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anhydro-4-Hydroxy-2-phenyl-l,3-dithiolium hydroxide has been prepared from thiobenzoylthioglycollic acid, 
acetic anhydride, and triethylamine at  0-10 “C and the product previously assigned this structure shown to be 
anhydro-4-hydroxy-2-phenyl-5-(thiobenzoylthiomethylcarbonyl)-1,3-dithiolium hydroxide. This mesoionic ring 
system undergoes ready cycloaddition of acetylenic dipolarophiles yielding substituted thiophenes with elimina- 
tion of carbonyl sulfide. With olefinic dipolarophiles and azirines stable 1:l adducts were formed. 

Interest in the chemistry of five-membered ring systems 
containing sulfur has increased considerably over the past 
several years, particular attention being paid to those systems 
containing two sulfur atoms in the 1,2 positions2 and in the 
1,3  position^.^ Cycloaddition reactions have played a promi- 
nent part in these studies: and have resulted in several useful 
synthetic procedures. Mesoionic derivatives5 of both the 
1,2-dithiole and 1,3-dithiole ring systems can be devised and 
a study of their synthesis and properties was initiated as part 
of our interests in this area. 

anhydro -3,5-Diphenyl-4-hydroxy-1,2-dithiolium hydroxide 
(1) has been synthesized6 from 1,1,3,3-tetrabromo-l,3-di- 
phenylacetone and potassium ethyl xanthate, or from 1,3- 
diphenylpropanetrione and H2S-HC1, followed by E ~ s N . ~  We 
have found this ring system to be completely unresponsive to 
a variety of dipolarophilesa whereas anhydro-4-hydroxy-2- 
phenyl-1,3-dithiolium hydroxide (2, R = Ph; R1 = H) was an 
extremely reactive system whose reactions are described 
below. +PPh s I1 

Ph 0;- 0- RCSCHR’COOH 
1 2 3 

The ring system 2 was described as being prepared from 
thiobenzoylthioglycollic acid (3, R = Ph; R1 = H) and acetic 
anhydride-boron trifl~oride.~a The corresponding exocyclic 
imino derivatives have also been prepared by cyclization of 
cyanomethyl dithiobenzoate with anhydrous HC1 or acid 
ch1orides,gb and an unstable ortho-protonated derivative of 
2 (R = Ph; R1 = H) was obtained by cyclization of carboxy- 
methyl dithiobenzoate with perchloric acid? a convenient 
cyclization agent for the preparation of a variety of 1,3-di- 
thi01es.~ 

Repetition of the reported procedurega gave a deep-red, 
crystalline product, mp 185-186 “C dec, as described pre- 
viously when a reaction time of several minutes was used. 
Longer reaction times resulted in considerable polymer for- 

mation. This red product failed to undergo cycloadditions with 
several dipolarophiles and, on examination of its spectral 
characteristics, they were found to be incompatible with the 
assigned structure. The mass spectrum showed an ion at  mle 
388 (5%), most likely a molecular ion which, in conjunction 
with analytical data, established the molecular formula as 
C18H1202Sd. The NMR data for this product indicated the 
presence of two phenyl groups [6 7.48 (m, lo)] and two meth- 
ylene protons which appeared as two AB doublets ( J  = 16.5 
Hz) at  6 4.33-4.08 and 4.01-3.75, and the infrared spectrum 
showed two absorptions at  1690 and 1590 cm-l, conceivably 
due to two carbonyl groups related to each other in such a way 
that an exocyclic negative charge was delocalized over both 
groups. These data are most satisfactorily accommodated by 
the structure anhydro -4-hydroxy-2-phenyl-5-(thiobenzoyl- 
thiomethylcarbonyl)-1,3-dithiolium hydroxide (2, R = Ph; R1 

This “overacylation” of a mesoionic system under similar 
cyclodehydration conditions has been observed in the oxa- 
zole,lo imidazole,ll and thiazole12 ring systems, and the 
spectral parameters of this present product are consistent with 
those of the comparable products in these ring systems. In- 
dicative of a high degree of charge density a t  that position of 
the nucleus, it also indicates considerable potential in 1,3- 
dipolar cycloaddition reactions. However, these acylated 
products themselves. often do not undergo cycloadditions 
owing to delocalization of the negative charge of the masked 
1,3-dipole over the carbonyl groups. 

