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Di- and trisubstituted derivatives of the mesoionic anhydro- 4-hydroxythiazolium hydroxide system underwent
1,3-dipolar cycloadditions via their thiocarbonyl ylide dipole giving stable 1:1 adducts of the substituted
1,2,3,4,5,6-hexahydro-3-0x0-1a,4a-epithiopyridine system with a wide variety of electron-deficient dipolaro-
philes. The stereochemistry of each adduct was determined by extensive nmr analysis and also by chemical meth-
ods. Several adducts lost the elements of HyS upon treatment with sodium methoxide forming 4,5-disubstituted
1,3,6-triphenylpyrid-2-ones, and with m- chloroperbenzoic acid gave sulfoxide derivatives.

The title mesoionic ring system 1 has been shown? to un-
dergo ready cycloaddition of acetylenic dipolarophiles to
yield substituted 2-pyridones and thiophenes in good
yields. The ring system contains a “masked” thiocarbonyl
ylide dipole 1a stabilized to some extent by an adjacent ni-
trogen atom. The same ylide is present in the anhydro- 4-
hydroxy-1,3-dithiolium hydroxide system 2 which has also
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been shown to undergo cycloaddition of acetylenic dipolar-
ophiles? to yield substituted thiophenes with elimination of
carbonyl sulfide, as well as forming stable 1:1 cycloadducts
with olefinic dipolarophiles.4

A study of the cycloaddition reactions of 1 was thus of
particular interest. It would enable the effect of replacing
the 3-sulfur atom in 2 with a nitrogen atom to be evaluated,
as well as providing a novel series of bridged sulfur, bicyclic
adducts incorporating a hexahydro-3-oxo-1a,4a-epithiopy-
ridine system.

Electron-deficient olefins such as dimethyl maleate and
fumarate, N-phenylmaleimide, maleic anhydride, methyl
vinyl ketone, trans- dibenzoylethylene, ethyl acrylate, ethyl
methacrylate, ethyl crotonate, acrylonitrile, and fumaroni-
trile all formed stable, 1:1 cycloadducts with di- and trisub-
stituted derivatives of 1 with relative ease. However, no
major product was isolated from the reaction of 1 with nor-
bornene, norbornadiene, tetracyanoethylene, 4-cyanopyri-
dine, and chalcone, either in refluxing benzene or at room
temperature. Similarly electron-rich olefins such as ethyl
vinyl ether resulted in multi-component reaction mixtures
from which no single product could be isolated.

The gross structural features of the 1:1 cycloadducts ob-
tained from 1 and the dipolarophiles listed above were es-
tablished from analytical, mass spectral, and other spectral
data (Tables I-IV). All were consistent with the formation
of a 1:1 adduct with the thiocarbonyl ylide dipole, and the
stereochemistry of these adducts was established from
their nmr spectra considered below in increasing order of
complexity.

Cycloadducts from arhydro-2,3-Diaryl-4-hydroxy-
thiazolium Hydroxide. N -Phenylmaleimide Adducts.
Reaction of 1 (R = p-CIC¢Hy; R! = H) with N-phenyl-
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Table 1
Cycloadducts Derived from anhydro-2,3-Diaryl-4-hydroxythiazolium Hydroxide and Olefinic Dipolarophiles®
mF uv max (CHZ0H),
Compd no. Yield, % Mp,b °c Molecular formula (rel int) Ir, em™ nm (log ¢)
3(R=p-CIC;H,) 35 270-273  C,,H,N,CIO,S 8) 1730, 1710 (CO) 220 sh (4. 33)
3 (R="Ph) 60  265-267  CyH(eN,0,8 (1 1790, 1700 (CO)
T(R=p-CICeH,) 38  225-230  C,HyNCIO,S 3) 1720, 1690 (CO) 250 (4. 23)
9R= COCH,;) 32 200204 CH(NCI1O,S 357(17) 1710, 1690 (CO) 224 (4.11)
9 (R =COOEL) 48 139-140 CynH,NCIO,S  387(30) 1750, 1710 (CO) 224 (3.73)
3 (R=p-CIC,H,) 66 225-228 CyH,NCIO,S  385(5) 1800, 1730 (CO) 245 sh (3. 22), 223 (3. 96)
5(R=p-CIC,H,) 19 158-160 C,H/,NCIO;8  431(3) 1740, 1720 (CO) 222 (3.85)
15 (R=Ph) 70 164-165 Cy1HyNO;S 397(30) 1750, 1730, 1700 (CO) 205 (4.62)
8 (R=p-CIC;H,) 41 217-219 C,H_NCIO,S  431(3) 1760, 1720 (CO) 222 (4,07)
16 (R=Ph) 63  219-220  C,H,NOS 395(3) 1740, 1690 (CO) 240 (3. 44), 206 (4.04)
17 97  235-240  CyH,N,0,8 442 (39) 1725 (CO), 1090 (SO) 277 (4.01)

* Satisfactory analytical values (£0.4% for C, H, N) were reported for all compounds in table: Ed. ® All melting points accompanied by

decomposition.

Table 11
Methine and Alkyl Group Chemical Shifts and Coupling Constants for Cycloadducts Derived from
anhydro-2,3-Diaryl-4-hydroxythiazolium Hydroxides and Olefinic Dipolarophiles®

Vo Chemical shifts (6) ) r Coupling constants, Hz ———
Compd no. Rl R? R3 R* RS e N3 a3 s Jag
3, R=p-CICH,;° 4,70,d 4,05, dd 4,40, d 1.5 7.0
R®=R’=CONPhCO
3, R=Ph;"R}=R’ = 4,69,d 4,09, dd 4,40, d 1.5 6.5
CONPhCO
7, R=p-CIC4H,;’ 4,43, d 4,83,t 5.80,d 4,0 4,5
R?=R°=COPh
9, R=p-CIC H,;’ 4,27,dd 2.97,qd 2,52,qd 4.02,dd 2,03,s 1.0 3.5 12,5 8.0 4.5
R’ =COOCH,
9, R=p-CIC H,;° 4,22, dd 2.95,qd 2.71,qd 4,11,dd 3,91,q 1.3 3.5 13.5 8.3 4.5
5= COOCH,CH, 0.97, t
13, R=p-CIC.H,;* 4,97, d 4.70, dd 5.20,d 1.5 7.0
R’=R®?=CO0CO
15,R:p-C1C6H4;R2: 4.48,d 3.85,s 4,08,t 4.42,d  3.48,s 3.8 4,3
= COOCH;
15 R=Ph;R*=Ri= 4,50,d 3.83,s 4.07,t 4,40,d  3.42, s 4,25 3.175
COOCH,
18, R=p-CIC H,; 4.46,d 3.98,dd 3.75,s 4.,37,d 3.32,s 1.0 9.0
R*= R®=COOCH,;
16, R=Ph;R° =R’ = 4,51,d 4,00, dd 4,40, d 1.0 9.0
COOCH,
17, R=Ph; R’ =R’ = 4,68,d 4.23,dd 5,17, d 1.5 9.0
CONPhCO

@ Methyl resonances in italics.  Determined in CDCl;. ¢ Determined in acetone-dg. ¢ Determined in DM SO-ds.

maleimide in refluxing anhydrous benzene gave a stable
product corresponding to a 1:1 cycloadduct.

