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(1)-2-Formyl-3-(2-furyl)propenenitrile (/) reacts with primary aromatic amines under formation of 3-(aryl-
amino)-2-[S-(arylamino)-2-oxo-3-cyclopenten-1-ylpropencnitriles (/Va — 1Vi). Condensation of I with salts

of nitrogen bases in pyridine affords 2 R-aminomethylidene)-3-(2-furyl)propenenitriles (Va = V).

Prostanoids represent an important group of natural compounds containing the cyclo-
pentane skeleton!. Their practical utilization stimulated great interest in the synthesis
of cyclopentenone derivatives. 2,4-Disubstituted cyclopentenones arise by reaction of
2-furancarbaldchyde with aromatic amines® via intermediate Stenhouse salts®.
3-(2-Furyl)propenal reacts analogously in an acid medium®. Also furan derivatives may
be suitable precursors for the synthesis of 4,5-disubstituted cyclopentenoncs.

(E)-2-Formyl-3-(2-furyl)propencnitrile (1), whose reactions with aromatic amines are
the subject of the present paper, is a polylunctional derivative which may react with
amines on the formyl group, on the activated double bond or in position S of the furan
ring.

Treatment of the nitrile 7 with aniline in methanol afforded compound /Va whose
'H NMR spectra showed the presence of two phenyl groups in the molecule. This was
confirmed also by the mass spectrum of compound VI (M* 327), prepared by reaction
of nitrile I with perdeuterated aniline (Scheme 1).

The '"H NMR spectrum of compound VI showed two characteristic doublets of
doublets at 0 6.44 (Y = 6.0 Hzand *J = 1.5 Hz) and 0 7.87 (V= 6.0 Hz and *J = 2.1
Hz) which were assigned to the double bond protons®. The broad multiplet at & 4.58
and doublet at & 3.70 (*J = 3.3) were ascribed to aliphatic protons. The presence of two
different NH groups, one of which belongs to an enamine grouping, was proved by
deuterium exchange in N=D on addition of water. In the '"H NMR spectrum (wo new
signals appeared: a doublet at 6 6.22 (Y = 7.2 Hz) and a doublet at & 9.11 (Y = 13.5 Hz).
At the same time, the original singlet at & 7.87 changed into a doublet at & 7.85 (Y =

13.5 Hz). On the basis of comparison with the literature data® = % we assigned the
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compound [Va (or VI) the structure of 4,5-disubstituted cyclopentenone. A detailed
assignment of the NMR signals and structural determination followed from the synthe-
sis with dcutcrium-labeled starting compounds /I and [II (Scheme 1). Their reaction
with perdeuterated aniline afforded the corresponding 4,5-disubstituted cyclo-
pentenones VII and VIII. In accord with the literature data® — 8, the coupling constant
YJ(H-1,H-5) = 3.3 Hz corresponds to a trans-arrangement of the aliphatic protons H-1
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In formula IV :
a, Ar = CgHs f. Ar = 4-FCgH,
b, Ar = 4-CHjCeH, 9. Ar = 3-CICeH,
C, Ar = 4—'CH30C°H‘ h, Ar = 3"BrC6H4
d, Ar = 4-CIC¢H, i, Ar = 4-CF50C¢H,

e, Ar = 4-BrCeH,

SCHEME 2
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and H-5. The signal of proton H-5 is further split by interaction with proton H-3 *J =
1.8 Hz). No interaction with the H-4 proton was found in a COSY cxperiment. The
stercochemistry of the double bond C(6)=C(8) was dctermined by comparison of the
found *J(C-7,H-8) value (8.2 Hz) with the literature data® =11,

The above rcaction course was observed only with anilines possessing clectron-
donor substituents (Scheme 2). 4-Nitroaniline, even on prolonged reflux in methanol,
did not afford any 4,5-disubstituted 2-cyclopentenonc.

