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they exist as dithiolium salts in 709, perchloric acid,
but it appears that the addition of water, ethanol, or
reagents such as trifluoroacetic acid to the C-4-C-5
bond, as well as ring cleavage, may be facile and rever-
sible reactions.

Experimental'®

Phenacyl Dithiobenzoate.—Dithiobenzoic acid? (5.1 g.) in
ether (90 ml.) was neutralized by the addition of sodium ethoxide
solution (sodium, 0.76 g., to ethanol, 20 ml.). Phenacyl chloride
(5.1 g.) in ether (30 ml.) was added dropwise and the mixture re-
fluxed for 30 min. After the precipitated sodium chloride was
removed and the solvent was evaporated, the residue was re-
crystallized from ethanol (ten parts) to give phenacyl dithiobenzo-
ate as a brick red solid (compound 1, Table IT).

B-Keto N,N-Dimethyl- and N,N-Diethyldithiocarbamates.—
—Compounds 2-16, Table I, were prepared by the following
general method. The phenacyl or acetonyl halide (0.05 mole)
dissolved in a minimum of cold ether (or acetone) was added drop-
wise to a solution of the sodium N,N-dialkyldithiocarbamate
(0.055 mole) in ethanol (20 ml.) under reflux. After 30 min., the
solvent was removed in vacuo, the oily residue was washed with
water until crystallization occurred, and the ester was recrystal-
lized from ethanol.

2,4-Diphenyl-1,3-dithiolium Salts. Chloride.’*—Dry hydro-
gen chloride and hydrogen sulfide were passed simultaneously
into a chilled (0-5°) solution of phenacyl dithiobenzoate (0.68 g.)
in ether (50 ml.) for 3 hr. After a further 48 hr. at room tem-
perature, the pale yellow-green 2,4-diphenyl-1,3-dithiolium chlo-
ride (62%), m.p. 134-136°, was collected and recrystallized
from 3:1 ethyl acetate~ethanol mixture (56 parts) by the further
addition of ethanol (150 parts).

Anal. Caled. for C:H,CIS,: C, 61.95; H, 3.81; S, 22.05.
Found: C, 61.75; H, 4.0; S, 21.9.

Perchlorate. A.—709; Perchloric acid (5 ml.) was added to
phenacyl dithiobenzoate (0.5 g.) and the mixture gently was
heated on the steam bath until solution had occurred (1 min.).
The yellow-green product (74%;,) obtained on chilling the solation
was recrystallized from ethanol (220 parts) and had m.p. 207-
209°, lit.* m.p. 209-209.5°.

(18) All melting points were determined in soft glass capillaries using a
Mel-Temp heated-block apparatus and are corrected. Analyses were per-
formed by the Midwest Microlab, Inc., Indianapolis, Ind.

(19) F. Block, Compt. rend., 204, 1342 (1937).
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B.—The dithiolium chloride was dissolved in ethanol (ten parts)
and treated dropwise with 709, perchloric acid until precipitation
of the perchlorate was complete. Recrystallized as in A, the
product had m.p. 207-209°, undepressed on admixture with the
previous specimen,

2-Dimethylamino- and 2-Diethylamino-1,3-dithiolium Per-
chlorates.®—Compounds in Table I were prepared by the follow-
ing general method. The B-keto N,N-dialkyldithiocarbamate
(0.005 mole, ca. 1 g.) was dissolved in the minimum of 709, per-
chloric acid (usually one-three parts). In many instances, en-
suing heat of reaction was sufficient to cause dissolution; at other
times the mixture had to be warmed on the steam bath for up to
5 min. to complete the reaction. Dithiolium perchlorate was
obtained by chilling and triturating with cold water (three parts)
or ethyl acetate. Absolute ethanol was the usual solvent for re-
crystallization, but the exceptions in Table I should be noted.

