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The reaction of phthaloyl dichloride with potassium O-alkyl xanthates gave rise to the corresponding un-
symmetrical phthaloyl dixanthates. Treatment of phthaloyl dichloride with dithiocarbamates, on the other
hand, gave the symmetrical bisdithiocarbamic anhydrides. Photolysis of unsymmetrical phthaloyl dixanthates
in benzene solution gave chiefly {rans-biphthalyl, whereas symmetrical phthaloic bisdithiocarbamiec anhydrides
gave a mixture of trans-biphthalyl and the corresponding thiuram disulfides. No benzocyclobutenedione could
be isolated from these runs. The thermal decomposition of unsymmetrical phthaloyl dixanthates yielded a
mixture of several produets, consisting of trans-biphthalyl, thiophthalic anhydride, carbonyl sulfide, and the

corresponding 0,8-dialkyl xanthates.

Photolysis of acyl xanthates are reported to give
rise to the corresponding alkyl xanthates.? It has
been shown that in these reactions the CO-8 bond
of the acyl xanthates undergoes homolytic fission giving
rise to acyl and xanthate radicals. These acyl radicals
are decarbonylated at appropriate temperatures to give
alky] radicals which then combine with xanthate rad-
icals giving rise to the corresponding alkyl xanthates.
By taking advantage of the fact that primary acyl
radicals are decarbonylated only slowly, it has been
possible to synthesize o diketones through the photoly-
sis of the corresponding xanthates. Thus, the photolysis
of di-O-ethyl S,S-glutaryl xanthate, for example, has
been shown to give a satisfactory yield of eyclopentane-
1,2-dione.? As aroyl xanthates are also reasonably
stable at room temperatures, we argued that the photol-
ysis of a xanthate such as symmetrical di-O-alkyl
S,8-phthaloyl dixanthate (IV) should lead to the for-
mation of benzocyclobutenedione, through the intra-
molecular coupling of the intermediate aroyl radical,

Acyl and aroyl xanthates are conveniently prepared
by the treatment of potassium O-alkyl xanthates with
the corresponding acid chlorides in acetone solution
at low temperatures.? In a preliminary communica-
tion,® we have shown that the reaction of potassium
O-ethyl xanthate with phthaloyl dichloride in acetone
solution does not give rise to the expected symmetrical
di-O-ethyl S,S-phthaloyl dixanthate (IVb), but the
unsymmetrical phthaloyl dixanthate (VIb) (Scheme
I). In the present investigation, we have examined
the reactions of several potassium alkyl xanthates with

(1) To whom correspondence shoud be addressed.

(2) D. H. R. Barton, M. V. George, and M. Tomoeda, J. Chem. Soc.,
1967 (1962).

(3) A.Shah, 8, N. Singh, and M. V. George, Tetrakedron Lett,, 3983 (1968).
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symmetrical phthaloyl dichloride (I) with a view to
studying the nature of the products formed in these
cases.

Treatment of potassium O-methyl xanthate with I
in ether solution around 0° gave a 789, yield of a
product, identified as unsymmetrical di-O-methyl S,8-
phthaloyl dixanthate (VIa), mp 120°. The identity
of this product was confirmed on the basis of analytical
results and spectral data. The infrared spectrum of
Vlia showed a carbonyl absorption at 1780 ¢m—?, char-
acteristic of y-lactones. The nmr spectrum of Vla
showed a multiplet centered around r 2.86 (4 H)
due to the phenyl protons and a singlet at 7 6.31
(6 H) due to the methoxyl protons. The multiplet
due to the aromatic protons showed a characteristic
ABCD pattern, as would be expected for the unsym-
metrical structure VIa. Further evidence concerning
the unsymmetrical structure VIa for this xanthate was
derived from its conversion to phthalide, on treatment
with Raney nickel.

The reason why the unsymmetrical phthaloyl di-
xanthate VIa is formed from the reaction of I with
potassium O-methyl xanthate was not very apparent,
Knapp* had reported that an unsymmetrical diphenyl
dithiolphthalate is formed when I is treated with a
mixture of phenyl thiolacetate and anhydrous alu-
minum chloride. The formation of the unsymmetrical
isomer has been explained in terms of the reaction
of the unsymmetrical phthaloyl dichloride (II), which is
assumed to be formed from I, under the influence of
aluminum chloride.’ However, it is very doubtful that

(4) W. Knapp, Monatsh. Chem., 58, 176 (1931); Chem. Abstr., 26, 436
(1932).

(3) E. Ott, ““Organic Syntheses,”’ Collect. Vol. II, A, H, Blatt, Ed., Wiley,
New York, N. Y., 1943, p 528,
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in the reaction of I with potassium O-methyl xanthate,
the acid chloride is undergoing isomerization to the un-
symmetrical derivative, especially in the absence of any
catalyst such as aluminum chloride. A more probable
explanation for the formation of VIa is indicated in
Scheme I. In this scheme, we assume that the alkyl
xanthate reacts with I to give the symmetrical di-O-
methyl S,S-phthaloyl dixanthate (IVa), which under-
goes an intramolecular rearrangement to the unsym-
metrical isomer VIa, through the bieyelic 3,2,1 transition
state V.6 With a view to finding out whether the sym-
metrical dixanthate IVa is initially formed in the reac-
tion, as shown in Scheme I, we have examined the ab-
sorption gpectrum of the product mixture, soon after
mixing together the symmetrical phthaloyl dichloride
and potassium O-methyl xanthate in a 1:2 ratio in ether
solution around 0°. The absorption spectrum was
characterized by the presence of two maxima at 288 mu
(¢ 19,700) and 394 (70), respectively. Of these, the
weak absorption around 394 myu is characteristic of
all acyl and aroyl xanthates containing the C(=0)SC-
(=S)OR chromophore.? It was further observed that
the absorption maximum at 394 mu of a freshly formed
solution of the dixanthate IVa disappeared after a
few hours, and a new absorption maximum was ob-
served at 364 mu (e 95), characteristic of the unsym-
metrical dixanthate VI.* These findings are in support
of the view that the symmetrical dixanthate IVa is

(8) For some examples of reactions in which such bieyclic 3,2,1 transition
states have been suggested, see (a) M. 8. Newman and C. Courduvelis
J. Amer. Chem. Soc., 86, 2942 (1964); 88, 781 (1966); (b) M. 8. Newman,
N. Gili, and B. Darre, J, Org. Chem., 81, 2713 (1966).

actually formed at first, which then rapidly isomerizes
to the unsymmetrical derivative Vla.