The structure of this adduct was assigned on the following basis.
Infrared carbonyl absorptions were observed at 1730 and 1710
cm™!, and the nmr spectrum (Table II) showed besides aromatic
protons three aliphatic proton multiplets consisting of two groups
of doublets (& 4.40, 4.70) and one doublet of doublets (§ 4.05).
These data are consistent with either the endo structure 3 (R = p-
CICgHy) or the exo structure 4 (R = p- ClCgHy). The stereochem-
istry of the 1:1 adduct is assigned the endo configuration by analo-
gy with similar cycloadducts in the isobenzothiophene system?
where with N-phenylmaleimide a mixture of endo, 5, and exo, 6,

S (6 470,d)

H < (6 4.05, dd)

H

6\ (5 440, d) Ph/
N—->Ph
3 4

isomers was obtained. Assignments of the o-imido and bridgehead
protons are as shown. It was postulated in this case that the differ-
ence in chemical shift between the protons o to the imide carbonyl
from exo to endo was due to the deshielding effect of the sulfide
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Table IT1 ‘
Cycloadducts Derived from anhydro-4-Hydroxy-2,3,5-triphenylthiazolium Hydroxides and Olefinic Dipolarophiles®
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Molecular Mt uv max (CH3OH),
Compd no, Yield, % Mp, °C formula (rel int) ir, em? nm {log ¢}
19 (R=COCH,) 17  180-182dec  CyHy,NO,8 399 (2) 1700 (broad, CO)
20 12, 142~ 144 dec Cy;Hy1NO,S 399 (3) 1710 (broad, CO)
a1 17.5 148-150dec  CoHyNO,S 443 (21) 1750, 1720 (CO)
22 17 170-172dec  CpH,,NO,S 443 (6) 1740-1700 (broad, CO)
24a 57.5 254-257dec  CuHN,O  373(100) 2240 (CN), 1680 (CO) 358 (3.83), 271 (3.82),
215 sh (4.29)
24b 87  290-293dec  CyH,NO,  531(63) 1680, 1650 (CO) 340 (3. 94), 254 (4. 33)
24c 53.5 275277 CaHyN,O5 468 (100) 1730, 1680 (CO) 362 (3, 73), 287 (4.06)
24d 17 219-221dec Cy;HyNO; 439 (100) 1745, 1670 (CO) 328 (3,174), 255 (3, 64)
25a 70 198-200dec  CpH,N,05 407 (4) 2250 (CN), 1720 (CO)
25b 73 218-220dec  Cg4iHyNO,S 1720, 1690, 1680 (CO) 250 (4. 15)
25¢ 70 233-235 CyyHpNo0,8 502 (2) 1790, 1710 (CO)
25d 80  151-152 CyHyNOS 473 (5) 1735, 1725, 1700 (CO)
25e 75 215-216 CyHpNOS — 473(4) 1750, 1700 (CO)
28 84  250dec C,HNO,S  427(2) 1780, 1710 (CO)
29 48 240~-242dec C,;HyNO;S 1750, 1740, 1690(CO) 235 sh (3. 59)
30 63 240-243dec  CyH,NO,S  581(1) 1710, 1680 (CO), 1080 251 (4.51)
(80)
31, 32 62 202-205 CyHyNOS 489 (1) 1740, 1720 (CO), 1085
(s0)

a Satisfactory analytical values (£0.4% for C, H, N) were reported for all compounds in table: Ed.

Table IV
Methine and Alkyl Group Chemical Shifts and Coupling Constants for Cycloadducts Derived from
anhydro-4-Hydroxy-2,3,5-triphenylthiazolium Hydroxides and Olefinic Dipolarophiles

Chemical shifts ( 6)

r— - r Coupling constants, HZ—————'_'-W
Compd no. Rl R? R3 R* 7,2 4,3 72,3 A, 4 72,4
19, R =COCH;"* 3.23, dd 2.80, dd 4,07, dd 2,03, s 13.5 8.5 5.0
19, R*=CN? 3,47, dd 3.08, dd 4,76, dd 13.0 8,0 3.5
20, R3=COCH," 3. 40, dd 3.21, dd 1.79, s 3.88,dd 12,5 5.3 8.0
21, R'=CH;;* R'= 1.48,d 3.52, dg 3.49, d 3,98, ¢ 7.0 4,5
COOCH,CH;, 0.99,t
22, R°=CH;;" R'= 4,23, d 2,90, d 1.70, 8 3.75, m*  12.0
COOCH,CHj 0.77, t
25a, R'=R*=CN" 4,22,d 4,46, d 3.8
25b, R!=R'=COPR" 5.18,d 5.70, d 6.0
25¢, R?’=R'=CONPhCO®* 4.17,d 4,54, d 6.5
26e, R =R’=COOCH," 4.31,d 4,52, d 9.0
25d, R!=R'=COOCH,* 5.46, s 4,29, d 4,52, d 3.69, s 4,5
29, R’ =R!=COOH* 4,47, d 12,40, s 4,78, d 12,40, s 8.5

@ Determined in CDCls, methyl resonance in italics.  Determined in acetone-dg. ¢ Determined in DMSO-ds. ¢ Jergen, = 7.0 Hz. ¢ Non- '

equivalent methylene group.
(6 4.93)

S (5 490) S &
H* H 0

bridge. These data are consistent with the data described above for
the mesoionic N- phenylmaleimide adduct in an endo configura-
tion. The coupling constant between the 4 and 5 protons in 3 (R =
p-CICeH,) was 1.5 Hz, indicating a trans coupling, and between

the 5 and 6 protons it was 7.0 Hz, consistent with a cis coupling,
these values being noteworthy in light of the following description
of eycloadducts and their physical characteristics.

Under similar conditions 1 (R = Ph; R! = H) gave an analogous
product whose physical constants are described in Tables I and IL.

trans -Dibenzoylethylene Adduct. The reaction of 1 (R
= p-CIC¢Hy; R = H) with trans- dibenzoylethylene gave a
stable 1:1 cycloadduct, mp 225-230° dec, in moderate yield
(38%), which may have either of the two possible isomeric
configurations 7 or 8.

The b-exo0,6-endo configuration 7 was demonstrated by the nmr
spectrum, with doublets at § 4,43 (H,) (J = 4.0 Hz) and 6 5.80 (Hg)
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Figure 1. 100-MHz nmr spectrum of 63-acetyl-1-p- chlorophenyl-1,2,3,4,5,6-hexahydro-2-phenyl-1a,4a-epithiopyrid-2-one.
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(J = 4.5 Hz) and a triplet at § 4.83 being consistent with the trans
arrangement of protons as shown. Additional evidence was provid-
ed from the nmr data of the trans- dibenzoylethylene adducts de-
rived from 2,3-diphenylindenone oxide and also isobenzofuran® in
which the 7-exo proton resonates at lower field relative to the cor-
responding 7-endo proton due in part to the deshielding by the
oxide bridge. Since the sulfur bridge is expected to be more desh-
ielding than an oxide bridge,® the 6 proton at § 5.80 in 7 is in ac-
cord with the above results.

Methy! Vinyl Ketone Adduct. Methyl vinyl ketone al-
lows a study of the effect of an asymmetrical olefin upon
the course of the cycloaddition reaction, in particular the
orientation(s) of any products isolated. The reaction of 1
(R = p-ClC¢Hy R! = H) in refluxing methyl viny! ketone
proceeded smoothly, giving a 1:1 adduct in 32% yield with
vco at 1710 and 1690 ¢m~?! and an absorption maximum at
224 nm (log ¢ 4.11). The four possible configurations of the
primary cycloadduct are shown below, and the 100-MHz
spectrum of the adduct is shown in Figure 1.