Change in the reaction conditions affects markedly the sclectivity of the nucleophilic
attack at the furan derivative I. Reaction of nitrile / with salts od nitrogen bases in
pyridine gives the corresponding Schiff bases Va — Vm in high yiclds (Table I, Scheme 3).
At higher temperatures and prolonged reaction time good yiclds were obtained cven
with 4-nitroanilinc.

R—NH, HX CN
pyridin l | 7
(o] CH=N-R
Va-Vm

In formula V :

a, R = CgHg 9. R = 2-naphthyl

b, R = 4-CH;CgH, h, R = 4-CF;3CqH,

¢, R = 4-CH;0CgH, i, R = OH

d, R = 4-CICeH, j, R = NHHCI

e, R = 4-BrCgH, k, R = CgHgNH

f. R = 4-ICeH, I, R = NHCONH,
m, R = 4-NO,CgH,

SCHEME 3

EXPERIMENTAL

Mclting points were determined on a Boctius block. Infrared spectra were recorded on an IR-75 (Zciss,
Jena) or on a Beckmann-Acculab (Beckmann) spectrophotometer (KBr technique. wavenumbers in em™).
Electronic absorption spectra were measured on an M-40 (Zciss, Jena) spectrophotometer in methanol at
concentration 1. 107" (¢ m™2 mol™). "Il NMR (300 MI17) and "*C NMR (75.05 Mllz) speetra were taken
on a Varian VXR-300 spectrometer at 25 °C in hexadeuteriodimethyl sulfoxide with tetramethylsilane as
internal standard. Chemical shifts are given in ppm (3-scale). coupling constants (J) in Hz. Mass spectra
were obtained with an AEL Manchester MS 9028 instrument (direct inlet, ionizing clectron energy 70 ¢V,
clectron current 100 pA. jonization chamber temperature 70 — 170 °C,
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(F)-2-Formyl-3-(2-furyl)propencnitrile (1)

A) Sodium (2.3 g. 0.1 mol) was dissolved in anhydrous mcthanol (100 ml) and the solution was cooled
10 10 °C. A solution of 2-furaldchyde (9.6 g. 0.1 mol) and B.B-dimethoxypropanenitrile!? (11.5 g. 0.1 mol)
in methanol (20 ml) was added dropwise during 1 h. After stirring for 72 h at room temperature, the
mixture was adjusted to pll 6.5 with dilute (1 : 1) hydrochloric acid. The solid product was filtered and
crystallized from methanol; yield 11 g (75%) of 1. m.p. 156 — 157 °C.

B) Sodium (2.3 g. 0.1 mol) was dissolved in anhydrous methanol (50 ml). A solution of isoxazole!? (6.9 g
0.1 mol) in methanol (10 ml) was added dropwise at 0 °C and the mixture was stirred for | h. 2-Furalde-
hyde (9.6 g, 0.1 mol) was added in onc portion. After standing for 24 h at 0 °C, the mixture was poured
in water (150 ml) and adjusted to pH 6.5 with dilute (1 : 1) hydrochloric acid. The solid was filtered and
purified by crystallization from methanol; yicld 11.3 g, (77%), m.p. 156 — 157 °C. For CglIsNO, (147.1)
calculated: 65.35% C. 3.42% 11. 9.52% N; found: 65.12% C. 3.21% 1. 9.13% N. 'l NMR spectrum: 6.94 dd,
11 (-4, 37(4.3) = 3.4: 3J(4.5) = 1.7): 7.55 d. 1 1 (11-3, 2J(3.4) = 3.4); 8.27 s, 1 U (11-6); 7.85 d, 1 11
(H-5, %J(5.4) = 1.7): 9.55 s. 1 H (11-9). '*C NMR speetrum: 106.9 s (C-7), 114.5 s (C-8, J(1-6, C-8) =
12.2), 114.5 d (C-4), 125.1 d (C-3), 144.1 d (C-6), 148.3 s (C-2), 150.9 d (C-5). 188.6 d (C-9). UV
speetrum: Ay, 340 nm, log € 3.00. IR spectrum: 2 316 (C=N): 1 682 (CH=0; 1 620 (C=C).