Our next objective was to examine the reaction of
II with potassium O-methyl xanthate, with a view
to studying the mode of this reaction. Treatment
of an acetone solution of II with excess of potassium
O-methyl xanthate around 5° gave a 709 yield of
the unsymmetrical dixanthate VIa. The formation
of VIa could be by the attack of the nucleophile on
the earbonyl carbon (path a) or by a direct displace- -
ment on the carbon atom, attached to the chlorine
atoms (path b), as shown in Scheme I, With a view
to distinguishing between these two possible modes
of reactions, we have examined the uv spectrum of
the product mixture, immediately after mixing to-
gether II and potassium O-methyl xanthate in a 1:2
ratio in ether solution. If the reaction is proceeding
through path a, then one would expect the initial for-
mation of the symmetrical dixanthate IVa, which
can be characterized by the absorption maximum at
394 mu.? On the other hand, if path b is the preferred
mode, then one would expect the formation of Vla
directly. The uv spectrum of an ether solution of
the product mixture, on treatment of Il with po-
tassium O-methyl xanthate, showed an absorption maxi-
mum at 394 mu (e 94), indicating thereby that the
symmetrical dixanthate ITa is initially being formed
in this reaction, which then undergoes thermal iso-
merization as shown in Scheme I.

With a view to finding out whether the symmetrical
dixanthates of type IV (Scheme I) can be stabilized
by changing the alkyl substituent on the xanthate,
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we have examined the reactions of I with different
O-alkyl xanthates. Treatment of I with potassium
O-n-propyl xanthate, for example, gave a 509, yield
of di-O-n-propyl S,8-phthaloyl dixanthate (VIc), mp
81-82°., The same dixanthate was obtained in a 609,
vield, on treatment of the unsymmetrical phthaloyl
dichloride with potassium O-n-propyl xanthate. Simi-
larly, the reactions of I with potassium O-n-butyl
xanthate and potassium O-benzyl xanthate gave in
each case the corresponding unsymmetrical dixanthates
VId and Vle, respectively, in yields ranging between
65 and 829,. Both the unsymmetrical dixanthates
VId and VIe were also obtained in 66 and 709, vields,
respectively, when IT was treated with the correspond-
ing potassium O-alkyl xanthates.

In our further efforts at preparing the symmetrical
dixanthates of type IV, we have examined the re-
actions of I with a few dithiocarbamates. The reaction
of I with pyrrolidinedithiocarbamate, for example,
gave a 689, yield of a product, mp 140-141°, identified
as symmetrical phthaloic bis(pyrrolidinedithiocarbamic
anhydride) (IXa) (Scheme II). The identity of IXa
was confirmed on the basis of analytical results and
spectral data. The infrared spectrum of IXa showed a
characteristic absorption band at 1675 em~! due to
the C=0 group and a band at 1471 em~! due to
the C=8 group. The ultraviolet absorption spectrum
of IXa was characterized by two absorption maxima
at 290 my (e 31,100) and 410 (400). The absorption
characteristics of IXa are quite similar to those of
the analogous benzoic piperidinedithiocarbamic an-
hydride.” The nmr spectrum of IXa showed two broad

(7) E. H. Hoffmeister and D. 8, Tarbell, Tetrahedron, 21, 35 (1965).

singlets at  7.83 (8 H) and 6.1 (8 H). Of these,
the peak at 7 7.83 is assigned to the methylene protons
away from the nitrogen atoms, whereas the one at =
6.1 is due to the methylene protons adjacent to the
nitrogen atoms of the pyrrolidine rings. The aromatic
protons appeared as a multiplet centered around ~
2.31 (4 H), characteristic of an A;B, system.

Further evidence concerning the symmetrical struc-
ture for IXa was derived by its conversion to o-phthal-
aldehyde, on treatment with Raney nickel.

In the formation of the unsymmetrical dixanthate
VIa from the reaction-of I and potassium O-methyl
xanthate, we had suggested that initially the sym-
metrical dixanthate IVa is being formed which then
isomerizes to VIa. It would be reasonable therefore
to assume that the symmetrical phthaloic bis(pyr-
rolidinedithiocarbamic anhydride) (IXa)- should also
be capable of undergoing thermal isomerization to
an unsymmetrical derivative. Refluxing a solution of
IXa in dry benzene for 1 hr gave a 709, yield of a
product, mp 161-162°, and identified as unsymmetrical
phthaloic  bis(pyrrolidinedithiocarbamic) anhydride
(XIa). The identity of XIa was confirmed on the
basis of analytical data and spectral evidences. The
infrared spectrum of XIa showed a strong absorption
band at 1786 em~' due to the C=O group present
in a y-lactone ring.

The uv spectrum of XIa was characterized by the
presence of two absorption maxima at 284 mu (e 14,900)
and 330 (90). The nmr spectrum of XlIa showed
two broad singlets at 7 7.82 (8 H) and 6.36 (8 H),
due to the methylene protons of the pyrrolidine rings.
The aromatic protons appeared as a multiplet centered
around = 2.52 (4 H) and characteristic of an ABCD
pattern.
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The transformation of the symmetrical phthaloic
bis(pyrrolidinedithiocarbamic anhydride) (IXa) to the
unsymmetrical isomer XIa may also be proceeding
through a bicyelic 3,2,1 transition state (X) as shown
in Scheme II. By taking advantage of the fact that
IXa shows a characteristic absorption band around
410 my, it has been possible to study the kinetics
of the isomerization of IXa spectrophotometrically.
Table I summarizes the rate data for three different

TasLr I
FirsT-OrDER RATE CONSTANTS
FOR THE IsoMERIZATION oF IXa 10 Xla

Temp,

Solvent °C k1 (sec™1)
Benzene 40 2,18 X 10-8
Benzene 45 4.63 X 1078
Benzene 50 6.55 X 108

temperatures, 40, 45, and 50°. These results show
that the isomerization of IXa to XIa obeys the first-
order rate law and the value for AH, = 22 keal mol?,
The calculated entropy of activation at 50°, AS;e =
—9.7 eu, suggests an ordered transition state for the
isomerization of IXa, in agreement with the suggested
mechanism,

Our next objective was to study the reaction of
the unsymmetrical phthaloyl dichloride (IT) with amine-
dithiocarbamates with a view to understanding the
mode of these reactions. Treatment of an acetone
solution of II with pyrrolidinedithiocarbamate gave a
609 of the symmetrical phthaloic bis(pyrrolidinedi-
thiocarbamic anhydride) (IXa). The formation of the
symmetrical isomer IXa in this reaction clearly in-
dicates that the preferred mode of attack of the nu-
cleophile is on the carbonyl carbon of II and not
on the carbon atom attached to the halogen atoms
(Scheme II). This is analogous to the reaction of
O-alkyl xanthates with IT proceeding through path a,
as shown in Scheme I.