The acylation can often be avoided by the use of Et3N and 
low reaction temperatures.12c When the thiobenzoylthiogly- 
collic acid (3, R = Ph; R1 = H) was treated with a mixture of 
EtsN-AczO (1:3) a t  0-10 O C  for several minutes only, glis- 
tening scarlet needles, mp 113-115 “C dec, were obtained. 
That this product was the desired mesoionic system, anhy- 
dro-4-hydroxy-2-phenyl-1,3-dithiolium hydroxide (2, R = Ph; 
R1 = H) was evident from the following considerations. Ana- 
lytical and mass spectral data [Ma+ 194 (40%)] showed the 
molecular formula to be CgH&20 and, in addition to aromatic 
protons at  6 7.51 (5), the NMR spectrum showed only a sharp 

= COCH2SCSPh). 
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singlet at  6 6.06. This chemical shift, together with a VCO a t  
1610 cm-l, is characteristic of mesoionic systems,12c and the 
correctness of this structural assignment was evident from the 
chemical transformations described below. The chemical shift 
6 6.06 for the C g  H should be compared with those of analogous 
protons in 1,:Ldithiolium ~ a l t s . 9 ~  In these salts the C5 H usu- 
ally falls in the range 6 8.73-4.92, depending on the 2 sub- 
stituent, and the shift to a high field in this present system no 
doubt reflects the increased shielding at  the C-5 position 
caused by delocalization of the exocyclic negative charge. 

Use of p-chlorothiobenzoylthioglycollic acid (3, R = p -  
C1C&; R1 = H) and p-methoxythiobenzoylthioglycollic acid 
(3, R = p-CH30c&; R1 = H) in the above reaction gave the 
corresponding 2-p -chlorophenyl and 2-p-methoxyphenyl 
derivatives of 2. These mesoionic compounds were moderately 
sensitive in solution to traces of moisture, undergoing hy- 
drolysis to their precursors, and optimum results were ob- 
tained only by using very pure dithioglycollic acids and 
working under “drybox” conditions with anhydrous solvents. 
They are quite stable in the dry, solid state. 

5-Phenyl and 5-methyl derivatives of 2 have also been 
prepared13 by AczO-EtsN cyclization of the corresponding 
disubstituted thioglycollic acid. However, the additional 
substituent renders the reaction conditions far less critical 
than those employed for the synthesis of 2 (R = aryl; R1 = H), 
a feature which has also been observed in the anhydro-4- 
hydroxy-2-phenylthiazolium hydroxide system.14 

The ring system 2 contains a masked 1,3-dipole of the 
thiocarbonyl ylide type represented by 2b. Dimethyl 
acetylenedicarboxylate added readily to 2 (R = Ph; R1 = H) 
giving dimethyl 2-phenylthiophene-3,4-dicarboxylate (5, R 
= Ph; R1 = H; R2 = COOCHs) in reasonable yield. The 2,7- 
dithiabicyclo[2.2.1]heptane 4 (R = Ph; R1 = H; R2 = 
COOCH3) was the likely intermediate in the cycloaddition but 
elimination of carbonyl sulfide occurred so readily at  80 OC 

S 
I \  

2b 

S 

R2 

6 
51 

that 4 could not be isolated. Similar facile eliminations of 
carbonyl sulfide have been observed from the initial cy- 
cloadducts from anhydro-5-hydroxy-3-methyl-2-phenyl- 
thiazolium hydroxide and acetylenic dipolarophiles.l2c The 
2-p -methoxyphenyl- and 2-p -chlorophenylthiophenes 5 (R 
= p-CH30C6H4 and p-ClC&; R1 = H; R2 = COOCH,) were 
obtained readily from the corresponding substituted deriva- 
tives of 2 (R = p-CH30C&4 and p-ClC&; R1 = H). Simi- 
larly dibenzoylacetylene and 2 (R = Ph; R1 = H) gavel5 the 
corresponding thiophene 5 (R = Ph; R1 = H; R2 = COPh). The 
structures of these thiophenes were readily established by 
analytical and spectral data (Experimental Section). Thus in 
5 (R = Ph; R1 = H; R2 = COOCH3) the NMR spectrum 
showed a singlet proton at  6 7.98, consistent with the 5 proton 
being deshielded by the 4-COOCH3 substituent and shifted 
downfield from the usual chemical shift of 6 7.19 in thio- 
phene.16 The mass spectra of the thiophenes all showed mo- 
lecular ions and fragmentation patterns consistent with the 
assigned structures. 

It has also been shown1’ that the corresponding 5-aryl and 
5-methyl derivatives of 2 (R = R1 = aryl; R = aryl, R1 = CH3) 
undergo ready cycloaddition with similar acetylenic dipolar- 
ophiles yielding the appropriate thiophenes 5 (R = R1 = aryl; 
R = aryl, R1= CH3). Thus in conjunction with the anhydro- 
2,3,5-triaryl-4-hydroxythiazolium hydroxides,14 the ring 
system 2 is a useful synthon for a variety of thiophenes not 
readily available by other routes. 

