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Activated isocyanates underwent ready reaction at room temperature with anhydro- 2-p-chlorophenyl-4-hy- 
droxy-3-phenylthiazolium hydroxide yielding 1:l primary cycloadducts assigned a 2,6-diaza-7-thiabicyclo[2.2.1] - 
heptane structure. Analogous adducts were also obtained with anhydro-5-hydroxy-3-methyl-2-phenyloxazolium 
hydroxide. Phenyl isocyanate and phenyl isothiocyanate, however, required elevated temperatures (80 "C) for the 
formation of 1:l adducts with the former system. 

Heterocumulenes have been shown to undergo a variety 
of cycloaddition reactions2 and, with the mesoionic anhy- 
dro- 5-hydroxythiazolium hydroxide system, provided sev- 
eral interesting 1:1 cycloadducts as well as a convenient 
route to the anhydro-4-mercaptoimidazolium hydroxide 
~ y s t e m . ~  We now describe the reactions of several isocyan- 
ates and isothiocyanates with the isomeric anhydro-4-h~-  
droxythiazolium hydroxide system 1 and with the anhy- 
dro- 5-hydroxyoxazolium hydroxide system 10, the adducts 
from the latter being particularly interesting in that they 
retain the elements of carbon dioxide, an unusual feature 
in products derived from this ring ~ y s t e m . ~  

Phenyl isothiocyanate, phenyl isocyanate, benzoyl isocy- 
anate, p-chlorobenzoyl isocyanate, trichloroacetyl isocya- 
nate, p-toluenesulfonyl isocyanate, and N-chlorosulfonyl 
isocvanate all underwent readv reaction with anhydro- 2- 

2,6-diaza-7-thiabicyclo[2.2.l]heptane-5-thione (R = R1 = 
Ph; X = S ) .  

A low chemical shift in the region of 6 12.06 is usually as- 
sociated with a proton attached to an electronegative ele- 
ment such as oxygen, nitrogen, or sulfur, or to an aldehydic 
proton. In 2, the 4 proton is not readily exchanged with 
deuterium, requiring base catalysis for exchange to occur. 

and p-ClCeH;) forming crystalline cycloadducts. Analytical 
and mass spectral data (Table I) established that these 
were 1:l adducts, and structural formulas have been as- 
signed on the basis of the following considerations. 

With phenyl isothiocyanate and 1 (R = Ph)  an orange- 
yellow, crystalline product (Table I) separated from the hot 
benzene reaction mixture after 15 min. Its molecular for- 
mula, C22HleN20S2, corresponded to a simple 1:1 adduct 
bu t  the  spectral data excluded any substitution into the 5 
position of 1. Its infrared spectrum, devoid of OH, SH, or 
N H  absorptions, showed YCO 1630 cm-l and UC=S 1135 
cm-l, and the ultraviolet spectrum [203 nm (log E 4.65), 277 
(4.10), 306 sh (3.85), 424 (4.06)] showed a considerable shift 
to longer wavelength from that of 1 (R = Ph),  and also 
from the absorption of an N-phenylthioamide such as N- 
phenylthioacetamide6 [218 nm (log e 4.15), 301 (4.01)]. The 
NMR spectrum was very simple, consisting of aromatic 
protons (15) a t  6 7.63 and a singlet proton a t  an exception- 
ally low chemical shift, 6 12.06. 

Several structural representations for an adduct of this 
composition are possible, including those containing an SH 
or OH group, but all may be excluded on the basis of the 
above spectral data except 2 and 3 (R = R1 = Ph; X = S), 
representing different modes of addition of phenyl isothio- 
cyanate to the thiocarbonyl ylide dipole of 1. Structure 3 
can be discarded, as in the corresponding adduct from 1 (R 
= Ph)  and phenyl isocyanate, the singlet proton moved up- 
field, albeit still a t  an exceptionally low value, to 6 10.27. 
This indicates that  the bridgehead proton a t  C-4 is being 
strongly deshielded by the C=O and the C=S groups a t  
the 3 and 5 positions, respectively, being in the deshielding 
zone of both groups. As the C=S group is known7 to exert a 
stronger deshielding influence than the C=O group, such a 
shift is consistent with structure 2, 3-0xo-1,2,6-triphenyl- 

