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Stabilized phosphoranes, obtained from the three-component reaction
between dialkyl acetylenedicarboxylates and spiro-hydantoins in the
presence of triphenylphosphine, undergo a smooth intramolecular Wit-
tig reaction in boiling toluene to produce functionalized spiro-imidazol-
4-ones in good yields.

Keywords: Hydantoins; intramolecular Wittig reaction; spiro-imidazol-
4-ones; three-component reaction; triphenylphosphine

INTRODUCTION

A number of imidazol-4-one derivatives display a wide range
of biological properties, including anticonvulsant,! antidepressent,?
antiinflammatory,®> antiviral,* antitumor,” and platelet-inhibitory
activities,® and are a conspicuous structural feature of several in-
hibitors of aldose reductase.” As part of our study on the development of
new routes to heterocyclic and carbocyclic systems,?~ 2 we now report
on the chemoselective synthesis of functionalized spiro-imidazol-4-ones
4. Thus, the reaction of spiro-hydantoins and dialkyl acetylenedicar-
boxylates in the presence of triphenylphosphine leads to phosphoranes
3, which undergo intramolecular Wittig reaction in boiling toluene to
produce 4 in good yields (Scheme 1).
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SCHEME 1 Synthesis of functionalized spiro-imidazole-4-ones via phospho-
rane 3.

RESULTS AND DISCUSSION

The reaction of dialkyl acetylenedicarboxylates 1 with spiro-hydantoins
2 in the presence of triphenylphosphine at room temperature in ethyl
acetate was complete within a few hours, and phosphoranes 3 were pro-
duced in good yields.!® Although these phosphorus ylides are stable at
ambient temperature, they undergo a smooth reaction in boiling toluene
to produce triphenylphosphine oxide and dialkyl 2-(4-oxo-1,3-diaza-
spiro[4.5]dec-2-en-2-yl)but-2-enedioates 4 in good yields (Scheme 1).
Structure 4 was assigned to the isolated products on the basis of their
elemental analyses, and 'H and 3C NMR spectral data. Thus, the
'H NMR spectrum of each isolated product exhibited a C=CH pro-
ton signal at about 6.9-7.1 ppm, which is in agreement with the (E)
configuration! for the vinyl moiety in 4. Further evidence was obtained
from the *C NMR spectra, which displayed C=CH carbon resonances at
about 129-132 ppm and C=N carbon signal at about 154 ppm. Carbon
resonances of the NCON and NCO moieties in phosporanes 3 appeared
at about 156 and 172 ppm, respectively. In product 4, the carbon res-
onance of NCON group was absent, and the carbon resonance of NCO
group displayed a peak at about 174 ppm.

Although we have not yet established the mechanism of formation
of 4 in an experimental manner, a possible explanation is proposed in
Scheme 2. Ylides 3 undergo intramolecular Wittig reaction to produce
the fused bicyclic intermediates 5, which apparently isomerize under
the reaction conditions employed to produce 4 in good yields. Compound
3 has two carbonyl groups, namely the NCO and NCON, available for in-
tramolecular Wittig reaction. However, only the NCON carbonyl group
participates in the intramolecular Wittig reaction. This chemoselectiv-
ity arises from higher nucleophilic reactivity of the NCON carbonyl
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group toward ylenic carbon compared to the carbonyl group of the NCO
moiety. Another reason for less reactivity of the NCO carbonyl group
may be the steric hindrance imposed by the (CHs)s moiety adjacent to
C-5.

Intramolecular
Wittig reaction
3 — (0]

Electrocyclic
N—H ring opening 4

SCHEME 2 Proposed mechanism for conversion of phosphorane 3 to com-
pound 4.

In conclusion, the present method features the advantages that the
reaction can be performed under neutral conditions and the starting
materials and reagents can be mixed without any modifications. The
procedure described here provides an acceptable method for prepara-
tion of highly functionalized imidazol-4-ones.

EXPERIMENTAL

Melting points were measured on an Electrothermal 9100 apparatus.
Elemental analyses for C, H, and N were performed using a Heraeus
CHN-O-Rapid analyzer. These data were in good agreement with the
calculated ones. IR spectra were measured on a Shimadzu IR 460 spec-
trometer. 'H and *C NMR spectra were measured with BRUKER DRX-
500 AVANCE spectrometer at 500.1 and 125.8 MHz, respectively. The
mass spectra were recorded on a Finnigan-Matt 8430 mass spectrom-
eter operating at an ionization potential of 70 eV. Triphenylphosphine
and dialkyl acetylenedicarboxylates were obtained from Fluka (Buchs,
Switzerland) and were used without further purification. Phosphoranes
3a-c have been reported.!?

