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A solution of 434 mg. of VIII in 20 cc. of quinoline was
boiled for one hour with 420 mg. of copper chromite catalyst.
The solution was then filtered, poured into an ice-HCI mix-
ture and subjected to a continuous ether extraction; yield
302 mg., IX (85%). After two crystallizations from eth-
anol-water the m.p. was 98-99° (1it.16 98-99°). Reduction
of this ketone with an equal weight of 109, palladium-on-
carbon catalyst in hydrogen at normal pressure produced
1-methylfluorene, m.p. 85-86° (lit.17 87°).

Anal. 1.771 = 0.007 microcurie of carbon-14 per milli-
mole IX.

3-Methoxyfluorene (XI).—3-Methoxyfluorenone, which
was prepared by the procedure of Ullmann and Bleier,®
was reduced to 3-hydroxyfluorene with red phosphorus and
hydrochloric acid according to Lothrop’s’® method. 3-
Hydroxyfluorene (13.5 g.) was dissolved in 40 ml. of 109,
sodium hydroxide solution to which 15 g. of dimethyl sulfate
was added. The reaction mixture was stirred at room tem-
perature for three hours. The oily organic layer was ex-
tracted with ether and the ether was evaporated in a cur-
rent of air. The residue of 3-methoxyfluorene was crystal-
lized twice from ligroin; m.p. 101.0-101.5°. The yield was
13 g. (89%).

Anal. Caled. for CH2O: C, 85.7; H, 6.17. Found:
C, 85.5; H, 6.33.

3-Methoxy-9-fluorene-(carboxylic-C!¢) Acid (XII).—A
909, yield (1.21 g.) of the acid XII was obtained when 1.1
g. of 3-methoxyfluorene was treated with 28 ml. of triphenyl-
methylsodium solution and 0.056 mole of carbon-C!4 diox-
ide.8 The acid was crystallized twice from toluene; m.p.
190.3-191.2°.

Anal. Caled. for CsH120;: C, 75.0; H, 5.04. Found:
C, 74.8; H, 5.14; 1.27 microcuries of carbon-14 per milli-
mole of XII.

Methyl 3-Methoxy-9-fluorene-(carboxylate-Ct¢) (XIII).—
Esterification of the acid (XII) was accomplished by treat-
ing 0.718 g. of it with an excess of diazomethane in ether.
A quantitative yield (0.780 g.) of the ester (XII1) was ob-
tained. It was crystallized from ether; m.p. 108-109°.

(16) L. Chardonnens and H. Menert, Hely. Chim. Acta, 82, 2340
(1949).

(17) W. C. Lothrop and P*f A, Goodwin, THIS JOURNAL, 68, 365
(1943).

(18) F. Ullmann and H. Bleier, Ber,, 85, 4273 (1902).

(19) W. C. Lothrop, THis JOURNAL, 61, 2115 (1939).
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Anal. Caled. for CH1O;: C, 75.6; H, 5.55. Found:
C, 75.5; H, 5.40."

3-Methoxyphenanthrene-9,10-C!¢ (XV).—To a solution
of the carbinol XIV (0.652 g.) in 15 ml. of xylene was added
4 g. of phosphorus pentoxide. The mixture was heated at
reflux temperature for 15 minutes. Water was added to
the reaction mixture and the xylene solution was concen-
trated. A 93.59%, yield (0.556 g.) of oily XV was isolated.
It could not be caused to solidify.

‘3-Hydroxyphenanthrene-9,10-C,!4 (XVI).—The oily 3-

methoxyphenanthrene (XV) (0.556 g.) was heated under a
reflux condenser with 20 ml. of 5569 hydriodic acid for two
hours. The organic material was extracted with ether.
The ether solution was then extracted twice with 20 ml. of
49, sodium hydroxide solution to which a trace of sodium
thiosulfate had been added. Upon acidification of the basic
solution, a white flocculent precipitate of XVI separated.
This was extracted with ether and crystallized from light
petroleum ether; m.p. 120-121° (lit.? 122-123°). The
yield was 0.229 g. (44.2%). A mixed melting point of XVI
with a sample of 3-hydroxyphenanthrene prepared by the
method of May and Mosettig?! was not depressed.

Anal. 1.25 microcuries of carbon-14 per millimole of
XVI.