R' 
ary~4-hydroxy-3-phenylthiazofium hydroxide5 (1, R = P h  - 1 2 

Ph +,(,Ph Ph 

"/ 

0 
Ph 

x 

3 4 

The inductive effects exerted by the carbonyl groups and 
thiocarbonyl groups, as well as the bridgehead sulfur atom, 
alone cannot account for this low chemical shift. In similar 
cycloadducts obtained from heterocumulenes and anhy- 
dro-1,3-dimethyl-4-hydroxy-1,2,3-triazolium hydroxide: 
anhydro- 2,3-diphenyl-4-hydroxy-l-methylimidazolium hy- 
d r ~ x i d e , ~  and anhydro-5-hydroxy-3-methyl-2-phenylthia- 
zolium h y d r ~ x i d e , ~  similar chemical shifts were observed 
for the analogous bridgehead hydrogen atoms. 

The ultraviolet spectrum of 2 (R = R1 = Ph; X = S) is 
also consistent with this structure. Interaction between a 
@-thio group and a carbonyl group has been shown9 and in 
@-keto sulfides causes a shift of the perturbed CO absorp- 
tion to 300 nm,lo and interaction between the bridge sulfur 
atom and the thiocarbonyl group also explains unsuccessful 
attempts to remove cleanly the sulfur bridge (see below). 

Phenyl isocyanate and 1 (R = Ph) readily formed a yel- 
low 1:l cycloadduct (Table I) over l hr in refluxing ben- 
zene. Its spectral characteristics are consistent with struc- 
ture 2 (R = R1 = Ph; X = 0). The infrared spectrum 
showed uco 1650 and 1625 cm-l, the latter most likely the 
result of interaction of the sulfur bridge with one of the 
carbonyl groups, an effect which is also reflected in the ul- 
traviolet spectrum having a long wavelength absorption a t  
400 nm. The  NMR spectrum, in addition to the aromatic 
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protons a t  6 7.40, consisted of a sharp singlet a t  6 10.27 
which required base catalysis for deuterium exchange. 

An immediate reaction was observed when benzoyl isocy- 
anate and 1 (R = p-ClCeH4) were mixed in dry benzene a t  
room temperature, a 1:l cycloadduct being obtained as yel- 
low needles (Table I). The infrared spectrum showed car- 
bonyl absorptions a t  1740 (COPh), 1690 (CON<), and 1640 
cm-' (CON<), the ultraviolet spectrum a long-wavelength 
absorption a t  399 nm, but in this case the chemical shift of 
the bridgehead proton, characteristic of the above adducts, 
was not observed owing to use of CF3C02H as the NMR 
solvent. These data are best accommodated by structure 2 
(R = Ph; R1 = COPh; X = 0). 

An equally ready reaction was observed between 1 (R = 
p -ClC&) and N-chlorosulfonyl isocyanate. This adduct, 
obtained as an unstable, hygroscopic, greenish solid, was 
converted into the corresponding ethyl ester which was iso- 
lated as yellow needles (Table I). Two carbonyl absorptions 
at 1700 and 1650 cm-l, and a long-wavelength ultraviolet 
absorption at 411 nm, are consistent with the spectral pa- 
rameters associated with the structure l-p-chlorophenyl- 
6-ethoxysulfonyl-2-phenyl-2,6-diaza-7-thiabicyclo- 
[2.2.l]heptane-3,5-dione (2, R = p-ClCsH4; R1 = S02Et; X 
= 0). The NMR spectrum, in addition to the aromatic pro- 
tons and those of an OEt group, showed a singlet at 6 9.8, 
assignable to  the C-4 bridgehead proton. 

p -Toluenesulfonyl isocyanate also readily formed a 1: 1 
cycloadduct with 1 (R = p-ClC6H4) in dry benzene a t  room 
temperature within 5 min. This yellow product's spectral 
characteristics (Table I) are fully in accord with its repre- 
sentation as l-p-chlorophenyl-2-phenyl-6-p-tolylsulfonyl- 
2,6-diaza-7-thiabicyclo[2.2.l]heptane-2,5-dione (2, R = p -  

