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SYNTHESIS OF SUBSTITUTED 2-ARYL-4H-FURO|3,2-5]PYRROLES*
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Ethyl 3-(5-aryl-2-furyl)-2-azidoacrylates were prepared by reacting 5-aryl-2-furaldehydes with
ethyl azidoacetate. Thermolysis of the prepared compounds gave 2-arylfuro[3,2-b]pyrrole-5-carbo-
xylates.

Substituted vinylazides, which were prepared by condensation of aromatic and
heterocyclic aldehydes with ethyl azidoacetate! =3, afforded upon thermolysis con-
densed pyrroles. This method was further extended*~¢ to five-membered hetero-
cycles. The substituted furo[3,2-b]pyrrole was prepared from 3-azido-2-furalde-
hyde’. Condensation of 5-aryl-2-furaldehydes with compounds containing an active
methylene group was reported in our previous papers®~*°. In the framework of this
project we reacted ethyl azidoacetate with S-aryl-2-furaldehydes to obtain ethyl
3-(5-aryl-2-furyl)-2-azidoacrylates, the thermolysis of which leads to ethyl 2-aryl-
furo[3,2-b]pyrrole-5-carboxylates (Scheme 1).
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* Part CXXII1I in the series Furan Derivatives; Part CXXVII: This Journal 44, 1630 (1979).
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The method to prepare 2-aryl-4H-5-ethoxycarbonyl derivatives of furo[3,2-b]pyr~
role lies in thermal cyclization of ethyl 3-(5-aryl-2-furyl)-2-azidoacrylates. This reac-
tion type was already utilized in the benzene series® for preparation of substituted
indoles and can be, in terms of reaction mechanism, regarded as an insertion of the
originally generated nitrene into the C—H bond. The corresponding ethyl 3-(5-aryl-
-2-furyl)-2-azidoacrylates were synthesized from the appropriate 5-aryl-2-fural-
dehydes'! and an excess of ethyl azidoacetate in the presence of sodium ethylate.
Toluene was employed as a solvent due to low solubility of S-aryl-2-furaldehydes
in ethanol. Under these conditions compounds I —VIII were prepared in a 38 —68%,
yield. The thermolysis of thes® compounds was carried out in boiling xylene until
the liberation of nitrogen ceased; this was also seen in the infrared spectrum lacking
the asymmetric N, absorption vibrations. This reaction is relatively rapid and af-
fords reaction products in a 95—97% yield. Hydrolysis of some ethyl 2-aryl-4H-
-furo[3,2-b]pyrrole-5-carboxylates furnishes the corresponding acids.

" TaBLEL
Ethyl Esters 3-(5-Aryl-2-furyl)-2-azidoacrylate Acids I— VIII

Calcutated/Found
Compound Formula M.p., °C
"R (m.v.) %C %H %N CBD (yield, %)
%
1 CysH 3N;0, 6363 463 1483 el 6
CgHs; (283-1) 63-58 560 14-92 — (68:7)
u CysH{,N,O5 54:90 369 17:06 - 92
2-NO,CsH, (328-1) 54-78 360 17-09 — (61)
bi7i CysH,,N,O; 54:90 369 1706 - 169
3-NO,C¢H, (328-1) 5492 3-58 16-87 — (385)
v C,sH,,CIN;0; 5673 381 1322 1116 97
2-CICgH, (317-6) 56-81 3-86 1296 11-06 (62:1)
v C,sH,,CIN;0, 5673 381 1322 1116 94
4-CIC¢H, (317-6) 56-80 3-82 13-02 11-06 (57-8)
124 Cy5H,,BrN;0, 49-76 334 ° 11-60 22:07 91
4-BrCgH, (362:0) 49-90 3-40 1146 22:11  (48:1)
vi C,5H,,CI,N;0, s118 315 1193 20114 99
3,4-C1,CgH, (352:0) 51-30 3-24 11-70 19-97 (53-2)
v CigH[ FRCIN;0, 5144 297 1124 949 117

3-CF3-4-CIC¢H, (373°5) 51-34 2:88 11-50 9-23 (39-3)
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H \COOC,HS

Infrared spectra of substances I—VIII reveal the v,,(N;) bands in the 2126 to
2135,cm ™ region, v(C==0) of the ethoxycarbonyl at 17071717 cm™* and ¥(C=C)
at 1615—1618 cm™'. Compounds IX ‘and XVI show the v(NH) band of the pyrrole
skeleton at 34533455 cm™" and v(C=0) of the ethoxycarbony! group at 1692 to

TABLE‘H

Ethyl 2-Aryl-4 H-furo[3,2-b]pyrrole-5-carboxylates IX— X Vi and 2-Aryl-4H-furo[3,2-b]pyrrole-
-5-carboxylic Acids XVII— XIX

