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Negatively Substituted Trimethylenecyclopropane
Dianions

Sir:

Trimethylenecyclopropane (TMCP),! 1 (X = H), is iso-
meric with benzene, but has three essentially localized sin-
gle and double bonds. Because of its D3z symmetry, the
LUMO is nondegenerate and symmetric with respect to the
. C3 axis, and has a node between the ring and radial carbon
atoms. Thus, in the TMCP dianion having this MO now oc-
cupied, both the ring and radial bonds are expected to have
substantial = bond orders, and it becomes of particular in-
terest if the MO in question can be sufficiently stabilized
below the nonbonding level. Perturbation calculations
suggest that this may be achieved simply by making the ra-
dial carbon atoms more electronegative.2"4

X X

9—

X X

(CeXe]®

1 2

In this communication we wish to report the synthesis
and properties of the TMCP dianions 2 substituted fully
with cyano and/or ester groups.’

Hexacyanotrimethylenecyclopropanediide (2a) was ob-
tained by the reaction of tetrachlorocyclopropene, C3Cls,
with 3 equiv of malononpitrile in glyme in the presence of 6
equiv of sodium hydrid'e, and isolated as the bis(tetrabuty-
lammonium) (TBA) salt,® mp 210-211 °C. The formation
of 2a in almost quantitative yield reflects its high stability
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and contrasts markedly to the exclusive ring opening in the

reaction of C3Cls with alcohol and water.” Similarly, the re-
action of C3Cls with methyl cyanoacetate and dimethyl
malonate afforded® the dianions, 2e and 2i (see Table I), re-
spectively.

Table I. Trimethylenecyclopropane Dianions (2)

When the reactions were performed in dichloromethane
using triethylamine as a base, the zwitterionic methylenecy-
clopropenes, 3, were obtained as colorless solids in 50-86%
yields. The triethylamino group of 3 could further be re-
placed by another active methylene compound. This second
step can be carried out by adding a solution of 3 in HMPA
into either a solution or a suspension of the sodio derivative
of an appropriate active methylene compound® in methanol,
glyme, or DMSO. By these procedures dianions, 2, with a
different assortment and location of the substituents were
prepared and are summarized in Table .
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While 2a was a very weak base and could not be proton-
ated in acetic acid or dilute hydrochloric acid, the dianions
became stronger bases as the number of ester groups in-
creased. Thus, 2g and 2h were monoprotonated and 2i was
diprotonated by dilute acid. In these cases, it was more con-
venient to isolate the monohydrogen TBA salts or the con-
jugate diacid. The protonated species could be cleanly con-
verted to the bis(TBA) salts which in turn by metathesis
transformed, for example, into the corresponding disodium
salt.

The electronic spectra of the dianions exhibited a rather
broad absorption envelope between 275 and 375 nm with a
maximum at 300-330 nm (see Table I). The increasing sol-
vent polarity from CH3CN to CH3OH did not affect the
absorption maxima of 2a, but caused a small blue shift (4
nm) to 2h and 2i.

Bis(TBA) salts of 2 containing one or more dicyanometh-
ylene groups showed two strong C=N stretches between
2150 and 2197 cm~! in the ir spectra,!® while 2e, 2g, and 2h
without this group showed only one at 2170-2180 cm™!, in-
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Half-wave potentials (V)
in CH,CN vs, SCE

X! X? X2 X4 X5 Uv Maxima in CH,CN,f nm (¢) E, E, E,-E,

22. CN CN CN CN CN CN 94 315 (33 400), 285 sh (22 000), 222 (35 800) +0.34  +1.13%7  0.79
2b CN CN CN CN CN E 73 322 (34 400), 293 sh (24 700), 224 (32 600) +0.26  +1.0 0.74
2c CN CN CN CN E E 38 322 (32 800), 269 (17 200), 223 (27 600) +0.118 — —