The data described above indicate 2 as the structure for 
these cycloadducts, a possible alternative ylidic structure 5 
that  cannot be definitely excluded on the basis of these 
data  being eliminated on the basis of 13C NMR and chemi- 
cal data. The ylide 5 is plausible for the 1:l adduct, being 

ClCsH,; R1 = P - C H ~ C ~ H ~ S O Z ;  X = 0). 

5 6 

7 8 

analogous to  a similar type betaine 1:l complex postu- 
lated'l in the reaction of pyridine N-oxide with sulfonyl di- 
isocyanate, and i t  should readily undergo protonation with 
perchloric acid, or alkylation with suitable reagents, in 
analogy with similar N-imines and C-ylides derived from 
1,2,4-triaz0le~~ and other such systems. The adducts de- 
scribed above were remarkably inert to protonation and al- 
kylation. In particular the p-toluenesulfonyl isocyanate ad- 
duct did not react with perchloric acid, methyl iodide, 
triethyloxonium fluoroborate, and methyl trifluorometh- 
anesulfonate and on the basis of these results the ylide 
structure 5 must be discarded. 

The p-toluenesulfonyl derivative was inert to m-chloro- 
perbenzoic acid, sulfoxide formation not being observed, 

although it would be expected that in structure 2 (R = p -  
ClC6H4; R1 = p-CH3C6H4S02) with a sulfide bridge, oxida- 
tion would occur readily as has been observed with the 1:l 
adducts derived from these mesoionic systems and several 
01efins.l~ The spectral data for these compounds described 
above, however, reflect the unusual nature of the adducts 
in that the lone pair electrons on the bridge sulfur atom are 
not readily available for reaction with oxidizing agents. 

A major premise in our structural arguments is that  the 
bridgehead proton at C-4 is strongly deshielded by the C-3 
carbonyl group and the C-5 carbonyl or thiocarbonyl group. 
Accordingly, change in the nature of the group at  C-5 
should have a pronounced effect on the chemical shift of 
this bridgehead proton as well as on the properties of the 
system, and i t  was found that the 1:l cycloadduct obtained 
from 1 (R = p-ClCsH4) and trichloroacetyl isocyanate was 
a particularly useful substrate upon which to bring about 
the desired transformations. 

Hydrolysis of the adduct 2 (R = p-ClCsH4; R1 = 
COCCl3; X = 01, formed a t  room temperature in 92% yield, 
with hot aqueous sodium carbonate solution over 15 min 
gave a product 2 (R = p-ClC&; R1 = H; X = 0) in 80% 
yield which, with Meerwein's reagent, afforded l-p-chloro- 
phenyl-3-ethoxy-6-phenyl-2,6-diaza-7-thiabicyclo[2.2.1] - 
hept-2-en-5-one (6). Thermolysis of 6 at  170 OC (0.5 mm) 
could have resulted in extrusion of sulfur or elimination of 
phenyl isocyanate, the latter being anticipated on the basis 
of the behavior of the initial cycloadducts of this ring sys- 
tem with acetylenic dip~larophi les .~ Two products were 
isolated from the thermolysis, identified as 2 (R = p -  
C1C6H4; R1 = H; X = 0) and 2-p-chlorophenyl-4-ethoxy- 
thiazole-harboxanilide (7). Analytical and spectral data 
substantiating the above structures are shown in Table I 
and the Experimental Section. The trichloroacetyl group in 
2 (R = p-ClC6H4; X = 0) was necessary for this facile hy- 
drolysis to occur. The adduct 2 (R = p-ClC&; R1 = 
COCH,; X = S),  obtained from 1 (R = p-ClC,H,) and ace- 
tyl isothiocyanate, could not be hydrolyzed except under 
conditions that resulted in a more deep-seated degradation 
of the adduct. 

