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The title mesoionic ring system underwent cycloaddition of dimethyl acetylenedicarboxylate with elimination
of carbonyl sulfide from the initial 1:1 adduct forming substituted pyrroles. N- Thiobenzoylsarcosine, the precur-
sor to this mesoionic system, acetic anhydride, and dimethyl acetylenedicarboxylate also gave the substituted
pyrrole, and this convenient procedure has been extended to the precursors to the mesoionic oxazole and sydnone
systems. N- Phenylmaleimide and dimethyl fumarate readily gave 1:1 adducts and the endo isomer of the former
product was readily isomerized to the exo isomer. Complex reaction mixtures were obtained from other olefinic
dipolarophiles. With tetracyanoethylene no cycloadduct was formed but rather an “ene”-type product was isolat-
ed, in which substitution had occurred at the 4 position of the thiazole nucleus. With phenyl isothiocyanate at ele-
vated temperatures, anhydro- 2-aryl-4-mercapto-1-methyl-3-phenylimidazolium hydroxide and its 1:1 adduct
with the heterocumulene were formed, whereas with phenyl isocyanate, 1:1 adducts of the heterocumulene with
the thiazole and imidazole mesoionic systems were isolated. Activated isocyanates readily reacted at room tem-

perature giving stable 1:1 cycloadducts.

In the thiazole ring system two isomeric mesoionic sys-
tems,” represented by the anhydro-2,4-disubstituted 5-
hydroxy-3-methylthiazolium hydroxide (1) and the anhy-
dro- 2,3,5-trisubstituted 4-hydroxythiazolium hydroxide
(2) are possible. The number of potential products is in-
creased by possible variation of the exocyclic substituent
between oxygen, sulfur, and nitrogen and, as has been
shown recently in the s- triazole system,? with carbon sub-
stituents containing electron-delocalizing groups. In this
publication we describe the cycloaddition reactions of 1
and its conversion into mesoionic imidazole derivatives
and, in those following, the synthesis of 2 and its reactions
with a wide variety of dipolarophiles.
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Inherent in the mesoionic concept?P are contributions to
1 from dipolar forms 3a-c. This “masked” 1,3-dipole is an
azomethine ylide stabilized by the sulfur atom and 1 would
be expected to undergo analogous 1,3-dipolar cycloaddition
reactions* to those observed with the mesoionic 1,2,3-0x-
adiazole (sydnone) system,® the 1,3,4-oxadiazole system,52
and the oxazole system.® In this present system it was an-
ticipated that COS would be eliminated from cycloadducts

with acetylenic dipolarophiles giving pyrroles and that the
adducts with olefinic dipolarophiles would be sufficiently
stable for isolation. This present system is particularly in-
teresting as it completes the series oxazole, thiazole, and
imidazole in which the azomethine ylide is stabilized by ad-
jacent oxygen, sulfur, and nitrogen atoms, respectively.

Synthesis. The mesoionic system 1 was first synthe-
sized” in 1957 as its acetyl derivative (1; R = Ph; R! =
COCHs;) from N-thiobenzoylsarcosine (4) and hot acetic
anhydride. However, a cold mixture of acetic anhydride
and triethylamine resulted® in the formation of anhydro-
5-hydroxy-3-methyl-2-phenylthiazolium hydroxide (I; R =
Ph; R! = H), and N- phenyl-N- thiobenzoylglycine gave the
corresponding 2,3-diphenyl product. Variation of this latter
procedure was found to be excellent for the preparation in
greater than 80% yield of the derivatives of 1 (R = Ph, p--
CICeH4, p- CH30CsHy; R = H) used in this study. These
were all stable, pale-yellow, crystalline products which par-
tially decomposed after storing over several months. The
corresponding acetyl compounds (1; R! = COCHs) were
quite stable, a property reflected in their being completely
unreactive in cycloaddition reactions, and were prepared
from 1 and hot acetic anhydride.

The AcoO/Et3N cyclization mixture is also effective in
similar ring closures to other mesoionic systems where ac-
etylation or other reactions occur in the absence of Et;N.?
It is thought that an initial mixed anhydride 5 undergoes
ring closure to 6 with subsequent removal of a proton by
acetate ion. The latter would be a slow and relatively unfa-
vorable process and, accordingly, these cyclizations with
Ac20 require moderately high temperatures and under
these reaction conditions acetylation of 1 readily occurs.
However, in the presence of EtsN (pK, = 11.4), removal of
the proton from 6 would be fast and this is reflected in the
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extremely mild conditions required for cyclization with the
mixed reaggnt. Pyridine (pK , = 5.2) was ineffective in the
cyclization mixture, the acetyl product (1; R! = COCHj)
only being obtained in poor yield.

anhydre 2,4-Disubstituted 5-hydroxy-3-methyloxazoli-
um hydrox‘ﬁie has also recently been converted into 1 and
its exocyclit sulfur derivative®® by reaction with carbonyl
sulfide and carbon disulfide, respectively.
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Cycloaddition Reactions with Acetylenic Dipolaro-
philes. The anhydro-2-aryl-5-hydroxy-3-methylthiazol-
ium hydroxides (1; R = Ph, p- CIC¢Hy, p- CH30CgHy; R =
H) underwent ready cycloaddition of dimethyl acetylenedi-
carboxylate in hot benzene. Elimination of carbonyl sulfide
from the initial 1:1 adduct 7 occurred with formation of a
substituted pyrrole 8 (R = Ph, p- CICgH,, p- CH;0CgH,;

= H) whth yields in excess of 80%. This is the first in-
stance in which carbonyl sulfide was eliminated from a pri-
mary 1:1 adduct, although later experiments have shown
that a vari#®ty of fragments may be eliminated from initial
cycloaddudts in reactions with mesoionic systems.
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Cycloadditions Utilizing Precursors to the Mesoion-
ic System 1. A modification of the above procedure pro-
vides an aftractive route to the preparation of various de-
rivatives o8, and it may be extended to the synthesis of
other five-membered heterocycles.’® The precursor to the
mesoionic system 1, N-thiobenzoylsarcosine (4), when
heated wifh Ac;O and dimethyl acetylenedicarboxylate
gave, as the final product, the pyrrole (83 R = Ph; R! = H)
in 78% yield. Carbonyl sulfide was identified as the effluent
gas, indicaing that cyclization to the mesoionic system (1;
R = Ph, B¢ = H) had occurred. These reaction conditions
are analogdhs to those under which the acetyl derivatives of
1 (R! = COCH;) were obtained and the 1,3-dipolar addi-
tion of the dipolarophile must have occurred considerably
faster than any acetylation of the nucleus. The presence of
EtsN had no effect on the overall yield of the reaction
product.

This in situ cycloaddition procedure avoids the need for
isalating the mesoionic ring system which may, in some in-
stdnces, pr#bent experimental difficulties.
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A variety of acetylenic dipolarophiles, such as ethyl pro-
piolate and ethyl phenylpropiolate, gave the pyrroles 9 (R
= Ph, p-CIC¢H,, p- CH30CgH,; R = H) and 9 (R = Ph,
p-ClCgHy, p- CH30CgHy; R! = Ph), respectively. The same
pyrroles may also be obtained in comparable yields by util-
izing the N- benzoylsarcosine precursors to the correspond-
ing oxazolium mescionic systemsl®® (Experimental Sec-
tion).