The doublet of doublets at § 4.27 (/ = 1.0 and 3.5 Hz), a second
doublet of doublets at § 4.02 {J = 4.5 and 8.0 Hz), a quartet of
doublets at 6 2.97 (J = 1.0, 8.0, and 12.5 Hz), a second quartet of
doublets at § 2.52 (J = 3.5, 4.5, and 12.5 Hz), and a singlet at § 2.03
allow structures 11 and 12 (R = COCHj) to be eliminated immedi-
ately on the basis that the two high-field multiplets (5 2.97, 2.52)
show coupling to three protons whereas structures 11 and 12

Ph Ph
9
s
0 H
s
N , H g
ph” CHepCls Ph/ CoH,-p-CIN
ol Ay R
1 12

should show only one proton (Hs) coupled to three others. From
this coupling information, proton 4 is assigned the multiplet at 6

4.27 since it is twice coupled in a trans fashion and falls in a chemi-
cal shift region consistent with other bridgehead protons. The §
4,02 multiplet is assigned proton 6 since it would be anticipated to
contain both a cis and trans coupling in either 9 or 10, and be desh-
ielded by an adjacent acetyl group. The proton at § 2,97 is assigned
to Hs.exo, being deshielded by the sulfide bridge relative to Hs.endo
which is now assigned at § 2.52. It is also clear that Hj.exo and Hg
are cis coupled (J = 8.0 Hz) and thus proton 6 must also be in the
exo position. Following these arguments, the most plausible struc-
ture for the methyl vinyl ketone adduct is 9 (R = COCHj) in which
the acetyl group assumes an endo configuration.

Ethyl Acrylate Adduct. The reaction of 1 (R = p-
CIC¢Hy; R} = H) with ethyl acrylate produced a colorless
crystalline product, mp 139-140° dec, in 48% yield with the
structural possibility of four different sterecisomers 9-12
(R = COOEt) above. Infrared absorptions (vco 1750, 1710
cm™1) and an ultraviolet absorption maximum at 224 nm
(log ¢ 3.73) together with the nmr data (Table II) can best
be accommodated in terms of structure 9 (R = COOEt).

To obtain further information about the stereochemistry
of these cycloaddition reactions, the series of cycloadducts
described below which are capable of chemical interconver-
sion was synthesized.

Maleic Anhydride Adduct. Maleic anhydride, at room
temperature in dry benzene, afforded a primary cycload-
duct in 66% yield with the following principal nmr charac-
teristics.

A doublet with a cis coupling (J = 7.0 Hz) at ¢ 5.20 must be as-
signed proton 6 in either the endo 13 or exo 14 structure, and a
doublet at § 7.94 with the small trans coupling (/ = 1.0 Hz) is as-
signed the bridgehead proton 4. Proton 5 appears as a doublet of
doublets at 6 4.70. These data are consistent with the endo struc-
ture 13 (R = p- ClCgHy).

Dimethyl Fumarate Adduct. A primary 1:1 adduct,
consistent with the structure 15 (R = p- ClCgHy4) on the
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basis of the spectral data immediately following was
formed from 1 (R = p-ClC¢H4; R! = H) and dimethyl fu-
marate in refluxing benzene.

Nmr multiplets at § 4.48 (d, J = 4.3 Hz) and 6 442 (d, J = 3.8
Hz) can be assigned to either Hy or Hg and a triplet at 6 4.08 can be
assigned to Hs. That the carbomethoxy groups are in the 5-ex0,6-
endo configuration is postulated from the expectation that the
proton 4-proton 5-endo coupling should be approximately 3-4 Hz,
in analogy to the trans- dibenzoyl adduct 7.

The analogous product obtained from I (R = Ph; R! = H) and
dimethyl fumarate (Tables I and II) was assigned a stereochemis-
try similar to 15.

Dimethyl Maleate Adduct. Reaction of 1 (R = p-
ClCgHy; R = H) with diethyl maleate under reflux in dry
benzene, gave a product that was identified as a 1:1 pri-
mary adduct 16 from its nmr spectrum (100 MHz).

Ph

17 18

Aliphatic resonance signals at 6 4.46 (d, J = 1.0 Hz), § 4.37 (d, J
= 9.0 Hz), 6 3.98 (dd), 6 3.75 (s), and & 3.32 (s) were assigned to
protons 4, 6, 5, and the two methoxycarbonyl methyl groups at car-
bons 5 and 6, respectively. These data support a structure 16 with
an endo arrangement of methoxycarbonyl groups with respect to
the sulfide bridge.

Reaction of dimethy! maleate with 1 (R = Ph; R! = H) resulted
in a product analogous to 16 (Tables I and I1).

Conversion of the Maleic Anhydride Adducts 13 into
the Dimethy! Maleate Adduct 16. If the functional
groups of the adducts 13 and 16 described above are simi-
larly oriented, then opening of the anhydride moiety in 13
under suitable methylation conditions should give rise to
an alternative synthesis of the dimethyl ester 16. Diazo-
methane effected the interconversion of the cycloadducts
in 98% yield, with the isolation of a product identical in all
respects? with 16. Thus the assigned endo stereochemistry
is consistent within these two adducts and this stereochem-
istry most likely occurs in other cycloadducts of this type.

The significant deshielding effect by a sulfoxide group on
syn protons has been applied to configurational assignment
in suitable pairs of stereoisomeric sulfoxides® and, con-
versely, formation of a sulfoxide by oxidation of a sulfide
linkage should yield stereochemical information concerning
proximinal protons in these cycloadducts. The proximity of
a proton to a sulfoxide oxygen atom results? in a downfield
shift in the nmr spectrum, as e.g., with the 3 proton in thie-
tane S-oxides.’® When 3 (R = Ph) was treated with an
equimolar amount of m-chloroperbenzoic acid in methy-
lIene chloride at room temperature, a colorless, crystalline
oxidation product was isolated. A strong band at 1090 em™!
in the infrared spectrum indicated a sulfoxide and two pos-
sible diasteromeric sulfoxide structures may be proposed,
17 where the S-0O bond is syn to the N-phenylmaleimide
moiety, and 18 in which the sulfoxide is oriented anti. The
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structure of the sulfoxide was established from nmr data
shown below.

,———Chemical shift (8)——  Ceupling constants, Hz

Structure Hy Hg Hg J4, 5 J 5,6
3(R=Ph) 4.7T3 4,32 4.90 1.5 7.0
17 4.68 4,23 5,17 1.5 9.0

The significant downfield shift noted for Hg indicating
the proximity of the sulfoxide oxygen suggests that the
structure of the oxidation product is 17. The formation of
this product is also consistent with steric considerations.

Oxidation of 15 (R = Ph) under similar conditions, how-
ever, gave a mixture of isomeric sulfoxides which were in-
separable by recrystallization or chromatographic methods.
The nmr data obtained from the mixture were consistent
with the structural assignments above.

Cycloadditions with anhydro-4-Hydroxy-2,3,5-tri-
phenylthiazolium Hydroxide (1, R = R! = Ph). In order
to evaluate the effect of an additional substituent on the
1,3-dipolar activity of this mesoionic ring system, a series of
cycloaddition reactions of (1, R = R* = Ph) with olefinic di-
polarophiles was carried out.

trans- Dibenzoylethylene, N-phenylmaleimide, ethyl
crotonate, dimethyl maleate, dimethyl fumarate, and male-
ic anhydride all gave stable 1:1 adducts, obtained in one
stereochemical form. Methyl vinyl ketone, however, gave
both exo and endo 1.1 adducts whereas acrylonitrile and
ethyl methacrylate gave predominantly one isomer, a sec-
ond isomer being observed by tle. Fumaronitrile, on the
other hand, gave a 1:1 adduct together with its H,S elimi-
nation product, 2-0x0-1,3,8-triphenylpyridine-4,5-dicar-
bonitrile (24a), the relative proportions of these two prod-
ucts being dependent on the reaction time.

