolved in aqueous ethanol to 
which some hydrochloric acid had been added; the 
expected basicity of the 2-aminopyrimidine structure 
was evident. Compound IVh dissolved easily in hot 
water when acid was added. The ultraviolet spectra 
(Table I), most of which were measured in 0.1 N  sodium 
hydroxide solution because of the low solubility of the 
compounds in other solvents, were rather similar to 
those of related pyrimidines such as orotic acid,8 but in 
alkaline solution the absorption bands for the pyrrolo 
pyrimidines occurred at somewhat longer wave lengths, 
apparently as a result of the presence of the pyrrolidone 
carbonyl group, which in these structures would be 
held in the plane of the pyrimidine ring. The infrared 
spectra (see Experimental), as expected, showed absorp
tion in the 3-r region (OH, NH, NH2, and/or = N H  
groups) and the 6-/i region (lactam carbonyl, imino, 
and/or olefinic groups). The large number of absorp
tion bands in the 6.0-,u region of the Nujol mull spectra 
of several of these compounds probably reflects splitting 
of carbonyl absorptions by hydrogen bonding.

As expected, the nuclear magnetic resonance (n.m.r.) 
spectra of IVb and Vllb, which were measured at 60

(8) C f . ,  T h e  ta b le  of u lt ra v io le t  d a ta  p ro v id e d  b y  A. B en d ich  a n d  E . 
C h arg a ff a n d  J .  N . D a v id so n ’s “ T h e  N ucle ic  A cid s ,”  Vol. I , A cadem ic  P ress, 
In c ., N ew  Y ork , N . Y ., 1955, p. 108.
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T a b l e  I

U l t r a v i o l e t  D a t a . P y r r o l o [ 3 , 4 V ! p y r i m i d i n e s

“ E n d ” 
a b 

so rp 
tio n “ a t

-— M ax im a-----■> ✓—M in im a—» 220 m ^,
C o m p o u n d S o lv en t Lni* log  e log e log  e

I V b N a O H , 0 .1  A 223 4 .2 6 27 7 3 .3 0
3 06 3 .6 7

I V h N a O H , 0 . 1  A 2 20 4 .1 7 26 5 3 .0 8
3 0 4 3 .7 0

V l l b N a O H , 0 .1  A 3 1 4 3 .7 9 27 8 3 .3 3 4 .2 3
E th a n o l ,  9 5 % 26 4 4 .0 4 228 3 .7 5 3 .9 2

V l l h N a O H , 0 .1  A 31 2 3 .8 2 2 66 3 .0 5 4 .1 6
O r o t ic  a c id N a O H , 0 .1  A 28 6 3 .7 4 2 48 3 .3 4 3 .9 2
X b H C 1, 0 .1  A ca. 2 7 5 4 3 .3 4 4 .2 6

ca. 2 5 5 4 3 .5 2
co. 2 4 5 6 3 .6 8

X c H C 1, 0 .1  A ca. 2 7 5 6 3 .3 6 4 .2 6
ca. 2 5 5 4 3 .6 2
ca. 2 4 5 6 3 .7 4

a L o g  t v a lu e s  a t  2 2 0  m /i a r e  l i s te d  fo r  th o s e  c o m p o u n d s  s h o w in g  
s t r o n g  a n d  e v id e n t ly  r i s in g  a b s o r p t io n  a t  t h a t  p o in t .  S o m e  
p y r im id in e s  (se e  re f. 8 )  s h o w  a n  a d d i t io n a l  m a x im u m  n o t  f a r  
b e lo w  th i s  lo w e r  l im i t  o f t h e  w a v e - le n g th  r a n g e  m e a s u re d  in  th e  
p r e s e n t  w o rk . 4 In f le c t io n .

Me. in trifiuoroacetic acid solution, showed two unsplit 
lines of equal intensity which could be assigned to the 
two equivalent hydrogens of the methylene portion of 
the benzyl group and the two equivalent hydrogens of 
the methylene group at position 5 of the ring system. 
Compounds IVh and VHh showed an unsplit line due 
to the methylene protons of position 5. A detailed 
discussion of the n.m.r. results will be provided else
where.9

Suitable starting materials were also at hand for the 
preparation of pyrrolo [3,4-d ¡pyrimidine derivatives 
containing a dihydropyrimidine ring. The 4-benzyli- 
dene-2,3-dioxopyrrolidines V III,10 which have a bright 
yellow color, were decolorized rapidly when treated 
with guanidine in ethanol solution, evidently due to 
formation of colorless, ethanol-soluble guanidine ad
ducts for which the structure IX is suggested. In 
experiments with VIHb a precipitate was deposited 
over a period of three days when the solutions were 
stirred at room temperature following this loss of color. 
As discussed below, this product showed the composi
tion and properties expected for 2-amino-6-benzyl-4- 
phenyl - 3,4 - dihydro - 5H - pyrrolo [3,4 - d]pyrimidin- 
7(6//)-one (Xb). A similar result was obtained start
ing with compound VIIIc, but the product Xc did not 
precipitate, and was isolated by removal of the solvent. 
The apparent second (ring-closure) phase of these reac
tions could be brought about in a one-hour period by 
heating the solutions at temperatures in the range 60 
to 80°.11

Compounds Xb and Xc were high-melting and in
soluble in water, but quite soluble in aqueous alcoholic 
hydrochloric acid. The acid solutions of these com
pounds showed a strong blue-green fluorescence when 
exposed to ultraviolet light. In 0.1 N  hydrochloric 
acid the compounds gave ultraviolet absorption curves

(9) T h e  a u th o rs  a re  in d e b te d  to  M r. G eorge  E . M illim a n  a n d  D r. R . J . 
K u r la n d  fo r th e  n .m .r . m e asu rem en ts .

(10) P . L . S ou th w ick  a n d  E . F . B a rn a s , J .  O r g .  C h e m . ,  27 , 98 (1962).
(11) T h e  fo rm a tio n  of 2 -a m in o -5 ,6 -d ih y d ro p y rim id in e s  b y  co n d e n sa tio n  

of g u an id in e  w ith  a ,/3 -u n sa tu ra te d  k e to n e s  h a s  been  describ ed  b y  W . T ra u b e  
a n d  R . S chw arz , B e r . ,  32 , 3163 (1899).

(see Table I) which increased rapidly in intensity as the 
lower end (220 m/i) of the measured wave-length range 
was approached, and showed several inflections, but 
no maxima.12 The n.m.r. spectra of Xb and Xc, ob
tained in trifiuoroacetic acid solution, showed the ex
pected one-proton singlet due to the hydrogen at posi
tion 4, and an AB pattern13 assigned to the methylene 
group at position 5 which indicates two spin-coupled 
protons separated in the spectrum by a very small 
chemical shift. In the spectrum of Xb, the N-benzyl 
methylene protons give rise to an additional similar AB 
pattern of equal intensity. The methylene groups in 
these compounds contain nonequivalent protons be
cause of the unsymmetrical (phenyl) substitution at 
position 4.14 15 16 The n.m.r. data are consistent only with 
a structure in which the two carbons of the ring junc
tion are joined by a double bond; compounds Xb and 
Xc may be regarded as derivatives of 1,4 or 3,4- 
dihydropyrimidine (depending upon the tautomeric 
form of the guanidino portion of the ring) but not as
4,5 or 5,6-dihydropyrimidines.

Work is in progress on preparation of additional 
members of the pyrrolo [3,4-d]pyrimidine series.

Experimental1516
3 -A m in o - l-b e n z y l-4 -c a rb e th o x y -2 -o x o -3 -p y r ro l in e  ( M b ) .—

l- B e n z y l - 4 -c a rb e th o x y - 2 ,3 -d io x o p y r r o l id in e  ( l b ) 5 (4 1 .6  g . ;  0 .1 6  
m o le )  a n d  2 0 .0  g . (0 .3 2  m o le )  o f a m m o n iu m  f o r m a te  in  2 0 0  m l .  o f 
a b s o lu te  e th a n o l  w e re  r e f lu x e d  f o r  2 4  h r .  T h e  s o lu t io n  w a s  th e n  
c o n c e n t r a te d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  o v e r  a  s t e a m  
c o n e , a n d  t h e  s o lid  r e s id u e  w a s  w a s h e d  w i th  10 0  m l .  o f w a te r ,  
f i l te r e d  a n d  d r ie d .  T h e  c r u d e  p r o d u c t  w a s  d is s o lv e d  in  3 0 0  m l. 
o f  b o i l in g  9 5 %  e th a n o l ,  a n d  t h e  h o t  s o lu t io n  w a s  t r e a t e d  w i th  
N o r i t ,  c o n c e n t r a t e d  t o  20 0  m l . ,  a n d  c o o le d . T h e  p r o d u c t  (3 1 .0  
g . )  s e p a r a te d  a s  w h i te  n e e d le s ,  m .p .  114—1 1 5 ° . A n  a d d it iw n a l
7 .8  g .  o f p r o d u c t ,  m .p .  1 1 2 -1 1 4 °  w a s  o b ta in e d  f ro m  t h e  m o th e r  
l iq u o r ;  t h e  t o t a l  y ie ld  w a s  3 8 .8  g . ( 9 3 % ) .  T h e  m .p .  r e m a in e d  
a t  1 1 4 -1 1 5 °  fo llo w in g  tw o  f u r t h e r  r e c r y s ta l l i z a t io n s  f ro m  e th a n o l .

Anal. C a lc d .  f o r  C u H i60 3N 2: C , 6 4 .6 0 ;  H ,  6 .2 0 ;  N ,  1 0 .7 6 . 
F o u n d :  C ,  6 4 .6 2 ;  H ,  5 .9 7 ;  N ,  1 0 .6 8 .

I n f r a r e d  s p e c t r u m  ( N u jo l  m u l l ) :  2 .8 4 m , 2 .9 7 i ,  3 .0 6 s m , 3 .1 4 m , 
3 .3 9 i ,  3 .4 6 i ,  5 .9 1 i ,  6 .0 7 i ,‘6 .1 2 i ,  6 .3 5 i, 6 .6 8 m , 6 .8 2 i ,  6 .8 9 i ,  6 .9 7 i ,  
7 .0 7 m , 7 .2 2 w , 7 .2 8 w , 7 .3 5 m , 7 .4 3 m , 7 .5 4 w , 7 .7 3 b i ,  7 .8 5 b i ,  8 .0 5 i ,  
8 .2 7 m , 8 .5 7 w , 8 .6 5 w , 8 .9 5 i ,  9 .0 9 i ,  9 .2 6 m , 9 .7 9 m , 1 0 .0 4 w , 1 0 .3 2 -  
w , 1 1 .2 2 w , 1 1 .6 6 w , 1 2 .1 8 w , 1 2 .7 2 w , 1 2 .9 8 m , 1 3 .0 8 i ,  1 3 .6 4 m , 
1 4 .2 4 i.

A c id  h y d r o ly s is  o f  t h e  p r o d u c t  I l l b  r e c o n v e r te d  i t  t o  t h e  s t a r t 
in g  m a te r i a l  ( l b ) .

3 - A m in o -4 -c a rb e th o x y -2 -o x o -3 -p y r ro l in e  ( I l l h ) . — 4 - C a r b e th o x y -
2 ,3 - d io x o p y r r o l id in e  ( I h ) 6b (1 0 .0  g . ;  0 .0 5 8  m o le )  a n d  7 .3  g .  ( 0 .1 0 6  
m o le )  o f  a m m o n iu m  f o r m a te  i n  5 00  m l .  o f a b s o lu te  e th a n o l  w e re  
r e f lu x e d  f o r  4 8  h r .  T h e  c r u d e  p r o d u c t ,  i s o la te d  in  t h e  s a m e  w a y  
a s  t h e  1 -b e n z y l d e r iv a t iv e  ( I l l b )  d e s c r ib e d  a b o v e ,  c o n s i s te d  o f 8 .7  
g . o f p in k  c r y s t a l s ,  m .p .  2 1 2 - 2 1 5 ° .  R e c r y s t a l l iz a t i o n  f r o m  2 5 0

(12) 5 ,6 -D ih y d ro p y rim id in e s  also  la c k  u ltra v io le t  m ax im a ab o v e  221« m/z 
w hen  m e asu red  in  ac id  so lu tio n s. See K .-Y . Z ee-C heng , R . K . R o b in s , a n d  
C . C. C heng , J . O r g .  C h e m . ,  26, 1877 (1961).

(13) See (a) H . J . B e rn s te in , J . A. P op le , a n d  W . G . S ch n e id er, C a n .  J .  

C h e m . ,  35 , 65 (1957); (b) J . A. P o p le , W . G . S ch n e id er, a n d  H . J .  B e rn 
s te in , “ H ig h -reso lu tio n  N u c le a r  M ag n e tic  R eso n an c e ,”  M c G ra w -H ill B ook  
C o ., In c .,  N ew  Y ork , N . Y ., 1959, pp . 1 19 -123 ; (c) L . M . J a c k m a n , “ A p 
p lica tio n s  of N u c le a r  M a g n e tic  R eso n an ce  S p ec tro sco p y  in  O rg an ic  C h e m is 
t r y , ”  P e rg am o n  P ress , L ondon , 1959, p p . 89-90 .

(14) See ref. 13c, p . 101-103.
(15) M e ltin g  p o in ts  a re  u n co rrec ted . M icro a n a ly se s  a re  b y  D rs . G . 

W eiler a n d  F . B. S tra u s s , O xford , E n g la n d ; A. B e rn h a rd t , M a x  P la n c k  
In s t i tu te  fo r C oa l R esea rch , M tilhe im  (R u h r) , G e rm a n y ; a n d  G a lb ra i th  
L a b o ra to r ie s , In c ., K noxv ille , T en n .

(16) In f ra re d  s p e c tra  w ere d e te rm in ed  w ith  a  P e rk in -E lm e r  In fra c o rd  
sp e c tro p h o to m e te r . F ig u re s  q u o te d  are  w ave le n g th s  in  m ic ro n s . L e tte rs  
fo llow ing th e  figures desc rib e  b an d s  a s  fo llow s: i =  in te n s e — > 6 0 %  a b 
s o rp tio n ; m =  m e d iu m — 3 0 -6 0 %  ab so rp tio n ; w  =  w eak —-< 3 0 %  a b s o rp 
tio n ; b  =  b ro a d  b a n d ; s =  sh ou lder. U ltra v io le t s p e c tra  w ere  m easu red  
w ith  a  C a ry  reco rd in g  sp ec tro p h o to m e te r .
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ml. of 95% ethanol with decolorization by Norit yielded 8.3 g. 
(84%) of white plates, m.p. 214-215°, which were not changed in 
m.p. by further recrystallizations.

Anal. Calcd. for C7H10O3N2: C, 49.40; H, 5.92; N, 16.46. 
Found: C, 49.68; H, 5.90; N, 16.14.

Infrared spectrum (Nujol mull): 2.89i, 2.98i, 3.10i, 3.21m, 
3.42i, 3.49i, 5.80i, 5.84i, 5.89i, 5.95i, 6.0Si, 6.13i, 6.25i, 6.30bi, 
6.44sm, 6.67w, 6.79sm, 6.83i, 6.92i, 7.22i, 7.35i, 7.88bi, 8.08i, 
8.62m, 8.95i, 9.10bi, 9.55m, 9.80m, lO.lOw, 10.89bw, 11.55w, 
12.62m, 12.81m, 13.02bi, 13.53bm.

2-Ammo-6-benzyl-4-hydroxy-577-pyrrolo[3,4-d]pyrimidm-V- 
(6H)-one (IVb).—A solution of guanidine and sodium ethoxide in 
absolute ethanol was prepared from 2.7 g. (0.12 g.-atom) of 
sodium dissolved in 100 ml. of absolute ethanol (freshly dried 
over magnesium ethoxide17), and 9.6 g. (0.10 mole) of guanidine 
hydrochloride, also dissolved in 100 ml. of specially dried absolute 
ethanol. Compound Illb  (5.2 g.; 0.02 mole) was added and the 
mixture was refluxed with stirring for 73 hr. in an apparatus pro
tected from moisture. Removal of nearly all of the ethanol under 
reduced pressure over a steam cone left a residue containing the 
sodium derivative of IVb, which was dissolved in 100 ml. of water. 
Addition of glacial acetic acid until a pH of 6 was reached caused 
precipitation of 4.4 g. (86%) of a white product, m.p. > 340°.18 
After it was washed with 50 ml. of ethanol and dried, the product 
was recrystallized from 500 ml. of dimethylformamide to yield 2.5 
g. of white plates, m.p. ca., 360° dec. The analytical sample 
was recrystallized again from the same solvent.

Anal.' Calcd. for C,3H,!N40 2: C, 60.93; H, 4.72; N, 21.87. 
Found: C, 60.81; H, 4.83: N, 21.82.

Infrared spectrum (Nujol mull): 3.03m, 3.14m, 3.39i, 3.46m, 
5.95i, 5.99i, 6.19m, 6.24sm, 6.62w, 6.73w, 6.84m, 6.91m, 7.04w, 
7.25bm, 7.59w, 7.74m, 7.91w, 8.28w, 8.33sw, 8.72w, 9.03w, 
9.30w, 9.40w, 9.69w, 11.91w, 12.13w, 12.29bm, 12.68w, 13.13m, 
13.88w, 14.27m, 14.93m.

2-Ammo-4-hydroxy-5//-pyrrolo[3,4-d]pyrimidine-7(6//)-one 
(IVh).—The procedure for conducting the reaction was the same 
as that described above for preparation of IVb; 7.6 g. (0.33 
g.-atom) of sodium, 28.7 g. (0.3 mole) of guanidine hydrochloride,
5.0 g. (0.029 mole) of compound Illh, and a total of 600 ml. of 
specially dried absolute ethanol were used. The sodium deriva
tive of the crude product, isolated as described above for IVb, 
was dissolved in 100 ml. of water and decolorized by treatment of 
the solution with Norit at the boiling point. The filtered solu
tion was cooled to room temperature and adjusted to pH 6 by 
addition of glacial acetic acid. The product, which was precipi
tated as a pale yellow solid, weighed 2.8 g. (58%) after being 
washed on the filter with water and dried. It did not melt 
below 360°. It was suspended in boiling water and dissolved by 
portion wise addition of 20% hydrochloric acid until a clear solu
tion was obtained. After decolorization with Norit and cooling 
of the filtered solution, the product separated as yellow needles. 
The analytical sample, which was further treated by a period of 
heating in suspension in boiling distilled water, was a white, 
microcrystalline material.

Anal. Calcd. for C6H60 2N4: C, 43.37; H, 3.64; N, 33.73. 
Found: C, 43.50; H, 3.74; N, 33.41.

Infrared spectrum (Nujol mull): 3-01i, 3.14i, 3.40i, 3.47m, 
5.83i, 5.90i, 6.01i, 6.17sm, 6.23m, 6.60w, 6.85m. 6.95sw, 7.24- 
bm, 7.42sw, 7.60w, 7.79m, 8.20bw, 8.65bw, 9.00w, 9.44w, 10.29- 
w, 12.03m, 12.32bm, 13.20m, 13.57bw, 14.53bm.

6-Benzyl-2,4-dihydroxy-5//-pyrrolo [3,4-d] pyrimidm-7( 67/!- 
one (VHb). (A) From Compound lb.—A 15.6-g. quantity 
(0.06 mole) of compound lb was mixed thoroughly with 72 g. 
(1.2 moles) of urea and heated at 180° for 15 min. in an oil bath. 
During this period the flask containing the melt was evacuated 
with an aspirator. The mixture was allowed to cool and then 
was treated with 300 ml. of boiling water. The water-insoluble 
fraction was collected by filtration, then extracted with 200 ml. 
of 95% ethanol at the boiling point. The remaining insoluble 
residue (2.2 g.; 14%, yield) was a white solid, m.p. ca. 315-320° 
dec. It was recrystallized from 50 ml. of dimethylformamide to 
yield 2 g. of compound VHb, m.p. ca. 315-318° dec.

Anal. Calcd. for Ci3Hn0 3N3: C, 60.69; H, 4.31; N, 16.34. 
Found: C, 60.96; H, 4.29; N, 16.54.

(17) H. Lund and J. Bjerrum, B e r . , 64, 210 (1931); H. Lund, i b i d . ,  37, 
936 (1934); J .  A m .  C h e m .  S o c . ,  74, 3188 (1952).

(18) A reaction between the enol lb  and guanidine carried out in the 
same fashion, but without sodium ethoxide (omitted to avoid sodium enolate 
formation), led to a 24% yield of crude IVb and recovery of c a .  60% of 
lb .

Infrared spectrum (Nujol mull): 3.24m, 3.38i, 3.45i, 5.74i, 
5.94si, 6.02i, 6.33m, 6.42m, 6.75w, 6 .86m, 6.89sm, 6.97m, 
7.09m, 7.30w, 7.36w, 7.59bw, 7.76w, 7.93m, 8.33m, 8.49w, 
8.64w, 8 .68w, 9.20bw, 9.35w, 9.76w, 9.93w, 11.82bw, 12.15bm, 
13.03m, 13.53m, 13.75w, 14.15m, 14.64w.

The ethanol extract of the water-insoluble fraction yielded 8.2 
g. (69%) of compond Illb  as white needles, m.p. 110-113°, 
when concentrated to 50 ml. and cooled to induce crystallization.

(B) From Compound IVb.—Compound IVb (2.56 g.; 0.01 
mole) was dissolved in 150 ml. of boiling water to which sufficient 
concentrated hydrochloric acid had been added (ca. 50 ml.) to 
give a clear solution. An additional 10 ml. of concentrated 
hydrochloric acid was added and the mixture was stirred and 
maintained at 90° while a solution of 2.07 g. (0.03 mole) of sodium 
nitrite in 20 ml. of water was added drop wise. The temperature 
was kept at 90° for an additional 15 min. after the nitrite addition 
was complete, then the mixture was filtered while still hot to 
collect the precipitated product, which was washed on the filter 
and dried.19 The yield was 1.08 g. (42%) of a white solid, m.p. 
ca. 315-317° dec., which was identical to the product obtained by 
the urea condensation described under A above.

2,4-Dihydroxy-57/-pyrrolo [3,4-d] pyrimidin-7(6/7)-one (VHh). 
—Compound IVh (1.0 g.; 0.006 mole) was suspended in a solu
tion prepared from 10 ml. of concentrated sulfuric acid and 20 ml. 
of water. To the stirred suspension, cooled to 0-5°, 0.41 g. 
(0.006 mole) of sodium nitrite dissolved in 10 ml. of water was 
added dropwise. After the addition was complete the reaction 
was allowed to proceed at room temperature for 27 hr.20 The 
product was removed by filtration, washed on the filter with 
water, and dried to yield 0.47 g. (47%) of a pale yellow solid, 
m.p. >360°. It was purified for analysis first by washing in 10 
ml. of boiling 20% hydrochloric acid followed by 10 ml. of boiling 
water. The washed product was then dissolved in 50 ml. of 
boiling concentrated ammonium hydroxide, and decolorized with 
Norit. When the filtered, cooled solution was acidified to pH 6 
with glacial acetic acid, a white microcrystalline solid precipitated 
and was collected by filtration, washed on the filter with water, 
and dried. The recovery was 0.2 g. of material which did not 
melt below 360°.

Anal. Calcd. for C6H60 3N3: C, 43.13; H, 3.02; N, 25.15. 
Found: C, 42.93; H, 2.88; N, 25.07.

Infrared spectrum (Nujol mull): 2.99m, 3.13m, 3.25m, 3.38i,
3.451, 5.78si, 5.83i, 5.89si, 5.94si, 6.01i, 6.45m, 6 .86m, 6.93m, 
7.00m, 7.10m, 7.20bm, 7.60m, 8.04m, 8.24m, 8.65w, 9.01bw, 
9.62m, 10.37bw, 11.45bm, 12.02bm, 12.70bm, 13.05m, 13.56bm, 
13.82bm.
2-Amino-6-b enzyl-4-phenyl-3,4-dihydro-5/7-pyrrolo [3,4-o!] pyrim- 

idm-7(67/)-one (Xb).—An ethanolic sodium ethoxide solution 
prepared from 1.15 g. (0.05-g. atom) of sodium and 50 ml. of 
absolute ethanol was added with stirring to a solution of 5.0 g. 
(0.05 mole) of guanidine hydrochloride in 50 ml. of absolute 
ethanol. The precipitated sodium chloride was removed by 
filtration, and the filtered guanidine solution was added over a 
period of ca. 15 min. to a stirred suspension of 2.75g. (0.01 mole) 
of compound Vnib in 250 ml. of absolute ethanol. After com
pound V lllb had dissolved, the solution was heated to 60° and 
held at this temperature for 1 hr. while stirring was continued. 
Precipitation of the product started after ca. 15 min. After the 
reaction mixture had cooled to room temperature, 2.80 g. (88%) 
of a pale yellow precipitate was removed by filtration. The 
product melted at 272-273° dec. No satisfactory method of 
crystallization was found for this compound.

Infrared spectrum (Nujol mull): 2.88i, 2.93sm, 3.05i, 3.38i,
3.451, 5.97i, 6.05i, 6.11i, 6.31sm, 6.38m, 6.53i, 6.62i, 6.82i, 
7.13i, 7.56m, 7.76i, 8.09w, 8.52sm, 8.60m, 8 .66bm, 8.99w, 9.14m, 
9.31m, 9.74w, 9.99bw, 10.26w, 10.52w, 10.85w, 11.91w, 12.10w, 
12.20w, 12.45w, 12.82w, 13.33m, 13.58i, 14.26i.

The hydrochloride was prepared in order to permit recrystal
lization of a sample for analysis. One gram of Xb was suspended 
in 100 ml. of absolute ethanol and dry hydrogen chloride was 
passed into the suspension with stirring. The free base dissolved 
and the hydrochloride precipitated after a few minutes. After 
15 min., introduction of the gas was stopped and the reaction 
mixture was concentrated to dryness under reduced pressure 
over a steam cone. The residue was recrystallized twice from

(19) Procedure based on the deamination method of H. C. Iioppel, D. E. 
O’Brien, and R. K. Robins, J .  A m .  C h e m .  S o c . ,  81, 3046 (1959).

(20) Procedure based on the deamination method of L. O. Ross, L. Good
man, and B. R. Baker, i b i d . ,  81, 3108 (1959).
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95% ethanol to yield 0.6 g. of the hydrochloride of Xb, m.p. 
273-274° dec.

Anal. Calcd. for Ci9Hi9ON4Cl: C, 64.31; H, 5.40; N,
15.79. Found: C, 64.61; H, 5.44; N, 15.93.

Infrared spectrum of the hydrochloride of Xb (Nujol mull): 
2.91m, 3.02m, 3.40i, 3.47i, 5.87i, 5.97i, 6.29m, 6.39i, 6.71m, 
6.90i, 6.99sm, 7.18m, 7.30w, 7.36m, 7.59m, 7.90w, 8.06w, 
8.44m, 8.61w, 8.91bw, 9.34w, 9.76w, 10.05w, 10.31w, 10.49w, 
12.03w, 12.65bw, 12.99m, 13.90m, 14.09m, 14.40bm.

2-Amino-6-cyclohexyl-4-phenyl-3,4-dihydro-5//-pyrrolo [3,4-d] - 
pyrimidin-7(67i)-one (Xc).—A solution of guanidine in absolute 
ethanol was prepared from 2.0 g. (0.02 mole) of guanidine hydro
chloride, 0.46 g. (0.02 g.-atom) of sodium and a total of 50 ml. 
of absolute ethanol, by the same procedure used in the preparation 
of Xb, described previously. Reaction of the guanidine solution 
with 2.7 g. (0.01 mole) of compound VIIIc in 200 ml. of ethanol 
was carried out at the reflux temperature, but otherwise the pro
cedure was as described above. When the reaction mixture was 
then concentrated nearly to dryness under reduced pressure over 
a steam cone, a yellow gum separated and was washed with 200 
ml. of water. The resulting cream-colored solid was collected by 
filtration and dried in a desiccator. The yield was 3.0 g. (95%); 
m.p. 244-247° dec. The compound was obtained as a white 
microcrystalline solid, m.p. 247-249° dec., after it had been 
washed with dimethylformamide, then with acetone. After

recrystallization from a small volume of methanol the m.p. was
254-256° dec.

Anal. Calcd. for C18H22ON4: C, 69.65; H, 7.14; N. 18.05. 
Found: C, 69.14; H, 6.85; N, 18.16.

Infrared spectrum (Nujol mull): 2.86m, 2.95i, 3.06m, 3.381,
3.451, 6.02i, 6.07i, 6.24i, 6.34i, 6.61i, 6.71sm, 6.82sm, 6.92i, 
7.04m, 7.19i, 7.28sm, 7.46bm, 7.80i, 7.90m, 8.13m, 8.26w, 
8.45m, 8.54m, 8.73bm, 9.18m, 9.73w, lO.IGw. 11.19w, 11.36w, 
11.98w, 12.28w, 12.52w, 12.72m, 12.89w, 13.32m, 14.20i.

The substance yielded a hydrochloride in the form of white 
crystals, m.p. 298-299° dec. when recrystallized from 10% hydro
chloric acid containing some ethanol.

Anal. Calcd. for C18H230N 4C1: C. 62.33; H, 6 .68; N, 
16.15. Found: C, 62.65; H, 6.75; N, 15.84, 15.70.

Infrared spectrum (Nujol mull): 3.03bm, 3.19m, 3.38i,
3.451, 5.83m, 6.00i, 6.19m, 6.34i, 6.71w, 6.89i, 7.09m, 7.13sm, 
7.30w, 7.46w, 7.88m, 8.00w, 8.01m, 8.33m, 8.39sw, 8.50w, 
8.75bw, 9.03bw, 10.14w, 11.20w, 12.13bw, 12.54w, 12.89bm, 
14.23bm, 14.35m.

It was advantageous to obtain the purified free base Xc from 
the purified hydrochloride rather than by the direct methanol 
recrystallization. The hydrochloride was dissolved in boiling 
water and the free base was precipitated by addition of a few 
drops of concentrated ammonium hydroxide, then collected and 
washed on the filter with water and acetone to give material 
melting at 254-256° dec.

In v estiga tion s in  H eterocycles. X II. T h e S y n th esis  o f  P y ra zo lo fl^ -c lq u in a zo lin es1

G e o r g e  d e S t e v e n s , A n g e l a  H a l a m a n d a r is , M a r c e l  B e r n i e r , a n d  H e r b e r t  M . B l a t t e r

Chemical Research Division, CIBA Pharmaceutical Company, Division of Cl BA Corporation, Summit, New Jersey
Received November 8, 1962

The facile rearrangement of 4-hydroxyquinoline and its derivatives in the presence of excess hydrazine hydrate 
gives rise to 5(o-aminophenyl)pyrazoles. These compounds in turn serve as intermediates in the synthesis of 
some new heterocycles, pyrazolo[l,5-c]quinazolines. The chemical and spectral properties of these substances 
are discussed.

In a recent review2 we discussed the application of 
the intramolecular Mannich reaction and the organic 
acid ring closure condensations in the synthesis of sev
eral new heterocyclic systems; e.g., dihydrobenzothiadi- 
azine 1,1-dioxide, tetrahydro-1,3-benzodiazepines, and 
indolo[2,3-a]quinolizines. The principle therein ex
pounded, i.e., insertion of a one carbon fragment be
tween two hetero atoms to form a ring, has now been 
extended to include the preparation of other hetero
cycles. Thus, the synthesis and the chemical and physi
cal properties of pyrazolo [l,5-c]quinazolines will be the 
subject of this report.

The preparation of this new heterocycle has been 
facilitated by the ready availability of 5(o-aminophenyl)- 
pyrazole (I). This substance was reported recently by 
Alberti3 to be obtainable via a one-step synthesis. 
Compound I is similar from a reactivity standpoint to
o-aminobenzamide. This was indeed manifested by its 
condensation with aldehydes or acid chlorides, and acid 
anhydrides. Some of these reactions leading to the 
synthesis of various pyrazolo [l,5-c]quinazolines are out
lined in Scheme I and the compounds prepared in this 
series are listed in Table I.

Condensation of I with excess formic acid under re
flux gave a 78% yield of the parent heterocycle (com
pound 1, Table I). However, when I was allowed to 
react with excess acetic anhydride under reflux, the sole

(1) T h is  su b je c t w as d iscussed  in  p a r t  b y  G . d eS te v en s  in a  S y m posium  
le c tu re  on  T h e  C h e m is try  of N itro g e n  H ete ro c y c le s  sp o n so re d  b y  th e  M edic i
n a l C h e m is try  D iv is ion , 141st N a tio n a l M e e tin g  of th e  A m erican  C h em ica l 
S ocie ty , W ash in g to n , D . C ., M arch , 1962.

(2) G . d eS te v en s , R e c o r d  C h e m .  P r o g r 23, N o. 2, 195 (1962).

S c h e m e  I

(3) G . A lb erti, G a z z .  c h i m ,  i t a l . ,  87, 772 (1957). A lth o u g h  th is  a u th o r  
d id  n o t  exp ress a  m e ch an is tic  ra tio n a le  fo r  th is  tra n s fo rm a tio n , i t  seem s m o re  
th a n  lik e ly  t h a t  a  p seudo  base  is g e n e ra te d  le ad in g  to  a n  a ,/3 -u n sa tu ra te d

a ld eh y d e  w hich  u n d erg o es  in tra m o le c u la r  d e h y d ra t iv e  c o n d e n sa t io n  w ith  th e  
h y d raz in o  p o rtio n  of th e  m olecule to  fo rm  I .
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h 3c

T able  I

P yrazolo [1,5-c] quin  azolines0

R M.p., °C.
Yield,
% Empirical formula C

-C aled ., %- 
H N c

-Found, %- 
H N

1 —H 83-84 78 C10H,N3“ 70.95 4.17 24.82 71.00 4 . 2 0 24.96
2 —CH3 91 70 c „h 9n 36 72.10 4.95 22.93 71.74 5.24 22.23
3 —c 2h 6 65 51 Ci2HiiN3a 73.07 5.62 21.30 72.75 5.73 20.87
4 —c h 2ci 142 65 C„H,C1N3‘ 60.70 3.71 19.31 60.47 3.88 19.09
5 —CHC1 

1
154 40 c 12h 10c in / 62.20 4.35 18.13 62.17 4.38 17.86

c h 3
G — CeHi/ 64.5-65 32 C16H„N3e 76.43 6.82 16.71 75.92 6.89 16.45
7 —CII2—C5H / B.p. 148 41 C16ÍÍ17N3 76.43 6.82 16.71 76.48 6.79 16.37

0.3 mm.
H
I

8
i

—CH2—N—CH3 235 45 Ci2HI2N4-HC1c 57.95 5.27 22.53 57.93 5.39 22.35

9 — CHn—N—CH>—U V -F
~ H " W 230 22 CI8H15FN4-HC1c 63.07 4.71 16.35 62.68 4.94 15.95

10 —c 6h 6 125-127 72 C16HnN3c 78.32 4.52 17.14 78.01 4.71 16.97
11 3,4,5(OCH3)3—C6H2— 124-125 30 Ci9H17N30 3' 68.05 5.11 68.37 5.24

12 — CH2- n C ^ )C 1 '3 270-272 44 C16HI3C1N/ 64.74 4.42 18.88 64.65 4.53 18.66

13 — CH,-N®J^>C1S 231 54 C„H15C1N48 65.69 4.86 18.03 65.47 5.02 17.71

Solvents used in recrystallization: “ Ethyl alcohol-water. b Ether-petroleum ether (low boiling),
group. e Acetone-hexane. 1 Cyclopentyl group. 8 Ethyl alcohol-ether.

: Ethyl alcohol. d Cvclohexyl

T able I I

1,2-DlHYDROl'YRAZOLO [1,5-c] QUINAZOLINES

Yield, —Caled., % - •------- - —Found, %-
R

d0ds

% Empirical formula C H N C H N
14 —H 150 15 C10H 9N / 70,45 5.25 70.12 5.16
15 —CeHL 105-106 64 Ci«H13N36 77.78 5.30 16.98 77.68 5.44 16.68
16 4-C1—C6H4 137-138 61 C16H12C1N/ 68.20 4.29 14.91 67.95 4.58 14.61
17 4-F—C6H4 196-197 59 C16H12FN3a 72.44 4.56 15.84 72.56 3.94 15.55
18 3,4-(Cl2)2—C6H3~ 99-100 60 CieHnChNa" 60.78 3.51 13.23 60.41 3.69 12.85
19 3,4>5-(OCH3)3' CeH2 122-124 35 C19Hi9N30 / 67.64 5.67 12.46 67.49 5.85 12.67

Solvents used in recrystallizations: a Ethyl alcohol-water. 6 Ether-petroleum ether (low boiling). c Ethyl alcohol. d Cyclohexyl 
group.

product obtained was l-acetyl-5-(o-acetomidophenyl)- 
pyrazole (III). Elemental analytical data in addition 
to infrared absorption studies provided strong support 
for this structural assignment. A strong band at 1685 
cm.-1 corresponds to the acetamido grouping whereas 
an intense sharp absorption band at 1750 cm.-1 is 
typical of the acetyl pyrazole grouping.4 It was ob
served subsequently that an equivalent amount of acid 
chloride usually served as an effective condensing agent 
giving rise to good yields of 2-substituted pyrazolo- 
[l,5-c]quinazolines.

On the other hand, interaction of I with formaldehyde 
in the presence of acid or base catalyst, or even under 
neutral conditions, gave a poor yield of 1,2-dihydro- 
pyrazolo [1,5-c [quinazoline whereas condensation with 
other aliphatic aldehydes did not afford the desired

(4) W. Ried and F. J. Konigstein, A n n .  C h e m . ,  625, 54 (1959).

tricyclic compounds. When I was allowed to react with 
aromatic aldehydes, fairly good yields of products were 
obtained. However, the dihydropyrazolo [1,5-c [quina- 
zoline structure for these compounds could not be 
readily assumed from the mode of preparation. The 
Schiff base derivative could also be formed under these 
conditions. Several factors favor the closed ring system 
(compounds 15 through 19, Table II). First of all no 
reaction with sodium borohydride was observed with 
any of these compounds, starting material being re
covered almost quantitatively. The Schiff base surely 
would have been reduced to the benzylamine derivative 
under these conditions.6 In addition, the spectral data 
lend support to the cyclic structures. The 2-aryl sub-

(5) This type of reaction proved very useful in establishing unequivocally 
the structure of 1,2,4,5-tetrahydro-1,3-benzodiazepines. See ref. 2 and 
others therein.
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T a b l e  I I I

U l t r a v io l e t  A b so r p t io n  D a t a  o n  P y ra zo lo  [1,5-c]q u in azo- 
L IN ES AND l )2 -D lH Y D R 0 P Y R A Z 0 L 0 [l,5 -e ]Q U IN A Z 0 L IN E S '1 

C o m p o u n d  in  e th y l alcohol, m/x <

1 255 36,090
316 3,680
328

2 237 27,480
253 31,58 0
315 4,670
328 4,230

3 237 30,390
253 34,260
314 4 ,9 10
327 4,380

4 254 33,030
278 5,200
326 3,280

5 255 34,960
280 4,740
323 3,390

6 237 3 3 ,110
253 35,900
314 5 ,7 10
327 5,290

7 237 29,250
254 31,950
315 4,730
329 4,270

8 236 28,190
254 34,830
316 19 ,14 0
326 3,070

9 237 28,330
254 33,830
316 4,040
329 3,300

10 255 39,760
298 8,180

11 256 33,290
308 14,270

12 238 28,120
252 35,490
317 3,370

13 238 26,830
254 35,320
317 3,390

14 230 28,100
318 2,7.37

15 227 25,920
328 4,480

16 227 31,880
328 4,550

17 227 25,520
329 4,640

18 227 31,0 70
329 4,670

19 230 34,200
329 4,500

° A Beckman recording spectrophotometer, Model D1C, was 
used.

stituted compounds give two maxima in the ultraviolet 
(see Table III), one from 228 to 230 mp. and the other 
at 328 nip. These maxima are at wave lengths com
parable to those of the parent dihydropyrazolo[l,5-c]- 
quinazoline (compound 15). As a rule, Schiff bases 
absorb at 255 to 260 mp and at 310 to 320 mp.6 Also, 
the n.m.r. of these compounds offer confirmatory evi-

(6) F . W . H o lly  a n d  A. C . C ope, J .  A m .  C h e m .  S o c . ,  82, 3977 (1960).

dence for the cyclic structure. The azomethine proton 
of benzalaniline absorbs at 8.35 57 whereas the methine 
proton of the 2-aryl substituted dihydropyrazolo[l,5-c] 
quinazoline is found at 6.37 5.8

Compound I was allowed to react with a wide variety 
of aliphatic and aromatic acid chlorides. However, 
chloroacetyl chloride proved to be the most versatile 
agent. (See Scheme I and Table I.) Condensation of 
chloroacetyl chloride with I dissolved in dioxane con
taining sodium hydroxide gave a 65% yield of 2-chloro- 
methylpyrazolo [l,5-c]quinazoline (II). The halogen 
group in this compound is very reactive and thus II 
served as a useful intermediate in other transformations. 
For instance, when II was allowed to react with primary 
and secondary amines, compounds with basic moieties 
at the methylene group of position 2 were formed. The 
condensation of II with pyridine and picoline gave rise 
to the corresponding quaternary salts.

Experimental9
Pyrazolo [ 1,5-c] quinazoline.—5( o-Aminophenyl )pyrazole3-10 (1.6 

g.; 0.01 mole) was dissolved in 10 ml. of formic acid and the re
sulting solution was refluxed for 2 hr. The excess formic acid 
was then removed in vacuo and the resulting white powder was 
collected on a Buchner funnel and was washed well with w'ater. 
One recrystallization of this powder from ethyl alcohol-water 
(1 :2) yielded analytically pure needles.

Pyrazolo [ 1,5-c] quinazoline Hydrochloride.—Two hundred milli
grams of pyrazolo[1,5-c] quinazoline dissolved in 5 ml. of ethyl 
alcohol was treated with 3 ml. of ethyl alcohol saturated with 
hydrogen chloride. After stirring for a fewr minutes a white pre
cipitate was obtained which was recrystallized from ethyl alcohol 
to afford white crystals, m.p. 184-185°.

Anal. Calcd. for CioH8N,C1: C, 58.41; H. 3.92; N, 20.44. 
Found: C, 58.02; H, 4.05; N, 19.82.

The dissolution of the above salt in water resulted in the pre
cipitation of the free base from solution on standing at room 
temperature.

5-Methylpyrazolo[l,5-c] quinazoline.—5(o-Aminophenyl)-3- 
methylpyrazole3 (3.4 g.; 0.02 mole) was allowed to react under 
reflux with 20 ml. of formic acid for 2 hr. The reaction mixture 
was worked up in the same manner as described above. Re
crystallization of the crude product from ethyl alcohol-water 
(1:2) gave a 75% yield of pure substance, m.p. 93-94°.

Anal. Calcd. for C11H9N3: C, 72.07; H, 4.95; N, 22.93. 
Found: 0,71.85; H, 4.98; N, 22.56.

l-Acetyl-5-(o-acetamidophenyl)pyrazole (III).—2-(o-Amino- 
phenyl)pyrazole (I) (1.6 g.; 0.01 mole) was dissolved in 15 ml. of 
acetic anhydride and the resulting solution was heated at reflux 
temperature for 2 hr. The acetic anhydride was removed at the 
water pump and the remaining crystalline residue was recrystal
lized twice from ethvl alcohol to give 0.5 g. of white needles, 
m.p. 153-155°.

Anal. Calcd. for C13H13N30 2: C, 64.18; H, 5.39; N, 17.22. 
Found: 0,64.22; H, 5.41; N, 17.12.

Infrared spectra: 1750 cm.-1 (CH3CO of pyrazole); 1685 
cm.”1 (N-acetamidophenyl), as a mull in Nujol.

General Procedure for the Preparation of 2-Substituted Pyra
zolo [l,5-c]quinazolines (Compounds 2, 3, 4, 5, 6, 7, 10 and 11 in 
Table I). 2-Chloromethylpyrazolo[l,5-<;]quinazoline (II).—5(o- 
Aminophenyl)pyrazole (I) (9.6 g.; 0.06 mole) was dissolved in 
100 ml. of dioxane containing 2.4 g. of sodium hydroxide and 2 
ml. of water. To this solution there was added 6.8 ml. of chloro
acetyl chloride and the whole was heated on the steam bath for 3 
hr. After standing overnight at room temperature the mixture 
was added with stirring to 1 1. of water whereupon a precipitate 
was formed. This light tan solid material was collected on a 
filter, washed well with water, and then dried in vacuo. The yield

(7) J. F. King and T. Durst, C a n .  J .  C h e m . ,  4 0 , 883 (1962).
(8) The spectra of these compounds were run in deuteriochloroform using 

an AGO Varian n.m.r. spectrometer. The internal standard was tetra- 
methylsilane.

(9) The melting points reported herein and in Tables I and I I  are un
corrected.

(10) E . K oen ig  an d  J .  F re u n d , C h e m .  B e r . ,  80, 143 (1947).
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of crude compound, m.p. 135-140°, was 8.8 g. One reerystalliza- 
tion from ethyl alcohol gave analytically pure substance.

Condensation of II with Primary Amines. 2-(N-Methylamino- 
methyl)pyrazolo[l,5-c]quinazoline.—One hundred milliliters of 
ethyl alcohol containing methylamine (0.17 g. per ml.) was added 
dropwise over a period of 15 min. to 2.0 g. of II dissolved in 100 
ml. of ethyl alcohol. After stirring the reaction mixture at room 
temperature for 20 hr. the solution was concentrated to a viscous 
residue at the water pump. The residue was taken up in a mini
mum amount of ethyl alcohol and the solution was treated with 5 
ml. of ethyl alcohol saturated with hydrogen chloride gas. Addi
tion of this solution to 11. of dry ether resulted in the formation of 
a white precipitate which was collected and recrystallized from 
ethyl alcohol-ether. The desired compound was isolated as the 
monohydrochloride salt.

Preparation of l-(Pyrazolo[l,5-c]quinazolin-2-ylomethyl)pyri- 
dinium Chloride. Method A.—A mixture of 1.6 g. (0.01 mole) 
I, 1.13 g. (0.01) mole of chloroacetyl chloride and 10 ml. of pyri
dine was heated on the steam bath for 3 hr. On chilling the solu
tion, a white crystalline mass was obtained which was collected 
on a filter and then recrystallized from ethyl alcohol-ether.

Method B.—A mixture of 2.17 g. (0.01 mole) of 2-chloro- 
methylpyrazolo[ 1,5-c]quinazoline and 10 ml. of pyridine was 
heated in a sealed tube at 100° for 4 hr. The crystalline mass 
that was formed was collected on a Büchner funnel and recrystal
lized from ethyl alcohol-ether. Compound 13 in Table I was 
prepared in similar manner.

1,2-Dihydropyrazolo [ 1,5-c] quinazoline.—5(o-Aminophenyl)- 
pyrazole (1.6 g.; 0.01 mole) and a molar equivalent of 37% for
malin were added to 25 ml. of ethyl alcohol containing one pellet 
of sodium hydroxide. The solution was heated at reflux on the 
steam bath for 15 min. After filtering off some amorphous 
material, the filtrate was neutralized and evaporated to viscous 
residue in vacuo. This residue was extracted with a small 
amount of hot alcohol. On standing at room temperature, a 
crystalline substance was obtained which was recrystallized from 
ethyl alcohol to give an analytically pure product.

General Method for the Preparation of 2-Aryl Substituted 1,2- 
Dihydropyrazolo[l,5-r]quinazolines.—One-tenth molar equiva
lents of I and of an aromatic aldehyde were dissolved in 50 ml. of 
ethyl alcohol and the resulting solution was refluxed on the steam 
bath for 3 hr. After removal of the solvent in vacuo the remaining 
semisolid residue was triturated well with water. The precipitate 
was collected and recrystallized from a suitable solvent for 
analysis.
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Optically active d -  and L-2-aminobutyl bromide was prepared from the enzymatically resolved 2-aminobutyric 
acids, establishing their configuration. Condensation with thiourea yielded the d -  and L-2-aminobutylisothio- 
ureas, which readily underwent a pH -dependent intram olecular rearrangement to  give the D -  and L-2-guanido- 
butane thiols or d -  and L-4-ethyl-2-aminothiazolines. Oxidation of the thiols yielded the optically active 2- 
guanidobutyl disulfides.

Among the many aminoalkylisothioureas that are 
capable of protecting mice against a single lethal dose of 
X radiation, one compound, dl-S, 2-aminobutyliso- 
thiourea-HBr (2-ABT), seemed of particular interest. 
Treatment with this compound at a dose level of 4-5 
mmoles per mouse (as compared with 16 mmoles per 
mouse for a parent compound, S,2-aminoethylisothio- 
urea-di-HBr, AET3) prior to 900 r. whole-body X-irra-
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(1) Departm ent of Biochemistry, Emory University, Atlanta, Ga.
(2) Operated by Union Carbide Corporation for the U. S. Atomic Energy 

Commission.
(3) R. Shapira, D. G. Doherty, and W. T. Burnett, Jr., R a d i a t i o n  R e s . ,  7 ,

22 (1957).

diation enables 95-100% of the mice to survive more 
than 30 days. Ion exchange analysis4 confirms that
2-ABT (I) participates in the same intramolecular re
arrangements as the parent compound, AET, forming 
2-amino-4-ethylthiazoline, II, at a pH of 2.5-5.0, and 
2-guanidobutane thiol, III, at a pH of 6.0-9.0. Oxida
tion of the thiol with air or oxygen at an alkaline pH 
yields the corresponding 2-guanidobutyldisulfide, IV.

In view of these findings, especially the increased ac- 
tivity  ̂on a molar dose level, it seemed desirable to pre
pare the optically active isomers of 2-ABT and the cor
responding thiazolines and examine them for protec
tive activity in mice. If a difference in protective ac
tivity exists between the optical isomers, then these 
compounds, isotopically labeled, might provide some 
insight to the sensitive cellular and biochemical proc
esses affected by radiation. Indeed, when prepared by 
the methods described herein, the d-2-ABT is twice as 
active as the l isomer in protecting mice against 900 r. 
X-radiation. Intracellular distribution studies using 
S35- and C14-labeled compounds6 reveal significant dif
ferences in binding in the cellular fractions between the 
two compounds. In addition, the 2-ABT isomers 
were found to have interesting pharmacological proper-

(4) J. X. Khyra, D. G. Doherty, and R. Shapira, J .  A m .  C h e m .  S o c . ,  80, 
3342 (1958).

(5) R. H. Bradford, R. Shapira, and D. G. Doherty, I n t e r n .  J .  R a d i a t i o n  

B i o l . ,  3, 595 (1961).
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ties when compared to the other radioprotective iso
thioureas.6

A direct method for the preparation of the necessary 
starting materials, d- and L-2-aminobutanols, in quan
tity, is the enzymic resolution of DL-2-aminobutyric 
acid followed by the reduction of the stereoisomers with 
lithium aluminum hydride to the corresponding amino 
alcohols. This procedure offers the additional advan
tage of correlating the configuration of the alcohol with 
that of the a-amino acid. Previous experience with the 
papain-catalyzed asymmetric anilide synthesis7 had in
dicated that its specificity is probably broad enough to 
include 2-aminobutyric acid and prompted us to use 
this method rather than the acylase resolution of Birn- 
baum, et al.8 After the initial preparation of d- and 
L-2-aminobutanol by this procedure, the resolution of 
DL-2-aminobutanol via salt formation by Radke, et al.,9 
came to our attention, and was used for subsequent 
batches. The [— ]-2-aminobutanol was isolated in 
satisfactory yield from the D-tartrate salt and proved 
to be equivalent to the D-2-aminobutanol prepared from 
D-2-aminobutyric acid. However, contrary to the state
ment by Radke, et al.,9 that seeding with [— ]-2-amino- 
butanol-L-glutamate precipitates the [+]-2-aminobuta- 
nol-L-glutamate, we found it essential to seed with the 
L-2-aminobutanol-L-glutamate to achieve the desired re
solution. The corresponding 2-aminoalkyl bromides, not 
previously reported, were readily prepared by treatment 
of the amino alcohols with concentrated hydrobromic 
acid.10 It was essential, in order to avoid the formation 
of thiazoline, to prepare the iso thiourea in a relatively an
hydrous medium. Both optically active isothioureas 
exhibit polymorphism in their crystallization, the lower 
melting form being the first one obtained. The poly
morphs were identical in their analyses and properties in 
solution. They also yielded the same derivatives and 
possessed the same biological activity. In addition, 
the melting point of an analytical sample of d-2-ABT, 
stored two years at room temperature in a desiccator, 
had risen from its initial value of 157-158° to 177-178° 
and, on re-analysis, yielded results identical with those 
obtained initially.

The optical properties of the guanidothiols and disul
fides are similar to those of cysteine-cystine. Conver
sion of the L-thiol to the disulfide changes [ a ] 21D from 
— 7.3 to +200°. The disulfides exhibit a large tem
perature coefficient— 1.2°/degree-—as well as a marked 
solvent effect, the specific rotation of the L-disulfide at 
0° being +225° in water and at 21° being +200° in 
water, +175° in N HC1, +92° in N NaOH, and +175° 
in 8 M urea (c, 1%). The disulfides also have a weak 
absorption band in the ultraviolet, 4i»x = 335 
(water), which is absent in the thiol. The alkaline solu
tion of the L-disulfide disproportionates on standing to 
the equilibrium mixture of thiol-disulfide as indicated 
by the decrease in rotation, loss of the ultraviolet peak, 
and confirmed by the nitroprusside reaction, the equi
librium value being approximately 60% —S —S—/40%

(6) V. D iS te fa n o  a n d  D . E . L e a ry , P h a r m a c o l .  E x p t l .  T h e r a p 126, 30-1 
(1959).

(7) D . G . D o h e r ty  a n d  E . A. P openoe, J r . ,  J .  B i o l .  C h e m . ,  189, 447 
(1951).

(8) S. M . B irn b a u m , L. L e v in to w , R . B . K ingsley , a n d  J .  P . G reen ste in , 
i b i d . .  194, 455 (1952).

(9) F. H . R ad k e , R . B . F earin g , a n d  S. W . Fox, J .  A m .  C h e m .  S o c . ,  76. 
2801 (1954).

(10) F . C o rte se , O r g .  S y n . ,  2 , 91 (1943).

—SH. Inclusion of the asymmetric carbon atom in the 
ring, L-2-amino-4-ethylthiazoline, increases the nega
tive rotation from +7.3° of the thiol to —25.8° for the 
cyclic compound. The conversion of the isothiourea 
to the thiazoline at an acid pH can readily be followed 
by the change in rotation, and was in good agreement 
with the results obtained with the d l  isomer utilizing 
ion exchange analysis.4

The high anomalous rotation observed when an op
tically active thiol is oxidized to the disulfide has been 
the subject of speculation since it was noted by Van’t 
Hoff for the conversion of cysteine [a]20D = +20.5° to 
cystine [a]20D = —223° (c, 1%, 1 IVHC1). Kauzmann 
and Eyreinglla suggested that it was due to forces re
stricting the freedom and orientation of the groups in the 
molecule. FieserIlb extended this, proposing that cys
tine formed a symmetrical, intramolecular hydrogen 
bonded three-ring system at pH’s where the rotatory 
power was maximum. In homocystine, [a]25D = 
+75.5° (c, 1%, N  HC1) the lack of high rotation was 
attributed to the presumably less stable nonsymmetrical 
hydrogen bonded ring system. Fregdallc compared 
the rotations of a series of carboxylic acid disulfides and 
concluded that ring formation played a negligible role, 
the high optical activity arising from a disulfide bond in 
the molecule in proximity to an asymmetric center. 
Additional support for this was provided by Balenovic, 
et al.,ud who prepared /3-homocystine and found that, 
contrary to Fiesers’ proposition, it had a rotation, 
[q+ 4d = — 262° (c, 1%, N  HC1), higher than cystine. 
They also obsei’ved that disulfides, in contrast to the 
thiols, have weak absorption bands in the ultraviolet, a 
region associated with specific rotation in the visible 
spectrum. The important consequences of the non
planarity of the —S —S— bond to the steric properties of 
the disulfides was pointed out by Calvin,116 and Fossllf 
noted the intrinsic asymmetry of the disulfide bond. 
Taking these facts into consideration, Strem, et al.,lls in 
a discussion of the rotatory dispersion of cystine, postu
lated that the 90° dihedral angle gave rise to a screw 
sense in all disulfides. With no asymmetric center, 
right and left senses could occur with equal frequency, 
but when asymmetric R groups are present, such as in 
cystine or the basic disulfides we report, a preferred 
configuration would give rise to an intrinsic rotation as
sociated with the disulfide bond. This last explana
tion, with the additional corollary that the asymmetric 
atom be separated by not more than one methylene 
group from the disulfide bond, seems to fit best the 
present experimental observations.

Configurationally, the optically active compounds in 
this series are given the designation d and l  since they 
arise from the corresponding amino acids by reactions 
not involving the asymmetric carbon atom. Alterna
tively, the absolute notation of Cahn, Ingold, and Pre
log12 may be used, the d series corresponding to the (R) 
and the l  series to the (S). I t is interesting to note 
than in L-cysteine, the exception in this system, the

(11) (a) W . Kauzmann and H . Eyreing, J .  C h e m .  P h y s . ,  9, 49 (1941);
(b) L . Fieser, R e c .  t r a o .  c h i m . ,  69, 410 (1950); (c) A. Fregda, A c t a  C h e m .  

S c a n d . ,  4, 1307 (1950); (d) K. Balenovic, I. Jambresic, B. Gaspert. and D. 
Cerar, R e c . i r a v .  c h i m . ,  76, 1252 (1956); (e) M. Calvin, in “ Glutathione, A 
Symposium,” Academic Press, New York, N. Y., 1954, p. 7; (f) O. Foss, in
“Organic Sulfur Compounds,” N. Kharasch, ed., Pergamon Press, New 
York, N. Y., 1961, p. 78; (g) J. Strem, Y. S. R. Krishna-Prasad, and J. A. 
Schellman, T e t r a h e d r o n , 13, 180 (1901).

(12) R . S. C a h n , C . K . In g o ld , an d  V. P re log , E x p e r i e n t i a ,  12 , 81 (1956).
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naturally occurring amino acid has the (R) configura
tion, as does the more radioprotective (d-2-ABT) of the 
two isothioureas.

Experimental13
N-Isocaproyl-DL-2-aminobutyric Acid.—A solution of 103 g. 

(1 mole) of DL-2-aminobutyric acid in 250 ml. of 4 N  sodium 
hydroxide was cooled in ice and 148 g. (1.1 moles) of isocaproyl 
chloride and 275 ml. of 4 A1 sodium hydroxide added in portions 
with vigorous shaking over 0.5 hr. Acidification with coned, 
hydrochloric acid yielded a gum, which crystallized on scratching. 
The precipitate was filtered, washed with water, and dried. 
Yield: 182 g. (90%) m.p. 106-110°. Itecrystallization from
ethyl acetate-petroleum ether raised the m.p. to 111-113°.

Anal. Calcd. for C10H19O3N (201.3): C, 59.68; H, 9.51;
N, 6.97. Found: C, 59.69; H, 9.60; N, 7.11.

N-Isocaproyl-L-2-aminobutyryl Anilide.—The acyl amino acid
was resolved essentially by the procedure of Doherty and Po- 
penoe.7 Finely ground papain was mixed with 100 ml. of 0.1 M 
citrate buffer (pH 5), 150 ml. of water, 2.5 g. potassium cyanide, 
and adjusted to pH 5 with acetic acid. The mixture was stirred 
1 hr. and filtered with suction through a pad of Hyflo filter aid. 
Isoeaproyl-DL-aminobutyric acid, 100.5 g. (0.5 mole) was dis
solved in a mixture of 150 ml. of A7 sodium hydroxide, 150 ml. of
O. 1 M citrate buffer, 270 ml. of 2 N  sodium acetate, and 45.5 ml. of
redistilled aniline, and warmed to 45°. The enzyme solution 
was added, the mixture made up to 11. with water, and incubated 
at 37°. The anilide, which began crystallizing after lOrnin. was 
filtered off after 24 hr., washed with water, and dried. The 
filtrate was reincubated and reserved for the isolation of iso- 
eaproyl-D-aminobutyric acid. Yield: 68 g. (99%), m.p.
166-168°, [<*]23d -67.5°, (c, 2%, CH3C02H). The anilide was 
dissolved in 300 ml. of hot absolute ethanol, treated with Norite, 
and filtered to remove a small amount of protein, diluted to 11. 
with water, and allowed to crystallize overnight at 0°. Yield: 
57 g., m.p. 171-172.5°, [«]23d -70.0° (c, 2%, AcOH).

Anal. Calcd. for Ci6H24N20 2 (275.37): C, 69.53; H, 8.75; 
N, 10.10. Found: C, 69.43; H, 8 .86; N, 9.91.

L-2-Aminobutyric Acid.—The i,-anilide, 56 g., was refluxed 4 hr. 
in 300 ml. of 20% hydrochloric acid, concentrated in vacuo 
to dryness three times with additional amounts of water to 
remove excess hydrochloric acid, taken up in 500 ml. of water, 
and treated with Norite. The colorless filtrate was neutralized 
by passing through an IR-4B column in the OH-  form,7 and the 
eluate wash water concentrated in vacuo to 100 ml. The pH was 
adjusted to 6.6 with acetic acid, 500 ml. of ethanol was added, 
and the mixture allowed to crystallize overnight at —5°. Yield: 
17 g. (81%), [a]23D +  21.0° (c, 5%, N  HC1).8 Alternatively, 
the filtrate, after hydrolysis, could be neutralized by Dowex-3 
OH -  in a batch process and a similar yield obtained.

Anal. Calcd. for CiH90 2N (103.12): C, 46.59; H, 8.79; 
N, 13.58. Found: C, 46.70; H, 8.92; N, 13.33.

D-2-Aminobutyric Acid.—The small precipitate that formed in 
the reincubated anilide filtrate was filtered off after 3 days and the 
filtrate concentrated in vacuo to ca. 100 ml. Acidification with 
cold 2 N  hydrochloric acid to pH 1.5 yielded 57 g. of crystalline 
N-isocaproyl-D-2-aminobutyric acid mixed with some denatured 
protein. Recrystallization from ethyl acetate-petroleum ether 
gave 35 g. of pure compound. Yield: 70%, m.p. 102-103°, 
[a]23d +  16.4° (c, 5% EtOH). The acyl D-amino acid was 
hydrolyzed and the amino acid isolated as previously described 
for the l isomer. Yield: 16 g. (90%), [a]23D —21.0° (c, 5%,
N  HC1).

Anal. Calcd. for N-Isocaproyl-D-2-aminobutyric acid, C10H19- 
0 3N (201.25): C, 59.68; H, 9.51; N, 6.97. Found: C, 
59.74; H, 9.49; N, 6.98. Calcd. for D-2-aminobutyric acid, 
C4H90 2N (103.12): C, 46.59; H, 8.79; N, 13.58. Found: 
C, 46.50; H, 8.95; N, 13.45.

D-and l- 2-Aminobutanols.—The isomeric aminobutyric acids 
were reduced to the corresponding alcohols by lithium aluminum 
hydride in tetrahydrofuran according to the method of Vogel and 
Pohm14 and isolated by a modified procedure. Lithium aluminum 
hydride, 4.2 g. (0.11 mole), was added to 100 ml. of dry tetra
hydrofuran (dried over sodium hydride and distilled from lith
ium aluminum hydride) in a 200-ml., three-necked flask fitted

(13) A ll m e ltin g  p o in ts  in  ca p illa ry  tu b e  w ere  u n co rrec ted . A n aly ses  by  
G a lb ra i th  L ab o ra to rie s , K noxv ille , T e n n .

(14) O . Vogel and M . P o h m , M o n a t a h .  C h e m . ,  83, 541 (1952).

with a stirrer and condenser. The mixture was cooled to 0°,
10.3 g. (0.1 mole) of 2-aminobutyric acid was added in 1-g. 
portions over 1 hr. and, following the last addition, the mixture 
was refluxed for 6 hr. The mixture was cooled in ice, diluted 
with an equal volume of ether, and the excess hydride decomposed 
by the cautious addition of a few drops of water. The precipi
tate was filtered, dried, and added to 20 ml. ice-cold 40% sodium 
hydroxide. The resulting solution was extracted with three 50- 
ml. portions of ether, and the combined extracts dried over 
sodium hydroxide pellets and distilled through a 50-cm. vacuum- 
jacketed, Vigreux column. Yield: 6.2 g. (69%), b.p. 178° 
(740mm.),9D % ] 21d  —10.0°, l  [ « ] 21d  +10.2° (neat).

Resolution of DL-2-Aminobutanol.—The procedure of Radke 
et al . , 9 gave a good yield of the n-2-aminobutanol L-tartrate, 
which was readily converted to  the free n-2-aminobutanol. 
Resolution with L-glutamic acid, however, did no t follow the 
exact course reported by these au thors. Copious seeding of three 
separate batches of the resolution m ixture w ith pure D-2-amino- 
butanol L-glutamate, as recommended, over a 3-week period 
failed to  yield any precipitate. However, seeding w ith pure 
L-2-aminobutanol L-glutamate obtained via the 2-aminobutyric 
acid route gave an im mediate and nearly quantita tive precipita
tion of the L-2-aminobutanol L-glutamate.

d l - ,  D -, and L-2-Aminobutylbromide • HBr.—Two methods were 
used for the preparation of the aminoalkyl bromides.

Method A.—A mixture of 34 g. (0.2 mole) of 2-aminobutanol 
and 250 ml. of dry chloroform was cooled in an ice bath in a 500- 
ml. round bottom flask and 46 g. (0.22 mole) of thionyl bromide 
added dropwise with stirring. After it was allowed to stand 
overnight at room temperature, the mixture was evaporated 
in vacuo to dryness, taken up in absolute ethanol, and precipi
tated with ethyl acetate. Yield: 39.6 g. (85%).

Method B.—2-Aminobutanol, 34 g. (0.2 mole), was added 
dropwise to 160 ml. of 48% hydrobromic acid in a 300-ml. three
necked round-bottom flask fitted with a stirrer and short Vigreux 
column and cooled in an ice bath. Upon completion, the 
solution was refluxed and slowly distilled, 80 ml. being collected 
in 3 hr. This was replaced with 80 ml. of 48% hydrobromic acid 
and the distillation continued for an additional 3 hr. The 
resultant solution was evaporated in vacuo to dryness and the 
product recrystallized from an absolute ethanol-ethyl acetate 
mixture. Yield: 37 g. (79%), d l -  m.p. 188-189°.

Anal. Calcd. for CioHnNBr2 (232.97): C, 20.63; H, 4.76: 
N, 6.01. Found: C, 20.69; H, 4.58; N, 6.18. D-, M.p. 185- 
187°, [ « ] 22d  —5.0S° (c , 2% abs. EtOH). Found: C, 20.61; 
H, 4.59; N, 6.05. L -, M.p. 181-183°, H 22d  +5.06° ( c ,  2%
abs. EtOH). Found: C, 20.60; H, 4.82; N, 6.15.

d l - ,  D -, and L-2-Aminobutylisothiourea-Di-HBr.—Two pro
cedures were used to prepare these compounds. For the d l  
isomer only one crystalline form was obtained by either method 
while the d  and l  isomers both gave polymorphic crystal forms 
by either method. Initially only the lower melting form was 
obtained, subsequent preparations yielded the higher melting 
form.

Method A.—Thiourea, 7.6 g. (0.1 mole), was mixed with 12 
ml. of absolute ethanol, and 50 ml. of ethyl acetate and heatec 
on a steam bath to boiling. DL-2-Aminobutylbromide • HBr, 23.3 
g. (0.1 mole), was added and the mixture refluxed 1 hr. Com
plete solution occurred, followed by precipitation of an oil in
10-20 min. Crystallization was induced by scratching with a 
glass rod and, after short cooling in an ice bath, the precipitate 
was filtered off, washed with ethyl acetate, and dried in vacuo. 
Yield: 25 g. (81%), 170-172°. I t  was recrystallized by solu
tion in a minimum amount of hot absolute ethanol, dilution 
with four volumes of isopropyl alcohol, and cooling to 0°. Yield:
21.6 g., m.p. 177-179°. The same procedure with the optically 
active halides using half quantities of all components yielded 9-11 
g. of crude product.

Method B.—Thiourea, 7.6 g. (0.1 mole), was dissolved in 60 
ml. of hot isopropyl alcohol, 23.3 g. (0.1 mole) of DL-2-amino- 
butylbromide • HBr added, and the solution refluxed 1 hr. on the 
steam bath. Ethyl acetate, 30 ml., was added to the hot solu
tion, the mixture seeded, cooled to 0°, and the precipitate 
treated as in A. Yield: 22 g., m.p. 170-173°. Recrystalliza
tion gave 19.5 g., m.p. 177-179°. On a one-half scale using 
the optically active halides, this procedure yielded 9-11 g. of 
crude product.

Anal. Calcd. for C6H15N3SBr2 (309.11): C, 19.43: H,4.S9; 
N, 13.59; S, 10.37. d l -, Found: C, 19.59; H, 4.84; N, 13.52; 
S, 10.50. Low melting form D - c r u d e ,  m.p. 152-154°; recrystal
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lized, 157-158°. Found: C, 19.49; H, 4.94; N, 13.33; S, 
10.39. L-crude, m.p. 148-150°; recrystallized, m.p. 155-157°. 
Found: C, 19.30; H, 4.70; N, 13.43; S, 10.32. High melting 
form D-crude, m.p. 177-179°; recrystallized, m.p. 183-185°. 
Found: C, 19.34; H, 5.00; N, 13.40; S, 10.58. L-crude, 
m.p. 176-179°; recrystallized, m.p. 184-186°. Found: C, 
19.35; H, 4.80; N, 13*50; S, 10.45.

The optical rotations of the polymorphic forms of the l and 
D  isomers are identical: D -  [<x]22d —12.5° (c, 5% 0.2 M  HC1). 
Converted to the mercaptoguanidine by the addition of sodium 
hydroxide to pH 8.0, the rotation is [ a ] 22D  +7.50° (c, 2%, 0.4 
M phosphate buffer pH 8.0). Correspondingly, the l  isomer in 
acid gives a rotation of [a]22d +12.0° (c, 5% 6.2 M HC1), and 
as the mercaptoguanidine [«]22d —7.3° (c, 2% 0.4 M  phosphate 
buffer pH 8.0).

d -  and L-2-Guanidobutanethiol Flavianate.—n-2-Aminobutyl- 
isothiourea (1.1 g.) was dissolved in 5 ml. of water, and the pH 
brought to 8.0 by the addition of 3.4 ml. of sodium hydroxide. 
The addition of 3.5 ml. of 1 M flavianie acid precipitated a yellow 
gum, which crystallized upon scratching with a glass rod. The 
product was filtered, dried (1.3 g.), and recrystallized from 10 ml. 
of hot 50% ethanol; 1.1 g., m.p. sinter 115°; melts 128-30°. 
The L-flavianate was prepared in a similar fashion, and had the 
same melting point.

Anal. Calcd. for C+HigNsOsSi (461.48); C, 39.04; H, 4.15; 
N, 15.18; S, 13.89. Found: D-, C, 39.16; H, 3.97; N, 15.09; 
S, 13.61. L-, C, 38.90; H, 4.08; N, 15.06; S, 13.70. d-. 
M 22d +6.6°; L - ,  -6 .2 °  ( c ,  0.5% water).

Bis-DL-, D - ,  and i,-(2-Guanidobutyl) Disulfide Dihycrobromide. 
—A solution of DL-2-aminobutylisothiourea dihydrobromide, 15.5 
g. in 50 ml. of water, was immediately converted to 2-guanido- 
butanethiol by the addition of 50 ml. of 1 A sodium hydroxide, 
the pH adjusted to 9.0, a few milligrams of cupric chloride added 
and oxygen bubbled through until the nitroprusside test was

negative (ca. 3-4 hr.). The solution was acidified to pH 4 with 
hydrobromic acid, evaporated to dryness in vacuo, and the solid 
extracted with absolute ethanol. Ether was added to the ethanol 
extract to turbidity, and the mixture allowed to crystallize at 
— 5°. Yield: 8.2 g. (72%), m.p. 173-175°. Recrystallization 
from absolute ethanol-acetone raised the melting point to 180- 
182°. TheD and l  disulfides were obtained in a similar manner.

Anal. Calcd. for C10H26N6S2Br2 (454.34): C, 26.43; H, 
5.77; N, 18.50; S, 14.11. Found: d l - ,  C, 26.22; H, 5.74; 
N, 18.23; S, 13.95. D - ,  M.p. 183-184°, [«]22d - 198°. Found: 
C, 26.66; H, 5.75; N, 18.21; S, 14.24. l-, M.p. 183-185°,
[a]22D +200°. Found: C, 26.71; H, 5.90; N, 18.30; S,
13.90.

d l - ,  D - ,  and L-2-Amino-4-ethylthiazoline Hydrobrom ide.—The
thiazolines were prepared by the method of Gabriel.16 For the 
corresponding aminoalkyl bromide hydrobromide, 11 g. (0.05 
mole) was mixed with 5.0 g. (0.05 mole) potassium thiocyanate 
and 25 ml. water in an evaporating dish and heated on the steam 
bath overnight. The residue was extracted with 100 ml. hot iso
propanol, potassium bromide filtered off and the filtrate evapo
rated in vacuo to dryness. The crystalline product was removed 
with ethyl acetate, filtered, and dried. Yield: 8 g. (75%), 
d l - ,  m.p. 102-104°.

Anal. Calcd. for C6H„N2S Br (211.14): C, 28.44; H, 
5.25; N, 13.27; S, 15.19. Found: C, 28.46; H, 5.06; 
N, 13.12; S, 15.39. D-, M.p. 121-22°, [ « ] 21d  +26° (c, 2% 
H20). L -, M.p. 121-122.5°, M 21d  -25.8° (c, 2%, H20).
Found: C, 28.54; H, 5.19; N, 13.10; S, 15.35.

The d l  thiazoline yielded a flavianie acid salt identical with 
that obtained by Khvm, etal.,* from the rearrangement of the 
isothiourea in acid solution.

(15) S. G ab rie l, B e r . ,  22 , 1141 (1889); G . W . R a iz iss  a n d  W . C . L e R o y . 
J ,  A m .  C h e m .  S o c . ,  63 , 3124 (1941); A. S choberl, R . H a m m , a n d  M . K aw oh l, 
C h e m .  B e r . ,  84, 571 (1951).

A royldiazoacetic E sters. II. S yn th esis  w ith  A nhydrous M ethyl D iazoaceta te . 
H ydrolysis o f  Aroyl H alides in  96% M ethyl D iazoaceta te15 1 2 3“4 5
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Preparation of aroyldiazoacetic esters by direct interaction of aroyl halides and methyl diazoacetate (I) is a 
general procedure if I is anhydrous. There is described a procedure for drying I azeotropically with n-pentane, 
which permits quantitative estimation of water present. Interaction of aroyl chlorides with 96% methyl diazo- 
acetate resulted in hydrolysis products, either alone or together with the aroyldiazoacetic ester. A bimolecular 
hydrolysis of aroyl chlorides in 96% methyl diazoacetate is proposed. A new mechanism for aroyldiazoacetic 
ester formation is postulated.

The reaction of acyl halides with diazoacetic esters 
to give acyldiazoacetic esters is well known. However, 
benzoyl bromide appears to be the sole example of an 
aroyl halide undergoing this reaction.6 The hetero
cycles, furoyl bromide and chloride, react with methyl 
diazoacetate (I) to give methyl (a-furoyl) diazoacetate 
in 80% and unstated yields, respectively.7 Our at
tempts to extend this reaction led to carboxylic an
hydrides and an O-aroylglycollate as products.8 The

(1) P a p e r  I :  J .  H . L ooke r a n d  D . N . T h a tc h e r , J .  O r g ,  C h e m . ,  22 , 1233 
(1957).

(2) F ro m  th e  P h .D . th e s is  of C h a rle s  H . H ay es , U n iv e rs ity  of 
N eb ra sk a , 1959.

(3) P re se n te d  befo re  th e  138 th  N a tio n a l M ee tin g  of th e  A m erican  C h em i
ca l S ocie ty , N ew  Y o rk , N . Y ., S ep te m b er , 1960.

(4) P a r t ia l  s u p p o r t of th is  w o rk  b y  th e  R e sea rc h  C o rp o ra tio n  of N ew  
Y o rk  a n d  b y  T h e  U n iv e rs ity  of N e b ra s k a  R esea rch  C ouncil is g ra te fu lly  
ac know ledged .

(5) D o w  C hem ica l C o m p a n y  F ellow , 1955-1956.
(6) H . S ta u d in g e r , J .  B ecker, a n d  H . H irze l, B e r . ,  49, 1978 (1916).
(7) T . R e ic h s te in  a n d  H . J . M o rsm an , H e l v .  C h i m .  A c t a .  17, 1119 (1934).
(8) J .  H . L o o k e r a n d  D . N . T h a tc h e r , J .  O r g .  C h e m . ,  23 , 403 (1958).

T h is  p a p e r  c o n ta in s  re fe rences  to  ex ten siv e  rev iew  a r tic le s  on  a l ip h a t ic  d iazo
ch e m is try .

present paper describes a procedure for drying I azeo
tropically, reaction of anhydrous I with several aroyl 
halides to give crystalline aroyldiazoacetic esters, and 
reaction of I containing known amounts of water with 
aroyl halides.

The products obtained from interaction of methyl 
diazoacetate with aroyl chlorides in our previous study 
indicated water to be present in I. In the preparation 
of I by the procedure of Womack and Nelson,9 the effect 
of certain operations on the water content of the prod
uct diazoacetic ester had not been previously deter
mined. We report that I can be dried azeotropically 
with w-pentane, and the azeotrope collected in a modifi
cation of the distilling head used in the Dean-Stark 
procedure10 to afford a direct measure of water present. 
The modification substitutes a capillary tube of known 
cross section for the usual graduated test tube of the

(9) E . B . W o m ack  a n d  A. B . N elson , O r g .  S y n . ,  24 , 56 (1944).
(10) T h e  u n m o d ified  D e a n -S ta rk  d is tilling  rece iv e r  is  a v a ila b le  from  

E . FI. S a rg e n t & C o ., a n d  is  lis ted  a s  a  w a te r  t r a p  fo r  d e te rm in a tio n  of 
w a te r  in  p e tro leu m  p ro d u c ts  in  ac co rd an ce  w ith  A .S .T .M . m e th o d  D -95 .
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T a b l e  I
R e a c t i o n  C o n d i t i o n s “ a n d  Y i e l d  D a t a  

RCOX +  2CHN2CO2CH3 — ^  RC0CN2C02CH3 +  CH2XC02CH3 +  N2

R C O X O rd in a l

Reaction
period,
days

P ro d u c t
iso la tio n
m e th o d 6

Solvent for 
crystal
lization0

R a tio : 
m oles 1 7 - 

m oles R C O X
Y ield ,

%
Benzoyl chloride II 12 A M-P 2.2 62.5
m-Bromobenzoyl bromide III 8d B M-P 2.2 68.5
m-Bromobenzoyl bromide III 2.5 hr. 2.0 0 (Explosion)
m-Bromobenzoyl chloride IV 37 C M-P 2.2 69.7
3,5-Dinitrobenzoyl chloride V 3 A M-P 2.2 90.1
o-Iodobenzoyl chloride VI 16 C M-P 2.2 53.2
p-Mesyloxybenzoyl chloride VII 3 A M-P 2.2 73.2
o-Nitrobenzoyl chloride VIII 50“* B M-P 3.0 61.7
m-Nitrobenzoyl chloride IX 22 A M-P 2.2 72.5
p-Nitrobenzoyl chloride X 2 A M 2.2 91.4
o-Chlorobenzoyl chloride XI 47 D 2.2 (Oil)
m-Chlorobenzovl chloride XII 33 C M-P 2.2 64.0
p-Chlorobenzoyl chloride XIII 29 A M-P 2.2 57.3
o-Methoxybenzoyl chloride XIV 18 D 2.2 (Oil)
m-Methoxybenzoyl chloride XV 38 D 2.2 (Oil)
Furoyl chloride XVIII 18* A ET 2.2 51.2
Furoyl chloride XVIII 14® A M 2.1 52.4
5-Nitrofuroyl chloride XIX 4 A M-P 2.2 80.6
Hydrocinnamoyl chloride XX 35 E 2.7 (Oil)
Phenoxyacetyl chloride XXI 20 h r / A B-SK and 2.1 72.4

M-P
“ Anhydrous I employed except where otherwise noted. 6 A: Product crystallized from reaction mixture; reaction vessel scraped 

with stirring rod if necessary. B: Product isolated by nucleation, or by scratching of reaction vessel, and strong cooling. C: Small 
portion of reaction mixture permitted to evaporate in air; crystalline residue used to seed reaction mixture. D: Reaction mixture 
was steam distilled at reduced pressure; solvent removal from dry ethereal solution o: residue gave oily product. E: As in D, except 
that 2 g. of Ba(OH)2 present during steam distillation, and solvent removal from dry benzene solution. c M = methanol; P = petro
leum ether, b.p. 60-69°; ET = ether; B = benzene; SK = Skellysolve C (petroleum ether, b.p. 88-98°). d I contained trace of 
water. 61 contained 2.1% of water. ! I contained 4.0% of water.

T a b l e  II
A r o y l d i a z o a c e t i c  E s t e r s “ : P r o p e r t i e s  a n d  A n a l y t i c a l  D a t a

'—In f ra re d  a b s o rp tio n  b a n d s ,6 c m ." 1—-.
A ro y ld ia zo 
a c e tic  e s te r

A cid  ha lid e  
fo r  sy n th e s is

M .p .,
°C . C N î

E s te r
CO

K e to
CO

-------A naly sis , % N  —-
C aled . F o u n d

XXII i i 84.5-85.5 2162 1716 1616
XXIII III or IV 65-67 2140 1724 1622 9.90 9.76
XXIV V 126.5 dec. 2156 1710 1640 19.05 18.73
XXV VI 73.5-75 2148 1709 1638 8.94 8.58

XXVI VII 105-106 dec. 2160 1721 1623 9.39 9.02
XXVII VIII 90-92 2156 1712 1634 16.86 16.89

XXVIII IX 87.5-89 2156 1726® 1625 16.86 17.02
XXIX X 91.5-92.5 2160 1726 1632 16.86 17.30
XXX XII 64.5-66.5 2156 1726* 1624 11.74 11.27

XXXI XIII 105.5-107.5 2144 1717 1623 11.74 11.17
XXXIT XVIII 111-112 2140 1732 1623 14.28 14.47

XXXIII XIX 97-99 2134 1739 1629 17.14 17.39
XXIV' XXI 105.5-106.5 2148 1706 1668 11.96 11.92

xxxvf III 56-58 2156 1727" 1622 9.42 8.86
"Methyl ester, unless otherwise indicated. 6 Of Nujol mull. "Shoulder on strong band at 1695 cm.-1. * Shoulder on strong

band at 16S8 cm.-1. e Acyldiazoacetic ester. r Ethyl ester. a Shoulder on strong band at 1687 cm.-1.

distilling head. Distillation of I itself is not neces
sary. Freshly prepared methyl diazoacetate and the 
reagent which has been stored in a refrigerator for ca. 
six months contain 2.1% and 4.0% water, respectively. 
In contrast, ethyl diazoacetate which had been stored 
for one to two years under the same conditions possessed 
only a trace of water. When I was prepared by the 
method of Hammond,11 I contained only a trace of 
water.

Data pertaining to the reactions of I with acid halides 
are reported in Table I. Acid halide for synthesis,

(13) J .  A . H am m o n d , U . S. P a te n ts  2 ,691,649 a n d  2 ,691,650; C h e m .  

A b s t r . ,  49, 11690 (1955).

properties, and analytical data for product aroyldiazo
acetic esters are outlined in Table II. In Table II, the 
structure of the aroyldiazoacetic ester is apparent from 
that of the acid halide for synthesis. Product distri
butions from, and reaction conditions for, interaction of 
aroyl halides with I containing up to 4.0% water are 
given in Table III.

The combined data of Tables I and II establish the 
general nature of the reaction of I with aroyl chlorides 
to give aroyldiazoacetic esters, with the important pro
vision that I must be anhydrous. The reaction condi
tions employed are not considered optimum, however, 
with the exception of those for preparation of aroyl-



1 3 4 4 L o o k e r  a n d  H a y e s Vo l . 28

T a b l e  I I I

P r o d u c t s  f r o m  I n t e r a c t i o n  o f  A r o y l  H a l i d e s  w i t h  M e t h y l  
D i a z o a c e t a t e  (I) C o n t a i n i n g  4.0%“ W a t e r

R a t io : -----------P ro d u c t d is tr ib u tio n ---------- >

A rC O X

m oles I / -  
m oles 

R C O X

R ea c tio n
period ,
d ay s

A rC O C N j-
C O îC H s

Y ield, %

A rC O ill  (A rC O U O

III 2.0 146 49.4
IV 3.0 50e 1.1

VII 2 . 1 16 (hr.) 6.2 34.5
IX 2.1 3 10.5 42.5
X 2.1 3 40.0 33.6

XI 2.1 2 33.3
XII 3.0 161' 8.5 2.1

XIII 2.8 3 10.4 39.0
XIII 2.1 2 0.8 27.8
XIV 2.1 0.5 43.8
XV 3.0 77' 5.75

XVI 2.1 S 6.0 32.0
XVII 3.0 160' 19.4 12.3

XVIII 2.9 7 26.7
a Unless otherwise indicated. b In this experiment, I con-

tained approximately 2% water. c In this experiment, I con
tained a trace of water initially.

diazoacetic esters XXIV and XXIX which gave yields 
of over 90%. In the majority of cases, the reaction 
product crystallized from the reaction mixture directly, 
but also very slowly in certain instances. The syn
thesis of XXII has been previously reported, but not 
from benzoyl chloride. Acid chlorides XI, XIV, and 
XV gave oily reaction products, which resisted all at
tempts at purification. However, these products gave 
positive tests with bromine in acetic acid (sequel), and 
very probably were the aroyldiazoacetic esters. Anisoyl 
chloride (XVI) and p-toluyl chloride (XVII) were the 
least reactive of the acid chlorides studied. At least 
61% of XVI was present after 18 days, and the only 
products isolated from XVII and I were toluic acid and 
its anhydride. These latter two products apparently 
resulted from a reaction with water, slowly introduced 
into I during the long reaction period (82 days at —24°, 
after 78 days at room temperature). The heterocyclic 
acid derivatives, furoyl chloride (XVIII) and its 5- 
nitro derivative (XIX), reacted satisfactorily with I. 
The aliphatic acid chloride XXI gave a satisfactory 
yield of methyl (phenoxvacetyl) diazoacetate, even 
when I contained 4.0% water. This property is in 
marked contrast to that of most aroyl chlorides. With 
anhydrous I, hydrocinnamoyl chloride (XX) gave as 
reaction product an orange oil, which gave a positive 
test with bromine in acetic acid.

Certain properties of the crystalline aroyldiazoacetic 
esters obtained in this study are given in Table II. In 
addition, all such substances gave a moderate evolution 
of nitrogen with 1% bromine in acetic acid. This test 
is based on the known reaction of the aliphatic diazo 
group with halogen,12 and presumably proceeds as in 
equation 1. Although I also undergoes the test, its
Ar—COCNsCOOCH3 +  Br2 -— ^

Ar—COCBr2COOCH3 +  N2 (1)

reaction is more violent than that with the aroyldiazo
acetic esters. The test with bromine is of added 
significance because of the acid-stability of the diazo 
function in acyl- and aroyldiazoacetic esters. This 
acid-stability was so striking that, at one time, an

(12) L. W olff, A n n . ,  394 , 23 (1912); ref. 6.

oxadiazole structure was advocated for such mole
cules.13 Subsequent infrared1 and chemical14 studies 
do not permit such a view today, however.

Comparison of infrared spectra of aroyldiazoacetic 
esters (Table II) with those of diazo ketones15 indicates 
that the diazo group in aroyldiazoacetic esters absorbs 
somewhat higher frequency radiation. Possibly this 
property is due to enhanced triple bond character in 
the diazo function of diazoacetic ester derivatives 
(XXXVI B, C, and D).

Ne N

O ®N O
I! II |  Il I II

Ar—C—C—C—OR -<— Ar- -C -C—C—OR •

O ®N O
I

XXXVIA XXXVIB

N
III

0 e ®N O
I I IIAr—C=C—C—OR >
XXXVIC

N

O ®N Oe

Ar—C— —OR 
XXX VID

The data of Table III give the product distribution 
resulting from interaction of aroyl halides with I con
taining from a trace to as much as 4.0% water, and 
afford convincing evidence for the importance of an
hydrous methyl diazoacetate in synthesis of aroyl
diazoacetic methyl esters. Of particular interest are 
reactions of acid chlorides IV, VII, IX, X, XII, XIII, 
and XVIII (Table III), which gave moderate to ex
cellent yields of aroyldiazoacetic esters with anhydrous 
I (Table I).

The general course of the reaction of aroyl chlorides 
with water and I is clear. Part of the aroyl chloride is 
first hydrolyzed to the carboxylic acid, which then re
acts with unreacted acid chloride to give the anhydride. 
In both steps, I acts as a base. The proposed sequence 
is outlined in equations 2-5.

ArCOCl +  H20 — ^  ArCOOH +  HC1 (2)
CHN2COOCH3 +  HC1 — ^  CH2C1C00CH3 +  N2 (3)

ArCOOH +  ArCOCl----^  (ArCO)20  +  HC1 (4)
CHN2COOCH3 +  HC1 — CH2C1C00CH3 +  N2 (5)

Presumably the over-all reaction for anhydride forma
tion is that given in equation 6.
2ArCOCl +  2CHN2C00CH3 -f H20 — ^

(ArCO)20  +  2CH2C1C00CH3 +  2N2 (6)

One example of ester formation in I was observed, 
namely, reaction of benzoyl chloride with excess 
methanol to give methyl benzoate (equation 7).
C6HsCOC1 +  CH3OH +  CHN2COOCH3 —

C6H5COOCH3 +  CH2C1C00CH3 +  N2 (7)

Data of theoretical interest pertain to whether or not 
hydrolysis of aroyl bromides and chlorides in methyl 
diazoacetate containing water occurs. Benzoyl bro
mide and m-bromobenzoyl bromide react with I con
taining 4.0% and 2% of water respectively to give the 
aroyldiazoacetic ester in 78 and 49% yields. Furoyl 
bromide gives an 80% yield of the furoyldiazoacetic

(13) I,. W olff, i b i d . ,  325, 129 (1902); L . W olff a n d  A. A. H all, B e r . ,  36, 
3612 (1903).

(14) I I , S tau d in g e r , i b i d . .  49, 1884 (1916).
(15) P . Y a te s , B . L. S h ap iro , N . Y od a , a n d  J .  F u g g e r, J .  A m .  C h e m .  S o c . ,  

79, 575G (1957). T h is  w ork  co n ta in s  th e  sp e c tru m  o f one a c y ld iaz o  ea ter.
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ester with I of unstated water content.16 In this study, 
the carboxylic anhydride was not detected as a reac
tion product from aroyl bromides and I, even when I 
contained water. Hydrolysis of benzoyl bromide can 
be effected with water and I, but the 25% water present 
probably would permit an SnI type hydrolysis (sequel), 
and the product was benzoic acid. We conclude that 
aroyl bromides are not readily hydrolyzed in methyl 
diazoacetate containing small amounts of water (under 
5%). In contrast, the common reaction path of aroyl 
chlorides with 96% methyl diazoacetate leads to a 
mixture of the aroyldiazoacetic ester and hydrolysis 
product, or hydrolysis product exclusively. Under 
consistent conditions, of 2.1 moles of I per mole of acid 
chloride and 4.0% water in the methyl diazoacetate, 
VII, IX, and X formed both aroyldiazoacetic ester and 
anhydride, while XI, XIII, and XIV (Table III) gave 
no aroyldiazoacetic ester, with the anhydride being the 
main product. We conclude that aroyl chlorides are 
hydrolyzed rather readily in 96% methyl diazoacetate. 
Apparently the acyl chloride (XXI) (Table I) resembles 
aroyl bromides in its reaction with 96% methyl diazo
acetate.

Two extreme mechanisms for acid halide hydrolysis 
have been recognized.17 First (equation 8), hydrolysis 
is effected via a bimolecular reaction, probably in
volving addition of water to the carbonyl group to give 
the intermediate XXXVI. Second (equation 9), an 
Sn I type ionization occurs without formation of a 
geminal diol intermediate. Kinetic hydrolysis studies 
by other workers17 indicate that many acid chlorides 
can undergo hydrolysis by either mechanism, depend
ing on the concentration of water in the hydrolysis medium. 
Low concentrations of water favor the path in equa-

OH

ArCOCl +  HOH ^  Ar—C—Cl — s- ArCOOH +  HC1 (8)
I

OH
XXXVI

H O H
ArCOX X® +  ArCO® — ArCOOH +  H® (9) 

N

O® N®
I I

Ar—C—C—COOR
I I

Cl H
XXXVII

tion 8, high concentrations that in 9. The hydrolysis 
media in this study contained from a trace to as much 
as 4% water, low concentrations, and we postulate 
that most of the aroyl chloride hydrolyses (Table III) 
occur the path of equation 8. The SnI mechanism 
(equation 9) very probably is important in the hydrolysis 
of benzoyl bromide with 25% water present.

The dichotomy of hydrolysis mechanisms for acid 
halides, and the importance of medium in determining 
mechanism, indicate the possibility of two extreme 
mechanisms for formation of aroyldiazoacetic esters 
from acid halides. The first, the Eistert mechanism,18

(16) P re su m a b ly  th e  m e th y l d ia z o a e e ta te  u sed  w ou ld  h av e  co n ta in e d  a t  
le a s t tra ce s  of w a te r, s ince  no  d ry in g  s te p  w as d escrib ed  (ref. 7).

(17) M . S. N ew m an , “ S te ric  E ffec ts  in  O rgan ic  C h e m is try ,”  Jo h n  W iley  
a n d  Sons, In c ., N ew  Y o rk , N . Y ., 1956, p p . 22 5 -2 2 7 ; E . W . C ru n d en  a n d  
R . F . H u d so n , J .  C h e m .  S o c . ,  501 (1956), a n d  p reced in g  p ap e rs ; I i .  IC. H a ll , 
J r . ,  J .  A m .  C k e m .  S o c . ,  77 , 5993 (1955).

(18) B. E is te r t ,  B e r . ,  68, 208 (1935)

is a bimolecular one in which the intermediate XXXVII 
is formed by addition of the diazoacetic ester molecule 
to the carbonyl group of the acid chloride. In the 
second, not known to be previously postulated, ioniza
tion of the aroyl halide would occur as in equation 9; 
and the carbonium ion formed would react with methyl 
diazoaeetate (I) to give the C-aroyldiazonium ion 
XXXVIII (equation 10). Interaction of XXXVIII, 
possibly associated with bromide ion as in XL, with the 
base (I) would give the product diazonium ion (equa
tion 11). Although less likely, a displacement (equation 
10a) is conceivable. The exact species involved in pro
ton transfer to I is not known, although a formal ioniza
tion of XXXVIII to XXXIX and the “bare proton” is 
indicated for convenience. We term this second 
mechanism the aroyldiazonium ion mechanism for 
aroyldiazoacetic ester formation.

The Eistert mechanism18 is quite adequate if acid 
halide hydrolysis is impossible and ionization cannot 
occur in the reaction medium, as in reaction of aroyl 
halides with either diazomethane or diazoacetic ester 
in anhydrous ether solution. In general, the aroyl
diazonium ion mechanism would be important if the 
medium is sufficiently polar to facilitate ionization of 
readily ionizable acid halides. In the present work, the 
reaction medium, initially either anhydrous liquid I or 
a homogeneous mixture of I with small quantities of 
water, very probably would support ionization. A 
rough correlation between hydrolysis mechanism and 
aryoldiazoacetic ester formation mechanism is possible. 
Acid halides undergoing hydrolysis by the path of equa
tion 9 would be expected to form aroyldiazoacetic esters 
by the aroyldiazonium ion mechanism, providing the 
polarity of the medium would permit ionization of the 
acid halide. Acid halides undergoing hydrolysis by the 
path of equation 8 would form aroyldiazoacetic esters 
by the Eistert mechanism, assuming a suitable medium. 
Benzoyl bromide, m-bromobenzoyl bromide, and phe- 
noxyacetyl chloride are probable specific examples of 
acid halides which react with 96% or 98% I to form the 
aroyldiazoacetic (or acyldiazoacetic) ester by the 
aroyldiazonium (acyldiazonium) ion mechanism.

N
III
N®

ArCO® +  CH—COOCH., ■

N

I
ArCO—C—GOOCH, (10)

I
H

XXXVIII

Í *N®

ArCO—C—COOCHs +  H®
® (10a)

XXXIX

H® +  CHN2COOCH3 — N = N —CH2—COOCH3 (11) 
N
III

O N®

Ar—C—C—COOCHs X®
I

H
XL
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Experimental
Melting points are uncorrected unless stated otherwise. Tem

peratures of —4° and —24° represent average temperatures of 
the middle of main box and freezing compartment respectively 
of the refrigerator used. Unless stated otherwise, yields were 
determined from crude product after it had stood over phosphorus 
pentoxide in a vacuum desiccator at room temperature and 15-20 
mm. for a minimum of 12 hr. All reactions were carried out at 
room temperature unless otherwise noted. EK designates an 
Eastman Kodak chemical of White Label purity.19 Infrared 
spectra were determined as Nujol mulls unless otherwise noted, 
on a Perkin-Elmer Model 21 spectrophotometer (sodium chloride 
optics). Microanalyses were performed by Micro-Tech Labora
tories, Skokie, Illinois.

Methyl Diazoacetate.—This substance was prepared from 
glycine methyl ester hydrochloride by the method of Womack 
and Nelson,9 and by the procedure of Hammond.11

Azeotropic Purification of Methyl Diazoacetate.—The appara
tus used consisted of a round-bottom flask of suitable size, an 
efficient water-cooled condenser, and a modification of the Dean- 
Stark water determination apparatus.10 A capillary tube of 
known cross section, uniform bore, and approximately 15 cm. in 
length, with a stopcock at the lower end, was substituted for the 
graduated test tube of the latter apparatus. Heat was supplied 
carefully by means of a heating mantle. The azeotrope involved 
was ?i-pentane-water.

A sample of methyl diazoacetate (32.7 g.), prepared by Wo
mack and Nelson’s procedure, that had been stored in a brown, 
glass-stoppered bottle at —4° for approximately 6 months was 
heated with 50 ml. of n-pentane under reflux until no further 
condensation of water could be observed in the condenser; 
water content, 1.30 g. (4.0%). A freshly prepared sample of 
methyl diazoacetate (51.7 g.) was heated with n-pentane under 
reflux as before to give dry methyl diazoacetate and water (1.10 
g., 2.1%).

Preparation of Aroyldiazoacetic Esters. Procedure A.80—
Recrystallized 3,5-dinitrobenzoyl chloride, m.p. 69-71° (15.0 g., 
0.065 mole) was added in portions to dry methyl diazoacetate 
(14.3 g., 0.143 mole) over a 45-min. period with stirring in a 
three-neck round-bottom flask equipped with thermometer, 
efficient stirrer, and a device consisting of a 19/38 ground glass 
joint and a 50-mi. erlenmeyer flask joined by a short section of 
large rubber tubing. The acid chloride was added through the 
latter device. The system was isolated from atmospheric 
moisture by a calcium chloride drying tube. Nitrogen was 
evolved rapidly from the initial addition of acid chloride; stir
ring was continued for 1 hr. after completion of the addition, 
with periodic strong cooling. The reaction mixture was allowed 
to stand in ice-water for 1 hr. without stirring, then at room 
temperature for 72 hr.; the entire reaction mixture had set to a 
semisolid mass. The crude, crystalline, yellow methyl (3,5- 
dinitrobenzoyl)diazoacetate (XXIV; Table II) was collected 
by filtration and dried. Two additional crops of crude product 
were combined with the first; total yield, 17.20 g. (90.1%), 
m.p. 90-120° dec. Recrystallization from methanol-petroleum 
ether (b.p. 60-69°) gave analytically pure material, m.p. 126.5°.