Similarly, N- nitrososarcosine, the precursor to N- meth-
ylsydnone, underwent reaction with dimethyl acetylenedi-
carboxylate under analogous conditions forming dimethyl
1-methylpyrazole-3,4-dicarboxylate (10) in good yield
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Cycloaddition Reactions with Olefinic Dipolaro-
philes. The reaction of 1 (R = Ph; R! = H) with N- phenyl-
maleimide in benzene proceeded smoothly at room temper-
ature with the precipitation of a colorless solid, which was
isolated and characterized as the 1:1 primary cycloadduct,
N,6-diphenyl-2-ox0-3,4,5,6-tetrahydro-3a,6a-epi-N- meth-
ylimino-2H -thiapyran-43,53-dicarboximide’® (11; R =
Ph), on the basis of the following evidence. Carbonyl ab-
sorptions were observed under a broad band centered at
1730 ecm~! in the infrared spectrum and no ultraviolet ab-
sorption maxima occurred above 203 nm. Besides the aro-
matic protons at § 7.08-7.58, a doublet of doublets (J45 =
1.5 Hz, J5¢ = 5.5 Hz) at 6 4.30 was assigned to H-5. A dou-
blet containing the small coupling at ¢ 3.87 was assigned to
the bridgehead proton H-4, and H-6 occurred as a cis-cou-
pled doublet at § 3.83. The bridgehead N-methyl protons
resonated at § 2.28 (Table I). These data indicate that the
endo configuration 11 is more plausible, in analogy with cy-
cloadducts of the 4-hydroxythiazolium system!! and the
isomeric adduct described below. Rapid decomposition of
11 was observed in the mass spectrometer indicative of
thermal instability and a marked tendency for expulsion of
COS from the molecule.

In an attempt to oxidize 11 with m- chloroperbenzoic
acid, a product was obtained from normal work-up (Exper-
imental Section) whose analytical data corresponded to
that of an isomeric product. The mass spectrum of this
compound showed a fragment ion M — 60 at m/e 304 (7%),
which indicated that the COS bridge remained intact in
this product. The nmr spectrum showed three aliphatic
multiplets (Table I) with the same coupling patterns as in
the endo adduct 11. The resonance at 6 4.35 (d, J = 0.5 Hz)
may be assigned to the bridgehead proton H-4, the doublet
at 8 3.93 (J = 7.5 Hz) to H-6, and the doublet of doublets
at & 3.38 to H-5. The most likely structure for this product
is 12, the exo adduct, formed possibly by acid-catalyzed
rearrangement of 11. Any dissociation-reassociation pro-
cess would appear to be excluded by the known instability
of the initial mesoionic structure 1 to hydrolytic conditions.
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Table I
Nmr Spectral Data of Cycloadducts of anhydro-2-Aryl-5-hydroxy-3-methylthiazolium Hydroxide
and Qlefinic Dipolarophiles
_CH,

P Chemical shift (6)° : .
Compd? r! R? r® R* RS N—CH,
11, R =Ph 3.87, 4 4,30, ad 3.83, d 2.28,°s
Rl=R'=R'=H Jig =1.5;Jy,; =5.5 He
R’ = R’ = CONPhCO
12, R = Ph 4,35,d 3.38, ad 3.93,d  2.40, s
R;:RE:R5:H Jy3 = 0.5; J35="7.5Hz
R’ = R' = CONPhCO
11, R = p-CIC,H, 3.83,d 4,30, dd 3.80, d 2.32, s
R;:RE:R4:H Jip = 2.0y, = 4.0 Hz
R® = R® = CONPhCO
12, R = p-CIC;H, 4,33, bs 3.40, bd 3.92,d  2.37,s
R'=R=R’=H Jy,5 = ~0-0.5;
R? = R* = CONPhCO Jy5 = 1.5 Hz
13, Ar = Ph 4,20, d 3.74, s 3.90, dd 4,11,d  3.15,s  2.34,s
R;=R§:R4=H Jy3=6.0;J5, =5.25 Hz
R* = R® = COOCH,"

a Spectra determined in CDCl; at 100 MHz.  Aromatic protons usually occurred in the range 6 7.1-7.5. ¢ Methyl resonances in italics.

In comparing the nmr data for 11 and 12, it is seen that the
H-4 proton is deshielded in the exo adduct 12 due to the ef-
fects of the imide carbonyl group. Similarly H-5 was found
at higher field in 12 relative to 11 due to either a greater
deshielding effect of the N-methylimino bridge or a
shielding effect of the 8-carbonyl group. Although the cou-
pling constants do not compare exactly with the stereo-
chemical assignments in the 4-hydroxythiazolium cycload-
ducts, this may be due to a slightly different geometry
within the bicyclic ring system.!

With dimethyl fumarate and 1 (R = Ph; R! = H) in ben-
zene at room temperature an adduct represented by 13 was
isolated, showing three carbonyl absorptions at 1740, 1730,
and 1710 em™! within a broad band. Absorption maxima
were observed at 313 nm (log ¢ 3.51) and 248 (3.63) in the
ultraviolet spectrum and nmr data (Table I) showed three
coupled aliphatic protons at § 4.20 (d, J = 6.0 Hz), é 4.11
(d, J = 5.3 Hz), and § 3.90 (dd) assigned to H-4, H-6, and
H-5, respectively. Methyl resonances were observed at 6
3.74, 3.15, and 2.34 assigned to the C-5 COOCHs, C-6
COOCHS3;, and the N-CHj protons respectively. The 4-5
coupling (J = 6.0 Hz) is quite large and may be indicative
of a bridgehead-endo coupling in comparison with the cy-
cloadducts from the 4-hydroxythiazolium system.l! The
major fragmentation of the molecular ion of 13 involved the
formation of an M — 60 ion, corresponding to the elimina-
tion of COS.

The mesoionic compound 1 (R = p-CICgHy; R! = H)
similarly underwent cycloaddition with N-phenylmaleim-
ide yielding a primary cycloadduct 11 (R = p- CICgH,) sim-
ilar in properties to the adduct 11 (R = Ph) described
above. Also in an analogous fashion, treatment of 11 (R =
p-CICgHy) with m- chloroperbenzoic acid afforded an iso-
meric product given the exo structure 12 (R = p- ClICgH,).
The nmr data for these compounds are listed in Table I.
This formation of 1:1 adducts with these olefinic systems is
in direct contrast to the reactions of the analogous oxazo-

lium systems where the primary adducts break down with
loss of COs.

It should be noted that the reactions of 1 with the dipo-
larophiles, methyl vinyl ketone, trans- dibenzoylethylene,
and fumaronitrile gave complex reaction mistures from
which no solid derivatives could be isolated.

Tetracyanoethylene was also found to undergo reaction
with the thiazolium system 1 on gentle warming in benzene
solution. In one instance from 1 (R = Ph; Rt = H), two
products were isolated from an initial deep-rednass which
separated from the reaction mixture after a fewsmigutes.

The following considerations led to the assignment of
structures 14 and 15, respectively, to these two products.

CN 14a
14
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0
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NC oN Ph i C\' CN
15 16 17

Analytical and mass spectral data showed the products
differed from each other by the elements of HCN. The first
product was apparently a simple 1:1 adduct of 1 and tetra-
cyanoethylene but representation of this as g 1,3-dipolar
cycloadduct in the manner of those described above may be
disregarded. Such an adduct would not be expeéted to have
a visible absorption spectrum and also it would not lose
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HCN, as the double bond would then be introduced at the
bridgehead unless some accompanying ring opening oc-
curred. Thermal ring opening of the mesoionic oxazolium
system has been shown®d to yield a transient ketene and, if
such a valence bond isomerization were occurring with 1,
the anticipated product would be a tetracyanocyclobuta-
none. This is excluded on the basis of the carbonyl absorp-
tion of the product (vco 1560 cm~1). Though this value for
the carbonyl absorption is ca. 50 cm~! lower than antici-
pated, it may indicate some interaction of the oxygen atom
with an adjacent cyano group as in 14a, so that some con-
tribution from a C=N absorption is actually being ob-
served as well.