Partially Deuterated 70%, Perchloric Acid.—Anhydrous per-
chloric acid® (62 g.) was diluted with 99.59, deuterium oxide to
100 ml. The excess heavy water was distilled until the tempera-
ture of the distillate reached the boiling point of the 709, azeo-
trope (203° at 760 mm.). The residual liquid was used, where
indicated, as a solvent for n.m.r. measurements and was free of
spectral detail until 570 cycles downfield from the tetramethyl-
silane reference.
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(20) The inherent danger of an explosion oceurring when organic com-
pounds are treated with perchloric acid required the conscientious use of
safety screens and face masks. No spontaneous explosions were experi-
enced with the compounds reported in this paper, but, in a related series,
two such accidents occurred while using the same experimental procedure.
For this reason, all reactions have been limited to relatively small quantities
and treated with the utmost care. Attempts were made, as part of a safety
program, to induce the 2-dialkylamino-1,3-dithiolium perchlorate deriva-
tives to explode by (a) heating above their melting point, (b} admixing
with 709, perchlorie acid and heating to dryness, and (c) mechanical grinding
with earborundum chips. Only 4-methyl-2-dimethylamino-1,3-dithiolium
perchlorate monohydrate (VI, R = CHzs) could be detonated and by b only.

(21) G. F. Smith, J. Am. Chem. Soc., T5, 184 (1953).
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The action of 709 perchloric acid on g-keto S-methyltrithiocarbonates and 8-keto O-ethyldithiocarbonates

is described. Dithiolium derivatives have been obtained from the trithiocarbonate intermediates.

The syn-

thesis of some 4-hydroxyl-1,3-dithiolium perchlorates from appropriate carboxymethyl, carbethoxymethyl,
and carbamidomethyl esters is also described, and the ultraviolet and nuclear magnetic resonance spectral

characteristics of these new compounds are discussed.

The reports*® of unsuccessful attempts to convert
B-keto O-ethyldithiocarbonates and 8-keto S-methyl-
trithiocarbonates into 1,3-dithiclium derivatives have
prompted us to try the use of 709, perchloric acid to
effect this ring closure. These conditions have re-
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(2) A portion of the work described is from the forthcoming Ph.D. thesis
of R. D. H.
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(4) D. Leaver and W. A, H. Robertson, Proc. Chem. Soc., 252 (1860).

(5) D. Leaver, W. A. H. Robertson, and D. M. McKinnon, J. Chem. Soc.,
5104 (1962).

cently been used with success in the synthesis of 2-
dialkylamino-1,3-dithiolium perchlorates.® In this
manner, phenacyl methyl trithiocarbonate (I, R =
CH,S; R’ = CsHs) and p-nitrophenacyl methyltri-
thiocarbonate (I, R = CH;8; R’ = p-NO,CsH,) were
converted smoothly into 2-methylthio-4-phenyl-1,3-
dithiolium perchlorate (Ila, R = CH,S; R’ = CgHs)
and 2-methylthio-4-(p-nitrophenyl)-1,3-dithiolium per-
chlorate (ITb, R = CH;S; R’ = p-NO,CsH.), respec-
tively, but no product could be isolated after acetonyl
methyltrithiocarbonate (I, R = CH;S; R’ = CH;) was
similarly treated.

(6) E. Campaigne and N. W. Jacobsen, J. Org. Chem., 29, 1703 (1964).
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UrtravioLeT AND N.M.R. DaTa

——N.m.r.? signals of substituents at

—
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TaBLE I
Compound Ultraviolet,® Amax mu (log &
IIa 373 (4.14), 282 (3.89), 240 (4.27)
IIb 368 (4.36), 315 (3.90), 268 (3.98), 232 (4.19)
IIc 367 (4.18), 275 (3.47), 244 (3.51)
11d 242 (4.19)
Ile 305 (4.20), 221 (3.29)
111 335 (4.14), 243 (4.03)°

C-2 C-4 C-5
6.72 2.97m 1.47
6.70 1.52d 1.27

2.02 4 (9)¢
1.90-2.32 m 2.07
6.22 5.08
6.60 4.80
1.75d 2.80
2.35d (9)¢

¢ Measurements were made in 709, perchloric acid except where otherwise indicated, using the Cary Model 14 recording spectropho-

tometer.
25°, using a Varian A-60 spectrometer operating at 60 Mec./sec.
relative to an internal tetramethylsilane reference.

the following abbreviations have been used: d = doublet, m = multiplet.

