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For the alkylation by benzhydrol 0.0625 mole of this alco­
hol, 0.25 mole of anisole and 0.008 mole of p-toluenesulfonic 
acid were used in 250 ml. of benzene solution. The final 
yield of water was 9 3 % . The crude ^-benzhydrylani-
sole was obtained in 89% yield by distillation; crystalliza­
tion from 9 5 % ethanol gave a 66% yield of crystals which 
melted at 60-61°. 

When the preceding experiment was repeated using anisyl 
alcohol in place of the benzhydrol with 0.001 mole of cata­
lyst the total yield of water was 103%. Distillation at 
158-159° (1.5 mm.) gave a colorless sirup in 62% yield cal­
culated as £,£'-dimethoxydiphenylmethane. Recrystalli-
zation twice from aqueous ethanol gave a 34% yield of crys­
tals which melted at 49.5-51°. 

Reactions of Table II.—The same general procedure was 
used here as for the experiments of Table I; the total volume 
of the reaction mixture was 500 ml. for the experiments with 
benzhydrol in toluene and 1000 ml. for the experiments with 
benzyl alcohol in benzene. Distillation of the products from 
the last three experiments of Table II gave good, but not 
quantitative, separation of the benzyl butyl ether and di-
phenylmethane. In these cases the approximately 15% of 
mixed products obtained in the intermediate fractions was 
apportioned according to the results of calculation based on 
the weights and refractive indices of the fractions. 

O-Ether versus S-Ether Formation.—Five hundred ml. of a 
solution of 0.375 mole of octyl mercaptan, 0.375 mole of 
butyl alcohol, 0.125 mole of benzhydrol and 0.004 mole of p-
toluenesulfonic acid in 3:1 by volume cyclohexane and ni­
trobenzene were heated under reflux in the standard appara­
tus. A 9 8 % yield (0.122 mole) of water was evolved in 440 

min. at about 89.5°. The products were obtained by distilla­
tion in the usual fashion. 

In the experiment at high acid concentration it was neces­
sary to use 1:1.1 by volume cyclohexane and nitrobenzene 
and a total volume of 1000 ml. in order to get the 0.512 mole 
of £>-toluenesulfonic acid into solution. The amounts of mer­
captan, butyl alcohol and benzhydrol were the same as in 
the preceding paragraph. At the reflux temperature of 
about 93° reaction proceeded rapidly; a 50% yield of water 
was obtained in 13 min. 

In order to obtain benzhydryl octyl thioether for compari­
son purposes and to demonstrate the applicability of the dis­
tillation method to thioether formation, the experiment at 
low acid concentration was repeated except that no butyl al­
cohol was added. A 9 8 % yield of water was evolved in 89 
minutes. The desired benzhydryl octyl thioether distilled 
in 9 3 % yield as a viscous yellow liquid at 157-163° (0.3 
mm.). Redistillation gave a 69% yield at 171° (0.5 mm.), 
n25

D 1.5522. Anal. Calcd. for C21H28S: C, 80.71; H, 
9.03. Found: C, 80.97; H, 9.03. 

Alkylation without Distillation of the By-product Water.— 
One-fourth mole of p-toluenesulfonic acid monohydrate was 
dehydrated in the usual way in 500 ml. of the aromatic com­
pound to be alkylated. One-eighth mole of the desired 
phenylcarbinol was then added to the hot solution and the 
mixture heated 15 minutes on the steam-bath. The ben­
zene solutions were ordinarily heated under reflux since they 
boil on the steam-bath. Except for the experiment in which 
anisole was benzylated a precipitate of ^-toluenesulfonic 
acid monohydrate appeared within about 3 minutes. 
COLLEGE PARK, M D . 
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The base-catalyzed additions of p-toluenethiolate reagent to disodium acetylenedicarboxylate and diethyl acetylenedi­
carboxylate proceed in accord with the Rule of trares-Nucleophilic Addition. 

