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Preparation or ethyl 2-(4-tolyll-4H-furo[3,2-bJpyrrole-S-carboxylate, alkylation and hydrolysis 
of ethyl 2-phcnyl- and 2-(tolyllfuro[3 ,2-bJpyrrole-S-carboxylate a re described. Also the synthesis 
of 2-phenyl- and 2-(4-tolyll-4H-furo[3,2-bJpyrroles and their N-methylated derivatives is presented. 

As a continuation of our preceding investigation l
-

4 ethyl 2-azido-3-[S-(4-tolyl)-2-fu
ryl]acrylate (I) was prepared from S-(4-toJyl)-2-furaldehyde and ethyl azido acetate 
in the presence of sodium ethoxide; I undergoes thermolysis to yield ethyl 2-(4-tolyl)
-4H-furo[3,2-b ]pyrrole-S-carboxylate, as shown in Scheme 1. 

SCHEME 1 

RI -f}-CH = O 
o 

/I 

Some reactions of compound I I , similarly as those of ethyl 2-phenyl-4H-furo[3,2-b] 
pyrrole-S-carboxylate, the preparation of which has already been published 1, were 
examined and derivatives of furo[3 ,2-b ]pyrrole III - X IV were prepared. 

Compounds III and IV were synthesized by a phase-transfer catalysisS
-

7 from II 
and ethyl 2-phenyl-4H-furo [3,2-b ]pyrrole-S-carboxylate and methyl iodide in the 
presence of triethylbenzylammonium bromide. Although the ethoxycarbonyl group 
undergoes hydrolysis during the reaction , it is still more advantageous for the shorter 
reaction time and more convenient reaction medium than the alkylation via N-alkali 
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metal salts. 4-(2-Cya noethyl) derivatives Va nd V1 were obtained similarly but with 
the difference that the reac tio n does no t proceed in a two-p hase system ; the catalyst 
in this particular reaction wa s triethylbe ll zy lalllill o nium hyd roxide, and pyridine 

R ~ 

I 
I ,;~J(~ 

R ~\ I I -- R .; 
0 -' /" 

Rt R l R} RI H.2 R3 

I1f 4-CH 3 - - C6 H4 C H 3 COOC 2 1-1 , f X 4-C H 3-- C61-14 C I-I .l COO 1-1 
IV C6 1-1s CI-I 3 COOC 2 H S X C.., H s C H J COO l-I 
V 4-CH.1 --- C6 H 4 (C H Z)2CN COOCz H s Xf 4-C H J CoH 4 H H 
VI C6 H S (CHz)zCN COOC1 I-I S XII C6 1-1 s I-! H 
VII 4-C H J --C6 1-!4 H COOl-! XIII 4-CI-!J- Cul-l s CI-! 3 H 
VIII C6 H S H COO l-! XIV cu H s C I-I J H 

solvent. Carboxylic acids Vll-X were prepared by an alkaline hydrolysis of the COf

responding esters, compound s X / - X / V by decarboxylation of VlI - X in quinoline 
in the presence of copper chromite barium promoted. Thi s reacti on affords only low 
yields of the desired products, what might be due to a low stability of the furo[3 ,2-bJ
pyrrole system. Thi s system has been found more stable when a benze ne ring was 
fused in positions C(2) and C( JI' as backed by higher yields (c. 45%) obtained by de
carboxylation of benzo[b ]furo[3,2-b ]pyrrole-2-carbox ylic acid . The methyl group in 
position 4 causes lowering of yie ld s. 

The IR spectra of XI -XIV reveal characteristic band s v(C = C)arom at about 
I 600 cm - I. These bands of acids and esters are overlapped by substantially more 
intense bands of the C = O group. The wave number Ya s(N J ) at 2100 cm - I is indicati
ve of compound I. The effect of su bstituent s attached at position s 2 and 4 of the furo
pyrrole system is manifested o n the C= O band positi on. Band s associated with the 
v(OH) of the carboxylic acids were substituted in the 3 150- 2640 cm - I region. Wave 
numbers of C- O bonds of esters are observed at 1 J 20-1 250 cm - I

. All esters have 
two bands in this region : that at higher wave number is more intense. 

