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of a Grignard reagent with a suitable ketone. All the alcohols 
were distilled from sodium before use. tram-1,2-Dibromocyclo- 
hexane was prepared from cyclohexene? 

Complex Base Preparation. A solution of the activating 
alcohol (30 mmol) in THF (10 mL) was added dropwise to a 
suspension of NaNHz (90 mmol) in THF (20 mL) a t  room tem- 
perature under nitrogen. The mixture was then heated for 2 h 
at  45-50 "C. If during these operations a light pink color appeared 
the complex base gave poor results. The coloration apparently 
results from the presence of peroxides in the reactants or solvent. 

Elimination Reactions. A solution of 1 (20 mmol) in THF 
(40 mL) was slowly added to the prepared complex base mixture 
at  25 "C under nitrogen. Small aliquots were periodically removed, 
hydrolyzed, extracted with EtzO, and analyzed by gas chroma- 
tography (Girdel 75 CI>/PT gas chromatograph with 5-m SE-30 
columns). Upon completion of the reaction, the product mixture 
was quenched with ice-water and extracted with EtzO, and the 
EgO extract was dried over CaC12. Yields of 1-bromocyclohexene 
and cyclohexene were measured by gas chromatography using 
cyclooctane and benzene, respectively, as internal standards. 
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The initial report of the transient existence of 1,3-di- 
methylthieno[3,4-cltiophene' has attracted the attention 
of several research groups to the unusual physical and 
chemical properties of the nonclassical condensed 
thiophenes. Subsequently, the number of these so-called 
"tetravalent sulfur" compounds has increased to include 
examples of a variety of condensed heterocyclic systems 
and stable derivatives are now known.2 In contrast, ex- 
amples of nonclassical sulfur systems containing a 
bridgehead nitrogen atom as part of the sulfur-containing 
ring are quite rare.3 We now report evidence supporting 
the transient existence of the pyrrolo[ 1,Zclthiazole system. 
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Reaction of commercially available thiazolidine-4- 
carboxylic acid (1) and acetic anhydride4 in the presence 
of dimethyl acetylenedicarboxylate (DMAD) afforded 
lH,3H-pyrrolo[1,2-c]thiazole 2 (Scheme I) which was easily 
converted to its corresponding sulfoxide 3 with m-chloro- 
peroxybenzoic acid (MCPBA). Dehydration of 3 in re- 
fluxing acetic anhydride resulted in a complex mixture 
from which none of the desired pyrrolothiazole 4 could be 
isolated. When, however, the same dehydration was car- 
ried out in the presence of N-phenylmaleimide (NPM) a 
mixture of 1:l cycloadducts was isolated. Chromatographic 
separation and subsequent characterization demonstrated 
these adducts to be exo and endo adducts 5a and 5b. The 
exo/endo structural assignments were based on the NMR 
spectra of the adducts according to the established practice 
of ascribing a greater deshielding effect of the sulfur bridge 
on the imide a-protons of the endo adducta5 The for- 
mation of these adducts presumably arises from the in situ 
generation of nonclassical thiazole 4 and subsequent 1,3- 
dipolar cycloaddition of the added dipolarophile across the 
thiocarbonyl ylide form 4a. Treatment of the exo/endo 
mixture, 5a/5b, with sodium m e t h o ~ i d e ~ * ~ ~ , ~  afforded in- 
dolizine 6, further supporting the thiocarbonyl ylide as the 
site of the previous cycloaddtion. By TLC small amounts 
of 6 could also be observed in the reaction mixture of the 
previous trapping experiment. 

Dehydration of 3 in the presence of dimethyl acety- 
lenedicarboxylate (Scheme 11) was also anticipated to occur 
across the thiocarbonyl ylide to yield 7 which was further 
expected to spontaneously eliminate sulfur5J to give in- 
dolizine 8. In reality, reaction of 3 and DMAD produced 
a complex mixture from which a colorless solid was isolated 
in low yield. Both the mass spectrum and the elemental 
analysis of this material demonstrated it to be a primary 
1:l cycloadduct of 4 and DMAD, thereby eliminating 8 as 
a possible structure. The NMR spectrum of the product 
ultimately led to its being assigned cyclazine structure 9, 
resulting from cycloaddition across the azomethine ylide 
form 4b.8 The chemical shift of the A3-pyrroline methyl 
was diagnostic, occurring at 6 1.67 instead of the 6 2.2-2.6 
range observed for the pyrrole methyls in this study. 
Similar regiochemistry has been observed in the cyclo- 
additions of the thiazolo[3,4-b]indazole system3a with 
olefinic and acetylenic dipolarophiles. 

Experimental Section 
Dimethyl 5-Met hyl- 1 H,3 H-pyrrolo[ 1,2- c]thiazole-b,'ir-di- 

carboxylate (2). ~-Thiazolidine-4-carboxylic acid (5.3 g, 40 
mmol), dimethyl acetylenedicarboxylate (7.4 mL, 60 mmol), and 
AczO (40 mL) were refluxed for 3 h. The reaction was cooled to 
room temperature and the excess AczO was removed a t  reduced 
pressure. The resulting brown residue was triturated with CH30H, 
affording a beige solid which crystallized from CHBOH as beige 
prisms: 5.0 g (49%); mp 133-135 "C; NMR (CDCl,) 6 2.33 (s, 3, 
CH,), 3.78 (s, 3, ester), 3.84 (s, 3, ester), 4.22 (s, 2, 1-CH2), 4.89 
(s, 2, 3-CHz). Anal. Calcd for CllHI3NO4S: C, 51.75; H, 5.13; 
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N, 5.49. Found: C, i51.64; H, 5.16; N, 5.28. 
Dimethyl 5-Methyl- 1 H,JH-pyrrolo[ 1,2-c]thiazole-6,7-di- 