After the demonstration that ^-toluenethiolate 
reagent adds to sodium propiolate3 in violation of 
the Rule of iraws-Nucleophilic Addition,4 pre­
sumably due to a coulombic effect between the 
negatively charged carboxylate substituent and 
the attacking thiolate group, it was of interest to 
study the base-catalyzed addition of p-toluenethiol 
to the disodium salt of acetylenedicarboxylic acid. 
The stereochemistry of this addition might be 
governed either by the coulombic repulsion between 
one of negatively charged carboxylate substit-
uents and the attacking thiolate group, or by the 
coulombic repulsion between the two negatively 
charged carboxylate substituents. These alterna­
tives are represented in a simple classical manner 
by paths 1 and 2, respectively in the formula chart. 
The dotted lines in these representations show 
bonds in the process of being formed or broken in 
the transition state.5 This view offers one ex-

(1) This constitutes Paper XI in the series, "Stereospecific Reac­
tions of Nucleophilic Agents with Acetylenes and Vinyl-type Halides"; 
for preceding paper see THIS JOURNAL, 81, 4931 (1959). 

(2) Abstracted from the Ph.D. Thesis of Robert B. Kruse, Purdue 
University, 1959. 

(3) (a) W. E. Truce, D. L. Goldhamer and R. B. Kruse, T H I S JOUR­
NAL, 81, 4931 (1959); (b) W. E. Truce and R. F. Heine, ibid., 79, 
5311 (1957). 

(4) W. E. Truce, at al., ibid.. 78, 095, 2743, 2748, 2752, 2756 (195fi). 
(a) W. E. Truce and R. F. Heine, ibid., 81, 592 (1959). 
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planation for the observed stereoselectivity of 
addition, i.e., intuitively it would be expected that 
the coulombic repulsions would be greater and the 
transition state less stable in path 1 than in path 2. 

The experimental evidence that the nucleo­
philic addition of the elements of ^-toluenethiol to 
acetylenedicarboxylic acid did indeed proceed by 
path 2 is presented in outline form. Compound 
I, m.p. 168°, was characterized as ^-tolylmercapto-
fumaric acid on the basis of its neutral equivalent, 
analysis and behavior toward refluxing acetyl 
chloride when an attempt was made to dehydrate 
thedi-acid.6 

(G) R. B. Wagner and H. D. Zook, "Synthetic Organic Chemistry,' 
Chapter IS, John Wiley and Sons, Inc., New York, X. Y., 1953, p. OD1J. 
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As would be expected by analogy with other 
negatively substituted acetylenic systems,3b the 
nucleophilic addition of p-toluenethiol to diethyl 
acetylenedicarboxylate proceeded in the normal 
trans fashion to yield compound II, b.p. 166-168° 
at 2.0 mm., characterized as diethyl p-tolylmer-
captofumarate on the basis of its analysis and hy­
drolysis to the dibasic acid I. 

Compound III, ^-tolylmercaptomaleic anhydride, 
could be obtained from I only by prolonged heating 
at 100°, under vacuum and in the presence of phos­
phorus pentoxide. Under these conditions a 
sublimable anhydride (III), m.p. 75.5-76.5°, was 
obtained in low yields. This anhydride is pre­
sumably formed by initial thermal isomerization of 
^-tolylmercaptofumaric acid to ^-tolylmercapto-
maleic acid.7 

The monomeric anhydride could be readily 
hydrolyzed by dissolving in aqueous base. Acidi­
fication of the resulting solution produced an acid, 
IV, m.p. 158.5-159.5°, which depressed the melt­
ing point of I and which gave a neutral equivalent 
and analysis in agreement with ^-tolylmercapto-
maleic acid. The configurational assignment was 
made on the basis of the fact that the acid was ob­
tained by hydrolysis of the sublimable anhydride; 
strong additional evidence is afforded by the marked 
difference in behavior between this di-acid IV and 
compound I toward acetyl chloride. Compound 
IV could be converted to the anhydride III in 
essentially quantitative yield by refluxing with 
acetyl chloride for fifteen minutes. 

The over-all trans addition of ^-toluenethiol to 
acetylenes bearing electronegative (but not nega­
tively charged) substituents, extended to diethyl 
acetylenedicarboxylate, has been explained as re­
sulting from coulombic repulsion between the nega­
tive charge on the attacking thiolate group and the 
electron cloud being displaced from the "triple" 
bond.3 However, it is likely that this effect is 
slight in comparison to the coulombic repulsion 
operating between two carboxylate groups, each 
bearing a full negative charge. The fact that the 
base-catalyzed addition of ^-toluenethiol to 
disodium acetylenedicarboxylate proceeds in a 
trans manner is felt to be due to this repulsion forc­
ing the carboxylate groups into a trans position 
relative to each other. 

