
Pergamon 
Tetmhedron Vol. 50. No. 7. pp. 2071-2076, 1994 

Copyright @ 1994 Elsevier Science Ltd 
Printed in Great Britain. All righis reserved 

0040~4020,94 S6.OOtO.00 

0040-4020(93)EO195-L 

PYRROLOBENEOEAEEPINE RING CONSTRUCTION 

THROUGH METALATION AND ELECL’ROPHILIC SUBSTUWTION OF 

IV-(2HYDROXYM ETwLPHENYL)PYRROLE 

Manfred SCHLCSSER l and Ferenc FAIGL 

Institut de Chimie organique de l’Universite, 
Rue de la Barre 2, CH-1005 Lausanne, Switzerland 

Summary : N-(2-Hydroxymethylphenyl)pyrrole was found to be amenable to selective 
a-metalation. Trapping with a variety of electrophilic reagents afforded the expected 
products with moderate to high yields. Derivatives formed by treatment of the 
organometahic intermediate with aldehydes, ketones or carbon dioxide could be 
cychzed to give pyrrolobenzoxazepines. 

Like many other benzo annelated two-ring heterocycles [‘I, the ~,6Wpyrrolo[l,2-~][4,l]be nzoxawpine core (1) 

may be considered as a “pharmacophore”. Members of the isomeric family of 5iY,llWpyrrok@,lc][l,4]ben~oxa- 

zepines (2) exhibit antinociceptive (hence analgesic) and central nervous system depressive activity fl, 21. The 

structurally related imidazo[l$-a][l,4]benzodiazepin~ in particular Flumazenit (3), are competitive antagonists 

of the benzodiazepine (e.g., diazepam) receptor f3]. 

The standard preparation of the 4I-Z,6H-pyrrolo[1,2-u][4,l]benzoxazepine ring system is based on the acid 

catalyzed attachment of a reactive carbonyl compound, for example ethyl pyruvate, to the a-position of 

N-(hydroxymethylphenyl)pyrrole (4) followed by cychzation. The reported over-ah yields are poor (c 30%). 

H,C-E-COOCH3 

0 - 

{HeI 
4 

207 1 



2072 M. SCHLOSSER and F. FAIGL 

It should be possible to carry out such condensation reactions more efficiently and to eztend its scope to less 

electrophilic carbonyl components if the pyrrole precursor could be metalated at the a-po&ion. This would 

immensely and selectively inaease the nudeoph.ilicity of the a-carbon site. In a previous study *41 we have 

identified reaction conditions that allow to carry out a nearly quantitatiw a-monometalation of IV-phenylpyrrole. 

Crucia for the success was to avoid the accumulation of o,a&meta&ted species the formation of which is 

kinetically favored by the neighborii group a&stance @an&on state 5; for clarity, solvation and complexation 

beii neglected) of the C(a),Li bond generated in the tirst stage. This complication should be attenuated with N- 

(2-hydroxymethylpheayl)pyrrole as the substrate since the newly formed a-carbon,metal bond would probably 

become associated with the alcoholate moiety (forming the intramdecuiar “mixed aggregate” 6 or oggomers 

thereof; M = metal) and thus be kept away from the unsubstituted o&o pus&ion. 

The a-metalation could be brought about very smoothly indeed with butyUhium activated by potassium lert- 

butoxide I41 as the base. After 2 h of metalation at -75 “C, carboxylation and neutralization, 83% of the acid 8 

was isolated. On the other hand, with butyllithium activated by N,N,N’,N’-tetrantethykthylenediamine (TMEDA) 

indieth~ether(2AhatOOC)orinhenane(3hat65’C),2:1orireJpcdivehl,S:l1~~oftbeadd8and 

the lactone 7 were obtained, the fatter obviously resulting from metalation at the tncru position of the phenyl 

ring. 

OM - 
7 

p COOH 

OM - 
8 

The a-deprotonated intermediate could be also trapped with a variety of different electrophiles such as acetic 

anhydride (giving 54% of the oxoacetate 10) and aidchydes or ketones &iving, e.g., 52% of diol 11). The 

hydroxyacid 8 was cleanly converted into lactone 9 (76%) by treatment with p-toluenesulfonic acid in the 

presence of pyridine. The dehydration and cyclization of N-(2-hydr~ethylphettyl)-2(a-hydroxyalkyI)pyrroies 

was most conveniently accomplished by adding silica gel and toluene to these dioIs before heating the mixture 
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3 h to 65 “C. In this way, the pyrrolobenzoxazepina 12 (67%). 13 (34%), 14 (31%). 15 (37%) and 16 (60%) were 

prepared without requiring isolation of their diol precursors. The parent ring system, pyrrdo[l&7][4,1]- 

benxoxaxepine (R, R’ = H) has already been reported previously Is! 