The second product had a vco 1610 cm™?, comparable to
that of 1 (R = Ph; R! = H), and there as an increase in in-
tensity of the vgn absorption at 2200 em™! compared to
that in 14 (von 2205 cm™1), These data are consistent with
structure 15.

Under the above reaction conditions 1 (R = p-CICgHy;
R! = H) and tetracyanoethylene gave only the product cor-
responding to 15. Similar products have been observed
with other mesoionic ring systems and tetracyanoethy-
lene,!218 and several possible ways of forming products of
type 15 are feasible but no data are available which allow a
distinction to be made between an intermediate such as the
“normal”.1:1 adduct 16 or whether an “ene” type process
involving 17 is operative. The opportunity for stabilizing
the negative charge by the cyano groups in 17 tends to
favor a dipolar process which would be consistent with the
ionic character of numerous tetracyanoethylene cycloaddi-
tions. 14

Cycloaddition Reactions with Heterocumulenes. An
alternative procedure to the direct synthesis of a mesoionic
ring system by a cyclodehydration route is a cycloaddition
reaction with a heterocumulene. Phenyl isothiocyanate is
particularly effective in this respect and, on reaction with 1
(R = Ph, p- CICgHy, p- CH30CgHy; R! = H) in hot benzene,
the corresponding anhydro-2-aryl-4-mercapto-1-methyl-
3-phenylimidazolium hydroxide (18) was obtained. In the
absence of solvent, in addition to 18, the cycloaddition
product 19 of 18 with phenyl isothiocyanate was also isolat-
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ed. These structures were assigned on the basis of analyti-
cal data and the chemical and spectral evidence described
below.

N-Phenylsydnone underwent!® reaction with phenyl iso-
cyanate in the absence of solvent to give anhydro-1,4-di-
phenyl-3-hydroxy-s- triazolium hydroxide (20), rather than
the anticipated anhydro- 1,3-diphenyl-4-hydroxy-1,2,3-tri-
azolium hydroxide (21). A similar, reverse mode of addition
can be excluded for the thiazolium system on the basis of
the nmr spectrum of the anhydro-2-aryl-4-mercapto-1-
methyl-3-phenylimidazolium hydroxide (18). A singlet pro-
ton resonating at & 6.91 is more consistent with structure 18
than with structure 22, the product from the reverse mode
of addition. In the latter, the single proton at position 2 is
of the formamidinium type and, in compounds related to
20, this proton has been observed at § 10.41-9.51, depend-
ing on the solvent.®

The imidazolium mesoionic derivatives readily formed
methiodides and, in these salts, the 5 proton was observed
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at & 8.0, consistent with the formulation of the salts as 23.
These salts also enable addition across the C=S of phenyl
isothiocyanate to be excluded as such an addition, contrary
to the usual mode of reaction of phenyl isothiocyanate,”
would give anhydro- 2-aryl-3-methyl-5-phenyliminothiazo-
lium hydroxides (24). These, on reaction with methyl io-
dide, would form the thiazolium salts 25. The chemical

IIJh Il)h (IJH3
v N R N_-H
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20
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CH,S Ph CH, CH,
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shifts of the added methyl groups in these salts were &
2.5-2.4, clearly establishing them as SCHj groups rather
than NCHj; groups.'8

Reaction of anhydro- 2-aryl-4-mercapto-1-methyl-3-
phenylimidazolium hydroxide (18) with phenyl isothiocy-
anate gave the same product 19 that was isolated from the
reaction of 1 with phenyl isothiocyanate. Similar consider-
ations regarding the mode of addition of phenyl isothiocy-
anate to 18 as were discussed for its addition to 1 need to
be taken into account. Poor solubility precluded definitive
nmr data but a consideration of the products obtained with
phenyl isocyanate strongly support structure 19 (see
below).

A more highly substituted member of this imidazolium
system 18 has also been, obtained from the reaction of
anhydro- 4-mercapto-3-methyl-2,4-diphenyloxazolium hy-
droxide with phenyl isothiocyanate.!® However, in this case
the additional phenyl substituent in the 5 position appar-
ently deactivates the nucleus as no 1:1 adduct with phenyl
isothiocyanate was observed. In this connection it is also of
interest to note that the exocyclic sulfur system corre-
sponding to 1 has greatly reduced 1,3-dipolar addition
characteristics, a thiophenetetracarboxylic ester being ob-
tained on prolonged reaction with dimethyl acetylenedicar-
boxylate.6?

Reaction of 1 (R = Ph; R! = H) with phenyl isocyanate
gave two products, the primary 1:1 adduct of 1 and phenyl
isocyanate represented by 26 (R = R? = Ph), and the 1:1
adduct 28 (R = Ph) formed from anhydro- 2,3-diphenyl-4-

lvT § CH3
H _
053/ “90 N O
, V /
ST S“‘\
R \ ) -0
R 27
26

hydroxy-1-methylimidazolium hydroxide (27) and phenyl
isocyanate. Elimination of carbonyl sulfide from 26 (R =
R2 = Ph) most likely accounts for the formation of 27 in
the reaction medium. It is not surprising that 27 itself was
not isolated from the reaction as it has been shown that
this is an extremely reactive ring system!? and that the 5
position is one of high electron density.?? Structures 26 (R
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Table I1
1:1 Primary Cycloadducts Derived from anhydro-2-Aryl-5-hydroxy-3-methylthiazolium Hydroxides (1)
and Activated Isocyanates
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__CH,
O\>—_ H
S O
R N
\
RZ
,——————Spectral data *———r
Yield, A,
R r2 Mp,CC, dec % Crystal habit Yeos em-l (log €) M- T Nmr datab
Ph p-CH,CH,S0, 200-204 79 Colorless 1675, 1600 344 (4.08)  388( 8) ©511.55(s, 1, C,-H,
prisms® 275 (4. 04) D,0 exchanged),
228 (4, 27) 7.18-8.12 (m, 9,
aromatic), 4.08 (s, .
3, NCH,), 2.45 (s,
3, CCH,)
p-CICeH, p-CH,C.H,SO, 215-218 78 Yellow 1660, 1600 350 (4.09) 511,43 (bs, 1, C,-H,
prisms® 273 (4.08) D,0 exchanged),
226 (4.27) 7.13-8.10 (m, 8,
aromatic), 4.07 (s,
3, NCH,), 2.43 (s,
3, CCHy)
Ph COPh 165-167 82 Light-yellow 1730, 1680, 348(4.29)  338( 6) 512.37 (bs, 1, C,-H,
needles® 1610 290 (3,92) D,O exchanged),
241 (4, 49) 7.38~-8.13 (m, 10,
aromatic), 4.25
(s, 3, NCH,)
p-CIlCH,; COPh 238-240 172 Yellow 1730, 1675, 352 (4,21) 372 (40) 512.28 (bs, 1, C,-H,
needles’ 1620 288 sh (3. 80) D,0 exchanged),
242 (4,37) 7.08—8.25 (m, 9,
aromatic), 4. 23 (s,
3, NCHj)
Ph p-CICGH,CO  232-235 80 Light-yellow 1725, 1680, 348 (4.26)  372(35) 512.35(bs, 1, C,-H,
needles? 1610 293 (3.83) D,0 exchanged),
247 (4. 47) 7.27-8.10 (m, 9,
aromatic), 4,25 (s,
3, NCH,)
p-CICH; p~ClC.H,CO 250—253 77 Light-yellow 1720, 1680, 353 (4.30) 406 (23) 57.47-8.13 (m,
needles? 1620 292 sh (3. 86) aromatic), 4.33
249 (4,52) (s, 3, NCH;)

alr (KBr), uv (CHzOH). ? All CDCl3 except R = p-ClCgHy, R = p-CICgH4CO. ¢ Solvent: 1,2-dichloroethane-ether. ¢ Solvent: 1,2-
dichloroethane. ¢ Satisfactory analytical values (£0.4% for C, H, N) were reported for all compounds intable: Ed.