Procedure B.20—Freshly distilled m-bromobenzoyl bromide 
(14.6 g., 0.055 mole) was added dropwise to methyl diazoacetate 
(12.2 g., 0.122 mole) (cooled in an ice-water bath) in a three- 
neck flask equipped with dropping funnel, thermometer, and 
efficient stirrer. The system was protected from atmospheric 
moisture. The addition required 50 min. Initially, nitrogen 
was evolved rapidly. The reaction mixture stood undisturbed 
in an ice-water bath for 2 hr. I t then was cooled intermittently 
until the reaction no longer became vigorous at room tempera
ture, and was allowed to stand for 8 days. The yellow solution 
was seeded with authentic methyl (m-bromobenzoyl)diazoacetate; 
after standing overnight at —24°, the entire mixture had set to 
a semisolid mass. After standing 8 more days at —24°, the 
crude methyl (m-bromobenzoyl )diazoacetate (XXIII; Table II) 
(3 crops) was collected and dried.

Procedure C.20—Freshly prepared m-chlorobenzoyl chloride 
(b.p. 104° at 12 mm.) was added dropwise to dry methyl diazo
acetate (15.6 g., 0.0156 mole) in apparatus as in procedure B. 
The addition to the stirred mixture required 10 min. Nitrogen

(19) H ig h e s t p u r i ty  av a ila b le  from  D is til la tio n  P ro d u c ts  In d u s tr ie s , 
D iv is io n  of E a s tm a n  K o d ak  Co.

(20) F o r  ad d itio n a l su b stan ce s  p re p a re d  b y  th is  m e th o d , see T a b le s  I 
a n d  I I .

was evolved at a moderate rate initially. Stirring was continued 
15 min. after completion of the addition, and the resulting mixture 
stood for 33 days. A small portion of the yellow solution was 
allowed to evaporate in air. The crystalline residue was used to 
seed the solution, which stood overnight at —4°. There oc
curred crystallization of methyl (m-chlorobenzoyl)diazoacetate 
(XXX; Table II), which was collected and dried.

Procedure D.20—Freshly prepared m-methoxybenzoyl chloride, 
b.p. 96.5-98° at 2.5 mm., was added dropwise to dry methyl 
diazoacetate over a 10-min. period with stirring. Equipment 
was as in procedure B. Nitrogen was evolved at a moderate 
rate after an induction period of several minutes; stirring was 
continued 15 min. after completion of the addition. The re
action mixture stood for 38 days. The entire solution was 
subjected to steam distillation at reduced pressure.21 Evapora
tion of the dry yellow ethereal extract of the residue gave 16.48 g. 
(96.6%) of a yellow' oil, which gave a positive bromine in acetic 
acid test (sequel). Attempted crystallization of the oily product 
from methanol (charcoal) was unsuccessful, as was attempted 
distillation at reduced pressure. Repeated attempts to purify this 
material chromatographically on alumina did not lead to a 
demonstrably pure product.

Bromine in Acetic Acid Test.—A 1% by volume solution of 
bromine in glacial acetic acid was used as a reagent for deter
mining presence of the diazo group. The procedure involved 
adding a portion of a possible diazo compound, about the size of 
a small pea, to approximately 1 cc. of the reagent. A positive 
test consisted of an immediate evolution of nitrogen and partial 
decoloration of the acetic acid solution.

Attempted Preparation of Methyl Anisoyldiazoacetate. Isola
tion of Anisic Acid.—EK anisoyl chloride (12.4 g., 0.073 mole) 
was added dropwise to dry methyl diazoacetate (16.0 g., 0.160 
mole) over a period of 10 min. with stirring. Apparatus was as 
in procedure B. Initially nitrogen was evolved slowly. Stirring 
was continued for 15 min. after completion of the addition. 
The reaction mixture was allowed to stand for 16 days; however, 
no crystallization of product had occurred. All attempts to 
induce crystallization failed. The entire solution was subjected 
to vacuum steam distillation,21 during which a vigorous reaction 
occurred. On completing the distillation, the crystalline solid 
present was collected, dried, and recrystallized from methanol- 
petroleum ether (b.p. 60-69°) to a m.p. of 182-185°; yield,
6.76 g. (61.0%), lit.,22 23 m.p. 184.2°. Mixture melting point with 
authentic anisic acid showed no depression. Bromine in acetic 
acid test was negative.

Interaction of Acid Halides with 96% Methyl Diazoacetate.
0- Chlorobenzoyl Chloride.—EK o-chlorobenzoyl chloride (3.98 
g., 0.023 mole) was added dropwise to 96% methyl diazoacetate 
(5.00 g., 0.048 mole of methyl diazoacetate) over a period of 1 hr. 
Nitrogen was evolved at a moderate rate initially. After 48 hr., 
crystallization of product had not occurred. All attempts to 
induce crystallization failed. The yellow solution was dissolved 
in benzene-petroleum ether (b.p. 88-98°), cooled in an ice- 
water bath, and the sides of the reaction vessel scratched to 
cause formation of a crystalline material which was collected 
and dried; m.p. 77-125° dec. This product gave a positive 
bromine in acetic acid test. The crude product was recrystal
lized from methanol-petroleum ether (b.p. 60-69°); yield, 1.1.3 
g. (33.3%,), m.p. and mixture m.p. with authentic o-chloroben- 
zoic anhydride, 78-79.5° (lit.,20 m.p. 78-79°). Bromine in 
acetic acid test was negative. Filtrate evaporation from isola
tion of o-chlorobenzoic anhydride gave a dark brown, intract
able oil.

Reaction of Acid Chlorides with Methyl Diazoacetate Contain
ing a Trace of Water Initially. p-Toluoyl Chloride.—Methyl 
diazoacetate was prepared by method of Hammond.11 p- 
Toluovl chloride (b.p. 104° at 17 mm.) (11.02 g., 0.071 mole) 
was added to methyl diazoacetate (21.42 g., 0.214 mole) over a
1- hr. period. Nitrogen was evolved slowly after an induction 
period. The reaction mixture stood 7S days without crystalliza
tion. After 82 additional days, at —24°, there separated a 
solid, m.p. 95-168° dec. (fraction A). Four additional frac
tions were obtained by cooling appropriate filtrates to —24°:

(21) T h e  a p p a ra tu s  used  w as es sen tia lly  t h a t  desc rib ed  b y  L . G a tte rm a n n  
a n d  H . W ieland , “ L a b o ra to ry  M e th o d s  of O rgan ic  C h e m is try ,”  M a c M illa n  
a n d  C o ., N ew  Y o rk , N . Y ., 1937, pp . 277-279 .

(22) A. O p p en h e im  a n d  S. P faff, H e r . ,  8, 893 (1875).
(23) R . A dam s, W . V. W irth , a n d  H . E . F re n c h , .7. A m .  C h e m .  S o c . ,  40, 

424 (1918).
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B, m.p. 69-140° dec., C, m.p. 163-180°, D, m.p. 142-168°,
and E, m.p. 70-80°. The fractions were combined: A,
C, and D gave first combined product, fractions B and E the 
second combined product. The first combined product (p- 
toluic acid) was recrystallized repeatedly from methanol; yield 
0.78 g. (19%), m.p. and mixture m.p. 179-181.5° (lit.,24 m.p. 
181°). The second combined product (p-toluic anhydride) was 
recrystallized repeatedly from methanol-petroleum ether (b.p.
60-69°); yield 1.12 g. (12.3%), m.p. and mixture m.p. 95-96.5° 
(lit.,25 m.p. 95°).

Hydrolysis of Benzoyl Bromide in 75% Methyl Diazoacetate.—
EK benzoyl bromide (15.8 g., 0.087 mole) was added dropwise 
over 25 min. to a stirred mixture consisting of 75% methyl diazo
acetate (17.58 g., 0.176 mole), previously dried azeotropically, 
and 25% water (5.9 g., 0.33 mole) at —4°. The temperature 
of the heterogeneous reaction mixture, initially cooled in ice, 
rose to 18° by the end of the acid bromide addition. Nitrogen 
was evolved rapidly from the initial addition of acid bromide. 
After nitrogen evolution ceased, crystals of product began to 
form in the mixture. Cooling in ice for several hours caused 
further separation of crystalline material (fraction A), m.p.
111-120°. The filtrate consisted of an upper organic layer, 
fraction B, and a lower aqueous layer that was separated and 
distilled. After collecting 2-3 ml. of distillate, b.p. 124°, the 
residual liquid was cooled to room temperature. A substance, 
m.p. 70-121°, separated (fraction C). Fractions A and C were 
combined and recrystallized repeatedly from water to give ben
zoic acid,m.p. and mixture m.p. 121-122°; yield6.21 g. (60.1%). 
Bromine in acetic acid test was negative. Fraction B was a 
colorless liquid with an ester-like odor; yield 7.68 g., b.p. 215°. 
Bromine in acetic acid test was negative. This fraction was not 
identified.

Formation of Methyl Benzoate from Benzoyl Chloride and 
Methanol in Methyl Diazoacetate.—Benzoyl chloride (4.64 g., 
0.033 mole) was added dropwise over 30 min. to a solution of

(24) G. Ciamician and P. Silber, B e r . ,  45, 40 (1912).
(25) P. Frankland and F. M. Wharton, J .  C h e m .  S o c . ,  75, 344 (1899).

methanol (3.96 g., 0.124 mole) in methyl diazoacetate (10.0 g., 
0.100 mole), previously dried azeotropically. Nitrogen was 
evolved rapidly from the initial addition of acid chloride. After 
standing for 134 days, the reaction mixture was pale yellow and 
completely homogeneous. Distillation of the entire reaction 
mixture gave three fractions: (1) yield 4.44 g., b.p. 127.5-
135°; (2) yield 1.51 g., b.p. 93-187°; (3) yield 2.13 g., b.p.
189.5-191°. Redistillation of fraction 1 gave a colorless distil
late with an ester-like odor, product A; yield 2.25 g., b.p. 130- 
132°. Fraction 2 was added to residue from redistillation of 
fraction 1 and distilled to give more of product A; yield 0.84 g., 
b.p. 131-135°. Fraction 3 was added to residue from redistilla
tion of fraction 2 and distilled to give a colorless distillate with 
an ester-like odor, product B; yield 2.84 g., b.p. 190-195°.

Product A was identified as methyl chloroacetate; total yield
3.09 g. (86.4%), n*d 1.4126 and d2h 1.184; lit. b.p. 130°,26 nwd 
1.4220727 and d15 1.22.28 Product B was identified as methyl 
benzoate; yield 2.84 g. (63.3%), n25u 1.5118 and d20i 1.090; 
lit.,29b.p. 199.6°, k16d 1.51810andd204 1.088. A 0.81-g. quantity 
of product B was hydrolyzed in 5% sodium hydroxide to give 
0.45 g. of benzoic acid, identified by melting point and mixture 
melting point.

Hydrolytic Cleavage of Methyl Benzoyldiazoacetate.—Methyl 
benzoyldiazoacetate (0.50 g., 0.0025 mole) was added in one 
portion to 10 ml. of 5% sodium hydroxide and allowed to stand 
undisturbed at room temperature for 24 hr. The reaction 
mixture was a clear yellow solution which evolved nitrogen 
slowly. Concentrated hydrochloric acid was added dropwise 
to the mixture, cooled in an ice-water bath, until slightly acid 
to litmus. There separated a colorless, crystalline solid (benzoic 
acid), m.p. 122.5-125°, which was recrystallized from water; 
yield 0.28 g. (93.6%), m.p. and mixture m.p. 122-123°. Bro
mine in acetic acid test was negative.

(26) L. Schreiner, A n n . ,  197, 8 (¡879).
(27) A. Karvonen, A n n .  A c a d .  S c i .  F e n n i c a e ,  S e r .  A . ,  10, 19 (1916).
(28) L. Henry, B e r . ,  6, 742 (1873).
(29) ‘'Handbook of Chemistry and Physics,” C. D. Hodgman, ed. 

Chemical Rubber Publishing Co., 1960-1961, p. 848.
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Reaction of cfs-2,6-dibromo-4,4-dimethylcyclohexanone (I) with sodium acetate in acetic acid gives 2-acetoxy-
5,5-dimethylcyclohex-2-enone (VIII) as the major product. Evidence is presented which suggests that VIII is 
formed by: (1) replacement of one bromine atom by an acetoxy group; (2) abstraction of the proton alpha to 
the acetoxy group; (3) intramolecular rearrangement of the acetoxy group; and (4) elimination of bromide ion.

It has been reported that 2,6-dibromo-4,4-dimethyl- 
cyclohexanone (I) reacts with excess potassium acetate 
in hot acetic acid to give a compound formulated as 2- 
acetoxy-4,4-dimethylcyclohex-2-enone (II) plus 4,4-di- 
methylcyclohexane-1,2-dione (III).2 Later,3 the cis and

trans forms of the 2,4-dibromo-9-methyl-3-decalones 
were described as undergoing comparable reactions. 
These formulations correspond to that made by Inhof-

(1) Allied Chemical Corporation Fellow, 1960-1961; Eastman Kodak 
Company Fellow, 1961—1962.

(2) M. Yanagita and A. Tahara, J .  P h a r m .  S o c .  J a p a n ,  71, 1060 (1951).
(3) M. Yanagita and A. Tahara, J .  O r g .  C h e m . ,  18, 792 (1953); M. 

Yanagita and K. Yamakawa, i b i d . ,  22, 291 (1957).

fen4 for a comparable reaction between 2,4-dibromo- 
coprostan-3-one and potassium benzoate in a mixture 
of 1-butanol and toluene.

One possible explanation for the conversion of I to II 
is to assume an initial Sn2' displacement of bromine 
from the enol of I to form 2-acetoxy-2-bromo-4,4-di- 
methylcyclohexanone, which then undergoes elimina
tion of hydrogen bromide to form II. Although there 
are certain seemingly related reactions, such as the 
formation of 4-a-acetoxycholestan-3-one from the reac
tion of potassium acetate in acetic acid with 2-a-bromo- 
cholestan-3-one, where Sn2' reactions of this type ap
pear to be involved,5 the postulate of an unusual reac
tion path applied to an intermediate that is present in 
only small concentration (the enol) seemed sufficiently 
novel to warrant further investigation. These re

el) H. H. Inhoffen, A n n . ,  563, 135 (1949).
(5) See E. L. Eliel, “Steric Effects in Organic Chemistry,” John Wiley 

and Sons, Inc., New York, N. Y., 1956, pp. 97, 98, and K. L. Williamson and 
W. S. Johnson, J .  O r g .  C h e m . ,  26, 4563 (1961).



1 3 4 8 B o r d w e l l  a n d  W e l l m a n V o l . 2 8

-OAc

M e ) ( j ^ 0Ac
VIII

(containing a small amount of II)

Methyl - 
enes
CA-l

vinyl
proton

(J= 4 .4  cps) (JI)

(11)^

Me

J

TMS

I I
3.69 3.85

7.61-
7.82

L763

II

M e x /^ 1 
Me

OAc
0

18.85
8.77

Me
y

10.00 r

-OAc

vinyl
proton

A _

Methyl - 
enes

_aJVJ

TMS

— I-------
10.00 r3.85 I I 7.38 8.13

7.88 8.77

Fig- 1-—The 60-Mc. n.m.r. spectra of II, VII, and VIII in carbon tetrachloride solution with tetramethylsilane (TMS) internal
standard.

suits are at possible variance with the report of Inhof- 
fen6 that 2,4-dibromocholestan-3-one reacts with potas
sium benzoate in hot toluene-butanol to give two

(6) H . H . In h o ffen , B e r . ,  70 , 1695 (1937).

products which he formulated (tentatively) as having 
structures of a different type, namely, IV and V.

Reinvestigation of the reaction using crude I under 
the conditions previously described2 gave about 18% of 
keto-enol acetates and appreciable amounts of diketone



M a y , 1963 R e a c t i o n  o f  ctV 2 , 6 - D i b k o m o - 4 ,4 - d i m e t h y l c y c l o h e x a n o n e  w i t h  S o d i u m  A c e t a t e 1349

OCOC6H5
V

III. The ratio of these materials was found to depend 
on the extent to which the keto-enol acetates were 
hydrolyzed during processing. By using pure cis I, 
strictly anhydrous conditions, and a processing proce
dure that minimized hydrolysis, the yield of keto-enol 
acetates was increased to 68% and only a small amount 
(3%) of diketone was obtained. Gas-liquid chromato
graphic (g.l.c.) and n.m.r. analysis of the keto-enol 
acetate fraction revealed the presence of two compo
nents, A and B, in a ratio of about 1 to 7, respectively.

An authentic sample of II was prepared by hydrox
ylation of 4,4-dimethylcyclohex-2-enone with hydrogen 
peroxide in the presence of osmium tetroxide catalyst, 
and heating the resulting diol with excess acetic an
hydride. The structure of this keto-enol acetate was 
confirmed as II by hydrogenation to a keto acetate
(VI); VI was found to be identical with a sample of 
2-acetoxy-4,4-dimethylcyclohexanone prepared by acé
toxylation of 4,4-dimethylcyclohexanone with lead 
tetracetate as described by Cavill and Soloman.7

0 0  0

The synthetic sample of II was found to enhance the 
peak of the minor component (A) of the gas-liquid 
chromatogram of the keto-enol acetate reaction mixture 
obtained from I. I t is, therefore, a minor product, 
rather than the principal product, as was previously 
supposed.2 The principal product is not formed from 
II during the reaction, since II was found to be stable 
under the reaction conditions.

A structure analogous to IV (or V) for B, the major 
component of the reaction mixture, was also ruled out 
by synthesis. The analog of IV (or V), 6-acetoxy-4,4- 
dimethylcyclohex-2-enone (VII), was prepared by 
acetoxylation of 4,4-dime thy Icy clohex-2-enone with 
lead tetraacetate.8 It differed in properties from either 
II or the major reaction product.

The only reasonable structure remaining for B, the 
major reaction component, is then 2-acetoxy-5,5-di- 
methylcyclohex-2-enone (VIII). This structure was 
supported by demonstrating that catalytic hydrogena
tion of the reaction mixture gave a ketol acetate which 
formed a phenylhydrazone differing from that of VI. 
The same 2,4-dinitrophenylosazone was obtained on 
heating this ketol acetate with excess 2,4-dinitrophenyl-

(7) G. N. K. Cavill and D. H. Soloman, J .  C h e m .  S o c . ,  4426 (1955).
(8) For leading references, see P. Narasimha Rao and L. R. Axelrod,

J .  A m .  C h e m .  S o c . ,  82, 2830 (1960).

hydrazine as was obtained from VI, II, or the keto-enol 
product. This is consistent with the structures as
signed.

The structures of II, VII, and VIII were confirmed 
by n.m.r. spectroscopy (see Fig. 1). The singlet at 3.85 
t  in the spectrum of II indicates an uncoupled vinyl 
hydrogen, whereas coupling of the vinyl hydrogen of 
VIII with the two equivalent hydrogen atoms of the 
adjacent methylene group produces a triplet at 3.69 r. 
The two vinyl hydrogen atoms of VII give separate 
doublets at 4.23 r and 3.40 t . In II the two adjacent 
(coupled) methylene groups give rise to two triplets (at 
about 7.38 and 8.13 r ) .  The uncoupled methylene 
group in VIII that is adjacent to the carbonyl group 
gives a signal at 7.63 r; the methylene group coupled 
with the vinyl hydrogen atoms gives rise to a partially 
hidden doublet at 7.61 r .  In VII the signal for the 
single hydrogen atom attached to the same carbon atom 
as the acetoxy group is shifted far downfield (4.64 t ) ,  

as expected.
The results described above show that the reaction 

of cis- 2,6-dibromo-4,4-dimethylcyclohexanone (I) with 
sodium acetate gives VIII as the major product, ac
companied by small amounts of II and the dione III 
(the n.m.r. spectra show that little or no VII is present).

Under mild conditions it is possible to isolate cis-2- 
acetoxy - 6 - bromo - 4,4 - dimethylcyclohexanone (IX)9 
from this reaction mixture. Furthermore, I and IX 
react with sodium acetate in acetic acid under compa
rable conditions to give the same ratio of II, VIII, and 
III, as shown by g.l.c. analysis, indicating that IX is an 
intermediate in the reaction involving I. This all but 
excludes the possibility that II, VIII, or III is formed 
from I by a direct reaction not involving IX (such as the 
Sn2' attack of acetate ion on the enol form of I, which 
conceivably could lead to II, previously described).

A variety of mechanisms can be imagined by which 
II, VIII, and III can be formed from IX. Several of 
these are summarized on p. 1350.

In all of these mechanisms acetate ion is the attacking 
agent. In mechanisms a and b, acetate ion attacks 
the carbonyl group with consequent epoxide formation. 
In mechanism a, a second acetate ion opens the epoxide 
by attack on one of the acetoxy groups. A proton shift 
and loss of acetate ion gives the diketone III, which can 
be reacetylated (by the acetic anhydride released in the 
previous step) to form II and VIII. In mechanism 
b, acetate ion removes a proton from the epoxide;
1,4-elimination of acetate ion then leads to VIII directly.

In mechanism c, acetate ion initiates an Sn2' reac
tion on the enol form of IX. This is followed by intra
molecular rearrangement of an acetyl group and loss of 
acetic acid to give VIII.

In mechanism d, acetate ion removes a proton in the 
initial step. Intramolecular rearrangement of the 
acetyl group then gives an intermediate that can form 
VIII by a 1,4-ehmination of bromide ion. Mechanism 
e differs from d only in the order of the steps follow
ing proton abstraction. Here the bromide ion is lost

(9) The position of the groups in IX  and their steric relationship was 
elucidated by means of its n.m.r. spectrum (Fig. 2). The presence of two 
clearly resolved quartets with a relative area representing one proton each 
a t 4.67 r  (CHOAc) and 5.17 r (CHBr) confirm the a  and a '  positions of 
the substituents (based on unpublished work of K. M. Wellman). The large 
coupling constants (of the order of 12 to 13 c.p.s.) indicate axial orientation 
for the protons (see K. L. Williamson and W. S. Johnson in ref. 5).
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-CHOAc -CHBr

Fig. 2.—The -CHX n.m.r. spectrum for IX.

first to form a dipolar ion. Intramolecular rearrange
ment of the acetyl group then gives VIII.

A feature common to mechanisms a-c, but not to 
d and e, is incorporation of external acetate (from 
acetate ion or the acetic acid solvent) into the product. 
It was therefore of interest to investigate the reaction 
of IX with sodium propionate in propionic acid solvent. 
The g.l.c. pattern of the keto-enol product obtained 
from this reaction differed in some respects from that of 
the keto-enol product obtained from the reaction of IX 
with sodium acetate in acetic acid solution. Peak B 
(corresponding to VIII) remained the same, but peak 
A (corresponding to II) disappeared and was replaced 
by a trailing peak C, which appeared to be an unre
solved doublet (presumably the propionates correspond
ing to II and VIII). This experiment shows that the 
major product (VIII) is not formed in any appreciable 
amount by mechanisms a-c, and indicates that 
mechanism d, e, or the like, pertains. The minor 
products, II and III, may be formed by mechanism a 
(propionic anhydride was detected in the product of 
the sodium propionate run). Further discussion of 
mechanisms d and e will be given in a later paper.

H
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Reaction of IX with 2,4,6-trimethylpyridine gave 
VIII as the major product, together with some II, but 
only a trace of III. The formation of VIII under these 
circumstances is expected according to mechanism d, 
or e, since 2,4,6-trimethylpyridine should be able to 
play the role of acetate ion. (No reaction occurs in the 
absence of base.) A mechanism other than mechanism 
a must, however, be used to account for the formation 
of the small amount of II under these conditions.

The demonstration that VIII, rather than II, is the 
major product of the reaction of I with sodium acetate 
in acetic acid casts doubt as to the correctness of the 
structure assignments made to the products formed 
under similar conditions from the 2,4-dibromo-9- 
methyl-3-decalones,3 2,4-dibromo-3-coprostanone,4 and
2.4- dibromo-3-cholestanone.6 The latter reaction is 
under current investigation.

Experimental10
4.4- Dimethylcyclohex-2-enone was prepared by a modification

of an earlier procedure.11 A solution of 104.3 g. (1.45 moles) of 
isobutyraldehyde and 118.5 g. (1.70 moles) of methyl vinyl ketone 
(Chas. Pfizer and Company, Inc., technical grade) was added 
dropwise with stirring over a period of 45 min. to a solution of 
15 ml. of a 40% aqueous (or methanolic) solution of Triton “ B” 
in 300 ml. of ¿-butyl alcohol. The temperature was maintained 
at 18-22° by cooling during addition. When about 40 ml. of 
the aldehyde-ketone solution remained, 15 ml. more of the Triton 
B solution was added, and the addition completed. The solution 
was warmed to 30°, and allowed to stand for 30 min. The dark 
red-brown solution was then poured into a mixture of 500 ml. of 
cold, dilute hydrochloric acid and 1000 ml. of ether. The ethereal 
layer was washed three times with 500 ml. portions of water, 
dried, and concentrated by atmospheric distillation to remove t- 
butyl alcohol. The residue was vacuum distilled, and the first 
fraction [b.p. 50-70° (4 mm.)] was redistilled to give 42 g. (0.339 
mole; 23%) of 4,4-dimethylcyclohex-2-enone, b.p. 54^56° (4 
mm.); 5.95, 12.40 ¡i) Xf„” H 224 mM (« 16,000); w26d
1.4696.

4.4- Dimethylcyclohexanone.—Twenty grams of 4,4-dimethyl- 
cyclohex-2-enone were dissolved in 125 ml. of glacial acetic acid 
and 0.40 g. of 10% palladium on carbon was added. The mix
ture was shaken under 2-3 atm. of hydrogen for 10 min. after the 
uptake of hydrogen had ceased. The mixture was filtered twice 
through diatomaceous earth, and then poured into a mixture of 
700 ml. of water and 600 ml. of ether. The acetic acid was neu
tralized by slow addition of solid sodium bicarbonate. The 
aqueous layer was separated and washed twice with ether. The 
ether layers were combined and dried. Concentration gave 18.1 
g. of prism-like needles, m.p. 37-39°. Sublimation removed a 
small amount of residual oil and raised the melting point to 39-40° 
(reported12 m.p. 38-41°); X*°( 5.82, 8.67 n- The semicarbazone 
melted at 201-202° (reported12 m.p. 203-204°).

cis-2,6-Dibromo-4,4-dimethylcyclohexanone (I ).—Sublimed
4.4- dimethylcyclohexanone (10.05 g.; 0.0798 mole) in 30 ml. of 
glacial acetic acid was treated dropw-ise with 25.6 g. (0.16 mole) 
of bromine over a period of 20 min. with stirring and cooling so 
as to keep the temperature between 15 and 20°. The slightly 
yellow-tinged solution was poured into 300 ml. of water and 400 
ml. of ether was added to dissolve the precipitated solid. The 
ethereal layer was washed with water and 125 ml. of pentane was 
added. After washing with water and dilute sodium bicarbonate, 
the solution was dried and concentrated to give 23.7 g. of slightly 
oily solid dibromide (“crude dibromide’’).

One recrystallization from hexane gave, after washing with 20 
ml. of pentane, 14.6 g. of dibromo ketone, m.p. 94-96°, as color
less plates. The filtrate and pentane washings were combined 
and concentrated to about 10 ml. After a seed crystal of dibromo 
ketone was added, a small amount of anhydrous hydrogen bro
mide gas was bubbled through the solution and the flask was 10 11 12

(10) M icro a n a ly ses  w ere d e te rm in ed  b y  M iss H ild a  B eck . N .m .r . 
s p e c tra  w ere o b ta in e d  b y  L a rry  S hadle .

(11) E . L. E liel a n d  C . A. L u k a ch , J .  A m .  C h e m .  S o c . ,  79, 5986 (1957).
(12) E . B. R e id  a n d  T . E . G om p , J .  O r g .  C h e m . ,  18, (361 (1953).Me Me Me Me Me Me
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stoppered and allowed to stand at room temperature overnight. 
An additional 3.3 g. of product, m.p. 93-95°, was thus obtained; 
the total yield was 17.9 g. (80%). Further recrystallization gave 
material melting at 95-96° (reported2 m.p. 97°).

Reaction of c ts- 2 ,6-Dibromo-4,4-dimethylcyclohexanone with 
Sodium Acetate in Acetic Acid.—Repetition of the previous work2 
with 9.00 g. (0.0318 mole) of crude I gave 1.01 g. (0.0056 mole; 
18% yield; ?i 20d  1.4750) of liquid keto-enol acetates13 and 1.89 
g. (0.0135 mole; 43%) vof solid diketone, m.p. 65-68°. Several 
recrystallizations from methanol-water gave pure 4,4-dimethyl- 
cyclohexane-l,2-dione (III), m.p. 75-76° (reported2 m.p. 76- 
77°), as long, glistening, colorless needles.

Freshly distilled glacial acetic acid (56 ml.) and 27.2 g. (0.33 
mole) of anhydrous, freshly fused sodium acetate, were heated 
at 87° for 30 min. I, m.p. 94-96°, (16.5 g.; 0.058 mole) was 
added and the mixture stirred and heated for 3 hr. at 87-89°. 
The solidified mixture, obtained on cooling, was broken up and 
added to 400 ml. of water. The precipitated oil was taken up in 
400 ml. of ether, and the aqueous layer was washed with 250 ml. 
of 1:1 ether-pentane. The combined organic fractions were 
washed with water and with aqueous sodium bicarbonate. The 
ethereal layer was dried and concentrated to give 9.18 g. of an oil. 
A g.l.c. analysis showed three components, the diketone (3%; 
identified by enhancement of the peak by adding an authentic 
sample of III to the reaction mixture), and two partially resolved 
keto-enol acetates. The minor component keto-enol acetate was 
shown to be II by enhancement of the minor peak (peak A) on 
addition of authentic II (see below) to the reaction mixture. 
Vacuum distillation of the reaction mixture gave III as a low 
boiling fraction (0.228 g; 2.8% yield) which solidified (m.p. 65- 
68°) in the condenser; its infrared spectrum was identical to 
that of authentic III. Further distillation gave 7.18 g. (68%) 
yield of keto-enol acetates, b.p. 74.5-75.0° (0.2 mm.), n20d
l .  4740, X£L2 5.65, 5.89, 6.05, 8.25, 8.45, 8.70, 9.14 M, X*"H 232
m, u (e 10,000). An n.m.r. analysis indicated the ratio of VIII to 
II to be 5.2 to 1.

ci's-2,3-Dihydroxy-4,4-dimethylcyclohexanone.—A mixture of
5.00 g. (0.0323 mole) of 4,4-dimethylcyclohex-2-enone, 100 ml. 
ether, and 15 ml. of hydrogen peroxide (30% aqueous) was cooled 
to 0-2° and a solution of 0.25 g. of osmium tetroxide in 10 ml. of 
ether added. The cold solution turned dark brown; it decolorized 
slowly when shaken for 20 min. at 0.5°. The cooling bath was 
removed, and the reaction mixture allowed to stand in the cold 
room (17°) for 10 hr. After drying, the ether layer became dis
colored. Two milliliters of aqueous hydrogen peroxide were 
added, and the mixture shaken until the dark color disappeared. 
The ethereal fraction was washed with 5 ml. of water, and con
centrated to 10 ml. under vacuum at room temperature using a 
Rinco concentrater. The residue was placed under high vacuum 
and warmed to 35-45° for 3 hr. giving 5.00 g. of solid dihydroxy 
ketone. One recrystallization from ether-hexane gave 2.68 g. 
(0.017 mole; 53% yield) of as-2,3-dihydroxy-4,4-dimethylcyclo- 
hexanone, m.p. 97-99°, X™) 2.80, 2.88, 5.83, 8.85, 9.06, 9.42 m- 
An analytical sample melted at 100-101° (colorless plates).

Anal. Calcd. for CsHuCh: C, 60.74; H, 8.92. Found: C, 
60.89; H, 9.07.

2-Acetoxy-4,4-dimethylcyclohex-2-enone (II).—A solution of 
2.507 g. (0.0159 mole) of cis-2,3-dihydroxy-4,4-dimethylcyclo- 
hexanone in 60 ml. of acetic anhydride was refluxed for 3.5 hr. 
The reflux condenser was replaced with a Vigreux column, the 
acetic acid and excess acetic anhydride were removed under 
vacuum, and the residue (2.43 g.) was distilled; b.p. 100-103° (2 
mm.) (1.87 g.; 0.01 mole; 65% yield). A middle cut was taken 
as an analytical sample of II; b.p. 100.5° (2 mm.); ?i 20d  1.4703;

5.65, 5.89, 6.05, 8.25, 9.16 m- G.l.c. and n.m.r. analyses 
indicated the absence of any appreciable amount of VIII.

Anal. Calcd. for CJ0H14O3: C, 65.91; H, 7.74. Found: 
C, 65.34; H, 7.45.

Attempted Rearrangement of II.—Glacial acetic acid (2.5 
ml.), sodium acetate (0.62 g.), and II (0.25 g.) were combined 
and heated at 85-90° (bath temperature) for 2 hr. The infrared 
spectrum of the resulting oil (0.20 g.) was superimposible on that

(13) A g a s - liq u id  c h ro m a to g ra m 13 14 of th e  k e to -e n o l a c e ta te s  show ed  only- 
tw o  p a r t ia l ly  reso lved  co m p o n en ts . A n n .m .r . a n a ly s is  u s ing  th e  a rea s  
u n d e r  a p p ro p r ia te  a b so rp tio n s  in d ic a te d  th e  tw o  c o m p o n en ts  to  be in  th e  
r a t io  of 1 to  7.3.

(14) T h ro u g h o u t th is  w ork  a n  F  a n d  M  M odel 300 v a p o r  p h ase  ch ro m a to 
g ra p h  co n ta in in g  a  6 -ft. co lum n  p ac k ed  w ith  2 0 %  d iisodecy l p h th a la te  on 
100 -120 -m esh  fireb rick  w as u sed  a t  a  te m p e ra tu re  of a b o u t 150°.

of the starting material; g.l.c. analysis indicated less than 1% 
diketone and no appreciable amount of VIII.

6-Acetoxy-4,4-dimethylcyclohexanone (VI). A. By Hydrogen
ation of II.—Ten milliliters of absolute alcohol, 0.243 g. of II, and 
0.024 g. of 10% palladium on carbon were combined and stirred 
magnetically under 2-3 atm. of hydrogen until the up-take of 
hydrogen ceased. The reaction mixture was filtered through di- 
atomaceous earth, and the filter cake was washed with 10 ml. of 
ether. The ether and alcohol were removed by distillation to 
yield 0.158 g. of crude acetoxy ketone VI. The infrared spec
trum was essentially that of pure ketol acetate VI (see below).

B. By Acetoxylation of 4,4-Dimethylcyclohexanone.—Ac
cording to the general method of Cavill and Soloman,7 19.6 g. 
(0.0432 mole) of lead tetraacetate, which had been dried under 
vacuum over sodium hydroxide pellets for 24 hr., 5.17 g. (0.041 
mole) of 4,4-dimethylcyclohexanone, and 33 ml. of benzene 
(freshly distilled from over sodium) were heated for 10.5 hr. at 
70° in a flask fitted with a condenser and calcium chloride tube. 
The mixture was filtered and the residue washed with ether. The 
ether-benzene solution was freed of acetic acid by washing with 
saturated sodium bicarbonate solution, dried, and concentrated 
under vacuum to yield 5.79 g. of an oil. Fractionation of the 
product through a Vigreux column under vacuum gave 3.87 g. 
(0.0210 mole; 51%) of 6-acetoxy-4,4-dimethylcyclohexanone
(VI); b.p. 65-68° (0.2 mm.); n2»B 1. 4560; X“ ) 5.70, 5.75, 8.08,
9.20, 9.47 m -

To 243 mg. of VI was added, with stirring, 147 mg. of phenyl- 
hydrazine. A yellow-orange solid formed immediately. Re
crystallization from ether-hexane gave colorless prisms, m.p. 
102° (turning yellow at 97°). This derivative decomposed in 2 
hr. at room temperature on the desk. Decomposition occurred in 
3 days in a dark cold room (17°).

Anal. Calcd. for Ci6H22N20 2: C, 70.04; H, 8.08. Found: 
C, 69.44; H, 8.11.

6-Acetoxy-3,3-dimethylcyclohexanone Phenylhydrazone.—
Crude 6-acetoxy-3,3-dimethylcyclohexanone (X°®2 5.70, 5.75,
8.08, 9.30 m ) was obtained by hydrogenation of the keto-enol 
acetate product from I (see above) in the same manner as II was 
hydrogenated to VI. The infrared absorption spectrum of the 
crude ketol acetate showed weak absorptions at positions where 
VI had medium-strong bands (9.20 m and 9.47 m )-  The crude 
ketol acetate (129 mg.) was stirred with 89.9 mg. of phenyl- 
hydrazine until the mixture had completely solidified to the 
orange-yellow phenylhydrazone. Recrystallization was effected 
from ether-hexane to give colorless prisms, m.p. 113-114°— 
dependent on rate of heating—turning yellow at 107°. The 
phenylhydrazone decomposed overnight at room temperature 
but was relatively stable in the cold room (17°) or in the dark 
under vacuum.

Anal. Calcd. for Ci6H22N20 2: C, 70.04; H, 8.08. Found: 
C, 69.84; H, 8.03.

4,4-Dimethyl-l,2-cyclohexadione 2,4-Dinitrophenylosazone.—
Brady’s reagent was prepared by dissolving 1.925 g. of 2,4-di- 
nitrophenylhydrazine in a solution of 4 ml. of coned, sulfuric 
acid, 30 ml. of methanol, and 10 ml. of water and decanting the 
solution from a small amount of dark red residue.

Using this reagent the same osazone (identified by mixture melt
ing points) was obtained from III, II, VIII, VI, and from the 
crude ketol acetate formed by the catalytic hydrogenation of
VIII.

In each instance the procedure was the same. For example, 
when 0.5053 g. of 2-acetoxy-4,4-dimethylcyclohexanone was 
added to the freshly prepared reagent at room temperature, a 
pale yellow precipitate formed immediately. After heating at 
reflux for 1 hr., the initial colloidal precipitate was transformed to 
a finely divided dark red precipitate. After drying, the crude 
osazone (1.36 g.) melted at 190-195°. Two recrystallizations 
from methanol-chloroform gave small, dark red prisms, m.p.
224-225°.

Anal. Calcd. for C2oH2oN80 8: N, 22.39. Found: N, 22.58.
6-Acetoxy-4,4-dimethylcyclohex-2-enone (VII).—A mixture of

5.00 g. (0.0403 mole) of 4,4-dimethylcyclohex-2-enone, 17.84 g. 
(0.0402 mole) of lead tetracetate and 30 ml. of benzene (freshly 
distilled from sodium) was heated at reflux for 20 hr. The mix
ture was filtered and the residue washed with two 50-ml. portions 
of ether. The ether-benzene solution was washed with water 
and with dilute sodium bicarbonate, dried, and concentrated to 
yield 5.5 g. of an oil. Vacuum distillation gave a forerun (0.598 
g., 0.0048 mole) of starting material (by infrared analysis) boiling 
mainly at 60° (5 mm.), a small intermediate fraction [b.p.
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65-115° (5 mm.)], and a main fraction consisting of 2.319 g. 
(0.0128 mole; 36% yield) of 6-acetoxy-4,4-dimethylcyclohex-2- 
enone, b.p. 115-116° (5 mm.). An analytical sample had the 
following characteristics: b.p. 116° (5 mm.), ra22D 1.4736,

5, 70, 5.87, 8.03, 8.16, 9.24, 9.49, 12.20 M.
Anal. Calcd. for CioH»0 3: C, 65.91; H, 7.74. Found:

C, 65.76; H. 7.70.
as-2-Bromo-6-acetoxy-4,4-dimethylcyclohexanone (IX).—In

unsuccessful attempts to isolate IX, the reaction of I with sodium 
acetate was carried out with excess sodium acetate for varied 
times at temperatures from 25 to 65°. Success was finally 
achieved as follows: 5.00 g. (0.0176 mole) of 1 and 1.44 g. 
(0.0176 mole) of fused sodium acetate were dissolved in 20 ml. of 
glacial acetic acid, the reaction vessel stoppered, and placed in an 
oil bath at 85°. After 125 min. the reaction mixture was cooled, 
poured into water, and the precipitated oil taken up in ether. 
The ethereal layer was washed free of acetic acid with concen
trated aqueous sodium bicarbonate. After drying, the ethereal 
solution was concentrated under vacuum to yield 3.10 g. of an 
oil. The oil was dissolved in hot petroleum ether and the solution 
cooled slowly, and then placed in the cold room overnight; the 
resulting large prisms melted at 65-67°. Recrystallization from 
petroleum ether gave 0.769 g. of pure «s-2-bromo-6-acetoxy-4,4- 
dimethylcyclohexanore as large diamond-shaped crystals, m.p. 
76.5°, 5.69, 5.73, 8.08 ¡i. Chromatography of the mother
liquors from the recrystallizations over silica gel (eluting with 10% 
ether-in-hexane) gave 1.006 g. (m.p. 73-74°) more of the bromo- 
acetoxyketone (total yield: 39%).

Anal. Calcd. for CioHisBrOs: C, 45.64; H, 5.75. Found: 
C, 45.71; H, 5.61.

Reaction of m-2-Bromo-6-acetoxy-4,4-dimethylcyclohexanone 
(IX) with Various Bases. A. With Sodium Acetate.—Three 
milliliters of acetic acid was distilled from acetic anhydride and 
anhydrous sodium acetate into a reaction vessel containing 0.41 
g. (5.0 mmole) of hot, freshly fused sodium acetate. The flask was 
tightly stoppered and heated at 87° (bath temperature) for 
about 20 min.; a small amount of the fused sodium acetate re
mained undissolved. Then 0.2647 g. (1.00 mmole) of IX was 
added and heating continued for 2.5 hr. at 84-87". After stand
ing for 20 min. at room temperature, the reaction mixture was 
poured into a mixture of 50 ml. water and 75 ml. of ether. After 
vigorous shaking, the aqueous layer was discarded and 25 ml. of 
pentane was added. The organic solution was washed with 
water, followed by sufficient sodium bicarbonate to remove the 
remaining acetic acid. The organic lajrer was then dried and con
centrated under vacuum to yield 0.165 g. (0.91 mmole, assuming 
pure keto-enol acetates) of slightly yellow colored oil. G.l.c. 
analysis showed three components (III, II, and VIII) with areas 
in the ratio of about 0.45:1.0:4.1, respectively. (Since the

keto-enol acetates are only partially resolved on the column, the 
ratio between them is only approximate in this and other runs; 
the ratio between the acetates and the diketone should, however, 
be accurate.)

A reaction carried out concurrently and under the same condi
tions using m-2,6-dibromo-4,4-dimethylcyclohexanone (I) in 
place of IX gave 0.98 mmole of crude product from 1.06 mmoles 
of dibromo ketone. The infrared spectra from this and the fore
going run were superimposable, even to small detail. A g.l.c. 
analysis gave the ratios of III, II and VIII as 0.50:1.0:4.5 in 
good agreement with the same ratios of products obtained from
IX.

B. With Sodium Propionate.—Freshly fused sodium pro
pionate (0.4740 g., 5.0 mmole) and 3 ml. of freshly distilled pro
pionic acid were heated for 20 min. at 84°. Then 0.26 g. (1.0 
mmole) of IX was added, and the heating was continued for 2.5 
hr. at 84-87°. The reaction mixture was processed as above to 
give 0.158 g. (0.87 mmole) of oil. The infrared spectrum of this 
crude product was essentially the same as that of the product 
from run A above, except for a weak band at 5.53 believed to 
be due to propionic anhydride. The enhancement of one of the 
peaks in the gas-liquid chromatogram on addition of propionic 
anhydride gave additional evidence for its presence (to the extent 
of about 3%).

In contrast to the runs made in acetic acid, no peak A was pres
ent in the gas-liquid chromatogram (keto-enol acetate II was 
absent). Instead, peak B (due to VIII) was followed by two 
partially resolved components (peak C). These new components 
are probably the propionates corresponding to II and VIII. The 
ratio of III to VIII to the propionates was 0.52:4.1:1.0.

C. With 2,4,6-Trimethylpyridine.—A solution of 0.1594 g. 
(0.6 mmole) of IX and 1.6 ml. of freshly distilled 2,4,6-trimethyl- 
pyridine was heated at 98-106° (bath temperature) for 22 hr. 
The reaction mixture was cooled and poured into a mixture of 
50 ml. of 10% hydrochloric acid and 75 ml. of ether. The ethereal 
layer was separated and washed again with 50 ml. of 10% hydro
chloric acid and finally with w'ater. The organic layer was dried 
and concentrated to yield 0.087 g. of an oil. The infrared spec
trum of this product indicated a small amount of starting material 
remaining. Analysis (g.l.c.) showed only a trace of diketone III; 
the ratio of VIII to II was at least 11 to 1.0.

Attempted Solvolysis of IX.—A solution of 0.106 g. of IX in 3 
ml. of propionic acid and 1 ml. of propionic anhydride was 
heated at 84-88° (bath temperature) for 2.5 hr. The solution 
was allowed to stand at room temperature for about an hour and 
then poured into 50 ml. of concentrated sodium bicarbonate 
solution. Processing by ether extraction gave back IX, m.p.
71-72°.
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Attempts to prepare ¿rans-AT,A7-diethyl-3-phenylglycidamide from the corresponding cr?/Aro-A',Ar-diethyl- 
cinnamamide dibromide (II) and bases gave unexpectedly the debromination product, ¿raras-AT,A-diethylcin- 
namamide (I). The debromination of erythro-ethy\ p-nitrocinnaniate dibromide (Vila) and erythro-ethyl 
cinnamate dibromide (Vllb) to the corresponding trails olefins occurred with highly nucleophilic reagents such 
as t.riphenylphosphine and pyridinium thiolacetate. However, when VIIa,b were treated with alcoholic sodium 
acetate, trans elimination of hydrogen bromide became the only reaction. These results are explicable on the 
basis of the preferred conformation in the transition state of the respective dibromides for the debromination 
and the dehydrohalogenation reactions and the nueleophilicity of the base in its attack on “positive” a-halogen 
or a-hydrogen.

The reaction of branched vicinal dibromides with 
sodium thiophenolate was reported1,2 to yield olefins. 
However, with ethylene and propylene dibromides, 
only substitution products were isolated.1,3 The for
mation of olefins from vicinal dibromides with iodide 
ion is well known.4 The reaction is second order and 
proceeds by a trans elimination mechanism.46,6-7 
Thus, meso-stilbene dibromide and meso-2,3-dibromo- 
butane yield trans olefins whereas the corresponding 
threo dibromides give cis olefins.8 The debromination 
of acyclic dibromides with metals, e.g., zinc, magnesium, 
and sodium is also well known.4d-9

Bickel10 reported the debromination of chalcone di
bromide with bases in the presence of alcohol-free 
acetone or aqueous acetone. However, Abell,11 
Bickel,12 and Lutz, et al.,n noted that the chalcone 
dibromide on treatment with potassium acetate in 
95% ethanol or triethylamine in acetone gave only a- 
bromochalcone. The debromination of vicinal di
bromides adjacent to a carbonyl group by trialkyl- 
phosphite has also been reported.14,15

Our attempt to prepare (rans-A',M-diethyl-3-phenyl- 
glycidamide from the corresponding erythro dibromide 
(II)16 with sodium carbonate in aqueous acetone gave 
unexpectedly (rans-M.M-diethylcinnamamide (I) as 
the only product. This finding prompted us to in-

(1) R . O tto , .7. p r a k t .  C h e m . ,  [2] 51 , 299 (1895).
(2) E . E lie l a n d  R . G . H a b e r , J .  O r f f .  C h e m . ,  24, 143 (1959).
(3) J . H ine  a n d  W . H . B ra d e r, J r . ,  J .  A m .  C h e m .  S o c . ,  75 , 3964 (1953).
(4) (a) R . T . D illon , W . G. Y oung , a n d  H . J .  L ucas, i b i d . , 62 , 1953 (1930); 

(b) R . T . D illon , i b i d . ,  54 , 952 (1932); (c) W . G . Y o u n g  a n d  S. W in ste in , 
i b i d . ,  58, 102 (1936); (d) W . G . Y oung , Z. J a s a it is ,  a n d  L . L e v a n a s , i b i d . , 

59, 403 (1937); (e) S. W in ste in , D . P re s sm a n , a n d  W . G . Y oung , i b i d . ,  61, 
1645 (1939); (f) W . G . Y o u n g , S. J .  C ris to l, a n d  T . S. S kei, i b i d . ,  65 , 2099 
(1943); (g) J . W e in sto ck , S. N . Lew is, a n d  F . G . B ordw ell, i b i d . , 78 , 6072 
(1956).

(5) W . G . Y oung , D . P re ssm an , a n d  C. D . C o ryell, i b i d . ,  61, 1640 (1939); 
65, 2099 (1943).

(6) (a) D . H . R . B a r to n  a n d  E . M ille r , i b i d . ,  72 , 1066 (1950); (b) D . H . R . 
B a rto n  a n d  W . J .  R o sen fe ld er, J .  C h e m .  S o c . ,  1048 (1951); (c) G . H . A lt 
a n d  D . H . R . B a rto n , i b i d . , 4284 (1954).

(7) W . M . S ch u b e rt , H . S te a h ly , a n d  B . S. R a b in o v ite h , .7. A m .  C h e m ,  

S o c . ,  77, 5755 (1955).
(8) W hen  e th an o lic  p o ta ss iu m  h y d ro x id e  vyas u sed  in s te a d  of iod ide , 

m eso-stilbene d ib ro m id e  y ie ld ed  c is-b ro m o stilb e n e , a n d  t/ireo -s tilbene  d i
b ro m id e  y ie ld ed  ¿ ran s-b ro m o stilb en e  [P . P feiffer, Z .  p h y s i k .  C h e m . ,  48 , 40 
(1904)].

(9) W . M . S ch u b e rt , B . S. R a b in o v ite h , N . R . L a rso n , a n d  V. A. S im s, 
J .  A m .  C h e m .  S o c . ,  74 , 4590 (1950).

(10) C . L . B ickel, i b i d . ,  72 , 349 (1950).
(11) R . D . A bell, J .  C h e m .  S o c . ,  101, 1000 (1912).
(12) C . L. B ickel, J .  A m .  C h e m .  S o c . . .  68, 865 (1946).
(13) R . E . L u tz , D . F . H in k le y , a n d  R . H . J o rd a n , ib id . , 73, 4647 (1951).
(14) V. S. A b ram o v  a n d  N . A. I ly in a , J .  G e n .  C h e m . ,  U S S R ,  26 , 2 2 4 5 - 

2249 (1956).
(15) S. D ersh o w itz  a n d  S. P ro sk a u e r , J .  O r g .  C h e m , ,  26 , 3595 (1961).
(16) T h e  tra n s fo rm a tio n  of a  d ib ro m id e  to  a n  epox ide  w ith  b a se  p roceeds  

th ro u g h  th e  b ro m o h y d rin  [D . Y . C u r t in ,  A. B rad ley , a n d  Y . G . H e n 
d ric k so n , J .  A m .  C h e m .  S o c . ,  78 , 4064 (1956)].

c6h . h

H" " ^C0N(C2H5)2 
I. trans

H
B̂ t B r ^ __ c¿,CON(C2H5)2

b T  C 6H 5' ^  ^ B r

II. erythro dibromide

vestigate further the results of the treatment of this 
dibromide with other bases.

The debromination of the eri/i/ire-dibromide (II) 
under the conditions studied (Table I) led only to 
¿rans-cinnamamide.

T a b l e  I
D e b r o m i n a t i o n  o f  II b y  B a s e s

Base % Yield of I
Na.COj, Hof) 97.0
KOH, H20  96.0
CHsCOONa, C2H5OH 51.3“
(CcH5)3P, CHCh 95.5
C5H5N, CH3COSH, C6H6 90.0

“ Quantitative yield based on 48.7% recovered II.

Two alternate competitive reactions of II with base, 
trans elimination of hydrogen bromide and Sn2 displace
ment of either or both bromine atoms, were not ob
served.

The stereospecific elimination of bromine undoubtedly 
proceeds via a concerted E2 mechanism which is 
facilitated by the favored trans coplanar transition 
state (III). The partial accumulation of negative
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H
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T a b l e  II
Debromination of cryihro-ViBROMiDES with Triphenylphosphine and Thiolacetate Ion

O
H H

Br. j ^ C - R  
,-C—

Ar' /  Br
H

Ar R a,/?- Unsat.

II c6h 5 N(C2H6)2 96
II c sh 6 N(C2H6)2 90
Vila 4-N02C6H, o c2h 6 87
Vila •I-NO.CsIh o c2h , 95
VHb c 6h 5 OC2Hs 92
VHb c 6h 5 o c2h 5 84
XIa 3,4-Cl2C6H:i N(C2H5)2 80
Xlb c 6h 5 OH 82

Al> = c % H
H \ i ?

C -R

(C «H »)jPB r,t %

0
II

(CJTsC— S)2, % C s H s N H B r- , %

86
87 Theory

99
89 Theory

93
85 96.5
78 98.5
74 91.5

charge on the a-carbon atom would also be stabilized 
by resonance forms IV <—> V.

The trans elimination of hydrogen bromide from II to 
from cis a-bromoolefin (VI) would be sterically un
favored because of the repulsion associated with 
eclipsing a phenyl and a diethylamido group (as in 
II"). However, trans debromination of II would in
volve the more favored conformer II ' (eclipsed phenyl 
and hydrogen). The Sn 2 displacement of bromine 
atoms is also sterically hindered in either I I ' or II".

IB
Br

C6H* I H

H 1
~^N(C2H6)2 

I I '

(c2h s)2n - c  i;
Br

“B

H

Br

c" ) O r H o
(C2Hs) 2N c 

j n (c2h 6)2 VI
Ĉ 3 ^ +BH+Br~

The debromination of erythro-ethyl p-nitrocinnamate 
dibromide (Vila) and erythro-e thyl cinnamate di
bromide (VHb) with highly nucleophilic reagents 
(triphenylphosphine or pyridinium thioacetate) gave 
the corresponding trans olefins (Villa,b).

Br.
H

; c - c  
Af \

,COOCH2CH3
Br

VIIa,b

C H 3COONa

E tO H

(C 6H s)3P  A r  
or 5 e = G v

[ % | H COOCH2CH3
^  villa,b

+  CH aCO Se

Arv .COOCH2CH3 \  .B r
H" ''B r + £  ''COOCH2CH3

a. Ar = p-nitrophenyl IXa. 81% Xa. 6%
b. Ar = phenyl IXb. 93% Xb. 5%

However, when VIIa,b were treated with alcoholic 
sodium acetate, trans elimination of hydrogen bromide 
became the only reaction. Thus, VIIa,b were con
verted to the cfs-a-bromoolefins (IXa,b) with 5-7% 
of trans-a-bromoolefins (Xa,b).17 Even though the 
preferred conformation of VIIa,b is that depicted by 
II ' [N(C2H6)2=O C 2H5], debromination did not 
occur. A plausible explanation for these results is

that since acetate ion is a poor nucleophile, abstraction 
of a proton from the less favored conformation II" 
[N(C2H6)2=O C 2H6] is preferred. The difference in 
behavior of the bromo amides and bromo esters may 
be due to the fact that the a-hydrogen atom of the 
amide is considerably less acidic than that of the ester.18 
Because the debromination of II by acetate ion pro
ceeded to only 51.3% in twelve hours (Table I) and de- 
hydrobromination of Vila and VHb proceeded to 89.9% 
and 97.5% in six hours, it is suggested that the acidities 
(or positive character) are in the following orders: 
aH in VIIa,b > aBr in II > aH in II.

Treatment of cri/iAro-dibromides (XIa,b) with pyr
idinium thiolacetate also gave the debromination 
products, XIIa,b.

a.
b.

0
H II

B r \  i s ' C ~ R  CH sCO S® -O C. -------- *
Ar V Br 

H

XIa,b

A r^  / H  
.C =C

H V °  \
R

XIIa,b
Ar = 3,4-dichlorophenyl; R = N(C2H5>2 
Ar = phenyl ; R = OH

The mechanism proposed for the debromination of the 
eri/thro-dihvomides involves the attack by base on a 
positive bromine atom. (The one occupying the ap
position is the most reasonable.) Although no at
tempt was made to isolate hypobromite or aeetyl 
hypobromite from the reaction of I with carbonate, 
hydroxide, or acetate ions, the reactions of triphenyl
phosphine and thioacetate ion with II, VIIa,b, and 
XIa,b were investigated in some detail. The results 
are tabulated in Table II.

The en/i/wo-dibromides (II, VIIa,b, and XIa,b) with 
triphenylphosphine gave high yields of triphenylphos
phine dibromide. Its infrared spectrum was identical 
with an authentic sample prepared from triphenyl-

(17) S ince th e  fo rm a tio n  of t r a n s  a -b ro m o o le fin s  d o es  n o t  a r ise  f ro m  th e  
iso m e riza tio n  of th e  co rresp o n d in g  c i s  o le fins,13 t r a n s  « -b ro m o o le fin s  X a ,b , 
cou ld  re s u lt  e i th e r  (a) fro m  th e  t r a n s  e l im in a tio n  of h y d ro g e n  b ro m id e  
from  tra c e s  of th e  t h r e o  d ib ro m id es  w h ich  cou ld  b e  fo rm e d  d u r in g  th e  p re p a 
ra t io n  of e r y t h r o  d ib ro m id es , o r (b) fro m  th e  c i s  e l im in a tio n  of h y d ro g en  
b ro m id e  fro m  th e  e r y t h r o  d ib ro m id es . A lth o u g h  c i s  e l im in a tio n s  ©f th is  
ty p e  a re  u n s a tis fa c to ry , th e y , how ever, a re  d e r iv ed  in  th is  ca se  fro m  th e  
fa v o red  con fo rm er ( I I ' ) .

(18) A. J . S peziale a n d  H . W . F raz ie r, J .  O r g .  C h e m . ,  26 , 3176 (1961).
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T a b l e  III
C h e m i c a l  S h i f t s “ a n d  S p i n - S p i n  C o u p l i n g  C o n s t a n t s  o f  C i n n a m a m i d e  a n d  C i n n a m a t e s

C o m p o u n d

C = COr 

&  

er'
Hßx

0 "

er' 
H0  

&

H ß ^ C O O C H .C H ,
c= c

XHa
V il l a

!ß ^ C O O C H 2C H 3
c = c

H «

V U Ib

H ß  ^ B r
C = C

'''COOCH2CH3 

IX a

H0  / Br,c= c
c o o c h , c h 3

' ^ C O O C H 2C H 3
C = C

B r

CO OCH 2C H 3
C=C

Hß. , C  —  N (C H 2C H 3)2

Cl

c = c \ Ha

Cl X lla oII
H ß ^  ^ . C — OH

c = c
X H .er X H b

c h 3
triplet

------ Chemical shifts, t ----
C H 2 H a  

quartet doublet
H/3

doublet
Coupling

JCH3
constants,
J C H i

c.p.s.

8.78 6.50 3.18 2.25 7 .5 7 .5 16.0

8.67 5.75 3.40 2 . 2 0 8 . 0 8 . 0 16.5

8.67 5.72 3.56 2.30 8 . 0 8 . 0 16.0

8.80 5.75 1.83° 8 . 0 8 . 0

8.82 5.77 1.83e 7 .5 7.5

8.63 5.60 1.84e 7 .5 7.5

8.70 5.71 1.83e 7 .5 7 .5

8.85 6 . 6 8  3.45 2.52 7 .0 7 .0 15.0

3.52 2.15 16.0

a N.m.r. spectra were measured at 60 Me./sec. on a modified Varian Model A-60 spectrometer. The samples contained tetra- 
methylsilane (TMS) as internal reference. b J. A. Pople, W. G. Schneider, and H. J. Bernstein, “High-Resolution Nuclear Magnetic 
Resonance,” McGraw-Hill Book Co., Inc., 1959, p. 238. c Singlet.

phosphine and bromine. The triphenylphosphine di
bromide was further identified by its quantitative 
conversion to triphenylphosphine oxide by stirring in 
water. With thiolacetic acid in pyridine, II, VIIa,b, 
and XIa,b gave high yields of diacetyl disulfide. The 
disulfide would arise from the reaction of acetylsulfur 
bromide with thioacetate ion as shown.

O
H HBr V C—R

V i /
/ \  \

At \  NBr
H

o
II

CH 3C — S -  

C6H 5N H

Ar H

W  
/ - cv °

XR
+

H

+ O

CH3— C — SBr
C6H6NHBr~ + CHs-

II
- C — SBr

C5H 5N H c h 3— c — s -

o O
CH3—C— S — S —C—CH3 +  C6H6NHBr "

The ¿nros-a-bromoolefins (Xa,b) were identical 
with authentic samples prepared from the ylid (XIV)19 
and the corresponding aldehydes (XVa,b).20

Br
H 1. B n  I A rC H O

(C6H5)3P = C —COOEt----- >- (C6H6)3P = C —COOEt----- Xa,b
2. K O H

XIII XIV XVa,b
a. Ar = p-nitrophenyl
b. Ar = phenyl

The assignment of trans configuration for I, Villa,b, 
IXa,b, Xa,b, and XIIa,b was confirmed by n.m.r. 
spectra (Table III). Their coupling constants (JH„, 
Hg) are in full agreement with known data.

(19) T h e  convers ion  of y lid s  of th e  ty p e  X I  to  X I I  a n d  reac tio n  of X I I  
w ith  a ld eh y d es  is b a sed  on  th e  u n p u b lish e d  w ork  of K . W . R a t ts .

(20) F o r  th e  s te re o se lec tiv e  sy n th e s is  of a n  a ,/3 -u n sa tu ra te d  e s te r  from  an  
y lid  see [H . O. H ouse  a n d  G . H . R asm u sso n , J .  O r g .  C h e m . ,  26 , 4278 (1961)].
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Experimental

ira/is-AGV-Diethylcinnamamide (I) (m.p. 71-72°) was prc- 
pared in 95.0% yield from cinnamoyl chloride and diethylamine 
via the procedure employed by Cromwell and Coughlan.21

trans-N, Ar-Diethyl-3',4'-dichlorocinnamamide (Xlla) (m.p.
65.5-66.2°) was prepared in 83% yield (recrystallized from 
hexane) from 3,4-dichlorocinnamoyl chloride (m.p. 57.8-58.2) 
and diethylamine.

Anal. Calcd. for CnH15Cl2NO: C, 57.40; H. 5.55; N, 
5.14; Cl, 26.02. Found: C, 57.52; H, 5.74; N, 5.03; Cl,
26.22.

eri/£/tro-A%V-Diethylcmnamamide dibromide22 (II) (m.p, 129.8- 
130.5°) was prepared in 96.8%, yield (recrystallized from hexane- 
benzene) from bromination of I in carbon tetrachloride solution.

erylhro-Ethyl p-nitrocinnamate dibromide23 (Vila) (m.p. 
116-117°) (recrystallized from hexane), was obtained in quanti
tative yield from bromination of trans-ethyl p-nitrocinnamate 
(Eastman Distillation Products).

Anal. Calcd. for CnHuBroNO,: Br, 41.95. Found: Br, 
42.40.

eryt.hro-'Ethyl Cinnamate Dibromide24 (Vllb).—The bromina
tion of trans-ethyl cinnamate (Eastman Distillation Products) in 
chloroform gave 97.0% yield of Vllb, m.p. 77-78° (recrystal
lized from hexane-benzene).

erythro-N ,N-Diethyl-3' ,4 '-dichlorocinnamamide dibromide 
(XIa) (m.p. 142.9-143.6) (recrystallized from hexane-benzene) 
was obtained in 77% yield from bromination of frans-XIIa in 
carbon tetrachloride solution.

Anal. Calcd. for C,3Hl6Br2Cl2NO: C, 36.20; H, 3.51; Br, 
37.10; Cl, 16.48; N, 3.24. Found: C, 36.22; H, 3.60; Br, 
37.18; Cl, 16.38; N, 3.14.

erythro-Ciimamic acid dibromide (Xlb) (m.p. 205-206°) was 
prepared from trans-cinnamic acid (Eastman Distillation Prod
ucts) and bromine in carbon tetrachloride solution.

Debromination of erythro-N ,.V-Diethylcinnamamide Dibromide 
(II). (a) With Sodium Carbonate in Aqueous Acetone.—
A solution of 5.0 g. (0.0137 mole) of en/i/tro-dibromide II in 150 
ml. of acetone and 150 ml. of 7% aqueous sodium carbonate 
was heated at reflux temperature for 7 hr. After removal of the 
acetone by evaporation, the oil was extracted with ether. The 
ether solution was then washed with water and dried over mag
nesium sulfate. Removal of the ether gave 2.9 g. of colorless 
solid, m.p. 69-70°. One recrystallization from hexane gave 2.7 
g. (97.0% yield) of ¿mns-Ar,Af-diethylcinnamamide (I). m.p. 
71-72°, identified by infrared data and mixture melting noint.

(b) With Potassium Hydroxide in Aqueous Acetone.—A 
solution of 3.0 g. (0.00826 mole) of eryi/tro-dibromide II in 80 ml. 
of acetone and 6.6 g. of potassium hydroxide in 200 ml. of water 
was heated at reflux temperature for 0.5 hr. The product was 
worked up as described in method a to obtain 1.7 g. of solid, m.p. 
68-70°. One recrystallization from hexane gave 1.6 g. (96.0% 
yield) of imns-A^W-diethylcinnamamide (I).

(c) With Anhydrous Sodium Acetate in Ethanol.—A mixture 
of 11.7 g. (0.032 mole) of en/ifiro-dibromide II, 13.2 g. (0.16 
mole) of anhydrous sodium acetate and 400 ml. of 99.5%, ethanol 
was heated at reflux temperature (80°) for 12 hr. The ethanol 
solution was evaporated to dryness under reduced pressure and 
the residue was washed repeatedly with water. The solid, air- 
dried, weighed 9.3 g. The infrared data indicated the solid to 
be a mixture of unchanged eryt/iro-dibromide II and trans-N,N- 
diethyleinnamamide (I). I t  was chromatographed on alumina 
to give 5.7 g. (48.7%) recovery of eryf/tro-dibromide II (m.p. 
128-129°) and 3.4 g. (theoretical yield based on used II) of 
trans-N,N-diethylcinnamide (I) (m.p. 70-71°).

(d) With Triphenylphosphine.—To a stirred solution (24°) 
of 18.2 g. (0.050 mole) of erylhro-dibromide II in 120 ml. of chloro
form was added, in one portion, 13.1 g. (0.050 mole) of tri
phenylphosphine. The reaction was exothermic and the tem
perature rose to 58°. After the reaction mixture was allowed to 
cool to room temperature, it was heated at reflux temperature 
for 1 hr. The triphenylphosphine dibromide, 13.9 g. (0.033

(21) N . H . C rom w ell a n d  L. A. C o u g h lan , J .  A m .  C h e m .  S o c . ,  67 , 903 
(1945).

(22) P . H e rrm a n n  a n d  D . V o rlän d e r, C h e m .  Z e n t . ,  I ,  730 (1399), re p o rte d  
m .p .  127°.

(23) (a) C . L. M u lle r, A n n . ,  212 , 129 (1882); (b) V. B . D rew sen , i b i d . ,  

9 12 , 153 (1882), re p o r te d  m .p . 1 1 0 -111°.
(24) “ O rgan ic  S y n th e s is ” , C oll. Vol. I I ,  J o h n  W iley  a n d  S ons, In c ., N ew

Y ork , N . Y . 1943, p . 270.

mole) was removed by filtration. The triphenylphosphine di- 
bromide was h.ygroscopic and fumed when exposed to the air. 
Its infrared spectrum was identical with an authentic sample 
prepared from triphenylphosphine and bromine in chloroform 
solution. The triphenylphosphine dibromide was further identi
fied by its quantitative conversion to triphenylphosphine oxide by 
stirring in water. The chloroform filtrate was evaporated 
to dryness under reduced pressure to give 22.4 g. of viscous oil 
which was found to consist of a mixture of irans-AyV-diethyl- 
cinnamamide I and triphenylphosphine dibromide by infrared 
analysis. The viscous oil was then stirred with 300 ml. of 
water and a solid precipitated. The solid material was tritu
rated with 200 ml. of boiling hexane and filtered. The hexane 
insoluble solid weighed 2.8 g. (0.0101 mole) and was identified as 
triphenylphosphine oxide. The hexane filtrate, upon evapora
tion, gave 9.7 g. (0.0477 mole, 95.5%, yield) of trans-N,N- 
diethylcinnamamide (I ). The yield of triphenylphosphine dibro ■ 
mide based upon the recovered triphenylphosphine oxide was 
86.2%.

(e) With Pyridine and Thiolacetic Acid.—To a stirred solution 
of 18.2 g. (0.05 mole) of erythro-dibtOmide II and 11.4 g. (0.15 
mole) of distilled thiolacetic acid in .50 ml. of benzene was added 
dropwise 11.9 g. (0.15 mole) of pyridine over 15 min. Tempera
ture of the reaction mixture rose from 24 to 40° and pyridine 
hydrobromide was precipitated immediately. The mixture was 
stirred at room temperature for 3 hr. The hydrobromide salt,
16.0 g. (theory), was removed by filtration. The mother liquor 
was evaporated to dryness and dissolved in ether. The ethereal 
solution was washed thoroughly to remove excess of pyridine 
and thiolacetic acid and dried over magnesium sulfate. The 
solvent was removed under reduced pressure and the residual 
oil was chromatographed over silica gel to give 6.9 g. (86.5%,) of 
diacetyl disulfide26 and 9.1 g. (90.0%) of trans-ACA’-diethylein- 
namamide (I).

The diacetyl disulfide, b.p. 41-42° (0.3 mm.), n25n 1.5363, 
solidified at 18° and exhibited infrared absorption at 1750 cm ."1 
(acetvl C = 0  str.), 1125 cm."1 (G—¡8 str.), and 945 cm ."1 
(S—S str.).

Anal. Calcd. for C, 31.98; H, 4.02; S, 42.70.
Found: C, 31.63; H, 4.43; S, 42.90.

Debromination of crythro-Ethyl p-Nitrocinnamate Dibromide 
(Vila), (a) With Triphenylphosphine.—To a stirred solution of
19.1 g. (0.05 mole) of dibromide Vila in 50 ml. of benzene was 
added a solution of 13.1 g. (0.05 mole) of triphenylphosphine in 
70 ml. of benzene over 5 min. Temperature of the reaction 
mixture rose to 52° and triphenylphosphine dibromide was im
mediately precipitated. An additional 50 ml. of benzene was 
added to facilitate stirring and the reaction mixture was heated 
at reflux temperature for 1 hr. After cooling to room tempera
ture, the triphenylphosphine dibromide was collected by filtration, 
washed with 50 ml. of benzene, and dried under vacuum at room 
temperature. The weight of triphenylphosphine dibromide was
20.8 g. (98.6%) and was converted to 13.2 g. (94.6%) of tri
phenylphosphine oxide by hydrolysis in water. The benzene 
filtrate was evaporated to dryness to give 10.4 g. of colorless 
solid which after one recrystallization from benzene gave 9.6 g. 
(86.8%) of trans-ethyl p-nitrocinnamate (Villa).

(b) With Pyridine and Thiolacetic Acid.—To a stirred solu
tion of 50.0 g. (0.131 mole) of erythro-dibromide Vila and 30.0 g. 
(0.393 mole) of thiolacetic acid in 150 ml. of benzene, was added
32.0 g. (0.40 mole) of pyridine. The solution was stirred at room 
temperature for a period of 4 hr. and then at 40° for 7 hr. The 
mixture was cooled to room temperature and pyridine hydro
bromide, 42.0 g. (theory), was separated by filtration. The 
filtrate was evaporated to dryness to give a straw colored semi
solid. The semisolid was triturated with hot hexane and cooled 
to room temperature. The hexane insoluble solid was collected 
by filtration. The solid weighed 27.5 g. (94.6% yield), m.p.
135-136°, and was identified as trans-ethyl p-nitrocinnamate 
(Villa) by infrared and mixture melting point determination. 
The hexane mother liquor was evaporated to dryness and the 
residue dissolved in ether. The ethereal extract was washed with 
water, dried over magnesium sulfate and evaporated to dryness 
to give 17.4 g. (88.6%) of diacetyl disulfide, n25n 1.5362.

Debromination of erythro-Ethyl Cinnamate Dibromide (Vllb). 
(a) With Triphenylphosphine.—To a stirred solution (22°) of
16.8 g. (0.050 mole) of eryt/iro-dibromide Vllb in SO ml. of chloro
form and 80 ml. of hexane was added in one portion, 13.1 g. (0.050

(25) K ek u le , E . L in n em a n n , A n n . ,  123, 278 (1862).
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mole) of triphenylphosphine. The temperature of the reaction 
mixture rose to 48°. After being cooled to room temperature, 
the reaction mixture was heated to reflux temperature for 1 hr. 
To the reaction mixture 200 ml. of hexane was added and the 
triphenylphosphine dibromide, 19.6 g. (92.8% yield), was re
moved by filtration. The mother liquor was concentrated and 
the residue (9.1 g.) was distilled to give 8.1 g. (92% yield) of 
irans-ethyl cinnamate (VUIb).

(b) With Pyridine and Thiolacetic Acid.—To a stirred solu
tion of 11.9 g. (0.0354 mole) of erythro-dibromide Vllb and
11.4 g. (0.15 mole) of distilled thiolacetic acid in 50 ml. of ben
zene was added dropwise over 15 min., 11.9 g. (0.15 mole) of 
pyridine. The reaction mixture was stirred at room tem
perature for 3 hr. and pyridine hydrobromide 10.8 g. (96.5% 
yield) was removed by filtration. The mother liquor, treated 
as above, afforded 4.5 g. (84.8% yield) of diacetyl disulfide, 
and 5.2 g. (84.0%) of ¿raras-ethyl cinnamate (VUIb).

Dehydrobromination of erythro-Ethyl p-Nitrocinnamate Di
bromide (Vila), (a) With Sodium Acetate in Ethanol.—A 
solution of 18.7 g. (0.049 mole) of dibromide Vila and 18.4 g. 
(0.224 mole) of anhydrous sodium acetate in 390 ml. of 99.5% 
ethanol was heated at reflux temperature for 6 hr. After re
moval of the solvent, the residual crystalline mass was stirred 
with 150 ml. of water to give 13.2 g. (89.9%) of cream colored 
solid, m.p. 42-46°. The solid, 3.0 g., was chromatographed on 
alumina from which was obtained 2.7 g. (90%) of solid, m.p.
60.4-61.2° and 0.2 g. (6.8%) of solid, m.p. 93.0-94.1°. The low 
melting solid was reported as ci's-ethyl a-bromo-p-nitrocinnamate 
(IXa)26 and the high melting solid as trans isomer Xa.27 The 
infrared data of the high melting solid was identical with an 
authentic sample of ¿rans-ethyl a-bromo-p-nitrocinnamate (Xa) 
from ylid XII. The mixture melting point showed no depres
sion.

The yield of cis isomer was 80.8% and trans isomer 6.1%.
The trans isomer had infrared absorption (in carbon tetra

chloride solution) at 1725 cm.-1, 1730 cm.-1 (doublet for trans 
conj. ester C = 0), 1260 cm.-1 (ester —OC2H5), and 1600 cm.-1 
(conj. C=C).

Anal. Calcd. for CiiHi0BrNO4: C, 44.10; H, 3.34; N, 
4.77; Br, 26.67. Found: cis isomer: C, 44.29; H, 3.40; 
N, 4.65; Br, 26.60. trans isomer: C, 44.50; H, 3.14; N, 
4.54; Br, 27.06.

The cis isomer had infrared absorptions (in carbon tetrachlo
ride solution) at 1725 cm.-1 (conj. ester C = 0 ), 1220 cm.-1 
(ester —OC2H5), and 1600 cm.-1 (conj. C=C).

Dehydrobromination of erythro-Ethyl Cinnamate Dibromide 
(Vllb). (a) With Sodium Acetate in Ethanol.—A solution of
15.1 g. (0.045 mole) of dibromide Vllb and 18.5 g. (0.225 mole) 
of anhydrous sodium acetate in 400 ml. of 99.5% ethanol was 
heated at reflux temperature for 6 hr. The solvent was removed 
under reduced pressure and the residue was dissolved in 150 ml. 
of water. The oil was extracted with four 150-ml portions of 
ether and the combined ethereal extract was dried over magnesium 
sulfate. Removal of the solvent gave 11.2 g. (97.5% yield) 
of ethyl a-bromocinnamate as a light yellow oil, re25d 1.5654

(26) (a) C. L. Mullen, A n n . ,  212 , 137 (1882); (b) S. R eich  and N . Y . 
Chang, H e h .  C h i m .  A c t a ,  3 , 235 (1920), reported m.p. 63°.

(27) (a) C. L. Müller, A nn., 212, 133, 136 (1882); (b) S. Reich and N.
Y . Chang, l i e h .  C h i m .  A c t a ,  3, 235 (1920), reported m.p. 93°.

(reported28 for cis-ethyl a-bromocinnamate re26d 1.5657). The 
gas chromatogram29 showed two peaks: a major peak cor
responding to 95.3% and small peak with longer retention 
time corresponding to 4.7%. The small peak was assigned to the 
trans isomer since its retention time was the same as that of the 
authentic sample of frares-ethyl a-bromocinnamate from the 
ylid XII and benzaldehyde. The major peak was assigned as 
cfs-ethyl a-bromocinnamate IXb which had a boiling point of 
115° (2 mm.), and ?;.25d  1.5697.

Debromination of eri/ifiro-V, V-Diethyl-3',4'-Dichlorocinnam- 
amide Dibromide (XIa) with Pyridine and Thiolacetic Acid.— 
Same procedure as described for the debromination of II was 
employed. The yields were as follows: pyridine hydrobromide 
(98.5% yield), diacetyl disulfide (78.0% yield), and trans-N ,N- 
diethyl-3',4'-dichlorocinnamamide (80.1% yield).

Debromination of erythro-Cinnamic Acid Dibromide (Xlb).— 
Same procedure as described for the debromination of II was 
used. The yields were as follows: pyridine hydrobromide 
(91.5% yield), diacetyl disulfide (73.8% yield), and trans- 
cinnamic acid (81.7% yield).

¿rans-Ethyl a-Bromo-p-nitrocinnamate Xa from Ylid XIII30.—
Bromination of 22.2 g. (0.0638 mole) of ylid XIII in chloroform at 
0° yielded 33.6 g. (quantitative yield) of the crude phosphonium 
salt which upon neutralization with aqueous potassium hydroxide 
gave 19.7 g. of crude ylid XIV. Two recrystallizations from 
chloroform-pentane gave 15.3 g. (54.3% yield) of XIV, m.p.
155.2-156.0°.

Anal. Calcd. for C22H20BrO2P: C, 61.80; H, 4.68; Br, 
18.75; P, 7.27. Found: C, 61.98; H, 4.65; Br, 19.02; 
P, 7.41.

To a stirred solution at 22° of 8.55 g. (0.020 mole) of ylid XIV 
in 50 ml. of methylene chloride was added 3.02 g. (0.020 mole) 
of p-nitrobenzaldehyde in one portion. The reaction was exo
thermic and the temperature rose to 39 °. The mixture then was 
heated at reflux for 3.5 hr., followed by evaporation of the solvent 
to dryness under reduced pressure. The yellow residue was 
extracted with three 150-ml. portions of pentane and the com
bined extract was evaporated to dryness to give 1.92 g. of color
less solid, m.p. 91-92.5°. One recrystallization from hexane 
gave 1.78 g. (29.7%) of pure trans-ethyl a-bromo-p-nitrocinna- 
mate (Xa), m.p. 93.1-94.2°.37

¿rans-Ethyl «-Bromocinnamate Xb from Ylid XIV.—A solution 
of 3.50 g. (0.0032 mole) of ylid XIV and 0.85 g. (0.0082 mole) of 
benzaldehyde in 40 ml. of methylene chloride was heated at 
reflux temperature for 3.5 hr. The solvent was evaporated to 
dryness and the resulting solid was extracted with three 50-ml. 
portions of heptane. Removal of the solvent yielded 2.00 g. of 
light yellow oil. The gas chromatogram29 showed one major 
peak corresponding to 92.0% of ¿rans-ethyl a-bromocinnamate 
(Xb) and two small peaks corresponding to 2.1% of benzalde
hyde and 5.9%. of cfs-ethyl a-bromocinnamate (same retention 
time as the major peak from dehydrobromination of erythro- 
ethyl cinnamate dibromide with sodium acetate in ethanol). 
The yields based on benzaldehyde consumed were 96.9% for 
¿rans-ethyl a-bromocinnamate (Xb) and 3.1% for the cis isomer 
IXb.

(28) K . V. A uw ers a n d  E . S eh m e llen k am p , B e r . ,  54, 626 (1921).
(29) A co lu m n  p ac k ed  w ith  silicon  ru b b e r  on  g ro u n d  fireb rick  w as u sed .
(30) O . Is le r , H e l v .  C h i m .  A c t a ,  40, 1242 (1957).
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Sodium hydroxide in ethanol induces hydrolytic rearrangement of iraiis-y-bromodypnone to 1,2-dibenzoyl- 
ethane. Phenyl group migration from the 3- to the 4-position of the dypnone skeleton during this rearrangement 
and during the similar reductive rearrangements of cis- and irans-y-bromodypnone oxides5 was excluded by re
peating the three reactions upon materials CH-labeled at the 1- and 3-carbons, followed by permangnate oxida
tion of the respective products to benzoic acid, in each case with retention of the full C14-activity. A rearrange
ment mechanism is suggested in terms of cyclopropane intermediates.

¿rans-y-Bromodypnone (I), the vinylog of an a-bromo 
ketone, is at the right oxidation level for furanization, 
and at times2 3 under weakly acidic or basic conditions 
it undergoes this reaction rather than displacement of 
the y-bromine atom. We were then led to investigate 
the action of strong base, sodium hydroxide or meth- 
oxide, conditions under which furanization was not ex
pected. At reaction temperatures below 5° in absolute 
ethanol containing a small excess of sodium hydroxide, 
the only crystalline product isolated proved unex
pectedly to be 1,2-dibenzoylethane (II) in which the 
originally beta phenyl group appeared in the terminal 
position gamma to the original carbonyl group; it was 
obtained in varying yields, in one case 49%. After the 
bulk of the y-bromodypnone had been used up, diben- 
zoylethane did not crystallize immediately from the 
cold ethanol solution as it would have done if it had 
directly been formed and if it had then been present in 
an amount approaching that ultimately obtained upon 
work-up. Preliminary attempts so far to isolate a 
crystalline intermediate have not been successful.

C6H, H
-  V  /  K M nO ,

RO-W =C ------------1 /
/  SX* *BrCH2/ % C -C 6H5 2C6H6COOH

C//
*o

C6H5COCH2CH2COC6H5 
/  II

I. R = H or CH3;
* = C14-label

N aO H -abs. C2H 5OH 
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c6h 5̂  h  
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Because of interest in this as a rearrangement under 
alkaline conditions, and because of its relation to Favor- 
skii rearrangements4 and to the reductive rearrange
ments of cis- and irans-y-bromodypnone oxides6 (VI) to

(1) S u p p o r te d  b y  N a tio n a l S cience F o u n d a tio n  g r a n t  G 9494.
(2) R . E . L u tz  a n d  L. T . S lade , a  p a p e r  p re sen ted  a t  th e  138 th  N a tio n a l 

M e e tin g  of th e  A m erican  C h em ica l S oc ie ty , N ew  Y o rk , N . Y . S ep te m b er, 
1960; A b s tra c ts , p . 9 9P .

(3) (a) L . T . S lade , P h .D . d is s e r ta tio n , U n iv e rs ity  of V irg in ia , 1960; 
(b) R . E . L u tz  a n d  L. T . S lade , J .  O r g .  C h e m 26, 4888 (1961).

(4) (a) A . S. K en d e , O r g .  R e a c t i o n s , 11, 261 (1960); (b) C . L. S tev e n s  a n d  
E . F a rk a s , J .  A m .  C h e m .  S o c . ,  74 , 5352 (1962); (c) R . B . L oftfie ld , i b i d . ,  

72, 632 (1950); (d) E . E . S m issm an  a n d  G . H ite , i b i d . ,  83 , 3983 (1961).
(5) I I . H . W asserm an , N . E . A u b rey , a n d  II . E . Z im m e rm an , i b i d . ,  75, 

96 (1953).

1,2-dibenzoylethane, a rigorous test was carried out to 
exclude the possibility that in these reactions the phenyl 
group had migrated from the 3- to the 4-carbon atom 
of the dypnone skeleton, even through such a migration 
seemed unlikely on mechanistic grounds. For this 
purpose irans-dypnone, phenacyl bromide and the cis- 
and fnros-y-bromodypnone oxides C14-labeled at the /3 
and at the carbonyl carbon atoms were made from aceto
phenone C14-labeled at its carbonyl carbon. Perman
ganate oxidations of these intermediates and of the 
samples of dibenzoylethane obtained in the three rear
rangements, each gave benzoic acid of the same C14-ac- 
tivity; and proportional C14-activity was directly dem
onstrated in the C,4-labeled y-bromodypnone. Llad 
phenyl group migration occurred from the ¡3- to the y- 
position at any point during the rearrangements to di- 
benzoylethane, the benzoic acid molecule produced from 
the original benzoyl group would have contained the 
original C14-activity of that group, whereas the other 
molecule of benzoic acid with its phenyl group attached 
to the carbon atom originally terminal in y-bromodyp
none or its oxides, would have been inactive; and the 
benzoic acid sample obtained from each oxidation would 
have had close to half of the total C14-activity of the 
starting material and of the benzoic acid obtained from 
it by oxidation. Phenyl group migration during the 
three rearrangements to dibenzoylethane, and any 
mechanism involving it, are thereby excluded.

O
/ ' ’X s  2 z

CgH5- C ------ c h - c - c6h 5 ----- ---------- II
/ *  * V CH3OH

BrCH2 O1 Nal
VI. cis and trans

The base-induced rearrangement of y-bromodypnone 
to dibenzoylethane can be explained in conventional 
terms as reversible hydroxide or methoxide ion attack 
or addition-enolization of the a,/3-unsaturated ketone 
system with approach toward or actual formation of 
the enolate ion III, intramolecular carbon-alkylation to 
a cyclopropanol or its ether IV, fission of the cyclopro
pane ring by retrograde aldolization to the enol Y or its 
equivalent and ketonization to II.6

(6) In  th e  re d u c tiv e  re a rra n g e m e n t of c i s - a n d  ¿ ra n s-y -b ro m o d y p n o n e  
ox ides (V I) to  1 ,2 -d ib e n zo y le th an e  ( I I )  W a sse rm a n 2 has  p o s tu la te d  an  
in te rm e d ia te  cy c lo p ro p o x y  an io n  c o rre sp o n d in g  to  IV . T h is  re a c tio n  
m ig h t b e  exp ressed  in  te rm s  of co n ju g a te  re d u c tio n , e . g . ,  of th e  epoxy  kettone 
sy s te m  w ith  ex p u ls io n  of b ro m id e  ion  a s  in  I I I - I V ,  w hich  p o ss ib ly  w ould  
m e e t s te r ic  a n d  c o n fo rm a tio n a l ex igencies a n d  ex p la in  th e  d iffe rence  in  y ie ld s  
of I I  from  th e  s te reo iso m ers  of V I (28%  as. 8 % ) . F o r  a n a lo g ie s  see B o o rd  
ty p e  red u c tio n s  of /3-halo e th e rs  [(a) C . G . S c h m itt  a n d  C . E . B o o rd , J .  

A m .  C h e m .  S o c . ,  54 , 751 (1932); (b) L . F . »Small a n d  R . E . L u tz , i b i d . ,  56, 
1738 (1934 )] a n d  1 ,4 -red u c tiv e-e n o liz a tio n  of a -b ro m o  k e to n e  a n d  epoxy  
k e to n e  sy stem s  [(e) R . E . L u tz  a n d  W . G . R ev e ley , i b i d . ,  63 , 3180 (1.941); 
(d) R , E . L u tz  a n d  F . N . W ilder, i b i d . ,  56, 2065 (1934)].
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A vinylogous Favorskii hydrolytic rearrangement41* of 
y-bromodypnone might be envisioned in terms of the 
intermediate of base attack VII and reaction along the 
lines indicated, involving migration of the phenyl group 
from the ¡3 to the 7-carbon with expulsion of bromide 
ion; this would lead to the /3-diketone cnol VIII or 
cleavage products from it, but not to dibenzoylethane. 
Although no such products related to or derivable from 
VII were observed, losses of material were considerable 
and this mode of reaction is not excluded as a competing 
process.

OR C%
I IV

C6H57r C - C H = C - C 6H5

X r v 
CH2—Br

OR
I

C=CHCOC6H5
I

c6h 5c h 2
VII. R = HorCH3 VIII

Further studies on hydrolytic rearrangement of 7- 
bromodypnones and of furanizations and pyrrole for
mation are in progress.

Experimental

In one base-induced rearrangement of y-bromodypnone at 0 to 
— 10° in which not all of the starting material had been used up, 
the total isolated product mixture including the unchanged y- 
bromodypnone was subjected in work-up to the prolonged action 
of ethanol under reflux, and the solution had become sharply 
acidic through alcoholysis of the unreacted y-bromodypnone. 
Upon partial separation and isolation of the crystalline products 
there was obtained a very small amount of dibenzoylethane and a 
considerable amount of a mixture of two diphenylfurans consisting 
of roughly comparable quantities of the 2,4 and 2,5 isomers, 
XII and X III. Mixtures of authentic samples of these isomers 
showed melting point depressions of only a few degrees. The 
presence and identity of the two isomers in the mixture was dem- 
strated semiquantitatively by the approximately equal intensities 
of the two infrared absorption peaks of 12.3 and 12.5 m, which are 
characteristic respectively of the 2,4 and 2,5 isomers, and by 
comparison with the spectrum of a known mixture. These two 
wave lengths of strong absorption constitute the most significant 
difference in the very similar absorption spectra of these two 
isomers.

C6H5C----- CH

HC

HC----- CH
Il II

c 6h 6c  c c 6h 5

o  o
XII XIII

The unlikely possibility that 2,4-diphenylfuran would be 
formed as an intermediate in the formation of dibenzoylethane in 
the above rearrangements was excluded by direct test which 
showed that both it and 2,5-diphenylfuran are stable under the 
alkaline conditions used for the rearrangements. The source of 
the 2,5-diphenylfuran in the above experiments evidently is the 
dibenzoylethane produced by the rearrangement, which in sepa
rate experiment actually was shown to furanize under the work-up 
conditions. The source of the 2,4-diphenylfuran must be hy
drolytic furanization of the starting material, 7-bromodypnone, 
which had survived the initial alkali reaction; in a separate 
experiment under the work-up conditions the actuality of this 
reaction was demonstrated.

Hydrolytic Rearrangement of ¿raw.s-y-Bromodypnone (I).—A 
solution of 3 g. (0.01 mole) of I in 100 ml. of absolute ethanol at 
ca. 5-8° was treated dropwise under stirring with a 25-ml. ab
solute ethanol solution of 0.4 g. (0.01 mole) of sodium hydroxide 
(30 min. or longer), and the mixture was then allowed to stand at 
ca. 0°. No dibenzoylethane (II) precipitated at this point, but 
at times small amounts of unchanged material (I) was present and 
was filtered off and identified. Since II is less soluble than I and 
crystallizes very easily, it could not have yet been formed as such 
in significant amounts. Treatment of the reaction mixture with 
ether and sodium chloride solution, drying the ether extract over 
sodium sulfate, and concentrating then gave a crystalline residue 
melting in the range 143-145° (yields widely varying, in one case 
49%) which was identified as nearly pure dibenzoylethane (II) by 
recrystallizaticns, analysis, ultraviolet and infrared absorption 
spectra, and mixture melting point with an authentic sample. 
(Absorption maxima: 243, 278 m/x, e 26,900, 244; /x, 2.80w, 3.44w, 
5.94s, 6.26m, 6.90m, 7.15m, 7.25w, 7.39m, 8.16s, 8.46m, 10,06m, 
10.52w).

In a similar experiment in a mixture of 50 ml. each of absolute 
methanol and ether at —10° with dropwise addition of a solution 
of 0.01 mole of sodium in 50 ml. of methanol, work-up as above 
gave a yield of 36% of II.

A sample of 2,4-diphenylfuran (and similarly 2,5-diphenyl
furan) after treatment with alcoholic sodium hydroxide under the 
above conditions, was recovered unchanged (88%).

Preparations of C“-labeled materials, based on the above and 
on references cited in the discussion, were made in a series of 
practice experiments to gain experience and test yields. C14-Ac- 
tivities were determined as counts per minute in the usual way 
and are summarized in the following table.

T able I
C 1J-AcTIVITrER

% C 14-a c t iv i ty  re la tiv e  
to  C 6H 5C O O H  o b ta in e d  
b y  K M n O i o x id a tio n  of 
th e  C u -la b e led  reference

CeH eCO O H , o b ta in e d  b y  K M n O i o x id a tio n s“ com p o u n d ,
of th e  fo llow ing co m p o u n d s6 C eH sC O C E bB r 5|*

trans-Dypnone16 102
Dibenzoylethane (II) from base-induced rearrangement of

7-bromodypnone (I) 98
Dibenzoylethane from reductive rearrangement'4’* of

7-bromodypnone cis epoxide5 (VIII), m.p. 129-130° 98
Noncrystalline residue from this reaction 100
Dibenzoylethane from reductive rearrangement* of

7-bromodypnone trans epoxide5 (VIII), m.p. 166-167° 105
Noncrystalline residue from this reaction 101
7-Bromodypnone, compared directly with unoxidized

7-bromodypnone with correction for the difference in 
molecular weight (m.p. 68-70°) 97
“ In refluxing water-sodium hydroxide mixture. 6 All C14- 

labeled compounds were synthesized from C14-labeled aceto
phenone. * The C14-labeled phenacyl bromide was oxidized to 
benzoic acid by dioxane-water-iodine-potassium iodide-sodium 
hydroxide mixture. d In one experiment following the reported 
procedure for preparing the a-phenacyl bromide (cfs-VIII5), 
with fractional crystallization of the product from ether, we ob
tained ca. 50% of^the high-melting and 15% of the low-melting 
isomer. * The yields of dibenzoylethane in the reductive 
rearrangements were low, and distressingly so in the case of the 
low-melting isomer, and they corresponded to those reported5 
(28% from the high-melting isomer and 8% from the low- 
melting isomer). A reaction path involving simple deoxygena
tion of VIII seems excluded by separate test which indicates 
that the necessarily intermediate 7-bromodypnone does not 
produce dibenzoylethane under similar conditions.



I 8 6 0 J a c o b s  a n d  P e t t y Vol. 2 8

3 -B r o m o -3 -m eth y l-l-b u ty n e , l-B r o m o -3 -m eth y l-l ,2 -b u tad ien e, 
and l-B r o m o -3 -m e th y l- l ,3 -b u ta d ien e1

Thomas L. Jacobs and Walter L. Petty 
Department of Chemistry, University of California, Los Angeles 24, California 

Received October 9, 1962

3-Bromo-3-methyl-l-butyne (IV) was obtained from 2-methyl-3-butyn-2-ol by reaction with phosphorus tri- 
bromide or thionyl bromide. It was rearranged by cuprous bromide or bromide ion to l-bromo-3-methyl-l,2- 
butadiene (V). At 60-80° the latter gave 52% of cis- and Ira/is-l-bromo-3-methyl-l,3-butadiene, 28% of the 
dimer tra??s-l,2-dibromo-3,4-di-isopropylidenecyclobutane, and 20% of other dimers and polymers. Displace
ment reactions of IV and V with iodide ion, thiophenoxide ion, and diethylamine were examined. Dehalogena- 
tion of IV, V, and the dimer by lithium aluminum hydride was also studied.

Allenic halides have been synthesized most frequently 
by rearrangement of the corresponding propargyl 
halides or from propargyl alcohols by displacement reac
tions which often yield rearranged halides. A number 
of chloroallenes are known but only two bromoallenes 
had been reported2 when the present work was com
pleted: bromoallene itself3 and 3-bromo-5-phenyl-
2,2,6,6 - tetramethyl - 3,4 - heptadiene.4 These com
pounds are of interest because the anionotropic rear
rangement in the acetylene-allene system I ^  II would 
be expected to occur more readily when the halogen 
atom is bromine instead of chlorine.

Br—C—C=C C = C = i—Br
i I
I II

I t was reported6 that the reaction of 2-methyl-3- 
butyn-2-ol, with hydrobromic acid fails to yield either
3-bromo-3-methyl-l-butyne (IV) or l-bromo-3-methyl-
1,2-butadiene (V); only l-bromo-3-methyl-l,3-butadi- 
ene (VI), which might result from the acetylene-allene 
rearrangement I —► II followed by a prototropic re
arrangement of the allene to the conjugated diene, 
was isolated.

CH3

(CH3)2COHC=CH (CH3)2CBrC=CH +  CH,=CC=CH
P B rs

III IV VII

c h 3
A I

(CH3)2C=C=CH Br •— >- CH2=CCH=CHBr
V VI

Reaction of phosphorus tribromide with III was 
reported to yield IV which decomposed rapidly.8 Re-

(1) T h is  p a p e r  is ta k e n  from  th e  P h .D . d is s e r ta tio n  of W a lte r  L. P e t ty ,  
U C L A , 1958, a n d  w as p re s e n te d  in  p a r t  a t  th e  D a lla s  m e e tin g  of th e  A m eri
ca n  C hem ica l S oc ie ty , A p ril, 1956 (A b s tra c ts  of t h a t  m ee tin g , p , 3 8 -N ). 
T h e  research  w as s u p p o r te d  b y  a  c o n tra c t  w ith  th e  Office of O rd n an ce  
R esea rc h , U . S. A rm y.

(2) V ery  re c e n tly  V. J .  S h in er, J r . ,  a n d  J .  W . W ilson , J .  A m .  C h e m .  S o c . ,  

84, 2402 (1962), re p o rte d  th e  p re p a ra tio n  of l-b ro m o -3 -m e th y l- l ,2 -b u ta d ien e .
(3) T . L. J a e o b s  a n d  W . F . B rill, i b i d . ,  75 , 1314 (1953).
(4) J . H . F o rd , C . D . T h o m p so n , a n d  C . S. M arv e l, i b i d . ,  57 , 2619 (1935); 

J .  W o tiz  a n d  D . M an cu so , J .  O r g .  C h e m . ,  22 , 207 (1957). W e h av e  fo u n d  
b y  in f ra re d  e x a m in a tio n  t h a t  th e  co m p o u n d  re p o r te d  [C. M o u reu , D . 
D u fra isse , a n d  C . M ac k a ll, B u l l .  s o c .  c h i m .  F r a n c e ,  (4) 33 , 934 (1923)] as
3 -b ro m o -l ,3 ,3 - tr ip h e n y lp ro p y n e  is in s te a d  l-b ro m o - l,3 ,3 - tr ip h e n y l- l,2 ~  
p ro p a d ie n e  a n d  b elieve  i t  lik e ly  t h a t  o th e r  co m p o u n d s  of s im ila r  s t ru c tu re  
a re  likew ise b ro m o a lle n es . [T. L. J a c o b s  a n d  D . M . F e n to n , ./. O r g .  C h e m . ,  

in  p ress ; P h .D . d is s e r ta tio n  o f D . M . F e n to n , U C L A , 1958; A b s tra c ts , 1 3 5 th  
N a tio n a l  m e e tin g  of th e  A m erican  C h em ica l S oc ie ty , A p ril, 1959, p . 5 6 -0 .]