N-Phenylmaleimide underwent ready reaction with 2 (R 
= Ph; R1 = H) in refluxing benzene over 6 h. The product was 
shown to be a simple 1:l cycloadduct of molecular formula 
C19H13N03S2 from analytical and spectral data, the latter also 
allowing a choice between the exo adduct 7 (R = Ph) and the 
endo adduct 8 (R = Ph). A one-proton doublet of doublets ( J  
= 6.6,l.O Hz) at  6 3.93 (HE), a doublet ( J  = 6.6 Hz) a t  6 4.29 
(He), and a doublet at  6 4.88 ( J  = 1.0 Hz) are only compatible 
with the endo adduct 8 (R = Ph), these chemical shifts and 
coupling constants also being consistent with those observed 
in related adducts.la20 Similar endo adducts 8 (R = p -  
CH30C6H4, p-ClC6H4) were obtained from 2 (R = p -  
CH30CeH4, p-ClceH4; R1 = H) and N-phenylmaleimide, and 
their chemical shifts and coupling constants are described in 
the Experimental Section. The cycloadducts 8 did not show 

\ 
R2 

molecular ions in their mass spectra, an ion corresponding to 
(M - COS) being observed together with those resulting from 
further fragmentation of the system. In contrast the reaction 
of 2 (R = R1 = Ph) and N-phenylmaleimide required xylene 
at  150 OC and in this case a mixture of the exo and endo ad- 

Acrylonitrile and ethyl acrylate also give 1:l adducts with 
2 (R = Ph; R1 = H). The adduct from the former was assigned 
structure 9 (R = CN) on the basis of coupling of the bridge- 
head proton (H4) to two other protons, indicating that the 
cyano group is in the 6 position. The chemical shifts and 
coupling constants for Hga, Hg,, and Hea (Experimental 
Section) show that the cyano group is in an endo configura- 
tion. Although the NMR spectrum of the ethyl acrylate adduct 
was similar in gross features to that of the acrylonitrile product 
suggesting an endo configuration for the ethoxycarbonyl 
group, the overlapping of the chemical shifts made it difficult 

R1 4 

R2 R2 ducts was obtained.18 
5 

S 
I 

oY&N-ph 
k o  
7 
S 

to assign the configuration of this group with any degree of 
certainty. 

The mesoionic system 2 (R = Ph; R1 = H) failed to yield an 
S isolable product with diphenylcyclopropenone and 3- 

methyl-2-phenylazirine owing to its decomposition in re- 
fluxing toluene over extended reaction periods. However its 
2,5-diphenyl derivative is considerably more stable both 
thermally and to traces of moisture and has been reported21 
to give 2,3,5,6-tetraphenyl-4H-thiopyran-4-thione with di- 
phenylcyclopropenethione. We have found that 2 (R = R1 = 

, 
\ 

OY&; Ph 

R 
9 

8 
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Ph) also reacts with azirines and in refluxing xylene with 
2,3-diphenyl-l -azirine gave a multicomponent reaction mix- 
ture. The major product, isolated by chromatography (silica 
gel), was shown by its analytical and spectral data to be a 1:l 
adduct. Earlier studies with 1-azirines in cycloadditionsz2 
suggest an addition of the "masked" ylide in 2 to the C=N of 
the azirine, with the possibility of some subsequent, skeletal 
rearrangement. 

This thermally stable product (vco 1690 cm-l) had retained 
the skeletal arrangement of atoms present in the substrate 2 
and its structure has been assigned in analogy with the 
structures of the products obtainedz3 from 1,3-diphenyliso- 
benzofuran and azirines and on the basis of the following 
spectral data and chemical reactions. Its NMR spectrum 
showed a singlet at  6 5.66 and a complex aromatic multiplet 
at  6 8.18-6.76. A second, minor isomeric product isolated from 
this reaction showed a singlet proton at  6 5.95 in addition to 
the aromatic multiplet. In the adduct 10, the aziridine ring 
proton was observed a t  6 4.52, being deshielded by the oxido 
bridge. This deshielding was helpful in establishing the 
structures of the adducts obtained above. Thus the major 
adduct was assigned structure 11 (R = Ph) with an endo az- 
iridine proton (deshielding - 2.14 ppm) and the minor adduct 
was assigned structure 12 (R = Ph) with an exo aziridine 
proton (deshielding - 2.43 ppm). Oxidation of 11 (R = Ph) 
with 1 equiv of n-chloroperbenzoic acid in methylene chloride 
gave the corresponding sulfoxide 13 (R = Ph) (vso 1077 cm-l) 
whose aziridine proton had undergone only a small downfield 
shift (0.1 ppm) which would be anticipated for a proton in this 
configuration. 

Two minor products were isolated in insufficient amounts 
for complete characterization from the initial cycloaddition 
and were thought to be 2,4,5-triphenylthiazole and 2,4,5-tri- 
phenyl-6H-1,3-thiazin-6-one on the basis of mass spectral 
fragmentation patterns. 

3-Methyl-2-phenylazirine reacted with 2 (R = R1 = Ph) in 
refluxing xylene over 11 h. The product isolated after chro- 
matography (57%) was likewise identified as a 1:l adduct (vco 
1680 cm-1). Two quartets at 6 4.45 and 3.71 and two doublets 
at  6 1.35 and 1.11 demonstrated the presence of the two iso- 
mers 12 (R = CH3) and 11 (R = CH3), respectively in the ratio 
of 1:2.25. Attempts to separate this mixture by chromatog- 
raphy were unsuccessful. 

