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Base-Induced Conversion of 5-Aminothiazolium Salts
into Substituted Pyrroles and Pyrrolines via 1,3-Dipolar Cycloadditions
with Electron-Deficient Alkynes and Alkenes.
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Abstract : A series of mesoionic thiazoles 2 were generated and converted in situ by treating the 5-
aminothiazolium chlorides 1 with several electrophilic dipolarophiles in the presence of DBN or
NEt3. The reactions involved an 1,3-dipolar cycloaddition of the “masked” cyclic azomethine ylides
across the olefinic or acetylenic ®-bond, yielding unstablie N-bridged adducts as the first step. Thus,
DMAD and methyl propiolate gave functionalized pyrroles via a subsequent extrusion of
isothiocyanate. Dimethyl fumarate, maleate and fumaronitrile afforded a variety of polysubstituted
pyrrolines, pyrroles and aminobutadienes through base-catatyzed rearrangements of the primary 1: 1
cycloadducts, with retention of the elements of isothiocyanate. A similar initial cycloadduct 17 was
isolated from N-phenylmaleimide which generally led to the condensed imino thiopyrans 20. Some
of the 1,3-dipolar reactional stereoselectivities were deduced from the stereochemistry or distribution
of the final products and found to be markedly dependent on the substituent groups present.

Introduction. A few synthetic routes to 5-aminothiazolium salts and corresponding mesoionic
thiazolium-5-aminides have been described about twenty years ago but their chemistry has not been extensively
explored 1. In a recent article, we showed that such compounds are now easily accessible via three-component
condensations using isocyanides as cyclization reagents.2 In particular, we described the one-pot and efficient
preparation of the 5-terz-butylamino-4-phenylthiazolium chlorides 1la, b from a mixture of aryl
chlorothioformate, N-benzylidenemethylamine and rerz-butyl isocyanide. Similarly, the treatment of imino
chlorosulfides with dimethylthioformamide and isocyanides at room temperature provides selectively the 4,5-
bis-aminothiazolium salts 1c-I1. 2
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1,3-Dipolar cycloaddition reactions involving a wide variety of mesoionic ring systems and
dipolarophiles have been reported in the literature and used for the synthesis of a large number of five-
membered heterocycles.3 It has been demonstrated that these methods proceed through unstable 1 : 1 primary
cycloadducts which decompose to more stable products with the evolution of small molecules such as carbon
dioxide or disulfide, carbonyl sulfide, isocyanates or isocyanic acid and also carbodiimides. For instance, the
reaction of miinchnones and azlactones with acetylenic dipolarophiles was shown to constitute a pyrrole
synthesis of very broad scope 4 through the loss of CO2. In some cases (i.e. intramolecular miinchnone 3,
isomiinchnone and thioisomiinchnone  cycloadditions) isolated compounds corresponded to the initial
cycloadducts, without retro-Diels-Alder process. All these studies have resulted in practical, unique syntheses
of numerous functionalized monocyclic and ring annulated heterocycles. However, in comparison with the
widespread use of thiazolium-5-thiolates and thiazolium-4 or 5-olates,3:6,7 similar applications of mesoionic
thiazolium-5-aminides are lacking.8 Moreover, a study of such reactions involving the loss of isothiocyanate
has found very little attention.?

Salts 1 are potential cyclic azomethine ylides and we decided to examine their dipolar reactivity. We
report here their chemical behaviour in a basic medium containing a standard acetylenic or olefinic
dipolarophile. Mesoionic thiazoles 2 are not stabilized by an electron-withdrawing substituent group R3. They
can never be isolated and have to be trapped by compounds with a triple or double bond.

Reactions of Salts 1 with Acetylenic Dipolarophiles. In the presence of a slight excess of
1,5-diazabicyclo [4.3.0] non-5-ene (DBN), the 5-aminothiazolium chlorides 1 underwent fast cycloaddition
with dimethyl acetylenedicarboxylate (DMAD) at room temperature (Table 1). The reactions afforded the
expected pyrroles 4 in good yields and occurred with elimination of fert-butyl isothiocyanate as well as benzyl
(entries 3, 8, 10) or (ethoxycarbonyl) methyl isothiocyanate (entry 4). These heterocumulenes were easily
detected in the reaction medium by 'H NMR spectroscopy. Starting from 1i (entry 8), PhCH;NCS was
separated from 4f, purified by a bulb-to-bulb distillation under reduced pressure and identified by comparison
with a commercial product (IR and NMR data). We assume that these reactions proceed through the mesoionic
thiazoles 2 and the well recognized 1,3-dipolar cycloaddition-cycloreversion mechanism. The initially-
generated adducts 3 involve the spontaneous extrusion of isothiocyanate R3INCS (Scheme 1).

RZ RZ
RS 7 |
i \ i : 5" -RNCS R 2 SR
et e | J@ho| o | zAmes R
R NR o
. R* N 3 E E
/* NR
2 3 4
Scheme 1 i, DBN i, DMAD ; (E = CO,Me)

R R2 R4 R R2 R4
4a Ph Me Ph 4e Ph CH2CO2Et NMe)
4b Me CHyPh NMep af Me CHaPO(OEt); NMep
4c Ph CH2Ph NMej 4g Me i-Pr NMeo
4d Me CHCOZEL NMe3 4h Me 2,6-MepCgH3  NMep

Under the same conditions, cyclization of l¢, g with methyl propiolate furnished two pyrrole
derivatives (Scheme 2). Compound § was clearly dominant in these crude mixtures (Table 1, entries 12 and
13). The regioisomers 5 and 6 were separated by a silica gel column chromatography but their structures could
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not be fully elucidated in the usual ways, for instance by 13C NMR spectroscopy (Table 5). NOEDIFF
experiments were carried out on samples of Sa and 6a in order to perform the regioassignments. Selective
irradiation of the dimethylamino group in 6a (8 2.55) produces a reproducible enhancement (about 15 %) of
the singlet at 8 6.31 attributed to the proton on C-4. On the other hand, irradiation of the NMe3 in 5a (5 2.66)
causes no significant perturbation of the signal at 3 6.72. These results allow the assignments described in
scheme 2. By analogy, structure Sb was assigned to the major pyrrole which was obtained from the salt 1g.

Table 1 - Reactions of 5-Aminothiazolium Salts 1 with DMAD and Methyl Propiolate in the Presence of
DBN 2,

Products
entry educts solvent isothiocyanate,  pyrroles (% yield) b
R3
1 la, E-=-E CHyClp t-Bu 4a (78)
2 1c, E-=-E CH,Cl, t-Bu 4b (61)
3 1d, E-=-E CH,Cl, CH,Ph 4b (81)
4 le, E-=-E CH)Cl, CHyCOyEt 4b (48)
5 1f, E-=-E CH,Cl» t-Bu 4c (74)
6 1g, E-=-E THF t-Bu 4d (81)
7 1h, E-=-E CH2Cl2 t-Bu 4e (60)
8 li, E-=-E CH,Cl, CH,Ph af (57)
9 1j, E=-E CH,Cly t-Bu 4g (50)
10 1k, E-=-E CH,Cly CH,Ph 4g (64)
11 11, E-=-E MeCN t-Bu 4h (56)
12 1c, E-= THF t-Bu 5a (30) ; 6a (16)€
13 1g, E= THF t-Bu 5b (32) ; 6b (14)¢