The UV spectra of all these systems di splay an intense absorption band (log e 4'6) 
at 320-337 nm and a series of weaker ones (log e = 3'7-4'1) at 200-300 nm. 
Spectra of carboxylic acids and esters thereof I I - X have a less intense band corres
ponding to the 11 ~ n* transition of lone electron pairs of the nonbonding n-orbitals 
of the carboxyl or ethoxycarbonyl groups of the oxygen atom. The high ) ' max value 
of the most intense band (when compared with that of fura n, pyrrole) is indicative 
of the condensed furo[3 ,2-b ]pyrrole system. Compounds XI - XIV with no substi
tution at C (s) show the most intensive band a t ~ 320 nm, the remaining ones, due to 
the coupling of C= O group into conjugation , at c. 335 nm. 
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The properties of the substituent at C (5) were reflected at the chemical shift of 
C(6)- H. Due to the ethoxycarbonyl group, thi s signal was downfield shifted. Com
parison of chemical shifts of protons in compounds XI and Xl I I , X II and X l V shows 
that methylation to position 4 changes the multiplicity of C(6)-H proton signal from 
a multiplet to a doublet-doublet and that of C(5)- H from the doublet-doublet to 
a doublet, this being the proof for structure assigment to XII and XlV. The 1 H NMR 
spectra of all substances have signals of aromatic protons, and those of compounds 
possessing an ethoxycarbonyl grouping, also signals of O- CH2- CH 3 protons. 

EXPEIUMENTAL 

Ethyl 2-Azido-3-[5-(4-tolyl)-2-fllryl)] Acrylate (I) 

A so lution of 5-(4-tolyl)-2-fura ldehyde (3'7 g, 20 mmol) and ethyl azido acetate (10'3 g, 80 mmol) 
were added to sodium metal (1·84 g, 80 mmol) dissolved in ethanol (60 mI). The mixture was 
stirred at 10°C for 1 h, then ammonium chloride (4 g) in water (20 ml) was added and after 10 min 
the solution was poured into cold water (400 ml). The separated precipitate I was filtered off giving 
3'5 g (60~{,) of I , m.p. 97°C (ethanol). For CI6HISN303 (297'3) ca lcu lated: 64'63% C, 5'08% H, 
14'13% N; found: 64'58% C, 5'02% H, 14'23% N. IR spectrum (I', CHCI 3, cm- t ): 1 692 (C= O), 
I 598 (C = C), 2 100 (N3). UV spectrum VOlax ' nm, log 0): 378 (4'57), 268 (3'92).1 H NMR spect
rum (hexadeuteriodimethyl sulfoxide, 0, ppm): 6·89 (1 H, d, CA-H), 7'14 (l H, d, C(3)- H), 
6·69 (I H, d, C(4)- H), 4'33 (2 H , q, - CH2), 1·37 (3 H , t , CH 3 ), 2·23 (3 H, s, CH3), 2·23 (3 H, 
s, CH 3), 7'57, 7·17 (4 H, d, Harom.l J 3 •4 = 3·2 Hz. J.l. A = 0·6 Hz. 

Et hyl 2-(4-Tolyl)-4H-furo[3,2-b ]pyrrole-5-ca rboxylate (II) 

Ester I (l g) in toluene (l00 ml) was heated with st irring for 10 min. The solvent was distilled off 
under reduced pressure giving II (0'84 g, 93%), m.p. 170-171°C (benzene). For C I6HISN03 
(269,3) calculated: 71 '35% C, 5'61 % H, 5'20% N; found: 71'25% C, 5'58% H, 5'52% N . lR spect
rum (I', KBr, cm- I): 1 695 (C= O), 3460 (N- H). UV spectrum U rnax ' nm , log 0): 342 (4'79), 
233 (3,84). 1 H NMR spectrum (hexadeuteriodimethyl sulfoxide); 6·80 (I H , dd, C(6)- H); 6·62 
(I H, d, C(3)-H);4'37(2H, q, --·O- CH 2 ); 1·38 (3 H, t, CH 3); 2·23 (3 H, S, CH3); 7,61 - 7'18 
(4 H. d , Harom ) ' J 3 .6 = 0'8, J4 •6 = 1'6. 

Ethyl 2-(4-Tolyl)-4-methylfuro[3,2-b ]pyrrole-5-carboxylate (II I) 