= R? = Ph) and 28 (R = Ph) were assigned on the basis of
analytical and spectral data and because of a striking con-
sistency in their physical characteristics with those of anal-
ogous products obtained from related mesoionic systems.

The molecular formula of 26 (R = R2 = Ph) was estab-
lished from mass spectral data, with a strong molecular ion
at m/e 310 (28%). The proton at the 4 position in 26 was
observed at § 10.64, this extremely low value being attrib-
uted to the proton being in the deshielding zones of the ad-
jacent carbonyl groups in the 3 and 5 positions. Carbonyl
absorptions in the infrared spectrum at 1660 and 1600
cm~!, and the absence of any OH or NH absorptions, ex-
clude structures containing an OH or NH group, a struc-
tural feature usually associated with such a low chemical
shift. Moreover, the formation of 28 via 27 cannot be readi-
ly explained unless an intermediate 26 is involved in the
reaction.

Similarly 28, the adduct from 27 and phenyl isocyanate,
gave a strong molecular ion, m/e 369 (30%), in its mass
spectrum. The corresponding 4 proton was observed at &

10.58 and again, carbonyl absorption at 1670 and 1640
cm™! and the absence of any OH or NH absorption favor
a 1:1 adduct of this type. Structures such as 29 and 30 to

Ph
CH, |
[ 0 *N_ _Ph
PhNHCO NYPh | Y
\ ! N
. }
\;~N\ CH.N Npp
-0 Ph 0
29 30
N et
0 o H 0 [‘E{
5 =X
b JQ/ T
/,'N"I?]\N 3 /N——— T\<
CH;, CH X
Ph 5
31 32
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which rational transformations from the initial reactants
may be devised are not consistent with the above spectral
data.

This low-field chemical shift of the 4 proton in these 1:1
adducts has also been observed in the 1:1 adducts formed

from the isomeric anhydro-2,3-diaryl-4-hydroxythiazol-

ium hydroxide and phenyl isocyanate and phenyl isothio-
cyanate.? Analogous to the present system are the adducts
formed from anhydo-1,3-dimethyl-4-hydroxy-1,2,3-tria-
zolium hydroxide and these heterocumulenes.2! Represent-
ed by structures 31 (X = O and S, respectively), the 4 pro-
ton was observed at 4 10.23 in the former and at § 12.5 in
the latter. The downfield shift of the 4 proton in the latter
was attributed to the known extra deshielding of the thio-
carbonyl group in the 5 position of 31 (X = S) and elimi-
nates from consideration the isomeric product (32) formed
by addition of phenyl isothiocyanate in the reverse manner.
Similar arguments apply to the structures discussed above.

A similar series of cycloadducts were obtained from 1 (R
= Ph, p-CICgHy; R! = H) and the activated isocyanates,
p- toluenesulfonyl, benzoyl, and p- chlorobenzoyl isocyan-
ate. These all reacted readily at room temperature in con-
trast to the high reaction temperatures involved in the
above reactions, and the adducts were isolated in excellent
yields. In all cases 1:1 adducts were obtained and elimina-
tion of COS was not observed under the reaction conditions
(Table II). In analogy with the reactions described above,
the bicyclic structure 26 is preferred for these cycloadducts
although the ylide structure 33 cannot be rigorously ex-
cluded with the present data.222

S _-R
R:NC N*
-—- \
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The properties of these compounds proved uncharacter-
istic of ylides. For example, 26 (R = Ph; R2 = p-
CH3CgH4S0y), the adduct derived from 1 (R = Ph; R! =
H) and p- toluenesulfonyl isocyanate, did not form a salt
with perchloric and picric acid, methyl iodide, Meerwein’s
reagent, methyl p-toluenesulfonate, and acetyl chloride,
and was stable to hot 10% NaOH. Refluxing 26 with isopro-
penyl acetate gave a complex reaction mixture from which
no homogeneous compound could be isolated. The other
cycloadducts within this series behaved in an analogous
fashion.

Spectral characteristics, however, are ambiguous. The
proton assigned C-4 in all compounds [excepting 26 (R =
Ph, R = p-CIC¢Hy R2 = p-CIC¢H4CO), only soluble in
CF3COO0D] resonated in a chemical shift range of 6 9.80-
12.37, and was exchanged with Dy0, although at varying
rates depending on the solubility of the compounds in
CDCls. This low-field resonance suggests either an NH, an
aldehydic type proton, or an a-proton in a 8-diketone. The
first is excluded on the basis of the infrared spectra, and
the other two from the observance in the mass spectrome-
ter of a retro Diels~Alder reaction into the respective me-
soionic and isocyanate fragment ions. However, in the mass
spectrum of 26 (R = Ph; R2 = p- CH3CgH4SO5), besides the
retro Diels-Alder reaction, a rearrangement was observed
with the formation of an [M — 107] ion at m/e 281. The in-
tensity of the isotope peak at m/e 283 (5.4%) strongly
suggests the presence of sulfur with the 3¢S isotope contrib-
uting ca. 4.5% to this ion intensity. Formation of m/e 281
requires the loss of p- CH3CgH4O-, a process well docu-

Potts, Baum, Houghton, Roy, and Singh

mented for arylsulfonamides,??b and though more conve-
niently accommodated by structure 33, it is conceivable
that 33 is formed in the primary ionization process. This
behavior can only arise from an initial simple association of
the mesoionic compound and the appropriate isocyanates,
also precluding any rearrangement to an aldehyde moiety.
The chemical shift of the N-CHj3 protons in the isolated
products was noted between é 4.07-4.27 (CDCl3) and in one
instance § 4.33 for 26 (R = p-ClC¢Hy; R% = p- CICgH,CO)
in CF3CO0D, consistent with a methyl group bonded to a
quaternary nitrogen.

Experimental Section?

N-p-Methoxythiobenzoylsarcosine. p- Methoxythiobenzoyl-
thioglycollic acid?* (2.5 g) and sarcosine (0.9 g) were dissolved in
10% NaOH solution and the pH adjusted to 8-9. After 4 days at
room temperature the deep pink color of the dithioglycollic acid
had disappeared and, on addition of dilute HCI, a solid product
(2.3 g) separated. It crystallized from chloroform~petroleum ether
(bp 35-60°) as pale yellow needles: mp 132-133°; M.+ 239.

Anal. Caled for C1;H3NO3S: C, 55.23; H, 5.44; N, 5.85. Found:
C, 56.01; H, 5.51; N, 6.07.

anhydro- 5-Hydroxy-2-p -methoxyphenyl-3-methylthiazo-
lium Hydroxide (1; R = p-CH30CH,; R! = H). N-p- Methoxy-
thiobenzoylsarcosine?? when treated at room temperature for sev-
eral hours with a 1:3 mixture of AcyO/Et3N gave the above product
which crystallized from dry acetone as yellow needles: mp 155
156° dec.; 80%; ir (KBr) 1615 cm™1 (CO); Amax (CH3OH) 215 nm sh
(log ¢ 4.12), 255 (3.67), 272 (3.65), 357 (3.97); nmr (CDCl3) 6 3.73 (s,
3, OCHa), 3.88 (s, 3, NCHa), 6.23 (s, 1, 4-H), 6.91, 7.07 (ABd, 2, J =
9.0 Hz, aromatic), 7.31, 7.47 (ABd, 2, J = 9.0 Hz, aromatic); M-*
221 (100).

Anal. Caled for C11H;NOS: C, 59.73; H, 4.93; N, 6.33. Found:
C, 59.67; H, 5.03; N, 8.35.