4 The reactions were performed at rt for 1 h, starting from a 0.3 M solution of 1 then adding an excess of alkyne (1.5 equiv) and
base (1.3 equiv). P Purified pyrroles yields after silica gel chromatography and (or) recrystallization. € The distributions between the
cycloadducts 5, 6 were estimated on the basis on the IH NMR spectra of the crude mixtures (5a/6a = 67 : 33 ; Sb/6b = 70 : 30).
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Formation of two regioisomeric adducts through 1,3-dipolar cycloaddition reactions with
unsymmetrical dipolarophiles has ample precedent in the literature, including cyclic azomethine ylides as
miinchnones with propiolic esters. The distribution of products depends on the nature and location of the
substituents on the starting ylides.10:11

Reactions of Salts 1 with Olefinic Dipolarophiles. In basic media, the reactions of 1c, g
with dimethyl fumarate and maleate proceeded smoothly at room temperature and generally gave a mixture of
1,4-diamino butadiene 7, pyrrole 8 and tetrahydropyrrolo [3,4-b] pyrrole 9. The results were strongly
dependent on the nature of the starting reagents and base (Table 2). The reaction with dimethyl fumarate
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afforded compounds 8 or 9, according to the presence of NEt3 or DBN (compare entries 4 and 7 with entries 5
and 8). Under identical conditions, the use of methyl maleate gave mostly products 7 or 8 (entries 6, 9). The
butadiene 71 was only obtained from the thiazolium chloride 1I. In contrast (as shown in entries 1-3), the
reactions of salt 1a proceeded with the exclusive formation of the 2-pyrrolines 10a in the presence of NEt3 but
gave only 9a in the presence of DBN. Both possible diastereoisomers 10a were detected in the reaction
medium and their relative proportions were determined by 1H NMR spectroscopy (trans/cis ~ 62 : 38 and 77 :
23 using fumarate and maleate, respectively). No epimerization of the isolated pure diastereoisomers 10a
occurred under the action of NEt3 at room temperature for about 15 h, indicating the observed stereochemistry
to result from kinetic control. On the other hand, we have verified that both isomers 10a underwent fast
cyclization to 9a in the presence of DBN 12, consequently to the expected thermodynamic equilibrium (scheme
3). We also observed two isomers for the butadienes 7¢ and 71, one of them being strongly dominant (~ 85 :

15).
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Table 2. Reactions of 5- Aminothiazolium Salts 1 with Dimethyl Fumarate and Maleate in Basic Media.

entry educts reactn condns 2 products distribution b yields ¢, %
solvent base time(h) 7 8 9 10

1 la, Fum. CH)Cl NEg3 13 - - - 100 10a (zrans) (54) ; 10a (cis)
(32)

2 l1a,Mal. CHCl NEt3 14 - - - 100 10a (trans) (64) ; 10a (cis)
(12)

3 la, Fum. CHCl, DBN 2 - - 100 - 9a(82)

4 1c¢, Fum. THF NEt3 3 35 65 - - Tc (24) ; 8¢ (18)

5 1¢, Fum. THF DBN 0.5 25 - 75 - 7¢(19); 9¢c (44)

6 1c, Mal THF DBN 0.5 75 5 20 - Tc (40)

7 1g, Fum. THF NEt3 3 - 77 23 - 8g(48)

8 1g, Fum. THF DBN 0.5 - 10 90 - 9g (46)

9 1g,Mal. CHzCl, DBN 1 - 40 60 - 9g(22);8g (11

10 11, Fum. CHCl; DBN 1 100 - - R X))

a All the reactions were conducted at rt, starting from a 0.3 M solution of 1 then adding the dipolarophile (1.5 - fold excess) and
base (1.3 - fold excess). b These distributions were calculated on the basis on the IH NMR spectra of the crude mixtures. ¢ Purified

products yields after silica gel chromatography and (or) recrystallization.
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All these compounds (except isomers 7) were separated by silica gel column chromatography and
were completely characterized by their analytical and spectral data. The shielding of the 4-H and the ester
methyl by the cis-vic phenyl 13 allowed the stereochemical assignment of the diastereoisomers of 10a : 8y 4.82
vs 5.20 for 4-H and 3.69 vs 3.21 for 4-CO2CH3. The multiplicity of the 13C NMR signal attributed to the
thione carbon confirmed these assignments : the thioxo carbon appears as a doublet for the trans-pyrroline
(3JoccH = 8.5 Hz) and as a singlet for the cis-pyrroline, owing to a very low coupling constant (Table 5).

The results in table 2 are rationalized by assuming a typical [3 + 2] cycloaddition of the in situ
generated thiazoles 2. The unstable N-bridged cycloadducts 11 do not extrude the zerz-butyl isothiocyanate but
rather undergo a base-catalyzed rearrangement into the pyrrolines 10 via a 1,5-proton migration from the
activated C-6 on the exocyclic nitrogen atom. The formation of pyrroline 10a (¢rans) from salt 1a and dimethyl
fumarate in the presence of NEt3 may be interpreted by the predominant formation of the 5-exo, 6-endo-
intermediate 11a through the transition state described in scheme 4. The minor 10a (cis) arises from the other
transition state via the 5-endo, 6-exo-cycloadduct 11a. However, it is clear from the small isomer ratio that the
two transition states differ little in energy. The major zrans-pyrroline 10a obtained from dimethyl maleate and
NEt3 (which preserves the dipolarophile and cycloadduct geometries) requires the predominant formation of the
5-exo, 6-exo-intermediate 1la and corresponds to an endo-cycloaddition with regard to the dipole. The
dihydro pyrroles 10c, g, 1 cannot be isolated since they are rapidly transformed in basic media according to
three different directions : ring opening route (a) to furnish the diaminodienes 7 ; aromatization step (b) to give
the pyrroles 8 via the loss of HNMe3 ; cyclization process (c¢) with elimination of MeOH to yield the fused
products 9 (Scheme 5). In CHCI3 solution, some of the bicyclic compounds 9 slowly undergo a new
rearrangement to afford the thiomaleimides 12 (1,3-C to N proton shift). The process (¢) was much slower
under the action of NEt3, as a consequence of which condensed pyrroles 9 were found in lower quantities than
in the presence of DBN when we started from 1c¢, g and dimethyl fumarate. In the case of entries 5, 8 the
formation of compounds 9 could be interpreted by a suitable structure cis for the precursors 10 (Scheme 5).
This stereochemistry results from the corresponding 5-endo, 6-exo-intermediates 11. We presume that the use
of maleate leads predominantly to the trans-pyrrolines 10, before isomerisation. This stereochemistry requires
an endo-transition state with regard to the dipole and the formation of the transient 5-exo, 6-exo-cycloadducts
11.
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Treatment of thiazolium chlorides 1 with fumaronitrile afforded similar results. The cycloadditions
proceeded rapidly at room temperature to give predominantly one of the following compounds according to the
nature of the starting salt and base : diaminobutadiene 14, pyrrole 15 and fused pyrroline 16 (Table 3). The 2-
pyrrolines 13a, b were obtained in small quantities (together with condensed adducts 16a, b) from the salts
1a,b under the action of NEt3 (a single isomer 13 with an undetermined cis or trans-structure). The reactions
were probably proceeding under thermodynamic control. The results of table 3 can be explained by the 1,3-
dipolar trapping of mesoionic thiazoles 2 followed by base-catalyzed rearrangements of the initially-formed
cycloadducts (Scheme 6).

