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strong acid esterification catalyst as the tempera-~
ture is raised above 65 to 75°.)

When acid hydrates such as oxalic acid dihydrate
are to be esterified, no methanol is needed to initiate
the reaction as the acetone dimethyl acetal is
readily hydrolyzed by the water of hydration. To
insure complete conversion of the acid, the amount
of acetone dimethyl acetal used should be in slight
mole excess (up to 109,) of the total water present
and/or expected. The advantages of this method
for preparing methyl esters are: (1) there is no need
for a water azeotrope trap, (2) a high reaction
rate is maintained during the entire esterification
reaction, (3) acid hydrates can be readily ester-
ified, and (4) the acid is completely converted to
its methy! ester.

EXPERIMENTAL

Effect of acetone dimethyl acetal on the reaction rate during
esterification. In Fig. 1 the results of four experiments on the
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Fig. 1. Rate of esterification of propionic acid.
1 2 3 4
MoLEs oF
Propiornic acid 025 0.25 0.25 0.25
Methanol 0.75 0.25 0.075 0.00

Acetone dimethyl ketal 0.00 0.25 0.25 0.25
Hydrogen chloride 0.006 0.006 0.006 0.006

esterification of propionic acid are plotted. The quantity of
each reactant used is as given plus sufficient anhydrous
dioxane to make the total volume in each experiment 100
ml. The unreacted propionic acid was determined periodi-
cally by titrating an aliquot with standard ethanolic sodium
hydroxide solution.

In experiment 1 the initial reaction rate was high but soon
decreased and finally reached equilibrium where 949, of the
propionic acid was converted. In experiment 2, two thirds of
the methanol was present as a part of the acetone dimethyl
acetal. The initial rate of this reaction was lower than in ex-
periment 1; however, a high rate was maintained through
almost all of the reaction period. In the early hours of ex-
periment 3 the rate was low because the concentration of
methanol was low. As the esterification proceeded, the con-
centration of the methanol increased as a result of the hy-
drolysis of the acetone dimethyl acetal and this effected a
corresponding increase in the reaction rate. At 20 hr. all of
the propionie acid in experiment 3 was converted and al-
though no checks were made between 14 and 20 hr., the
course of the reaction was probably as indicated. After
16 hr. there was no detectable conversion of the propionic
acid in experiment 4. At 50 hr., 5% of the propionic acid was
converted and from that point the reaction rate increased

NOTES

voL. 24

and all of the acid was converted. This experiment was re-
peated several times and each time there was essentially no
reaction until 35 to 50 hr. and then there was a rapid con-
version of the propionic acid. No special effort was made
to exclude all atmospheric moisture or to use acetone di-
methyl acetal that was absolutely free of methanol. Trace
amounts of methanol and/or water would act as initiators
for the reaction.

Bsterification of dehydrated castor oil acids. A mixture of
200 ml. of dehydrated castor oils (1 ml. = 30.4 ml. N/10
NaOH), 0.60 mole of acetone dimethyl acetal, 0.3 mole of
methanol and 0.012 mole of HCl was allowed to stand at
room temperature. When checked 39 hr. later, more than
999, of the acids were esterified.

Preparation of dimethyl adipate. Four moles (585 g.) of
adipic acid was added to a solution of 5 g. of p-toluenesulfonic
acid digsolved in 5 moles (200 ml.) of methanol. This mix-
ture was stirred in a 21. flask and maintained at 40° to 60°.
As the reaction progressed, acetone dimethyl acetal was
added in increments. By the end of 0.5 hr., 200 ml. had been
added, by the end of 1 hr., 600 ml. total had been added (at
this point all adipic acid was in solution), and by the end of
1.5 hr., a total of 11. (8 moles) of the acetone dimethyl acetal
had been added. At the end of 2 hr. only 109, of the acid
remained unreacted. After 4 hr. the reaction was 999, com-
plete. One half of the crude solution was then distilled at a
rate such that by the end of 3 hr. all of the acetone and
methanol had been removed. This left a 98.89, yield of
crude, straw colored dimethyl adipate, n’%5 1.4275. On fur-
ther distillation a 94% yield of pure dimethyl adipate (n%
1.4263; by, 109°C.; lit.3 n%y 1.4281; bs, 122°C.) was re-
covered.

A similar experiment in which all of the reactants were
mixed at one time and left overnight at room temperature
(with stirring) resulted in 1009, conversion of the adipic
acid.