(£)-2-Formyl-3-(5-[*H]-2-furyl)propenenitrile (/1)

The title compound was prepared according to the method B) (vide supra) from S-[2H]-2-furaldchyde!
(0.97 g. 0.01 mol) and isoxazole (0.69 g, 0.01 mol): yicld 1.13 g (76%), m.p. 157 - 158 °C. For
CgllyDNO, (148.1) calculated: 64.92% C, 4.08% H + 1. 9.45% N: found: 64.80% C, 3.82% 11 + D. 9.50% N.
'H NMR spectrum: 6.89 d, 1 H (11-4, 3/(4.3) = 3.4); 7.54 d. 1 H (11-3, 3/(3.4) = 3.4); 8.25 5, 1 1 (11-6):
9.49 s, 1 H (11-9).

(E)-2-Formyl-«-[*11]-3-(2-furyl)propenenitrile (11T

The title compound was prepared by reaction of a-[2H]-2-furaldchyde! (0.97 g, 0.01 mol) with isoxazole
(0.69 g, 0.01 mol) according to method B) (vide supra): yicld 111 g (75%), m.p. 157 — 158 °C. For
CxHiDNO, (148.1) calculated: 64.92% C, 4.08% 11 + D, 9.45% N: found: 64.82% C, 3.91% H + D. 9.58%
N. 'II NMR spectrum: 6.89 dd. 1 11 (11-4, >/(4.3) = 3.4: 2J(4.5) = 1.7): 7.53 d. 1 1 (11-3, */(3.4) = 3.4);
8.06 d, 1 H (11-5, %J(5.4) = 1.7); 9.54 5. 1 11 (11-9).

Preparation of Compounds /Va - 1Vi

Nitrile / (1.47 g, 0.01 mol) was suspended in methanol (10 ml) at 45 °C. After 15 min, a solution of the
corresponding amine (0.02 mol) in methanol (5 ml) was added in one portion. ‘The mixture was boiled for
1 = 2 min, cooled and stirred at room temperature for 45 min. After standing at 0 °C for 24 h, the solid
was filtered and purificd by crystallization from aqucous acctone. The physicochemical and spectral data
for the obtained derivatives IVa — IVi are given in Tables 11T - V.

Preparation of Compounds Va — VI

“ Nitrile 1 (1.47 g. 0.01 mol) was dissolved in dry pyridine (10 ml) and the corresponding amine hydrobro-
mide, hydroxylamine hydrochloride, hydrazine dihydrochloride, phenylhydrazine hydrochloride or semi-
carbazide hydrochloride (0.01 mol) was added in onc portion under vigorous stirring. The mixture was
stirred at room temperature for 15 min and poured in ice-cold water (300 ml). After vigorous stirring for 1 h,
the solid material was filtered, washed thoroughly with water and ice-cold methanol and crystallized from
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Tase 1
Yiclds. melting points and elemental analyses for compounds /Va - IVl and Va — Vm