The physical characteristic of anhydro-5-hydroxy-3-methyl-2-
phenyl- (and 2-p- chlorophenyl-) thiazolium hydroxide have been
described previously.'®

Dimethyl 1-Methyl-2-p-methoxyphenylpyrrole-3,4-dicar-
boxylate (8; R = p-CH30C¢Hy R! = H). anhydro- 5-Hydroxy-
2-p- methoxyphenyl-3-methylthiazolium hydroxide and excess di-
methyl acetylenedicarboxylate were heated under reflux in anhy-
drous benzene for 15 hr. After chromatography on neutral alumina
using benzene as eluent, the product crystallized from benzene-
petroleum ether (bp 35-60°) as pale yellow needles: mp 155-156°;
80%; ir (Nujol) 1710 emm~! (CO); Amax (CH3OH) 226 nm (log « 4.46),
265 (4.20); nmr (CDCly) 6 3.47 (s, 3, 4-COOCHj3), 3.68 (s, 3, 3-
COOCHa4), 3.81 (s, 3, OCHy), 3.85 (s, 3, NCHa), 6.87, 7.01 (ABd, 2,
J = 9.0 Hz, aromatic), 7.22, 7.37 (ABd, 2, J = 9.0 Hz, aromatic),
7.25 (s, 1, 5-H); M-* 303 (75).

Anal. Caled for C16H17NOs: C, 63.37; H, 5.61; N, 4.61. Found: C,
63.51; H, 5.74; N, 4.55.

The corresponding 2-phenyl and 2-p- chlorophenyl products
have been characterized previously.!

Cycloaddition Reactions Utilizing Precursors to Mesoionic
Compounds. Preparation. A. Dimethyl 1-Methyl-2-phenyl-
pyrrole-3,4-dicarboxylate (8; R = Ph; R! = H). N-Benzoylsar-
cosine?® (1.93 g) in acetic anhydride (20 ml) was treated with di-
methyl acetylenedicarboxylate (1.42 g) and, after the initial exo-
thermic reaction had subsided, the reaction mixture was warmed
at 125-130° for 1 hr. It was poured into cold water and the product
extracted with chloroform which was then washed with NaHCO;
solution (10%), water, and dried (anhydrous NasSOy4). After evapo-
ration of the chloroform, the residue was chromatographed on neu-
tral alumina using benzene as eluent. The pyrrole crystallized from
benzene-petroleum ether (bp 35-60°) as colorless needles: 1.9 g
(659%); mp 118-119°. Its spectral characteristics have been de-
scribed previously.t

When N-thiobenzoylsarcosine®® was used in this reaction, the
pyrrole was obtained in 78% yield and the corresponding N-p-
chlorothiobenzoylsarcosine?t and N-p- methoxythiobenzoylsar-
cosine? resulted in an 88 and 75% yield of the corresponding pyr-
roles, respectively.

B. Ethyl 1-Methyl-2-phenylpyrrole-3-carboxylate (9; R =
Ph; R! = H). N-Benzoylsarcosine (0.96 g), acetic anhydride (10
ml), and ethyl propiolate (0.49 g) reacted together as above and,
after reaction workup, the product was obtained as a colorless oil
which, on distillation, bp 105-110° (0.02 mm), crystallized. It
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formed colorless plates from benzene-petroleum ether (bp 35—
60°): 0.36 g (30%); mp 49-50°; ir (Nujol) 1710 em™! (CO); Amax
(CH30H) 220 nm (log ¢ 4.07), 273 (3.79); nmr (CDCl3) § 0.98, 1.10,
1.22 (t, 8, J = 7.0 Hz, CH;CHgy), 3.35 (s, 3, NCH3), 3.95, 4.07, 4.18,
4.30 (qt, 2, J = 7.0 Hz, CHyCH3), 6.61, 6.66 (ABd, 1, J = 2.25 Hz,
4-H), .70, 6.75 (ABd, 1, J = 2.25 Hz, 5-H), 7.41 (s, 5, phenyl); M-+
229 (33).

Anal. Caled for C14H15NOo: C, 73.36; H, 6.55; N, 6.11. Found: C,
73.53; H, 6.53; N, 6.09.

Use of N-thiobenzoylsarcosine in the above reaction gave the

pyrrole in 38% yield.

" C. Ethyl 2,4-Diphenyl-1-methylpyrrole-3-carboxylate (9; R
= R! = Ph). N- Benzoylsarcosine (1.92 g), acetic anhydride (20
ml), and ethyl phenylpropiolate (1.74 g) were heated at 130° for 1
hr as above. Chromatography of the residue, obtained from evapo-
ration of the chloroform extract, on neutral alumina using benzene
as eluent gave the pyrrole as a pale yellow oil. After distillation [bp
155-160° (0.2 mm)] it crystallized as colorless needles: 0.96 g
(31%); mp 84-85°; ir (Nujol) 1700 cm~! (CO); Amax (CH3O0H) 222
nm (log ¢ 5.34), 280 (3.98); nmr (CDClg) 8 0.783, 0.85, 097 (t, 3, J =
7.0 Hz, CH,CHa), 3.43 (s, 3, NCH3), 3.78, 3.89, 4.01,4.14 (qt, 2, J =
7.0 Hz, CH;CHz), 6.66 (s, 1, 5-H), 7.40 (s, 10, phenyl); M-* 305
(100).

Anal. Caled for CooH1sNOo: C, 78.70; H, 6.23; N, 4.60. Found: C,
78.51; H, 6.33; N, 4.43.

This was also the sole product (33%) when N- thiobenzoylsarcos-
ine was used in the above reaction.

Dimethyl 1-Methylpyrazole-3,4-dicarboxylate (10). N-Ni-
trososarcosine2® (2.36 g), dimethyl acetylenedicarboxylate (2.84 g),
and acetic anhydride (20 ml) reacted together as above. After chro-
matography of the crude product on neutral alumina using ben-
zene—petroleum ether (bp 35-60°) (1:2), the pyrazole was obtained
as colorless crystals. It separated from benzene—petroleum ether as
colorless needles: 2.30 g (60%); mp 68-69°; ir (Nujol) 1745 cm™?
(CO); Amax (CH30H) 224 nm (log € 4.06); nmr (CDCls) 6 3.87 (s, 3,
NCHjs), 3.97 (s, 3, 4-COOCH3), 4.00 (s, 3, 3-COOCH3y), 7.91 (s, 1,
5-H); M-* 198 (90).

Anal. Caled for CsHoN2Og4 C, 48.48; H, 5.09; N, 14.40. Found:
C, 48.27; H, 4.96; N, 13.87.

Reaction of arhydro -5-Hydroxy-3-methyl-2-phenylthiazol-
ium Hydroxide with N -Phenylmaleimide. The mesoionic com-
pound 1 (R = Ph; R! = H) (1.3 g, 0.0068 mol), N- phenylmaleimide
(1.2 g, 0.0068 mol), and dry benzene (30 ml) were stirred together
at room temperature. Filtration of the precipitated solid and re-
crystallization from ethanol gave the endo isomer, N, 6-diphenyl-
2-0x0-3,4,5,6-tetrahydro-3a,6a-epi-N- methylimino-2H- thiapy-
ran-43,53-dicarboximide (11; R = Ph) as colorless needles: 1.45 g
(58.5%), mp 146-148° dec (with gas evolution); ir (KBr) 1730
(broad, CO) em™1,

Anal. Caled for CooH1gN203S: C, 65.91; H, 4.43; N, 7.69. Found:
C, 65.79; H, 4.48; N, 7.67.