Calculated/Found

Compound Formula M.p., °C
R (m.w.) %C %H %N Cl(Bn) (yield, %)
%
Ix C,sH 3NO, 7061 540 548 - 169
CeHs (255-1) 70-76 520 543 — 97)
X C,sH{,N,05 6003 403 933 - 168
2-NO,C¢H, (300-1) 60-13 4:02 9-60 — (95)
XI Cy5H;,N,04 6003 403 933 - 216
3-NO,C¢H, (300-1) 60-00 4-03 954 — 95)
7/ C,5H,,CINO, 6221 418 483 1224 1605
2-CICgH, (289-6) 62-19 416 513 1211 (95)
X CysH,,CINO, 6221 418 483 1224 194
4:CIC¢H, (289-6) 6216 414 510 1218 (96)
CXIv C,sH,,BINO, 5393 & 362 - 419 2392 199
4-BrCgH, - - (334-0) 53:83 .. 356 4:34 -24-15 (96)
v C,sH,,Cl,NO, 5560 342 432 2188 182
3,4-Cl,CgH (324-0) 55-54 3:36 4-49 21-69 95)
) .
xvi C,6H,,F5CINO, 5561 321 . 405 1025 235
3-CF;3-4-CIC¢H; (345-5) 55-49 318 . 421 10-43 (95)
xvi C,3HgN,05 57-38 296 © 10-30 — 197
2-NO,C4H, C 712 5732 2:88 ' 1048 — (82)
xvil C,3HgCINO, 5969 308 535 1313 180—182
2—C1C6H4 (261-6) 59-60 302 5-49 13-28 95)
XIx - C,3HgCINO, 5969 308 535 1313 210
4.CICgH, (261-6) . 5960 3-03 5:55 13-41 (95)
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1696 cm™*. The electron absorption spectra of I— VI display one maximum in the
357—375 nm region. The influence of a substituent attached to the benzene ring
can best be seen with ortho-substituted compounds: thus, I (R = phenyl) A, =
= 375nm, IV (R = 2-chlorophenyl) A, = 363nm and II (R = 2-nitrophenyl)
Amax = 359 nm. This exemplifies once more the influence of the bulkiness of the
ortho-substituent of the conjugated systems.

As it follows from the data of chemical shifts (6) of H,, protons of substancesI —VIII,
the substitution on the benzene ring has no substantial impact on the value of the
H, chemical shift. Signal of the H,-proton resonance is, due to the anizotropic
effect of the azido group'? shifted down field. Based upon this fact, one can say
that compounds I — VIII have the E arrangement at the double bond and that the
furylethylene system is s-cis arranged.

TasBLE III
Infrared (v cm™ %) and Ultraviolet Data of Ethyl Esters of 3-(5-Aryl-2-furyl)-2-azidoacrylic Acids
I—VIII, 2-Aryl-5-ethoxycarbonyl-4 H-furo[3,2-b]pyrroles IX— XVI and 2-Aryl-4H-furo(3,2-b]-
pyrrole-5-carboxylic Acids X VII—XIX

Compound  ¥(N3) WC=0) W(C=C) v(N—H) A, log e 2 max loge
I 2135 1707 1615 — — - 375, (456)
bid 2132 1714 1616 — — - 359 T (447
Il 2130 1717 1616 - - — 357 (4-58)
v 2130 1711 1616 — — — 363 (4-00)
1% 2126 1711 1616 — — - 3n (4-59)
vi 2131 1714 1618 - - — 367 453)
v 2126 1712 1616 — 368 (4-61) 3820 (445)
Vi 2131 1712 1617 - 369 (4-48) 385 (4-40)
X - 1693 - 3455 337 (478) 353 473)
X — 1695 — 3453 - — 327 (4-50)
XI - 1693 — 3455 — — 345 (4-64)
xu — 1692 - 3455 338 (4-68) 354 (4-62)
xur — 1696 — 3453 342 478) 358 @)
X1v — 1693 - 3455 347 475) 362 @)
xv — 1695 - 3455 348 (470 364 (4-68)
xvi — 1696 . — 3450 349 451) 366 (4-50)
xvi - 1687 - 3365 — — 325 (4-41)
xXvil — 1645 — 3 406 338 (4-65) 353 (4-61)
XIX — 1683 - 3366 344 (4-68) 359 (4-64)
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Synthesis of Substituted 2-Aryl-4H-furo[3,2-b]pyrroles 1803

The Z arrangement of the azido group towards the ortho-protons of the phenyl
ring has already been proved’. A long-range interaction J,, = 0-8 Hz between H,
and H,_ protons in compounds IX — X VI has been found.