Oxidation of 3-Hydroxyphenanthrene-9,10-C,!¢ (XVI).—
A mixture of XVI (0.354 g.) and potassium permanganate
(2.5 g.) in 40 ml. of water was heated at reflux temperature
for one hour. Excess potassium permanganate was de-
composed with ethanol. The manganese dioxide was sepa-
rated from the aqueous solution and was washed with 10 ml.
of dilute sodium hydroxide. The basic solution was acidi-
fied and extracted continuously with ether for 24 hours.
After evaporating the ether, the crystalline residue remain-
ing was washed with chloroform. Impure phthalic acid
(XVII)(0.105g.)remained. This was converted to phthalic
dianilide (XVIII) and crystallized three times from ethanol;
m.p. 250-251° (lit.22 251-252°).
Anal. 0.030 microcurie of carbon-14 per millimole of
XVIII.

(20) P. A, S. Smith and B. Ashby, ¢bid., 72, 2503 (1950).

(21) E. L. May and E. Mosettig, J. Org. Chem., 11, 12 (1946).

(22) S. Hoogewerf and W. A. Van Dorp, Rec. trav. chim., 24, 343
(1902).
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Benzo-1,4-dithiadiene

By WiLLiaMm E. ParuaM, THoMAS M. RODER? AND WILLIAM R. HASEK
REeCEIVED DECEMBER 13, 1952

The synthesis and proof of structure of benzo-1,4-dithiadiene and benzo-1,4-dithiadiene disulfone are described. The

sulfur-containing ring in benzo-1,4-dithiadiene (V) has been shown to undergo electrophilic substitution reactions,

The

nitration of V gives a 2-nitrobenzo-1,4-dithiadiene (XI), and the reaction of V with N-methylformanilide and phosphorus

oxychloride gives benzo-1,4-dithiadiene-2-carboxaldehyde (XIV).

The dehydrogenation of benzo-1,4-dithiane constitutes

an alternate synthetic route to the benzo-1,4-dithiadiene ring system. Other reactions related to the stability of V are re-

ported.

In the first paper of this series,?® it was noted that
resonance interaction of the sulfur atoms may be
sufficient to impart considerable stability to the
1,4-dithiadiene ring system.?! Some evidence to

(1) This work was supported by the Office of Ordnance Research,
Army Ordnance Contract No. DA-11-022-ORD-571. )

(2) In part, from the Ph.D. Thesis of Thomas M, Roder, University
of Minnesota, 1952.

(8) W. E. Parham, I, Gordon and J. Swalen, THIS JOURNAL, T4,
1824 (1952). It is of interest to note that dioxadiene does not show
aromatic character; therefore it can be cuncluded that any unusual
stability of the 1 4-dithiadiene ring can be attributed to the ability of
sulfur to expand its valence shell.

(4) 1,4-Dithiadiene is the isostere of cycloSctatetraene;
unlike COT, the former may have a planar configuration,

however,

support this possibility was found in the work of
Levi® who, in 1890, reported that 1,4-dithiadiene un-
dergoes the Friedel-Crafts reaction with acid chlo-
ride and aluminum chloride—a reaction atypical of
aliphatic vinyl ethers and vinyl sulfides. We have
been unable to prepare 1,4-dithiadieneby theconden-
sation of thiodiglycolic acid and phosphorus trisul-
fide (Levi’s procedure); therefore, we have directed
our attention to other possible syntheses of the 1,4-
dithiadiene ring system, so that a detailed study
of the properties and reactions of compounds in this
series can be made. This paper is concerned with

(8) L. Levi, Chem. News, 62, 216 (1890).
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the synthesis, proof of structure and reactions of
benzo-1,4-dithiadiene.

The synthesis of benzo-1,4-dithindiene (V) was
accomplished by the series of reactions which are
summarized in the equations

—SH KOH (¢ )SCH.CH(OC.H,),
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The condensation of dithiocatechol with diethyl
bromoacetal was effected in an atmosphere of ni-
trogen, and the product (III) was converted, with-
out isolation, into 2-ethoxybenzo-1,4-dithiane (IV,
55% vield) by action of hydrogen chloride in ether.
The acetal, IV, was characterized by its conversion
into a molecular complex with 1,3,5-trinitrobenzene,
and by its ultraviolet and infrared absorption spec-
tra.

When the reaction of II with bromoacetal was
conducted in the presence of air, the product was
high boiling and had the composition calculated for
CyH3S40s.  This product, formulated as VI, was
apparently formed by air oxidation of III. The
2,4-dinitrophenylhydrazone (VII) obtained from VI
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was identical with the product obtained by the
acid hydrolysis of IV in the presence of 2,4-dinitro-
phenylhydrazine.

