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Preparation of 4-benzylfuro[3.7--b]pyrrolcs is described iiiid thrir rr;lctions with sclcctcd dienophiles are 
discussed. Utilization of 4-acetylTuro[3.2-6]pyrroles for prcp:ir:ilion of 4-substi!uir.d derivatives of furo[3,2-6] 
pyrrole and the synthesis of clhyl 4 4 -  and 4-niirobenzyl)Turo[3.2-L]~~yrr~lc~S-~~~ir~oxyl~iics for fusing lo a 
1.4-diazepine sysleiii is presented. 

Addition and cyc1o;idditions of  l'uro[3,2-b]pyrrolc and its dcriviitivcs were already pub- 
lished' - 4 .  As found, substitucnts bound to this ring systclii iiillucnec the coursc of the 
above-mciitioiicd rcactions 1c;iding to products of Micllilcl addition ;it the pyrrole ring, 
or products of [4 + 21 cycloildditiolis i i t  I'uril1i or pyrrolc rings. The uIistilblc products of 
(4 + 21 additioii wcrc trausforiiicd iiito bciizo[b]furaiis or indolcs. 

This paper dcscribcs thc prcpiiriiti011 and rciiclions o f  4-bciizyl and 4-(2- or  4-nitro- 
bcnzy1)fu ro[ 3 ,241  1) y rro Ics . Et h y I 4-bcnz y l I'u ro [ 3,2-b]pyrrolc-5-ca rbox y 1i1 te (la) was 
obtiiiiicd by bclizyliitioIi of cthyl furo[3,2-b]pyrrolc-5-c;irbo~yIiite uiidcr conditions of 
phase-transfer c;\tiilysis. Hydrolysis oT the cstcr lo produced tlic corrcspoiiding acid lb, 
which d ~ ~ a r l ~ ~ y l i ~ t c d  to 4-bcilzylfuro[3,2-b]pyrrolc (Ic) illtcr~iiltivcly prcpircd fro111 4 - a ~ ~ t y l -  
furo[3,2-b]pyrrolc uiidcr conditions of ph;tsc-tr;insli.r cilt;ilySiS; 4-1iicthyIfuro[3,2-b] pyrrole 
( Id )  was foriiicd siii1iI;irly. 

We found that  thc rcilction course of 4-bciizyll'uro[3,2-b]l)yrroIcs with dicriophilcs 
(SchcIiie 1) W ~ S  iiifluciiccd by substituciits i1ttiichi.d 10 this SYSICI I I .  TINIS, 4-bc1~~1[3,2-b]- 
pyrrole rcactcd with diiiicthyl bu1yiicdio;itc in  iicctoliitrilc cxolhcriiiiiIly to give a [4 t 21 
cycloadditioii product i i t  the furii1i iiioicty of the I'uro[3,2-b]pyrrolc system. The structu- 
re of diiiicthyl l - b c 1 i ~ ~ l - 6 - h y d r ~ ~ ~ i n d o l c - 4 , 5 - d i ~ i 1 r b 0 ~ y I i 1 t ~  ( I l t t )  WiiS dcduccd from the 
'H NMR spcctrii. Ethyl 4-bc1izylTuro[3,2-0]pyrroli.-5-ciir~~oxyl;1tc ( l i t )  rcilctcd uiidcr the 
same coiiditioiis ;it the rcllux tcnipcraturc of llic solvcnt oiily. The resulting [4 t 21 
cycloaddition product - cthyl 4,5-di1iicthyl-l-bc1izyl-G-hydroxyi1idolc-2,4,5-tricarbo- 
xyliite (Ilb) - wiis obtiiilicd iiftcr 80 11 0 1  rcilcti1ig. The lowered rciiclion iibility of the 
compound is associiitcd with thc electron-aeccpling cffcct of tlic ct11oxyc;irboiiyl group, 
which IOWCIS the diciic chilriictcr of [lie luro[3,2-b]pyrrolc systciii. 
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Regioselcctivity of the reaction involving a n  itsyIiiliictric dicnophile was investigated 
with l a  and ethyl propynoate. The crude reaction product, obtaiiicd by a 25 h reflux i n  
acetonitrile, was an;ilyscd by ‘H NMR spectroscopy showing this coiiipouiid to be ethyl 
1-be1izyl-6-hydroxyi1idole-5-carboxyl;ltc (IIc). F o r m t i o n  of this rcgioisonier was 
evidenced by the coupling constant 5(5,7) = 2.2 Hz. This v;ilue is i n  accordance with 
t ha t  published in  The lowered dicnophilic character of ethyl propynoate (the 
increased energetic level of LUMO) can be the reason why the reaction with ethyl 
4-benzylfuro[3,2-b]pyrrole-5-carboxylntc ( I t i )  did not tit ke phce. 