Isomerization of 11 (R = Ph). To 11 (R = Ph) (0.5 g, 0.0014
mol) in methylene chloride (20 ml) was added in small portions
m- chloroperbenzoic acid (0.28 g, 0.0014 mol) with stirring for 1 hr
at room temperature. Extraction of the CHoCly layer with 10% so-
dium bicarbonate, water, drying over sodium sulfate, and evapora-
tion of the solvent in vacuo, followed by recrystallization of the
residue from ethanol afforded the exo isomer, N, 6-diphenyl-2-oxo-
3,4,5,6-tetrahydro-3a,6a-epi-N- methylimino-2H- thiapyran-4a,-
5a-dicarboximide (12; R = Ph) as yellow needles: 0.2 g (38%); mp
151-153° dec (with gas evolution); ir (KBr) 1720 (broad, CO)
cm~1; mass spectrum m/e (rel intensity) (M-t — COS) 304 (7), 184
(18), 157 (22), 156 (31), 60 (100), 45 (10), 42 (13), 32 (33).

Anal. Caled for CooH16N203S: C, 65.91; H, 4.43; N, 7.69. Found:
C,65.92; H, 4.45; N, 7.58.

Reaction of anhydro-5-Hydroxy-3-methyl-2-phenylthiazol-
ium Hydroxide with Dimethyl Fumarate. The mesoionic com-
pound 1 (R = Ph; R! = H) (1.3 g, 0.0068 mol), dimethyl fumarate
(0.98 g, 0.0068 mol), and dry benzene (30 ml) were stirred together
at room temperature overnight. Solvent was removed under re-
duced pressure and the residue was chromatographed on prepara-
tive Silica gel (chloroform) followed by recrystallization from etha-
nol affording dimethyl 6-phenyl-2-0xo0-3,4,5,6-tetrahydro-3a,6a-
epi-N-methylimino-2H- thiapyran-4«,53-dicarboxylate (13) as
colorless prisms: 1.05 g (46%); mp 129-131° dec (with gas evolu-
tion); ir (KBr) 3000, 2950 (CH), 1740, 1730, 1710 (CO) cm™; Amax
(CH30H) 248 nm (log € 3.63), 313 (3.51); M-* 335 (2).

Anal. Caled for C16H;7NO;8: C, 57.30; H, 5.11; N, 4.18. Found:
C, 57.57; H, 5.23; N, 3.99.

Reaction of  anhydro-2-p-Chlerophenyl-5-hydroxy-3-
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methylthiazolium Hydroxide with N -Phenylmaleimide. Equi-
molar amounts of the mesoionic compound 1 (R = p- CICgHy; R =
H) and N- phenylmaleimide in dry benzene were stirred together
at room temperature. The endo adduct, 6-p- chlorophenyl-2-oxo-
N- phenyl-3,4,5,6-tetrahydro-3a,6a-epi-N- methylimino-2H- thia-
pyran-48,53-dicarboximide (11, R = p-CIC¢H4) was isolated as
small, colorless needles from ethanol: yield 68%; mp 134-136° dec
(with gas evolution); ir (KBr) 1710 (broad, CO) cm™; Amax
(CH30H) 222 nm (log ¢ 4.30); mass spectrum m/e (rel intensity)
(M — COS) 338 (1), 60 (49), 46 (96), 45 (50), 43 (43), 32 (54), 31
(100).

Anal. Caled for CyH5NoCl0sS: C, 60.22; H, 3.79; N, 7.02.
Found: C, 60.48; H, 3.92; N, 6.89.

Isomerization of 11 (R = p- CIC¢H,). Treatment with an equi-
molar amount of m- chloroperbenzoic acid in methylene chloride
at room temperature yielded, after extraction in the usual manner,
the exo isomer 6-p-chlorophenyl-2-oxo-N-phenyl-3,4,5,6-tet-
rahydro-3a,6a-epi-N- methylimino-2H- thiapyran-4«,5«-dicar-
boximide (12, R = p- CIC¢H,) as cream prisms from acetonitrile:
yield 20%; mp 161-164° dec (with gas evolution); ir (KBr) 1710
(broad, CO) em™%; Amayx (CH3OH) 223 nm (log € 4.38), 341 (3.51);
mass spectrum (rel intensity) m/e 350 (4), 60 (100).

Anal. Caled for CyoHysNoCl103sS: C, 60.22; H, 3.79; N, 7.02.
Found: C, 60.37; H, 3.93; N, 7.11.

Reaction of anhydro-5-Hydroxy-3-methyl-2-phenylthiazol-
ium Hydroxide with Tetracyanoethylene. The above mesoionic
compound (1, R = Ph; RT = H) (0.57 g, 0.003 mol) in dry benzene
(30 ml) was treated with tetracyanoethylene (0.38 g, 0.003 mol)
and a deep red solution was formed immediately. After warming
on the water bath for a few min, a deep red product separated.
After 1 hr at room temperature the product was collected (0.5 g,
53%) and was then boiled with methanol and the insoluble product
14 (R = Ph) filtered and washed with dry ether: mp 230-232°; ir
(Nujol) 2205 (CN), 1560 (CO) cm™1; Amax (CH30H) 201 nm (log €
4.37), 297 (3.83), 488 (4.24); M.+ 320.

Anal. Caled for C16HgN;08S; C, 60.19; H, 2.84; N, 21.94. Found:
C, 60.41; H, 2.83; N, 21.71.

The above methanolic filtrate was diluted with dry ether and, on
standing, a bright red crystalline product separated: 0.05 g, mp
275-277°% ir (Nujol) 2200 (CN), 1612 (CO) ecm™Y Apax (CH30H)
293 nm (log € 3.94), 346 (3.34), 485 (4.35); M-* 292 (32).

Anal. Caled for C;sHgN4OS: C, 61.81; H, 2.74; N, 19.23. Found:
C, 61.34; H, 2.62; N, 19.13.

The structure of this product was established as anhydro-5-
hydroxy-3-methyl-2-phenyl-4-tricyanoethenylthiazolium hydrox-
ide (15, R = Ph).

Similarly from anhydro- 2-p- chlorophenyl-5-hydroxy-3-methyl-
thiazolium hydroxide (1; R = p-CIC¢Hy R! = H) (0.45 g, 0.002
mol) and tetracyanoethylene (0.26 g, 0.002 mol) a deep red solid
was obtained (0.49 g, 94%), mp 210-215°. This methanol-insoluble
product was chromatographed on silica gel and eluted with a chlo-
roform-ethanol (9.5:0.5) mixture. The deep red band was collected
and the product recrystallized from methanol, separating as bright
red flakes of anhydro-2-p- chlorophenyl-5-hydroxy-3-methyl-4-
tricyanoethenylthiazolium hydroxide (15, R = p-CICgH4): mp
283-285°; ir (Nujol) 2205 (CN), 1695 (CO) em™1; Apax (CH30H)
222 nm (log € 4.08), 237 (4.01), 298 (3.74), 480 (3.97); M-+ 326 (15).

Anal. Caled for Cy3H;N4CIOS: C, 55.08; H, 2.14; N, 17.14.
Found: C, 55.08; H, 2.14; N, 16.49.

Reaction of anhydro -5-Hydroxy-3-methyl-2-phenylthiazol-
ium Hydroxide with Phenyl Isothiocyanate. The above me-
soionic compound (1, R = Ph; R! = H) (1.9 g) and phenyl isothio-
cyanate (4 ml) were warmed at 80° for 30 min in a nitrogen atmo-
sphere. On cooling the reaction mixture solidified. Anhydrous
ether was added; the product was collected and then chromato-
graphed on Kieselgel g using chloroform as eluent. 7-Methyl-
1,2,6-triphenyl-2,6,7-triazabicyclo{2.2.1]heptane-3,5-dithione (19;
R = Ph) was eluted first using chloroform. It crystallized from
chloroform—ether as yellow needles: 0.5 g (12%); mp 266-268°; ir
(KBr) 1640 (w), 1600 (w), 1560 {w), 1500, 1360, 770, 700 cm™% Amax
(CH30H) 233 nm (log ¢ 4.53), 325 (4.18), 378 (4.21); nmr (CHCly) §
4.2 (s, 3, N-CHj), 14.6 (s, 1, 4-H), 7.9-7.2 (m, 15, aromatic); M-+
401 (28).