(5) T . A. F a v o rs k a y a , Z h .  O b s h c h .  K h i m . ,  10, 461 (1940),

cently a modification of Moulin’s method permitted 
isolation of relatively pure IV, b.p. 97°, which could 
then be purified more completely in a vacuum train.2 
Very few other aliphatic tertiary propargyl bromides 
RR'CBrC=CH have been reported and in no instance 
has a structure of one of these been proved. I t was 
therefore of interest to study the synthesis and rear
rangement of IV more carefully.

In our hands IV could not be obtained in higher than 
30% yield by the reaction of III with phosphorus 
tribromide with or without pyridine. Usually enyne 
VII and trans l-bromo-3-methyl-l,3-butadiene (VI) 
were also obtained and under certain conditions more 
completely brominated products were found. The 
bromoallene V appeared to be absent and no III could 
be recovered. The amount of polymeric material 
was not great and did not account for low yields of IV.

A possible explanation for these yields can be derived 
from the known behavior of saturated alcohols with 
phosphorus trihalides. I t was shown7 that trialkyl 
phosphites are cleaved to alkyl halides and dialkyl 
phosphites by hydrogen halides more rapidly than suc
ceeding cleavages of the other alkyl groups occur. 
With the propargyl phosphites it may be that addition 
reactions take place with the primary and secondary 
esters more rapidly than cleavage to give the propargyl 
bromides. No attempt was made to isolate such addi
tion products in the present research; they might be 
water soluble and would then not appear as higher 
boiling material. As would be predicted from this 
explanation, addition of III to an equimolar amount of 
phosphorus tribromide, which should lead to decreased 
yield of trialkyl phosphite as an intermediate, greatly 
reduced the yield of IV. It may also be mentioned 
that the reaction of l-phenyl-5,9-dimethyl-9-decen-l- 
yn-3-ol with phosphorus tribromide was reported8 to 
yield a compound containing phosphorus and more 
bromine than the theoretical amount for the simple 
bromide.

Thionyl bromide was also tried for conversion of III 
to IV, and a yield of 39% realized; as expected9 a 
tribromide was also isolated. It appears possible that 
the yield of IV could be markedly improved with this 
reagent.

(6) F . M o u lin , H e l v .  C h i m .  A c t a ,  34, 2416 (1951). I t  h a s  b ee n  rep o rte d  
t h a t  th is  b ro m id e  ca n  b e  s ta b iliz e d  w ith  i-b u ty lc a te e h o l [R . F . K le in sc h m id t 
a n d  S. H . P i t t s ,  J r . ,  U . S. P a te n t  3 ,002 ,029  (S ep te m b er 26, 1961); C h e m .  

A b s t r . ,  56, 2328 (1962)].
(7) W . G e rra rd  a n d  H . H e rb s t,  J .  C h e m .  S o c . ,  277 (1955); W . G e rra rd , 

M . J .  D . Isa a c s , G , M ach e ll, K . B . S m ith , a n d  P . L. W y v ill, i b i d . , 1920 
(1953).

(8) H . R u p e  a n d  R . R in d e rk n e c h t, A n n . ,  442, 61 (1925).
(9) M . J . F ra z e r  a n d  W . G e rra rd , J .  C h e m .  S o c . ,  3624 (1955).
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The structure of IV is indicated clearly by its infrared 
spectrum which shows a strong band at 3280 cm.-1 
(acetylenic hydrogen) and a weak band at 2122 cm.-1 
(C=C stretching).

The origin of conjugated, trans, diene VI among the 
products of the phosphorus tribromide reaction is not 
clear. Pyridine or its hydrobromide apparently plays 
a role in its formation because only when pyridine was 
used in the reaction could any appreciable amount of 
VI be isolated. I t seems unlikely that it arises from 
rearrangement of the allene (V) because the latter was 
never detected among the reaction products even when 
the reaction was carried out entirely at 0° and rear
rangement of V yields both cis and trans VI (see below). 
No attempt was made to prove that cis VI would not 
rearrange to trans under the reaction conditions, so this 
explanation has not been ruled out. It seems more 
probable, however, that VI is formed by an addition- 
elimination mechanism. Moulin6 showed that the 
action of excess hydrogen bromide on III gives a di
bromide which he believed to be l,3-dibromo-3-methyl-
1-butene (VIII), (CH3)2CBrCH=CHBr, arising from 
addition to IV by a radical process. We isolated a di
bromide with the same properties from III and phos
phorus tribromide in the absence of pyridine. Thus
VIII could be an intermediate in the formation of VI. 
The radical addition process would probably yield the 
more stable trans isomer. It is also possible that hy
drogen bromide adds similarly to the intermediate 
phosphites such as [HC=CC(CH3)2l2PHO to form 
[BrCH=CHC(CH3)2]2PHO or [BrCH=CHC(CH3)2] 
|HC=CC(CH3)2]PHO which undergoes elimination and 
cleavage to form VI.

IV is rearranged to V by cuprous bromide and less 
readily by other bromides (see Experimental for details 
and for isolation of pure V). V has a strong infrared 
peak at 1956 cm.-1 (allene! and no absorption at 3280 
cm.-1 (acetylenic hydrogen) or 1580 and 1620 cm.-1 
(conjugated double bonds).

At 60 or 80° V undergoes isomerization to VI (ap
proximately equal amounts of cis and trans), dimeriza
tion and polymerization (to a small extent). The 
isomerization appears to be catalyzed mildly by di-i- 
butyl peroxide and inhibited mildly by i-butylpyro- 
catechol. In the presence of the peroxide a typical 
run gave 52% VI, 28% of crystalline dimer IX, and 20% 
of other dimers and polymers. I t  is interesting that 
¿-butylpyrocatechol has been patented as a stabilizer 
for IV.6

Structures were assigned to cis and trans VI on the 
basis of infrared spectra and confirmed by alkaline 
dehydrobromination (preferential attack of cis). The 
position of the bromine was established by conversion 
of VI to 4-methylpentanoic acid (formation of the 
lithium derivative, carbonation and hydrogenation).

The structure of the crystalline dimer was shown 
to be IX by analysis, molecular weight determination, 
and ozonization to acetone and df-dibromosuccinic 
acid. Infrared, ultraviolet, and n.m.r. spectra are in 
agreement with this structure. The bromine atoms in
IX are moderately reactive toward sodium iodide in ace
tone and toward alcoholic silver nitrate as would be 
expected for allylic bromines. By contrast trans-1,2- 
dibromocyclobutane is unreaetive.10 IX does not

(10) J. Weinstock, S. N. Lewis, and F. G. Bordwell, J .  A m .  C h em . S o c .,
78, 6072 (1956).

H
B ^ ' C — C = C ( C H 3 ) 2

®r '~V,C—C = C (C H 3)2 
^  IX

form a maleic anhydride adduct; it reacts slowly with 
bromine in carbon tetrachloride and yields much 
hydrogen bromide.

Further confirmation of the carbon skeleton was ob
tained by debromination with lithium aluminum hy
dride and hydrogenation of the resulting olefin to 1,2- 
diisopropylcyclobutane. The physical constants of the 
latter were the same as for a sample prepared by di
merization11 of dimethylallene and hydrogenation of the 
dimer. One attempt to isolate the intermediate olefin, 
possibly 3,4-diisopropylidenecyclobutene, failed when a 
sticky mass was obtained as soon as the solvent had 
been removed.

Dimerization of V might be expected to yield X and 
XI as well as IX by analogy with products from di
merization of 3-methyl-l,2-butadiene.11 It was not

(CH3 )2C—C=HBr (CH3)2C—C=CHBr

BrHC—¿=C (C H 3)2 (CH3)2i —C=CHBr
X XI

(CH3)2C—C—CH2Br
I I!

BrHC—C—C=CH2
!

c h 3
XII

possible to isolate a pure liquid dimer from the dimeric 
and polymeric material which remained after IX had 
been separated. Distillation under reduced pressure 
gave a dimer fraction which was debrominated and then 
hydrogenated to a saturated hydrocarbon which had 
the physical properties of l,l,2-trimethyl-3-isopropyl- 
cyclobutane. The infrared spectrum is in bettei 
agreement with structure XII which can be obtained 
from X by a hydrogen shift analogous to that observed 
in V — VI.

Further work is being carried out on allene dimeriza
tion, and the nature of the products other than IX 
that are obtained from V will receive further atten
tion. V is especially suitable for such a study because 
the dimerization occurs under such mild conditions. 
I t is interesting that the dimerization in this instance 
appears to give such a large preponderance of product 
with trans bromine atoms. Allene dimerization has 
been discussed briefly by Roberts and Shorts.12

Early in this work it was thought possible that one 
of the volatile bromides obtained thermally from V 
was 2-bromo-3-methy 1-1,3-butadiene (XIV). This bro
mide was, tnerefore, synthesized by the action of hydro- 
bromic acid on 2-methyl-l-buten-3-yne (VII) in the 
presence of cuprous bromide. This synthesis had not 
been examined by others when our work was done, 
but it has been reported since13; with 62% hydrobromic 
acid small amounts of IV were isolated in addition to

(11) S. V. L eb ed ev , ,7. R u s s .  P h y s .  C h e m .  S o c . ,  43, 820, 1735 (1911).
(12) J .  D . R o b e r ts  a n d  C . M . S h a r ts , “ C y c lo b u ta n e  D e r iv a t iv e s  from  

T h e rm a l C y c lo ad d itio n  R e a c tio n s ,”  O r g .  R e a c t i o n s ,  12, 2 3 -2 5  (1962).
(13) ,T. C . T ra y n a rd , B u l l .  s o c .  c h i m .  F r a n c e ,  19 (1962); C o m p t .  r e n d .  

250, 1504 (1960). T h e  c o n d itio n s  w e u sed  a re  s im ila r  to  th o se  re p o rte d  
fo r a d d itio n  of h y d ro g en  ch lo ride  to  v in y la c e ty le n e  [W . H . C a ro th e rs , G. 
J .  R e rc h e t .a n d  A. M . C o llin s , J .  A m .  C h e m .  S o c . ,  54 , 4066 (1932)].
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CHS
I

CHS= C C =C H

c h 3
I

BrCH2C =C =C H 2
VII XIII

c h 3
/

h 2c= c
\

c= c h 2
/

Br
XIV

XIII and XIV. Our addition was carried out in the 
presence of cuprous bromide which would rearrange IV 
to V. IV was absent from our product on the basis of 
infrared spectra, but small amounts of V would have 
escaped detection. Extended shaking of our mixture 
with cuprous bromide did not alter its composition 
which suggests that XIII and XIV might have been in 
equilibrium. Models indicate that the double bonds in
XIV cannot be in the same plane because the bromine 
interferes with methyl or methylene; thus XIV may 
not be much more stable than XIII. The spectrum 
indicated that XIV was not present among the re
arrangement products of V.

Dehalogenation of haloallenes and propargyl halides 
has been studied earlier in this laboratory.14 De
halogenation of 3-bromo-3-methyl-l-butyne (IV) with 
lithium aluminum hydride in diethylcarbitol gave a 98% 
yield of a mixture of hydrocarbons which was shown to 
be 99% 3-methyl-l,2-butadiene and 1% 3-methyl-l- 
but.ene (obtained after hydrolysis of the reaction mix
ture). A trace of a 1-alkyne, presumably 3-methyl-l- 
butyne, was also detected. A similar dehalogenation 
of l-bromo-3-methyl-l,2-butadiene (V) gave a hydro
carbon mixture in 70% yield of which 61%, obtained 
before hydrolysis of the reaction mixture, was 3-methyl-
1-butyne. After hydrolysis a mixture of isopentane 
(36%) and 3-methyl-l-butene (3%) was isolated. Con
jugated diene VI gave a 70% yield of hydrocarbon 
products under similar conditions. An infrared spec
trum and vapor phase chromatogram of the product 
showed it to be over 95% isoprene. The remaining 
constituents appeared to be 2-methyl-2-butene (~4%) 
and 2-methy 1-1-butene (1%).

It was suggested earlier14 that the dehalogenation of
3-chloro-3-methyl-l-butyne occurred by an Sn2' process 
involving hydride ion or A1H4~ attack on the terminal 
acetylenic carbon with shift of the bonds to an allenic 
system and displacement of the halogen. This mecha
nism seems probable for IV (equation 1).

+ -  H (fny  /C H 3
Li H3A1H C=C—C—Br —*■ H2C=C=C + Br

^  n u  CH=CH3 (1)

A similar process could account for formation of 3- 
methyl-l-butyne from l-bromo-3-methyl-l,2-butadiene 
but this requires a displacement reaction on a tertiary 
carbon which is doubly bonded, a somewhat less likely 
process. A more reasonable mechanism involves 
nucleophilic attack on halogen with a shift of bonds and 
possibly concerted donation of a proton at the y-carbon 
(equation 2).

(14) T . L. Jaco b s , E . G . T each , a n d  D . W eiss, J .  A m .  C h e m .  S o c . ,  77 , 6254 
(1955). A d e ta ile d  s tu d y  of th e  d e h a lo g en a tio n  of 3 -ch lo ro -3 -m e th y l- l-  
b u ty n e  a n d  l-c h lo ro -3 -m e th y l- l ,2 -b u ta d ie n e  w ith  l i th iu m  a lu m in u m  h y 
d rid e  h a s  b ee n  co m p le ted  a n d  w ill b e  re p o rte d  soon  (R . D . W ilcox, P h .D . 
th e s is , U C L A , 1962).

Li+ H3A1H
H X H 3

BrC=C=C HBr +
( hx c h 3

A

CH3
HC=C—C—H 

I
c h 3

(2)

The mechanism of the process leading to hydrogena
tion of the carbon-carbon bonds will be discussed later.14

Preliminary experiments were carried out on other 
displacement reactions of IV and V. At low conver
sions IV with sodium iodide in acetone gives mainly 
XVIa with smaller amounts of XVa; at fairly high con
version the conjugated diene XVIIa is the main prod
uct. Thus rearrangement of XVI to XVII is much 
more rapid with iodide than with bromide and no 
attempt was made to isolate XVIa. Nearly pure

Y -
IV or V •— >• (CH3),CYC=CH +  

XV

(CHll);iC=C=CH Y  +  CH2=C C H =C H Y  
XVI XVII

XVa, XVIa, XVIIa (Y = I)
XVb, XVIb, XVIIb (Y = SC6H5)

XVIIa was isolated but the study was not carried to 
completion because an explosion occurred toward the 
end of the distillation. XVIIa polymerized rapidly 
even in the refrigerator. The explosiveness and gen
eral instability of the iodides in this series were reported 
by Favorskaya,5 who found that the reaction of car
binol III with hydroiodic acid gave a mixture of XVIa 
and XVIIa.

An infrared spectrum of XVIIa indicated that it. 
contained a little XVIa. This spectrum was very 
similar to that of tram V which suggests that XVIIa 
is mainly irons. Although the large size of iodine 
would be expected to prevent the planar “chair” con
formation XVIII for cis XVIIa, it is difficult to account 
for the different steric course of XVI —*- XVII when Y is

CH3
/

C I
\

/
H
XVIII

\
H

iodine. Possibly cis tram isomerization occurs more 
readily in this system or is catalyzed by impurities 
that are present.

Reaction of IV with sodium thiophenoxide gave a 
high yield of organic sulfide consisting mainly of XVIb 
with perhaps 10% of XVb. Almost pure XVIb was 
isolated but slow distillation through an efficient column 
gave a less pure product probably partly rearranged to 
XVIIb on the basis of infrared spectra.

A similar reaction of V gave XVb and high boiling, 
viscous material. An infrared spectrum failed to show 
any XVIb although a little XVIIb may have been pres
ent.

IV reacted completely with excess diethylamine in 
benzene (room temperature, 24 hours) but the infrared 
spectrum of the product showed no absorption char
acteristic of either acetylenes or secondary amines; 
allene absorption at 1953 cm.-1 was very weak. Strong 
peaks at 1753 and 1620 cm.-1 suggested that the prod
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uct contained a carbonyl and olefinic linkage. Pos
sibly an allenic amine was formed and hydrolyzed dur
ing the washing procedure.

Mechanisms of displacement reactions in the pro- 
pargyl-allenyl system represented by IV and V appear 
to be complex on the basis of the work reported by 
Shiner, et al.,2 as well as the experiments described 
above. Although the latter offer very little evidence 
on the problem, they do suggest that different nucleo
philes differ greatly in their behavior with this system. 
Thiphenoxide ion appears especially attractive for 
further study and is being investigated along with 
other nucleophilic reagents.

Experimental
Infrared spectra were obtained on a Perkin-Elmer Model 21 

spectrophotometer with sodium chloride optics. A 0.03-mm. 
cell was used with neat liquids unless otherwise indicated. Ultra
violet spectra were obtained on a Cary Model 14 spectropho
tometer.

3-Bromo-3-methyl-l-butyne (IV).—A mixture of 420 g. (5.0 
moles) of 2-methyl-3-butyn-2-ol (III)15 * and 50 g. (0.63 mole) of 
pyridine was stirred in a 1-1., three-necked, round-bottom flask 
cooled in ice while 512 g. (1.89 moles) of phosphorus tribromide 
was added during 5 hr. The mixture was stirred for an additional 
4 hr. at 00 and 20 hr. at room temperature. The volatile products 
were distilled from the flask under reduced pressure with mild 
warming, the final conditions approximating 75 ° and 25 mm. The 
distillate (343 g.) was washed twice with 500-ml. portions of so
dium bicarbonate solution and dried over anhydrous magnesium 
sulfate. The product was distilled under reduced pressure through 
an 18-in. column packed with glass helices to yield 25 g. (8%) of 2- 
methyl-l-buten-3-yne, b.p. 33°, r 25d  1.4118, and 184 g. (25%) 
of 3-bromo-3-methyl-l-butyne, b.p. 42.2° (106 mm.), w 25d  

1.4583, d2h 1.268.
Anal. Calcd. for CsITBr: C, 40.85; H, 4.80. Found: 

C, 40.63; H, 4.79.
Infrared spectrum: 640 (s), 708 (w), doublet (769, 785) (s), 

945 (m), 1013 (w), 1108 (s), 1167 (s), 1228 (s), 1290 (m, broad), 
1370 (s), 1388 (s), triplet (1437, 1448, 1462) (s), 2122 (w), 
triplet (2822, 2910, 2965) (s), 3280 (s) cm.-1. This spectrum 
is very similar to that of 3-chloro-3-methyl-l-butyne from 1500 
to 3500 cm.-1.

The reaction mixture from which volatile products had been 
removed by distillation was poured into 1400 ml. of crushed ice 
and water. The heavy organic layer was separated, washed with 
saturated bicarbonate solution, and dried over magnesium sul
fate. I t was combined with the pot residue from the distillation 
of 3-bromo-3-methyl-l-butyne and distilled under vacuum 
through the same column to yield 90 g. (12%) of ¿ra»s-l-bromo-
3-methyl-l,3-butadiene (VI), b.p. 42° (40 mm.), n 25D 1.5133, 
d264 1.319.

Anal. Calcd. for CsFbBr: C, 40.85; H, 4.80. Found: 
C, 40.94; H, 5.08.

Ultraviolet spectrum in 95% ethanol: Xmax 230 m/j (t 17,600); 
236 (18,600); shoulder, 243 (14,400).

Infrared spectrum: 685 (w), 753 (s), 790 (s), 892 (s), 940 (s), 
1021 (w), 1092 (w), 1203 (s), 1283 (m), 1310 (m), 1383 (s), 
doublet (1442, 1452) (s), 1478 (w), 1579 (s), 1620 (s), 1670 (w), 
1724 (w), 1785 (w), group (2900-2950) (m), 3065 (m).

Addition of 93 g. (1.1 moles) of III to 100 g. (0.37 mole) of 
phosphorus tribromide at 0° with stirring during 2 hr., slow heat
ing to 65°, maintenance of this temperature for 1 hr. and distil
lation of the volatile product gave 3 1 %  of crude IV. The pot 
residue was poured onto ice, separated, washed with bicarbonate 
solution, and dried over anhydrous magnesium sulfate to give 30 g. 
of crude product. Distillation through a small, glass spiral col
umn gave material, b.p. 90° (25 nun.), n26u 1.5442. The infrared 
spectrum of this distillate had a strong band at 1636 cm.-1 
suggesting an olefin. Moulin6 reported b.p. 70-71° (8 mm.), 
d 174 1.779, ?i18d  1.5481, for the dibromide from reaction of hydro- 
bromic acid with III.

(15) W e w ish to  th a n k  th e  A ir R e d u c tio n  C hem ica l Co. fo r a generous
s u p p ly  of th is  ca rb ino l.

IV was also prepared with thionyl bromide. A magnetically 
stirred solution of thionyl bromide (212 g., 1.02 moles) in 500 ml. of 
dry pentane in a 1-1., three-necked, round-bottom flask was re
fluxed at —25° by suitable reduction of the pressure (condenser 
cooled with circulating methanol at —80°) while 84.1 g. (1.0 
mole) of 2-methyl-3-butyn-2-ol was added dropwise during 45 
min. The reaction mixture was maintained at —10° for 1.5 hr., 
allowed to warm slowly to normal reflux temperature (~37°) by 
increase of pressure and maintained there for 2 hr. Solvent was 
distilled through a Vigreux column (hood) and when most of the 
pentane was gone vigorous evolution of sulfur dioxide began. 
Heating was continued until bubbling ceased. The pot residue 
was cooled, washed twice with saturated sodium bicarbonate 
solution, dried over anhydrous magnesium sulfate, and distilled at 
room temperature under reduced pressure to give 57 g. (39%) 
of quite pure IV (no allene absorption in the infrared) boiling 
below room temperature at 25 mm. A fraction, b.p. 60° (1 
mm.), was also obtained; redistillation gave a pale yellow liquid, 
n%> 1.5840.

Anal. Calcd. for C5H7Br3: C, 19.57; H, 2.30; Br, 78.13. 
Found: C, 19.73; H, 2.30; Br, 78.11.

The infrared spectrum of this tribromide showed a medium 
peak at 1615 cm.-1 and a strong peak at 1576 cm.-1 in the olefin 
region. When this compound was allowed to stand overnight 
with zinc bromide and then vacuum distilled the peak at 1615 
cm.-1 had increased in intensity and that at 1576 cm.-1 had 
decreased. The tribromide was probably a mixture of (CH])*- 
CBr=CHBr and (CH3)2C=CBrCHBr2.

A slightly lower yield of IV was obtained from thionyl bromide 
and III in the presence of pyridine.

Rearrangement of IV.—Cuprous bromide was the most effec
tive catalyst found for rearrangement of IV to V. At room 
temperature 69% rearrangement occurred in 19 hr. of shaking 
with 1% of the salt, and 95% after 60 hr. The extent of rear
rangement was the same with 10% catalyst. Lithium bromide 
was less effective; shaking for 24 hr. caused 6% rearrangement. 
Rearrangement was relatively complete when IV was stirred 
with 48% hydrobromic acid for 28 hr. or with saturated aqueous 
sodium bromide for 46 hr. but 1 M  perchloric acid produced no 
rearrangement. The rearrangement is reversible; pure V gave 
2% IV when shaken for 15 days with cuprous bromide.

l-Bromo-3-methyl-l,2-butadiene (V). Method I.—IV was 
stirred for 60 hr. at room temperature with 10% by weight of 
finely powdered cuprous bromide. The infrared of the resulting 
mixture indicated a composition of 5% IV. Catalyst was removed 
by filtration and product distilled at low temperature and pressure 
into a Dry Ice trap. The colorless distillate was distilled through 
a Sargent column (1 m. long, 7-mm. i.d.) at 0.25 mm. to give 
excellent recovery of V, b.p. —19° (0.25 mm.), 34° (18 mm.), 
r t 25D  1.5164, d2it 1.317.

Anal. Calcd. for CsHiBr: C, 40.85; H, 4.SO. Found: 
C, 40.77; H, 5.20.

Ultraviolet absorption in 95% ethanol: single broad peak, 
Xmax 221 m^ (e7000).

Infrared: 631 (s), doublet (722, 747) (s), 963 (w), 1010 (s), 
1063 (w), 1161 (s), 1195 (m), 1383 (w), 1349 (s), 1364 (s), 1450 
(broad, s), 1956 (s), 2682 (w), and a group of C—H stretching 
peaks at 2835, 2880, 2960, and 3030.

Distillation of V at pressures above 20 mm. where the boiling 
point is above 35° cause appreciable rearrangement to VI as 
indicated by infrared peaks at 1579 and 1615 cm.-1. Our best 
samples of V did not show these peaks although traces of VI may 
have been present. VI probably boils no more than 7° below V 
at 18 mm. or below so separation by distillation is very difficult.

Method 2.—V can be synthesized from III in better yield with 
hydrobromic acid but it then contains a little VI. When small 
amounts of VI were not detrimental, V prepared as follows was 
used.

A mixture of 470 g. (5.6 moles) of III, 1000 ml. of 4S% tech, 
hydrobromic acid, 200 g. of ammonium bromide and 70 g. of 
cuprous chloride was shaken for 4.5 hr. in a large bottle. The 
organic layer was separated, washed twice with sodium bicar
bonate solution, once with saturated sodium bisulfite solution, and 
dried over anhydrous calcium chloride. Distillation at low pres
sure gave 500 g. (61%) of crude product which was redistilled 
through an 18-in. column packed with glass helices to yield almost 
pure V, b.p. 34° (18 mm.), re 25D 1.5163; infrared showed a trace of
VI.

Rearrangement and Dimerization of V.—Samples of V con
taining, respectively, 4% by weight of di-i-butyl peroxide, 6%
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of ¿-butyl catechol, and no added material were kept at 60° for 
43 hr. The second and third samples then had essentially 
identical absorption in the infrared; they were mainly unchanged
V containing small amounts of dimer (absorption at 1652 cm.“1) 
but almost no conjugated diene VI (absorption at 1615 and 1579 
cm.-1). The first sample contained essentially no V, about the 
same amount of dimer as the other samples, and large amounts 
of VI. Similar samples containing, respectively, 2% of benzoyl 
peroxide and no added catalyst were heated at 75° for 3.5 days. 
The sample containing the peroxide was completely converted 
to dimer and VI (medium absorption at 1652 cm.-1, strong bands 
at 1615 and 1579 cm.-1). The uncatalyzed sample contained 
some unchanged V; absorption at 1652 cm.-1 indicated about
1.7 times the amount of dimer present in the catalyzed sample, 
while lower absorption at 1615 and 1579 cm.-1 showed that less
VI had been formed. Two neat samples sealed under vacuum in 
Pyrex and quartz, respectively, were irradiated with ultraviolet 
light (2537 A) at 0° for 91 hr. The sample in the quartz tube 
then showed 2% more absorption at 1615 and 1579 cm.-1 and 
6% more at 893 cm.-1 (=C H S out-of-plane deformation) than 
the other; transmission in the olefin region was still above 90% 
in both.

Unfiltered radiation from a quartz mercury vapor lamp also 
proved to be very poor in effecting the rearrangement.

For product isolation 300 g. of V prepared by method 2 and 0.5 
g. of benzoyl peroxide were heated at 80° for 46 hr.; infrared 
then indicated that V was absent. The material was kept at 
— 20° for 22 hr. to allow the dimer to crystallize (55 g. obtained). 
The supernatant liquid was decanted and vacuum transferred 
to yield 156 g. (52%) of a mixture of the cis and trans forms of 
VI, ra25D 1.5097. These were cleanly separated by v.p.c. at 100° 
with a 2-m. didecyl phthalate column (40-60-mesh firebrick as 
support) followed in series by a 2-m. di-2-ethylhexyl sebacate 
column. Peak areas indicated equal amounts of the geometric 
isomers. The cis isomer left the column first, a25D 1.5042, 
d2ii 1.29.

Anal. Calcd. for CsELBr: C, 40.85; H, 4.80. Found: 
C, 40.66; H, 5.02.

Ultraviolet spectrum in 95% ethanol very similar to that of the 
trans isomer but less intense: Xm!lx 232 m/x (e 11,200); Xraax
238 mM (e 11,500); shoulder, 246 (6 8900).

Infrared spectrum: 670 (s), 752 (s), 812 (m), 882 fw), 893 (s),
doublet 961 and 970 (w), 1018 (m), 1132 (w), 1240 (m), 1299 (s), 
1330 (s), 1378 (s), 1442 (shoulder, s), 1454 (s), 1581 (m), 1615 
(s), 1670 (w), 1790 (w), 2900 (m), 2940 (s), 3060 (m) cm.-1.

The residue from the distillation of VI gave more crystalline 
dimer when allowed to stand at —20° (total crystalline dimer, 84 
g., 28%). Recrystallization from 95% ethanol gave only yellow 
crystals, but acetone and water gave white material, m.p. 90.5- 
92°.

Anal. Calcd. for CinHNBr2: C, 40.85; H, 4.80; mol. wt., 
294. Found: C, 40.78; H, 4.72; mol. wt. (cryoscopic in ben
zene), 285.

Ultraviolet spectrum in 95% ethanol: Xmax 221 npi (c 13,400); 
Xmax 285 m/j (e 8300).

Infrared spectrum (10% solution in carbon tetrachloride): 
663 (s), 879 (w), 922 (w), 1000 (w), 1085 (w), 1137 (s), 1177 (m), 
1202 (m), 1255 (m), 1368 (s), 1443 (s), 1652 (s), 2693 (w), 2812 
(m), 2870 (s), 2940 (m) cm.-1.

The dark residue (60 g., 20%) which remained after all of 
diene VI and dimer IX had been removed was distilled at the full 
vacuum of an oil pump to give 46 g. of a yellow liquid, b.p. 
60-90°. Only a trace of crystalline material was obtained after 
this liquid had stood at —20° for a week. Redistillation through 
a short Vigreux column gave no sharp-boiling fractions; the 
material came over from 64 to 90° at 0.3 mm.

Anal. Calcd. for CmH]4Br2: C, 40.85; H, 4.80; Br, 54.35. 
Found: C, 40.72; H, 4.73; Br, 54.00.

Ultraviolet spectrum in 95% methanol: rising absorption
from 315 m^ to the limit of the instrument at 213 m¡i; some sem
blance of a peak around 264 m¡x (e —-10,000).

Infrared spectrum: strong peaks at 897, 1138, 1170, 1190, 
1205, 1277, 1364, 1441, 1450, 2900, and 2930 cm.-1; medium 
peaks at 760, 775,.1104, 1220, 1290, 1600, 1659, and 2840 cm.-1. 
This spectrum indicates that the liquid is different from IX, 
although some IX may be present in the mixture.

Dehydrohalogenation of VI.—To a solution of 30 g. of potas
sium hydroxide in 100 ml. of 95% ethanol was added 45 g. (0.31 
mole) of VI (mixture of cis and trans) during 10 min. The mix
ture was refluxed for 2 hr. and the low boiling product distilled

through a Vigreux column (b.p. 31-32°). The distillate was 
washed with water and dried over anhydrous magnesium sulfate 
to give 8.3 g. (41%) of 2-methyl-l-buten-3-yne, h 25d  1.4129, 
identified by infrared. The distillation residue was diluted with 
300 ml. of water and extracted twice with 50-ml. portions of 
methylene chloride. The combined extract was washed thrice 
with 200-ml. portions of water, dried over anhydrous magnesium 
sulfate, and stripped of solvent under vacuum; the residue (15 g.) 
was Irans VI free from the cis isomer within the limits of detec
tion by infrared; this represents 66% recovery based on trans 
VI present in the starting material.

Carboxylation of VI and Reduction of the Product.—Ethyl- 
lithium was prepared from 15 g. (2.2 moles) of lithium ribbon 
and 118 g. (1.1 moles) of ethyl bromide in 600 ml. of anhydrous 
ether. This solution was transferred to a 2-1. beaker in a hood 
and 73 g. (0.5 mole) of VI (mixture of cis and trans) in 100 ml. 
of ether was added slowly with stirring. The exchange reaction 
was very exothermic and much ether was lost. Three minutes 
after all of the VI was added the mixture was poured through 
glass wool into excess Dry Ice in a dewar flask and allowed to 
stand overnight. Precipitated lithium salt was dissolved by 
addition of 500 ml. of water and the ether layer was separated. 
The aqueous solution was washed twice with 150-ml. portions of 
ether, acidified with 100 ml. of concentrated hydrochloric acid, 
and extracted twice with 125-ml. portions of ether. The com
bined ethereal extracts wore dried over anhydrous magnesium 
sulfate, filtered, and placed in a 500-ml. Parr bomb with 0.5 g. 
of 10% palladium on carbon. The solution was shaken for 23 
hr. under a pressure of hydrogen which decreased from 44 to 
26 p.s.i. The catalyst was removed by filtration, the ether 
removed at reduced pressure, and the residual acid distilled 
through a small glass helix column to yield 18.7 g. (23%,) of 4- 
methylpentanoic acid, b.p. 200°, a26D 1.419. An infrared 
spectrum of this acid was identical to that of known 4-methyl- 
pentanoic acid (Eastman Kodak, White Label, n 25D 1.4124). 
A phenylhydrazide, m.p. 146.8-147.2°, and anilide, m.p. 113.4- 
114.5°, were prepared; mixtures with known samples showed no 
melting point depression.

The n.m.r. spectrum16 of IX consists of a small single peak 
attributable to the ring hydrogens and at higher field a large 
doublet arising from the twelve hydrogens of the methyl groups. 
One might expect the six hydrogens on the methyls that are 
oriented toward each other to show different shielding from the 
six hydrogens of the methyls that point away. o Dreiding models 
indicate that the hydrogen nuclei are only 0.3 A. apart at closest 
approach and that the farthest these nuclei can be separated if 
normal angles are maintained is about 1.2 A. Since the van 
der Waals radius of hydrogen is 1.2 A.17 some interference must 
occur. The small peak is separated from the closer of the two 
large peaks by 121 c.p.s. and the two large peaks are separated 
by 7 c.p.s. The simplicity of the spectrum rules out most alter
native structures.

Reactivity of Bromines in IX.—A mixture of 2.0 g. of IX and
25 ml. of acetone saturated with sodium iodide was refluxed for 
4 hr. Iodine was formed and 1.2 g. (85%) of sodium bromide 
was isolated.

IX in 2% alcoholic silver nitrate gave an immediate precipitate 
of silver bromide. The solution was refluxed for 15 min. and
1.96 moles of silver bromide recovered for each mole of IX .

Ozonization of IX.—A solution of 10 g. (0.034 mole) of dimer 
IX in 100 ml. of chloroform was treated at —25° with ozonized 
oxygen during 5 hr. (■Ml.11 mole of ozone). Solvent was 
removed from the clear ozonide solution under vacuum (safety 
precautions necessary) and the viscous ozonide stirred with 30 
ml. of ice-water for 2 hr. When the mixture was heated on the 
steam cone for 1 hr., it turned dark and carbon dioxide was 
evolved. The mixture was steam distilled until 50 ml. of dis
tillate was collected. This distillate was extracted with four
10-ml. portions of methylene chloride; the extracts were com
bined and washed with 10 ml. of saturated potassium carbonate 
solution, dried over anhydrous magnesium sulfate, and distilled 
through a small glass helix column to yield a 4-ml. fraction, 
b.p. 41.5-49.0°, containing acetone. A 2,4-dinitrophenylhydra-

(16) W e w ish to  th a n k  P rc f . J . D . R o b e rts  of th e  C a lifo rn ia  I n s t i t u te  of 
T e chno logy  fo r d e te rm in in g  th e  n .m .r., sp e c tru m  of th is  co m p o u n d  fo r  us 
befo re  a  s p e c tro m e te r  w as av a ila b le  a t  U C L A . T h is  sp e c tru m  w as o b ta in e d  
on  a  40-M c. in s tru m e n t in  1956 a n d  has  n o t  been  re p e a te d  s ince  6 0 -M e. 
in s tru m e n ts  b ec am e a v a ilab le .

(17) L. P au lin g . “ T h e  N a tu re  of th e  C hem ica l B o n d ,” 3 rd  e d .,  C o rnell 
U n iv e rs ity  P ress, I th a c a , N ew  Y ork , N . Y ., 1960, p. 260.
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zone, m.p. 125.4-126.4° cor., was prepared; no melting point 
depression when mixed with authentic acetone 2,4-dinitrophenyl- 
hydrazone.

During the steam distillation crystals of acetone peroxide col
lected in the condenser: these were recovered and recrystallized 
from pentane to give white crystals, m.p. 130.6-131.2° cor. 
A peroxide of nearly the same m.p. (132-133°) has been obtained 
from ozonization in chloroform of other unsaturated compound 
expected to yield acetone (e.g.. ref. 18) and also directly from 
acetone.18 19 Attempts to isolate other identifiable products from 
the ozonide failed.

A second ozonization was carried out similarly. The chloro
form solution of the ozonide was stirred overnight under aspirator 
pressure with 25 ml. of water; all solvent evaporated and a 
viscous, cloudy residue remained. To this was added 50 ml. of 
acetone and 25 ml. of water; the mixture was stirred for 2 hr. 
Then 10 ml. of 30% hydrogen peroxide and enough acetone to 
make a homogeneous solution were added and this stirred for 2.5 
hr. The solution was treated with solid sodium bicarbonate until 
no more carbon dioxide was evolved and the resulting solution 
washed with methylene chloride, acidified with concentrated 
hydrochloric acid, and extracted with ether. The combined ether 
extract was dried over anhydrous magnesium sulfate and the 
solvent removed under reduced pressure to yield 4.9 g. of a 
residue which did not crystallize. This residue was placed on a 
chromatographic column of 200 g. of 2:1 silica gel and Celite. 
Elution with 2:3 ether-pentane gave crystalline df-dibromosuc- 
cinic acid. Itecrystallization from ether-benzene gave a pure 
sample, m.p. 167-169° dec. (cor.). A mixture with authentic dl- 
dibromosuccinic acid prepared from maleic acid by addition of 
bromine20 showed no melting point depression.

Anal. Calcd. for C4H40,tBr: C, 17.40; H, 1.46; Br, 53.00. 
Found: C, 17.64; H, 1.60; Br, 58.18.

Reduction of IX.—Fifteen g. (0.051 mole) of IX in 100 ml. of 
ether was added during 20 min. to a refluxing solution of 4.0 g. 
(0.105 mole) of lithium aluminum hydride and 0.5 g. of /-butyl 
catechol in 100 ml. of ether. The mixture was refluxed for 16 
hr., hydrolyzed with dilute hydrochloric acid (cooling), and the 
layers separated. The ethereal layer wras washed with a solution 
of sodium bicarbonate and dried over anhydrous magnesium 
sulfate. Removal of the ether under reduced pressure gave a 
colorless mobile liquid which rapidly increased in viscosity and 
soon had the consistency of semihardened glue.

A second run was carried out and the ethereal solution hydro
genated at once over 1 g. of 10% palladium on carbon at 20 
p.s.i. for 27 hr. The solution was filtered and the ether removed 
at reduced pressure. The residue was vacuum transferred to 
give 1.2 g. (17%) of 1,2-diisopropyl cyclobutane, b.p. (micro) 
158°, n 20D  1.4265, d\° 0.7722.

Anal. Calcd. for C10H20: C, 85.63; H, 14.37. Found: 
C, 85.62; H, 14.31.

Lebedev11 reported the following physical constants for this 
compound: b.p. 157-158.5° (760 mm.), ?i20d 1.42787, dl° 0.7755.

Reduction of Other Dimeric Products.—To 10 g. (0.26 mole) of 
lithium aluminum hydride in 200 ml. of dry dioxane kept near 
room temperature by a water bath was added during 0.5 hr. 30.8 
g. (0.105 mole) of the redistilled liquid dimer mixture in 50 ml. of 
dioxane. The bath was raised to 95° during 3 hr. and maintained 
at that temperature for 21 hr. The mixture was cooled to 0°, 
diluted with 250 ml. of pentane and hydrolyzed by dropwise addi
tion of dilute frydrochloric acid. The pentane layer was sepa
rated, washed thrice with large volumes of sodium bicarbonate 
solution, and dried over anhydrous magnesium sulfate. Solvent 
was removed at reduced pressure and the residue which weighed
13.5 g. (94% yield) was distilled, b.p. 45-75° (24 mm.), to give
6.8 g. of clear liquid. This was hydrogenated at 20 p.s.i. in 
150 ml. of pentane over 0.55 g. of 10%. palladium on carbon for 
18 hr. The solution was filtered and solvent removed at reduced 
pressure leaving 6.1 g. of liquid which was fractionally distilled 
through a small helix column to give a fraction, b.p. 143-146° (752 
m m . ) ,  ?i 20d  1.4210, d f  0.7582.

Anal. Calcd. for C,„H2lJ: C, 85.72; H, 14.28. Found: C, 
85.71; H, 14.34.

Lebedev11 gave the following for l,l,2-trimethyl-3-isopropyl-

(18) I . M . H eilb ro n , W . M . O w ens, a n d  I . A. S im pson , J .  C h e m .  S o c . .  

873 (1929).
(19) A. B ae y er a n d  V. ViU iger, B e r . ,  32, 3625 (1899); 33 , 8.58 (1900); 

M . P a s tu re a u , C o m p t .  r e n d . ,  140, 1591 (1905).
(20) A. M cK en z ie , J .  C h e m .  S o c . ,  1196 (1912).

cyclobutane: b.p. 145-146.5° (760 mm.), ?i20d 1.42001, dj° 
O'. 7598.

2-Bromo-3-methyl-l,3-butadiene, (XIV).—A mixture of 10 g. 
(0.15 mole) of 2-methyl-l-buten-3-yne (VII), 43 ml. of 48% 
hydrobromic acid, 4 g. of cuprous bromide, and 5 g. of ammonium 
bromide was shaken in a pressure bottle at room temperature 
for 14 hr. The organic product was extracted with methylene 
chloride, washed with sodium bicarbonate solution, dried over 
anhydrous magnesium sulfate, filtered, and the methylene chloride 
removed at 50 mm. The dark product (10 g.) was distilled 
through a 12-in. Vigreux column, b.p. 36° (38 mm.), nn\> 1.5027.

Anal. Calcd. for C6H7Br: C, 40.85; H, 4.80. Found: 
C, 41.07; H, 4.98.

Infrared spectrum: 630 (w), 723 (in), 747 (m), 808 (m), 880 
(s), 900 (s), 940 (m), 1005 (m), 1094 (s), 1166 (m), 1196 (m), 
1277 (m), 1371 (s), 1440 (s), 1450 (s), 1578 (s), 1613 (m), 1674 
(m), 1772 (w), 1805 (w), 1954 (m), 2840 (m), 2915 (m), 2940 (m), 
3065 (w) cm.-1.

Reported13 for XIV: b.p. 35.4° (40 mm.), «20d 1.5030, dl° 
1.330. Infrared: strong bands at 3100, 1610, and 1590 cm.-1.

Reported13 for XIII: b.p. 35-36° (21 mm.), n2,u 1.5213. 
Infrared: 1960 and 850 cm.-I.

When the product was shaken an additional 12 hr. with cuprous 
bromide and a saturated solution of sodium bromide in 10% 
hydrobromic acid, an infrared spectrum of the product showed 
that the allene absorption at 1954 cm.-1 was not diminished in 
intensity. A sample of the diene polymerized to a yellow gel 
after 4 days at —20°.

Lithium Aluminum Hydride Reductions of IV, V, and VI.—To a
stirred mixture of 25 ml. of dry diethylearbitol and 22 g. (0.56 
mole) of lithium aluminum hydride cooled in ice was added 0.5 
mole of the halide dropwise during 1 hr. The mixture was 
stirred an additional 2 hr. at 0° and overnight at room tempera
ture. The pressure was then reduced to ~25 mm. and the flask 
warmed (finally to 85°) for 3 hr. with stirring, to permit distilla
tion of the hydrocarbon product through the reflux condenser. 
The hydrocarbon distillate was collected in a Dry Ice trap, 
dried, and distilled t hrough an efficient center-rod column to give 
the results reported. The lithium aluminum hydride reaction 
mixture was cooled to 0° and hydrolyzed with 100 ml. of water 
with stirring. After warming and brief refluxing the hydro
carbons produced were removed by distillation under reduced 
pressure, collected, and fractionated as before. The products 
were identified by means of boiling points, refractive indices, 
infrared spectra, and vapor phase chromatography.14

Reaction of IV with Sodium Iodide in Acetone.—A solution of
20.0 g. (0.136 mole) of IV and 40 g. (0.266 mole) of sodium 
iodide in 150 ml. of acetone Was allowed to stand at room tem
perature for 68 hr. The sodium bromide recovered by filtration 
weighed 9.6 g. (64% reaction). Pentane (150 ml.) was added to 
the filtrate and the solution washed 4 times with large volumes of 
w'ater. The pentane layer was dried over anhydrous magnesium 
sulfate and the solvent removed at reduced pressure to yield 18.5 
g. (70% crude yield) of a yellow liquid. Infrared indicated some 
acetylenic (3277 cm.-1) and allenic (1937 cm.-1) material, but 
conjugated diene (1564 and 1614 cm.-1) appeared to be the main 
component. The crude product was heated with 0.05 g. of 
cuprous bromide at 50° for 4 hr., the dark material vacuum 
transferred, and distilled through a small helix column, b.p. 
49° (14 mm.), n25o 1.5722. An explosion occurred near the end 
of the distillation.

Anal. Calcd. for C6H,I: C, 30.95; H, 3.61. Found: C, 
31.34; H, 3.45.

Infrared spectrum: 675 (w), 702 (s), 779 (s), 888 (s), 943 (s),
1178 (s), 1240 (w), 1286 (m), 1303 (s), 1376 (s), 1436 (s), 1447 
(s), 1564 (s), 1614 (s), 1674 (w), 1722 (s), 1785 (w), 2890 (m), 
2920 (m), 2955 (s), and 3060 (m) cm.-1.

A run half the above size left at room temperature for 24 hr. 
gave 3.5 g. of sodium bromide (34% yield) and 5 g. (38%) of crude 
iodide. The infrared of this iodide showed strong peaks at 1937 
and 3227 cm.-1 but essentially no absorption at 1564 cm.-1.

Reaction of IV with Sodium Thiophenoxide.—To a cold solu
tion of 0.195 mole of sodium methoxide from 4.5 g. of sodium in 
150 ml. of methanol was added 20.0 g. (0.182 mole) of thiophenol. 
To this w7as added 10.0 g. (0.068 mole) of IV and the solution 
was allowed to stand for 24 hr. at room temperature. Benzene 
(100 ml.) was then added to the pale yellow solution and the 
mixture washed thrice with 10%, sodium hydroxide solution and 
twice with water; it was then dried over anhydrous magnesium
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sulfate and the solvent removed at reduced pressure. The clear 
yellow residue (10.6 g., 88% crude yield) appeared to contain 
~90%  of l-thiophenoxy-3-methyl-l,2-butadiene and ~10% of
3-thiophenoxy-3-methyl-l-butyne on the basis of infrared. 
Distillation through a small helix column gave fair recovery of 
material, b.p. 70° (0.4mm.), re26 d 1.5954, which was mainly allenic 
(perhaps 3% of the acetylenic isomer as contaminant). An 
attempt at further purification by careful fractional distillation 
through a more efficient column gave mainly nonvolatile, poly
meric products. The distillate was partly rearranged as shown 
by new infrared peaks at 810, 845, 942, 1307, and 1613 cm.-1.

Reaction of V with Sodium Thiophenoxide.—A solution of 
0.27 mole of sodium thiophenoxide prepared from 6.8 g. of so
dium, 150 ml. of methanol and 30 g. of thiophenol was treated 
with 15 g. (0.10 mole) of V and allowed to stand at room tem
perature for 16 days. The solution was worked up as above 
to yield 14.0 g. (87% yield, crude) of a pale yellow product.

Infrared showed no allenic material, but a small peak at 2107 
cm.-1 and a strong one at 3242 cm.-1 indicated an acetylenic 
compound. There was also a strong peak at 1578 cm.-1 and a 
weak one at 1657 cm.-1 which may indicate conjugated diene. 
Fractionation through a small helix column gave a moderate 
yield of product believed to be 3-methyl-3-thiophenoxy-l-butyne, 
b.p. 52° (0.4 mm.), h 26d  1.5505, d204 0.998.

Anal. Calcd. for CnHuS: C, 74.94; H, 6.86; S, 18.19. 
Found: C, 74.72; H, 6.65; S, 18.31.

Infrared spectrum: 684 (s), 735 (s), 780 (m), 833 (w), 912 
(w), 935 (w), 998 (w), 1010 (m), 1021 (m), 1064 (m), 1072 (m), 
1086 (m), 1122 (s), 1171 (m), 1211 (s), 1260 (m), 1301 (m), 
1325 (w), 1357 (m), 1378 (m), 1437 (s), 1471 (s), 157S (m), 1657 
(w), 1745 (w), 1794 (w), 1871 (w), 1946 (w), 2107 (w), 2812 (m), 
2820 (s), 3017 (m), and 3242 (s) cm.-1. The peaks at 2107 and 
3242 cm.-1 were much stronger in the redistilled product and the 
peaks at 1578 and 1657 cm.-1 much weaker.

R eaction  R ates by D istilla tio n . X . T h e C ond en sation  o f A n ilin es w ith  B en zo in s

E r n e s t  F. P r a t t  a n d  M o r t im e r  J. K a m l e t 1

Department of Chemistry, University of Maryland, College Park, Maryland 
Received August 2, 1062

The acid-catalyzed condensation of aniline with benzoin in benzene containing dimethylaniline as a “leveller” 
has been found to be first order with respect to each reactant and the catalyst. Electron releasing groups para 
to the carbonyl group of the benzoin tend to decrease the rate. In a group of eleven anilines the rate increased 
consistently as the electron releasing ability of the meta or para substituent increased. The points for the less 
basic anilines fell on one straight line of a p~<r plot while those for the more basic anilines fell on a second straight 
line of decreased slope. Excellent yields of desylanilines were isolated in all cases. The results strongly favor 
reaction of the aniline with the carbonyl group rather than with the hydroxy methylene group of the benzoin. 
A mechanism analogous to that previously advanced for the condensation of aniline with benzaldehyde is evalu
ated.

The factors which determine the rate of reaction of 
anilines with benzoins have been studied by the distil
lation method previously employed for a variety of 
reactions which yield water as a by-product.2

A rC=0 ArCHNHPh
I +  PhNH2 •— ! +  H2()

Ar'CHOH A r'C =0

The standard conditions used are given at the top of 
Table I. When no dimethylaniline was employed 
(second experiment) the rate constants calculated at 
successive stages of reaction showed a distinct and con
sistent upward drift; this drift decreased to insignifi
cance as the amount of dimethylaniline was increased 
(third and first experiments). The dimethylaniline 
“leveller” doubtlessly functions primarily to minimize

T able I
Reaction of Aniline with Benzoin

Standard conditions: 0.125 mole of aniline, 0.125 mole of benzoin, 
0.0005 mole of PTS,° and 0.250 mole of dimethylaniline with 

benzene to give 500 ml.

Variable
Î6o% !‘ 
m in.

k  X  102,
1. m ole -1 m in . :

Standard conditions'' 210 2.25 ±  0.02
No C6H5N(CH3)2 125 3.86 ±  0.21
Half std. amt. CflH5N(CH3)-/ 148 3.12 ±  0.15
Half std. amt. PTS° 404 1.16 ±  0.01
Quarter std. amt. PTS“ 780 0.61 ±  0.01
Double std. amt. C6H5NH, 77 2.33 ±  0.03
Double std. amt. CeHjCOCHOHCeH., 91 2.01 ±  0.02
3 p-Toluenesulfonic acid monohydrate. 6 This is the time 

required for a 50% yield of water to collect. c For increased 
accuracy these experiments were double scale.

(1) F ro m  a  p o rtio n  of th e  P h .D . th e s is  of M . .1. K a m le t, M arch , IB M .
(2) F o r  th e  p reced in g  p a p e r  in  th is  series, see E . F . P r a t t  a n d  M . J .

K a m le t, J . O r g .  C h e m . ,  26, 4029 (1961).

changes in basicity of the reaction medium as the 
amount of unreacted aniline decreases.

Comparison of the results for the last four experi
ments tabulated with those for the first experiment 
show that the reaction is first order with respect to the 
aniline, the benzoin, and the catalyst. First-order de
pendence on the aniline and benzoin is, of course, 
implicit in the fact that rate constants, calculated on the 
assumption of such dependence at successive stages of 
reaction showed no serious drift.

In Tables II and III are summarized the results for 
the condensation of eleven anilines with benzoin and 
five benzoins with aniline. The clear-cut nature of the 
reaction, a requirement for precise rate data, is em
phasized by the high yields of products obtained and by 
the 98 to 102% yields of water collected in all cases; in 
most cases the yield of water was 99 to 101%. It 
would be difficult to improve on the facile distillation 
method as a preparative procedure. Since the reaction 
can be stopped as soon as complete, cyclization of the 
products to diarylindoles3 is minimized.

A p-o plot for the experiments of Table II is given 
in Fig. 1. It is suggested that since the dimethyl
aniline leveller is less basic than the most basic anilines 
employed, incomplete levelling resulted for those ani
lines for which the line of decreased slope is drawn. In 
support of this view the percent average deviation for 
the three most basic anilines (first three experiments 
of Table II) was greater than for the other anilines and 
in these three cases the rate constants calculated at suc
cessive stages of reaction showed an upward drift 
analogous to that encountered in the absence of a

(3) P . L . Ju lia n , E . W . M ey er, a n d  H . C . P r in ty ,  “ H e te ro c y c lic  C o m 
p o u n d s ,”  Vol. 3 , R . C . E ld e r  field, ed ., J .  W iley  a n d  S ons, In c .,  N ew  Y o rk , 
N . Y., 1952, pp. 22-35.
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T a b l e  II
R e a c t i o n  o f  S u b s t i t u t e d  A n i l i n e s  w i t h  B e n z o i n “

k X 102,
Substit ¿60%, 1. mole-1 Yield,6
uent min. min. -1 %

p-CH30 113 4.23 ±  0.07 89
3,4-di-CH3 120 3.97 ±  0.07 84
p-CH3 137 3.34 ±  0.06 89
jfi-CHj 180 2.63 ±  0.02 84
H 210 2.25 ±  0.02 90
m-CHsO 275 1.69 ±  0.02 84
3,4-C4H4c 314 1.50 ±  0.02 90
p-Cl 451 1.02 ±  0.01 87
m-Cl 1150 0.408 ±  0.003 87
p-COOEt 3700 0.127 ±  0.001 87
JH-NO2 7500 0.0633 ±  0.0008 84

“ The standard conditions of Table I were used, but the
scale was doubled for increased accuracy. 6 Yield of pure,
recrystallized product. c (3-Naphthylamine.

Table III
Reaction o f  Aniline with p-RC6H4COCHOHC6H4R'-p'°

k X 102,
¿50%, 1. mole-1 Yield,6

R R' min. min. -1 %
H H 210 2.25 ± 0 .0 2 90
CHaO H 536 0.87 ±0 .01 70“
c h 3o CH3O 510 0.95 ± 0 .0 1 87
CH20 2c c h 2o2c 840 0.56 ± 0 .0 1 87
Cl Cl 222 2.19 ± 0 .0 3 71
a The standard conditions of Table I were used, but the scale

was doubled for increased accuracy. 4 Yield of pure, rec.rystal-
lized product. c 3,4,3',4'-Bismethylenedioxybenzoin. d This was
the yield of the unstable pi'-methoxy isomer; a 2% yield of the
stable p-methoxy isomer was also isolated.

leveller. Straight line plots relating the “levelling 
effect” or basicity of para-substituted acetophenones, 
ethyl benzoates and benzamides to the a values of the 
substituents have been previously reported.45 The 
line for the most basic anilines (Fig. 1) may well be the 
sum of a line showing the “levelling effect,” or basicity, 
of these anilines and a line obtained by extrapolation 
of the line for the least basic anilines in Fig. 1. In
adequate levelling of the type considered here is a proba
ble common cause of deviations in p-a plots for reac
tions carried out in hydrocarbon or other solvents of 
negligible acidity or basicity as well as of deviations from 
integral order kinetics frequently encountered in such 
solvents.6

The o--value for the para-carbethoxyl group em
ployed in Fig. 1 is 0.678 as recommended for reactions of 
anilines and phenols.7 Since this value is based on 
only two reactions it is less precisely known than most 
of the others which may explain why it does not fall on 
the line. The value of p calculated by the Jaffe 
method7 for the five least basic anilines, excepting p- 
carbethoxylaniline, is —2.204 ; s, the standard deviation, 
is 0.052, and r, the correlation coefficient,7 is 0.997. 
From this p value, a a value of 0.628 for the para- 
carbethoxyl group, of anilines and phenols, may be 
calculated.

The data in Table II show that a strongly electron 
releasing methoxyl group para to the carbonyl group of

(4) E . F . P ra tt  and  K. M atsuda, J .  A m .  C h e m .  S e e . ,  75, 3739 (1953).
(5) E . F . P ra tt  and  J. Lasky, i b i d . ,  78, 4310 (1956).
(6) L. P. H am m ett, “ Physical Organic C hem istry, M cG raw -H ill Book 

Co., Inc., New Y ork, N. Y ., 1940, p. 288.
(7) H. H. Jaffe, C h e m .  R e v . ,  53, 191 (1953).

Fig. 1.—Plot of log (k X 104) for the reaction of benzoin 
with substituted anilines vs. Hammett’s «--constants. */3-Naph- 
thylamine.

benzoin greatly decreases the rate. Two methoxyl 
groups, at the para and para prime positions, or two 
methylenedioxy groups, at the 3,4- and 3',4'-positions, 
also sharply reduce the rate. It is not clear why the 
methylenedioxy group has a greater effect than the 
methoxyl which has the larger o--value8 nor is it clear 
why two chlorine atoms at the 4- and 4'-positions 
slightly decreased the rate although they are electron 
attracting. I t may be that a second substituent at the 
para prime position influences predictions based on a 
single substituent at the para position by altering the 
extent of intramolecular hydrogen bonding of the hy- 
droxylic hydrogen with the carbonyl oxygen of the 
benzoin.

The results of this study strongly support those who 
believe the aniline attacks the carbonyl group9 rather 
than the hydroxymethylene group10-11 of the benzoin. 
Recently the factors determining the rate of reaction of 
anilines with benzaldehydes have been reported2 and 
the parallelism with the results of the present study is 
extensive. In the condensation of anilines with both 
benzoins and benzaldehydes the rate depends on the 
first power of the concentration of the aniline, the car
bonyl compound, and the catalyst and electron releas
ing para substituents in the aniline increase the rate 
while such groups para to the carbonyl group of the 
benzoin or benzaldehyde decrease the rate; the p- 
values obtained for reaction with the substituted

(8) Ref. 6 . p. 188.
(9) R. M. Cowper and  T . ¡3. Stevens, J .  C h e m .  S o r . ,  347 (1940).
(10) A, Bischler and  P. Firem an, B e r . ,  26, 1336 (1893).
(11) P. h .  Ju lian , E . W- M eyer, A. M agnani, and  W. Cole, J .  A m .  C h e m .  

S o c . ,  67, 1203 (1945).
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anilines was —2.004 in the case of benzaldehyde and 
— 2.204 in the case of benzoin. If the aniline attacked 
the hydroxy methylene group the most probable rate 
controlling step would be formation of the ArCOCHAr 
ion12; the rate would then be independent of both 
the concentration of, and the substituent on, the 
aniline and electron-releasing groups at the para and 
para prime positions of the benzoin would greatly in
crease rather than decrease the rate. A mechanism en
tirely analogous to that recently" advanced2 for the 
reaction of aniline with benzaldehyde is outlined below.

ArC=0
H*

I — *
Ar'CHOH

ArC—COH 

Ar'CHOH

rhNHj 
------»-

HO 
! <8

A rC  -N ib P hIAr'CHOH
©

H?0
i ©

ArC—NHPh ArC—NHPh
-  HiO I

------- >
Ar'CHOH Ar'CHOH

ArC=NPh
— H® I two a , y
--- > I ------- >

Ar'CHOH shifts 
H

ArC—NHPh

A r'C =0

A 70% yield of p'-methoxydesylaniline (CeHsCOCH- 
(NHPh)C6H4OCH3-p') and a 2% yield of the p- 
methoxydesylaniline were isolated from the reaction 
mixture for the second experiment of Table III. The 
minor product is the more stable13 since in it the car
bonyl carbon which bears a partial positive charge can 
more readily receive electrons from the methoxyl group. 
I t appears, therefore, that because of the mild condi
tions of the distillation method it is well adapted to the 
preparation of the unstable isomers which may be rear
ranged to the stable forms under more rigorous condi
tions.1114-18

Experimental1 9 2 0

General Considerations.—The p-toluenesulfonic acid mono
hydrate was Eastman’s White Label grade. It was used as ob
tained since it was found to have close to the calculated neutrali
zation equivalent. All other constituents of the reaction mix
tures were purified by standard methods until their melting 
points or refractive indices agreed closely with the literature 
values.

The apparatus and procedure employed were entirely analogous 
to that previously described2 for the reaction of aniline with benz
aldehyde except that a nitrogen atmosphere was not used. 
Allowance was made in the calculations for the fact that 500- 
and 1000-ml. volumes of the benzene solutions at room tempera
ture expand to 531 and 1062 ml. at the reflux temperature. 
The tabulated constants were calculated on the assumption the 
reactions were first order with respect to aniline and benzoin. 
In a given experiment successive rate constants were calculated 
from the time and water volume data at 10 and 20% reaction, 12 13 14 15 16 17 18 19 20

(12) E. F. P ra tt and  P, W. Erickson, ./. A m .  C h e m .  S o c . .  78, 76 (1956): 
E . F. P ra tt  and H. J. F. Segrave, i b i d . ,  81, 5369 (1969).

(13) Ref. 3, p. 33.
(14) S. N. M cGeoch and  T. S. Stevens, J .  C h e m .  S o c . ,  1032 (1935).
(15) F . Brown and  F. G. M ann, i b i d . ,  858 (1948).
(16) R. M . Cowper and  T . S. Stevens, ibid.. 1041 (1947).
(17) Ref. 3, pp. 29, 30.
(18) K . LeRoi Nelson and  R. L. Seefeld, J .  A m .  C h e m .  S o r . ,  8 0 ,  5957 

(1958).
(19) All m elting points are corrected.
(20) We wish to  thank  D r. M ary  Aldridge and  M rs. R aym ond Baylouny 

for all m icroanalyses reported  herein.

then from the data at 10 and 30% reaction, and so on, to and 
including the data at 10 and 70% reaction. The tabulated 
values are the arithmetic mean of the six successive values plus 
or minus the average deviation of a single value from this mean.

Unless otherwise noted, the products were isolated as follows. 
When 1000 ml. of reaction mixture was used it was concentrated 
to 500 ml. before washing, by distilling benzene, while the 500-ml. 
reaction mixtures were washed without concentration. The 
benzene solutions were washed once witli 100 nil. of water, 
twice with 30 ml. of concentrated hydrochloric acid in 70 ml. of 
water, and then three times more with 100 ml. of water. The 
benzene was removed by distillation using reduced pressure for 
the final stages and the products recrystallized from suitable 
solvents. New products were recrystallized to constant melting 
point while known compounds were recrystallized until their 
melting points agreed with the literature values.

Experiments of Table I.—The temperature range within an 
experiment was never more than ±0.2° for the 10 to 70% portion 
of the reaction. Proceeding downward in Table I the median 
temperatures were 83.5, 81.9, 82.8, 84.6, 83.9, 83.6, 84.5, and 
84.5°. As might be expected, increasing the amount of dimethyl- 
aniline, aniline, or benzoin slightly increases the boiling point of 
the reaction mixtures.

The average yield of pure product was 89% for the four experi
ments of Table I for which the product was isolated. Except 
for the second experiment which was stopped at 77% water, 
the total yield of water was always 99.0 to 101.6%.

Three repetitions of the first experiment of Table 1 gave values 
for k X 102 of 2.30 ±  0.03, 2.33 ±  0.04, and 2.20 ±  0.02 1. 
mole-1 min.-1. Repetition of the second and last experiments 
gave values for k X 102 of 3.80 ±  0.20 and 2.03 ±  0.03 1. mole-1 
min.-1.

Experiments o f  Table II.—For all of these experiments the 
temperature range was 83.1-83.7° for the 10 to 70% portion of 
the reaction; within a given experiment the maximum tempera
ture variation was ± 0 .2°.

The product from the first experiment, desyl-p-anisidine, was 
recrystallized from cyclohexane and melted at 92-92.5°.

Anal. Calcd. for C2,H,90 2N; C, 79.47; H, 6.03; N, 4.41. 
Found: C, 79.50; H, 5.90; N, 4.71; a repetition of this experi
ment gave a value for k X 102 of 4.10 ±  0.06 1. mole-1 min.-1.

Recrystallization of the product from the second experiment 
from aqueous ethanol and then from a mixture of ethanol, 
benzene, and water gave pure desyl-3,4-dimethylaniline which 
melted at 120.5-121.5°.

Anal. Calcd. for C22H2,NO: C, 83.78; H, 6.71; N, 4.44.
Found: C, 83.57; H, 6.61; N, 4.52.

The desyl-m-anisidine formed in the sixtli experiment was re
crystallized from cyclohexane, then from absolute ethanol, 
and then from methanol. It melted at 96-96.5°.

Anal. Calcd. for C2,H19N 02: C, 79.47; H, 6.03; N, 4.41.
Found: C, 79.18; H, 5.84; N, 4.64.

A fluffy solid precipitated from the ethanolic mother liquors. 
Two recrystallizations of the 1.55 g., which melted at 190-200°, 
raised the melting point to 212-213°. The analytical results 
indicate it is 2,3-diphenyl-6-methoxyindole.

Anal. Calcd. for C2,HnNO: C, 84.30; H, 5.73; N, 4.71.
Found: C, 84.53; H, 5.88; N, 4.77.

The products of the experiments of Tables II and III not 
individually described are known compounds whose melting 
points agreed closely with the literature values.

The tenth experiment was repeated since the point for the para 
carbethoxy substituent does not fall on the line in Fig. 1. A 
value for k X 102 of 0.130 ±  0.001 1. mole-1 min. -1 was obtained.

Experiments o f  Table III.—With one minor exception the 
temperature range for the 10 to 70% portion of all these experi
ments was 83.2-83.8°; the temperature range within an experi
ment was ±0.15°.

A repetition of the second experiment of Table III gave a k 
X 102 value of 0.89 ±  0.01 1. mole-1 min.-1.

The 3,4,3',4'-bismethylenedioxydesylaniline obtained in the 
fourth experiment was recrystallized from hot ethanol. It 
melted at 135-135.5°.

Anal. Calcd. for C22H17N03: C, 70.38; H, 4.56; N, 3.73. 
Found: C, 70.56; H, 4.58; N, 4.03. A repetition of this 
experiment gave a k X 102 value of 0.54 ±  0.1 1. mole-1 min.-1.

A 3% yield of p.p'-dichlorobenzil was isolated along with the 
expected product from the last experiment of Table III. A 
repetition of this experiment gave a t  X 102 value of 2.15 ±  
0.02 1. mole-1 min.-1.
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Under the extreme conditions of high pressure (35,000-50,000 atm.) and temperatures ranging from ambient 
to 475°, certain aliphatic nitriles are not trimerized to sj/m-triazines as previously observed for aromatic nitriles.
Instead, phenylacetonitrile, ethyl cvanoacetate, and adiponitrile undergo polymerizations which probably in
volve the addition of «-methylene groups to the triply bonded nitrile function (Thorpe reaction). Acrylonitrile 
is converted to a carbonaceous residue by the mere application of high pressure alone. Amides, due to resonance 
stabilization, are relatively unreaetive under these conditions; acrylamide, like the nitrile, is also degraded to a 
carbonaceous product, but the simultaneous application of pressure and heat is required.

M a y , 1903 H ig h  P r e s s u r e - H ig h  T e m p e r a t u r e  R e a c t io n s . I I

Discussion
Nitriles.— Pure aromatic nitriles have been observed 

to trimerize readily, in the course of a few minutes, to 
the corresponding 2,4,6-tris(aryl)-l,3,5-triazines under 
the extreme conditions of high pressure (35,000-50,000 
atm.) and high temperature (350-500°).3

Ar
I

C
/  \

N N (A)
3A rC =N ---->■ | l[

C C
/  \  /  \

Ar N Ar

The reaction involves a decrease in multiple bond 
character (C=N of the product as compared to C = N  
of the reagent); such aggregation reactions are facili
tated by the application of pressure since the reaction’s 
transition state is of smaller volume than that of the 
uncombined reagents.4

In their pioneering work on the subjection of solutions 
of nitriles to pressures of 7000-8500 atm., Cairns, 
Larchar, and McKusick5 observed that aliphatic nitriles 
as well as aromatic nitriles, are trimerized to the cor
responding triazines; the trimerization, however, did 
not occur either in the absence of a solvent (especially 
methanol), or at pressures below 1000 atm. It was of 
interest, therefore, in the present survey of the be
havior of organic compounds under the simultaneous 
application of high pressures and high temperatures 
(HPHT) to determine whether aliphatic nitriles, with
out solvents, would trimerize under the extreme reac
tion conditions.

It has been observed that although the products from 
the HPHT treatment of an organic reagent differ in 
degree of reaction, they are usually of the same k in d  as 
those obtained by the acid- or base-catalyzed treatment 
of that reagent at atmospheric pressure. Thus, the 
condensation of cyclohexanone to dodecahydrotri- 
phenylene is an example of acid-catalysis mimetic 
HPHT behavior, while the base-catalysis mimetic 
character has been observed in the polymeric conden
sation reaction of acetone.6

Because of this acid- or base-catalysis behavior, the 
HPHT reactions of aliphatic nitriles are more complex

(1) Presented  a t  the  134th N ational M eeting  of th e  Am erican Chem ical 
Society, Chicago, 111., Septem ber, 1958.

(2) U. S. Borax R esearch C orporation, Anaheim , Calif.
(3) I. S. Bengelsdorf, J .  A m .  C h e m .  S o c . ,  80, 1442 (1958).
(4) M . G. E vans and  M . Polanyi, T r a n s .  F a r a d a y  S o c . ,  3 1 ,  875 (1935).
(5) T. L. Cairns, A. W. Larchar, an d  B. C. M cK usick, J .  A m .  C h e m .  

S o c . ,  74, 5633 (1952).

than the simple trimerizations observed for their aro
matic analogues. The complicating factor is due to the 
reactivity of the a-methylene group of the nitrile which 
can add inter- or m(ra-molecularly to the triplybonded 
—-C=N group to give rise to cyanoketimines; the 
latter, which still contain both a-methylene and nitrile 
groups, are then capable of further similar reaction to 
yield polymeric materials. The behavior of aliphatic 
nitriles under HPHT conditions, therefore, represents 
an extension of their behavior upon treatment with base 
(Thorpe reaction) ,7 along with their trimerization reac
tion.

—CHaC =N  +  B: — > B:H+ +  —CHC=N (B)

C =N

—CHC=N +  — CH,C=N — CH—C=N H  +  B: (C)
I

c h 2-

Thus, adiponitrile, an unactivated aliphatic dinitrile, 
gives HPHT products which are clear, brown, infusible, 
insoluble, amberlike resins. The elementary analyses 
and infrared spectral data suggest that the HPHT prod
uct is derived from a series of Thorpe-like addition 
reactions and trimerizations. The HPHT experiments 
with adiponitrile are particularly satisfying for they 
provide a clear-cut example of the primary and dom
inating effects of temperature and time at a given 
pressure. Thus, at 40 kbars (1 bar = 0.98692 atm.) 
and 155° for 30 min., the dinitrile is recovered un
changed. For a similar pressure and reaction time but 
an increased temperature (255°), however, the reaction 
product is the amber-like resin. If the pressure is still 
maintained at 40 kbars and the temperature is further 
increased to 370-400°, one can now decrease the reac
tion time in half (15 min.) and still obtain the same poly- 
meric resinous product. A further increase of reaction 
temperature to 475° and the pressure to 50 kbars re
sults in the production of a similar polymeric material 
after only six minutes’ reaction time. Even at these 
high temperatures, the polymerization of the dinitrile 
proceeded with a minimum of decomposition; no odor 
of ammonia was present.

The HPHT situation with acetonitrile, a simple un
activated mononitrile, however, is different. Most of 
this liquid reagent at 50 kbars and 300-325° for 6-8

(6) I. S. Bengelsdorf, 130th N ational M eeting of the American Chemical 
Society, A tlantic C ity , N. J ., Septem ber, 1956, A bstracts, p. 74-0 ; c f .  

S. D. H am ann, "Physico-C hem ical Effects of Pressure,” B utte rw orths 
Scientific Publications, London, 1957, p. 187.

(7) The first paper in a series of w orks on th is  reaction is b y  H . Baron, 
F . G. P. Rem fry, and J . F . Thorpe, J .  C h e m .  S o c . ,  85, 1726 (1904).
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min. is decomposed to a dark, sooty solid; the odor of 
ammonia is evident. Sublimation of the product at 
reduced pressure gives a small yield of the unsymmetri- 
cal trimer, 4-amino-2,4-dimethylpyrimidine (I). This

N

C H r -  C c —c h 3

CH N
\  /  c

n h 2
I

observation corroborates the previous report by Cairns, 
Larcher, and McCusick.6 They found that the tri- 
merization of acetonitrile, at pressures in the 7.5 kbar 
region, gives predominantly I as the reaction tempera
ture increased. This is particularly true in the presence 
of a base, such as, ammonia. The pyrimidine I is also 
the chief product of the treatment of acetonitrile with 
base at atmospheric pressui-e.8 All of these studies 
indicate that the presence of ammonia in the decom
position reaction of acetonitrile under HPHT condi
tions would tend, therefore, to produce some pyrimidine
(I); this is observed.

If the methylene group of a mononitrile substrate, 
however, is more activated than is the case for aceto
nitrile, then the more intimate molecular environment 
of the severe HPHT conditions causes the nitrile to react 
far beyond the relatively simple reaction sequence de
scribed (B and C). Thus, instead of a decomposition 
and trimerization reaction as observed for the non- 
activated acetonitrile, the HPHT reactions of phenyl- 
acetonitrile and ethyl cyanoacetate lead to extensive 
polymerization and decomposition, respectively.

The complete absence of the —C =N  group vibration 
in the infrared spectrum of the polymers, and the ap
pearance of C =N  and NH bands not originally present, 
strongly suggest the following mtermolecular addition 
polymerization sequence for phenylacetonitrile.

C=N
50,000 bars |

2ArCH2C=N  ------------ ^  A r-C If- O -C IPA r -— >
470° 116 m in .

NH'

- c h J J -L . i
The HPHT polymerization of ethyl cyanoacetate, 

an even more reactive nitrile, shows marked tempera
ture dependence. Thus, at 40 kbars, up to 170° and 30- 
min. reaction time, the ester is recovered unchanged. 
At 200° and 15 min., however, the ester is converted to 
dark-colored, insoluble, infusible solids. If the reaction 
temperature is raised to 275-340°, and the time is de
creased to 12 min., one observes the production of even 
darker (black) solids with similar physical properties 
as above; the odor of libex-ated ammonia, a reduced 
molecule, is indicative of the occxirrence of deep-seated 
decomposition reactions.

An attempt to treat acrylonitrile at 40,000 bars aixd 
300° for 14 min., through the simultaneous trimeriza
tion of the cyano group and the polymerization of the

(8) A. E . Eonzio and  W. B. Cook, “ Organic Syntheses,” Coll. Vol. I l l ,  
Jo h n  Wiley an d  Sons, Ino., New Y ork, N .Y ., 1951, p. 71.

vinyl group led to a carbonaceous residue and ammonia. 
Since other unsaturated substrates, e.g., isoprene, have 
been observed to carbonize by the application of pres
sure alone,9 acrylonitrile was again subjected to 40,000 
bars but with no thermal input. Again, the nitrile was 
decomposed to a carboxxaceous solid and ammonia. 
This observation may be explained by the fact that the 
application of pressure alone must result in a rapid 
polymerization of the moxxomer. The subsequeixt rapid 
rise in temperature from the heat of polymerization 
cannot be dissipated from the thermally insulated reac
tion vessel and this internally gexxerated exxergy results 
ixx the degradatioxx of the reagent. Siixxilar explosive 
polymerizatioxxs due to temperature increases under 
pressure have been observed and described previously.10 
A recent obsei’vatioxx states that polyacrylonitrile reacts 
with bases to fonxx polycyclic inxidines11; that the dark 
color of the HPHT product xxxay be due to such exten
sive polyxxxeric cyclizatioxx reactioxxs, of the ixxitially 
produced polyacrylonitrile, in the presexxce of the 
liberated amixxoxxia, could xxot be substaxxtiated since 
the iixfi'ared spectrum of the HPHT product exhibited 
xxo absorptioxx bands whatsoever.

The HPHT data coxxcerxxing the experinxexxts with 
furmaronitrile, /3,/3'-thio-dipropioxxitrile, aixd tereph- 
thalonitrile are preseixted ixx the table.

Amides.—Whereas nitriles are readily trimerized or 
polymerized under HPHT conditions, amides are ex
tremely resistant towards change under similar extreme 
experimexxtal conditions. This is undoubtedly due to 
the stabilizatioxx of amides by resoxxance; if axxy HPHT 
reaction occurs at all it is one of decoxxxposition or car
bonization.

Oixe exceptioxx to the above observatioxxs is that of 
benzamide, an aroixxatic amide. It is partially de
hydrated to benzonitrile in situ; the latter is thexx 
readily trimeilzed to 2,4,6-triphexxyl-l,3,5-triazixxe (c/. 
equation A).3

Ixx contrast, the HPHT treatment of sym-diphexxyl- 
xxrea, a carbamide, at 50,000 bars and 360° partially 
coxxvei'ts it to a carbonaceous residue. Colorless start
ing urea, however, is recovered as a sublimate from the 
dai'k HPHT product. This indicates that those mole
cules of diphenyluxea which sux-vived the decompositioxx 
carboixization reactioix are completely xmaffected, i.e., 
the HPHT reactioix is one of degradation or xxo reaction 
at all.

The x-ather iixdiscriminate xxatuxe of the HPHT condi
tions as coixcluded from the above amide reactions aixd 
the ethyl cyanoacetate reactions, is poixxtedly illus- 
ti’ated by the behavior of acrylamide. The experimental 
data show that between 200° and 250° at 40,000 bars 
this monomer undergoes a violent decompositioxx reac
tion leading to carbonization aixd ammonia fonnation. 
Obviously, the heat of reaction added to the thenxxal 
input exxergy provides a thermal shock within the in
sulated reaction vessel which is too great to be dis
sipated and a violent decompositioxx ensues. Thus, 
both pressure and heat lead to the same degradative 
type of reaction ixx acrylamide as is observed for acrylo
nitrile by the applicatioix of pressux’e alone.

(9) I. S. Bengelsdorf, unpublished work.
(10) K. H . K laasens and  J. II. Gisolf, J .  P o l y m e r  S c i . ,  10, 149 (1953).
(11) E . M. LaCombe, i b i d . ,  24, 152 (1957).
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T a b l e  I.

Reagent

T h e  H i g h  P r e s s u r e - H ig h  T e m p e r a t u r e  R e a c t io n s  o f  A l ip h a t ic  N i t r il e s  a n d  A m id e s "

Pressure6
bar Tem p., Time,

X 10s °C. min. Results and products

Adiponitrile
NC(CH2)4CN

Acetonitrile
CHSCN

Phenylacetonitrile
c 6h 5c h 2c n

Ethyl cyanoacetate

40 155 30
40 255 14
40 255 30

40 370 15
40 400 15
50 475 6

50 325 6

50 300 8

5Qf 410 7
50 470 6

Nitrile recovered unchanged
Partial polymerization
Complete polymerization to clear yellow-brown resin which looked like amber. 

Began to darken, but did not melt at 360°. Anal. Calcd. for C6H8N2: C, 66.6 ; 
H, 7.4. Found: C, 65.7; H, 7.1.“ Strong CN band at 2240 is missing, while 
bands at 3300, 3130, 1634, 1582, 1515 suggest NH, C=N, NH2 functional groups 
are present in the product1*

Same as above. The absence of NH3 indicated a minimum of degradative reactions3
Same product and infrared spectrum as above
Same product and infrared spectrum as above

Decomposition to a dark, sooty solid. Vacuum sublimation isolated a small yield 
of colorless, grainy crystals of 4-amino-2,6-dimethyl pyrimidine, m.p. 183°; 
lit/  m.p. 182-183°

Same as above

Nitrile recovered unchanged
Yellow polymeric solid. Strong CN stretching band at 2240 is missing, while bands 

at 3500, 3410, 3310, 1568, 1555 suggest NH, C=N , NH. functional groups are 
present in the product. Anal. Calcd. for C8H7N: C, 82.0; H, 6.0. Found: 
C, 78.4; H, 5.9‘

C2H5OOCCH2CN 40 55 30
40 170 15
35 200 15

40 200 15

35 275 12

35 340 12
Acrylonitrile
CH2=CHCN 40 300 14

40 30
40 15

Fumaronitrile
NC ,H

> C=C\W  XCN

40 340 15
40 335 15

i8,/?'-Thiodipropionitrile
(CH2)2CN1

40 305 10
1s1

(CH2)2CN 
T erephthalonitrile" 
p-N C—C6H4—CN 39 400 11
s-Diphenylurea
C6H6NHCONHC6Hr<' 50*“ 360 6

Acrylamide
CHi=CHCONH2 40 150 25

40 195 15
40 260 15
40 300 15

Oxamide
HsNCO—CONHs 40 260 18

40 330 18
40 345 16

Urea-pyromellitic
anhydride 40 355 17
° All HPHT reactions were conducted in 1

0.98692 atm. c The analytical value for i

Ester recovered unchanged 
Same as above
Dark orange-colored infusible solid. Sharp 2270-CN band is missing. Extreme 

broadness of bands in the 1300-1800 and 3000 region is indicative of mixtures of 
functional groups

Dark red-purple solid insoluble in alcohol, benzene, acetone, methanol, or ether. 
Begins to darken at 240°, but is not molten at 320°. Anal. Calcd. for CsH-iOiN: 
C, 53.1; H, 6.2. Found: C, 51.0; H, 4.5e 

Decomposition to ammonia and a black solid which neither sublimed or melted in a 
free flame 

Same as above

Carbonized solid product and ammonia 
Same as above
Same as above. Infrared spectrum of product revealed absence of absorption 

bands

The major part of the starting dinitrile was recovered
Same as above. No dimerization or polymerization was observed

305 10 Extensive degradation to a carbonized solid and hydrogen sulfide

Carbonized solid product (not molten at 330°); partial recovery of starting material

Partial carbonization. Infrared spectrum of colorless solid recovered by sublima
tion is identical with that of starting material

The amide melted in the capsule, but was recovered unchanged 
Same as above
Extensive decomposition to carbonaceous residue and ammonia 
Same as above

Amide recovered unchanged 
Partial degradation to dark residue and ammonia 
Same as above

Partial degradation to ammonia and recovery of unchanged urea 
1 reaction vessels unless otherwise indicated. 6 1 atm. = 1.0133 bar or 1 bar = 
bon in the noncarbonized polymeric products is somewhat lower, in all cases, 

than that for the starting nitrile; this may be due to partial loss of HCN. d Infrared absorption bands are reported in wave numbers 
(cm.-1). e Cf. ref. 5. /  This reaction was conducted in a nickel capsule. s An aromatic compound included in this study. * This
reaction was conducted in a stainless steel capsule.
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The case of oxamide is further illustrative of the re
sistance of amides to HPHT change, l’aracyanogen, a 
carbon-nitrogen polymer, has been reported to have 
been prepared in 30-40 % yield by heating oxamide at 
270° for one week.12 Attempts to accelerate this de
hydration of oxamide, by HPHT conditions, failed. 
At 40 kbars and 260° for 18 min. oxamide is recovered 
unchanged. Elevation of the temperature to 333°, 
under identical pressure-time conditions, leads to ex
tensive decomposition to a carbonaceous materials and 
ammonia.

A single experiment involving the HPHT reaction of 
urea with pyromellitic anhydride to produce a poly
meric phthalocyanine also failed; ammonia was 
liberated as evidence of a deep-seated decomposition 
reaction.

(12) L. L. B ircumshaw, F. M . Taylor, and D. H. WhifTen, J .  C h e m .  S o c . ,  

931 (1954).

Experimental
Apparatus.—The experimental apparatus used in this investiga

tion is the “belt” high pressure-high temperature apparatus 
developed in this laboratory13; suitable modifications were made 
to facilitate the study of liquid and solid organic substrates. 
Thus, the reaction vessels are small metallic cylinders fabricated 
so that they are closed at one end, and capable at the other. 
Their dimensions (0.200-in. diameter and 0.450 in. long) per
mitted a sample capacity of ca. 0.2 ml. of liquid and 0.13 g. of 
solid. Cylinders fabricated of nickel, stainless steel, and lead 
were used; the latter soft metal is preferred for the reaction cap
sule since it can be opened easily with a razor blade after the 
reaction is completed. Liquid products and reagents were 
manipulated by suitable glass capillary milligram techniques.

Reactions.—The details of the HPHT reactions are summarized 
in Table I.

(13) H . T. Hall, R e v .  Sri. I n s t r . ,  31, 125 (1900); H. T . H all, J .  P h y s .  

C h e m . .  59, 1 1 «  (1955).

T h e R eaction  o f D ik eten e  w ith  G lycine

Sheila Garratt and David Shemin

Department of Biochemistry, Columbia University, College of Physicians and Surgeons, New York 32, N. Y.

Received November SO, 1962

The reaction between diketene and glycine in basic solution yields 3-acetyl-l-carboxymethylene-4-hydroxy-
6-methyl-2-pyridone (I).

In the course of a biosynthetic investigation, the 
preparation of acetoacetylglycine by the reaction of 
glycine with diketene was attempted. Instead, a 
crystalline compound was obtained in about a 15% 
yield which was not the desired material. We have 
recently re-investigated the reaction and have shown 
the compound to be 3-acetyl-l-carboxymethylene-4- 
hydroxy-6-methyl-2-pyridone (I).

Elemental analysis gave the empirical formula Cio- 
IInNOr, which is satisfied by the condensation of two 
molecules of diketene with one molecule of glycine and 
the elimination of one molecule of water. The com
pound is acidic (neutralization equivalent 112, pKai, 
3.25, pKa, 8.0) and the infrared spectrum showed three 
carbonyl peaks which were assigned as follows: 5.78 
ix, — CH2C02H; 6.00 g. 5XCO—, and 6.18 p, aq/3-un- 
saturated-^-hydroxy ketone.1 There was no hydroxyl 
absorption. The carbonyl of the acetyl function 
formed a 2,4-dinitrophenyIhydrazone and also gave a 
positive iodoform test. Kuhn Roth oxidation gave two 
C-methyl groups. The ultraviolet spectrum implied a 
pyridone rather than a pyrrolidone structure and there
fore I and II were considered most probable.

The acid could be esterified easily to give the ethyl or 
methyl ester and the increased solubility of these com

pounds in deuterated chloroform enabled their n.m.r. 
spectra to be studied.2 The methyl ester showed 6 
singlets at r values, —5.3 (1H); 4.2 (1H); 5.35 (2H, 
-C H , C02CHs): 6.3 (3H, -C O  2C #3); 7.4 (3H,
-C O CH3); 7.75 (311, C—CH*). The singlet at -5 .3  
t  was attributed to the hydroxyl hydrogen in the a,/3- 
unsaturated-d-hydroxy ketone function.3

On heating with concentrated sulfuric acid, the com
pound was deacetylated,4 and the acetic acid which 
distilled was characterized as the S-benzylthiouronium 
salt. The infrared spectrum of the deacetylated prod
uct lacked the band at 6.18 p and the ultraviolet 
spectrum was identical with that of 1,6 dimethyl-4- 
hydroxy-2-pyridone and unlike that of 2,6 dihydroxy- 
pyridine. Thus structure I was assigned to the original 
compound and this was verified by a partial synthesis.

(1) L. J. Bellamy, “ T he  In fra red  Spectra of Complex M olecules,”  John 
W iley and  Sons, Inc., New York, N. Y., 1950, p. 124.

By analogy with the well known reaction of triacetic 
acid lactone (III) to give 1,4 dihydroxypyridines with 
ammonia and amines,6 glycine reacted with triacetic 
acid lactone in sodium hydroxide solution and the prod-

(2) N .m .r. spectra were taken  on a V arían A60 in s tru m en t a t  60 M e. 
using deu tera ted  chloroform solutions and  te tram ethy lsilane as internal 
reference.

(3) L. M. Jackm an, “ Applications of N uclear M agnetic Spectroscopy in 
O rganic C hem istry ,” Pergam on Press, London, 1959, p. 71.

(4) O. M um m  and  G. H ingst, B e r . ,  56, 2301 (1923).
(5) N. Collie and  W. W. M yers, J . C h e m .  S o c . ,  722 (1892); IT. M. W ood- 

burn  and  M. H ellm ann, R e c .  t r a v .  c h i m . ,  70, 813 (1951).
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uct obtained was identical in all respects with the de
acetylated compound obtained above. Triacetic acid 
lactone remains unchanged when quantitatively treated 
with sodium hydroxide in the same manner. The 
deacetylated compound therefore has structure IV and 
this confirms the assignment of structure I to the orig
inal condensation product.

The isomer of I, which has the acetyl group at posi
tion 5 rather than at position 3, would require the re
arrangement of diketene prior to or during the conden
sation, and is excluded by the infrared and nuclear 
magnetic resonance evidence.

In considering the reaction mechanism, it is unlikely 
that two molecules of diketene first condense to form 
dehydroacetic acid which then reacts with a molecule of 
glycine forming the pyridone (I). It has been shown6 
that under similar reaction conditions dehydroacetic 
acid and glycine reacted to form a compound which, 
although isomeric, was reported as having physical 
properties unlike those of the pyridone (I). We re
peated this reaction and confirmed that the compound 
obtained was different in all respects (melting point, 
mixture melting point, ultraviolet, infrared, stability to 
acid, etc.) from the pyridone (I).

The products of the reaction of diketene on other 
amino acids, under the condition described here, have 
not been investigated. However, Lacey7 has reported 
that ethyl glycinate reacts with diketene, under neutral 
conditions, to give the expected N-acetoacetyl deriva
tive.

Experimental
3-Acetyl-l-carboxymethylene-4-hydroxy-6-methyl-2-pyridone 

(I).—Glycine (5.0 g.) was dissolved in 40% sodium hydroxide (5 
nil.) and diluted with water (17 ml.). The solution was stirred at 
— 5° and freshly distilled diketene (9.0 g.) was added in four 
portions during 1 hr. Stirring was continued until the reaction 
mixture became homogeneous. The solution was acidified to pH 
2 with dilute hydrochloric acid and a white crystalline solid 
precipitated. The crystals were collected and washed with cold 
water (2.2 g.), m.p. 227-231°. Recrystallization from water 
gave needles (1.8 g.), m.p. 236-238°.

Anal. Calcd. for CioHnNOs: 0,53.33; H, 4.94; N, 6.22. 
Found: C, 53.52; H,4.77; N, 6.31. Ultraviolet spectrum (H2G): 
Xma* 230 m/i (log e 4.0), 270 van (log e 3.6), and 323 him (log e
4.1); (0.1 NaOH), A,™* 235 (log e 4.3) and 300 him (log e 3.9); 
infrared spectrum (Nujol): 5.78 m (sh), 6.0 m (sh), 6.18 m (sh).

(6) S. Iguchi, K. H isatsune, M. Himeno, and S. M uraoka, C h e m .  P h a r m .  

B u l l .  (Tokyo), 7, 323 (1959).
(7) R. N. Lacey, J .  C h e m .  S o c . ,  8 5 1  (1954).

3-Acetyl-4-hydroxy-l-methoxycarbonylmethylene-6-methyl-2- 
pyridone.—The acid (I) (0.502 g.) was dissolved in 25 ml. of 
anhydrous methanol, a few drops of concentrated sulfuric acid 
were added and the solution wras heated under reflux for 5 hr. 
The solution was evaporated to a small volume diluted with 
water, and extracted with ether. After drying over anhydrous 
magnesium sulfate, the ether was removed under reduced pres
sure, yielding a crystalline residue (0.514 g.), m.p. 123-124°. 
Recrystallization from absolute ethanol gave prisms, m.p. 125°.

Anal. Calcd. for CuHi3N 05: C, 55.22; H, 5.48; N, 5.86. 
Found: C, 55.17; H, 5.60; N, 6.07. Infrared (Nujol): 5.70 m 
(sh), 6.06ju(sh): 6.18/*(sh). N .m .r.r: — 5.3 (1H), 4.2 (1H),
5.35 (2H), 6.3 (3H), 7.4 (3H), 7.75 (3H).

3-Acetyl-1-ethoxycarbon ylmethylene-4-hydroxy-6-me thyl-2- 
pyridone.—This ester was prepared from the acid (I) (0.079 g.) 
and absolute ethanol by the method described above. The crude 
ester (0.984 g.), m.p. 102-105°, was recrystallized from absolute 
ethanol m.p. 106-107°.

Anal. Calcd. for Ci2H15N 06: C, 56.90; H, 5.97; N, 5.53. 
Found: C, 57.08; H, 5.84; N, 5.82. Infrared (Nujol): 5.78 m 
(sh),6.08m(sh), 6.18M(sh). N .m .r.r: 4.2(1H),5.3 (2H),5.75 
(quartet 2H), 7.3 (3H), 7.75 (3H), 8.7 (triplet 3H).

Deacetylation of 3-Acetyl-l-carboxymethylene-4-hydroxy-6- 
methyl-2-pyridone (I).—The acid (I) (4.55 g.) was dissolved in 
concentrated sulfuric acid (5 ml.) and heated at 200° for 30 
min. The acetic acid which distilled was converted into 
the S-benzylthiouronium derivative, m.p. 135°, unchanged on 
mixing with an authentic sample. The reaction mixture was 
cooled and treated with saturated barium hydroxide solution 
until pH 5. The precipitated barium sulfate was filtered and 
washed with water. The filtrate was evaporated under reduced 
pressure and the residue dissolved in dilute potassium carbonate 
solution and filtered from some insoluble material. The filtrate 
was acidified with dilute hydrochloric acid and evaporated to 
dryness leaving a residue which was extracted with absolute 
ethanol. Evaporation of the ethanolic extracts yielded an oil 
which crystallized from water (2.7 g.), m.p. 239-240°. Re- 
crystallized from water, m.p. 248°.

Anal. Calcd. for CaH9N04: C, 52.48; H, 4.95; N, 7.64. 
Found: C, 52.68; H, 4.92; N, 7.61. Ultraviolet spectrum (95% 
Et.OH): Xm„i 230 (sh) (log e 3.47) and 287 (log e 3.70). Infrared 
(Nujol): 5.86 m (sh), 6.05 m (s).

I-Carboxymethylene-4-hydroxy-6-methyl-2-pyridone (IV).— 
Triacetic acid lactone (0.94 g.) was added to a solution of glycine 
(0.56 g.) in 0.88 N  sodium hydroxide (8.5 ml.) and the solution 
warmed on a steam bath for 1 hr. After cooling, the reaction 
mixture was acidified with dilute hydrochloric acid and on evapo
ration of some of the water white needles precipitated, 0.508 g., 
m.p. 244-247°. It was recrystallized from water, m.p. 248°, 
and was identical in all respects (mixture melting point, ultra
violet spectrum, infrared spectrum) with the deacetylated 
product obtained above.
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Bridged P o lycyclic  C om pou nd s. X X I. T h e Ion ic  C h lorin ation  o f  
9 ,10-D ih yd ro-9 ,10 -eth en oan th racen e1
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The ionic chlorination of !),10-dihydro-9,10-ethenoanthraeene was shown to yield exo- and endo-4-syn-S- 
dichlorodibenzobieyclo[T2.1 ]octadiene as the sole reaction products. The less stable of these isomers was the 
preponderant product. The structure proofs of these addition-rearrangement, reaction products and some of 
their chemistry are discussed.

Ionic chlorination of 9,10-dihydro-9,10-ethenoanthra- 
cene (I) in carbon tetrachloride gave two isomeric di
chlorides, A and B, neither of which were cis- or trans-
ll,12-dichlorodibenzobicyclo[2.2.2]octadiene (IV) and
(V), which had been previously prepared in this lab
oratory.2 Both isomers gave an immediate precipitate 
of silver chloride when treated wdth silver nitrate in 
acetone. Compounds IV and V were unreactive to this 
reagent under these conditions.

Addition rearrangements during the halogenation of 
bicyclic olefins have been previously reported,3-5 and 
this type of reaction seemed to be the best expla
nation for the formation of compounds A and B during 
the chlorination reaction. The formation of four iso
meric dichlorinated hydrocarbons, II, III, VI, and VII, 
from the addition-rearrangement to I is possible.

Catalytic hydrogenation of each of the dichlorinated 
isomers with palladium on barium sulfate yielded the 
same monochlorinated product (C), which might have 
any of the structures VIII to XI.

Since the steric arrangement of one of the chlorine 
atoms in each isomer wras thus shovm to be identical with 
that in the other, it then follow's that the isomeric pair 
(A and B) could have only the following combination 
of structures: II, III; III, VII; VI, VII; or II, VI.

At first, it appeared obvious that hydrogenolysis of 
the benzyl chloride of the rearranged dichlorides A and 
B had taken place to produce a monochlorinated hydro-

(1) Previous p aper in series: S. J. C ristol, L. K. G aston, and  D. W. John 
son, T e t r a h e d r o n  L e t t e r s ,  in press.

(2) S. J . C ristol and  N. L. Hause, J .  A m .  C h e m .  S o c . ,  74, 2193 (1952).
(3) H. K w art, i b i d . ,  75, 5942 (1953).
(4) J . D . R oberts, F. O. Johnson, an d  R. A. C arboni, i b i d . ,  76, 5692 

(1954).
(5) H . K w artan d  L. K aplan, i b i d . ,  76, 4072 (1954).

carbon with a chlorine atom substituted at the 8-posi
tion. However, it was reported that the specific rate 
constant for the solvolysis of cm/f-7-chloronorbornene6 
in 80% ethanol at 50° is 8.7 X 10-6 sec.-1, and the cor
responding constant for a-phenylethyl chloride7 is 16.4 
X 10-5 sec.-1. It, therefore, seemed possible that the 
Si/n-c8-hloride under the influence of the unsaturation 
from the benzene ring might undergo hydrogenolysis at 
a faster rate than the benzyl chloride. This involves 
the perhaps unjustifiable assumption that hydrogenoly
sis and solvolysis are comparable, and that assistance 
from the x-electron system is comparable to that from 
a carbon-carbon double bond.8

It, therefore, seemed necessary to establish the posi
tion of the chlorine atom which wras removed upon hy
drogenolysis of the chlorinated products. Addition of 
/-butyl hypochlorite to I in acetic acid gave the same 
chloroacetate as was obtained from the acetolysis of 
either A or B.9 ¿-Butyl hypochlorite, when used as an 
ionic chlorinating agent, donates a chloronium ion to an 
olefinic double bond.10 A positive charge when placed 
on the 11-position of I induces a Wagner-Meenvein re
arrangement and transforms the [2.2.2] ring system 
into the [3.2.1] ring system9’11 which then reacts with 
acetic acid at the benzyl position to give a chloroacetate
(XII).

Reduction of XII with lithium aluminum hydride 
gave the chlorohydrin XIII. Permanganate oxidation 
of XIII gave a chloro ketone, XIV, which when sub
jected to Clemmensen reduction gave the same mono
chlorinated hydrocarbon which was obtained upon hy-

(6) W. G. Woods, R. A. Carboni, and  J . D . R oberts, ibid., 78, 5653 (1956).
(7) E. G runw ald and  S. W instein, i b i d . ,  70, 846 (1948).
(8) I t  has subsequently  been shown by P. D. B a r tle tt  and  W . P. G iddings 

th a t  th is type of ra te  enhancem ent in solvolysis is n o t so g rea t w ith a  benzene 
ring as with a  double bond. P. D. B ar tle tt  and W. P. G iddings, i b i d . ,  82, 
1240 (1960).