Preparation of ethyl 4-(2- a n d  4-1iitrobcnzyI)fur0[3,2-b]pyrrole-5-carboxylates 111 
was not succeeded under the given conditiowj for It i .  satisfying yiclds of compounds 
IIIu - I I I l  afforded the utilization of sod iu 111 cit rbona te a n d  tc t rabu t yla ninioniu1ii bromi- 
de under  conditions of ii ph;isc-tr;tnsfcr c;ititlysis. Reduction of I I I f  furnished the 
corresponding aiiiiiio derivative IIIg,  which, oil condcnsiilive cyclization in  the 
presence of 2-hyd roxypyrid i ne y i c ldcd 2-phc n y  I f u  ro[ 2’,3’:4,5]pyrrolc[ 2,l  -c ] -  
bcnzo[ 1,4]diazcpin-ll-one (W). Compound IV is a n  isoclcctronic an:ilogue of indo- 
Ic[2,1-c][1,4]benzodi~i~c~~i1ics~ exhibiting, like furo[3,2-b]i1ido~es~, antiallergic 
properties. 

Structure of coiiipounds preparcd (T;ible I) was provcd by IR, UV (Table 11) and ‘H 
NMR spectra. The 13C NMR and riiitss spectra were taken with compounds Id and IIIb, 
respective I y . 

EXPERIMENTAL 

Infrared spectra of compounds Ila - IIc were measured in  chloroform, the remaining substances were 
measured by a KBr technique (0.5 - 1.0 mg per 300 m g  KBr) with a Specord 71 1R (Zeiss, Jena) appa- 
ratus. The W spectra of mcthanolic solutions mot I-’) were taken with a Specord UV VIS (Zeiss, 
Jena) at room temperature. The ‘14 NMR spectra (6, ppm) of IIIc, Illd, l l l g  in hexadeuterioacetone and the 
others i n  hexadeutoriodimrthyl sulfoxide, tetranietliylsilane and hexamethyldisiloxane being the respective 
internal references, were recorded with a Tesla BS 457 C (SO MIlz) spectromcter. The I3C NMR spectrum 
of Id i n  dcuteriochloroform was run with a Bruker AM-300 instrument operating at 75.43 MHz. The mass 
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TABLE I 
Characteristic data for compounds I u  - I d ,  Ilu - I I c .  I I I a  - I l l /  

C;llcul:llcd/Toulld 
Com- Fo rni uln M. p., 'C 

(Yield, 9%) pound (M.  w.) 
% N  % C  % I I  

l a  

I b  

I C U  

Id 

I Ia  

II b 

II C 

I l Ia 

I I Ib 

I I I C  

I I ld  

IIIr 

Ill/ 

I I Ig 

IV 

71.36 
71.61 

69.70 
69.62 

79.17 
79.21 

60.43 
69.19 

67.25 
67.35 

64.33 
64.42 

73.20 
73.10 

61.14 
60.31 

61.14 
61.15 

62.21 
67.31 

62.21 
62.33 

67.71 
67.53 

67.71 
67.33 

73.3' 
73.42 

76.44 
76.41 

5.61 
5.5 I 

4.60 
4.65 

5.62 
5.82 

5.78 
5.90 

5.05 
5.18 

5.15 
5.28 

5.80 
5.05 

4.49 
4.so 

4.49 
4.44 

4.SY 
4.s9 

4.SY 
4.95 

4.62 
4.73 

4.6, 
4.70 

5.59 
5.61 

4.45 
4.49 

5.20 
5.53 

5.81 
5.95 

7.10 
7.11 

11.57 
11.60 

4.13 
4.35 

3.41 
3.62 

4.74 
4.58 

8.91 
9.15 

8.91 
9.11 

8.54 
8.69 

8.54 
8.61 

7.18 
7.3 1 

7.18 
7.26 

7.77 
7.73 

8.9 I 
8.81 

Yield 44 5% by melliod 0; b.p. 83 'C/2 kPa. 
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spectrum of lllb was mcasurcd with an MS 902 S (MI, Manchcsier) spcctromcicr a1 70 eV ionizing ion 
energy, 100 ~ I A  trap current and 100 'C ion-source tcnipcr~iturc. 

The starting compounds wcrc syntlicsizcd as follows: rthyl furo[3,2-b]pyrrole-5-carboxylate according 
to ref.', ethyl 2-methylfur0[3,2-b]pyrrole-5-carboxyl;itc according to ref.8, ethyl 2-plicnylfuro[3,2-b]pyrro- 
le-S-carboxylate according to rcf?, 4-acctylfuro[3,2-b]pyrrolc according to ref." and Curo[3,2-b] pyrrole 
according to ref.". 

