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Abstract—The possible occurrence of the ionic Cope rearrangement. and other non-concerted
mechanisms is discussed. The synthesis of 2 - (1 - ethyl - | - propenyl) - 2 - (3 - p - methoxyphenylal-
ly)malononitrile (1b) and its clean thermal 1.3 rearrangement to (1 - ethyl - S - p - methoxyphenyl - 2 -
methyl - 4 - pentenylidene)malononitrile (4) are reported. This result contrasts with the rearrangement
of 2- (1,1 - dideuterioallyl) - 2 - (1 - ethyl - 1 - propenyl)malononitrile (1c) which isomerizes cleanly in a
3.3 rearrangement. Rearrangement of 2 - (1 - cyclohexeny!) - 2 - (3 - p - methoxyphenylallyl)malononit-
rile (11), however, leads sluggishly to (2 - (p - methoxy - a - vinylbenzylxyclohexylidene)malononitrile
(19) (3.3 shift) and rearrangement of 2 - (1 - isopropy! - 2 - methyl - 1 - propenyl) - 2 - (3 - p -
methoxyphenylallyl)malononitrile (12) leads, also slowly, to (1 - isopropy! - § - p - methoxypheny! - 2,2
- dimethyl - 4 - pentenylidene)malononitrile (14) (1,3 shift). Rearrangement of 1b in the presence of
sodium borohydride allows interception of the proposed ionic intermediates and isolation of 2 - (1 -
ethylpropylidene)malononitrile (5) and anethole (21¢c). Ion trapping cxperiments also gave positive
results in the 3.3 rearrangement of 11. These results are discussed in terms of the ionic Cope

rearrangement.

Since its discovery in 1940,' the Cope rearrange-
ment (Scheme 1) has been a reaction of interest to
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ScHEME 1. The Cope rearrangement.

organic chemists for both synthetic and mechanis-
tic reasons. With the advent of the ideas of the
conservation of orbital symmetry in 1965, there
has been a resurgence of interest in the rearrange-
ment, redescribed as a (3,3] sigmatropic shift, in the
Woodward-Hoffmann terminology, and, as a re-
sult, numerous publications have appeared on the
theoretical ramifications of this reaction.’ It is clear,
however, that these rules are applicable only if a

*Presented in part at the C.1.C. 55th Chemical Confer-
ence and Exhibition, Quebec City, June 5-7, 1972. Pre-
liminary account: D. C. Wigfield, S. Feiner and K.
Taymaz, Tetrahedron Letters 891, 895 (1972).

tSee, however, the value of As® in the “‘high tempera-
ture” Cope rcarrangement of 1,5-hexadiene, a reaction
considered to be concerted (reference 3e).

reaction is concerted; i.e. if the 1,6 bond is con-
structed simultaneously with the cleavage of the
3,4-bond, although there would not appear to be
any requirement for the bond cleavage and bond
construction to have progressed to an equal extent
in the transition state.

From the point of view of the applicability of the
rules of orbital symmetry, it is thus necessary that
the concerted or non-concerted nature of the reac-
tion be established. It has been our opinion that,
despite the vast majority of Cope rearrangements
being concerted (Cope mechanism I), a number of
other, non-concerted, mechanisms might be ob-
served, given the right combination of substrates or
reaction conditions, and it seemed of interest to
conduct some experiments to determine if other
mechanisms were feasible, and, if so, under what
conditions one might observe them.

Examination of the literature revealed that there
were at least four reports of Cope rearrangements
for which there was reason to suspect non-
concertedness,”” one of them® accompanied by the
particularly powerful evidence of near zero activa-
tion entropy, a result apparently inconsistent with
the involvement of a cyclic transition state.t The
reactions are considered to proceed by way of a
diradical intermediate, as shown in Scheme 2.
(Cope Mechanism II).
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SCHEME 2. Radical mecbanism for the Cope rearrangement.

It seemed to us that if this type of mechanism, in
which the 3,4-bond completely cleaves prior to
radical recombination, were feasible, then there
was reason to suspect that another, closely related,
mechanism might well have remained undetected,
tn which the 3,4 bond would be broken heterolyti-
cally giving ionic rather than radical intermediates.
We term this putative mechanism, shown in
Scheme 3, the ionic Cope rearrangement. (Cope
mechanism III).

molecule. Another important consideration in the
substrate design was the thought that a carefully
chosen substrate might give different products ac-
cording to the mechanism followed (i.e. concerted
vs fragmentation-recombination) and that reaction
of such a substrate would give a rapid and conve-
nient method of assessing the success of the
design.

With these thoughts in mind, the compound 1b
was selected. The potential carbonium ion is stabil-
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ScHEME 3. The ionic Cope rearrangement.

Further examination of the literature revealed no
report of such a mechanism, and our initial experi-
ments, previously reported,” showed that it was
highly unlikely that Cope rearrangement of any
known substrate proceeded by this mechanism.*
This paper reports some results on our search for
the ionic Cope rearrangement.

RESULTS AND DISCUSSION

The main requirement for the observation of the
ionic Cope rearrangement would appear to be the
ability of a substrate to form highly stabilized
intermediate ions. It was for this reason that our
initial work had focussed on compound 1a, in which
the potential carbanion would be stabilized by the
two nitrile groups. Cope rearrangement of 1a, how-
ever, proceeded concertedly.’ Since the potential
carbonium ion from la was not stabilized apart

NC
S 1a: R=H
N 1b: R= OMe
Z
R

from the intrinsic allylic stability, the next logical
step seemed to be a modification in this area of the

*Recently Dewar and Wade have presented evidence®
for a 4th type of mechanism via 1,4-cyclohexylene inter-
mediates. Conceivably, given the appropriate substituents
on the 2 and S positions of the 1,5-hexadiene, a Sth
mechanism, with ionic rather than radical intermediates.
but otherwise similar to the 4th mechanism, might be
observable.

ized by the p-methoxyphenyl group, and the
product-mechanism relationship mentioned above
is shown in Scheme 4.