The conversion of IV into benzo-1,4-dithiadiene
(V) was accomplished in high yield by dealkoxyla-
tion in the presence of phosphorus pentoxide. The
dealkoxylation of IV occurred more readily than
the dealkoxylation of 2-methoxy-p-oxathiane® as
evidenced by: (1) shorter time required for dealk-
oxylation, and (2) formation of V when IV was
treated with hot 15%, hydrochloric acid. Benzo-
1,4-dithiadiene was obtained as a pale yellow-green
oil (b.p. 67-70° (0.1 mm.)) possessing a brilliant
green fluoresence in ultraviolet light. The unsatu-
rate could be stored without decomposition and dis-
tilled essentially unchanged (b.p. 220°) at atmos-
pheric pressure in an atmosphere of nitrogen.

Benzo-1,4-dithiadiene reacted with hydrogen
peroxide in glacial acetic acid to give the disulfone
X, and with hydrogen. in the presence of palladium
and charcoal to give the dihydro derivative VIII.
Reactions which constitute proof of structure of
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benzo-1,4-dithiadiene and the sulfone X are sum-
marized below.
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Pertinent to an understanding of the chemical
nature of the p-dithiadiene ring, was the knowledge
as to whether the benzene or sulfur-containing ring
in V undergoes substitution by electrophilic re-
agents. One might expect, in view of the known ori-
entation of substituticn in other heterocyclic sys-
tems, such as benzothiophene, that electrophilic
substitution in V would lead to products substituted
in the p-dithiadiene ring. When V was treated
with nitric acid in acetic acid, a single mononitro
derivative was formed. This product (m.p. 104-

S
HNO; C/ } KMnO4 /\—Soa’\a
CHzCOOH - TNaOH K/—so Na
N \S/\\O ¢
XI XIII
//\/S\
28
N
XI1I

105°) was observed to lose oxides of nitrogen when
exposed to light, a fact which suggested that the
structure of the product was XI, and not an isomer
(XII) with the nitro group in the benzene ring.
The structure of the nitro derivative was established
as 2-nitrobenzo-1,4-dithiadiene (XI) by oxidation
with alkaline permanganate. The product was so-
dium benzene-o-disulfonate (XIII), which was
characterized by conversion to benzene-o-disulfonyl
chloride.

The reaction of V with N-methylformanilide and
phosphorus oxychloride was studied (1) to confirm
the general orientation of electrophilic substitu-
tion in V, and (2) to furnish a product useful for
other proposed studies in the series. The Vilsmeier
reaction was effected according to the procedure
described by Weston and Michaels® and the crude
aldehyde was purified through its bisulfite addition
product. Benzo - 1,4- dithiadiene-2- carboxyalde-
hyde (XIV) was obtained as an orange oil in 429,
yield.

(6) Thianaphthene gives thianaphthene-3-carboxyaldehyde in 9%

yieid in the reaction: A. W. Weston and R. ]J. Michaels, Jr., THis
JournaL, 78, 1422 (1930).
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The aldehyde was characterized by its conversion
to the corresponding phenylhydrazone (unstable,
m.p. 139-140°) and oxime (m.p. 166-169°). The
structure of XIV was confirmed by its oxidation to
sodium o-benzenedisulfonate. »

Alkanes, alkenes and hydroaromatic compounds.

can be dehydrogenated with the appropriate cata-
lyst; however, low temperature dehydrogenations
using chloranil have only been reported for reac-
tions giving products which are stabilized by conju-
gation.” When benzo-1,4-dithiane (VIII) was
treated with chloranil in xylene at 140°, it was con-
verted into benzo-1,4-dithiadiene in 389, yield.
The product was identified by its ultraviolet and
infrared spectra,® and by its conversion into XI.

i
S
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Attempts to dehydrogenate VIII to V with sulfur at
200° were unsuccessful; however, subsequent ex-
periments established that the expected product, V,
was unstable under conditions used for the reac-
tions.

Other experimenfs were conducted to test the
stability of the A%-double bond of benzo-1,4-dithia-
diene. The distillable oil (about 809, recovery)
obtained after prolonged action of V and hot 2.5 N
hydrogen chloride in ethanol, was 879, unchanged
V and 139, 2-ethoxybenzo-1,4-dithiane. Attempts
to hydrolyze V in the presence of acid and 2,4-di-
nitrophenylhydrazine were unsuccessful.