In continuation of our studies, we have examined
the reactions of a few other aminedithiocarbamates
with both I and II. The reactions of I with piperidine-
dithiocarbamate, dimethylaminedithiocarbamate, and
diethylaminedithiocarbamate gave the corresponding
symmetrical phthaloic aminedithiocarbamic anhy-
drides IXb, IXc, and IXd in yields ranging between
50 and 769, Symmetrical phthaloic aminedithiocar-
bamic anhydrides IXa and IXb were also obtained
when Il was treated with the corresponding amine-
dithiocarbamates,

It was mentioned earlier that the symmetrical phthal-
oic bis(pyrrolidinedithiocarbamic anhydride) (IXa)
undergoes isomerization to the unsymmetrical de-
rivative XIa on refluxing in benzene solution for 1
hr. Our attempts at bringing about similar isomeriza-
tions of the symmetrical phthaloic aminedithiocarbamic
anhydrides IXb, IXec, and IXd to the corresponding
unsymmetrical derivatives were, however, unsuccess-
ful. In each case, the compound decomposed with
the loss of carbon disulfide to the corresponding phthal-
amide, as shown in Scheme III. Thus, on refluxing, a
benzene solution of IXb for 1 hr gave a 909, yield
of phthaloyl dipiperidide (XITb).® Similarly, IXc and

(8) TFor an earlier report on the thermal decomposition of IXb, see J. von
Braun and W, Kaiser, Ber,, 58, 1305 (1922).
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IXd, on refluxing in benzene for 1 hr, gave N,N,N’,N'-
tetramethylphthalamide (X1Ic)® and N,N,N’,N'-tetra~
ethylphthalamide (XTId),? respectively.

Our next aim was to study the reaction of I with a
mixture of nucleophiles, with a view to preparing
mixed xanthates and aminedithiocarbamic anhydrides.
Treatment of an ether solution of I and a mixture
of potassium O-methyl xanthate and piperidinedithio-
carbamate in equimolar proportions gave a mixture
of products consisting of 259 of the unsymmetrical
dixanthate VIa and 459, of the symmetrical aminedi-
thiocarbamic anhydride IXb. None of the mixed xan-
thate could be isolated from this run.

In an earlier communication,® we had reported the
thermal and photochemical transformations of an un-
symmetrical phthaloyl dixanthate such as VIb. In
the present studies we have examined both the thermal
and photochemical reactions of few unsymmetrical
phthaloyl dixanthates such as VIa, VIe, VId, and
VIe with a view to studying the nature of the products
formed in these reactions.

Photolysis of Vla in benzene solution at room tem-
perature gave a 389, yield of trans-biphthalyl (XXI),
mp 352-54°, as the only isolable product. Under
similar conditions, the photolysis of other unsym-
metrical phthaloyl dixanthates such as VIe, VId, and
VIe gave XXT in yields ranging between 34 and 419.
The formation of XXI in the photolysis of unsym-
metrical phthaloyl dixanthates suggests that in all
these cases the fragmentation may be taking place
through a C-S bond fission giving rise to the radieal
intermediate XIII, which then gives rise to the carbene
intermediate XIV through a second C—8 bond fission.
Dimerization of XIV would lead to {rans-biphthalyl
(XXI) (Scheme IV), It has not been possible to isolate
either benzocyclobutenedione (XVII) or other dimeric
produets such as XVIII, XIX, or XX from these
reactions.’? A similar type of photochemical trans-
formation involving a C-8 bond fission is reported
in the case of 9,9-dixanthogenyl xanthene.!?

It is interesting to note that the C-S bond fission
of the type postulated for the fragmentation of acyl
and aroyl xanthates? has also been suggested for the
photolysis of dithiocarbamic anhydrides.”!? Thus, in
the photolysis of benzoic piperidinedithiocarbamic an-
hydride,” a mixture of products such as benzoic acid,
benzoyl piperidide, benzoyl cyclopentamethylenethio-

(9) P. B. Corbiere, French Patent 866,229 (1941); Chem. Abstr., 48, 5038

1949), .
( (10) For the formation of several-dimeric products in the photolysis of
benzocyclobutenedione, see (a) R. F. C. Brown and R. K. Solly, Tetrakedron
Lett., 169 (1966); (b) H. A. Staab and J. Ipaktschi, ibid., 583 (1966).

(11) A, Schénberg and U, Sodtke, tbid., 4977 (1967).
(12) E. H. Hoffmeister and D. 8. Tarbell, Tetrakedron, 21, 2857 2865

(1965).
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carbamyl disufide, and cyclopentamethylene thiuram
bisulfide are formed. A free-radical mechanism has
been suggested to account for the formation of these
produets.

In the present investigation we have examined the
photolysis of a few symmetrical phthaloic bisamine-
dithiocarbamic anhydrides with a veiw to studying
the nature of the products formed in these reactions.
The photolysis of symmetrical bis(pyrrolidinedithio-
carbamic anhydride) (IXa), for example, gives rise
to a mixture of irgns-biphthalyl (XXI, 30%) and
pyrrolidyl thiuram disulfide (XXIIIa, 75%). The
formation of both XXI and XXIIIa can be explained
on the basis of C-8S bond fission in IXa, giving rise
to the radical intermediates XVI and XXII, respec-
tively (Scheme V). The diradical species can iso-
merize to the carbene intermediate X1V, which then
undergoes dimerization to give trans-biphthalyl (XXI).
The formation of the thiuram disulfide XXIIIa may
arise through the dimerization of the radical species
XXII.

Similarly, the photolysis of other symmetrical phthal-
oic bisaminedithiocarbamic anhydrides such as IXb,
IXe, and IXd gave, in each case, frams-biphthalyl
and the corresponding thiuram disulfides, XXIIIb,
XXTIIIe, and XXI11d, respectively.

It is noteworthy that the photolysis of unsym-
metrical phthaloic bis(pyrrolidinedithiocarbamic) anhy-

dride (XIa) also gives rise to a mixture of ¢rans-bi-
phthalyl (XX1, 50%,) and pyrrolidyl thiuram disulfide
(XXIIIa, 75%). The formation of trans-biphthalyl
from XIa suggests that both XIa and the unsym-
metrical phthaloyl dixanthates undergo similar type
of fragmentation reactions (Scheme IV).

Thermal decomposition of acyl xanthates are re-
ported to give rise to a mixture of products.?1** Thus,
ethyl phenylacetyl xanthate, for example, decomposes
on heating to give a mixture of ethyl phenylacetate
and carbon disulfide and a mechanism involving a
four-membered, cyclic transition state has been sug-
gested for this reaction.? During the present investiga-
tion, we have examined the thermal decomposition
of several umsymmetrical phthaloyl dixanthates with a
view to studying the nature of the products formed
in these reactions. Heating unsymmetrical di-O-methyl
phthaloyl dixanthate (VIa) to around 230-240° for
about 30 min, for example, gave rise to a mixture
of products which include thiophthalic anhydride
(XXV, 68%), 0,S-dimethyl xanthate (XXVIa, 30%),
and carbonyl sulfide (XXVII, 76%,), identified through
its piperidinium salt!® (Scheme VI).

