Zwitterion from a Cyclopropane
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ABSTRACT
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2,2-Dimethoxy-3,3-dicyanospiro[cyclopropane-1,9
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"-[9Hifluorene] reacted fast with methanol to afford 9-trimethoxymethyl-9-dicyanomethyl-9 H-
fluorene. Reaction with benzaldehydes also gave products of cyclopropane ring opening. Strong electron-donor

r
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p-substituents or a strong

attractor enhanced the rate. Ring opening of the cyclopropane to a zwitterion that recloses or reacts with an aryl aldehyde, to form either a

CO or a CC bond first, can explain the result. The former mode of closure is sensitive to

p-substituents because they are directly conjugated

to the positive charge at the benzylic carbon of the former aldehyde. The latter mode is sensitive to the ground-state electrophilicity of the

carbonyl carbon of the former aldehyde. Thus, reaction of the cyclopropane with

donor or -acceptor substituents.

p-substituted aldehydes is accelerated by either electron-

Dimethoxycarbene (DMC) is nucleophifié,and it reacts with
electrophilic alkenes bearing four electron-withdrawing gréups

In any case, the cyclopropane expected from such a
cycloaddition has never been isolated, raising the question

by an unknown mechanism (Scheme 1). A stepwise cycload-as to whether such cyclopropanes are inherently unstable,
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dition mechanism has been proposéulit electron transfer
followed by bond formation are among other possibilities.
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possibly because they undergo reversible ring opening to a
Zwitterion, even in relatively nonpolar solvents (Scheme 2).
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(E= electron withdrawing group)

Zwitterions are postulated intermediates in some of the
well-known synthetic applications of doneacceptor cy-
clopropane4:> We now report the isolation and properties
of two cyclopropanes that might be disposed toward such
ring openings.



Dicyanomethylene compoun@sand?7 were synthesized

by means of the reaction of fluorenone and adamantanone,

respectively, with malononitrileand dimethoxycarbeng)
was generated by thermolysis of the 5-methyp5¥iethox-
yphenyl] oxadiazoline precursdr3 Compound3 reacted
with DMC (2) in benzene at 50C to afford cyclopropane

4 (Scheme 3) as indicated by means of NMR spectroscopy

and X-ray crystallography.

Scheme 3

MeO_ OMe

(Me0),C: + N, +
PhH 2
—_—
50°C

MeC(O)C6H4OMe

It was difficult to obtain good crystals af. Attempts to
purify it by chromatography on silica or by crystallization
of crude4 from hot toluene led to its conversion@dScheme
3). Nearly pured was obtained by washing the crude material
with hexane, thereby removing most of tpemethoxyac-

etophenone that comes from the oxadiazoline. Crystallization

of 4 from hot, dry hexane was ultimately achieved.
Dicyanomethylenadamantand édded? to form the more
hinderedB that could be purified by chromatography on silica

and recrystallized from hexane without any appreciable e,

reaction (Scheme 4).
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The high reactivity o4 could mean that it is equilibrated
in solution with the corresponding zwitteridn In fact, 4
reacted very rapidly with anhydrous methanol, at room
temperature, to affor®, and the reaction was over before
an NMR scan could be made (Scheme 5).

(3) Zhou, H.; Mloston, G.; Warkentin, Drg. Lett.2005,7, 487.
(4) Reissig, H.-U.; Zimmer, RChem. Re»2003,103, 1151.
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Cyclopropane3 also reacted with methanol but at a much
slower rate. After 72 h at 5¢C, there was 90% conversion
of the substrate to est&0 (Scheme 6).

Scheme 6
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Reaction of4 with CDsOH and CROD (1:1) did not
afford a meaningful kinetic isotope effect because the
dicyanomethine proton 09 exchanged in the medium.
Dicyanomethane also exchanged its protons for deuterons
under the same conditions.

Figure 1. X-ray structure of the unit cell of.

An X-ray crystal structure o#t (Figure 1) showed that
the unit cell contains two molecules. In molecule A, the-C1
C2, C1—C3, and C2—C3 bond lengths are 1.544(3), 1.494-
(3), and 1.600(2) A, and in molecule B, they are 1.542(3),
1.492(2), and 1.608(2) A (Scheme 3).

Bond lengths in the cyclopropyl group & were very
similar to those of the corresponding bonds 4n The
structures suggest that, in the solid state, the species are not
at all zwitterionic and that unhindered cyclopropanes such
as4 may form zwitterions only if the polar groups can be
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adequately solvated. The lower reactivity 8f toward handling by means of glove bag techniques, was effective.
methanol might be attributed to steric hindrance to rotation Excellent pseudo first-order plots, with aldehyde in 20-fold
and solvation in the corresponding zwitterion, which would excess over the cyclopropane, were obtained with benz-
affect heterolytic bond scission &t aldehydel4aas well as withp-F, p-Cl, p-Me, andp-OMe
Attempts tocis/transequilibrate unsymmetrically substi- benzaldehydes in benzedgat room temperature, by means
tuted cyclopropaned42a—c in solution in the manner of  of *H NMR spectroscopy at 600 MHz-Me,NCgH4,CHO
Chmurny and Crarfailed. Treatment ofl1awith ethoxy- reacted much too quickly, ang-O.NCgH,CHO was too
(methoxy)carbene at 5TC did not afford12abut only the insoluble in benzene at 20-fold excess. The second-order rate
five-membered rind.3 (Scheme 7). Equilibration df2b—c constants were determined (equal concentration4 afd
aldehyde), and the pseudo first-order rate constants at a 20-
fold excess of aldehyde were estimated by multiplying the
experimental second-order rate constants by 20. Figure 2 is

: 2.5
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Figure 2. Plot of log k/ky) vs o*.
could not be attempted because ethoxy(methoxy)carbene
failed to add tollb or 11c.