Concerted [3,3]-Cope rearrangement of 1b can
cause only the interconversion of 1b and 2 whereby
conjugation with the nitrile groups is gained at the
expense of loss of conjugation with the aromatic
ring. If the ionic Cope rearrangement operates,
however, and the ions 3 have sufficient lifetime,
recombination could give rise, in addition to 1b and
2, to compound 4, in which conjugation with both
the nitrile groups and the aromatic ring is achieved
(an overall 1,3-shift). This compound, presumably
more stable than either 1b or 2, might be expected,
therefore, to be a significant product in the Ionic
Cope rearrangement of 1b.

The synthesis of compound 1b was achieved by
the condensation of the anion of 2 - (1 - ethyl-
propylidene)malononitrile (§) with p-methoxy-
cinnamyl chloride (6) as shown in Scheme §, these
reagents being prepared from malononitrile and
3-pentanone®® and from either anisaldehyde or
p-bromoanisole'' respectively by known routes.
Considerable difficulty and irreproducibility was
encountered in the preparation of alcohol 7 by the
reaction of p-anisaldehyde with vinyl magnesium
bromide." This difficulty was overcome ecither by
using the p-broamoanisole-acrolein route'' which
gave, in our hands, a 32% yield of alcohol 7, or by
using the first route, but replacing the vinyl mag-
nesium bromide by vinyl lithium, in which case a
73% yield of alcohol was achieved. The final con-
densation, which in principle could give rise to a
complex mixture owing to the potential ambidence
of both reagents gave, as hoped for, compound 1b
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SCHEME 4. Potential rearrangement of compound 1b.
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SCHEME S. Synthetic scheme.

as the major product, the only serious contaminant
being identified as compound 4, presumably arising
as a consequence of the ambidence of the substi-
tuted malononitrile anion 3. Chromatography on
alumina, however, afforded pure samples of 1b.
Thermal isomerization of compound 1b was now
considered. As mentioned above, it was felt that the
formation of compound 4 in the rearrangement
mixture of 1b and/or 2 would constitute encourag-
ing evidence of the involvement of the ionic Cope

*Since this reaction is now no longer a (3,3) sigmatropic
shift, one could question whether it should be termed a
Cope rearrangement at all. Ahbhough the definition
suggested by Hammond and DeBoer® does, in fact,
specifically include this type of rearrungement, the impor-
tant point, perhaps, is that if it can be established that this
particular rearrangement is ionic, then an ionic (3,3) shift
on a similar type of substrate is presumably also feasible.

tConcerted, symmetry-allowed suprafacial [1,3] sig-
matropic shifts with inversion at the migrating centre are
not unknown," but in the all-carbon serics are not known
to take place in preference to a [3.3] sigmatropic shift, and
occur at much higher temperature.

rearrangement mechanism. The pyrolysis experi-
ment was, therefore, extraordinarily gratifying.
Mild heating (80°) of diene 1b caused rapid (t,, =
2 h) and quantitative conversion to the more conju-
gated compound 4. Such a rearrangement® is un-
likely concertedly,t but is in harmony with the
idea of a mechanism proceeding via ionic (or
radical) intermediates.

Having obtained this encouraging result, two
lines of advance clearly presented themselves.
These were (a) to investigate how general the
rearrangement might be, and (b), to gather more
experimental evidence to confirm or deny the ionic
nature of the reaction. Before proceeding with
these questions, however, one other point regarding
the rearrangement of la seemed worth clarifying.
The strikingly different mechanisms suggested for
rearrangement of 1a (concerted) and 1b (ionic) had
arisen by different types of evidence, the concerted
suggestion for la from kinetics,' and the ionic
suggestion for 1b from product analysis. With the
rapid and convenient product analysis method now
at hand, it seemed of interest to analyse the (1,3)-or
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[3.3]-nature of the shift in the rearrangement of 1a
by the use of the deuterated substrate lc. This
substrate had previously been synthesized and the
kinetics of its isomerization studied by Sunko et

NC NC NC 7
NCYT S NC—~Z NC D
D = D X "N D
D D
1c 8 9

al’™* and although, in a parallel study of 1,5-
hexadiene itself, these workers had investigated the
possibility of a [1,3]-shift,'" no such evidence was
mentioned in the case of the isomerization of
substrate 1c. In view of this lack of data, and also a
puzzling feature of the reported NMR spectra of
deuterated and non-deuterated 1c,* we felt it desir-
able to unambiguously establish this point. The
preparation was accomplished as previously de-
scribed' from diene § and deuterated allyl chloride,
the latter being prepared from acrylic acid via
reduction of acryloyl chloride with lithium
aluminum dcuteride. The sample of 1¢ obtained
showed an NMR spectrum identical with that meas-
ured previously for the undeuterated analogue 1a,*
with the exception of the complete absence of the 2
proton doublet at §2-65 ppm. Pyrolysis of 1c in

*Considering that the Yugoslavian work was initiated to
study isotope cffects of “mechanistically unambiguous™
reactions,'* and that our work was searching for multiple
mechanisms in reactions, it is amusingly ironic that we
both became involved in studying the same reaction of the
same substrate. Although other peaks reported in the
NMR spectrum of Ic are in accord with those in our
spectra, the olefinic protons (at positions S and 6 of their
attractive (but non-IUPAC) nomenclature for this com-
pound) are referred to as giving signals at the unusual
position of 76:9-7-7 ppm. In our spectra, previously
described,’ these proton signals are in the expected olefi-
nic region §5-0-6-1 ppm.