® Proton magnetic resonance spectra were determined in trifluoroacetic acid at concentrations between 6-89, w./v. at about
Chemical shifts are recorded on the frequency independent r-scale
Unless otherwise indicated, values refer to singlet absorptions; for multiple signals

° Spectra were measured in 95% ethanol. ¢ Spin-spin

coupling values (J) are in parentheses; values are in cycles per second measured on the 500-c.p.s. scale.

s CO—R’ *$—C—R’
V4 7
R—C —> R—C
AN N\
S—CH, S—CH
I II S—C—CGH4N02-p
e
S—CH
111

Ila, R = CHS; R’ = CeH;
b, R = CHaS; Rl = p-NOzCeHa

C, R = CeHs; R’ = OH
d,R = (CH;.N; R’ = OH
e R = CH; R’ = OH

The reaction of a series of 3-keto O-ethyldithiocarbon-
ates (I, R = OEt; R’ = p-NO,C¢H,, p-CICsH,, p-
BrCe¢H,, p-CH;CsH,, p-HOC:H,) with perchloric acid
was also investigated but much decomposition occurred
and in most cases no product was isolated. S-(p-Nitro-
phenacyl) O-ethyl dithiocarbonate, however, yielded an
insoluble product which was shown to be 2-oxo-4-(p-
nitrophenyl)-1,3-dithiole (IIT) on the basis of analysis
and infrared and n.m.r. spectroscopy.

Hitherto, such acid-catalyzed cyclizations of §-keto
dithio esters of type I (where R = alkyl, aryl, or dialkyl-
amino and R’ = alkyl or aryl) have been the most
convenient method for the synthesis of 1,3-dithiolium
salts*~8 but have restricted substituents in position 4 to
alkyl or aryl groups. In an attempt to introduce
other groups at this position of the hetero ring, we have
investigated the reaction of carboxymethyl (I, R’ =
OH), carbethoxymethyl (I, R’ = OEt), and carbamido-
methyl (I, R’ = NH,) dithio esters with perchloric
acid. Such esters of N,N«dimethyldithiocarbamic acid
all gave 2-dimethylamino-4-hydroxy-1,3-dithiolium per-
chlorate (II1d, R = (CH;):N; R’ = OH] in high yield.
This hydroxydithiolium perchlorate was found to be
stable in the crystalline state and in nonhydroxylic
solvents, but in water and ethanol it was converted
almost quantitatively back into its carboxymethyl and
carbethoxymethyl precursors, respectively. In a simi-
lar manner, carboxymethyl dithiobenzoate (I, R =
Ce¢Hs; R’ = OH) gave 4-hydroxy-2-phenyl-1,3-dithio-
lium perchlorate (Ile, R = CsH;; R’ = OH), and car-
boxymethyl methyl trithiocarbonate (I, R = CH,S;
R’ = OH) gave 4-hydroxy-2-methylthio-1,3-dithiolium
perchlorate (ITle, R = CH;S; R’ = OH). These per-
chlorates were even less stable than the dialkyl analogs,
but their decomposition produets are yet unknown.

The ultraviolet spectra of I1a, IIb, and IIc show the
long wave-length absorption which has been reported
for other alkyl and aryl analogs.¢ In contrast, how-
ever, I11d and ITe are optically transparent in this region
and, as well, show less of other spectral features (see
Table I). An explanation of this is seen from a com-
parison of the n.m.r. spectra of these compounds when
measured in 709, perchloric acid or in trifluoroacetic
acid. Those salts exhibiting the long wave-length
ultraviolet absorption (IIa, IIb, and IIc) showed the
lone C-5 proton signal at low-field strength (r 1.47,
1.27, and 2.07, respectively) in the region previously re-
ported for dithiolium hetero ring protons,® and so must
exist in form IV. The colorless dithiolium salts 11d and
ITe on the other hand showed no single proton signal in
this low-field region, but instead they each gave a signal
equivalent to two protons in the methylene region
(r 5.08 and 4.80, respectively). Clearly therefore, in
these solvents IId and Ile must exist predominantly
in the keto form, V.

r(@®) H Ny—CH,

v v

That the C-5 proton signal of IIa occurs at - 1.47
while the C-5 proton signal of IIb occurs downfield at
7 1.27 is attributed to the decrease in diamagnetic
shielding caused by the electron-withdrawing p-nitro
substituent. Variation of position of the methyl pro-
tons of these derivatives is slight (r 6.72 and 6.70,
respectively), indicating their closer proximity to the
positive charge and greater distance from the para
substituent.