Calculated/Found

Compound M. p.°C FFormula
icld, % M. w.
(yield. %) (M. w.) % ¢ %1 % N % Hal
1Va 150 - 152 Caol117N30 76.17 5.43 13.32 -
(86) (315.4) 75.50 5.58 13.06 -
Vb 158 - 160 Caal2 N3O 76.94 6.16 12.23 -
(88) (343.4) 77.09 6.27 12.46 -
Ve 155 - 157 Ca2H21N30O3 70.38 5.63 11.20 -
(87) (375.4) 70.12 5.46 11.01 -
1vd 154 - 156 Caol115CI2N30O 62.51 3.93 10.93 18.45
(76) (384.3) 62.76 4.09 10.76 18.18
Ve 166 - 168 CaollisBraN3O 50.76 319 8.88 33.77
(79) (473.2) 50.87 3.29 8.99 33.52
IAY) 151 - 154 Caollys1aN30) 68.37 4.28 11.96 10.82
(82) (351.3) 68.74 4.39 12.34 10.44
Vg 144 - 148 Caol115C1NRO 62.51 3.93 10.93 18.45
(76) (384.3) 62.79 4.08 10,08 18.69
IVh 152 - 153 CaollisBraNzO) 50.76 3.19 8.88 33.77
(78) (473.2) 51.05 3.28 9.14 3392
Vi 143 - 146 CaallisFeN3O3 54.66 313 8.69 23.58
(30) (483.4) 54.30 313 8.85 23.72
Va 104 - 106 CralljoN20O) 75.64 4.53 12.60 -
(75) (222.3) 75.12 4.60 12.13 -
Vb 16 - 118 CysHaN-O 76.25 S5.12 11.85 -
(92) (236.3) 76.50 5.36 11.60 -
Ve 98 - 100 Cy51112N202 71.42 4.79 11.10 -
(80) (252.3) 71.60 4.87 11.20 -
/d I1S1 - 153 CralloCIN20O) 65.51 3.53 10,91 13.51
(36) (256.7) 65.20 3.27 10.68 13.70
Ve 150 - 152 CralloBeN20O 55.83 3.01 9.30 26.53
(87) (301.2) 55.97 2.89 3.96 26.01
Vi 158 - 160 CglloN20)2 59.29 3.72 17.27 -
(86) (162.2) 59.01 3.86 17.39 -
vy 203 - 205 Cgl17N30 59.62 4.37 26.07 -
1) (161.2) 59.81 4.52 26.25 -
Vk 159 - 161 Crall N3O 70.87 4.67 17.71 -
(83) (237.3) 70.61 4.42 17.50 -
Vi 225 - 227 CollsN1O2 52.94 3.94 27.43 -
(100) (204.2) 52.76 3.71 27.62 -
Vm 226 - 228 CralloN3O3 62.02 3.39 15.72 -
(S4) (267.3) 62.92 3.56 15.89 -
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methanol. The physicochemical and spectral data of the obtained compounds Va — VI are given in Tables
I 1L IV and V.

Preparation of Compound Vm

A solution of nitrile 7 (1.47 g. 0.01 mol) and 4-nitroanilince (1.38 g, 0.01 mol) in mcthanol (10 ml) was
refluxed for 5 h. After cooling 1o room temperature, the mixture was sct aside for 24 h, the solid was
filtcred, washed with methanol and crystallized from dimethyl sulfoxide. The physicochemical data of Vm
are given in Table .

Preparation of Compound VI

Reaction of nitrile 7 (1.47 g, 0.01 mol) with perdeuterated aniline (2.0 g, 0.01 mol) under conditions
described for preparation of IVa = IVi afforded 2.75 g (85%) ol the product VI, m.p. 155 - 157 °C. For
CyollsDy5N;30 (327.3) caleulated: 73.40% C., 8.93% 1 + D, 12.84% N: found: 73.22% C, 8.19% H + D,
12.77% N. '1I1 NMR spectrum: 3.70 d. 1 1 (H-1, ¥(1.5) = 3.3)% 4.58 m. 1 1 (11-5): 6.44 dd. 1 1 (11-3,
(3.4) = 6.0: {(3.5) = 1.5): 7.85 s, 1 11 (H-8): 7.87 dd. | 1 (11-4. *J(4.3) = 6.0: J(4.1) = 2.1. 'H NMR
spectrum (CD3SOCD; after addition of H,0): 3.70 d. 1 H (1-1. 2J(1.5) = 3.3); 4.58 m. 1 H (11-5), 6.22 d.
1 H(N-HE J(NAIE. H-S = 7.2): 6.44 dd, 1 HE(H-3. 3(4.3) = 6.0; 'J(3.5) = 1.8): 7.87 dd. 1 11 (H-4, 3J(4.3)
= 6.0; U(4.1) = 2.1): 7.85 d. 1 H (118, *J(H-8.N-1T') = 13.5); 9.11 d. L H (N-II". 3/(N-11", 11-8) = 13.5).
13 NMR spectrum: 50.9 d (C-1). 59.3 d. (C-5). 79.2 s (C-6). 120.9 s (C-7), 132.9 d (C-3), 143.5 d (C-8),