A solution of sodium hydroxide (50%, 30 ml), methyl iodide (1'56 g, II mmol) and triethylbenzyl
ammo nium chloride (0'4 g) were added to a stirred solution of ester II (2'69 g, 10 mmol) in benzene 
(100 ml). The temperature was then raised to 65°C and the mixture stirred for 4 h, cooled, diluted 
with water and the organic layer separated. The aqueous layer was extracted with ether and com
bined with the benzene solution, dried with sodium sulfate and the solvent removed. Yield 1·98 g 
(70%), m.p . 159°C (methanol). For CI7HI7N03 (283'3) calculated: 73 '06% C, 6'04% H, 4'94% N; 
found: 72'10% C, 6'14% H, 5'03% N.IR spectrum (v, KBr, cm - I ): 1654 (c=O). UV spectrum 
U rnax , nm, log 0): 340 (4 '79),233 (3'84). IH NMR spectrum (CDCI 3): 6·58 tl H, d, C(3)- H); 
6' 78 (1 H, d, C(6)-H); 3·85 (3 H, s, CH 3); 2·37 (3 H, s, CH3); 4·31 (2 H , q, - OCH2 ) ; 1·37 (3 H, 
t , CH3); 7'61,7' 18 (4 H, d, Harom), J 3 ,6 = 0·8. 
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Elhyl 2-pheny l-4-lI1elhy l!u/,o [3,2-b)l'yrrvle-5- c(1/,!> (> xylarl' (I V) was obt a ined in an a nalogo us way_ 
Yield 1·45 g ( 54~· ;' ) , m.p . H ' C (methanol) . For Cl(, I-I "NO-, (2 69'3 ) calc ulated: 71 ' 35 ~ :' C. 
5'61 /~ H: 5'20% N: found: 71'19°'~ C, 5-42° ~ H . 4·97 "" N. lR spect rum (I '. KBr, ern - I) : 1 654 
(C= O). UV spectrum Um". nm, log c): 333 (4 74): 279 (4·2-<). 11-1 NM R speclrum (C DCI) : 
6'60 (I H , d, C(3)- H) ; 6·78 (I H _ d. C( 6) --H): 395 (3 H. s. N C H , ): 4· 31 (2 H . q . ° - C I-I 3); 
1· 37 (3 1-1 , t , CI-I 3); 7,20 - 7,80 (5 1-1 , 111. H,,,,, ,,,.), 1:\,6 O S. 

Ethyl 2-(4-Tolyl)-4-(2-cyanocthyl)furo[3 ,2-b]pyrro le-5-carboxyl:tte ( V) 

Acrylonitri le (1'5 g, 30 111 III 0 I) i1 nd tr iethylbcnzylall1l11onium hydro xide (0' 5 mlllo l) were added 
to es ter /I (I g, 3·7 111 mol) in pyrid ine (101111) and heat ed to bo iling temperature for 25 min . 
The mixture was cooled and the solvent rel110ved ill l'OCIlII. Yie ld 0·9 g (76" ,,) , m .p. 147- 148"C 
(ethano l). For C 19H1 SN20J (320-4) calc ulated: 7 1 ' 22~~ C, 5 ' (,(' ''~ H , 8 ' 74 ~ :' N ; found: 71 '24~':' C, 
5' 62~;'; H, 8'7 1% N, I R spectrum (I' , KBr. CI11 -

I ): 2240 (C N), I M9 (C cO). UV spectrull1 
(i.",,,x ' nm , log c): 337 (4'58), 205 (.1'7 8). I H NM R spectrul11 (C DCI) ): 6·74 ( I 1-1 , d, C( 3) ' -1-1): 
6·87 (I H , d , C(6)- H): 4·66 (2 H , t, CH z N); 2·9 (2 H, t , C H 2 CN ); 2' 37 (3 1-1 , s. C H 3 ); 4·30 

(2 H , q , O-- Cl-l z); 1·36 (3 H, t, C I-I J ) , 1.' .6 o. O' X Hz. 

E thy l 2-phenyl-4-(2 -cyalloelh.1'/ )!II/,o[3 ,2-b)pyr/,ole-5-cnrbox y l{/Ie (VI) was prepared in the sa l11e 
wily from ethyl 2-phenyl-4H-furo[3_2-b]ryrrole-5-carboxylatc . Yield 74/: .. m .p. J23"C (ethanol)_ 

For C I sH 16N203 (308-4) calcu lated: 70'09";' C, 5'22% 1-1 , 9' 10~;' N; found: 70'03 ~-:' C, 5'28% H , 
9 '38% N. IR spectrum (v , KBr, el11 - 1): 2224 (C "",N ), I 655 (C 0). UV spectrum (}."'ux, nm, 
log e): 335 (4'82); 233 (3,88). lH NMR spectrum (C DCI }): 6·76 (I 1-1 , d , C(J ,-- I-I ); 6'86 (I H , d, 
C(6)- H); 4·65 (21-1, t, N- C l-l z); 2·92 (21-1 , t, Cl-l z CN) ; 4·31 (2 1-1 , q , O -· CH 2 ); 1·37 (3 H , t, 

CH3); 7,25-7,93 (5 H , m, I-I ,,,om) ' J 3 ,6 O~- 0·9. 

