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A NEW SYNTHETIC APPROACH TO THE BENZAZOLE RING SYSTEM.
SYNTHESIS AND ELECTROCYCLIC RING CLOSURE OF DIALKENYL AND ALKENYL-ARYL

SUBSTITUTED PYRROLES, IMIDAZOLES AND OXAZOLES1
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An efficient synthesis is described of the substituted azoles referred to in the title, which
are precursors of an equally successful new synthetic approach to indoles, benzimidazoles and
benzoxazoles.

Benzazoles are synthesized almost exclusively by formation of the azole ring on to a
benzene nucleus, either from a monosubstituted or an ortho-disubstituted benzene precursor.
For example, the well-known Fischer, Madelung, Reissert (and other) indole syntheses are based
on such principles.z’3 The same is true for benzimidazoles and benzoxazoles.3 Benzazole ring
systems, indoles in particular, often form the core of pharmaceutically, or otherwise,
important natural products.3

This letter presents a promising alternative to the classical methods of preparing
benzazoles. Scheme I outlines our new synthetic approach to indoles (1), Scheme II does the
same for benzimidazoles (13) and benzoxazoles (14). The yields compiled in the Tables show the

efficiency of the reactions involved.
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(a) t-BuOK, THF, —20°C, 1 h, to 3; (b) conditions a, followed by MeI, PTC (benzene, KOH,

TEBACL1) to 3; or conditions a, followed by t-BuOK, THF, AcCl, to 5; (¢) thermally: triglyme,
reflux (ca. 21600), 1 h (includes H shifts); or photochemically: cyclohexane with 3-5% EtOH,
room temp., 12 h (high pressure UV lamp, Hanau TQ 150, quartz filter); (d) DDQ, triglyme or

benzene, SOOC, 1h.
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TABLE I. Pyrroles 3, 4, 5, Dihydroindoles 6 and Indoles 7 Synthesized According to

Scheme I
compa® R RZ R° RY R RS Mp (°C) Yield (%) Prepared from
3a -(CH,))-  Ph H Ph H 208-209 9 1+2
4a -(CH,)y~ Ph H Ph Me 150-151 91 3a + MeI
5a -(CH,)y- Ph H Ph Ac 168-170 82  3a + AcCl
4p -(CH,),- Ph H MeO Me 81-83 90 1 + 2; Mel
Ae -(CH2)3— Ph H Ph Me 141-142 84 1 + 2; Mel
44 Me H Ph H Ph Me 136-137 90 1 + 2; Mel
Be -(CH,) = Ph H Me Me 109-110 87 1 + 2; Mel
ur -(CHy) o= Ph H Ph Me 164-165 82 1 + 2; Mel
4g ~(CHy)5=  ~(CH=CH),- Ph Me 156-157 84 1 + 2; Mel
Un -(CH,),- -CH=CH-S- 2-thienyl Me 108-110 94 1 + 2; Mel
M -(CHy,-  -CHsCH-0- Ph Me nl' 1.60593 1+ 2; Mel
ba -(CH,)y~ Ph H Ph H 251-254 94  3a, A
6b -(CH,)y~ Ph H Ph Me 168-170 96  la, A
be -(CHy)y=  Ph H Ph Me 148-151 92b de, A
6d  Me H Ph H Ph Me 75-79 87  Ad, A
Ta -(CH,)y-  Ph H Ph Me 177-178 93  4a, A or hv, DDQ; or 6b, DDQ
Tb _(CHZ)M Ph H Ph H 233-234 31 5a, A, DDQ, hydrolysis
Te =(CH,), Ph H MeO Me 156-157 86  4b, A, DDQ
74 -(CH=CH) ,~ Ph H Ph Me 238-239 98  6b + 2.2 equiv. DDQ
Te -(CHy),=  Ph H Ph Me 172-173 83  lec, A or hv, DDQ; or 6ec, DDQ
£ Me H Ph H Ph Me 164-165 90  4d, A, DDQ; or 6d, DDQ
I8 -(CH,) ;- Ph H Me Me 192-193 90  be, A, DDQ
Th -(CH,), 4 Ph H Ph Me 186-187 89  uf, A, DDQ
T4 -(CH,) = ~(CH=CH),~ Ph Me 148-149 76  u4g, hv, DDQ
73 -(CH,),~  -CH=CH-S-  2-thienyl Me 205-206 78  1n, hv, DDQ
Tk -(CHy)5-  -CH=CH-O-  Ph Me 207-209 73  4i, hv, DDQ