+The numbering that arises from the correct IUPAC
name adds unnecessary confusion.

$The decoupling experiment on the chloride is prefera-
ble to that on 1b because of the additional vinyl proton
present in the latter.

§The same problem presumably exists in compound ls
on which numcrous kinetic investigations have been
made,”*'*" but for which first order kinetics are re-
ported. It is noteworthy, however, that Cope, et al”
(footnote 6) reported their best kinetic data with com-
pound 10, a compound devoid of this stereochemical
ambiguity.

NC
NC

°\ 7/
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refluxing isopropanol gave quantitative conversion
to the system (8 or 9) where conjugation with the
nitrile groups was achieved, and careful integration
of the NMR spectrum was consistent with the
regiospecific formation of isomer 8, and the ab-
sence of any detectable 9. This evidence showed
that although rearrangement of 1b is clearly a
[1,3)-shift, rearrangement of 1a is a [3,3]-shift, with
no apparent scrambling of the unsubstituted allylic
group, (in agreement with our own previous con-
clusions' and those of Sunko et al'™'") thus con-
firming the abrupt mechanistic change between
pyrolysis of compounds 1a and 1b.

Having established this point, we returned to the
two lines of advance mentioned above. In order to
test the possibility of ionic intermediates in the
rearrangement of 1b, the two methods of ion trap-
ping and of rate dependence on solvent polarity
immediately suggested themselves. The generality
of the rearrangement was, however, first investi-
gated partly for its own sake, but mainly because of
reservations we had concerning the suitability of
compound 1b as a substrate for kinetic measure-
ments. These reservations concerned ambiguity in
the double bond stereochemistry.

Numbering the hexadiene system as shown in the
diagram,t the stereochemistry around the 5-6 dou-
ble bond appears to be unambiguously trans. This
stereochemistry is not involved in the final step of
the synthesis and decoupling the protons at 54-22
ppm adjacent to chlorine in the chloride precursor
6% resolves the olefinic protons into a pair of
doublets with J =15-5 Hz, indicative of a trans
orientation." Furthermore, this stereochemistry ar-
ises in the thionyl chloride conversion of 710 6, a
reaction known to give rise to trans configura-
tions.'™ In contrast to this clear situation, the
stereochemistry around the 1,2-doublec bond re-
mains obscure. Stereochemical assignments around
trisubstituted double bonds are frequently difficult
and in the cases where successful assignments have
been made, eg'™** sometimes on the basis of allylic
coupling but mostly from the relative chemical
shifts of groups, it has been necessary to possess
both stereoisomers, the assignment being made on
the comparison between them. In the case of
compound 1b, although we believe it to be in the
configuration A, and despite the fact that we
have no chromatographic or NMR suggestions
of a mixture of isomers, there can be no certainty in
this belief in the absence of access to both
stereoisomers A and B.§
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In view of this stereochemical ambiguity, we
turned our attention to the synthesis of alternative
substrates that would possess the structural fea-
tures apparently necessary for the rearrangement,
but which would not have the stereochemical am-
biguity. To this end we made efforts to synthesize
compounds 11 and 12.
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Both syntheses followed the route used for the
preparation of compound 1b (Scheme S), the 3-
pentanone being replaced by cyclohexanone for the
route to 11, and by diisopropyl ketone for the route
to 12. The synthesis of compound 11 presented no
difficulties, and the final product was a crystalline
solid. The final step of the synthesis of compound
12, however, gave a mixture of five compounds in
addition to both unreacted starting materials.
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Purification of each compound by column and
preparative plate chromatography followed by ele-
mental and spectral analysis revealed the structures
of the compounds to be 12, 14, 15, 16, and 17. In a
preparation on a 0-025 mole scale (4-05g 13 and
4-55g 6), 0-83 g of purified 12 was isolated, together
with 0-17 g of the not unexpected 14. The formation
of the apparently hydrolysed products 15 (0-10g)
and 16 (0-09g) was surprising, particularly since
this type of product had not been observed in

TET Vel 30, Ne. 16-W
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analogous preparations of 1b and 11. To ensure that
the formation of 16 had not occurred due to diisop-
ropy! ketone impurity in dinitrile 13, the sample of
dinitrile 13 was rechecked for purity and was
shown to have no detectable diisopropyl ketone
present. Thus the formation of ketone 16 appears to
arise by a retro-aldol process during the reaction.
The formation of the isopropyl ether (isopropanol
being the solvent) 17 (0-98 g) also caused surprise,
again because this compound had not been ob-
served previously in analogous preparations.
Having compounds 11 and 12 at hand, their
pyrolytic rearrangements were studied. Consider-
ing that the modifications to substrate 1b had been
designed to leave intact what we considered to be
the crucial structural features for the rearrange-
ment, the chemistry of compound 11 came as
another surprise. None of the expected compound
18 was found, and what little reaction did take place
(< 15% in 36 h at 140°) gave rise to the formation of
the product expected from the direct concerted
Cope rearrangement of 11, compound 19, the first
and only rearrangement in our investigations where
conjugation with the aromatic ring has been lost.
Pyrolysis of compound 12 was also disappointing;
although conversion to the anticipated rearrange-
ment product 14 did occur, the rearrangement was

CN
NC N N
NC + CN
P P
OMe OMe
12 14
(0]
o
+
F ka
+
OMe OMe OMe
16 17

extremely slow (64% conversion after 7 days at
118°). In contrast to rearrangement of compound
11, no detectible quantity of compound 20 was
formed.

