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Abstract- p-Tolylsulfmylmethyl isocyanide (TosMIC) and benwuiawl-1-yl-methyl 
isocyanide (BetMIC) were compared as to their synthetic utilities for the synthesis of 
imidazoles and pymoles and found to be complementary. 

TosMlC @-tolylsulfonylmethyl isocyanide) (1) which embodies the a-anion stabilizing effect of the msyl and isocyano groups and 

the elecuophilicity of the kccyano group, has become a versatile building block.14 a-Metallated TosMIC possesses a 

nucleophilic center, which may be added to polar multiple bonds, and an elecmphilic center, the isocyanide group, which allows 

subsequent heterocyclization.2 This strategy has been applied to the synthesis of oxazoles and oxazo~ines,',~ i m i d a ~ o l e s , ~ . ~  

pyrroles,6.8-11 tosyl substituted t h i a z o l e ~ , ~ ~  kemnesl3 and a-hydroxyaldehydes from ketones.14 The TosMIC methodology has 

also found application in the modification of s t e r ~ i d s , ' ~ . ~ ~  synthesis of benzazole rings17.18 and the preparation of p o q ~ h y r i n s . ~ ~  

BetMIC (benzotriazol-1-yl-methyl kccyanide) (2) exhibitszo properties which are qualitatively similar to, but differ quantitatively 

from those of TosMIC. BetMlC has been used to synthesize a-hydroxyaldehydes (without employing the thallium (1) ethoxide 

needed with TosMIC) and o x a z o l e ~ . ~ ~ ~  Since the benzotriazolyl anion stabilizing group of BetMlC is weaker than tosyl, the 

BetMIC anion should be more reactive than that of TosMIC which could be advantageous in certain circumstances. 

The present paper focuses upon comparison of the utilities of TosMlC and BetMlC in the preparation of i m i h l e s  and pyrroles. 

The strategy used for this mmparative study involved the selection of reactions from the literature for which TosMIC reportedly 

gave litlle or no product. The same reactions were attempted with BetMIC lo determine if any improvement in the yields of such 

reactions wuld be oblained.Some of the present work required that a synthesis of a-alkyl substituled derivatives of BetMIC be 

developed. The methodz1 that gave the best results was employment of plassium ferf-butoxide as the baqe in THF. 

R 

Preparation of Imidozoles. a-Metallated isocyanides add lo imines (Scheme 1; X = NR") U, form imidazolines. When a methyl 

isocyanide with a good leaving group (such as tosyl in TosMIC) is used, imidaznles are often obtained. TosMlC also stabilizes the 

intermediate carbanion, thus enhancing the reaction. The bases used in these reactions were polassium carbonate, d i u m  hydride, 

1-butylamine and cyclohexylamine. The yield was found to be determined by the base used and the reaction medium2 
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Scheme 1. Reaction of a-metdated TosMIC with elecmphiles 

We now find that BetMlC reacts with aldimines in a similar fashion to TosMIC to form imidawles. In this case, the benzouiazolyl 

group stabilizes the anion formed in the fmt step and is spontaneously eliminated from the intermediate imidazoline. The 

reactions were attempled in a variety of bases and solvents. BetMIC derivatives were found to be unstable in the presence of smng 

bases such as LDA, n-BuLi and sodium hydride. The most effective conditions for all of these reactions was found m be potassium 

fen-butoxide in DMSO or T H F . ~ ~  

Table 1. Synthesis of Imidazoles: Likratnre us in^ TosMIC Compared with the New Route Using BetMlC. 
Entry R R' R" TosMIC BetMIC 

Yield (R) ~ e t h o d ~ ~  Yield (9%) mp ( T ) ,  found (lit.) 

1 Me Ph p-N02c6% 75 6,7 

2 Ph Ph Ph 0 7 A 23 268-270 ( 2 7 0 - 2 7 ~ ) ~ ~  

3 Me Ph Ph o 6  A 67 a 97-98 

4 P h m 2  p-CIC6Hq Ph 68 

5 PhCH2 p-MeOC6b, Ph o 6  c 73 a Oil 

6 H Ph Me 10 A,B,C 10 94-95 (94-95)' 

7 PhCH2 Ph Me o 6  A, B 0 

8 H Ph Ph 56 C 85 130-131 (130-131)~ 

kiman;l lysis  within M.446 of the expected values for C, H and N. 