8 see Note 10.

b Mixture (ca. 1:1) of 6,7-dihydroindole 6d, and the 4,5-dihydroisomer.
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Benzazoles 7, 13 and lﬂ_are formed effectively by a thermal (or photochemical)
electrocyeclic ring closure of disubstituted azoles 3-5, 9 and 10, followed by dehydrogenation
(DDQ) . This benzazole synthesis involves the construction of a benzene ring on to a preformed
azole, which, in a way, is a reversal of the classical approach.u Surprisingly,
electrocyclizations as in Schemes I and II have not been realized pr‘eviously,5 plainly because
a good synthesis of the requisite precursors (gjé} 9, lg) was lacking. In this letter we also
offer an efficient method to synthesize these precursors.

Dialkenylpyrroles 3 were formed in one operation by a base-induced site- and
regiospecific cycloaddition of 1-tosylalk-1-enyl isocyanides6 to a,8-Y,5-unsaturated ketones
and esters 2 (Scheme I, Table I).7’8

isolated, to N-methyl derivatives (4) or N-acetyl derivatives (5), because N-protection is

In most cases, pyrroles i were converted, without being

necessary in the final dehydrogenation step.

The dialkenyl-precursors of benzoxazoles 10 and benzimidazoles g were obtained by an
analogous cycloaddition of l to a,B-unsaturated aldehydes §_(X = 0) or a,R-unsaturated imines
8 (X = N-R), respectively (Scheme II, Table II).8 In case of imines, the nitrogen of 8
(X = NR) was substituted with an electron-withdrawing substituent (R = p-nitrophenyl, tosyl)
to direct cycloaddition of 1 to the C,N double bond.9 The N-tosyl group is spontaneously
removed to give 122 (X = NH, 79%) during the process of electrocyclization and dehydrogenation

of 9 (X = N-tosyl).

SCHEME I1I
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R3:< B9 xowr B xewe R 13 XzNR (R see Table)
R “Tos 10 x-0 12x-0 14 x -0
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(e) t-BuOK, THF6 -78o to 20°¢C in 2 h, to 9; or chO , MeOH reflux, 2 h, to 10; (f) triglyme,
reflux (ca. 216°C), 1 h (includes H shifts); (g) DDB, triglyme or toluene, 110°C, 1h.
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All compounds listed in Tables I and II are new; the structures are supported by NMR data

and correct combustion analyses or exact mass determinations.

TABLE II. Imidazoles 9, Oxazoles 10, Dihydrobenzimidazole<ll, Benzimidazoles 13 and

Benzoxazole lﬂ Synthesized According to Scheme II

Compd® &' R X Yield (%) Mp (°¢) Prepared from
9a =(CHy) 5= p-O,NC H,N 70 143-145 1+8

9 -(Cﬂz)u— p—OeNC6HuN 70b 154-156 1+8

¢ -(CH,) - P=CHC¢H, SON 34 162-164 1+8

9d ~(CH,) - P-O,NC H, N 80 114-116 1+8

9°  -(CHy),- PhN 29¢ 115-116 e

10a —(CHZ)M_ 0 90 oil 1+8

10b -(CH,) g~ 0 9of 0il . 1+8

1 _(CHZ)H— p—OZNC6HuN 100 159-170 9b, A

13a -(CH,) )~ P-O NC H )N 70 202-204 9b, 4, DDQ
13b -(CH2)5— p—OzNC6HuN 67 194-196 9d, A, DDQ
13¢ -(CH,) - nH® 79 211-212 9c, A, DDQ
13d -(CH,) - PhN 78 ca. 159 e, hv

14 ~(CH, )~ 0 60 99-101 10b, 4, DDQ

2 gee Noted10. b See Note 9(a). e Compd. %e carries a PhC C- group at C-5 rather than
hCH=CH-. Yield not optimized. Prepared from 1 + phenylpropargylaldehy?e phenylimine.

Contaminated with ca. 25% of dehydrogenated material (13a) according to 'H NMR. g See text.
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