Introduction of a phenyl substituent into the 5 position
of 1 (R = R' = Ph) significantly reduced the rate of reac-
tion with N-phenylmaleimide, 8 days being required for its
complete reaction, though the major portion of 1 (R = Rl =
Ph) had reacted in 15 hr. However, the stereochemical pat-
tern of adduct formation did not alter the endo adduct 25¢
(R! = R% = H; R? = R* = CONPhCO) being obtained ex-
clusively. The chemical shifts of the ring junction protons
(Hs, Hg) at 6 4.54 and 4.17 (J56 = 6.5 Hz) (Table IV) can
only be rationalized with protons in an exo configuration.
This same stereochemistry can also be assigned to the
other adducts described in Tables ITI and IV obtained with
1 (R = R! = Ph) in view of the consistency of the chemical
shifts of the 5 and 6 protons.

This assumption is supported further by considering the
exo and endo adducts obtained with methyl vinyl ketone,
When 1 (R = R! = Ph) was refluxed in methyl vinyl ke-
tone, the bright red color of the initial solution was dis-
charged within 30 min and removal of excess dipolarophile
in vacuo afforded a residue which contained two major
components (tlc). Their separation was effected by prepar-
ative thin-layer chromatography and the two products iso-
lated both corresponded to 1:1 primary cycloadducts. The
structures of these adducts are assigned the endo configu-
ration 19 (R = COCH3) and the exo configuration 20 on the
basis of spectral data. From the first fraction (R 0.5) iso-
lated from chromatography, a colorless product, mp 180-
182°, was obtained with carbonyl absorptions under a wide
band centered at 1700 cm~! and no absorption maxima
above 203 nm. The nmr spectrum of this compound (Figure
2) clearly shows three proton multiplets. The doublet of
doublets centered at 6 4.07 contains a trans coupling (J =
5.0 Hz) and a cis coupling (J = 8.5 Hz) and thus is assigned
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Figure 2. 100-MHz nmr spectrum of 68-acetyl-1,2,3,4,5,6-hexahydro-1,2,4-triphenyl-1a,da-epithiopyrid-2-one.
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Figure 3. 100-MHz nmr spectrum of 6a-acetyl-1,2,3,4,5,6-hexahy-
dro-1,2,4-triphenyl-1a,4a-epithiopyrid-2-one.

the 6 proton. The doublet of doublets at § 3.23 contains the
cis coupling above, and a geminal coupling (J = 13.5 Hz).
The third multiplet at § 2.80 is both trans and geminally
coupled. The § 3.23 resonance multipiet is assigned the 5-
exo proton since it would be expected to be further desh-
ielded by the sulfide bridge than the 5-endo proton at 6
2.80. For the 6 proton to be cis coupled to Hj. oy, requires
an endo acetyl group at carbon 6 and thus the assigned
configuration is 19 (R = COCHay).

The second isolated product (R ; 0.6) was obtained as col-
orless prisms, mp 142-144°, with an infrared spectrum very
similar to 19 (R = COCH3). The assignment of an exo con-
figuration 20 for this compound was made on the basis of
the nmr spectrum (Figure 3).

The data obtained (Table IV) shows that the furthest downfield
multiplet at § 3.88 (H-6) contains a trans (/ = 5.3 Hz) and a cis (J
= 8.0 Hz) coupling, the trans coupling being associated with the
furthest downfield geminally coupled multiplet at é 3.40 assigned
to Hs.exo, and the cis coupling corresponding to the doublet of dou-
blets at 6 3.21, Hs.endo. These data substantiate an exo arrange-
ment of the acetyl group and thus the proposed structure is dem-
onstrated to be 20. It must be emphasized that the orientation of
the adducts 19 (R = COCHjy) and 20 is based solely upon analogy
to the corresponding methy! vinyl ketone adduct 9 described
above.

The adducts obtained from ethyl crotonate and ethyl
methacrylate (Tables I1I and IV) differed from each other
in the position of the methyl substituent. However, this re-
sulted in a significant and interesting change in their nmr
spectra. In the 1:1 adduct from ethyl crotonate, ethyl
1,2,3,4,5,6-hexahydro-5a-methyl-1,2 4-triphenyl-1a,4a-
epithiopyridine-68-carboxylate (21), the ethoxycarbonyl
group appeared as a quartet (5 3.98) and a triplet (5 0.99),
these values being noteworthy in regard to the ethyl meth-
acrylate cycloadduct described below. In the latter, ethyl
1,2,3,4,5,6-hexahydro-6a-methyl-3-0x0-1,2,4-triphenyl-
1a,4a-epithiopyridine-63-carboxylate (22), the ethoxycar-
bonyl methy! group was observed as a triplet at 8 0.77 and
the adjacent methylene group did not appear as a normal
quartet but rather as a complex 14-line pattern under-
standable in terms of the nonequivalency of these protons
(Figure 4). The phenomenom of proton nonequivalency has
been reported!! in a variety of systems having the methy-
lene group directly attached to an asymmetric center, such
as in 2-chloro-4-ethyl-3-phenylcyclobut-2-enone (23), or in
ethoxy groups attached at an asymmetric center, such as in
cyclopropylmethylcarbinyl ethyl ether. The nonequiv-
alence of the methylene protons in these cases is due to the
asymmetric center of attachment which acts to favor one of
the possible rotational conformations about the O- methy-
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Figure 4. 100-MHz nmr spectrum of ethyl 1,2,3,4,5,6-hexahydro-6«-methyl-3-0x0-1,2,4-triphenyl-1o,4a-epithiopyridine-63-carboxylate.

8 S lent methylene protons. The result of a concentrated effort
0 Ph 0 Fh to decouple the methylene protons by irradiating at the
>/ - H >/ H center of the methyl resonance is shown in Figure 4, with
N Hy /l\ H COCH, the complex multiplet collapsing to the extent that a par-
ph/ Ph \ Ph Ph \ tial doublet of doublets was obtained.
R Another interesting facet in these cycloaddition reac-
19 20 tions was revealed in the reaction of fumaronitrile with 1
S (R = R! = Ph) in refluxing benzene until the color of the
0 Ph reaction mixture had been discharged completely (89 hr).
>/ CH, Removal of solvent and recrystallization of the crystalline
N Hy residue did not afford a 1:1 primary adduct but rather 2-
Ph/ h \ Ph/ P \ oxo-1,3,6-triphenylpyridine-4,5-dicarbonitrile  (24a), a
CO,CH,CH, CO,CH,CH, compound accountable in terms of loss of HoS from an in-
21 29 termediate 1:1 primary cycloadduct 25a. The pyridone 24a
CH,CH, 3 Ph
0 Ph |
H R Pha__N__O
S N Rige T |
Ph cl p” Ph R Fh
23 R R
25a, R?=R'=H; Ri=Ri=CN 24a. R = CN
lene bond. In the case of the cycloadduct 22, the asymmet- b, R2 =R =H; R!'=Ri = COPh ! _
ric center at C-6, the bulkiness of the methyl group, and e Ri=R'=H: R?= R = CONPLCO b, R = COFh
the rigidity inherent in the bicyclic ring system prevent ' T L= R4 i ¢ R = CONPhCO
free rotation about the O-CHj; bond and thus an ABXs- d R*=R'=H; R*=Rt=COOCH, d, R = COOCH,