(9) D. D. T anner, Ph .D . thesis, U niversity of Colorado, 1961.
(10) M. A nbar and  D. G insberg, C h e m .  R e v . ,  64, 925 (1954).
(11) S. J . C ristol and  R. K. Bly, J .  A m .  C h e m .  S o c . ,  82, 6155 (1960).
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drogenolysis of either A or B. (Numbers XII through 
XIV refer to the correct structure assignments.)

The method of preparation of XII establishes the po
sition of the chlorine atom which is replaced during hy- 
drogenolysis. The position of the reactive chlorine 
atom was further investigated by taking an ultraviolet 
spectrum of XIV. The usual absorption band at 
2400-2450 A. often associated with an aromatic con
jugated ketone was not seen in the ultraviolet spectrum 
of XIV, taken in absolute ethanol. This absence of a 
strong absorption maximum is not unique since the ke- 
tonic band at this wave length fails to appear in the 
spectra of 1-indanone,12 1-tetralone,13 2,3-benz-l-sub- 
erone,13 2-keto-anri-8-methyl-3,4,6,7-dibenzo [3.2.1 jbi- 
cyc)ooctadiene-l-syn-8-dicarboxylic acid,14 and syn-8- 
hydroxydibenzobicyclo [3.2.1 ]octadien-2-one.15

When the spectrum of XIV was taken in concentrated 
sulfuric acid, a strong absorption band appeared at 
3030 A. (e 13,000). This observation was in good 
agreement with the fact that conjugated aromatic ke
tones show a bathochromic shift of 300-600 A. in con
centrated sulfuric acid, and the extinction coefficient of 
this shifted maximum is very much exalted over the 
weak, indistinguishable band at 2400 A .16' 17 Similar 
halochromic behavior has been observed in the case of 
all of the above mentioned aryl ketones.

With the establishment of the hydrogenolysis prod
uct of A and B as a hydrocarbon substituted in the 8- 
position by a chlorine atom, the structure of compound 
C must be either VIII or X.

Dipole moments were utilized for the final structure 
assignments.18 From the chemical evidence, the iso
meric pair of dichlorinated products must either be II 
and III or VI and VII. Calculated dipole moments for 
the first pair were 4.0 and 1.9 D., respectively, and for 
the second pair, 2.2 and 2.7 D., respectively. The ob
served values for A and B were 3.40 and 1.94 D. The 
dipole moments of the two isomers thus unequivocally 
demonstrated that the chlorination products were exo-
4- and endo-4-s?yn-8-dichlordibenzobicyclo[3.2.1]octa- 
diene, II and III, respectively.

Differential infrared analysis19 established that II 
and III were found in the reaction mixture at 88% and 
12%, respectively

Examination of models of the rearranged dichlorides 
suggested that the major isomer, II, should be the less 
stable of the two isomers. The models clearly indicate

a large steric interaction between the diaxial chlorine 
atoms in II, which is relieved in III.

When II was dissolved in liquid sulfur dioxide and 
cresol at room temperature, all of the dichlorinated 
product that was recovered after column chromatog
raphy (55%) was shown to be isomer III.

These results made us suspect that the endo product 
III found in the chlorination was the result of an epi- 
merization of the exo isomer. We found, however, 
that the exo isomer did not appear to rearrange under 
simulated reaction conditions or work-up conditions, 
even for extended time periods so it would appear that
III is an initial reaction product. In addition, neither
IV nor V is isomerized to II or III under reaction con
ditions.

The addition-rearrangement reaction is an heterolytic 
process, as indicated by the fact that the reaction pro
ceeds in the dark and has no apparent induction period. 
Free-radical reactions in bridged bicyclic systems of this 
type have not led to rearrangement, although evidence 
for such rearrangements has been sought.20“22

The simplest mechanism which might be proposed in
volves addition of a chlorine cation to I to yield the 
classical carbonium ion XV which then rearranges to the 
more stable benzylic cation XVI. Coordination of 
XVI with chloride ion would give products II and III. 
The structure of the principal product (syn-exo) II is 
consistent with that observed in the addition of other 
ionic species to I 9'23 and also with the concept that XV 
and XVI represent resonance structures of the meso- 
meric cation XVII, but the formation of substantial 
amounts of III appears inconsistent with the latter as
sumption.24 As indicated in the models described 
above for II and III, the exo isomer II has interference 
between the two diaxial chlorine atoms and its forma
tion from XVI would obviously not be favored over 
that of III on steric grounds.

(12) R. P . Lucas and  J. Jock, B u l l .  s o c .  c h i m . ,  [5] 2, 327 (1935); 5, 848 
(1938).

(13) R. A. Friedel and  M . Orchin, “ U ltrav io le t Spectra of A rom atic 
Com pounds,” John  W iley an d  Sons, Inc,, New Y ork, N. Y., 1951.

(14) W . R. Vaughan, M . V. A ndersen, J r .,  and  R. Q. L ittle , J r ., J .  A m .  

C h e m .  S o c . ,  76, 1748, 4130 (1954).
(15) C. Bouboulis, P h .D . thesis, U niversity  of Colorado, 1961.
(16) L. C. Anderson, J .  A m .  C h e m .  S o c . ,  55, 2096 (1933).
(17) L. C. Anderson and  C. M . Gooding, i b i d . ,  57, 999 (1935).
(18) D. D . T anner and  T . S. G ilm an, unpublished work.
(19) I. M . Kolthoff and  E . B. Sandell, “T extbook of Q uan tita tive  In o r

ganic Analysis,” 3rd ed., The M acm illan Co., New York, N. Y., 1952, p. 632.

(20) S. J . Cristol and  G. D. Brindell, J .  A m .  C h e m .  S o c . ,  76, 5699 (1954).
(21) J. A. Berson and  W. M. Jones, i b i d . ,  78, 6045 (1956).
(22) N. A. Le Bel, i b i d . ,  82, 623 (1960).
(23) F . Pwu, Ph .D . d issertation , U niversity  of Colorado, 1961.
(24) T he s y n - e x o -  configuration of th e  addenda in this bicyclooctane ring 

system  is sim ilar to the corresponding additions in b icycloheptane system s ,3 ~ b 

and  to oxide-ring openings in b icycloheptane25-27 and  bicyclooctane sys
tem s .11-28

(25) H. M. W alborsky and  D. F . Loncrini, J .  A m .  C h e m .  S o c . ,  76, 5396 
(1954).

(26) H . K w arta n d  W. E . Vosburgh, i b i d . ,  76, 5400 (1954).
(27) S. B. Soloway and  S. J . C ristol, J .  O r g .  C h e m . ,  25, 327 (1960).
(28) II . K w artan d  G. C. Gatos, J .  A m .  C h e m .  S o c . ,  80, 881 (1958).
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On the other hand, stereoeleetronic considerations 
may be invoked to rationalize the preferred formation 
of II from XYI. p-x-Overlap of the benzylic carbon 
atom with the benzene ring will be lost less rapidly if 
chloride ion coordinates from the axial (exo) position 
than from the equatorial (endo) position, so that the 
transition state for the former situation may be ex
pected to be more stable than that for the latter. This 
argument is also consistent with the greater reactivity 
observed9 for solvolysis reactions of exo (axial) substit
uents in these systems. Rearrangement of II to III 
may also proceed through XVI and is consistent with 
the solvolysis reactivities.

This mechanism does not rationalize the fact that 
only syn-8-chloro isomers are found—that is that only 
the bond anti to the entering chlorine cation migrates. 
This result could be accommodated by the assumption 
that XV is in fact not involved, but that donation of a 
chlorine cation by chlorine or by ¿-butyl hypochlorite 
gives the chloronium ion XVIII which opens with re
arrangement directly to XVI. This latter explanation 
does not appear consistent with observations that the
[3.2.1] ring system analogous to XVI may undergo re
arrangements to the [2.2.2] systems analogous to XV 
under appropriate conditions, and again with stereo
chemical purity.9'23 For the present, this problem re
mains unsettled.

Experimental
The Chlorination of 9,10-Dihydro-9,10-ethenoanthracene (I).—

The chlorination reactions of I are summarized as follows.
Experiment 1.—In a glass-stoppered flask, wrapped with 

aluminum foil to exclude light, was placed 2.002 g. (9.80 mmoles) 
of compound I ,2 m.p. 119.5-122°, dissolved in 30 ml. of dry 
carbon tetrachloride. The flask was cooled in an ice bath to 
0°. To this mixture was added a chilled solution of 1.04 g. 
(0.014 mole) of chlorine in 20 ml. of dry carbon tetrachloride. 
The reaction mixture was stoppered and allowed to stand at room 
temperature for 41 hr. The solvent was removed by rotary 
evaporation, and 2.739 g. (101%) of a gummy, white crystalline 
product was obtained, m.p. 91-124°. The product was dis
solved in benzene, and the benzene was removed by rotary 
evaporation. The product was dried under vacuum over 
phosphorus pentoxide and paraffin. An analysis for chlorine was 
obtained on this mixture.

Anal. Calcd. for C,6Hi2Cl2: Cl, 25.77. Found: Cl, 25.85.
The reaction mixture was subjected to infrared analysis and 

found to contain 12% of the endo dichloride III and 88% of the 
exo dichloride I I .

Experiment 2.—To a continuously stirred solution of 1.361 g. 
(6.66 mmoles) of I in 25 ml. of dry carbon tetrachloride was 
added dropwise 18 ml. of dry carbon tetrachloride containing 
630 mg. (8.88 mmoles) of chlorine. The solution was added in 
the dark over a period of 1 hr. at room temperature, and the 
solvent was removed by rotary evaporation. The dried reaction 
mixture was subjected to infrared analysis and found to contain 
12% endo dichloride III and 88% of the exo dichloride II.

Experiment 3.—To a solution of 20 ml. of dry carbon tetra
chloride containing 700 mg. (9.87 mmoles) of chlorine was added 
dropwise a solution of 1.352 g. (6.61 mmoles) of I dissolved in 45 
ml. of dry carbon tetrachloride. The solution was added in the 
dark over a period of 1 hr. at room temperature, and the solvent 
was removed by rotary evaporation. The dried reaction mix
ture was subjected to infrared analysis and found to contain 12% 
endo dichloride III and 88% of the exo dichloride II.

Experiment 4.—To a solution of 344 mg. (1.68 mmoles) of I 
in 30 ml. of dry carbon tetrachloride was added 20 ml. of carbon 
tetrachloride containing 240 mg. (3.38 mmoles) o: chlorine. 
The mixture was stoppered and allowed to stand in the dark for 
13 days. The dried reaction products were subjected to in
frared analysis, which showed the product composition to be 
18% III and 82% II.

Experiment 5.—Experiment 4 was repeated, only the solvent 
was removed by rotary evaporation immediately after addition 
of the chlorine solution. The yellow color of chlorine had disap
peared 13 min. after the addition of the chlorine solution, and all 
the solvent had been removed by the time 28 min. more had 
elapsed. Infrared analysis showed a product composition of 
18% of III and 82% of II.

The discrepancy in the analytically determined product 
composition between experiments 1, 2, and 3 and experiments 
4 and 5 may possibly be within experimental error. However, 
it must be noted that the reactions which yielded 12%, endo 
dichloride (experiments 1, 2, and 3) were done under conditions 
where the temperature of the solution remained relatively 
constant, while the reactions yielding 18% endo product (experi
ments 4 and 5) were subjected to local heating due to the exo
thermic nature of the reaction.

Isolation of II and III.—A solution of 1.63 g. (8.0 mmoles) of 
I in 30 ml. of carbon tetrachloride was placed in a foil-wrapped 
flask. Then, 604 mg. (8.5 mmoles) of chlorine dissolved in 10 
ml. of carbon tetrachloride was added. Evaporation of the 
solvent left 2.21 g. of material. Crystallization from 27 ml. of 
ethanol gave 1.77 g. (81%) of II, m.p. 122-128°. Purification 
bv sublimation gave II, m.p. 128-129°.

'Anal. Calcd. for Ci6HI2Cl2: C, 69.83; H, 4.40. Found: 
C, 69.77; H, 4.57.

The mother liquors were evaporated to dryness and absorbed 
on 20 ml. of activated alumina (Fisher). Elution with chloro
form gave 120 mg. (5.5%) of III, m.p. 98-98.5°.

Anal. Calcd. for Ci6Hi2Cl2: C, 69.83; H, 4.40. Found: 
C, 69.66; H, 4.65.

Both II and III gave precipitates of silver chloride within 5 
min., when treated with silver nitrate in acetone.

Infrared Analysis of the Products of Chlorination of I.-—
The ratio of II and III in the chlorination of I was determined by 
differential quantitative infrared analysis, using a double-beam 
Perkin-Elmer Model 137 Infracord spectrophotometer. Po
tassium bromide optics were used to obtain the desired frequency 
range, 13-25 iu. The exo isomer II had absorption peaks at 14.4,
15.7, 16.3, 16.6, 17.7, 18.3, 18.9, 20.7, and 22.8 m. and the endo 
isomer III had peaks at 14.6, 15.3, 16.3, 17.3, 17.7, 18.1, 19.2, 
21.2 , 22.3, and 23.3 y.. Analytical results seem to be correct to 
±3% .

Hydrogenolysis of II and III.—A mixture of 50 mg. of 10% 
palladium on barium sulfate catalyst in 18 ml. of ethanol and 2 
ml. of 1.2 N  sodium hydroxide was pre-redueed with hydrogen 
at room temperature and atmospheric pressure. Then 100 mg. 
(0.363 mmole) of II was added and the flask shaken under an 
atmosphere of hydrogen for 24 hr. The catalyst was removed by 
filtration and water was added to precipitate the product. Pe- 
crystallization from aqueous ethanol gave 70 mg. (80%) of syn-8- 
chlorodibenzobicvclo[3.2.11octadiene (VIII), m.p. 143.5-144.5°.

Anal. Calcd. for C,6H13C1: C, 79.53; H, 5.44. Found: 
C, 79.83; H, 5.61.

Similarly, 64 mg. of III was hydrogenated. The product was 
identical with the sample of VIII produced from II.

Attempts to remove the second chlorine atom by further hy
drogenolysis over platinum led to saturation of one of the benzene 
rings without removal of the chlorine atom. Which ring was 
hydrogenated was not determined. Fifty milligrams of III was 
shaken under hydrogen with 30 mg. of Adam’s platinum oxide 
catalyst in 14 ml. of ethanol containing 5 ml. of 5 N  hydrochloric 
acid for 24 hr. The product was precipitated with water and 
recrystallized from ethanol, m.p. 60-61°. A Beilstein test 
indicated the presence of chlorine in the product.

Anal. Calcd. for C16H18C1: C, 77.87; H, 7.76. Found: 
C, 78.00; H, 7.49.

sj/n-8-Chlorodibenzobicyclo [3.2.1 ] octadien-ejo-2-yl Acetate 
(XII).—To a stirred and cooled solution of 1.100 g. (5.39 
mmoles) of ethenoanthraeene, I, in 70 ml. of glacial acetic 
acid was added 1.00 g. of (-butyl hypochlorite (9.80 mmoles)29 
over the course of 30 min. After the addition of the hypochlo
rite, the reaction mixture was poured into an excess of water, 
and the precipitate which formed was filtered and dried over 
phosphorus pentoxide. The crude yield was 1.441 g . (89.5%) 
of an oily white gum. The product was dissolved in hot petro
leum ether (b.p. 60-70°) and chromatographed on an alumina 
column. Three oily fractions were obtained by elution with 5%, 
chloroform in carbon tetrachloride, 10% chloroform in carbon

(29) C. F. Irw in and G. F . Hennion, J .  A m .  C h e m .  S o c . ,  63, 858 (1941).
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tetrachloride, and 100% chloroform, and weighed 500 mg., 675 
mg. and 129 mg., respectively.

When fraction 1 was crystallized from absolute ethanol, it 
gave 193 mg. of a white crystalline compound, m.p. 135-148.5°; 
recrystallization gave 105 mg., m.p. 146.5-154.5°.

When fraction 2 was crystallized from absolute ethanol, there 
sesulte,d 390 mg. of white crystals, m.p. 150-153°. An analytical 
rample was taken from this product, and the recrystallized prod
uct melted at 157-158°.

Anal. Calcd. for CjsHisClCh: C, 72.36; H, 5.06. Found: 
C, 72.31; H, 4.89.

When fraction 3 was recrystallized from absolute ethanol, it 
yielded 22 mg. of white crystals, m.p. 145-155°. Mixture melt
ing points with fractions 1 and 2 were not depressed. Mixture 
melting points and solution infrared spectra of this compound 
showed it to be identical with the chloroacetate obtained from 
the acetolysis of II or I I I .8

sjm-8-Chlorodibenzobicyclo [3.2.1] octadien-e.ro-2-ol. (XIII).
—A slurry of 40 mg. of crushed lithium aluminum hydride in 
approximately 20 ml. of ether, which had been dried over sodium 
ribbon, was stirred while an ethereal solution of 134 mg. (0.448 
mmole) of the combined fractions 1 and 2 above (compound XII) 
was slowly added. The reaction mixture was stirred at room 
temperature for 2.5 hr., and the excess lithium aluminum hy- 
dried was destroyed by the addition of water. The solution was 
decanted, the residual aluminum hydroxide was washed several 
times with ether, and the decantates were combined. The 
solvent was evaporated in an air stream and the residue was 
dride under vacuum over phosphorus pentoxide, leaving 112 mg. 
(97%) of white crystals, m.p. 111-122°. An infrared spectrum 
taken in carbon disulfide solution showed a strong hydroxyl peak 
at 2.80 m and no acetate carbonyl absorption.

The product was recrystallized from absolute ethanol, yielding 
35 mg. of white crystals, m.p. 130-134.5°. A second crop of 
crystals was taken, yield 13 mg., m.p. 127.5-136.5°. The crude 
yield was 42%. Crop 1 was recrystallized twice from absolute 
ethanol to give pure XIII, m.p. 137.5-138.5°.

Anal. Calcd. for Ci6H13C10: C, 74.78; H, 5.10. Found: 
C, 74.91; H, 5.03.

sj/n-8-Chlorodibenzobicyclo [3.2.1] octadien-2-one (XIV).—A 
mixture of 312 mg. (1.21 mmoles) of crude XIII (m.p. 120-135°). 
40 ml. of benzene, 2 g. of potassium permanganate (12.7 mmoles), 
20 ml. of i-butyl alcohol and 6 ml. of water was heated at 60° for 
75 hr. with constant stirring. The excess potassium perman
ganate was destroyed by the addition of aqueous sodium bisulfite. 
The solution was dried under vacuum, 40 ml. of water was added, 
and the manganese dioxide precipitate was filtered and washed 
with water. The filter cake was extracted with hot chloroform, 
and the extract dried over sodium sulfate. The organic solvent 
was removed under vacuum, leaving 190 mg. of a white crystal
line material, m.p. 106-112°. The product was dried over phos

phorus pentoxide under vacuum, and the infrared spectrum 
showed no hydroxyl absorption and a strong carbonyl absorption 
at 5.88 y.

Of the 190 mg. obtained, 72 mg. of the product was chromato
graphed on an alumina column. By dissolving in hot petroleum 
ether (b.p. 60-70°) and eluting with chloroform, a fraction 
weighing 66 mg. (60%), m.p. 114.7-116°, was obtained. Re
crystallization from absolute ethanol gave syn-8-ehlorodibenzo- 
bicyclo[3.2.1]octadien-2-one (XIV), m.p. 115.5-116.5°.

Anal. Calcd. for CieHyClO: C, 75.44; H, 4.35. Found: 
C, 75.47; H, 438.

The Reduction of s.yn -8-Chlorodibenzobicyclo [3.2.1] octadien ■
2-one (XIV).—A mixture of 110 mg. (0.432 mmole) of XIV, 5 g. 
of amalgamated zinc, 6 ml. of concentrated hydrochloric acid, 
5 ml. of acetic acid, and 5 ml. of toluene was heated at reflux for 
22 hr. During this time, three 5-ml. portions of concentrated 
hydrochloric acid were added. The reaction mixture was ex
tracted three times with 30-ml. portions of benzene. The ben
zene extracts were washed with sodium carbonate solution, 
followed by several washings with water, and dried over anhy
drous sodium sulfate. The solvent was removed under vacuum, 
leaving a thick, yellow oil. The product was chromatographed 
on an alumina column (25 g. of Merck Co., acid-washed alumina 
packed in petroleum ether, b.p. 60-70°) and was eluted with 
carbon tetrachloride. The crude yield was 73 mg., m.p. 110— 
143°. Recrystallization from absolute ethanol yielded a product 
weighing 32 mg., m.p. 142-144.5° (36%).

Mixture melting point showed no depression with the hydro- 
genolysis product of compound II, and the infrared spectrum was 
identical with that of product VIII.

Isomerization of Dichloride II to III in Liquid Sulfur Dioxide.— 
In a sealed Pyrex tube was placed 1 ml. of o-cresol, 398 mg. of II, 
and approximately 50 ml. of liquid sulfur dioxide. The mixture 
was allowed to stand for 4 hr. at 0° and then at room tempera
ture for 10 hr. The sulfur dioxide was allowed to evaporate, 
and the solution was chromatographed on alumina by dis
solving in petroleum ether (b.p. 60-70°) and eluting with carbon 
tetrachloride. Two fractions were obtained. The first was 220 
mg. (55%) of a white crystalline product, m.p. 95-99°. After 
recrystallization from absolute ethanol, a melting point of 100-  
100.5° was obtained. The product had an infrared spectrum 
identical with that of III, and a mixture melting point with that 
compound showed no depression. A mixture melting point with 
II was depressed. The second fraction was an oil, 23 mg. (6%), 
which was not investigated.
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a  t e t r a s a c e h a r i d e  i s o l a t e d  f r o m  h u m a n  m i l k  a n d  o f  v a r i o u s  g l y c o p r o t e i n s ,  is  d e s c r i b e d ,  s t a r t i n g  f r o m  D - g a la c to s e  
a n d  D - g lu c o s a m in e .

The structure of 2-acetamido-2 -deoxy 3-0-(ß-D-galac- 
topyranosyl)-D-glucose (VI) has been assigned to a 
disaccharide of D-galactose and D-glucosamine, which 
has been isolated from the products resulting from the

(1) Amino Sugars. X X X I. This is publication no. 327 of T he R obert 
W. L ovett M emorial U n it for the  S tudy of Crippling Disease, H arvard  
M edical School a t the M assachusetts General H ospital, B oston 14, M ass. 
This investigation has been supported  by  research g ran ts  from the  N a
tional Institu tes  of A rthritis and  M etabolic Diseases, N ational In s titu te s  of 
H ealth, U. S. Public H ealth Service (A-3564-C-2), and  the  N ational 
Science Foundation  (9-2312).

(2) On leave of absence from the  W eizm ann In s titu te , R ehovoth, Israel

degradation of oligosaccharides obtained from human 
milk.3 4 This compound has also been found, together 
with 2-acetamido-2-deoxy-4-0-(/3-D-galactopyranosyl)- 
n-glucose, in the controlled acid-hydrolyzate of blood 
group A substance,5-7 in which it forms an essential

(3) R. K uhn, A. Gauhe, and H. H . Baer, C h e m .  B e r . ,  87, 289 (1954).
(4) R. Kuhn. H. H. Baer, and A. Gauhe, ibid., 87, 1553 (1954).
(5) R. H. C ô t é  and W. T. J . M organ, N a t u r e ,  178, 1171 (195G).
(6) I. À. F . L. Cheese and W. T, J . M organ, ibid., 191, 149 (19(51).
(7) G. Schiffman, E. À. K abat, and S. Leskowitz, J .  A m .  C h e m .  S o c 84, 

73 (1902).
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Fig. 1.— Infrared spectra of 2-acetamido-2-deoxy-3-0-(/3-D- 
galactopyranosyl)-a-D-glucose measured immediately after prep
aration of compound (lower curve) and after compound had been 
stored six months in desiccator (upper curve). Both samples 
dried a t 80°, over phosphorus pentoxide, under high vacuum, 
overnight; concentration 0.8 mg. in 200 mg. of potassium 
bromide.

part of the antigen. The disaccharide VI has been 
synthesized by an extract of bull testes8 and by an 
enzymic extract of L. bifidus var. pennsylvanicus,9 10 11 which 
also synthesizes the 4-isomer and 2-acetamido-2-deoxy-
6-0-(d-D-galactopyranosyl)-D-glucose.

Both 2-acetamido-2-deoxy-4-0- (d-D-galactopy rano-
syl)-D-glucose1011 and the 6-isomer12 have been chemi
cally synthesized. In view of the major importance 
of the 3-isomer VI in the study of the chemical structure 
of glycoproteins, its chemical synthesis was investigated, 
and is reported in the present paper.

Condensation of tetra-O-acetyl-a-D-galactopyranosyl 
bromide (I)13 with benzyl 2-acetamido-4,6-0-benzyli- 
dene-2-deoxy-a-D-glucopyranoside (II)14 15 in a mixture 
of nitromethane and benzene in the presence of mer
curic cyanide gave the crystalline disaccharide III in 
53% yield after purification. The optical rotation, 
[a]D +40°, was the expected one for the methyl a- 
u-glucoside of a /3-linked disaccharide, and no a-linked 
disaccharide was observed.

Condensation of glycosyl halides with alcohols in the 
presence of mercuric cyanide was introduced by Zem- 
plen and Gerecs,16 who showed that, in benzene solution,

(8) A. A lessandrini, E. Schm idt, F . Zilliken, and P. G yorgy, J .  B i o l .  

C h e m . ,  220, 71 (1956).
(9) M. C. Glick, I. W. Chen, and  F. Zilliken, i b i d . ,  237, 981 (1962).
(10) Z. Yosizawa, T o h o k u  J .  E x p .  M e d . ,  52, 145 (1950).
(11) R. K uhn  and W. K irschenlohr, A n n . ,  600, 135 (1956).
(12) R. K uhn, H. H. Baer, and A. Gauhe, C h e m .  B e r . ,  88, 1713 (1955).
(13) H. Ohle, W. M arecek, and W. B ourjau, B e r . ,  62, 833 (1929).
(14) R . K uhn, H . H. Baer, and A. Seeliger, A n n . ,  611, 236 (1958).
(15) G. Zem pRn and  A. Gerecs, B e r . ,  63, 2720 (1930).

only the /3-anomer was formed. Helferich and as
sociates carried out a series of investigations, using 
nitromethane as solvent, establishing that the a-anomer 
was produced only when the acetyl halide was con
densed with phenols under heating,111'17 whereas alco
hols or acetylated hexoses, at room temperature, gave 
only the /3-anomer.17'18 This course of the reaction has 
been recently confirmed in the condensation of tetra-
O-acetyl-a-o-giucopyranosyl bromide and of (methyl 
tri-O-acetyl-a- D-glucopyranosyluronate) bromide with 
methyl 2-acetamido-4,6-0-benzylidene-2-deoxy-a-D-glu- 
copyranoside, in which only the /3-linked disaccharides 
could be isolated.18 Matsuda, however, using the same 
conditions, has reported the formation of a-linked 
disaccharides in preponderant yield when tetra-0- 
acetyl-a-n-glucopyranosyl bromide was condensed with
1,.3,4,6-tetra-O-acetyl-a-D-glucopyranose,20 or with 2,3,-
4,6-tetra-O-acety 1- a-n-glucopy ranose.21

Hydrolysis of the benzylidene group of III, followed 
by acetylation, gave IV, which was saponified to V. 
Both reactions proceeded with excellent yields, and 
gave crystalline compounds. Catalytic hydrogenolysis 
of the benzyl group gave 2-acetamido-2-deoxy-3-0- 
(d-D-galactopyranosyl)-a-D-glucose (VI) in 77% yield. 
This product was identical to the “lacto-biose I” 
derived from human milk,3 4 on the basis of melting 
point, optical rotation, infrared spectra, and paper 
chromatography. The infrared spectra observed pre
sented some differences from those already reported.9 
Similar differences were found to be present in the in
frared spectra of a sample kept for six months in a 
desiccator, despite the fact that melting point, muta- 
rotation, and speed of migration in paper chroma
tography were unchanged (see spectra).

Experimental
Melting points were taken on a hot stage», equipped with a 

microscope, and correspond to “corrected melting point.” 
Rotations were determined in semimicro- or micro- (for amounts 
smaller than 3 mg.) tubes with lengths of 100 or 200 mm., using 
a Rudolph photoelectric polarimeter attachment, Model 200; 
the chloroform used was A. R. grade and contained approxi-

(16) B. Helferich and  Iv. H. Jung, A n n . ,  589, 77 (1954).
(17) B. Helferich and A. Berger, C h e m .  B e r . ,  90, 2492 (1957).
(18) B. H elferich and  K. Weis, i b i d . ,  89, 314 (1956).
(19) R . W . Jeanloz and H . M. Flowers, J .  A m .  C h e m .  S o c . ,  84, 3030 

(1962).
(20) K. M atsuda, N a t u r e ,  180, 984 (1957); J .  A g r .  C h e m .  S o c .  J a p a n ,  33, 

714 (1959).
(21) K. M atsuda, C h e m .  I n d .  (London), 1627 (1958).
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mately 0.75% of ethanol. Infrared spectra were determined on 
a Perkin-Elmer spectrophotometer, Model 237. Chromato
grams were made with the flowing method using silica gel; 
“Silica Gel Davison,” from the Davison Co., Baltimore 3, Md. 
(grade 950; 60-200 mesh) was used without pretreatment. 
When deactivation by contact with moist air occurred, reactiva
tion was obtained by heating to 170-200° (manufacturer’s 
instructions). The sequence of eluents was hexane, benzene or 
dry chloroform, ether, ethyl acetate, acetone, and methanol indi
vidually or in binary mixtures. The proportion of weight of 
substance to be absorbed to weight of adsorbent was 1 to 50-100. 
The proportion of weight of substance in g. to volume of frac
tion of eluant in ml. was 1 to 100. The ratio of diameter to 
length of the column was 1 to 20. Evaporations were carried 
out in vacuo, with an outside bath temperature kept below 45°. 
Amounts of volatile solvent smaller than 20 ml. were evaporated 
under a stream of dry nitrogen. The microanalyses were done by 
Dr. M. Manser, Zurich, Switzerland, and Dr. S. M. Nagy, 
Cambridge, Mass.

Benzyl 2-Acetamido-4,6-benzylidene-2-deoxy-3-0-(2,3,4,6- 
tetra-O-acetyl-d-o-galactopyranosyl )-a-D-glucopyranoside (III).—
A solution of 0.80 g. of benzyl 2-acetamido-4,6,0-benzylidene-2- 
deoxy-a-D-glucopyranoside14 (II), 0.82 g. of 2,3,4,6-tetra-O- 
acetvl-a-D-galactopyranosyl bromide (I ),13 and 0.56 g. of mer
curic cyanide in a mixture of 50 ml. of nitromethane and 30 ml. of 
benzene was stirred at 40° for 24 hr. with exclusion of moisture. 
An additional quantity of II (0.40 g.) and mercuric cyanide (0.28 
g.) was added and stirring continued for an additional 24 hr. at 
40°. The solution was allowed to cool to room temperature, di
luted with excess benzene, and washed several times with cold so
dium bicarbonate solution and water, dried, and concentrated in 
vacuo. The residue (2.0 g.), dissolved in a mixture of benzene and 
ether (1:1), was chromatographed on silicic acid. A crystalline 
fraction was obtained by elution with a mixture of ether and ethyl 
acetate (9:1). On recrystallization from a mixture of acetone 
and ether, it gave 0.80 g. of needles (53%), m.p. 175-177°, 
[ a ] 20D  +40° (in chloroform, c 1.43).

Anal. Calcd. for C36H41NO15: C, 59.42; H, 5.68; N, 1.92. 
Found: C, 58.95; H, 6.03; N, 1.97.

Benzyl 2-Acetamido-4,6-di-0-acetyl-2-deoxy-3-0-(2,3,4,6-tetra-
0-acetyl+-D-galactopyranosyl)-«-D-glucopyranoside (IV).—A so
lution of 0.80 g. of III in 5 ml. of 60% acetic acid was heated on 
a steam bath for 15 min. The clear solution obtained was evapo
rated and the residue, after being dried by repeated azeotropic 
distillation with toluene, was aeetylated with 2 ml. of acetic

anhydride and 2 ml. of pyridine at room temperature overnight. 
Evaporation of this solution and recrystallization of the residue 
from a mixture of acetone and ether afforded 0.65 g. of needles 
(82%), m.p. 173-175°. A further recrystallization from the 
same solvent mixture raised the m.p. to 175-176°, [ a ] 26D  +45° 
(in chloroform, c 1.22).

Anal. Calcd. for C33H43NO17: C, 54.61; H, 5.97. Found:
C, 54.57; H, 6.14.

Benzyl 2-Ace:amido-2-deoxy-3-0-(|8-D-galactopyranosyl)-a:-D- 
glucopyranoside (V).—Saponification of 0.30 g. of IV in 1 ml. of 
2 N methanolic sodium methoxide solution gave, on cooling, 
0.165g. of needles (84%,), m.p. 243-245°. The melting point 
remained unchanged on recrystallization from methanol, [ « ] 22d  

+  101°( in 95%, ethanol, c 1.03).
Anal. Calcd. for C21H31NO11: C, 53.26; H, 6.59; N, 2.95. 

Found: C, 53.11; H, 6.76; N.3.11.
2 -Acetamido-2-deoxy-3-0-( ,3-u-galactopyranosyl )-«-n -glucose

(VI).—A solution of 160 mg. of V in 5 ml. of 90%, ethanol was 
hydrogenated catalytically with 10% palladium on charcoal, over
night, at room temperature, and atmospheric pressure. The 
residue, obtained after evaporation, was recrystallized from 
methanol. After filtration, it was dried for 48 hr. in vacuo over 
phosphorus pentoxide at 80°, giving 100 mg. (77%,) of needles, 
melting at 193-194° dec., after sintering at 184°22; the product 
niutarotated from [ « ] 23d  +  32° (Omin.) to +14.5° (after 24 hr.) 
(in water, c, 1.58).23 The product migrated in descending chro
matography, on paper Whatman no. 1, in the mixture of sol
vents re-butyl alcohol, ethanol, and water 10: 1 :224 with an 
Hglucose 0.49.22

Anal. Calcd. for C+HosNOis: C, 43.85; H, 6.57; N, 3.65. 
Found: C, 43.75; H, 6.52; N, 3.62.

Acknowledgment.—The authors wish to thank 
Professor R. Kuhn for kindly supplying a sample of 
natural 2-acetamido-2-deoxy-3-0-(/3-D-galactopyrano- 
syl)-a-D-glucose and Charles Pfizer and Company for a 
gift of A-acetylglucosamine.

(22) The natu ral p roduct supplied by Prof. R . K uhn was found 
to m elt, under our conditions, a t  193-194° a fte r sin tering  a t  186°, and  to 
have an  Rgiucose 0.49 on paper chrom atography in  the system  described.

(23) K uhn, Gauhe, and B aer4 reported a  m u ta ro ta tion  from  32.0° (0 
min.) to  + 1 4 .0 °  (a t equilibrium ) (in w ater, c  2).

(24) R. G. Spiro, J .  B i o l .  C h e m . ,  237, 646 (1962).
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Phenol undergoes C-acylation at the para position with 6-trichloromethylpurine (I) under mild, basic condi
tions to yield purin-6-yl 4-hydroxyphenyl ketone (III). With p-cresol, acylation proceeds at the ortho position 
to yield purin-6-yl 2-hydroxy-5-methylphenyl ketone (VII). An uncharged, reactive intermediate is postulated 
to account for these and other acylation reactions of I.

Iii the course of an investigation of the chemical 
reactivity of 6-trichloromethylpurine (I),3 it was found 
that reaction of I with sodium phenoxide in methanol 
did not lead to the expected 6-(triphenoxyinethyl)- 
purine. Instead, an unstable product, II, was obtained, 
which, upon mild treatment with aqueous acid, gave 
rise to a yellow ketone, CisHsChNi, III. The isolation

(1) This investigation  was supported  by  funds from the N ational C ancer 
In s titu te , N ational In s titu te s  of H ealth , Public H ealth  Service (g ran t no.
CY-3190), the  A tom ic E nergy Commission (con trac t no. A T [30-1], 910), 
and the Am erican C ancer Society (g ran t no. T-128B).

(2) Visiting Research Fellow, on leave from  the  Israel In s titu te  for 
Biological Research, Ness-Ziona, Israel.

(3) S. Cohen, E. Thom , and A. Bendich, J .  O r g .  C h e m . ,  27, 3545 (1962); 
proceedings of the 141st N ational M eeting of th e  American Chem ical Society,
W ashington, D. C., M arch 21-29, 1962, abstrac t, page 23-N.

of II proved to be difficult; III could be obtained in 79% 
yield, directly from the reaction mixture of I and sodium 
phenoxide, by treatment with dilute, aqueous hydro
chloric acid.

Oxidative degradation of III by the use of hydrogen 
peroxide in acetic or trifiuoroacetic acid solution gave 
rise to hypoxanthine (IV); in sodium hydroxide solu
tion, it gave rise to purinoic acid, V.4 A boiling solu
tion of sodium hydroxide had no effect on III, which 
means, therefore, that it was not a phenyl ester of 
purinoic acid. Finally, a solution of ferric chloride 
gave a blue color reaction with III suggesting the

(4) The term  “ purinoic” has been proposed by  the  au tho rs in an earlier 
publication [S. Cchen, E. Thom , and A. Bendich, B i o c h e m 2, 176 (1963)] 
to replace the  less convenient purine-6-carboxylic.
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OH

Fig. 1.—Ultraviolet absorption spectra of purin-6-yl 4-hydroxy- 
phenyl ketone and purin-6-yl 2-hydroxy-5-rnethylphenyl ketone 
in (1) 1 N  HC1; (2) 0.1 M phosphate buffer, pH 6.2 ; (3) 1 N 
NaOH; (4) chloroform. 1, 2, and 3 are equimolar, 4 
arbitrary concentration.

presence of a phenolic grouping. This was also indi
cated by the action of bromine which gave the dibromo 
derivative (VI). In view of these observations, it was 
concluded that III has the structure of a purin-6-yl 
hydroxyphenyl ketone, the hydroxyl group being 
either ortho or para to the purinyl residue.

Reaction of I with p-cresol under analogous conditions 
gave rise to a yellow ketone, C13H10O2N4, VII, which 
differed markedly from III in its ultraviolet spectral 
properties (Table I, Fig. 1) and its greater solubility in

organic solvents. Since the C-alkylation of p-cresol 
with chloroform under the conditions of the Reimer- 
Tiemann5 reaction proceeds simultaneously at both the 
para and ortho positions to yield compounds of type 
(a) and (b) (R = Ii), VII may have either structure

(a) or (b) (R = purin-6-yl). However, the presence of a 
strong 0 —H stretching frequency in the infrared spec
trum of VII, its color reaction with ferric chloride and 
its behavior on hydrogenation (see below) indicate 
structure (a) for this compound. Indeed, steric factors 
should not favor the formation of (b) which, in the case 
of chloroform, was obtained in low yield only.6 A 
minor product of the reaction of I with p-cresol was
6- [tri(p-methylphenoxy)methyl]purine, VIII.

The ultraviolet spectral differences between III and 
VII can, therefore, be ascribed to a difference in the 
position of the hydroxyl group. Accordingly, in III 
the hydroxyl group should be para to the purinoyl resi
due. The ultraviolet absorption spectra of these two 
compounds are consistent with their assigned struc
tures. In III, near coplanarity of the two ring systems 
and the cumulative effect of conjugated double bonds 
would be expected to have a pronounced effect on both 
the position and molar extinction of the maximum ab-

(5) F o r a  com prehensive review of th is reaction, see H . W ynberg, C h e m .  

R e v . ,  60, 169 (1960).
(6) K . Von Auwers and G. Kiel, B e r . ,  36, 18G1 (1903).
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T able I
U ltraviolet  Spectral  P r o pe r ties  of 6-Substitcted  P u rin es

S u b stitu en t 1 N  HC1
"uibai *•***•»

pH  6.2“

h o h Q ^ oo- 325’(11 .05 ) 310 (13 .41)
285 (sh) (10 .45 ) 
248 (10 .45)

240 (7 .50 )

OH

r y c o - 279 (11 .94) 276 (11 .84)
h 3c

OH

HO —^  —CH— 264 .5  (8 .3 5 ) 268 (10 .57)

OH
,— /  OH

0 - 1” -
h 3c

o c h 3

c -
I

o c h 3

266 (8 .8 3 )

264 (11 .75)

268 (9 .72 )

273 (12 .02)

1 N  N aO H

352 .5  (22 .85 ) 
275 (9 .4 8 )
250 (sh ) (8 .9 5 )

275 .5  (10 .75 )
240-245 (sh) (9 .8 2 -9 .3 4 )

2 7 8 (1 0 .9 3 ) 
240 (9 .5 0 )

310 (sh) (3 .6 9 ) 
276 (9 .2 8 )
240 (sh ) (8 .1 5 )

280 (11 .30 )

n - n h 2

278 (9 .1 8 )

360 (2 .92 ) 
266 (10 .82)

316 (10 .16) 
277 (11 .15)

318 (12 .07) 
277(11.20)

304 (12 .60 )
282 (sh) (11 .85)

280 (11 .50 )

lHaC—-\ J } ~ 0 h C ~ 

! 0.1 M  ph o sp h a te  buffer.

271 (9 .93 ) 276 (12 .57) 278 (9 .5 0 )

sorbance. For the neutral species in water solution, 
A max is 310.5 and 240 m/i compared to 267 for purine-6- 
carboxaldehyde,7 280 m/t for purinoic acid,8 246 rnp for 4- 
hydroxybenzoic acid, and 248 and 289 mp for 4-hy- 
droxybenzophenone.9 This effect is more noticeable 
in base (Amax, 325.5 m/i: AM 22,850), where loss of a 
proton would result in increased n -*■ ir transition in the 
conjugated system.

In VII, presence of the hydroxyl group at the ortho 
position is expected to hinder coplanarity of the two 
ring systems.10 The two chromophores absorb almost 
independently of each other and the resulting ultraviolet 
spectrum is a mixture of their respective spectra.11 
In water solution, the neutral species exhibits a single 
maximum at 276 m/t. In nonpolar solvents, however, 
intramolecular hydrogen bonding between the hydroxyl 
group and the carbonyl oxygen may become more effec
tive than in hydroxylic solvents. Such a bond implies 
coplanarity of the carbonyl group and the phenyl ring.

(7) A. Giner-Sorolla, I. Zim m erm an, and  A. Bendich, J . A m .  C h e m .  S o c .» 
81, 2515 (1959).

(8) L. B. M cK ay  and  G. H . H itchings, i b i d . ,  78, 3511 (1956).
(9) J . VanAllan and J . F. T inker, J .  O r g .  C h e m . ,  19, 1243 (1954); d a ta  

are for spectrum  in ethanol.
(10) E. A. B raude, F . Sondheim er, and W. F . Forbes, N a t u r e ,  173, 117 

(1954).
(11) The effect of restric ted  ro ta tio n  on cop lanarity  and  the  u ltrav io le t 

spectral properties of the  h indered  com pounds are reviewed and  discussed by
(a) A. E . Gillam and E . S. S te rn  in  “ An In tro d u ctio n  to  E lectronic Absorp
tion  Spectroscopy in  O rganic C hem istry ,”  2nd ed., E dw ard  A rnold L td ., 
London, 1957, p. 266; (b) E . A. B raude and  E . S. W eight in W. K lyne’s 
“ Progress in S tereochem istry,”  Vol. 1, Academic Press, Inc., New York, 
N. Y ., 1954.

The spectrum of VII in chloroform solution exhibits 
two peaks, at 312 and 277 m/t. It is interesting to com
pare these values to the corresponding ones for salicyl
aldéhyde (258 and 331 m/t), salicylic acid (307 m/t),
2-hydroxybenzophenone (342 and 251 m/t),9 and purine 
(263 m/i). The spectrum of III in chloroform is only 
slightly different from the one measured in aqueous 
solution.

Catalytic hydrogenation of III and VII in aqueous 
base and in presence of palladium on carbon proceeded 
slowly and stopped completely when about 1 mole of 
hydrogen was consumed per mole of ketone. The 
resulting carbinols, IX and X, retained their phenolic 
function as shown by the color test with ferric chloride 
and, in contradistinction to the parent ketones, dis
played similar ultraviolet absorption spectra (Table
I).

The mild conditions required for the acylation of 
phenols with I contrast sharply with the more drastic 
conditions required for chloroform in the Reimer- 
Tiemann reaction or for carbon dioxide in the Kolbe 
synthesis12 of hydroxybenzoic acids. The same ease 
characterizes the reaction of I with alkoxide to yield 
ortho ester3 cr with amines to yield the corresponding 
N-purinoyl derivatives or, in case of aniline, N,N'- 
diphenylpurinylamidine.13 In the closely related reac
tions with chloroform, there is strong evidence that di-

(12) H . Kolbe, J .  p r a k t .  C h e m . ,  10, 95 (1874).
(13) S. Cohen, E . Thom , and  A. Bendich, B i o c h e m . ,  2 ,  176 (1963).
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c h lo r o c a r b e n e  is  th e  r e a c t iv e  in te r m e d ia te  in v o lv e d .14 
V a le n c y  r e q u ir e m e n ts , h o w e v e r , p r e c lu d e  fo r m a t io n  o f  a  
c a r b e n e  d e r iv a t iv e  fr o m  I .  I n  a n  e a r lier  s t u d y 13 
o n  t h e  a c y la t io n  o f  a m in e s  b y  I , w e  a d v a n c e d  th e  v ie w  
t h a t  th e  a n io n  d e r iv e d  fr o m  I  (p 2%, 7 .9 3 )  m a y  lo se  
c h lo r id e  fa r  m o r e  r a p id ly  th a n  th e  n e u tr a l c o m p o u n d ,  
g iv in g  r ise  t o  a n  u n c h a r g e d , h ig h ly  r e a c t iv e  in te r m e d i
a te ,  in  w h ic h  c h a r g e  s e p a r a t io n  b y  r e so n a n c e  m a y  c o n -

©  ©

t r ib u te  s l ig h t ly  t o  t h e  s t a b il i t y  o f  t h e  s y s te m . T h a t  
s u c h  a n  in te r m e d ia te  m a y  b e  in v o lv e d  in  t h e  v a r io u s  
a c y la t io n  r e a c t io n s  o f  I  is  su p p o r te d  b y  i t s  c lo se  s tr u c 
tu r a l a n d  e le c tr o n ic  r e la t io n  t o  t h e  r e a c t iv e  k e te n e  
a c e t a l s .15

Experimental
Melting points were determined with a Thomas-Hoover ap

paratus. The Rt values are for ascending chromatograms on 
Whatman no. 1 paper, developed with the system re-butyl al
cohol-formic acid-water (77:10:13 v./v.). The spectrophoto- 
metric measurements were made with a Cary Model 11 recording 
spectrophotometer at room temperature using 1-cm. quartz cells 
and a Perkin-Elmer Infracord spectrophotometer.

Reaction of 6-Trichloromethylpurine (I) with Sodium Phen- 
oxide.—(a) A solution of phenol (0.5 g.) and I (1.2 g.) in 2 M 
methanolic sodium methoxide (10 ml.) was refluxed for 3 hr., 
then brought to dryness under partial pressure. The residue was 
redissolved in water (10 ml.) and the pH of the solution was ad
justed to 5 by the addition of glacial acetic acid. A gummy pre
cipitate was formed (0.5 g.). I t  was separated by decantation, 
dissolved in boiling acetone, and the solution was treated with 
charcoal, filtered, and brought to dryness. The residue was re
dissolved in boiling acetone. Upon addition of anhydrous ether, 
the hydrochloride of purin-6-yl 4-hydroxyphenyl ketone dimethyl 
ketal (II) precipitated; m.p. 230-235°, Rt 0.75. A solution of 
this compound in methanol gave a deep blue-green coloration 
with a trace of ferric chloride.

Anal. Calcd. for C14H160 3N4C1: C, 52.1; H, 4.7; N, 17.3. 
Found: C, 52.5; H, 5.2; N, 17.3.

(b) A solution of I (2.4 g.) and phenol (3.8 g.) in methanolic 
2 M  sodium methoxide (40 ml.) was refluxed for 2 hr., then 
brought to dryness under partial pressure. The residue was dis
solved in water (300 ml.) and the solution was acidified with 
hydrochloric acid and warmed, with stirring, to 50-60°. Purin-
6-yl 4-hydroxyphenyl ketone (III), 1.9 g. (79%) was obtained 
as a yellow precipitate; m.p. 235-240° dec., Rt 0.75. A faint 
blue coloration was observed when a suspension of this compound 
in methanol was treated with a trace of ferric chloride.

Anal. Calcd. for Ci2H80 2N4: C, 60.0; H, 3.3; N. 23.3. 
Found: C, 60.2; H, 3.5; N, 23.1.

Infrared spectrum (KBr pellet): 3620, 3300, 3250, 3050, 2900, 
2800, 2700, 1670, 1625, 1600, 1530, 1500, 1470, 1430, 1410, 1380, 
1345, 1305, 1280, 1260, 1230, 1175, 1215, 1060, 1040, 970, 950, 
910, 853, 822, 810, 775, 702, 683 cm .-1.

The hydrazone of III was prepared by refluxing the compound 
for 2 hr. in excess anhydrous hydrazine, evaporation under re
duced pressure, and recrystallization of the residue from aqueous 
ethanol; m.p. 285° dec.

(14) J .  H in e  a n d  A. M . D ow ell, J .  A m .  C h e m .  S o c . ,  76, 2088 (1954).
(15) S. M . M c E lv a in , C h e m .  R e v . ,  45, 455 (1949).

Anal. Calcd. for C12HJ0ON6: C, 56.6; H, 3.9; N, 33.1. 
Found: C, 56.8; H, 4.1; N, 3.3.5.

Oxidation of III.—(a) A solution of III (100 mg.) in 0.2 N  
sodium hydroxide (10 ml.) was treated with 30% hydrogen per
oxide solution (2 ml.). The resulting yellow solution lost its 
color completely after 4 hr. at room temperature. Acidification 
with hydrochloric acid caused precipitation of purinoic acid (V) 
(50 mg., 73%); m.p. and m.m.p. with an authentic sample,8 
200-202° with decarboxylation; Amas 280 m/i (in water), Rt 0.27.

A paper chromatogram of a sample of the original oxidation 
mixture did not reveal the presence of any additional ultraviolet
absorbing product.

(b) A solution of III (100 mg.) in trifluoroacetic acid (10 
ml.) was treated with 30% hydrogen peroxide solution (2 ml.). 
After 12 hr. at room temperature, the yellow color of the 
solution was almost discharged. The solvents were removed 
under reduced pressure, the residue was treated with water, and 
the resulting solution was evaporated to dryness. The gummy 
residue was then refluxed with acetone and the insoluble material 
(50 mg., 89%) separated by filtration. This was shown to be 
hypoxanthine (IV) by its characteristic ultraviolet absorption 
spectrum, Rt value on paper chromatograms, and its decomposi
tion behavior on heating. A sample of the original oxidation 
mixture, subjected to paper chromatography, did not reveal the 
presence of any ultraviolet absorbing product in addition to 
hypoxanthine.

(c) A suspension of III (0.5 g.) in glacial acetic acid (10 ml.) 
was treated with 30% hydrogen peroxide (10 ml.) and the mixture 
was stirred at room temperature until III was almost dissolved (3 
days). The solution was filtered from some unreacted material 
and brought to dryness under reduced pressure. The residue was 
taken up three times in ethanol and dried, and was finally re
crystallized from excess cold aqueous ethanol to yield hypoxan
thine (IV) (0.1 g., 35%) identified as stated above.

Catalytic Hydrogenation of III.—A solution of III (0.6 g.) in 
5% aqueous ammonia (10 ml.) containing 5% palladium on car
bon (0.1 g.) was shaken for 4 hr. under hydrogen at atmospheric 
pressure and room temperature. When about 55 ml. of hydrogen 
was absorbed, the solution was filtered and acidified with glacial 
acetic acid. (Purin-6-yl)(4-hydroxyphenyl)carbinol (IX) (0.4 g., 
66%) crystallized and was purified by recrystallization from hot 
ethanol; m.p., 199-200°, ¿,0.61.

Anal. Calcd. for CjTFoCWNh: C, 59.5; H, 4.1; N, 23.1. 
Found: C, 59.1; H, 5.0; N, 23.0.

Bromination of III.—A suspension of III (0.5 g.) in glacial 
acetic acid (10 ml.) was stirred and treated with bromine (ca. 
0.2 ml.) at room temperature. The mixture was further stirred 
for 2 hr., the precipitate (0.5 g., 61%) was separated by filtra
tion, washed with excess water, ethanol, and ether, and dried in 
air; m.p. above 320°.

Anal. Calcd. for Ci2H60 2N4Br2: C, 36.2; H, 1.5; N, 14.1; 
Br, 40.2. Found: C, 36.8; H, 1.9; N, 14.5; Br, 37.6.

Reaction of I with p-Cresol.—(a) A solution of I (2.4 g.) and 
p-cresol (3.5 g.) in methanolic 2 M  sodium methoxide (25 ml.) 
was refluxed for 2 hr., then brought to dryness under reduced 
pressure. The residue was taken up in water (50 ml.) and the 
solution acidified with hydrochloric acid. The resulting gummy 
precipitate was broken by stirring and warming the mixture. 
Purin-6-yl 2-hydroxy-5-methylphenyl ketone (VII) (1 g., 39%,) 
was obtained as an orange precipitate, and was further purified by 
recrystallization from boiling methanol; m.p., 280-281° dec., 
Rt 0.84. A solution of the ketone VII in methanol gave a deep 
purple coloration with a trace of ferric chloride.

Anal. Calcd. for Ci3H10O2Ni: C, 61.4; H, 3.9; N, 22.1. 
Found: C, 61.4; H, 4.1; N, 22.1.

Infrared spectrum (KBr pellet): 3620, 3200, 3120, 3030, 2930, 
2890, 1750, .1650, 1610, 1600, 1570, 1495, 1470, 1420, 1400, 
1380, 1345, 1330, 1310, 1280, 1250, 1220, 1170, 1155, 1140, 955, 
925, 885, 830, 800, 790, 760, 700 cm.“1.

The hydrazone of VII was prepared as described for III. I t 
was recrystallized from aqueous ethanol; m.p., 239-240° dec.

Anal. Calcd. for C,3H120N 6.2H20 : C, 51.3; H, 5.5; N,
27.6. Found: C, 51.2; H, 5.3; N, 28.5.

(b) The reaction of I (2.4 g.) and p-crcsol (3.5 g.) in 2 M 
methanolic sodium methoxide (25 ml.) was carried out as de- 
described (a). The gum was separated by decantation and 
taken up in hot methanol (100 ml.). Upon cooling, the methano
lic solution deposited orange crystals, VII (0.5 g. 20%); the 
methanolic mother liquor was concentrated to a small volume, 
treated with charcoal, filtered, and diluted with water to yield
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0.2 g. (4%) of a white substance believed to be 6-[tri(4-methyl- 
phenoxy)methyI]purine (VIII); m.p. 214-215° dec., Ri 0.92.

Anal. Oalcd. for C27H24O3N4: C, 71.4; H, 5.3; N, 12.7. 
Found: C, 71.9; H, 5.5; N, 12.2.

Compound VIII gave no color reaction with ferric chloride and 
could not be converted into VII by treatment with 1 N  hydro
chloric acid for 30 min. at 60-70°.

Catalytic Reduction of VII.—A solution of VII (0.55 g.) in 5% 
aqueous ammonia (50 ml.) containing 5% palladium on carbon 
(50 mg.) was shaken for 4 hr. under hydrogen at atmospheric 
pressure and room temperature. The total volume of hydrogen

absorbed was about 62 ml. The solution was filtered and eva
porated to dryness under reduced pressure. The residue (0,5 g., 
91%) was recrystallized from methanol to yield pure (purin-
6-yl)(2-hydroxy-5-methylphenyl)carbinol (X); m.p. 233-234° 
dec., Ri 0.70. The carbinol gave an intense blue coloration with 
a trace of ferric chloride in methanol.

Anal. Calcd. for C13H12O2N4: C, 60.9; H, 4.7; N, 21.9. 
Found: C, 60.8; H, 5.2; N, 21.8.

Acknowledgment.—The authors wish to thank Dr.
G. B. Brown for his interest and help.
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In recent years several examples of unsaturated 
derivatives of seven-membered heterocyclic systems 
have been reported1-6 and have been of interest because 
of the possibility of planarity and aromatic stability. 
We wish to report a three-step synthesis of the new 
compounds, 4,5-dihydrooxepine (III) and 1,2-divinyl- 
ethylene oxide (3-epoxy-l,5-hexadiene) (IV), as well as 
a new example of valence isomerism of a strained ring 
compound.7 l,5-Hexadiene-3,4-diol (I) is conveniently 
prepared by the bimolecular reduction of acrolein 
through the influence of a zinc-copper couple, sym- 
divinylethylene carbonate (II) was obtained in high 
yield from the reaction of (I) with diethyl carbonate 
using potassium carbonate as catalyst.

2 CH2=C H -C H O Z n/O u1'
CH3COOH

The lithium chloride-catalyzed pyrolysis of II at 200° 
was expected to give one or both isomers of 1,2-divinyl- 
ethylene oxide. The constant boiling pyrolysate was 
separated into two fractions by preparative scale 
vapor phase chromatography.

The first fraction was shown to be one of two steric

forms of 1,2-divinylethylene oxide (IV) and, on the basis 
of known relative stabilities of cis- and frcms-divinyl- 
cyclopropanes,8’9 we believe the trans form was iso
lated. The other fraction was identified as 4,5-dihydro
oxepine (III) and presumably resulted from the Cope 
rearrangement of the less stable as isomer 1,2-divinyl
ethylene oxide.

The infrared, near-infrared, ultraviolet, and nuclear 
magnetic resonance spectra of III are consistent with 
the structure assigned. Hydrogenation of 4,5-dihydro
oxepine resulted in the uptake of two moles of hy
drogen, and reaction of (III) with aqueous acetic acid 
and 2,4-dinitrophenylhydrazine reagent results in the 
formation of the corresponding hydrazine derivative of
1-cyclopentene carboxaldehyde (V).

1-Cyclopentene carboxaldehyde presumably results 
from the acid-catalyzed hydrolysis of III to adipalde- 
hyde which readily undergoes an internal Aldol conden
sation to give V.10

Experimental
l,5-Hexadiene-3,4-dioI (I).—Compound I is obtained by the 

bimolecular reduction of acrolein with zinc-copper couple and 
acetic acid using the method described previously for the reduc
tion of crotonaldehyde.11 Compound I is a colorless liquid, b.p. 
55° (0.2 mm.), n25d, 1.4739, d1 2 3 4 5 6 7h 1.0097, which has been prepared 
previously only in 20-30% yields.12 The yield can be improved 
to above 90% by using an ether such as tetrahydrofuran or 
dioxane as solvent instead of water.

(1) J .  M einwald and  H . N azaki, J .  A m .  C h e m .  S o c . ,  80, 3132 (1958).
(2) E. E . Schweizer and  W. E . P arham , i b i d . ,  82, 4085 (1960).
(3) J. M einwald, D . W. D icker, an d  N . D anieli, i b i d . ,  82, 4087 (1960).
(4) S. Olsen and  R . B redoch, C h e m .  B e r . ,  91, 1589 (1958).
(5) K. D im roth  and  G. Pohl, A n g e w .  C h e m . ,  73, 436 (1961).
(6) M . J . Jorgenson, J .  O r g .  C h e m . ,  27, 3224 (1962).
(7) W. Von E . D oering and  W . R . R oth , T e t r a h e d r o n ,  18, 67 (1962).

(8) E . Vogel, A n n . ,  615, 1 (1958).
(9) E . Vogel, A n g e w .  C h e m . ,  1, 53 (In ternational E dition) (1962).
(10) E . Urion, A n n .  C h e m . ,  1, 5 (1934).
(11) W. G. Young, L. Levanas, and  Z. Jasa itis , J .  A m .  C h e m .  S o c . ,  58, 

2274(1936).
(12) (a) M . W iem ann, C o m p t .  r e n d . ,  198, 2263 (1934); (b) E . H.

Farm er, e t .  a l . ,  J .  C h e m .  S o c . ,  2946 (1927).
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s?/m-Divmylethylene Carbonate (II).—A mixture of 57 g. 
(0.5 mole) of l,5-hexadiene-3,4-diol, 71 g. (0.6 mole) of diethyl 
carbonate and 0.2 g. of anhydrous potassium carbonate was 
slowly heated to 110°. At this temperature reaction occurred 
and ethyl alcohol was distilled from the reaction mixture through 
a packed column. After 1 hr. the theoretical amount of ethyl 
alcohol was recovered. The residue was filtered and fractionated 
to give 51.8 g. (74%) of compound IV, b.p. 64° (0.2 m m . ) ,  w 25d  

1.4598, d254 1.0650. The infrared spectrum is consistent with the 
proposed structure.

Anal. Calcd. for C,Ha0 3: C, 60.00; H, 5.75. Found: 
C, 60.27; H, 5.94.

Compound IV does not have to be isolated before proceeding 
to the pyrolysis step.

Pyrolysis of sj/m-Divinylethylene Carbonate, 1,2-Divinylethyl- 
ene Oxide, and 2,3-Dihydrooxepine.—A slurry of .s?/m.-divinyl- 
ethylene carbonate (140 g., 1.0 mole) and 5.0 g. of lithium chloride 
powder13 was heated slowly to 200- 210°, and the distillate was 
collected in a Dry Ice trap. The distillate was washed twice 
with cold water and dried over magnesium sulfate to give 49.7 g. 
of crude product. Distillation through a 20-in., helices-packed 
column gave a constant boiling fraction, b.p. 108° (760 mm.), 
with a refractive index ranging from n 25D 1.4541 to 1.4561. 
A 10.7 g. sample of the distilled product was separated into two 
fractions by vapor phase chromatography using a 6-ft. column 
with 3-methyl-3-nitro-l,5-dicyanopentane on firebrick as the 
stationary phase. The first fraction (retention time, 12 min., 
column temp., 90°; flow rate, 500 ml./min.) (3.3 g.) was 4,5- 
dihydrooxepine (I); and the second fraction (retention time, 18 
min., (6.1 g.) was 1,2-divinylethylene oxide (II).

4,5-Dihydrooxepine.—B.p. 108° (760 mm.), »25d 1.4632. The 
infrared spectrum was consistent with the proposed structure: 
3055 cm. -1 (CH stretching of c?'s-CH=CH—), 2940 and 2860 
cm. “1 (CH stretching of CH2), 1650 cm.“1 (nonconjugated C==C), 
1448 cm.“1 (CH2 deformation frequency of —CH=C—CH2), 
1238 cm.“1 (cis-C=C adjacent to oxygen). The near-infrared 
spectrum showed that terminal epoxide or terminal methylene 
groups were absent and the ultraviolet spectrum indicated the 
absence of conjugated unsaturation. The proton resonance 
indicated three different protons in the expected ratio of 2 : 1: 1; 
peaks occurring at 7.3 r, assigned to the hydrogens at the 4 and 5 
position; 5.3 t, hydrogens at the 3 and 6 positions; 3.42 r, 
hydrogens at 2 and 7 positions (split).14 15

Anal. Calcd. for C6HaO: C, 74.97; H, 8.38; O, 16.65; 
mol. wt., 96. Found: C, 74.89; H, 8.26; O, 17.12 (Unter- 
zaucher method); mol. wt. (f.p. benzene), 100.

Hydrogenation of 4,5-dihydrooxepine over platinum oxide re
sulted in a 101% uptake of 2 moles of hydrogen. The 4,5-di- 
hydrooxepine was hydrolyzed by warming with aqueous acetic 
acid for 10 min. to give a solution which reduced ammoniacal 
silver nitrate (suggesting a rearrangement to an aldehyde). 
Freshly prepared 2,4-dinitrophenylhydrazine reagent was added 
to the hydrolyzed 4,5-dihydrooxepine. The crude derivative was 
purified by chromatographing it on neutral alumina and eluting 
with chloroform. The pure derivative was brilliant red, m.p. 
215-216° (lit.,16 m.p. for 2,4-DNP of 1-cyelopentene carbox- 
aldehyde, 215-216°).

Anal. Calcd. for C12H12N40i: N, 20.28. Found: N, 20.18.
sym-Divinylethylene Oxide.—B.p. 108° (760 mm.), m.p. 

35°, ti25d 1.4474. The infrared spectrum was consistent with the 
proposed structure: 3125 cm.“1 (C—H), 3030 cm.“ 1 (saturated 
C—H with low frequency due to strained ring configuration), 
1887 cm.“1 (C=C overtone), and bands at 993, 927, and 869 
cm.“1 (epoxide). The compound gave a positive periodic acid 
test indicating the presence of an epoxide group. The nuclear 
magnetic resonance spectrum indicated two different protons in 
the ratio 3:1; 4.97 r, vinyl protons overlapped and 6.58 t, 
protons on epoxide ring.

Anal. Calcd. for C6H80: C, 74.97; H, 8.39; 0 , 16.67; 
mol. wt., 96. Found: C, 74.99; H, 8.38; O, 17.32 (Unter- 
zaucher method); mol. wt., 95.

(13) Lithium  chloride is a  much more effective ca ta ly s t for the pyrolysis 
th an  o ther salts used previously for the pyrolysis of carbonate; U. S. P a ten t 
2,856,413.

(14) The n.m .r. spectrum  rules ou t the  possible a lte rna tive  structure . 
2,3-dihydrooxepine .2

(15) I. Heibron, J .  C h e m .  S o c 1827 (1949).

Acknowledgment.—The author expresses his appreci
ation to Dr. Anthony J. Papa, John W. Robson, and 
Charles B. Matthews for helpful discussions and to 
Dr. Heinz F. Reinhardt who first prepared compound 
II.
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3-Indolealkanoic acids are very active plant growth 
substances. 3-Indoleacetic and 3-indolebutyric acids 
are used commercially by nursuries to promote growth 
of plant cuttings, and many other interesting biological 
properties have been reported for these acids and their 
derivatives. 3-Indolecaproic acid and its amide also 
have excellent biological properties.1'2 A simple one- 
step synthesis for the preparation of 3-indolealkanoic 
acids is described which involves the direct base- 
catalyzed reaction of lactones with indole or its deriva
tives.

3-Indolealkanoic acids have been prepared pre
viously by the reaction of lactones with indole, but 
these syntheses generally involved several steps, or gave 
low yields. The reaction of butyrolactone with the 
potassium salt of indole at 200° has given 1-indolebu- 
tyric acid,3 while with the magnesium iodide salt of in
dole at 120-130° has given 3-indolebutyric acid.4 
These syntheses required the prior preparation of the 
respective salts via involved procedures. The non- 
catalytic reaction of propiolactone with indole at 120° 
is reported to give 3-indolepropionic acid in 40-50% 
yield.6 An attempt was made to duplicate this result, 
but only starting material was recovered in 90% yield. 
A reaction did occur when the temperature was raised 
to 245°, but the product was a nitrogen-containing poly
meric acid which was not investigated further.

The reaction of lactones with indole, in the presence 
of base, takes place at 200-300° to give high yields of
3-indolealkanoic acids (Table I). The acids described 
in Table I were prepared at 250° using a reaction 
mixture comprising 1.0 mole of indole, 1.05 moles of 
lactone and 1.1 moles of base. The base used was po
tassium hydroxide, but sodium hydroxide or sodium 
methoxide also gave satisfactory results. Some skatole 
was produced when sodium methoxide was used.6 No 
solvent was used in these preparations, but solvents, 
such as tetralin, methylnaphthalene, or diethylbenzene, 
can be used. When the reactions were run in the pres
ence of a solvent the yields were generally lower. The 
purity of the crude acids, which were isolated by the

(1) C. H. Faw cett, R . L. W ain, and  F. W ightm an, N a t u r e , 181, 1387 
(1958).

(2) D. G. Crosby. J. B. Boyd, and H. E. Johnson, J . O r g .  C h e m . ,  25, 1826 
(1960).

(3) W. Reppe, e t  a l . ,  A n n . ,  596, 1 (1955).
(4) F . N. Stepanov, U . S. S. R ., P a te n t 66,681; C h e m .  A b s t r . ,  41, 20871> 

(1947).
(5) J . H arley-M ason, C h e m .  I n d .  (London), 886 (1951).
(6) E . F . P ra t t  and L. W. Botim er, J .  A m .  C h e m .  S o c . ,  79, 5248 (1957).
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T a b l e  I
3 -Indolealkanoic Acids

unre-
Yield, covered ✓----- ------ -M .p., °C .--------—■»

R Ri X % indole, % Found Lit.
H H 2 69 94 134-135 133-134°
H H 3 82 96 124 124"
H H 4 43 70 105-107 105°
H H 5 75 95 143-144
O Jb CH, 5 41 61 97.5-99.5

“ R. Majima and M. Kotake, Ber., 58B, 2037 (1025). 6 See 
ref. 7. c R. H. F. Manske and L. C. Leitch, Can. J. lies., 14B, 1 
(1936).

addition of water to the reaction mixture followed by 
acidification of the aqueous phase, was 85-98%, de
pending upon the reaction conditions and the reactants 
used. The acids with less than five carbons in the 
acid chain were not only obtained in lower purity but 
were much more susceptible to oxidation, and, therefore, 
more difficult to purify.

A series of five reactions was run using indole, bu- 
tyrolactone, and potassium hydroxide to determine the 
optimum conditions for the preparation of 3-indole- 
butyric acid (Table II). The highest yields were ob
tained from the reactions run between 220 and 290° 
for twenty hours with an equimolar quantity of potas
sium hydroxide.

T able II
Sy n th esis  o f  3 -Indolebutyric  Acid 

Indole (117 g., 1.0 mole), butyrolactone (90 g., 1.05 moles), 
potassium hydroxide (72 g. of 85% purity, 1.09 moles)

3-Indolebutyric acid, crude 
Yield, based on

Run Reaction R eaction unrecovered
num ber tem p., °C. tim e, hr. Yield, % indole, %

1 190-200 22 16 81
2 220-250 20 67 88
3 250-290 20 82 96
4“ 257-280 30 11 20
5 275-280 1 44 88

“ Seven grams of potassium hydrogen instead of 72 g.

Both 1- and 3-indolepropionic acids were prepared 
in high yield from indole, propiolactone, and potassium 
hydroxide by varying the reaction temperature. 3- 
Indolepropionic acid was obtained in 69% yield when 
prepared in the usual manner at 250°. However, when 
the reactants were slowly heated in a stainless steel 
flask to 60°, a sudden exothermic reaction took place 
and the temperature rose to 180° with the formation 
of potassium 1-indolepropionate.

+ KOH
Since the 3-indolepropionic acid is obtained at higher 

temperatures, a rearrangement must take place. 1-In- 
dolepropionic acid was rearranged to 3-indolepropionic 
acid by heating with an excess of potassium hydroxide

CH2CH2C02H H H

at 210° for nine hours. A 41% yield of 3-indolepro
pionic acid was obtained along with a 36% yield of in
dole.

Several unsuccessful attempts were made to isolate 1- 
indolebutyric acid from low temperature runs using 
butyrolactone, indole, and potassium hydroxide, but 
the only acid products were 3-indolebutyric acid and 
nonindole containing acids.

Experimental
Procedure A. Preparation of 3-Indolealkanoic Acids Demon

strated by the Following Example for 3-Indolecaproic Acid.—
There was charged to a 1-1. stainless steel rocker autoclave 117 g. 
(1.0 mole) of indole, 130 g. (1.14 moles) of e-caprolactone, and 90 
g. (1.36 moles) of potassium hydroxide pellets (85% purity). 
The mixture was heated to 250° in 1 hr. and then kept at 250° 
±  5° for 19 hr. The brown solid from the autoclave was treated 
with 1 1. of water which dissolved most of the solid. This 
aqueous mixture was extracted with 250 ml. of isopropyl ether 
which upon evaporation of the isopropyl ether gave 3.0 g. of 
indole. The acueous layer was acidified with coned, hydrochloric 
acid, whereupon the 3-indolecaproic acid separated as a tan solid. 
The washed and dried solid weighed 198 g., m.p. 136-141°. 
Recrystallization from acetic acid, benzene, methanol, or hexane 
improved the melting point to 143-144°. The structure of the
3-indolecaproic acid was confirmed by infrared and ultraviolet 
spectra, elemental analysis, and titration of the acidic function.

Anal. Calcd. for ChHhOjN: C, 72.81; H, 7.41; N, 6.06; 
neut. equiv., 231.29. Found: C, 72.99; H, 7.49; N, 6.29;
neut. equiv., 228.

Procedure B. Use of Solvent in the Preparation of 3-Indole- 
butyric Acid.—-There was charged to a three-necked, 1-1. stainless 
steel flask equipped with a stirrer, thermowell, and a reflux 
condenser, which had a trapf or collecting the water of formation, 
117 g. (1.0 mole) of indole, 100 g. (1.15 moles) of butyrolactone, 
100 g. (1.5 moles) of potassium hydroxide pellets, and 250 g. of 
tetralin. The stirred mixture was heated at reflux for 10 hr. 
during which time a total of 36 ml. of water was collected. The 
mixture was treated with approximately 1 1. of water and the 
layers were separated. The upper organic layer weighed 269 g. 
and contained 11 % by weight of unchanged indole. The aqueous 
layer was acidified with concentrated hydrochloric acid, where
upon the 3-indolebutyric acid separated as an oil which slowly 
crystallized. The crude product weighed 147 g., m.p. 105-118°. 
Recrystallizations from benzene gave crystals melting at 123- 
124° (lit.,7 m.p. 124°).

The methyl ester was prepared in 75% yield, m.p. 73-74° 
(reported7 m.p. 73-74°).

1-Indolepropionic Acid.—A mixture of 234 g. (2.0 moles) of 
indole, 160 g. (2.22 moles) of propiolactone, and 168 g. (2.43 
moles) of potassium hydroxide pellets was heated with stirring 
in a nitrogen atmosphere. At 60°, a sudden exothermic reaction 
took place and the temperature rose to 180° within 1 min. and 
part of the reaction mixture was lost. Most of the mixture 
dissolved in 500 ml. of water. Extraction with isopropyl ether 
give 20 g. of unchanged indole. Acidification of the chilled 
aqueous layer with concentrated hydrochloric acid gave 269 g. 
(71% yield) of 1-indolepropionic acid, m.p. 80-85°, recrystallized 
from hexane, m.p. 89-90° (reported8 m.p. 91°).

Anal. Calcd. for CnH„02N: C, 69.82; H, 5.86; N, 7.40. 
Found: C, 70.15; H, 6.03; N, 7.70.

Rearrangement of 1- to 3-Indolepropionic Acid.—A stirred 
mixture of 9 g. (0.048 mole) of 1-indolepropionic acid and 5 g. 
(0.076 mole) of potassium hydroxide pellets in a stainless steel 
flask was heated at 210° for 9 hr. The cooled mixture was diluted 
with 100 ml. of water and extracted with isopropyl ether. Evapo
ration of ether gave 2 g. of indole. After acidification of the 
aqueous layer, 3.7 g. of 3-indolepropionic acid was recovered.

(7) R . W. Jackson and  R . H . F . M anske, J .  A m .  C h e m .  S o c . ,  52, 5029- 
5035 (1930).

(8) French P a te n t 48,570, (April 5, 1938); C h e m .  A b s t r . ,  33, 176 (1939).
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Another rearrangement of 1-indolepropionic acid was made at 
245° for 2 hr. in a stainless steel rocker autoclave. Again, a 41% 
yield of 3-indolepropionic acid was obtained.

Acknowledgment.—The author thanks Mr. A. H. 
DuVall and Mr. S. Gottlieb for analyses and Mr. M. A. 
Eccles and Mr. K. E. Atkins for laboratory assistance.
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The photosensitized oxidation of the seven major resin 
acids in pine gum has been studied in these laborator
ies. 2- 4 It was noted that in the absence of oxygen, ir
radiation of levopimaric,2 palustric,3 and neoabietic4 
acids, in solution with a sensitizing dye, resulted in 
bleaching of the dye. I t was the purpose of the present 
work to investigate the nature and effect of the “bleach
ing reaction” upon the pine gum resin acids. Ergosterol 
under these conditions has been shown to undergo a 
dehydrogenation-dimerization8 * while pentaphenylcy- 
clohexa-1,3-diene was converted to pentaphenylben- 
zene.6 The photosensitized oxidation of ergosterol and 
lumisterol is accompanied by dehydrogenation to 
heteroannular trienes.7

Visible light irradiation of deaerated ethanol solutions 
of levopimaric acid (I) and erythrosin B in varying ratios 
indicated that about one mole of dye was required for 
reaction with two moles of resin acid. Under these 
conditions, the product of the photochemical reaction 
was found to be dehydroabietic acid (II; 20% isolable 
yield), indicating that dehydrogenation to an aromatic 
system had occurred.

19

Irradiation of palustric acid (A713) in the presence of 
a molar amount of erythrosin B also gave dehydro
abietic acid (21% isolable yield) as the irradiation prod
uct.

When applied to neoabietic acid (A7(18) S(I1'), the re
action under investigation gave a mixture of four vola
tile compounds as determined by gas chromatography 
of the methyl ester of the crude product, plus consider
able nonvolatile material, presumably polymer. None

(1) One of the  laboratories of the Southern U tilization  Research and 
Developm ent Division, A gricultural Research Service, U. S. D epartm en t of 
Agriculture. Article is n o t copyrighted.

(2) R . N. M oore an d  R. V. Lawrence, J .  A m .  C h e m .  S o c . ,  80, 1438 (1058).
(3) W . H . Schuller, R . N. M oore, an d  R. V. Lawrence, i b i d . ,  83, 1734 

(1960).
(4) W. H . Schuller and  R . V. Lawrence, i b i d .  83, 2563 (1961).
(5) L. F . F ieser and  M. Fieser, “ S teroids,” Reinhold Publishing Corp., 

New York, N. Y ., 1959, pp. 104-108.
(6) G. R. Evanega, W. Rergm ann, and  J. English, J r., J .  A m .  C h e m .  S o c . ,  

27, 13 (1962).
(7) A. W indaus and  J . B runken, A n n . ,  460, 225 (1928); P. Bladon, ./. 

C h e m .  S o c . ,  2176 (1955).

of the volatile esters could be crystallized; however, two 
of the compounds exhibited ultraviolet spectra charac
teristic of conjugated trienes.8

Dehydroabietic (II), pimaric, isopimaric, and abie- 
tic (A7'0(14)) acids did not react under similar conditions. 
The first three have been found to be unreactive toward 
photosensitized oxidation as well.4 Abietic acid has 
been observed to react slowly on photosensitized oxida
tion to give chiefly nonperoxidic products.4 9

An attempt was made to replace the greater part of 
the sensitizer with an easily reducible compound, which 
in itself was not a sensitizer, in order to establish a hy
drogen exchange situation promoted by only a catalytic 
amount of light-activated sensitizer. This effort was 
successful with the demonstration that the irradiation 
of levopimaric acid in the presence of a catalytic amount 
of erythrosin B and a molar amount of nitromethane 
gave dehydroabietic acid in 17% isolable yield.

Suitable blanks were run for all the reactions herein 
reported which established that no reaction occurred in 
the dark, in the absence of sensitizing dye, in the absence 
of resin acid, or in the absence of nitromethane (other 
than a very rapid bleaching of the small amount of dye 
present in the latter case).

Schenck10 has proposed that the irradiation of sensi
tizers results in their elevation to diradicals. He has 
suggested hydrogen abstraction from the substrate 
by the diradical to give a monoradical, as the possible 
course of any competing dehydrogenation reaction 
which might occur during photosensitized oxidation. 
Diradicals of the type pictured by Schuller,3-4 et al., 
would be especially suited geometrically for hydrogen 
abstraction from two adjacent carbon atoms upon a 
single collision, yielding a new double bond.

Experimental11
Varying Ratios of Levopimaric Acid to Erythrosin B.—Four 

95% ethanol solutions, each 0.02 M  in levopimaric acid, and con
taining y 2, y„, y6, and 1/s molar ratios of erythrosin B/resin 
acid, respectively, were charged to 100-ml. reactors,2 purged with 
prepurified nitrogen, stoppered, and irradiated simultaneously, 
with a 15-w. fluorescent lamp. All the runs but the y 2 ratio 
bleached within 22 hr. while this ratio was unbleached after 111 
hr. of irradiation.

A run of the y 2 ratio was made and irradiation continued until 
no additional change in fa|u occurred. More erythrosin B was 
added (1.5/2 molar ratio) and irradiation continued for 21 hr. with 
no f u r t h e r  change in [ « ] d  observed.

Dehydroabietc Acid (II) from Levopimaric Acid (I).—A solu
tion of 11.9 g. of erythrosin B in 2700 ml. of 95% ethanol was 
filtered and 8.17 g. of levopimaric acid dissolved in the filtrate 
(0.005 M  in dye and 0.01 M  in resin acid). The solution was 
charged to the 40-w. reactor,2 purged with prepurified nitrogen, 
the reactor sealed (stoppered), and irradiation initiated. Two ex
ternal air blasts were directed on the reactor to hold the tempera
ture around 30°. After 20 hr. of irradiation, the specific rotation 
became constant at [a]27o —30°. Irradiation was continued for 
10 hr. more to ensure completeness of reaction. The solvent was 
removed under reduced pressure and the dry residue extracted 
with ether. The ether was filtered, washed with water, and the 
ether removed. The residue (8.0 g.) exhibited no absorption 
maximum in the 272-mju region. I t  was converted to a cyclo-

(8) K. A lder and H. von Bracliel, A n n . ,  608, 195 (1957); H . H . Inhoffen , 
K. Bruckner, R. G rundel, and  G. Quinkert, B e r . ,  87, 1407 (1954); H . H. 
Inhoffen and G. Q uinkert, i b i d . ,  87, 1418 (1954).

(y) w. H. Schuller and  R. V. Lawrence, F L A C S ,  16, No. 8 . 23 (1962); 
Florida Section, M eeting-in-M iniature, American Chem ical Society, M ay 
11, 1962, Jacksonville, Fla.

(10) G. O. Schenck, N a t u r w i s s e n s c h a f l e n ,  40, 205 (1953).
(11) All m elting points are uncorrected and all specific ro ta tions and 

ultravio let spectra are in 95%  ethanol.
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hexylamine salt in acetone solution; yield 3.59 g. (33%). The 
mother liquor was concentrated and gave a black viscous oil. The 
free acid was liberated from the salt using an aqueous phosphoric 
acid-ether mixture. The crude acid was placed on a silicic acid 
(100-mesh)column, 1.25-in. diameter, containing 68 g. of adsorb
ent, and eluted with 1200 ml. of benzene. The effluent was col
lected in 75-ml. aliquots and the solvent blown off with nitrogen. 
The residue from fractions 3-9 were combined and crystallized 
from 95% ethanol to give 0.98 g. of dehydroabietic acid; [a]25n 
+  62.7° (c 1.1); K'L 276 m/i (« 2.19), 268 mp (a 2.12); m.p.
169-171°; infrared spectrum essentially identical to that of an 
authentic sample. Two further crops of 0.48 g., [«]26d +60° (c
1.0), and 0.14 g. were obtained for a total of 1.60 g. or 20% con 
version from levopimaric acid. The remainder of the material 
from the column could not be crystallized.

Dehydroabietic Acid (II) from Palustric Acid.—A solution of
21.6 g. of erythrosin B and 7.42 g. of palustric acid in 2450 ml. of 
95% ethanol (0.01 M  in dye and 0.01 M  in resin acid) was irra
diated for 40 hr. and worked up as described in the preceding 
example; yield of crude residue, 6.5 g. A small portion was 
esterified with diazomethane; [a]25D +38° (c 0.56), no absorption 
maximum exhibited in the 266-m,u region. The ester was gas 
chromatographed and a single, large peak was obtained, at the 
same emergence time as a sample of authentic methyl dehydro- 
abietate. The remainder of the residue was converted to 5.28 g. 
(61%) of cyclohexylamine salt. The mother liquor on concentra
tion gave a black-red oil. The acid was regenerated from the salt 
and the crude product cleaned up on a silicic acid column as be
fore, employing benzene as the eluent. The purified product 
was crystallized from 95% ethanol to give 1.29 g. of dehydro
abietic acid; m.p. 171-173°; [«]26d +62.8° (c 1.1); X“t  276 
mfi (a 2.23) 268 rn.fi (a 2.18); infrared spectrum essentially iden
tical to that of an authentic sample. A second crop weighing 
0.26 g. was obtained of [aJ26D +64.2° (c 1.0) for a total yield of 
21% from the starting palustric acid. The remainder of the 
material from the column could not be crystallized.

Neoabietic Acid, Erythrosin B, and Light.—A solution of 23.8 g. 
of erythrosin B and 8.17 g. of neoabietic acid in 2700 ml. of 95% 
ethanol (0.01 M  in dye and 0.01 M  in resin acid) was irradiated 
for 42.5 hr. and worked up as in the preceding examples. The 
crude residue gave only a small yield of a gummy cyclohexyla
mine salt. A portion of the residue, [u ]28d —22 (c 1.2), was 
esterified with diazomethane and gas chromatographed at 250° on 
a GE SE-52 silicone column. Four peaks were obtained: peak 1, 
no absorption from 220-320 m/i; peak 2, 243 mm; peak 3,
(major peak) X*1', 264,274 (major max.) 284 npi; peak 4, X%„ 
264,274 (major max.) 285 m¡x. (Methyl abietate emerges between 
peaks 1 and 2.) A considerable proportion of the sample injected 
was not volatile under these conditions. None of the products 
from the 4 peaks could be crystallized.

Dehydroabietic Acid (II) from Levopimaric Acid (I), Erythrosin 
B, Light, and Nitromethane.—A solution of 7.55 g. of levopimaric 
acid, 0.125 g. of erythrosin B, and 13.4 ml. of nitromethane in 
2485 ml. of 95% ethanol (0.01 M  in resin acid, 0.10 M  in nitro
methane, and 0.00006 M  in dye) was irradiated for 54.5 hr. 
(final [h ]d +25°) and worked up as in the preceding examples 
except that the ether extraction was omitted. A quantitative 
yield of acidic residue was obtained; it exhibited no absorption 
in the 272-mp region. The residue was converted to the cyclo
hexylamine salt in a yield of 7.7 g. (77%); concentration of the 
mother liquor gave a red oil. The salt was recrystallized from 
ethanol; yield 4.20 g. The acid was regenerated from the com
bined crops of salt as before and the crude acid purified as in the 
preceding examples, by elution through a silicic acid column with 
benzene followed by crystallization from 95% ethanol. The 
yield of dehydroabietic acid was 1.02 g. of m.p. 168-170°; [a]26D 
+  64° (c 0.98); X*'% 276 m/i (a 2.13), 268 mp (2.06); infrared 
spectrum essentially identical to that of an authentic sample. A 
second crop of 0.28 g. of [a]28D +61.3° (c 1.1) was obtained for a 
total yield of 1.30 g. or 17% from levopimaric acid. The remain
der of the material from the column could not be crystallized.

Sensitizers.—The following compounds were found to function 
as sensitizers3’4 for dehydrogenation after the manner of erythro
sin B: 9,10-phenanthrenequinone, benzil, chloranil (in benzene 
solution), eosin YS, and9,10-anthraquinone.

Attempted Reaction of Abietic, Pimaric, Isopimaric, and De
hydroabietic Acids with Erythrosin B and Light.—A solution of 
0.05 g. of erythrosin B in 33 ml. of 95% ethanol was filtered and 
0.100 g. of the resin acid dissolved in the filtrate (0.01 M  in resin 
acid and 0.0017 M in dye). The solution was charged to a 100-

ml. reactor,2 purged with prepurified nitrogen, stoppered, and ir
radiated with a 15-w. fluorescent lamp for 12 hr. In all four 
cases, essentially no change in color of the solution nor of specific 
rotation occurred as a result of the irradiation.

Blank Experiments.—A measurement of specific rotation be
fore and after an extended test period (6 to 44 hr.) was used to 
determine if reaction had occurred. For all of the reactions de
scribed above, suitable blanks were run which determined that no 
reaction occurred in the dark, in the absence of sensitizing dye, in 
the absence of resin acids, or in the absence of nitromethane (other 
than a rapid bleaching of the small amount of dye present in the 
latter case).

Dehydrogenation of a Tetrahydrofuran. 
The Preparation of 3,4-Diphenylfuran

Donald G. Farnum1 and Merrill Burr

Department of Chemistry, Cornell University, Ithaca, New York 

Received December 10, 1962

Although the preparation of furans by dehydrogena
tion of 2,5-dihydrofurans has been reported in a few 
instances in the literature,2’3 the tetrahydrofurans 
seem to have been peculiarly reluctant to undergo de
hydrogenation. This note describes the first example, 
of which we are aware, of successful dehydrogenation of 
a tetrahydrofuran.

The preparation of 3,4-diphenylfuran (I) in unspeci
fied yield according to sequence (1) was described some 
time ago by Backer and Stevens.4 It seemed to us that 
dehydrogenation of 3,4-diphenyltetrahydrofuran (II) 
might provide an alternative convenient route to the 
furan I.

c h 3o 2c c h 2

0
OCCeHs

+ NaOCH3

\ OCC6H5 CH3OH
c h 3o2c c h 2

h o 2c Cells G Ä

0^ 310" C (
H0 2C C6HS l c 6h 5

The required tetrahydrofuran was readily obtained in 
97% yield by a remarkably clean acid-catalyzed cycli- 
zation of 2,3-diphenylbutane-l,4-diol (III) with con
tinuous removal of water. The dehydrogenation of 
tetrahydrofuran II could not be effected with selenium 
at a variety of temperatures with and without solvent, 
nor with sulfur in boiling dimethylformamide. The 
latter method had been very successful in the dehydro
genation of aryldihydrofurans.2 Pyrolysis of II with 
elemental sulfur at 200-210°, however, resulted in the 
formation of furan I, isolated in 25% yield. Hydrogen 
sulfide evolution was negligible below 200° in this re
action. These reactions are pictured in sequence 2.
HOCH2CHC6H5j TsOH
h o c h 2c h c 6h 5 oh

III

c6h 5

(9 7 %) ■200- 210°
C6H6

II

I (25%) (2)

(1) Fellow of the  Alfred P. Sloan Foundation.
(2) H. W ynberg, J .  A m .  C h e m .  S o c . ,  80, 304 (1958)
(3) J . F. Bel’skii, N. I. Shuïkin, and R. A. K arakhanov, D o l c i .  A k a d .  

N a u k ,  S S  S R . ,  132, 585 (1960); C h e m .  A b s t r . ,  54, 24623 (1960).
(4) H. J. Backer and W. Stevens, R e e .  t r a i ) ,  c h i n i . ,  59, 423 (1940).
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In view of Wynberg’s observation that an aryl sub
stituent seemed essential for the dehydrogenation of di- 
hydrofurans,2 it is probable that the aryl substituents 
permit dehydrogenation of II. We do not intend to 
pursue this investigation further.

Experimental
2.3- Diphenylbutane-l,4-dioI (III).—A mixture of meso-2,3- 

diphenylsuccinic acid6 (m.p. 227-229°, 27 g., 0.10 mole) and 
lithium aluminum hydride (7.6 g., 0.20 mole) in dry ether (300 
ml.) was boiled under reflux for 12 hr. Excess lithium aluminum 
hydride was destroyed by dropwise addition of wet ethanol to the 
stirred cooled slurry. The mixture was then shaken with cold 
aqueous 5% phosphoric acid and the layers separated. The 
aqueous layer was washed several times with methylene chloride 
and the combined organic extracts were dried over magnesium 
sulfate and evaporated to dryness. Recrystallization of the 
solid residue from benzene afforded colorless crystals, m.p.
142-143.5° (20g., 83%).

Anal. Calcd. for C16H,80 : : C, 79.31; H, 7.49. Found: 0, 
79.21; H, 7.42.

The infrared spectrum in Nujol mull included absorption at
3.0, 6.24, and 9.6 y .

3.4- Diphenyltetrahydrofuran (IV).—The diol III (8.0 g., 
0.033 mole) was dissolved in hot benzene (100 ml.) and p-toluene- 
sulfonic acid monohydrate (3.0 g., 0.016 mole) was added. The 
solution was boiled under reflux and the evolved water wxas col
lected in a Dean-Stark trap. After 4 hr., 0.75 ml. (0.042 mole, 
86%) of water had collected. An additional 2 hr. of boiling did 
not afford any more water. The mixture was cooled, washed 
once with water, once with dilute aqueus sodium bicarbonate, 
dried over magnesium sulfate, filtered, and evaporated to dry
ness on a rotary evaporator. The white, crystalline residue was 
recrystallized once from aqueous ethanol to give colorless needles 
m.p. 86-86.5° (7.2 g., 97%).

Anal. Calcd. for Ci6Hi60 : C, 85.68; H, 7.19. Found: 
C, 85.39; H, 7.19.

The infrared spectrum in dichloromethane solution had no ab
sorption at 2.5-3.2 y ,  but included a strong band at 9.5 y .

3.4- Diphenylfuran (II).—A mixture of the tetrahydrofuran 
IV (1.0 g., 4.5 mmoles) and sulfur (1.0 g., 31 mmoles) was melted 
and heated under a slow steam of nitrogen. No gas evolution 
was detected until the temperature reached 200°. Gas bubbles 
appeared and the odor of hydrogen sulfide then became evident. 
Heating was continued at 200-210° for 5 hr. The mixture was 
cooled and the crystalline mass was extracted several times with 
boiling ether. The ether extracts were concentrated on the 
steam bath, cooled, filtered, and the filtrate -was evaporated to 
dryness. The residue was twice recrystallized from 95% ethanol 
to give pale yellow needles (0.25 g., 25%,), m.p. 108-111° (dec.
109-110.5° >).

The infrared spectrum exhibited absorption at 6.24, 6.50,
9.50, and 11.40 y  in dichloromethane solution.

(5) A. Lapw orth aud J . A. M cR ae, J .  C h e m .  S o c . ,  1 2 1 , 1709 (1922).

Formation of Tetrahydrofuran Derivatives 
from 1,4-Diols in Dimethyl Sulfoxide1

B e r n a r d  T. G i l l i s  a n d  P a u l  E. B e c k

Department of Chemistry, Duqvesne University, 
Pittsbiirgh 19, Pennsylvania

Received December 6, 1962

Three methods are prominent for the preparation 
of tetrahydrofuran derivatives from primary, secondary, 
and tertiary 1,4-diols. These are strong acid,2 sulfonyl

(1) T his research was carried  ou t under g ran t G17836 from the N ational 
Science F oundation , whose support is gratefully  acknowledged.

chloride-organic base,3 and dehydration over alumina.4 
These methods, however, generally suffer from low 
yields and a mixture of products.

Recently, Traynelis, et al.,5 have reported that 
secondary and tertiary alcohols are dehydrated to 
olefins when heated in dimethyl sulfoxide.

In an attempt to prepare 2,3-dimethylene [2.2.1 ]bicy- 
cloheptane, endo-cis-bicyclo [2.2.1 [heptane-2,3-dimeth
anol was heated for thirteen hours at 156-166° in 
dimethyl sulfoxide. Instead of the desired diene, the 
cyclic ether, 2-oxatetrahydro-endo-dicyclopentadiene 
(I), was formed in 98% yield.

^ x ih 2oh

l" - ^ c h 2oh

In view of this result, a study was undertaken to 
determine the scope of this facile dehydration using 
primary, secondary and tertiary 1,4-diols. A one to 
twelve ratio of diol to dimethyl sulfoxide was used.6

When CT.s'-hexahydrophthaly] alcohol was heated in 
dimethyl sulfoxide at 159-161° for fourteen hours a 
66% yield of cis-hexabydrophthalan (II) was obtained.

Similarly, the secondary diol, 2,5-hexanediol, when 
heated at 180° for eighteen hours in dimethyl sulfoxide 
furnished 2,5-dimethyltetrahydrofuran (III) in 68% 
yield.

CH3—CH—CH2—CH2—CH—CH3

OH
I
OH C H . ^ Ô ^ C H ; ,

III

Utilization of the tertiary diols, 2,5-dimethvl-2,5- 
hexanediol and 3,6-dimethyl-3,6-octanediol, resulted 
in 52% and 70% yields of products which contained 
the tetrahydrofuran derivatives, 2,2,5,5-tetramethyl- 
tetrahydrofuran (IV) and 2,5-diethyl-2,5-dimethyl- 
tetrahydrofuran (V), respectively.

The former diol leading to IV was heated at 167° 
for seventeen hours in dimethyl sulfoxide. Investiga
tion of liquid product by gas chromatography showed 
it to be a mixture with the composition of 75.5%, 9.1%, 
and 15.5%, respectively. The infrared spectrum of 
this product was devoid of —OH bands but contained 
a very small carbon-carbon double bond stretching 
band at 6.05 y. That the 15.5% component was

(2) (a) S. F . B irch, R . A. D ean, and  E . V. W hitehead, ,/. O r g ,  C h e m . ,  19,
1449 (1954); (b) G. A. Haggis and  L. N. Owen, J .  C h e m .  S o c . ,  389 (1953); 
(c) Y. S. Zal’kind and  V. M arkaryan , J .  R u s s .  P h y s .  C h e m .  S o c . ,  48, 538 
(1916); (d) T . A. Favorskaya and  N. P . Ryzkova, Z h .  O b s h c h .  K h i m . ,  26, 
423 (1956); (e) T . A. Favorskaya and  O. V. Sergievskaya, i b i d . , 25, 150 
(1955); (f) E. Pace, A t t i .  A c c a d .  L i n c e i ,  7, 757 (1928); (g) I. L. K otlyarev-
skii, M . S. Shvartsberg, and  Z. P . Trofcsenko, Z h .  O b s h c h .  K h i m . ,  30, 440 
(1960).

(3) (a) K. Alder and  W. R oth, B e r . ,  88, 407 (1955); (b) D. D . R eynolds 
and  W. O. Kenyon, J .  A m .  C h e m .  S o c . ,  72, 1593 (1950).

(4 ) (a) E. L. W ittbecker, H. K. Ila ll, J r ,,  and  T . W. C am pbell, i b i d . ,  82, 
1218 (1960); (b) R. C. Olberg, H. Pines, an d  V. N . Ipatieff, i b i d . ,  66, 1096 
(1944); (c) see ref. 2b.

(5) V. J . T raynelis, W. L. H ergenrotker, J . R . L iv ingston , and  J . A. 
Valicenti, J .  O r g .  C h e m . ,  27, 2377 (1962).

(6) D r. V incent T raynelis of the  U niversity  of N otre Dam e has found th a t  
prim ary  1,4-, 1,5-, and  1,6-diols are dehydrated  to the  cyclic e thers  in  d i
m ethyl sulfoxide (private  com m unication).
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c h 3 c h 3
I I

CH3—C - C H 2- C H 2—C—CH3
I I

OH OH

CH3 c h 3
I I

CH3-CH2— c  —c h 2- c h 2 - c  —c h 2 - c h 3
I I
OH OH

CH;

CH3CH:

c h 3
> 0- O^-CHaCHa

2.5- dimethyl-2,4-hexadiene was shown by the ultra
violet spectrum of the product which exhibited 
^maxs0H 242 my  (e 3590) or 16.7% of the conjugated 
diene. Retention time of 2,5-dimethyl-2,4-hexadiene 
and the 15.5% component were identical on the gas 
chromatogram. Quantitative hydrogenation of the 
product gave a total diene content of 27.3%. The 
9.1% component is an unconjugated diene such as
2.5- dimethyl-l ,4-hexadie ne.

