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Preparation and nucleophilic displacement reactions of alkyl 3-bromomethyl-3-(2-furyl)-2-pro-
penoates with sulfur containing nucleophiles is described. The UV, IR and !H-NMR spectra
of the synthesized compounds are interpreted.

This paper concerns the synthesis of compounds of furylethylene type with three
and four substituents at the ethylene bond, which are derivatives and structural
analogues of 3-(2-furyl)-2-propenoic acid, and their physicochemical and biological
properties. The starting material for synthesis of derivatives of 3-X-methyl-3-(2-furyl)- -
propenoic acid was 3-bromomethyl-3-(2-furyl)-2-propenoic acid and its esters pre-
pared by bromination of alkyl 3-methyl-3-(2-furyl)-2-propenoate under conditions
of a selective radical bromination of the methyl at the double bond. Ethyl 3-methyl-
-3-(2-furyl}-2-propenoate was obtained from 2-acetylfuran and ethyl bromoacetate
in a low yield and with many by-products'. Further 3-alkyl substituted derivatives
of 3-(2-furyl)-2-propenoic acid were synthesized according to Horner’s modification
of Wittig reaction? in better yields, but in a more labourious way.

This paper deals with the preparation of alkyl 3-methyl-(2-furyl)-2-propenoates
free of by-products by reacting diazomethane with alkyl 3-(2-furyl)-2-propenoate
followed by a thermic decomposition of the pyrazoline formed. Bromination of alkyl
3-methyl-3-(2-furyl)-2-propenoates gave the corresponding 3-bromomethyl derivati-
ves with two reactive centres utilizable for nucleophilic displacements. Moreover,
nucleophilic displacements with sulfur containing reagents was also studied. The
structure of products and the similarity of these reactions with those of Sy displa-
cement of halogen derivatives of allylic type indicate that an Sy2 mechanism can be
involved?.

* Part CXL in the series Furan Derivatives; Part CXXXIX: This Journal 44, 3301 (1979).
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3-Mercaplomethyl-3-(2-furyl)~2-pr0pcnoic acid was attempted to prepare from
the starting ester and thiourea analogously as 9-mercaptofiuorene from 9-bromo-
fluorene and thiourea; nonetheless, the desired compound could not be isolated.
Upon acidification of the reaction mixture a crystalline product separated; the struc-
ture 4-(2-furyl)-3-thiolen-2-one was ascribed to it on the basis of spectral (IR, UV,
"H-NMR and mass) evidence.

Constitution of all products was proved by IR, UV and of some of them also
by 'H-NMR spectra. Characteristic data of the obtained products are listed in
Table I. The most significant band in the IR spectra belonged to stretching vibra-
tions of the carbonyl group; in compounds I—XXII it is localized in the 1680 to
{716 cm™" range*. The cyclization product XXIV, which is an «o,B-unsaturated
ketone, has this band at 1680 cm™!. Bands ascribed to stretching vibrations of the
ethylenic C=C and aromatic C=C bonds were observed in the 1626—1616 cm™!
range. A medium strong band at 1299—1221 cm ™' belongs to asymmetric vibrations
of the C—O-—C bond and a strong band at 1035—1025 cm™* to symmetric vibra-
tions of the same bond. The band at about 880 cm ™! was ascribed to the out-of-plane
deformation vibrations of the furan ring (Table 1I). Two maxima were seen in the
electronic absorption spectra: the first one in the 206 —224 nm range belongs to the
n — n* electronic transition of the furan ring, the second in the 300— 320 region is
associated with the 1 — n* electronic transition through the whole furylacrylic system
(Table 111, ref.*-%).

The positions of proton signals in the 'H-NMR spectrum evidenced the starting
ester of 3-bromomethyl-3-(2-furyl)-2-propenoic acid to be an E-isomer; the sulfur
analogues, prepared by nucleophilic displacement of this ester, had the same geo-
metry. Identification of E-isomers was based upon comparison of the calculated and
found values of chemical shift of olefinic protons. Chemical shifts of olefinic protons
for E and Z-isomers were calculated on the basis of additive increments for substi-
tuents R in equation®”:

RC;S\C‘C/H
PN

trans gem

6C=CH = 525 4+ Zyom + Zeis + Zirans

Since increments for heterocyclic systems were not reported, we used increments of
an aromatic ring for the furan skeleton. Table 1V lists the "H-NMR spectral data of’
compounds I —1I11, VI, VIII, XII, XV, XVI and XXIV.