type pattern consisting essentially of a doublet of quadru-
plets arises. Theoretically a 16-line pattern is expected but
overlapping of resonances reduces this to the observed 14-
line multiplet. The exo methyl group at C-6 is apparently
necessary for nonequivalence to occur since in the isomeric
ethyl crotonate adduct 21, a normal quartet—triplet ethyl
pattern was observed. The ethoxycarbonyl methyl protons
resonating as a triplet must be indicative of equal proton
coupling between the methyl protons and the nonequiva-

e, R' = R* = H; R? = R* = COOCH,4

has been prepared!? by reaction of 1 (R = R! = Ph) with
dicyanoacetylene in 0.5% yield, together with a 95.5% yield
of 3,4-dicyano-2,5-diphenylthiophene. This excludes an
initial oxidation step in the above reaction. A more plausi-
ble route may involve an initial base-catalyzed proton re-
moval and opening of the sulfide bridge followed by a 3
elimination of HeS to give 24. Such a process has been ob-
served with N, N’-diisopropyl-N,N’- diphenyl-2,4-thio-
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Table V
4,5-Disubstituted Pyridones Derived from anhydro-4-Hydroxy-2,3,5-triphenylthiazolium Hydroxide Cycloadducts
and Sodium Methoxide®

Ph
Ph 11 0
|
R Ph
R
Compd Yield, Crystal habit Molecular
no. R Mp, °C and color ? Ir, em ™ uv max, nm (log €) M formula
242 CN 58 254-25Tdec A vy 2240, 1o 1680 358 (3.83)271(3.82), 373 (100)  CpsH,N,O
215 sh (4. 29)
24b  COPh 87  290-203dec B e, 1650 (broad) 340 (3.94), 254 (4.33) 531(63)  CyH,NO,
24c CONPhCO 54  275-277 B 11730, 1680 362 (3.73), 287 (4.06) 468 (100)  CyHyN,0s
244  COOCH, 17 219-221 C vepll45, 1670 328 (3.74), 255 (3.64) 439 (100)  C,.H,NO;

a Satisfactory analytical values (£0.4% for C, H, N) were reported for all compounds in table: Ed. ¢ A = colorless needles (benzene).

¢ B = yellow needles (ethanol).? C = calorless needles (ethanol).

phenediamine and acrylonitrile in which the intermediate
thiol was actually trapped by a second molecule of acrylon-
itrile.!%2 This mechanistic pathway cannot, however, be
distinguished from an initial loss of elemental sulfur from
25a followed by sulfur dehydrogenation of the intermedi-
ate. In limiting the reaction period to 26 hr, it was possible
to isolate the intermediate 25a (Tables I1I and IV) along
with 24a being observed in the filtrate.

The elimination of HyS was also observed when certain
of these 1:1 adducts were treated with sodium methoxide
yielding a series of 4,5-disubstituted 1,3,6-triphenylpyri-
dones (Table V). Similar eliminations have been repor-
ted!3? from maleic anhydride adducts of various substitut-
ed isobenzothiophenes using sodium hydroxide.

Treatment of the cis diester, dimethyl 1,2,3,4,5,6-hex-
ahydro-1,2,4-triphenyl-1«,4a-epithiopyridine-58,68-dicar-
boxylate (25e) with sodium methoxide, however, followed a

S
0O Ph

>/ H
/1\1 “COOCH,
) Ph ~H

CH,0”/CH,0H
Ph "coocH, \
2& o min
s
0 Ph
>/ COOCH,
N Hy
Ph/ h \
COOCH,
S / 25d
0 Ph Ph
>/ ~ COOCH, |
N Ph N O
Ph/ P \ ! |
. COOCH, CHO00C” NP ph
e COOCH,
N 24d
S
O}- Ph
COOCH,

different reaction pathway. Quenching the reaction after 5
min with water deposited a solid which was identical in
every respect with the trans diester 25d, synthesized in an
alternative way by reaction of 1 (R = Rl = Ph) with di-
methyl fumarate (Table III). The epimerization was
thought to occur at carbon 5 due to the expected acidity of
the 5 proton.

A contribution from a transannular interaction of the
carbanion at C-5 with the 8 carbonyl group, illustrated by
26 = 27, may be significant but no data are available to
substantiate this interaction. The filtrate of this reaction
gave the 4,5-dicarbomethoxypyridone 24d identical with
an authentic sample but its isolation is not definitive as it
could have been formed from either the cis or trans diesters
or by electron rearrangement of the immediate carbanion
26.

The stereochemical relationship between cycloadducts
derived from 1 (R = R! = Ph) was determined by the reac-
tion of the maleic anhydride adduct 28 with diazomethane.
Treatment of 28 with an alcoholic-ethereal solution of dia-
zomethane deposited crystals which were identical with an
authentic sample of dimethyl 1,2,3,4,5,6-hexahydro-1,2,4-
triphenyl-1a,4a-epithiopyridine-53,68-dicarboxylate
(25e). From the filtrate of the reaction mixture was isolated
a second crop of crystals whose behavior on Tle and spec-
tral data (ir, nmr) corresponded to a mixture of cis- and
trans- dicarbomethoxy ester cycloadducts, 25e and 25d, re-

S
0 Ph
- LN N ‘COOCH, +
! H
PO pr”  Fh ‘COOCH,
25e
s S
o Ph o k?h
S P S,
P Hy N i
Ph N Ph N
Ph COOCH, Fh COOH
25d 29

spectively. The formation of the trans diester 25d can be
attributed to reaction of 25e with an excess of diazo-
methane, which may give rise to methoxide ion, and thus
epimerize C-5 of the cycloadduct. That the cis diester is
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formed reconfirms that a consistency of stereochemistry
exists within cycloadducts of this mesoionic ring system.

The ring opening of the maleic anhydride adduct 28
could also be achieved by base hydrolysis using sodium hy-
droxide, and resultant acidification of the reaction mixture
produced 1,2,3,4,5,6-hexahydro-1,2,4-triphenyl-1a,4a-epi-
thiopyridine-58,68-dicarboxylic acid (29) in 48% yield.
Spectral data for this compound were consistent for the cis
diacid structure 29 shown. Acidic protons were observed at
6 12.40 in the nmr spectrum and were exchanged with D,0,
and the 5,6-exo protons resonated at 6 4.47 and 6 4.78 (J =
8.5 Hz), respectively. Similar treatment of 29 with diazo-
methane afforded the cis diester 25¢ identical with an au-
thentic sample, but in this case no trans diester 25d could
be detected in the reaction mixture.

Oxidation to the corresponding sulfoxides also gave in-
formation regarding the stereochemistry of the cycload-
ducts. When the cycloadducts 25b and 25d were treated
with m- chloroperbenzoic acid in methylene chloride, prod-
ucts were isolated which corresponded to oxidation of the
sulfide bridge. Using the arguments advanced earlier, the
orientation of the sulfoxide group was obtained from the
nmr spectra. For the trans- dibenzoyl sulfoxide, 30, and up-
field shift of Hz to 6 4.783, and a slight downfield shift for Hg
is consistent with the orientation of the S-O bond illus-
trated in 30. This orientation might be expected on the
basis of steric restraints imposed by the 5-benzoyl group.
Further evidence for sulfoxide formation was obtained in
the mass spectrum of 30 which had a very low intensity mo-
lecular ion (~1%) but the first fragmentation corresponded
to a loss of SO.