carboxylate 2-Oxide (3). To a solution of 2 (5.5 g, 22 mmol) 
in CHzC12 (100 mL) at  0 "C was added portionwise MCPBA (4.8 
g, 24 mmol). After CIL 0.5 h the cooling bath was removed and 
after being stirred overnight the reaction mixture was washed in 
turn with 10% aqueous Na$03, saturated aqueous NaHC03, and 
saturated aqueous NaCl and then dried over Na2S04. Filtration 
of the drying agent and evaporation of the filtrate afforded a 
colorless solid which crystallized from CH30H as colorless needles: 
4.2 g (72%); mp 135-137 "C; NMR (CDC13) 6 2.32 (s,3, CH3), 3.78 
(s, 3, ester), 3.80 (s, 3, ester), 4.28 (AB q, 2, 1-CH2), 4.86 (AB q, 
2, 3-CH2). Anal. Calcd for CllH13N05S: C, 48.70; H, 4.83; N, 
5.16. Found: C, 48.63; H, 5.02; N, 5.11. 

General Procedure for Generation and  Cycloaddition of 
4. Sulfoxide 3 (0.27 g, 1.0 mmol) and the dipolarophile (1.2 "01) 
were refluxed in Ac20 (5 mL) for 3 h. The reaction was cooled 
to room temperature, concentrated at  reduced pressure, and 
triturated with CH3011. The resulting crude product was collected 
by filtration and purified as indicated. 

Dimethyl 2,3,3a,4,9,9a-Hexahydr~-6-methyl-l,3-dioxo-2- 
phenyl-4,9-epithio-1 H-pyrrolo[3,4-f]indolizine-7,8-di- 
carboxylate (5). The crude, off-white, exo/endo mixture was 
purified by preparative layer chromatography (40% EtOAc/ 
CHCl,): affording higher R, exo adduct 5a (Rf  0.35) and lower 

H 36 '0 

6 

R endo adduct 5b (Rf  0.27). Crystallization of 5a from 
CkC13/EtOH afforded a colorless powder: 0.25 g (59%); mp 
210-211 "C; NMR (Me2SO-d6) 6 2.43 (s, 3, CH3), 3.56 (br d, 1, 
3a- or 9a-H), 3.68 (s,3, ester), 3.75 (s, 3, ester), 3.93 (br d, 1,9a- 
or 3a-H), 5.37 (s, 1,9-H), 6.63 (s, 1, 4-H), 7.1-7.6 (m, 5, aromatic); 
mass spectrum, m / e  (relative intensity) 426 (M'., 42). Anal. Calcd 
for C21H18N206S: C, 59.15; H, 4.25; N, 6.57; S, 7.52. Found: C, 
58.91; H, 4.36; N, 6.33; S, 7.54. 

Crystallization of 5b from CHC13/EtOH afforded a colorless 
powder: 0.03 g (7%);" mp 245-247 "C; NMR (Me2SO-ds) 6 2.18 
(s, 3, CH3), 3.63 (br s, 6, esters), 4.22 (br s, 2, 3a-H, 9a-H). 5.45 
(8, 1,9-H), 6.65 (m, 3,4-H, aromatic), 7.25 (m, 3, aromatic); mass 
spectrum, m / e  (relative intensity) 426 (M+., 97). Anal. Calcd 
for C21H18N206S: C, 59.15; H, 4.25; N, 6.57. Found: C, 58.98; 
H, 4.20; N, 6.45. 

Tetramethyl 4a,Ga-Dihydro-4a-methylthiazolo[2,3,4- cd]- 
pyrrolizine-3,4,5,6-tetracarboxylate (9). The crude yellowish 
powder was crystallized twice from 1:l EtOAc/hexane, affording 
a colorless powder: 0.06 g (15%); mp 239-241 "C dec; NMR 
(CDC13) 6 1.67 (s, 3, 4a-CH3), 3.78 (br s, 12, esters), 4.95 (s, 1,6a-H), 
5.69 (s, 1,2-H); mass spectrum, m / e  (relative intensity) 395 (M'., 
47). Anal. Calcd for C17H17N08S: C, 51.64; H, 4.33; N, 3.54; S, 
8.11. Found: C, 51.47; H, 4.46; N, 3.36; S, 8.02. 

Dimethyl 2,3-Dihydro-6-methyl-1,3-dioxo-2-phenyl-1H- 
pyrrolo[3,4-flindolizine-7,8-dicarboxylate (6). To a solution 
of NaOCH3, preformed from metallic Na (0.38 g, 16 mmol) and 
dry CH30H (10 mL), was added a solution of the 5a/5b mixture 
(3.5 g, 8.2 mmol) in dry CH2Clz (50 mL). After 2 h the reaction 
was quenched with saturated aqueous NH4Cl. The CH2C12 layer 
was separated and dried over Na2S04. Filtration of the drying 
agent and evaporation of the filtrate gave an orange oil which was 
column chromatographed (silica gel, 10% EtOAc/CHClJ affording 
a yellow solid which crystallized from EtOAc as yellow matted 
needles: 1.7 g (53%); mp 209-211 "C; NMR (CDC13) 6 2.62 (s, 
3, CH3), 3.98 (s, 3, ester), 4.00 (s, 3, ester), 7.51 (s, 5, aromatic), 
8.50 (s, 1,9-H), 8.62 (s, 1,4-H). Anal. Calcd for C21H16N206: C, 
64.28; H, 4.11; N, 7.14. Found: C, 64.03; H, 4.19; N, 6.99. 
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