The latter diol when heated at 170° for 17.5 hours 
in dimethyl sulfoxide led to V. Gas chromatography 
of this product gave five peaks with the composition 
of 61.4%, 24.7%, 5.5%, 4.7%, and 3.6%, respectively. 
The first two peaks correspond to the cis and trans 
forms of 2,5-diethyl-2,5-dimethyltetrahydrofuran, while 
the latter three peaks are due to contaminating diene 
components. The infrared spectra showed no trace 
of —OH bands and a very small peak at 6.0 y (C=C). 
The liquid exhibited an ultraviolet spectrum Xnfiix6011 
239 m y  (e 3470) and X ^ s0H 245 m y  (f 3620). Quanti
tative hydrogenation showed the total diene content to 
be 15.05%.

Thus, the method has been shown to offer a simple, 
convenient procedure for the preparation of tetrahydro- 
furan derivatives in good yields from primary, second
ary, and tertiary 1,4-diols and is potentially superior 
to previous methods.2-4

The success encountered with 1,4-diols, quite natu
rally led to the postulation of a cyclic transition state
(VI).

' V  ~1/C H 3

VI

O' + ^ c h 3 

h

An attempted formation of 2,5-dihydrofuran from 
ds-butene-l,4-diol under these conditions gave only 
starting diol (40%) and polymeric material.

man Organic Chemicals, was allowed to stand over sodium 
hydroxide pellets and then distilled through a Vigreux column, 
b.p. 86° (18 mm.), n26D 1.4753 (lit.,6 b.p. 83° (17 mm.), 
n20D 1.4795).

Bicyclo[2.2.1]hept-5-ene-2,3-dimethanol9 was recrystallized 
three times from ether to a constant melting point of 85-86°. 
This material corresponded to the endo-cis compound (lit.,10 
m.p. 86°).

cndo-cis-Bicyclo [2.2.1] heptane-2,3-dimethanol was prepared 
by hydrogenation of unsaturated endo-cis diol in ethanol over 
palladium-on-eharcoal catalyst and melted 63-64° when crystal
lized from ether (lit.,10 m.p. 62°).

2-Oxatetrahydro-endo-dicyclopentadiene (I). endo-cis-Bicyclo
[2.2.l]heptane-2,3-dimethanol (8.0 g., 0.051 mole) and 48.0 g. 
(0.615 mole) of dimethyl sulfoxide were heated under a reflux 
condenser at 156-166° for 13 hr. On cooling, 150 ml. of water 
was added and the reaction mixture extracted twice with 100-ml. 
portions of petroleum ether (b.p. 30-60°). The combined 
petroleum ether extracts were dried over calcium sulfate. Upon 
filtration, the petroleum ether was removed by distillation and 
the residue solidified on standing to. give 6.95 g. (98%) of the 
saturated cyclic ether I, m.p. 104-107°. Recrystallization 
from hexane gave material melting at 109-110° (reported3* m.p. 
110°). The infrared spectrum (chloroform solvent) was devoid 
of OH bands and exhibited absorption at 9.2 y, which is charac
teristic of tetrahydrofuran and its derivatives.11

cfs-Hexahydrophthalyl alcohol was prepared in the following 
manner. 1,2-Cyclohexanedicarboxyljc anhydride12 was converted 
to the diester by the method of Price and Schwarcz.13 The 
diester was then reduced to the ci's-diol by the method of Bailey 
and Golden11 using lithium aluminum hydride, and melted at 42- 
43°.

cts-Hexahydrophthalan (II).—cisrHexahydrophthalyl alcohol 
(8.55 g., 0.0594 mole) and 55.0 g. (0.71 mole) of dimethyl sulf
oxide were heated at 159-161° for 14 hr. The mixture was 
cooled and 150 ml. of water added. 1 * The resulting mixture was 
extracted with two 100-ml. portions of petroleum ether. The 
combined petroleum ether extracts were dried over calcium sul
fate and after filtration the petroleum ether was removed. The 
residual liquid was distilled and gave 4.96 g. (66%) of the ether 
II, b.p. 84° (29 mm.), n26 *d 1.4667 [reported2“ b.p. 80° (28 
mm.), n20D 1.4700]. The infrared spectrum (neat) showed no 
OH bands and the characteristic ether absorption was present 
at 9.13 y .

2,5-Dimethyltetrahydrofuran (III).—2,5-Hexanediol9 (10.0 g., 
0.084 mole) and 78.0 g. (1.0 mole) of dimethyl sulfoxide were 
heated for 18 hr. at 180°. The apparatus was arranged with a 
Claisen head connected to a Dry Ice-acetone trap so that the 
product was collected immediately as it was formed. Distilla
tion of the liquid that collected in the trap yielded 5.72 g. (68%) 
of III, b.p. 91-93°, ra26D 1.4060 (lit.,15 b.p. 92°, n23D 1.4045). 
The ether band at 9.25 y was present in the infrared spectrum 
(neat) and alcohol bands were absent.

2,2,5,5-Tetramethyltetrahydrofuran(IV).—2,5-Dimeth3'l-2,5- 
hexanediol12 (10.0 g., 0.069 mole) and 64.0 g. (0.82 mole) of 
dimethyl sulfoxide were heated at 167° for 17 hr. The reaction 
mixture was cooled, diluted with 150 ml. of water, and extracted 
with two 100-ml. portions of petroleum ether. The combined 
petroleum ether extracts were dried over calcium sulfate, filtered, 
and removed. Distillation of the residual liquid yielded 4.58 g. 
(52%) of product, b.p. 115-17°, ra25-6D 1.4136 (lit.,2d b.p.
115.5-116.5°, 7j 20d  1.4014). The infrared spectrum (neat) 
showed no OH absorption but a weak band at 6.05 y  (C=C) 
and the characteristic ether band at 9.23 y.

Gas chromatography of the product showed three peaks, the 
composition being 75.5%, 9.1%, and 15.5%, respectively, as 
determined by the peak area method.16

Experimental7
Dimethyl Sulfoxide.—Dimethyl sulfoxide, obtained from 

either Crown Zellerbach Corp.,8 Stepan Chemical Co., or East-

(7) Boiling po in ts and  m elting  po in ts are uncorrected. Spectra of the  
com pounds were m easured w ith a  Beckm an M odel D U  u ltrav io le t spectro
photom eter and  a  P erkin-E lm er M odel 137 double beam  infrared spectro
photom eter. G as chrom atographic analyses were perform ed on an  F 
and  M Scientific Corp. M odel 21B dual heater gas chrom atography a pparatu s  
using a 10 ft. long, yV in . diam eter C elite-silicone grease column.

(8) T he au thors wish to acknowledge the  gift of a  sam ple of dim ethyl 
sulfoxide from Crown Zellerbach Corp., Cam as, W ash.

(9) Purchased from Aldrich Chem ical Co.
(10) K. Alder and  W. R oth , B e r . ,  87, 161 (1954).
(11) G. Barrow  and S. Searles, J .  A m .  C h e m .  S o c . ,  75, 1175 (1953).
(12) Purchased from M atheson Coleman and  Bell Co.
(13) C. C. Price and  M . Schwarcz, J .  A m .  C h e m .  S o e . ,  62, 2894 (1940).
(14) W. J . Bailey and  H . R . Golden, i b i d . ,  75, 4780 (1953).
(15) .7. Cologne and  A. Lagier, C o m p t .  r e n d . ,  224, 572 (1947).
(16) R etention Mine of the peaks were 7.27 m in., 8.5 m in., and 14.8 min.,

respectively. Flow ra te  of helium was 43 nil. per m in. with the  detector
tem peratu re  92° an d  the  column tem peratu re  80°. An au then tic  sample
of 2,5 d im ethyl 2,4-hexadiene12 had  a  re ten tion  tim e of 14.8 min. under
these conditions.
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The ultraviolet spectrum exhibited X̂ 605 242 m/x (e 3590) and 
indicated that 10-7% of a conjugated diene was present.17

Quantitative hydrogenation at atmospheric pressure of a 
sample of the product in 95% ethanol over 10% palladium on 
charcoal showed a. total diene content of 16,7%.

2,5-Diethyl-2,5-dimetliyltetrahyclrofuran (V).—A mixture of
8.5 g. (0.048 mole) of 3,6-dimethyl-3,6-octanediol (from Air 
Reduction Chemical Co.) and 45.5 g. (0.58 mole) of dimethyl 
sulfoxide was heated for 17.5 hr. at 170°. Water was added to 
the cooled reaction mixture which was then extracted with two 
100-ml. portions of petroleum ether. The combined petroleum 
ether extracts were concentrated after drying over calcium sul
fate. Distillation of the remaining liquid furnished 4.85 g. 
(70%) of product, b.p. 161-163°, n25n 1.4378 (reported20 b.p. 
162-165°, u13-6n 1.4300), The infrared spectrum showed no 
trace of OH absorption and a very small peak at 6.0 p (C=C). 
The characteristic band of cyclic, ethers was present at 9.23 p.

Gas chromatographic analysis of the product gave five peaks 
with the composition of 61.4%, 24.7%, 5.5%, 4.7%, and 3.6%, 
respectively, as determined by the peak area method.18

This liquid exhibited an ultraviolet spectrum x£®l0H 239 mp 
(e 3470) and X°!“s0H 245 mu (« 3620).

Quantitative hydrogenation of a sample at atmospheric pres
sure in ethanol over 10% palladium-on-charcoal catalyst gave 
total diene content of 15.05%.

(17) Pure 2,5 dim ethyl 2,4-hexadiene exhibits 242 mg (e 21,500).
E . A. B raude and  J. A. Coles, J .  C h e m .  S o c . ,  1425 (1952).

(18) R eten tion  tim es of the  peaks were 9.9, 11.0, 11.8, 13.1, and  14.0 
min., respectively. Flow ra tes  of helium  was 42.5 m l./ra in , w ith a  detector 
tem pera tu re  of 132° an d  colum n tem pera tu re  122°.

Steroids. CCXXXII . 1 One-step Rearrangement 
of 17a-Methyl-A1'4 5>6-androstatrxen-17-ol-3-one to 

an 18-Norequilenin Derivative

S t e p h e n  K a u e m a n n

(Fig. 1), which is similar to that of 1-metliyldihydro- 
equilenin,2 * as well as by the infrared and n.m.r. spec
tra.6 In the latter the 17-^em-dimethyl group appears 
as two 3-proton singlets at 53.3 and 64.5 c.p.s., and the 
protons of the methyl of the aromatic ring resonate at
119.7 c.p.s. (singlet). Two broad unresolved multi- 
plets equivalent, respectively, to two and one protons, 
are due to the benzylic protons at C -ll (ca. 209 c.p.s.) 
and at C-14 (ca. 255 c.p.s.). The aromatic protons at 
C-2 and C-4 both resonate close to 409 c.p.s., so that 
a broadened single peak is observed. Mutual long- 
range coupling between these two protons and between 
those at C-4 and C-6 may also be responsible for the 
broadening of this absorption. A typical AB quartet 
at 422.8, 431.3, 438.0, and 446.5 c.p.s. («/ = 8.5 c.p.s.) 
appears for the adjacent protons at C-6 and C-7.

H O

AcO

r i i r T T
k J 250-280°

1

IV
Pd/C R O

I I I .  R  =
a . R  =  A c

Research Laboratories of Syntax, S. A. Mexico, D. F.

Received November 5, W62

Some tune ago it was reported from those labora
tories that the dienone-phenol rearrangement of 
Al'4'6-androstatrien-3-one derivatives leads to 1-methyl- 
A6-estrogens.2 We have now found that under the 
conditions used previously (heating with p-toluene- 
sulfonic acid in acetic anhydride) Wa-methyl-A1’6'4- 
androstatrien-17-ol-3-one (I)3 undergoes simultane
ously a Wagner-Meerwein rearrangment of the 17- 
hydroxy and 13-me.thyl groups, dehydration and migra
tion of the A13 double bond into ring B. Alkaline 
hydrolysis led to a crystalline substance (over-all 
yield, 21%), to which structure III (3/,3',5-trimethyl-
7-hydroxy-1,2- cyclopentano-1,2,3,4- tetrahydrophenan- 
threne) has been assigned, based on the following con
siderations.

Tortorella, et at. ,4 have shown that the Wagner- 
Meerwein reaction- of 17a-methyl-A5-androstene-3/3-17- 
diol and of 17a-methylandrostane-3)3-17-diol gives rise 
to a double bond in position 13. The migration of the 
latter into ring B is facilitated by the presence of the 
A6 double bond in an intermediate such as II. Struc
ture III is confirmed by the ultraviolet spectrum

(1) Paper C C X X X I. O. H alpern, R . V illotti, an d  A. Bowers, C h e m ,  l n d .  

(L ondon), in press.
(2) C. D jerassi, G. R osenkranz, J .  Romo, J . P atak i, and  S .  K auim ann, 

J .  A m .  C h e m .  S o c . ,  72, 4540 (1950)..
(3) B ritish P a ten t 854,343.
(4) V. Tortorella, G. Lucente, and  A. Romeo, A n n .  c h i m .  (Rome),, 50, 

1198 (1960).

Substance III contains two asymmetric centers at 
C-13 and C-14, which, though present in the starting 
material I, had been destroyed in the intermediate 
A13-compound (e.g., II). That no racemization had 
occurred was shown by the fact that III was optically 
active ([a] d  +  43.5°). The stereochemistry of II was 
not established but we believe the substance to possess 
the thermodynamically more stable cis C/D-ring junc
tion.6

The acetate of compound III is easily dehydrogenated 
with palladium-carbon at 250-280°. Subsequent al
kaline hydrolysis yielded the fully aromatic optically 
inactive 3',3,,5-trimethyl-7-hydroxy-l,2-cjrclopenteno- 
phenanthrene (IV).

Experimental7
3',3',5-Trimethyl-7-hydroxy-l,2-cyclopentano-l,2,3,4-tetra- 

hydrophenanthrene (III).—A solution of 10 g. of 17a-methyl- 
A1.4.6-androstatrien-17-ol-3-one (I)3 in 150 ml. of acetic anhydride 
containing 3 g. of p-toluenesulfonic acid was heated on the steam 
bath for 5 hr. The solution after cooling was poured into 2 1. of 
water and the mixture was allowed to stand overnight. The 
oily precipitate was extracted with ether. The extract, after 
being washed with water and sodium bicarbonate solution,

(5) We are indebted  to D r. Alexander Cross for the n.m .r. m easurem ent 
and  in terp reta tions. The n .m .r. spectrum  was taken  with a  ca. 5%  solution 
in deuteriochloroform  containing te tram ethylsilane as an  in te rna l reference 
s tandard . A V arian A-60 spectrom eter was used. Chem ical shifts are 
presented as c.p.s. from  the  reference and  are accurate  to  ± 1  c.p.s. Cou
pling constants, J ,  are also expressed as c.p.s. and  are accurate  to  ± 0 .5  c.p.s.

(6) C f .  L. F. Fieser and M . Fieser, “ S teroids,” R einhold Publish ing  Co., 
New York, N. Y., 1959, pp. 461, 464.

(7) M elting points were determ ined in a T hcm as-H oover m elting  point
ap p ara tu s  and  ro ta tions have been recorded in chloroform . We are in
debted  to  D r. C laudio Z apata  and his staff for the determ ination  of all ro ta 
tions and  the recording of spectra.
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Fig. 1.—Ultraviolet absorption spectra: III O—O—O; 1- 
methyl-17-dihydroequilenin, x—x—x.

was dried with anhydrous sodium sulfate and evaporated to 
dryness. The oily residue was dissolved in 200 ml. of methanol 
and a solution of 10 g. of sodium hydroxide in 20 ml. of water 
was added. The solution was refluxed for 1 hr., when 2 1. of 
water was added and the mixture was acidified with 2 N  hydro
chloric acid. After being collected, the resulting amorphous 
precipitate was dissolved in ether, dried, and treated with 1 g. of 
activated charcoal. The decolorized solution was concentrated 
to small volume and hexane was added when crystallization of 
fine needles started. Several recrystallizations from ether 
hexane yielded 2.1 g. (21%) of pure III, m.p. 163.5-164°, 
[<*]d  +43.5°, Xli® 235, 261, 270, 282, 293, and 314 mM, log c 

4.78 , 3.83 , 3.84, 3.74, 3.63, and 3.28, respectively; X“ ' 
3.14, 6.19, 7.39, and 7.91 p.

Anal. Calcd. for C20H24O: C, 85.71; H, 8.57. Found: 
C,86.06; H, 8.44.

Acetate ,(IIIa).—The acetate of compound III was prepared 
with acetic anhydride and pyridine at room temperature.

I t crystallized from methanol as plates, m.p. 82-83.5°, [ a ] D  

+  45.9°, X“Loh 235, 263, 270, 284, 315 and 325 mM, log e 4.84, 
3.83 , 3.68, 3.76, 3.31, and 3.31, respectively; X„“ r 2.94,
3.44, 5.69, 7.29, and 8.09p.

Anal. Calcd. for C22H26O2: C, 81.94; H, 8.13. Found: 
C, 82.05; H, 8.23.

3',3',5-Trimethyl-7-hydroxy-l,2-cyclopentenophenanthrene 
(IV).—A mixture of 2.5 g. of I lia  and 2 g. of 5% palladium- 
carbon was heated in an oil bath at 250-280° for 4 hr. The 
cooled reaction product was diluted with ether and the catalyst 
was removed by filtration. The filtrate was evaporated to dry
ness and the residual oil was saponified by being boiled for 1 hr. 
with a solution of 2 g. of sodium hydroxide in 5 ml. of water and 
50 ml. of methanol. The reaction mixture was poured into 1 1. 
of water, acidified with 2 N  hydrochloric acid, and extracted 
several times with ether. The combined extracts were washed 
with water and sodium bicarbonate solution, and then dried with 
anhydrous sodium sulfate. After concentration to a small 
volume, compound IV was precipitated with hexane. Two 
crystallizations from ether-hexane yielded 1 g. of pure product 
m.p. 144-145°, [<*]d  0, X”f fI 227, 262, 284, 296, and 307 mp, 
log e 4.23, 4.82, 4.13, 4.03, and 4.05, respectively.

Anal. Calcd. for C20H20O: C, 86.91; H, 7.29. Found:
C, 86.57; H, 7.22.

Rearrangement of 2-Cyano-3-t-butyl-l-indenone

E. C a m p a ig n e  a n d  D o n a l d  R. M a u l d in g 1

Chemistry Laboratories, Indiana University 
Bloomington, Indiana

Received November 23, 1963

The formation of substituted indenones and in~ 
danones from the acid treatment of a-cyano-d-substi- 
tuted cinnamonitriles I has been reported.2 It was 
shown that, when the R groups in I were C H 3, C 2H 5, i- 
C 3 H 7 , or C6H5, cyclic ketoamides are produced, but 
that ring closure of I (R = i-C4H 9) furnishes the cyano 
ketone I la. Since the ketoamide lib  was desired, es
pecially for ultraviolet study, several attempts to pre
pare it by hydration of Ha were made. Under several 
different acid conditions, the ketoamide was not formed; 
instead, a nitrile isomeric with lia, as indicated by its 
elemental analysis and molecular weight determination, 
was isolated.

Ha. Z = CN 
b. Z= CONH2

Compound Ila  is a yellow solid, m.p. 198°, while the 
isomer is white, and melted at 165°. In contrast to the 
infrared spectrum of Ila, which possessed peaks at 
2252 cm.-1 (CN) and 1720 cm.-1 (CO), the spectrum 
of the white compound had a peak at 2250 c m r1 (CN), 
but the carbonyl vibrational frequency had been shifted 
to 1662 cm.-1. A change in the ultraviolet spectrum 
was also observed. The spectrum of the white com
pound displayed a Xmax at 251 mp (e 19,300), as com
pared with Xmax 244 nip (t 35,000) for Ila.

Josier and Fuson3 report that substituted 1-indenones 
show carbonyl absorption in the region of 1710-1740 
cm.-1 and a,|8-unsaturated six-membered cyclic ketones 
near 1665 cm.-1. Hassner and Cromwell4 have found 
that 4,4-dimethyl-l-keto-l,4-dihydrop.aphthalene (Ilia) 
and 2-benzy 1-4,4-dimethyl-1 -keto-1,4-dihydronaphtha- 
lene (Illb) have peaks in the infrared at 1665 cm.-1 and 
1662 cm.-1, and Xmax values in the ultraviolet at 242 
nip (e 10,600) and 252 mp (e 11,000), respectively.

The evidence presented thus far suggests a rearrange
ment of Ila  involving ring expansion to 2-cyano-3,4,4-

O

h 3c c h 3
III

a. R = Z = H
b. R = H, Z = CITCeHs
c. R = CH3, Z = CN
d. R = CH3, Z = CONHs

(1) C ontribution  no. 1105, tak en  in p a r t  from a  thesis subm itted  to 
Ind iana  U niversity  in partia l fulfillm ent of the  requirem ents for the degree 
Doctor of Philosophy, June, 1962, by  D. M ., B ristol Predoctoral Fellow, 
1960-1962.

(2) E . Cam paigne, G. F . Bulbenko, W. E . K reighbaum , and  D onald  R. 
M aulding, J .  O r g .  C h e m . ,  27, 4428 (1962).

(3) M. L. Josier and  N. Fuson, B u l l .  s o c .  c h i v n .  F r a n c e ,  389 (1952).
(4) A. H assner and N. Cromwell, J .  A m .  C h e m .  S o c . ,  80, 893 (1958).
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trimethyi-l-keto-l,4-dih.ydronaphthalene (IIIc), had 
occurred. Interpretation of the n.m.r. spectrum (60 
Me.) of the compound in question added convincing 
support favoring IIIc as the correct structure of the 
new product. I t had an n.m.r. absorption peak cen
tered at 8.39 r, attributed to a ^em-dimethyl group and 
a second peak (7.50 r) of one-half intensity. The n.m.r. 
spectrum of Ha has a single resonance peak at 8.40 r, 
representing the hydrogens on the tertiary butyl group.

An alternate synthesis of the cyano ketone IIIc was 
accomplished by the ring closure of the condensation 
product of malononitriléwith 3-methyl-3-phenyl-2-buta- 
none. Favorskii,5 6 et al., prepared 3-methyl-3-phenyl-2- 
butanone by heating pivalophenone with zinc chloride 
at 320°, but a more direct approach, using the organo- 
cadmium synthesis,6 gave a good yield of 3-methyl-3- 
phenyl-2-butanone. The condensation of the ketone 
with malononitrile was successful, but in low yield (26%) 
as expected from the considerable steric hindrance 
caused by the groups alpha to the carbonyl group. 
Ring closure of purified IV gave 2-cyano-3,4,4-trimeth- 
yl-l-keto-l,4-dihydronaphthalene (IIIC), which had an 
infrared spectrum and melting point identical with the 
rearranged product from Ha.

Conversion of Ha to IIIc was effected in concentrated 
sulfuric acid at room temperature and also by heating 
in polyphosphoric acid. The best yield of IIIc, how
ever, was produced when Ha was heated in concentra
ted sulfuric acid on a steam bath for 10-15 minutes. 
When the reaction time was extended to two hours, 
rearrangement and hydration of the nitrile occurred, 
since 2-carbamoyl-3,4,4-trimethyl-l-keto-l,4-dihydro- 
naphthalene (Hid) was isolated.

The formation of IIIc from Ha can be explained by 
the following reactions. Protonation of Ha leads to the 
formation of the resonance-stabilized carbonium ion
V. This is the same type of intermediate as that pro
posed to explain the reaction sequence involved in the 
acid-catalyzed conversion of 2-carbamoyl-3-alkyl-l- 
indenones to 2-carbamoyl-3-alkylidene-l-indanones.2

OH OH

Since the tertiary butyl group prevents the formation of 
an indanone, IIIc is produced by an alternate path, 
namely methyl migration of the neopentyl carbonium 
ion V to yield the tertiary carbonium ion VI, ring ex
pansion to give VII, followed by elimination of a proton.

Experimental
All melting points reported are corrected. The microanalyses 

were performed by Midwest Microlab, Inc., Indianapolis, Indiana. 
Unless otherwise stated, all infrared spectra were recorded by a 
Perkin-Elmer Model 137 Infracord. The ultraviolet absorption 
spectra were determined in 95% ethanol with a Cary Model 14 
recording spectrophotometer. The n.m.r. spectra were re
corded in deuterated chloroform with a Varian Associates high- 
resolution n.m.r. spectrometer, Model V4300B.

Rearrangement of 2-Cyano-3-/-butyl-l-indenone (Ha),—One 
gram of Ila2 was dissolved in 50 ml. of concentrated sulfuric acid 
and heated on a steam bath for 10-15 min. Upon pouring the 
deep red solution into 400 g. of ice, a yellow solid precipitated, 
which, when recrystallized from benzene-hexane, yielded 0.42 g. 
(42%) of white crystals, m.p. 164—165°. The infrared spectrum 
(Perkin-Elmer Model 137-G grating spectrophotometer) showed 
peaks at 3075 (aromatic CH), 3010 (aliphatic CH), 2250 (CN), 
and 1662 cm.-1 (CO). The ultraviolet spectrum had a Xmax at 
251 m/x (e 19,200). The n.m.r. spectrum (60 Me.) had a reso
nance peak at 8.39 r and another at 7.50 x, having one-half the 
intensity (tetramethylsilane as standard).

Anal. Calcd. for C„H13NO: C, 79.57; H, 6.20; N, 6.63; 
mol. wt., 211. Found: C, 79.35; H, 6.09; N, 6.63; mol. wt., 
210-211 (Mechrolab vapor pressure osometer, Model 301A, 
determined in chloroform).

Dissolving 0.5 g. of Ila  in 10 ml. of concentrated sulfuric acid 
and allowing to stand at room temperature for (a) 12 hr. and (b)
24 hr., then pouring over ice produced (a) 90 mg. (18%) and (b)
25 mg. (5%) of IIIc. Heating 0.5 g. of Ila  dissolved in 20 ml. of 
polyphosphoric acid on a steam bath for 4 hr. yielded 100 mg. 
(20%) of IIIc after hyrolysis.

Rearrangement and Hydration of Ila.—One gram of the cyano 
ketone Ila  was dissolved in 10 ml. of concentrated sulfuric acid and 
heated on a steam bath for 2 hr., then poured into 100 g. of ice. 
Extraction of the acidic solution with chloroform yielded an 
orange solid which, after washing with 5% sodium bicarbonate 
solution and recrystallization from aqueous ethanol, then ben
zene, gave 410 mg. (40%) of white crystals, m.p. 179-180°. 
>w 3520 (NH), 3205 (NH), 2985 (aliphatic CH), 1665 (CO), 
and 1640 cm.-1 (amide CO).

Anal. Calcd. for C„H,6N02: C, 73.36; H, 6.55; N, 6.15. 
Found: C, 73.14; H, 6.80; N, 6.22.

Preparation of a-Phenylisobutyric Acid.—While 75 g. (0.55 
mole) of aluminum chloride and 200 ml. of dry benzene were 
being stirred in a 500-ml. three-necked round-bottomed flask, 
equipped with a condenser, calcium chloride drying tube, and 
stirrer, 42 g. (0.25 mole) of a-bromoisobutyric acid dissolved in 50 
ml. of dry benzene was added by means of a dropping funnel. 
The mixture was stirred at room temperature for 1 hr., then 
refluxed for 6 hr. After standing overnight the dark solution was 
cautiously poured into one liter of 20% sulfuric acid and ice. 
The benzene layer was separated and washed with two portions 
of 10% sulfuric acid, one portion of water, and five 80-ml. portions 
of 5% sodium hydroxide. The dilute alkaline solution was 
treated with Norit and filtered into 400 ml. of 20% sulfuric acid. 
A white precipitate (33 g., 80%) which melted at 78-80° was 
collected. a-Phenylisobutyric acid has been reported to melt 
at 80-81°.7

Preparation of a-Phenylisobutyryl Chloride.—Freshly distilled 
thionyl chloride (15 g., 0.192 mole) was placed in a 500-ml. 
three-necked round-bottomed flask, equipped with a condenser, 
calcium chloride drying tube and exhaust tube. Fifteen grams 
(0.092 mole) of a-phenylisobutyric acid dissolved in 200 ml. of 
dry benzene was added by means of a dropping funnel. After 
the addition had been completed, the solution was refluxed for 30 
min. Vacuum distillation of the crude acid chloride obtained 
after evaporating the excess thionyl chloride and benzene gave 
15 g. of a clear liquid, b.p. 90° (2.0 mm.) [lit.,8109° (13 mm.)].

(5) A. Favorskii, T. E . Zalesskaya, D. I. Rozanov, and  G. U. Chelintzev,
B u l l .  s o c .  c h i m .  F r a n c e .  3, 239 (1936). (7) A. Haller and  E. Bauer, C o m p t .  r e n d . ,  166, 1582 (1912).

(6) D . A. Shirley, O r a .  R e a c t i o n s , V III , 28 (1954). (8) O. W allach, C h e m .  Z e n t . ,  I I ,  1047 (1899).
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Preparation of 3-Methyl-3-phenyl-2-butanone.—Six grams of 
magnesium metal turnings washed with a solution of iodine and 
ethyl ether was placed in a 500-ml. three-necked round-bottomed 
flask containing a Dry Ice condenser, stirrer, and gas inlet tube. 
One hundred milliliters of anhydrous ethyl ether was added and 
methyl bromide (b.p. 4.5°) was bubbled into the ether. The 
reaction started after adding a crystal of iodine and warming the 
ether. All the magnesium was dissolved after 2 hr. The Dry 
Ice condenser was replaced with a water-cooled condenser and 49 
g. of cadmium chloride, previously dried to constant weight, was 
added. The slurry was refluxed for 50 min. until the solution 
gave a negative Gilman test. The éther was evaporated under 
nitrogen and 100 ml. of anhydrous benzene was added. With 
good stirring a solution of 25.7 g. (0.068 mole) of a-phenyliso- 
butyryl chloride in 100 ml. of anhydrous benzene was added to 
the benzene solution of methyleadmium chloride. The solution 
was refluxed for 4 hr., cooled, and acidified with 20% sulfuric acid 
and ice. The benzene layer was separated and washed with 10% 
hydrochloric acid, 10% sodium hydroxide and water. After 
drying with sodium sulfate, the benzène solution was evaporated, 
and the resulting oil (19.1 g., 84%) distilled at 97° (0.5 mm.) [lit.,6 
97-98° (11 mm.)]; »w 2985 (with shoulders; aliphatic and 
aromatic CH) and 1701 cm. -1 (CO). A vapor phase chromato
gram (F and M 500 programmed temperature gas chromato
graph with Carbowax 20 M column) showed the ketone was over 
99% pure.

Anal. Calcd. for CuHhO: C, 81.48; H, 8.64. Found: C, 
81.23; H, 8.55.

3-Methyl-3-phenyl-2-butylidenemalononitrile (IV).—Sixteen 
grams of 3-methyl-3-phenyl-2-butanone was dissolved in 150 ml. 
of anhydrous benzene and refluxed for 48 hr. with 8 g. of hialono- 
nitrile, 3 g. of ammonium acetate, and 9 ml. of glacial acetic acid. 
Evaporation of the solvent gave an oil, which was distilled under 
reduced pressure. The first fraction collected (10.8 g.) was the 
starting ketone, b.p. 88-90° (0.2 mm.), and the second fraction,
5.2 g., b.p. 130-135° (0.25 mm.), had a peak in the infrared at 
2220 cm.-1. Redistillation gave an analytical sample collected 
at 133° (0.25 mm.).

Anal. Calcd. for ChHmN*: C, 80.00; H, 6.67; N, 13.33. 
Found: C, 80.12; H, 7.03; N, 12.98.

Ring Closure of l-Methyl-2-phenylisobutylidenemalononitrile 
(IV).—-Two hundred milligrams of IV was allowed to react in 4 
ml. of concentrated sulfuric acid at room temperature for 1 hr. 
A white solid precipitated after the dark green solution was 
poured into 40 g. of ice and allowed to stand overnight. Re
crystallization from alcohol gave 152 mg. (78%) of white needles, 
m.p. 164-165°. The infrared spectrum was identical to IIIc and a 
mixture melting point showed no depression.

Acknowledgment.—We wish to acknowledge grate
fully the support of this research by a grant from the 
Bristol Laboratories, Division of Bristol-Myers Com
pany, Syracuse, New York. We wish also to acknowl
edge the support of th ' National Institutes of Health to 
Indiana University for the purchase of the high-resolu
tion nuclear magnetic resonance spectrometer.

Reaction of t-Butoxy Radical with 4-Vinyl - 

cyclohexene

J. R e id  S h e l t o n  a n d  A n t o n y  C h a m p 1

Department of Chemistry, Case Institute of Technology, 
Cleveland 6, Ohio

Received October 4, 1962

In continuation of a study of the reaction of free 
radicals with olefins, it became evident that further 
work was required to elucidate one phase of the work 
previously reported.2

(1) P resent address: Research Laboratories, Celanese Corp., Sum m it,
N . J ,

(2) J . R . Shelton and J .  N . H enderson, J .  O r g .  C h e m . ,  26, 2185 (1961).

The previous work had reported that the slow photol
ysis of di-Z-butyl peroxide in 4-vinylcyclohexene yielded 
dehydrodimers and that the more rapid copper-in
duced decomposition resulted in both /-butyl vinylpyclo- 
hexenyl ethers and dehydrodimers. Reference was 
made to the work of Kharasch and Fono,3 but it was 
also suggested that perhaps increased radical concentra
tion resulting from more rapid peroxide decomposition 
might explain the production of the /-butyl vinyleyclo- 
hexenyl ether. Recent studies reported by Kochi4 on 
the mechanism of the copper salt-catalyzed reactions of 
peroxides suggested the possibility of involvement of 
cupric Z-butoxide in the reaction to form the ether pro
vided the copper salt was sufficiently soluble in the reac
tion medium.

In order to test these two hypotheses, four reactions 
of di-Z-butyl peroxide with 4-vinylcyclohexene were 
carried out at a temperature of 80°. These are written 
below in equation form with the major products indi
cated.

(Z-BuO)2 +  C8H12 — >- Z-BuOH +  (C8HU)2 . (1)
heat

(Z-BuO)2 +  C8HI2 Z-BuOH +  Z-BuO-C8Hu +  (C8H„)2 (2)
heat

(Z-BuO)2 +  C8Hi2 Z-BuOH +  (C8H„)2 (3)
h eat 

h v , C  uC h
(¿-BuO)2 -f- C8Hi2  ------- * ¿-BuOH --j- (C8Hn)2 (4)

heat

The rate of disappearance of di-Z-butyl peroxide was 
observed to be the same in reactions 3 and 4 which was 
more rapid than 1 and 2. Comparison of 1 and 2 
at 115° showed that reaction 2 is faster than 1. One 
also observes that reaction 2 in which the reactants are 
heated in the presence of copper salt is the only reaction 
to produce Z-butyl vinylcyclohexenyl ether and that the 
photolysis reactions with or without cupric chloride pro
duce no ether. In the case of reaction 2 the ether is 
formed in approximately the same amount as the de
hydrodimer as determined by gas chromatography. 
One concludes from these data that the production of 
Z-butyl vinylcyclohexenyl ether is definitely not a result 
of a radical concentration effect.

The formation of Z-butyl vinylcyclohexenyl ether is 
visualized as occurring through a mechanism analogous 
to the one proposed by Kochi4 in which a free radical 
R- is oxidized by a cupric salt, Cu(II)OX, to form 
ROX and Cu(I).

(Z-BuO )2 +  Cu(I) -— >■ Z-BuO- +  Z-BuOCu(II)
Z-BuO- -f- C8Hi2 — ^  Z-BuOH % CsHn- 

Z-BuOCu(II) +  C8Hu- •— =» Z-BuO-C8H„ +  Cu(I)
2C8Hu- — (C8H„)2

Although cupric chloride was used in this study, 
some cuprous salt would soon be formed as a result of 
slow thermal decomposition of peroxide to produce free 
radicals which would initiate the above sequence. The 
production of dehydrodimer probably results from a 
coupling of vinylcyclohexenyl radicals.

Gas chromatography also indicated that a small 
amount of lower boiling materials was formed in the 
reactions. Infrared analysis was consistent with a 
product formed by attack of CH3- radicals on 4-vinyl- 
cyclohexene. The spectra of two of the materials

(3) M. S. K harasch and  A. Fono, i b i d . ,  24, 606 (1959).
(4) J. K . Kochi, T e t r a h e d r o n ,  18, 483 (1962).



1394 N o t e s V o l . 28

showed, in one case, no vinyl absorption but internal 
unsaturation and methyl absorption; the other ma
terial examined showed absorptions corresponding to a 
methyl group and both vinyl and internal unsaturation. 
The spectra were otherwise similar to that of 4-vinyl- 
cyclohexene. Thus both addition and substitution 
products are found. Acetone was also found to be pro. 
duced in these reactions showing that some cleavage of 
i-butoxy radical to form CH3- must also have occurred.

Experimental
Reagent.—Di-i-butyl peroxide (Shell) was distilled at reduced 

pressure before use. The 4-vinyleyclohexene (Cities Service) was 
passed through an activated alumina column immediately before 
use.

All experiments were performed in a 1-1., three-necked, round- 
bottom flask equipped with a quartz test tube in the center neck. 
A length of hypodermic tubing was inserted through a serum cap 
attached to one of the flask necks. Samples were removed by 
placing evacuated sample vials onto this tubing and withdrawing 
approximately 1 ml. of solution. The reactions were stirred at all 
times by a magnetic stirring bar.

4-Vinylcyclohexene (165 g., 1.5 moles) was heated in the flask 
described above, and di-ributyl peroxide (36 g., 0.25 mole) was 
heated simultaneously under nitrogen in a dropping funnel at
tached to the flask. When both were at the desired temperature 
(80 or 115°) the peroxide was added. Samples were withdrawn 
at appropriate time intervals. In those reactions involving 
cupric chloride, 0.3 g. of cupric chloride (dihydrate) was added to 
the 4-vinylcyclohexene before heating. The photolysis reactions 
were performed using a G.E. H85A3/UV lamp inserted into the 
quartz test tube mentioned above.

¿-Butyl peroxide concentration was measured by gas chromatog
raphy at 75° on a 6-ft. silicone gum rubber column. Product 
analysis was also carried out by gas chromatography on a 6-ft. 
Carbowax (20M) column, programming from 100-250°. Product 
identification was by infrared spectroscopy. The following ab
sorptions were observed in the 4-vinylcyclohexenyl ethers: 3090 
cm. -1 vinyl unsaturation, 3030 cm.“1 cis-internal unsaturation, 
the typical aliphatic C-H absorptions around 2900 cm.-1, 1640 
cm. -1 vinyl unsaturation, 1390 cm. “1 and 1360 cm.“1 assigned to 
¿-butyl, 1155 cm. “1 typical of ethers, 997 cm. “1 and 915 cm. “1 
vinyl unsaturation, and 690 cm. “1 assigned to internal unsatura
tion. The dehydrodimers showed the following absorptions: 
3080 cm. “1 vinyl unsaturation, 3030 cm.“1 as-internal unsatura
tions, aliphatic C-H absorptions between 3000 and 2800 cm.“1, 
1640 cm. “1 vinyl unsaturation, 997 and 910 cm. “1 vinyl unsatu
ration, 660 cm. “1 internal unsaturation. The over-all infrared 
spectrum of the dehydrodimer showed the presence of all the 
major absorptions of 4-vinylcyclohexene, the only marked excep
tion being the moderately strong 4-vinylcyclohexene peak at 
1140 cm. “1 (unassigned) absent in the dehvdrodimer.

Comparison with previous work,2 in which both the ether and 
dehydrodimer were isolated and characterized by infrared, hydro
genation, and elemental analysis, further confirmed the identifi
cation.

Acknowledgment.—The authors wish to acknowledge 
the support of this research by the Goodyear Tire and 
Rubber Company.
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Several anhydrides of phosphoric acid with carboxylic 
acids of the type RCO- O -PO(OH)2 have been des

cribed,1 in which R is a simple alkyl or aryl group. 
Much interest has been directed to the chemical and 
biological properties of acetyl phosphate.2 No an
hydride of phosphoric acid with a monoalkyl carbonic 
acid, in which R = alkoxy, has been described.

In the present work, dibenzyl carbethoxy phosphate 
was prepared by reaction of dibenzyl silver phosphate 
with ethyl chloroformate.

(C,H70)2P00Ag +  C1C(0)0C2H5
= (C7H70)2P(0)0C(0)0C 2H5 +  AgCl

The product is colorless oil, which is stable at 0°.
In aqueous dioxan (1:1 by volume), dibenzyl car

bethoxy phosphate undergoes hydrolysis and dibenzyl 
hydrogen phosphate is formed. The progress of hy
drolysis can be followed by neutralizing the acid as it is 
produced, using an automatic pH-stat titrator. The 
reaction observed first-order kinetics. At a constant 
pH of 6.0 and 37°, k = (3.53 ±  0.02) X lO“6 sec.-1, 
using initial concentrations of 2 to 9 mmoles of the an
hydride.

Attempts were made to remove the benzyl groups 
and to obtain carbethoxy phosphate, C2H60  C(O)- 
OPO(OH)2. Various debenzylating agents were tried, 
but in each case extensive decomposition occurred and 
carbon dioxide was evolved.

Experimental

Dibenzyl Carbethoxy Phosphate.—Ethyl chloroformate (8 ml., 
freshly distilled) was added to a suspension of silver dibenzyl 
phosphate5 (m.p. 213°, 1.05 g., prepared from dibenzyl phos- 
phorochloridate4) in dr\' dioxan (30 ml.). A precipitate formed 
instantly. The mixture was stirred for 2 hr. at room tempera
ture and the precipitate of silver chloride was then filtered off. 
The solvents were evaporated by high vacuum distillation, 
yielding 0.94 g. (98%) of a colorless viscous oil, which was stored 
in the cold.

Anal. Calcd. for Ci,H190 6P: C, 58.2; H, 5.44; P, 8.9%. 
Found: C, 57.8; H, 5.46; P, 9.1.

The infrared absorption of the product was measured in carbon 
tetrachloride solution, using a Perkin-Elmer Model 12 spec
trometer. Strong absorption bands occurred at 1024 cm. “1 (due 
to the POC vibration5), at 1235 cm. “1 (phosphoryl stretching), 
at 1372 cm. “1 (methyl group vibration), at 1459 cm. “1 (benzyl 
group vibration), at 1731 cm.“1 (carbonyl stretching), and at 
2955 cm.”1 (C-H vibration).

Hydrolysis.—Dibenzyl carbethoxy phosphate (about 100 mg.) 
was dissolved in aqueous dioxan (100 ml.; 1:1 by volume) in a 
beaker fitted with a magnetic stirrer and covered by a rubber 
stopper. This stopper had three holes, through which the glass 
and calomel electrodes as well as the capillary glass outlet of 
a magnetic valve-operated buret led into the solution. The 
beaker was placed into a thermostat at 37.0°, above a rotating 
permanent magnet enclosed in a brass can. The electrodes were 
connected to a Radiometer Model TTT la  automatic pH meter, 
which was set to keep a constant pH of 6.00 ±  0.05. The buret 
contained standard 0.10 N  sodium hydroxide solution and ti
trated the dibenzyl hjMrogen phosphate as it was formed. In a 
separate experiment, the end point in the titration of dibenzyl 
hydrogen phosphate had been shown to be pH = 6.0. Example 
of a kinetic experiment: dibenzyl carbethoxy phosphate (ini
tially 1.9 mmoles) at 37.0°.

(1) G. M . Kosolapoff, "O rganophosphorus C om pounds,” John  W iley 
and Sons, Inc., New York, N. Y., 1950, p. 348.

(2) F. Lynen, C h c m .  B e r . ,  73, 367 (1940); R. Bentley, J .  A m .  C h e m .  S o c . ,  

70, 2183 (1948); 71, 2765 (1949); D. E . K oshland, J r .,  i b i d . ,  74, 2280 
(1952). F. Lipm ann, A d v a n .  E n z y m o l o g y ,  6 , 231 (1946); A. W . D. Avison, 
J .  C h e m .  S o c . ,  732 (1955).

(3) A. R. A therton, H. T. Openshaw, and A. R. Todd, H i d . ,  385 (1945).
(4) G. W. K enner, A. R. Todd, and  F. J . W eym outh, i b i d . ,  3678 (1952).
(5) L. J. Bellamy, “ The In frared  Spectra of Com plex M olecules,” M ethu-

ene and Co., London, 1958, p. 311.
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Time (sec.) 0 780 3600 5400
x = mmoles NaOH 0.585 0.635 0.785 0.89
Time (sec.) 7200 9000 10800 Infinity
x = mmoles NaOH 0.98 1.07 1.15 2.34

From the slope of a plot of log (a-x) against time, the first- 
order rate was derived hi = 3.55 X 10“6 sec.“1.

Hydrogenation of dibenzyl carbethoxy phosphate in dry ethanol 
in the presence of a 10% palladium catalyst (on carbon powder) 
yielded after several hours shaking at 30-40 lbs./sq. in. pressure 
of hydrogen an equivalent amount of carbon dioxide (collected in 
barium hydroxide). Similar results were obtained by treatment 
of the material with barium iodide in acetone,6 and hydrogen 
bromide in acetic acid.7

Acknowledgment.—The authors are indebted to Dr.
S. Pinchas for the infrared measurements. This in
vestigation was supported in part by grant RG-5842 
from the National Institutes of Health, U. S. Public 
Health Service.

(6) L. Zervas and  I. D ilaris, J .  A m .  C h e m .  S o c . ,  77, 5354 (1955).
(7) D . B en-Ishai and  A. Berger, J .  O r g .  C h e m . ,  17, 15C4 (1952).
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III. Dibenzyl Acetals as Synthetic 

Intermediates
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In the attempted synthesis of N,N-bis(2-chloroethyl)-
3,5-cyclophosphamido-D-ribose, the corresponding di
methyl acetaPwas hydrolyzed in dilute mineral acid. 
Although the cyclic phosphamide structure was ap
parently retained, the removal of the acetal grouping 
was unsatisfactory under these conditions. In a typical 
run, using 0.01 N  hydrochloric acid in 50% aqueous 
dioxane, the amount of liberated aldehyde, estimated 
by the quantitative Benedict procedure, initially in
creased to 70% of the calculated value and then de
creased for some unknown reason.

In view of the relative acid lability of cyclic phos- 
phamides2 and certain phosphate esters,3 it seemed 
desirable to investigate the possibility of using an al
dehyde blocking group in the above synthesis which 
could be removed by some reaction that does not 
involve the use of acid. The cleavage of O- and N- 
benzyl compounds by catalytic hydrogenation is a well 
known and widely used reaction in other fields for 
similar purposes.4,5 In the carbohydrate field the 
cleavage of benzyl /3-D-glycosides with hydrogen and 
metal catalysts has been described.6 The dibenzyl 
acetal derivatives of D-ribose therefore appeared to be 
suitable intermediates for our projected synthesis, 
particularly in view of the reported stability of phos
phate esters toward hydrogenolysis.7 However, the

(1) W. J . Serfontein and  J . H . Jo rdaan , J .  O r g .  C h e m . ,  27, 3332 (1962).
(2) H. Arnold and  H . Klose, A r z n e i m i t t e l - F o r s c h . ,  11, 430 (1957).
(3) H. G. K horana, G. M . Tener, R . S. W right, and J. G. M offatt, J .  

A m .  C h e m .  S o c . ,  79, 430 (1957).
(4) W. H. H artung  and  R. Simonoff, O r g .  R e a c t i o n s , 7, 263 (1953).
(5) H . J . H aas, B e r . ,  94, 2442 (1961).
(6) N. K . R ichtm eyer, J .  A m .  C h e m .  S o c . ,  56, 1633 (1934).
(7) H. O. L. Fischer and E. Baer, B e r . ,  65, 337 (1932).

dibenzyl acetals of D-ribose and its derivatives do not 
appear to have been described or used as synthetic 
intermediates. We have, therefore, prepared the di
benzyl acetal of D-ribose as well as that of D-ribose tetra
acetate and 2,4-O-benzylidene-D-ribose.

o c h 2c8h 5 0CH2C6H5 OCH2C6H5
/ / /

HC—0CH2C6H6 HC—OCH2C6H5 HC—OCH2C6H5

HC—O HCOCOCHa
j

HCOH
1 \ 1 1

HCOH CH Odis HCOCOCHs HCOH
1 / 1

HC—O HCOCOCHa HCOH
j

h 2c o h
j

H2COCOCH3
J

H2COH
I II III

In order to determine the suitability of dibenzyl 
acetals as synthetic intermediates, we have studied the 
behavior of these compounds toward hydrogenation. 
By choice of a suitable catalyst,6 O-benzyl groups can 
be removed selectively by hydrogenation. In the 
case of the above-mentioned dibenzyl acetals, 10% 
palladized charcoal was found to be a suitable catalyst 
for the preparation of the corresponding free aldehyde 
compounds by hydrogenolysis.

Experimental18
2,4-O-Benzylidene-D-ribose dibenzyl Acetal (I).—Yellow mer

curic oxide (3.24 g., 15 mmoles) and anhydrous calcium sulfate 
(5 g.) were added to a solution of 2,4-O-benzylidene-D-ribose di
n-propyl dithioacetal1 2 3 4 5 6 7 8 9 (1.86 g., 5 mmoles) in 68 ml. of pure 
anhydrous benzyl alcohol in a 500-ml. three-necked flask fitted 
with a mercury-sealed mechanical stirrer and a calcium chloride 
tube. The mixture was stirred vigorously with the flask sub
merged in a water bath maintained at 70°. A solution of 3.4 
g. of mercuric chloride in 68 ml. of anhydrous benzyl alcohol was 
added slowly from a dropping funnel over a period of 5 min. 
Stirring was continued for a further 3 hr., the mixture filtered 
under suction onto 0.5 g. of yellow mercuric oxide, and the residue 
washed thoroughly with anhydrous benzyl alcohol. The 
benzyl alcohol was then removed from the combined filtrates 
as completely as possible in a rotary vacuum evaporator (0.5 
mm., 65°). The residue was taken up in 100 ml. of chloroform, 
filtered, and washed with five 100-ml. portions of 10% aqueous 
potassium iodide and then with water until the washings were 
free from iodide ions. The chloroform solution was then dried 
over anhydrous sodium sulphate and evaporated to dryness. 
The remaining oil crystallized immediately on addition of 50 ml. 
of dibutyl ether. The crystals were filtered off and recrystal
lized from dibutyl ether; yield 1.6 g. (73%), m.p. 96-97°, [<*]*+ 
+  18.6 (c 8.75, methanol); X™fH 258 mM (am 570); 2.93,
9.05 m -

Anal. Calcd. for C26H2s06: C, 71.55; H, 6.46. Found: C, 
71.34; H, 6.34.

Hydrogenolysis of 2,4-O-Benzylidene-D-ribose Dibenzyl Acetal.
—Two grams of 10% palladized charcoal10 was saturated with 
hydrogen in 50 ml. of methanol. A solution of 2,4-O-benzylidene- 
D-ribose dibenzyl acetal (200 mg.) in 10 ml. of methanol was 
added and the hydrogenation continued. After approximately 3 
hr., the calculated volume of hydrogen had been taken up. 
The catalyst was filtered off, washed with four 25-ml. portions of

(8) M icroanalyses were perform ed by  the  M ieroanalytical Section of the 
South African Council for Scientific and  Industria l Research. Spectra  of 
th e  com pounds were m easured w ith a  Beckm an D K  2 recording u ltravio le t 
spectrophotom eter an d  a  Perkin-E lm er 21 infrared spectrophotom eter. 
Paper chrom atogram s were run  on W hatm an  no. 1 paper using ace tone- 
bu tan o l-w a te r (7 :2 :1 ), bu tano l-acetic  a cid -w ater (4 :1 :5 ), b u ta n o l- 
pyrid ine-w ater (6 :4 :1 ), and w a ter-satu rated  bu tano l as mobile phases.

(9) D. J . J. Potgieter and D. L. M acD onald, J .  O r g .  C h e m . ,  26, 3934 
(1961).

(10) A. I. Vogel “ Practical Organic C hem istry ,” 3rd ed., Longm ans. 
Green and Co., London, 1956, p. 950.
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methanol, and then w ith  five 10-ml. portions of distilled water. 
The  combined filtra te  was concentrated in  vacuum at 40° and 
traces of water removed from  the residue by repeated evaporation 
in vacuo w ith  sm all quantities of absolute ethanol. Paper 
chrom atography using acetone-butanol-water (2 :2 :1 ) as mobile 
phase revealed the presence of a high concentration of D-ribose 
( R( 0.41) as w ell as traces of two nonreducing components (R t 
0.33 and 0.73) which could be revealed b y periodic acid-benzi
dine coloration. Confirm ation of the id en tity of the main com
ponent as D-ribose was obtained b y means of com parative paper 
chrom atography em ploying various other mobile phases as well 
as b y conversion of the crude o ily  product into D-ribose di-rc- 
p ropyl dithioacetal’1 (m .p . 81-82°).

2,3,4,5-Tetra-O-acetyl-D-ribose Dibenzyl Acetal (II). (a).—•
2.3.4.5- Tetra-O-acetyl-D-ribose diethyl dithioacetal12 (6.37 g., 
15 mmoles) was demercaptalated in the presence of yellow 
mercuric oxide (9.72 g., 45 mmoles), anhydrous calcium sulfate 
(15 g.), and anhydrous benzyl alcohol (100 ml.) by the addition 
of a solution of mercuric chloride (10.2 g., 37.5 mmoles) in 200 
ml. of benzyl alcohol as described previously. After removal 
of the chloroform an oily residue was obtained. Traces of benzyl 
alcohol were removed by repeatedly dissolving the product in 25
ml. of ethanol and precipitating the oil with 400 ml. of water at
40°. Finally the product was repeatedly evaporated to dryness 
with small quantities of absolute ethanol to remove traces of 
water. The oily product, dried at 50° and 0.5 mm. for 3 hr., 
was soluble in methanol, ethanol, chloroform, ether, etc., and 
insoluble in water and petroleum ether. [a]2°D +  11.2 (c 10, 
methanol); X™l0H 258m/t (a™ 346); X"1” 5.72, 8.20, 9.52 '

Anal. Calcd. for C27H82O10: C, 62.78; H, 6.25. Found: C, 
63.88; H, 6.32.

After unsuccessful attempts to purify the material by crystal
lization, the product was further characterized by conversion 
into the crystalline D-riboBe dibenzyl acetal by deacetylation.

(b).— D-Ribose d i-n -p ropyl dithioacetal11 12 was acetylated as 
described by Zinner12 for other D-ribose dithioacetals and 2,3,4,5- 
tetra-O -acetyl-D -ribose d i-n -p ropyl dithioacetal obtained as an 
oil which could not be crystallized. Upon dem ercaptalation of 
the product in  benzyl alcohol as described previyus ly, 2,3,4,5- 
tetra-O -acetal-D -ribose dibenzyl acetal was obtained as an oil 
and was shown to be identical to the product obtained from  2,3,-
4.5- tetra-O-acetyl-D-ribose diethyl dithioacetal (a), by infrared 
spectroscopy.

D-Ribose Dibenzyl Acetal (III).—2,3,4,5-Tetra-O-acetyl-D- 
ribose dibenzyl acetal (7 g.) was dissolved in 90 ml. of anhydrous 
methanol in a 250-ml. round-bottomed flask fitted with a reflux 
condenser and a calcium chloride drying tube. Barium meth
ylate solution (3 ml., 1.7 N) in anhydrous methanol was added, 
the mixture shaken well, and heated under reflux on a water bath 
for 2 hr., cooled to room temperature, and carbon dioxide 
bubbled through. The precipitated barium carbonate was 
filtered off and the yellow filtrate decolorised with activated 
charcoal. The solution was taken to dryness in vacuo at 40° 
and the oily residue redissolved in 50 ml. of hot benzene. Upon 
concentration of the benzene solution the product crystallized. 
A seeding crystal was retained and the product recrystallized 
from benzene; yield 3.0 g. (96%); m.p. 91-92°; [ a ] 20D  +  10.0 
(c 10, methanol); x S ° H 258 mM (am 325); xLBxr 2.94, 9.60 M.

Anal. Calcd. for C13HM0 6: C, 65.50; H.6.94. Found: C, 
65.39; H, 7.12.

Hydrogenolysis of D-Ribose Dibenzyl Acetal.—D-Ribose di
benzyl acetal was hydrogenated in the presence of 2 g .  of palla- 
dized charcoal in 60 ml. of methanol. After 4 hr. 32 ml. of 
hydrogen had been consumed (calcd. 32.18 ml.; press., 651.6
mm. ; temp., 20°). The catalyst was filtered off and the filtrate 
taken to dryness in vacuo. The residue (77 mg., 90% as d -  
ribose) consisted of a viscous oil. The material was shown to be 
practically pure D-ribose by comparative paper chromatography 
using various mobile phases and by conversion into the crystalline 
D-ribose di-n-propyl dithioacetal (m.p. 81-82°).

Acknowledgment.—The authors are indebted to 
the African Explosives and Chemical Industries Ltd. 
for a research grant and to the South African Atomic 
Energy Board for financial Assistance.

(11) H . Zinner, B e r . ,  83, 275 (1950).
(12) H . Zinner, i b i d . ,  83, 418 (1950).

The Halogénation of 8-Hydroxy- and
8 -Methoxyacridizinium Salts1

C . K. B r a d s h e r  a n d  R. C . C o r l e y

Department of Chemistry, Duke University,
Durham, North Carolina

Received December 17, 1962

The aromatic nature of the acridizinium ion (I) re
sults in an extensive delocalization of the positive 
charge. A consequence is that the system undergoes 
nucleophilic reactions,2 but does not easily undergo 
electrophilic substitution. It has been reported3 that 
the related quinolizinium iodides (II) react with bro
mine in acetic acid to yield dibromoiodides (R+- 
IBr2~) rather than substitution products.4 The pres
ent communication describes the first examples of the 
electrophilic substitution of an acridizinium derivative, 
the halogénation of 8-hydroxy (III)- and 8-methoxy- 
acridizinium (IV) salts.

The bromination of 8-hydroxyacridizinium bromide

X '

II

(III)6 was carried out in refluxing acetic acid, using a 
onefold molar excess of bromine. The product (68% 
yield) had the composition of a monobromination prod
uct. Analogy suggested that bromination had oc
curred at the 7-position, and the synthesis of the 7-

III. R = H, Z = Br V. R = H, X = Br
IV. R = CH3, Z = Cl VI. R = H, X = Br, Z = Rie

1. Picolinaldehyde
2. HC1

OCH,
X

CH2Br (not isolated)

VII. X = Br IX. X = Br
VIII. X = Cl X. X = Cl

bromo-8-hydroxyacridizinium ion was undertaken. 
The bromination of 2-bromo-3-mcthoxytoluene6 (VII) 
with N-bromosuccinimide gave crude 2-bromo-3-

(1) This research was supported b y  a  research g ran t (H-2170) from  the  
N ational H e a r t In s titu te , N ational In s titu te s  of H ealth.

(2) C. K . B radsher and  J. H. Jones, J .  A m .  C h e m .  S o c . ,  81, 1983 (1959).
(3) A. R ichards an d  T . S. Stevens, J . C h e m . S o c . ,  3067 (1958).
(4) G. Jones has succeeded in brom inating hydroxyquinolizinium  deriva

tives (private  com m unication).
(5) C. K. B radsher a nd  J . H . Jones, J .  A m .  C h e m .  S o c . ,  79, 6033 (1957).
(6) H . H . Hodgson and  H . G. Beard, J .  C h e m .  S o c . t 127, 498 (1925).
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methoxybenzyl bromide (IX). The crude quaternary 
salt formed by reaction of the benzyl bromide (IX) 
with picolinaldehyde was cyclized by refluxing it for 
nine hours in hydrochloric acid solution. Since ether 
cleavage occurred during the long heating, the product 
was 7-bromo-8-hydroxyacridizinium bromide (V. Z = 
Br) rather than the corresponding methyl ether. This 
material was identical in melting point and infrared 
spectrum with that obtained by direct bromination of
8-hydroxyacridizinium bromide.

The chlorination of 8-methoxyacridizinium chloride6
(IV) was carried out in dimethylformamide using sul- 
furyl chloride as the chlorinating agent. The mono
chlorination product, isolated in 60% yield as the pic- 
rate, was demonstrated to be 7-chloro-8-methoxy- 
acridizinium picrate by synthesis from ‘2-chloro-3- 
methoxytoluene (VIII). The procedure used was an
alogous to that used in the synthesis of the 7-bromo-8- 
hydroxyacridizinium ion (V) except that the cyclization 
time was limited to three hours so that the 7-chloro-8- 
methoxyacridizinium ion (VI) was obtained with a 
minimum amount of ether cleavage.

Experimental
All melting points were taken on the Fisher Johns hot stage 

and are uncorrected. Except as noted, all analyses were by the 
Galbraith Laboratories, Knoxville, Tenn.

7-Bromo-8-hydroxyacridizinium Salts (V). (a) By Direct Bro
mination.—A solution containing 0.45 g. of 8-hydroxyacridizin
ium bromide5 in 150 ml. of acetic acid was refluxed for 20 min. 
with 0.2 ml. of bromine. When the mixture cooled a yellow prod
uct was obtained, m.p. 2S0-2950. Recrystallization from 
ethanol afforded yellow needles of the bromide, m.p. 291-296°, 
yield, 0.39 g. (68%).

The picrate, m.p. 231-233° formed as long needles from ethanol.
(b) From 2-bromo-3-methoxytoluene (VII).—In a flask con

taining 4.5 g. of 2-bromo-3-methoxytoluene,6 3.91 g. of N-bromo- 
succinimide, and 50 ml. of dry carbon tetrachloride, 0.5 g. of di
benzoyl peroxide was added, and the resulting suspension re
fluxed for 1 hr. The solid was removed by filtration, and 
the filtrate concentrated under reduced pressure. A small 
quantity of benzene was added and removed under reduced 
pressure. The residual oil (5.33 g.), which consisted chiefly of
2-bromo-3-methoxybenzyl bromide, was dissolved in 20 ml. of 
methanol and refluxed for 3 hr. with 2.03 g. of picolinaldehyde. 
The solvent was evaporated under reduced pressure and the resid
ual oil washed with ether. The ether was decanted and the oil 
taken up in 20 ml. of concentrated hydrochloric acid and the 
solution refluxed for 9 hr. Removal of the acid under vacuum 
and recrystallization of the residue from ethanol afforded 2.51 g. 
(39%) of the bromide, m.p. 293-296°. The preparations of the 
bromide obtained by methods a and b were shown to be identical 
by mixture melting point determinations and comparison of in
frared spectra.

Anal. Calcd. for C,3H9Br2N 0-H 20 : C, 41.80; H, 2.95; N,
3.76. Found7: C, 42.12; H, 2.96; N, 3.94.

The picrate formed as needles from ethanol, m.p. 231-233°. 
By means of mixture melting point determinations and comparison 
of infrared spectra, it was shown that this picrate is identical 
with that obtained by procedure a.

Anal. Calcd. for CigHnBrNiO«: C, 45.34; H, 2.20; N, 
11.14. Found: C, 45.45; H, 2.79; N, 11.52.

7-Chloro-8-methoxyacridizinium Picrate (VI). (a) By Chlo
rination.—To a solution containing 0.7 g. (0.0028 mole) of 8- 
methoxyacridizinium chloride in 15 ml. of dry dimethylformamide, 
in a flask protected by drying tubes, 0.4 g. (0.003 mole), of sul- 
furyl chloride was added and the solution was warmed for 20 
min., after which an additional 0.1 g. of sulfuryl chloride was 
added, and heating continued for 0.5 hr. longer. After vacuum 
evaporation of the dimethylformamide the residue was converted 
to the picrate and crystallized from ethanol as very small yellow 
needles, m.p. 215-216°, yield 0.81 g. (60%).

(7) Analysis by D r. Ing . A. Schoeller, K ronach, G erm any.

(b) From 2-Chloro-3-methoxytoluene (VIII).—The bromina
tion of 2-chloro-3-methoxytoluene8 (1.85 g.) was carried out as in 
the case of the 2-bromo analog (VII). The crude 2-chloro-3- 
methoxybenzyl bromide (X) was allowed to react with 0.96 g. of 
picolinaldehyde in refluxing methanol. The crude quaternary 
salt was cyclized by refluxing it for 3 hr. in 20 ml. of concentrated 
hydrochloric acid. The crude salt was converted to the picrate 
for purification, m.p. 215-216°. This material was identical in 
melting point and infrared spectrum with the picrate obtained 
from the product of the chlorination reaction.

Anal. Calcd. for C20H13ClN4O8: C, 50.S0; H,2.77; N, 11.85. 
Found: C, 50.49; H, 2.51; N, 11.57.

(8) G. P. Gibson, J .  C h e m .  S n c . ,  123, 1269 (1923).

The Preparation of N,N-DimethyI- and N,N- 

Diethylenamines from Ketones

E. P. B l a n c h a r d , J r.

Contribution No. 837, Central Research Department, Experimental 
Station, E. I. du Pont de Nemours and Company, Wilmington, 

Delaware

Received November 21, 1962

Recent interest in enamine chemistry1 prompts the 
reporting of a simple but useful modification of the 
Mannich-Davidsen2 procedure for the preparation from 
ketones of N,N-dimethyl- and N,N-diethylenamines 
which previously could not be synthesized readily. 
The modification involves substituting granular calcium 
chloride for the normally employed potassium carbonate 
or calcium oxide to serve as catalyst and dehydrating 
agent. Although Mannich and Davidsen2 report the 
formation of aminals which thermally decompose to the 
enamine in the reaction of cyclohexanone with piperi
dine, no evidence for such precursors has been observed 
in this work. Examination of the ether solution by in
frared spectroscopy revealed the presence of the 
enamine double bond (1640 cm.-1) prior to distillative 
work up. The enamines tabulated were prepared by 
the general procedure, given in detail for N,N-dimethyl- 
amino-l-cyclohexene, of treating the appropriate ketone 
with either dimethyl- or diethylamine. These enamines 
were found stable to storage at room temperature in the 
absence of moisture and oxygen. (See Table I, p. 
1398.)

Experimental
Materials.'—Commercially available cyclopentanone, cyclo

hexanone, dimethylamine, diethylamine, anhydrous diethyl 
ether, and anhydrous 12-mesh calcium chloride were used with
out further purification.

Dimethylamino-l-cyclohexene.'—To a solution of dimethyl- 
amine (150 g., 3.4 moles) in anhydrous diethyl ether (400 ml.) 
was added cyclohexanone (196 g., 2 moles) and 12-mesh calcium 
chloride (150 g.). The mixture was vigorously stirred at room 
temperature under a nitrogen atmosphere for 64 hr. The slurry 
was filtered, and the residue washed with diethyl ether (200 ml.). 
Evaporation of the ether and fractionation of the residue afforded 
the desired enamine (108.3 g., 0.87 mole) as a colorless liquid, 
b.p. 81° (35 mm.). Ninety-four and a half grams (0.97 mole) of 
cyclohexanone was recovered.

(1) See. for example, the  A bstracts  from  the  140th N ational M eeting of 
the  American Chem ical Society, Chicago, 111., Septem ber 3-8, 1961, “Sympo
sium on Enam ine C hem istry ,’’ pp. 44Q-46Q, 53Q-56Q.

(2) C. M annich and  H. D avidsen, C h e m .  B e r . ,  69, 2106 (1936).
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N,N-Dimethyl- and N,N-Diethylenamines
Conv.,“ Yield,“ ✓----- - Anal.

Enamine % % B.p., °C. (mm.) Caled. Found
c. 75.62 75.85

^\/N(CH3)2
L J

56 87 85-86 (104) 1.4801 H, 11.76 12.10
N, 12.59 12.89

^ . N ( C 2H5)2
L J 65 63 99-101 (60) 1.4777

c,
H,

77.63
12.31

77.81
12.19

N, 10.06 9.66
^ \^ N (C H 3)2i c, 76.74 76.54

C T 52 83 81 (35) 1.4851 H, 12.08 12.18
N, 11.18 11.29

/ \ /  N(C2H 5).z

u 35 51 64 (6) 1.4820
c,
H,

78.36
12.50

78.28
12.42

N, 9.14 8.86
8 Based on ketone used. 6 R. A. Benkeser, R. F. Lambert, P. W. Ryan, and D. G. Stoffey, J. Am. Chem. Soc., 80, 6573 (1958) 

report this enamine but fail to give either a synthetic procedure or physical constants.

Pteridine Chemistry. IX.
2-Amino-4-hydroxy-6(and 7)-phenylpteridines

R o b e r t  B. A n g i e r

Organic Chemical Research Section, Lederle Laboratories Division, 
American Cyanamid Company, Pearl River, New York

Received November 9, 1962

The isomeric 2-amino-4-hydroxv-6(and 7)-phenyl- 
pteridines (Vila and IVa) and their 3-methyl deriva
tives were considered to be useful compounds for a 
continuation of the study of the methylation of 2-amino- 
4-hydroxypteridines.1 However, the published reports 
by two groups of investigators on the synthesis of 
Vila and/or IVa do not agree on the nature of the 
products obtained.

In 1952, King and Spensley2 reported that the reac
tion between 2,4,5-triamino-6-hydroxypyrimidine (la) 
and phenylglyoxal or a-nitroacetophenone gave the 
7-phenyl derivative IVa, while la and a,a-dichloro- 
acetophenone gave the 6-phenyl derivative Vila. 
In 1956, Dick, Wood, and Logan3 re-examined the 
same three reactions and claimed that in each case the 
product was the 6-phenyl derivative Vila. In connec
tion with the use of phenylglyoxal in the above reac
tion, it should be noted that the reaction between 4,5- 
diaminopyrimidines and ketoaldehydes has been re
ported many times in the literature. Under weakly 
acidic conditions similar to those used by King and 
Spensley,2 the primary product has almost invariably 
been a 7-substituted pteridine.4'5 The 6-substituted 
derivatives have been prepared only in special systems 
containing either strong acid6 or aldehyde binding 
agents such as hydrazine or sodium bisulfite.4 There
fore, it was our opinion that King and Spensley were 
correct with respect to the phenylglyoxal reaction. 
This was verified as outlined.

2,4,5-Triamino-6-hydroxypyrimidine (la) was con
densed with phenylglyoxal hydrate in a weakly acidic 
water-ethanol solution at room temperature.2 An 
ultraviolet absorption spectrum of the initial product

(1) R . B. Angier and  W. V. C urran, J .  O r g .  C h e m 27, 892 (1962).
(2) F . E. K ing and  P. C. Spensley, / .  C h e w . .  S o c . ,  2144 (1952).
(3) G. P . G. D ick, H. C. S. Wood, and  W. R. Logan, i b i d . ,  2131 (1956).
(4) A. A lbert, Q u a r t .  R e v . ,  6, 227, 228 (1952).
(5) W. R. Boon, J .  C h e m .  S o c . ,  2146 (1957).

indicated that it was primarily the anil lia. When 
this product was dissolved in 2.5 N  sodium hydroxide, 
ring closure occurred to give a pteridine which was 2- 
amino-4-hydroxy-7-phenylpteridine (IVa) contami
nated with a small amount of 6-phenyl isomer as shown 
by paper chromatography and ultraviolet absorption 
spectra (see p. 1399). The impurity was successfully 
removed by crystallization. The structure of IVa 
was proved by its conversion to 2,4-dihydroxy-7- 
phenylpteridine (III)8 followed by methylation to 
produce 1,3-dimethyl-7-phenyl-2,4 (IH ,3H)-pteridine- 
dione (V). The latter compound V was then synthe
sized unequivocally as described by Dick, Wood, and 
Logan3 from 6-amino-l,3-dimethyl-5~nitroso-2,4-(li/,- 
3//)-pyrimidinedione (VI) and acetophenone. The 
two products were identical as shown by infrared and 
ultraviolet absorption spectra and mixture melting 
point.

O
RN''^''j^NH2 pH 6_5 5 

ds. room temperature
H iN ^ N  NH,

RN-
KJ

• V .

0

N=CHCCbH5
L  1

h 2n ^ n ^ n h 2

la. R = H 
b.R = CH3 

+
O—CH

I
o = c c 6h 5

Ha. R = H 
b. R = CH3

III
(CH3)2S 0 4

h n o 2
N

0

R h K V '
A  I  _H2lsr N N C6H
IVa. R = H 

b. R = CHa

CH3N N

O '' N ' N T I J R
c h 3

V

0

J  1
(U î y N H ,

CH3N-
c h 3
I

+ o = c —c6h 5

c h 3
VI

A synthesis of the isomeric 6-phenyl derivative Vila 
was discovered during an attempt to utilize directly 
commercially available phenylglyoxal diethyl acetal. 
2,4,5-Triamino-6 hydroxypyrimidine (la) was con-
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densed with phenylglyoxal diethyl acetal in a weakly 
acidic water-ethanol solution under reflux for ten hours. 
The product was primarily 2-amino-4-hydroxy-6-phenyl- 
pteridine (Vila) which was readily purified, although 
with considerable loss of material.

Since our results differed from those of Dick, et al.,1 
the structure of V ila  was also proved by conversion 
to 2,4-dihydroxy-6-phenylpteridine (IX) followed by 
méthylation to give l,3-dimethyl-6-phenyl-2,4(117,3H)- 
pteridinedione (VIII). Compound VIII was then 
synthesized unequivocally from the nitrosopyrimidine 
VI and phenylacetaldehyde.8 The two products were 
identical as shown by infrared and ultraviolet absorp
tion spectra and mixture melting point.

RN n h 2

H a N ^ N ^ N H ,
la. R = H 
b. R = CH3

pH 4 to 2

HzN '^ N 'T T
Vila. R = H 

b.R = CH,

IV

o = c - c6h 5

(C2H50)2CH

vH N 0 2

0

CH aN -^Y 1̂ 0 ^ 5

I
CH3 
VIII

(CHsJaSO,

o
c h 3n ■N=0

O ^ N  NH2
c h 3
VI

0

.A
I

H

c 6h 5

IX

h 2c - c(
4“ I

O—CH

h 5

Attempts were made to utilize both sodium bisulfite4 
and 6 N sulfuric acid5 in the reaction between la and 
phenylglyoxal in order to produce the 6-phenyl isomer 
Vila. In each case the added reagent did increase the 
per cent of 6-isomer produced. However, the product 
was always a mixture of isomers which could not be 
separated by the methods used in the reactions described 
previously.

Using modifications of methods outlined previously, 
the 3-methyl derivatives IVb and V llb  were synthe
sized. 2,5,6-Triamino-3-methyl-4 (3 H) -pyrimidinone
(lb) and phenylglyoxal hydrate at room temperature 
gave the anil lib  which was recrystallized to give a 
pure product. Cyclization of this anil lib  to a pteri- 
dine could not be carried out in an alkaline solution 
since the product, a 3-methyl-4-pteridinone IVb, 
would be expected6 to rearrange to a 2-methylamino 
derivative. However, cyclization of lib  was ac
complished in refluxing 2-methoxyethanol using a take
off to remove water formed during the reaction. A good 
yield of 2-ammo-3-methyl-7-phenyl-4(3H)-pteridinone 
(IVb) was obtained uncontaminated with any of the
6-phenyl isomer.

The reaction between 2,5,6-triamino-3-methyl-4(3H)- 
pyrimidinone (lb) and phenylglyoxal diethyl acetal 
under weakly acidic conditions gave a product which

(6) W. V. Curran and R. B. Angier, J . A m . Chem. Soc., 80, 6095 (1958).

was shown by paper chromatography to be a mixture of 
approximately equal parts of the 6-phenyl V llb  and 7- 
phenyl IVb isomers. However, a fortunate and un
expected difference in solubilities permitted a rather 
easy separation of pure 2-amino-3-methyl-6-phenyl- 
4(3//)-ptoridinone (Vllb). The structures of these
3- methyl derivatives (Vllb and IVb) were confirmed 
through the use of ultraviolet absorption spectra, dis
cussed below.

In order to resolve the other differences between 
King and Spensley,2 and Dick, Wood, and Logan3 the 
reaction between pyrimidine la and a-nitroaceto- 
phenone was repeated2 and found to give the 6-phenyl 
derivative V ila  in a poor yield. This is in agreement 
with Dick, Wood, and Logan. Furthermore, this is 
the expected product since the intermediate anil should 
logically involve the 5-amino group of la rather than 
the 4-amino group as suggested by King and Spensley.2 
The two groups agreed that la and a, a-dichloroaceto- 
phenone gave the 6-phenyl isomer Vila. We concur 
in this, but in our limited study of this reaction the 
product always contained enough of the 7-phenyl isomer 
IVa to make purification difficult. Finally, the syn
thesis of 2,4-dihydroxy-7-phenylpteridine as reported 
by Dick, et al.,?j was repeated and the product was 
found to be identical with our compound III.

Ultraviolet Absorption Spectra and Structure.—  
Although the infrared absorption spectra of pure 6- 
phenyl and 7-phenyl isomers (Vila and IVa) are dis
tinctively different, the best method for differentiating 
these compounds and for determining isomer ratios in 
reaction mixtures involves the use of their ultraviolet 
absorption spectra. Petering and Schmitt7 have shown 
that isomer contents of crude mixtures of 2-amino-4- 
hydroxy-6(and 7)-alkylpteridines can be determined 
by measuring the ratio of the absorptions at two specific 
wave lengths. In the same manner we have found that 
in 0.1 N hydrochloric acid the ratio E 276 m¡x/E 351 m/r 
is 2.1 for 2-amino-4-hydroxy-6-phenylpteridine (Vila) 
vs. 0.30 for the isomeric 7-phenyl derivative IVa. A 
curve prepared from known mixtures of V ila  and IVa 
was then used to calculate the isomer contents described 
in the experimental section. We have also shown8 that 
in 0.1 N hydrochloric acid 3-methyl derivatives of 2- 
amino-4-hydroxypteridines have essentially the same 
ultraviolet absorption spectra as the parent 2-amino-
4- hydroxypteridines. Thus the structures of the 
isomeric 3-methyl-6(and 7)-phenylpteridines (Vllb and 
IVb) were confirmed by comparison of their absorption 
spectra with those of the parent 2-amino-4-hydroxy-6- 
(and 7)-phenylpteridines (Vila and IVa).

Experimental9
All evaporations were carried out under reduced pressure.
Descending paper chromatography on Whatman no. 1 paper 

was used routinely to follow reactions and purifications. Iso
propyl alcohol-1 N  ammonium hydroxide (7:3) was the most 
useful solvent for separating and identifying the 6- and 7-phenyl 
isomers of 2-amino-4-hydroxypteridine and their 3-methyl deriva
tives. The spots were detected using an ultraviolet lamp pro
vided with a filter to give primarily light of wave length 254 
m (i.

(7) H. G. Petering and J. A. Schmitt, i b i d . ,  71, 3977 (1949).
(8) R. B. Angier and W. V. Curran, J .  O r g .  C h e m . ,  26, 2129 (1961).
(9) All melting points are corrected for the exposed stem of the thermom

eter.
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2-Amino-4-hydroxy-7-phenylpteridine2 (IVa). A.—A solution 
containing 14.0 g. (67.5 mmoles) of phenylglyoxal diethyl acetal, 
80 ml. of dioxane, 20 ml. of water, and 2.0 ml. of concentrated 
hydrochloric acid was heated for 3 hr. on a steam bath. This 
was evaporated to a small volume, diluted with 50 ml. of 50% 
dioxane-water and 1.2 ml. of concentrated hydrochloric acid, 
and heated 3.5 hr. on a steam bath. The solution was evaporated 
to a sirup, redissolved in ca. 30 ml. of ethanol, and added to a 
solution of 9.76 g. (45.6 mmoles) of 2,4,5-triamino-6-hydroxy- 
pyrimidine dihydrochloride and 22.0 g. (244 mmoles) of sodium 
acetate in 120 ml. of water. The mixture stood at room tem
perature for 3 hr. and in an ice bath for 2 hr., after which the 
solid was collected. This was primarily the anil I la .10 I t  was 
cyclized to the pteridine by dissolving in 800 ml. of hot 2.0 N  
sodium hydroxide which was treated with charcoal, filtered, 
acidified to pH 4, and cooled; yield 11.0 g.; the pteridine con
tent consisted of 92% 7-phenyl and 8% 6-phenyl derivatives.11

This was dissolved in 400 ml. of hot 0.2 N  sodium hydroxide 
which was clarified with charcoal and treated with 160 ml. of
10.0 N  sodium hydroxide to give a crystalline sodium salt. 
The mixture stood several hours at room temperature and 2 hr. 
in the chill room. The product was collected and redissolved in 
800 ml. of hot water. The solution was treated with charcoal, 
filtered and acidified to pH 2.5 with hydrochloric acid; yield
4.5 g. (41%); 95% 7-phenyl derivative IVa.

To remove the last traces of the 6-phenyl isomer the reaction 
product12 was dissolved in 225 ml. of hot dimethylformamide by 
adding 3.6 ml. of concentrated hydrochloric acid. After clari
fying the solution with charcoal it was reheated, 110 ml. of water 
was added slowly, and after a few minutes the crystalline product 
was collected while still hot; yield 3.5 g. (32%); Rt 0.5 [iso
propyl alcohol-1.0 N  ammonium hydroxide (7:3)], 0.38 (0.1 
N  HC1) (light blue); X“ /  N‘0H 237 mM (e 19,800), 264 mM (« 
19,900), 373 mM (e 12,900); X f/'° 236 mM (e 20,800), 275 mM 
(e 16,700), 362 mM (e 13,800), H0‘ 225 mM (e 23,900), 260-280
m/i (sh) (c 6,200), 347 m,u (e 21,500); E  276 mn/E  351 m^ in 
0.1 N  HC1 = 0.30; x[)°[ 8.1, 12.3 (These two peaks are ab
sent in the 6-phenyl isomer.)

Anal. Calcd. for C,aH9N60  (239): C, 60.2: H, 3.8; N,
29.3. Found: C, 60.5; H, 3.9; N, 29.8.

B.—This reaction was also carried out using crystalline phenyl
glyoxal hydrate. The results were the same as described under 
A.

2,4-Dihydroxy-7-phenylpteridme3 (HI).—2-Amino-4-hydroxy-
7-phenylpteridine (500 mg., 2.1 mmoles) was suspended in 220 
ml. of boiling water to which was added 15 ml. of coned, hydro
chloric acid. Sodium nitrite (8.0 g.) was added in portions to 
the hot solution. The mixture was again brought to boiling for a 
few minutes, then cooled to 40°, and filtered; yield of product 
400 mg. (80%); m.p. 374-378° dec.; Rt 0.13 (0.1 N  HC1) 
(deep blue); X "I/Nb0H 234 mM (c 17,800), 268 mM (t 18,000), 
371 mM (e 10,600); X̂ 9'2 230 mM (« 19,200), 273 mM (e 15,600), 
363 mM (« 12,900); X^xv HC1 221 mu (e 20,400), 350 mM (<■ 20,200).

And. Calcd. for Ci2H8N40 2 (240): C, 60.0; H, 3.4; N,
23.3. Found: C, 59.7: H, 3.4; N, 23.2.

This was identical with a sample prepared from phenylglyoxal 
hydrate and la  in the presence of sodium bisulfite and sodium 
sulfite as described by Dick, etal.3

1,3-Dimethyl-7-phenyl-2,4( lH,3if)-pteridinedione3 (V).—2,4- 
Dihydroxy-7-phenylpteridine (360 mg., 1.5 mmoles) (III), 9 ml. 
of dimethylformamide (DMF), 12 ml. of water, 1.5 ml. of 1 N  
sodium hydroxide and 0.15 ml. of dimethyl sulfate were mixed 
and stirred with a magnetic stirrer. At 15-min. intervals four 
0.15-ml. portions of dimethyl sulfate were added followed each 
time by the addition of 1.5 ml. of 1 N  sodium hydroxide over a 
2-3 min. interval. After an additional 30 min. of stirring the pH 
was adjusted to 5, the mixture was cooled and the product was 
collected; yield 325 mg. (81%). Two recrystallizations from 
dimethylformamide using decolorizing charcoal gave 170 mg. of 
product; m.p. 308-309°. Using infrared and ultraviolet absorp
tion spectra and mixture melting point this material was found 
to be identical with a sample prepared unequivocally from 6- 
amino-l,3-dimethyl-5-nitroso-2,4-(lH,3H)-pyrimidinedione (VI)

(10) The ultraviolet absorption spectra of this anil I la  showed maxima 
in methanol a t 263 m u  and 415 m/x. This is similar to the anil l ib  and 
entirely different from the 7-phenylpteridine IVa.

(11) This isomer ratio was determined as described under "Ultraviolet 
Absorption Spectra and Structure.”

(12) As prepared by previous investigators the 7-phenyl isomer IVa 
undoubtedly contained a small amount of the 6-phenyl isomer V ila.

and acetophenone as described by Dick, Wood, and Logan3 
and recrystallized from DMF: X ^ 0H 230 m/i (e23,600), 274-282 
myu (plateau) (« 8,900), 352 mM (e 19,500); X“ r 7.0 ¡i. (This 
peak is not present in the isomeric 6-phenyl derivative VIII.)

Anal. Calcd. for Ci4H12N40 2 (268); C, 62.7; H, 4.5; N,
20.9. Found: C, 62.8; H, 4.6; N, 21.1.

2-Amino-4-hydroxy-6-phenylpteridine (Vila).—A mixture of
10.3 g. (40 mmoles) of 2,4,5-triamino-6-hydroxypyrimidine- 
H2S04--H20 , 9.8 g. (40 mmoles) of barium chloride, and 110 ml. 
of water was heated on a steam bath for 15 min. and then fil
tered through a Celite pad. The filtrate was mixed with 3.6 g. 
(44 mmoles) of sodium acetate and a solution of 8.6 g. (41 mmoles) 
of phenylglyoxal diethyl acetal in 20 ml. of ethanol and heated on 
a steam bath for 3.5 hr. The mixture was cooled overnight and 
the product collected, washed with water, then ether and air- 
dried under suction in the funnel, thus evaporating the ether in 
the filtrate; yield 2.7 g.; 46% 6-phenyl isomer V ila and 54%
7-phenyl isomer IVa.11

The filtrate was mixed with 20 ml. of ethanol, heated on a 
steam bath for 6.5 hr., cooled, and filtered; yield 6.0 g.; 91%
6-phenyl isomer V ila .11

This second crop was recrystallized from 2500 ml. of 1.0 N  
hydrochloric acid using 6.0 g. of Norit. The product was col
lected, the damp filter cake was slurried in hot water containing 
a little pyridine to remove hydrochloric acid. The mixture was 
cooled and the product was collected; yield 2.2 g. (23%); Rt 
0.3 [isopropyl alcohol-1.0 N  ammonium hydroxide (7:3)] 
(blue), Rt 0.4 (0.1 N  HC1); X°mI / Na0H 271 mM (e 23,200), 377 
(e 10,000); X fj°  293 mM (e 18,900), 370 mM(<= 8,100); X™ /HC1 
276 mu (e 20,000), 351 (« 9,600); E  276 mp/E  351 m/t in
0.1 N  HC1 = 2.1; X™( 6.75,7.8 and 11.85 n. (These three peaks 
are absent in the 7-phenyl isomer II.)

Anal. Calcd. for C,2H9N60 (239): C, 60.2; H, 3.8; N, 29.3. 
Found: C, 59.8; H, 4.1; N, 29.1.

2,4-Dihydroxy-6-phenylpteridine (IX).—2-Amino-4-hydroxy-6- 
phenylpteridine (300 mg., 1.26 mmoles) was suspended in 150 
ml. of boiling water and dissolved by the addition of 2.0 ml. of
1.0 V sodium hydroxide. The clear, hot solution was acidified 
with 15.0 ml. of concentrated hydrochloric acid, reheated almost 
to boiling, and treated with 5.0 g. of sodium nitrite which was 
added in portions with swirling. The mixture was reheated to 
boiling, allowed to stand at room temperature for one hour, and 
filtered; yield of solid 200 mg. (67%). This was recrystallized 
from 20 ml. of 2-methoxyethanol; yield 120 mg. (40%); m.p. 
380-382°; R, 0.17 (0.1 N  HC1); X°mLWN,0H 280 mM (« 22,300), 
382 mM (e 9,100); X°t8’2 292 mM (e 21,600), 370 mM (e 8,000);

HC1 272 mM (e 21,600), 353 mM (e 9,600).
Anal. Calcd. for Ci2H8N4O2(240): C, 60.0; H, 3.4; N,

23.3. Found: C, 59.7; H, 3.6; N, 23.2.
1,3-Dimethyl-6-phenyl-2,4-(l//,377)-pteridinedione3 (VIII).—

2,4-Dihydroxy-6-phenylpteridine (360 mg., 1.5 mmoles) (IX) 
was methylated exactly as described above for the isomeric 7- 
phenyl derivative; yield 350 mg. Two recrystallizations from 
dimethylformamide gave 185 mg. of product, m.p. 258-259°. 
Using infrared and ultraviolet absorption spectra and mixture 
melting point this was found to be identical with a sample pre
pared unequivocally from 6-amino-l,3-dimethyl-5-nitroso-2,4- 
(lH,3H)-pyrimidinedione (VI) and phenylacetaldehyde as de
scribed by Dick, Wood, and Logan3 and recrystallized from 
DMF; XSS”  280 (* 21,200), 357 mM (e 8,500); X™[ 6.7,
7.4, 8.9 and 13.65 n. (These 4 peaks are not present in the iso
meric 7-phenyl derivative V.)
. Anal. Calcd. for Ci4Hi2N402(268); C, 62.7; H, 4.5; N,

20.9. Found: C, 63.0; H, 4.6; N, 20.5.
2,6-Diamino-3-methyl-5[N-(2-phenyl-2-oxoethylidene)amino]-

4-(3//)-pyrimidinone (lib).—3-Methyl-2,5,6-triamino-4-hydroxy- 
pyrimidine hydrochloride6 (0.4 g., 2.1 mmoles) and 0.67 g. 
(8.4 mmoles) of sodium acetate were dissolved in 8.0 ml. of water 
and immediately mixed with a solution of 0.35 g. (2.3 mmoles) 
of phenylglyoxal hydrate in 6.0 ml. of 50% ethanol. An orange 
precipitate appeared immediately. After 3 hr. at room tem
perature the mixture was diluted with 10 ml. of water and the 
product was collected; yield 0.6 g. (98%).

A solution of 200 mg. of this material in 20 ml. of hot ethanol 
was clarified with charcoal and then diluted with 15 ml. of water 
and cooled to give reddish hair-like crystals; yield 120 mg.; 
dried at room temperature; X°»“0H 262 m^ (e 15,000), 415 ni/x
(e 18,800).

Anal. Calcd. for Ci3Hi3N50 2-H20  (289): C, 54.0; H, 
5.2; N, 24.2. Found: C, 53.9; H, 5.3; N, 24.2.
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A sample of this material recrystallized from ethanol gave 
orange prisms which also contained a mole of solvent.

Anal. Calcd. for Ci3H13N60 2-C2H50H (317): C, 56.8;
H, 6.0; N, 22.1. Found: C, 56.6; H, 6.2; N, 22.6.

2-Amino-3-methyl-7-phenyl-4(3if)-pteridinone (IVb).—A mix
ture of 8.0 g. (42 mmoles) of 2,5,6-triamino-3-methyl-4(3ii)-py- 
rimidinone hydrochloride6 and 13.6 g. (165 mmoles) of sodium 
acetate was slurried in 160 ml. of water and quickly mixed with a 
warm (35°) solution of 7.0 g. (45 mmoles) of phenylglyoxal 
hydrate in 120 ml. of ethanol. After several hours at room tem
perature the product was collected; yield 11.6 g. (97%).

A solution of this anil in 450 ml. of 2-methoxyethanol was 
heated to reflux for 5.5 hr. using a take-off intermittently to 
remove water (about 150 ml. of fresh 2-methoxyethanol was 
added during this period while a total of 300 ml. of distillate was 
collected). The reaction solution was evaporated to a small 
volume and slurried with warm water to give a volume of about 
450 ml. This was cooled well and the product was collected; 
yield 10 g. (98%). This material was chromatographically pure 
and contained none of the 6-phenyl isomer. It was recrystal
lized from 450 ml. of acetic acid. The product was collected, 
air-dried and then dried in an oven at 100° for 4 hr.; yield 6.7 g. 
(63%); m.p. 352-355°; Ri 0.6 [isopropyl alcohol-1.0 N  NH4OH 
(7:3)] (blue); X”l 7'° 236 mM (e 21,800), 277 mM (e 18,400), 369 
mM (e 11,900); X°mL" HC1 225 mM (e 24,800), 260-280 (sh) (e 
6,600), 347 m/z (e 21,000); the spectrum in 0.1 N  sodium hy
droxide was essentially the same as at pH 7.0. The spectrum in 
0.1 At hydrochloric acid is almost superimposable on the spectrum 
of 2-amino-4-hydroxy-7-phenylpteridine (IVa).

Anal. Calcd. for Ci3Hi,N50  (253): C, 61.6; H, 4.4; N,
27.7. Found: C, 61.4; H, 4.4; N, 27.9.

2-Methylamino-4-hydroxy-7-phenylpteridine.—2-Amino-3-
methyl-7-phenyl-4(3/i)-pteridinone (200 mg., 0.8 mmole) 
(IVb) was suspended in a solution of 10 ml. of 2-methoxyethanol 
and 15 ml. of 1.0 N  sodium hydroxide and heated on a steam 
bath for 1.5 hr. The hot solution was acidified with 1.5 ml. of 
acetic acid and cooled; yield 125 mg. This was recrystallized 
from 15 ml. of dimethylformamide; yield 85 mg.; Rt 0.5 [iso
propyl alcohol-1.0 N  ammonium hydroxide (7:3)] (blue);

N,OH 238 mM (e 20,500), 270 mM (e 25,300), 3S8mP (e 12,900); 
X£LM 239 mM (e 21,500), 281 mM (e 20,800), 369 mM (« 13,100); 
\°m'J  HC1 230 mM (e 28,200). 349 mM (e 22,000).

Anal. Calcd. for Ci3HnN50  (253): C, 61.6; H, 4.4; N,
27.7. Found: C, 61.9; H, 4.0; N, 27.5.

2-Ammo-3-methyl-6-phenyl-4(3H)-pteridinone (Vllb) and Its
Isomer IVb.—A solution of 10.2 g. (53.0 mmoles) of 2,5,6- 
triamino-3-methyl-4(3H)-pyrimidinone■ hydrochloride6 in 270 
ml. of water was mixed with a solution of 12.0 g. (58.0 mmoles) 
of phenylglyoxal diethyl acetal in 75 ml. of water and heated to 
reflux for 8 hr. This was cooled overnight, the product was 
collected, and washed with water and ether and dried; yield
12.4 g. (92%). (Paper chromatography showed this to be a 
mixture of the isomeric 6-phenyl Vllb and 7-phenyl IVb deriva
tives).

This material was suspended in a solution of 250 ml. of dimethyl
formamide (DMF) and 6.2 ml. of concentrated hydrochloric 
acid, which was heated to boiling for several minutes and filtered 
hot; yield 5.5 g. (fraction A). (Paper chromatography showed 
this product to be the 6-phenyl derivative Vllb contaminated 
with a small amount of 2-amino-4-hydroxy-6-phenylpteridine 
but verv little of the 7-phenyl isomer.) Fraction A was probably 
sufficiently pure for most purposes. However, it was purified 
further as follows. I t  was suspended in 900 ml. of dimethyl
formamide and 24 ml. of concentrated hydrochloric acid, heated 
to boiling, and filtered; yield 2.5 g. (fraction B). The filtrate 
was cooled, diluted with 600 ml. of water, and cooled some more; 
yield 2.4 g. (fraction C). Fraction B was dissolved in a solution 
of 600 ml. of dimethylformamide and 18 ml. of concentrated 
hydrochloric acid which was then cooled and diluted with 300 ml. 
of water; yield 2.2 g. (fraction D).

Fractions C and D were combined, added to a hot solution of 
sodium acetate, mixed well, and cooled; yield 4.1 g. (30%) of the
6-phenyl isomer.

For analyses a small sample was recrystallized from a dimethyl- 
formamide-hydrochloric acid solution and then freed of hydro
chloric acid by slurrying in a sodium acetate solution just as 
described above; m.p. 355-358°; Rt 0.5 [isopropyl alcohol-
I. 0 N NH4OH (7:3)] (blue); X°%"° 296 mM (e 23,800), 375 mM 
(« 8,500); X ^ /HC' 278 mp. U 19,700), 352 mM (<= 9,400). The 
spectrum of this compound in 0.1 N  hydrochloric acid is almost

superimposable on the spectrum of 2-amino-4-hydroxy-6- 
phenylpteridine (Vila).

Anal. Calcd. for Ci3HuN60  (253): C, 61.6; H, 4.4; N,
27.7. Found: C, 61.6; H, 4.4; N, 28.1.

The filtrate from fraction A was warmed, diluted with 375 ml. 
of water, adjusted to pH 5.5 with sodium acetate, and cooled; 
yield 4.7 g. This was recrystallized from 180 ml. of acetic acid 
and a second time from 80 ml. of acetic acid using charcoal to 
clarify the solution each time. The product was dried in an 
oven at 100°; yield 2.2 g.; m.p. 346-349°. Chromatography 
indicated that this was fairly pure 7-phenyl isomer IVb.

Acknowledgment.— Thanks are due to Mr. William 
Fulmor and staff for the ultraviolet and infrared ab
sorption spectra and to Mr. Louis Brancone and staff 
for the elemental analyses.
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Synthesis of suitably substituted C-5 hydroxyls of 
aldopcntoses and aldohexoses offers a direct route for the 
introduction of selected hetero atoms into pyranose 
rings. Preparation of a thiapyranose and thiapyrano- 
sides, obtained through the placement of a mercapto 
group on carbon 5 of several pentoses and hexoses, has 
been reported recently.2-6

This work describes the synthesis of 5-amino-5- 
deoxy derivatives of L-idose from new derivatives of 
D-glucose.

3-0-Benzyl-l,2: 5,6-di-O-isopropylidene-a-D-gluco- 
furanose (I) is hydrolyzed selectively to remove the
5,6-O-isopropylidene group. Subsequent tritylation of 
compound I gives crystalline 3-0-benzyl-l,2-0-isopro- 
pylidene-6-0-triphenylmethyl-a-D-glucofuranose (II) in 
94% yield. Tosylation of compound II then affords 
crystalline 3- 0 - benzyl-1,2-0-isopropylidene-5-0- p -  
tolylsulfonyl - 6 - 0  - triphenylmethyl - a  - d - gluco- 
furanose (III) in 95% yield. A heterogeneous solution, 
observed in a conventional hydrazinolysis6 of compound 
III, markedly diminishes the yield of 3-0-benzyl-5- 
deoxy-5-hydrazino-l ,2-0-isopropylidene-6 - 0 - triphenyl- 
/3-L-idofuranose (IV). However, when compound III is 
dissolved in absolute 1-butanol with anhydrous hydra
zine, a homogeneous solution is maintained and the 
reaction gives a smooth Sn2 displacement of the 5-0- 
tosyloxy group with the formation of crystalline com
pound IV in 75% yield. Thus, hydrazinolysis of com
pound III is more seriously inhibited by solution 
heterogeneity, than by molecular steric effects. An 
L-idose configuration is assigned to compound IV, 
since experimental evidence presented by previous in-

(1) Jou rna l Paper no. 2006 of th e  P urdue U niversity  A gricultural Ex
perim ent Station.

(2) R. L. W histler, M. S. Feather, an d  D . L. Ingles, J .  A m .  C h e m .  S o c . ,  

84, 122 (1962).
(3) J . C. P . Schw artz and  K. C. Yule, P r o c .  C h e m .  S o c . ,  417 (1961).
(4) T. J . Adley and L. N. Owen, ibid., 418 (1961).
(5) M. S. F ea ther and R. L. W histler, T e t r a h e d r o n  L e t t e r s ,  15, 667 (1962).
(6) M. L. W olfrom, F. Shafizadeh, and  R . K. A rm strong, J .  A m .  C h e m .  

