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ACID CATALYZED REARRANGEMENTS OF 4-METHYL-4-CYANOCYCLOHEXADIENONE
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Abstract. Acid-catalyzed dienone-phenol rearrangement reactions of d4-nethyl-4-
eyanocyclohexadienone vccur very slowly and give either fragmentation or methyl group

migration, not cyano group migration, under non-nucleophilic strongly acidic conditions,

Substantial theoretical and experimental work suggests that a cyano group can stabi-
lize an adjacent positive charge by resonance, partially offsetting the destabilization
expected from the inductive effect. Other electron-withdrawing groups, such as ketone,
ester, etc. also provide some such stabilization.l Recent work involving equilibria in a
bicyclohexane system suggests that a f-cyano substituted cation is slightly more stable
Lthan au G-cyano substituted onc2. The major experimental approaches to determination of
the stability of o-cyano cations have been by sclvolysis studies and by generating such
species in super acid media. Much less work has been carried out in which the cation was
generated via a rearrangement pathway.2v3

For some time, we have been involved in rearrangement studies in which electronega-
tive substitients, X, are pitted against alkyl or other normally very good amigrating
groups4. In these cases, the electronegative group usually migrates (path A in Eq 1),
since the X~-substituted cation {path B), and hence the transition state leading to it, is

substantially destabilized by the inductive effectd B,
R X
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The intriguing possibility exists, if X = CN, that the stabilizing influence of the
cyano group on the adjacent charge might be sufficient to allow the group R to migrate
(path B) or the forces might be nearly encugh balanced such that the cyano group might
pmigrate in properly chosen systems in which R is a cationic stabilizing substituent. Pre-
vious attempts to cobserve migration of a cyano group in a cationhic rearrangement have led

to gther types of reactions instead?. 8.

The dienone-phencl reaction, whose mechanism is well established, is one of the most
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straightforward and cleanest systems for study of such rearrangements.® We have prepared
the simplest cyano-substituted dienone, <4-methyl-4-cyano cyclohexadienone, 3, by the
method shown in  Scheme 1. Diels-Alder reaction between Danishefsky’s diene?, 1, and
excess methacrylonitrile in refluxing toluenc gave the adduct 2, along with some polymeric
material.  Hydrolysis, first with 5% lIC1 then with TiClyg in CHClg to eliminate methanol
from the intermediate f-methoxy cyclohexanone, gave the cyclochexenone derivative in 44%
yield. A phenylselenenylation-selenoxide elimination sequence then gave the crystalline
dienone 3, mp 62-63°, in 42% yield.
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The cyano dienone 3 proved to be excepticnally stable under a wvariety of acidic
conditions. For example, no change occurred in trifluorcacetic acid (TFA)} at 25° during a
period of several months, By comparison, 4-methyl-4-carbethoxycyclohexadienone rearranges
with carbethoxy migration with a half life of 20 minutes under these conditions.4a

Treatment of 3 with conc. H2504 at 38° gave immediate formation of ion 4 (E=1D),
detectable in this medium by PMR10, but only cyano hydrolysis occurred, followed by decar-
boxylation (half life ca. 4 min.), and then sulfonation of the p-cresol, 7 (E=ll), formed.
No migration reaction was observed.

A clean reaction occurred between dienone 3 and TFA at elevated temp (sealed tube,
90°, 12 hr). The only product derived from the dienone 3 was p-cresol trifluoroacetate,
7, (E=CF3C0). Cleavage of the cyano group by attack of TFA on § (Nu = CF3C007) is assumed
to give trifluoroacetyl cyanate, CFgCOOCN, an unknown and doubtlessly highly reactive
compound, which evidently trimerized to tris-trifluorcacetyl cyanurate. Cyanuric acid was
detected after hydrolysis, but all attempted syntheses of authentic samples of the assumed
intermediates failed.