Similarly, the thermal decompositions of unsym-

(13) G. Bulmer and F. G. Mann, J. Chem. Soc., 677 (1945).

(14) T. Taguchi and M. Nako, Tetrahedron, 18, 245 (1962).

(15) T, Parrod, C. R. Acad. Sect., Ser. C, 234, 1062 (1952); Chem. Abstr.,
47, 1606 (1953).
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metrical phthaloyl dixanthates VIe, VId, and VIe
gave rise to a mixture of thiophthaliec anhydride, car-
bonyl sulfide, and the corresponding 0,S-dialky] xan-
thates (XXVIc-e). It is interesting to note that in
the decomposition of unsymmetrical phthaloyl dixan-
thates such as VIb, VIe, and VId, small amounts
of trans-biphthalyl (XXI) could also be isolated. The
formation of XXI in the thermal decomposition of
these dixanthates suggests that a minor mode of de-
composition is through the carbene intermediate XIV
which dimerizes to give trans-biphthalyl. The exact
nature of the pyrolytic decomposition of the unsym-
metrical phthaloyl dixanthates is not very clearly under-
stood. A probable mechanism, which accounts for
the formation of products such as carbonyl - sulfide
(XXVII), thiophthalic anhydride (XXV), and 0,8~
dialkyl xanthates (XXVIa~e), is one which involves a

cyclic concerted process as shown in Scheme VI. The -

formation of phthalic thioanhydride may be through a
rearrangement of the initially formed thionphthalie
" anhydride (XXIV),1

In contrast to the thermal decomposition of unsym-
metrical phthaloyl dixanthates, the dithiocarbamic an-
hydrides give chiefly the corresponding amides and
carbon disulfide,” %12

Experimental Section

All melting points are uncorrected and were taken on a Koffler
“hot stage. Ir spectra were determined on a Perkin-Elmer Model
137 Infracord spectrometer and uv spectra were determined on
a Beckman DB spectrophotometer. Nmr traces were recorded
on & Varian HR-100 spectrometer, using tetramethylsilane as
internal standard. All irradiation experiments were carried out
using a Hanovia, medium-pressure, mercury lamp (450 W).
Kinetic studies were carried out spectrophotometrically, using a
Beckman DU spectrophotometer.

(18) C. M, Sharts and D. W. Fong, J. Org. Chem., 82, 3709 (1967).
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Potassium O-methyl xanthate, mp 185-186°, potassium O-n-
propyl xanthate, mp 237-238°, potassium O-n-butyl xanthate,
261-262°, and potassium O-benzyl xanthate, mp 179-180°,
were prepared by reported procedures.” Dimethylaminedithio-
carbamate,® mp 136°, and diethylaminedithiocarbamate,’* mp
81°, pyrrolidinedithiocarbamate,’* mp 152°, and piperidinedi-
thiocarbamate,” mp 169-170°, were prepared by standard pro-
cedures. Symmetrical phthaloyl dichloride, bp 132-133° (10
mm), and unsymmetrical phthaloyl dichloride, mp 87-88°,
were prepared by reported procedures.®

Unsymmetrical Di-O-alkyl S,S-Phthaloyl Dixanthates.—In a
typical run, 0.09 mol of potassium O-alkyl xanthate was slowly
added to a solution of 0.02 mol of symmetrical phthaloyl di-
chloride in 30 ml of diethyl ether, maintained around 5°. The
mixture was stirred for 30 min and then was treated with water
to remove any unchanged potassium O-alkyl xanthate. Removal
of the solvent under vacuum gave the product which was re-
crystallized from a mixture (1:1) of methylene chloride and petro-
leum ether (bp 40-60°). Table II summarizes the percentage
yields and the physical data of the different unsymmetrical di-O-
alkyl 8,8-phthaloyl dixanthates.

Treatment of Di-O-methyl 8,S-Phthaloyl Dixanthate (VIa) with
Raney Nickel.—A mixture of VIa (0.4 g, 0.001 mol) and Raney
nickel (2 g) was refluxed in acetone (20 ml) for 8 hr. Removal
of the unchanged nickel and the solvent gave 0.1 g (62%) of
phthalide, which melted at 75°, after recrystallization from
methylene chloride. There was no depression in the melting
point when mixed with an authentic sample.?

Photolysis of Di-O-alkyl S,S-Phthaloy! Dixanthates.—In a
typical run, a solution of di-O-methyl S,S-phthaloyl dixanthate
(1.5 g, 0.004 mol) in benzene (200 ml) was irradiated for 1 hr at
room temperature. Removal of the solvent gave a product which
on treatment with methylene chloride gave 0.22 g (38%) of
trans-biphthalyl (XXI), which melted over the range 352-354°
(lit.os mp 352-354°), on recrystallization from acetic acid.
The ir spectrum (KBr) of XXI showed a strong absorption band
at 1789 em~* due to a carbonyl group (v-lactone). The uv spec-
trum of XXI (CH,Cl;) was characterized by the following absorp-

_tion maxima: 250 my (¢ 13,900) (shoulder), 260 (18,000), 272
" (18,800) (shoulder), 292 (2300), 294 (42,00), 307 (16,600), 316

(11,100), 325 (13,000), 363 (36,200), 376 (30,300), and 382
26,400).

( Anal.) Caled for CisHsOs: C, 72.70; H, 3.01, Found: C,

72.68; H, 3.34. _
Similarly, the photolyses of VIe, VId, and Vle in benzene

solution gave trans-biphthalyl (XXI) as the only isolable product

in each case, in yields ranging between 34 and 41%.