When the trans diester 25d was oxidized, a compound
homogenous on thin-layer chromatography was obtained
but which corresponded to a mixture of diastereomeric sul-
foxides 31 and 32 in the nmr spectrum. The resonances for
the 5 and 6 protons in 25d, 31, and 32 are listed below. The

Chemical shift (5) Coupling constant, Hz

Structure Hs Hg JS,6
25d 4,29 4,52 4,5
31 4,27 4,63 5.0
32 4,60 4.98 4.5

data show that a downfield shift was observed in sulfoxide
32, the minor component in the nmr spectrum, for both Hj

-0 _

0
\S+
0 Ph 0 Ph
N} - COPh COOCH,
H Hy
< Ph p” Ph N

‘coocH,
30 31
o
+S /
j}/ Ph
Ph

/.L

COOCH,
\H H
Ph COOCH,
32

and Hg indicating that the sulfoxide group is proximinal to
these protons, whereas a less intense effect can be observed
with the major component, 31. The mass spectral fragmen-
tation is also indicative of sulfoxide formation, the molecu-
lar ion fragmenting with an initial loss of SO.
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Experimental Section!4

General Procedure for the Reaction of anhydro-4-Hy-
droxy-2,3-diarylthiazolium Hydroxide (1) with Olefinic Dipo-
larophiles. The Reaction of anhydro-2-p-Chlorophenyl-4-
hydroxy-3-phenylthiazolium Hydroxide (1, R = p -CIC¢Hy; R!
= H) with N -Phenylmaleimide. The mesoionic compound (1.4 g,
0.005 mol), N-phenylmaleimide (0.9 g, 0.005 mol), and dry ben-
zene (50 ml) were refluxed overnight. The solvent was removed in
vacuo and the residue crystallized from chloroform-petroleum
ether (bp 60-80°) as colorless, irregular prisms of 1-p-chloro-
phenyl-N, 2-diphenyl-1,2,3,4,5,6-hexahydro-3-o0x0-1a,4c-epithio-
pyridine-58,68-dicarboximide {3, R = p- C1CgH,); 0.8 g (35%), mp
270-273° dec (Table I).

Variations of this procedure for a particular dipolarophile are
shown in Table VI. .

Reaction of 1-p -Chlorophenyl-1,2,3,4,5,6-hexahydro-3-0xo-
2-phenyl-1q,da-epithiopyridine-53,66-dicarboxylic Acid An-
hydride (13; R = p-CIC¢Hy) with Diazomethane. The adduct
(0.4 g, 0.01 mol) in anhydrous methanol (25 ml) was treated with
an excess of an ethereal-ethanolic solution of diazomethane with
stirring at room temperature. An initial exothermic reaction en-
sued and within 10 min a colorless solid separated which was fil-
tered after stirring overnight. The isolated compound was identi-
cal? in all respects with 16 (R = p- ClCgHy); 0.42 g (97%), mp 216~
217°.

Oxidation of 3 (R = Ph) with m-Chloroperbenzoic Acid.
Equivalent amounts of the N-phenylmaleimide adduct 3 (R =
Ph), and m- chloroperbenzoic acid in methylene chloride afforded
the sulfoxide, 1,2,3,4,5,6-hexahydro-3-oxo-N, 1,2-triphenyl-1¢,4a-
epithiopyridine-53,68-dicarboximide 7-oxide {17) as small, color-
less needles from "acetonitrile: yield 97%; mp 235-240° dec; ir
(KBr) 1725 (CO), 1090 (SO) em™1; Aoy (CH30H) 277 nm (log
4,01); M - * 442 (39).

Anal. Caled for CosH18N204S: C, 67.86; H, 4.10; N, 6.33. Found:
C,67.81; H, 4.17; N, 6.26.

Oxidation of 15 (R = Ph) with m-Chloroperbenzoic Acid.
Equivalent amounts of the trans diester 15 (R = Ph) and m- chlo-
roperbenzoic acid in methylene chloride at room temperature gave,
after extraction of the two-component mixture with 10% NaHCOs,
chromatography on preparative silica gel (chloroform-ethyl ace-
tate 80:20), and recrystallization from ethanol, a mixture of the di-
astereomeric sulfoxides, 5q,68-di(methoxycarbonyl)-1,2-diphenyl-
1,2,3,4,5,6-hexahydro-1a,4a-epithiopyrid-2-one 7-oxides as color-
less, prismatic needles: yield 78%; mp 180-181° dec (with gas evo-
lution); ir (KBr) 3010, 2950 (CH), 1720 (broad, CO), 1085 (SO)
em™Y Amax (CH30H) none; nmr (CDCl3, HA-100) major compo-
nent 6 6.70-7.50 (m, 10, aromatic), 4.58 (d, 1, C4-H, J 4 5 = 5.0 Hz),
4.33 (d, 1, C¢-H, J5 6 = 3.8 Hz), 3.73 (dd, 1, Cs-H), 3.84 (s, 3, Cs-
COOCHg), 3.48 (s, 3, Ce-COOCHs3); minor component § 4.74 (d, 1,
Ce-H, J56 = 4.0 Hz), 4.64 (d, 1, Co-H, J4 5 = 6.5 Hz), 4.35 (dd, 1,
Cs-H), 3.88 (s, 3, C5-COOCHjg), 3.50 (s, 3, C-COOCH3); M- *+ 413
(6).
Anal. Caled for Co1H19NOgS: C, 61.00; H, 4.63; N, 3.39. Found:
C, 60.90; H, 4.68; N, 3.36.

General Procedure for the Reaction of anhydro-2-Aryl-4-
hydroxy-3,5-diphenylthiazolium Hydroxide 1 (R = Ph or p-
CICgHy; R! = Ph) with Olefinic Dipolarophiles. trans -Diben-
zoylethylene. The mesoionic compound!? (3.0 g, 0.009 mol),
trans -dibenzoylethylene (2.1 g, 0.009 mol), and dry benzene (100
ml) were stirred and refluxed for 24 hr. Removal of the solvent in
vacuo and repeated crystallization of the residue from benzene af-
forded 5a,66-dibenzoyl-1,2,3,4,5,6-hexahydro-1,2,4-triphenyl-
1o, 4a-epithiopyrid-2-one (25b, RZ = R3 = H; R! = R* = COPh) as
colorless needles; 3.7 g (73%), mp 218-220° dec (Table 1II). Varia-
tion of this procedure with several dipolarophiles is shown in
Table VII and below.