Preparation of dimethyl oxalate. One mole of oxalic acid
dihydrate, 2 g. of p-toluenesulfonic acid and 2 moles of ace-
tone dimethyl acetal were combined with stirring, Heat was
applied so that a temperature of 50-55° was maintained.
After 1.25 hr. another mole of acetone dimethyl acetal was
added. After an elapsed reaction time of 2 hr. the final mole
of acetone dimethyl acetal (4 mole total) was added. The
reaction was 989, complete after 5 hr. at which time the
methanol and acetone were distilled until only 175 ml. of
the product—-methanol solution remained. By cooling, filter-
ing out the white crystalline product, and reworking the
mother liquor, 107 g. of dimethyl oxalate (919, theory), m.p.
51-53° (lit.! m.p. 52.5-53.5°), was recovered.
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When 2-nitrobenzo-1,4-dithiadiene (m.p. 105—
107°), which is red in color, is exposed to light, it is



FEBRUARY 1959

converted into a yellow solid (699, yield) which
melts at 170.5-172°. This solid has been shown to
be a dimer of I by elementary analysis and molecu-

lar weight determinations.
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Oxidation of the dimer with potassium perman-
ganate gave potassium benzene-o-disulfonate, char-
acterized by its conversion into benzene-o-disul-
fonyl chloride, establishing that the nitro function
remained attached to the more aliphatic carbon
atoms during the dimerization.

Comparison of the infrared spectrum of I with
that of the dimer showed that an increase in fre-
quencies of the characteristic —NO, absorption
accompanied dimerization (from 1515 to 1553
em.™ !, and from 1320 to 1332 em. ™, respectively).
These results suggested that the nitro group be-
came less conjugated as a consequence of the dimeri-
zation,? since it has been previously observed that
unconjugated nitro groups absorb at higher fre-
quencies than do e,B-unsaturated nitro groups
{compare nitrobenzene, 1535 and 1350 ¢m.™! with
1-nitropropane, 1563 and 1385 em.™!). The ul-
traviolet absorption spectra of I and that of the
dimer also suggested that a decrease in conjuga-
tion of the nitro function accompanied dimeriza-
tion, Thus, the monomer (I) showed two absorp-
tion maxima (235 mg and 285 mu), whereas the
dimer showed only one at 239 mu.

These data are consistent with the formulation of
the dimer of I as the cyclobutane derivative IIa or
IIb. Photochemical dimerizations of this type are
well documented,* and cyclobutane structures have
been established in several cases.® Structure Ila
seems probable in view of the product reported for
the photochemical dimerization of g-nitrosytrene.®

(1) This work was supported by the Office of Ordnance
Research, U. 8. Armyv, Contract No. DA-11-022-Ord-2616.

(2) Presented in part at the 15th National Organic
Symposium of the American Chemical Society, Rochester,
N. Y, June 1957.

3) J. F. Brown, Jr., J. Am. Chem. Soc., 77, 6341, 1955,
See also L. J. Bellamy, The Infra-red Spectra of Complex
Molecules, John Wiley and Sons, Inc., 1954, p. 250.

(4) Cf. A. Mustafa, Chem. Rev., 51, 1 (1952).

(5) Cf. (a) dimer of stilbene, J. D. Fulton and J. D.
Dunitz, Nature, 160, 161 (1947), (b) dimer of B-nitrosty-
rene, D. B. Miller and H. Shechter, paper 137 presented
before the Organic Division of the American Chemical
Society, San Francisco, April 13-18, 1958.
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Thiophene® and thianaphthene’ are readily
mercurated by reaction with mercuric chloride in
ethanol or with mercuric acetate in ethanol and
acetic acid. We have now examined the reaction
of benzo-1,4-dithiadiene (I1I) with these reagents,
employing conditions which give high yield of
mercury derivatives with the thiophene analogs.
wYWhen benzo-1,4-dithiadiene (III) was treated
with one equivalent of mercuric chloride in ethanol,
there was obtained a 799, yield of a monomercu-
rated derivative (m.p. 127-130°) which is thought
to be 2-chloromercuribenzo-1,4-dithiadiene (IV).
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Although the position of the attached chloro-
mercury derivative in IV was not established, it
was assigned the two position by analogy with other
electrophilic substitutions reported for benzo-1,4-
dithiadiene.® That the product IV still retained the
benzo-1,4-dithiadiene system intact was shown by
recovery of III in 909, yield when IV was treated
with hydrochloric acid and steam. The identity of
recovered ILI was established by comparison of its
ultraviolet spectrum with that of authentic III,
and by conversion of the recovered product into
2-nitrobenzo-1,4-dithiadiene (I) by nitration.