These unexpected results demanded considera-
ble rethinking of the project. Our original intent in
investigating the generality of the rearrangement
had been to gradually move to less strongly
electron-withdrawing groups than the two nitriles,
and to less strongly electron-donating groups than
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the p-methoxyphenyl, but in view of the non-
rearrangement of compound 11 and the slugglish
rearrangement of 12, the two types of compound
with no stereochemical ambiguity, this exercise
became pointless, and it became of even greater
urgency to obtain further experimental evidence to
test the idea of ionic intermediates in the rearrange-
ment of 1b. Nevertheless, the surprisingly different
chemistry of compounds 1b, 11 and 12 deserves
some comment. Examination of space-filling mod-
els of these compounds certainly shows that con-
certed rearrangement of 11 might indeed be ex-
pected to proceed considerably more easily than
cither compound 1b or 12. However, the fact that
concerted (i.e. [3,3)-shift -+ 19) rearrangement may
be facilitated does not explain the prevention of the
(1,3)-shift occurring (i.c. 11—18). It is difficult to
see any reason why ion formation should be any
more difficult from compound 11 than for either of
the others, but a possible rationale of the non-
formation of compound 18 arises on considering
the possibility that the iniermediate anion may

NC

®«__ preferredsite of alkylation?
CN
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OMe
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alkylate preferentially on C-2 of the malononitrile
system rather than on the ring. Examination of
models indicates that because of the ring ngidity
and the planarity demanded by the delocalized
system, there are interactions with ring hydrogens
for ring alkylation that are not present for alkyla-
tion at C-2 of the malononitrile. Further support of
this idea comes from the actual synthesis of com-
pound 11; in contrast to the syntheses of 1b and 12,
where considerable by-products of compounds 4
and 14 respectively were obtained on alkylation of
the corresponding anion with chloride 6, none of
the corresponding compound 18 was isolated in the
preparation of 11. It would appear, therefore, that
the alkylation of the anion from 11 may be consid-
crably more regioselective than those from 1b or
12. Experimental confirmation that compound 11
does, in fact, like compound 1b, ionize, is presented
later in this paper. Regarding the sluggish rear-
rangement of compound 12, it is pertinent to note
that whereas the conversion of 1b to 4 involves the
conversion of a trisubstituted double bond to a
tetrasubstituted double bond, the conversion of 12
to 14 involves a change in the nature but not the
degree of substitution around the corresponding
double bond. Thus it is possible that the driving
force for rearrangement of 1b may be more con-
nected with this aspect rather than the drive for
conjugation that we had previously considered.
Clearly these rationalizations concerning the reac-
tivity differences between compounds 1b, 11 and 12
are merely post facto suggestions, and further
experimentation is required to test them.

For the reasons outlined above, we next ap-
proached the question of testing the idea of ionic
intermediates in the conversion of 1b to 4. Of the
two alternatives of ion trapping and of rate depen-
dence as a function of solvent we selected the
former, mainly because we still lacked a substrate
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which both rearranged readily and was stereochem-
ically secure, and partly for other reasons.*

The ion trapping experiments conducted were
those indicated in Scheme 6. The rearrangement of
1b to 4 was firstly conducted in the presence of

CN
V\©\
OMe

SCHEME 6. lon trapping experiments.

1 —

iodide ion in the hope of trapping the carbonium ion
as the iodide 21a, with the anion presumably be-
coming protonated eventually and emerging as di-
nitrile 5. An unstable compound was indeed iso-
lated from the reaction, possessing an NMR spec-
trum very similar to that of chloride 6, but with the
2-proton doublet (CH; adjacent to halogen) appear-
ing at §3-7 ppm instead of the chloride position of
84-2 ppm. This compound was presumed to be the
iodide 21a, but in view of its instability (confirmed
by a separate preparation from chiloride 6 and
sodium iodide), a new trapping agent that would
give a stable product was sought, and thiophen-
oxide was next tried. Although an independent
preparation of thioether 21b confirmed its stability,
experiments using thiophenoxide as the trapping
agent were not successful in obtaining this com-
pound from the isomerization of 1b to 4. Positive
evidence (glc-mass spectrometry) for the formation
of dinitrile §, however, was obtained. In order to
guard against the remote possibility that com-
pounds 21 could arise by direct nucleophilic attack
on 1b, rather than by interception of the inter-
mediate ions, it was considered desirable to use a
trapping agent of low nucleophilicity, but with a
good ability to trap carbonium ions. For this reason
the experiments with thiophenoxide (a powerful

*The rate dependence on solvent polarity rests on the
assumption that the transition state resembles product (in
this case the ionic intermediate). This is a reasonable
assumption if the ions arc relatively unstable and the
process is highly endothermic (28). In this reaction, how-
ever, the substrates have been chosen deliberately to yield
highly stabilized ions and thus the assumption that the
transition state possesses a great deal of charge develop-
ment may no longer be valid. In the extreme of such a
case, it might be possible to envisage an ionic reaction
with little or no solvent effect on the rate.