Anal. Caled for Co3H19N3Ss: C, 68.81; H, 4.77;'N, 10.47. Found:
C, 68.67; H, 4.77; N, 10.40.

Further development of the column with chloroform-10% meth-
anol gave anhydro-2,3-diphenyl-4-mercapto-1-methylimidazo-

. lium hydroxide (18, R = Ph) which crystallized from chloroform-

ether as yellow flakes; 1.7 g (64%), mp 231-232°. The physical
characteristics of this product have been reported previously.!?
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Reaction of anhydro-2,3-Diphenyl-4-mercapto-1-methyl-
imidazolium Hydroxide (18, R = Ph) with Phenyl Isothiocy-
anate. The mesoionic compound (0.5 g) and phenyl isothiocyanate
(2 ml) were heated at 100° under nitrogen for 5 hr. On cooling an-
hydrous ether was added, and the yellow solid which separated was
then chromatographed on Kieselgel g using chloroform as eluent.

"The adduct (19, R = Ph) crystallized from chloroform-ether as
yellow needles, mp 266-268°. This product was identical in all re-
spects with that isolated above.?”

Further development of the column with chloroform-10% meth-
anol gave the mesoionic compound 18 (0.4 g).

In a similar fashion 2,6-diphenyl-1-p- methoxyphenyl-7-methyl-
2,6,7-triazabicyclo[2.2.1]heptane-3,5-dithione (19, R = p-
CH30CgH,) was obtained from anhydro -5-hydroxy-2-p- methoxy-
phenyl-3-methylthiazolium hydroxide (1, R = p- CH;0CgHy; Rt =
H) (2.4 g) and phenyl isothiocyanate (5 ml). It crystallized from
chloroform-~ether as yellow needles: 1.4 g (30%); mp 250°; Apax
(CH30H) 225 nm sh (log ¢ 4.34), 265 (4.23), 323 (4.13), 377 (4.20).

Anal. Caled for Co4H2;N3OSa: C, 66.81; H, 4.91; N, 9.74. Found:
C, 66.60; H, 5.06; N, 9.47.

Further development of the column with chloroform-10% meth-
anol gave anhydro-4-mercapto-2-p- methoxyphenyl-1-methyl-3-
phenylimidazolium hydroxide (18, R = p- CH30C¢H,4) as pale yel-
low needles from chloroform-ether: 1.3 g (38%); mp 204-206°; ir
(KBr) 1610, 1580, 1510, 1260, 1200, 845, 765, 710 cm™!; Apax
(CH3OH) 246 nm (log € 4.18), 320 (3.91); nmr (CDCl3) 4 3.63 (s, 3,
NCHsy), 3.77 (s, 3, OCHs), 6.83 (ABd, 2, J = 9.0 Hz, aromatic), 6.91
(s, 1, 5-H), 7.12 (ABd, 2, J = 9.0 Hz, aromatic), 7.33 (s, 5, aromat-
ic); M.t 296 (4). This product decomposed on standing and was
characterized as its methiodide (23, R = p- CH30C¢H4). This crys-
tallized from ethanol as colorless prisms: mp 210-212°; ir (KBr)
1610, 1500, 1480, 1310, 1290, 1200, 850, 765, 710 cm™!; Amax
(CH30H) 208 nm (log € 4.48), 268 {4.09); nmr (CDCly) 6 2.40 (s, 3,
SCHs), 3.79 (s, 3, NCH3), 4.00 (s, 3, OCH3), 6.90 (ABd, 2,J = 9.0
Hz, aromatic), 7.5 (broad, s, 5, aromatic), 7.63 (ABd, 2, J = 9.0 Hz,
aromatic), 7.99 (s, 1, 5-H).

Anal. Caled for C1gH;gIN2OS: C, 49.33; H, 4.37; N, 6.40. Found:
C, 49.31; H, 4.39; N, 6.27.

The corresponding 2,3-diphenyl-1-methyl-4-methylthioimida-
zolium iodide (23, R = Ph) and 2-p-chlorophenyl-1-methyl-4-
methylthio-3-phenylimidazolium iodide (23, R = p- CIC¢Hy4) were
prepared in a similar fashion and their physical characteristics
have been described earlier.'?

Reaction of anhydro -5-Hydroxy-3-methyi-2-phenylthiazol-
ium Hydroxide with Phenyl Isocyanate. The above mesoionic
compound (1, R = Ph; Rl = H) (1.91 g) and phenyl isocyanate (3.0
g) were stirred at 100° in an atmosphere of nitrogen for 5 min. On
cooling the reaction mixture solidified to a yellow, crystalline mass
which was triturated with dry ether and collected. It was chroma-
tographed on Kieselgel g using chloroform~10% ethyl acetate as el-
uent, 1,6-diphenyl-7-methyl-6,7-diaza-2-thiabicyclo[2.2.1]hep-
tane-3,5-dione (26, R = R? = Ph) being eluted first. It crystallized
from chloroform as pale yellow needles: mp 158~159°, 11%; ir
(KBr) 1660, 1600, 1550 cm™%; Apax (CH3OH) 238 nm (log € 4.16),
283 (4.14), 354 (4.21); nmr (CDCl3) § 4.17 (s, 3, NCHs), 7.7-6.9 (m,
10, aromatic), 10.64 (s, 1, 4-H); M- 310 (28).

Anal. Caled for C17H14N20:S: C, 65.80; H, 4.55; N, 9.03. Found:
C,66.00; H, 4.57; N, 9.11.

Further .development of the chromatogram with chloroform-
10% ethyl acetate gave 7-methyl-1,2,6-triphenyl-2,6,7-triazabicy-
clo[2.2.1]heptane-3,5-dione (28, R = Ph) which crystallized from
chloroform-ether as colorless needles: mp 249-250°; 48%; ir (KBr)
1670, 1640, 1590, 1550, 1500 cm ™1 Apax (CH3OH) 222 nm sh (log ¢
4.37), 320 (4.46); nmr (CDCls) 6 4.03 (s, 3, NCHj), 7.8-6.9 (m, 15,
aromatic), 10.58 (s, 1, 4-H); M-+ 369 (30).

Anal. Caled for CosH1oN30g: C, 74.78; H, 5.18; N, 11.38. Found:
C, 74.89; H, 5.28; N, 11.35.

In a similar fashion, anhydro- 5-hydroxy-2-p- methoxyphenyl-
3-methylthiazolium hydroxide (1, R = p- CH30CgHg4; R! = H) and
phenyl isocyanate gave rise to 1-p-methoxyphenyl-7-methyl-6-
phenyl-6,7-diaza-2-thiabicyclo[2.2.1]heptane-3,5-dione (26, R =
p- CH30CgH,; R2 = Ph) which crystallized from chloroform-ether
as yellow needles: mp 190-191°; 12%; ir (KBr) 1650, 1600, 1570,
1550, 1520 em™1; Agpax (CH30H) 222 nm (log ¢ 4.14), 243 (4.05), 286
(4.24), 357 (4.32); nmr (CDCls) 6 3.89 (s, 3, OCHjy), 4.24 (s, 3,
NCHg3), 7.8-6.9 (m, 9, aromatic), 10.66 (s, 1, 4-H); M.+ 340 (52).

Anal. Caled for C1gH1gN203S: C, 63.52; H, 4.74; N, 8.23. Found:
C,63.80; H, 4.61; N, 8.32.