Q-COO” 

o-- 1; OH 
8 

12: R=C,H,,R=H 
13: R = C,“,, R’. CH3 

14: R : COOCH3, R’ = CH, 

18: R = R’ = CH, 

II: R=R’=C,H, 18: R= R’=C,H, 

This reaction sequence was finally applied to an amino substituted derivative. fV-(Z-Hydroxymethylphenyl)pyrrole 

(4) was consecutively submitted to superbase metalation f6] (M = K or Li), metal exchange with magnesium 

dibromide, addition of N-acetonylpiperidiue and dehydration with silica gel. Pure, crystalfine Qmethyl4(N- 

piper;dylmethyl),~-pyrrol~l~~][4,1] (17) was obtained with a 48% over-all yield. 

. . 
1. &&&J&g 

See also a ret atcd article 141. 

SkuGng mute& were purchased from Phtka AC (Buchs), unless literature sources or details of the preparation 
are given. Bulylifhium and po&rssium te&uta&& were supplied by CheMetaU, Frankfur& and Hiils, Troisdorf. 
All commercial reagents were used without further purification. 

Air and moistwe send& wmpouds were stored ia S&l& tubes or Schlenk burettes. They were protected by 
and handled under an atmosphere of 99.995% pure nitrogen. 
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Unless otherwise stated, nuckar magnetic muwancc spectm of hydro8en-1 and carbon-l3 m&i were recorded of 
deuterochloroform solutions at 250 and 90.6 MHz, respectively. Chemii shifts refer to the signaI of 
tetramethyisikne (6 = 0 ppm). Coupling constants (J) are measured in Hz Abbreviations of coupling patternsz s 
(singlet), d (doublet), t (triplet), q (quadruplet), td (triplet of doublets) and m (multiplet). 

Mass speclm were obtained at a 70 eV ionization potentiaI. Whenever no molectdar peah was observed under 
standard conditions, chemical ionization (ki.“) in an ammonia atmosphere was applied. - EZkmentory analysts 
were performed by the laboratory of I. Beetz, D-96317 Rronach. 

2. 
. . . . . . 