2d CN CN CN E CN E 30 326 (37 500), 302 sh (24 100), 227 (30 000) +0.17  +0.97 0.80
2¢ CN E CN E CN E 85 328 (39 200), 305 sh (29 700), 232 (32 300) +0.10  +0.72 0.62
26 CN CN E E E E 40 315 (32 000), 268 (22 700) +0.06%  +0.46" (.40
2g CN E CN E E E 68¢ 320 (34 600), 305 sh (31 900), 234 (25 400) +0.05%  +0.447  0.39
2hn CN E E E E E 699 314 (38 500), 300 sh (35 000), 240 (>20 600)/ -0.01  +0.327  0.33
2i E E E E E E 57¢ 309 (40 900), 264 (38 800)¥ -0.07¢  +0.16!  0.23

aE represents COOCH,. & Not optimized; isolated as the bis(TBA) salt unless otherwise stated. ¢Isolated as the monohydrogen TBA sait.
dIn addition, the monohydrogen TBA salt was isolated in 21% yield. €Isolated as the diacid. fFor the bis(TBA) saits. £Only one irreversibie
wave was observed. #Waves are not totally reversible. i The values were obtained by reduction of hexakis(methoxycarbonyl)TMCP.*/In 0.1
M TBA'OH-CH,CN. Anax (€) in 0.1 M TBA*OH--CH,OH 310 nm (36 200), 267 (22 100), 239 (22 200). k Conjugate diacid in 5 x 10~*
M TBA-OH-CH,CN. Az (€) in 0.1 M TBA-OH—CH,OH 305 nm (38 600), 265 (32 200).

Journal of the American Chemical Society | 98:2 | January 21, 1976



dicating strong mechanical coupling between the geminal
cyano groups. The two ir-active C=N stretches of the
bis(TBA) salt of 2a were also active in the Raman spec-
trum:!% however, one was much stronger than the other.
Comparison of these results with a fundamental vibrtion
mode analysis indicated the expected D3, symmetry for 2a.
In contrast, 2f-i which contained more than four ester
groups appeared to have nonplanar structures in which
some ester groups were twisted out of the ring plane due to
steric overcrowding, judging from the broadness and com-
plexity of the carbonyl stretching bands. All the dianions
showed a skeletal vibration3!! in the ir spectra near 1420
cm™!, that was also observed in the Raman spectra!? of 2a
and 2i. A Raman active and ir inactive skeletal vibration of
the 2a bis(TBA) salt appeared as a Fermi pair at 1915 and
1870 cm™!. The corresponding band of the 2i bis(TBA) salt
was observed at 1880 cm~1.

In the 13C NMR spectrum, 2a exhibited peaks at 5 124.5
(ring), 24.8 (methylene),'® and 121.0 ppm (nitrile); the
hexaester dianion 2i at 138.4 (ring), 72.7 (methylene),
169.3 (carbonyl), and 49.3 ppm (methoxyl). If the ring car-
bon shifts are taken as a measure of = charge density,!* the
cyclopropenium 2A contribution to the ground state may be
estimated'® as 8 and 30% for 2a and 2i, respectively. The
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estimates are consistent with the observed polar solvent ef-
fects on the electronic spectra and in qualitative agreement
with the MO calculations.* The greater contribution of 2A
in the ground state of 2i relative to 2a again points to the
steric overcrowding among the ester groups in 2i.

The polarographic data in Table I indicated that dianions
2 were oxidized in general by two one-electron processes to
the radical anions 4 and the neutral species 5. Although
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some oxidation waves were not reversible, it is evident that
the first and second redox potentials as well as the differ-
ence between the two can be altered over a wide range by a
proper choice of substituents. Thus, the hexaester 5i is ex-
pected to be as electron deficient as TCNQ (=0.37, +0.17
V), but the radical anion 4i would disproportionate more
readily than that of TCNQ. The hexacyano compound 5a
will be one of the most potent = acids and should form a
very stable radical anion.’
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Negatively Substituted Trimethylenecyclopropanes and
Their Radical Anions

Sir:
In the accompanying communication! we described the
synthesis of trimethylenecyclopropanediides, 1, fully substi-
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tuted with cyano and/or ester groups. It was also shown
that the dianions could be oxidized polarographically via
radical anions, 2 to the neutral trimethylenecyclopropanes
(TMCP), 3. We wish to report here the oxidation products
of these TMCP dianions.
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a,X=CN;b.X=C00CH;c.X=H

The disodium salt of 1a is cleanly oxidized with potassi-
um persulfate in water to maroon, crystalline
K*[Ce(CN)g]-~ in 95% yield.2 The latter could be convert-
ed by metathesis to other simple 1:1 salts such as the tris(di-
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