(7) I t should be n o t e d t h a t i t is n o t necessa ry t h a t t h e cis form 
be t h e m o r e s t ab l e i somer for t h e a n h y d r i d e t o be fo rmed in t h i s w a y , 
nor is i t necessa ry t o a t t a i n an equ i l i b r ium be tween t h e t w o isomers , 
s ince a n y cis i somer formed would be i m m e d i a t e l y r e m o v e d from t h e 
m i x t u r e by d e h y d r a t i o n and s u b s e q u e n t sub l ima t ion . 

Experimental8 

Preparation of Acetylenedicarboxylic Acid.—A sample 
preparation follows: A slurry of 200 g. (1.34 moles) of the 
monopotassium salt of acetylenedicarboxylic acid (Eastman 
Kodak Co., white label) in 300 ml. of distilled water was 
slowly acidified with concentrated H2SO4. During acidifica­
tion crushed ice was simultaneously added so that the tem­
perature was not allowed to rise above room temperature, 
thereby preventing decarboxylation of the desired product to 
propiolic acid. 

The reaction mixture was extracted with five 200-ml. 
portions of ether and the combined ether layers were evap­
orated at room temperature under an air jet . The product, 
dried overnight in a vacuum dessicator containing H2SO4, 
was a white powder, m.p . 177-178° d e c , yield 70-90%. 

Preparation of Diethyl Acetylenedicarboxylate.—The 
acetylenedicarboxylic acid from the above reaction was con­
verted to the diethyl ester as follows: Acetylenedicarboxylic 
acid (60 g., 0.58 mole) was dissolved in 150 ml. of absolute 
ethanol. To the solution was added 24 ml. of concentrated 
H2SO4. The flask was stoppered and the reaction mixture 
was allowed to stand with intermittent shaking for 72 hours 
at room temperature during which a layer of ester separated. 
At the end of this time, the mixture was poured over crushed 
ice and extracted with three 100-ml. portions of ether. The 
combined ether extract was dried over CaCl2 and evaporated 
under reduced pressure. The crude ester thus obtained was 
purified by vacuum distillation (b.p. 60-62° at 0.3 mm.) to 
yield 68 g. (76%) of a clear, colorless liquid. 

Reaction of Acetylenedicarboxylic Acid with ^-Toluene-
thiolate Reagent.—To 200 ml. of absolute ethanol was added 
9.2 g. (0.40 mole) of sodium. When the reaction was com­
plete, 22.8 g. (0.200 mole) of acetylenedicarboxylic acid was 
added. While stirring, sufficient water was added to pro­
duce a clear solution (bringing the total volume to about 500 
ml.) and high-purity nitrogen was introduced into the sys­
tem. The passage of nitrogen was continued while a solu­
tion consisting of 24.8 g. (0.200 mole) of />-toluenethiol (East­
man Kodak Co., white label) in 100 ml. of absolute ethanol 
to which 0.2 g. (0.01 mole) of sodium had been added was 
dropped into the stirred solution of the acid salt at such a 
rate that the reaction mixture was not allowed to become 
cloudy until the last few milliliters of ^-toluenethiolate rea­
gent solution was added. After the addition was complete, 
the mixture was brought to reflux until a clear solution re­
sulted (2 to 3 hours). 

The reaction mixture was allowed to cool to room tem­
perature and acidified with concentrated HCl. The crystals 
obtained upon filtration of the resulting mixture were dis­
solved in aqueous sodium bicarbonate and filtered to remove 
a small amount of unreacted ^-toluenethiol (whose presence 
could be detected by its characteristic odor) along with any 
disulfide that may have been formed during the reaction. 
The sodium bicarbonate solution was again acidified with 
concentrated HCl and filtered. A crop of crystals of the 
crude product (38.6 g., 82%) was obtained. After three 
recrystallizations from aqueous ethanol followed by drying in 
a vacuum desiccator over H2SO4, a crop of light yellow nee­
dles was obtained, m.p. 167-168° dec. 