Reaction of anhydro-4-Hydroxy-2,3,5-triphenylthiazolium
Hydroxide (I, R = R! = Ph) with Methyl Vinyl Ketone. The
mesoionic compound (1.5 g, 0.0045 mol) was refluxed in methyl
vinyl ketone (30 ml) for 1 hr during which time the reaction mix-
ture changed from a dark red to a light yellow color. Removal of
excess methyl vinyl ketone under reduced pressure and crystalliza-
tion of the resultant residue from chloroform-anhydrous ether af-
forded cream, irregular prisms. Chromatography by preparative tlc
(5 X 1 mm plates, silica gel PF) using chloroform—ethyl acetate (9:
1) as the developing solvent, isolation of the major band (R 0.5),
and recrystallization from chloroform-anhydrous ether afforded
the endo adduct 68-acetyl-1,2,3,4,5,6-hexahydro-1,2,4-triphenyl-
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Table VI
Reaction Conditions for the Cycloadditionof 1 (R = Aryl; R! = H) and Various Dipolarophiles®
Reaction

Dipolarophile Sclvent time, hr Reaction temp Crystallization solvent

trans-Dibenzoylethylene Benzene 3 Reflux Chloroform—ypetroleum ether
(op 60—80°)

Methy! vinyl ketone XS reagent 17 Reflux Benzene
Ethyl acrylate XS reagent 14 Reflux Benzene
Maleic anhydride® Benzene 16 Room temp Benzene
Dimethyl fumarate Benzene 2 Retlux Chloroform-ether
Dimethyl maleate® Benzene 3.5 Reflux Chloroform

@ Reaction work-up involved concentration of the reaction mixture in vacuo and crystallization of the residue from the solvent shown
except in b where the product crystallized. ? Product crystallized.

Table VII
Reaction Conditions for the Cycloaddition of 1 (R = Aryl, R? = Ph) and Various Dipolarophiles
Reaction Reaction
Dipolarophile Solvent time, hr temp Crystallization solvent
N-Phenylmaleimide (R = Ph) Benzene 72 Reflux Evaporation; chloroform-ether
Dimethyl maleate (R=Ph) Benzene 24 Reflux Chromatography, Kieselgel g;
benzene—petroleum ether
Dimethyl fumarate (R = Ph) Benzene 15 Reflux Evaporation; chloroform—petroleum
ether
Maleic anhydride (R = Ph) Benzene 3 Reflux Evaporation; ethanol
Ethyl crotonate (R=p- XS reagent 10 Reflux Evaporation; chloroform—ether

CIC,H,)

la,da-epithiopyrid-2-one (19, R = COCHjg), as colorless, irregular
prisms; 0.3 g (17%), mp 180-182° dec (Table III).

The filtrate from the initial crystallization of the endo isomer
was evaporated in vacuo and the oily residue chromatographed on
preparative tlc (5 X 1 mm plates, silica gel PF) using chloroform-
ethyl acetate (9:1) as the developing solvent. The top, major band
(R ¢0.8) was isolated, and trituration of the residual oil with anhy-
drous ether and standing overnight, afforded the exo adduct, 6a-
acetyl-1,2,3,4,5,6-hexahydro-1,2,4-triphenyl-1a,4«-epithiopyrid-
2-one (20), as colorless prisms; 0.1 g (12.5%), mp 142-144° (Table
D).

Reaction of anhydro-4-Hydroxy-2,3,5-triphenylthiazolium
Hydroxide (1, R = R! = Ph) with Acrylonitrile. The mesoionic
compound (2.0 g, 0.0063 mol) was refluxed in acrylonitrile (50 ml)
for 3.5 hr. Excess acrylonitrile was removed under reduced pres-
sure leaving a fluffy crystalline residue. Repeated chromatography
on preparative silica gel (8 X 1 mm plates), using initially chloro-
form-ethyl acetate (11:1) and finally benzene-ethyl acetate (4:1)
as the developing solvents, afforded the 1:1 adduct 68-cyano-
1,2,3,4,5,6-hexahydro-1,2,4-triphenyl-1a,4a-epithiopyrid-2-one
(19; R = CN) as colorless, irregular prisms from chloroform-petro-
leum ether (bp 60-80°); 1.3 g (22%), mp 98-102° dec (Table III).

Reaction of 1 (R = R! = Ph) with Ethyl Methacrylate. The
mesoionic compound (1.5 g, 0.0045 mol) was stirred and refluxed
in ethyl methacrylate (25 ml) for 12 hr. Evaporation of excess sol-
vent in vacuo, chromatography of the residue on preparative tlc (4
X 1 mm plates, silica gel PF) using chloroform as the developing
solvent, isolation of the major band (R ¢ 0.8), and trituration of the
residual oil with anhydrous ether followed by standing overnight,
yielded ethyl 1,2,3,4,5,6-hexahydro-6«-methyl-3-0x0-1,2,4-tri-
phenyl-la,4a-epithiopyridine-63-carboxylate (22) as colorless
prisms; 0.35 g (17%), mp 170-172° dec {Table III).

Reaction of 1 (R = R! = Ph) with Fumaronitrile. A. Isola-
tion of the Primary Cycloadduct. The mesoionic compound 1 (R
= R! = Ph} (1.5 g, 0.0045 mol), fumaronitrile (0.36 g, 0.0045 mol),
and benzene (50 ml) were stirred under reflux for 26 hr. The sol-
vent was removed in vacuo and the residue dissolved in a mini-
mum amount of chloroform and let stand overnight. Crystals sepa-
rated and were isolated by suction filtration. A second crop was
obtained from the filtrate. The combined solids recrystallized from
chloroform—-anhydrous ether affording the 1:1 adduct 5¢,63-dicy-
ano-1,2,3,4,5,6-hexahydro-1,2,4-triphenyl-1a,4a-epithiopyrid-2-
one (25a) as colorless, irregular prisms (tle showed 4,5-dicyano-
1,3,6-triphenylpyrid-2-one (24a) to be present in the initial fil-
trate); 1.3 g (70%), mp 198-200° dec (Table III).

B. Formation of 4,5-Dicyano-1,3,6-triphenylpyrid-2-one
(24a). The mesoionic compound (1.0 g, 0.003 mol), fumaronitrile
(0.24 g, 0.003 mol), and dry benzene (50 ml) were stirred and re-
fluxed for 89 hr. The solvent was removed under reduced pressure,
and the residue crystallized from chloroform~anhydrous ether as
light brown, irregular prisms. Recrystallization from benzene gave
4,5-dicyano-1,3,6-triphenylpyrid-2-one (24a) as cream needles;
0.65 g (57.5%), mp 254-257° dec (Table V).

H>S Elimination from the 1:1 Adduect, 5¢,68-Dicyano-
1,2,3,4,5,6-hexahydro-1,2,4-triphenyl-1a,4a-epithiopyrid-2-
one (25a). Treatment of the 1:1 fumaronitrile adduct 25a with an
excess of sodium methoxide-methanol solution at room tempera-
ture afforded a colorless solid identical” in all respects with 4,5-
dicyano-1,3,6-triphenylpyrid-2-one (24a); yield 89%, mp 254-256°.

Treatment of 25b with Sodium Methoxide. The trans- diben-
zoyl adduct 25b (1.0 g, 0.007 mol) was suspended in dry methanol
(20 ml) and an excess of sodium was added with stirring. All solid
dissolved and the reaction mixture turned a light orange. Solvent
was removed in vacuo, the residue triturated with ethanol, and fil-
tered. Recrystallization from methanol gave 4,5-dibenzoyl-1,3,6-
triphenylpyrid-2-one (24b) as light yellow needles; 0.82 g (87%),
mp ca. 290-293° dec (Table V).

Application of this procedure to the 1:1 adducts 25¢—e resulted
in the pyridones 24c-d (Table V).

Treatment of 28 with Diazomethane. To a stirring suspension
of the maleic anhydride adduct 28 (0.2 g) in dry methanol (20 ml)
was added at room temperature an excess of an alcoholic-ethereal
solution of diazomethane. A colorless solid began to separate after
0.5 hr. After stirring overnight the reaction mixture was filtered
yielding authentic” cis diester 25e (30 mg). The filtrate when con-
centrated deposited a second crop of crystals shown by infrared,
tle, and nmr data to be a mixture of cis-25¢ and trans- 26d diest-
ers. The total yield of diester was 0.1 g (45%) of which the ratio be-
tween cis—trans was approximately 3:1.