Experimental’

2-Methylthio-4-phenyl-1,3-dithiolium Perchlorate (Ila).—
Phenacyl methyltrithiocarbonates (1 g.) was reacted with 709,
perchloric acid (3 ml.) at 100° for 5 min. The solution was
chilled and ethyl acetate (5 ml.) was added to yield IIa (93%,).
Recrystallized from 709, perchloric acid (three parts) by the addi-
tion of ethyl acetate (six parts), it had m.p. 126-127°.
Anal. Caled. for CeHsCl048;: C, 36.95; H, 2.8; S, 29.6.
Found: C, 37.0; H, 2.95; S, 29.5,

(7) All melting points were determined in soft-glass capillaries using a
Mel-Temp heated block apparatus and are corrected. Analyses were per-
formed by the Midwest Microlab, Inc., Indianapolis, Ind.
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TasLE I
PrEPARATION OF 8-KETO O-ETHYLDITHIOCARBONATES (1)
Analysis, %
-C H J
R’ % vield M.p., °C. Formula Caled. Found Caled. Found Caled. Found
p-BTCqu 85 81—82 CuHuBl‘OzSz 20 1 19.9
p-CH3CsH4 89 86-87 012H140282 56. 7 56.7 5.556 5.6 25.2 25.3
p-HOC¢H, 76 123-124 C1:H1:048, 51.5 51.6 4.7 4.8 25.0 24.8

2-Methylthio-4-(p-nitrophenyl)-1,3-dithiolium Perchlorate
(IIb).—p-Nitrophenacyl methyltrithiocarbonate (1 g.) and 70%
perchloric acid (1.5 ml.) were heated at 100° for 30 min. Addi-
tion of ethyl acetate (15 ml.) to the cooled solution gave IIb
(75%). After recrystallization from 709, perchloric acid (three
parts) by the addition of ethyl acetate (five parts), the heat-
gensitive material was dried at room temperature under high
vacuum and had m.p. 179-181°.

Anal. Caled. for CioHsCINOgS;: C, 32.5; H, 2.2; S8, 26.0.
Found: C, 32.5; H,2.0; 8, 26.0.

S-(p-Chlorophenacyl) O-Ethyldithiocarbonate.—A mixture of
potassium ethyl xanthate (8 g., 0.05 mole) and p-chlorophenacyl
chloride (9.5 g., 0.05 mole) in 509 ethanol (150 ml.) was heated
on s steam bath until solution was complete (15 min.). The
product (87%, m.p. 69-70°) which separated on cooling was re-
crystallized from n-hexane or ethanol.

Anal. Caled. for CH;:ClO:S:: C, 48.1; H, 4.0; S, 23.35.
Found: C, 48.3; H, 4.2; S, 23.3.

Other analogs prepared by this method are listed in Table II.

2-Oxo0-4-(p-nitrophenyl)-1,3-dithiole (IIT).—S-(p-Nitrophen-
acyl) O-ethyldithiocarbonate® (2 g.) in 70% perchloric acid (5
ml.) was warmed on a steam bath for 5min. III crystallized from
the hot solution as a yellow solid (73%,) and after recrystalliza-
tion from ethanol (150 parts) had m.p. 205-208°.

Anal. Caled. for CGH;NOsS,: C, 45.2; H, 2.1; S, 26.8.
Found: C, 45.3; H, 2.25; S, 26.6.

4-Hydroxy-2-phenyl-1,3-dithiolium Perchlorate (IIc).—Car-
boxymethyl dithiobenzoate® (1 g.) was heated with 709, per-
chloric acid (3 ml.) at 100° for 15 min. The solution was chilled
and ethyl acetate (3 ml.) was added to induce the product (79%)
to crystallize. Ilc, an unstable yellow salt, m.p. 129-132° dec.,
was recrystallized from 709, perchloric acid (two parts) by the
addition of ethyl acetate (three parts).

Anal. Caled. for CoH-CIOS,: C, 36.65; H, 2.4; S, 21.75.
Found: C, 36.65; H, 2.55; S, 21.5.

2-Dimethylamino-4-hydroxy-1,3-dithiolium Perchlorate! (I1d).
A.—Carboxymethyl N,N-dimethyldithiocarbamate!'? (0.5 g.)
was warmed with 709, perchloric acid (1 ml.) for 15 min. On
cooling, ethyl acetate (3 ml.) was added and the perchlorate
(989%) was collected. Recrystallized from 709, perchloric acid
(two parts) by the addition of ethyl acetate {20 parts), IId had
m.p. 172-173°.

Anal. Caled. for C:H;CINO;S,: C, 22.95; H, 3.05; S, 24.5.
Found: C, 23.1; H, 3.05; S, 24.2.