The variation of the chemical shift of the bridgehead 
proton a t  C-4 in this series of products is particularly infor- 
mative. In 2 (R = p-ClC6H4; R1 = COCC13; X = 0) a sin- 
glet proton a t  6 12.43 may be attributed to the bridgehead 
proton; conversion of this adduct into 2 (R = p-ClC&; R1 
= H; X = 0) resulted in this proton being obscured by the 
aromatic protons (6 7.5-7.3), there being a complete ab- 
sence of a signal a t  lower field. This large chemical shift 
may be due in part to an appreciable contribution from the 
enolic form of the newly generated amide. A further upfield 
shift occurs on formation of 6. No signal was found in the 
region 6 18-10 but a one-proton singlet occurred at 6 7.10. 
Although this signal cannot be assigned with absolute cer- 
tainty, there are strong indications that i t  can be assigned 
to the bridgehead proton a t  C-4. The NMR spectrum of the 
thermolysis product 7 also showed an interesting feature. 
The 4-ethyl group gave rise to  two quartets at 6 3.8 and 3.1 
(J = 8.0 Hz) that collapsed to two singlets on irradiation of 
the triplet resonance, and this nonequivalency of the meth- 
ylene protons was no doubt due to a steric interaction with 
the neighboring 5-carboxanilide group. 

The 13C NMR spectra of several of these products were 
also helpful in these structural studies, particularly in pro- 
viding additional evidence for the elimination of the ylide 
structure 5 for these cycloadducts. The ylide structure re- 
quires the presence of a >C=N+< entity with the carbon 
being attached to an aromatic ring and a sulfur atom. Such 
a partial structure is present in the S-rnethyl thi~amidel~ 
derivative 8 and the carbon chemical shift in this product 
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Table 111. I3C Chemical Shifts for Several Heterocumulene Cycloadducts (ppm Downfield from Me,Si) 

Carbon atom number 

Compd 1 3 4 5 8 9 

2, R = p-ClC,H,; 
R' = COCH,; X = S 125.78 156.83 

6 125.96 137.62 
11, R =p-ClC,H,CO 120.61 161.75 
8 194.04 48.74 

was observed at 194.04 ppm. In anhydro-5-hydroxy-3- 
methyl-2-phenylthiazolium hydroxide the analogous car- 
bon atom (C-2) was observed at 141.3 ppm and in anhydro- 
2-ethyl-5-mercapto-3-phenyl-1,3,4-thiadiazolium hydrox- 
ide the analogous carbon had shifted to  173.8 ppm.15 These 
spectral data, as well as the chemical transformations 
above, clearly establish the  bicyclic structure 2 for these 
heterocumulene cycloadducts. 

In the reaction of anhydro- 5-hydroxy-3-methyl-2-phen- 
yloxazolium hydroxide (10) with p-toluenesulfonyl, benzo- 
yl, and p -chlorobenzoyl isocyanate, the mesoionic ~ y s t e m ~ , ~  
was generated in situ from N-benzoylsarcosine (9) and ace- 
tic anhydride at 40 "C. These all formed 1:l cycloadducts, 

CH+CH,COOH 2 Ac 0 

I 
PhCO 

10 
R 

11 

/ COOCH3 
I 

CHJCH2CONHSO2CGH4-pCH3 +- CH3NCHCONHS0,C,H,-p-CH, 

PhCO 
I 

PhCO 
I 

13 12 

described in Table 11, and assigned structure 11 (R = p -  
CH3S0&&4, COPh, and p-C1C&CO) on the  basis of the 
spectral data and by analogy with the adducts discussed 
above. A similar product has been obtained from anhydro- 
2,4-diphenyl-5-hydroxy-3-methyloxazolium hydroxide and 
phenyl isocyanate.16 

The above adducts (Table 11) decomposed with gas evo- 
lution at their melting points and on electron impact the 
predominant fragmentation pathway was a disassociation 
process. Refluxing 11 (R = p-CH3S0&6H4) with methanol 
resulted in a n  hydrolysis product 12 and use of warm 10% 
sodium hydroxide solution as the  hydrolysis medium gave 
13, which was also obtained from 12 and 10% sodium hy- 
droxide solution. 

