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Summary - Nitrile ylides, generated in basic conditions (HCI abstraction) from N-[tosylmethyl] and N- 
[diethoxyphosphorylmethyl] imino chlorosulfides, undergo 1,3-dipolar cycloadditions with electron- 
deticient dipolamphiles to produce pyrroles and pyrrolines. Heterogeneous media are found to furnish the 
best conditions for these reactions, One pyrrole can also be prepared from methyl N- 
[ethoxycarbonylmethyl] chlorothioimidate and dimethyl acetylenedicarboxylate on alumina-potassium 
fluoride mixture as solid support. under microwave irradiation. 

Imino chlorosulfides are easily accessible via the insertion reaction of &cyanides into the S-Cl 

bond of sulfenylchlorides. We 1 and others 2 have shown that they can be effectively used as starting materials 

in the field of heterocyclic chemistry and we have postulated that their substitution reactions involve the 

nitrilium chlorides as transient intermediates. The imino chlorosulfides 1 that comprise a methylene activated by 

an electron-withdrawing group X can also be considered as potential precursors of nitrile ylides 2, by a 1,3- 

dehydrohalogenation process in basic media. 

RSCI 
0 0 base 

80, 

XCHpNC - RSC(CI)= NCHIX = RSC=NCH$ U - RSC=N-U-IX 

1 
2 

a:R=Me,X=Tos C : R = 2-No$& x = TOS e : R = Ph, X = PO(OEt)2 

b:R=Ph,X=Tos d : R = Me, X = PO(OEt)2 f:R=Me,X=COZEt 

The use of nitrile ylides as I$-dipoles in cycloaddition reactions has received a lot of attention as a 

route to a variety of five-membered nitrogen-containing rings 31~. To date, however, there have been only 

limited reports about the use of imino chlorosultides as a source of “thiocyanate ylides” 5. In the presence of 
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NEt3, compounds 1 with X an ethoxycarbonyl or an aminocarbonyl group, readily cyclize to give 
5-ethoxyoxazoles ha, 5arninooxazoles 6b or mesoionic 1,3-diazolium-4-olates k. These intramolecular 
reactions can prevent the 1,3-dipolar cycloaddition route 7. 

As an extension of our previous studies on the chemistry of imino chlorosulfides. we now report 
the treatment of la-f with three electron-deficient dipolarophiles in a basic medium to produce pyrroles and 
pyrrolines 8. Several bases are comparatively studied, in homogeneous or solid-liquid heterogeneous media. 
Indeed, it has been shown that some phosphonium and sulfonium salts are easily dehydrohalogenated to 
ylides, then trapped by an aldehyde, by anionic activation on alumina or on alumina-supported potassium 
fluoride 9. Significant improvements in regioselectivity have also been achieved for a variety of organic 
reactions by adsorption of substrates onto the surface of inorganic solids toJ1. For instance, the ability of 
base-impregnated alumina to promote a high proportion of C-substitution instead of O-substitution has been 
reported for alkylations of ambident acetoacetate and naphthoxide anions 12. The use of similar conditions 
could limit the cyclisation of If to oxazole 3. 

After investigating a range of reagents, solvents and conditions, three protocols have evolved for 
the generation and cycloaddition of ylides 2 from the imino chlorosulfldes la-f, in homogeneous (method A) 
and solid-liquid media (methods B, C) l3. Thus, using dimethyl fumarate (ECH=CHE. E = C02Me) as 
dipolarophile, compounds la-c lead to the pyrroles Sa-d after elimination of p-toluenesulflnic acid (T’osH)t7 
or thiophenols (table, entries l-7). The N-substituted pyrrole 6 corresponds to the nucleophilic addition of Sa 
to the olefin (entries 3 and 4)18. The elimination reactions are not possible in the pyrroline 7 which is the 
primary cycloadduct of 2d with ECH=CHE (only one isomer isolated, entry 8). Alumina-dispersed KF and 
KOH (methods B and C) are generally found to be more efficient than DBN (method A). However, no 
cycloadduct can be isolated from If that gives only the oxazole 3 or the hydrolysis product 
(MeSC(O)NHCH$@Et, 4) using respectively protocols A and B. 

3 3s,R’-td& 5C,R’-240&&S - 3 7 

Ib,R’-PhS Sd.R’-Tos 

In a heterogeneous medium, dimethyl acetylenedicarboxylate (E-C=C-E) produces pyrroles 8 in 

good to moderate yields. We have noted that method C is the most efficient. Starting from la, a long reaction 
time leads to the formation of the N-vinyl pytrole 9 (entry 11, two isomers) 18s19. Starting from If. use of 
method B restricts the formation of the methyl thioimidate 4 and also gives the cycloadduct tjf (entry 15). 

The cycloaddition of 2a with methyl acrylate is not regioselective (entry 16) *O and produces 
pyrroline 10 (one isomer) and two pyrroles lla, b. We have verified that a mixture of 10 and DBN, in 
refluxing THE for 1 h, gives llb quantitatively. 
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-- 
Entry EdUCtS Method TmNP Temp. or MW Products (yields, % b) 

power -- 
1 la, ECH=CHE A 10 ItTflUX 5a (45) c 
2 la, ECH=CHE B 24 l-dlUX Sa (68) d 
3 la, ECH=CHE C 2 It 5a (68) ; 6 (16) 
4 la. ECH=CHE C 4 It 5a (49) ; 6 (39) 
5 lb, ECH=CHE A 10 reflux Sb (25) ; 5d (K?)d 
6 lb, ECH=CHE B 6 reflux 5b (34) ; 5d (26)d 
7 lc. ECH=CHE C 1 rt 5c (15) ; 5d (2q)e 
8 Id. ECH=CHE C 1 rt 7 (61) 
9 lf, ECH=CHE A 17 rt 3 (86) 
10 lf, ECH=CHE B 1 125w 4 (92) 
11 la. E-GC-E B 40 reflux 9 (39) 
12 la, E-GC-E C 1 rt &?a (76) 

13 Id, E-C=C-E C 1 rt 8d (39) 
14 le. E-CnC-E C 1 R 8e (68) 
15 lf, E-C=C-E B f 1 125W 4 (43) ; 8f (48) 
16 la, CHz=CHE B 30 reflux 10 (27) ; lla (21) ; llb (7)g -- 

a Time required for the entire conversion of starting compound 1.8 Yields of isolated products. c,d Accompanied by 44 %c or 

small quantities d of TosC(H)ECH2E which results from the addition of the tosyl anion to ECH-CHE. e Nineteen per cent of the 

substitution product (~-NO~C~H~S)~C=NCH~T~~‘UJ~~ also isolated. f The mixture RF/Al203 is dehydrated in the MW oven just 

before use (45 mn, 440 W). g Accompanied by 50 % of the addition product TosCH2CH2E. 

E E E. E .E E\ 

Ii 
6a, d-f 

Ii 

lla.R’-MaS,R2-Ii 

llb,R’-Ii,*-t&S 

We have thus defined conditions for the generation of new nitrile ylides 2 from the imino 
chlorosulfides 1 and for their conversions in situ to pyrrolines and pyrroles. Alumina-dispersed KF and KOH 
are effective reagents and the cyclization of If to oxazole 3 is entirely avoided on KF/A1203. To date, 1.3- 
dipolar cycloaddition reactions have rarely been performed on solid supports z2v23. 
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