(17) 1. 8, Shupe, J. Ass, Offic. Agr. Chem., 28, 495 (1942); Chem. Abstr.,

36, 4670 (1942). .
(18) R. H. Sahasrabudhey and K. L. Radhakrishnan, J. Indian Chem,
Soc., 31, 853 (1954),
(19) J. H. Gardner and C. A, Naylor, Jr., “QOrganic Syntheses,” Collect.
Vol. II, A. H, Blatt, Ed., Wiley, New York, N, Y., 1943, p 526.
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Tasre IT
UNSYMMETRICAL Di1-0-A1KYL S,8-PHTHALOYL DIXANTHATES

Infrared, em~! (KBr)

Yield, Caled, % Found, % C=0
Compd %% Mp, °C C H C H (y-lactone) C==8 UV, Amax, mu (&)
Via 78 119-120 41.61 2.89 41.90 2.72 1780 1040 288 (22,100), 364 (100)
Vie 50 81-82 47.75 4.47 47.75 4.45 1782 1030 288 (31,900), 366 (120)
VId 88 60-61 50.23 5.10 50.33 5.22 1770 1030 290 (25,000), 366 (130)
VIe 65 124-125 57.83 3.61 57.87 3.76 1785 1020 290 (25,500), 368 (100)

Thermal Decomposition of Di-O-alkyl S,S-Phthaloyl Di-
xanthates.—In a typical run, 2 g (0.005 mol) of di-O-methy! 8,8-
phthaloyl dixanthate was heated around 230-240° for 20 min
in a 10-ml round-bottomed flask, provided with a nitrogen inlet
and a condenser. The gaseous products were bubbled through a
109, solution of piperidine in diethyl ether. The precipitated
piperidinium salt was filtered and recrystallized from a mixture
(1:1) of methylene chloride and diethyl ether to give 1 g (76%) of
piperidinium 1-piperidinecarbothiolate, mp 112°, which showed
no depression in its melting point when mixed with an authentic
sample.'

The pyrolyzed residue was treated with petroleum ether (bp
60-80°) to give 0.65 g (68%,) of thiophthalic anhydride (XXV),
mp 110° (mmp). The petroleum ether-soluble fraction was
chromatographed over alumina to give 0.2 g (30%) of O,8-
dimethyl xanthate (XX VIa), identified through a comparison of
its ir spectrum with that of an authentic sample.®

Di-O-n-propy!l 8,8-phthaloyl dixanthate (1 g, 0.002 mol) was
heated around 230-240° for 30 min under a stream of nitrogen
and the evolved gases were bubbled through a 109, solution of
piperidine in ether. The precipitated salt on recrystallization
from a mixture (1:1) of methylene chloride and ether gave 0.25
g (43%) of piperidinium 1-piperidinecarbothiolate, mp 112°

(mmp). Work-up of the pyrolyzed residue as in the previous
case gave 0.02 g (69,) of trans-biphthalyl, mp 352-354° (mmp),
0.27 g (67%) of thiophthalic anhydride, mp 110° (mmp), and 0.3 g
(70%) of 0,8-di-n-propyl xanthate (XXVIe), identified by
comparison of its infrared spectrum with that of an authentic
sample.?

Similarly, heating VId (2 g, 0.004 mol) around 230-240° for 30
min gave carbonyl sulfide which when absorbed in an ether solu-
tion of piperidine gave 0.35 g (32%,) of piperidinium 1-piperidine-
carbothiolate, mp 112° (mmp). Work-up of the pyrolyzed
residue as in the earlier cases gave 0.15 g (259,) of trans-bi-
phthalyl, mp 852-354° (mmp), 0.12 g (16%,) of thiophthalic
anhydride, mp 110° (mmp), and 0.5 g (52%) of 0,8-di-n-butyl
xanthate (XXVId), identified by a comparison of its infrared
spectrum with that of an authentic sample.??

In a separate run, 2 g (0.004 mol) of VIe was heated around
230-240° for 30 min and the carbonyl sulfide that was evolved
was absorbed in 109, piperidine in ether to give 0.8 g (83%) of
piperidinium l-piperidinecarbothiolate, mp 112° (mmp). The
pyrolyzed residue, on work-up as in the previous cases gave 0.32
g (50%) of thiophthalic anhydride, mp 110° (mmp), and 0.7 g
(63%) of 0,8-dibenzyl xanthate (XXVIe), identified through a
comparison of its ir spectrum with that of an authentic sample.?

Reaction of Unsymmetrical Phthaloyl Dichloride with Potassium
O-Alkyl Xanthates.—In a typical run, 0.59 g (0.004 mol) of
potassium O-methyl xanthate was treated with a solution of 0.3
g (0.001 mol) of IT in acetone (10 ml) around 0°. Removal of the
solvent under vacuum gave a product which was extracted with
methylene chloride. The methylene chloride extract was washed
with water and dried over anhydrous sodium sulfate, and the
solvent removed under vacuum to give 0.35 g (709,) of unsym-
metrical di-O-methyl S,8-phthaloyl dixanthate, which melted at
119-120° (mmp), on recrystallization from a mixture (1:1) of
methylene chloride and petroleum ether (bp 40-60°).

Similarly, the reactions of potassium O-n-propyl xanthate,
potassium O-n-butyl xanthate, and potassium O-benzyl xanthate
with IT gave the unsymmetrical xanthates VIc, mp 81-82° (609;),
VId, mp 60-61° (66%), and Ve, mp, 124-125° (70%,).

(20) B. Fetkenheuer, H, Fetkenheuer, and H, Lecus, Ber., 60, 2528 (1927);
Chem. Abstr,, 22, 1136 (1928),

(21) M. Delepine, Ann. Chim. Phys., 28, 529 (1912); Chem. Absir,, 6,
1608 (1912).

(22) D. Lefort and G. Hugel, Bull, Soc. Chim. Fr., 172 (1952); Chem.
Abstr., 47, 4290 (1953),

Phthaloic Bis(pyrrolidinedithiocarbamic anhydride) (IXa)—A
solution of 6.5 g (0.03 mol) of pyrrolidinedithiocarbamate in ether
(50 ml) was gradually added to an ether solution of I (2.5 g,
0.012 mol in 50 ml) at 5°, over a period of 30 min. The reaction
mixture was washed with water to remove any unchanged pyrroli-
dinedithiocarbamate, and the ether solution was dried over anhy-
drous sodium sulfate. Removal of the solvent under vacuum gave
a product which was recrystallized from a mixture (1:1) of ether
and methylene chloride to give 3.5 g (689 of symmetrical
phthaloic bis(pyrrolidinedithiocarbamic anhydride) (IXa), mp
140-141°. The ir spectrum (KBr) of IXa showed absorption
bands at 1675 (C==0) and 1471 em™ (C=\8). The uv spectrum
(CH,Cl,) of IXa was characterized by the following absorption
maxima: 290 mpu (e 31,100) and 410 (400).

Anal. Caled for CsHaoN,0:8,: C, 50.94; H, 4.72; N, 6.60.
Found: C, 51.24; H, 4.70; N, 6.61.