Just as some five-membered mesoionic systems can be 
converted into other representatives of this class of com- 
pounds by reaction with phenyl isothiocyanate,8 removal of 
the  sulfur bridge in 2 (R = R1 = Ph; X = 0) would provide 
a simple route to anhydro-4-hydroxy-6-0~0-1,2,3-tri- 
phenylpyrimidinium hydroxide1' (4). However, all at- 
tempts to  remove the sulfur with reagents such as triphen- 
ylphosphine, tris(dimethylamino)phosphine, Raney nickel, 
etc., were unsuccessful, probably reflecting the interaction 
of the sulfur with the C-3 or C-5 carbonyl groups. Oxida- 
tion with peracetic acid was successful, but, in this case, 
the product obtained was PhNHCOCHOHCOPhCOPh, 
formed by hydrolysis of 4 under the reaction conditions.lS 

110.34 184.52 169.41 25.87 
88.72 156.83 60.48 14.04 
92.85 163.63 36.43 157.35 
18.10 

Experimental Section1g 
Reaction of anbydro-4-Hydroxy-2,3-diphenylthiazolium Hy- 

droxide with Phenyl Isothiocyanate (and Phenyl Isocyanate). 
The mesoionic compound6 1 (R = Ph) (2.2 g, 0.087 mol) and phe- 
nyl isothiocyanate (1.5 g, 0.011 mol) in dry benzene (100 ml) were 
heated together under reflux and, within 15 min, product started 
to separate. After an additional 1 h, the reaction mixture was 
cooled, anhydrous ether added, and the product collected. 3-oxo- 
1,2,6-triphenyl-2,6-diaza-7-thiabicyclo[2.2.l]heptane-5-thione (2, 
R = R' = Ph; X = S) crystallized from chloroform-ether as or- 
ange-yellow needles, 8896, mp 230 "C dec (Table I). Acetyl isothio- 
cyanatez0 and 1 (R = p-ClCsH4) required a 3-h reflux period and, 
on cooling, red prisms of the adduct separated, mp 217-218 "C. 

General Procedure for the Reaction of anbydro-2-p-Chlo- 
rophenyl-4-hydroxy-3-phenylthiazolium Hydroxide (1, R = 
p-ClC6H4) and Activated Isocyanates. The mesoionic com- 
pound and a slight excess of the isocyanate were mixed in benzene 
with stirring at room temperature. After several minutes the prod- 
ucts separated and were collected and recrystallized from chloro- 
form-ether (Table I). 

With N-chlorosulfonyl isocyanate the precipitated product was 
extremely unstable and it was converted into the corresponding 
ester by the addition of excess ethanol. 

Hydrolysis of l-p-Chlorophenyl-2-phenyl-6-trichloro- 
acetyl-2,6-diaza-7-thiabicyclo[2.2.l]heptane-3,5-dione (2, R = 
p-ClCeH4; R1 = COCCls;.X = 0). The adduct (4.76 g, 0.01 mol) 
was heated under reflux with aqueous sodium carbonate (4 g in 40 
ml of HzO) for 15 min. On cooling, an orange solid separated that 
crystallized from absolute ethanol as orange prisms and was iden- 
tified as 2 (R = p-ClCsHd; R1 = H; X = 0), 2.7 g (80%), mp 279- 
280 "C dec (Table I). 
l-p-Chlorophenyl-3-ethoxy-6-phenyl-2,6-diaza-7-thiab~cy- 

clo[2.2.l]hept-2-en-5-one (6). A slurry of 2 (R = p-ClCsH4; R' = 
H; X = 0) (3.30 g, 0.01 mol) in dry methylene chloride (100 ml) 
was treated with triethyloxonium fluoroboratezl (1.90 g, 0.01 mol) 
added in one portion and, after 2 h, a homogeneous solution had 
formed. After addition of aqueous potassium carbonate (5.6 g of 
50% solution), the organic portion was separated and dried over 
anhydrous MgS04. Removal of the solvent in vacuo afforded an or- 
ange oil that crystallized from ether-pentane as orange prisms: 
2.25 g (62%); mp 88O; ir (KBr) 1650 (CO), 1600 cm-I (C=N); NMR 
(CDC13, 100 MHz) 6 7.5-7.2 (m, 8, aromatic), 7.1 (s, 1, H4), 4.5 (qt, 

Anal. Calcd for C1SH&lN2S02: C, 60.21; H, 4.21; N, 7.80. 
Found: C, 59,99; H, 4.30; N, 7.69. 