Table 1 shows a selection of the reactions reported in the literatwe using TosMIC: in the case of the reaction of diary1 aldimines, 

the best results were obtained when an electron withdrawing group is present on at least one of the aryl substituents (Entries 1 and 

4 )5.6 Reactions that were reported m give low yields with TosMIC have now been attempted with BelMIC and lhese results are 

also shown in Table 1. For diary1 aldimines witbout electron wilhdrawing gmups, much better yields were obtained with BetMIC 

than with TosMIC Fntries 2, 3, 5 and 8). In the case of N-alkyl aldimines for which TosMK had produced low yields, BetMIC 

also gave low yields (Entries 6 and 7). 
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Repamlion of P y r r o b .  a-Metallated TosMIC reacts with electron deficient alkenes to form pproles (Scheme 1; X = CHZ) in an 

analogous fashion to its reaction with aldimines to f o m  imidazoles. We now find that BetMIC undergoes a similar reaction with 

electron deficient alkenes. 

z 

Selected literature results of reactions of TosMlC with electron-deficient a l k e n e . ~ ~ , ~ , ~  and newly undertaken comparative reactions 

of BetMlC are shown in Table 2. All the acryloniailes and the terminally nnsubstituted unsaturated esters and ketones gave p r  

yields of pyrrole when reacted with TosMIC. The use of BetMlC dramatically improved the yields of 3cyanopymles fmm 

acrylonitrile derivatives (Enuies 8-10) and somewhat improved the yields of 4-unsubstituted 3-methoxycart~nylpymles from 

methyl acrylate (Entries 5 and 7). However for Entries 2 and 3 TosMlC gave better results than BetMIC. 

Table 2. Synthesis of Pymles: Literature Using TosMIC Compared with the New Route U~inp. BetMIC. 
Entry R R' Z TosMIC BetMIC 

Yield (%) ~ e t h o d ~ ~  Yield (8) mp ("C), found (lit) 
1 H Ph m M e  70 8 .. . - . - 
2 H H COMe 15 A 0 (110-111) 8 
3 H Ph COOMe 70 A 40 181-183 (182.183) 
4 H Me COOMe 64 
5 H H COOMe 33 a A 45 86-88 (86-87) 
6 Ph Ph COOMe 45 IS 
7 Me H COOMe o 6  B 30 114-115 (117.118) 25 

Conclusion. BetMIC represents a useful alternative to TosMlC for the synthesis of imidazoles and pproles with Less reactive 

elecuophiles. 

REFERENCES AND NOTES 

I. A. M. van Leusen, Leci. Heierocycl. Chcm., 19 80.5, S 1 1 1. 

2. S. Marcaccini and T. Torroba, Org. Prep. Proced. Int., 1993, 25, 143. 

3. D. Hoppe,Angew. Chem, Int. Ed, Engl., 1974.13.789. 

4. U. Schallkopf,Angew. Chem, Int. Ed. Engl., 1977.16.339. 

5.  A. M. van Leusen, B. E. Hwgenboom and H. Siderius, Tetrahedron Lett., 1972, 13,2369. 

6. 0. Possel and A. M. van Leusen, Heterocycles, 1977, 7, 77. 

7. A. M, van Leusen, 1. Wildeman and 0. H. Oldenziel, J. Org. Chem, 1977, 42, 1153. 

8. A.M. van Leusen, H. Siderius, B. E. Hwgenboom and D. van Leusen, Tefru~t!drunLe~, 1972,13,5337. 

9. D. van Leusen, E. Flentge and A. M. van Leusen, Tetrahedron, 1991.47.4639. 

10. D. H. R. Barton, 1. Kemagoret and S. Z. Zard, Tetrahedron, 1090.46.7587. 

11. D. van Leusen, E. van Echlen and A. M. van Leusen, J. Org. Chem, 1992.57.2245. 



70 HETEROCYCLES, Vol. 44, No. 1,1997 

S. P. I. M. van Nispen, J. H. Bregman, D. G. van Engen, A.M. van Leusen, H. Saikachi, T. Kitagawa, and H. Sasaki, Red. 

Trav. Chim Pays-Bas, 1982. 101,28. 