Table 3. Reactions of 5-Aminothiazolium Salts 1 with Fumaronitrile in Basic Media (rt, 1 h)2

salt reactn condns products distribution 0 yields €, %
solvent base 13 14 15 16

la CH»Clp NEt3 35 - - 65  13a (32); 16a (61)
la CH2ClIy DBN - - - 100 16a (89)

1b CH2Cl, NEt3 20 - - 80  13b (17); 16b (64)
1b CH2Cl2 DBN - - - 100 16b (88)

lc THF NEt3 - 90 2 8 14c (55)

1c THF DBN - 17 83 - 15¢ (50)

1f CH»Clp DBN - 22 78 - 15f (48)

lg THF DBN - - 100 - 15g (57)

ab.c; e Table 2.
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A few examples of analogous base-induced rearrangements, without any fragmentation, have been
reported in the literature, starting from standard electron-deficient olefins and cyclic azomethine ylides as
imidazolium-4-olates,!4 munchnones,!5 azlactones 16 and Reissert salts.17 [3 + 2] Cycloaddition reactions of
oxazolium-5-olates generally give 2-pyrrolines via usual CO; elimination.18

Reactions of Salts 1 with N-phenylmaleimide. The reactivity of mesoionic compounds
such as 2a, ¢, j as 4r electron-rich system was also demonstrated by their fast 1,3-dipolar cycloaddition with
N-phenylmaleimide. Salt 1a readily underwent addition in the presence of NEt3 to afford a product which was
identified as the 1:1 primary adduct 17a. The latter was found to be stable in the solid state for several months
but was rapidly degraded by DBN to give unidentified compounds. The stereochemical assignment of 17a was
based only on NMR method : the cis-protons 3a-H and 7a-H couple with 9.7 Hz, consistent with the
experience on structurally related endo-adducts (37 = 8.4-9.6 Hz) while the exo-isomers show 6.7-6.8 Hz.19-21

Subjected to the same conditions, salts 1¢, j produced two succinimide derivatives 19, 20 in
moderate yields (Table 4). Attempts to isolate the primary adducts 17 were fruitless. Compounds 19 and 20
may be the result of a base-induced rearrangement, without the further loss of rers-butyl isothiocyanate, as
described in scheme 7. In particular, we postulate that the conversion of the unstable species 18 can occur in
two ways : ring opening of the six-membered cycle (a) or elimination of MeSH (b).

Table 4. Reactions of Salts 1 with N-Phenylmaleimide in Basic Media (CH2Cly, rt, 1 h)2

salt base products distribution b yields ¢, %
17 19 20
la NEt3 100 - - 17a (83)
lc NEt3 - 35 65  19¢ (29) ; 20c (44)
lc DBN - - 100 20c (54)
1j NEty - 25 75 20 (40)
1j DBN - - 100 20§ (46)

ab.C; gee Table 2.
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In neutral media, stable initial 1 : 1 cycloadducts are frequently isolated from cyclic azomethine
ylides and olefinic dipolarophiles.3 As an example, mesoionic 1,3-thiazol-5-ones readily give such adducts
with N-phenylmaleimide 26 and maleic anhydride.27 Their endo or exo stereochemical features have been
discussed.

Conclusion. We have shown that the 5-aminothiazolium salts 1 react easily as cyclic azomethine ylides
in basic media. 1,3-Dipolar cycloadditions of the corresponding mesoionic thiazoles 2 occur under fairly mild
conditions and open up synthetic possibilities for a variety of functionalized monocyclic or condensed
pyrrolines and pyrroles. Numerous examples are given and mechanisms have been suggested to explain the
observed rearrangements. Further studies on these systems deserve some attention and other examples using
heterocumulenes as dipolarophiles will be published shortly.

Experimental section

General. Melting points are uncorrected. TH NMR spectra (80 or 300 MHz) and 13C NMR spectra
(75.5 MHz) were recorded in CDCl3. When necessary, unambiguous NMR assignments were acquired by
decoupling experiments. HRMS were obtained from the Centre Régional de Mesures Physiques de 1’Ouest, in
the electron impact mode, using a potential of 70 eV. With the exception of molecular ion peaks, only mass
spectral fragments with relative intensities of 15 % or more are reported. Infrared spectra were recorded as
suspensions in Nujol. Elemental analyses were performed by the analytical laboratory, CNRS.

The following reactions were conducted under a dry nitrogen atmosphere. NapSO4 was used to dry
organic layers after extractions. Crude products were generally fractionated by silica gel column flash
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chromatography then purified by recrystallization. Corresponding eluents and solvents will be given below
with analytical and spectral data of various compounds.

Reactions of Salts 1 with Acetylenic Dipolarophiles. Preparation of Pyrroles 4, 5,
6. DBN (0.97 g, 7.8 mmol) was added dropwise to a mixture of 1 (6 mmol) and DMAD (1.28 g, 9 mmol) or
methyl propiolate (0.76 g, 9 mmol) in anhydrous CH2Cl2, THF or MeCN (20 mL,, Table 1). The solution was
maintained at rt for 1 h then the solvent was removed under reduced pressure. The residue was poured into 30
mL of EtyO and washed with H2O. The 'H NMR analysis of the crude oily product showed the formation of
pyrrole and isothiocyanate in the ratio 50 : 50. These compounds were separated by chromatography except for
4d and 4h which precipitated by trituration with petroleum ether (yields and 13C NMR spectra, see Tables 1
and 5 ; 4b, see our preceding article 2).

Dimethyl 1-Methyl-5-phenyl-2-(phenylthio)-1H-pyrrole-3,4-dicarboxylate (4a)
EtyO/petroleum ether (1 : 1) as eluent ; mp 103°C (MeOH) ; 'H NMR § 3.27 (s, 3H), 3.56 (s, 3H), 3.78 (s,
3H), 7.30 (m, 10H) ; MS calcd for C21H19NO4S my/z 381.1035 (M? ), found 381.1046 ; m/z (rel int) 381
(100), 318 (30) ; IR 1703 cm-l. Anal. Calcd for Co1H19gNO4S : C, 66.14 ; H, 499 ; N, 3.67 ; S, 8.40. Found
:C, 66.44 ; H,5.00 ; N, 3.65;8S, 8.06.

Dimethyl 1-Benzyl-5-(dimethylamino)-2-(phenylthio)-1H- pyrrole-3,4-dicarboxy-
late (4¢) : EtoO/petroleum ether (1 : 1) as eluent ; mp 111°C (MeOH) ; IH NMR § 2.61 (s, 6H), 3.81 (s,
6H), 5.12 (s, 2H), 7.05 (m, 10H) ; MS calcd for Co3Hp4N204S m/z 424.1457 (M? ), found 424.1462 ; m/z
(rel int) 424 (30), 333 (100), 269 (27) ; IR 1700 cml. Anal. Calcd for Cp3H24N204S : C, 65.09 ; H, 5.66 ;
N, 6.60 ; S, 7.55. Found : C, 65.44 ; H,5.95; N, 6.73 ; S, 7.63.

Dimethyl 5-(Dimethylamino)-1-[(ethoxycarbonyl)methyl]-2-(methylthio)-1H-pyr-
role-3,4-dicarboxylate (4d) : mp 62°C (ether/petroleum ether) ; IH NMR & 1.22 (t, J = 7 Hz, 3H), 2.26
(s, 3H), 2.67 (s, 6H), 3.77 (s, 3H), 3.83 (s, 3H), 4.18 (g, J/ = 7 Hz, 2H), 4.80 (s, 2H) ; MS calcd for
C15H22N206S m/z 358.1198 (M?), found 358.1174 ; m/z (rel int) 358 (83), 343 (100), 327 (15), 239 (16),
194 (24) ; IR 1740, 1715, 1700 cm-1, Anal. Calcd for C;5sH22N206S : C, 50.28 ; H, 6.14; N, 7.82; S, 8.94.
Found : C, 50.34 ; H, 6.21 ; N, 7.72 ; S, 8.80.