TasLe 11
"1 NMR chemical shifts (8. ppm) for compounds Va — Vim

Chemical shifts

Compound

H-3.d H-4, ¢ H-s.d4° H6.s  H9.s Aromatic protons
Va 7.32 6.78 7.96 7.76 8.42 725s.511
Vb* 7.45 6.84 8.01 7.83 8.45 698 - 631 m. 411
ve! 7.38 6.72 7.93 7.70 8.40 694 -728m,. 411
Vd 7.35 6.81 7.98 7.83 8.43 7.25-743m, 4 1
Ve 7.44 6.80 7.98 7.82 8.41 7.19-758m. 41
Vf 7.43 6.80 8.00 7.85 8.40 7.08-777m, 41
Vg 7.42 6.81 7.98 7.83 8.54 750-791m. 7H
Vh 7.39 6.86 7.99 7.86 8.59 726 - 749 m. 4 11
vi¢ 7.24 6.73 7.86 7.42 8.00 -
Vi 7.28 6.76 7.82 8.07 8.46 -
174 * 6.64 7.68 d 7.78 7.07 - 745 m. 711
Zd 7.10 6.71 7.95 7.43 7.68 -
Vm 7.67 6.96 8.22 7.54 8.47 7.22-750m. 411

“37(43) = 3.4 - 35 Nz *N54) = 1.4 - 1.5 Hz " J(5.4) = 1.4 - 15 Hz: © other signals: 235 s, 3 11
(CH3): “ other signals: 3.80 s, 3 H (CH;0): “ other signals: 10.88 m, 1 11 (OH): / other signals: 9.83 m,
1 H (NH): * overlap with other proton signals: " other signals: 6.25 m. 2 11 (N11,).
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1634 d (C-3). 20406 s (C-1). Mass spectrum, m/z (%): 227 (50). 186 (64), 138 (25). 109 (27), 98 ( 100), 82
(S4). 71 (41).

Preparation of Compound VII

I'he title compound was prepared by reaction of nitrile 77 (1.48 g, 0.01 mol) with perdeuterated aniline (2.0
¢, 0.02 mol) as described for compounds Ve - Vi, Yield 288 g (88%), m.p. 159 — 160 °C. For
CoolyD N0 (328.3) caleulated: 73.20% €, 0.22% 11+ D, 12.80% N: found: 73.17% €. 8.79% H + D,
12.74% N. "I NMR spectrum: 3.61 s, 1 I (H-1), 6.37 d. 1 H (113, 3/(3.4) = 6.0); 7.82 d. 1 H (11-4,
U(4.3) = 6.0) 780 s (H-8). BC NMR spectrum: 50.7 d (C-1), 79.1 s (C-6), 120.7 s (C-7). 143.2 (C-8),
133.2 d (C-3), 163.1 d (C-4). 204.3 5 (C-2). Mass spectrum, m/z (%): 228 (56). 98 (100).

Tawer I
T NMR spectral parameters {or compounds [Va — Vi, Chemical shifts in ppm (d-scale). coupling
constants (J) in 1/

Com- -3, dd H-4.d H-1.d H-S. d N-11".d Aromatic

pound (S J(35)) ((3): (1) HESm 15y SN (N S)) protons

fVa f.45 7.88 458 360 754 854 6.5-770m. 1011
(6.0: 1.5) (6.0: 2.1) (3.3) (13.5) (13.5)

np' 6.31 7.73 442 350 7.64 802 65-69m 8l
(5.7: 1.5) (5.7: 2.1) (3.3) (135 (13.5)

e’ 6.30 7.72 438 3.6 7.56 887 6.6-70m 811
(5.8: 1.7) (5.8 2.1) GO (132) (13.2)

vd 6.35 7.78 447 36l 7.08 003 65-73m.81l
(6.0: 1.5) (6.0: 2.1) (3.3) (13.2) (13.2)

e 6.36 7.79 451 3.66 7.74 0.18 6.9 - 7.5 m. 8 11
(6.0: 1.5) (6.0: 2.1) (3.3) (134 (13.:h

a 6.51 7.01 462 3068 7.02 002 6.6-73m 81
(6.0: 1.5) (6.0: 2.1) (3.3) (12.8) (12.8)