Ethyl 4-Benzylfuro[3,2-b]pyrrolc-5-car~xyl;l1e ( l a )  

Sodium hydroxide (5096, 90 ml) and bcnzyl chloridc (1.75 nil, 21 niniol) were added to a stirred solution 
o f  ethyl furo[3,2-b]pyrrolc-5-carboxyl;1tc (3 g, 17 niniol) in bcnzcnc (300 nil), Finally, tricthylbcnzyl- 
ammonium bromide (1.2 g) was added and the mixture was kept slirrcd at  60 ' C  for 4 h. The cooled orga- 
nic layer was separated, tl ic aqueous one was llirre limes cxiracied wil l i  bcn~rnr.  the collcctcd bcnzcne 
laycrs were washcd with water and dried with sodium sulfale. 'l'lie product was cryst;illizcd after benzene 
had been distilled orf under rcduced prrssurc. '11 NMIL: 1.30 I, 3 II (CIIJ; 4.01 q, 2 II (0CII2); 5.67 s, 

(H-2, 5(2,3) = 2.2).  
2 H (CHlCbH5); 6.48 dd, 1 I 1  (11-3, 5(3,6) = 0.8); 6.85 d,  I I I  (11-6); 7.21 b ~ ,  5 I I  (II,,,,,,); 7.60 dd, I H 

TABLE I1 
IR and UV spectra of  conipounds la - Ic, Ila - Ilc, Illa - lllf 

Com- 
pound 

v(C=O) v(C=C) 

l a  

I b  

IC 

Ila 

Ilc 

Illa 

Illb 

lllc 

l l ld  

lllr 

111 f 

1 700 1 560 

1 675 I 570 
- 1 550 

1 732 1 620 
1 674 

1 730 1 620 
1 722 
1 670 
1 705 1 620 

1 695 1 610 1 3.50 1 610 

I 690 1 610 1 347 1 610 

1 678 1 610 1 348 I 610 

1 688 1 612 1 358 1 612 

1 695 1 605 1 343 1 605 

1 691 1 605 1 346 1 605 

300.1 (3.41) 268.7 (2.98) 

294.1 (3.43) 276.5 (3.10) 

251.8 (3.10) 2CKl.1 (3.08) 

349.6 (2.68) 3033 (2.79) 247.8 (3.52) 

350.6 (3.05) 269.1 (3.39) 246.9 (3.30) 

345.8 (2.86) 311.5 (2.76) 229.4 (3.38) 

293.4 (3.50) 267.0 (3.28) 

205.5 (3.51) 265.3 (3.21) 

301.5 (3.56) 269.5 (3.29) 

306.4 (3.5.5) 262.1 (3.19) 

354.1 (3.62) 337.4 (3.61) 277.5 (3.13) 

351.6 (3.68) 335.1 (3.73) 268.1 (3.04) 
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4-Benzylfuro[3,2-b]pyrrole-5-carboxylic Acid ( Ib)  

Sodium hydroxide (5%, 35 nil) was added to a solution of ethyl 4-ben~ylluro[3,2-6]pyrrole-5-carboxylate 
(2.6 g, 10 mmol) i n  ethanol (100 nil). l'hc niixture was rcl'luxed for 2 h, conccntriited and diluted with hot 
50% ethanol. The hot solution was acidified with 17% hydrochloric acid to a weakly acidic reaction, 
poured on ice, the precipitate was filtered off and washed with water. The product was crystallized from 
e thanokthyl  acetate 1 : 1. '11 NMI1: 5.61 s, 5 I I  (C1I2C',IIs); 6.60 dd, 1 I I  (11-3, J(3,6) = 0.8); 6.83 d, 
1 H (11-6); 7.16 bs, 5 I I  (Ilaro,,,); 7.70 d, 1 El (11-2, J(2,3) = 2.2). 

4-Benzylfuro[3,2-b]pyrrole ( Ic)  

Method A.  A mixture of acid Ib  (3.4 g, 14 mniol) and copper chromite (0.98 g) in quinoline (28.8 ml) 
was stirred under nitrogcn at 150 'C t i l l  the cvolulion of carbon dioxide ceased (about 4 h, monitored by 
introducing the reaction gases into lime milk). The niixture was then cooled to 0 'C and poured into ether 
(400 ml). The ethereal solution was first washed with 0.1~ hydrochloric acid t i l l  a11 quinoline was remo- 
ved and then with water to neutral reaction. Benzene was distillcd off after being dried with sodium sulfate 
and the product was crystallizcd from hcxane. 