Dimethyl 5-(Dimethylamino)-1-[(ethoxycarbonyl)methyl]-2-(phenylthio)-1H- pyr-
role-3,4-dicarboxylate (4e) : EtpO/petroleum ether (1 : 1) as eluent ; bp 180°C (0.02 Torr) (Buchi
Kugelrohr apparatus) ; 1H NMR 8 1.08 (t, J = 7 Hz, 3H), 2.71 (s, 6H), 3.81 (s, 6H), 3.95 (q, J =7 Hz, 2H),
4.66 (s, 2H), 7.18 (s, SH) ; MS calcd for CpgH24N20gS m/z 420.1355 (M? ), found 420.1375 ; my/z (rel int)
420 (100), 333 (26). Anal. Calcd for CogH24N206S : C, 57.14 ; H, 5.71 ; N, 6.67 ; S, 7.62. Found : C,
56.95;H,5.69; N,6.39;8S,7.79.

Dimethyl 1-[(Diethoxyphosphoryl)methyl]-5-(dimethylamino)-2-(methylthio)-1H-
pyrrole-3,4-dicarboxylate (4f) : Et20O as eluent ; crude oil ; 1H NMR § 1.31 (t, J = 7 Hz, 6H), 2.40 (s,
3H), 2.77 (s, 6H), 3.80 (s, 3H), 3.85 (s, 3H), 4.11 (m, 4H), 4.56 (d, 2/ucp = 16 Hz, 2H) ; MS calcd for
C16H27N207PS m/z 422.1276 (M?), found 422.1272 ; m/z (rel int) 422 (100), 407 (74), 375 (27), 271 (15),
149 (26).

Dimethyl 5-(Dimethylamino)-2-(methylthio)-1-isopropyl-1H- pyrrole-3,4-dicarbo-
xylate (4g) : Et2O/petroleum ether (1 : 2) as eluent ; mp 90°C (MeOH) ; 'H NMR & 1.56 (d, J = 7 Hz, 6H),
2.33 (s, 3H), 2.76 (s, 6H), 3.78 (s, 3H), 3.85 (s, 3H), 5.08 (m, 1H) ; MS calcd for C14H22N204S w/z
314.1300 (M?), found 314.1322 ; m/z (rel int) 314 (55), 271 (100), 239 (47), 207 (16). Anal. Calcd for
C14H22N204S : C, 53.50 ; H, 7.01 ; N, 8.92 ; S, 10.19. Found : C, 53.17 ; H, 7.06 ; N, 8.80 : S, 10.08.
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Dimethyl 5-(Dimethylamino)-1-(2,6-dimethylphenyl)-2-(methylthio)-1H- pyrrole-
3,4-dicarboxylate (4h) : mp 97°C (MeOH) ; 'H NMR & 1.96 (s, 6H), 2.03 (s, 3H), 3.81 (s, 6H), 3.79 (s,
3H), 3.85 (s, 3H), 7.17 (m, 3H) ; MS calcd for C1gH24N204S m/z 376.1457 (M?), found 376.1445 ; m/z (rel
int) 376 (92), 361 (100), 329 (20). Anal. Calcd for Cj9H24N204S : C, 60.64 ; H, 6.38 ; N, 7.45 ; S, 8.51.
Found : C, 60.35 ; H, 6.77 ; N, 7.21 ; S, 8.50.

Methyl 1-Benzyl-5-(dimethylamino)-2-(methylthio)-1H-pyrrole-4-carboxylate (5a)
: EtpO/petroleum ether (1 : 2) as eluent ; bp 160°C (0.02 Torr) (Buchi) ; 1H NMR 8 2.01 (s, 3H), 2.66 (s,
6H), 3.77 (s, 3H), 5.24 (s, 2H), 6.72 (s, 1H), 7.10 (m, 5H) ; MS calcd for C16H29N202S m/z 304.1245
(M%), found 304.1257 ; m/z (rel int) 304 (42), 213 (100), 181 (26), 91 (20) ; IR 1700 cm-1. Anal. Calcd for
Ci16H20N202S : C, 63.16 ; H, 6.58 ; N, 9.21. Found : C, 62.78 ; H, 6.73 ; N, 9.01.

Methyl 1-Benzyl-5-(dimethylamino)-2-(methylthio)-1H-pyrrole-3-carboxylate (6a)
: mp 68°C (CH2Cly/Er20) ; 'H NMR 8 2.12 (s, 3H), 2.55 (s, 6H), 3.80 (s, 3H), 5.31 (s, 2H), 6.31 (s, 1H),
7.10 (m, 5H) ; MS found 304.1248 ; m/z (rel int) 304 (22), 213 (100), 181 (53), 91 (27) ; IR 1720 cm-1.
Anal. Found : C, 62.83 ; H, 6.57 ; N, 9.19.

Methyl 5-(Dimethylamino)-1-[(ethoxycarbonyl)methyl]}-2-(methylthio)-1H- pyr-
role-4-carboxylate (5b) : EtoO/petroleum ether (1 : 2) as eluent ; mp 49°C (MeOH) ; 'H NMR & 1.24 (1, J
=7 Hz, 3H), 2.17 (s, 3H), 2.71 (s, 6H), 3.75 (s, 3H), 4.20 (q, J = 7 Hz, 2H), 4.78 (s, 2H), 6.72 (s, 1H) ;
MS calcd for C13H20N204S m/z 300.1144 (M), found 300.1146 ; m/z (rel int) 300 (80), 285 (100} ; IR
1745, 1705 cm!. Anal. Caled for C13HpoN204S : C, 52.00 ; H, 6.67 ; N, 9.33 ; S, 10.67. Found : C, 51.70 ;
H, 6.60 ; N, 9.26 ; S, 10.37.

Methyl 5-(Dimethylamino)-1-[(ethoxycarbonyl)methyl]-2-(methylthio)-1H-pyrro-
le-3-carboxylate (6b) : bp 160°C (0.02 Torr) ; 'H NMR 8 1.26 (t, J = 7 Hz, 3H), 2.31 (s, 3H), 2.57 (s,
6H), 3.80 (s, 3H), 4.21 (q, / = 7 Hz, 2H), 4.81 (s, 2H), 6.24 (s, 1H) ; MS found 300.1136 ; m/z (rel int) 300
(53), 285 (100) ; IR 1740, 1702 cml. Anal. Found : C, 51.63 ; H, 6.61 ; N, 9.04.

Reactions of Salts 1 with Olefinic Dipolarophiles. A solution of 1 (6 mmol) in dry
CH,Cl; or THF (30 mL) was prepared. Dimethy] fumarate, maleate, fumaronitrile or N-phenylmaleimide (9
mmol) then NEt3 or DBN (7.8 mmol) were added dropwise and the mixture was stirred at rt for the time
indicated in Tables 2, 3 and 4. As precedently described, workup procedure consists of concentration, addition
of water, extraction with ether and flash chromatographic separation of the various products (yields and 13C
NMR data, see Tables 2-6). Compounds 14f, 16¢ and 19j were not thoroughly purified and were only
characterized by 1H NMR. [14f: 3 1.61 (s, 9H), 2.77 (d, 2H), 3.13 (s, 6H), 5.74 (1, br, 1H), 7.25 (m,
10H), 8.42 (br, 1H). 16¢c : & 1.82 (s, 9H), 2.18 (s, 6H), 2.63 (s, 3H), 3.78 (s, 1H), 4.47, 5.35 (AB syst, J
= 17.6 Hz, 2H), 7.25 (m, 5H). 19j : 8 1.25 (d, J = 6 Hz, 6H), 1.38 (s, 9H), 2.26 (s, 3H), 2.77 (s, 3H),
3.01 (s, 3H), 4.07 (m, 1H), 6.86 (br, 1H), 7.30 (s, 5H), 8.55 (d, J = 9 Hz, 1H)].