Oxidation of this mixture with m -chloroperbenzoic acid in 
CHzClz at  room temperature resulted in the isolation of only 
one sulfoxide (vso 1090 cm-l) with a quartet at  6 5.48 and a 

0 S 

10 
S 

11 

s+-0- 

12 13 

s+-0- 

14 

doublet a t  6 1.18. This downfield shift in the methine reso- 
nance (1.03 ppm) indicates that the isolated sulfoxide has 
structure 14 (R = CHs), implying a syn relationship between 
the S-0 group and the aziridine proton and hence derived 
from 12 (R = CH3). 

It is interesting that exo adducts only were isolated from 
azirines and the mesoionic system 2 whereas with olefinic 
dipolarophiles endo adducts were obtained. As in the adducts 
derived from 1,3-diphenylisobenzofuran,23 this may be ex- 
plained in terms of an unfavorable increase in energy for the 
endo transition state as a result of secondary orbital interac- 
tions. Although it was not possible to detect it experimentally, 
the initial formation of the endo adduct with a subsequent 
retr0-1~3-dipolar reaction with the ultimate formation of the 
exo adduct cannot be excluded. 

Experimental Section24 
anhydro-4-Hydroxy-2-phenyl-1,3-dithiolium Hydroxide (2, 

R = Ph; R' = H). Thiobenzoylthioglycollic acid25 (2.5 g, 0.012 mol) 
was dissolved in a mixture of acetic anhydride (2 ml) and triethyl- 
amine (5 ml) at room temperature and the reaction mixture was cooled 
at 0 OC for 10 min, crystallization being induced by scratching the 
walls of the reaction vessel. Addition of anhydrous ether caused ad- 
ditional product to separate and this was collected and washed with 
anhydrous ether using "drybox" conditions throughout. The product 
of analytical purity was obtained as glistening scarlet needles: 1.75 
g (77%); mp 113-115 OC dec; ir (KBr) 1610 cm-I (CO); A,,, (anhy- 
drous CH30H) 220 nm (log t 4.24), 265 (3.96), 285 (3.89), and 325 
(3.46); NMR (CDC13) 6 6.06 (s,1, H4), 7.51 (m, 5, aromatic); Ma+ 194 
(40). 

Anal. Calcd for C&@S2: C, 55.67; H, 3.12. Found: C, 55.55; H, 3.40. 
Attempted recrystallization of the product always resulted in some 

ring opening occurring owing to traces of moisture present in the 
soIvent. 

Similarly anhydro-4-hydroxy-2-p-methoxyphenyl-l,3-dithiolium 
hydroxide (2, R = p-CH30C&; R1 = H) was obtained from p- 
methoxythiobenzoylthioglycollic acid (3, R = p-CH30C&; R1 = H) 
as brilliant, scarlet-red needles: 8004 mp 143-145 OC dec; ir (KBr) 1600 
cm-I (CO); A,,, (anhydrous CH30H) 230 nm (log 6 4.21), 255 (3.83), 
and 330 (3.83); NMR (CDC13) 6 3.88 (s, 3, OCH$), 5.90 (s, 1, H4), 
6.88-7.03 (AB d, 2, J = 9.0 Hz, aromatic), 7.51-7.66 (AB d, 2, J = 9.0 
Hz, aromatic); Ma+ 224 (32). 

Anal. Calcd for C10H802S2: C, 63.58; H, 3.60. Found: C, 53.80; H, 
3.65. 

anhydro -4-Hydroxy-2-p -chlorophenyl-l,3-dithiolium hydroxide 
(2, R = p-ClC&; R' = H) also formed red needles, 75%, mp 160 OC 
dec. 

Anal. Calcd for CeH5ClOS2: C, 47.20; H, 2.19. Found: C, 47.11; H, 
2.14. 
anhydro-4-Hydroxy-2-phenyl-5-( thiobenzoylthiomethyl- 

carbonyl)-1,3-dithiolium Hydroxide ( 2 ,  R = Ph; R' = 
COCHZSCSPh). Thiobenzoylthioglycollic acid (4.25 g), dissolved 
in acetic anhydride (30 ml), was treated with boron trifluoride etherate 
(2 ml) and the reaction mixture was warmed at  ca. 60 OC for 1 h when 
the yellow precipitate dissolved. The cooled reaction mixture was 
poured onto ice (100 g) and the product collected, washed with water, 
and dried. It crystallized from chloroform-ether as red needles: 2.0 
g (52%); mp 185-186 " C  dec (lit? mp 185-186 "C); ir (KBr) 1690,1590 
cm-l (CO); NMR (CDCl3) 6 3.75-4.01 and 4.08-4.33 (AB d, 2, J = 16.5 
Hz, -CH2-), 7.48 (m, 10, aromatic); M-+ 388 (5). 

Anal. Calcd for C1sH1202S4: C, 55.67; H, 3.12. Found C, 55.51; H, 
3.19. 