S o c . ,  80, 4885 (1958).
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vestigators7-9 shows that hydrazine displaces, with in
version, tosyloxy groups located on asymmetric carbon 
atoms.

Although hydrogenolysis of benzyl and trityl groups 
with Raney nickel has been demonstrated,10 compound 
IV was not completely freed of these groups. There
fore, the resulting sirup was further reduced with palla
dium on carbon to produce crystalline 5-amino-5- 
deoxy-l,2-0-isopropylidene-/3-L-idofuranose (V).

Methanolysis of compound V furnishes methyl 5- 
amino-5-deoxy-a,|3-L-idofuranoside (VI). The ob
servation, that compound VI consumes two moles of 
periodate with the release of one mole of formaldehyde, 
shows the presence of a furanose ring structure, and 
suggests that under the conditions employed for methyl 
glycoside formation, the five-membered oxygen-con
taining ring is preferred to a six-membered nitrogen- 
containing ring.

Experimental
Analytical Methods.—Chromatographic identification and 

purification of sugar derivatives were performed at 25° on What
man no. 1 and 3 MM filter papers, which were developed in 
irrigants (A) ethyl acetate-pyridine-water (10:4:3 v./v.) and 
(B) 1-butanol-ethanol-water (40:11:19 v . /v .). Spray indicators 
employed were (C) permanganate-periodate and (D) ninhydrin. 
A calibrated Fisher-Johns apparatus was used for melting point 
determinations.

3-0-Benzyl-l,2:5,6-di-0-isopropylidene-a-D-glucofuranose (I). 
—l,2:5,6-Di-0-isopropylidene-a-D-glucofuranose (180 g.) was 
added in small portions to a stirred solution of 38 g. 
of sodium sand in 600 ml. of diethyl ether. The reaction mixture, 
after stirring for 24 hr. at 25°, was rapidly filtered and concen- 7 8 9 10

(7) M . L .  W olfrom , F .  Shafizadeh, R .  K .  Arm strong , and T . M . Shen 
H an , J. A m .  Chem. Soc.. 81, 3710 (1959).

(8) R . V . Lem ieux and P . C hu , ibid., 80, 4743 (1958).
(9 ) B . Coxon and L .  Hough, Chem. Ind. (Lo n d o n ), 1249 (1959 ); J. Chem. 

Soc., 1643 (1961).
(10) J .  K enner and G . N . R ich ard s , ibid., 1810 (1955).

trated to a sirup to which was added 85 ml. of freshly distilled 
benzyl chloride. Benzylation was accomplished by stirring the 
reaction mixture for 8 hr. at 60°. The product was dissolved in 
600 ml. of petroleum ether, washed five times with 200-ml. por
tions of water, and dried over anhydrous magnesium sulfate. 
After filtration and evaporation to a thick yellow sirup, distilla
tion gave pure sirupy 3-0-benzyl-l,2:5,6-di-0-isopropylidene- 
a-D-glucofuranose (I); yield, 155 g. (64%); b.p. 160-165°, 
[a]25d —26.2 (c 1.60 in ethanol).

3-0-Benzyl-l,2-0-isopropylidene-6-0-triphenylmethyl-Q!-D-glu- 
cofuranose (II).—Selective hydrolysis of 128 g. of compound I, 
in 500 ml. of 60% aqueous acetic acid at 35° for 5 hr., removed 
the 5,6-O-isopropylidene group. The hydrolyzate was con
centrated under reduced pressure to a sirup. This sirup was 
dissolved in chloroform, washed sequentially with dilute sodium 
bicarbonate solution and water, and was dried over anhydrous 
magnesium sulfate. After filtration and evaporation 107 g. 
(95%) of the sirupy product, namely, 3-O-benzyl-l ,2-O-isopro- 
pylidene-a-D-glucofuranose, [a]æD —48.4° (c 2.50 in chloro
form), was dissolved in 600 ml. of dry pyridine to which 
was added 110 g. of trityl chloride (chlorotriphenylmeth- 
ane). The reaction mixture was maintained at 25° for 3 
days, then cooled to 5°. Water was added until a constant tur
bidity of the solution was obtained. After 2 hr. the turbid solu
tion was poured into 4 1. of ice-water and stirred until the gummy 
derivative had settled. The aqueous phase was poured off and 
replenished with fresh ice-water. After several successive wash
ings the product was dissolved in 600 ml. of chloroform, washed 
with 10% aqueous acetic acid, neutralized with sodium bicar
bonate solution, and finally washed with water. The chloroform 
phase was dried over anhydrous magnesium sulfate. Compound 
II crystallized from a chilled benzene and ethanol mixture; yield, 
188 g. [over-all yield from I, 94%; m.p. 116°, [a]25D —36.0 (c
2.97 in chloroform)].

Anal. Calcd. for C35H360 6 (552.64): C, 76.06; H, 6.56. 
Found: C, 76.06; H, 6.74.

3-O-Benzyl-1,2-0-isopropylidene-5-0-p-tolylsulf onyl-6-O-tri- 
phenylmethyl-a-D-glucofuranose (III).—Tosylation was per
formed by the addition of 165 g. of compound II to 280 ml. of dry 
pyridine, to which was added 240 ml. of alcohol free chloroform, 
containing 165 g. of tosyl chloride (p-toluenesulfonyl chloride). 
After 3 days at 37°, the reaction mixture was cooled to 0° and 10 
ml. of water were added in order to hydrolyze excess tosyl chlo
ride. Within 0.5 hr. the solution was poured into 3 1. of water 
and 600 ml. of chloroform was then added. The water layer was 
drawn off, extracted twice with chloroform, and the combined 
washings and chloroform phase were washed free of pyridine with 
several portions of chilled 10% aqueous acetic acid. Upon 
neutralization with sodium bicarbonate solution, the chloroform 
phase was washed free of salts and dried over anhydrous magne
sium sulfate. After filtration and evaporation, a light yellow 
sirup was obtained. Complete crystallization of this sirup from a 
chilled benzene and ethanol mixture gave compound III; yield, 
200 g. (95%); m.p. 133-134°, [a]25n -13.8° (c 7.48 in chloro
form).

Anal. Calcd. for C42H420 8S (706.81): C, 71.36; H, 5.99;; 
S, 4.53. Found: C.71.30; H, 5.79; S, 4.54.

3-0-Benzyl-5-deoxy-5-hydrazino-l ,2-0-isopropylidene-fl-i.-ido- 
furanose (IV).—A 33-g. portion of compound III was added 
to a stirred solution of 200 ml. of absolute 1-butanol and was 
dissolved by raising the temperature to 95°. A homogeneous 
solution was still observed after 210 ml. of anhydrous hydrazine 
wasadded. Thesolution wasgentlyrefluxedatll7-119°. After 
24 hr. the solution was cooled to 25° and extracted five succes
sive times with fresh 75-ml. portions of diethyl ether. The com
bined ether extracts were washed four successive times with 50- 
ml. portions of 50% potassium hydroxide solution, three suc
cessive times with 75-ml. portions of ice-cold water, and were 
dried over anhydrous potassium carbonate. This solution was 
filtered and evaporated under reduced pressure at less than 40° 
to approximately 100 ml. The hydrazino derivative crystallized 
when the solution was cooled to 5°. Crystalline compound IV 
was filtered and triturated with chilled ether; yield, 20 g. (75%); 
m.p. 126-127°, [«] “d -18.3 (c 2.00 in benzene).

Anal. Calcd. for C36H38N20 5 (566.67): C, 74.18; H, 6.76; 
N, 4.94. Found: C, 74.30; H, 6.40; N, 4.67.

5-Amino-5-deoxy-l ,2-O-isopropylidene-^-L-idofuranose (V).— 
Compound IV (10 g.) was dissolved in 100 ml. of absolute 
ethanol containing 30 g. of freshly prepared Raney nickel. This 
mixture was subjected to 1700 p.s.i. of hydrogen in a Paar bomb
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and was gently agitated for 12 hr. at 60°. After filtration, this 
solution was evaporated to dryness and 8.83 g. of a clear sirupy 
product was obtained. Hydrogenolysis quantitatively converted 
the C-5 substituent of compound IV to the 5-amino-5-deoxy 
group, as evidenced by negative tests11-12 for the presence of 
hydrazino group activity. Since complete removal of the C-3 
and C-6 substituents had not occurred, further reduction was 
employed. A 5-g. portion of the sirup, obtained from the Raney 
nickel reduction, was dissolved in 100 ml. of absolute ethanol 
containing 15 g. of 5% palladium on carbon. The mixture 
was subjected to 50 p.s.i. of hydrogen in a hydrogenation ap
paratus and shaken at 25° for 4 days. Filtration and evapora
tion of the product gave a sirup which was taken up in chloroform 
and extracted three successive times with water. The combined 
water extracts were evaporated under reduced pressure to a sirup 
which crystallized spontaneously from a methanol-chloroform 
mixture to produce compound V; yield, 517 mg; m.p. 178°, R{ 
0.68 in irrigant A and 0.60 in irrigant B, [a]26D —3.0 (c. 0.89 in 
methanol).

Anal. Calcd. for C9H„NOs (219.23): C, 49.30; H, 7.81; 
N, 6.39. Found: C, 49.58; H.7.78; N, 6.25.

Methanolysis of V.—A 400-mg. portion of compound V was 
treated with 50 ml. of 0.8 N  methanolic hydrogen chloride at 
25°, until constant optical rotation was maintained (37 hr.). 
The hydrolyzate was neutralized with silver carbonate, filtered, 
and concentrated under reduced pressure to a thin sirup. The 
sirup was dissolved in 30 ml. of water, treated with hydrogen 
sulfide to remove excess silver ions, filtered, concentrated to 20 
ml., then placed on a column of Amberlite IR-400 (OH- ). The 
column was eluted successively with water and a dilute am
monium hydroxide solution. The effluent, containing amino 
sugar VI as the free base, was concentrated under reduced pres
sure to a sirup (235 mg.); [«]%> +  20.5 (c 0.73 in methanol). 
Compound VI, after chromatography on paper, revealed Rs 
values of 0.34 in irrigant A and 0.43 in irrigant B when developed 
with spray indicators C or D. A positive 5-nitrosalicylaldehyde13 
test and nitrous acid test indicated that product VI contained a 
primary amino group. Periodate oxidation showed that two 
moles of oxidant were consumed, and one mole of formaldehyde 
was produced per mole of methyl glycoside. Oxidant consump
tion was determined by a method specific for amino sugars14 and 
formaldehyde by the chromotropic acid procedure.16-16 After 
destruction of excess periodate with ethylene glycol, an aliquot of 
periodate oxidized VI was adjusted to pH 2.0 with potassium 
hydrogen sulfate and steam distilled.17-18 No formic acid was 
detected in the distillate. Nitrogen content of compound VI was 
determined by micro-Kjeldahl analysis.

Anal. Calcd. for C,H16N 06 (193.20): OCH3, 16.06; N, 7.25. 
Found: OCH3, 15.93; N, 7.21.

Acknowledgment.—-This work was supported in part 
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T h e  C h e m is try  o f  P e rfh io ro  E th e r s .  IV .
T h e  S tr u c tu r e  o f  t h e  M o n o cy c lic  D ie th e r  CsFieCh

G e o r g e  V a n  D y k e  T i e r s

these exceedingly unreactive materials. In the present 
instance the reaction is extended to characterize a 
monocyclic diether. CsFi602 . 4

The products of the reaction with aluminum chloride 
were identified as n-perfluorobutyryl chloride2 (in 
small amounts), 1 ,1 ,1 -trichloroperfluorobutane2 and
4,4,4-trichlorotetrafluorobutyryl chloride. 3 No higher 
homologs3 of the latter, nor any a,a,a'-trichloroper- 
fluoroethers, were found; considerable amounts of 
decomposition products, notably hexachloroethane, 
were present as is usual in these reactions. 1 - 3  While 
the first two materials might arise from perfluorodi- 
butyl ether, the elemental analysis, phsyical properties 
and infrared spectrum of CsFjeCh indicate that it con
tains little or no (n-CiF^O; one may, therefore, con
clude that the ri-CsFjCFCh or the W-C4F 9O group is 
present in the diether, and that it yields mainly n- 
C 3 F 7 C C I 3 upon cleavage. The third product had 
previously been obtained by reaction of aluminum 
chloride with perfluorotetrahydrofuran, 3 and its for
mation indicates the presence of a similar grouping in 
the compound CsFieCb.

Only two structures, I and II, are consistent with the 
foregoing facts. Each of these has five «-fluorines, 
corresponding to the five chlorine atoms found in the

O

II ra-C4F90 —CF CF2
I I
I !

c f 2-------c f 2

major products which also retain the two oxygen atoms. 
The less likely structure I contains a seven-membered 
ring, and theoretically might be excluded by the n.m.r. 
spectrum; however, owing to the accidental spectral 
equivalence of certain fluorines, an absolute proof cannot 
at present be given. The cyclic diether C8F16C>2 thus 
may be cither I or II. This is believed to be the first 
reported example of a perfluorinated acetal structure.

o —c f 2—c f 2

I n-C3F7CF

O—CF2—CF:

E x p e r im e n ta l

Physical properties of the diether have been reported.4 By the 
elementary analysis and the absence of infrared absorptions for 
the C =C  or C = 0  groups it is shown to be a monocyclic diether.

Anal. Calcd. for C8F i60 2: C, 22.24; F, 70.36. Found: C, 
22.3; F, 70.8.

The diether, 20.0 g. (0.046 mole), and aluminum chloride, 18.0 
g. (0.135 mole), were heated together at 200° for 14 hr. in a rock
ing autoclave of 43-ml. volume. The reaction mixture was 
worked up as previously described,2 products being separated by 
distillation. Unchanged C8Fi60 2 amounted to ca. 3 g. A 
relatively poor yield of re-C3F7COCl, ca. 1 g., was obtained in the 
fractions boiling slightly above room temperature; it was identi
fied beyond question by infrared spectroscopy.2 The major 
products were ra-C3F7CCl3,2 b.p. 89-94°, 6.0 g., also readily iden
tified by infrared spectroscopy,2 and CC13CF2CF2C0C1,2 b.p. 
145-153°, 3.4 g., characterized not only by infrared analysis but 
also by conversion to the amide, m.p. 126-127°, m.m.p. 
with authentic 4,4,4-trichlorotetrafluorobutyramide,3 126-127°.

Contribution No. 249 from the Central Research Laboratories of 
the Minnesota Mining and Manufacturing Company, St. Paul 19, 

Minnesota

Received November IS, 1962

The reaction of aluminum chloride with perfiuoro- 
ethers, resulting in replacement of all « fluorine atoms 
by chlorine,1-3 is valuable for the proof of structure of

Acknowledgment.— The author thanks Dr. T. J. 
Brice of these laboratories for the pure sample of 
C8F16024 and is indebted to Drs. W. E. Keiser and J. J. 
McBrady for infrared spectroscopy, and to Mr. J.
D. Keating for assistance with the autoclave reaction.
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The addition of dihalocarbenes to olefins discovered 
by Doering and Hoffmann1 has provided an exception
ally useful and widely used synthesis of dihalocyclopro- 
panes. Studies by Skell2 and Doering3 have established 
that dibromocarbene and dichlorocarbene behave as 
electrophilic reagents since electron-donating groups 
on an olefin facilitate addition. Accordingly, a highly 
negatively substituted olefin would be expected to be 
quite unreactive3 toward dihalocarbenes. In partic
ular, it appeared to be of interest to examine the addi
tion of dichlorocarbene to tetrachloroethylene, an olefin 
which is resistant to electrophilic attack, since the 
potential adduct, hexachlorocyclopropane, which might 
prove to be of intrinsic interest, was reported by Stevens4 5 

to be unavailable by way of chlorination of cyclopro
pane. To this end, dichlorocarbene was generated in 
the presence of tetrachloroethylene by treatment of 
chloroform with strong bases1 and by the thermal de
composition of sodium trichloroacetate6 in 1 ,2 -di
me thoxyethane. Hexachlorocyclopropane was formed 
in these reactions, but in low yields (ca. 0 .2 —1 % ) . 6

The structure of the compound, a white crystalline 
solid, m.p. 104-104.5°, was established by elemental 
analysis, which gave an empirical formula of CC12, and 
the determination of the molecular weight cryoscopi- 
cally and by mass spectrometry. The mass spectrum 
of C3C16 does not show any peak due to the molecular 
ion, but no fragments are formed which have more than 
three carbon atoms. The most abundant fragment is 
C3CI5, corresponding to loss of a single chlorine atom. 
Inasmuch as there can be only two compounds with a 
molecular formula of C 3 C U ,  namely hexachlorocyclopro
pane and hexachloropropylene, and the latter is a well 
known commercially available liquid, it is clear that the 
solid referred to above is perchlorocyclopropane.

In retrospect, it appears likely that Stevens4 did pre
pare hexachlorocyclopropane. He reported that 
chlorination of 1 ,1 ,2 ,2 -tetrachlorocyclopropane for seven 
days at 63° in the presence of ultraviolet light gave 
hepta- and octachloropropane as the main products, 
but also gave a very small amount of a white crystalline 
solid, m.p. 102-102.5°, which on the basis of elemental 
analysis he believed to be the then unknown 1 ,1 ,1,3,3,3-

(1) W , von E. D oering and A. K .  Hoffm ann, J .  A m .  C h e m .  S o c . ,  76, 6162 
(1954).

(2) P . S. Skell and  A. Y. G arner, i b i d . ,  78, 5430 (1956).
(3) W. von E. Doering and  W. A. H enderson, J r .,  i b i d . ,  80, 5274 (1958).
(4) P . G. Stevens, ibid., 68, 620 (1946).
(5) W. M. W agner, P r o c .  C h e m . S o c .  (London), 229 (1959).
(6) (a) Since th is work was com pleted, the  form ation of hexachlorocyclo

propane by  sim ilar means (chloroform and  fused potassium  hydroxide a t
105°), b u t in higher yields (5 -10% ), has been reported  by  S. W. Tobey and
R. C. W est, A bstracts  of Papers presented a t  th e  142nd N ational M eeting 
of the  American Chem ical Society, A tlan tic  C ity , N . J ., Septem ber 9-14,
1962, p. 95Q; (b) a fte r subm ission of th is  m anuscrip t we learned th a t  E. 
K . Field and  S. M eyerson have also p repared  th is com pound and measured 
its  m ass spectrum .

hexachloropropane.7 Subsequently, Davis and Whaley8 
have prepared 1,1,1,3,3,3-hexachloropane by chlorina
tion of 1,1,1,3,3-pentachloropropane followed by frac
tionation to separate the two hexachloropropanes which 
are formed and have reported that 1,1,1,3,3,3-hexa- 
chloropropane is a liquid, b.p. 205°, m.p. —27°. Since 
all four hexachloropropanes have Raman spectra9 
which are consistent with the assigned structures, we 
believe that Stevens probably did succeed in preparing 
hexachlorocyclopropane.

The fact that perchlorocyclopropane was formed at 
all in the present study, albeit in very low yields, takes 
on greater significance when one considers that dichloro
carbene apparently fails to react with ethylene3 (in 
preference to reaction with ¿-butoxide). Tetrachloro
ethylene is far less reactive than ethylene in typical 
electrophilic reactions (e.g., addition of bromine). 
Thus it is possible that in reacting with tetrachloro
ethylene, dichlorocarbene may be exhibiting either 
radical or nucleophilic character.

Experimental
Reaction of Chloroform with Potassium i-Butoxide.—Chloro

form (36 g.) was added dropwise with stirring over a period of 1 
hr. to a mixture of 50.5 g. of potassium 2-butoxide (freed of al
cohol by heating at 140° at 1 mm.) and 325 g. of freshly distilled 
tetrachloroethylene. The reaction mixture was cooled intermit
tently with an ice bath. The mixture was stirred at room tem
perature for an hour and then was poured into water. The 
organic layer was separated, dried, and the bulk of the tetra
chloroethylene was removed by distillation at atmospheric pres
sure leaving a dark oil, a portion of which distilled at 70-120° 
(1-2 mm.) leaving a considerable quantity of residual tar. The 
distillate, shown by gas chromatography to be mainly tetra
chloroethylene, was redistilled slowly under reduced pressure, 
leaving a solid residue. The latter was sublimed five times at 
40-50° (0.5 mm.) giving 0.21 g. of hexachlorocyclopropane, 
m.p. 104.0-104.5°.

Anal. Calcd. for C3Cle: C, 14.46; Cl, 85.54; mol. wt., 249. 
Found: C, 14.46; Cl, 85.69; mol. wt., 241.10

In solution (carbon disulfide and carbon tetrachloride), per
chlorocyclopropane shows prominent bands in the infrared at 850 
(s), 905 (m), and 930 (w) cm.-1. Mass spectrum was measured 
on a Consolidated Electrodynamics Corporation Model 21-103C 
mass spectrometer with a heated inlet system (140°) at an ionizing 
potential of 70 v. The mass number of the largest isotopic 
peak of each monopositive carbon-containing fragment is given 
as a percentage of the largest peak in the spectrum. Normal iso
topic distribution of Cl35 and Cl37 was observed within each frag
ment (thus all fragments listed contain only Cl35 except the last 
three each of which contains one Cl37).

Fragment, mass number (percentage): CC1, 47 (35.4); C2C1, 
59 (6.4); C3C1, 71 (30.3); CC12> 82 (22.2); C2C12, 94 (12.2); 
C3C12, 106 (15.4); CC13, 117 (26.4); C2C13, 129 (4.4); C3C13, 141
(16.8); C2C14, 166 (12.8); C3C14, 178 (0.9); C3C16, 213 (100.0).

Use of Sodium Hydride.—Methyl alcohol (9.6 g., 0.30 mole) 
was added dropwise with stirring over a period of 9.5 hr. at room 
temperature to a mixture of 298 g. of tetrachloroethylene, 7.2 g. 
(0.30 mole) of sodium hydride, and 44.6 g. (0.37 mole) of chloro
form. The mixture was processed as above to give 0.42 g. of 
hexachlorocyclopropane. When the methyl alcohol was omitted 
(reflux, 40 hr.) or replaced by ¿-butyl alcohol (60°, 11 hr.), only a 
trace of this product was isolated.

Use of Sodium Trichloroacetate.—A mixture of 18.5 g. of 
sodium trichloroacetate, 80 g. of tetrachloroethylene, and 150 ml. 
of 1,2-dimethoxyethane was refluxed 24 hr. After processing in 
the usual way, the mixture was concentrated by distillation and 
and both distillate and residue were analyzed by gas chromatog-

(7) Analysis indicated  0.53%  hydrogen, a  value in betw een the  required 
values of 0.00 fo r hexachlorocyclopropane and 0.80 for hexachloropropane.

(8) H. W. D avis and A. M. W haley, J .  A m .  C h e m .  S o c . ,  7 3 ,  2361 (1951).
(9) H. G erding and  H. G. Haring, R e c .  t r a v .  c h i m . ,  74, 841 (1955).
(10) D eterm ined by D r. C. M. S tarks by  freezing poin t lowering of ben

zene solutions.
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raphy which indicated formation of ca. 1% of hexachloroeylopro- 
pane (¿r = 6 .6).11 The chromatograms showed peaks due to 
several other minor components, one of which was collected (¿r =
2.7) and found to have a strong band at 1763 cm. -1 but which 
was not characterized further.

In a similar experiment, the gas evolved during the reflux 
period was collected and analyzed by infrared spectroscopy which 
indicated that the sample consisted of carbon dioxide that did 
not contain more than a small amount (<  5%) of carbon mon
oxide. This result apparently precludes significant reaction of 
dichlorocarbene with trichloroacetate ion to give, over-all, carbon 
monoxide, trichloroacetyl chloride, and chloride ion by a reaction 
path formally similar to that described12 for the reaction of 
dichlorocarbene with alkoxide ions. In other control experi
ments it was found that the thermal decomposition of sodium 
trichloroacetate in 1,2-dimethoxyethane did not produce signifi
cant quantities of materials with retention times greater than 
that of the solvent.

(11) R eten tion  tim e re la tive  to  te trachloroethylene, iR =  1.00; 1,2-
dim ethoxyethane, t R  =  0.33 on silicone oil a t  150°.

(12) P . S. Skell and  I. S tarer, J .  A m .  C h e m .  H o c . ,  81, 4117 (1959).

A d d it io n  R e a c t io n s  o f  m -  a n d  
p -N i t r o n i  t ro s o h e n z c n e 1

J a n  H a m e r  a n d  R o b e r t  E. B e r n a r d

Department of Chemistry, Tvlane University,
New Orleans 18, Louisiana

Received October 8, 1962

The addition reactions of aromatic nitroso com
pounds to conjugated dienes are well known.2 The 
reaction products I, dihydrooxazines, generally are iso
lated in high yields. Side products of the reaction have 
uot been reported.

o-Nitronitrosobenzene2 conforms to this pattern, but 
for the reaction of m- or p-nitrosobenzene with 2,3- 
dimethyl-1,3-butadiene, we have found two reaction 
products. One of these reaction products was found 
to be the expected adduct I. The second reaction 
product II showed an elemental analysis and molecular 
weight corresponding to an adduct consisting of one 
mole of diene and two moles of nitroso compound.

Aromatic nitroso compounds have been reported to 
react smoothly with suitably substituted alkenes,3 
yielding oxazetidines III. Product II, therefore, might 
be the result of the normal 1,4-addition of nitroso com-

I III IV

pound to diene, followed by a 1,2-addition of the nitroso 
compound to the dihydroòxazine, yielding compound 
IV or its isomer.

In order to test this hypothesis, we attempted to 
treat the normal 1,4-adduct of p-nitronitrosobenzene 
and 2,3-dimethyl-l,3-butadiene with the equivalent 
amount of p-nitronitrosobenzene. We were unable to 
detect a reaction with the aid of infrared spectra. 
Unsuccessful attempts were also made to prepare an 
oxazetidine from p-nitronitrosobenzene and the follow-

(1) This work was supported  by  the Petroleum  Research F und; i t  was 
presented a t  the 14tli Southeastern  Regional M eeting, G atlinburg , Tenn., 
N ovem ber 3,1962.

(2) J. H am er and  R. E. B ernard , R e e .  t r a v .  c h i m . ,  81, 734 (1962).
(3) C. K . Ingold and J . D . W eaver, J .  C h e m .  S o c . ,  125, 1146 (1924).

ing alkenes: cyclohexene, cyclopentene, isobutylene, 
cis- and irowis-2-butene.

Considering the evidence, this hypothesis concerning 
the structure of product II was then rejected. It was 
also considered unlikely that the conjugated diene 
would add two moles of the nitroso compound in a 1,2- 
fashion.

It is well established that many aromatic nitroso 
compounds are in a state of equilibrium between mono
mer and dimer in solution.4 5 The monomeric state is 
generally favored by electron-donating groups. The 
electron-withdrawing nitro group will cause a consid
erable fraction of the nitronitrosobenzenes to be in the 
dimeric state V. It is also well known that electron- 
poor azo groups are excellent dienophiles in Diels- 
Alder reactions.6

The formation of the products II may then be ac
counted for by a reaction between the diene and the 
electron-poor N = N  group of the dimeric nitronitroso- 
benzene, to forma tetrahydro-l,2-diazine-N,N-dioxide

Ar

VI

VI. Steric hindrance may explain the failure of o-nitro- 
nitrosobenzene to give an adduct of this type, while the 
low yield of this adduct for w-nitronitrosobenzene 
may be ascribed to the decreased resonance effect.

The infrared absorption band at about 1050 cm.-1 
associated with the oxazine ring,2 was absent from the 
spectra of products II. Although the spectra of a 
small number of tertiary amine oxides have been re
ported6, we have not been able to assign bands in the 
970-950-cm.-1 region unequivocally to the amine 
oxide. The insolubility of products II in suitable sol
vents ruled out the determination of an nuclear magne
tic resonance spectrum.

Conclusive evidence for the assertion that products 
II have structure VI was furnished by the deoxygena
tion of the N,N-dioxide Ila by Ocliai’s method,7 em
ploying phosphorus trichloride as the deoxygenation 
agent. The known substance 4,5-dimethyl-l,2-bis- 
(p-nitrophenyl)-l,2,3,6-tetrahydropyridazine8 was ob
tained as the deoxygenation product.

Experimental9
m-Nitronitrosobenzene, m.p. 89-90°, and p-nitronitrosoben

zene, m.p. 118°, were prepared by oxidation with Caro’s acid 
from the corresponding amines.10

Adducts of p-Nitronitrosobenzene.—p-Nitronitrosobenzene, 
0.50 g. (3.3 mmoles), and 2,3-dimethyl-l,3-butadiene, 0.37 g. 
(4.5 mmoles), were dissolved in 20 ml. of nitromethane at 0°. 
The green color of the solution, caused by the monomeric nitroso 
compound, changed in about 15 min. to orange, indicating the

(4) B. G. Gowenlock and  W. Luetkke, Q u a r t .  R e o .  (London), 12, 321 
(1958).

(5) A. Rodgm an and  G. F . W right, J .  O r g .  C h e m . ,  18, 465 (1953).
(6) L. J. Bellamy, “ T he In frared  Spectra of Complex M olecules,” 2nd 

ed., John  Wiley and Sons, Inc ., New York, N. Y., 1958, p. 308.
(7) E. Ochai, J .  O r g .  C h e m . ,  18, 550 (1953).
(8) P . B aranger, J . Levisalles, and  M. Y uidart, C o m p t .  r e n d . ,  236, 1365 

(1953).
(9) All m elting po in ts are uncorrected. Analysis by  G albraith  M icro- 

analy tica l Laboratories, Knoxville, Tenn. In frared  spectra m easured in 
potassium  brom ide w ith a Beckm an IR-5.

(10) E . Bam berger and E . Huebner, B e r . ,  36, 3803 (1903).
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termination of the reaction. Upon cooling in a salt-ice bath, 
dark orange crystals of product Ila  precipitated, m.p. 199-201°, 
yield, 0.3 g. Calculated for a 2:1 adduct CigHisN^e: mol. wt., 
386. Found (Rast method): mol. wt., 420.

Anal. Calcd. for Ci8Hi8N40 6: C, 55.89; H, 4.67; N, 14.51. 
Found: C, 55.80; H, 4.46; N, 15.02.

The filtrate was concentrated further at 0°, and the formed 
precipitate isolated. This product, la, was also orange, m.p.
119-120°, yield, 0.3 g. I t  was identified as the normal 1,4- 
adduct by its infrared spectrum.1 2

Anal. Calcd. for C,2H14N20 3: C.61.54; H, 5.98; N, 11.96. 
Found: C, 61.34: H. 6.09: N. 12.00.

Product la, 0.19 g. (0.8 mmole), was mixed with p-nitronitro- 
sobenzene, 0.75 g. (5 mmole). An infrared spectrum in potas
sium bromide was taken from some of this mixture. The rest was 
dissolved in nitromethane at 0°, and allowed to stand for 24 hr. 
The solvent was then evaporated, and an infrared spectrum 
in potassium bromide was made of the residue. The two spectra 
were identical.

Product Ila, 0.39-g. (1 mmole), was suspended in 20 ml. of ice- 
cold chloroform, to which was added phosphorus trichloride, 2 
ml. The suspension was allowed to reach room temperature 
and left overnight. The liquids were then removed under reduced 
pressure until a solid remained, which was the recrystallized 
from ethanol. The yield of 4,5-dimethyl-l,2-bis(p-nitrophenyl)-
l ,  2,3,6-tetrahydropyradizine was 0.26 g. (74%), yellow crystals,
m. p. 271-273° (lit.,8 m.p. 272-272.5°).

Adducts of TO-Nitronitrosobenzene.—m-Nitronitrosobenzene, 
0.30 g. (1.9 mmoles), reacted with 2,3-dimethyl-l,3-butadiene, 
0.22 g. (2.7 mmoles), in 35 ml. of dichloromethane at 0°. The sol
vent was evaporated, and a yellow solid was isolated. This 
solid was dissolved in anhydrous ether, and filtered through a 
column a column (12 X 10 cm.) packed with alumina. The 
first fraction yielded bright yellow crystals, m.p. 94^99°, yield, 
0.26 g. I t  was identified as the normal 1,4-adduct (product lb) 
by its infrared spectrum.2

Anal. Calcd. for Ci2Hi4N20 3: 0,61.54; H, 5.98; N, 11.96. 
Found: C, 61.34; H, 5.93; N, 11.91.

The second fraction yielded 25 mg. of bright yellow crystals, 
product lib , m.p. 161.5-163°.

Anal. Calcd. for Ci8Hi8N406: C, 55.98; H, 4.67; N, 14.51. 
Found: C, 55.01; H, 4.37; N, 14.02.

D is p la c e m e n t R e a c tio n s  o f  N e o p e n ty l- ty p e  
S u lfo n a te  E s te r s 1

J ames M. Sugihara, Donald L. Schmidt, Vincent D. Calbi,2 
and Samuel M. D orrence

Department of Chemistry, University of Utah,
Salt Lake City, Utah

Received September 24, 1962

During the course of an investigation involving 
synthesis of derivatives of pentaerythritol, we observed 
that O-benzylidenepentaerythritol dibenzenesulfonate 
reacted with sodium iodide in acetone to form 0- 
benzylidene-O-benzenesulfonylpentaerythritol iodide in 
high (89%) yield. A previous investigation3 demon
strated that O-isopropylidenepentaerythritol di-p- 
toluenesulfonate reacted with potassium thiolacetate 
to give the product of monosubstitution in good yield. 
The high degree of selectivity at one of the two func
tional groups prompted a study directed towards a 
better understanding of this type of reaction.

A series of sulfonate esters of O-benzylidene- and 0- 
isopropylidenepentaerythritol was prepared (Table I),

(1) Abstracted from portions of the P h .D . theses of Donald  L .  Schm idt 
and Samuel M . Dorrence and of the M .S . thesis of V incent D . C a lb i.

(2) A n  A ir  Force Officer on an A ir  Force Scholarship..
(3) P . B ladon and L .  N . Owen, J. Chem. Soc., 585 (1950).

and their reactivities with sodium iodide in acetone 
determined by varying reaction time and temperature 
(Table II). Although the monosubstitution product 
could be isolated in high yield from O-benzylidene
pentaerythritol dibenzenesulfonate, this intermediate 
could then be converted into O-benzylidenepentaeryth
ritol diiodide in high (85%) yield by a second reaction 
for a longer period of time and at a higher temperature. 
As expected, O-benzylidenepentaerythritol di-p-bro- 
mobenzenesulfonate reacted to allow isolation of es
sentially the same high yields of mono- and di-substitu
tion products under somewhat milder conditions. 
In the experiment in which the monodisplacement com
pound was isolated as the principal product, a small 
amount (5%) of the diiodide was also separated. The 
di-p-toluenesulfonate was found to yield less of the 
monosubstitution product under conditions comparable 
to that applied with the dibenzenesulfonate. O-Iso- 
propylidenepentaerythritol dibenzenesulfonate and di- 
p-toluenesulfonate were found to yield products of 
mono- and di-substitution under milder conditions 
than required for the corresponding O-benzylidene com
pounds.

A variety of displacement reactions has also been 
studied using cyanide ion as the nucleophilic reagent. 
Because of complications attending this type of reac
tion, several acyclic substrates were included in the 
study (Table III). 2,2-Dimethyl-l-propanol benzene- 
sulfonate was found to react with sodium cyanide in a 
A,iV-dimethylformamide (DMF) solution to give 3,3- 
dimethylbutyronitrile in a yield of 56%, and 1,3- 
propanediol dibenzenesulfonate gave glutaronitrile in a 
yield of 81%, accompanied by varying amounts of 
polymeric materials depending upon the reaction con
ditions employed. Nelson, Maienthal, Lane, and Ben- 
derly4 reported that no products were isolable from the 
reactions of di-p-toluenesulfonates of 1,3-propanediol 
and 2-methyl-1,3-propanediol with potassium cyanide 
in ethylene glycol. 2,2-Dimethyl-l,3-propanediol di
benzenesulfonate reacted with sodium cyanide in a 
dimethylformamide solution to give 3,3-dimethyl- 
glutaronitrile, isolated in a yield of 28%, and 2,2- 
dimethylcyclopropanecarboxylic acid, separated from 
the reaction mixture following base-catalyzed hydroly
sis in a yield of 28%. Its precursor, 2,2-dimethyl- 
cyclopropanecarbonitrile, was undoubtedly formed in a 
somewhat larger amount, but undoubtedly less than 
the 63% previously reported4 from the reaction of
2.2- dimethyl-l,3-propanediol di-p-toluenesulfonate and 
potassium cyanide in ethylene glycol.

Displacement reactions of O-benzylidenepentaeryth
ritol derivatives with sodium cyanide gave a single 
crystalline compound in all instances. The structure 
of this compound was assigned to be O-benzylidene-
2.2- bis(hydroxymethyl)cyclopropanecarbonitrile (I) on 
the basis of a variety of observations. Alkaline hy
drolysis gave a crystalline compound, with analysis 
agreeing with 0-benzylidene-2,2-bis(hydroxymethyl)- 
cyclopropanecarboxamide (II). Acid hydrolysis with 
hydrochloric acid gave a liquid in low yield, presumed 
to be 2-chloromethyl-2-hydroxymethylcyclopropane- 
carboxylic acid lactone (III) on the basis of elemental 
analysis and of the nuclear magnetic resonance spec-

(4) E .  R .  Nelson, M . M aienthal, L .  A . Lane , and A . A . Bend e rly , J, Am. 
Chem. Soc., 79, 3467 (1957).
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Table I
Sulfonate E sters

„  o — c h 2 x h 2oso2
r n  /  \  /

r £/  \ / c \
-c h 2 c h 2oso ;

----Compound— M .p ., Y ie ld ,
Hi R , R 3 °C . %

H c6h 6 H 150.8-151.1 79
CHs c6h 6 H 176.8-177.1 66
Br c6h 6 H 209.5-210.06 84
H CH c h 3 116.8-117.0 67

“ Yields based upon materials with melting points within 2-3 
solvent.

— CalecL, % — ----- - ,-------- ’Found , %■
Formula c H c H

C 24H 24O 8S 2 5 7 .13 4 .79 57.38 5 .1 3
C 26H 28O 8S 2 58.63 5.30 5 8 .11 5.43
C24H22Br208S2 43.52 3 .35 43.34 3.42
C 20H 24O 8S 2 52.62 5.30 52.29 5.30

or less of the analytical samples. b Benzene used as recrystallization

Table II
D isplacement Reactions of Sulfonates with Sodium Iodide

r 2 />  —  c h 2 c h 2oso2<T_) r 1
/ C  c C  

r3 \ / \
o — c h 2 c h 2x

Nal
Acetone

P ,o — c h 2 c h 2y

^ c\  / c \
Ra o — c h 2 c h 2i

Reac- Reac
tion tion

—Substr■ate---------------------- ' tim e, tem p., Product Y ie ld ,“ M .p ., ✓—Calcd . , % — —̂Found, % —s
R i R , Rs X hr. ° C . Y % ° c . Form ula C H c H

H C sH , H OSCHCsH b 2 100 0 SO2C 6H , 89 136.5 C i ,H 19IO ,S 4 5 .5 8 4 .04 45 .93 4 .07
H CeH, H I 3 130 I 85 66 .3 C 12H I4I 202 32 .46 3 .1 8 32 .52 3 .2 5
B r CoHs H O SO sCeH iBRp) 1 .5 100 OSChCßPLiBrip) 84 136 .5 -136 .7 C ]8H ,8B r I 0 6S 3 9 .0 8 3 .2 8 39 .07 3 .2 8

B r CsHs H O SO ,C«H 4B r(p ) 2 .5 100 I 80
C H , C ,H , H O SChCeH iCH slp ) 2 .5 100 O SO ,CcH 4C H ,(p ) 65 118 .5 -118 .7 C i Æ . IO âS 4 6 .73 4 .3 3 46 .55 4 .50
C H , C H , C H , O SO sCcm CH aip ) 2 .2 5 85 O SO ,C6H4C H ,( p ) 78 8 9 .6 -9 0 .0 C lsH 2lI05S 4 0 .92 4 .81 41.11 4 .93
H C H , C H , OSCbCeHfi 1 .5 100 I 84 4 8 .5 -4 8 .7 C8Hh U02 24 .26 3 .5 6 24 .46 3 .74
C H , C H , C H , O S O ,C ,H 4C H ,(p ) 2 .5 1 0 0 I 80
“ Yields based upon materials with melting points within 2° or less of the analytical samples.

trum. Cleavage of the benzylidene acetal group, 
hydrolysis of the nitrile function, lactonization, and 
solvolysis of the remaining primary alcohol function 
would account for this substance. The depressed yield 
of compound III was expected since hydrochloric acid 
is known6 to effect ring opening of compounds con
taining cyclopropane rings with an attached hydroxy
methyl group. Hydrogenation of I gave a sirupy 
amine, which formed a crystalline acetate, with analysis 
agreeing with lV-acetyl-0-benzylidene-2,2-bis(hydroxy- 
methyl)cyclopropanecarbinylamine (IV). The amine 
was also converted into a crystalline quaternary am
monium iodide with correct analysis for O-benzylidene- 
N,N - dimethyl - 2,2 - bis(hydroxymethylcyclopropane- 
carbinylamine methiodide (V).

o- c h 2 c h 2 
/  \  /  

c 6h 5c h  c

O—CH2 CHY
I. Y = CN 

II. Y = CONH2

C1CH

n 2C '  '  
I
o —

2
c h 2
I

CH
I
c=o

III

IV. Y = CH2NHCOCH3

V. Y = CH2N(CH3)3I -

The ease of displacement of arenesulfonate or iodide 
by cyanide was determined by experiments effected 
on a series of O-benzylidenepentaerythritol derivatives 
(Table IV). Assuming that a two-step mechanism

(5) R .  Stoerm er and F . Schenck, Ber., 61, 2312 (1928).

prevails as demonstrated for iodide displacement, the 
order of reactivity in the first step appears to be: 0S02- 
C6H4Br(p) ~  I > OSCkCJh > 0S02C6H4CH3(p). 
In the second step, the ease of displacement appears to 
be: 0S02C6H4Br(p) > 0S02C6H6 > I > 0S02C6- 
H4CH3(p). Other effects found in these experiments 
were: dimethyl sulfoxide is less effective than dimethyl- 
formamide. A sufficient amount of water is necessary 
to dissolve in part the sodium cyanide. Ethanol in 
a sealed tube is less effective than dimethylformamide 
as a solvent.

Experimental
Melting points are corrected. Microanalyses were made by

K. W. Zimmerman, Australian Microanalytical Service, Uni
versity of Melbourne.

Sulfonate Esters (Table I).—O-Benzylidenepentaerythritol6 
(0.075 mole) and 0.160 mole of the sulfonyl chloride in 100 ml. of 
anhydrous pyridine reacted at 0° for 3 hr. to yield a crystalline 
mass, which was transferred to a funnel with a minimum of 
ethanol, and recrystallized once from benzene and repeatedly 
from absolute ethanol to provide an analytical sample. 0- 
Isopropylidenepentaerythritol dibenzenesulfonate was prepared 
by the procedure described7 for the synthesis of O-isopropyli- 
denepentaerythritol di-p-toluenesulfonate.3

1,3-Propanediol dibenzenesulfonate was similarly prepared but 
required a chloroform extraction of the reaction mixture, re
moval of pyridine with sulfuric acid, concentration of solvent to 
leave a sirup, which crystallized from a solution of ethanol, 
acetone, and water (5:3:2, by vol.). A single recrystallization 
from ethanol gave 60% yield of product, m.p. 40-40.5°.

(6) E .  JBograchov, J. Am. Chem. Soc., 72, 2268 (1950).
(7) R . S. T ipso n , J. Org. Chem., 9, 235 (1944).
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T a b l e  III
D is p l a c e m e n t  R e a c t io n s  o f  A c y c l ic  S u l f o n a t e  E s t e r s  w i t h  S o d iu m  C y a n id e

Y ie ld “ <---- —— B.p., °C. (m m .)----------- - ,----------- M .p ., °C.-------------
Substrate Product % Obsd. L i t . Obsd. L i t .

(CHa^CCHiOSOjCA6 (CH3)3CCH2CH2CN 56 129-130 135-136.4° 31-33 32.5s
(656) (737)

C6H6S020( CH2)30S 02C6H6 NC(CH2)3CN‘i 81 144(14) 144-147 (13)”

(CH3)2C(CH20 S 02C6H6) /
/C H a 

(CH3)2CC I
XCHC02H

28 98(10) 100 (10)9

(CH3)2C(CH2CN)2'1 28 100.5-101
“ Yields based upon analytical samples. 4 P. M. Laughton and R. E. Robertson, Can. J. Chem., 33, 1207 (1955). c A. Homeyer,

F. Whitmore, and V. Wallingford, J . Am.. Chem. Soc., 55, 4209 (1933). Hydrolysis of 3.3-dimethylbutyronitrile in 75% sulfuric acid 
containing sodium chloride gave 3,3-dimethylbutyramide, after recrystallization from absolute ethanol, m.p. 130.5-131.5°, reported 
in ref. c, 131-131.5°. d Hydrolysis of glutaronitrile in hydrochloric acid gave glutaric acid, m.p. and m. m.p. with an authentic 
sample, 95-97°. e C. S. Marvel and E. M. McColm, Org. Syn., 5, 103 (1925). 1 G. S. Skinner and P. R. Wunz, J . Am. Chem. Soc., 
73,3814(1951). 4 Anal. Calcd. for C6Hi0O2: equiv. wt., 114. Found: equiv. wt. (by titration), 115. M. Blanc, Compt. rend., 145, 
78 (1907). 2,2-Dimethylcyclopropanecarboxamide, m.p. 175.5-177°, reported in ref. g, 177°, was prepared from the acid by initial 
formation of the acid chloride with thionyl chloride followed by treatment with ammonia. A-p-Tolyl-2,2-dimethylcyclopropane 
carboxamide, m.p. 117.2-117.6°, was similarly prepared using p-toluidine. Anal. Calcd. for C13HnNO: C, 76.81; H, 8.43; N, 6.89. 
Found: C, 76.71; H, 8.22; N, 7.14. h Anal. Calcd. for C,H10N2: C, 68.81; H, 8.25; N, 22.94. Found: C, 68.88; H, 8.10; N,
23.53. Incomplete hydrolysis of 3,3-dimethylglutaronitrile in concentrated hydrochloric acid provided crystalline 3,3-dimethylglutar- 
imide, purified by sublimation, m.p. 147-147.5°, reported 147° by F. B. Thole and J. F. Thorpe, J. Chem. Soc., 99, 422 (1911). Anal. 
Calcd. for CvHnNCk: C, 59.56; H, 7.85; N, 9.92. Found: C, 59.82; H, 7.73; N, 9.81. From the same hydrolysis solution, 3,3- 
dimethylglutaric acid was isolated, m.p. 100-100.5°, reported 100-101° by K. Auwers, Bcr., 28, 1130 (1895) and 101-102° by F. Blaise, 
Compt. rend., 126, 1153 (1898). 3,3-Dimethylglutaric anhydride, m.p. 124-125°, reported 124-125° by W. Perkin and W. Goodwin,
J. Chem. Soc., 69, 1457 (1896), was prepared from 3,3-dimethylglutaric acid by dehydration in acetic anhydride.

Anal. Calcd. for C16Hi60 6S2: C, 50.57; H, 4.53. Found: 
C, 50.89; H, 4.61.

Displacement Reactions of Sulfonates with Sodium Iodide 
(Table II).—In a typical procedure, 0.015 to 0.022 mole of sub
strate, 0.13 mole of sodium iodide, and 100 ml. of acetone were 
sealed in a 6-oz. carbonated beverage bottle and were heated for 
various lengths of time. The bottle was then cooled, the precipi
tated salts were separated by filtration, and the resulting solution 
was evaporated under reduced pressure to dryness. The residue 
was dissolved in a minimum of hot ethanol to recrystallize color
less products. Analytical samples were prepared by repeated 
recrystallizations from absolute ethanol.

Displacement Reactions of Acyclic Sulfonate Esters with 
Sodium Cyanide (Table HI).—Sodium cyanide (30% excess) 
and the sulfonate ester were mixed with A,A-dimethylformamide 
(500 ml. for 0.2 mole NaCN; 2 1. for 1.2 moles) and heated 
for 5 hr. at the reflux temperature with 2,2-dimethyl-l-propanol 
benzenesulfonate and 1,3-propanediol dibenzenesulfonate and 
at 170° in a sealed carbonated beverage bottle with 2,2-dimethyl-
1,3-propanediol dibenzenesulfonate. 3,3-Dimethylbutyroni- 
trile was recovered by drowning the reaction mixture in ice and 
water, ether extraction, solvent removal, and distillation. 
Glutaronitrile was isolated by removal of solvent using a flash- 
evaporator and distillation. Cyclopropanecarbonitrile was not 
found in the reaction mixture. 3,3-Dimethylglutaronitrile 
was obtained by the same removal of reaction solvent, extraction 
with ether and its subsequent evaporation, and crystallization 
of the residue from ethanol-water. 2,2-Dimethylcyclopropane- 
carboxylic acid was isolated from another batch of the same 
reactants by evaporation of the reaction solvent, hydrolysis of 
the residue in aqueous sodium hydroxide, ether extraction of 
the acidified mixture, evaporation of solvent, and distillation.

Displacement Reactions of O-Benzylidenepentaerythritol De
rivatives with Sodium Cyanide (Table IV).—In a typical pro
cedure, 0.18 mole of sodium cyanide was dissolved in 10 ml. of 
water (except in experiments 5 and 6), and the resulting solution 
was poured into 125 ml. of boiling A,A-dimethylformamide or 
dimethyl sulfoxide. The O-benzylidenepentaerythritol deriva
tive (0.015 to 0.023 mole) was added, and the reaction mixture 
refluxed for 1.5 hr. and then poured onto ice and water. The 
solid derived was filtered and dissolved in benzene. The solu
tion was decolorized with carbon and ligroine added to crystallize 
out 0 -benzylidene-2,2-bis(hydroxymethyl)cyclopropanecarboni- 
trile (I). An analytical sample, m.p. 116.5^-117°, was prepared 
by a combination of sublimation and recrystallization from ben- 
zene-ligroine and from ethanol.

Anal. Calcd. for Ci3H]3N 02: C, 72.54; H, 6.09; N, 6.51; 
mol. wt., 215. Found: C, 72.94; H, 6.06; N, 6.85; mol. wt. 
(ebullioscopic in benzene), 220, 211.

I decolorized bromine in carbon tetrachloride slowly when 
warmed. I and authentic cyclopropanecarbonitrile exhibited 
very similar behavior toward tetranitromethane. The infrared 
spectrum (potassium bromide disk) had a peak at 3.3 y charac
teristic of stretching vibrations of C-H bonds in cyclopropane 
rings.8 The 60-Me. proton magnetic resonance spectrum in an 
acetone solution contained cyclopropane ring hydrogen peaks at 
r  = 8.54 p.p.m. The relative peak areas ior the phenyl, methine, 
six-membered ring methylene, and cyclopropane hydrogen atoms 
were 5, 1, 4, and 3.

;V-Acetyl-0-benzylidene-2,2-bis(hydroxymethyl)cycIopropane- 
carbinylamine (TV) was prepared by treating an ethanol solution 
of I with Raney nickel at 100° at a hydrogen pressure of 1000 
p.s.i. and converting the sirupy amine into IV with acetic 
anhydride in pyridine. An analytical sample, m.p. 143.5°, 
was prepared by repeated recrystallizations from ethanol.

Anal. Calcd. for C,r,H19N03: C, 68.94; H, 7.33; N, 5.36. 
Found: C, 69.42; H, 7.48; N, 5.46.

0-Benzylidene-N,N-dimethyl-2,2-bis(hydroxymethyl)cyclo- 
propanecarbinylamine methiodide (V), m.p. 217-219°, was ob
tained in 49% yield by treating the sirupy amine two times with 
methyl iodide and sodium hydroxide, and crystallizing the prod
uct from ethanol-water. Repeated recrystallizations from 
ethanol-water gave an analytical sample, m.p. 218-220°.

Anal. Calcd. for C,6H24iN 02: C, 49.36; H, 6.21; N, 3.60. 
Found: C, 49.65; H, 6.22; N, 3.53.

0-Benzylidene-2,2-bis(hydroxymethyl)cyclopropanecar- 
boxamide (II), m.p. 200-200.5°, was obtained in a yield of 74% 
by treating I with aqueous sodium hydroxide and recrystallizing 
the product from alcohol.

Anal. Calcd. for C13H16NOs: C, 66.94; H, 6.48. Found: 
C, 67.30; H, 6.54.

2-Chloromethyl-2-hydroxymethylcylopropanecarboxylic acid 
lactone (III), b.p. 95° (0.5 mm.), 84° (0.1 mm.), re®d 1.4935, 
was obtained in a 15% yield by refluxing 54 g. of I and 100 ml. of 
concentrated hydrochloric acid for 30 min., extracting with ben- 
zene-ligroin, separating phases, and adding 30 ml. more of con
centrated hydrochloric acid to the aqueous portion, which was 
refluxed for 12 hr. longer, adding 30 g. of sodium hydroxide 
after cooling, extracting the reaction mixture with benzene- 
ligroin and then with ethanol-ether, drying the latter extract 
and evaporating the solvent, and distilling under reduced pres
sure.

Anal. Calcd. for CeHjCKL: C, 49.16; H, 4.82. Found: 
C, 49.09; H, 4.90.

The 60-Mc. proton magnetic resonance spectrum of a carbon 
tetrachloride solution showed large peaks at t = 5.76 and

(8) S . E .  W iberley and S . C . Bunce, Anal. Chem., 24, 623 (1952).
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T able IV
D isplacem ent  R eactions of 0 -B en zy lid en epen ta ery tiirito l  D eriv a tiv es  w ith  Sodium  C yanide

C6H6 / °  c\ 1 2/ c h 2y
;c  <

H W h 2 CHîZ

NaCN
c 6h 5,

H '

/ 0 - CHv

\  / ° \  
0  —  c h 2

ch2
t
CH -CN

E x p e ri
m e n t .------------------------------------ -S ubstra te------------------- ;---------------- - Y ie ld ,“
no. Y z % S o lv en t

1 0S02C6H6 oso2c6h 5 45 DMF
2 oso2c 6h 6 I 77 DMF
3 I I 45 DMF
4 oso2c 6h 6 I 36 DMSO6
5 oso2c 6h 6 I 31 Anhydrous DMSO,6 solid 

NaCN introduced
6 oso2c 6h 6 I 30 Anhydrous DMF, solid 

NaCN introduced
7 0S02C6H4Br(p) 0S02C6H4Br(p) 85 DMF
8 0S02C6H4Br(p) I 82 DMF
9 0S02C6H4CH3(p ) 0S02C6H4CH3(p) 7.5' DMF

10 0S02C6H4CH3(p) I 34 DMF
11 oso2c 6h 5 oso2c6h 5 Very low C2H6OHrf

“ Yields based upon materials with melting points within 2° or less of the analytical samples. 6 Reaction at 130-135°. c 38% 
substrate recovered. d Reaction carried out in a Carius bomb tube at 130° for 8 hr.

6.26 p.p.m., assignable to the methylene hydrogens of the lactone 
ring and the chloromethyl group, respectively. The upheld 
peaks were located at r = 7.93, 8.53, and 8.86 p.p.m. for the three 
nonequivalent cyclopropane ring hydrogens. The approximate 
peak areas were 2, 2, 1, 1, and 1 for the different types of hydro
gens in the order described.

Acknowledgment.— We are grateful to the Strasen- 
burgh Laboratories for support of a portion of this 
investigation and thank Robert C. Hirst for the nuclear 
magnetic resonance spectral data and interpretation.
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Cyclic dimers1 and trimers2 of butadiene have been 
obtained by several workers. We have now found 
that a trimer, tra n s ,Irans,cis-1,5,9-cyclododecatriene, is 
produced upon treatment of butadiene with a novel 
catalyst system which consists of a combination of an 
alkylaluminum halide and a titanium tetraalkoxide. 
The action of trialkylaluminum-titanium tetraalkoxide 
complex on butadiene has been reported by Wilke3 to 
afford 1,2-polymer.

A benzene solution of diethylaluminum chloride con
taining titanium tetrabutoxide in a mole ratio of about 
20 (Al/Ti) was treated with butadiene gas until the ab
sorption rate decreased rapidly. Distillation of the 
reaction products gave a cyclododecatriene fraction in 
81% yield, no appreciable quantities of dimer and tetra- 
mer being isolated. The cyclododecatriene consisted

(1) (a) K. Ziegler, A n g e w . C h e m . ,  59, 177 (1947); H. W. B. R eed, J .  

C h e m .  S o c . ,  685 (1951); (b) G. W ilke, A n g e w .  C h e m . ,  73, 33 (1961).
(2) (a) G. W ilke, i b i d . ,  69, 397 (1957); Studiengesellschaft Kohle m. b. 

H m Belg. P a ten t 555,180 (1957); G. W ilke, J .  P o l y m e r  S e i . ,  38, 45 (1959); 
(b) Studiengesellschaft Kohle m. b. H ., Belg. P a te n t 566,436 (1958); G. 
W ilke and  H. M üller, G erm an P a te n t 1,043,329 (1958); (c) c f .  also ref. lb .

(3) G. W ilke, A n g e w .  C h e m . ,  68, 306 (1956).

only of ira n s ,tra n s ,c is -1 ,5 ,9-cyclododecatriene and no 
tra n s ,tra n s ,tra n s  isomer was isolated upon careful dis
tillation in any case. However, the a ll tra n s  isomer was 
isolated in about 5% yield from trimerization products 
of butadiene in the presence of a mixture of titanium 
tetrachloride and dialkylaluminum halide, as reported 
by Wilke. Consequently, it appears that our catalysts 
containing titanium tetraalkoxides have higher stereo- 
specificity for trimerization of butadiene than catalysts 
reported by Wilke.

trans, tra n s ,c is -1 ,5,9-Cyclododecatriene lias been iden
tified by measurements of molecular weight and infra
red spectrum and by formation of silver nitrate complex 
in quantitive yield.4 Catalytic hydrogenation and 
ozonization yielded cyclododecane and succinic acid, 
respectively, in high yeilds.

Effects of reaction variables on yields of cyclododeca
triene have been examined. As summarized in Table I, 
the organic groups of titanium tetraalkoxides and or- 
ganoaluminum compounds had minor effects on the 
yields of cyclododecatriene. Alkylaluminum bromides 
and chlorides were equally active. The halogen content 
of organoaluminum compounds or n in R 3-„A 1X„ must 
be between 0.5 and 1.5. When n  was 0.5 or less, 
linear polymer was produced in quantities and cyclo
dodecatriene was obtained with poor yields or in trace. 
Similar results were also observed when n  was 1.5 or 
more.

Data in Table II show that the mole ratio of alkyl
aluminum halides to titanium tetraalkoxides must be 
greater than 12. When the mole ratio was less than 12, 
little, if any, butadiene was absorbed and polymer was 
produced instead of cyclododecatriene. At a mole ratio 
of 18 or higher, the absorption rate of butadiene was in
creased appreciably and yields of cyclododecatriene 
were greatly improved. The yields remained approxi
mately constant at higher mole ratios. In each case 
certain induction period was recognized.

As shown in Table III, the reaction temperature 
should be kept below 65°. Higher temperatures than

(4) Com pared w ith a  silver n itra te  complex of t r a n s , t r a n s ,cis-1,5,9-cyclo- 
dodecatriene obtained  by  m ethod of Wilke.
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T a b l e  I
T h e  E f f e c t  o f  C a t a l y s t s

T im e ,
hr.

,----- C12H186-
R g- R

Jew
X n g- A l/ T ia °c. g- %

C4H 9 0 .5 c 2h 6 Br 1 0 2 0 . 6 3 30-35 33 85
C4H 9 0.5 CHa Cl 1 2 . 6 19 2 30-35 2 33
c 4h 9 0 .5 CH3 Cl 1 5 . 2 38 2 30-35 7 70
C4H 9 1.3 CHa Cl 1 7 . 4 20.8 2 62 1 0 42
C4H 9 0.36 CHa Cl 1 . 5 2 . 2 20 3 30-35 Trace
c 4h 9 0.48 CHa Cl 1 . 5 5 . 7 40 3 30-35 0 .5 7
C4H 9 0.34 c 2h 6 Cl 0 . 5 1 . 1 10 2 40 0°
c ,h 9 0.34 c 2h 5 Cl 0 . 5 2 . 1 20 2 40 3 35
c 4h 9 0.34 c 2h 5 Cl 0 . 5 3 . 3 30 2 40 2 27
c 6h 5 0 .8 c 2h 5

CHa Cl
0

1 . 5

2

2d 21 2 30-35 11 73
° Mole ratio of R3_nAlXn/Ti(OR)4. 6 Cyclododecatriene, b.p. 85-95° at 5 mm. '  No absorption of butadiene was observed but a 

trace of linear polymer was obtained. d To a benzene solution of titanium tetraphenoxide was added triethylaluminum and then 
methylaluminum sesquichloride.

T a b l e  II

T i(O C 4H 9) . ------ (Galls) a-- „ A lc i* ----- .
T h e  E f f e c t  o f  Al/Ti M o l e  R a t i o “

T im e , Tem p ., c a n ,----------C ,2 l l ,% ____
g. n g. A l / T i “ m in . °c. l. g- %

1 1.24 4.2 12.0 120 40-50 8 2 10
0.6 1.24 2.8 13.4 180 40-50 17 21 54
1 1.24 6 17.2 120 40-50 6.9 14 85
0.17 1 .27 0.96 15.7 50 31 1.2 Trace
0.17 1.27 1.2 20.0 121 31 13.4 28.1 86.7
0.17 , 1.27 1.2 20.0 41 45 6.8 14.6 89
0.085 1.27 0.78 24.0 36 45 5.4 11.7 90
0.17 1.27 1.0 24.6 57 31 2.6 5.0 79
0.17 1.27 1.8 29.4 n o 28 4.5 8.1 75
0.17 1.27 3.0 49.2 95 31 5.1 10.0 80

The reactions were carried out in 40 ml. of benzene. 6 Mole ratio of (C2H5)3- reAlClK/Ti( OC4H9)4 “ -Absorbed butadiene. d Cych
dodecatriene, b.p. 85-95° at 5 mm.

T a b l e  III
T h e  E f f e c t  o f  T e m p e r a t u r e “

T ì (OCi H j)4 ,-------(Cîl-If)j-„A1C1„------- - Temp- T im e , ,-------- C12IW -
g- n g. A l / T i5 * 1078 °C . min. e- %

1.0 1.24 6.5 18 30-35 60 14 81
1.0 1.24 6.5 18 64 60 9 30
0.034 1.73 0.47 39 30 65 1.0 55
0.034 1.73 0.47 39 45 77 4.5 82
0.034 1.73 0.47 39 59 85 9.2 83
0.034 1.73 0.47 39 72 50 0.8 72

reactions were carried out in 40 ml. of benzene. 6 Mole ratio of (C2H6)3- MAlCl„/Ti(OC4H9)4. e Cyclododecatriene,
85-95° at 5 mm.

6 5 °  d u r in g  p r e p a r a tio n  o f c a t a ly s t  or  r e a c t io n  r e s u lte d  
in  n e a r ly  c o m p le te  lo s s  o f  c a t a ly s t  a c t iv i t y  a n d  n e g lig i
b le  y ie ld s  o f  c y c lo d o d e c a tr ie n e .

A fte r  b u ta d ie n e  w a s  p a s se d  fo r  e ig h t  h o u rs  in to  a  
b e n z e n e  s o lu t io n  o f  d ie th y la lu m in u m  c h lo r id e  a n d  t i 
t a n iu m  t e tr a b u to x id e  in  a  m o le  r a tio  o f  2 2 , th e  a b so r p 
t io n  s lo w e d  d o w n  r a p id ly . A d d it io n  o f  d ie th y la lu m i
n u m  c h lo r id e  t o  th e  r e a c t io n  m ix tu r e  r e g e n e r a te d  th e  a c 
t i v i t y  o f  th e  c a t a ly s t  s y s t e m  a llo w in g  th e  r e a c t io n  p r o 
c e e d in g  fo r  a n  a d d it io n a l se v e r a l  h o u rs . C y c lo d o d e c a 
tr ie n e  w a s  o b ta in e d  in  a b o u t  8 0 %  y ie ld  fr o m  th is  r ea c 
t io n  m ix tu r e  a n d  t h e  p r o d u c t io n  o f lin e a r  p o ly m e r  w a s  
n o t  a p p r e c ia b ly  in c re a se d .

Experimental6
Synthesis of trans ,trans,cis-J ,5,9-Cyclododecatriene.—To a 

solution of 1.7 g. of titanium tetrabutoxide in 50 ml. of benzene, 
13 g. of diethylaluminum chloride was added in a nitrogen atmos

(5) A ll tem peratures are uncorrected.

phere, with stirring while the temperature was maintained below 
55°. Immediately gas was evolved and the solution became 
brown-black. To the catalyst solution thus obtained and held at 
50-55°, butadiene was introduced through calcium chloride tube 
at such a rate that most of the added butadiene was consumed. 
The absorption rate was about 4 1. per 10 min. for a period of 8 h r. 
but after that it decreased rapidly. The total volume of buta
diene absorbed was 1651. After standing overnight, the reaction 
mixture was treated with alcohol and dilute hydrochloric acid, and 
organic layer was combined with benzene extracts of water layer 
and distilled to afford a fraction (320 g. or 81%) boiling at 85- 
95° (5 mm.) and residue (70 g.). The fraction was redistilled 
with a high-efficiency rotating band column, to afford trans,trans,- 
cfs-l,5,9-cyclododecatriene boiling at 96° ( 10 mm.) in more than 
95% recovery. Though the forerun of the redistillation was 
cooled at —20° for several days, no crystalline trans,trans,trans 
isomer was obtained. Infrared spectrum of the forerun agreed 
with that of trans,trans,c,is isomer.

The molecular weight of trans,trans,cis-1,5,9-cyclododeca- 
triene was determined by mass spectrometric analysis as 162; 
n26D 1.5051, d254 0.8895. The silver nitrate complex melted at
166-167015. Mixtures of the complex with authentic sample

(6) D . N . Saxa rk in  and B . B . Korneba, D o f c l .  A k a d .  N a u k ,  S S S R ,  132,
1078 (1960).
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melted at 166-167°. Infrared absorptions (liquid film) of trans 
and cis double bonds were observed at 970 and 705 cm.-1, re
spectively, and the trans absorption was stronger than cis. Cata
lytic hydrogenation over palladium-charcoal yielded cyelodode- 
cane melting at 58-59 07 in 91 % yield.

Synthesis of Cyclododecatrienes by Method of Wilke.8—A 
mixture of 9 g. of diethylaluminum bromide and 1.7 g. of titanium 
tetrachloride was treated with butadiene at about 50° for 6 hr. 
A cyclododecatriene fraction (60 g.) was obtained in 80% yield. 
The fraction consisted largely of trans,trans,cis- 1,5,9-cyclodode- 
catriene boiling at 96° (10 mm.) and about 5% of trans,trans,trans 
isomer boding at 92° ( 10 mm.), which was separated as a forerun 
on distillation through a high-efficiency rotating band column. 
The trans,trans,trans isomer fraction crystallized on cooling and 
the solid melted at 31-32°.9

(7) M .p . 60° , L .  R u z ick a , M . S to ll, H . W . H u yse r, and H . A . Boekenogen, 
H e l v .  C h i m .  A c t a ,  13, 1152 (1930).

(8) See also ref. 2a.
(9) G . W ilke  and M . K ro n er, A n g e w .  C h e m . ,  71, 574 (1959), reported m.p. 

33-34°.

M é th y la t io n  o f  B e n z im id a z o le  a n d  
B e n z o th ia z o le  C a rb o x a ld o x im e s1

E. J .  P o z io m e k , 2 R. H. P o i r i e r , 3 R. D. M o r i n , 3 a n d  
T. F. P a g e , J r . 3

U. S. Army Chemical Research and Development Laboratories, 
Edgewood Arsenal, Maryland, and Battelle Memorial Institute, 

Columbus, Ohio

Received April SO, 1962

In the course of our studies on quaternary hetero
cyclic aldoxime salts, we had occasion to prepare 1,3- 
dimethyl-2-formylbenzimidazolium iodide oxime (I) 
and 2-formyl-3-methylbenzothiazolium iodide oxime
(II) through schemes involving méthylation of 1- 
methylbenzimidazole-2-carboxaldoxime and benzo- 
thiazole-2-carboxaldoxime, respectively. The usual 
synthesis of quaternary heterocyclic aldoximes in
volves alkylation of the appropriate heterocyclic ald
oximes in acetone or alcohol.4 5 With oximes that

CH3

I II

are difficult to alkylate it has been reported that 
nitromethane is a better choice of solvent.6 When the 
ring nitrogen is hindered sterically, alkylation is very 
difficult and in the case of quinoline-2-aldoxime it 
was unsuccessful.4® In the case where a methyl group 
at the 6-position of picolinaldehyde oxime hinders 
the ring nitrogen sterically, it was shown that alkylation 
occurs on the nitrogen of the oxime rather than on the 
ring.6

(1) Presented a t the 142nd N ationa l M eeting of the Am erican Chem ical 
Society , A tlan tic  C it y , N . J . ,  Septem ber, 1962.

(2) U . S . A rm y  Chem ical Research and Developm ent Laboratories.
(3) Ba tte lle  M em orial In s titu te .
(4) (a) S . G insburg and I .  B .  W ilson , J .  A m .  C h e m .  S o c . ,  79, 481 (1957); 

(b) E .  J .  Poziom ek, B .  E .  H ack le y , J r . ,  and G . M . Steinberg, J .  O r g .  C h e m . .  

23, 714 (1958).
(5) E .  P ro fit and G . K ru g e r, TKiss. Z. T e c h .  H o c h s c h .  C h e m .  L e u n a -  

M e r s e b u r g ,  2, 281 (1959-1960); C h e m .  A b s t r . ,  55, 1607e (1961).
(6 ) B .  E .  H ack ley , J r . ,  E .  J .  Poziom ek, G . M . Steinberg, and W . A . 

M osher, J .  O r g .  C h e m .  27, 4220 (1962).

The studies presented in this paper are somewhat 
different in that five-membered rings are being meth
ylated and the basicity of the 1-methylbenzimidazole 
ring is much stronger and that of the benzothiazole 
ring much weaker than the basicities of the pyridines 
and quinolines studied previously. No difficulty 
was found in synthesizing I in ethanol through a room 
temperature méthylation of l-methylbenzimidazole-2- 
carboxaldoxime. In contrast, the more vigorous re
action conditions of refluxing nitrobenzene-alcohol 
were needed in the méthylation of the much less basic 
benzothiazole-2-carboxaldoxime. Besides II, a di- 
methylation product, N-methyl 2-formyl-3-methyl- 
benzothiazolium iodide oxime (V) was isolated. It 
appears that the side product was formed through a 
méthylation of II because with lower reflux tempera
ture and longer reaction time only II was isolated.

The more facile synthesis of I than that of II is un
derstandable in view of the stronger basic center in 
the 1-methylbenzimidazole ring. Failure to find 1- 
methylbenzimidazolium or benzothiazolium hydro
iodides in which monomethylation had occurred on 
either the oxime nitrogen or oxygen, e.g., I l l  or IV, 
would indicate that the ring nitrogens were not hindered 
sterically to any serious extent.

III.R  = H IV. R = H
V.R = CH3 v i . r  = c h 3

The nuclear magnetic resonance spectrum of I in 
deuterium oxide consists of three resonances: a singlet 
at522c.p.s. (area = 1 ) ,= C —C H = N —, a symmetrical 
multiplet centered at 468 c.p.s. (area = 4), aromatic
protons, and a single sharp peak at 249 c.p.s. (area =

+
6), = N —CKhand —N— CH3 protons. The resonance 
at 249 c.p.s. is undoubtedly a result of the average 
electronic environment experienced by the two methyl 
groups because of the resonance of the quaternary 
center between the two nitrogens. The spectrum of 
N-methyl-2-pyridone shows a methyl resonance at 
215 c.p.s. while that of 1,3,5-trimethylpyridinium iodide 
of 2-pyridone exhibits 1-methyl resonance at 275 c.p.s.7 
The average of these two values is 245 c.p.s., which 
is in good agreement with the observed frequency of 
the methyl groups in I. Traces of water, and possibly 
some exchange, precluded detection of the =NOH 
proton in the spectrum obtained in deuterium oxide. 
By the use of redistilled, dry acetonitrile, the =NOH 
proton resonance was observed near 740 c.p.s. (area = 
1). Oxime protons generally absorb in this region in 
nonbonding solvents.

A nuclear magnetic resonance spectrum of II could 
not be obtained, because of the limited solubility of II 
in solvents commonly used in this work (D20 and 
CDC13). Instead, structure proof was achieved on the 
basis of elemental analysis, neutralization equivalent, 
a broad OH stretching band found in the infrared ab
sorption spectrum in potassium bromide, and an ob
served bathochromic shift of the long wave length

(7) J .  A . E lv id g e  and L .  M . Jackm an , J .  C h e m .  S o c . ,  859 (1961).



1412 N o t e s V o l . 28

band of maximum absorption from dilute acid to dilute 
base. Alternative structures would be N-(or 0-) 
methyl benzothiazole-2-carboxaldoxime hydroiodides 
III (or IV), but these choices were eliminated since 
both N-(and 0-) methyl 6-methylpicolinaldehyde oxime 
hydroiodides exhibit hypsochromic shift of the long 
wave length absorption band from dilute acid to base.6

On the basis of elemental analysis, the side product 
isolated in the methylation of benzothiazole-2-carbox- 
aldoxime could correspond to either V or VI. Authen
tic samples were obtained by methylation of N(and 
0)-methyl benzothiazole-2-carboxaldoximes. A com
parison of infrared absorption spectra with those of the 
side product led to the assignment of the N-methyl 
oxime structure (V).

It may be of interest to note that I and II are the 
most acidic of the heterocyclic aldoxime methiodides 
reported to date (Table I). There is a general trend 
for oxime acidity to increase as the ring basicity de
creases. Major exceptions are I and the 2-formylpyri- 
dinium derivative. In order to rationalize these dif
ferences it would be necessary to take into account 
effects on oxime acidity by intramolecular dipole inter
actions.8 This would require placing the compounds 
in categories of syn and anti configuration and position 
of substitution on the ring. The configuration of most 
of the quaternary heterocyclic aldoximes known has 
not been established. However, an examination of 
molecular models illustrates clearly that the oxygen of 
anti aldoximes could most readily participate in elec
trostatic interactions with the positive ring nitrogen. 
A weakening of the O-H bond with a corresponding 
increase in acidity would be anticipated and may be 
reflected in the low pAa of I relative to the high basicity 
of its heterocyclic nucleus.

T a b l e  I

A c id  D is s o c ia t io n  C o n s t a n t s  o f  Q u a t e r n a r y  H e t e r o c y c l ic  
A l d o x im e  I o d id e s

Heterocyclic ring

Relative 
basicity 
of ring 

nucleus“ pX'a
1,3-Dimethyl-2-formylbenzimida- 

zolium (I) 1.00 7.0
2-Formyl-1-methylpyridinium .91 8.0
4-F ormyl-l-methylpyridinium .88 8.5,c 9.0'
4-F ormyl-l-methylquinolinium .80 8.3
1-F ormyl-2-methylisoquinoImium 7.7
2-F ormyl-3-methy lbenz othia- 

zolium (II) .39 6.3
a The relative basicities had been determined by an indirect 

method involving comparison of the spectrum of a cyanine dye 
containing the particular heterocyclic ring as a constituent.9 
It involves a measurement of the deviation in XroaI which is as
sumed to be due to the basicity of the heteroaromatic structure. 
4 See ref. 4a. c syn Isomer. d anti Isomer. e See ref. 10. 
r See ref. 11.

(8) E. J . Poziom ek, P h .D . d issertation , U niversity  of D elaware, June, 
1961.

(9) L. G. S. Brooker, A. L. Sklar, H. W. J. Cressm an, G. H . Keyes, 
L. A. Sm ith, R . H . Sprague, E . V an Lare, G. Van Z andt, F. L. W hite, and  
W. W. W illiams, J . A m .  C h e m .  S o c . ,  67, 1875 (1954).

(10) E . J . Poziomek, D . N. K ram er, W. A. M osher, and  H. O. Michel, 
i b i d . ,  83, 3916 (1961).

(11) R. H . Poirier, unpublished results.

Experimental12
1 -Methylbenzimidazole-2-carboxaldehyde.—M .p. 107-108 °

(reported13110°). The presence of a strong carbonyl absorption 
band at 5.9 y distinguished it from its precursor 1,2-dimethyl- 
benzimidazole, m.p. 109-110°.

1 -Methylbenzimidazole-2-carboxaldoxime.—M.p. 224-2250 
(reported13 m.p. 204°).

l,3-Dimethyl-2-formylbenzimidazolium Iodide Oxime (I).—1- 
MethylbenzimidazoIe-2-carboxaldoxime (0.3 g.) was treated with 
an excess of methyl iodide in an acetone-ethyl alcohol mixture. 
After the mixture was allowed to stand at room temperature for 
2 days, the 0.1 g. of pale yellow needles, m.p. 204—205° dec., that 
had crystallized from the reaction mixture was isolated and 
charac t6riz6d

Anal. Calcd. for Ci0HuIN,O: C, 37.9; H, 3.8. Found: 
C, 37.9; H, 3.9.

Benzothiazole-2-carboxaldehyde.—M.p. 75-76°, recrystallized 
from petroleum ether (reported,14 m.p. 75-77°). Recrystalliza
tion from methanol gave the hemiacetal, m.p. 89-91°.

Anal. Calcd. for C9H9N02S: C, 55.4; H, 4.7; S, 16.4. 
Found: C, 55.5; H, 5.0; S, 16.5.

Benzothiazole-2-carboxaldoxime.—M.p. 168-169° (reported,15 
m.p. 186-187°).

Anal. Calcd. for CsIRNbOS: N, 15.7; neut. equiv., 178. 
Found: N, 15.7; neut. equiv., 172; pK., 9.3.

Methylation of Benzothiazole-2-carboxaldoxime. Procedure 
A.—A solution of benzothiazole-2-carboxaldoxime (11.5 g., 0.065 
mole) and methyl iodide (24.6 g., 0.195 mole) in 75 ml. of 
nitrobenzene-ethanol (4:1) was refluxed for 11 hr. The reaction 
solution (colored red with a green cast) was cooled to room 
temperature and allowed to stand for 1 week. Filtration gave
11.0 g. of a red-brown solid. The product was dissolved in 300 
ml. of warm methanol; the solution was boiled with activated 
charcoal and filtered. Fractional crystallization by the addition 
of ethyl ether and cooling gave three fractions:

Fraction A, N-methyl 2-formyl-3-methylbenzothiazolium 
iodide oxime (V), 0.4 g., m.p. 226-228°.

A?ial. Calcd. for C10HnIN2OS: C, 35.9; H, 3.3; O, 4.8. 
Found: C, 35.7; H, 3.4; O, 4.6.

Fraction B, 7.6 g., m.p. 198-200°; potentiometric titration 
data indicated that this product was a mixture containing 75% of 
II.

Fraction C, 2-formyl-3-methylbenzothiazolium iodide oxime 
(II), 1.0 g„ m.p. 203-204° dec.

Anal. Calcd. for C9H9IN2OS: C, 33.8; H, 2.8; O, 5.0;
neut. equiv., 320. Found: C, 34.1; H, 2.9; O, 5.2; neut. 
equiv., 322; pKa 6.3. The pHa was determined speetrophoto- 
metrically in water.16 Xmax 0.1 N  HC1, 329 m^; 0.1 N  NaOH, 
363 m/i.

Procedure B.—A solution of 2.4 g. (0.0135 mole) of benzothia- 
zole-2-carboxaldoxime in 5 ml. of methyl iodide and 15 ml. of 
methanol was refluxed for 24 hr. The mixture was con
centrated, diluted with ethyl ether, and a salt was isolated 
by filtration; orange solid, 1.3 g., m.p. 189-190° dec. 
The 1.6 g. of unchanged oxime that was recovered by 
evaporation of the filtrate was again treated with methyl iodide. 
After 6 hr. of refluxing, the methiodide was isolated as before; 
0.3 g. m.p. 189-190° dec. The products were combined, dis
solved in 100 ml. of methanol-ethanol mixture, treated with 
Norite, concentrated to 50 ml., and allowed to crystallize. 
Orange crystals were obtained, 1.2 g . (28%), m.p. 190-191°, 
dec. An infrared absorption spectrum obtained in potassium 
bromide was identical to that of II isolated in procedure A.

0-Methyl-2-formyl-3-methylbenzothiazolium Iodide Oxime 
(VI).—To 5.0 g. of benzothiazole-2-carboxaldoxime in 100 ml. of 
hot methanol was added 8.0 g. of O-methylhydroxjdamine hydro
chloride. The solution was allowed to warm for 30 min. on a 
steam bath. Water was added to the point of cloudiness, then

(12) M elting  points are uncorrected. Unless otherw ise ind icated , 
p K & values were obtained a t  room tem peratu re , from po ten tiom etric  da ta , 
assum ing p K & to  be the pH  of half neutralization. In  each case approxi
m ately 100 mg. of sam ple dissolved in 25 ml. of m eth an o l-w a ter (1 :1 ) 
was titra te d  w ith 0.1 N  sodium hydroxide.

(13) M arie-Therese Le Bris an d  H. W ashl, B u l l ,  s o c . c h i r n . F r a n c e ,  312 
(1959).

(14) D . Taber, J .  A m .  C h e m .  S o c . ,  77, 1010 (1955).
(15) W. Borsche and  W. Doeller, A n n . ,  537, 53 (1939).
(16) D. H. R osenblatt, J .  P h y s .  C h e m . ,  58, 40 (1954).
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the mixture was cooled and filtered to give 4.6 g. of 0-methyl 
benzothiazole-2-carboxaldoxime, m.p. 65-68°.

Anal. Found: C, 55.7; H, 4.4.
This product (4.0 g.) and 10 ml. of methyl iodide in 75 ml. of 

methanol were refluxed for 85 hr. Ether was added to give 0.6 
g. of an orange solid, m.p. 201-203° dec.

Anal. Calcd. for C10NnIN2OS: C, 35.9; H, 3.3. Found: 
0,35.6; H, 3.3.

N-Methyl-2-formyl-3-methylbenzothiazolium Iodide Oxime
(V).—A similar procedure as described for VI (except that N- 
methylhydroxylamine was used) gave 26% of an orange solid, 
m.p. 233-235° dec.

Anal. Calcd. for Ci0HnIN2OS: C, 35.9; H, 3.3. Found: 
C, 35.7; H, 3.4.

Nuclear Magnetic Resonance Studies.—The spectra were ob
tained using a Varian Model HR-60 high resolution n.m.r. 
spectrometer equipped with an electronic integrator. All chemi
cal shifts are reported in cycles per second at 60 Me./sec. down- 
field from the reference signals used. Tetramethylsilane was 
used as a reference for spectra obtained in acetonitrile and the 
methyl resonance of sodium 2,2-dimethyl-2-silapentane-5-sulfo- 
nate was used as a reference for the spectra obtained in 1)20 .17 
All chemical shifts were determined using the side band tech
nique.18

Acknowledgment.— The authors wish to express 
their gratitude to the Analytical Research Branch of 
the Research Directorate, U. S. Army Chemical Re
search and Development Laboratories, for part of the 
analyses reported here.

(17) G. V. D. T iers and  R. I. Coon, J .  O r g .  C h e m . ,  26, 2097 (1901).
(18) J . T . Arnold and  M. E . P ackard , J .  C h e m .  P h y s . ,  19, 1608 (1951).
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An attempt to prepare quadricyclo [2,2,1,0--6,03-5]- 
heptane (I) by treatment of the p-toluenesulfonylhy- 
drazone of nortricyclenone (II) using the general pro
cedure described by Friedman and Shechter2 (heating 
with sodium methoxide in diglyme at 160°) gave hydro
carbon material (19% yield) which apparently did not 
contain any I,3 but instead was a mixture of 69% 
of 4-ethynylcyclopentene (III), and 29% of 4-vinyli- 
denecyclopentene (IV). The mixture of these two 
materials was separated by vapor phase chromatog
raphy.

[ Q s- G eìCH 0 > = c =CH2

III IV

(1) Previous paper in  series: S. J .  C risto l, Dennis D . Tanner, and Robert 
P. Arganbright, J. Org. Chem., 28, 1374 (1963).

(2) (a) L. Friedm an and H . Shechter, J. Am. Chem. Soc., 81, 5512 (1959); 
(b) 82, 1002 (1960); (c) G . L. Closs, ibid., 84, 809 (1962).

(•3) W. G . Dauben and R .  L .  C a rg ill, Tetrahedron, 15, 197 (1961).

Compounds III and IV were characterized and 
identified as follows. I ll  gave the correct C,H analysis 
and decolorized bromine in carbon tetrachloride and 
2% aqueous potassium permanganate instantaneously. 
Catalytic hydrogenation of III with palladium-on-char
coal catalyst in ethanol at room temperature led to 
rapid absorption of three moles of hydrogen per mole of 
compound. The boiling point of III was approxi
mately 92° (628 mm.) and indicates a monomer. The 
infrared spectrum of III clearly showed the presence 
of an acetylenic function, exhibiting a strong, sharp 
absorption peak at 3.02 p and a sharp, but less intense 
peak at 4.73 p. Sharp peaks at 3.27 and 6.21 p are 
ascribed to the ethylenic hydrogens and carbon-carbon 
double-bond stretching vibrations. The nuclear mag
netic resonance spectrum of III exhibited a singlet at 
4.42 r, a complicated multiplet between 6.8 and 7.8 r, 
and a clear doublet at 8.12 r with relative areas of the 
peaks being 1.94, 5.09, and 1.00, respectively. The 
singlet at 4.42 r is ascribed to the ethylenic hydrogens. 
Cyclopentene itself has a sharp singlet at 4.40 r. The 
doublet at 8.12 t (./ = 2.0 c.p.s.) is assigned to the 
acetylenic hydrogen which is split by the methinyl 
hydrogen. Several examples of such 1,3 splittings are 
known.4

It was expected that the spin-spin splitting pattern 
of the olefinic hydrogens in the nuclear magnetic reso
nance spectrum of the acetylene would distinguish be
tween the symmetrical compound III and its unsym- 
metrical isomer, 3-ethynylcyclopentene. However, 
when the nuclear magnetic resonance spectra of simi
lar isomers, A2 and A8-cyclopentenylacetamide,6 were 
obtained, it was found that the splitting pattern of the 
olefinic hydrogens of the isomers was essentially the 
same, although the appearance of the over-all spectrum 
clearly indicated two isomers.

Although IV was unstable, its structure was estab
lished unequivocally by spectral means. The infrared 
spectrum of IV clearly indicated the presence of the 
allene function by a sharp intense absorption peak at
5.10 p. The allene function is reported6 to absorb at
5.08 to 5.12 p. Sharp peaks of medium intensity at
3.27 and 6.21 p are again ascribed to the ethylenic 
hydrogen and carbon-carbon double-bond stretching 
vibrations. The nuclear magnetic resonance spectrum 
of IV consists of a sharp singlet at 4.48 r, a pentuplet 
centered at 5.40 t, and a triplet centered at 6.87 r with 
relative peak areas of 0.95, 1.00, and 1.97, respectively. 
The relative intensities of the components of the 
triplet were 1:2:1 and of the pentuplet 1:4:6:4:1, indi
cating that the multiplicity is the result of groups of 
equivalent nuclei splitting with each other.7 The 
spectrum is clearly compatible only with the structure 
IV for the allene. Finally, the fact that the acetylene 
isolated is isomerized to IV makes it most probable 
that it is the 4-ethynyl derivative. It is unlikely that 
the conditions employed are drastic enough to isomerize 
the carbon-carbon double bond concurrently with the 
acetylene-allene transformation.

(4) N . S. Bhaeca, L .  F .  Johnson, and J. N . Shoolery, " N M R  Spectra 
C ata log ,”  V arian  Associates, Pa lo  A lto , C a lif ., 1962.

(5) S . J .  C risto l and P . K .  Freem an, J. Am. Chem. Soc., 83, 4427 (1961).
(6) L .  J .  B e llam y , “ Th e  In frared  Spectra of Complex M olecules,”  John 

W iley  and Sons, In c . ,  New Y o rk , N . Y . ,  1958, p. 61.
(7) The  nuclear magnetic resonance spectrum of IV  is being considered in  

detail elsewhere: M . W . H anna and J .  K .  H arrington , J, Phys. Chem., in 
press.
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Friedman and Shechter2b have observed that acety
lene and ethylene are formed in the carbenoid decompo
sition of cyclopropanecarboxyaldehyde p-toluenesul- 
fonylhydrazone and methylacetylene and ethylene from 
the related reaction starting with cyclopropyl methyl 
ketone. It would appear that the formation of an 
acetylene and an olefin may be general for carbenes in 
which one of the substituents is a cyclopropane ring. 
The transformation involved in the formation of III 
can be represented as follows.

There is, of course, no certainty regarding the existence 
of intermediates VI and VII. The formation of allene 
IV seems best rationalized on the basis that it is the 
result of base-catalyzed isomerization8 of the acetylene 
III rather than a direct product of the carbene reaction. 
This rationalization is supported by the fact that only 
III was formed (in 42% yield) upon thermal decomposi
tion of the potassium salt of II or upon irradiation of 
the salt of II according to the general procedure of 
Dauben and Willey.9 It is also supported by the fact 
that III was isomerized to IV under conditions similar 
to those used in the decomposition of II.

Experimental
Elemental analyses were performed by Galbraith Microanalyt- 

ical Laboratories, Knoxville, Tennessee. Infrared spectra were 
recorded on a Beckman IR-5 double beam spectrophotometer 
equipped with sodium chloride optics. Spectra were obtained in 
carbon tetrachloride solution. Nuclear magnetic resonance 
spectra were obtained in carbon tetrachloride solution with an 
A-60 analytical spectrometer of Varian Associates using tetra- 
methylsilane as an internal standard. Vapor phase chromato
grams were obtained with a Perkin-Elmer Model 154-D vapor 
fractometer. Analyses and separations were effected on a 1-m. 
glass column charged with 30% UCON Oil LB-550-X on Chromo- 
sorb W. All runs were made at 72° with a flow rate of 87 ml. of 
helium/min. Peak areas were determined by triangulation and 
corrected for variation in thermal conductivity except that ther
mal conductivities of III and IV were considered equal.

Nortricyclenone.—The preparation of nortricyclenone was 
accomplished according to the method of Schaefer.10 The ultra
violet spectrum and melting point of its 2,4-dimtrophenylhydra- 
zone agreed with the values given by Roberts, Trumbull, Ben
nett, and Armstrong.11 The ketone was stored as the stable 
sodium bisulfite addition compound and regenerated as needed 
by hydrolysis with aqueous sodium carbonate.

Nortricyclenone p-Toluenesulfonylhydrazone.—To a solution 
of p-toluenesulfonylhydrazine (27.0 g., 0.145 mole) in 300 ml. of 
1% ethanolic sulfuric acid, nortricyclenone (15.5 g., 0.144 mole) 
was added all at once. The mixture was heated to 55° for ap
proximately 5 min., then poured into ice-water, and allowed to 
crystallize at 10°. Filtration yielded 37.4 g. (94%) of the dry p- 
toluenesulfonylhydrazone, m.p. 157-159° dec. An analytical 
sample was prepared by recrystallization from ethanol-water, 
m.p. 158.5-160° dec., XmM (in ethanol), 275 m,u, e 700; 225 mja, 
e 15,000.

Anal. Calcd. for CiiEWNfiChS: C, 60.84; H, 5.84. Found: 
C, 60.93; H, 5.99.

(8) R . A. R aphael, “ Acetylenie Com pounds in Organic Synthesis,” 
Academic Press, Inc., New York, N . Y., 1955, pp. 134-39.

(9) W. G. D auben and  F. G. W illey, J .  A m .  O h e m .  S o c . ,  84, 1497 (1962).
(10) J . P . Schaefer, J .  A m .  C h e m .  S o c . ,  82, 4091 (1960).
(11) J . D . R oberts, E . R . T rum bull, W. B ennett, and  R. A rm strong, i b i d . . ,

72, 3116 (1950).

Decomposition of Nortricyclenone p-Toluenesulfonvlhydrazone 
with Excess Sodium Methoxide.—The decomposition was carried 
out by a modification of the procedure of Closs.2'  A three-neck 
flask was equipped with dropping funnel, magnetic stirrer, fritted 
nitrogen inlet, and a 30-cm. Vigreux column. The Vigreux 
column was wrapped with electrical heating tape and connected 
with two receiving traps in series which were cooled in a mixture of 
Dry Ice and acetone. The jacketed Vigreux column was heated 
to 100° and the system purged with prepurified nitrogen which 
was used as a carrier gas to sweep out the products of the reac
tion. Dry reagent-grade sodium methoxide (7.71 g., 0.143 mole) 
was suspended in diglyme (distilled twice from lithium aluminum 
hydride) and the suspension was heated in a stirred oil bath at 
160°. A solution of II (12.0 g., 0.044 mole) in diglyme (150 ml.) 
was added dropwise over a period of 3 hr. The contents of the 
two traps were diluted with a fivefold excess of water and ex
tracted three times with 25-ml. portions of pentane. The com
bined extracts were dried and the pentane was removed by care
ful distillation through a 30-cm. coiled wire column. Hydrocar
bon material, 748 mg. (19%), composed essentially of III and 
IV, was obtained. I l l  and IV were then separated by vapor 
phase chromatography. I l l  had a retention volume of 1650 ml. 
and IV a retention volume of 2300 ml. The ratio of III to IV 
was 71/29. I l l  instantly decolorized bromine in carbon tetra
chloride in a capillary test. I l l  dissolved in acetone decolorized a 
drop of 2% aqueous potassium permanganate. A sample of III 
was purified for analysis by vapor phase chromatography, nmd 
1.4592.

Anal. Calcd. for C7H8: C, 91.25; H, 8.75. Found: C, 
91.42; H, 8.55.

The boiling point of III, taken by Emrich’s method,12 
was approximately 92° (628 mm.). Reduction of III (43.3 
mg., 0.470 mmole) in 95% ethanol (20 ml.) was effected 
over 50 mg. of prereduced 10% palladium on charcoal in a low 
pressure apparatus at 632 mm. ana 22.5°. Hydrogen (40.4 ml.) 
was taken up in 5-6 min., corresponding to an uptake of 2.95 
moles of hydrogen per mole of III.

IV was obtained in pure form (a single peak on reinjection) by 
vapor phase chromatography' but proved to be unstable. Upon 
standing at room temperature, IV changed to a yellow gum in a 
few hours and to a solid in approximately' 24 hr. The structure of 
IV was established by analysis of its nuclear magnetic resonance 
spectrum.

Neutralization of Nortricyclenone p-Toluenesulfonylhydrazone 
with One Equivalent of Sodium Methoxide.—A dry 50-mi. two- 
neck flask was equipped with a nitrogen inlet and distilling head. 
The system was purged with prepurified nitrogen. To it was 
added II (5.913 g., 0.0214 mole), dry sodium methoxide (1.129 g., 
0.0209 mole), and absolute methanol (15.0 ml.). A clear solution 
was obtained. Methanol was then removed by distillation under 
reduced pressure. The residue was ground in an agate mortar 
and pestle in a dry box under an atmosphere of prepurified nitro
gen and dried under reduced pressure over phosphoric anhydride.

Thermal Decomposition.—This dry product (most probably 
the salt of II, m.p. > 200°) and diglyme (2.5 ml., distilled from 
lithium aluminum hydride) were placed in a flask fitted with a 
nitrogen inlet and a heated Vigreux column connected with two 
receiving traps cooled in a mixture of Dry Ice and acetone. The 
apparatus was lowered into a stirred oil bath held at 160° and 
heated for two hours with nitrogen flowing through the system. 
The contents of the traps were analyzed by vapor phase chro
matography and only III (42% using benzene as an internal 
standard) was found. No observable amounts of IV were de
tectable. The contents of the traps were poured into water (100 
ml.), and extracted with pentane. The combined extracts were 
dried and the pentane removed by careful distillation to give III 
(687 mg., 36%,) contaminated by a small amount of pentane. 
Analysis by vapor phase chromatography again showed IV to be 
absent.

Photolytic Decomposition.—A sample of the product (730 mg.) 
obtained by treating II with one equivalent of sodium methoxide 
was suspended in dry diglyme (10 ml.) in a quartz tube, stirred 
with a magnetic stirrer, and subjected to irradiation by a 450- 
w. Hanovia high pressure ultraviolet lamp for 1.75 hr. The 
contents of the quartz tube were analyzed by vapor phase chro
matography and only the presence of III (in low yield) was 
detected.

(12) A. I. Vogel, “ Practical Organic C hem istry ,” Longm ans, G reen and 
Co., New Y ork, N . Y ,, 1956, p. 86.
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Isomerization of 4-Ethynylcyclopentene to 4-Vinylidenecyclo- 
pentene.—To a small glass tube was added sodium methoxide 
(34.1 mg., 0.632 mmole), dry diglyme (0.30ml.), and III (0.0147 
g., 0.160 mmole) which was purified by vapor phase chromato
graphy and contained no detectable amount of IV. The tube 
was sealed and heated at 160° for 8 min. in a stirred oil bath. 
The tube was quickly cooled in an ice bath, opened, and the 
contents analyzed by vapor phase chromatography. The ratio of 
III to IV was found to be 83/17.
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Wieland and Meyer1 discovered that triphenylmethyl 
reacts with benzoyl peroxide in benzene to give trityl 
benzoate, benzoic acid, and tetraphenylmethane. 
Work on various aspects of the mechanism of this reac-

CeH«
(CdhjaC- +  (C6H6C0 2), — ^

(CeHjjhC T  CeH^CChCXCeHsh T  C6H5CO2H

tion has been relatively extensive.2 It seems well es
tablished that trityl benzoate is formed by attack of tri
phenylmethyl on benzoyl peroxide and by combination 
of triphenylmethyl with benzoyloxy radicals.2d

Several workers have shown that formation of tetra- 
arylmethanes occurs in aromatic solvents other than 
benzene.2a'c Several mechanisms have been suggested 
to account for the formation of tetraarylmethanes. 
The most recent has been suggested by Benkeser and 
Schroeder,20 who have postulated that tetraphenyl
methane is formed by reaction of a 7r-complex of tri
phenylmethyl and benzene with benzoyl peroxide or a 
benzoyloxy radical.

Interestingly, apparently no one has demonstrated 
that the tetraarylmethane-forming reaction can be 
effected by any peroxide other than benzoyl. It was 
the purpose of this work to investigate this point. Tri
phenylmethyl was allowed to react with benzoyl per
oxide, cyclopropylformyl peroxide, hydrocinnamoyl per
oxide, 3,3,3-triphenylpropanoyl peroxide, and (-butyl 
perbenzoate. Triphenylmethyl induced the decomposi
tion at room temperature of all of the diacyl peroxides. 
It was necessary to boil the benzene-i-butyl perben- 
zoate-triphenylmethyl reaction mixture to effect de
composition of the perester. Even so the total time 
required for decomposition was considerably less than 
that required for the decomposition of ¿-butyl perben
zoate in the absence of triphenylmethyl. Only with

(1) H. Wieland and A. Meyer, A n n . ,  532, 179 (1937).
(2) (a) H. Wieland and A. Meyer, i b i d . ,  551, 249 (1942); (b) G. S. Ham

mond, J . T . Rudesill, and F. J. Modic, ./. A m .  C h e m .  S o c . ,  73, 3929 (1951); 
(c) R. A. Benkeser and W. Schroeder, i b i d . ,  80, 3314 (1958); (d) W. E. Doer
ing, K. Okamoto.and H. Krouch, ibid., 82, 3579 (1960).

benzoyl peroxide and cyclopropylformyl peroxide could 
the formation of tetraphenylmethane be detected. 
With benzoyl peroxide a 14% yield was obtained,3 while 
cyclopropylformyl peroxide yielded ca. 1% of tetra
phenylmethane. It cannot be definitely stated that no 
tetraphenylmethane was formed with the other per
oxides but if any was formed it must have been very 
little. For example, three separate decompositions of 
hydrocinnamoyl peroxide gave no evidence for tetra
phenylmethane formation.