Mr/hod B .  4-Acetylfuro[3,1-b]pyrrole (7 g, 50 mniol) i n  benzene (270 nil) was added to 50% NaOH 
(150 nil). Bcnzyl chloride (6.4 g, 51 mniol) and trictl1ylbcnryl;ininioniuni bromide (2.3 g) were added to 
the well stirred mixture, which was heated to 60 '(' for 6 h .  l'hc organic layer wiis separated after cooling 
and the aqueous one extractcd with benzene (3 x 100 nil). r l l ~ c  conlbined organic layers wcre worked up 
and the product was crystallizcd from hexane. 'I1 N M I t  speclruiii: 5.12 s, 2 I I  (CI12C,IIs); 6.04 dd, 1 H 
(H-6); 6.45 dd, 1 kI (H-3, J(3,6) = 0.8); 6.91 dd. I [ I  (11-5, J ( 5 , 6 )  = 3.0); 7.23 b ~ ,  5 I 1  (llu,o,lJ; 7.43 dd, 
1 H (I{-2, J(2,3) = 2.2, J ( 2 , 5 )  = 1.2). 

4-Methylfuro[3,2-b]pyrrole (Id)  was obt;~incd i n  :In .iii:ilogoub way eniploing nicthyl iodide instead of 
benzyl chloride. ' 11  NMR spectrum: 3.56 s, 3 I I  (C'l13); 6.03 dd, 1 I I  (11-6); 6.3Y dd, 1 I I  (11-3. J(3.6) = 
0.8); 6.53 dd, I 11 (li-5, J(5.6) = 3.0); 7.31 dd, 1 I I  (11-1, J(1.3) = 2.2, J ( 2 . 5 )  = 1.2). "C NMR: 144.1 
(C-2); 98.16 (C-3); 126.38 (C-3;i); 123.90 (C-5); 90.69 (C-6); 144.90 (C-3ii); 34.86 (Cl13), 'J(C-2,H-2) = 
202.2, 'J(C-2.11-3) = 10.5, 'J(C-3,II-3) = 177.4, 'J(C-3.11-2) 13.7, 'J(c'-5.11-5) = 184.0, 'J(C-5,H-6) = 
7.6, 'J(C-6,11-6) = 175.9, *J(C-6,11-5) = 8.5, ?I(C-S,CII~N) = 3.6. 

Diniethyl l-Benzyl-6-hydroxyindole-4,5-dicarboxylate ( / / t i )  

Methyl butynedioate (2.41 g, 17 niniol) was added to 4-bcnzylluro[3,2-6]pyrrole (3 g, 15 niniol) in  aceto- 
nitrile (10 ml). After the exothermal reaction the solvent wiis distilled off and the product was crystallized 
from methanol. 'I4 NMR spcclruni: 3.75 s, 3 I I  (Cl13); 3.85 s, 3 I I  (OCl13); 5.37 s. 2 H (C1l2C,,Hs); 6.69 dd, 
1 H (11-3,J(3.7) = 0.7); 6.98 - 7.41 m, 5 I I  (l~,,,,,); 7.06 dd, I I I  (11-7); 7.51 d, 1 I I  (El-2); 9.80 s, 1 H (OH). 

Ethyl 4,5-Diniethyl-l-benzyl-6-hydroxyindole-2,4,5-tricar~~oxyl~ite (Ilb) 

This compound was prepared analogously as Ilri  startilip from ethyl 4-ben~ylluro[3,2-b]pyrrole-5-carbo- 
xylate and dimethyl butynedioatc, 80 h reaction time aiid rrflux temper;iture of the solvent. '11 NMR 
spectrum: 3.75 s, 3 II (OCll3); 3.86 s, 3 11 (OCl13); 5.77 s, 2 I I  (Cll2C'JIs); 6.90 - 7.40 m, 5 H (Haf0,,,); 

Ethyl l-benzyl-6-hydroxyindole-4-carboxylate (I lc)  wiis obtained by the same procedure employing 
ethyl propynoate and 25 h reaction time at rcflux tenlpcr.lture. 'I1 NMR spectrum: 1.30 t ,  3 H (CH,); 
4.02 q, 2 H (OCI 13; 5.37 s, 2 I I (CI ~~C,HS); 6.86 dd. 1 I I ( I  1-3,5(3,7) = 0.7); 7.03 dd, 1 I I (I 1-7); 7.03 - 7.22 m, 

7.12 d, 1 H (11-7); 7.55 d, 1 H (11-3). 