Reactions of X, XI, XIV, and other derivatives
of V are currently being examined.

Experimental®

2-Ethoxybenzo-1,4-dithiane (IV).—Oxygen-free nitrogen
was swept through a 300-ml. flask and then dithiocatechol?
(20.0 g., 0.14 mole), absolute ethanol (150 ml.), potassium
hydroxide (9.27 g., 0.14 mole) and diethyl bromoacetal
(27.7 g., 0.14 mole) were added. The mixture was heated
at the reflux temperature for 1.5 hours in an atmosphere of
nitrogen. Anhydrous magnesium sulfate was added to the
cooled mixture to remove water and the solids were sepa-
rated by filtration. Most of the ethanol was distilled from
the filtrate (stream of nitrogen) and the residue was dissolved
in 200 ml. of anhydrous ether. The ethereal solution was
made just acidic with a saturated solution of hydrogen
chloride in ether, and an additional 2 ml. of the ethereal
hydrogen chloride was added. The acidic solution was
allowed to stand for 16 hours and solid sodium carbonate
was added until the solution was basic to moist litmus.
The mixture was poured into water, the ether layer was
separated, and the water solution was extracted twice with
ether. The combined ether solutions were dried and the
ether was removed. 2-Ethoxybenzo-1,4-dithiane (16.3 g.,
55% vield, »*Dp 1.6229) was collected at 124-125° (0.9
mm.), and had the following characteristic absorption in

(7) R, T. Arnold and C. J. Collins, Tuis JournAL, 61, 1407 (1939).

(8) M.p.’s and b.p.’s are uncorrected.

(9) Prepared from orthanilic acid by extensive modifications of the
combined procedures reported by A. F. Holleman, Rec. iray. chim., 40,
446 (1921), and T. Zinck; and O. Kruger, Ber., 48, 3471 (1912).

HEeTEROCYCLIC VINYL ETHERS:

BENZ0-1,4-DITHIADIENE 1649

the ultraviolet region®: A ?ﬁgf ethanol o4y 1, (E 18,800),
Amax 265 mu (E 5600).

Amnal. Caled. for C,0H1:0S8,: C, 56.57; H, 5.70. Found:
C, 56.80; H, 5.67.

IV (0.25 g.) was treated with 2,4-dinitrophenylhydrazine
according to the procedure described by Shriner and Fuson.!!
The solution was heated at the reflux temperature for 15
minutes and allowed to stand for two days. Orange crys-
tals (m.p. 126-134°) were separated mechanically from the
tarry product and recrystallized from ethyl acetate and
finally from ethanol. The product melted at 161.5-162.5°.

When dithiocatechol was allowed to react with diethyl
bromoacetal and potassium hydroxide in the absence of ni-
trogen the product was high boiling and was formulated as
VI.

Anal. Caled. for Co4H3:8:04: C, 55.99; H, 6.66. Found:
C, 56.00; H, 6.44.

The 2,4-dinitrophenylhydrazone of the disulfide (VII)
melted at 163.5-164.5° (from ethanol).

Anal. Caled. for CiH2NgOsS:: C, 46.27; H, 3.05;
N, 15.42, Found: C, 46.48; H, 3.53; N, 15.22.

A mixed melting point of this hydrazone and that ob-
tained from IV was 162-164°.

Reaction of 1,3,5-Trinitrobenzene with IV.—Trinitroben-
zene (0.25 g.) and IV (0.25 g.) were dissolved in ethanol
(15 ml.) and the solution was warmed for a few moments.
The solution was cooled and 0.44 g. of orange crystals (m.p.
102-103°) was collected. The product was recrystallized
from ethanol; m.p. 103.5-104°.

Amnal. Caled. for C15H1507N352: C, 4517,’ H, 355,
N, 9.88. Found: C, 45.40; H, 3.78; N, 9.82.

Benzo-1,4-dithiadiene (V).—The dealkoxylation of IV
was carried out in an atmosphere of nitrogen. A small
quantity (30 mg.) of phosphorus pentoxide was added to
15 g. (0.07 mole) of IV and the mixture was placed in an oil-
bath heated to 125°. The bath temperature was increased
to 170-175° and ethanol was collected in a cooled graduated
cylinder. The bath was maintained at 170-175° for two
hours during which time 2 ml. (75%) of ethanol was col-
lected. If the elimination of ethanol was unduly slow dur-
ing the heating period an additional 30 mg. of phosphorus
pentoxide was added. The reaction mixture was then dis-
tilled at reduced pressure (75-90° (0.1 mm.)). Redistilla-
tion of the distillate gave 8.5 g. (729, yield, »%p 1.6748-
1.6754) of V, boiling at 67-70° (0.1 mm.). A sample, n¥p
1.6754, had the following composition.