The typical process for the preparation of dimethyl 2-(4-oxo0-1,3-
diaza-spiro[4.5]dec-2-en-2-yl)but-2-enedioate 4ais described as an
example. A magnetically stirred mixture of 0.57 g phosphorane 3a
(1 mmol) in 30 ml of toluene was refluxed for 12 h. The solvent was
removed under reduced pressure, the solid residue was washed with
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2 x 5 ml of cold diethyl ether, and the product was obtained as color-
less crystals; m.p. 167—-169°C. IR (KBr) (vmax, cm~1): 3210 (N—H), 1707,
and 1738 (C=0). Anal. Calcd. for C14H,3N203 (294.3): C, 57.13; H,6.16;
N, 9.52. Found: C, 57.2; H, 6.2; N, 9.6. 'H NMR (500.1 MHz, CDCls):
8 1.3-1.9 (10H, m, 5CHy), 3.71 and 3.83 (6H 2s, 2CHj3), 7.04 (1H, s,
C—H), 7.87 (1H, s, NH).13C NMR (125.8 MHz, CDCl3): § 21.5, 24.6, and
33.4 (5CHy), 52.3 and 53.3 (2CH3), 62.8 (C(CHy)z), 128.7 (CH), 131.4
(C=CH), 154.1 (C=N), 162.3 and 163.0 (2 OC=0), 174.5 (NC=0).

Diethyl 2-(4-oxo0-1,3-diaza-spiro[4.5]dec-2-en-2-yl)but-2-ene-
dioate 4b. Colorless crystals, m.p. 161-163°C. IR (KBr) (vmax, cm™1):
3205 (N—H), 1710 and 1735 (C=0). Anal. Calcd. for C1gH22N3O3
(322.4): C, 59.61; H, 6.88; N, 8.69%. Found: C, 59.6; H, 6.9; N, 8.7. 'H
NMR (500.1 MHz, CDCls): § 1.27 (3H ¢, 3Jyy = 7.0 Hz, CH3), 1.30 (3H
t, 3w = 7.0 Hz, CHj), 1.4-1.9 (10H, m, 5 CHy), 4.19 (2H q, 3y =
7.0 Hz, CHy), 4.28 (2H q, 3Jqn = 7.0 Hz, CHy), 7.05 (1H, s, CH), 7.49
(1H, s, N—H).'3C NMR (125.8 MHz, CDCl3): § 14.0 and 14.1 (2 CH3),
21.5, 24.6, and 33.3 (5 CHy), 61.4 and 62.6 (2 OCHy), 62.7 (C(CHz)s),
128.8 (CH), 131.2 (C=CH), 154.4 (C=N), 161.7 and 162.6 (2 OC=0),
174.4 (NC=0).

Dibuthyl 2-(4-0x0-1,3-diaza-spiro[4.5]dec-2-en-2-yl)but-2-ene-
dioate 4c. Colorless crystals, m.p. 154-156°C. IR (KBr) (vmax, cm™1):
3213 (N—H), 1713 and 1745 (C=0). Anal. Calcd. for CooH3¢oN3O3 (378.5):
C, 63.47; H,7.99; N, 7.40. Found: C, 63.5; H, 8.0; N, 7.4. '"H NMR (500.1
MHz, CDCl3): § 1.47 and 1.50 (18 H, 2s, C(CH3)3), 1.4-1.9 (10 H, m, 5
CHy,), 6.90 (1H, s, CH), 7.87 (1H, s, NH). 13C NMR (125.8 MHz, CDCl;):
8§ 21.7,24.4, and 33.4 (5 CHy), 27.8 and 27.9 (2 C(CHj)3), 52.3 and 53.3
(2 CHj), 62.7 (C(CHy)), 129.8 (CH), 132.0 (C=CH), 154.5 (C=N), 160.9
and 161.1 (2 OC=0), 174.3 (NC=0).

REFERENCES

[1] N. Mehta, C. A. Risiger, and F. E. Soroko, J. Med. Chem., 24, 465 (1981).

[2] F. L. Wessels, T. J. Schwan, and S. F. Pong, JJ. Pharm. Sci., 69, 1109 (1980).

[3] B. M. Nilsson, H. M. Vargas, and U. Hacksell, J. Med. Chem., 25, 3270 (1992).

[4] A. A. El-Barbary, A. I. Khodair, E. B. Pedersen, and C. Nielsen, JJ. Med. Chem., 37,
73 (1994).

[5] A. M. Al-Obaid, H. I. El-Subagh, A. I. Khodair, and M. M. A. Elmazar, Anti-Cancer
Drugs, 7, 873 (1980).

[6] A. G. Caldwell, C. J. Harris, R. Stepney, and N. Wittaker, . Chem. Soc., Perkin
Trans., 1, 495 (1980).

[7]1 A.I. Khodair and P. Bertrand, Tetrahedron, 54, 4859 (1998).

[8] I. Yavari and F. Nourmohammadian, Tetrahedron, 56, 5221 (2000).

[9] I. Yavari and M. Adib, Tetrahedron, 57, 5873 (2001).

[10] I. Yavari, M. Adib, and L. Hojabri, Tetrahedron, 57, 7537 (2001).



10: 09 28 January 2011

Downl oaded At:

Spiro-Imidazol-4-Ones 1481

[11] I. Yavari and A. R. Samzadeh-Kermani, Tetrahedron Lett., 39, 6343 (1998).

[12] I. Yavari and N. Zabarjad-Shiraz, Monatsh. Chem., 134, 445 (2003).

[13] I. Yavari, N. Zabarjad-Shiraz, M. T. Maghsoodlou, and N. Hazeri, Phosphorus, Sul-
fur, and Silicon, 177, 759 (2002).

[14] E. L. Eliel and S. H. Wilen, Stereochemistry of Organic Compounds (Wiley, New
York, 1994), pp. 569-573.