Hydrolysis of 1,2,3,4,5,6-Hexahydro-1,2,4-triphenyl-1o,da-
epithiopyrid-2-one-55,63-dicarboxylic Acid Anhydride (28).
The maleic anhydride adduct 28 (1.0 g, 0.0024 mol) was treated
with sodium hydroxide (0.8 g) in water (25 ml) and heated on a
steam bath for 15 min. The cooled reaction mixture was acidified
with 3 N HCI causing a colorless solid to separate. Isolation and
recrystallization from ethanol afforded 1,2,3,4,5,6-hexahydro-
1,2,4-triphenyl-1a,4a-epithiopyrid-2-one-58,63-dicarboxylic  acid
(29) as colorless, clustered needles; 0.5 g (48%), mp 240-242° dec
(Table III).

Treatment of 29 with Diazomethane. To a stirring suspension
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of the cis diacid 29 (0.2 g, 0.0056 mol) in methanol (20 ml) was
added an excess of an alcoholic-ethereal solution of diazomethane.
A colorless solid began to separate after 10 min. After stirring
overnight, filtration yielded a colorless solid (0.15 g, 46%) identi-
cal” in all respects with authentic cis diester 25e. No trans diester
25d could be detected by tlc of the isolated solid or of its filtrate.

Oxidation of 25b with m -Chloroperbenzoic Acid. The 1:1 cy-
cloadduct 25b (1.0 g, 0.0018 mol), 85% m- chloroperbenzoic acid
(0.36 g, 0.0018 mol), and methylene chloride (40 ml) were stirred
together overnight at room temperature. Extraction with 10% sodi-
um bicarbonate, water, separation of the methylene chloride layer,
drying over sodium sulfate, evaporation under reduced pressure,
and recrystallization of the residue from acetonitrile gave 5¢,66-
dibenzoyl-1,2,3,4,5,6-hexahydro-1,2,4-triphenyl-1a,4a-epithiopy-
rid-2-one 7-oxide (80) as colorless prisms; 0.65 g (63%), mp 240-
243° (Table III).

Oxidation of 25d with m -Chloroperbenzoic Acid. The trans
diester 25d (0.78 g, 0.0016 mol), 85% m- chloroperbenzoic acid
(0.33 g, 0.0016 mol), and methylene chloride were stirred overnight
at room temperature. Extraction in the usual manner and recrys-
tallization of the resultant residue afforded a mixture of 5a,60-
di(methoxycarbonyl)-1,2,3,4,5,6-hexahydro-1,2,4-triphenyl-
la,4a-epithiopyrid-2-one 7-oxides (31 and 32) as colorless needles
from ethanol; 0.5 g (62%), mp 202-205° (Table III).

Hydrolysis of anhydro-4-Hydroxy-2,3,5-triphenylthiazol-
ium Hydroxide 1 (R = R! = Ph). From the reaction of the me-
soionic compound with maleic acid in refluxing benzene was isolat-
ed after evaporation of the solvent, chromatography on prepara-
tive silica gel (chloroform), and recrystallization from ethanol, S-
(N- phenylbenzimidoyl)mercaptophenylacetic acid as colorless
needles: yield 25%; mp 165-167°; ir (KBr) 3280, 3050, 1660 cm™1;
Amax (CH3OH) 245 nm (log ¢ 4.38); nmr (CDCl3) 6 7.03-8.33 (m, 15,
aromatic), 5.60 (s, 1, CH).

Anal. Caled for Cy1H{7NOSS: C, 72.59; H, 4.93; N, 4.03. Found:
C,72.39; H, 4.82; N, 3.93.

Registry No.—1 (R = p-ClCgHy, R! = H), 52730-97-9; 1 (R =
R! = Ph), 18100-80-6; 1 (R = p- ClCgHy4, R = Ph), 52730-98-0; 3
(R = p-CICgHy), 52730-99-1; 3 (R = Ph), 52731-00-7; 7 (R = p-
CICeHy), 52731-01-8; 9 (R = COCH3), 52731-04-1; 9 (R = COOE?t),
52731-05-2; 13 (R = p- CICgHy), 52731-06-3; 15 (R = Ph), 52746-
61-9; 15 (R = p- ClCgH,), 52795-10-5; 16 (R = p- CICgH,), 52731~
03-0; 16 (R = Ph), 52731-02-9; 17, 52731-07-4; 19 (R = COCHs),
52731-08-5; 19 (R = CN), 52731-09-6; 20, 52731-10-9; 21, 52731-
11-0; 22, 52748-26-2; 24a, 52718-86-2; 24b, 52731-12-1; 24¢, 52731-
13-2; 24d, 52731-14-3; 25a, 52731-15-4; 25b, 52748-27-3; 25c,
52731-18-7; 25d, 52731-16-5; 25e, 52746-62-0; 28, 52731-19-8; 29,
52731-17-6; 30, 52731-20-1; 31, 52731-21-2; 32, 52746-63-1; N-
phenylmaleimide, 941-69-5; trans-dibenzoylethylene, 959-28-4;
methyl vinyl ketone, 78-94-4; ethyl acrylate, 140-88-5; maleic an-
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hydride, 108-31-8; dimethyl fumarate, 624-49-7; dimethy! maleate,
624-48-6; diazomethane, 334-88-3; m- chloroperbenzoic acid, 937-
14-4; 50,68-di(methoxycarbonyl)-1,2-diphenyl-1,2,3,4,5,6-hexahy-
dro-1a,4c-epithiopyrid-2-one 7-syn-oxide, 52731-22-3; 5a,68-
di(methoxycarbonyl)-1,2-diphenyl-1,2,3,4,5,6-hexahydro-1a,4a-
epithiopyrid-2-one 7-anti-oxide, 52746-64-2; ethyl crotonate,
10544-63-5; acrylonitrile, 107-13-1; ethyl methacrylate, 97-63-2; fu-
maronitrile, 764-42-1; S. (N- phenylbenzimidoyl)mercaptophenyI-
acetic acid, 52731-23-4.
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Thionocarbonates are alkylated at sulfur with concomitant ring cleavage by iodide to give vicinal iodo thiocar-
bonates. The latter are reductively cleaved to olefins by zinc dust reduction. Alkylation with methyl iodide at 90°
gives the highest yields of thionocarbonate cleavage products. The method is well suited for preparation of cyclo-
butenes from the thionocarbonates. Stereochemistry of the starting diol is lost during the two-step procedure.
Thus, either meso- or dl-hydrobenzoin thionocarbonates afford predominantly trans-stilbene, and either cis- or
trans- cyclooctanediol thionocarbonates give only cis- cyclooctene.

Vicinal diol thionocarbonates are useful synthetic pre-
cursors to olefins. The procedure developed by Corey, et
al.,t for thionocarbonate fragmentation with trivalent
phosphorus reagents has been used successfully to generate
highly strained alkenes including trans- cycloheptene,!@ bi-
cyclo[3.2.1]oct-1-ene,28 cyclobutene derivatives,2b< as well

as more routine olefins.2d:f& The most common variation
employs trialkyl phosphite at 110-160°, but lower reaction
temperatures are feasible using 1,3-dibenzyl-2-methyl-1,3-
diazaphospholidine (1) for desulfurization.'? Thionocarbo-
nate decomposition can also be accomplished with zero-
valent nickel and iron complexes.?