Amnal. Caled. for CHeS:: C, 57.79; H, 3.64; S, 38.57;
Mp 48.82. Found: C, 57.85; H, 3.73; S, 38.68; Mp
48.86; d®, 1.2799.

V has a yellow green fluorescence in visible light and a
brilliant green fluorescence in ultraviolet light. V had the
following characteristic absorption in the ultraviolet region:

A5 % ethanol o531, (E 16,800), shoulder A 262 mu (E 6450),

mmax
Amax 301 mu (E 810).

Reaction of 2-Ethoxybenzo-1,4-dithiane (IV) with Dilute
HCl.—A mixture containing 2.2 g. of IV, 15 ml. of water
and 10 ml. of concentrated hydrochloric acid was heated
to reflux for one hour, and then 20 ml. of distillate was col-
lected. The distillate contained 0.2 g. of oil which pos-
sessed a brilliant green fluorescence in ultraviolet light.
The product was shown to contain appreciable quantities
of V by determination of the ultraviolet spectra (strong
peak at 253 mu, smaller peak of undetermined origin at 233
mu). The oil remaining after the steam distillation was
not examined further.

Benzo-1,4-dithiane (VIII).—A solution of 24.4 g. (0.172
mole) of dithiocatechol and 32.3 g. (0.172 mole) of ethylene
bromide in 150 ml. of absolute ethanol was placed in a 500-
ml. three-necked flask equipped with a condenser, gas inlet
tube and dropping funnel. Oxygen-free nitrogen was
slowly passed through the flask and a solution prepared
from 12 g. (0.52 atom) of sodium in 200 ml. of absolute
ethanol was added to the refluxing solution over a period of
2 hours. The reaction mixture was refluxed for 18 addi-
tional hours without further nitrogen flow. Sodium bro-

(10) E = 0.D./C in (moles per liter) X 4 (in cm.).

(11) R. L. Shriner and R. C. Fuson, ”’The Systematic Identification
of Organic Compounds,” 3rd Ed., John Wiley and Sons, Inc., New
York, N, Y., 1948, p. 171.
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mide was removed by filtration and most of the alcohol was
evaporated under reduced pressure. The alkaline solution,
resulting from the addition of 300 ml. of water to the residue,
was extracted four times with ether. The ether solutions
were combined, washed with water and dried over magne-
sium sulfate. The ether was evaporated, and the residue
distilled through a small Vigreux column. Benzo-1,4-di-
thiane (19.8 g., 699, #%p 1.6713) was collected at 82.5-85°
(0.18 mm.) and had the following characteristic absorption

in the ultraviolet region: A257% ethanol 943 m, (F 22 300),
Mmax 273 mu (E 5340).

Anal. Caled. for CgHsS:: C, 57.10; H, 4.79. Found:
C, 57.07; H, 4.91.

The Disulfone of Benzo-1,4-dithiane (IX).—This was
prepared in the usual way from VII (0.2 g.) and H,0, (309,
1 g.) in glacial acetic acid (5 ml.). The crude sulfone (93%,
yield) melted at 271-272° and after three recrystallizations
from acetone the product melted at 269°.

Anal. Caled. for CiH0,S:: C, 41.37; H, 3.47. Found:
C, 41.50; H, 3.64.

Reduction of V.—A mixture containing V (0.5 g., 0.003
mole), methanol (150 ml.), sulfuric acid (1.4 ml.) and 4 g.
of 30% palladium-on-charcoal was agitated for one hour
under a pressure of 50 p.s.i. of hydrogen. The catalyst was
removed and sodium carbonate, sufficient to neutralize the
sulfuric acid, was added. The alcohol and salts were re-
moved and the residue was dissolved in 12 ml. of glacial
acetic acid. Hydrogen peroxide (2.5 g. of 30%,) was added
and 0.35 g. of benzo-1,4-dithiane disulfone was isolated;
m.p. and mixed m.p. 269°.