Vg 643 7.84 453 36l 7.56 800 65-74m 81
(5.0: 1.9) (5.9: 2.3) (3.3) (130) (13.0)

n 043 7.80 450 306 7.79 017 67-72m 81
(5.58: 2.1 (5.8: 2.1) G0y (133) (13.3)

Vi bkl 785 458 304 7.77 021 6.7-73m 81l
(580 1.7) (5.8: 2.1) (3.3) (13 (13.4)

COther signals: 2,00 <0 20002 x 312 x CHE): P other signals: 34850358 502 x 3 H (2 x CHL):  other
signalss 6,12 d0 D NGH) JN-TTS) = 7.2
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Preparation of Compound VIII

The title compound was preparcd by reaction of nitrile /77 (1.48 g, 0.01 mol) with perdcuterated aniline
(2.0 g, 0.02 mol) as described for derivatives Va — Vi. Yield 2.88 g (86%), m.p. 160 - 161 °C. For
CapllyDy3N;0 (328.3) calculated: 73.20% C, 9.22% H + D, 12.80% N: found: 73.17% C, 8.79% H + D,
12.74% N. 'H NMR spectrum (CD;SOCD;): 4.43 m, 1 11 (11-5); 6.30 d, 1 H (11-3, 3J(3,4) = 6.0); 7.64 d.
1 (114, 3(4.3) = 6.0): 7.71 s, 1 1 (11-8). '3C NMR spectrum (CD;SOCD;): 59.2 d (C-5). 79.2 s (C-6).
1208 s (C-7), 133.4 d (C-3), 143.4 d (C-8). 163.2 d (C-4), 204.4 s (C-2). Mass spectrum, m/z (%): 228
(42). 98 (100).

TaBLE V
Infrared and UV data for compounds /Va - IVi and Va — Vm

UV spectra IR spectra
Compound - .
Anax (log €) Mnax (log €) v(C=N) v(C=X) v(N-1HI)
nm (mz mul'l) nm (m: mol'l) em™! cem™! em™!
Va 333 (2.76) 287 (2.49) 2200 1 705* 3300
Vb 334 (2.69) 306 (2.52) 2199 1 714" 3 395
Ve 333(2.73) 301 (2.49) 2198 1715 3392
1Vd 349 (2.76) 291 (2.53) 2201 1 708" 3308
Ve 342 (2.70) 208 (2.46) 2234 1 709 3270
wvf 341 (2.76) 302 (2.50) 2228 1 700" 3308
Vg 331 (2.70) 286 (2.49) 2197 1718 3394
IVh 340 (2.68) 296 (2.45) 2198 1714" 3381
i 345 (2.78) 302 (2.55) 2195 1714" 3310
Va 340 (2.68) 248 (2.39) 2230 1607 -
Vb 344 (2.72) 248 (2.34) 223 1 602° -
Ve 341 (2.58) 249 (2.41) 2230 1 608° -
vd 350 (2.72) 248 (2.34) 2238 1 6007 -
Ve 349 (2.71) 248 (2.35) 2236 1 602" -
vr 349 (2.70) 251 (2.41) 2238 1 600" -
Vg 347 (2.73) 242 (2.61) 2230 1617 -
Vh 346 (2.71) 248 (2.50) 2234 1607 -
Vi 333 (2.64) 226 (2.40) 2231 1630 3320
vj 405 (2.72) 311 (2.38) 2230 1618 3248
Vk 303 (2.61) 237 (2.26) 2230 1 605" 3282
vi 348 (2.86) 244 (2.42) 2232 1 606° 3400
Vin 385 (2.74) 2500 (2.50) 2238 1619 -

“Values for v(C=0); " values for v(C=0).
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