0 .  Possel and A. M. van Leusen, Tefrahedron Len., 1977, 18,4229. 

0. H. Oldenziel, A.M. van Leusen, TefrnhedronLen., 1974, 15, 167. 

D. van Leusen and A. M. van Leusen, Tefrahedron Len., 1984,25,2581. 

D. van Leusen, E. van Echten and A. M. van Leusen, Red  Trav. Chim. Pays-Bas, 1992,111,469. 

I. Moskal, R. van Svalen, D. Posma and A. M. van Leusen, Tetrahedron Len., 1986,27,2173. 

I. Moskal and A. M. van Leusen, J. Org. Chem, 1986,51,4131. 

K. Aoyagi, H. Toi, Y. Aoyama and H. Ogoshi, Chem Leff., 1988,1891. 

(a) A. R. Kauikky, Y. X. Chen, K. Yannakopoulou and P. Lue, Tefrahedron Len., 1989, 30,6657. 

(b) A. R. Kauitzky, M. Sutharchanadevi and L. Urogdi, J. Chem Soc., Perkin Trans. 1, 1990, 1847. 

Pomsium fen-butoxide (6 mmol) in THF (10 ml) was added dmpwise to a stirred mixture of BetMlC (0.79g. 5 mmol) and 

methyl iodide (0.71g) or benzyl chloride (0.63g) (5 mmol), in THF (20 ml) at -78 T. The reaction mixture was allowed u, 

warm to mom tempemure, water was added, the solution exmcWl with ether, the ether extract dried (?@SO4) and 

evapomed to dryness. Column chromatography (silica, ethyl acetatehexme 1:3) gave, as oils, isolated yields of 53% for 1- 

(benzoCriazol-1-yl)ethyl isocyanide (3) and 50% for I-(benzouiaml-I-yl)-2-phenylethyl isocyanide (4). Minoanalytical data 

was within M.4% of the expected values for C and H. 

Method A: To a stirred solution of BetMIC (or derivative) (5 mmol) and aldimine (5 mmol) in THF (25 ml) at 0 OC was 

added a solution of potassium fen-butoxide (1.12g. 10 mmol) in THF (15 ml). The reaction mixture was heated to reflux, 

cooled, evaporaIed to dryness and the residue extracted with ether. 'IlIe extracts were evaporated to dryness and the residue 

subjected to column chromatography (silica. ethyl acetatehexane 1:l). Method B: This procedure is similar to the above 

melhod except that a solution of BetMlC (or derivative) (5 mmol) in THF (15 ml) was added dropwise to a mixture of the 

aldimine (5 mmol) and potassium fen-butoxide (1.12g, 10 mmol) in THF (15 ml). The reaction mixture was healed to 

reflux and the procedure continued as above. Method C: This procedure is similar to the above Method A except that 

DMSO (rather than TFFI was used as the solvent addition took place at room temperature and that after heating to 75 T ,  

the mixture was cooled, diluted with water and extracted with ether. The ether extracts were washed with water and dried 

(MgSO4), evaporated to dryness and the residue subjected lo column chromatography (silica ethyl acetatelhexane 1:l). 
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Method A: To a stirred solution of BetMlC (or derivative) (5 mmol) and alkene (5 mmol) in THF (25 ml) at 0 O C  was 

added a solution of potassium fen-butoxide (1.12g, 10 mmol) in THF (15 ml). The reaction mixture was heated to reflux, 

mold, water was added, the solution brought to a pH of 5 with 10% HCl and the mixture extracted with ether. The dried 

extracts (MgSO4) were evaporated to dryness and the residue subjected u, column chromatography (silica, ethyl 

acetatehexme I:]). Method B: This procedure is similar to the above method except that a solution of potassium fen- 

hutoxide (1.12g. 10 mmol) in THF (15 ml) was added to a solution of BetMIC (or derivative) in THF (15 ml) at -78 T. The 

elenrophile was then added dropwise, the mixture was warmed slowly to room temperature, heated to reflux and the 

procedure continued as above. 
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