M&&&on Wnh BwBv h’XN.h” Tm ’ _ 

At 0 “C, l-(Zhydroxymethylphenyl)pyrroIe i’i (4.3 &25 mol) was added to a solution of butyhithium (50 mmol) 
in hexane (30 mL) and diethyI ether (60 mL). ARer 24 h at 0 “C, the mixture was poured on an excess of freshIy 
crushed dry ice. The product was extracted with water (2 x 50 mL) and the organic Iayer was discarded. An 
ahquot of the aqueous phase was neutrahzed and treated with diazomethane. By comparison with authentic 
samples and an “internal standard” (tetradecane), gas chromatorpaphy (2 m, 10% Apiezon-L, 230 “C) revealed 
the presence of lactone 7 (36%) and of methyl 1-(2_hy&~ethylphenyl)-2Wrrylcarboxyla (60%), the ester 
derived from acid 8. The remainder of the aikaIhre phase was acidified to pH 1 and extra&d with diethyI ether 
(3 x 25 mL). The combined organic Iayers were evaporated and the residue was cry&dkd from hexane and 
recrystaked from ethyl acetate to yield the acid 8 (mp 119 - 120 ‘C, dec.i see Section 3.a). The combmed 
mother liquors were evaporated and the residue was repetitiveIy aystallized from isopropyl alcohol to get pure 
~~~l~,3&wbenwjiuun-l+ne (7) : mp 98 - 99 ‘c. - ‘H-NMR : 6 7.9 (1 H, m), 7.7 (2 H, m), 6.99 (2 H, 
t-like m, J - 2.1), 6.42 (2 H, t-I&e m, J - 2.1), 5.45 (2 H, s). - ‘3C-NMR : 6 170.2 (1 C, s), 138.0 (1 C, s), 136.2 
(1 C, s), 130.7 (1 C, d, J 165). 127.9 (1 C, s), 127.2 (1 C, dd, J 162, 7), 123.3 (1 C, d, J 170), 120.0 (2 C, d, 
J 185), 111.4 (2 C, d, / 172). 68.8 (1 C, t, 1154). - MS (ci.) : 200 (3076, M+ + l), 199 (10056, M+), 143 (42%). - 
Analysif : cak. for ClzHc,N02 (199.21) C 72.35, H 4.55; found C 72.22, H 4.91%. 

3. &&I&t ion With B 
. 

Bv Pa teti-M 

Precookd (-75 “C) tetrahydrofuran (0.10 L), potassium lert-butoxide (5.6 8, 50 mmol) and 1-(>hydroxymethyl- 
phenyl)pyrrole i’q (4.3 g, 25 mmol) were consecutively added to butyhithium (50 mmol) from which the original 
solvent (hexane) had before been stripped off. After 2 h of v$uous stirrii at -75 “c, the reaction mixture was 
treated with the electrophihc reagent. The product was isolated by extraction and purified by crystahiration. 

a) 1-(2-Hy~e~ph~~)p)lrolc-2auborgllk acid (8) : 831, mp 119 - 120 “C (dec.; recryst. from ethyl 
acetate). - ‘H-NMR (CD30D) : 6 7.59 (1 H, dq, I7.5,1.0), 7.44 (1 H, tdJ7.5,15), 7.32 (1 H, td, J 7.6,1.5), 7.14 
(1 H, dd, / 8.1, 15). 7.07 (1 H, dd, J 3.9, 1.8), 6.90 (1 H, dd, / 24, 1.8), 631 (1 H, dd, IS.4 2.5), 4.38 (1 H, d, J 
13.5). 420 (1 H, d, J 13.5). - MS (ci.) : 218 (4%, M+ + l), 217 (39%, M+), 172 (lOO%), 154 (59%). - Analysis : 
talc. for C,,H,,NO, (217.22) C 66.35, H 5.10; found C 66.14, H 5.21%. 

Treatment of acid 8 (10 mmol) in diethyl ether (20 mL) during 15 h at 25 “C withp-toluenesulfonyl chloride (10 
mmol) and pyridine (l5 mL) converted it to 4kI,6Kpyrrulo[l,2-u][4,11 ~pin4-one (9); mp 99 - 101 ‘C 
idec.; recryst. from ethyi acetate). - ‘H-NMR : 6 7.4 (6 II, m), 6.46 (1 H, dd, I3.5,26), 5.09 (2 H, s, broad). - 
3C-NMR : 6 1621 (1 C, s), l39.0 (1 C, I), 130.7 (1 C, dd, I 163,8), 129.8 (1 C, d, / 161), 128.3 (1 C, s), 126.8 

(1 C, dd,J 163,8), 125.3 (1 C, d,J 187). 124.7 (1 C, s), X22.2 (1 C, d,J l), 121.6 (1 C, dd,J 162,8), 1115 (1 C, 
d, J 171), 67.3 (1 C, td, I 149.5). - MS (ci.) : 201(6%, M+ + 2), 200 (33%, hf+ + l), 199 (63%, M+), 171(27%), 