EXPERIMENTAL

The Sy reactions were effected with alkylthiols, arylthiols, arylsulfinates, C-alkyl dithiocarbo~
nates, KSCN and thiourea.
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TasLe [
Alkyl Esters of 3-X-Methyl-3-(2-furyl)-2-propenoic Acid

B.p.,°C/Pa  Calculated/Found

Com- X Mol. formula °
N m.p., °C S —
pound R (mol. weight) ield, %) %C %H %S
I Br CioH,;(BrO;  38—39 4631 424 3079°
C,H; (259-1) (71-4) 4597 405 3061°
174 S—CH, Cy H40,S 111—112 5832 618 1415
C,H; (226:3) (61-8) 5802 603 1397
n S—C,H; Cy2H,403 78—80 5992 665 1330
C,Hyg (240-3) (69-1) 5970 640 13:26
e S—C3H, C,3H,505S - 6134 707 1258
C,H; (254-3) (60-0) 61-01 701 12-48
v S-i-C3H4 Cy3H,50,8 — 61-34 707 12-58
C,H; (254-3) (48:3) 6113 703 12:38
vt S—CyH, Cy4H0058 - 62:59 745 1195
C,H; (268-4) (56-2) 6228 729 11-82
vie S-i-CsHy CysH,,058 — 6373 779 1133
C,H; (282:4) (50-8) 63-60 7-80 1099
vire S—CgHy, C6H2,0;S - 6521 747 1097
C,Hj (294-4) (80-3) 6503 738 11-04
X S—CgHs CysH 40,8 62—69/65 6569 510 1167
CHj, (2742) (80-3) 6543 501 1181
X S—CgH,OCH, CigH 6048  73—78/52 6315 526 10-52
CHj, (304-2) (88:1) 62:95 503 1033
X1 S—C4H,NHCOCH, C,,H,,NO,S 103—105 61:64 513 9-66
CH; (331-2) (61-4) 61-48  5-01 9:39
X S—CH,—CgHs C;,H,5038 - 6746 595 10-58
C,Hj (302:4) (74-5) 6726 570  10-65
X SO—C,H, C4H300,8 - 5907 703 1125
C,H; (284-4) (362) 5891 665 11:06
Xive SO—C4H, C;6H2,0,8 - 61-85 7-08 10-30
C,H; (310-4) (46-3) 61-60 701 10-16
xv S0,—C,Hy Cy4H,005S 65—66 5592 665 10:65
C,yH; (300-4) (53-2) 5573 652 10-38
Xxvi S0,—C¢H, CsH,,05S 108—109 58-82 674 9-80
C,H; (326-4) (64-3) 5857 661 9-96
xvi S0,—Cg¢H; C;5H, 5058 53—58/5:2 5886 457 1045
CH,4 (306:1) (58:9) 58:69 441 1037
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TasLE [
(Continued)
B.p., °C/P:
Com- X Mol. formula "r: P o/ca Caleulated/Found
pound R (mol. weight) (yield', ) %C %H %S
xvi $0,—CgH,—CH, C,6H;60sS 109—110 6000 499  9:99
CH, (320-2) (73-6) 59:83  4-87 979
X1X soz—|\o/ Cy3H ;068 79—85/52 5274 405 1081
CH, (296-0) (52:7) 52:38 398 10:70
XX S—CS—OCH; C,H,,0,S, 104—106 48-55 440 2349
CHy (272:4) (60-3) 48:01  4-21 2338
Xxx1° $—CS—OC,H; Ci2H, 40,8, - 5027 488  22:34
CHj (286-4) (58-3) 49-89 476 22-11
XX S—CS—0-i-C3H, Cy3H; 60,8, - 5193 532 2130
CH,4 (300-4) (55-4) 5169 520 2119
XX SCN CioHoNO3S  68—72/52 5381 403 1434
CH; (223-2) (76-2) 5359 398 1441
XX1ve — CgHgO,S 103—105 5785 361 19:26
— (166:1) (61-6) 57771 3-58 1912

% Chromatographically purified liquid tarred during measurement of physical constants, boy Br,
€ 4-(2-furyl)-3-thiolen-2-one.