The results of these experiments show that the forma
tion of tetraphenylmethane is dependent upon the na
ture of the peroxide used. Of greater significance is the 
correlation between the stability of the acyloxy radical 
derived from the peroxide and the formation of tetra
phenylmethane. It seems well established, mainly on 
the basis of radical trapping experiments, that the ben
zoyloxy radical4 is more stable towards decarboxylation 
than a cyclopropylcarboxy radical,8 both of which are 
more stable than simple acyloxy radicals.6

The results obtained with the various peroxides indi
cate that the formation of tetraphenylmethane prob
ably does not involve a direct reaction with the perox
ide. If this were the case, it seems reasonable to sup
pose that all diacyl peroxides should be capable of par
ticipating in the reaction.7 The results are in accord 
with a reaction path in which an acyloxy radical reacts 
with a x-complex of triphenylmethyl and solvent,20 al
though this is not the only possibility. For example, 
triphenylmethyl may react with a 7r-complex of the 
acyloxy radical with solvent.

It is interesting that other radicals, i.e., various alkyl 
radicals which were undoubtedly present during the de
compositions with the diacyl peroxides, did not promote 
the formation of tetraphenylmethane. Indeed the re
action seems limited to relatively stable acyloxy radi
cals. The true requirement may be that an electro
philic radical be present. This may well be due to a 
necessity for strong electron transfer contributions to 
the transition state which leads to tetraarylmethane.8

Experimental
Reaction of Cyclopropylformyl Peroxide and Triphenylmethyl.

—A solution of triphenylmethyl was prepared by stirring 10 g. 
(0.08 mole) of triphenylmethyl chloride dissolved in 75 ml. of 
benzene with 35 g. (0.18 g.-atom) of mercury for 8 hr. under an 
atmosphere of nitrogen. To this solution was added 5.1 g. (0.03 
mole) of cyclopropylformyl peroxide in 75 ml. of benzene. After 
stirring for 1 hr., the infrared spectrum of the mixture indicated 
that all of the peroxide had been decomposed. The mixture 
was filtered and concentrated to a volume of 35 ml. and then 
chromatographed on 60 g. of alumina. Elution with 20% ben
zene in petroleum ether (30-60°) afforded a white crystalline 
substance in the first 150 ml. of eluate.9 Recrystallization from

(3) H am m ond and  co-workers, ref. 2b, obtained  yields of 20-30%  of 
te traphenylm ethane  depending on the  reaction conditions.

(4) G. S. H am m ond and  L. M. Soffer, J .  A m .  C h e m .  S o c . ,  72, 4711 (1950)
(5) H. H a rt and  D. P . W ym an, i b i d . ,  81, 4891 (1959).
(6) This order of s tab ility  is based  upon th e  am o u n t of pa ren t acid 

form ed during the decom position of the  peroxide in the  presence of iodine 
an d  w ater. Using th is  technique, 96%  benzoic acid ,4 47%  cyclopropane 
carboxylic acid,5 and  10% hydrocinnam ic acid have been o b tained  (H . Weiss, 
thesis, R utgers, T he S ta te  U niversity , 1962).

(7) Such a  reaction  m ight have involved electron or hydrogen transfer 
from a  7r-complex to  the  peroxide.

(8) M any  radical reactions a re  sub jec t to  th is  effect. See C. W alling, 
“ Free R adicals in Solution,” John  W iley and  Sons, Inc ., New York, N . Y., 
1957, pp. 365-368, for a  discussion of th is  m atte r.

(9) These conditions were determ ined as op tim al from experim ents 
w ith reaction m ixtures obtained  from the reaction  of benzoyl peroxide and 
triphenylm ethyl in benzene.



1416 N o t e s V ol. 28

benzene-hexane afforded 0.25 g. of material, m.p. 279-281° 
(lit.,20 m.p. 281-282°). The melting point was not depressed on 
admixture with an authentic sample of tetraphenylmethane. 
The infrared spectrum, potassium bromide pellet, was identical 
to that of an authentic sample of tetraphenylmethane.

Reaction of Triphenylmethyl with Hydrocinnamoyl Peroxide,
3,3,3-Triphenylpropanoyl Peroxide and ¿-Butyl Per benzoate.1' — 
The same general procedure as described for the reaction of cyclo- 
propylformyl peroxide was followed except in the case of i-butyl 
perbenzoate where it was necessary to reflux the reaction mixture 
for 20 hr. to decompose the perester. Chromatography of the 
concentrated reaction mixtures on alumina gave in no case any 
indication for the formation of tetraphenylmethane.

(10) D etailed  descriptions of these reactions can be found in H . Weiss, 
Ph .D . thesis, R utgers, T he S ta te  U niversity , 1962.

T h e  C h e m is try  o f  /3 -B ro m o p ro p io n y l I s o c y a n a te .
I I I .  I d e n t i f ic a t io n  o f  P h e n o ls  a n d  A n il in e s 1

H a r r y  W . J o h n s o n , J r ., R o b e r t  J .  D a y , a n d  D in o  S. T i n t i

Chemistry Department, University of California,
Riverside, California
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The use of d-bromopropionyl isocyanate (I) in making 
solid derivatives of alcohols has been reported.2 The 
use of I in making derivatives of phenols and aromatic 
amines is reported herein.

The reaction of I with phenols occurred readily in 
chloroform solution in the absence of a catalyst. The 
reaction did not appear to be subject to steric hindrance, 
since 2,6-diallylphenol, 2,6-diisopropylphenol, and 2,6- 
di-ierf-butylphenol gave satisfactory derivatives under 
these conditions. Hydroquinone and resorcinol reacted 
satisfactorily, but phloroglucinol gave a mixture of two 
products whose structures have not been determined as 
yet.

The most serious limitation of the use of I with 
phenols occurred with the polynitrophenols. Mono- 
nitrophenols reacted readily, but no reaction was 
observed with 2,4-dinitrophenol or picric acid under the 
conditions specified. In this connection it is interesting 
that thiophenol reacted with I whereas hydrogen 
sulfide did not appear to do so.

Monofunctional aromatic amines reacted with I 
without difficulty. The products were easily isolated 
and purified. Diphenylamine formed a derivative 
without difficulty. The N-d-bromopropionyl-N'-aryl- 
ureas formed from the reaction of I with aryl amines 
could be dehydrohalogenated to N-acrylyl-N'-arylureas 
with triethylamine.3 Reaction of I with 2,4-dinitro- 
aniline was unsuccessful.

Aromatic diamines gave products which were very 
insoluble in most solvents, and thus were very difficult 
to purify. This difficulty is sufficient to preclude 
recommendation of I as a reagent for preparing deriva
tives of diamino compounds.

Attempts were made to use I as a reagent for aliphatic 
amines. Considerable difficulty was noted, and I is not

(1) S upport from N ational Science F oundation  g ran ts  G-7850 (U nder
g raduate  Research Partic ipa tion  Program ) and G-9914 is gratefu lly  ac
knowledged.

(2) H. W. Johnson, J r., H. A. Kreyssler, and H. L. Needles, J .  O r g .  C h e m . ,  

25, 279 (1960).
(3) H . W. Johnson, J r .,  R . E . Lovins, and  M. R eintjes, i b i d . ,  24, 1391

(1959); N, W. G abel and  S. B. Binkley, i b i d . ,  23, 643 (1958). .

T a b l e  o f  D e r iv a t iv e s

M .p. of
P aren t derivative, Sol ------ % C------ . -------% H-------.

compound °C. ven t0 Caled. Found Caled. Found

Phenol 106-107 c 44.1 44.3 3.70 3.50
p-Chlorophenol 138-139 M 39.2 39.3 2.96 2.90
p-Nitrophenol 146-147 I 37.9 38.0 2.86 2.74
p-Methoxyphenol 93-94 C 43.7 44.0 4.00 4.10
p-terf-Butylphenol 146-147 M 51.2 51.0 5.49 5.65
p-Phenylphenol 170-171 T 55.2 55.1 4.05 4.12
o-Chlorophenol 127-127.5 E 39.2 39.1 2.96 2.67
o-Nitrophenol 129-130 M 37.9 37.6 2.86 2.78
o-Allylphenol 91-92 C 50.0 50.1 4.52 4.49
o-Isopropylphenol 99-100 E 49.7 49.5 5.13 5.21
1-Naphthol 133-133.5 C 52.2 52.1 3.76 3.60
2-Naphthol
3,4-Dimethyl-

143-144 M 52.2 52.0 3.76 3.77

phenol
2,6-Dimethyl-

105-106 M 48.0 47.7 4.70 4.60

phenol 158-159 M 48.0 47.8 4.70 4.63
3.5- Dimethyl- 

phenol
2.5- Dimethyl-

155-156 M 48.0 47.9 4.70 4.55

phenol 126-127 M 48.0 47.9 4.70 4.49
2.6- Diallylphenol
2.6- Diisoprop3rl-

123-124 E 54.6 54.2 4.58 4.30

phenol
2,6-Di-teri-butyl-

111-112 E 53.9 54.0 6.22 6.00

phenol 107-109 E 56.2 56.3 6.82 6.95
p-Cresol 148-149 I 46.2 46.3 4.23 4.40
Eugenol 80-81 C 49.1 49.4 4.71 4.64
Isoeugenol 141-142 M 49.1 49.3 4.71 4.70
Hydroquinone 209-210 T 36.1 36.3 3.03 3.32
Resorcinol 165-166 I 36.1 36.3 3.03 3.12
Ammonia 181-182 M 24.6 24.9 3.62 3.51
Benzylamine 165-166 M 46.3 46.1 4.60 4.87
Aniline 183-184 M Previously reported
N-Methylaniline 92-93 M 46.3 46.1 4.56 4.40
o-Toluidine 162-163 E 46.3 46.5 4.56 4.69
m-Toluidine 151.5-152. 5 C 46.3 46.3 4.56 4.64
p-Toluidine 196.5-197. 5 E 46.3 46.0 4.56 4.42
o-Phenetidine 224-225 E 45.7 45.8 4.76 4.90
m-Chloroaniline 181-182 E 39.2 39.5 3.27 3.18
o-Nitroaniline 192-193 M 38.0 38.1 3.16 3.05
p-Nitroaniline 222-223 M 38.0 38.2 3.16 3 00
p-Bromoaniline 209-210 M 34.3 34.6 2.86 2.86
2-Aminopyridine
2,5-Dimethoxy-

170.5-172 M 39.7 40.0 3.68 3.76

aniline
2,5-Diehloro-

236.5-237 .5 E 43.5 43.8 4.53 4.34

aniline 183-184 M 35.3 35.5 2.65 2.46
o-Phenylene- 222-225

diamine1' (dec.) 36.2 37.3 3.45 3.64
m-Aminophenol
/3-Phenylethyl-

186-187 M 36.1 36.4 3.23 3.23

amine 153-152 M 48.2 48.5 5 .02 4.89
Diphenylamine 
Bis( p-amino- 

phenyl)- 
methane’’

129-130 M 55.4 55.2 4.32 4.45

250-260 (None attempted)
a Crystallization solvents: E, ethanol; I, isopropyl alcohol; 

M, methanol; T, tetrahydrofuran. b Too insoluble for crys
tallization in common solvents.

recommended for use in making derivatives of them. 
The amines reacted readily, but the d-bromopropionyl- 
ureas thus formed are easily dehydrohalogenated by 
any excess of amine4 to give an oily mixture of bromo- 
propionyl- and acrylylureas. Certain of the aliphatic 
amines gave derivatives when low temperatures and

(4) H. W. Johnson, J r ., and  M , Schweizer, i b i d . ,  26, 3666 (1961).
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dilute solutions were used, and ammonia gave a product 
which was insoluble in chloroform (and thus unable to 
react further).

The derivatives prepared from amines and phenols 
appeared to be stable to ordinary laboratory storage 
conditions when reasonably pure.

In general, our experience with the use of I as a rea
gent for preparing derivatives may be summarized a 
follows: for aliphatic alcohols— good in most cases, 
particularly useful with fairly unreactive alcohols; 
for aliphatic amines— not recommended; for phenols—- 
good, except for very acidic phenols; for aromatic 
amines— good for monoamino compounds. The prin
cipal advantage of I is that reaction with water yields 
d-bromopropionamide which can be removed from the 
product by crystallization in most cases; aryl isocya
nates yield diarylureas which are more difficult to remove 
from the product. The increase in molecular weight of 
an alcohol or amine upon reaction with I is 178, which 
compares favorably with 119 for phenyl isocyanate, and 
169 for naphthyl isocyanate.

Experimental

The phenols and amines used in this work were obtained from 
commercial sources. Melting points were determined with a 
Koffler block. Analyses were performed by Dr. Weiler and 
Dr. Strauss, Oxford.

The method of preparation of I has been reported previously.2
Preparation of Derivatives.—A suspension of 1.0 g. (0.0056 

mole) of N-bromosuccinimide, 10 ml. of chloroform (dried over 
calcium chloride), 0.5 ml. of allyl chloride, and a small amount 
(ca. 10 mg.) of benzoyl peroxide was refluxed for 30 min. The 
now-clear solution was allowed to cool to room temperature, and 
an approximately equimolar amount of the phenol or aniline 
dissolved in a few milliliters of chloroform was added. If the 
amine or phenol was insoluble in chloroform, it was dissolved in a 
few milliliters of tetrahydrofuran. A vigorous reaction ensued in 
most instances. The solution was cooled in an ice bath, and in 
many instances the product crystallized from the reaction mix
ture. The solid was filtered and crystallized from the solvent 
indicated in the table. If no solid precipitated, low boiling petro
leum ether was added to precipitate the product. The solid was 
then crystallized from the solvent indicated in the table.

The same procedure has been used to prepare derivatives on a 
50-g. scale.

To prepare the derivatives of aliphatic amines, e.g., benzyl- 
amine, it was necessary to add an equimolar amount of the 
amine very slowly, with stirring, keeping the solution tempera
ture below 5°. The preparation of (3-bromopropionylurea (from 
I and ammonia) was accomplished by bubbling gaseous ammonia 
into the chloroform solution, from which the derivative precipi
tated immediately.

M a t , 1963

T h e  M o n o a d d it io n  o f  P h e n y ls i la n e  to  C yclic  
P o ly o le f in s1

R o b e r t  E. B a i l e y , D a n i e l  S. T u t a s , a n d  R o b e r t  W e s t

Department of Chemistry, The University of Wisconsin, 
Madison 6, Wisconsin

Received November IS, 1962

Recently several workers have reported the addition 
of diborane or triethylamineborane to 1,5,9-cyclododeca-

(1) This research was supported  by  the  U nited  S tates A ir Force through 
the  A ir Force Office of Scientific R esearch of the  A ir Research and  D evelop
m en t Com m and, under con trac t no. AF49(638)-285. R eproduction in 
whole o r p a rt is  perm itted  for any  purpose of the  U nited  S tates G overnm ent.

triene to give perhydro-9b-borphenalene (I).23 It 
seemed possible that an analogous reaction might take 
place with silicon in place of boron. We have at
tempted to add phenylsilane to the same triolefin using 
benzoyl peroxide and chloroplatinic acid as catalysts. 
In neither case is any of the desired tricyclic silicon 
analog of I obtained. Chloroplatinic acid catalysis led 
only to polymeric material, but with benzoyl peroxide a

I II

16% yield of 9-phenylsilyl-l,5-cyclododecadiene (II) 
was obtained. The monoaddition product is com
pletely unreactive toward further addition, being re
covered unchanged after seven days of heating with 
benzoyl peroxide catalyst. Similar results were ob
tained in the addition of phenylsilane to 1,5-cyclo- 
octadiene, which led only to the monoadduct, f>- 
phenylsilylcyclooctene.

The reluctance of silicon to add to form the perhydro- 
silaphenalene ring may result in part from the large 
radius of the silicon atom, which would prevent the 
molecule from assuming a strainless configuration. 
However, unsuccessful attempts to cyclize 5-pentenyl- 
dichlorosilane by intramolecular Si-H addition suggest 
that the mechanism of silane addition may require a 
geometry which makes the formation of a six-membered 
ring unfavorable. With either chloroplatinic acid or 
benzoyl peroxide, 5-pentenyldichlorosilane gave none 
of the desired 1,1-dichlorosilacyclohexane, even though 
the latter compound can assume a strainless chair-like 
configuration.4

Expeiimental
9-Phenylsilyl-l,5-cyclododecadiene.—Fifteen milliliters (0.12 

mole) of phenylsilane and 22 ml. (0.12 mole) of 1,5,9-cyclo- 
dodecatriene in 150 ml. of dry heptane were refluxed for 3 days 
during which time a total of 2.5 g. of benzoyl peroxide was added 
in 250 mg. increments at 6-10-hr. intervals. After cooling, the 
mixture was shaken with an aqueous solution 1 N  each in am
monia and ammonium chloride in order to remove benzoic acid 
formed in decomposition of the peroxide. The organic layer 
was separated, dried, and fractionally distilled. After removal 
of heptane and unreacted starting materials, the only volatile 
product, a colorless liquid, was distilled at 114-127° (0.15 mm.); 
yield 5.0 g., 16%. A large residue of polymeric material was 
left in the flask. The product had n25d 1.5449, d2e, 1.0197.

Anal. Calcd. for C18H26Si: C, 79.92; H, 9.69; Si, 10.38. 
Found: C, 80.15; H, 9.57; Si, 10.29.

The infrared spectrum of the product showed a very strong 
band at 2120 cm. -1 (Si—H) as well as a weak doublet at 1600 
cm. -1 (C=C). The proton magnetic resonance spectrum 
showed a cluster of lines near r  = 2.8, a sharp line at r  = 5.83, 
and a broad unresolved band from t = 8.0 to 9.4. These reso
nances are assigned to phenyl, silane, and a mixture of methylene 
and vinylic protons, respectively; the relative integrated intensi
ties were 5.0:1.8:20. A semiquantitative base-catalyzed 
hydrolysis of the substance in aqueous tetrahydrofuran yielded
1.7 moles of hydrogen per mole of compound.

Attempted Addition Using Chloroplatinic Acid Catalyst.—A
5.8-ml. sample (0.046 mole) of phenylsilane and 8.4 ml. (0.046 
mole) of 1,5,9-cyclododecatriene and a small amount of chloro
platinic acid in isopropyl alcohol were dissolved in 50 ml. of dry 
heptane, and the solution was refluxed for 24 hr. The heptane

(2) R . K oster, A n g e w .  C h e m . ,  69, 684 (1957); G. R oterm und  and  R . Kos^ 
ter, i b i d . ,  74, 329 (1962).

(3) N. N. Greenwood and  J. H. M orris, J .  C h e m .  S o c . ,  2922 (1960).
(4) R . W est, J .  A m .  C h e m .  S o c . ,  76, 6015 (1954).
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und unchanged phenylsilane were removed under vacuum. 
Upon fractional distillation of the residue 7.0 ml. (83%) of the 
triene was recovered, leaving a small amount of a discolored 
glassy polymer which did not dissolve in hot benzene.

5-Phenylsxlylcyclooctene.—This compound was prepared from
7.0 ml. (0.057 mole) of phenylsilane and 7.0 ml. (0.057 mole) of
1,5-cyclooctadiene in 100 ml. of heptane, following the method 
described above for 9-phenylsiIyl-l,5-cyclododecadiene. A total 
of 1.5 g. of benzoyl peroxide was added in small increments 
during 3 days Of refluxing. The desired product was again the 
only volatile substance to be isolated; it distilled at 67-69° (0.025 
mm.). The yield was 3.5 g. (25%); n^B 1.5380, d2f  0.9818.

Anal. Caicd. for Ci4H20Si: C, 77.77; H, 9.26. Found; 
C, 77.55; H, 9.26.

The substance liberated hydrogen when treated with alcoholic 
potassium hydroxide and the infrared spectrum showed an intense
Si—H stretching band at 2110 cm.-1. The proton n.m.r. spec
trum consisted of a number of lines around r = 2.9 (aromatic H), 
a sharp doublet at r  = 5.8 (silanic H), a diffuse line at t = 7.85 
(vinylic H), and a complex group centered at t  = 8.8 (methylenic 
H). The relative integrated intensities were 5:2:2:12, in good 
agreement with the proposed structure.

5-Pentenyldichlorosilane and Attempted Cyclization.—The 
compound was prepared from 5-pentenylmagnesium bromide 
and trichlorosilane in tetrahydrofuran. After separation of the 
organic material from the magnesium salts, it was fractionally 
distilled. I t proved difficult to separate the silane from a hydro
carbon by product, and the desired product was isolated in only 
13% yield, boiling at 65-66° (28 mm.). The infrared spectrum 
showed bands characteristic of Si—H, Si—C, Si—Cl, and C=C.

Anal. Caicd. for C5Hi0SiCl2: Cl, 41.7. Found: Cl, 40.5.
Intramolecular cyclization was attempted under several condi

tions using either chloroplatinic acid or acetyl peroxide catalysts. 
The majority of the product in every case was a polymeric 
residue, perhaps resulting from linear polymerization of the 5- 
pentenyldichlorosilane. Any volatile products were charac
terized by exhaustive methylation with methyl Grignard re
agent followed by gas chromatography. None of the desired 
cyelopentamethylenedimethylsilane5 was isolated in any of the 
reactions.

(5) A. Bygden, B e r . ,  48, 1236 (1915); R . W est, J .  A m .  C h e m .  S o c . ,  76, 
6012 (1954).

S y n th e s is  o f  S u b s t i tu te d  /3- L a c ta m s

B. G. Chatterjee, P. N. Moza, and S. K. Roy

Department of Applied Chemistry, Indian Institute of Technology, 
Kharagpur, India

Received October 10, 1962

A novel method for the synthesis of substituted 
/3-lactams III has been developed by Sheehan and 
Bose1 in which the amide linkage is formed first and 
the four-membered /3-lactam ring is then made by es
tablishing carbon-carbon bond according to the follow
ing scheme.

COOR'

i;-N H - -C ] /  — >
\

COOR"
I

H COOR'
I /  N (C :H S)J

R—N—C ---------- >
l \
i COOR"

OC—CH2X
II

COOR'
/

R—N—C 
l \
I COOR" 

OC—CH2 
III

(1) J . C» Sheehan and  A. K. Bose, J .  A m .  C h e m .  S o c . ,  72, 5158 (1950);

Further work has shown that the cyclization to 
/3-lactam proceeds in high yield and that the reaction 
is a general one.2

When the /3-lactam III is treated with one mole of 
alcoholic potassium hydroxide, the potassium salt IV 
is obtained in quantitative yield within one hour.

COOR'
/

R—N—C
I l \
| | COOK

OO- CH,
IV

In order to compare the rate of intramolecular dis
placement reaction leading to cyclization of the amido- 
malonate II and the rate of ester hydrolysis in presence 
of potassium hydroxide, a set of two experiments was 
carried out. In the first experiment the amidomalonate 
II was treated with one mole of alcoholic potassium 
hydroxide and in the other it was treated with two 
moles of potassium hydroxide. There was an instan
taneous precipitation of potassium chloride in both the 
cases and the potassium chloride from the first reaction 
mixture was filtered out within five minutes. The 
yield of potassium chloride was quantitative (based on 
silver chloride). The alcoholic solution was acidified 
with acetic acid. The product from this reaction was /3- 
lactam III in more than 96% yield.

The second reaction mixture was allowed to stand 
at room temperature for one hour. The potassium 
salt on acidification with concentrated hydrochloric 
acid gave the monoacid V in about 95% yield.

COOR'
/

R—N—C
I l \
| | COOII

OC—CII2 
V

The acylation of substituted aminomalonates I to 
the amidomalonates II have been carried out under 
nonbasic condition3 with a halo acid and phosphorus 
trichloride. Bose and his co-workers4 have shown that 
the /3-lactams III can be obtained in one step in about 
three days when the aminomalonate I is treated with 
a-haloacyl halide and excess of triethylamine at room 
temperature.

Additional work has now shown that the conversion 
of a substituted aminomalonate I to the /3-lactam III 
as well as to the corresponding monoacid V can be 
carried out in one operation. The /3-lactams III are

Table I
R R ' R " M . p . ,  ° C . / n 30D Yield, %

c6h 6 C2Hb c2h 5 38-39 8 8
c6h 5 c 2h 6 H 101-103 79
P-C1-C6H4 c 2h 6 c2h 5 1.5260 8 8
p-ci-c 6h 4 c2h 5 H 118-120 80
p-Br-C6H4 C2Hr, c2h 5 1.5393 84
/)-Br-C6H4 C0H5 H 89-91 77
p-CH3C6H4 CoH5 C Ä 90-91 85
p-CH3C6H4 c ,h 6 H 169-170 dec. 76
C10H7 C2Hs c 2h 5 75-76 90
C,oH7 c 2h 6 H 181-182 dec. 88

(2) J . C. Sheehan and  A. K. Bose, i b i d . ,  73, 1761 (1951).
(3) A. K. Bose, J .  I n d .  C h e m .  S o c ,  31, 108 (1954).
(4) A. K. Bose, M. S. M anhas, and  B ; N. Ghosh M azum dar, »/; 

C h e m . ,  27, 1458(1962);
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T a b l e  II
E f f e c t  o f  T e m p e r a t u r e , P r e s s u r e , an d  T im e

M a y , 1 9 6 3

S. no. Substance Solvent Temp., °C. Press. Time Yield, % M.p., °C
(i) P-C1C6H4NH, Benzene 30 760 mm. 24 hr.
(2) p-c ic 6h 4n h 2 Benzene 30 760 mm. 21 days 55
(3) p-c ic6h 4n h 2 Acetone 30 760 mm. 24 hr.
(4) p-c ic6h 4n h . Ethanol 30 760 mm. 24 hr.
(5) P-C1C6H4NHo Benzene 80 760 mm. 8 hr. 5
(6) Aniline Benzene 30 760 mm. 24 hr. 67
(7) Aniline Benzene 80 760 mm. 3 hr. 30
(8 ) Aniline Benzene 80 760 mm. 8 hr. 67
(9) Aniline 60-70 760 mm. 1 hr. 62

(10) Aniline 60-70 760 mm. 1 .5 hr. 69
(11) Aniline 60-70 760 mm. 8 hr. 70
(12) Aniline 60-70 100 mm. 8 hr. 78
(13) Aniline 60-70 60 mm. 8 hr. 85
(14) Aniline 60-70 40 mm. 8 hr. 100 44-45
(15) p-ClC6H4NHo 60-70 40 mm. 8 hr. 98 91-92
(16) P-C1C6H4NHo 60-70 30 mm. 8 hr. 98
(17) p-BrC6H4NH2 60-70 40 mm. 8 hr. 98 92-93
(18) p-CH3C6H4NH2 60-70 40 mm. 8 hr. 96 55-56
(19) C^HnNHo 60-70 40 mm. 8 hr. 100 86-87

obtained in more than 80% yield within a few minutes 
and the acids V in about 80% yield in about an hour. 
The substituted aminomalonates were heated with
1.2-1.5 moles of chloroacetyl chloride to about 80° 
for five minutes. Alcohol was then added to destroy 
the excess of the acid halide. When the reaction 
mixture was treated with 2.5 moles of alcoholic potas
sium hydroxide and worked up after five minutes, the 
product was 0-lactam III, and, when it was treated 
with 3.5-4 moles of potassium hydroxide and worked 
up after forty-five minutes, the product was the mono
acid V.

The preparation of several 0-lactams by this one-step 
method is summerized in Table I.

The substituted aminomalonates I have been syn
thesised5 by treating a benzene solution of the amine 
with diethyl bromomalonate. The usual yield of the 
product is about 70%. The p-haloanilines and 0- 
naphthylamine, however, did not react with bromomal
onate under the above condition. The p-haloanilines 
resisted condensation in alcohol solution even at the 
reflux temperature.

It has now been shown that all the aminomalonates 
mentioned above can be obtained in more than 95% 
yield if the amines are treated with the bromomalonate 
under slightly reduced pressure (40 mm.) at about 70° 
for eight hours. The effect of temperature, pressure, 
and time is summerized in Table II.

Experimental6
A typical procedure for the one-step synthesis of /3-lactams of 

type III is described.
l-p-Tolyl-4,4'-dicarbethoxyazetidin-2-one.—A 2.65-g. sample 

of p-toluidinomalonate was taken in a small dry conical flask, 
plugged with cotton wool. To it was added 1.0 ml. of chloro
acetyl chloride and the reaction mixture was heated with occa
sional shaking to about 80° for 5 min. A 10-15-ml. portion of

(5) A. K. Bose, B. N. Ghosh Mazumdar, and B. G. Chatterjee, J .  A m .  

C h e m .  S o c . ,  82, 2382 (1960).
(6) All melting points are uncorrected.

absolute alcohol was then added and the solution was cooled to 
room temperature. A thick precipitate of potassium chloride 
was obtained on the addition of 1.5 g. of potassium hydroxide in 
alcohol solution. The mixture was allowed to stand for 4-5 min. 
and then filtered. The filtrate was acidified with glacial acetic 
acid and the solvent was removed under reduced pressure. The 
residue was taken up in ether and washed several times with 
water. After drying the ether layer over anhydrous magnesium 
sulfate, the solvent was removed under reduced pressure when a 
semisolid mass was obtained. This solidified on scratching. 
Recrystallization from cyclohexane afforded 2.6 g. (85%) of 
colorless needles, m.p. 90-91°. No depression in melting point 
was observed in mixture melting point determination with an 
authentic sample.

Anal. Calcd. for CI6H190 5N: C, 62.59; H, 6.23; N, 4.59. 
Found: C, 63.22; H, 6.40; N, 4.42.

A typical procedure for the synthesis of /S-Iactam V is illus
trated.

l-p-Bromophenyl-4-carboxy-4'-carbethoxyazetidin-2-one.—A
3.30-g. sample of p-bromoanilinomalonate was treated with 1.0 
ml. of chloroacetyl chloride and 10-15 ml. of absolute alcohol in 
the manner mentioned above. To the cooled solution was added
2.2 g. of potassium hydroxide in alcohol solution. The reaction 
mixture was allowed to stand for about 45 min. Ether was 
added to precipitate the potassium salt completely. The salt 
was taken in water and the solution was acidified with concen
trated hydrochloric acid, when an oil separated which solidified 
on scratching. In some cases the oil had to be taken up in ether 
and after usual operations the solid mass was obtained. Re
crystallization from ether petroleum ether mixture afforded 2.64 
g. of crystalline solid, m.p. 89-91° (77%). No depression in 
melting point was observed in mixture melting point determina
tion with an authentic sample.

Anal. Calci. for C13H12O5N Br: C, 45.61; H, 3.51; N,
4.09. Found: C.45.39; H, 3.82; N, 4.26.

A typical synthesis of substituted anilinomalonates I is given 
below.

Diethyl p-Chloroanilinomalonate.—A mixture of 25.5 g. of p- 
chloroaniline and 23.9 g. of diethyl bromomalonate was taken in 
a 100-ml. round bottom flask fitted with a two-way stop cock and 
was evacuated to 40,mm. The reaction mixture was then kept 
in an oven maintained at 60-70° for 8 hr. The solid cake was 
powdered and extracted several times with ether. The crude 
p-chloroanilincmalonate, obtained on the removal of the solvent, 
was recrystallized from petroleum ether; yield, 28.0 g. (98%); 
m.p. 91-92°. The yield of p-chloroaniline hydrobromide was
20.8 g. (100%).

Anal. Calcd. for C13H160 4NC1: C, 54.64; H, 5.60; N,
4.90. Found: C, 54.52; H, 5.71; N, 4.82.
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S y n th e s is  o f  /3 -D isu lfones f ro m  S u lfo n y l F lu o r id e s  
a n d  O rg a n o m e ta ll ic  C o m p o u n d s

Harttxo F ukuda,1 F orrest J. F rank, and William E. T ruce

Department of Chemistry, Purdue University Lafayette, Indiana

Received December 26, 1962

The reaction of sulfonyl fluorides with Grignard re
agents to form /3-disulfones has been known for many 
years; however, the yields were low and the inter
mediate steps uncertain.2 This method now has been 
improved by raising the yields, extending the reaction 
to an organolithium compound, and clarifying the reac
tion conditions and steps.

The reaction of p-toluenesulfonyl fluoride with ethyl- 
magnesium bromide and with n-butyllithium in re
fluxing ether for 13-15 hours produced l,l-bis(p-tolu- 
enesulfonyl)ethane and l,l-bis(p-toluenesulfonyl)- 
butane in 83% and 66% yields, respectively. The 
structures of the /3-disulfones were verified by mixture 
melting points and comparison of their infrared spectra 
with authentic samples. In accordance with these 
structures, Raney nickel hydrogenolysis3 of each /3-di- 
sulfone produced only toluene.

This over-all conversion presumably involved reac
tion of the organometallic compound with the sulfonyl 
fluoride to form a monosulfone, followed by a-metalla- 
tion and reaction with more sulfonyl fluoride to produce 
the /3-disulfone. The intermediacy of the alkyl 
p-tolyl sulfone was supported by the fact that inde
pendently prepared monosulfone reacted with the 
organometallic compound and sulfonyl fluoride to give 
the /3-disulfone. n-Butyl p-tolyl sulfone was metal- 
lated and carbonated to produce an acid; cleavage with 
lithium in methylamine yielded pentanoic acid, thereby 
proving that metallation occurred alpha to the sulfone 
group.4

Experimental
1,1-Bis(p-toluenesulfonyl/ethane.—A solution of 8.7 g. (0.050 

mole) of p-toluenesulfonyl fluoride5 in ether was added dropwise 
to ethylmagnesium bromide prepared from 10.9 g. (0.10 mole) of 
ethyl bromide and 3.6 g. (0.15 mole) of magnesium in ether. 
After refluxing for 13-15 hr., the mixture was hydrolyzed with 
cold hydrochloric acid and the ether layer separated, washed with 
water, and dried. Evaporation of ether yielded 7 g. (83%) of 
product, m.p. 107-109° (from ethanol).6

Anal. Calcd. for Ci6HI80 4S2: C, 56.80; H, 5.32; S, 18.93. 
Found: C, 56.07; H, 5.43; S, 18.64.

1,1 -Bis-( p-toluenesulfonyl)butane.—The previous procedure 
was used with 0.1 mole of n-butyllithium (Foote Mineral Co., 
15% solution in hexane) and 8.7 g. (0.05 mole) of p-toluenesul
fonyl fluoride. The yield was 6 g. (66%), m.p. 102-104° (from 
ethanol).

Anal. Calcd. for C18H220 4S2: C, 59.01; H, 6.01; S, 17.49. 
Found: C, 59.29; H, 6.13; S, 17.72.

Metallation and Reactions of n-Butyl p-Tolyl Sulfone. A. 
Reaction with p-Toluenesulfonyl Fluoride.—n-Butyllithium (30

(1) Deceased, August, 1962,
(2) W. Steinkopf, J .  p r a k t .  C h e m ., 142, 223 (1935).
(3) It. Mozingo, D. E. Wolf, S, A. H arris, and  K. Folkers, J .  A m .  C h e m .  

S o c . ,  65, 1013 (1943).
(4) J . S trating , “ Organic Sulfur C om pounds,”  Vol. I, N . K harasch, ed., 

Pergam on Press, London, 1961, p. 150.
(5) W. Davies and  J . H. Dick, J .  C h e m .  S o c . ,  2104 (1931).
(6) I t  was reported by E. From m , A n n . ,  394, 349 (1912), th a t  th e  m elting

poin t was 156°. However, repetition  of th is  lite ra tu re  p repara tion  pro
duced a  com pound (m.p. 154-155°) which b y  elem ental analysis a n d  n.m .r.
proved to be l,l-b is(p-to luenesulfonyl)propane.

g. of the solution, 0.07 mole) was added to 6.3 g. (0.03 mole) 
of n-butyl p-tolyl sulfone7 in ether. p-Toluenesulfonyl fluoride 
(5.2 g., 0.03 mole) was added and the solution refluxed for 1 hr. 
The ether solution was washed with water, dried, and the ether 
evaporated to give 6.6 g. (60%) of white crystals, m.p. 102-104°. 
A mixture melting point with authentic l,l-bis(p-toluenesulfonyl)- 
butane showed no depression and the infrared spectra were 
identical.

B. Carbonation.—re-Butyllithium (50 g. of the solution, 
0.12 mole) was added to 21.2 g. (0.1 mole) of w-butyl p-tolyl 
sulfone in ether. The solution was carbonated with an excess of 
Dry Ice; the resulting viscous oil was dried in a desiccator under 
pressure for a month to produce 20 g. (78%.) of 2-(p-toluene- 
sulfonyl)pentanoic acid, m.p. 75-76°.

Anal. Calcd. for Ci2Hi60 4S: C, 56.25; H, 6.25; S, 12.50. 
Found: C, 56.36; H, 6.45; S, 12.48.

Cleavage of 2-(p-Toluenesulfonyl)pentanoic Acid.—The acid 
(7 g., 0.026 mole) was dissolved in 100 ml. of methylamine; 1.11 g. 
(0.16 g.-atom) of lithium was placed in the thimble8 and the re
action allowed to proceed to completion. Methanol (15 ml.) 
was added and the amine allowed to evaporate. Water was 
added; the aqueous layer was extracted with ether and then 
acidified with hydrochloric acid. The resulting mixture of 
acids was distilled to give 1.2 g. (0.01 mole) of p-toluenethiol and 
2 g. (0.02 mole) of pentanoic acid, b.p. 183-186° (lit., b.p. 186.4°). 
Comparison of the vapor phase chromatogram of authentic n- 
pentanoic acid with the above verified its identity.

1.1- Bisip-Toluenesulfonyl/ethane.—Acetaldehyde (6.6 g., 0.15 
mole) was added dropwise to a solution of 24.8 g. (0.20 mole) of 
p-toluenethiol in 30 ml. of glacial acetic acid at 0-5°. After 
being stirred for 25 hr. at room temperature, the mixture was 
diluted with water, extracted with chloroform, dried, and the 
chloroform evaporated to yield 21 g. of crude l,l-bis(p-tolyl- 
mercapto)ethane. To a solution of 10 g. of crude /3-disulfide dis
solved in 60 ml. of glacial acetic acid, 30 ml. of 30% hydrogen 
peroxide was added. Heating for 1 hr. was followed by pouring 
into water and filtering to obtain 4 g. (0.013 mole, 34% over-all 
based on thiol) of /3-disulfone, which was crystallized from ethanol 
(m.p. 107°).

1.1- Bis(p-Toluenesulfonyl)butane.—A solution of 22.4 g. 
(0.18 mole) of p-toluenethiol, 37 ml. (30 g., 0.42 mole) of n- 
butyraldehyde, and 40 ml. of glacial acetic acid was stirred at 
25° under nitrogen for 24 hr. Pouring into ice-water produced 
two layers which were separated. The organic layer was washed 
twice with saturated sodium bisulfite, once with 10% sodium 
hydroxide, once with water, and dried yielding 23.6 g. of crude 
/3-disulfide. To a cold solution of 11.3 g. of this product and 
41 ml. of glacial acetic acid, 31 ml. of 30% hydrogen peroxide 
was added slowly. After the solution had refluxed by itself for 
1 hr., it was heated on a steam bath for another hour then 
poured into ice-water. The liquid was decanted and the solid 
washed with water to give 3.2 g. (0.0085 mole, 21% over-all) 
of the /3-disulfone, m.p. 101-103°.

Acknowledgment.— The authors are indebted to the 
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(7) H . G ilm an and  N . J. Beaber, J .  A m .  C h e m .  S o c . ,  47, 1450 (1925).
(8) T he ap p ara tu s  is described by  W. E . Truce, D . P. T a te , an d  D . N . 

Burdge, i b i d . ,  82, 2872 (1960).
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In connection with investigations in these laboratories 
of biologically important heterocyclic compounds, it was
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of interest to obtain fluorinated derivatives of thio
phenes and thianaphthenes. One of the simplest 
fluoro heterocyclics, 2-fluorothiophene, has previously 
been reported as obtainable, in less than 10% yields, by 
the reaction of thiophene with antimony pentafluoride 
in nitromethane as a reaction media.2 However, 
simple fluorothianaphthalenes such as the 2- or 3- 
fluoro derivatives have, as yet, to be reported. A con
venient laboratory method has now been developed in 
these laboratories, for the synthesis of 2-fluoro-5-meth- 
ylthiophene (I), 2-fluorothiophene (II), and 2-fluoro- 
thianaphthene (III) by the exothermic reaction of gase
ous perchloryl fluoride with the corresponding organo- 
lithium heterocyclic compounds in anhydrous ether as 
a reaction solvent. This simple procedure gives 44, 49, 
and 70% yields of these fluoro heterocyclics, respec
tively. Vapor phase chromatography, infrared spec
tra, nuclear magnetic resonance, and elemental analysis 
of these products supports the structures of these fluoro 
compounds.

The application of this fluorination procedure with 
perchloryl fluoride, in these laboratories, to the lithium 
derivatives of arene hydrocarbons, such as phenylith- 
ium and 1-naphthylithium, yielded negligible amounts 
of the corresponding fluoro derivatives.

The difluorination of diethyl malonate, 2,4-pentadi- 
one, and ethyl acetoacetate with perchloryl fluoride in 
strong base media has been reported3 as well as the 
fluorination of the sodium salts of nitro compounds in 
metal methoxide-methanol solutions with perchlo
ryl fluoride4 5. These findings and those reported here 
give some indication as to the mechanism of this fluo
rination reaction. With lithium derivatives of thio
phene and thianaphthene the electronegativity of the 
sulfur atom delocalizes the carbon ion charge yielding a 
stable anionic system, wdiich may react effectively with 
the slightly polar chlorine-fluorine bond in the perchlo
ryl fluoride, displacing the chlorate ion. Thus, the 
more stable an anion is the more it should yield a 
fluorinated product. Evidence for this is found in the 
reaction of diethyl malonate in excess ethoxide with 
perchloryl fluoride to give an almost quantitative yield 
of diethyl a,a-difluoromalonate.3 Phenyl and 1-naph- 
thylithium-carbon bonds are more covalent with less 
delocalization of the anionic charge, and apparently 
these less stable anionic species are unable to activate 
the chlorine-fluorine bond of perchloryl fluoride in the 
displacement step. To the limited extent that reac
tion occurs, less discrimination, in favor of the fluorine, 
is achieved in the displacement step. Experimental 
evidence for this was found in this study by the ob
servation that some perchlorylbenzene results from the 
reaction of phenylithium and perchloryl fluoride.

Experimental

2-Fluoro-5-methylthiophene—An w-butyllithium-ether solu
tion, 1.5 moles of alkyl lithium dissolved in 500 ml. of anhydrous 
ether, was prepared according to the method of Gilman.6

A 98.0-g. (1.0 mole) quantity of 2-methylthiophene dissolved 
in an equal volume of anhydrous ether was added dropwise during 
1 hr. to the alkyl lithium ether solution kept at 0-5° by immersion 
in an ice bath. If a gradual color change from purple to green,

(2) R. T. Van Vleok, J .  A m .  C h e m .  S o e . ,  71, 3286 (1949).
(3) C. E. Inm an, R. E . Osterling, and R. E . Tyczkowski, i b i d . ,  80, 6533 

(1958).
(4) H. Schecter and E. B. Roberson, Jr., J .  O r g .  C h e m . ,  25, 175 (1960).
(5) H. Gilman, O r g .  R e a c t i o n s , 8, 285 1954.
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indicating the formation of the 5-methyl-2-thienyllithium, did not 
appear in the reaction mixture, the flask was evacuated to remove 
butane forcing the metallation equilibrium reaction to completion. 
The resultant organolithium-ether solution was stirred under 
nitrogen for an hour at 0-5°. Gaseous perchloryl fluoride was 
bubbled, at a moderate rate, through this solution at 0°. When 
the highly exothermic fluorination reaction had increased the 
reaction temperature to 30°, the addition of fluorination reagent 
was stopped, the reaction solution was cooled, and further addi
tion of perchloryl fluoride was continued. A constant reaction 
temperature and the disappearance of an intense blue fluorescence 
indicated the completion of the reaction. During the period of 
reaction (2 hr.) the reaction mixture darkened considerably and a 
white solid precipitated. At the completion of the reaction nitro
gen was passed through the mixture for an hour to remove excess 
perchloryl fluoride. The mixture was then poured into a satu
rated sodium carbonate solution and the ethereal layer was 
separated. It was washed with an additional amount of carbo
nate solution, once with water, and dried over anhydrous magne
sium sulfate. The ether was removed and the residue distilled, 
the fraction boiling from 102- 112° at atmospheric pressure being 
collected (74 g.). Vapor phase chromatography analysis using a 
30% silicone column showed the distillate contained 69.1% of 2- 
fluoro-5-methylthiophene, 9.9% of 2-methylthiophene, and un
identifiable side products, accounting for over-all yield of 51.9 g. 
(44%) of 2-fluoro-5-methylthiphene. A sample of the major prod
uct was isolated for analysis, infrared and n.m.r. spectra by 
preparative gas chromatography utilizing a 30% silicone on 40- 
mesh Chromasorb column (108 X 0.75 in.) in a Perkin-Elmer 
Model 154 vapor fractometer. Infrared analysis by comparison 
of 2-fluoro-5-methyl and 2-fluorothiophenes gave a C-F peak at
7.6 /i, and n.m.r. gave the correct ratio of methyl to ring hydro
gens (3:2) and showed additional splitting from the fluorine atom.

Anal. Calcd. for CsHsSF: C, 51.70; H, 4.34; F, 16.36; 
S, 27.60. Found: C, 51.99; H, 4.58; F, 16.34; S, 27.55. 
Strong infrared peaks at 3.5, 4.7, 6.5, 6.6, 6.9, 7.6, 8.2, 8.3, 8.4,
9.8, and 11.9 m/i.

2-Fluorothiophene—An 84-g. (1 mole) quantity of thiophene 
was added to 500 ml. of the butyllithium-ether solution as pre
viously described. Distillation, after perchloryl fluoride addition 
and the usual product isolation from the reaction mixture, gave
62.5 g. of a colorless liquid boiling in the range 80-90° (760 mm.), 
which contained 87.4%, of 2-fluorothiophene and 12.3% of thio
phene, thus giving an over-all yield of 54.6 g., 48.8% of fluorinated 
product. A sample for analysis and infrared was isolated by pre
parative gas chromatography in the manner previously described.

Anal. Calcd. for C4H:,SF: C, 47.04; H, 2.96; F, 18.60. 
Found: C, 47.23; H, 3.16; F, 18.23. m 20d  1.4896.

2-Fluorothianaphthene.—To a solution cooled in an ice bath 
and containing 0.3 mole of butyllithium in 100 ml. of anhydrous 
ether was added 26.8 g. (0.2 mole) of thianaphthene dissolved in 
50 ml. of ether followed by the addition of gaseous perchloryl 
fluoride. When the blue fluorescence had subsided, addition of 
the fluorinating agent was stopped. The reaction slurry was 
treated with a carbonate solution and washed with water. The 
ethereal layer was separated, dried, and the ether removed. 
Distillation of the residue gave a liquid product (21.3 g., 70%,) 
boiling at 93-94° (25 mm.), n27d 1.5910, m.p. 20-20.5°. 
A sample for analysis, n.m.r. and infrared spectra was isolated by 
preparative gas chromatography. Nuclear magnetic resonance 
spectra showed the correct ratio of thiophene to benzene hydro
gens (1:4).

Anal. Calcd. for C8H5SF: C, 63.16; H, 3.29; S, 21.05; F,
12.50. Found: C, 63.19; H, 3.51; S, 21.20; F, 12.67.

2-Fluoro-3-bromothianaphthene.—A solution of 14.9 g. (0.93 
mole) of bromine in 14.0 ml. of anhydrous chloroform was added 
dropwise, at 25°, during a half-hour to a solution containing 14.3 
g. (0.093 mole) of 2-fluorothianaphthene and 14.5 g. (0.17 mole) 
of anhydrous sodium acetate dissolved in 65 ml. of anhydrous 
chloroform. The orange-colored reaction solution was stirred an 
additional hour and 50 ml. of water was added to dissolve the 
inorganic material. The organic layer was separated, washed 
successively with 100 ml. of water, 50 ml. of 5% aqueous sodium 
hydroxide, 100 ml. of water, 100 ml. of a saturated sodium chlo
ride solution, and finally with 100 ml. of water. The organic 
extract was dried over anhydrous magnesium sulfate, filtered, 
and the solvent was removed on a steam bath, and the residue 
was distilled using a 6-in. Vigreux column to obtain 11.0 g. 
(0.0475 mole, 51.5%) of a pale yellow oil boiling at 76-78° (1 
mm.), m.p. 21-21.5°.
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Anal. Calcd. for C8H4SFBr: C, 41.56; H, 1.73; S, 13.85; 
F, 8.23; Br, 34.63. Found: C, 41.65; H, 1.86; S, 13.78; F,
8.23, 8.26; Br, 34.27, 34.35.

2-Fluoro-3-thianaphthenecarboxylic Acid—To 1.47 g. (0.023 
mole) of n-butyllil,hium dissolved in 3 ml. of anhydrous ether was 
added, under a nitrogen atmosphere at —70°, a solution of 5.34 
g. (0.023 mole) of 3-bromo-2-fluorothianaphthene dissolved in 5.0
ml. of anhydrous ether during 5 min. The reaction mixture was 
then poured rapidly over a Dry Ice-ether slurry and allowed to 
warm to room temperature. The ether solution was extracted 
with 25 ml. of water followed by two 50-ml. portions of a 5% 
aqueous sodium hydroxide solution. The. aqueous extracts were 
combined, boiled to remove the ether, cooled, and acidified with 
concentrated Irydrochloric acid. The white precipitate which 
formed on acidification was recovered by filtration and washed 
with water. It was crystallized three times from a minimum of 
95% ethanol to afford 2.5 g. (0.0127 mole; 55%) of fine white 
needles which had a melting point of 188-188.5°.

Anal. Calcd. for C,H50 2SF: C, 55.10; H, 2.55; S, 16.33; 
F, 9.69. Found: C, 54.94; H, 2.60; S, 16.49; F, 9.48, 9.46.

Perchlorylbenzene—A solution of phenyllithium, 0.1 mole, in 
50 ml. of anhydrous ether was prepared according to Gilman’s0 
procedure and treated with perchloryl fluoride in the manner al
ready described. Product isolation, by procedures discussed 
before and vacuum distillation of the crude product gave 1.8 g. 
(0.011 mole, 11.0%) of perchlorylbenzene, b.p. 78-79° (2
mm. ) as identified by infrared spectra.7

Acknowledgment.— This research was supported in 
part by a financial grant from American Cancer Society.

(6) H. G ilm an, O r g .  R e a c t i o n s , 8, 286 1954.
(7) C. E . Inm an , R. E. Oesterling, and  E. A. Tyczkowski, J .  A m .  C h e m .  
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pound, I, was irradiated in the presence of a-naphthol. 
Under these conditions very little (<10%) brominated 
tetracycline (II) was obtained, the major product 
being 6-demethyl-6-deoxytetracyelines (V). The iso
lation of V establishes the intermolecular pathway of 
the reaction, the a-naphthol acting as a scavenger for 
the bromine atom produced during irradiation.

C H 3
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n - c h 3
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We have found that photolysis of lla-bromo-6- 
demethyl-6-deoxytetracycline2 (I) in either methanol or 
glacial acetic acid yields primarily 7-bromo-6-de- 
methyl-6-deoxytetracycline3 (II) and, as a minor com
ponent, 6-demethylanhydrotetracycline4 (III). The 
remarkable selectivity of this photorearrangement in
dicated, at first, an intramolecular mechanism. In 
order to elucidate the reaction path, the brorno com-

(1) For the previous paper in this series, see J. J. Hlavka, H. Krazinski. 
and J. II. Boothe, J .  O r g .  C h e m . ,  27, 3674 (1962).

(2) J. J. Hlavka, A. Schneller, H. Krazinski, and J. H. Boothe, J .  A m .  

C h e m .  S o c . ,  84, 1426 (1962).
(3) This photo rearranged product (II) still contains bromine but no

longer has the brorno system

lack of a positive starch iodide test and the absence cf the isolated carbonyl (at 
carbon 12) stretching a t  1739 cm .-1 in the infrared. In addition this 
material was compared by infrared, ultraviolet, and paper strip chromatog
raphy in four different systems to authentic material.2 I t  was identical in 
all cases.

(4) (a) An authentic sample of this material was prepared by treating [see 
J. Webb, R. Broschard, D. Cosulich, W. Stein, and C. Wolf, i b i d . ,  79, 4563 
(1957)] 6-demethyItetracycline with concentrated hydrochloric acid. This 
authentic sample was identical to the photo-product (III) in all respects, 
i . e . ,  ultraviolet, infrared, and paper strip chromatography in different sol
vent systems, (b) This type of dehydrohalogenation was reported by D. 
Kevill and N. Cromwell, J .  A m .  C h e m .  S o c . ,  83, 3812 (1961). They found 
th a t a-halo ketones undergo facile elimination reactions in acetonitrile using 
a variety of catalysts.

When the photolysis was run in acetonitrile, there 
was no aromatic bromination only dehydrohalogenation 
via 5a,11a to give 6-demethylanhydrotetracycline4a'b 
(III). Similarly the small amount of anhydro mate- 
rial4a (III) obtained from methanol or acetic acid is due 
to this (competing) dehydrohalogenation via 5a, 11a.

Whatever the initial excited state (s) of the a-bromo- 
dicarbonyl system, there is probably an eventual for
mation of a substituted hypobromite (CH3OBr when 
methanol is the solvent or CH3COOBr when acetic 
acid is the solvent) which acts as a selective electro
philic brominating agent6 to yield the 7-halo product, 
II. This intermediate hypobromite may result from 
either nucleophilic attack of the solvent (in the case of 
methanol or acetic acid) on a photoactivated carbon- 
halogen bond (la) to give the substituted hypobromite, 
lb, as shown in Chart I, or from a stepwise process 
initiated by light-induced elimination of hydrogen 
bromide which in turn participates in the reaction 
sequence given in Chart II.

The report7 that bromine in methanol does partic
ipate in an equilibrium with the formation of methyl

(5) (a) J. R. D. McCormick. E. R. Jensen, P. A. Miller, and A. P. Doer- 
schuk, i b i d . ,  82, 3381 (1961); (b) C. R. Stephens, e t  a l . ,  i b i d . ,  80, 5324 
(1958).

(6) We have found previously (see ref. 2) th a t electrophilic halogenation 
in concentrated sulfuric acid gave exclusively the 7-halo isomer.

(7) R. Meinel, A n n . ,  510, 129 (1934); 516, 237 (1935).
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C h a r t  I

i n
A f Bril

0 0
I

HBr + I

Br2 +  ROH

(1)

(2)

(3)

ROBr +

OH
V

C h a r t  II

(4)

hypobromite, prompted us to treat 6-demethyl-6-deoxy- 
tetracycline (V) with a bromine-methanol solution. 
Analysis of the reaction mixture by paper chromatog
raphy in a number of different solvent systems showed 
both 11a and 7-substituted products. In contrast, 
reaction of 6-demethyl-6-deoxytetracycline with bro
mine in the nonhydroxylic solvent, 1,2-dimethoxy- 
ethane, yielded no 7-halo derivative. These experi
mental results lend support to our suggestion that a 
transient hypobromite may be the effective halogena- 
tion agent in our photochemical process, but do not dif
ferentiate between the two alternative reaction path
ways illustrated in Chart I and II. The mechanism in 
Chart II is consistent with the observed action of 
methanolic hydrogen bromide (in the dark) upon I. 
Examination of the reaction products by paper chro
matography (four different systems) showed a small 
amount of the starting material and approximately 
equal amounts of II and V. The exact nature of 
hypobromite formation is under investigation.

Since both the preparation of the 11a bromo deriva
tive, I, and the irradiations are carried out under mild 
conditions,8 this reaction sequence provides a simple

(8) T he previous m ethod2 involved the  use of large quan tities  of concen
tra te d  sulfuric acid which resulted in ra th e r tedious isolation procedures.

and convenient method for obtaining active halogen 
derivatives2 in th 6-deoxytetracycline series.

Experimental9 10’10a
General Procedure for Irradiation of lla-Bromo-6-demethyl- 

6-deoxytetracycline Hydrochloride (I).—A solution of 100 mg. 
(0.19 mmols) of lla-bromo-6-demethyl-6-deoxytetracycline 
hydrochloride in 50 ml. of solvent11 was irradiated for 4 hr. in a 
double-wallec immersion well.10b When either methanol or 
acetonitrile was used as the solvent, the reaction mixture was 
evaporated to dryness in vacuo. In the case of acetic acid the 
solvent was lyophilized.

The reaction product obtained from acetonitrile was pure 
enough to compare to an authentic sample of 6-demethylanhy- 
drotetracycline.48

The reaction product obtained from methanol or acetic acid 
was purified by partition column chromatography. The reaction 
product was dissolved in 15 ml. of the lower phase of the solvent 
system heptane-ethyl acetate-methanol-water (70:30:12:8) 
and 30 g. of Celite12 was added to the solution. The mixture 
was placed on top of a column prepared from 300 g. of Celite 
which had been mixed with 50 ml. of the lower phase of the sol
vent system. The column [hold-back volume (h.b.v.)13, 464 
ml.] was eluted with the upper phase of the solvent system and the 
effluent was passed through a recording spectrophotometer 
(set at 265 m/x). There were two major peaks, the first oc
curring at 0.7 h.b.v. and the second at 2.2 h.b.v. The first peak 
was evaporated to dryness and the residue obtained was identical 
in all respects to 6-demethylanhydrotetracycline4 (10% yield), 
the second peak after evaporation of the solvent was identical 
in all respects to 7-bromo-6-demethyl-6-deoxytetracycline3 (90% 
yield).

Photolysis of 11 a-Bromo-6-demethyl-6-deoxytetracycline Hy
drochloride (I) in the Presence of a-Naphthol.—A solution of 100 
mg. of I and 90 mg. of a-naphthol in 1.5 ml. of methanol was ir
radiated for 4 hr. in a double-walled immersion well.10b The 
methanolic solution was evaporated to a volume of 2 ml. and 
diluted with 100 ml. of ether. The solid weighed 90 mg. This 
material was separated by fractional crystallization from meth- 
anol/ether. Paper strip chromatographjr showed the main 
fraction (90%) to be 6-demethyl-6-deoxytetracycline5 and second 
fraction (10%) to be 7-bromo-6-demethyl-6-deoxytetracycline.2’3

Reaction of 6-Demethyl-6-deoxytetracycline with Bromine.— 
(1) A solution of 0.1 g. (0.24 mmole) of 6-demethyl-6-deoxytetra- 
cycline (free base) and 0.48 mmole of bromine in 0.75 ml. of 
methanol and 5 ml. of methylene chloride was stirred at room 
temperature for 2 hr. The solvents were evaporated in vacuo 
and the residue was dissolved in 2 ml. of methanol. This solu
tion on dilution with ethyl ether yielded 90 mg. of solid.

Analysis of this reaction product by paper chromatography 
in five different solvent systems14 as well as infrared and ultra
violet spectra showed both 7-bromo-6-demethyl-6-deoxytetra- 
cycline3 (10%) and lla-bromo-6-demetli3d-6-deoxytetracycline2 
(90%) were formed.

(2) To a solution of 0.10 g. (0.24 mmole) of 6-demethyl-6- 
deoxytetracycline in 15 ml. of 1,2-dimethoxyethane was added 
0.05 ml. (1.00 mmole) of liquid bromine. The solution was 
stirred at room temperature for 3 hr. and the solvent evaporated 
to dryness in vacuo. The residue was dissolved in a minimum 
amount of methanol and added to ethyl ether. The product that 
separated was identical in all respects to 1 la-taromo-6-demethyl-6- 
deoxytetracycline2 (i.e., infrared and ultraviolet spectra and 
R[ values in Hie system butanol-phosphate, pH 2).

(9) We are indebted  to C. P idacks and  co-workers for the purification 
of reaction p roducts an d  to  M iss R u th  L ivan t for paper chrom atographic 
results.

(10) (a) A ll irrad iations were carried o u t using a  H anovia lam p. M odel 
$30,600, obtained  from the  H anovia L am p Division, Newark, N. J . (b) T his 
reaction vessel was also obtained  from the  H anovia Lam p Division,

(11) The solvents used were m ethanol, acetic acid, and  acetonitrile .
(12) Celite is the  tradem ark  of the  Johns-M anville  Corp. for d iatom aceous 

earth  products.
(13) Hold-back volume is the volume of solvent necessary to fill the packed 

column.
(14) The so lvent system s used were: (1) phosphate-versene, pH  3; (2) 

bu tano l-phosphate , p H  2; (3) isobu tano l-isobu ty laceta te—versene, pH  7.7; 
(4) e th y l ace ta te ; (5) n itrom ethane-benzene-pyrid ine, p H  3.4,
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T h e  P h é n y la t io n  o f  N itro p a ra f f in s 1,2

N a t h a n  K o r n b l u m  Än d  H a r o l d  J. T a y l o r  

Department of Chemistry, Purdue University, Lafayette, Indiana 

Received December 12, 1962

The reaction of nitroparaffin salts with dipheriylio- 
donium tosylate in N,N-dimethylformamide (DMF) 
takes place smoothly at room temperature and gives 
a-phenylnitroparaffins.

r  R '
I

LR—C—N 02_

R'

+  (C6H6)2I+-
D M F

h» R—C—N 02 +  C6H5I
I

c6h 6

Since, thanks to the efforts of Beringer and his stu
dents,3 a variety of diaryliodonium salts have now be
come accessible, this represents not only a new but also 
a useful reaction. The yields listed in Table I refer 
to pure products and, since no systematic study was 
made to arrive at optimum conditions, they are mini
mal. The salt of the only a-nitro ester studied, ethyl 
a-nitrocaproate, reacted less rapidly than any of the 
nitroparaffins and in this instance a temperature of 55° 
was employed.

T a b l e  I
R e a c t io n  o f  D ip h e n y l io d o n iu m  T o s y l a t e  a n d  N i t r o p a r a f f in  

S a l t s  in  DMF
Salt ofa P roduct Yield, %

1-Nitropropane l-Phenyl-l-nitropropane 62
2-Nitropropane 2-Phenyl-2-nitropropane 56
2-Nitrobutane 2-Phenyl-2-nitrobutane 69
2-Nitrooctane 2-Phenyl-2-nitroöctane 54
Nitrocyclohexane 1-Phenyl-l-nitrocyclohexane 58
Ethyl a-nitrocaproate Ethyl «-phenyl-a-nitro-

caproate 58
“ Sodium salts used in all instances except for the 2-nitropro-

pane experiment; there the lithium salt was employed.

The salts of aliphatic nitro compounds are ambident 
anions and, therefore, phenylation at oxygen to give 
nitronic esters (I) is a real possibility, especially since 
alkylation usually occurs at oxygen.4 It is of interest, 
then, that phenyl nitronic esters were not found.

R ' O-
I + /

R—C=N
\

o —c 6h 6
I

Experimental5
Preparation of Diphenyliodonium Tosylate.—In a 1-1. flask 

cooled in an ice bath were placed 107 g. (0.50 mole) of potassium 
iodate, 90 ml. (0.50 mole) of benzene, and 200 ml. of acetic 
anhydride. A solution of 100 ml. of acetic anhydride and 225 
ml. of concentrated sulfuric acid was added in the course of co.

(1) Paper X X  in th e  series, “ T he C hem istry of A liphatic and  Alicyctic 
N itro  Com pounds.” For th e  previous paper in th is series, see N. Xornblurti, 
W. D . G urowitz, H . O. Larson, g,nd D. E . H ardies, J .  A m .  C h e m .  S o c 8 i,  
3099 (I960).

(2) Sponsored by  th e  U . S. A rm y Research Office (D urham ).
(3) F. M. Beringer, S. A. G alton  and  S. J . H uang, J .  A m .  C h e m .  S o c . ,  84, 

2819 (1962), and  earlier papers in th a t  series.
(4) N. K ornblum  and  P. Pink, T e t r a h e d r o n ,  in  press.
(5) Analyses are by  G albraith  M icroanalytieal Laboratories, Knoxville, 

T enn., and  by  D r. C. S. Yeh and  M rs. T„ M. E ikeri, P urdue U niversity.

2 hr. to the stirred mixture while maintaining the temperature 
below 10°. The reaction mixture was stirred for co. another 
hour and then the ice bath was removed and the mixture stirred 
for an additional 20 hr. The product was poured onto ca. 350 
g. of ice and the resulting suspension was extracted twice with 
100-ml. portions of ethyl ether. The aqueous phase was diluted 
with an equal volume of water and a solution of 80 g. (0.53 mole) 
of sodium iodide in 1 1. of water was added slowly. The pre
cipitated diphenyliodonium iodide was removed by filtration.

The moist iodide was suspended in 750 ml. of methanol and to 
this was added, with vigorous stirring, 58.0 g. (0.25 mole) of 
silver oxide and 85.0 g. (0.50 mole) of p-toluenesulfonic acid 
monohydrate. After stirring overnight, the solids were removed 
by filtration and the filtrate vacuum evaporated (below 50°) 
to dryness. The residue was dissolved in 1.2 1. of chloroform and 
the solution was extracted with 5% aqueous sodium hydroxide 
until the aqueous phase remained alkaline. The chloroform 
layer was washed twice with water, dried over anhydrous sodium 
sulfate, filtered, and the solvent removed in vacuo (room temp.) 
to yield diphenyliodonium tosylate, m.p. 176-181°. The salt 
was recrystallized from 1.5 1. of hot acetonitrile giving 100 g. 
(44%) of material, m.p. 181-184° dec. (lit.,1 2 3 4 5 6 m.p. 178-181°).

Anal. Calcd. for C19H„I03S: C, 50.45; H, 3.76; S, 7.08; 
I, 28.10. Found: C, 50.24; H, 3.97; S, 7.00; I, 27.99.

Preparation of the Salts of Nitro Compounds.—The alkali 
metal salts were prepared by addition of the nitro compounds in 
ca. 10% excess, to standardized absolute ethanolic solutions of 
the alkali ethoxide. When, as was usually the case, the salts 
were soluble in alcohol they were precipitated by dilution with 
either petroleum ether (b.p. 35-37°) or anhydrous ethyl ether. 
The salts, after collection on a sintered glass funnel, were dried 
in a vacuum desiccator over phosphorus pentoxide and paraffin 
wax. The neutralization equivalents, determined by potentio- 
metric titration in absolute ethanol with standard ethanolic 
picric acid, agreed within 3% of the calculated values. Yields 
ranged from 75 to 90%. The salts were used within 24 hr. 
since dry alkali metal salts of nitro compounds are capable of 
decomposing explosively if heated or subjected to mild shock.7

Preparation of 2-Phenyl-2-nitrooctane.—This exemplifies the 
procedure for phenylating secondary nitro compounds. Di
phenyliodonium tosylate (9.04 g., 20 mmoles) was added to a 
magnetically stirred suspension of 3.62 g. of the sodium salt of 
2-nitro.octane in 15 ml. of dry DMF (distilled from calcium 
hydride) contained in a 50-ml. flask. After 22 hr.8 the reaction 
was 95% complete as shown by titration of an aliquot for residual 
base. The reaction mixture was then poured into 100 ml. of 
ice-water and the aqueous phase was saturated with sodium 
chloride and extracted with five 40-ml. portions of petroleum 
ether (b.p. 35-37°). The combined petroleum ether layers were 
extracted twice with 10 ml. of 10% aqueous sodium hydroxide 
and then washed with four 25-ml. portions of water. The solu
tion was dried over anhydrous sodium sulfate after which the 
solvent and most of the iodobenzene were removed in vacuo at 
room temperature. The residual liquid was dissolved in an equal 
volume of petroleum ether (b.p. 35-37°) and passed through a 
column of Merck’s basic alumina. Elution with the petroleum 
ether washes the residual iodobenzene off the column and when 
this process is completed, elution with benzene-petroleum ether 
(1:4) washes the phenylated nitrooctane'off the column. The 
pure nitro compound was obtained by vacuum evaporation of 
the benzene-petroleum ether solution at room temperature; 
yield 2.53 g. (54%) of a colorless liquid, n.20D 1.5053, which is 
analytically pure (Table II) and which exhibits strong nitro 
absorption in the infrared at 6.50 n.

Preparation of 1-Phenyl-1-nitropropane.—This, because it 
involves the salt of a primary nitroparaffin, required modified 
conditions. Preliminary experiments using equivalent amounts 
of nitroparaffin salt and iodonium salt gave relatively complex- 
mixtures of products which presumably are derived from the salt 
of the monophenylated nitro compound. In keeping with this 
assumption it was found that these by-products were absent when 
10 moles of 1-nitropropane were present.

To a suspension of the sodium salt of 1-nitropropane (2.22 g., 
20 mmoles), 20 ml. of dry DMF and 1-nitropropane (18 ml., 203

(6) F. M. Beringer, R . A. Falk, M. K arniol, I. Lillien, G. M asiillo, M. 
M ausner, and  E. Somm er, J .  A m .  C h e m .  S o c . . . 81, 342 (1959).

(7) H. B. Hass, E. B. Hodge, and B. M. V anderbilt, I n d .  E n g .  C h e m . .  28, 
339 (1936).

(8) W ith th e  o ther secondary nitroparaffin salts reaction tim es of 1-3 hr. 
sufficed.
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T able II
P henylated  N itro  C ompounds

-------- Carbon, %—------. ,----Hydrogen, %---- - .----Nitrogen, % ----

N o t e s  1425

Compound 7t20D Calcd. Found Calc.d. Found Calcd. Found
2-Phenyl-2-nitropropane 1.5204 65.40 65.20 6.76 6.90 8.48 8.49
2-Phenyl-2-nitrobutane 1.5206 67.04 66.91 7.26 7.30 7.82 7.82
2-Phenyl-2-nitrooctane 1.5053 71.49 71.28 8.94 9.07 5.96 6.02
1-Phenyl-l-nitrocyclohexane “ 70.24 70.04 7.32 7.28 6 . S3 6.73
Ethyl 2-Phenyl-2-nitrocaproate 1.5033 63.40 63.25 7.17 7.27 5.28 5.39
1 -Phenyl-1 -nitropropane 1.5159 65.40 65.59 6.76 6.88 8.48 8.74

° M.p. 51.0-52.5°.

mmoles) in a 50-ml. flask was added diphenyliodonium tosylate 
(9.04 g., 20 mmoles). After 1 hr. the reaction mixture was 
poured into 150 ml. of ice-water saturated with sodium chloride. 
The suspension was extracted five times with 50-ml. portions of 
petroleum ether (b.p. 35-37°), the combined extracts were washed 
twice with water, dried over anhydrous sodium sulfate, and the 
drying agent removed by filtration. The solvent, the 1-nitro- 
propane, and the major portion of the iodobenzene were removed 
in vacuo at room temperature. The residue was chromato
graphed on Merck’s silicic acid9 yielding 2.04 g. (62%) of 1- 
phenyl-l-nitropropane, n20d 1.5159, which is analytically pure 
(Table II) and which exhibits strong nitro group absorption at 
6.45 /i.

Preparation of Ethyl 2-Phenyl-2-nitrocaproate.—Diphenyl
iodonium tosylate (18.04 g., 40 mmoles) was added to a magneti
cally stirred solution of the sodium salt of ethyl 2-nitrocaproate 
(8.36 g., 40 mmoles) in 30 ml. of DMF at 55°. The reaction 
is 96% complete after 6 hr. at this temperatre. The reaction 
mixture was then poured into 150 ml. of ice-water. The water 
layer was saturated with sodium chloride and extracted with five 
50-ml. portions of petroleum ether (b.p. 35-37°). The extracts 
were each washed with 25 ml. of water, combined, and dried 
over anhydrous sodium sulfate. The solvent and a portion of the 
iodobenzene were removed in vacuo at room temperature. The 
residue was dissolved in petroleum ether (b.p. 35-37°) and 
chromatographed on Merck’s silicic acid. The residual iodo
benzene was eluted with petroleum ether. Ethyl 2-phenyl-2- 
nitrocaproate, 6.16 g. (58% yield), was obtained on elution with 
30% benzene-70% petroleum ether. Last traces of solvent 
were removed at ca. 1 mm. giving analytically pure material 
(Table II). The infrared spectrum shows strong nitro group 
absorption at 6.45 u-

Preliminary experiments10 using diphenyliodonium chloride 
and the lithium salt of 2-nitropropane in methanol, and in water, 
showed that these solvents are much less useful than DMF. 
In DMF these salts reacted to give 2-phenyl-2-nitropropane in 
ca. 50% yield.

Acknowledgment.— We thank Dr. Paul Haberfield 
for several preliminary experiments and the Commercial 
Solvents Corporation for generous gifts of several 
nitroparaffins.

(9) The product is decomposed by chromatographing on basic alumina.
(10) By Dr. Paul Haberfield.

C a ta ly tic  H y d ro g e n o ly s is  o f  H y d ro x a m ic  A cids to  
A m id es

R obert  M. G ipso n ,1 F lora H . P e t t it , C harles  G. Sk in n e r , 
and W illiam  S hive

Clayton Foundation Biochemical Institute and The Department of 
Chemistry, The University of Texas, Austin, Texas

Received November 28, 1962

Metallic reduction of various hydroxamic acids to 
yield the corresponding amide derivatives has been re
ported2; however, controlled catalytic hydrogenolysis

(1) Rosalie B. Hite Predoctoral Fellow, 1962-1963.

of hydroxamic acids to yield the corresponding amides 
has not been described adequately in the available lite
rature.3 Recently, as a part of a structural study of a 
reaction product formed by the interaction of glutamic 
acid and hydroxylamine in fhe presence of an enzyme 
from Escherichia coli, a reaction product, which appeared 
to be a hydroxamate of glutamic acid on the basis of 
elemental analysis, was found to undergo hydrogenoly
sis in the presence of Raney nickel catalyst to form 
glutamine.4 Although the utility of such a conversion 
may not be of wide spread interest since the amides 
usually are more easily obtained through other routes, 
it was considered desirable to determine the scope of 
this type of hydrogenolysis reaction. Accordingly, a 
number of hydroxamic acids were prepared by conven
tional means and treated with hydrogen gas in the 
presence of Raney nickel catalyst. It was observed 
that, in each of the examples studied, the desired amide 
could be obtained directly from the corresponding hy
droxamic acid in good yield. The variety of substitu
ent groupings studied is indicated in Table I, and range 
from simple aliphatic analogs to cycloaliphatic, aro
matic, and heterocyclic derivatives. The yields of the 
amides produced varied from 76 to 96%, even though 
no effort was made to determine optimum reaction 
conditions in each case.

T able  I
Sy nthesis  of Am ides from  H ydrogenolysis of H ydroxamic

Acids

O O
II h2 ||

R—C—NHOH — >- R—C—NH2 +  H20

R

Time
required

for
reaction, Yield,

Amide produced hr. %
Acetamide 1.25 96
Capramide 1.0 85
Lauramide 3.0 97
Adipamide 1.5 76
L-Glutamine 3.0 00 o

Cyclohexanecarboxamide 3.0 81
Benzamide 18.0 78
o-Aminobenzamide 12.0 ' 82
Nicotinamide 20.0 84

“ Yield determined by microbial assay using Streptococcus 
laclis, unpublished technique, J. M. Ravel and W. Shive.

(2) C. Gastaldi, G a z z .  c h i m . i t a l . ,  54, 512 (1924).
(3) F. Mathis, B u l l .  s o c .  c h i m .  F r a n c e , D9 (1953), refers to a study of the 

reduction of glaconohydroxamic acid in the presence of nickel catalyst to 
yield a  mixture of gluconamide and ammonium gluconate which was de
scribed by F. Mathis, T h e s e  S c i e n c e s  (Paris) (1952).

(4) F. P ettit and W. Shive, unpublished data.
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Experimentáis

Hydroxamic Acids.—All of these intermediates were prepared 
by the usual method of treating the methyl or ethyl ester of 
the appropriate organic acid with salt-free hydroxylamine and 
were identified through their reported melting points which are 
indicated in parentheses: acetohydroxamic acid, m.p. 87-88°
(S8°6); caprohydroxamic acid, m.p. 63-64° (64°7); laurohy- 
droxamic acid, m.p. 93-94° (94°7); adipohydroxamic acid, 
m.p. 164-165° (165-165.5°8); y-glutamohydroxamic acid, m.p. 
151-152° (155°9); cyclohexanecarbohydroxamic acid, m.p.
132-133° (13210); benzohydroxamic acid, m.p. 127-128° (from 
124° to 131°u); o-aminobenzohydroxamic acid, m.p. 147-149° 
(148°12); and nicotinohydroxamic acid, m.p. 164-165° (165°13).

Catalytic Hydrogenolysis of Hydroxamic Acids (Table I).—All 
of the hydroxamic acids indicated in the preceding paragraph 
were converted to the corresponding amide by the same general 
procedure. The hydrogenolysis of laurohydroxamic acid will 
be described as a representative example. A mixture of 4.0 g. 
of laurohydroxamic acid and about 1 g. of Raney nickel in 75 ml. 
of ethanol was shaken in a Parr hydrogenation apparatus under 
50 p.s.i. of hydrogen pressure for a total of about 3 hr. The 
time required for essentially complete hydrogenolysis of the dif
ferent compounds varied as indicated in Table I. The course of 
the reaction was determined by examining an aliquot sample of 
the reaction mixture for its ability to produce a visible violet 
color with ferric chloride reagent.1'1 When the ferric chloride 
test became negative, the catalyst was filtered and the filtrate 
was reduced to about one-third volume in vacuo. Upon addition 
of water, the amide which precipitated was dried in vacuo over 
sodium hydroxide pellets to yield 3.24 g. of product, m.p. 101- 
102°. The identity of the compound was determined by a 
mixture melting point using a 50:50 mixture of the isolated 
material and a sample of lauryl amide to give a mixture which 
melted at 101- 102°.

(5) All m elting po in ts are uneorrected and were determ ined using the  
capillary technique in a liquid b a th . T he au thors are indebted  to J . T. Lee 
for th e  elem ental analysis.

(6) C. Hoffm ann, B e r . ,  22, 2855 (1889).
(7) Y . Inoue and  Y . H anzaburo, J .  A g r .  C h e m .  S o c . ,  J a p a n . 16 504 (1940).
(8) C. H urd  and D . B o tte rton , J .  O r g .  C h e m . ,  11, 207 (1946).
(9) J . A. R oper and  H . M cllw ain, B i o c h e m .  J . ,  42, 485 (1948).
(10) F. W intern itz  and  C. W lotzka, B u l l .  s o c .  c h i m .  F r a n c e ,  509 (1960).
(11) T he m ost generally accepted values appear to  lie in  th e  range of abou t 

130°; B . Prager and  P . Jacobson, ed., ‘'Beilsteins H andbuch der Organischen 
Chem ie,” Vol. XX, 4 th  ed ., Ju lius Springer, 1920, p. 301.

(12) A. Scott an d  B. W ood, J .  O r g .  C h e m . ,  7, 508 (1942).
(13) B. E. Hackley, Jr., R . Plapinger, M. Stolberg, and  T. W agner- 

Juaregg, J .  A m .  C h e m .  S o c . ,  77, 3651 (1955).
(14) F , Feigl, “ Spot T ests,” Vol. XI, Organic Applications, 4 th  rev. Engl, 

ed., Elsevier Publishing Com pany, A m sterdam , 1954, p. 170.

T h e  A c id -c a ta ly z e d  H y d ro ly s is  o f  ( —)-2 -O c ty l 
E th y l  M e th y lp h o s p h o n a te

L e o n a r d  K e a y 1

Department of Chemistry, Queen Mary College.
London, E. 1, England

Received December If, 1962

The hydrolysis of esters of alkylphosphonic acids has 
been studied in some detail,2 and, although the alkaline 
hydrolysis undoubtedly proceeds by a nucleophilic 
attack on the phosphorus atom with subsequent P— O 
fission, the mechanism of acid-catalyzed hydrolysis is 
less clearly defined. The O18 studies on trimethyl- 
phosphate3 are not entirely unambiguous and in any 
case, the mechanisms for phosphate and phosphonate

(1) P resen t address: R esearch and  Engineering Division, M onsanto Chem
ical Co., S t. Louis 66, Mo.

(2) R . F . H udson and L. Keay, J .  C h e m .  S o c . ,  2463, 3269 (1956).
(3) E . B lum enthal and J . B. M . H erbert, T r a n s .  F a r a d a y  S o c . ,  41, 611 

(1945).

hydrolysis are not necessarily the same. The acid- 
catalyzed hydrolysis of optically active di (2-octyl) 
ethylphosphonate has been studied4 and the alcohol 
produced shown to be mainly racemic with a slight 
retention of configuration, in agreement with the 
postulated alkyl-oxygen fission mechanism.

Unfortunately, the actual rates of hydrolysis and 
optical activity change were not determined, but the 
optical activity of the octanol-2 measured after extrac
tion at the end of a prolonged hydrolysis and the rate of 
racemization of optically active octanol-2 under the 
hydrolysis conditions is not stated. Furthermore, in 
acid solution both alkyl groups are hydrolyzed, the 
alcohol could be produced in either reaction, and the 
mechanisms need not necessarily be the same.

Since the rate of hydrolysis of secondary alkyl ester 
groups is about 25-fold faster than that of primary alkyl 
ester groups,2 a mixed ester could overcome this prob
lem and so ( —)-2-octyl ethyl methylphosphonate (I) 
was prepared by the reaction of ( —)-2-octyl methyl- 
phosphonochloridate5 with ethanol in the presence of a 
base.

O OCmCHs-CeHi,
V /

P

c h 3 o c»h 6
I

The rate of acid-catalyzed hydrolysis was measured 
acidimetrically and the change in optical activity deter
mined simultaneously. The optical activity of the 
octanol-2 liberated was also determined after extraction 
and distillation. The rate of racemization of ( —)- 
octanol-2 was measured under the conditions used in 
the hydrolysis experiment and shown to be only one 
fifth the rate of the ester hydrolysis, so that changes in 
configuration subsequent to hydrolysis can be ignored. 
The results (Table I and Fig. 1) show that the rate of

T able I
T he H ydrolysis o p  ( — )-2-Octyl E thyl M ethylphosphonate 

i n  N  PhSOsH i n  50% D ioxane a t  100°
ki (acid k\ (racem iza-

Time, hr. Nta production) a a. a tion)
0 20.62 - 1.20
0.5 20.78 0.188
1 20.90 .176 - 1.10 0.100
2 21.15 .180 -0 .8 5 .173
3 21.32 .172
4 21.52 .180 -  .49 .220
7 -  .35 .177

11 -  .16 .183
96 ( °o) 22.37

average k, =  0.179
0

average ki =  0.171
a See Experimental for explanation of symbols.

acid production and rate of change of optical activity 
are equal and the alcohol isolated is almost racemic 
with a slight retention of configuration. This confirms 
the view of Gerrard, Green, and Nutkins4 that alkyl- 
oxygen fission occurs without simultaneous attack on 
the carbon atom by a water molecule, wdiich would 
give inversion of configuration. The mechanism must 
involve a carbonium ion, unless both P— O and C— O

(4) W . G errard, W. J . Green, and R. A. N utkins, J .  C h e m . S o c . ,  4076 
(1952).

(5) R. F. H udson and L. Keay, i b i d . ,  1865 (1960).
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Fig. 1.—First-order kinetic plot of titrimetic and polarimetrie 
data for acid-catalized hydrolysis of ( — )-2-octyl ethyl methyl- 
phosphate. From the slope of the graph, ki = 0.183 hr.-1.

analysis at suitable time intervals. The formation of acid was 
determined by rapidly cooling the ampoule and titrating the con
tents against 0.25 N  sodium hydroxide using methyl red indicator. 
The change in optical activity was determined by placing the 
cooled contents of ampoules in the 2-dm. polarimeter tube and 
measuring the rotation at the sodium “D ” line.

The velocity constants for the acid production and optical 
activity change were determined using the equations,
, 2.303 ,
h  = —r— ■ log N» } 

N = -  N t ) and ki = 2,303
t log

where N% is the volume of 0.25 N  sodium hydroxide required to 
neutralize a 5-ml. reaction mixture at time t, and at is the optical 
rotation of the reaction mixture observed in a 2-dm. tube at time 
t, and also from the graph of log (Na — N t) or log (a0 — at) vs. 
time, ki = —2.303 X slope of the graph.

The optical activity of the alcohol produced was also measured 
after isolation; 10 g. of ester was heated with 50 ml. of 1 N  ben- 
zenesulfonic acid in 50% aqueous dioxane at 100° for 6 hr. in a 
large sealed ampoule. The ampoule was cooled; the contents 
made slightly alkaline with sodium hydroxide and immediately 
extracted twice with ether. The ether solution was dried over 
anhydrous magnesium sulfate and the solvent removed. The 
residue was distilled in a microfractionation unit to give 3.0 
g. (55%) of octanol-2, b.p. 175-180° (lit. b.p. 178-179°), [«]%> 
— 0.84° (the octanol-2 used in the ester preparation had [<*]%> 
-9.95°).

fissions can occur, the latter reaction involving nucleo
philic assistance from a water molecule (the Aal26 or 
A"27 mechanism), which seems unlikely.

T h e  A d d itio n  o f  P h o s g e n e  to  C a rb o d iim id e s

H e n b i  U l r ic h  a n d  A. A. R. S a y ig h 1

Experimental
Materials.- -Dioxane was purified by refluxing with hydro

chloric acid to hydrolyze any acetals, adding an excess of solid 
potassium hydroxide, decanting, drying over sodium, and finally 
distilling from over fresh sodium.

Optically active octanol-2 was prepared by fractional crystal
lization of the brucine salts of the phthalic acid monoester, fol
lowed by hydrolysis and distillation.8

( — )-2-Octyl methylphosphonochloridate was prepared in 79% 
yield by the reaction between ( — )-octanol-2 and methylphos- 
phonic dichloride in the presence of triethylamine in ether at 
0°.4 Specific gravity, 1.036; [a]lsD —12.65° (from octanol-2, 
[«]2»d -9.95°.)

Anal. Calcd. C, 47.7; H, 8 .8; Cl, 15.7. Found: C, 48.1; 
H, 8.6; Cl, 15.7.

( —)-2-Octyl Ethyl Methylphosphonate.—A 22.6-g. sample 
(0.1 mole) of ( —)-2-octyl methylphosphonochloridate was added 
slowly with agitation to 16.0 ml. (0.1 mole) of diethylaniline and
30.0 ml. (0.5 mole) of anhydrous ethanol. The reaction mixture 
was then heated on a boiling water bath for 0.5 hr. The semi
solid pasty mass was allowed to cool and then shaken with 300 ml. 
of dry petroleum ether (b.p. 40-60°). The solid was removed by 
filtration and washed with more petroleum ether. The solvent 
was removed from the combined filtrate and washings and the 
residual oil distilled under reduced pressure; yield, 20.0 g. (85%), 
b.p. 73-74°/(0.2 mm.); specific gravity, 0.945; [<*]%> —11.87° 
(from alcohol [ a ] 20D —9.95°).

Anal. Calcd. C, 55.7; H, 10.5. Found: C, 54.8; H, 10.5.
An attempt to prepare the same compound by the reaction of 

octanol-2 with ethyl methylphosphonochloridate in the presence 
of a tertiary base was unsuccessful, probably due to the slow 
reaction with the octanol-2 which was recovered unchanged.

Kinetic and Optical Activity Measurements.—The ester (2.36 
g.) was dissolved in 100 ml. of N  benzenesulfonic acid in 50% 
aqueous dioxane (v./v.) to give a 0.1 M  solution of ester. Five- 
milliliter aliquots were removed with pipets and placed in glass 
ampoules and sealed. The ampoules were placed in an agitated 
oil bath maintained at 100.2°, and ampoules were removed for

(6) C. A. B unton, E . D. Hughes, C. K . Ingold, and  D. F . M eigh, N a t u r e . 
166, 680 (1950).

(7) A. A. F rost and R . G. Pearson, “ K inetics and  M echanism ,” 2nd ed., 
John W iley and Sons, Inc., New Y ork, N . Y ., 1956, p. 318.

(8) A. I. Vogel, “ A T extbook of Practical Organic C hem istry ,”  2nd ed., 
Longm ans Green and Co., London, 1951, p. 489.

The Carwin Company, Division of the Upjohn Company, 
North Haven, Connecticut

Received December 3, 1962

It is well known that carboxylic acids add to carbo
diimides2 and recently acetyl chloride was shown to do 
so,8 although the products are unstable and tend to de
compose to the starting compounds. We have found 
that phosgene, which has not previously been reported 
as taking part in addition reactions with cumulative 
double bonds,4 also adds readily to aliphatic and aro
matic carbodiimides to give N,N'-disubstituted chloro- 
formamidine-N-carbonyl chlorides (I), which are re
markably stable as illustrated by their distillation in 
vacuum without decomposition.

R—N = C = N —R +  COCk
0
ilc

/ \
R—N Cl

\
C =N —R
1

Cl
I

The structure of the 1 :1 addition products was es
tablished by elementary analysis and infrared spectro
scopy. The infrared spectra of I show C = 0  absorp
tion at 5.73-5.75 p and a C = N  absorption at 5.98-
6.0 fx.

(1) To whom inquiries should be directed.
(2) H . G. K horana, O h e m .  R e v . ,  53, 145 (1953).
(3) K . H artke  and J . B artu lin , A n g e w .  C h e m . ,  74, 214 (1962).
(4) W hile phosgene does no t react w ith isocyanates, F . S. Faw cett, C. W. 

Tullock, R . D. Sm ith, and  D . D. Coffman, Second In te rna tiona l Symposium 
on Fluorine Chem istry, E stes Park , Colo., 1962, have observed th a t  car
bonyl fluoride adds to  phenyl isocyanate.

a. R = re-butyl
b. R = cyclohexyl
c. R = o-tolyl
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The aliphatic members of the series were also ob
tained from N,N'-dialkylthioureas and excess phosgene. 
When this reaction is carried out with molar ratios of 
reactants, the products were reported to be N,N'-disub- 
stituted chloroformamidine hydrochlorides (II),5 which, 
therefore, can be invoked as intermediates in the reac
tion involving excess phosgene. This is supported by 
the fact that II (R = n-butyl) reacts with phosgene to 
give a high yield of la. Furthermore, la can also be

c o c l  ® e  c o c o
It—NH—C—NH—R •— > [R—NH—C=N H —R]C1 •— > la

i! 1S Cl
II

obtained from N,N'-di-n-butylurea and phosgene in the 
presence of triethylamine,6 the intermediate in this 
case being the carbodiimide.

coci. cogl
R—NH—C—NH— R — R—N = C = N — R — > la

[I E tjN
o

R = n-butyl

We investigated the reaction of amines and hydrazine 
with Ic. When it reacted with four equivalents of o- 
toluidine, the products were di-o-tolylcarbodiimide 
(84.7%) and some o-tolyl isocyanante; both could arise 
from the decomposition of a common four-membered 
ring intermediate.7

O
11
C

/
R—N

\
C =N —R 

Cl

HCI
CtìHtì

R—N = C = N —R +  R—N CO +
R—N=CC1»

R = o-tolyl

Experimental8 * *
N,N-Dibutylch!oroformamidine-N-carbonyl Chloride (la). A. 

From Di-ra-butylcarbodiimide.—Phosgene was added to a solu
tion of 3.08 g. (0.02 mole) of di-n-butylearbodiimide in 50 ml. of 
toluene at room temperature. The temperature of the mixture 
rose to 45°. The unchanged phosgene was removed in a stream 
of nitrogen, and the solvent was evaporated to give 4.4 g. (98%) 
of la, b.p. 86° (0.5 mm.), b 23d  1.4718, X ™ xC13 (infrared): 3.43,
5.73, 5.98, 6.80, 7.35, and 8.05 u.

Anal. Calcd. for C10H,sC12N2O: C, 47.45; H, 7.16; N, 11.06. 
Found: C, 47.60; H, 7.40; N, 11.17.

B. From N,N'-Di-«.-butylthiourea.—Phosgene was added to a 
solution of 30.2 g. (0.16 mole) of N,N'-di-n-butylthiourea in 600 
ml. of benzene until the exothermic reaction stopped. The ex
cess phosgene was removed in nitrogen and the solvent evapo
rated to give 39 g. (96.3%) of la. The infrared spectrum was 
superimposable on that of the la  obtained, according to 
method A.

C. From N,N'-Di-re-butylchloroformamidine Hydrochloride.
—Hydrogen chloride was bubbled into a solution of 7.7 g. (0.05 
mole) of di-n-butylcarbodiimide in 77 ml. of benzene until the 
infrared spectrum of the mixture indicated the complete reaction 
of the carbodiimide. Then excess phosgene was added to the re
fluxing reaction mixture. After purging with nitrogen, 10.4 g.

0 0 0
li h II
c - -Cl C— NHR C—Cl

/ rnh2 / /
N
\

R—N
1

and/or R—N 
1

c - -Cl 0 1 Q C— NHR
II \ II—N R—N

A

R N = C =N

R—N
B

—R +  RNCO -f--------

O

R—N NR

C
II

R—N
C

R = o-tolyl

Similarly, di-o-tolylguanidine (III) was obtained 
from the reaction of Ic and alcoholic ammonia. Most 
likely, but not necessarily, III is formed by the addition 
of ammonia to di-o-tolylcarbodiimide.

When hydrazine hydrate and Ic reacted. 3-o-tolyl- 
amino-5-hydroxy-4-o-tolyl-l,2,4,4H-triazole (IV) was 
formed.

Cl Cl N-----N
I l  I1 II

0 = C  C =N R  N2H4UI2O HO—C C—NH— R

IV. R = o-tolyl

At 180° Ic, slowly generated phosgene but no carbo
diimide could be detected. However, at 80° in the 
presence of hydrogen chloride, dissociation into carbo
diimide (strong infrared absorption at 4.7 n), iso
cyanate (weak infrared absorption at 4.4 ¡i), and iso
cyanide dichloride (weak infrared absorption at 11 ¡i) 
was observed.

(5) H . Eilingsfeld, M . Seefelder, and II . W eidinger, A n g e w .  C h e m . ,  72, 
836 (1960).

(6) H . Ulrich, J. N. Tilley, and  A. A. R. Sayigh. in print.
(7) O ne of the  referees prefer no t to  involve th e  four-m em bered ring 

in term ediate  (C) bu t to  decom pose in term ediates A a n d /o r  B concertedly 
to the  products . However, we prefer to involve C in view of the  tendency of 
sim ilar derivatives (A, B) to  form four-m em bered rings.

(91.6%) of la was obtained. The infrared spectrum was identical 
with that of the material prepared according to method A.

N,N'-Dicyclohexylchloroformamidine-N-carbonyl Chloride 
(lb).—Phosgene was added to a solution of 4.12 g. (0.02 mole) of 
dicyclohexylcarbodiimide in 50 ml. of ethylene dichloride at. 2°. 
When the excess phosgene was removed with nitrogen and the 
solvent evaporated, 6.1 g. (1.00%) of lb was obtained, b.p. 
140-142° (0.8 mm.), nMu 1.5132, X™013 (infrared); 3.43, 5.73, 
5.98, 6 .88, 7.40, 7.83, 8.52, 9.45, 9.85, and 10.42 M.

Anal. Calcd. for C„H22CI2N20 : C, 55.05; H, 7.26; N, 9.17. 
Found: C, 54.99; H, 7.20; N, 9.40.

N,N'-Di-o-tolylchloroformamidine-N-carbonyl Chloride (Ic).— 
Phosgene (15 g., 0.15 mole) was added to a solution of 22.2 g. 
(0.1 mole) of di-o-tolvlcarbodiimide in 200 ml. of ethylene di- 
chloride at 2°. The excess phosgene and the solvent were re
moved to give 31.7 g. (98.8%) of Ic, b21d 1.5851, X™% (in
frared): 5.73, 6.00, 6.72, 6.85, 8.50, and 9.00 M.

Anal. Calcd. for CiGHuCl2N20: N, 8.72. Found: N, 8.98.
Reaction of Ic with-o-Toluidine.—A 21.4-g. sample (0.2 mole) 

of o-toluidine in 21 ml. of dry benzene was added dropwise over a 
period of 30 min. to a stirred solution of 16.05 g. (0.05 mole) of 
Ic in 110 ml. of benzene. The mixture was stirred for an addi
tional 45 min. at room temperature and the precipitated solid was 
filtered off. The infrared spectrum of the benzene solution had a 
strong absorption band at 4.7 ¡i and a weak band at 4.4 n. The 
benzene was evaporated and the residue distilled to give 9.4 g. 
(84.7%) of di-o-tolylcarbodiimide, b.p. 134-141° (0.4 mm.). 
The filtered solid was separated into o-toluidine hydrochloride,

(8) M icroanalyses by  Schwarzkopf M icroanalytieal L abora to ry , W ood-
side. N. Y. In fiared  absorption spectra were determ ined using a  Perkin-
E lm er Model 21 spectrophotom eter.
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and the water-insoluble di-o-toiylurea, m.p. 270° dec. The 
infrared spectrum of the isolated urea was identical with that of an 
authentic sample.

Reaction of Ic with Ammonia.—A 3.2-g. sample (0.01 mole) of 
Ic was added to methanolic ammonia. When the solvent was 
evaporated, the hydrochloride of N,N '-di-o-tolylguanidine was ob
tained. From this, on treatment with aqueous sodium hydroxide, 
was isolated di-o-tolylguanidine (III), m.p. 183-185° (lit., m.p. 
179°). A solution of 1 g. of di-o-tolvlcarbodiimide in 10 ml. of 
benzene was saturated with ammonia in the presence of 10 mg. of 
cupric chloride to give 74.5% of III, m.p. 186-187°. No de
pression of the melting point was caused when samples of III pre
pared by the above methods were mixed. The infrared spectrum 
was identical with that of an authentic sample.

Reaction of Ic with Hydrazine Hydrate.—A 2.2-g. sample 
(0.007 mole) of Ic was added to 1.44 g. (0.03 mole) hydrazine 
hydrate in a mixture of 20 ml. of tetrahydrofuran and 20 ml. of 
water. An immediate reaction took place. After the mixture 
had been stirred, with ice-cooling, 1.4 g. (73%,) of 3-o-tolylamino-
5-hvdroxy-4-o-tolyl-l,2,4,4H-triazole (IV) had separated. It 
crystallized from benzene in white crystals, m.p. 198-199°; 
\™ou (infrared): 2.96, 3.20, 3.30-3.40,' 5.84, 6.17, 6.28, 6.48,
6.84, 7.27, 7.62, and 11.61/*.

Anal. Calcd. for CI6H16N40: C, 68.55; H, 5.75, N, 19.99. 
Found: C, 63.72; H, 5.96; N, 19.92.

In a similar experiment, using benzene as the solvent, IV was 
obtained in 83% yield. IV is soluble in dilute sodium hydroxide 
and it could be reprecipitated by acid.

Acknowledgment.— The authors wish to thank Mr.
B. Tucker for his valuable help with the experiments 
and Mr. F. Geremia for the determination of numerous 
infrared spectra.

T h e  S t r u c tu r e  o f  N id u lin

B . W. B y c r o f t  a n d  J o h n  C. R o b e r t s  

Department of Chemistry, The. University, Xottingham, Erujland

Received November 27, 1962

Nidulin,1 the chief chlorine-containing metabolite of 
a non-ascosporic strain of Aspergillus nidulans, has 
been allocated2'3 structure I. Shortly after the 
publication of our last paper,3 Beach and Richards 
claimed4 that nidulin should be represented by structure 
II. Although we still maintain that the evidence which 
wc have already presented2’3 is sufficient to establish the 
correctness of our structure, we present the following 
additional arguments in favor of structure I.