Cycloaddition Reactions of anhydro-2-Aryl-4-hydroxy-1,3- 
dithiolium Hydroxides. A. With Acetylenic Dipolarophiles. The 
mesoionic compound (2, R = Ph; R1 = H) (1.94 g, 0.01 mol) and di- 
methyl acetylenedicarboxylate (1.42 g, 0.01 mol) in anhydrous ben- 
zene (50 ml) were heated under reflux for 3 h. After evaporation of the 
benzene, the crystalline residue was chromatographed on neutral 
alumina using chloroform as eluent. Dimethyl 2-phenylthiophene- 
3,4-dicarboxylate (5, R = Ph; R1 = H; R2 = COOCH3) crystallized 
from chloroform-petroleum ether (bp 30-60 "C) as cream needles: 
1.1 g (40%); mp 70-71 "C; ir (KBr) 1725 cm-l (CO); Amax (CH30H) 
230 nm (log e 4.28), 275 (3.91); NMR (CDCl3) 6 3.81 (s,3,4-COOCH3), 
3.83 (s, 3,3-COOCHs), 7.43 (m, 5, aromatic), 7.98 (a, 1, H5); M.+ 276 
(38). 

Anal. Calcd for C14H1204S: C, 60.87; H, 4.38. Found: C, 60.83; H, 
4.52. 
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Dimethyl 2-p-methoxyphenylthiophene-3,4-dicarboxylate (5, R 
= p-CH30C&I.i; R' = H; R2 = COOCH3) obtained from 2 (R = p -  
CH30C6H4; R1 = H) as above, separated as cream needles from 
chloroform-petroleum ether: 47%; mp 100-101 OC; ir (KBr) 1725,1720 
cm-' (CO); A,,,, (CH30H) 240 nm (log t 4.41), 275 (4.83); NMR 
(CDC13)6 3.83 (s,6,3- and 4-COOCH3),3.85 (OCH3),6.83-6.98(AB 
d, 2, J = 9.0 Hz, aromatic), 7.36-7.51 (AB d, 2, J = 9.0 Hz, aromatic), 
7.90 (~ ,1 ,  H5); M.+ 306 (70). 

Anal. Calcd for C15H1405S: C, 58.82; H, 4.61. Found: C, 58.70; H, 
4.49. 

Dimethyl 2-p-chlorophenylthiophene-3,4-dicarboxylate (5, R = 
p-ClC&; R1 = H; R2 = COOCHs), obtained from 2 (R = p-ClC6H4; 
R1 = H), was chromatographed on Kieselgel g using chloroform as 
eluent. It crystallized from petroleum ether as pale cream prisms: 44%; 
mp 80-82 "C; ir (KBr) 1725,1710 cm-' (CO); A,,, (CH30H) 233 nm 

(s, 3, 3-COOCH3), 7.42 (s, 4, aromatic), 8.0 (s, 1, H5); Me+ 310 (78). 
Anal. Calcd for C14HllC104S: C, 54.11; H, 3.57. Found C, 54.24; H, 

3.57. 
3,4-Dibenzoyl-2-phenylthiophene (5, R = Ph; R1 = H; R2 = COPh) 

prepared from 2 (R = Ph; R1 = H) and dibenzoylacetylene after 
chromatography on silica gel (CHCl3) afforded cream prisms from 
chloroform-petroleum ether (bp 30-60 OC): 68% mp 160-161 OC; ir 
(KBr) 1670,1645 cm-' (CO); A,, (CH30H) 255 nm (log t 4.62); NMR 
(CDCl3) 6 8.2-8.0 (m, 15, aromatic), 7.83 (s, 1, H5); Ma+ 368 (95). 

Anal. Calcd far C ~ ~ H I ~ O ~ S :  C, 78.25; H, 4.38. Found C, 78.44; H, 
4.19. 

B. Olefinic Dipolarophiles. The mesoionic compound 2 (R = Ph; 
R' = H) (0.5 g) and N-phenylmaleimide (0.50 g) in dry benzene (100 
ml) were heated under reflux for 6 h. After evaporation of the benzene, 
the residue was chromatographed on Kieselgel g using chloroform as 
eluent. The adduct (8, R = Ph) crystallized from chloroform-ether 
as colorless needles: 53%; mp 191-193 "C; ir (KBr) 3080,3020,2960, 
2950,1730 cm-l (C=O); A,,, (CH30H) 200 nm (log t 4.91), 215 sh 
(4.27); NMR (MezSO-ds) 6 3.93 (dd, 1, JAB = 6.6, JBC = 1.0 Hz, H5), 
4.29 (AB d, 1, JAB = 6.6 Hz, H6), 4.88 (d, 1, JBC = 1.0 Hz, H4), 7.58- 
7.13 (m, 10, aromatic); mass spectrum m/e (re1 intensity) 307 (42), 160 
(100). 

Anal. Calcd forC19H13N03S2: C, 62.13; H, 3.57; N, 3.81. Found C, 
62.00; H, 3.50; N. 3.70. 