4-(2-Furyl)-3-ethoxycarbonyl-2-pyrazoline

A mixture of ethereal solution of diazomethane (0-1 mol) and ethyl 3-(2-furyl)-2-propenoate
(50 mmol) was allowed to stand at — 10°C for some days. The separated product, which crystal-
lized from chloroform, had m.p. 109—110°C.

Ethyl 3-Methyl-3-(2-furyl)-2-propenoate

4-(2-Furyl)-3-ethoxycarbonyl-2-pyrazoline (40 mmol) was heated at 220—230°C under nitrogen
for 30 min. The product distilled under reduced pressure at 85—86°C/[130 Pa.

Ethyl 3-Bromomethyl-3-(2-furyl)-2-propenoate

N-Bromosuccinimide (0-1 mol) and azo-bis-isobutyronitrile (2 mmol) were added to a solution
of ethyl 3-methyl-3-(2-furyl)-2-propenoate (0-1 mol) in tetrachloromethane. After 4 h of heating
under reflux the solution was cooled, the separated succinimide filtered off, tetrachloromethane
distilled off and the residue distilled in vacuo. B.p. 92—95°C/30 Pa. This derivative strongly
irritates the skin.
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Esters of 3-X-Thiomethyl-3-(2-furyl)-2-propenoic Acid

Sodium alkylthiolate or arylthiolate (7 mmol) in ethanol (20 ml) was added to a solution of the
ester of 3-bromomethyl-3-(2-furyl)-2-propenoic acid (5 mmol) and refluxed for 3 h. The mixture
was then poured into water (50 ml) and the organic constituent extracted with ether (3 X 50 ml).
The residue remaining after drying and concentration of the ethereal layer was purified either
by vacuum distillation or column chromatography.

Esters of 3-Arylsulfomethyl-3-(2-furyl)-2-propenoic Acid

Sodium arylsulfinate (4:1 mmol) was hot-dissolved in dimethylformamide (5 ml) and an ester
of 3-bromomethyl-3-(2-furyl)-2-propenoic acid (41 mmol) was added. The mixture was heated

TasLE IT
Characteristic Infrared Spectral Data (cm_l)

Compound  &(C—H)  ¥(COC) 1, (COC)  WC=C) WC=0) _Other
vibrations

I 879 1.035 1293 1611,1441 1713 -
I 880 1034 1298  1611,1442 1710 -
ur 878 1035 1295  1612,1444 1712 -
Vi% 883 1030 1292 16251448 1711 —
v 882 1030 1290 1625, 1446 1709 .
VI 884 1028 1290  1624,1446 1709 -
Vil 883 1029 1282 1620,1446 1707 —
VI 883 1032 1290  1630,1450 1707 -
IX 885 1030 1226 1626,1484 1710 —
X 885 1026 1231 1624,1485 1761 -
X1 884 1025 1229 1623,1507 1700 —
Xxi 883 1030 1290 1624,1456 1708 —
Xt 883 1029 1291 1621,1624 1712 1058°
Xrv 880 1031 1293 1624 1710 1056°
Xy 884 1031 1299 1624 1713 13225
XVI 882 1032 1295 1622 1713 131754
XviI 884 1030 1225 16261482 1699 1320%¢
xvi 885 1031 1227 1616,1480 1702 1317%¢
XIX 883 1029 1221 16251483 1702 13185
XX 884 1030 1294 1625 1680 11159
Xx1 882 1027 1296 1626 1685 11129
XXII 886 1030 1292 1625 1681 11149
XXII 885 1027 1228 1623,1480 1701 2 156"
XXIV 885 1031 1258  1628,1481 1680 —

9y(S—0); P 1,4(SO,); “¥(SO,), 1170em™Y; 4y (SO,) 1165cm™; ©y(SO,) 1172 cm™?
7 14(80,) 1169 cm™1; ¢ W(C=S); " W(SCN).
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TanLe HI
Bands Maxima of Electronic Absorption Spectra

Com- Amas  joge  Amsc  loge Com- Amao loge  Fmav loge

pound nm nm pound nm nm

1 224 3.69 320 4:20 X 212 4-01 309 426
I 209 3:96 316 426 Xrv 218 416 307 427
ur 221 4-07 329 4-24 XV 212 4-04 315 4-25
v 212 419 311 423 xXvr 215 3-99 314 423
vV 213 4:16 306 4-24 xvi 221 4-07 315 426
vI 213 395 307 422 xvii 222 419 316 428
vir 213 4-03 309 428 XIx 217 412 316 4-19
vur 206 4-08 310 423 XX 220 384 314 4-24
X 217 4-13 309 4-13 XXI 210 3-96 309 422
X 219 398 305 4-24 xXxu 221 3:92 300 424
X1 220 3-99 305 421 XX 213 4-10 317 439
D944 214 4-13 309 416 XX1v 216 3:50 318 417

at 50°C for 2 h, cooled and poured onto ice (50 g). The product was the next day vacuum-distilled.
Compound XVII was crystallized from methanol.

