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Methyl 2-bromomethyl-3-(5-nitro-2-furyl)propenoate was prepared by nitration of methyl 2-bro-
momethyl-3-(2-furyl)propenoate with nitric acid and acetic anhydride at —30°C. 5-Nitrofuran
derivatives of a new type were synthesized by nucleophilic substitutions at bromomethyl group.

Methyl 2-bromomethyl-3-(5-nitro-2-furyl)propenoate is a possible starting material
for the synthesis of potentially biologically active preparations having the 5-nitro-
furan grouping in a branched olefinic system. 2-Methyl-3-(2-furyl)propenoic acid (I)
(ref.") and its 5-nitro derivative® have already been described. The carboxyl group of
the latter was used for synthetic purposes?->. Goal of this paper was to find a suitable
method to prepare 2-bromomethyl-3-(5-nitro-2-furyl)propenoic acid or its methyl
ester and to study nucleophilic substitutions at the bromomethyl group.

Nitration of I with nitric acid-acetic anhydride furnished various products depen-
ding on the reaction temperature. Nitration at —30°C afforded product III having
the nitro group in position 5 of the furan ring*. At 0°C a concurrent decarboxylation
occurred under formation of 2-nitro-1-(5-nitro-2-furyl)propene (V). Methyl 2-methyl-
-3-(5-nitro-2-furyl)propenoate (1V) was prepared in a high yield providing the tem-
perature during nitration of methyl 2—methyl—3-(2-fury1)propenoate did not exceed
—30°C; at 0°C, only polymeric substances could be isolated. Bromination of 111
and IV with N-bromosuccinimide in tetrachloromethane failed either with chemical
initiation with o«,a’-azobis (isobutyronitrile), or with photochemical initiation by
a medium-pressure mercury lamp. 2-Bromomethyl-3-(5-nitro-2-furyl)propenoic acid
(VI) or its methyl ester (VII) was obtained by bromination of I and II followed by
nitration®. When using nitric acid-acetic anhydride no bases were necessary to decom-
pose the 5-nitro-2-acetoxy-2,5-dihydrofuran adducts®'7; satisfactory results were
achieved by decomposition with water.

The ester VII reacted with amines to give products of nucleophilic displacement
at the bromomethyl group VIII—XIV. Similarly as with reactions of methyl 2-bromo-
methyl-3-(2-furyl)propenoate with amines no product of anomalous bimolecular
mechanism could be isolated; it is characteristic of compounds having reactions of
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TABLE 1

Methyl 2-X-methyl-3-(5-nitro-2-furyl)propenoates

Formula M.p.,°C Calculated/Found
Compound (101 weight)  (vield, %) . . " Amaxlog &)
%C %H YN
Vi C; 4 H; gN, 05 96 59-17 616 9-53 239 (4-11), 277 (3-83),
(294-3) 73 5890 606 978  352(4-23)
IX C13H,6N,04 92 5270 544 945 239 (4-15), 276 (3:93),
(296°3) (81) 52:65 549 9-40 351 (4-27)
X Cy3H;¢N,05 54 5571 575 10-00 240 (4-13), 278 (3-86),
(280-3) (85) 5562 560 9-94 355(4-22)
X1 Cy4H N304 88 5436 619 1360 238 (4-05), 278 (3-82),
(309-3) (61 5412 605 1345 352 (417)
xu C,oH,N;05 93 6144 569 1130 245 (4-35), 351
(3714) (70) 6095 555 1128 @-21)
XUI  C gH gN,O5 105 6075 509 886 250 (4:38), 353 (4-22)
(316-3) (64) 6068 505 886
XV CysH 4N,O04 79 59-60 466 926 249 (4-35), 354'(4-23)
(302-3) (75) 5815 410 8-90
TABLE 11

'H NMR Spectra of methyl 2-X-methyl-3-(5-nitro-2-furyl)propenoates

Com-
pound

Vi
Ix
X
xrt

xie

peiis
X1v

Hge® H; H, CH, OCH, Others
753s  703d 7-37d 365s 3-87s N(CH,), = 2:46m, (CH,); = 147
7555  701d 738d 363s 386s O(CH,), = 369 t, N(CH,), = 2:56 t
751s  704d 7:39d 370s 3-84s N(CH,), = 2:63q, (CH,), = 1"77m
753s  700d 7-39d 359s 3:84s N—CH,=2:03s, H, = 315t

Hp = 269t
7525 698d 731d 364s 384s CgHg=678—731m, Hy = 315,

Hp = 2:69t
746s 678d 728d 4525 377s N—CH, = 2:565, CgHs = 6:75—728 m
747s  680d 7-30d 450s 3-77s CgHs = 670—7-29 m

“ Values calculated for §(Hyyp): E-isomer 7:56 ppm, Z-isomer 6:99 ppm; b H,, Hy protons of
the piperazine ring.
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a keto-ally! grouping®. Azido and thiocyanato derivatives X Vand X VI were prepared
by reacting VII with either sodium azide, or potassium thiocyanate in a water-benzene
biphasic system. An attempt to isomerize thermally XV and X VI at 200°C failed;
only starting material could be isolated from the mixture.