The Disulfone of Benzo-1,4-dithiadiene (X).—This was
prepared in the usual way from V (0.5 g., 0.003 mole) and
4.7 g. (0.041 mole) of 30% hydrogen peroxide in 7.5 ml.
of glacial acetic acid. The crude product weighed 0.5 g.
and melted at 188-202°. After several recrystallizations
from absolute ethanol the product melted at 221.5-222.5°.

Anal. Caled. for CH0:S:: C, 41.73; H, 2.63. Found:
C, 41.53; H, 2.60.

The reduction of X was effected in absolute ethanol using
30% palladium and charcoal as a catalyst. A pressure of
45 p.s.i. of hydrogen and a reaction time of 2.5 hours were
employed. The product melted at 270.5° and did not de-
press the melting point of IX.

Nitration of V.—A solution containing 2.6 g. (0.156 mole)
of V in 10 ml. of glacial acetic was cooled to 18°, and 1.67
ml. of dilute nitric acid (25 ml. of solution prepared from
glacial acetic acid, 709, nitric acid (18.3 ml.) and urea (0.5
g.)) was added dropwise. The mixture was poured onto
200 g. of ice and the resulting mixture was allowed to stand
for several hours. The dry product (1.52 g., 469, yield)
melted at 102-106°. The nitro derivative was recrystal-
lized from petroleum ether (60-80°) or aqueous ethanol and
was obtained as long red needles melting at 104.5-105.5°.

Anal. Caled. for CgH:S:0.N: C, 45.48; H, 2.39; N,
6.63. Found: C, 45.60; H, 2.65; N, 6.68.

Ozxidation and Proof of Structure of 2-Nitrobenzo-1,4-
dithiadiene (XI).—A mixture of XI (0.6 g.), 50 ml. of 57
aqueous potassium permanganate and 1 ml. of 109, sodium
hydroxide was heated at the reflux temperature for five
hours. The excess permanganate was decomposed with
ethanol and the clear solution, obtained by filtering the
mixture, was boiled to dryness. The residue (1.9 g.) was
ground with 5 g. of phosphorus pentachloride. Phosphorus
oxychloride (5 ml.) was added to the mixture of XIII and
phosphorus pentachloride and the resulting mixture was
heated at 130° for four hours, and then poured onto ice and
water. The mixture was stirred until the phosphorus oxy-
chloride was destroyed and the resulting solid was collected
and recrystallized from benzene—petroleum ether. The
product (white needles) melted at 143-144° and did not de-
press the melting point of an authentic sample of benzene-o-
disulfonyl chloride (m.p. 143-144°). The X-ray diffrac-
tion!? pattern of the product and of an authentic sample of
benzene-o-disulfonyl chloride confirmed the identity of the
two samples.

The reaction V with N-methylformanilide and phosphorus
sxychloride was carried out according to the procedure de-
scribed by Weston and Michaels.® The tarry material, ob-

(12) The samples were run as powders using a General Electric
XRD-3 unit with Geiger counter recording.
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tained when the product from 4.5 g. of V was poured into
water, was extracted with ether (200 ml.) and with chloro-
form (200 ml.). The volume of the combined neutral ex-
tracts was concentrated to about 20 ml., and 40 ml. of satu-
rated sodium bisulfite was added. The precipitate (12.44
g.), containing the bisulfite adduct, was washed with ether
and decomposed with aqueous potassium carbonate. The
aldehyde was obtained as an orange oil in 429, yield (2.2
g.). A small quantity was distilled at low pressure with no
change in color. The index of refraction of XIV was
greater than 1.7. XIV showed the following absorption in

the ultraviolet region: )\?fﬁ’ ethanoloz) oy (E 14,300), Amin

249 my (E 5,150), broad absorption band from A 210-233 my

(E 10,700-11,150).
Anal. Caled. for GHOS:: C, 55.65; H, 3.11.
C, 55.58; H, 3.39.

A yellow oxime was prepared from XIV which, after re-
crystallization from ethanol, melted at 166-169°.

Anal. Caled. for CH;S;NO: C, 51.65; H, 3.37; N,
6.69. Found: C, 51.96, §1.52; H, 3.51, 3.50; N, 6.62.

XIV gave a yellow phenylhydrazone which, after recrys-
tallization from ethanol, melted at 138.8-139.4°. This
product was unstable, as evidenced by the rapid change of
color and melting point.

Anal. Caled. for C;3;H;28:Ne:
Found: C, 63.74; H, 4.48.