S-[2-(2-Furyl)-3-methoxycarbonyl-2-propenyl]-O-alkyldithio Carbamates

An ester of 3-bromomethyl-3-(2-furyl)-2-propenoic acid (50 mmol) was added to a solution
of potassium O-alkyldithio carbamate (10 mmol) dissolved in acetone (30 ml) at a refiux tempera-
ture. After 3 h the mixture was cooled and poured into water (100 ml). The organic material
was extracted with ether (3 X 50 ml), dried with sodium sulfate and thickened. The raw product
was purified by column chromatography on alumina with solvent system chloroform-acetone
2:1.

Ethyl 3-Butyl and 3-Cyclohexylsulfinylmethyl-3-(2-furyl)-2-propenoates

The title esters were obtained by oxidation of the corresponding sulfides. Ethyl 3-butyl or 3-cyclo-
hexylthiomethyl-3-(2-furyl)-2-propenoate (3 mmol) was mixed with hydrogen peroxide (30%;,
3 ml) in acetone (20 ml) and stirred for 30 min. After 24 h of standing at room temperature
acetone was distilled off, ether added, the solution dried, concentrated and the raw product
purified by chromatography on thin layer of silica gel with benzene-ethyl acetate 3 : 1 as solvent
system.

Ethyl 3-Butyl and 3-Cyclohexylsulfomethyl-3-(2-furyl)-2-propenoates

These esters were prepared by oxidation of the corresponding sulfides. Ethyl 3-butyl or 3-cyclo-
hexylthiomethyl-3-(2-furyl)-2-propenoates (3 mmol) was mixed with hydrogen peroxide (30%,
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TABLE IV
Chemical Shifts (ppm)

Hy H,
i
/
Hy 07 e=c(

CH,X COOR

R
a =C—

Compound H, H; H, H; C—CH, CH, CH,
1 636 678 645 7-44 4-86 423 1-30
I 662 6-89 656 7-50 491 4-26 1-31
ur 661 690 650 748 488 421 1-38
VI 6-40 673 645 7-42 415 4-18 130
1204 636 671 642 7-42 416 4-20 1-27
Xxu 639 653 6-37 7-38 411 4-18 126
XV 661 689 6:50 7-48 491 427 1-34
XxXvI 662 6-88 649 7-47 490 4:25 i-33
xXXxrv 655 6-81 655 7-56 4:32 - -

4 Calculated values’ for bc=cyt X = Br, E-isomer 6:35 ppm, Z-isomer 6-07 ppm; X = S-alkyl,
E-isomer 6-17 ppm; Z-isomer 583 ppm.

3 ml) in 60% acetic acid. The mixture was stirred till the sulfide dissolved and then allowed
to stand for 3 days. The separated sulfones were suction filtered and crystallized.

Methyl 3-Thiocyanatomethyl-3-(2-furyl)-2-propenoate

Methyl 3-bromomethyl-3-(2-furyl)-2-propenoate (4:1 mmol) in acetone (10 ml) was added to po-
tassium thiocyanate (4'1 mmol) in water (1 ml) and refluxed for 2 h. The organic material was
extracted after addition of water (20 ml) with benzene (4 X 50 ml). The organic layer was dried,
concentrated and purified by column chromatography on alumina, chloroform-acetone 2 : 1
being the solvent system.

Spectral Measurements

The IR spectra were measured with a UR-20 (Zeiss, Jena) spectrometer in chloroform in a 0-:26
mm-cell or in KBr discs at a 2 mg/1 g KBr concentration. The UV spectra were recorded with
a UV VIS (Zeiss, Jena) apparatus in ethanol at a 5. 10~ mol/l concentration in a 10 mm-cell.
The 'H-NMR spectra were taken with a Tesla BS 487 C instrument operating at 80 MHz in deute-
riochloroform, tetramethylsilane being the internal standard.
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