Hy H;
CH,X CH,—R
7\ s /N e
O:N CHa=C__ O;N CHa=C{_
o COOR o COOCH,
_ _ R _ - /N
i, X=H, R=H virn, R ) 17, R=—=N_ 0
v, X=H. R=CH, _ G - _
¥, R=—N, x1, R= —N. N-CH,
¥I. X=Br. R=H ‘
. X=Br, R=
xit. R=—N N—CH; Xl R= —N—CH,
Vil, X=Br, R=CH; N CH,
X1V, R=—NH—CH, XV, R= —N;

XVI, R=SCN

The structure of the synthesized compounds was proved by IR, UV and '"H NMR
spectra. The carboxyl, or the methoxycarbonyl and the furan ring are in an E-con-
figuration, as it follows from comparison of the experimentally determined chemical
shift of the olefinic proton with those calculated according to Pascual-Matter rela-
tionship®. Coupling constant *Jy, u., = 0-6 Hz indicated the s-cis conformation of
the double bond and the furan ring. Protons H, and H,, are in a W arrangement
in this conformation, what is advantageous for long-range interactions*:!*,

EXPERIMENTAL

The IR spectra of chloroform solutions were measured with a UR-20 (Zeiss, Jena) spectrophoto-
meter in 0-26 mm-cells at a 10 mmol concentration. The UV spectra of ethanol solutions
(0-05 mmol) were recorded with a UV-VIS (Zeiss, Jena) apparatus in 10 mm-cells. The LH NMR
spectra of deuteriochloroform solutions containing tetramethylsilane as internal reference were
taken with a Tesla BS 487 B spectrometer operating at 80 MHz.

Nitration with Nitric Acid-Acetic Anhydride

A solution of the furan derivative (0-1 mol) in acetic anhydride (0-4 mol) was added into a mixture
of acetic anhydride (0'6 mol), fuming nitric acid (0-2 mol) and sulfuric acid (2 ml) at —30°C
(compound ¥ at 0°C). The mixture was stirred at the given temperature for 1 h, poured on crushed
ice (500 ml) and allowed to stand overnight. The crude products were crystallized from n-heptane.

2- Bromomethyl-3-(5-nitro-2-furyl)propenoic acid (VI): m.p. 182°C, yield 51%. UV spectrum
2 max 1M, (log ), 241 (4:07), 281 (3:83), 359 (4-27); IR spectrum %, cm™': 1025, 1277, 1345,
1539, 1630, 1713; 1H NMR spectrum &, ppm: 7-52 (s, Hyjor, 7:36 (d, Hs), 779 (d, Hy), 427
(s, CHy), J3 4= 35 Hz. Calculated values for §(H),.¢: Z-isomer 7-57 ppm; E-isomer 697 ppm.
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Methyl 2-bromomethyl-3-(5-nitro-2-furyl)propenoate (VII): m.p. 99°C, yield 89%. UV spectrum
Amax 0m, (log £): 243 (4:07), 281 (3-83), 354 (4-29); IR spectrum v, cm~1: 1028, 1285, 1353,
1538, 1635, 1725. YH NMR spectrum &, ppm: 749 (s, Hy.q), 7°03 (d, Hy), 7-43 (d, Hy), 4-69
(s, CH,), 394 (s, OCHj), J3,4 = 39 Hz. Calculated values for 8(H),j.;: Z-isomer 7-60 ppm;
E-isomer 7-20 ppm.

2-Nitro-1-(5-nitro-2-furylypropene (V): m.p. 101°C, yield 46%. UV spectrum A, nm, (log &):
248 (3-68), 361 (4-14); IR spectrum ¥, cm™': 1354, 1540, 1708; 'H NMR spectrum &, ppm:
7-8 (s, Hype)s 6:96 (d, H3), 741 (d, Hy), 2:69 (s, CH3), J3 4 = 34 Hz.

Methyl 2-X-Methyl-3-(5-nitro-2-furyl)propenoates (VI — XIV)

The respective piperidine, morpholine, pyrrolidine, N-methylpiperazine, N-phenylpiperazine,
and aniline (10 mmol) was added to compound ¥VI7 (5 mmol) dissolved in ether and left to stand
at room temperature for 10 h. The separated hydrobromide was filtered off with suction, the
ethereal solution evaporated and the residue immediately analyzed by 'H NMR spectrometry.
The respective products VIII—XIV were recrystallized from heptane-toluene.

Substitution in a Biphase System

Sodium azide (20 ml of a 30% aqueous solution), or potassium thiocyanate (20 ml of a 30%
aqueous solution) and tetra-n-butylammonium hydroxide (2 ml of a 10% aqueous solution)
were added to VII (5 mmol) dissolved in benzene (15 ml). The mixture was stirred at ambient
temperature for 2 h, organic layer was separated and the aqueous one extracted with benzene.
The combined benzene solution was evaporated and the product crystallized from n-heptane.

Methyl 1-azidomethyl-3-(5-nitro-2-furyl)propenoate (XV). m.p. 72°C, yield 90%. For
CoHgN,O5 (252:2) calculated: 42:86% C, 3-18% H, 22-22% N; found: 42:70% C, 3-10% H,
22:00% N. UV spectrum 4. nm, (log e): 240 (4-05), 276 (3-81), 350 (4-23); IR spectrum $,em™ 1t
1718, 1642, 1538, 1353, 1282, 2 118; *H NMR spectrum &, ppm: 7-59 (s, Hy o), 6:92 (d, Hy),
738 (d, Hy), 4-54 (s, CH), 3-93 (s, OCHy), J3 4 = 39 Hz.

Methyl 2-thiocyanatomethyl-3-(5-nitro-2-furyl)propenoate (XVI): m.p. 59°C, yield 82%. For
C;oHgN,0,S (268-2) calculated: 44-77% C, 3-00% H, 10-44% N; found: 44-35%; C, 3-12% H,
10-36% N. UV spectrum 1_,, nm, (log ¢): 242 (4-07), 281 (3-78), 355 (4-18); IR spectrum 5, em™L:
1725,1 629, 1 538, 1352, 1280, 2 159; *H NMR spectrum &, ppm: 7-59 (s, Hy ), 693 (d, Hy),
7-39 (d, Hy), 4'46 (s, CHy), 3:92 (s, OCHy), J; , = 3-8 Hz.
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