(8) W. E, Parham, E. T. Harper, and R. 8. Berger, J. Am. Chem. Soc.,
82, 4932 (1960).

(9) A. Kjaer, Chem. Abstr., 48, 6160 (1951).

(10) Integration of the n.m.r. spectrum revealed that, when dissolved in
709, perchloric acid or trifluoroacetic acid, this compound exists predomi-
nantly in the 4-oxo form.

(11) K. Bodendorf, Chem. Abstr., 24, 3221 (1930).

(12) K. A. Jenson, J. prakt. Chem., 189, 189 (1941),

(13) G. Nachmias, Ann. Chem., 7, 584 (1952).

B.—Carbamidomethyl N,N-dimethyldithiocarbamate® (1 g.)
and 709, perchloric acid (2 ml.) were heated at 100° for 1 min.
The product (95%) was isolated and recrystallized as above and
had m.p. 172° unchanged on admixture with IId (above).

C.—Carboethoxymethyl N,N-dimethyldithiocarbamate!1? (1
g.) and 709, perchloric acid (2 ml.) were heated at 100° for 5 min.
The product (98%, m.p. 172-173°) was also identical with the
perchlorates obtained by methods A and B.

Compound IId was unstable in water and alcohol. Recrys-
tallized from the former (ten parts), a quantitative yield of car-
boxymethyl N,N-dimethyldithiocarbamate (m.p. 149°1%12) was
obtained. Refluxed in ethanol and then recrystallized from 509
aqueous ethanol (six parts), IId was converted into carbethoxy-
methyl N,N-dimethyldithiocarbamate (m.p. 60-62°111%) in high
yield.

4-Hydroxy-2-methylthio-1,3-dithiolium Perchlorate? (Ile).—
Carboxymethyl methyltrithiocarbonate (1 g.) dissolved in 709,
perchloric acid (3 ml.) was heated on a steam bath for 3 min.
Crystallization of Ile (31%) was induced by chilling in a Dry Ice
and alcohol mixture and the addition of ethyl acetate (4 ml.).
The unstable product (m.p. 97-98°) was recrystallized from 709,
perchloric acid (three parts) by the addition of ethyl acetate
(five parts).

Anal. Caled. for C;H;ClO:S;: C, 18.15; H, 1.9; S, 36.35.
Found: C, 18.25; H, 2.1; S, 36.4.

Carboxymethyl Methyltrithiocarbonate.—Chloracetic acid
(10.6 g.) in ethanol (100 m!.) was added to a cold (0°) solution of
sodium methyltrithiocarbonate’ (0.115 mole) in ethanol (100 mi.).
After 1 hr. at room temperature, the precipitated salt was re-
moved and the solution was evaporated. An extract of the
residual oil in ether (100 ml.) was washed with water (10 ml.),
dried (magnesium sulfate), and evaporated to yield carboxy-
methyl methyltrithiocarbonate (249,). Recrystallized from n-
hexane (200 parts), it had m.p. 75-76°.

Anal. Caled. for C,HeO,S;: C, 26.35; H, 3.3; S, 52.75.
Found: C, 26.5; H, 3.3; S, 53.0.

Acetonyl Methyltrithiocarbonate.—Chloracetone (9.3 ml.) in
ethanol (100 ml.) was added to a solution of sodium methyltri-
thiocarbonate® (0.115 mole) in ethanol (100 ml.) at 0°. After
stirring for 1 hr. at room temperature, the mixture was poured
into water (300 ml.) and the product (53%,) was extracted with
ether and distilled (b.p. 109-110° at 1.5 mm.).

Anal. Caled. for C;H:O0S;: C, 33.3; H, 4.45;
Found: C,33.35; H,4.5; §, 53.5.

p-Nitrophenacyl Methyltrithiocarbonate.—p-Nitrophenacyl
bromide (12.2 g., 0.05 mole) suspended in ethanol (150 ml.) was
added with stirring to a solution of sodium methyltrithiocarbon-
ate? (0.05 mole) at —40°. The mixture was allowed to warm to
room temperature, stirred an additional 2 hr., and then poured
into water (1.5 1.). The yellow solid was collected (11.8 g.,
859%,) and recrystallized twice from alcohol, and melted at 100—
102°.

Anal. Caled. for CoHeNO:S;: C, 41.8; H, 3.2; 8, 33.5.
Found: C, 41.9; H, 3.0; 8, 33.5.

S, 53.35.