The corresponding 2-p-methoxyphenyl analogue (8, R = p -  
CH30C&), obtained from 2 (R = p-CH30C6H4; R1 = H), crystal- 
lized from chloroform-ether as colorless needles: 60%; mp 173-176 
OC; ir (KBr) 1780,1710,1610 cm-l(C0); A,,, (CH30H) 198 nm (log 
e 4.66), 223 (4.33); NMR (CDC13) 6 3.8 (s, 3, OCH3), 3.9 (dd, 2, JAB = 
6 . 5 , J ~ c  = 1.0Hz,H~),4.25 (d,  JAB = 6.5Hz,H6),4.85 (d, 1 , J ~ c  = 
1.0 Hz, H4), 7.53--6.87 (m, 9, aromatic); mass spectrum m/e (re1 in- 
tensity) 365 (4), 337 (82), 190 (100). 

Anal. Calcd for C ~ O H ~ ~ N O ~ S ~ :  C, 60.45; H, 3.81; N, 3.53. Found: C, 
60.45; H, 3.81; N, 3.53. 

The 2-p-chlorophenyl analogue (8, R = p-ClC&), prepared from 
2 (R = p-ClC&; R1 = H), crystallized from chloroform-ether as 
colorless prisms: 58%; mp 205-207 OC; ir (KBr) 1780,1710,1600 cm-l 
(CO); A,, (CH30H) 200 nm (log e 4.61), 223 (4.34); NMR (MezSO&) 
6 5.18 (dd, &JAB 6 . 5 , J ~ c  = 1.0H2, H5), 4.73 (ABd, 1, JAB = 6.5Hz, 
He), 5.16 (d, 1, J I ~ C  = 1.0 Hz, H4), 7.78-7.08 (m, 9, aromatic); mass 
spectrum m/e (re1 intensity) 343 (211,341 (55), 196 (401,194 (100). 

Anal. Calcd for C19H12ClN03S2: C, 56.78; H, 3.01; N, 3.49. Found: 
C, 56.64; H, 3.04; N, 3.36. 

The mesoionic compound 2 (R = Ph; R1 = H) (1.94 g) and acrylo- 
nitrile (100 ml) were refluxed for 3 h, the excess acrylonitrile removed 
in vacuo, and the residue chromatographed on silica gel (CHC13). The 
1:l adduct, 6-a-cyano-l-phenyl-2,7-dithiabicyclo[2.2.1] heptan-3-oneZ6 
(9, R = CN) crystallized from chloroform-petroleum ether as colorless 
prisms: 53% mp 105 OC; ir (KBr) 3010,2960,2250 ( C s N ) ,  1710 cm-l 
(C=O); A,,, (CHsOH) 200 nm (log t 4.33); NMR (CDC13) 6 7.49 (m, 
5, aromatic), 4.54 (dd, 1, H4), 4.05 (dd, 1, 3.00 (m, 1, Hb,), 2.76 
(m, 1, H ~ P ) ,  J4 ,6a  -- 1.3,54,56 = 4.7, J5a,Ba = 7.7, J56,6a = 4.0 Hz; Me+ 
247 (A\ 

(log e 4.36), 275 (4.03); NMR (CDCl3) 6 3.86 (9, 3,4-COOCH3), 3.90 

~.,_ 
Anal. Calcd for C12HgNOSz: C, 58.30; H, 3.67; N, 5.67. Found: C, 

58.44; H, 3.62; N, 5.60. 
The mesoionic compound 2 (R = Ph; R' = H) (1.94 g) and ethyl 

acrylate (100 ml) were refluxed for 1 h, the excess ethyl acrylate re- 
moved in vacuo, and the residue was then chromatographed on silica 
gel (CHC13). The 1:l adduct 6-carboethoxy-l-phenyl-2,7-dithiabi- 
cyclo[2.2.1]heptan-3-one (9, R = COOC2Hb) crystallized from chlo- 
roform-petroleum ether as colorless needles: 57%; mp 84-86 "C; ir 
(KBr) 3070,3045,3100,2980,2945,2920,2880,1730 br cm-' (C=O); 
A,,.,,, (CH30H) 200 nm (log t 4.60); NMR (CDC13) 6 7.36 (m, 5, aro- 
matic), 4.43 (dd, 1, H4),3.94 (dd, 1, Hs,), 3.73 (q,2, J = 7.0 Hz, CHz), 
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2.70 (m, 2, H5), 0.76 (t, 3, J = 7.0 Hz), JH*,H& = 1.7, J4,5p = 4.0, J5,,5,9 
= 7.5, J5a,6a = 7.0, J56,6@ 

Anal. Calcd for C14H1403S2: C, 57.14; H, 4.76. Found: C, 57.28; H, 
4.79. 

C. Azirines. 2,3-Diphenylazirine (0.965 g, 5.0 mmol) and 2 (R = 
R1 = Ph) (1.35 g, 5.0 mmol) were refluxed in xylene for 72 h. After 
removal of the solvent the residual dark oil was chromatographed on 
silica gel using benzene as eluent. Recrystallization of the major 
fraction from ethanol gave 11 (R = Ph) as colorless prisms: 0.96 g (2.07 
mmol) (41%); mp 195 OC; ir (KBr) 1690 cm-'; A,, (CH30H) 244 nm 
(log t 4.40); NMR (CDCl3) 6 8.18-6.76 (m, 20, aromatic), 5.66 (s, 1, H); 
M*+ 463 (4). 