(@ I°
) ©s—
(c) ®BH,
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nucleophile™) were not pursued, and the rearrange-
ment was conducted in the presence of sodium
borohydride.® Under these conditions, a small
amount of anethole, compound 21¢, (identified by
identical retention time on GLC and superimposa-

%/
CN
s
4
OMe

NC.
x/\/\@\
a: X=]
5O
¢ X=H

ble mass spectrum with those of an authentic
sample) and of dinitrile 5 were formed, showing
that the ions could be trapped by a relatively
non-nucleophilic reagent. Although it seemed
highly improbable that anethole could have arisen
by the direct nucleophilic attack route, we felt that
we could establish this point more rigidly by repeat-
ing the experiment on the dihydro derivative 22. In
view of the loss of conjugation with the aromatic

NC
NC

OMe

ring, it would be anticipated that formation of the
carbonium ion would be essentially completely
inhibited, and thus no dihydroanethole would be
formed if the formation of anethole from 1b had
occurred via the carbonium ion intermediate. If, on
the other hand, anethole had been formed by direct
nucleophilic attack on 1b, then dihydroanethole
should be able to be formed from nucleophilic
attack on 22, although at a slower rate. This rate dif-
ference can be estimated to be a factor of approxi-
mately 270 on the basis of the rate ratio of 40 arising
from the change of the allyl group to an Et group,”
and the additional effect of 6-8 of the vy, trans
aromatic ring.” The reaction of 22, (prepared by the
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reaction of the brosylate of 3-p-methoxyphenyi-1-
propanol with the anion of dinitrile §) with
borohydride was therefore conducted at 167° for
46 h, which, assuming an activation energy of
19-0 kcals. mole™',”” would more than compensate
for the rate retardation of 22 relative to 1b. Under
these conditions, no trace of dihydroanethole 23
could be detected, thus adding further evidence
that the formation of anethole 21c¢ from 1b
had not been due to direct nucleophilic
attack of borohydride.

With the method for ion trapping at hand, the
hypothesis advanced for the non-rearrangement of
the cyclohexane derivative 11 to 18 could be re-
turned to and tested. If, as suggested, the molecule
did, in fact, ionize, but then recombined to regener-
ate 11 rather than proceed to 18, then it should still
be possible to trap the intermediate carbonium ion
with borohydride, as done on the rearrangement of
1b, and again to isolate anethole. The trapping
experiment on this “‘non-reaction’” was therefore
performed and anethole (identified again by GLC-
mass spectrometry) was indeed found to be
formed, thus providing evidence that diene 11 does
ionize and does not have peculiar behaviour in this
regard.

From the results described above, we believe
that the conversion of 1b to 4, which is at least
closely related to the Cope rearrangement, pro-
ceeds via carbanion-carbonium ion intermediates
in a fragmentation-recombination type of mechan-
ism similar to that proposed for certain cyclop-
ropene racemizations.™ Further work on the search
for better substrates, and for substrates which
might demonstrate an ionic [3.3]-sigmatropic shift
are in progress.

EXPERIMENTAL

M.ps were determined on a Fisher-Johns block. IR
spectra were obtained on a Perkin-Eimer 257 spec-
trophotometer, UV spectra on a Perkin-Elmer 202 spec-
trophotometer, and PMR spectra in CDCI,, with TMS as
internal standard, on a Varian T-60 instrument. Mic-
roanalyses were performed by the Spang Microanalytical
Laboratory, Ann Arbor, Michigan. Thin-layer and
preparative-layer chromatography were performed on
pre-coated plates supplied by E. Merckag., Darmstadt,
Germany. All solvents for chromatography were redistil-
led before use. GLC, where appropriate, was performed
on a Hewlett-Packard F and M Model 402 gas chromato-
graph.

2-(1-Ethylpropylidene Ymalononitrile $ was prepared as
previously described.**®

p-Methoxy-a-vinylbenzyl alcohol 7

Method 1. Anisaldehyde (6-8 g, 0-05 mole) was dissol-
ved in dried, freshly distilled THF (50 mi). N, was bubbled
through the system for 30 min. The reaction flask was then
placed in a CCL-liquid N, bath, and vinyllithium reagent
added dropwise at — 15° with constant stirring, the stirring
being continued for 30 min after completion of addition.
The mixture was poured on to crushed ice, extracted with
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ether (3 X 50 ml), and the combined extract dried (MgSO.)
and evaporated. The residue was made into a paste with
silica gel (170 gm), washed with n-hexane (700 mil) to
remove the mineral oils, and then with a soln of CHCl,
(665 ml) and MeOH (35 ml) to recover the product. The
s0in was evaporated, and then distilled (120-130°, 12 mm)
over K,CO, (5-0gm) to vield the product (6-0gm, 73%);
v 3400 (broad) (OH), and 1620 cm ' (C=C); AL 227 (¢
7600) and 277 nm (¢ 11,000); 52-87 (1H, broad singlet,
OH), 3-78 (3H, s, OCH,), 4-8 - 6-4 (4H, m, olefinic and
benzylic H), and 6-6 — 7-4 ppm (4H, q, aromatic H); (Lit."
b.p. 128-136°, 12 mm).

Method 2. p-Bromoanisole (23g: 0-12 mole) was
reacted with Mg (0-3 g: 012 mole) in ether, and resulting
Grignard reagent reacted with acrolein (6-9g; 0-12 mole)
under the conditions of White and Fife." Vacuum distilla-
tion yielded the product (6-5g; 32% yield) with physical
and spectral properties as above.

p-(3-Chloropropenyl)anisole 6
chloride).