Dimethyl 1-(Benzylamino)-4-(tert-butylthiocarbamoyle)-4-(dimethylamino)-1-(me-
thylthio) butadiene-2,3-dicarboxylate (7c) : EtoO/petroleum ether (6 : 1) as eluent ; mp 125°C (Et0) ;
IH NMR (prevailing isomer) 8 1.38 (s, 9H), 2.23 (s, 3H), 2.95 (s, 6H), 3.62 (s, 6H), 4.67 (m, 2H), 7.27 (s,
5H), 7.62 (br, 1H), 9.31 (t, br, J = 6 Hz, 1H) ; 13C NMR (prevailing isomer) 8 18.5 (q, 1/ = 141 Hz), 27.0
(qm, 1J = 127 Hz), 43.1 (qq, IV = 140 Hz, 3J = 3.6 Hz), 49.8 (tm, 1/ = 137 Hz), 51.0, 51.1 (2q, IJ = 145
Hz), 55.6 (m), 96.4, 101.2 (2s), 127.2, 127.3 (2 dm, !J = 160 Hz), 128.6 (dd, IJ = 160 Hz, 3/ = 6 Hz),
138.9, 161.4, 165.9 (3 m), 168.1, 170.2 (2 q, 3J = 3.7 Hz), 194.4 (s) ; MS calcd for C23H33N304S2 m/z
479.1912 (M?), found 479.1918 ; m/z (rel int) 479 (1), 348 (17), 91 (100) ; IR 3322, 1670, 1638 cml. Anal.
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Calcd for Cp3H33N304S; : C, 57.62 ; H, 6.89 ; N, 8.77 ; S, 13.36. Found : C, 57.43 ; H, 6.97 ; N, 8.44 ; §,
13.69.

Dimethyl 4-(tert- Butylthiocarbamoyle)-4-(dimethylamino)-1-[(2,6-dimethylphe-
nyl) amino]-1-(methylthio) butadiene-2,3-dicarboxylate (71) : Et;0/CH,Cl3 (1 : 2) as eluent ; mp
173°C (MeOH) ; 1H NMR (prevailing isomer) 8 1.46 (s, 9H), 1.71 (s, 3H), 2.20 (s, 3H), 2.30 (s, 3H), 2.93
(s, 6H), 3.62 (s, 3H), 3.66 (s, 3H), 7.02 (s, 3H), 7.75 (br, 1H), 10.33 (br, 1H) ; 13C NMR (prevailing
isomer) & 16.2 (g, 1J = 142 Hz), 18.6, 19.1 (2 qd, 1J = 127 Hz, 3J = 3 Hz), 27.1 (qm, }J = 127 Hz), 43.1
(qq, W = 138 Hz, 37 = 3 Hz), 51.1, 51.2 (2 q, IJ = 146 Hz), 55.6 (m), 97.5, 101.2 (2s), 126.6 (d, 1J = 160
Hz), 128.1, 128.5 (2 dm, 1J = 158 Hz), 135.9, 138.0, 160.7, 165.5 (4 m), 168.3, 170.1 (2 g, 3J = 3.6 Hz),
194.6 (s) ; MS caled for C24H35N304S2 m/z 493.2069 (M1), found 493.2067 ; m/z (rel int) 493 (61), 446
(20), 377 (17), 362 (17), 350 (15), 345 (21), 315 (54), 314 (48), 295 (49), 283 (21), 178 (84), 91 (100) ; IR
3300, 1660, 1630 cm™!. Anal. Calcd for Cp4H35N304S5 : C, 58.42 ; H, 7.10 ; N, 8.52; S, 12.98. Found : C,
58.29;H,7.00; N, 8.47 ; S, 12.91.

Dimethyl 1-Benzyl-5-(tert-butylthiocarbamoyl)-2-(methylthio)-1H- pyrrole-3,4-di-
carboxylate (8¢c) : EtpO/petroleum ether (1 : 1) as eluent ; mp 135°C (MeOH) ; IH NMR & 1.33 (s, 9H),
2.30 (s, 3H), 3.76 (s, 3H), 3.87 (s, 3H), 5.75 (s, 2H), 7.10 (m, 5H) ; MS calcd for C21HogN204S2 m/z
434.1334 (M¥), found 434.1339 ; m/z (rel int) 434 (10), 377 (33), 223 (16), 91 (100) ; IR 3260, 1700 cm1.
Anal. Calcd for Cp1HpgN204S2 : C, 58.06 ; H, 599 ; N, 6.45 ; S, 14.75. Found : C, 58.30 ; H, 5.84 ; N,
6.29 ; S, 14.63.

Dimethyl S-(tert-Butylthiocarbamoyl)-1-[(ethoxycarbonyl)methyl]-2-(methylthio)-
1H-pyrrole-3,4-dicarboxylate (8g) : Et,O/petroleum ether (1 : 1) as eluent ; mp 138°C (MeOH) ; H
NMR & 1.27 (t, J = 7 Hz, 3H) ; 1.56 (s, 9H), 2.31 (s, 3H), 3.77 (s, 3H), 3.84 (s, 3H), 4.20 (g, / =7 Hz,
2H), 5.31 (s, 2H), 7.86 (br, 1H) ; MS caled for C1g8Hp6N206S2 m/z 430.1232 (M¥), found 430.1250 ; m/z
(rel int) 430 (69), 401 (27), 341 (37), 313 (24), 309 (100) ; IR 3280, 1745, 1705 cm-1. Anal. Calcd for
CigH26N206S2 : C, 50.23 : H, 6.05; N, 6.51; S, 14.88, Found : C, 50.11 ; H, 6.01 ; N, 6.47 ; S, 14.83.

Methyl 5-tert-Butyl-1-methyl-4-0x0-6a-phenyl-2-(phenylthio)-6-thioxo-3a,4,5,6a-
tetrahydro-1H, 6H-pyrrolo [3,4-b] pyrrole-3-carboxylate (9a) : EtpO/petroleum ether (1 : 1) as
eluent ; mp 131°C (MeOH) ; 1H NMR & 1.78 (s, 9H), 2.80 (s, 3H), 3.65 (s, 3H), 3.98 (s, 1H), 7.20 (m,
10H) ; MS caled for C2sHgN203S, myz 466.1385 (M), found 466.1372 ; m/z (rel int) 466 (100), 410 (27),
377 (15), 350 (21), 323 (89) ; IR 1745, 1680 cm~!. Anal. Caled for CosHpgN201S2 : C, 64.38 ; H, 5.58 ; N,
6.01. Found : C, 64.30 ; H, 5.57 ; N, 6.07.

Methyl 1-Benzyl-5-fert-butyl-6a-(dimethylamino)-2-(methylthio)-4-0xo0-6-thioxo-
3a,4,5,6a-tetrahydro-1H, 6H-pyrrolo [3,4-b] pyrrole-3-carboxylate (9¢) : EtpO/petroleum ether
(2 : 1) as eluent ; mp 128°C (MeOH) ; 1H NMR 8 1.66 (s, 9H), 2.16 (s, 6H), 2.41 (s, 3H), 3.81 (s, 3H), 4.06
(s, 1H), 4.70, 531 (AB syst, J = 17.4 Hz, 2H), 7.08 (m, 5H) ; MS calcd for C22HagN303S2 m/z 447.1650
(M?), found 447.1653 ; m/z (rel int) 447 (11), 300 (17), 91 (100) ; IR 1750, 1670 cm-!l. Anal. Calcd for
C22H29N30382 : C, 59.06 ; H, 6.49; N, 9.40; S, 14.32. Found : C, 59.13 ; H, 6.65 ; N, 9.27 ; S, 14.73.