The oxidation and proof of structure of XIV was carried
out as described for XI. The benzene-o-disulfonyl chloride
obtained from (.64 g. of XIV weighed 0.5 g., and melted at
143-144°.

The reaction of VIII and sulfur at 200° resulted in the
formation of hydrogen sulfide, tar and a green fluorescent
liquid (54%) composed chiefly of unchanged VIII (Amax 243
mg). When the reaction was carried out at 230-240°, the
distillable oil contained VIII, and an unidentified product
having an absorption maximum at 235 mu. It was subse-
quently shown that V decomposes in air at temperatures
higher than 200°.

Dehydrogenation of VIII with Chloranil.—A mixture of 3
g. (0.018 mole) of VIII, 5 g. (0.02 mole) of chloranil and 9
ml. of o-xylene was heated at the reflux temperature for 20
hours. The product was processed in the usual way,” and
two arbitrary fractions were collected: (1) 0.46 g. boiling
at 75-79° (0.22 mm.), and (2) 0.83 g. boiling at 79° (0.22
mm.). Both fractions possessed the green fluorescence in
ultraviolet light typical of V.

The ultraviolet absorption spectrum of fraction 1 (Amax
253 mu) was nearly identical to that of pure V. Fraction 2
exhibited a broad maximum at 248 my which is between the
maxima of V and VIII.!¥ The equation, OD = GE; +
C:E;, was solved for Cy and Cs, and fraction 2 was found to
contain 76-81%, of V.14

The infrared spectra of fractions 1 and 2 were determined
on the undiluted liquids. Quantitative analyses made from
the curves were less accurate than those obtained from the
ultraviolet spectra; however, the results were in fair agree-
ment. The infrared analysis indicated that fraction 1 was
85 % 5%, V, and fraction 2was 62 &= 15%, V.

The yield of V was, therefore, approximately 379, based
on the quantity of VIII employed. The presence of V was
confirmed by its conversion to XI (m.p. and mixed m.p.
104.5-105°).

Reaction of V with Ethanol and Hydrogen Chloride.—A
mixture containing 2 g. of V (#%p 1.6764), 5 ml. of dry eth-
anol and 2 drops of 7.5 N hydrogen chloride in ethanol was
allowed to stand at room temperature for three days. The
mixture was then heated to reflux for five minutes and neu-
tralized with sodium ethoxide. Distillation of the residue
gave 1.56 g. (n%Dp 1.6769) of unchanged benzo-1,4-dithiadi-
ene. The infrared spectum of the recovered product was
identical to that of the starting material.

A mixture containing 2.5 g. of V (»%D 1.6764) and 15 ml.
of 2.5 N hydrogen chloride in ethanol was heated at the re-
flux temperature for four hours, and processed as described
above. The distillate (2 g.) was fractionated and four frac-

Found:

C, 63.34; H, 4.25.

(13) A synthetic mixture of V and VIII possessed a similar
spectrum.

(14) A plot of the equation OD/E; = Ci1 + (E:Cy/E1) was a straight
line, showing that the mixture was binary. The slope and intercept
of the line gives C1 and Cs.
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tions were collected (n%p 1.6716—1.6493). Fractions 1-3
contained principally unchanged starting material. The
infrared spectrum of fraction 3 was identical to that of the
starting material. Analysis of the ultraviolet spectra of V,
2-ethoxy-1,4-benzodithiane, and fraction 4 revealed that
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fraction 4 had a composition!? corresponding to 579, V and
439, 2-ethoxy-1,4-benzodithiane. Thus, the yield of re-
covered V was 877, of the distillable liquid.
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Side-chain Sulfonation of Phenylalkanoic Acids!

By WrLLiaM E. Truce aAND CecIL E. OLsoN
RECEIVED NOVEMBER 8, 1952

Several w-phenylalkanoic acids have been directly sulfonated to «a-sulfo-w-phenylalkanoic acids.
reacts abnormally, undergoing cyclization as well as sulfonation.

w-Phenylbutyric acid
a-Phenylbutyric acid can be sulfonated by this method,

but only in poor yield. Diphenylacetic acid and a-cyclohexylphenylacetic acid do not react with dioy.(ane sulfur trioxide
under the conditions employed. A possible explanation for the unreactivity of these acids and a mechanism for the sulfona-

tion reaction is suggested.