Anal.9 Calcd. for CnHi0O4S: C, 55.46; H, 4.20; neut. 
equiv., 119. Found: C, 55.01; H, 4.39; neut. equiv., 121. 

Reaction of Diethyl Acetylenedicarboxylate with £-Tolu-
enethiolate Reagent.-—The addition of ^-toluenethiol to 
diethyl acetylenedicarboxylate has been reported by Heine10 

to yield a crop of crystals the analysis of which was in agree­
ment with that calculated for the diadduct, which separated 
spontaneously from the reaction mixture. He also obtained 
a small amount of an oil, b .p . 152-155° at 1.0 mm., which 
was presumably the monoadduct (the small amount ob­
tained was insufficient for positive identification). Since 
the diadduct is not involved in the present investigation, 

(8) All mic roana lyses were carr ied o u t by Dr . C. S. Y e h a n d M r s . 
B. Gro t en of t h e P u r d u e C h e m i s t r y Mic roana ly t i ca l L a b o r a t o r y . Al! 
boil ing and mel t ing po in t s a re uncor rec ted . 

(9) T h e discrepancies shown in t h e ana lyses of ^ - t o l y l m e r c a p t o -
fumaric a n d -maleic acids , s l ight ly low in ca rbon a n d high in hyd rogen , 
a r e p r o b a b l y d u e t o t h e fact t h a t r emova l of t he l a s t t r aces of wa te r 
could n o t be carr ied o u t b y h e a t i n g u n d e r v a c u u m wi th a des iccant 
d u e to t h e fo rma t ion of £ - to ly lmercap toma le i c a n h y d r i d e . 

(10) R . F . He ine , P h . D . Thes i s , P u r d u e Unive r s i ty , 1957. 
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care was taken to employ reaction conditions which would 
tend to minimize its formation. 

A solution of 34.0 g. (0.200 mole) of the diethyl ester of 
acetylenedicarboxylic acid in 100 ml. of absolute ethanol 
maintained under high purity nitrogen was treated with a 
catalytic amount (0.2 g., 0.01 mole) of sodium causing the 
solution to become a clear, deep red. A second solution of 
24.8 g. (0.200 mole) of ^-toluenethiol in 100 ml. of absolute 
ethanol was then added very slowly, over a period of three 
hours, with vigorous stirring. After addition was complete, 
the mixture was brought to reflux for 0.5 hour, and finally 
was allowed to cool. No crystals formed. The mixture 
was placed in 500 ml. of water and acidified with a small 
amount of concentrated HCl (2-3 ml.) . A brown oil was 
formed which was isolated by extraction with three 100-ml. 
portions of ether and subsequent evaporation of the com­
bined ether layers under reduced pressure. The oil was 
purified by distillation (b.p. 166-168° a t 2.0 mm.) ; yield 
53.2 g. (90.5%) of a clear yellow oil. 

Anal. Calcd. for Ci6H18O4S: C, 61.2; H, 6.12. Found: 
C, 61.08; H, 6.13. 

Ester Saponification.—The product of addition of the p-
toluenethiol reagent to diethyl acetylenedicarboxylate was 
saponified by dissolving in ethanolic KOH. The solution 
was acidified with concentrated HCl and the solid acid which 
precipitated was recrystallized from aqueous ethanol, m.p. 
166-167°, mixture melting point with the product of addi­
tion of the ^-toluenethiolate reagent to acetylenedicarboxylic 
acid, 166-166.5°. 

Preparation of ^-Tolylmercaptomaleic Anhydride.—When 
a sample of the dibasic acid obtained as described above was 
refluxed for 10 hours with acetyl chloride, the starting mate­
rial could be recovered unchanged. Dehydration of this 
compound in moderate yield could be attained by mixing the 

Recently1 we demonstrated that in the case of 
five different alcohols (structures I and II below), 
Chugaev elimination proceeded so as to avoid 

OH 

OOH 7^,0^' R = Me,Et,/-Pr 

X X CH3 R' = Me, H 
I II 

forming a double bond exo to the six-membered 
ring.2 In two of these compounds it achieved this 
by following the Hofmann rather than the Saytzeff 
rule, and in three cases it proceeded contrary to the 
accepted order for hydrogen removal (3° > 2° > 
1°).3 It was noted further that pyrolysis of the 