Methyl 5-tert-Butyl-6a-(dimethylamino)-1-[(ethoxycarbonyl) methyl]-2-(methyl-
thio)-4-0x0-6-thioxo-3a,4,5,6a-tetrahydro-1H, 6H- pyrrolo [3,4-b] pyrrole-3-carboxylate
(9g) : EroO/petroleum ether (2 : 1) as eluent ; mp 100°C (CH2Clo/Et20) ; 'H NMR § 1.20 (1, J = 7 Hz, 3H),
1.70 (s, 9H), 2.11 (s, 6H), 2.45 (s, 3H), 3.77 (s, 3H), 3.98 (s, 1H), 4.10 (m, 2H), 4.63, 4.25 (AB syst, J =
18 Hz, 2H) ; MS calcd for C19H29N305S2 m/z 443.1549 (M), found 443.1582 ; m/z (rel int) 443 (26), 428
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(77), 372 (100), 340 (50), 327 (23), 300 (32), 285 (29) ; IR 1735, 1665 cm-l. Anal. Calcd for
C19H29N30582 : C, 51.47 ; H, 6.55; N, 9.48 ; S, 14.45. Found : C, 51.44 ; H, 6.80; N, 9.32; S, 14.29.

Dimethyl 5-(tert-Butylthiocarbamoyle)-1-methyl-5-phenyl-2-(phenylthio)-4,5-di-
hydro-1H-pyrrole-3,4-dicarboxylate (10a) : EtpO/petroleum ether (1 : 1) as €luent ; trans-isomer : mp
179°C (MeOH) ; 'H NMR § 1.50 (s, 9H), 2.46 (s, 3H), 3.21 (s, 3H), 3.63 (s, 3H), 5.20 (s, 1H), 7.30 (m,
10H), 8.01 (br, 1H) ; MS calcd for C26H3oN204S2 m/z 498.1647 (M?), found 498.1647 ; m/z (rel int) 498
(1), 382 (94), 381 (82), 350 (100), 318 (39), 292 (24), 273 (52) ; IR 3325, 1741, 1698 cm-L. Anal. Calcd for
CogH30N204S2 : C, 62.65 ; H, 6.02 ; N, 5.62 ; S, 12.85. Found : C, 62.64 ; H, 6.11 ; N, 5.62; S, 12.47 ;
cis-isomer : mp 133°C (MeOH) ; 1H NMR § 1.44 (s, 9H), 2.13 (s, 3H), 3.65 (s, 3H), 3.69 (s, 3H), 4.82 (s,
1H), 7.30 (m, 10H), 8.10 (br, 1H) ; MS calcd for C2sH26N203S2 m/z 466.1385 (M-MeOH)* , found
466.1379 ; m/z (rel int) 466 (89), 410 (33), 389 (16), 350 (22), 323 (100) ; IR 3275, 3250, 1720, 1687 cm-1.
Anal. Found : C, 62.58 ; H, 6.01 ; N, 5.65; S, 12.94.

4-[B-(Benzylamino)-a-(methoxycarbonyl)-B-(methylthio) vinyll-1-tert-butyl-3-(di-
methylamino)-2-thiomaleimide (12¢) : mp 98°C (MeOH) ; !H NMR § 1.73 (s, 9H), 2.25 (s, 3H), 2.93
(s, 6H), 3.62 (s, 3H), 4.70 (d, J = 6 Hz, 2H), 7.30 (s, SH), 9.66 (br, 1H) ; 13C NMR & 17.8 (q, IJ = 141
Hz), 24.4 (qm, 1J = 128 Hz), 42.7 (qq, J = 137 Hz, 3/ = 3.9 Hz), 49.7 (tm, 17 = 138 Hz), 51.2 (g, IJ = 146
Hz), 60.4 (m), 91.8 (d, 3J = 2 Hz), 106.6 (s), 127.0 (dm, 1J = 158 Hz), 127.4 (dt, 1J = 161 Hz, 3/ = 6.8
Hz), 128.7 (dd, 1J = 160 Hz, 3J = 6.8 Hz), 138.6, 152.7, 164.0 (3 m), 169.2 (q, 3/ = 3.8 Hz), 174.9, 199.3
(3s) ; MS calcd for CooHgN303S, m/z 447.1650 (M), found 447.1678 ; m/z (rel int) 447 (29), 91 (100) ; IR
3180, 1717, 1640 cml. Anal. Caled for Co2HagN303S7 : C, 59.06 ; H, 6.49 ; N, 9.40. Found : 58.66 ; H,
6.69 ; N, 9.12.

1-tert-Butyl-3-(dimethylamino)-4-[B-[[(ethoxycarbonyl)methyl] amino]-o-(metho-
xycarbonyl)-B-(methylthio) vinyl]-2-thiomaleimide (12g) : mp 209°C (MeOH) ; 1H NMR § 1.24 (t,
J =7 Hz, 3H), 1.49 (s, 9H), 2.36 (s, 3H), 3.27 (s, 6H), 3.68 (s, 3H), 4.17 (g, J = 7 Hz, 2H), 4.57 (s, 2H),
7.70 (br, 1H) ; 13C NMR & 14.2 (qt, 1J = 127 Hz, 2J = 3.0 Hz), 20.6 (q, I/ = 142 Hz), 27.0 (qm, 1J = 127
Hz), 42.6 (1, 1J = 141 Hz), 45.1 (gbr, IJ = 137 Hz), 50.8 (q, IJ = 147 Hz), 56.7 (m), 61.4 (tq, 1J = 148 Hz,
2J = 4.5 Hz), 97.8, 114.9 (2s), 133.3, 161.6 (2m), 162.7 (s), 164.3 (g, 37 = 4.0 Hz), 169.3 (m), 190.0 (s) ;
MS caled for C19H29N305S2 m/z 443.1549 (M?), found 443.1539 ; m/z (rel int) 443 (100), 428 (22), 386
(15), 354 (22), 340 (20), 338 (16), 315 (17), 313 (19) ; IR 3240, 1740, 1705 cm-l. Anal. Calcd for
C19H29N305S7 : C, 51.47 ; H, 6.55 ; N, 9.48. Found : C, 51.07 ; H, 6.65 ; N, 9.09.

S-(tert-Butylthiocarbamoyle)-1-methyl-5-phenyl-2-(phenylthio)-4,5-dihydro-1H-
pyrrole-3,4-dicarbonitrile (13a) : EtpO/petroleum ether (4 : 1) as eluent ; mp 130°C (MeOH) ; 1H NMR
3 1.36 (s, 9H), 2.70 (s, 3H), 6.36 (s, 1H), 7.30 (m, 10H) ; MS calcd for Co4H24N4S2 m/z 432.1442 (M),
found 432.1433 ; m/z (rel int) 432 (8), 315 (100) ; IR 3280, 2240, 2185 cm"!. Anal. Calcd for Cp4H24N4S2 :
C,66.67 ; H, 5.56 ; N, 12.96 ; S, 14.81. Found: C, 66.50 ; H, 5.53 ; N, 12.80 ; S, 14.50.