Advantage was then taken of the reaction dbfwith
benzaldehydes to affori4 (Scheme 8). We thought that

a Hammett plot of logK/ky) against thes™ constants of the
substituents, wherk andk, are the pseudo first-order rate
constants for reaction of a substituted benzaldehyde and

benzaldehyde.
It is clear at once, whetheror o* is chosen, that there is
Scheme 8 a change of mechanism with substituent. The two electron-
donor and thep-nitro substituents accelerate the rate of
O CN O CN cycloaddition compared to the others. What could it mean?
’4 g:‘/le ‘:1_ ’ - g":‘/le A simple explanation would havp-nitrobenzaldehyde
O OMe . O OMe react with the zwitterion to make a CC bond fir§t, anleO
4 5 and p-Me;N aldehydes make a CO bond first. Electron
transfer (ET) as the rate-limiting step is excluded because
p-XCeH,CHO the p-nitro compound, one of the_ faster reactants, should be
k—> the poorest at transferring from its HOMO to the LUMO of
2

the cyclopropane.

In view of the earlier postulates of zwitterionic intermedi-
14a: X= H; b: X= Me; ¢: X= OMe;d: X=F; ates from cyclopropanes with fewer than two donor groups
e: X= CI; f: X= NMe,; g: X= NO, . .

at one carbon and electron-withdrawing groups at another
and in view of the literature on zwitterionic intermediate$,6
not neccessarily from cyclopropanes, we calculated the
barrier to bond heterolysis . At the b3pw91/6-31g* level

there might be a substantiptsubstituent effect that could
betray the mechanism by which reacts with an aryl
aldehyde' Th@'SUbStltuents chosen were H, F, Cl, Me, MeO, (8) Nair, V.; Deepthi, A.; Poonoth, M.; Santhamma, B.; Vellalath, S.;
MeoN, and NQ. Babu, B. P.; Mohan, R.; Suresh, E.Org. Chem2006,71, 2313.

- S aat - (9) Nair, V.; Menon, R. S.; Sreekanth, A. R.; Abhilash, N.; Bijou, A. T.
Stringent purification of the aldehydes was required Acc. Chem. Re©006.39. 590,

because any hydroxylic impurities, such as acids gdH (10) Nair, V.; Deepthi, A Tetrahedron Lett2006,47, 2037.
were known to react fast with the cyclopropane. Washing  (11) Itoh, K.; Iwata, S.; Kishimoto, SHeterocycle2006, 68, 395.

. . . (12) Cermola, F.; Di Gioia, L.; Graziano, M. L.; lesce, M. R.Chem.
of the aldehydes with dilute aqueous sodium carbonate wasges 5005, 677.

not effective, presumably because of the Cannizzaro reaction. (13) Esmaeili, A. A.; Zendegani, Hetrahedron2005,61, 4031.

ietillati S (14) Young, I. S.; Kerr, M. AAngew. Chem., Int. EQ2003,42, 3023.
In the end, vacuum distillation of the liquids undey, ldnd (15) Saigo, K.: Shimada, .- Hashimoto, Y. HasegawaCkiem, Lett.
1989, 1293.
(7) Chmurny, A. B.; Cram, D. 0. Am. Chem. S0d.973,95, 4327. (16) Abdallah, H.; Gree, R.; Carrie, Retrahedron1985,41, 4339.

Org. Lett, Vol. 9, No. 4, 2007 697



of theory, the barrier to formation of a zwitterion in benzene, the same energy and geometry as that in the unrestricted

with the charge-bearing groups substantially turned, is aboutmode. The latter would have permitted a singlet diradical

24.4 kcal mot? (Figure 3). Onsager’'s method, in which the species, if that were of lower energy. We were unable to
find a transition state for direct reaction 4fwith benzal-

I cohyde

In summary, the fast reaction dfwith p-MeO, p-MeN,
and p-O:N benzaldehydes in benzene seems to fit with
24.40 reversible heterolysis o# to a zwitterion. There is a
considerable body of literature in which the existence of
zwitterions from less favorably substituted cyclopropanes has
zwitterion 5 been postulated, but there is no previous proof that such
zwitterions can exist in a solvent of relatively low ionizing
power. Computation indicated that the barrier to CC het-
erolysis of 4 in benzene is about 24.4 kcal mél For
benzaldehydes to compete with reclosure of the zwitterion,
the activation energy for the aldehyde reaction has to be low
also.

E (kcal mol *)

cyclopropane 4

reaction coordinate .
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