Compound 7 (1-64 g, 0-01 mole) was reacted with SOCI,
{1-19g; 0-01 mole) in anhyd ether as described’’ with the
minor modification that the SOCI, was added dropwise to a
soln of the alcohol in ether that had been cooled in an ice
bath in order to control the vigorously exothermic reaction.
The product was recrystallized from light petroleum (bp
30-60°) yielding 1-68 g (92%), A 25" 270 nm (e 5700), 83-80
(3H, 5. OCH,), 422 2H. d, J =6Hz, CH,;~Cl), 5-8- 66
(2H, m, olefinic), and 6-7 - 7-6 ppm (4H, q, aromatic), mp
71-72° (Lit."" mp 71-5-73°). Irradiation at 250 Hz (CH.Cl),
to decouple the coupling with the olefinic protons,
permitted determination of the olefinic coupling constant
as 15-SHz.

(p-methoxycinnamyl

2-(1 - Ethyl - | - propenyl) - 2 - (3 - p - methoxyphenylal -
iyl ymalononitrile 1b

A soln of i-PrONa was prepared by dissolving Na
(0-38 g: 0-0167 mole) in i-PrOH (10 ml) at S0°. When the
Na had dissolved the soln was cooled in an ice-water bath
and 1-ethylpropylidene malononitrile (0-0167 mole, 2-24 g)
added dropwise to give a clear orange soln of the
malononitrile anion. p-Methoxycinnamyl chiloride (3-0g;
0-0165 mole) was then added as a solid in one portion and
the mixture stirred at room temp for 2 h. Water (100 ml)
was added. and the soln extracted with benzene (3 x
25 mi). The combined extracts were washed with water
(2x25ml)., dried (Na,SO,) and evaporated giving a
yellow-brown liquid (4-6 g). Chromatography on alumina
(Woelm neutral, Activity III) yielded the product (1-4g,
30%), cluted with 10% benzene in light petroleum (bp
30-60%, vIN™ 2240cm ' (weak, CN): AZS™ 263 nm (e
28,000); §1-10 3H, 1. I =8 Hz, CH. - CH,). 1-65 3H, d.
J = 6 Hz, allylic CH,), 2-27 (2H, q. ] =8 Hz, CH, - CH,),
277 (2H. d, ) =8 Hz, = CH ~ CH.). 3-70 (3H, s, OCH,),
5:7-6:6 (3H, m, olefinic H) and 6-7-7-5 ppm (4H, q,
aromatic H). (Found: C, 7717, H, 7-24; N, 9-78. Cak'd for
CiuHuNO: C, 77-11; H, 7:19; N, 9-99%).

Cyclohexylidenemalononitrile

Malononitrile (3-3g. 0-05 mole) and cyclohexanone
(5-45 g; 0-05 mole) were reacted in benzene (12 ml) in the
presence of ammonium acetate (0-38 g) and AcOH (0-61 g)
under the conditions described™ to give cyclohex-
ylidenemalononitrile which was distilled under vacuum
yielding 6-3 g (86%), b.p. 76— 84° (0:11 mm), n}} 1-5116
(Lit." n} 1-5110;) #2252 2220 (CN), 1590 c¢m ' (C=C): AX3"
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237 nm (e 15,000); 81-4 - 2-0 (6H, m, nonallylic ring H)
2-4-2.8 (4H, m, allylic H).

2 - (1 - Cyclohexenyl) - 2 - (3 - p - methoxyphenylal-
iyl Ymalononitrile 11

Cyclohexylidenemalononitrile (1-75 g, 0-012 mole) was
added dropwise at ice-bath temp to a soln of i-PrONa
(0-012 mole) in i-PrOH (10 ml). The soln was warmed to
room temp and p-methoxycinnamyl chloride (2-21g,
0-012 mole) added in one portion. The soln was stirred for
1S min, three volumes of sat NaHCO, aq added, and
extracted with benzene (4 x 20 ml). The combined ben-
zene extracts were washed with water (4 x 10 ml), dried
(MgS0.), and evaporated. The residue (3-41g) was
chromatographed on alumina (Woelm, Activity I1I; 150 g),
the product was eluted with benzene, and recrystallized
from light petroleum (b.p. 30-60°) giving the product
(1-53g. 44%), mp 69-70°, y&™ 2240 (weak, CN) and
1600 cm™' (strong C=C); A%3" 266 nm (e 24,000); § 1-72
(4H, m, non-allylic ring H), 2:2 (4H, m, allylic ring H), 2-86
(2H,d.J = 7 Hz, allylic CH,). 3-77 3H, s. OCH\), 5-7 - 6-6
(3H, m, olefinic H) and 67 — 7-3 ppm (4H, q, aromatic H).
Found: C, 78-12; H, 6-78; N, 9-48. Calc'd for C,sHxN,0:
C. 78-05; H, 6-90; N, 9-58%).

(1 - Isopropyl - 2 - methylpropylidene)malononitrile 13

Malononitrile (19-0 g, 0-29 mole) and diisopropyl ketone
(32-S4 g, 0-29 mole) were condensed as described,” to
give the product (40-3 g, 87%), b.p. 84-92° (0-Smm); n}
1-4708; »&%. 2220 (strong, CN), 1580 cm ' (C=C); AR
238, € 14,000): 5 1-22 (12H, d, ) = THz, CH,) and 3-10 ppm
(2H, m, methine). (Lit. n5 1-4714, b.p. 97-98° (4 mm).
ASOM 2375 (log € 4-15)."

