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Cyanomethylene Cyclopropane, a useful Dipolarophile and Dienophile
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Abstract. Cyanomethylene cyclopropane, prepared for the first time on large scale, proved to be a
rcactive dipolarophile and dienophile in several cycloadditions. The reactivity of this compound has

been compared with 3-methyl-2-butenenitrile, c¢thy! 3-methy!l-2-butencate and

ethoxycarbonylmethylene cyclopropanc. © 1998 Elsevier Science Ltd. All rights reserved.

During the course of natural product synthesis, we were faced with the poor reactivity of 3-methyl-2-

butenenitrile 1 and ethyl 3 methyl -2-butenoate 2 in [2+3] cycloadditions with camphor derived oxazoline-V-

cycioadditions?-%>. The preparation of cyanomethyiene cyciopropane 3 as well as a comparison of the
reactivity of this compound and ethoxycarbonylmethylene cyclopropane 4a in various [2+3] and [2+4]

cycloadditions are presented in this communication.
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he only reference of cyanomethylene cyclopropane 3 in literature® is rclated to a pyrolysis of

tetrahydrofuronitrile at 500-600°C over silica, affording 3 as by product. By analogy with the preparation of
ethoxycarbonyimethylene cyclopropane 4a’, it was anticipated that Wittig condensation between
triphenylcyanomethylenephophorane 6 and 1-ethoxy-1-hydroxycyclopropane 78 might afford 3.

The preparation of the required phosphorane 6% proved troublesome, as also reported by others!V-11.
The use of a diluted solution of sodium hydroxyde for deprotonation of phosphonium salt 5 afforded large
amount of triphenylphoshine oxide and very low yield of the anticipated phosphorane 6. Nevertheless. it was
found that by using 50% solution of sodium hydroxyde, 6 was isolated in 72% yield!?

I-Ethoxy-1-hydroxycyclopropane 7 was prepared just before use by hydrolysis of I-hydroxy-1-

imeth oxy cyclopropan Wittio condensation between phosphorane 6 and hemiketal 7 can be
et 0]t aoanal coivante ok N - Tas kel QNo A F it ¥
erformed in severar soivents sucn as oenzene, toiuene or ety acetate at sU C. Aflter precipitation of

triphenylphosphine oxide with pentane, the crude nitrile 3 was purified by silica gel column chromatography
(pentane-ether 80 : 20) and afforded cyanomethyiene cyclopropane 3 in solution in ether!=. However, isolation
of 3 was difficult because its tendancy to form azeotrope with various solvents. For this reason. yields were
estimated by 'H NMR to be in the range of 30-50% (Scheme 1).
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Scher;1e1 : a ) CISiMes, 0.01 eq, MeOH, 20°C, 10 min. b ) NaOH (50%),
H20. ¢ ) PhCO2H, 0.1 eq, CeHg, Rfx, 17 h.

Reactivity of cyanomethylene cyclopropane 3 was first evaluated in [243] cycloadditions with 5.5-

dimcthylpyrroline N-oxide 8 as dipole by comparison with [2+3] cycloaddition of the same dipole with

methoxycarbonylmethylene cyclopropane 4b as described by Brandi!3. Results are summarized in Scheme 2.
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addition 1s more
suprising, since generally esters give a better endo selectivity than nitriles. In this case, the effect of secondary
orbital overlap in ester 4b is probably overrided by the steric hindrance which is obviously minimized in nitrile
3 (Scheme 2).
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3:R=CN 8 9a: R =CN (80%) ;R =CN (20%)
4b : R= COzMe 10a: R = COzMe (33%)10b R = COz2Me (67%) 63 (Ref. 13)

Scheme 2 : a) 3, 2 eq, toluene, 50°C, 1h. b ) 4b, 2 eq, 50°C, 40h, whithout solvent.
¢) For 9a-9b yield is calculated from 8.
Asymmetric [2+3] cycloadditions with camphor derived oxazoline-N-oxide 12 with 3 and 4a have also

been studied and compared with cycloaddition of 3-methyl-2-butenenitrile 1 and of ethyl 3-methyl-2-buteno
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2 (Scheme 3, table 1). As prev1ously descri , N-oxide 12 was prepared by condensation of

nitted directly to cycloaddition reaction
condition. Cyclopropane derivatives 3 and 4a gave much better yields than the gemdimethyl derivatives 1 and
2 (Table 1). The high yieid obtained in cycloaddition with 3 affording adducts 13¢-1dc is specially worthy of
notc. Endo selectivity is observed in both cases with 3 and 4a. This can be due to the decreasing steric
hindrance at the o position from nitrogen which is linked in dipole 12 to tertiary carbon and in dipolc 8 o a
quaternary carbon. A secondary orbital interaction with endocyclic oxygen in dipole 12 may also reenforce the
endo selectivity.
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13a,14a: Ry = CN; Rz = Me

13b, 14b: Ry = COoEt ; Rs = Me
13¢, 14c : Ry = CN ; Rz = (CH2)2
13d, 14d : Ry = CO2Et ; Ry = (CH2)2

Scheme 3 : a) HC(OMe)s, 4 eq, CaCOg3, 1.1 eq, toluene, 40°C, 4h. b) see table 2.



Dipolarophile Time Yield % 13 (endo) 14 (ex0)
(eq)® h ( ratio)
1(10) 21 16 >95 <5
2(i9) 8 11 50 50
3(2) 1.10 84 88 12
4a (2) 1.30 54 83 17

Finally, the reactivity of cyanomethylene cyclopropane 3 and of ethoxycarbonylmethylene cyclopropane
4a in Diels-Alder reaction have been also evaluated. These compounds reacted as dienophiles in the presence of

zinc chloride, with a variety of dienes (Table 2). Except in one case with the reactive cyclopentadiene, 3 gave
better yields and stereoselectivity than 4a. However, no cycloaddition was observed with highly sterically
demanding 1,1,2,3-tetramethyl butadiene 18 (Scheme 4, table 2).
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It is worth noting that with nitrile 3 cycloaddition with cyclopentadiene 15 was endo selective affording
19 as th

(¢}
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major adduct. whereas 4a gave rise exclusively to the exo adduct 2214 Tn this latter case. steric

hindrance probably overlap a possible secondary orbital interaction 3.

Dienophile | Diene | Time(h)| Yield endo | exo | Adduct
32 15 2 & 70 | 2 19
¥ 16 19 70 2
" 17 0 50 “
) 18 24 0 -
4a 15 2 40 0 |100 2
4a° 16 24 50 2




Further uses of the [2+3] cycloadditions between compound 3 and dipole 12 in 3-lactam synthesis are

in current development.
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(550mg, 4,51 mmol) and dnomethylen riphenylphosphorane 6 in benzene (250mL) was refluxed for 17

hours. After cooling at room temperature the reaction mixture was concentrated in vacuum. Triphenyl
phosphine oxide was precipitate by addition of pentane and filtered off. The [iltrate was concentrated in vacuum
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