(1) R. A. Benkeser and J. J. Hazdra, THIS JOURNAL, 81, 228 (1959). 
(2) H. C. Brown, J. H. Brewster and H. Shechter, ibid., 76, 407 

(1954). 
(3) J. A. Mills, J. Chem. Soc, 260 (1953); see also "Steric Effects in 

Organic Chemistry," edited by M. S. Newman, John Wiley and Sons, 
Inc., New York, N. Y., 1956, p. 313. 

di-acid (3.2 g., 0.013 mole) with 5.0 g. of phosphorus pent-
oxide and placing the mixture in a vaccum sublimator. The 
mixture was heated in boiling water for one week, keeping 
the pressure between 1 and 10 mm. The resulting yellow 
needles of anhvdride were obtained in 30% yield (0.9 g.), 
m.p. 75.5-76.5°. 

Anal. Calcd. for CnH8O3S: C, 60.0; H, 3.64. Found: 
C, 59.70; H, 3.55. 

Preparation of ^-Tolylmercaptomaleic Acid.—A sample of 
the anhydride obtained in the above reaction was hydrolyzed 
by dissolving in aqueous NaOH, followed by acidification 
with concentrated HCl. The white crystals of di-acid thus 
obtained, m.p. 158.5-159.5°, depressed the melting point 
of the product of addition of ^-toluenethiolate reagent to 
acetylenedicarboxylic acid to 145-148°. 

Anal.9 Calcd. for Ci1Hi0O4S: C, 55.46; H, 4.20; neut. 
equiv., 119. Found: C, 55.11; H, 4.39; neut. equiv., 120. 

A small sample of this acid (0.2 g., 0.001 mole) was placed 
in 15 ml. of acetyl chloride and the mixture was refluxed on a 
steam-cone for 15 min. At the end of this time the acetyl 
chloride was stripped off using a rotary film evaporator. 
Acetic acid formed in the reaction was evaporated under an 
air jet. Seeding the yellow oil remaining with a very small 
crystal of the anhydride produced by sublimation immedi­
ately produced an essentially quantitative yield of the anhy­
dride, m.p. 75.5°, mixture melting point with the anhyride 
obtained by sublimation, 75.5°. 
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acetate of 1-methylcyclohexanol followed a strik­
ingly similar pattern to the Chugaev reaction, in 
that the ratio of 1-methylcyclohexene/methylene-
cyclohexane produced was approximately 4/1 
in both reactions. In this instance, at least, the 
acetate pyrolysis and Chugaev reaction gave very 
similar olefin distributions. In one sense this is a 
particularly satisfying observation since both re­
actions are thought to proceed by a similar mech­
anism involving a cyclic intramolecular six-
membered ring transition state.4 On the other 
hand it is a result that could not be predicted 
per se since there are important differences in the 
two reactions.4a 

It has been suggested that steric considerations 
constitute the ultimate reason for the thermody-

(4) P. G. Stevens and J. H. Richmond, THIS JOURNAL, 63, 3132 
(1942); (b) C. D. Hurd and F. H. Blunck, ibid., 60, 2419 (1938). 

(4a) For example, the temperature of ester decomposition is different 
in the two cases; also sulfur atoms are involved in the one instance, 
rather than oxygen. 
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A series of structurally related alcohols of the general formula RCH2CHOHCH2CH3 were pyrolyzed via their xanthate 
(Chugaev reaction) and acetate esters. The R group was made to vary systematically from methyl to ethyl, isopropyl and 
i-butyl. In every case only two isomeric olefins were formed. The relative amount of each was determined by vapor phase 
chromatography. I t was found that as R varied from methyl to /-butyl, the relative proportion of that olefin isomer which 
contained the double bond closest to the R group increased from 1-to-l (methyl) to 2.3-to-l (/-butyl). Thus, when R was 
/-butyl, 70% 2,2-dimethyl-3-hexene and 30% 5,5-dimethyl-2-hexene were produced. It is proposed that the direction of 
elimination in ester pyrolyses is influenced by the interplay of three effects: (1) statistical factors, (2) relative thermodynamic 
stability of the olefin products and (3) steric effects which either hinder or assist the formation of the cis, coplanar transition 
state. 