The reaction of I with mercuric acetate in ethanol
or in 509, aqueous acetic acid was more complex,
no pure products were obtained. When I was treated
with mercuric acetate in ethanol at room tempera-
ture, there was obtained an amorphous product
which partially decomposed on attempted re-
crystallization from ethanol with the formation of
free mercury. Elemental analysis of the high
melting insoluble products, obtained using a variety
of conditions, suggested that the expected products
were not present in significant amounts.

EXPERIMENTAL

Photodimerization of 2-nitrobenzo-1,4-dithiadiene. 2-Nitro-
benzo-1,4-dithiadiene (0.40 g., 1.89 m.moles, m.p. 105-107°)
was exposed to sunlight for 15 days, during which time the
color changed from red to light brown. The resulting brown
solid was extracted with several portions of benzene, and
the insoluble residue was discarded. The combined benzene
extract was evaporated, and the resulting light tan solid was
triturated with ethanol (two 1-ml. portions) to remove any
unchanged starting material. The remaining tan product
(0.358 g., 889, m.p. 168-170° dec.) was recrystallized from
ethanol giving 0.274 g. (69%,) of pale yellow needles melting
at 170.5-172°,

Anal. Ca,lcd. for ClsH1004S4N4: C, 4548, H, 239; N,
6.63. Found: C, 45.44; H, 2.52; N, 6.48.

(6) J. Volhard, Ann., 267, 172 (1892); W, Steinkopf and
A. Killingstad, Ann., 532, 288 (1937).

(7) F. Challenger and 8. A. Miller, J. Chem. Soc., 59,
893 (1937).

(8) W. E. Parham, T. M. Roder, and W. R. Hasek, J.
Am. Chem. Soc., 76, 4957 (1954).
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The ultraviolet absorption spectrum of this product, de-
termined in ethanol solution, showed 239 mu max. (e 25,300).
The infrared spectrum showed characteristicd NO, absorp-
tion at 1332 and 1553 cm. 1 These values compare with 235
mu max. (¢ 14,700), 285 mu max. (e 8030), and NO, absorp-
tion at 1320 and 1515 ¢m. Y, for the monomer I.

The molecular weight of the dimer was determined by the
freezing point depression method using benzene and nitro-
benzene as the solvent. The product was relatively insoluble
in benzene.

Caled. M.W, 422, Found (average of three determinations
each): in benzene, 448; in nitrobenzene, 406.

Ozidation of dimer with potassium permanganate. The oxi-
dation of the dimer (129 mg.), with subsequent conversion
of the resulting potassium benzene disulfonate to benzene-
o-disulfonyl chloride, was carried out by a procedure pre-
viously described using 2-nitrobenzo-1,4-dithiadiene.® The
vield of pure benzene-o-disulfonyl chloride (m.p. and mix-
ture m.p. 145-146°) was 52 mg. (319).

Chlomercuration of Benzo-1,4-dithiadiene. Mercuric chlo-
ride (1.80 g., 0.0076 mole) was added to a solution of benzo-
1,4-dithiadiene® (1.10 g., 0.0066 mcle) in 959, ethanol, and
the resulting solution was heated at the reflux temperature
for 1 hr. Water (35 ml.) was added to the cool reaction mix-
ture, and the resulting pale yellow solid (m.p. 125-130°
with previous softening at 100°) was recrystallized from
ethanol-water. The light vellow needles that resulted (2.10
g., 799% yield) melted at 127-130°.

Anal. Caled. for CiH;S,ClHg: C, 23.94; H, 1.26. Found:
24.23; H, 1.74.

Hydrolysis of 2-chloromercuribenzo-1,4-dithiadiene. A mix-
ture containing IV (0.919 g., 0.00229 mole), concentrated
hydrochloric acid (5 ml.), and water (20 ml.) was distilled
with steam. The yellow oil in the distillate was recovered
by ether extraction, and was shown to be benzo-1,4-dithi-
adiene (0.341 g., 90% yield, n%5’ 1.6706) by comparison of its
ultraviolet spectrum with authentie IT1® and by its con-
version into 2-nitrobenzo-1,4-dithiadiene (m.p. and mixture
m.p. 105-107°).