S-(tert-Butylthiocarbamoyle)-1-methyl-2-[(4-methylphenyl)oxy]-5-phenyl-4,5-
dihydro-1H-pyrrole-3,4-dicarbonitrile (13b) : EtpO/petroleum ether (3 : 2) as eluent ; mp 210°C
(MeOH) ; 1H NMR 3§ 1.38 (s, SH), 2.26 (s, 3H), 2.76 (s, 3H), 6.01 (s, 1H), 7.25 (m, 9H) ; MS calcd for
CasHoeN4OS m/z 430.1827 (M?), found 430.1856 ; m/z (rel int) 430 (1), 313 (100) ; IR 3270, 2238, 2181
cml. Anal. Caled for C25HpN40S : C, 69.77 ; H, 6.05; N, 13.02 ; S, 7.44. Found : C, 69.61 ; H, 6.08 ; N,
12.73 ; S, 7.14.
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Table 5. Selected 13C NMR Chemical Shifts at 75.469 MHz for the Substituted Pyrroles 4, 5, 6, 8, 15 and
Dihydro Pyrroles 10, 13 (endocyclic and possible thione carbons)3, Mult (J, Hz).

n° Cc2 C3 Cc4 C-5 (m) C=S

4a 1214 q 3.7b 1250 s 1135 s 140.5 -

4c 11591@.3)b 1253 s 108.2 s 1483 -

4d 121.6 m 1225 s 1084 s 146.9 -

4e 11601 4.0)b 1252 s 1082 s 1483 -

4f 1222 m 1224 s 109.1's 146.7 -

4g 119.6 m 1235 s 1085 s 147.3 -

4h 1214 q (4.6) ¢ 122.1 s 106.1 s 147.2 -

5a 119.8 m 1168d(177.0) 4 1083d(22)¢ 148.6 -

6a 1252 m 117.9d(22) ¢ 99.1d (174.5)d 146.2 -

5b 119.5m 117.5d(177.7) 4 1085d(2.2)¢ 148.6 -

6b 1251 m 1182d (2.1) ¢ 98.9d(175.0)d 1459 -

8c 129.1q(4.8) ¢ 1127 s 1216s 138.5 186.4 s

8g 129.5 q (4.4) € 1129 s 1216s 138.4 1859 s

15¢ 137.8 q (4.8) ¢ 946 s 1009 s 142.9 1824 s

15f 13381 (4.2) b 948 s 1038 s 1435 1822 s

15g 1383 q(5.0) € 9%5s 1019s 1428 1818 s
10a (trans) 1529 m 101.9d (5.9)® 60.4d (140.0) 4 84.5 199.0d (8.5)
10a (cis) 1552 m 109.7d (4.9) ¢ 60.7 d (146.5) ¢ 85.7 1958 s

13a 1562 m 80.6d (7.5 ¢ 46.6d (1455 9 85.0 1942d@8.5)f

13b 1643 m 54.4d(7.0)¢ 449d (146.7) 4 81.0 195.1d(7.5)f

4 The ring carbons are numbered in the way to have the methylthio, phenylthio or aryloxy group on the C-2. b 3J(CNCH)-
¢3ycscny- ¢ . ¢ 21cem. 3 cecn)-

Table 6. Selected 13C NMR Chemical Shifts at 75.469 MHz for the Fused Pyrroles 9, 16 and Thiopyrans

17, 20, Mult (J, Hz).

° C-1 C-2 (m) c3 C-3a c4 c-6 C-6a(m) C-7(m) C-7a
9a 1542 99.3d 5844 1764d  2069d 80.2 -
602 (1486 (372 38°¢
9c 160.8 96.7d 433d 1773d 20474 90.4 - -
60)2  (1426)® (55)2 a.s)°¢
9g - 159.4 979d 429d 176.7d  204.7d 89.3 - -
62)* (1433)b  (53)2 1.9°¢
16a - 158.0 782d 585d  1689br  204.0d 82.3 - -
492 (148.0)° 6.0)¢
16b - 165.3 52.5d 559d  1699br  204.6d 78.2 - -
@462 (1479)°b 4.9)¢
17a 1720 t - 1723t 519dd  920m  155.5d - 81.5 53.9dd
(34) &c @nas  (146.6b, 5.9)¢ (147.0°,
3.33) 3.33)
20¢ 1643 s - 166.0 s 914 s 152.11 140.1 s - 138.4 113.5s
4.3)d
20j 1643 s - 166.0 s 899 s 151.8d 1403 s - 137.8 1145
2.6)9

azy (CCH). b ly.c3y (CCCH)- d 3J(CNCH)-
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1-(Benzylamino)-4-(tert-butylthiocarbamoyle)-4-(dimethylamino)-1-(methylthio)

butadiene-2,3-dicarbonitrile (14c¢, one isomer) : EtpO/CH2Cl2 (3 : 1) as eluent ; mp 162°C
(EtpO/CH,Cly) ; IH NMR 8 1.61 (s, 9H), 2.32 (s, 3H), 3.16 (s, 6H), 4.66 (d, J = 6 Hz, 2H), 5.87 (1,J =6
Hz, 1H), 7.35 (s, SH), 8.43 (br, 1H) ; 13C NMR & 17.3 (g, !/ = 142 Hz), 26.9 (gm, 17 = 127 Hz), 42.0 (qq,
17 = 139 Hz, 37 = 3.4 Hz), 49.2 (tm, 1J = 139 Hz), 57.3 (m), 63.5 (s), 78.6 (d, 37 = 1.5 Hz), 121.0, 122.6
(2s), 127.2 (dd, IJ = 161 Hz, 3J = 5.5 Hz), 127.5 (dt, 1/ = 161 Hz, 3J = 4 Hz), 128.7 (dm, 1/ = 158 Hz),
138.2, 161.5, 164.0 (3m), 189.9 (s) (Selective irradiation on the dimethylamino group at 8 3.18 causes the C-
4 signal at § 164.0 to turn into a doublet, or into a singlet in the presence of D20, and reveals the coupling
constant 3J(CCNH) to be 2.4 Hz) ; MS caled for C21H27N5S2 myz 413.1708 (M? ), found 413.1728 ; m/z (rel
int) 413 (3), 91 (100) ; IR 3340, 3275, 2160 cm-l. Anal. Calcd for C21H27NsS7 : C, 61.02 ; H, 6.54 ; N,
16.95; S, 15.50. Found : C, 61.04 ; H, 6.59 ; N, 16.80 ; S, 15.31.

1-Benzyl-5-(fert-butylthiocarbamoyle)-2-(methylthio)-1H-pyrrole-3,4 dicarboni-
trile (15¢) : EtpO/petroleum ether (2 : 1) as eluent ; mp 181°C (MeOH) ; TH NMR 3 1.37 (s, 9H), 2.40 (s,
3H), 5.72 (s, 2H), 7.15 (m, 5H), 7.66 (br, 1H) ; MS calcd for C19H29N4S7 m/z 368.1129 (M), found
368.1141 ; m/z (rel int) 368 (23), 91 (100) ; IR 3278, 2220 cm!. Anal. Calcd for C19HyoN4S3 : C, 61.96 ; H,
5.43;N,15.22;8,17.39. Found : C, 62.18 ; H, 5.49 ; N, 15.07 ; S, 17.48.

1-Benzyl-5-(tert-butylthiocarbamoyle)-2-(phenylthio)-1H-pyrrole-3,4 dicarboni-
trile (15f) : EtoO/petroleum ether (2 : 1) as eluent ; mp 149°C (MeOH) ; IH NMR & 1.35 (s, 9H), 5.66 (s,
2H), 7.05 (m, 10H), 7.57 (br, 1H) ; MS calcd for C34H27N4S2 m/z 430.1286 (M?), found 430.1298 ; m/z
(rel int) 430 (27), 167 (72), 91 (100) ; IR 3290, 2223 cm-!. Anal. Calcd for Co4Hp3N4S2 : C, 66.98 ; H, 5.12
; N, 13.02 ; S, 14.88. Found : C, 66.73 ; H, 5.46 ; N, 12.79 ; S, 14.78.