Treatment of Symmetrical Phthaloic Bis(pyrrolidinedithio-
carbamic anhydride) with Raney Nickel.—A mixture of 0.42 g
(0.001 mol) of IXa and 2 g of Raney nickel in 25 ml of alcohol was
stirred under reflux for 8 hr. Removal of the solvent and un-
changed nickel gave a residue which on treatment with a solution
of 2,4-dinitrophenylhydrazine gave 0.12 g (30%,) of o-phthalalde-
hyde 2,4-dinitrophenylhydrazone, mp 265° (lit.?* mp 270°), after
recrystallization from ethanol

Anal. Caled for CpoHyuN.Os: C, 48.58; H, 2.83; N, 22.76.
Found: C, 48.83; H, 3.00; N, 22.55.

Photolysis of Symmetrical Phthaloic Bis(pyrrolidinedithio-
carbamic anhydride) (IXa).—A solution of (0.8 g, 0.002 mol) of
IXa in dry benzene (175 ml) was irradiated for 1 hr around 5°.
Removal of the solvent under vacuum gave a residue which on
treatment with methylene chloride gave 0.07 g (30%) of trans-
biphthalyl, mp 852-354° (mmp), after recrystallization from
acetic acid.

Removal of the solvent from the methylene chloride- soluble
fraction gave 0.35 g (759,) of pyrrolidyl thiuram disulfide
(XX1IIa), mp 144°, on recrystallization from a mixture (1:1) of
ether and methylene chloride. There was no depression in the
melting point of XXIITa when mixed with an authentic sample.1?

Thermal Isomerization of Symmetrical Phthaloic Bis(pyrroli-
dinedithiocarbamic anhydride) (IXa) to the Unsymmetrical
Derivative XIa.—A solution of 0.5 g (0.001 mol) of IXa in dry
benzene (25 ml) was refluxed for 1 hr. Removal of the solvent
under vacuum gave 0.35 g (709) of unsymmetrical phthaloic
bis(pyrrolidinedithiocarbamic) anhydride (XIa), which melted
at 161-162°, after recrystallization from a mixture (1:1) of
methylene chloride and petroleum ether (bp 40-60°). The
infrared spectrum of XIa showed an absorption band at 1786
cm~t (C=0, ~-lactone). The uv spectrum (CH,Cly) was
characterized by the following absorption maxima: 284 mu (e
14,900) and 330 (90). The nmr spectrum (CDClL) of XIa
showed two multiplets at r 6.36 (8 H) and 7.82 (8 H), respec-
tively, due to the methylene protons of the pyrrolidine ring.
Of these two multiplets, the one at = 6.36 is assigned to the
methylene protons near to the nitrogen atoms, whereas the
multiplet at = 7.82 is assigned to the methylene protons away
from the nitrogen atoms. The aromatic protons appeared as a
separate multiplet centered around = 2.52 (4 H) and characteristic
of an ABCD pattern.

Anal. Caled for CisHyN0,84: C, 50.94; H, 4.71; N, 6.60.
Found: C, 50.64; H, 4.60; N, 6.55.

Photolysis of Unsymmetrical Phthaloic Bis(pyrrolidinedithio-
carbamic) anhydride (XIa).—A solution of XIa (0.7 g, 1.6 mmol)
in benzene (175 ml) was irradiated for 1 hr. Removal of the
solvent under vacuum gave a residue which was treated with
methylene chloride to give 0.11 g (50%,) of trans-biphthalyl, mp
352-354° (mmp), after recrystallization from acetic acid.

(23) F. Weygand and G. Eberhardt, Angew. Chem., 64, 458 (1952).
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The methylene chloride soluble portion gave 0.33 g (709,) of
pyrrolidyl thiuram disulfide (XXIIla), mp 144-145° (mmp),
after recrystallization from a mixture (1:1) of methylene chloride
and petroleum ether (bp 40-60°).

Reaction of Unsymmetrical Phthaloyl Dichloride with Pyr-
rolidinedithiocarbamate —Treatment of a solution of 3 g (0.013
mol) of pyrrolidinedithiocarbamate in acetone (25 ml) with an
acetone solution of IT (1 g, 0.005 mol in 25 ml) around 5° and
work-up in the usual manner gave 1.2 g (60%,) of symmetrical
phthaloic bis(pyrrolidinedithiocarbamic anhydride) (IXa), mp
140-141° (mmp), after recrystallization from methylene chloride.

Symmetrical Phthaloic Bis(piperidinedithiocarbamic anhy-
dride) (IXb).—Treatment of a mixture of 10 g (0.04 mol) of
piperidinedithiocarbamate and 3.8 g (0.018 mol) of I in ether (100
ml) around 5° and work-up as in the case of IXa gave 5.7 g
(68%) of symmetrical phthaloic bis(piperidinedithiocarbamic an-
hydride) (IXb), which melted at 132-133° (lit.# mp 123°), after
recrystallization from a mixture (1:1) of ether and methylene
chloride. The ir spectrum (CCli) of IXb showed absorption
bands at 1684 (C=0) and 1471 ¢m™! (C==8). The uv spectrum
(CH,Cly) of IXDb was characterized by the following absorption
maxima: 296 mpu (e 18,700) and 410 (500). The nmr spectrum
(CDCL) of IXb showed two broad singlets centered around =
5.89 (8 H) and 8.27 (12 H), due to the methylene protons situated
near the nitrogen atoms and those situated away from the nitro-
gen atoms in the piperidine rings, respectively. In addition, the
spectrum showed a symmetrical multiplet centered around r 2.5
(4 ), due to the aromatic protons, characteristic of an A,B,
pattern,

Anal. Caled for CyHaN,0.8,: C, 53.09; H, 5.31; N, 6.19.
Found: C, 53.23; H, 5.22; N, 6.30.

Treatment of IXb with Raney Nickel.—A mixture of IXb (0.4 -

g, 0.8 mmol) and Raney nickel (2 g) in ethanol (20 ml) was re-
fluxed for 10 hr. Removal of the solvent and unchanged nickel
gave a product which on treatment with a solution of 2,4-dinitro-
phenylhydrazine gave 0.12 g (309,) of o-phthaldehyde 2,4-
dinitrophenylhydrazone, mp 265° (mmp), after recrystallization
from ethanol.

Photolysis of Symmetrical Phthaloic Bis(piperidinedithio-
carbamic anhydride) (IXb).—A solution of 1.5 g (0.003 mol) of
IXb in dry benzene (175 ml) was irradiated for 1 hr at 5°.
Removal of the solvent under vacuum gave a product which on
treatment with methylene chloride gave 0.2 g (46%) of trans-
biphthalyl, mp 852-354° (mmp), after recrystallization from
acetic acid.