Reaction of chloride 6 with dinitrile 13

Preparation of 2 - (1 - isopropyl - 2 - methyl - 1 -
propenyl) - 2 - (3 - p - methoxyphenylallylymalononitrile
(12): (1 - isopropyl - § - p - methoxyphenyl - 2,2 - dimethyl
- 4 - pentenylidene)malononitrile (14); 2 - cyano - 3 -
isopropyl - 2 - (3 - p - methoxyphenylaliyl) - 4 - methyl -3 -
pentenamide (15). 7 - p - methoxyphenyl - 2,44 -
trimethylhept - 6 - en - 3 - one (16); and p - (1 -
isopropoxyallyl)anisole (17). A soln of i-PrONa was pre-
pared by dissolving Na (0-575 g; 0-025 mole) in i-PrOH
(75 ml) at 50°. When the Na had dissolved, the dinitrile 13
(4-05 g: 0-025 mole) was added, followed by the addition
of p-methoxycinnamy! chloride (4-55 g; 0-02S mole). The
mixture was stirred at room temp for 1 h. Water (150 ml)
was added. and the soln extracted with benzene (3 x
100 ml). The combined extracts were washed with water
(3x300ml), dried (MgSO.) and evaporated to give a
residue (7-9g) which was chromatographed on alumina
(Woelm, Activity III, 250 g), SO ml fractions being taken.
Fractions 1-46 (light petroleum b.p. 30-60°) gave 980 mg
of 17. Fractions 47-52 (2% benzene in light petroleum)
and 53-57 (5% benzene) gave a further 670 and 390 mg
respectively of 17 contaminated by dinitrile and chloride
starting reagents. Fractions 58-64 (10% benzene in light
petroleum) gave 745 mg of desired 12 with some impurity
of 14. Fractions 6569 (10% benzene) yielded 240 mg of 14
with some impurity of 12. Fractions 70-83 (25% benzene)
gave 450mg of 16 again with some impunty of 12.
Frattions 84-90 (50% benzene) and 91-107 (100% ben-
zenc) gave 15 and 105 mg respectively of unidentified
materials. Stripping the column with MeOH gave 420 mg
of a mixture containing amide 15. Further purification was
achieved by preparative layer chromatography on silica
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gel using 109 ether in light petroleum (b.p. 30-60°) as the
developing solvent. In this way pure samples of com-
pound i7 (380 mg: R, 0-83), compound 12 (825 mg; R,
0-50), 16 (85 mg; R, 0-76) and 14 (165 mg: R, 0-42) were
obtained. Compound 15 was purified by preparative layer
chromatography on alumina using cther as solvent (R,
0-65) giving 100 mg.

Spectral and analytical detalls

Compound 17. vS2 1600 cm™ (C=C); ALS™" 228 (e
17.500); 8 1-20 (6H. 2 doublets, J = 7 Hz, (CH,),CH), 3-65
(1H, m, (CH,),CH-0), 4:7-6-6 (4H, m, olefinic H and Ar-
CH-0), and 6-7-7-4 ppm (4H, q, aromatic H); m/e 206
(M”), 164, 163 (base), 148, 147, 137, 135, 121. (Found: C,
75-59; H, 8-:72. Calc'd for C,,H,eOs: C, 75-67; H, 8:79%).

Compound 12. vS3 2240 (weak, CN); A5 265 nm (e
23,500); 51-28 (6H, d, J = 6 Hz, CH(CH,),), 1-83 and 1.97
(3H, s, each, allylic CH,), 293 (2H, d, J = 7 Hz, allylic
CH,). 2-8-3-2 (1H, m, allylic CH), 3-78 (3H, s, OCH,),
5:9-6-7 (2H, m, olefinic H), and 7-1 ppm (4H., q, aromatic
H): m/e 308 (M"), 260, 147 (base), 121, 85, 83. (Found: C,
77-78; H. 7-93; N, 8-85. Calc'd for CxH..N,0: C, 77-87; H,
7-82; N, 9-08%).

Compound 16. vE&™ 1695cm™" (strong, C=0); AO"
263 nm (e 21,000); 6103 (6H, d, J = 6 Hz, (CH,),CH), 1-20

(6H,s, (CH;):C<). 2:40 (2H, d, ) = 6 Hz, allylic CH.). 3-20

(1H, m, allylic CH), 3-80 (3H, s, OCH,), $7-6-6 2H, m,
olefinic H) and 7-1 ppm (4H, q, aromatic H); m/e 260
(M"), 147 (base), 136, 135, 121, 77. (Found: C, 78:23; H,
8-95. Calc'd for C,»H,.0:: C, 78:45; H, 9-23%).

Compound 14. v 2210 (strong, CN); v5.5" 258 nm
(e 20.000); §1-38 (6H. s, and 6H. d, ] = 7 Hz, methyls),
2-56 (2H, d. J = 6 Hz, allylic CH,), 3-40 (1H, m, allylic
CH), 3-82 (3H, 3, OCH,). 5-4 - 6-6 (2H, m, olefinic H) and
7-1 ppm (4H, q, aromatic H); m/e 308 (M~), 148, 147
(base), 115, 91. (Found: C, 77-73; H, 7-67; N, 8-82. Cak'd
for CxH,.N;O: C. 77-87;. H, 7-82; N. 9-08%).

Compound 18. v 3450 (NH,) and 1700 cm’ ' (C=0):
paOM 263nm e 20,500); 5124 (6H, d. J=7Hz,
(CH,).CH), 1-77 and 1-83 (3H. s. cach, allylic CH,), 3-0
(3H. m, allylic CH; and CH), 3-80 3H. s, OCH,). 58 - 66
(4H, m, olefinic H and NH;). 7-1 ppm (4H, q, aromatic H);
m/e 147, 118, 87, 85, 83 (base), 82. No molecular ion (326)
visible. (Found: C. 73-41; H, 8-14; N, 8.60. Calc'd. for
CxHiN;O,: C, 73-60; H, 8:03; N, 8-58%).