2,6-Diphenyl-1-p -methoxyphenyl-7-methyl-2,6,7-triazabi-
cyclo[2.2.1]heptane-3,5-dione (28; R = p-CH30C¢H,) was like-
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wise eluted as the second fraction and it crystallized from chloro-
form-ether as colorless prisms: mp 255-256°; 50%; ir (KBr) 1670,
1640, 1610, 1590, 1550 cm™1; Apax (CH3OH) 248 nm (log € 4.17),
320 (4.46); nmr (CDCls) 6 3.75 (s, 3, QCHjy), 4.02 (s, 3, NCHs),
7.8-6.7 (m, 14, aromatic), 10.54 (s, 1, 4-H); M-* 399 (42).

Anal. Caled for Co4Ho1N3QOs: C, 72.16; H, 5.30; N, 10.52. Found:
C, 72.39; H, 5.26; N, 10.58.

General Procedure for the Reaction of 1 with Activated
Isocyanates. Reaction with p -Toluenesulfonyl Isocyanate. To
the mesoionic compound 1 (R = Ph; R! = H) (1.0 g, 0.0052 mol) in
dry benzene (30 ml) was added dropwise a solution of p- toluen-
esulfonyl isocyanate (1.1 g, 0.0056 mol) in dry benzene (5 ml) at
room temperature with stirring for 6 hr. Addition of anhydrous
ether precipitated a colorless solid that crystallized from 1,2-di-
chloroethane—ether as colorless prisms of 7-methyl-1-phenyl-6-p-
toluenesulfonyl-2-thia-6,7-diazabicyclo]2.2.1]heptans-dione
(26, R = Ph; R2 = p- CHaCgHS05): 1.6 g (79%), mp 200-204° dec
(with gas evolution) (Table II).

Registry No.—1 (R = p-CH3;0CgH,, R! = H), 40727-16-0; 1 (R
= Ph, R! = H), 52062-19-4; 1 (R = p- CIC¢Hy, R! = H), 51787-62-3;
8 (R = p-CH30CeH4, R' = H), 52705-21-2; 8 (R = Ph, R! = H),
19611-52-0; 9 (R = Ph, R! = H), 22050-30-2; 9 (R = R! = Ph),
22050-79-9; 10, 22050-80-2; 11 (R = Ph), 52705-22-3; 11 (R = p-
CICgHy), 52705-23-4; 12 (R = Ph), 52745-41-2; 12 (R = p -CICgHy),
52745-42-3; 13, 52705-24-5; 14 (R = Ph), 52705-25-6; 15 (R = Ph),
52705-26-7; 15 (R = p-CICgH,), 52705-27-8; 18 (R = Ph), 19950-
84-6; 18 (R = p-CH30C¢Hy), 52705-28-9; 19 (R = Ph), 52705-29-0;
19 (R = p-CH30CgHy), 52705-30-3; 23 (R = p-CH30CgHy),
52705-31-4; 26 (R = R? = Ph), 52705-32-5; 26 (R = p- CH30CsH,,
R? = Ph), 52705-33-6; 26 (R = Ph, R2-p- CH5CH4805), 52705-34-
7; 26 (R = p-CICgHy4, R? = p- CH3C¢H,S0s), 52748-19-3; 26 (R =
Ph, R? = COPh), 52705-35-8; 26 (R = p-ClCgHy, R2 = COPh),
52705-36-9; 26 (R = Ph, R2-p- CIC¢H,CO), 52705-37-0; 26 (R = p-
CICgHy, R? = p- CIC¢H4CO), 52705-38-1; 28 (R = Ph), 52705-39-2;
28 (R = p- CH30CgH,), 52705-40-5; N-p- methoxythiobenzoylsar-
cosine, 52705-41-6; p- methoxythiobenzoylthioglycollic acid,
52705-42-7; dimethylacetylenedicarboxylate, 762-42-5; N- benzoyl-
sarcosine, 2568-34-5; ethyl propiolate, 623-47-2; ethyl phenylpro-
piolate, 2216-94-6; N-nitrososarcosine, 13256-22-9; N-phenyl-
maleimide, 941-69-5; dimethyl fumarate, 624-49-7; tetracyanoeth-
ylene, 670-54-2; phenyl isocyanate, 103-71-9; phenyl isothiocyan-
ate, 103-72-0; p- toluenesulfonylisocyanate, 4083-64-1; benzoyl iso-
cyanate, 4461-33-0; p- chlorobenzoyl isocyanate, 4461-36-3; sarcos-
ine, 107-97-1.
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anhydro- 2,3-Diphenyl-4-hydroxythiazolium hydroxide has been prepared by Ac,O/EtsN cyclization of the
condensation product of thiobenzanilide and bromoacetic acid, and the product previously assigned this structure
identified as 2-mercapto-1-thioacetoacetic acid, anhydrosulfide with N-phenylthiobenzimidic acid, N- phenyl-
benzimidate. Other derivatives of this mesoionic thiazolium system were prepared from the appropriate thio-
benzanilide with bromoacetic acid (or a-bromophenylacetic acid). Dimethyl acetylenedicarboxylate, dibenzoyl-
acetylene, dicyanoacetylene, and hexafluoro-2-butyne underwent ready cycloaddition to this thiazolium system,
the final product depending on the substitution pattern of thé nucleus. With 2,3-diaryl substituents, pyridones
were formed with extrusion of sulfur from the initial adduct. With 2,3,5-triphenyl substituents, phenyl isocyanate
was eliminated from the initial adduct with the formation of the substituted, thiophene in more than 90% yield.

In the preceding publication? in our studies of mesoionic
ring systems?® the cycloaddition reactions of the anhydro-
5-hydroxythiazolium hydroxide system 1, one of the two4
possible mesoionic ring systems based on the thiazole nu-
cleus, were described. We now report the synthesis and cy-
cloaddition reactions with acetylenic dipolarophiles of the
isomeric anhydro- 4-hydroxythiazolium hydroxide system
2, which has an added interest in that there is no opportu-
nity for elimination of carbonyl sulfide from an initial cy-
cloadduct; rather sulfur must be extruded or a retro-Diels—
Alder type reaction occur with elimination of phenyl isocy-
anate.

A synthesis of the mesoionic system 1 had been de-
scribed® earlier, but its reported physical characteristics
were inconsistent with those expected for a heterocycle
containing a thiocarbonyl ylide structure. Repetition of the
Ac;0/Et3N cyclization of the intermediate acid (3, R = R!
= Ph; R2 = H) obtained from thiobenzanilide and bromo-
acetic acid resulted in the isolation of the product de-
scribed previously as colorless needles, mp 195-196°. In our
preliminary communication this product was shown to
have structure 4. This most likely arises from the reaction
of thiobenzanilide with the mixed anhydride derived from
the intermediate acid 3 and acetic anhydride, followed by
acetylation and, as such, is described as 2-mercapto-1-
thioacetoacetic acid, anhydrosulfide with N-phenyl-

thiobenzimidic acid, N-phenylbenzimidate (4, R = R! =
Ph).

R Rz 5 é R RQ\(S R
. Ns HOOC N
+ CHB O +\R1 \R1
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)\ N R:CHBrCOOH
RN S 0\
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Reaction of thiobenz-p- chloroanilide with bromoacetic
acid under these conditions gave an analogous product 4 (R
= Ph; R! = p- CICgH,). This product was likewise convert-
ed in good yield into the acetyl derivative of 2 (R = Ph; R!
= p- ClCgHy; R?2 = COCH3) with hot acetic anhydride.

Minor variation in the proportions of the reactants did
not alter appreciably the outcome of the reaction. However,
it was possible to have ring closure of the acid 3 to the me-