2-(4-Tolyl)-4H-furo [3,2-b]pyrrole-5-carboxylic Acid (VII) 

Aqueous sodium hydro xide (5 / ';', 30 ml) wa s added to ester /I (2'69 g, 10 I11mo l) disso lved in 
ethanol (100 ml) and refluxed for 2 h. The separa ted sa lt of VlI was di sso lved in c thanol- water 
1 : 1, simmered with charcoa l, filtered and cooled. Addi1ion of hydrochloric ac id up to a wcak 
ac id ic reaction makes the compo und VII separate; it was filt ered o rf a nd washed with water. 
Yield 1·73 g (72%), m.p. 253 C (ethanol). For C I4 1-1 t 1 N03 (241, 3) calcu lated: 69 '70% C, 4'59% H, 
5·80% N ; found : 69'64% C, 4'50% H , 5'88 /~ N. JR spectrum ( \' , KBr, em - I): 1640 (c=-= O), 
3384 (N- H). UV spectrum (i.n"", nm , log c) : 321 (4' 50): 295 (4'31). J 1-1 NM R spectrum (hexa
deu teriodimethyl sulfoxide): 6· 77 (I H , d, C(3) -- H); 7·05 (I 1-1 , dd , CCU) - H); J ) ,57 (1 H , bs, 
N- H); 2· 33 (3 H, s, C H 3); 7'70, 7·22 (4 H , d, Ha rom)' J 3 ,6 = 0'8, J4 ,6 = 1·8. 

2_Phenyl_4H_!uro[3 ,2_b]py rrole-5-carboxylic acid (VII I) was obtained by sa ponificat ion of its 
ethyl ester in the same way. Yield 78%, m.p. 225 ' C (methanol) . For C I 3 H9 N 0 3 (227'2) calculated: 
68 ' 72% C, 3'99% H, 6'17% N; found: 68'62; :' C, 3'94 ~;' 1-1 , 6· J 8% N . J R spectr um (II, KBr, em - I): 
1 685 (c=0), 3391 (N- H) . UV spectrum U rn ax , nm ' log c) : 337 (4 ,80), 233 (3'84), I H NMR 
spectrum (hexadeuteriodimethyl su lfoxide): 6·75 (j H , d , C(J)-- I-l) ; 7,)2 (I H , dd , C(6)- H); 

11 -62 (l H , bs, N- H); 7·25 - 7'93 (5 H , m, H aro m ) ' J 3 ,6 = 0· 8. 

2-(4- Toly l)_4_methy l!uro [3,2-b)pyrrole-5-carboxylic acid (lX) was prepared from ethy12-(4-tolyl)
-4-methylfuro[3,2-bjpyrrole-5-carboxylate. Yield 72%, m.p. 238- 240°C (ethanol). For C 15 H I3 -

.N0
3 

(255 '2) ca lcula ted: 69 '70% C, 4'59% H, 5'48% N ; found : 70'39% C, 5'16% H, 5'52% N. 
lR spectrum (v, KBr, em-I): 1640 (C= O), UV spectrum (i.","" nm, log e): 335 (4'68), 207 (4'14)_ 
lH NMR spectrum (hexadeuteriod imethyl sulfoxide): 6·80 (11-1, d, C(3)- H ); 7'18 (1 H, d, 
C(6)- H) ; 3·94 (3 H, s, N-CH3); 2·33 (3 H, s, C H3); 7·69 and 7·28 (4 H , d , Harom ), J 3 ,6 = 0·8 . 
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2-Phenyl-4-melhyl/uro[3,2-b]pyrrole-5-carhoxylic acid (X) was synthesized from ethyl 2-phenyl
-4-methylfuro[3 ,2-b)pyrrole-5-carboxylate in a n analogous way. Yield 65 %, m.p. 188 - 189°C 
(methanol) . For C)4H)) N03 (241,2) calculated: 69'70% C, 4' 59% H, 5'80% N; found: 69'59% e. 
4.60% H, 5'91 % N. lR spectrum (v, KBr, cm - I

): 1663 (C= O), UV spectrum (i. rna " nm. log e): 
(4,68); 207 (4'14). ) H N MR (hexadeuteriodimethyl sulfoxide): 6·82 (I H, d, C(3 )- H); 7·27 (l H, 
d, C(6)- -H); 3·96 (3 H, s, N- CH3); 7-42 - 7'86 (5 H, m, Hmm ) , 13.6 = 0·8. 