5.0 Hz; Ma+ 294 (4). 

Anal. Calcd for CzgH21NOSz: C, 75.13; H, 4.57; N, 3.02. Found C, 
74.91; H, 4.61; N, 3.07. 

The endo isomer 12 (R = Ph), mixed with the exo isomer above, was 
finally separated by PLC and purified by recrystallization from eth- 
anol, forming colorless plates: 0.09 g (0.2 mmol), 4% mp 229 OC; ir 
(KBr) 1690 cm-l(C0); NMR (CDC13) 6 8.21-6.73 (m, 20, aromatic), 

3-Methyl-2-phenylazirine (1.31 g, 10 mmol) and 2 (R = R' = Ph) 
(2.70 g, 10 mmol) were refluxed in p-xylene (50 ml) for 11 h. Removal 
of solvent gave a brown oil which was chromatographed over silica gel 
and eluted with benzene-hexane (4:l) to give a colorless residue, re- 
crystallizing from ethanol as fine, colorless prisms of 11 and 12 (R = 
CH3): 2.27 g (5.66 mmol), 57%; mp 123-125 "C; ir (KBr) 1680 cm-l 
(CO); A,,, (CH30H) 243 nm (log e 4.09); NMR (CDC13) 6 8.16-6.96 
(m, 15, aromatic), 4.45 and 3.71 (q,1, J = 6.0 Hz, H), 1.35 and 1.11 (d, 

5.95 (s, 1, H); M*+ 463 (3). 

3, J = 6.0 Hz, CH3); M*+ 401 (1). 
Anal. Calcd for C24H1gNOS2: C, 71.81; H, 4.77; N, 3.49. Found: C, 

71.61; H, 4.72; N, 3.44. 
Oxidation of 11 (R = Ph) with m-Chloroperbenzoic Acid. A 

solution of the adduct (0.1 g, 0.21 mmol) in dichloromethane (10 ml) 
was treated with m-chloroperbenzoic acid (0.045 g, 0.25 mmol) and 
the mixture was stirred for 16 h. The precipitate was filtered, and the 
filtrate was washed with water (2 X 10 ml) and dried over sodium 
sulfate. The solvent was removed and the residue was recrystallized 
from chloroform-ethanol to give fine, colorless needles of 13 (R = Ph): 
0.054 g (0.11 mmol), 53% mp 214 OC; ir (KBr) 1690 (CO), 1177 cm-' 
(SO); NMR (CDC13) 6 8.16-6.90 (m, 20, aromatic), 5.76 (s, 1, H); M.+ 
479 (1). 

Anal. Calcd for CzgH21NOzS2: C, 72.64; H, 4.42; N, 2.92. Found: C, 
72.68; H, 4.48; N, 2.89. 

Oxidation of 11-12 (R = CH3) with m-Chloroperbenzoic Acid. 
The mixture of adducts (1.0 g, 0.25 mmol) was treated in dichloro- 
methane (10 ml) with m-chloroperbenzoic acid (0.51 g, 3 mmol) in 
dichloromethane (5 ml). The mixture was stirred for 20 h and the 
precipitated solid was filtered. Workup of the filtrate as above gave 
an oil which crystallized from chloroform-ethanol as colorless plates 
of 14 (R = CH3): 0.52 g (0.12 mmol), 50%; mp 193 OC; ir (KBr) 1700 
(CO), 1085 cm-' (SO); NMR (CDC13) 6 8.06-7.13 (m, 15, aromatic), 
5.48 (9, 1, J = 6.0 Hz, H), 1.18 (d, 3, J = 6.0 Hz, CHR): Ma+ 417 (1). 

Anal. Calcd for C24H1gN02S2: C, 69.05; H, 4.59; N,-3.36. Found: C, 
69.23; H, 4.66; N, 3.36. 

Registry No.-2 (R = Ph; R1 = H), 58426-74-7; 2 (R = p -  
CH30C&;'R1 = H), 58426-75-8; 2 (R 2: p-ClC&; R' H), 
58426-76-9; 2 (R = Ph; R' = COCH2SCSPh), 58426-77-0; 2 (R R' 
= Ph), 58426-78-1; 3 (R = Ph; R' = H), 942-91-6; 3 (R = P - C H ~ O C ~ H ~ ;  
R1 = H), 38204-31-8; 3 (R = p-ClCsH4; R' 
Ph; R' = H; R2 = COOCH3), 23436-87-5; 5 (R = p-CH30C6H4; R' = 
H; R2 = COOCH3)j 23436-88-6; 5 (R = P-ClCeH4; R' = H; R2 = 
COOCH3), 58426-79-2; 5 (R = Ph; R' = H; R2 = COPh), 58426-80-5; 
8 (R = Ph), 58426-81-6; 8 (R = ~ - C H ~ O C G H ~ ) ,  58426-82-7; 8 (R 
p-C1CsH4), 58426-83-8; 9 (R CN), 58426-84-9; 9 (R COOC2H5), 
58426-85-0; 11 (R = Ph), 58426-86-1; 11 (R = CH3), 58426-87-2; 12 
(R = Ph), 58462-43-4; 12 (R = CH3), 58462-44-5; 13 (R = Ph), 