(1) F. M. Dean, A. Robertson, J . C. R oberts, and  K. B. R aper, N a t u r e  

(London), 172, 344 (1953).
( ) F. M. Dean, J. C. R oberts, and  A. Robertson, J .  C h e m .  S o c . . , 1432 

(1954).
(3) F . M . D ean, D. S. D eorha, A. D. T . E rni, D. W. Hughes, and  J . C. 

Roberts, i b i d . ,  4829 (1960).
(4) W. F. Beach and  J . H. R ichards, O r g .  C h e m . ,  26, 1339, 3011 (1961).

c h 3 oHO

U R 
III

o c h 3

c = c h c h 3
I

c h 3

c h 3 c h 3

a. R = —C( CH3 ICH O RS
b. R = —CH(CH3)2

Degradation of nidulin under strictly defined condi
tions3 yielded nucleus B as a dihydroxybenzoquinone 
which we have formulated,3 on the basis of analysis, 
color reactions, and ultraviolet absorption spectrum,5 
as Ilia. If nidulin had possessed structure II, then the 
degradation product would have had structure Va. We 
have now compared (see Table I) the ultraviolet and 
infrared absorption spectra of the degradation product 
Ilia  with the corresponding spectra of dihydroxy- 
thymoquinone6 (Illb) and of 3,5-dihydroxy-2,6-di- 
methylbenzoquinone7 (V; R = CH3). We also re
cord (see Table I) the spectra of monohydroxythymo- 
quinone6 (IVb; X = H) and of the chloroquinone 
(IVa; X  = Cl) which is obtainable3 as a degradation 
product of nidulin. The three last-mentioned qui
ñones, as expected,8 show two carbonyl bands in their 
infrared spectra. (The two bands are not clearly re
solved in the solution spectra of the chloroquinone and 
of 3,5-d ihydroxy-2,6-dimethylbenzoquinone. )

Information from the ultraviolet absorption spectra 
does not differentiate clearly between the two pos
sibilities for the nidulin degradation product (Ilia or 
Va). However, the evidence from the infrared ab
sorption spectra establishes unequivocally that the 
degradation product has structure Ilia. Hence the 
chloroquinone lias structure IVa (X = Cl). We 
maintain, therefore, that nidulin is correctly repre
sented by structure 1.

(5) C f .  W. Flaig, T. P loetz, and  A. K üllm er, Z .  N a t u r f o r a c h . ,  10B, 668 
(1955).

(6) T. Zincke, B e r . ,  14, 92 (1881).
(7) H. B runnm ayr, M o n a t s h . ,  21, 9 (1900).
(8) C f .  P. Souchay, F . T atibouët, and  P. Barchew itz, J .  P h y s .  R a d i u m ,  

15, 533 (1954).

T a b l e  I

Com pound

U ltravio le t absorption 
spectrum " (E tO H ), 
> ru a x  in m / i (log e)

In frared  absorption spectrum^1 
(O— H and  C = 0  stre tch ing  vibrations),

''max in cm. 1
Disk (K Br) Solution (CHClg)

Ilia
Illb
IVb (X = H) 
IVa (X = Cl)

V (R = CHs)

287 (4.24), 436 (2.40) 
293 (4.31), 435 (2.36) 
267 (4.16), 404 (3.01) 
278 (4.15), 334 (3.24) 

405 (2.77)"
297 (4.26), 426 (2.26)

3310, 1617 
3319, 1616 
3252, 1668, and 1643 
3411, 1665, and 1655

3417, 1660, and 1641

3365, 1642 
3327, 1640'
3431, 1662, and 1645 
3431, 1662, and 1654''

3476, 1653, and 1645,i
a Taken on a Unicam S. P. 500. 6 Taken on a Unicam S. P. 100. c Compound Illb  is only sparingly soluble in chloroform,

more soluble in bromoform and a solution in this solvent showed a single carbonyl peak at 1637 cm.-1. d Shoulder.
It is
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It is well known that most aromatic nitroso com
pounds exist as colorless or pale yellow dimers in the 
crystalline state but dissociate to intensely green- 
colored monomers in the liquid state.2 3

para-Substituents such as R2N— , I, Cl, and CH3 
increase the tendency for dissociation owing to elec
tronic interaction with the aromatic system, thereby 
weakening the N-N bond.3 4 In fact, the effect is so 
great with p-nitrosodimethylaniline and with p-iodo- 
nitrosobenzene that these compounds are monomeric 
even in the solid state. When electronic interaction is 
prevented by ortho substituents that preclude formation 
of a planar configuration, the nitroso molecule exists 
mostly as a dimer even in solution. Thus, in a 1% 
benzene solution, nitrosomesitylene is dimerized 77%4 5 
whereas p-nitro-, p-bromo-, p-methylnitrosobenzene, 
and nitrosobenzene are dimerized less than 4%.45 
wi-Substituents are reported5 to have little or no effect 
on the N-N bond.

In view of these generally accepted properties of 
aromatic nitroso compounds, we wish to report the 
anomalous stability of the m-trifluoromethylnitroso- 
benzene dimer. This dimer is a white crystalline com
pound that melts at 48.5-49.0° forming a light amber 
oil. It dissolves in organic solvents giving water white 
to light amber solutions. The compound can be dis
tilled at atmospheric pressure (b.p. 295°). The vapor 
is light green and the distillate when recrystallized 
from methyl alcohol is obtained as light yellow needles 
(m.p. 44-46°). Unlike nitrosobenzene dimer, which 
must be stored in a refrigerator, »i-trifluoromethyl- 
nitrosobenzene dimer is air and light stable at room 
temperature and can be kept on the shelf for at least ten 
years without decomposition. This nitroso com

(1) P a rt of th is  work was com pleted in th e  laboratories cf th e  M . W. 
Kellogg Co. T he d a ta  were acquired by  th e  M innesota M ining and  M anu
facturing  Co. w ith th e  purchase of th e  Chem ical Division of th e  M. W. Kel
logg Co. in M arch, 1957.

(2) N . V. Sidgwick, “ Organic Chem istry of N itrogen,” Oxford Press, 
London, 1942, p. 204.

(3) B. G. Gowenlook and  W. L iittke , Q u a r t .  R e v . ,  12, 321 (1958).
(4) N . N akam oto  and  R . E . Rundle, .7. A m .  C h e m .  S o c . ,  78, 1113 (1950).
(5) D. L. H am m ick, J .  C h e m .  S o c . .  3105 (1931).

Fig. 1.—Infrared spectra of m-trifluoromethylnitrosobenzene 
dimer (A) in potassium bromide mull and (B) in carbon tetra
chloride solution, 3-12 n and 14-15 n; in carbon bisulfide solu
tion, 12-14 ju.

pound could not be reoxidized to the nitro compound 
using potassium permanganate in acetone, potassium 
dichromate in sulfuric acid, or hydrogen peroxide in 
acetic acid. Neither could it be reduced with ferrous 
ammonium sulfate in aqueous hydroxide. Much 
stronger reducing systems such as zinc or tin in aqueous 
hydrochloric acid were required for reduction to the 
corresponding amine.

The empirical formula for m-trifluoromethylnitroso- 
benzene was established by elemental analysis. The 
molecular weight was determined cryoscopically using 
naphthalene and ebulloscopically using benzene. Both 
methods indicated that the compound was a dimer. 
The infrared spectra of this compound in its crystalline 
state and in solution are very similar as shown in Fig. 1, 
supporting the premise that no dissociation occurs at 
room temperature in solution. The ultraviolet ab
sorption spectrum in ethanol [0.21 g./l. ; peaks at 3150 
Â., « (l./g.-cm.) 42.9; at 2540 Â., e 23.6; at 2320 
Â., e 30.8] also showed no evidence for the presence 
of the monomer. Dissociation in solution, however, 
begins to occur at temperatures above 100°.

N.m.r. data for this compound, summarized in Table 
I, are consistent with that anticipated for the symmetri
cal dimer as represented by the azodioxide structure.

Reduction of the dimer with zinc in aqueous hydro
chloric acid gave ??i-trifluoromethylaniline which was 
identified by infrared analysis, and by conversion to its 
acetyl derivative.

m-Trifluoromethylnitrosobenzene dimer is prepared 
easily by reduction of m-trifluoromethylnitrobenzene 
with mild reducing systems such as ethylmercaptan in 
aqueous alkali, zinc in aqueous ammonium chloride, and 
even alcoholic sodium hydroxide. The reaction gives a 
mixture of reductive dimerization products from which 
the desired azodioxide can be isolated in 30-40% yield 
as described in Experimental.

Experimental
Reduction with Ethylmercaptan.—Ethylmercaptan (1.2 moles) 

was added dropwise to a chilled mixture of m-trifluoromethyl- 
nitrobenzene (0.3 mole), water (400 cc.), and sodium hydroxide
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T a b l e  I 
CF3

c f 3
H atom Ta M ult. J b

2 1.57 b
4 2.39 s
5 2.38 AB 7.6
6 1.50 AB 7.6

4>c for F atom of CF3 = 63.62 b = broad
s = sharp 

AB = type system6 
0 See ref. 6. 6 See ref. 7. c See ref. 8.

(2.5 moles) contained in a three-necked round-bottom flask fitted 
with a reflux condenser, stirrer, and dropping funnel. The drop
ping funnel was replaced by a thermometer and reaction was 
allowed to occur for an additional 24 hr. at 85°. The excess 
ethyl mercaptan and diethyl disulfide were removed by steam 
distillation. The residual aqueous alkaline mixture was ex
tracted with benzene. The aqueous layer was discarded and the 
benzene layer was evaporated to dryness. The residue was dis
solved in n-hexane and the solution passed through a 72 X 1 in. 
column filled with activated alumina. The column was de
veloped with hexane. The first three 1-1. fractions contained 20 
g. of sulfur-free white compound that melted at 48.5-49.0° after 
recrystallization from methanol. Fractions 4 and 5 contained 5 
g. of a mixture of products, m.p. 45-60°. The infrared spectra 
of these fractions indicated that they were a mixture of the com
pound melting at 48.5-49.0° and the aZoxy compound eluted 
next from the column. Fraction 6 contained 1.5 g. of a yellow 
compound (m.p. 127-129°). The compound wras recrystallized 
from ethanol to give yellow crystals (m.p. 130-131°) that were 
identified as 4,4'-diethylmercapto-3,3'-ditrifluoromethylazoxy- 
benzene by elemental analysis and by comparison of the infrared 
spectrum with those of similar azoxy compounds.9 The com
pound gave a deep red-purple color when dissolved in concen
trated sulfuric acid indicative of an aromatic azoxy containing 
alkyl mercapto-substituent in the para position.9

Anal. Calcd. for C.sH.sONsSaFs: C, 47.57; H, 3.55; S,
14.12. Found: C, 47.2; H, 4.0; S, 13.8.

Elemental analysis of the white compound melting at 48.5- 
49.0° indicated an empirical formula of C7H4ONF3.

Anal. Calcd. for C14H80 2N2F6: C, 47.98; H, 2.30; N, 8.00; 
0, 9.14; F, 32.55; mol. wt., 350. Found: C, 48.3; H, 2.49; 
N, 7.74; 0,8.98; F, 33.0; mol. wt., 356.

The molecular weight at 5° and at 80° was measured as 356 
but the value decreased steadily when solvents of increasing boil
ing points were used, indicating that dissociation increased with 
temperature above 80°. The infrared spectrum and n.m.r. data 
for this compound are shown in Fig. 1 and Table I, respectively.

A sample of this compound (m.p. 48.5-49.0°) was distilled at 
atmospheric pressure (b.p. 295°) and showed no color forma
tion in the vapor state or when melted. The distillate was 
crystallized from methanol in the form of long white thin needles 
(m.p. 44-46°), indicating that only little decomposition had oc
curred.

One gram of this compound (m.p. 48.5-49.0°) was reduced 
with zinc at reflux temperature for 4 hr. in 40 cc. of 10% aqueous 
hydrochloric acid. The solution was cooled to room temperature, 
made strongly alkaline, and then extracted with ether. The 
ether extract was dried with magnesium sulfate, separated by 
filtration, and evaporated to dryness. The residual oil was made 6 7 8 9

(6) G. V. P. Tiers, ./. P h y s .  C h e m . ,  62, 1151 (1858).
(7) J. A. Pople, W . G. Schneider, and H. J . Bernstein, “ High Resolution 

N uclear M agnetic Resonance,” M cG raw -H ill Book Co., Inc., New York, 
N. Y., 1959, p. 119.

(8) G. Filipovieh and  G. V. D . T iers, ./. P h y s .  C h e m . ,  63, 761 (1959).
(9) H . R. Davis, J .  W. C openhaver, W. E . H anford, and  H. F. Lederle, 

121st N ational M eeting of Am erican Chem ical Society, Buffalo, N. Y., 
M arch, 1952, p. 66-K.

to react with acetic anhydride to give the corresponding amide. 
The product was crystallized from aqueous methanol and then 
from hexane in the form of white platelets (0.9 g., m.p. 102.5— 
103.5°). The compound was identified as m-trifluoromethylacet- 
anilide (no depression in melting point when mixed with an 
authentic sample).

Reduction with Zinc in Aqueous Ammonium Chloride.—
Powdered zinc (0.46 mole) was added slowly to a cold mixture of 
m-trifluoromethylnitrobenzene (0.16 mole), water (500 cc.), and 
ammonium chloride (0.28 mole) contained in a 1-1. three-necked 
round-bottom flask fitted with a stirrer, reflux condenser, and an 
adapter for addition of solids. The mixture was allowed to react 
at room temperature for 6 hr. A small amount of m-CF:iC6H4- 
NHTZnCk precipitated from solution, and was removed by 
filtration. The mother liquor was acidified with dilute aqueous 
hydrochloric acid and then extracted with ether. The ether ex
tract was evaporated to dryness. The residual oil was crystallized 
from a methanol-water solution and 10 g. (36%) of m-trifluoro- 
methylnitrosobenzene was isolated in the form of tiny slightly 
orange needles, m.p. 44-46°.

The aqueous acid layer from wdiich m-trifluoromethylnitroso- 
benzene was removed by extraction with ether was made alkaline 
and re-extracted with ether. The ether layer was evaporated to 
dryness and the residue treated with acetic anhydride. The 
acetylated product was recrystallized from water. The com
pound (7 g., 22%,) was isolated in the form of white platelets 
(m.p. 87-88°). The compound resolidified when a crystal of m- 
trifluoromethylacetamide, m.p. 102-103°, was added to the 
melt. This white solid remelted at 102-103°.

Reduction with Alkaline Ethanol.—A mixture of ?n-trifluoro- 
methylnitrobenzene (0.18 mole), water (100 cc.), sodium hy
droxide (0.6 mole), and ethanol (0.5 mole) was allowed to react at 
reflux temperature for 24 hr. to give a deep red solution. The 
solution was diluted with water and extracted with benzene. 
The aqueous layer was discarded and the organic layer was 
evaporated to dryness. The red crystalline residue was dissolved 
in hexane and separated by chromatography as described pre
viously to give m-trifluoromethylnitrosobenzene in the form of 
orange tinted delicate needles (10.5 g., m.p. 48.0-48.5°).

Acknowledgment.—The authors are indebted to Dr.
G. V. D. Tiers for interpretation of the n.m.r. data. 
The elemental analyses and molecular weight deter
minations were done by the Carl Tiedke Laboratory of 
Teaneck, New Jersey, and by the Analytical Depart
ment of the M. W. Kellogg Company.
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The use of acidic reagents for oxidation of a hydroxyl 
group to a carbonyl function has sometimes failed with 
compounds containing basic nitrogen atoms,2 particu
larly if the nitrogen is in the immediate vicinity of the 
hydroxyl. The difficulty is not necessarily circum
vented by oxidation under the basic conditions of the 
Oppenauer procedure since the aluminum alkoxide is 
capable of complexing with the nitrogen3'4a and in some

(1) D epartm en t of Chem istry, U niversity  of W estern  O ntario , London, 
C anada.

(2) I n t e r  a l i a  (a) quinine: P . Rabe, W . N aum ann, and E. K uliga, A n n .

364, 345 (1909); (b) buphanam ine: L. G. H um ber and  W. I. Taylor, C a n .  J .  

Chem., 33, 1268 (1955); codeine: F . Ach and  L. K norr, B e r . ,  36, 3070
(1903).

(3) (a) quinine: R . L. M cKee and H. R . Henze, J .  A m .  C h e m .  S o c . ,  66,
2021 (1944); (b) 1,2-ami no alcohols: R . E . Lutz, R . H. Jo rdan , and W. L. 
T ru e tt, i b i d . ,  72, 4085 (1950); (c) c i s -  and frcms-l-am mo-2-indanols: R .
E. L u tz  and R . L. W ayland, i b i d . ,  73, 1639 (1951).
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T a b l e  I

Ketone, 
mole ratio

The Modified Oppenauer Oxidation of Quinine
Base,

mole ratio T im e,
% Yield, 

crude % Q uin in o n e
Reaction to quinine to quinine Solvent Tem p. h r . product in  p ro d u c t

1 Benzophenone, 5.0 K-O-Z-Bu, 2.5 Benzene R.t.“ 1 81 9-25
2 Fluorenone, 5.0 K-O-Z-Bu, 2.5 Benzene R.t. 0.5 82 82
3 Fluorenone, 5.0 K-O-Z-Bu, 2.5 Benzene R.t. 1 97 88
4 Fluorenone, 5.0 K-O-Z-Bu, 2.5 Benzene R.t. 12 88 96
5 Fluorenone, 5.0 K-O-Z-Bu, 2.5 Benzene Reflux 2 min. 80 66
6 Fluorenone, 5.0 K-O-Z-Bu, 2.5 Benzene Reflux 10 min. 85 100
7 Fluorenone, 5.0 K-O-Z-Bu, 1.0 Benzene R.t. 1 76 36
8  ' Fluorenone, 5.0 K-O-Z-Bu, 0.1 Benzene R.t. 1 73 2.7
9 Benzophenone, 5.0 K-O-Z-Bu, 2.5 Z-BuOH R.t. 6 93 0

10 Benzophenone, 5.0 K-O-Z-Bu, 2.5 Z-BuOH Reflux 0.5 92 1.8
11 Benzophenone, 5.0 K-O-Z-Bu, 2.5 Z-BuOH Reflux 4.5 85 8
12 Fluorenone, 5.0 K-O-Z-Bu, 2.5 Z-BuOH R.t. 4 93 2-3
13 Fluorenone, 5.0 K-O-Z-Bu, 2.5 Z-BuOH Reflux 0.5 83 48
14 Fluorenone, 5.0 K-O-Z-Bu, 2.5 Z-BuOH Reflux 4 - 92 91
15 Quinone, 4.0 K-O-Z-Bu, 2.5 Benzene R.t. 0.5 69 1.7
16 Quinone, 4.0 K-O-Z-Bu, 2.5 Tetrahydro

furan
R.t. 1 72 0.8

17 Fluorenone, 5.0 K-O-Z-Bu, 2.5 Tetrahydro
furan

R.t. 1 89 43

18 Fluorenone, 5.0 A1-(0-Z-Bu)3,
1.2

Al-(0-i-Pr)3,
1.4

None

Benzene R.t. 1 72 0

19 Fluorenone, 5.0 Benzene Reflux 2 74 0

20 Fluorenone, 5.0 Benzene R.t. 1 78
21 Fluorenone, 5.0 None Benzene R.t. 1 80
22

“ R.t. =
Fluorenone, 5.0 

room temperature.
K-O-Z-Bu, 2.5 Me2S — O R.t. 0 . 1 99 0

manner stabilizing the amino alcohol. To avoid these 
difficulties, Woodward substituted potassium ¿-butoxide 
for the aluminum alkoxide in the Oppenauer oxidation.4 
However, this modification, which is conducted at the 
reflux temperature of a benzene solution for several 
hours, is limited to the preparation of those carbonyl 
compounds not sensitive to heat and strong base.

Some time ago this problem arose in the course of 
work on amino alcohols among the Amaryllidaceae 
alkaloids. A study of the modified Oppenauer oxida
tion of quinine was made with the purpose of finding 
milder conditions for the reaction. Quinine was 
chosen because it is a typical amino alcohol not oxidized 
by the usual Oppenauer conditions38, but readily oxi
dized by the potassium Z-butoxide -bei i zophenono modi
fication,48 and because the yield of ketone, quininone, 
could be determined conveniently by ultraviolet spec
troscopy (see Experimental). The results of the study 
are summarized in Table I.

The most significant finding was that use of the more 
rapid hydride acceptor, fluorenone,6 permits the reaction 
time and temperature to be decreased considerably. 
Thus, oxidations can be carried out in benzene solution 
at room temperature in one-half to one hour (reactions 
2 and 3) or within about five minutes at reflux tempera
ture (reactions 5 and 6). With the more powerful but 
slower hydride acceptor, quinone,5 no appreciable oxi
dation occurred at room temperature (reaction 15). 
As expected, attempts to use the weaker, complex
forming aluminum alkoxides at room temperature or at

(4) (a) R . B. W oodward, N. L. W endler, and F. V. B rutschy, J .  A m .

C k e m .  S o c . ,  67, 1425 (1945); (b) R. B. W oodward and E. C. Kornfeld,
i b i d . ,  70, 2513 (1948); (c) H. R apoport, R.. N aum ann, E . R . Bissell, and  
R . M. Bonner, O r g .  C h e m . ,  15, 1103 (1950).

(5) R. H. Baker and H. Adkins, J .  A m .  C h e m .  S o c . ,  62, 3305 (1940).

reflux gave no oxidation (reactions 18 and 19). Fur
thermore, even with potassium Z-butoxide, about 2.5  
equivalents of base were required for rapid oxidation 
(compare reactions 7 and 8 with 3). The room tem
perature reactions were strongly inhibited by ¿-butyl 
alcohol (reaction 12), although the oxidation can be 
carried out in this solvent at reflux (reaction 14) if 
fluorenone is used. The rate of oxidation was faster in 
benzene (reaction 3) than in tetrahydrofuran (reaction 
17) or dimethylsulfoxide (reaction 2 2 ).6

Since this work was completed, a number of oxida
tions have been done under these milder conditions, and 
some of these are listed in Table II. In spite of the 
strong base used there has been only one case of conden
sation to produce a fluorenylidene derivative (Table II, 
haemanthamine) and no case of ketone self condensa
tion. Base-catalyzed /3-elimination can take place as 
in the oxidation of montanine and coccinine, and some 
special ketonic systems (caranine) are oxidized further 
by fluorenone or air under the strongly basic conditions. 
The reactions are run in a nitrogen atmosphere in view 
of the ease of air oxidation of ketones in the presence of 
potassium Z-butoxide.7

In general, good yields of oxidation products have 
been obtained (Table II). However, the large size of 
the fluorenone molecule, which must approach quite

(6) D . J . C ram , M. R . V. Sahyun, and  G. R . Knox [ J .  A m .  Chem. Soc. 
84, 1734 (1962)3 have found the use of d im ethyl sulfoxide or te trah y d ro fu ran  
as solvent to  increase the ra te  of several reactions. In  th e  O ppenauer reac
tion  benzene is superior to either of these solvents, probab ly  fo r th e  sam e 
reason these au thors suggest for the superiority  of te trah y d ro fu ran  over 
dim ethyl sulfoxide in the  Cope elim ination; less so lvation energy of the  
potassium  quinine alkoxide has to  be overcome in going to  th e  transition  
s ta te  for hydride transfer to fluorenone.

(7) E. J . Bailey, D. H . R . B arton, J .  Elks, and J .  F . T em pleton , J .  Chem. 
Soc., 1578 (1902).
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T a b l e  II
O x i d a t i o n s  b y  t h e  M o d i f i e d  O p f e n a u e r  M e t h o d

Compound Oxidized Product
Yield,

%
a-Dihydrocaranine a-Dihydrocaranone 65“
Caranine a Phenanthridinium betaine 86s
Dihydroundulatine Epioxodihydroundulatine 75«
Montanine Dehydrococcinine ÖO11
Coccinine Dehydrococcinine 35d
Dihydrobuphanamine Oxodihydrobuphanamine 58"
Dihydrohaemanthamine Fluorenylideneoxodihydro- /

Yohimbine
haemanthamine

Yohimbinone 51"
ß-Yohimbine Yohimbinone 17"
Corynanthine Yohimbinone 18"
Deoxyaj maline Deoxyaj malone 85h
Dihydroambelline Recovered starting material 81 '
Falcatine Recovered starting material i
Dihydroerinine Oxodihydrocrinine 5T
Cholesterol A4-3-Cholestenone 44'
Crinamine Recovered starting material 45’
“ E. W. Warnhoff and W. C. Wildrhan, J. Am. Chem. Soc., 79, 

2192 (1957). 4 H. M. Fales, E. W. Warnhoff, and W. C. Wild-
man, ibid., 77, 5885 (1955). c E. W. Warnhoff and W. C. Wild- 
man, ibid., 82, 1472 (I960). d Y. Inubushi, H. M. Fales, E. W. 
Warnhoff, and W. C. Wildman, J. Org. Chem., 25, 2153 (1960). 
6 H. M. Fales and W. C. Wildman, ibid., 26, 881 (1961). 1 H. M. 
Fales, personal communication. " M.-M. Janot, R. Goutarel, 
E. W. Warnhoff, and A. LeHir, Bull. soc. chim. France, 637
(1961). h M. F. Bartlett, R. Sklar, W. I. Taylor, E. Schlittler, 
R. L. S. Amai, P. Beak, N. Y. Bringi, and E. Wenkert, J. Am. 
Chem. Soc., 84, 622 (1962). * E. W. Warnhoff, unpublished
work. ’ W. C. Wildman, personal communication. k W. C. 
Wildman, J. Am. C hem . Soc., 80, 2567 (1958). 1 Present work.

close to the hydroxyl bearing carbon for hydride trans
fer, makes the reaction subject to stringent steric re
quirements, and there are several examples of amino 
alcohols not oxidized under these conditions (Table II, 
dihydroambelline, crinamine, and falcatine). In some 
of these cases (crinamine8 and dihydroambelline9) the 
chromic acid-pyridine reagent has proved a successful 
alternative.

The potassium i-butoxide need not be freshly pre
pared as long as it has been protected from moisture and 
carbon dioxide. Commercially available alkoxide10 
should meet these requirements. The use of sublimed 
potassium i-butoxide is indicated whenever the alcohol 
to be oxidized contains a group which might react with 
the hydroxide or carbonate invariably present in un
sublimed material (yohimbine, /3-yohimbine, corynan- 
thine, Table II).'

The method is most readily applied to amino alcohols 
which can be separated by acid extraction from the 
fluorenone-fluorenol mixture. However, nonbasic alco
hols, e.g., cholesterol, can be oxidized and purified by 
chromatography, distillation, or sublimation. During 
the reaction even at room temperature some fluorenone 
is cleaved by base to 2-biphenylcarboxylic acid and this 
must be taken into account in isolation of acidic oxida
tion products.

Experimental
Reagents.—/-Butyl alcohol was distilled from sodium. Com

mercial fluorenone, benzophenone, and quinine were used without 
purification. Reagent grade benzene was dried over sodium.

(8) H . M. Fales and W. C. W ildm an, J. A m .  C h e m .  S o c . ,  82, 197 (1900)
(9) P . Naegeli, E . W. W arnhoff, H , M . Fales, R,. E . Lyle, and  W . C. 

W ildman, J. O r g .  C h e m . ,  28 , 206 (1963).
(10) MSA- Research C orporation, Gallery, Pa.

Typical Oxidation Procedure.—Potassium metal (0.5 g., 
0.012 g.-atom) was dissolved in 30 ml. of ¿-butyl alcohol. The 
excess alcohol was removed by distillation at atmospheric pres
sure and then at aspirator vacuum. The solid potassium t- 
butoxide was dried at 120-130° at aspirator vacuum for 15-30 
min.

To the dry ¿-butoxide was added 1.62 g. (5.0 mmoles) of dry 
quinine, 40 ml. of dry benzene (tetrahydrofuran or dimethyl sulf
oxide), 4.50 g. (25 mmoles) of dry fluorenone, and a magnetic 
stirring bar. The reaction mixture was immediately put under a 
nitrogen atmosphere and stirred (with or without heating) for the 
period specified in Table I. The reaction mixture turned an 
opaque brown on mixing. The oxidation was terminated by the 
addition of 30-50 ml. of water, whereupon the color lightened to 
an orange-yellow.

The reaction mixture was diluted with 30-50 ml. of ether, and 
the two phases were separated. The aqueous layer was washed 
with two portions of ether. The combined organic layers were 
extracted with four portions of 5% hydrochloric acid. The 
combined aqueous acid solutions were washed twice with ether 
and poured into a mixture of ice and concentrated ammonium 
hydroxide solution. The white precipitate was extracted with 
three portions of ether. The ether extract was washed three 
times with saturated sodium chloride when the last wash was 
neutral. The dried (magnesium sulfate) ether solution was 
evaporated at reduced pressure. The yield of product varied 
from 70-97%.

The per cent of quininone in the product was determined from 
the ultraviolet extinction coefficient in absolute ethanol at 360 
m/i. At this wave length pure quinine had no absorption while 
quininone had « 3760. This analytical procedure was shown to 
be accurate to ± 1% by measurements on known mixtures of 
quinine and quininone.

In the case of the reactions run in ¿-butyl alcohol, most of the 
alcohol was evaporated at reduced pressure before addition of 
water and ether and work-up.

The product from reaction 4, Table I, was chromatographed on 
30 g. of alumina. Benzene-hexane (1:1) and pure benzene 
eluted quininone, m.p. 99-104° (hot stage), after recrystallization 
from cyclohexane.

When a reaction was carried out for 1 hr. at room temperature 
exactly as described above except that the quinine was omitted, 
there was recovered from the basic aqueous layer after acidifi- 
fication 0.59 g. of 2-biphenylcarboxylic acid whose infrared spec
trum in chloroform was identical with that of an authentic 
sample.

Oxidation of Cholesterol.—A mixture of the potassium t- 
butoxide prepared from 0.5 g. of potassium, 4.50 g. of dry fluore
none, 2.02 g. of dry cholesterol, and 40 ml. of dry benzene was 
put under nitrogen and stirred with a magnetic stirring, bar for 
1 hr. at room temperature. The reaction, mixture waS diluted 
with water and ether. The ether layer was separated, dried, 
and evaporated to leave 6.35g. of yellow oil. Crystallization from 
cyclohexane removed 2.99 g. of fluorenone in three crops. The 
filtrate was then chromatographed on 100 g. of alumina. Pure 
benzene eluted A4-3-cholestenone which was recrystallized from 
cyclohexane to give 0.90 g. (44%), m.p. 80-82° undepressed on 
admixture with an authentic specimen.

Cleavage—Elimination of Diphenylmethane from
7,7-Diphenylbicyelo[3.2.0]hept-2-en-6-one in Base1

R i c h a r d  N. M c D o n a l d  a n d  A l b e r t  C. K o v e l e s k y

Department of Chemistry, Kansas State University, Manhattan, 
Kansas

Received September 24, 1962

D u r i n g  a n  i n v e s t i g a t i o n  i n t o  t h e  s y n t h e s i s  a n d  c h e m 

i s t r y  o f  c e r t a i n  s t r a i n e d  b i c y c l i c  a n d  p o l y c y c l i c  s y s t e m s ,  

w e  h a d  o c c a s i o n  t o  s t u d y  v a r i o u s  m e t h o d s  o f  r e m o v i n g  

t h e  c a r b o n y l  g r o u p  f r o m  t h e  p r o d u c t  o f  t h e  c y c l o a d d i -

(1) From  the  M. S. thesis of A. C. Kovelesky, K ansas S ta te  U niversity , 
1962.
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tiou of diphenylketene and cyclopentadiene.2-3 The 
structure of this product has been established as 7,7- 
diphenylbicyclo [3.2.0]hept-2-en-6-one (I) by two inde
pendent degradative sequences.3 4

When the ketone I was subjected to the Huang- 
Minlon modification5 of the Wolff-Kishner reduction, 
three compounds were isolated, a hydrocarbon along 
with a mixture of irans-3-benzhydrylcyclopentene-4- 
carboxylic acid (II) and a small amount of the hydrazide 
of II (III). The initial basic cleavage of the cyclo- 
butanone portion of the bicyclic ketone undoubtedly 
results in the formation of the cis acid which under the 
conditions of the reaction is isomerized to the thermo
dynamically more stable trans acid II. II is the only 
acid isolated.

C6H5

I

Na
Oi(CH2)2OHi2

N2H4 HOH
A

(CoHshCH
II

+

(C6H5)2CH2 +  { V h n h 2

(C6H5)2CH 1 
III

Identification of the hydrazide III was accomplished 
by elemental analysis, infrared and proton magnetic 
resonance6 spectra. In the latter spectrum, the com
pound showed three exchangeable hydrogens when equi
librated with deuterium oxide at room temperature. 
I l l  was also synthesized from the acid chloride of II or 
by refluxing the bicyclic ketone I with excess hydrazine 
hydrate, thereby establishing its stereochemistry and 
origin.

The hydrocarbon formed in 30-35% yield was found 
to be diphenylmethane by its boiling point, and infra
red and proton magnetic resonance6 spectra. The for
mation of diphenylmethane must result from a cleav
age process, and it appeared reasonable that this might 
arise from a conjugate elimination7 involving the trans 
acid II, or its carboxylate anion.

To test this proposal, ¿rans-3-benzhydrylcyclopen- 
tene-4-carboxylic acid (II) was treated with alkali under 
conditions comparable to those employed in the modi
fied Wolff-Kishner reduction. As the amount of di
phenylmethane isolated in these experiments was small 
(See Table I in Experimental), it appears that a con
jugate elimination from II or its anion is unlikely. Our 
efforts to prepare the pure cis isomer of acid II have

(2) H . Staudinger, A n n . ,  356, 94 (1907); H. Staudinger and E. Suter, 
B e r . ,  53B, 1092 (1920).

(3) L. I. Sm ith, C. L. Agre, R. M. Leekley, and  W. W. P richard , ./. A m .  

C h e m .  S o c . ,  61, 7 (1939).
(4) J . R . Lewis, G. R. Ram age, J . L. Simonsen, and  W. G. W ainwright, 

./. C h e m .  S o c . ,  1837 (1937).
(5) H uang-M inlon, J .  A m .  C h e m .  S o c . ,  68, 2487 (1946).
(6) T he au thors wish to  express the ir appreciation  to  D r. Donald P. 

Hollis, V arian Associates, for determ ination  of the  p.m .r. spectrum  on the 
A-60 spectrom eter.

(7) G. A. G rob and W. Baum ann, H e l v .  C h i m .  A c t a ,  38, .594 (1955), have 
discussed a  num ber of conjugate or 1,4-eliminations. F u rth er exam ples of 
such elim inations are given by S. Searles, J r., R. G. Nickerson, and W. K . 
W itsiepe. J .  O r g .  C h e m . ,  24, 1839 (1959), and  exam ples cited  therein.

been unsuccessful.8’9 It would have been of interest to 
examine the cis acid, as-3-benzhydrylcyclopentene-4- 
carboxylic acid, to determine whether it might be the 
precursor to the diphenylmethane.10

Experimental11
7,7-DiphenyIbicyclo[3.2.0]hept-2-en-6-one (I).—This ketone 

was prepared according to the method of Smith and co-workers3 
by the cycloaddition of diphenylketene and cyclopentadiene, m.p.
86- 88°, yield 75-88% (reported3 m.p. 88-89°).

Attempted Modified Wolff-Kishner Reduction of 7,7-Diphenyl- 
bicyclo[3.2.0]hept-2-en-6-one.—To a solution of 4.9 g. (0.21 
mole) of sodium in 200 ml. of diethylene glycol was added 18.3 
g. (0.070 mole) of bicyclic ketone and 21 ml. of hydrazine hy
drate. The mixture was refluxed for 10 hr. After cooling to 
room temperature, the reaction mixture was diluted with water, 
extracted with ether, and the combined extracts dried over 
sodium sulfate. Evaporation of the solvent and fractional 
crystallization of the residue from petroleum ether (b.p. 60-70°) 
gave 3.5 g. (30%) of diphenylmethane and 0.4 g. (2%) of trans-
3-benzhydrylcyclopentcne-'1-carboxylic acid hydrazide. The di
phenylmethane was identified by its infrared and n.m.r. spectra, 
and its b.p. of 131-135° (15 mm.) [reported12 b.p. 141° (27 
mm.)].

The frans-3-benzhydrylcyclopentene-4-carboxylic acid hydra
zide was recrystallized from aqueous ethanol and sublimed at 
130° (0.1 mm.), m.p. 159-160°. The n.m.r. spectrum indicated 
twenty protons with three labile ones as determined by equili
bration at room temperature with deuterium oxide. The infra
red spectrum had bands at 2.88,3.0, and 6.1 ^ attributable to the 
acylhydrazide structure IV.

Anal. Calcd. for C19H20N2O: C, 78.08; H, 6.85; N, 9.59. 
Found: C, 78.31; H, 7.19; N, 9.70.

The basic aqueous layer remaining after ether extraction was 
acidified with dilute hydrochloric acid and extracted with ether. 
The ether extracts were dried over sodium sulfate and the solvent 
evaporated to yield 12.0 g. (61%) of a colorless solid, m.p. 145- 
149°, whose infrared spectrum identified it as ¿rans-3-benzhydryl- 
cyclopentene-4-carboxylic acid. The trans acid could be purified 
by fractional crystallization from petroleum ether, followed by 
recrystallization from aqueous methanol, m.p. 148-149° (re
ported13 m.p. 148-149°).

frans-3-BenzhydrylcycIopentene-4-carboxylic Acid Hydrazide 
(IV). A.—A solution of 3.6 g. (0.014 mole) of 7,7-diphenyl- 
bicyclo[3.2.0]hept-2-en-6-one in 25 ml. of 85% hydrazine 
hydrate was heated under reflux for 18 hr. After cooling to 
room temperature the solution was poured into water and extrac
ted with ether. The combined ether extracts were washed with 
water and dried over magnesium sulfate. Evaporation of the 
solvent gave 3.4 g. (86%) of the hydrazide. After recrystalliza
tion from aqueous ethanol and sublimation of 130° (0.05 mm.), 
the colorless solid melted at 157-159°. The infrared spectra of 
this and the material isolated from the Wolff-Kishner reduction 
was identical and mixture melting point showed no depression.

B. ¿rans-3-Benzhydrylcyclopentene-4-carboxylic acid, 2.3 g. 
(0.008 mole), and thionyl chloride, 1.5 g. (0.012 mole), were 
allowed to stand at room temperature for 3 hr. and heated on a 
steam bath for 1 hr. Excess thionyl chloride was removed under 
reduced pressure and the residual acid chloride solidified.

This was dissolved in 50 ml. of chloroform which was slowly 
added to 8.3 g. (0.017 mole) of hydrazine hydrate cooled in an

(8) TVe wish to  express our appreciation to  M r. Je rry  Reed, a p a rtic ip an t in 
a N ational Science Foundation  U ndergraduate P a rtic ipa tion  P rogram , for 
fu rther efforts to  obtain  the c i s  acid IX.

(9) We have not been able to  duplicate the  repo rted3 hydroxide cleavage of 
7,7-diphenylbicyclo [3.2.0]hept-2-en-6-one (I) in refluxing m ethanol to  yield 
a m ixture of acids I I  and I I I .  V arying reaction tim es an d  am oun ts of 
reactan ts  lead in alm ost every case to  th e  isolation of only th e  t r a n s  acid I I I .

(10) The o ther possible conjugate elim ination products, carbon dioxide 
and cyclopentadiene, have not been observed, probably due to  th e  basic 
reaction m edium. Efforts were m ade to  find cyclopentadiene a fte r acidifica
tion  of th e  dilu ted  reaction m ixture bu t were w ithout success.

(11) All m elting points were taken  on a Kofler hot stage. Boiling points 
are uncorrected. In frared  absorption spectra were determ ined on a  Perkin- 
E lm er Model 137 double beam recording spectrophotom eter.

(12) A. Klages and  P. Allendorff, B e r . ,  31, 999 (1898).
(13) E. H. F arm er and  M. O. Farooq, J .  C h e m .  S a c ,  1925 (1938):
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ice bath. After warming to room temperature, the two layers 
were separated, the aqueous layer extracted with chloroform, 
and the combined extracts dried over sodium sulfate. Evapora
tion of the chloroform yielded 2.1 g. (87%) of the hydrazide 
which after recrystallization from dilute ethanol and sublimation 
at 130° (0.1 mm.) gave colorless product, m.p. 157-159°.

Zrai?.S'-3-Benzhy<lrylcyclopentene-4-carboxylic Acid (III).—This 
acid was prepared by the hydrolytic fission of 7,7-diphenylbicyclo- 
[3.2.0]hept-2-en-6-one.13 In the majority of experiments the 
melting points of the product indicated that almost pure trcms 
acid was isolated rather than the mixture as reported by Farmer 
and Farooq.13 Reducing the amount of base and reaction time 
did not alter the product melting point significantly. The pure 
trails acid was obtained by reerystallization once from petroleum 
ether then from methanol, m.p. 148-149°.

Elimination Studies of ¿raras-3-Benzhydrylcyclopentene-4- 
carboxylic Acid.—The general procedure is exemplified by the 
following experiment. To a solution of 2.72 g. (0.0413 mole) of 
potassium hydroxide pellets in 50 ml. of diethylene glycol was 
added 4.5 g. (0.0162 mole) of trans-3-benzhydrylcyclopentene-4- 
carboxvlic acid and the mixture heated at 180° for 2 days. After 
cooling and diluting with water the mixture was extracted with 
ether and the extracts dried over magnesium sulfate. Evapora
tion yielded the diphenylmet.hane.

The basic solution remaining after ether extraction was acidi
fied with dilute hydrochloric acid, extracted with ether, and the 
combined extracts dried. Removal of the solvent yielded the 
residual starting trans acid.

The results of the elimination studies are given in Table I.

T a b l e  I
E l im in a t io n  S t u d ie s  w i t h  £rans-3-BENZHYDRYLC YC LO PENTENE- 

4 - c a r b o x y l a t b  S a l t s

W eight
of

acid,
g. Solvent

R eaction 
tim e, hr. Tem p.

PhsCH-r, g.
(yield)

re
covery 
acid, g.

4.5“ Ethylene glycol

oOCO00rh 0-1 (4%) 4.2
4.2“ Diethylene glycol 29 200-250° ■ 1 (4%) 4.1
2 .2“ Diethylene glycol 8 250° -05(4%) 2.0
5.4“ Diethylene glycol 8 280-300° -2 (6%) 5.2
4.71’ Diethylene glycol 9.5 200-250° .2 (7%) 4.3

“ Reaction mixture contains an excess of potassium hydroxide 
(see Experimental). b Preprepared sodium salt.

Acknowledgment.—The authors wish to express 
their gratitude to the National Science Foundation 
(NSF-G-17430) for support of this research, and to Drs. 
Scott Searles, Jr., and Kenneth Conrow for helpful 
discussions.

Reaction of 1-Alkynes with Organometallic 
Compounds. XI. The Reactivity of Dialkyl- 

magnesiums toward 1-Hexyne
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It was reported in the first paper3 of this series that 
the relative reactivities toward 1-hexyne of diethyl 
ether solutions of alkylmagnesium halides (as deter

(1) Parts IX  and X, J .  O r g .  C h e w . . ,  2T, 700, 762 (1962).
(2) To whom inquiries should be sent.
(3) H. Wotiz, C. A. Hollingsworth, and R. E . Dessy, J .  A m .  C h e m .  S o c .,

77, 103 (1955).

mined from reaction half-lives) were in the order 
isopropyl > ethyl > n-propyl > methyl. This order 
was correlated with the number of ,3-hydrogens on the 
alkyl group, and it was suggested that this might be 
evidence for anionic hyperconjugation.3'4

The purpose of the present paper is to report results 
which show that the reactivities of diethyl ether solu
tions of some dialkylmagnesiums follow the same order 
as that observed for the Grignard reagents, and, there
fore, the same correlation with the number of /3-hydro- 
gens applies. These dialkylmagnesium reactivities are 
in terms of late constants corresponding to a two-step, 
competitive, consecutive, second-order mechanism. 
The agreement between this mechanism and the experi
mental data does not rule out the possibility that the 
mechanism is actually more complicated (for example, 
that dimers of the dialkylmagnesium may be present).

Kinetic Theory.—One would expect that the 
reaction of a dialkylmagnesium with 1-hexyne would 
involve at least two competitive, consecutive steps, 
and, if the dialkylmagnesium is dimerized in ether a 
four-step reaction would be involved. The nonlinear 
differential equations for any number of competitive, 
consecutive, second-order steps can be made linear and 
solved in terms of a time variable 6 used by French.6 
For the reaction here under consideration, 9 can be 
defined by

e = f t ,  (b -  P)dt  (l)

where b is the initial concentration of 1-hexyne, and P 
is the moles of hydrocarbon gas produced per liter of 
solution. 6 can be calculated easily by graphical 
integration cf the experimental curve for P vs. t. For a 
single reaction of any number of competitive, consecu
tive, second-order steps the integrated rate law takes 
the form

P/a = m  ( 2 )

where, for the case here under consideration, a is the 
initial concentration of alkyl groups (i.e., twice the 
initial molarity of R2Mg). According to equation 2, 
P/a  does not depend upon a or b explicitly. For the 
two-step reaction with rate constants ki and fc2, equation 
2 is

£  = 2G T ^fe ) [(2fe -  -  h e ~ ka] + 1 (3)

Becker, et al.,6 concluded, from vapor pressure data 
and from the kinetics of the reaction with benzonitrile, 
that diethylmagnesium dimerizes in tetrahydrofuran. 
If there are present in ethyl ether both monomers, 
R2Mg, and dimers, R2Mg-R2Mg, then the reaction 
with 1-hexyne would no longer be a single reaction. 
Equation 2, in general, would not hold, and P/a  could 
depend explicitly upon both a and b.

Results

The experimental results for the reactions of three 
dialkylmagnesiums with 1-hexyne in ethyl ether are 
shown as plots of P/a vs. 9 in Fig. 1 and 2. The 
values of a and b are given in Table I. Theoretical

(4) R. E. Dessy, J. H. W otiz, and C. A. Hollingsworth, i b id . ,  79, 358 
(1957).

(5) D. French, ibid., 72, 4806 (1950).
(6) S. J; S torfer and E. I; Becker, J .  O r g .  C h e m . ,  27* 1868 (196$)*
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Fig. 1.—P/a vs. 0 for diethylmagnesium. Points, experi
mental. Curve, theoretical. Experiment numbers are those 
given in Table I.

q  ̂Mole-Sec.

Fig. 2.—P/a vs. 6 for di-n-propylmagnesium and diisopropyl- 
magnesium. Points, experimental. Curves, theoretical. Ex
periment numbers are those given in Table I.

curves given by equation 3 and with the values of fci 
and /r2 given in Table I are also shown in Fig. 1 and 2. 
There may be a small dependence on a indicated, but 
in this respect the results are not conclusive. The 
results do show clearly that the order of reactivity is 
isopropyl >  ethyl > n-propyl, in agreement with the 
order previously found for thè corresponding Grignard 
reagents.3 Also, it is clear that the reaction consists of 
at least two steps and that the first half of the alkyl 
groups are more reactive than the second half.

Experimental
Materials.-—1-Hexyne (Farchan) was passed over alumina and 

distilled [b.p. 68°, (745 mm.)].

T a b l e  I
I n it ia l  C o n c e n t r a t io n s  a n d  R a t e  C o n s t a n t s  (33 ±  1°)

Expt. R2Mg a '1 b n k f i k / ‘

1 EGMg 1.01 0.89 2.2 X 10-2 3.0 X 10-3
2 Et2Mg .57 .52
3 Et2Mg .55 .50
4 Et2Mg .46 .41
5 Et2Mg .47 .76
6 Et2Mg .17 .76
7 (¿-Pr)2Mg .44 .60 4.0 X I0" 1 8.0 X IO-3
8 (¿-Pr)2Mg .55 .50
9 (f-Pr).Mg .39 .39

10 (ra-Pr)2Mg .88 .74 1.3 X IO-2 2.0 X IO-3
11 (w-Pr)2Mg .54 .50
12 (ra-Pr)2Mg .70 .65
“ The value of a is twice the initial molarity of R*Mg and b 

is the initial molarity of 1-hexyne. h It and I 2 are second-order 
constants expressed 1 X mole-1 X sec.-1.

The dialkylmagnesiums were prepared from the Grignard 
reagents by the addition of dioxane as described previously." 
In all cases analysis showed that the resulting ethyl ether solu
tion of dialkylmagnesium contained excess basic magnesium. 
In three separate preparations of diethylmagnesium the ratios 
of active dialkyl to total basic magnesium was 0.72, 0.73, and 
0.77. The ratios of active dialkyl to total basic magnesium for 
the diisopropyl and the di-n-propyl were 0.85 and 0.90, respec
tively. Care was taken to keep moisture and oxygen from the 
starting materials and reagents. The alkyl bromides were 
freshly fractionally distilled; dioxane was fractionally distilled 
from sodium; the ether (Mallinckrodt, anhydrous, analytical 
reagent) was freshly opened and stored over sodium for several 
hours before use; the products were transfered under cover of 
prepurified nitrogen and stored in serum rubber capped bottles. 
Samples were removed by means of hypodermic syringes. All 
of the dialkylmagnesiums gave a negative bromide test with 
silver nitrate.

Apparatus.—The apparatus and method used to determine 
the rates by gas evolution were the same as those described in 
previous papers.8'9 Special care was taken to prevent an in
crease in pressure within the apparatus when gas was evolving 
rapidly. This was a problem for reactions with a half-life of 
less than 4 min. An increase in pressure of 1 or 2 cm. was 
found to cause enough “ hold up” of gaseous product (probably 
mostly in the condenser, which was charged with ice and alcohol 
or Dry Ice and acetone) to cause a significant decrease in the 
value obtained for k\.

Acknowledgment.—This work was supported by the 
National Science Foundation.

(7) J . H . W otiz, C. A. Hollingsworth, and R . E . Dessy, J .  A m .  C h e m .  S o c .  

78, 1221 (19.56).
(8) J . H. W otiz, C. A. Hollingsworth, and R. E . Dessy, J .  O r g .  C h e m . . ,  20, 

154.5 (1955).
(9) E . W. Smalley and C. A. Hollingsworth, i b i d . , 27, 760 (1962).

3-Mercaptopropionamidine and
S-2 -Amidinoethyl Thiosulfuric Acid 1
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Received D cember 10, 1962

Recently reported2-3 syntheses of S-substituted mer- 
captoamidine derivatives attest interest in aminoalkane-

(1) This investigation was supported  by  th e  U. S. A rm y Research and 
D evelopm ent Com m and under con tract no. DA-49-193-M D-2028.

(2) L. B auer and T. L. Welsh, J .  O r g .  C h e m . ,  27, 4382 (1962).
(3) G. Sosnovky, P . Schneider, and  E. Baltazzi, A bstracts  of th e  142nd 

N ational M eeting of th e  American Chem ical Society, A tlan tic  C ity , N . J., 
Septem ber, 1962, p. 3-0 .
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thiol analogs of this type as potential antiradiation 
drugs. This report concerns the conversion of 3-mer- 
captopropionitrile (I) in several steps to 3-mercaptopro- 
pionamidine hydrochloride (V) and S-2-amidinoethyl 
thiosulfuric acid (VI, inner salt).

NH NH
II IIHSCH2CHsCNH2 HC1 h 2n c c h 2c h 2sso2o h

V VI

Protection of the mercapto group was achieved by the 
immediate iodine oxidation of freshly distilled I to 3,3'- 
dithiobispropionitrile (II). The conversion of II to 
3,3'-dithiobispropionamidine dihydrochloride (IV) was 
effected via uncharacterized diethyl 3,3'-dithiobispro- 
pionimidate dihydrochloride (III). Contamination of 
IV by partially changed bisnitrile as detected by CN 
absorption in the infrared was minimized by a prolonged 
reaction time for the formation of III in chloroform, a 
better solvent for this conversion than p-dioxane. The 
use of these solvents was suggested by a previously des
cribed bisamidine synthesis in which a mixture of the 
two was helpful.4 5 The structure of IV was evident in 
the close resemblance of its infrared absorption spec
trum to that of acetamidine hydrochloride.

An investigation of conditions for the catalytic hy- 
drogenolysis of IV in neutral aqueous solution at 50 
p.s.i. revealed that catalyst poisoning could be overcome 
by the use of an amount of 30% palladium on charcoal 
equal to at least 50% of the disulfide weight. Hydro- 
genolysis of IV under these conditions thus afforded the 
thiol V in high yield but was completely retarded or 
extremely slow when only 40% by disulfide weight of 
catalyst was used. A similar hydrogenolysis of the 
dimethyl ester of L-cystine dihydrochloride has been 
reported.6 Hydrogenolytic reactions of other disul
fides have been carried out by the use of “sulfaetive” 
cobalt6 and molybdenum7 sulfide catalysts at elevated 
temperatures and relatively high pressures.

Sulfite cleavage of IV gave a mixture of products 
from which the nitroprusside-negative internal thio
sulfate VI was separated by extraction with N,N-di- 
methylformamide. The structure of VI was confirmed 
by an infrared absorption spectrum showing thiosul
fate bands typical of salts of this type.8 The N,N-di- 
methylformamide-insoluble fraction, which was strongly 
nitroprusside-positive, apparently consisted mainly of 
salts of 3-mercaptopropionamidine and its oxidized form 
with sodium bisulfite. Treatment of these salts with 
hydrochloric acid and subsequent in vacuo evaporation 
gave a residue containing sodium chloride from which 
IV was extracted by concentrated hydrochloric acid in 
low yield.

Experimental9
3,3'-Dithiobispropionitrile.—Freshly prepared and distilled

3-mercaptopropionitrile10 (12.5 g., 0.143 mole) in 50 ml. of 
ethanol was titrated with 1 N  iodine-potassium iodide solution 
(143 ml.). The solution was decolorized with sodium thiosulfate 
and brought to pH 6 with 10 N  sodium hydroxide. The product

(4) S. M. M cE lvain and  J . P . Schroeder, J .  A m .  C h e m .  S o c . ,  Vl, 40 
(1949).

(5) L. Zervas and D. M. Theodoropoulas, i b i d . ,  78, 1359 (1956).
(6) F . K. Signaigo, U. S. P a ten t 2,402,686 (1946).
(7) K . Itabashi, Y u k i  G d s e i  K a g a h u  K y o k a i  S h i ,  18, 48 (1960) [ C h e m .  

A b s t r . ,  64, 6611 (I960)] and  subsequent papers.
(8) T . P . Johnston  and  A. G allagher, J .  O r g .  C h e m . ,  27, 2452 (1962).
(9) M elting points are uncorrected.
(10) L. B auer and T. L. Welsh, J .  O r g .  C h e m . ,  26,. 1443 (1961).

was extracted with chloroform (3 X 100 ml.), and the chloroform 
solution, washed with water (2 X 25 ml.) and dried over magne
sium sulfate, was evaporated to dryness under reduced pressure. 
The residual oil, further dried in vacuo (oil pump) at 60° for 1 hr., 
quickly solidified to a hard, white, crystalline solid; yield of his- 
nitrile, 11.4 g. (92.5%); m.p. 49-51° (lit.11 m.p. 48°). For 
analysis, a sample was recrystallized from ether as long, white 
needles with no change in melting point; P™' in cm.-1: 2250 (s, 
CN).

Anal. Calcd. for CcHg^S,: C, 41.83; H, 4.68; S, 37.22. 
Found: C, 42.08; H, 4.57; S, 37.5.

3,3'-Dithiobispropionamidine Dihydrochloride.—A cold (0°) 
solution of 3,3'-dithiobispropionitrile (2.18 g., 12.5 mmoles) in 10 
ml. of chloroform containing 1.5 ml. (26 mmoles) of anhydrous 
ethanol was treated with anhydrous hydrogen chloride until 1.03 
g. (28.0 mmoles) had been absorbed. This solution was re
frigerated for 4 da.ys. The solid that formed was collected by 
filtration under nitrogen, washed with ether (2 X 10 ml.), and 
dried in vacuo over phosphorus pentoxide and sodium hydroxide 
for 1 hr. The crude bisimidate dihydrochloride thus obtained 
was suspended in 15 ml. of anhydrous ethanol, and 5.2 ml.,of a
9-10%; solution of ammonia in ethanol was added. The resulting 
mixture was stirred at room temperature for 24 hr. The white 
solid was collected, washed with N,N-dimethylformamide (3 X 
15 ml.) and then ethanol, and dried in vacuo over phosphorus 
pentoxide; yield of bisamidine dihydrochloride 2.21 g. (63%,). 
Recrystallization of a small sample from ethanol gave white 
crystals for analysis; m.p. 182-183° dec.; in cm.-1: 1705 
(s), 1685 (s), 1510 (m), 715 (m-s, broad) [—C(NH,)(=NH2)®].

Anal. Calcd. for C6Hi4N4S2-2HC1: C, 25.79; H, 5.77; S,
23.00. Found: C, 26.12; H, 5.78; S, 23.0.

3-Mercaptopropionamidine Hydrochloride (V).—A solution of 
3,3'-dit,hiobispropionamidine dihydrochloride (1.40 g., 5.00 
mmoles) in water (25 ml.) was hydrogenated at an initial pres
sure of 50 p.s.i. in a Parr apparatus over 700 mg. of 30% palla
dium on charcoal, hydrogen absorption being complete within 4 
hr. The catalyst was removed by filtration under nitrogen, and 
the colorless filtrate was evaporated to dryness in vacuo.. The 
residual oil was dissolved in ethanol and the filtered solution 
evaporated to dryness in vacuo without heating. The white 
crystalline residue, further dried in vacuo over phosphorus pent
oxide, weighed 1.38 g., melted at ca. 100° dec., and assayed 89% 
as V by iodometric titration; in cm.-1: 2540 (w, SH), 1680 
(s), 1500 (m), 720 (s, broad) [—C(NH2)(=N H 2)®]. (The some
what low thiol content is attributed to oxidation of Y during iso
lation and handling rather than incomplete hydrogenolysis.)

Anal. Calcd. for C3H8N2S-HC1: C, 25.62; H, 6.45; N,
19.76; S, 22.80. Found: C, 25.80; H, 6.48; N, 19.92; S, 
22.3.

S-2-Amidinoethyl Thiosulfuric Acid (VI).—To a mixture of 
3,3'-dithiobispropionamidine dihydrochloride (2.32 g., 8.30 
mmoles) and scdium acetate trihydrate (2.25 g., 16.6 mmoles) 
was added 12.5 ml. of a 10% solution of sulfur dioxide in water. 
The resulting clear solution was stored in a stoppered flask at 
room temperature for 10 days and then evaporated to dryness 
under reduced pressure. The gummy residue was triturated in 
ethanol (3 X 5 ml.) and the resulting white solid dried in vacuo 
over phosphorus pentoxide. The dried solid (3.02 g.) was ex
tracted with N,N-dimethylformamide (5 X 25 ml.), leaving an 
insoluble residue (1.36 g., after being dried). The extract was 
evaporated to dryness in vacuo, and the oily residue was re
evaporated three times after successive additions of ethanol. 
The resulting white crystalline residue was further dried in  vacuo 
over phosphorus pentoxide; yield of YI, 1.66 g. (54%). For 
analysis, a small sample was recrystallized from methanol with 
Norit treatment; m.p. 148-150° dec.; in cm.-1: 1685 (s), 
1500 (m-w), 705 (m-s) [—C(NH2)(=N H 2)®], 1235 (s), 1165 (s), 
1010 (s), 640 (m-s) [—SS03e].

Anal. Calcd. for C3H8N20 3S2: 0,19.55; H, 4.37; N, lty.26; 
S, 34.80. Found: C, 19.76; H, 4.56; N, 15.31; S, 35.1.
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(11) R . Stroh, G erm an P a te n t i894,244* (1953).
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The Dipole Moments and Structure of Cyclic 

Compounds: Lactones, Lactams, Anhydrides,
Carbonates, Carbamates, Ureides, and Imides

C a l v in  M. L e e 1 a n d  W. D. K u m l e r

Department of Pharmaceutical Chemistry, School of Pharmacy, 
University of California, San Francisco Medical Center,

San Francisco, California

Received April SO, li)62

The dipole moments of cyclohexane-1,3- and 1,4- 
lactone, cyclohexane-1,3-carbonate, and 1,3-ureide 
were measured to complete a series of moments of 
imides,2̂ 3 lactams,4 and carbamates.5 Comparisons 

H
between the —N — and —0 — analog and within 
groups between five- and six-membered ring compounds 
are given.

Results and Discussion
Table I gives the results of the measurements and 

Table II lists the dipole moments for related compounds. 
With one exception, the six-membered ring compounds 
have higher moments than the five-membered ring 
compounds. Two reasons for this were discussed in 
previous papers,1'4 namely, the larger angles between 
the main dipoles in the five-membered ring compounds 
and the opposition of the N+O-  dipoles to the carbonyl 
resultant in these compounds.

The difference between the dipole of the five- and the 
six-membered ring compounds is greatest in the case of 
anhydrides and imides, being around 1.1 D.; it is 
about 0.4 D. for carbonates, about 0.3 D. for lactams 
and ureides, and about 0.1 D. for lactones and carba
mates. The larger values for anhydrides and imides 
as compared with the other five types of compounds is 
due to the fact that carbonyl groups have higher dipoles 
than ether, N-H, or N-C groups, so the difference in 
angle has a larger over-all effect. Another reason 
the difference is less in case of carbonates, carbamates, 
ureides, lactones, and lactams is that in these com
pounds the dipoles in the forms with a separation of 
charge augment the main carbonyl moment and they 
do it more in the five-membered ring compounds be
cause the angle is more acute.

Lactones have higher moments than lactams and this 
does not result from a greater contribution of the forms 
with a separation of charge, for the carbonyl stretching 
frequencies are greater in lactones, indicating the C = 0  
in these compounds has more double bond character 
and, therefore, less contribution from resonance forms 
with a separation of charge.

T a b l e  I

D i p o l e  M o m e n t s  in  D i o x a n e  a t  30° 
Cyclohexane-1,3-lactone

W12 «2 V12
0.00

.0007332 2.22784 0.97427

.0010766 2.23341 .97417
y — 4.37 ±  0.04 D. .0026900 2.26499 . 97377

.0032037 2.27278 .97362

.0041664 2.29204 .97347
c = 2.21376 n  = 0.97442 P 2o = 415.05 Mol. wt. =
a = 18.72711 ß = -0.23851 P E = 32.23 126.16

caled.

Cy clohexane-1,4-lactone
0.00 2.20961 0.97442

.0009112 2.22741 .97417

.0018368 2.24633 .97397
M = 4.50 ±  0.03 D. .0023417 2.25592 .97377

.0029836 2.26996 .97367

.0036619 2.28237 .97357

.0043407 2.29453 .97347
e, = 2.20969 n = 0.97439 P2o = 438.70 Mol. wt. =
« = 19.78195 ß = -0.22847 PE = 32.23 126.16

caled.

Cyclohexane-1,3-carbonate
0.00 2.21996 0.97391

.004128 2.21475 .97385

.0009413 2.22904 .97381
y = 6.14 ±  0.03 D. .0026349 2.28408 .97371

.0037361 2.32012 .97357

.0040934 2.33133 .97347
ci = 2.20001 vi = 0.97391 P2o = 790.54 Mol. wt. =
« = 32.05873 ß = -0.09527 P E = 34.02 142.16

caled.

Cyclohexane-1,3-ureide
0.00 2.20353 0.97357

.0003070 2.20825 .97328

.0006980 2.21200 .97308
p = 3.69 ±  0.05 D. .0020344 2.22896 .97308

.0021452 2.22972
e, = 2.20402 n  = 0.97336 Pu = 311.03 Mol. wt. =
a = 12.26629 ß = -0.30312 P E = 37.66 140.19

caled.

This higher moment of lactones is due to the ether 
moment being in a direction which augments the car
bonyl moment, while in lactams the —NH moment to 
some extent opposes the carbonyl moment.

Carbonates have higher moments than ureides and 
the same reasons apply here. The infrared shows that 
the carbonates have higher carbonyl frequencies than 
the ureides,

Cyclohexane-1,3

Lactone
Lactam

Cyclohexane-1,4 

Lactone 
Lactam

In frared  C ^ O  in cm. 1 (K Br)

1767
1669

1730
1669

(1) Present address: School of Pharm acy, Chelsea College of Science and
Technology, Chelsea, London. R equests for reprin ts should be addressed 
to  W. D. K um ler a t  San Francisco.

(2) (a) C. M. Lee and  W. D. Kumler, J .  A m .  C h e m .  S o c . ,  83, 4586 (1961);
(b) C. M. Lee and  W. D. K um ler, i b i d . ,  84, 565 (1962).

Cyclohexane-1,3-carbonate 1724 cm. -1
Cyclohexane-1,3-ureide 1669 cm. " 1

so there is more resonance and contribution of forms 
with a separation of charge in the ureides but the other 
effects mentioned above overcome this and the higher 
moments for carbonates result.

(3) C. M . Lee and  W. D. Kumler, i b i d . ,  84, 571 (1962).
(4) C. M. Lee and W. D . K um ler, i b i d . ,  83, 4593 (1961).
(5) C .  M. Lee and W. D . Kumler, i b i d , ,  83, 4596 (1961).
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Anhydride Lactone C arbonate C arbam ate Lactam Ureide Im ide

5-membered
Succinic Butyro Ethylene Ethylene Butyro Ethylene Succinic

4.22° 4.095 4.80e 5.07<i 3.55r 3.94'“ 1.47*'
6-membered

Glutaric Valero Trimethylene Trimethylene Valero Trimethylene Glutaric
5.31e 4.22'* 5.21e 5.10d 3.83' 4.22'* 2.58*

6-membered
Cyclohexane-1,3 Cyclohexane-1,3 Cyclohexane-1,3 Cyclohexane-1,3 Cyclohexane-1,3 Cyclohexane-1,3 Cyclohexane-

4.97e 4.37 6.14 5.64d 3.73° 3.69 2.89*
Cyclohexane-1,4 Cyclohexane-1,4 Cyclohexane-1,4

4.50 5.60”* 4.24"
0 G. Rau and N. Ansatanarayanan, Proc. Indian Acad. Sei., 5A, 185 (1937). 6 Benzene, 25°; R, Huisgen and H. Ott, Tetrahedron, 6 

253 (1959). c Benzene, 25°; R. P. Steward and E. C. Vierira, J. Chem. Phys., 62, 127 (1958). d C. M. Lee and W. D. Kumler, J. Am. 
Chem. Soc., 83, 4596 (1961). e C. M. Lee and W. D. Kumler, J. Org. Chem., 27, 2055 (1962). f  Benzene, 25° ; R. Huisgen and H. Walz, 
Chem. Ber., 89, 2616 (1956). 1 C. M. Lee and W. D. Kumler,./. Am. Chem. Soc., 83, 4593 (1961). h Unpublished data; Brian Loader,
L. E. Sutton, and W. D. Kumler. ’ C. M. Lee and W. D. Kumler, J. Am. Chem. Soc., 83, 4586 (1961).

Anhydrides have higher moments than imides and 
here the same factors will be operating.

Compounds with nitrogen in the ring, namely, the 
imides, ureides, and lactams occupy the seventh, sixth, 
and fifth positions.

Five membered:
carbamate > carbonate > anhydride > lactone > ureide > 

lactam > imide

Six membered:
anhydride > carbonate > carbamate > lactone > ureide > 

lactam > imide

Six membered, 1,3-bridge:
carbonate > carbamate > anhydride > lactone > lactam > 

ureide > imide

Lactones are always in the fourth position with an
hydrides third or first and carbonate second or first. 
Thus, in general, the compounds with oxygen in the 
ring have higher moments than those with nitrogen. 
The carbamate with both oxygen and nitrogen in the 
ring might be expected to be intermediate, but actually 
is near the front of the order being first, second, and 
third. The reason for this probably is that most of the 
plus charge in the forms with a separation of charge is 
confined to the nitrogen which augments the resultant 
of the ether and the carbonyl dipoles, giving rise to a 
high moment.

Experimental
All dipole moments were measured in dioxane at 30° and cal

culations were made using the equation and method of Halver- 
stadt and Kumler.6

Acknowledgment.—We wish to thank Dr. H. K. 
Hall, Jr., of DuPont for providing the compounds.7 
We also wish to thank Mr. M. K. Hrenoff of the Spec- 
trographic Laboratory for all spectrographic measure
ments. Infrared spectra were run on Perkin-Elmer, 
Model 21.

(6) I. F . H alveratad t and  W. D. Kumler, .7. A m .  C h e m .  S o c . ,  64, 2988 
(1942).

(7) H . K. H all, J r ., M . K. B rand t, and  R . M . M ason, i b i d . ,  80, 6412 
(1958).

Diels-AIder Adducts of
Hexachlorocyclopentadiene with Mono- and 

Divinyl Substituted Benzenes

C a r l e t o n  W. R o b e r t s  a n d  D a n i e l  H .  H a ig h

Polymer Research Laboratory, The Dow Chemical Company, 
Midland, Michigan

Received August IS, 1962

During the course of investigations aimed at develop
ing a relationship between the structure and fire re- 
tardancy of halogen-containing compounds in poly
meric systems, it was necessary to prepare several ex
amples of the products derived from hexachlorocyclo
pentadiene by the Diels-AIder reactions with mono- and 
divinyl derivatives of substituted benzenes. This re
port describes the preparation of some of these com
pounds1'2; their use in polymeric systems is described 
in a previous publication.3

The Diels-AIder reaction proceeded with consider
able ease in each of the cases studied; it was found that 
the styrene adduct previously described4’5 is dimorphic. 
The reaction of commercial divinylbenzene with hexa
chlorocyclopentadiene gave rise to the two bis-adducts 
expected from the analysis of the starting isomeric di- 
vinylbenzenes. In addition, the commercial material 
contained isomeric ethylstyrenes, and from the bis- 
adduct reaction mixtures it was also possible to isolate 
the mixture of isomeric adducts of the ethylstyrenes. 
The pure bis-adduct from 1,2-divinylbenzene was pre
pared to determine the steric requirements imposed by 
the presence of two “norbornenyl” groups ortho to each 
other on the benzene ring. The yield of product in
dicates that the formation, of the ortho product is not 
severely hindered.

(1) C. W. R oberts, U. S. P a te n t 2,952,711 (Septem ber 13, 1960).
(2) C. W. R oberts and D. H. Haigh, U. S. P a ten t 2,952,712 (Septem ber 13, 

1960).
(3) C. W. R oberts, U. S. P a te n t 2,976,842 (Jan u ary  10, 1961).
(4) P. B. Polen, M. Kleiman, and  H. G. Fechter, U. S. P a te n t 2,673,172 

(M arch 23, 1954).
(5) S. H . Herzfeld, R. E . Lidov, and  H . B luestone, U. S. P a te n t 2,606,910 

(A ugust 12, 1952).
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T a b l e  I
D i e l s - A l d e r  A d d u c t s  o f  H e x a c h l o r o c y c l o t e n t a d ie n e  w i t h  M o n o -  a n d  D i v in y l  S u b s t it u t e d  B e n z e n e s

■Composition, %-
S ubstituen t

R
Starting

compound
Yield,

% M .p., °C.
-̂------ Carbon--------
Calcd. Found

----- H y d ro ge n------^
Calcd. Found

,--------Chb
Calcd.

arine-------
Found

H Styrene“ 80 58-59

ar-CHs—- Vinyltoluenes“ 94
71.5-72.b b 

163.5 (0.8" mm.) 43.01 43.29 2.58 2.65 54.41 54.25
ar-C2H6— Ethylstyrenes' 75 194 (2.2f mm.) 44.48 44.62 2.99 2.90 52.53 52.42
4“i{-C4lÎ9---- 4-f-Butylstyrene" 93 103.5-104 47.15 47.10 3.72 3.83 49.13 48.87
2,4-Cl2—■ 2,4-Cl2-styrenei 35 127-128 35.02 35.05 1.36 1.46 63.62 63.13
2-(C7H3Cl6)i 1,2-Divmylbenzene, 82 121-121.5 35.54 35 64 1.49 1.54 62.96 62.45
3-(C,H3Cl6)*' 1 ¡.S-Divinylbenzene1 90 213-215 35.54 35.35 1.49 1.54 62.96 62.45
4-(C,H,Cl6)i 1,4-Diviny ¡benzene* 85 291 35.54 35.72 1.49 1.51 62.96 62.20

“ The Dow Chemical Co. 6 Ref. 4, reported m.p. 73.7-74.5°. The compound isolated here was shown to be dimorphic; the 
compound recrystallized from heptane showed the indicated melting points. After melting at the lower temperature the compound 
resoldified and melted again at the higher temperature. c The Dow Chemical Co., an isomèric mixture containing 35% meta and 65% 
para compounds. d B.p., n 25D  1.5828. e Mixed ethylstyrenes contained to 30% in the isomeric mixture of divinylbenzene (see foot
note k); 30%j meta and 70% para isomer distribution. Yields based upon original available ethylstyrenes. -^B.p., n26d 1.5750. 
0 Prepared by dehydration of l-(4-f-butylphenyl(ethanol; b.p. 65-70° (6 mm.), n25d 1.5245. D. T. Mowry, M. Renoll, and W .F. Huber, 
.7. Am. C'hem. Soc., 68, 1105 (1946), reported b.p. 77-100° (14 mm.), ?i22n 1.5245. n From a mixture of isomeric dichlorostyrenes; yield 
based upon available 2,4-dichlorostyrene (45% in original mixture). *' C7H3CI6 represents the substituent ( 1,4,5,6,7,7-hexachloro-5- 
norbornen-2-yl). i Prepared according to the published procedure, J. O. Halford and B. Weissmann, .7. Org. Chem., 17, 1646 (1952), 
b.p. 78-79° (16 mm.). h The Dow Chemical Co. divinylbenzene; contains 55% divinyl compounds of which 65% is the 1,3-isomer. 
Yields in the 1,3- and 1,4-divinylbenzene reaction are based on potential available isomer.

Experimental6

Most of the preparations were run in a similar fashion; typical 
syntheses are described for the reaction of commercial divinyl
benzene with hexachlorocyclopentadiene and 4-i-butylstyrene 
with hexachlorocyclopentadiene. Where isomeric mixtures of 
products were obtained or when a purè isomer was produced, 
infrared analysis was used for analysis of isomeric purity.

Preparation of 5-(44-Butylphenyl)-l,2,3,4,7,7-hexachlorobi- 
cyclo|2.2.1]hept-2-ene.—A solution of 273 g. (1 mole) of hexa
chlorocyclopentadiene (Hooker) in 500 ml. of n-heptane was 
heated to reflux and 160 g. (1 mole; purity 90-95%) of 4-t- 
butylstyrene was added drop wise during 1 hr. The resulting 
mixture was heated under reflux for 70 hr. and then chilled. 
The resulting precipitate was removed by filtration and recrystal
lized from n-hexane to give 333 g. of product, m.p. 103.5-104°. 
The combined filtrates, on evaporation, gave additional product 
which, when recrystallized from ?j-hexane, gave 73.5 g., m.p.
103.5-104°, a 93% yield based on 100% 4-f-butylstyrene or 
nearly a quantitative yield based on estimated purity of the
4-i-butylstyrene used.

Preparation of 1,4-Bis( 1,2,3,4,7,7-hexachlorobicyclo [2.2.1] - 
hept-2-en-6-yl)benzene and 1,3-Bisi 1,2,3,4,7,7-hexachloro- 
bicyclo[2.2.1]hept-2-en-6-yl)benzene (Fractional Crystalliza
tion and Method I).—A mixture of 900 g. (3.3 moles) of 
hexachlorocyclopentadiene, 264 g. (55% divinylbenzene, 45% 
ethylstyrene—70% para, 30% meta; approximately 3.3 moles 
of vinyl groups) and 1 1. of anhydrous toluene was allowed to 
stfj,nd at room temperature for 72 hr.; the mixture then was 
wsfrmed and heated under reflux for 4 hr. and allowed to cool to 
room temperature and stand overnight. The precipitated solid 
was;removed by filtration and the mother liquor partially evapo
rated at room temperature under vacuum; additional crops of 
crystalline products were obtained in this fashion. A total yield 
of solid product was obtained representing an 85% yield of bis- 
addpcts of the isomeric divinylbenzenes. From this mixture was 
isolated a pure sample of each of the pure para and pure meta 
isombrs (see Table I) by fractional crystallizations from mixtures 
of toluene and heptane; the pure isomers which resulted were 
recrystallized from 1,2-dibromoethane. The infrared spectra6 of 
these'.pure isomeric compounds established the identity of the 
para and meta isomers, “using the well known correlation of the 
summation bands in the 1650-2000-cm.-1 region.7 The spectra 
were obtained as Nujol mulls. The isomer, m.p. 291°, showed 
weak absorption at 1910 cm.-1, a very weak absorption at 1790 
cm.-1, and no other absorption in the 1700-200-cm.-1 region; 
this is Very typical of the para-disubstituted phenyl structure.

(6) A nalytical d a ta  k indly  supplied b y  S. Shrader. In fra red  spectra  and  
in terp reta tions by  W. J. P o tts.

(7) C. W . Young, R . B. D u Vail, and  N. W right, A n a l .  C h e m . ,  23, 709 
(1951).

The isomer, m.p. 213-215°, showed three weak absorptions at 
1940 cm.-1, 1870 cm.-1, and 1790 cm.-1, and no other significant 
absorption in the r700-20Q-*nn.-1 region; this is very typical 
of the mefa-substituted phenyl structure or the 1,3,5-trisubstituted 
phenyl structure; in these examples the latter structure is ruled 
out.”

The mother liquors from several preparations of the bis- 
adducts Were combined and evaporated to dryness under re
duced pressure. The oily residue was distilled under reduced 
pressure to give the adducts of the isomeric meta- and para-ethyl- 
styrenes (see Table I).

The experimental procedure for the preparation of the other 
adducts listed in Table I varied primarily in the duration of 
reflux. In most instances the best yields of product are obtained 
after a 24- to 48-hr. reflux time.

Condensation Derivatives in Corticosteroid Side 

Chains. IV. Aldosterone 20,21-Cyclic 

Acetals1 , 2

R in a l d o  G a i(d i , R o m a n o  V i t a l i , a n d  A l b e r t o  E r c o l i  

Vister Research Laboratories, Casaienovo (Como), Italy 

Received January 15, 1963

In order to account for the low intensity of the 20- 
ketone band in the infrared spectrum of aldosterone, 
Ham, et al.,3 suggested at automeric 20,21-dihydroxy- 
11,18;l8,20-bisepoxide form (I) in equilibrium with 
the ketol-aldehyde and ketol-hemiacetal forms. 
Others4 proposed a hydrogen bond between the 18- 
hydroxyl and the 20-ketone.

Now we wish to report the preparation of aldosterone 
acetals doubtless recognized as derivatives of form I. 
Interchange réaction between aldosterone and acetone 
diethyl acetal, carried out in a suitable solvent in the

(1) Previous p aper in  th is  series. I I I ,  G a z z .  c h i m .  i t a l . ,  in press.
(2) This paper represents a  p a rt of the  R ound Table con tribu tion  by  R. 

G ardi a t  th e  In te rna tiona l Congress on H orm onal Steroids, M ilan, M ay 
14-19, 1962 (E xcerpta M edica, In te rna tiona l Congress Series No. 51, p. 57b

(3) E . A. H am , R. E . H arm on, N . G. Brink, and  L. H . S are tt, J .  A m ,  
C h e m .  S o c . ,  77, 1637 (1955).

(4) S. A. Simpson, J .  F . T ait, A. W ettste in , R . N eher, J . Van Euw , O. 
Schindler, and  T . Reichstein, H e l v . C h i m .  A c t a ,  37, 1163 (1954).
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presence of an acid catalyst,5 gave in satisfactory yield a 
product, which afforded analytical data in agreement 
with the formula of an acetal CMFr/b- Its infrared 
spectrum (Fig. 1) showed lack of hydroxyl and 20- 
carbonyl bands, clearly supporting the structure of
20,21-acetonide (Ila). In a similar manner we pre
pared the corresponding 20,21-cyclopentylidene and 
benzylidene derivatives (lib and lie).

The new acetals proved to be stable to base, remain
ing unchanged after refluxing in methanolic N  potas
sium hydroxide while, by hydrolysis with aqueous hy
drochloric acid in dioxane, tlifey readily regenerated 
aldosterone. The possible usefulness of such com
pounds in protecting both hemiacetal and ketol groups 
of aldosterone is apparent.

The results of the interchange reactions between 
aldosterone and trialkyl ortho esters6 will be reported 
later.

Experimental7
Aldosterone 20,21-Acetonide (Ila).—To an anhydrous boiling 

solution of 5 ml. of acetone diethyl acetal and 3 mg. of pyridine
( 5 )  C f .  R . Gardi, R. Vitali. and A. Ercoli, J .  O r g .  C h e m . ,  27, 668 (1962).
(6) C f .  R. Gardi, R. Vitali, and A. Ercoli, T e t r a h e d r o n  L e t t e r s .  448 (1961).

p-toluenesulfonate in 300 ml. of benzene, 300 mg. of aldosteron 
was added and the mixture was heated with rapid solvent distil
lation for 20 min. After complete solvent evaporation under 
vacuum, digestion with ether-petroleum ether yielded 170 mg. 
of Ila, m.p. 227-232°. One crystallization from ethanol raised 
the melting point to 235-237°, [ a ] 23D  +170° (di); 240-
241 m/t (e 16.000); 1672, 1618, 1076, 1045, 1006, 985, 917,
871 cm.“1.

Anal. Calcd. for C24H32O5; C, 71.97; H, S.05. Found: 
C ,71.86; H ,8.03.

By reaction of aldosterone with cyclopentanone diethyl acetal 
and benzaldehyde diethyl acetal, carried out according to the 
above described procedure, and followed by chromatography on 
Florisil, we prepared the following compounds, respectively.

Aldosterone 20.21-cyclopentanonide (lib), m.p. 202-205°e 
[a]23n +162° (di); \ I T  241 mM (<= 15.9C0); C Î" 1672, 1622, 
1045,1015,985,966,928, 876, 865cm .-1.

Anal. Calcd. for C26H3„0 5; C, 73.21; H, 8.04. Found: C, 
72.94; H, 8.05.

20,21-Benzylidenealdosterone (lie), m.p. 224-226°, fa]23n 
+  115° (di); 240-241 mß (« 17.000); 1675, 1619,
1090,1052,1011,985,965,886,867 cm .-'.

Anal. Calcd. for CaHaO*; C, 74.94; II, 7.19. Found: C, 
74.75; H, 7.21.

Acid Hydrolysis.—The following example is given to describe 
the acid hydrolysis of the acetals II. Aldosterone 20,21- 
acetonide (Ila) (50 mg.) was dissolved by stirring in 1 ml. of 
a mixture of dioxane-(V hydrochloric acid 10:1. After standing 
for 4 hr. at room temperature, ether was added and the solu
tion washed with saturated natrium hydrogen carbonate solution 
and then with water. Evaporation of the dehydrated extract 
gave a residue (35 mg.) which crystallized from acetone-ether 
yielding 25 mg. of aldosterone, m.p. 112-115° to 160-162° 
[ ® ] 23d  +151° (chf.).

(7) M elting points are uncorrected. We are indebted to  D r. Sergio 
Cairoli for the  microanalyses and to Dr. Cesare Pedrali for the  infrared spec- 
tra .
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Studies on the Leaves of the Family Salicaceae.
II.1 Quercetin-3-glucosiduronic Acid from 

P opu lus g ra n d id en ta ta  Leaves2

I k w in  A. P e a r l  a n d  S t e p h e n  F. D a r l in g  

The Institute of Paper Chemistry, Appleton, Wisconsin 

Received January 15, 1963

Iii the continuing studies on the evaluation of the 
lead salts obtained during the purification of glucosides 
of Populus species leaves,1 the precipitated lead salts 
obtained by treatment of the hot water extractives of 
P. grandidentata leaves were processed to yield a yellow 
crystalline compound. Upon hydrolysis with dilute 
sulfuric acid this compound yielded quercetin and glu
curonic acid, and analysis corresponded with a mono- 
glucosiduronic acid of quercetin. The compound is 
identical with querciturone, a quercetin-glueosiduronic 
acid of undetermined glycoside substitution, isolated 
from the leaves of the French bean, Phaseolus vulgaris, 
by Endres and co-workers3 and by Marsh4 and with 
purified miquelianin (quercetin-3-glucosiduronic acid) 
isolated in a somewhat impure state from the leaves of 
the Japanese evergreen shrub, Gaultheria miqueliana, 
by Sasaki and Watanabe.5 Thus, the structure of the 
quercetin-monoglucosiduronic acids from the three bo
tanical species is established as quercetin-3-gluco- 
siduronic acid, and we suggest that this name be applied 
to all three products.

Experimental6 *
Quercetin-3-glucosiduronic Acid from P. grandidentata Leaves. 

—An amount of 820 g. (oven-dry basis) of leaves freshly obtained 
from a bigtooth aspen (P. grandidentata) felled in Oneida County, 
Wisconsin, on June 14, 1962, was digested with 40 1. of boiling

(1) F o r paper I  of th is  series, see I. A. Pearl, S. F. Darling, and  O. Ju st- 
m an, J .  O r g .  C h e r n . ,  27, 2685 (1962).

(2) A portion  of a paper presented a t  th e  144th N ational M eeting of the  
Am erican Chem ical Society, Los Angeles, Calif., M arch 31-A pril 5, 1963.

(3) C. Endres, R . H utte l, and  L. K aufm ann, A n n . ,  537, 205 (1939).
(4) C. A. M arsh, N a t u r e , 176, 176 (1955).
(5) T. Sasaki and  Y. W atanabe, J .  P h a r m .  S o c .  J a p a n , 76, 1893 (1956).
(6) All m elting po in ts a re  uncorrected. Infrared  absorp tion  spec tra  were

determ ined by  M r. Lowell Sell of The In s titu te  of P aper C hem istry  A naly ti
cal D epartm ent.

water, filtered through cloth, and processed with lead subacetate 
exactly as described earlier.1 The filtered lead precipitate was 
suspended in 3 1. of water with vigorous stirring, saturated with 
hydrogen sulfide, heated to boiling, and filtered hot through a 
Celite pad. The dark red filtrate was concentrated to 200-ml. 
volume and allowed to stand at room temperature. Crystalline 
material separated after a few days. After several weeks, the 
reddish orange crystals were filtered. The yield was 3.03 g. 
This crude product was recrystallized several times from water in 
the presence of decolorizing carbon to give pale yellow needles 
(2.01 g.) shrinking at 135°, melting at about 170° with gas evolu
tion, solidifying at about 190°, and finally decomposing to a 
black melt at about 260-265°. Paper chromatography in 
4:1:5 butanol-acetic acid-water followed by spraying with 2% 
ethanolic sodium hydroxide indicated three materials which gave 
yellow spots fluorescing strongly under ultraviolet light. The 
crude product was dissolved in 25 ml. of boiling 95% ethanol, 
treated with decolorizing carbon, filtered hot, diluted with 10 ml. 
of chloroform, and allowed to stand in the refrigerator. Orange 
colored crystals separated after a short time and were filtered. 
These melted at 160°. The pale yellow filtrate was allowed to 
evaporate spontaneously, and the yellow residue was recrystal
lized from water to give 1.11 g. of pale yellow crystals. These 
were dehydrated in vacuo in a drying pistol at 1000 over phosphorus 
pentoxide to yield 1.00 g. of light yellow crystals melting at 193- 
195° with gas evolution, resolidifying immediately to a yellow 
product which turned brown at 210° and finally melted with de
composition at 260-262°, [a]25o —48.1° (c 1.67in 50% pyridine),
[a] “d —210 (c 1.0 in absolute ethanol). The infrared absorption 
spectrum contained bands at 2.95, 5.62, 6.03, 6.23, 6.38, 6.68,
6.86, 7.36, 7.74, 8.30, 8.63, 8.90, 9.30, 9.50, 9.81, 10.05, 10.62,
11.42, 12.25, 12.50, and 12.70 /a, and was identical with those of 
authentic querciturone" and authentic miquelianin8 which had 
been purified further by the ethanol-chloroform procedure em
ployed for our product. Marsh4 reported [ « ] d  —50° (in 50% 
pyridine), and Sasaki and Watanabe5 reported [ee]10D —22.93° 
(in anhydrous ethanol) for their somewhat impure product.

Hydrolysis of the compound with N  sulfuric acid for 90 min. 
yielded yellow crystals melting at 309-310° and not depressing 
the melting point of a mixture with authentic quercetin. The 
infrared spectra of the yellow compound and of quercetin were 
identical. The aqueous filtrate from the quercetin was neutra
lized with excess barium carbonate and filtered. The filtrate was 
concentrated, and the concentrate gave a strong uronic acid test 
with naphthoresorcinol. Paper chromatography indicated glu
curonic acid. The orginal quercetin-glucosiduronic acid liberated 
carbon dioxide from sodium bicarbonate solution.

Infrared Spectra.—Infrared absorption spectra were obtained 
with a Perkin-Elmer Model 21 recording spectrophotometer using 
a sodium chloride prism and potassium bromide pellets prepared 
by hand grinding with sample before pressing.

(7) Kindly supplied by Dr. C. A. Marsh of Rowett Research Institute, 
Bucksburn, Aberdeen, Scotland.

(8) Kindly supplied by Dr. Toyosaku Sasaki, Hyogo University of Agri
culture, Sasayama, Hyogo-ken, Japan.
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Diethyl 3-Ethoxyallylidenemalonate, a Versatile 
New Intermediate. A New Route to a-Pyrones 

and a-Pyridones

C2H50, OC2H5
CH—CH2—CH(

c2h 6o / o c2h 5

,COOC2H5
+  c h 2

vcooc2h 6

Sir:
We wish to report the preparation of diethyl 3- 

ethoxyallylidenemalonate (I), and some of its applica
tions in heterocyclic synthesis.

Heating 1,1,3,3-tetraethoxypropane with diethyl- 
malonate in acetic anhydride for 2 hours at the reflux 
temperature in the presence of catalytic amounts of 
zinc chloride gave diethyl 3-ethoxyallylidenemalonate 
(I) in excellent yield, b.p. 128° (0.2 mm.) (Calcd. for 
CnHuO,: C, 59.49; H, 7.49.). Found: C, 59.49;
H, 7.49.); Xma°H 300 mp, e 25.900; infrared Xmax 
5.85, 6.18 p (neat).

In the absence of diethylmalonate, 1,1,3,3-tetra
ethoxypropane reacted with acetic anhydride and zinc 
chloride (or p-toluenesulfonic acid) under conditions 
identical with those above and, after distillation, gave
I, 3,3-triethoxy-l-propylacetate (C2H60)2CH—CH2— 
CH(OC2H6)(OCO—CH3) (II), b.p. 70-71° (2 mm.). 
(Calcd. for CnH220 6: C, 56.39; H, 9.47. Found: 
C, 56.53; H, 9.17.), which has been previously ob
tained1 by reacting ethyl orthoformate with vinylace
tate. When II was heated with diethylmalonate in the 
presence of zinc chloride or p-toluenesulfonic acid as 
catalysts, I was again obtained, indicating that II may 
be an intermediate in the above reaction. This is rem
iniscent of the proposed2 mechanism for diethyl 
ethoxymethylenemalonate formation3 by the Claisen 
method.

Cyclization of compound I has led to a new synthesis 
of a-pyrones. Short heating of I in acidic medium 
(polyphosphoric or formic acid) produced a high yield 
of the heretofore unknown ethyl a-pyrone-3-carboxylate 
(III. R = C2H5), b.p. 122-123° (0.25 mm.) (Calcd. 
for C8H80 4: C, 57.14; H, 4.80. Found: C, 56.94; H, 
4.92.); X ^ fH 309 mM, e 7450; Xmax 5.65, 5.85, 6.15,
6.45, 8.10,9.10 m (neat). It was further characterized by 
its acidic hydrolysis to the corresponding a-pryone-3- 
carboxylic acid (III. R = H), m.p. 127-128° (Calcd. 
for C6H40 4: C, 51.44; H, 2.88. Found: C, 51.42; 
H, 2.96.); X“ ex01i 313 mp, e 14.800; Xmax 5.71, 6.02,
6.46, 8.08, 8.98 p (nujol).

Reaction of an ethanolic solution of I with ammonia 
or benzylamine at room temperature, gave the corre
sponding 3-aminoallylidenemalonates (IV) in good 
yields. IVa (R7 =  H), m.p. 126° (Calcd. for ClcH160 4N : 
C, 56.32; H, 7.09; N, 6.57. Found: C, 56.75; H,
7.06; N, 6.63.); x“ °x0H 357 mp, « 46.430. IVb 
(R7 = CH2—C6H6), m.p. 88° (Calcd. for C17H210 4N: 
C, 67.31; H, 6.98; N, 4.62. Found: C, 67.42: H,
6.64; N, 4.50.); X^ae° H 367 mp, « 53.320.

Cyclization of compounds of type IV, which con-

(1) Japanese P a ten t 3071 (1955); C l i e n t .  A b s t r . ,  Bl, 16520s (1957).
(2) R. C. Fuson, W. E . Parham , and L. J . Reed, ./. O r g .  C h e m . ,  11, 194 

(1946).
(3) L. Claisen, B e r .  26, 2729 (1893); Ann., 297, 16 (1897).

c2h 5o — c h = c h -  c h = c^
R '- N H 2

cooc2h 5

co o c2h 5

R'NHCH =  CH—CH=C
COOC2H6

COOC2Hb

N
l

R'

COOR

,C = 0

IV
COOR

O' C = 0

III

stitutes a new synthesis of a-pyridones, is accomplished 
most conveniently in an alcoholic solution of sodium 
ethoxide or piperidine. From IVa there was obtained 
ethyl a-pyridone-3-carboxylate4 (Va. R = C2H5; 
R 7 = H; m.p. 139°; x |)T" 328 mp, e 14.960), which 
was hydrolyzed with concentrated hydrochloric acid to 
the corresponding acid4 (Vc. R = H; R ' = H; m.p. 
262°; x“ f H 327 mp, e 17.500). Acid Vc was 
identified by infrared spectra and mixture melting point 
with a sample prepared by the hydrolysis of 3-cyano-a- 
pyridone, which was obtained by a different method.5

Cyclization of IVb gave the oily ethyl N-benzyl-a- 
pyridone-3-carboxylate (Vb. R = C2H6, R ' = CH2— 
C6H5; Xmax*11 334 him, e 8558), which was hydrolyzed 
directly to N-benzyl-a-pyridone-3-carboxylic acid (Vd. 
R = H, R 7 =  CH2—C6H6; m.p. 130° (Calcd. for 
CuHhOjN: C, 68.11; H, 4.84; N, 6.11. Found: 
C, 68.41; H, 4.72; N, 6.27.); X^e° H 331 mp, e 
12.400.

The chemistry of I and other analogs is currently 
under further investigation.
M erck  S harp & D ohme T homas B. W indholz

R esearch  L aboratories L ouis H. P eterson
D iv isio n  of M erck  & Co., I nc. G erald  J . K en t*
R ahway , N ew  J ersey

R eceived  F ebruary  15, 1963

(4) A. Dornow, B e r . ,  73, 153 (1940).
(5) T. V. P rotopopova and  A. P. Skoldinov, J .  G e n .  C h e m .  U S S R ,  27, 

1300 (1957) (Eng. Transi.).
(G) Présent address: C hem istry D epartm ent, R ider College, Lawrence-

ville, N. J.

Conversion of Ketones to Olefins

Sir:
It has been found that dithioketals when refluxed 

with moderately active Raney nickel (W2) in ketonic 
solvents such as acetone and methyl ethyl ketone yield 
olefins as the main products of the reaction. The 
product can usually be isolated without difficulty and 
yields are generally satisfactory. The chief by-products
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are the unreacted starting material and in some in
stances the regenerated ketone.1

The results obtained with a number of steroid ketones 
are listed in Table I. The products are produced 
stereoselectively, i.e., in each instance only one of the 
possible geometrical isomers was isolated.2 Thus the
3-ketone with the 5a-configuration yielded the A2-olefin, 
while the corresponding 5/3 ketone gave the A3-olefin. 
This is in accordance with the direction of enolization of 
these ketones3 and the relative stability established for

S tarting  material®

3-Hydroxy-Al,3,5(10)- 
estratrien-17-one 

3a-Hydroxy-Sa- 
androstan-17-one 

17/3-Hydroxy-5 <*- 
androstan-3-one 

17/S-Hydroxy-5|3- 
androstan-3-one 

3/S-Hydroxy-5a- 
pregnan-20-one 

3/3-Acetoxy-A5-pre- 
nen-20-ono 

17/S-Hydroxy-A4- 
androsten-3-one

a In each instance the starting material was converted to the 
ethylenedithioketal which was then desulfurized without puri
fication. s Based on starting ketone. c V. Prelog, L. Ruzicks, 
and P. Wieland, Helv. Chim. Acta, 28, 250 (1945). a V. Prelog,
L. Ruzicka, and P. Wieland, ibid., 27, 66 (1945). e R. E. Marker, 
O. Kamm, D. M. Jones, L. W. Mixon, J. Am. Chem. Soc., 59, 
1363 (1937). 1 J. McKenna, J. K. Norymberski, and R. D.
Stubbs, J . Chem. Soc., 2502 (1959). ° P. L. Julian, E. W. Meyer,
and H. C. Printy, J. Am. Chem. Soc., 70, 887 (1948). * G. 
Rosenkranz, S. Kaufmann, and J. Romo, ibid., 71, 3689 (1949).

T a b l e  I
P roduct Yield,3 %

3-Hydroxy-Al,3,5(10),16- 65
estratetraene'

A16-5a-Androsten- 64
3 a-old

A2-5a Androsten- 55
17/3-oF

A3-5/3 Androsten- 65
17/3-oP

A20-5« Pregnen- 70
3/3-ol

3/S-Acetoxy-5,20-preg- 75
nadiene"

17/3-Hydroxy-A2,4- 
androstadiene''
17/3-hydroxy-A3,5- 
androstadiene

(1) Two recen t reviews of R aney  nickel desulfurization a re: H. H au p t
m ann and  W. F. W alter, C h e m .  R e v . ,  62, 347 (1962); G. R. P e tt i t  and E . E . 
van  Tam elen, O r g .  R e a c t i o n s , 12, 356 (1962).

(2) The presence of small am ounts of isomeric olefins in the p roduct has 
no t been rigidly excluded.

(3) Fieser and Fieser, “ Steroids.”  Reinhold, New York, N . Y., 1959, p.
27G.

these olefin isomers.4 The 20-ketone, however, yielded 
the terminal A20-olefin whereas the thermodynamically 
preferred enolization is towards C-17.6

The method is also applicable to diene synthesis from 
a,d-unsaturated ketones. Testosterone dithioketal on 
brief desulfurization gave a mixture of dienes which by 
ultraviolet analysis consisted of the homoannular 
A2,4-diene (Xtnax 2(36, 275, 284 mp) and the heteroan- 
nular A3,5-diene (Amax 228, 235, 243 mg) in a ratio of 4 
to 1. Prolongation of the reaction time increased the 
proportion of the heteroannular diene, indicating that it 
was produced by rearrangement from the homoannular 
precursor.

Both of the 17-keto compounds studied gave good 
yields of A16-steroids, with no evidence of any methyl 
shift or ring enlargement. I t is noteworthy that this 
reaction represents the simplest synthesis of these bio
logically significant compounds. Furthermore, the mild 
and essentially neutral conditions employed in the reac
tion permit application to compounds containing acid 
or base sensitive groups. These and other aspects of 
this olefin synthesis will be reported in the near future.
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(4) R . B. Turner, W. R. M eador, and  R. E . W inkler, J .  A m .  C h e m .  S o c .  

79, 4122 (1957); R . B. T urner and  W. R. M eador, ibid., 79, 4133 (1957); 
H. B. H enbest, G. D. M eakins, B. Nieholls, and R. A. L. Wilson, J .  C h e m .  

S o c . ,  997 (1957).
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