The rate of rearrangement of 3 in TFA was markedly increased if some trifluoroacetic
anhydride, TFAA, was added. Also, the rate of the rearrangement of 3 to p-cresol tri-
fluorcacetate in TFA/TFAA was nmuch faster than p-cresol was esterified under the reaction
conditions, suggesting that trifluorvacetyation to ion 5, R=CF3C0, was initiating the
reaction.

A number of reactions were carried cut, in which the strength of the electrophile was

increased and that of any potential nucleophiles was decreased. Thus, dienone 3 reacted



with BF30Ets slowly (half life 24 hr at 90°, C(DClg, sealed tube). Exclusive methyl
migration occurred under these conditions, to give 4-ethoxy-Z-methylbenzenitrile, 8,
{(E=Cl5) (B5%), identical to a sample synthesized by ethylation of the corresponding
phenoill, The other primary product was evidently a BFg complex of the nitrile group,
since the amide and acid derivatives of 8 were cobtained upon hydrolysis. No product of
cyano group migration was detected.
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AN
CHy c¢c=nN"™ CH;
CH, C=N ?
E+
I N OE & ot L
CENCH C=N
3
OE 4 ' f Hy
H
e ——
0E & OE 8

The unusual formation of an ethyl ether in this reaction suggests that reversible BFg
complexation with the dienone carbonyl group is not productive and that ion 4 (E=CoHy) is
formed irreversibly, which forces a migration reaction to occur. In this case, methyl
migration occurs instead of cyano nigration. This generates the stabilized a-cyano cat-
ionic internediate 8, which leads to the product.

Although it is difficult to make quantitative comparisons since the reaction condi-
tions are so different, the slow rate of this reaction, several orders of magnitude slower
than methyl migration in 4,4-dimethylcyclohexadienone®?, suggests that the cation B is
substantially destabilized relative to the corresponding methyl-substituted cation.

In accord with these results, methyl triflate ("'magic nethyl") also caused methyl
migration from 3, but the produet, 8, (E = Me), underwent rapid further methylation, to
give complex mixtures of aromatic methylated products.

Reaction of 3 with trimethylsilyl triflate (CDClg, sealed tube, 90°, 24 hr) did give
a smooth reaction to give only the trimethylsilyl ether 8, (E = MegSi), which was hydro-
Iyzed upon work-up to the phenol 8, (E = H), identical to an authentic sanple. 11

Thus, when 3 is treated with strong Lewis acids under relatively non-nuclegphilic
conditions, such that the cyano group is not destroyed, a slow methyl migration occurs.
Two major factors appear to contribute to the sluggishness of the rearrangement reaction,
the ipitial formation of the ion 4, and its rearrangement to icn 6. The primary factor
nust be the relative destabilization of the transition state on the pathway between ions
4 and B, since ion 4 can be detected by NMR spcctra.10’12 However, some g-cyano

stabilization of the cationic intermediate is evident, since the methyl group nigrated
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instead of the cyano group. The major structural difference between the cyana group and
substituents with similar electron-withdrawing character which are known to nigrate
well4,5, such as esters and ketones, is the hybridization at the carbon atom. We helieve
that the major reason that cyano does not migrate is because of its SP hybridization,
which would give a transition state that has vinyl cation character. Experinents are
underway to compare the cyano with the ethynyl substituent (which has SP hybridization but
lacks the unfavorable polarity) in such rearrangenents.

Comparison of the cyano group with another electron-withdrawing substituent which
also does not nigrate, the trichleromethyl group, is instructive4c. The trichloromethyl
group has unfavorable polarity, and has no compensating resonance stabilization of the
carbocation possible. The CClg group shows no tendency to migrate, but also has a dra-
matic rate retardation (ca. 108 times for mnethyl mnigration in a methyl-trichloromethyl
substituted dienone compared to a dimethyl substituted dienone), The rate retardation of
nethyl migration in an &-cyanc substituted cation is nuch less, which we believe reflects

some stabilization of the adjacent charge by resconance,
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