Removal of the solvent from the methylene chloride soluble

fraction gave 0.4 g (40%) of cyclopentamethylene thiuram
disulfide (XXIIIb), mp 130° (mmp). The identity of XXIIIb
was further confirmed by a comparison of its infrared spectrum
with that of an authentic sample.2¢

Attempted Isomerization of IXb.—A solution of 0.5 g (0.001
mol) of IXb in benzene (25 ml) was refluxed for 45 min. Re-
moval of the solvent under vacuum gave a product which was
recrystallized from a mixture (1:1) of methylene chloride and
petroleum ether (bp 40-60°) to give 0.3 g (90%,) of phthaloyl
dipiperidide, mp 65-66° (lit.® mp 54°). The infrared spectrum of
this product showed an absorption band at 1640 cm~, char-
acteristic of an amide carbonyl group.

Anal. Caled for OwHuNzOz: C, 72.00, H, 8.00; N, 9.33.
Found: C, 72.38; H, 8.31; N, 8.95.

Reaction of Unsymmetrical Phthaloyl Dichloride with Piperi-
dinedithiocarbamate.—A solution of 2 g (0.008 mol) of piperi-
dine)dithiocarbamate in acetone (20 ml) was treated with an
acetone solution of II (0.8 g, 0.004 mol) around 5°. Work-up
of the mixture as in the earlier cases gave 0.75 g (44%) of sym-
metrical phthaloic piperidinedithiocarbamate, mp 132-133°
(mmp).

Symmetrical Phthaloic Bis(dimethylaminedithiocarbamic an-
hydride) (IXc).—Treatment of a mixture of 6 g (0.036 mol) of
dimethylaminedithiocarbamate with 3 g (0.014 mol) of I in ether
(150 m!) around —80° and work-up as in the earlier cases gave
2.7 g (609,) of symmetrical phthaloic bis(dimethylaminedithio-
carbamic anhydride) (IXe), mp 115-116° (lit.> mp 107°), after
recrystallization from methylene chloride. The ir spectrum of
IXc showed absorption bands at 1686 (C=0) and 1493 cm™!
(C=S8). The uv spectrum (CH,Cl,) of IXc was characterized by
the following absorption maxima: 290 mp (e 32,900) and 410
(600).

(24) E. 8. Blake, J. Amer. Chem, Soc., 66, 1267 (1943).

SINGH AND GEORGE

Anal. Caled for CiHigN,0:8,: C, 45.16; H, 4.30; N, 7.52.
Found: C, 45.41; H, 4.40; N, 7.40,

Photolysis of Phthaloic Bis(dimethylaminedithiocarbamic an-
hydride) (IXc).—Irradiation of a solution of 1 g (0.002 mol) of
IXein benzene (175 ml) for 1 hr at 5° and work-up of the reaction
as in the earlier cases gave 0.13 g (379%,) of trans-biphthalyl, mp
352-354° (mmp), and 0.3 g (48%) of tetramethyl thiuram di-
sulfide (XXIIIc), mp 154° (mmp).

Attempted Isomerization of IXc.—A solution of 0.5 g (0.001
mol) of IXec in dry benzene (25 ml) was refluxed for 1 hr. Re-
moval of the solvent under vacuum and recrystallization of the
product from a mixture (1:1) of methylene chloride and petroleum
ether (bp 40-80°) gave 0.25 g (839%) of N,N,N’,N’-tetra-
methylphthalamide, mp 121-122° (lit.* mp 121-122°). The
ir spectrum of this product showed an absorption band at 1640
em ™, characteristic of an amide carbonyl group.

Anal. Caled for CuHigN.Oo: C, 65.45; H, 7.27; N, 12.72.
Found: C, 65.11; H, 7.10; N, 12.80.

Symmetrical Phthaloic Bis(diethylaminedithiocarbamic an-
hydride) (IXd).—A solution of diethylaminedithiocarbamate
(4.5 g, 0.02 mol) in ether (75 ml) was treated with an ether solu-
tion of I (2 g, 0.01 mol, in 50 ml) around 30°. The reaction mix-
ture was worked up in the usual manner to give 3.2 g (769,) of
IXd, mp 86-87°, after recrystallization from methylene chloride.
The ir spectrum (KXBr) of IXd showed absorption bands at 1686
(C=0) and 1476 cm™ (C==8). The uv spectrum (ethanol) of
IXd was characterized by the following absorption maxima:
290 mpu (e 24,300) and 410 (250), The nmr spectrum (CDCls)
of IXd showed a triplet centered around  8.69 (12 H) due to the
methyl protons and a quartet centered around r 6.1 (8 H) due
to the methylene protons. In addition, the spectrum showed a
multiplet centered around = 2.37 (4 H) due to the aromatic pro-
tons, characteristic of an AyB; pattern.

Anal. Caled for CisHaN20,8,: C, 50.46; H, 5.6; N, 6.54.
Found: C, 50.23; H, 5.6; N, 6.72.

Photolysis of Symmetrical Phthaloic Bis(diethylaminedithio-
carbamic anhydride) (IXd).—A solution of 1 g (0.002 mol) of
IXdin 175 ml of dry benzene was irradiated for 1 hr at 3°. Re-
moval of the solvent under vacuum gave a product which was
treated with methylene chloride to give 0.1 g (33%) of trans-
biphthalyl, mp 352-354° (mmp).

Removal of the solvent from the methylene chloride soluble
portion gave 0.2 g (34%) of tetraethyl thiuram disulfide
(XXIIId), mp 71-72°, after recrystallization from methylene
chloride. There was no depression in the melting point of
XXIIId when mixed with an authentic sample.**%®

Attempted Isomerization of IXd.—A solution of 0.5 g (0.001
mol) of IXd in .dry benzene (25 ml) was refluxed for 1 hr. Re-
moval of the solvent under vacuum and recrystallization of the
product from s mixture (1:1) of methylene chloride and petro-
leum ether (bp 40-60°) gave 0.22 g (64%,) of N,N,N' ,N'-tetra-
ethylphthalamide, mp 39-40° (lit.? mp 38°). The ir spectrum
of the product showed an absorption band at 1645 em~*, char-
acteristic of an amide carbonyl group.

Anal. Caled for CisHaN20:: C, 69.56; H, 8.75; N, 10.21,
Found: C, 69.72; H, 8.55; N, 10.00.

Reaction of Symmetrical Phthaloyl Dichloride with a Mixture
(1:1) of Potassium O-Methyl Xanthate and Piperidinedithio-
carbamate.—To a solution of 4 g (0.02 mol) of I in ether (25 ml),
maintained at 5°, was added an ether solution (50 ml) of a mix_-
ture of potassium O-methyl xanthate (3 g, 0.02 m_ol) and pipe_rl-
dinedithiocarbamate (5 g, 0.02 mol), over a period of 30 min.
Removal of the solvent under vacuum gave a residue which was
washed with water to remove all unchanged xanthate and piperi-
dinedithiocarbamate. Treatment of this residue Wii:/h ether (50
ml) gave an ether-soluble portion, which on recrystallization from
a mixture (1:1) of methylene chloride and petrolel'lm ethe_r .(bp
40-60°) gave 4.0 g (45%) of symmetrical phthaloic bis(piperidine-
dithiocarbamic anhydride) (IXb), mp 143-144° (mmp).