143 (10056). ll5 (40%). - Analysis : talc. for Cr2H$I02 (199.21) C 72.35, H 4.55; found C 72.27, H 451%. 

b) l-(2-AcetoxymethyIphenyI)-2-aceb’I~yrrole (10) . * With acetic anhydride (4.7 mL, 5.1~ 50 mmol); 5496; mp 58 
- 59 “C (dec.; rccryst. from hexane). - H-NMR : 6 7.48 (1 H, dd, 17.7, 1.9). 7.44 (1 H, td, J 7.4, 1.4), 7.38 (1 H, 
td, 17.6, 1.9), 7.18 (1 H, dd, 17.3, 1.4), 7.07 (1 H, dd, J 3.9, 1.6), 6.87 (1 H, dd, 12.4, 1.5), 6.32 (1 H, dd, J 5.6, 
21), 4.78 (2 H, s), 2.39 (3 H, s), 200 (3 H, s). - MS (c.i.) : 258 (3%, M+ +l), 257 (lo%, M+), 197 (51%), l54 
(100%). - Analysis : talc for C,H,NO, (257.29) C 70.02, H 588, found C 69.85, H 5.81%. 
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c) l-(fQ~pharwt]-2-(o~-dt~~~ (11) : Wi kmmpkn- (4.6 & 25 mmol); 
52%; mp 160 - 262 T (k, recryst. from ethyl acetate). - H-NMR : 7.35 (1 H t4 I 7.7, L8), 7.2 (9 H m), 7.0 
(2H,m),a90(1H,t4/7.7,1.6),655(1~~128,1~~a35(1H,~~7~1~),6.12(1H,~~35,~), 
5.60 (1 H, da, J 3.5, l.8), 4.25 (2 H, d, IS.9), 3.82 (1 H, s, broad), 3.44 (1 H, symm. in, q-l&e). - MS (ci.) : 355 
(6%, M+), 260 (12%), 105 (100%). - Analysis : cak for Cz41-Iz1N02 (355.42) C 81.10, I-I 5%; found C 8134, H 
6.01%. 

In general, the products formed by reaction of the organometaUic intermediate with electrophiles were not 
isolated as such. AtIer neutraktion and extraction, the crude reaction mixtures were evaporated and 
redissolved in warm tolueue (0.10 L) to which silk gel (30 g) was added. After 3 h of stirring at 65 T, the 
suspension was evaporated to dryness and the resuhing powder was poured on top of a column tilled with fresh 
silica gel (70 g) and hexane. Elution with a 1 : 4 (v/v) mixture of ethyl acetate and hexane gave the cyclized 
product. 

d) 4-Phen~-4H,~-p~Io[l~~][4,l]buucoxazepine (12) : With benzaldehyde (2.5 mL, 27 g, 25 mmol); 67%; 
mp 70 - 71 “C (recryst. from hexane). - ‘H-NMR : 6 7.5 (5 H, m), 7.3 (4 H, m), 7.08 (1 H, dd, I2.8,1.7), 6.23 
{i H, td, J 3.2, 0.5), 5.69 (1 H, ddd, / 3.5, 1.4, 0.6). 5.47 (1 H, s), 4.69 (1 H, d, I llg), 4.67 (1 H, d, I 11.8). - 

C-NMR : 6 140.4 (1 C, s), 139.5 (1 C, s), 133.7 (1 C, s), 130.6 (1 C, d, I 164). 129.9 (1 C, s), 129.9 (1 C, d, 
I 162), 128.0 (2 C, d, I l59), 127.7 (1 C, d, J 160), 127.3 (1 C, d, I160), 1265 (2 C, dd, Il62,7), 121.1 (1 C, d, 
I X36), 120.8 (1 C, d, I 161), 110.9 (1 C, d, J 171), 109.2 (1 C, d, / l), 72.7 (1 C, d, / 144), 67.2 (1 C., td, I 145, 
5). - MS (c.i.) : 262 (36%, Mt +l), 261 (1001, M+), 232 (59%). - Analysis : talc. for C,sH,NO (261.32), 
C 82.73, H 5.79, found C 8287, H 5.80%. 

e) eMetnyl4pbenyl~,~-p~lo[l~~] [4,l]bs nzexazepinc (13) : Prior to the addition of acetophenone 
(29 mL, 3.0 g, 25 mmol), the organometahic intermediate was treated with magnesium dibromide etherate ia] 
(55 nuno]); 34%. mp 99 - 101 ‘C (recryst. from isopropyl alcohol). - ‘H-NMR : 6 7.21 (1 H, dd, 17.2, U), 6.9 
(9 H, m), 6.54 (1 H, dd, J 3.7, 1.8), 636 (1 H, dd, 135, 2.9), 4.67 (1 H, d, I l2.1), 463 (1 H, d, / X2.1), 1.78 
(3 H, s). - ‘3C-NMR : 147.8 (1 C, s), 140.6 (1 C, s), 135.2 (1 C, s), X31.1 (1 C, s), 1295 (1 C, dd, Il60,7), 129.2 
(1C,~116~9),127.1(2C,d~/159,7),1256(1C,d,/160),125.7(1C,d,/160),125.1(2C,dt,1159,7), 