5 H (Ha,,,,); 7.37 d, 1 H (14-5, J(5,7) = 2.2); 7.46 d, 1 I 1  (11-2, J(2,3) = 3.2); 9.37 S, 1 I 1  (011). 
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Ethyl 2-R-4-(4-Ni trobenzyl)furo~3,2-b]pyrrole-5-ciirboxyl;ites Illo, Illc, Illr 

Na2C03 (3296, 350 ml) and 4-nitrobenzyl brotnidc (3.9 g. 18 nimol) were added to the rcspective ethyl 
2-R-furo[3,2-b]pyrrole-5-carboxylate (17 mniol) i n  bcnzcne (300 ml) with vigorous stirring. After addition 
of tetrabutylanimonium bromide (1.2 g) the stirred mixture was heated to 60 'C for 7 h, cooled and the 
organic layer was separated. The aqueous layer was extracted three timcs with benzene, the combined 
benzene solutions were washed with water, dried with sodium su l t te ,  the solvent was distilled off under 
diminished pressure and the product was crystallized from ethanol. 

Ethyl 2-R-4-(2-nitrophenyI)furo[3,2~]pyrrole-5-carboxyliit~s IIIb, IIld, lllf were synthesized using 2-nitro- 
benzyl chloride (3.1 g, 18 mniol) and 16 h reaction time. ' 11  NMR spectra of compounds llla - I I l f  are 
listed in  Table 111. Mass spectrum of Illb, mlz (%): 314 (88), 284 (9), 269 (6), 241 (42), 225 (18) 213 
(54), 195 (18), 179 (45), 157 (I?),  151 (27), 133 (100), I22 (40), 119 (39). 115 (IS), 106 (35), 92 (24), 89 
(l8), 78 (67), 65 (24). 63 (IS), 51 (20). 44 (36), 28 (61). 

Ethyl 2-Phcnyl-4-(2-aniinobenzyl)furo(3,2-b]pyrrole-5-ciirboxylate ( l l l g )  

Palladium on charcoal (10% 0.15 g) was added to methanolir solution of Ill/ (2.34 g, 60 mmol, 30 ml). 
The stirred mixture was hydrogenated at 350 kPa and 45 'C t i l l  consumption of hydrogen ceased. The 
catalyst was filtered olf, the solvent was removed in  vacuo and the product was crystallized from ethanol. 
'H NMR spectrum: 1.30 t, 3 II  (CH,); 4.01 (1, 2 11 (OCIIz); 5.61 s, 2 I 1  (CIl2C6H5): 6.59 d, 1 H (H-3, 
5(3,6) = 0.88); 6.90 d, 1 11. (11.6); 7.62 - 7.69 ni, 9 I I  (Ilurola); 7.75 s. 2 I I  (NII?). 

TABLE 111 
H NMR spectra (6, ppm) of compounds 111 1 

Com- 
pound 

R 11-3 t i 4  CI I? J ,  Hz 

Ill0 7.69 d 6.78 dd 

lllb 1.77 d 6.69 dd 

lllc 2.40 s 6.30 d 

IIld 2.41 s 6.28 d 

lllc 7.32 - 7.79 ni 6.93 d 

111f 7.25 - 7.72 m 6.89 d 

6.91 d 

6.92 d 

6.83 d 

6.93 d 

7.27 d 

6.98 d 

5.84 s 7.36 d 
8.16 d 

5.94 s 6.32 - 6.44 111 
7.43 - 7.58 m 
8.03 - 8.15 ni 

5.81 s 7.38 d 
8.17 d 

6.40 - 6.61 m 
7.47 - 7.62 ni 

8.07 - 8.10 ni 

6.00 s 

5.75 s 7.36 d 
8.13 d 

6.55 - 6.71 ni 

7.40 - 7.57 m 
7.97 - 8.10 ni 

5.94 s 

5(?,3) = 2.2 5(fLrm) = 9 

J(2,3) = 2 

416) = 0.9 

5(3,6) = 0.8 
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2-PIicnylfuro[2’,3’:4,5]pyrrolo[2,1 -c][ 1,4]bcnzodi;izcpi 11-1 I-one ( I v )  

2-llydroxypyridine (2.5 g, 20 niniol) was added l o  compound lIIg (1.8 g, 5 niniol) i n  xylcnc (10 ml). The 
mixture was rcfluxed lor 70 h,  cooled and the prccipilalc wiis crystiillizcd lroni Jimc~liylformamide. ‘11 
NMR spectrum: 5.31 s, 2 I 1  (Cl12); 6.82 s, 1 I I  (=C‘II);  7.39 - 7.73 m, 7 I 1  (Ilaro,,,); 10.22 s, 1 I 1  (NH). 
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