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VINYL PROTECTING GROUP FOR BENZIMIDAZOLE NITROGEN:
SYNTHESIS OF BENZIMIDAZOLE-PENAM ALCOHOL

Yuhpyng L. Chen*, Kirk G. Hedberg, and Karen J. Guarino
Central Research, Pfizer Inc., Groton, CT 06340 USA

Summary: Use of the vinyl moiety as a protecting group for benzimidazole nitrogen in the synthesis of benzimida-
zole 2-carboxaldehyde is described. The protected carboxaldehyde is an intermediate in the synthesis of 6-(2-benz-
imidazole)hydroxymethyl penicillanic acid (1). Deprotection is achieved by ozonolysis.

As part of a research program on g-lactam antibacterials, we were interested in the preparation of (638)-benzimidazole-
penam alcohal 1. Direct condensation of the carbanion derived from dibromopenicillanate with 2-formylbenz-
imidazole! at -78°C failed to give any adducts; as a result, introduction of an appropriate protecting group for the
benzimidazole nitrogen was deemed necessary. Many groups, including dialkoxymethyl,2 benzyl 3 methoxymethyl,4
trityl,5 acetyl & 2-(trimethylsilyl)ethoxy methyl,?; 1-(1-ethoxyethyl),? and arylsulfonyl,® have been utilized for protect-
ing imidazoles and benzimidazoles. Reaction of several N-protected (e.g., dimethoxymethyl, trityl, acetyl, etc.)
benzimidazoles with organolithium agents followed by formylation failed to give an N-protected-2-formylbenz-
imidazole. The trimethyisilylethoxy methyl group was not attempted, because our previous work!? showed that
removal of the silyl group with tetrabutylammonium fluoride led to epimerization at the C-6 center of the penam
alcohol. Herein, we describe the synthesis of 1 using the vinyl protecting group for the benzimidazole nitrogen,
in which the vinyl group was deblocked under mild conditions (1 eq. ozone at -78°C).
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Two routes for the preparation of 1-vinyl-2-formylbenzimidazole (2) are illustrated in Scheme |. Both routes involve
direct vinylation' of the benzimidazole nitrogen with vinyl acetate in the presence of catalytic amounts of mercuric
acetate and acid to yield the corresponding N-vinyl benzimidazoles, 3 or 5. Metalation of N-vinylbenzimidazole
(3) followed by formylation gave 2 in 87% yield. The alternative method which involved removal of the acetyl group
of 5, followed by oxidation of 6 with MnQ,, afforded an B0% yield of 2. In this sequence, protection of 2-hydroxymethyl-
benzimidazole with an acetyl group was necessary in order to obtain a good yield in the vinylation step. The alde-
hyde 2 was coupled with the anion derived from ally! 6,6-dibromopenicillanate to give a mixture of 4 isomers which

1067



1068

was used in the subsequent tributyltin hydride reduction and deallylation.'2 The desired (63,85)-penam alcohol
7 was isolated in 219 overall yield. Removal of the N-vinyl group of 7 was achieved with 1 eq. of ozone3 in MeOH
at -78°C while following the reaction by HPLC (1:1 MeOH/0.02 M NH,OAc). A quantitative yield of 114 was ob-
tained. Compounds 7 and 1 possess antibacterial and 3-lactamase inhibitory activity (Table ).

SCHEME 1
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3 2 4 R,: Ac; H, H {mp 162-163°C)
§ R,: Ac; R: vinyl (oil)
6 R,: H; R;: vinyl (mp 112-113°C)
LDA/THF/-78°C, 0.5 h; ii) EXOCHO or DMF/-78°C (1 h), 0°C (0.5 h); iii) AcoO/ACOH, reflux, 1 h, iv) 10 eq. vinyl

acetate/5% eq. mercuric acetate/H;80, (cat.), reflux, 24 h; v) KOH/MeOH, rt, 0.5 h; vi) MnQ,/CH.Cl,.

Table 1. Antibacterial and synergy data

MIC (xg/m)

Ampicillin + 7 Ampicillin + 1
Organism Ampicillin 7 1 (1:1) (1:1)
S. aureus 01A400 50 0.78 12.5 <0.2 0.78
H. influenzae 51A042 >200 0.78 6.25 0.78 0.78

Acknowledgement: We thank Dr. Jim Retsema and his staff for microbiological data.
References
1. Qoi, H.C.; Suschitzky, H. J. Chem. Soc., Perkin Trans, | 1982, 2871.
2, a) Curtis, N.J_; Brown, R.S. J. Org. Chem. 1980, 45, 4038. b) Brown, R.S.; Ulan, J.G. J. Am. Chem. Soc. 1983,
105, 2382,

3. a) Galons, H.; Bergerat, |.; Farnoux, C.; Miocque, M, Synthesis 1982, 1103. b) Jones, R.G. J. Am. Chem. Soc.
1949, 71, 383. ¢) Chadwick, D.J., Ngochindo, R.l. J. Chem. Soc., Perkin Trans | 1984, 481.
. Tang, C.C.; Davalian, D.; Huang, P.; Breslow, R. J. Am. Chem. Soc. 1978, 100, 3918.
. Kirk, K.L. J. Org. Chem. 1978, 43, 4381,
. Kamijo, T.; Yamamoto, R.; Harada, H.; lizuka, K. Chem. Pharm. Bull, 1983, 31, 1213.
a) Whitten, J.P.; Matthews, D.P.; McCarthy, J.R. J. Org. Chem. 1986, 51, 1891, b) Matthews, D.P.; Whitten,
J.P.; McCarthy, J.R. J. Heterocyclic Chem. 1987, 24, 689,

8. Manoharan, T.S.; Brown, R. S. J. Org. Chem. 1988, §3, 1107.

9. van der Eijk, J.M.; Nolte, R.J.; Zwikker, JW. J. Org. Chem. 1980, 45, 547.
10. Unpublished results.

~N oo

11. Using a procedure described for the vinylation of perimidine: Kuznetsova, N.P.; Ermakova, T.G. Chem. Hetero-
cyclic Compounds 1986, 834,

12. Jeffrey, P.D., McCombie, S.W. J. Org. Chem. 1982, 47, 587.

13. Rubin, M.B. J. Chem. Edu. 1964, 41, 388.

14, tHNMR (D,0, 300 MHz) 6 1.42 (s, 3H), 1.63 (s, 3H), 4.26 (s, 1H), 4.30 (dd, J=4 & 10 Hz, 1H), 543 (d, J=4
Hz, 1H); 5.43 (d, J = 10 Hz, 1H); 7.3-7.4 (m, 2H), 7.6-7.7 (m, 2H) ppm; '3CMNR (D,0) 5 27.0, 30.9, 56.2, 63.8,
64.8, 65.9, 73.0, 116.0, 116.1, 124.1, 153.9, 175.6, 176.1 ppm; IR (KBr) 1599, 1744, 3404 cm-!.

{Received in USA 23 September 1983)