121.7 (1 C, dt, I l85,8), l205 (1 C, dd, I 161,7), 110.8 (1 C, d, J 171). 108.6 (1 C, d, I l), 77.7 (1 C, s), 672 
(1 C, td,1145,5), 31.6 (1 C, q,J 129). - MS (ci.) : 276 (31%, M+ +l), 275 (282, M+), 260 (74%), 105 (RIO%), 
77 (31%). - Analysis: talc. for C1aHt,NO (27535) C 82.88, H 6a found C 82.65, H 633%. 

f) 4-Metaoxyearbon~-4-metbyl~,~-p~olo[lf-a][4,1]knso~pine (14) : With methyl pyruvate (26 mL, 
3.1 g, 30 mmol); 311, mp 94 - 95 ‘C (recryst. from isopropyl alcohol). - ‘H-NMR : 6 7.4 (4 H, m), 7.05 (1 H, dd, 
J 2.9, 1.7), 6.45 (1 
s), 1.81 (3 H, s). - 

I$ dd, I 3.6, 1.6), 637 (1 H, dd, I35,29), 4.65 (1 H, d, I l2.0), 4.49 (1 H, d, J l2.0), 3.22 (3 H, 
C-NMR : 174.6 (1 C, s), 140.0 (1 C, s), 131.6 (1 C, s) l30.6 (1 C, d,J 161), 131.1 (1 C, s), 

130.0 (1 C, dd, J 162, 8), 126.7 (1 C, dd, J 162, lo), 121.3 (1 C, d, I 164), 121.3 (1 C, d, I 194), 109.9 (1 C, d, 
I 170), 1093 $1 C, d, J 172). 75.7 (1 C, s), 67.0 (1 C, t, / 145), 522 (1 C, q,J 148), a.6 (1 C, q, / 131). - MS (ci.) : 
258 (38%, M + l), 257 (91, M+), 198 (100%). - Analysk talc. for C,H,NO, (25730) C 70.02 H 5.88; found 
C 71.03, H 6.02%. 

g) 4,4_Dimetn;vl_o[l~~][4~]benzoxazepine (15) : Prior to the addition of acetone (22 mL, 1.7 g, 
30 mmol), the organometallic intermediate was treated with maguesium dibromide etherate (55 mmol); 371, 
mp 86 - 87 “C (recryst. from isopropyl alcohol). - ‘H-NMR : 7.4 (2 H, m), 7.3 (1 H, m), 7.2 (1 H, m), 7.01 (1 H, 
t, J 23), 627 (2 H, symm. m), 4.47 (2 H, s), 1.37 (6 H, s). - 13C-NMR : 6 140.9 (1 C, s), X36.6 (1 C, s), l321(1 C, 
s), 129.6 (1 C, d, I 162) 129.5 (1 C, d, J 162). 1X.0 (1 C, d, J 163), l22.3 (1 C, dt, J 194,8), 129.4 (1 C, dd, J 160, 
8), 108.7 (1 C, d, I 170), 108.6 (1 C, d, I 170), 74.6 (1 C, s), 66.7 (1 C, td, I 142,4), 30.1(2 C, q, I l25). - MS (CA) 
: 214 (12%. Mt +l), 213 (36%, Aft), 198 (109%). - Analysis: talc. for C,H,NO (213.28) C 78.84, H 7.09; 
found C 79.28, H 7.17%. 

h) 4P-Diphen~~,~-p~lo[l~~l[4,l]buuoxap piue (16) : With beuzophenone (55 g, 30 mmol); m, mp 
152 - l54 ‘C (dec.; recryst. from ethyl acetate). - ‘H-NMR : 6 7.1 (15 H, m), 6.26 (1 H, t, J 3.2), 5.65 (1 H, dd, 
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135, la 493 (2 H, s), - uwMR : 6 145.4 (2 c, s), 140.8 (1 c, s) l35.4 (1 c, s), w9 (1 c r). 1295 (1 c, 4 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~11~(1~~171),1083(1c,~~1~),82s(1c,s),67.4(1c,~J1~,5).-Ms(ci):~(15%,N+ + 1),337 
(49%. M+), 260 (66%). 105 (100%). - Analyh cplc for SHtpO (337.42) C 85.43, H 5.6& found C 8527, H 
5.75%. 

i) 4-Methyl4(1-pi 
1-piperidylacetone 

~y0~,6QmM1~*114,11~ 
J (35 & 25 mmol), the or8anoiithium msgeesium- 

&crate (55 mmd); 48% mp SI - 58 ‘c (recryst. from bane). - ‘H-NMR : 6 7.4 (2 H, m), 731(1 H, d, broad, 
J 7.7). 73 (1 Y m), 699 (1 H, dd, I2.8,2.0), 6.29 (2 H, symm. m), 459 (1 H, d,3 l23), 4.42 (1 H, d, I l2.3), 2.13 
(4 H, symm. m), 1.90 (2 H, ddd, J l20,7.0,4.3), t.61(3 H, s)), 13 (6 H, m). - MS : 2% (1296, M+), 198 (48%). 
155 (81%), 98 (100%). - An+ : talc. for C,&NzO (2%.41) C 76.m, H 8.16; found C 76.91 H 8.17%. 

&knowl~ : The authors are indebted to the Sclweirerlsctm Ibtionalfonds zur Rrderung &w wirsenechft- 

lichen Forschung. Berne. for financial support (grant 20-29.638-90). 
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