Thermolysis of 6. The above 3-ethoxy compound (400 mg) was 
heated at 170 "C (0.5 mm). On cooling, the crude melt was dis- 
solved in acetone and purified by chromatography on preparative 
silica gel (0.5 mm) using ethyl acetate. Crystallization of the first 
band from 1,2-dichloroethane afforded 1-p-chlorophenyl-2-phe- 
nyl-2,6-diaza-7-thiabicyclo[2.2.l]heptane-3,5-dione (2, R = p -  
ClCsH4; R1 = H; X = 0)  as yellow prisms, 100 mg (ca. lo%), mp 
280 "C. The second major band crystallized from ether-pentane as 
orange prisms and was identified as 2-p-chlorophenyl-4-ethoxythi- 
azole-5-carboxanilide (7): 210 mg (50%); mp 222"; ir (KBr) 3325 
(NH), 2975 (aromatic CHI, and 1625 cm-I (CO); NMR (CDC13) 6 
8.0 (broad s, 1, NH), 7.5-7.0 (m, 9, aromatic), 3.7-3.1 (two qt, 2, 

Anal. Calcd for Cp,H1&1N2S02: C, 60.21; H, 4.21; N, 7.80. 
Found: C, 60.34; H, 4.08; N, 7.80. 

General Procedure for Reaction of N-Benzoylsarcosine 
with Activated Isocyanates. Reaction with p-Toluenesulfonyl 
Isocyanate. N-Benzoylsarcosinez2 (1.93 g, 0.01 mol) in acetic an- 
hydride (30 ml) at 40 "C was stirred and p-toluenesulfonyl isocya- 
nate (1.97 g, 0.01 mol) added in small portions. Within 5 min a 
light yellow product had separated. Recrystallization from 1,2-di- 
chloroethane afforded 7-methyl-1-phenyl-6-p-toluenesulfonyl- 
6,7-diaza-2-oxabicyclo[2.2.l]heptane-3,5-dione (1 1, R = p -  

2, CH2CH3, J = 7.0 Hz), 1.4 (t, 3, CHzCH3); M+* 358 (20). 

CHzCHd, 1.2 (t, 3, CHzCHs, J = 8.0 Hz); M+* 358 (62). 
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CH3CsH4SOz) as colorless prisms, 1.0 g (68%), mp 189-192 OC dec 
(with gas evolution). 

H y d r o l y s i s  of 1 1  ( R  = p-CH3CsH4S02). A. With Methano l .  
The adduct (0.7 g, 0,0019 mol) was refluxed in dry methanol for 4 
h. Solvent was removed in vacuo and the residue recrystallized 
from ethanol, affording 2-methoxycarbonyl-2-(N-benzoyl-N- 
methy1amino)acet-p-toluenesulfonamide (12) as small, colorless, 
clustered needles: 0.55 g (57%); mp 157-159 OC; ir (KBr) 3000 
(broad, CH), 1750, 1720 cm-' (CO); A,,, (CH30H) 226 nm (log e 
4.45); NMR (CDCl3) 6 10.93 (bs, 1, NH, exchanged with D20), 
7.17-7.97 (m, 9, aromatic), 5.33 (s, 1, C2 H, exchanged with DzO), 
3.73 (8, 3, OCH3), 3.00 (s, 3, NCH3), 2.42 (6, 3, aryl CH,); M+. 403 
(2). 

Anal. Calcd for CleHzoNzO&3: C, 56.56; H, 4.75; N, 6.95. Found: 
C, 56.45; H, 4.73; N, 6.83. 
B. With 10% S o d i u m  H v d r o x i d e  Solut ion.  The adduct (1.0 e. 