Reaction of benzo-1,4-dithiadiene with mercuric acetate.
(A) A solution of benzo-1,4-dithiadiene (1.00 g., 0.006 mole),
mercuric acetate (4.80 g., 0.0151 mole), glacial acetic acid
(5 drops), ethanol (30 ml.), and water (10 ml.) was heated
at the reflux temperature for 5 hr. It was noted that con-
siderable free mercury formed in the reaction. The mixture
of yellow amorphous solid and free mercury (3.35 g.) was
collected by filtration; the high melting (>300°) yellow
solid was insoluble in all common solvents employed, and no
method was found to remove all of the free mercury.

(B) A mixture identical to that described in A was heated
for 30 min, No free mercury was noted, and there was ob-
tained 1.78 g. of yellow solid. This material was insoluble in
all solvents tested, and it did not melt at 300°; however, the
material changed from orange to pink to brown durmg the
attempted melting.

Anal. Found: C, 13.61; H, 1.15.

(C) A solution of IIT (1.00 g., 0.0060 mole), mercuric
acetate (2.10 g., 0.0066 mole), glacial acetic acid (5 drops),
ethanol (50 ml.), and water (15 ml.) was allowed to stand
for 4 days at room temperature. The fine pale yellow solid
(1.01 g.) was isolated by centrifugation. This material
underwent a series of color changes, orange to pink to
brown, when heated, and melted at 212-214°,

Anal. Found: C, 16.72; H, 1.57.

Attempts to purify this material by recrystallization from
ethanol were unsuccessful because of its partial decomposi-
tion into free mercury.

(D) A mixture containing ITI (2. ()O g., 0.0120 mole), mer-
curic acetate (4.03 g., 0.0126 mole), and 509, aqueous acetic
acid (30 ml.) was stlrred for 5 hr. at 45~50° The resulting
gummy solid which precipitated was soluble in acetic acid;
however, when it was reprecipitated by the addition of
water, the resulting product was insoluble in all solvents
tried. A sample of this material was triturated with chloro-
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form, benzene, and finally twice with hot glacial acetic
acid. The light brown solid showed no change when heated
t2 300°.

Anal. Caled. for C;H,00,8,Hg,: C, 21.08; H, 1.47. Found:
C, 21.90; H, 0.90.
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Synthesis of Cycloheptatriene
H. E. WiNBERG
Received September 8, 1958

Several methods involving ring expansions are
available for the synthesis of 1,3,5-cycloheptatriene
(IT). In the classical route,’ the intermediate cyclo-
heptanone is obtained by ring expansion of cyelo-
hexanone. A more convenient preparation of cyclo-
heptatriene is the irradiation by ultraviolet light
of a solution of diazomethane in benzene.? In a
third synthesis,® the solvolysis of the methane-
sulfonate of bicyelo[3.2.0]hept-2-en-6-0l was found
to give a 509, yield of cycloheptatriene. More
recently, II has been obtained by the thermal
1somerization of bicyclo[2.2.1Theptadiene.*

A new two-step route to cycloheptatriene has
now been discovered. It involves the preparation
of 7,7-dichlorobicyclo[4.1.0]heptane (I), which can
be obtained in 599 yield from dichlorocarbene and
cyclohexene,® and its pyrolysis to a mixture of
cycloheptatriene and tolueme. At 500°, a 579,
yield of a mixture of toluene (65%,) and cyclo-
heptatriene (359,) is obtained. The resulting
solutions may be utilized to prepare derivatives of
II, including tropylium bromide and Diels-Alder
adduets.

CH,
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The effect of varying the temperature and resi-
dence time in the pyrolysis of I has not been ex-

(1) (a) R. Willstatter, Ann., 317, 204 (1901); (b) E. P.
Kohler, M. Tishler, H. Potter, and H. T. Thompson, J.
Am. Chem. Soc., 61, 1057 (1939).

(2) W. von E. Doering and L. H. Knox, J. Am. Chem.
Soc., 72, 2305 (1950); 73, 828 (1951); 75, 297 (1953); W.
von E. Doering and L. H. Knox, U.S. Patent 2,647,081
(1953).

3) (a) H. L. Dryden, Jr., J. Am. Chem. Soc., 76, 2841
(1954); (b) H. L. Dryden, Jr., and B. E. Burgert, J. 4m.
Chem. Soc., 77, 5633 (1955).

(4) (a) J. S. Chirtel and W. M. Halper, U.S. Patent
2,754,337 (1956); (b) Shell Chemical Corp., 50 West 50th
Street, New York 20, N. Y., Technical Information Bulle-
tin, Laboratory Preparation of Cycloheptatriene from Bicyclo-
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