S-(tert-Butylthiocarbamoyle)-1-[(ethoxycarbonyl)methyl]-2-(methylthio)-1H-
pyrrole-3,4-dicarbonitrile (15g) : Et20 as eluent ; mp 102°C (MeOH) ; TH NMR 8 1.27 (t, J = 7 Hz,
3H), 1.59 (s, 9H), 2.43 (s, 3H), 4.23 (q, J = 7 Hz, 2H), 5.30 (s, 2H), 7.89 (br, 1H) ; MS calecd for
C16H20N40282 my/z 364.1028 (M¥), found 364.1035 ; m/z (rel int) 364 (100), 308 (30), 279 (19), 276 (21),
261 (30), 247 (18), 236 (30), 235 (39), 201 (34) ; IR 3280, 2223, 1750 cm-1. Anal. Calcd for C16H29N40252
:C, 5275 H, 549 ; N, 15.38 ;: S, 17.58. Found : C, 52.65; H, 5.67 ; N, 15.33 ; S, 17.61.

5-tert-Butyl-4-imino-1-methyl-6a-phenyl-2-(phenylthio)-6-thioxo-3a,4,5,6a-tetra-
hydro-1H, 6H-pyrrolo [3,4-b] pyrrole-3-carbonitrile (16a) : EtpO/petroleum ether (3 : 2) as eluent ;
mp 175°C (MeOH) ; 'H NMR & 1.86 (s, 9H), 2.83 (s, 3H), 3.70 (s, 1H), 7.30 (m, 10H) ; MS calcd for
C24H24N4S2 m/z 432.1442 (M), found 432.1433 ; m/z (rel int) 432 (48), 376 (38), 318 (15), 315 (18), 291
(100), 290 (77), 267 (34) ; IR 3260, 2187, 1670 cm-1. Anal. Calcd for C24H24N4S2 : C, 66.67 ; H, 5.56 ; N,
1296 ; S, 14.81. Found : C, 66.50 ; H, 5.53 ; N, 12.80 ; S, 14.58.

S-tert-Butyl-4-imino-1-methyl-2-[(4-methylphenyl)oxy]-6a-phenyl-6-thioxo-
3a,4,5,6a-tetrahydro-1H, 6H-pyrrolo [3,4-b] pyrrole-3-carbonitrile (16b) : EtpO/petroleum
ether (3 : 2) as eluent ; mp 151°C (MeOH) ; TH NMR 8 1.86 (s, 9H), 2.28 (s, 3H), 2.98 (s, 3H), 3.56 (s,
1H), 7.15 (m, 9H), 8.40 (br, 1H) ; MS calcd for CasHagN4OS m/z 430.1827 (M* ), found 430.1813 ; m/z
(rel int) 430 (75), 374 (37), 373 (25), 341 (16), 316 (44), 314 (16), 289 (100), 267 (27), 197 (65) ; IR 3230,
2180, 1670 cm-l. Anal. Caled for CpsHagN4OS : C, 69.77 ; H, 6.05 : N, 13.02 ; S, 7.44. Found : C, 69.95 ;
H, 6.11 ; N, 12.95; §, 7.15.

endo-6-(tert-Butylimino)-2,7-diphenyl-2,3,3a,4,7,7a-hexahydro-4,7-epi-(N-
methylimino)-4-(phenylthio)-1H, 6H-pyrrolo [3,4-c] thiopyran-1,3-dione (17a) :
EtpO/petroleum ether (1 : 1) as eluent ; mp 185°C (MeOH) ; 'H NMR & 1.15 (s, 9H), 2.52 (s, 3H), 3.28, 3.39
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(AB syst, J = 9.7 Hz, 2H), 7.65 (m, 15H) ; MS calcd for C3pH29N302S2 m/z 527.1701 (M?), found
527.1709 ; calcd for C25HoN202S m/z 412.1245 (M-i-BuNCS)¥ , found 412.1263 ; my/z (rel int) 527 (0.1),
412 (56), 335 (16), 302 (25), 188 (28), 184 (100) ; IR 1770, 1712, 1642 cm-!. Anal. Calcd for
C3pH29N30287 : C, 68.31 ; H, 5.50 ; N, 7.97. Found : C, 68.46 ; H, 546 ; N, 7.90.

3-[(Benzylamino)-(methylthio)methylene]-4-[(fert-butylthiocarbamoyle)-

(dimethylamino)methylene]-1-phenylsuccinimide (19¢) : Ethyl acetate as eluent ; mp 190°C (MeOH)
; TH NMR 8 1.40 (s, 9H), 2.13 (s, 3H), 2.77 (s, 3H), 3.01 (s, 3H), 4.73 (d, J = 6 Hz, 2H), 6.88 (br, 1H),
7.30 (m, 10H), 9.31 (1, br, 1H) ; 13C NMR 8 17.1 (g, I/ = 142 Hz), 29.7 (gm, I/ = 126 Hz), 38.1 (qq, I/ =
138 Hz), 42.6 (qq, 1 = 138 Hz, 3J = 3.3 Hz), 49.2 (tm, !J = 138 Hz), 57.8 (m), 98.0, 105.5 (2s), 126.6,
127.1 (2 dm, 1J = 160 Hz), 127.3, 127.4 (2 dt, 1J = 159 Hz, 3/ = 7.1 Hz), 128.6, 128.7 (2 dd, 1/ = 161 Hz,
3/ =7.1 Hz), 132.7 (1, 3J = 7.2 Hz), 137.4, 138.3, 158.6 (3m), 167.3, 168.0, 187.2 (3s) ; MS calcd for
C22Hy1N302S my/z 391.1354 {[M-BuNHC(S)H]* , found 391.1367 ; m/z (rel int) 391 (27), 384 (29), 327
(38), 300 (100) ; IR 3202, 1692, 1644 cm-1. Anal. Calcd for Cp7H3pN40252 : C, 63.78 ; H, 6.30 ; N, 11.02.
Found : C, 63.39 ; H, 6.48 ; N, 10.75.

4-(Benzylamino)-6-(fert-butylimino)-7-(dimethylamino)-2-phenyi-1H, 6H-pyrrolo
[3,4-c] thiopyran-1,3 (2H)-dione (20c) : Ethyl acetate/pentane (1 : 1) as eluent ; mp 200°C (EtOH) ; 1H
NMR & 1.40 (s, 9H), 2.96 (s, 6H), 4.46 (br, 2H), 7.30 (m, 10H), 8.56 (br, 1H) ; MS calcd for
CrgH2gN402S my/z 460.1933 (M), found 460.1919 ; m/z (rel int) 460 (14), 403 (69), 313 (21), 91 (100) ; IR
3286, 1720, 1657 cm-1. Anal. Calcd for CogHagN4O2S : C, 67.83 ; H, 6.09 ; N, 12.17 ; S, 6.96. Found : C,
67.99;:H,6.14; N, 12.10; S, 6.66.

6-(tert-Butylimino)-7-(dimethylamino)-2-phenyl-4-(isopropylamino)-1H, 6H-pyr-
rolo [3,4-c] thiopyran-1,3 (2H)-dione (20j) : EtpO/petroleum ether (2 : 1) as eluent ; mp 136°C
(MeOH) ; 'H NMR & 1.27 (d, J = 6 Hz, 6H), 1.46 (s, 9H), 2.95 (s, 6H), 3.77 (m, 1H), 7.40 (s, 5H), §.13
(br, 1H) ; MS calcd for CyogHpgN4O2S m/z 412.1933 (M? ), found 412.1933 ; m/z (rel int) 412 (21), 355
(100), 329 (18), 311 (23), 296 (15) ; IR 3250, 1720, 1660 cm-1. Anal. Caled for CooH28N403S : C, 64.08 ;
H, 6.80 ; N, 13.59; S, 7.77. Found : C, 64.17 ; H, 6.77 ; N, 13.49 ; §, 7.97.
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