TaBLE IV

!H-NMR Spectra of Ethyl Esters of 3-(5-Aryl-2-furyl)-2-azidoacrylic Acids /— VIII, Ethyl 2-Aryl-
-4H-furo(3,2-b]pyrrole-5-carboxylates IX— X VI

(Chemical shifts 3, ppm, J, Hz)

u Ii{ H, H,
b N. N,
T\ J COOC;Hy R‘MCH=C<
R o COOC, Hy

o He

Compound®  H, H, Jaw H?’ —CH= (=CH),;om
1 718d  678d 38 - 6925 7-27—7-80
u 7154 676d 36 - 679 725777
u 721d  693d 36 - 691s 7:62—9-15
w 716d  674d 37 - 688 s 7-30—8-00
v 717d  677d 37 - 688's 7-28—7-66
VI 717d  677d 37 — 688s 7-55's
vi 713d  674d 37 - 6835 7-43—772
viil  116d  681d 36 - 685 7-26—8:06
X - 714 d 678 d - 7:37—7-90
X - 7-10d - 678 d - 7-50—7-97
X1 - 742d - 677d - 7-60—7-97
X1 — 7-16 d - 679 d - 7-30—8:00
xui — 7-19.d - 677d - 7-40—7-87
X1v — 7:20d - 676 d - 7-50—7-79
Xv - 7-32d - 677d — 7-59—8:05
xvi - 742d - 677d — 7-67—8:14

® Compounds /— X VI show in the region 1-37 ppm (1, 3 H, CH) and 4-36 ppm (g, 2 H, CH;)
of CH;—CH—O—- group and IX—XVI in the region 11:75 ppm (s, H, NH); 4 Compounds
1X— XVI: interaction J,, . = 08 Hz.
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EXPERIMENTAL
Ethyl 3-(5;Aryl-21furyl)-2-azidoacrylates

A solution of S-aryl-2-furaldehyde (10 mmol) and ethyl azidoacetate (10-32 g, 80 mmol) in
toluene was added at 0°C during 30 min to a solution of sodium metal (1-84 g, 0-08 gat) in etha-
nol (60 ml). Stirring was continued for additional 60 min at a temperature not exceeding 15°C;
the solution was then cooled to 0°C, ammonium chloride was added and poured in an ice-cold
water. The organic layer was separated and the aqueous one extracted with ether. Combined
organic solvents were dried with anhydrous sodium sulfate, the solvents removed and the crude
product crystallized from ethanol.

Ethyl 2-Aryl-4H-furo[3,2-b]pyrrole-5-carboxylates

Ethyl 3-(5-aryl-2-furyl)-2-azidoacrylate (1 g) dissolved in xylene was heated under reflux and
stirring for 20 min, the solvent was evaporated in vacuo-andthe product crystallized from'benzene.

2-Aryl-4H-furo[3,2-b]pyrrole-5-carboxylic Acids

A 4% solution of sodium hydroxide in ethanol (10 ml) was added to ethyl 2-aryl-4 H-furo[3,2-b]-
pyrrole-5-carboxylate (1 g) dissolved iniethanol (25 ml). The separated salt was dissolved in etha-
nol, acidified with dilute (1:1) hydrochloric acid and the obtained product was crystallized
from methanol. R .

Spectral Measurements

Infrared absorption spectra of compounds /—X¥I were measured as 107 2m chloroform solu-
tions in a 0-62 mm-NaCl cell, substances XVI/—XIX in KBr disc (2 mg/! g KBr) lising a UR-20
Zeiss, Jena spectrophotometer calibrated against a polystyrene foil. The electron absorp!ion
spectra were recorded with a Specord UV VIS Zeiss, Jena apparatus at a 1. 1073—5.10" %M
concentration in ethanol at room temperature. The 1H NMR. spectra’were taken with a Tesla
BS-487 instrument operating at 80 MHz in deuteriochloroform (compounds /— ‘V[II), or di-
methyl sulfoxide (IX— XVI) at- 25°C, the internal reference substance being tetramethylsilane
and hexamettsyldisiloxane. =

REFERENCES

. Hemetsberger H., Knittel H., Weidmann H.: Monatsh. Chem. 100, 1599 (1969).

. Hemetsberger H., Knittel D., Weidmann H.: Monatsh. Chem. 101, 161 (1970).

. Hemetsberger H., Knittel D.: Monatsh. Chem. /03, 194 (1972).

. Farnier M., Soth S.: Fournari P.: Can. J. Chem. 54, 1066 (1976).

. Farnier M., Soth S., Fournari P.: Can. J. Chem. 54, 1074 (1976).

. Farnier M., Soth S., Fournari P.: Can. J. Chem. 54, 1083 (1976). .

. Gronowitz S., Westerlund Ch., Hornfelt A. B.: Acta Chem. Scand. B 30, 391 (1976).

. Kruto$ikova 'A., Kové4¢ J., Frimm R., Kové4 8., Sticzay'T.: Chem. Zvesti 25, 142 (1971).
. Krutofikova A., Kovag J., Frimm R., Kova¢ §., Sticzay T.: Chem. Zvesti 25, 147 (1971).
10. Kruto$ikovd A., Sura J., Kovaé J., Juhds S.: This Journal 40, 3362 (1975).

11. KrutoSikova A.: Thesis, Slovak Institute of Technology, Bratislava.1970.

12, FowlerF w., HassnerA LevyLA.: J Amer. Chem..Soc. 89, 2077 (1967).

NN A WN —

o

Translated by Z. Voticky. ?

Collection Czechoslov., Chem. Commun. [Vol. 44} [1979]