0.0027 mol) was heated on a steam bath with 10% sodium hydro;: 
ide (15 ml) for 5 min. The reaction mixture was cooled, neutralized 
with 3 N HC1, and extracted with chloroform. The chloroform 
layer was separated, dried over sodium sulfate, and evaporated in 
vacuo, leaving a colorless, crystalline residue which recrystallized 
from 1,2-dichloroethane-anhydrous ether yielding 2-(N-benzoyl- 
N-methy1amino)acet-p-toiuenesulfonamide (13) as colorless 
prisms: 0.2 g (20%); mp 156-157O; ir (KBr) 3000 (broad), 1710, 
1625 cm-'; A,,, (CH30H) 226 nm (log e 4.32); NMR (CDC13) 6 
7.17-7.92 (m, 9, aromatic), 4.13 (bs, 2, CHz), 3.02 (9, 3, NCHd, 2.43 
(6, 3, aryl CH,); M+. 346 (6). 

Anal. Calcd for C17HIBN204S: C, 58.94; H, 5.24; N, 8.09. Found: 
C, 58.86; H, 5.13; N, 8.25. 

H y d r o l y s i s  of 12. Treatment of 12 with 10% sodium hydroxide 
on a steam bath for 15 min, extraction of the reaction with chloro- 
form, and evaporation of the chloroform extract afforded a color- 
less, crystalline solid identicalz3 with 13 above. 
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anhydro- 2,3-Diphenyl-4-hydroxythiazolium hydroxide and diphenylcyclopropenone at 80" gave a 1:l cycload- 
duct shown to be 2,3,5,6-tetraphenyl-6-aza-8-thiabicyclo[3.2.l]oct-2-ene-4,7-dione which, on thermolysis, lost the 
elements of COS forming 1,4,5,6-tetraphenyl-2( 1H)-pyridone. With diphenylcyclopropenethione at room temper- 
ature the corresponding 7-oxo-2,3,5,6-tetraphenyl-6-aza-8-thiabicyc~o[3.2.l]oct-2-ene-4-thione was formed which, 
on thermolysis, gave 3,4,6-triphenyl-2H-thiopyran-2-thione and 4-oxo-2,3,6,7-tetraphenyl-2H-1,3-thiazocinium 
8-thiolate. anhydro- 2-p-Chlorophenyl-4-hydroxy-3-phenylthiazolium hydroxide gave an analogous series of p- 
chlorophenyl substituted products. anhydro-2,4-Diphenyl-5-hydroxy-3-methyl-1,3-oxazolium hydroxide, gener- 
ated in situ from N-benzoyl-N-methyl-C-phenylglycine and AczO, and diphenylcyclopropenone gave l-methyl- 
2,3,5,6-tetraphenyl-4( 1H)-pyridone, and the corresponding thione was formed with diphenylcyclopropenethione. 
Reaction with 1,2,3-triphenylcyclopropene gave l-methyl-2,3,4,5,6-pentaphenyl-1,4-dihydropyridine. anhydro- 
5-Hydroxy-3-methyl-2-phenylthiazolium hydroxide and diphenylcyclopropenethione underwent reaction at room 
temperature giving l-methyl-2,3,5-triphenyl-4(lH)-pyridinethione, whereas with diphenylcyclopropenone no re- 
action occurred, Chemical and spectral evidence used to establish these structures is described. 

In the short time since the initial synthesis2 of diphenyl- 
cyclopropenone, it has found applications as a versatile in- 
termediate in organic synthesis.3 As would be anticipated 
from its physical characteristics, i t  is a particularly inter- 
esting substrate in cycloaddition reactions and this proper- 

ty is shared to some degree by its thio analogue. Cycload- 
ducts have been formed with carbonyl y l i d e ~ , ~  heteroaro- 
matic ring systems such as pyridine, pyridazine,  et^.,^ some 
1,3-dipolar systems: and also with enamines and other 
electron-rich olefinic systems.' Recently 1-azirines were 