The direct sulfonation of phenylalkanoic acids
has been reported to result in nuclear sulfonation
only. Phenylacetic acid has been sulfonated with
concentrated sulfuric acid,? chlorosulfonic acid® and
sulfur trioxide! to give o- and p-sulfophenylacetic
acids. Analogous results have been obtained with
B-phenylpropionic acid.?

Recently, acetophenone has been sulfonated with
dioxane sulfur trioxide to give w-acetophenonesul-
fonic acid in good yield.® In view of some struc-
tural similarity, it seemed of interest to employ this
reagent with phenylalkanoic acids in the attempt to
achieve side-chain sulfonation. This paper re-
ports on the reaction of phenylalkanoic acids with
dioxane sulfur trioxide leading to a-sulfo-w-phenyl-
alkanoicacids ingood yield. Phenylacetic acid, 8-
phenylpropionic acid and w-phenylcaproic acid were
converted by this reagent to phenylsulfoacetic acid,
B-phenyl-a-sulfopropionic acid and w-phenyl-a-
sulfocaproic acid, respectively.

The mechanism for the side-chain sulfonation of
phenylalkanoic acids with dioxane sulfur trioxide is
probably related to the mechanisms proposed for
the acid-catalyzed bromination’ and the sulfona-
tion® of ketones.

CsHs—CchHzcooH + D:SOa -

[S)
080,
Cells—CH.CH.C :—-) CeH;CH,CH,CO:SO:H
OH
= B o OSOH
050, CeH;,CH,C—C
GHCHCHG | | <= o2
\OH ¢
" ,COOH 0SO,H
CHCHCH a0 DiSOs C6H5CH2[C=C\
SO.H i OH |

where D = dioxane

(1) Presented at the Atlantic City Meeting of the American Chemi-
cal Society, September 15, 1952.

(2) J. Hausman, German Patent 289,028; Chem. Zenir., 87, 104
(1916).

(3) J. Stewart, J. Chem. Soc., 121, 2555 ' 1922).

(4) J. Brust, Rec. trav. chim., 47 153 (1928).

(5) J. B. Senderens and J. Abouienc, Compt. rend., 186, 1497 (1928).

(8) W. E. Truce aad C. C. Alfieri, THIS JOURNAL, 73, 2740 (1950).

(7) L. P. Hammett, ’PHysical Organic Chemistry,” McGraw—Hill
Book Co., Inc., New York N. Y,, 1840, p. 96.

The first step involves polarization of the car-
boxyl group by codrdination with sulfur trioxide.
This is followed by the loss of an a-hydrogen
to a sulfate ion, dioxane or other Lewis base,
giving rise to an active enolate-type intermediate,
which would be attacked by the reagent to give
the product.

The fact that diphenylacetic acid did not react
with dioxane sulfur trioxide can be explained on the
basis of steric factors. In the Fisher—Hirschfelder
molecular model of ea-sulfodiphenylacetic acid,
before the sulfur trioxide group can be attached to
the a-carbon, the two phenyl rings must be turned
to specific positions. Even then, the entering
group must be oriented in a certain manner before
it can be connected. These special requirements in
orientation of the two reacting groups would hinder

- the reaction.

To determine whether an electronic effect is also
operative in determining the unreactivity of di-
phenylacetic acid, a-cyclohexylphenylacetic acid
was considered. In this molecule a cyclohexyl
group replaces a phenyl radical and results in
greater steric hindrance at the a-carbon than in di-
phenylaceticacid. However, the electronic effect of
the cyclohexyl group is such that the resulting inter-
mediate would be even more susceptible to attack at
the a-carbon by an electrophilic agent. a-Cyclo-
hexylphenylacetic acid did not react with dioxane
sulfur trioxide, the unchanged acid being recovered
nearly quantitatively. These results demonstrate
the importance of steric hindrance by phenyl and
cyclohexyl substituents at the a-carbon in the sul-
fonation reaction.

Related results were obtained in the sulfonation
of a-phenylbutyric acid. On the basis of Fisher-
Hirschfelder models, this compound should be sub-
ject to nearly the same steric hindrance toward
sulfonation as diphenylacetic acid, but would have
the electron-supplying ethyl group in place of one
of the phenyl groups. Treatment of this acid with
dioxane sulfur trioxide gave sulfonation but in poor
yield (14-209,). More than half of the unreacted
acid was recovered in each reaction.

Sulfonation of y-phenylbutyric acid with dioxane
sulfur trioxide produced B-sulfo-a-tetralone and a
small amount of +-phenyl-a-sulfobutyric acid.