H), 38204-36-3; 5 (R 

58426-88-3; 14 (R = CH3), 58426-89-4; dimethyl acetylenedicarbox- 
ylate, 762-42-5; dibenzoylacetylene, 1087-09-8; N-phenylmaleimide, 
941-69-5; acrylonitrile, 107-13-1; ethyl acrylate, 140-88-5; 2,3-di- 
phenylazirine, 16483-98-0; 3-methyl-2-phenylazirine, 16205-14-4. 
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N-p-Tosylsulfilimines, when dissolved in concentrated sulfuric acid, are converted to the corresponding p-tolu- 
enesulfonic acid salts of sulfilimines which upon treatment with alkali give “free” sulfilimines in good yields. Diaryl 
sulfilimines are relatively stable crystalline compounds, while dialkyl or alkyl aryl derivatives are unstable and de- 
compose readily at room temperature to form the corresponding sulfides and ammonia. The structure of “free” sul- 
filimine was identified by spectroscopic and elemental analyses. Some of the interesting chemical behavior of “free” 
diphenylsulfilimines is described. 

The acid-catalyzed hydrolysis of N-p-tosylsulfilimine 
is known to give the corresponding sulfoxide in high yield.2 
The mechanism for the hydrolysis has been explored kineti- 
cally by Kucsmann and his co-workers3 using N-arylsulfonyl 
alkyl aryl sulfilimines in moderately concentrated aqueous 
sulfuric acid or perchloric acid. On the basis of the kinetic 
investigations, the reaction mechanism for the hydrolysis was 
explained in terms of the nucleophilic attack of water on the 
positively polarized S(II1) atom of the protonated sulfilimine. 
Meanwhile, we found recently that the treatment of N-p- 
tosylsulfilimines with concentrated sulfuric acid gave the 
corresponding “free” sulfilimine nearly q~antitatively.~ 

Earlier methods of preparation of free sulfilimines have 
been reported by Appe15 from dialkyl or p,p’-dimethoxydi- 
phenyl sulfide with chloramine or hydroxylamine sulfate. 
Similarly, Lambert and his co-workers6 prepared penta- 
methylenesulfilimine and presented spectroscopic \data. 
Recently Tamura et aL7 also found a new method which in- 
volves treatment of the sulfides and 0-mesitylenesulfonyl 
hydroxylamine. More recently, a method which uses diaryl 
alkoxy sulfurane and ammonia has been described by Martin? 
However, each of these reactions has some shortcomings for 
a general synthetic procedure to prepare free sulfilimines. We 
have now found that any kind of N-p- tosylsulfilimine can be 
synthesized readily under certain set conditions from the 
corresponding sulfides and chloramine-T and their free sul- 
fiIimines are readiIy obtained as salts simply by dissolving 
them in concentrated sulfuric acid. This synthetic method is 
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the first general procedure for the preparation of varied sul- 
filimines in large quantities; we now present the details of this 
procedure and a few pertinent physical and chemical char- 
acteristics of the sulfilimines. 

Results and Discussion 
Diaryl Sulfilimines. Cleavage of diphenyl-N-tosylsulfil- 

imine (I) was carried out in 95% sulfuric acid at  room tem- 
perature. After quenching in ice, the tosylate salt 111 could be 
extracted with chloroform. The free sulfilimine (11) crystal- 
lized on basifying a solution of 111. The imine I1 has a strong 
ir absorption band at  940 cm-l which is assigned as -S-N- 
bond, while other strong absorption bands appear at 2350 
(OH) and 3120 cm-l (NH), respectively. The NMR signals 
of I1 are 6 7.20-7.70 (10 H, phenyl), 2.1 ppm (1.7 H, NH and 
OH). The mass spectrum of I1 was identical with that of di- 
phenyl sulfide; the parent peak due to the free sulfilimine did 
not appear at all, indicating that the S-N bond of I1 is weak 
and is cleaved readily. 

The structure of I1 was confirmed by treatment with tosyl 
chloride under alkaline condition t o  give the starting N-p- 
tosylsulfilimine (I) quantitatively. Furthermore, I1 was hy- 
drolyzed to diphenyl sulfoxide upon heating at  65 “C for 3 h 
in 20% aqueous sulfuric acid solution. However, I1 was stable 
at even relatively strong alkaline conditions and did not react 
at all in aqueous 20% sodium hydroxide solution at an elevated 
temperature. The reactions are summarized in Scheme I. 

Data for the cleavage of other diaryl N-p-  tosylsulfilimines 
are summarized in Table I. 

Preparation of Alkyl Aryl and Dialkyl Sulfilimines. 