2-(4-Tolyl)-4H-furo[3.2-b)pyrrole (XI) 

Compound VII (2-4 1 g, 10 mmol), quinoline (20 ml) and copper chromite (0·64 g) were stirred 
under nitrogen. The temperature was raised to 120 - 140"C a nd was kept constant until! the evo
lution of carbon dioxide ceased (monitored with calcium hydroxide solution). The mixture was 
then coo led to One. ether added and the ethereal solution washed both with I M-HCI untill the 
quinoline was removed, (consumption c. 3000 ml) and water. The organic layer was dried with 
NaZS04, and ether was distilled off in VlI CIIO. Yield 21 %, m.p. 123°C. For C I3 H II NO (197'2) 
calculated: 79'17% C, 5'62% H, 7'10% N; found: 79'20% C, 5' 60% H, 7'16% N. IR spectrum (v , 
CHCI), cm - I): 3 502 (N - H), 2958 (CH 3). UV spectrum U ma " nm, log 0): 320 (4'52); 205(3'97). 
I H NMR spectrum (CDCI): 6·22 (I H, m, C(6)- H); 6·63 (l H, d, C(3)- H); 6·75 (l H, t, C(S)
--H); 2·37 (3 H, s. CH 3): 7'21, 7·81 (4 H, d, Hurom)' 1S.6 = 3'1, J4 .6 = 1' 6, 14,S = 3'1,1) .6 = 
= O·S. 

2-Phel/yl-4H-jilro[3,2-b)pyrrole (Xli) was prepared in the same way. Yield 24'8%, m.p. 134°C 
(n-hexane- ether 5: 1). For C) zH9 NO (183'2) calculated: 7S'69% C, 4'95% H, 7'65~~ N; found: 
78'64% C, 4'90% H, 7'75% N. IR spectrum (v, CHCI J, cm- I): 3480 (NH) 29S5 (C- Hurorn). 
UV spectrum (.A' IllIlX' nm, log I;): 324 (4'49),246 (4'02). I H NMR spectrum (CDCIJ): 6·22 (I H, m. 
C(6)- H); 6·67 (I H, d, C(J )- H); 6·76 (I H, t, C(S)- H); 7,2 - 7'78 (5 H, m, Hurom ) ' J S .6 = 3'1 , 
J 4 .6 = 1'6,14.5 = 3'1, JJ .6 = 0·8. 

2-(4- Tolyl)-4-melhyl/llro[3.2-b)pyrrole (Xll!). Yield 18%, m.p. 101-102°C (n-hexane- ether _ 
5 : I). For C I4H 13 NO (211' 3), calculated: 79'57% C, 6'20% H, 6'63% N; found: 79'60% C, 
6'32% H. 6'69% N. IR spectrum (II. CHCIJ, cm - I ) : 2920 (CH3). UV spectrum U",a,' nm, 
log c): 320 (4'46), 205 (4'22). I H NMR spectrum (CDCI): 6·06 (I H ,dd, C(6)- H); 6·59 (I H, 
d, Cm-H); 6'49 (I H, d, C( S)- H); 3·62 (3 H , s, N- CH); 2'35 (3 H, s, CH3 ) ; J S •6 = 3' 1, 
.13 •6 = 0·8. 

2-Pltel/yl-4-lIIelltylful'o[3 ,2-b)pyrrole (XIV). Yield 19%, m.p. 75-76°C (n-hexane-ether 5: I) . 

For C 13 H IO NO (197'2) : calculated 79'17% C, 5'62% H, 7'10% N; found: 79'12% C, 5'62% H, 
7·14% N . IR spectrum (v, CHCI) , cm - I): 2920 (CHJ). UV spectrum U ,.,u, ' nm, log e): 312 
(4'64),240 (4·IS) . IH NMR spectrum (CDCI) : 6' OS (I H , d, d , C(6)- H) ; 6'S3 (I H, d, C(5)- H); 
7·13 (I H , d, C(3,- H); 3·73 13 H, s, N- CH), J S ,6 = 3'0, .13 ,.' = 0·8. 

Spectral Measurements 

The IR spectra were measured wit h a Specord 71 IR (Zeiss, lena), the electronic spectra with 
a Specord UV VIS (Zeiss, lena) spectrometers . Measuring range 200-S00 nm, concentrations 
2. 10- 5 to 5. 10 - 5 mol / I in methanol. The I H NMR spectra were recorded with a Tesla BS 487C 
apparatus operating at 80 MHz. Chemical shifts in hexadeuteriodimethyl sulfoxide were related to 
hexamethyldisiloxane as an internal reference, those in deuteriochloroform to tetramethylsilane. 
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