Removal of the solvent from the ether-soluble portl‘on gave &
product which was recrystallized from methylene chloride to give
1.7 g (25%) of unsymmetrical di-O-methyl S,S-phthaloyl di-
xanthate (VIa), mp 119-120° (mmp). None of the mixed prod-
uct could be isolated from this run.

Registry No.—VIa, 27193-06-2; Ve, 27193-07-3;
VId, 27193-08-4; Vle, 27193-09-5; IXa, 27193-10-8;

(25) M. Grodzki, Ber., 14, 2756 (1881).
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IXb, 27193-11-9; IXe, 27193-12-0; IXd, 27193-13-1;
X1a, 27193-14-2; XXT, 482-23-5; XXIIIa, 496-08-2.
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Organic Disulfides and Related Substances. 31.
Possible Anchimeric Involvement of an Ortho Carboxylate Moiety
in Disproportionation of Unsymmetrical o-Carboxyphenyl Disulfides!
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Disproportionation of 2-(phenyldithio)benzoic acid (2) to phenyl disulfide and 2,2'-dithiodibenzoic acid is
much faster for the salt than for the acid. Among the facts which suggest that the o-carboxylate moiety of the
salt anchimerically facilitates disproportionation are the following: an increase in rapidity with increasing pH
near pH 7; decreased rapidity for the meta isomer; lack of a marked effect of dilution; inhibition of dispropor-
tionation by N-ethylmaleimide (through trapping of benzenethiolate ion) but acceleration by addition of thiolate
ion; accordance with expectation as to the relative rapidity of disproportionation of other dithiobenzoic acids;
and, evidence for existence and consistent reactions of o-sulfenobenzoic acid anhydride (5a) as an unstable
intermediate generated by anchimeric displacement of benzenethiolate ion by the o-carboxylate moiety.

0-(2-Protoaminoethyldithio)benzoate (1) is active as

an antiradiation drug.? That the methyl ester, the
88 @iSSCGHJ

NP COH

CO,H;N
1 2

meta isomer, and the para isomer of 1 showed no signifi-
cant antiradiation activity? led us to suspect anchi-
meric involvement of the carboxylate moiety of 1 with
the disulfide linkage. In a similar vein, inactivity of
the cyclohexyl analog of 1?° is understandable, since this
analog is believed to have trans substituents, which
should resist anchimeric involvement. This suspicion
of anchimeric involvement was strengthened during
work with a phenyl counterpart (2) of 1, since the so-
dium salt of 2 (3) disproportionated far more readily to
the two symmetrical disulfides than did 2 itself (eq 1).

—H;0
24+ OH —>

0-0,COHSSCeH; " 1/2(0-0:CCeHS) + 1/5(CeHsS) (1)
3

This paper further supports the probability of such an
anchimerie involvement in the reaction of eq 1.

The extent of disproportionation of 2 proved to be
highly dependent on the pH of the solution (Table I).
At pH 14 disproportionation is 959, complete in 0.6 hr
(calculated as usual).* Attack of the hydroxyl ion on

(1) (a) Paper XXX: L, Field and P, R. Engelhardt, J. Org. Chem., 88,
8647 (1970). (b) Thisinvestigation was supported by Public Health Service
Research Grant AM11685 from the National Institute of Arthritis and
Metabolic Diseases. (¢) Abstracted from the Ph,D. Dissertation of P. M. G.,
Jr. (Vanderbilt University, May 1970), which may be consulted for further
details. (d) Reported in part at the Southeastern Region Meeting of the
American Chemical Society, Tallahassee, Fla., Dec 1968, Abstracts, p 98,
and at the IVth Symposium on Organic Sulfur, Venice, Italy, June 1970.

(2) (@) R. R. Crenshaw and L. Field, J. Org. Chem., 80, 175 (1965);
(b) L. Field and P. M. Giles, Jr., J. Med. Chem., 18, 317 (1970).

(3) L, Field and P. M. Giles, Jr., J. Org. Chem., 86, 309 (1971).

(4) L. Field, T. C. Owen, R. R. Crenshaw, and A. W. Bryan, J. Amer.
Chem. Soc., 83, 4414 (1961).

TasLe I

pH DEPENDENCE OF THE
DisPROPORTIONATION OF DISULFIDE 2¢

Time, Time,
pHY hr 754 pH? hr e
14 0.6 95 6.8 164 31
8.5 48 81 6.8 73 31
8.5 24 70 6.8 56 26
8.5 3 39 6.8 24 14
8.5 2 32 6.4 216 25
7.6 24 46 6.4 44 17
7.6 24 45¢ 6.4 24 13
7.6 24 39¢ 6.4 18 12
7.6 24 3/ 6.4 2 3
7.6 24 390 6.4 24 1007
7 z <2

¢In 10 ml of HyO (except as noted) at 25-26°; solutions re-
sulted in each instance. ® Measured both before and after the
reaction; not more than 0.4 pH unit change in 216 hr and no
change in 72 hr. ¢ “Disproportionation, %’’; see ref 4. ¢ Con-
taining 10 mol % of N-ethylmaleimide (4). ¢ Containing 31 mol
% of 4. / Containing 115 mol 9, of 4. ¢In 100 ml of H,O.
* Containing 10 mol % of CsH;S~Na* (6). * After being dissolved
completely in 10 ml of AcOH and heated for 119 hr at 100°, 2
was recovered unchanged,?

the disulfide bond may be a major path of reaction at
high pH.® At much lower values of pH, on the other
hand, the notable increase in disproportionation with
inereasing pH points toward increasing anchimerie in-
volvement of carboxylate ion with the disulfide moiety.
For example, with a 24-hr reaction period, Table I shows
that for the pH sequence 6.4, 6.8, 7.6, and 8.5, the se-
quence in “disproportionation, %" was 13, 14, 46, and
70.

Disproportionation reactions of disulfides can be ho-
molytic, heterolytie, or some combination of these path-
ways.® Although 2 also may be subject to light-in-
duced disproportionation,® the carboxylate-assisted re-

(5) For a discussion of the effect of base on symmetrical disulfides and of
the resistance of sodium 2,2’-dithiodibenzoate to attack by OH~ even at
high pH, however, see J. P. Danehy and K. N, Parameswaran, J. Org.
Chem., 88, 568 (1968).

(6) L. Field, T. F. Parsons, and D. E. Pearson, ¢bid., 31, 3550 (1966).