2-(1 - Ethyl - 1 - propenyl) - 2 - (3 - p - methoxyphenyl -
propyl)malononitrile 22

A soln of i-PrONa was prepared by dissolving Na
(0-058g, 0-25 x 10" mole) in i-PrOH (10 ml) at 50°. The
soln was cooled in an ice-bath and § (0-34g. 0-25x 10™?
mole) added dropwise to give the clear orange soln of the
malononitrile anion. 3 - p - Methoxyphenyl - | - propanyl
brosylate (m.p. 57°, 0-787 g, 0-25 x 10 ' mole, prepared by
brosylation™ of the corresponding alcohol)”” was added as
a solid in one portion and the mixture heated under reflux
overnight. Water (50 ml) was added and the soln extracted
with benzene (3 x25mi). The combined cxtracts were
washed with water (2 x 25 ml), dried (Na,SO.). and evapo-
rated giving a yellow-brown liquid (0-71g) which was
purified by silica gel preparative layer chromatography
(developing solvent light petroleum (b.p. 30-60°)-ether
(1:1); R, 0-69), v 2220 (weak, CN), 1610 (C~C), 1030
and 82Scm™’; 51-2 (3H, 1, J =6 Hz, CH,~CH,), 1-5-3:0
(11H, m, other aliphatic H), 3-86 (3H, s, OCH,). 6-1 (1H, q.
J =7 Hz, olefinic H), and 6:7 to 7-3 ppm (4H, q, aromatic
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H); (Found: 282-1726. Cak'd for C,,HuN,O, 282-1731).

3-p-Methoxyphenylallyl phenyl sulfide 21b

Compound 6 (4-0g) in acetone (2 ml) was added t0 a
mixture of THAM buffer soin,® pH 90 (20 mi),
thiophenol (2-0g), and sufficient i-PrOH to cause soin.
The soin was stirred at room temp for 30 min, during
which time the product precipitated from soln, and was
then extracted with ether (2 x SO ml). The combined ex-
tracts were washed with water (2 x 25 ml), dried (MgSO.),
and evaporated. The residue was recrystallized from
ether-benzene giving white plates (1-4g), mp 114-115°;
v&™H 1610ecm™ (O=C), A23™ 271 nm (e 25.000); 83-65
(2H, d, ] = 6 Hz, CH~S), 3-77 (3H, 3, OCH,), 5:7-6'5 (2H,
m, olefinic H), and 6:7-7-S ppm (9H, m, aromatic H.
(Found: C, 75-00; H, 6-25; S, 12-46. Cak'd for C,(H,.0S:
C, 74-96; H, 6-29; S, 12-50%).

Acryloyl chioride (b.p. 74-76°; 86-:0-6-8 ppm (m)) was
prepared in 70% yiek from acrylic acid by the method of
Stempel ef al.” (Lit. b.p. 72-74° (740 mm)).”

Allyl-1,1-d, alcohol. (b.p. 100-108°) was prepared in
40% yield by reduction of acryloyl chloride by LiAID, as
reported® (Lit. b.p. 98°). The NMR spectrum showed
signals at 8 5-3-5-9 (2ZH, m) and 6-40 ppm (1H, m), and the
absence of the finely split doublet (2H) at 84:1 ppm
present in the spectra of nondeuterated samples. It was
found that distillation of the product® was essential in
order for the final condensation step of the synthetic
sequence to proceed.

Allyl-1,1-d;, chloride. (b.p. 36-50") was prepared in
quantitative yield by the reaction of allyl-1,1-d, alcohol
with thionyl chloride in the presence of di-n-butyl ether
and tri-n -butylamine according to the method of Young et
al.*’ for preparing allyl-1-"*C chloride. The NMR spectrum
showed signals at 85-2-5-7 (2H, m) and 6-37 ppm (1H, m),
and the absence of the finely split doublet at 84-1 (2H)
present in the spectra of nondeuterated samples. Samples
prepared for the next step of the sequence were distilled
directly into a small quantity of isopropanol to minimize
difficulties associated with the high volatility of ally)
chloride.

2 - (1,1 - Dideuterioaliyl) - 2 - (1 - ethyl - 1 - prop-
enyl)malononitrile 1¢

Allyl-1,1-d, chloride was reacted with the Na anion of 8,
as described by Cope et al. for the preparation of the
undeuterated *7 The NMR spectrum showed
signals at §1-17 3H, t, J = 7.5 Hz, CH~CH,), 1-77 (3H. d,
J =7 Hz, allylic CH)), 2-28, (2H, q, ] = 7-5 Hz, CH,~CH,),
and 5-1-6-2 ppm (4H, m, olefinic H), and the absence of
the 2 proton doublet (J = 6 Hz) at 82:65 ppm present in
spectra of nondeuterated samples.

Pyrolysis of compound 1b

Dinitrile 1d was distilled at 110° (0-7 mm) to give a
quantitative yield of 4, va.. 2220 cm ' (strong, CN); A 23"
263 nm (e 26,000); 81-22 3H, d, J = 7 Hz, CH-CH,), 1-23
(BH, t, J = 7-5 Hz, CH~CH,) 2-2-3-6 (5H, m, allylic H),
3.78 (3H, s, OCH,), 5-56:6 (2H, m, olefinic H), and
6:7-7-5 ppm (4H, q, aromatic H). (Found: C, 77-02; H,
7-25; N, 10-04. M.W. 280-1588. Calc'd for C,sHuN,0: C,
T7-11; H, 7-19; N, 9-99% M.W. 280-1575).

Pyrolysis of compound 11

Dinitrile 11 (726 mg) was heated at 140° for 36 h under
N,. The brown residue was chromatographed on silica gel
and recrystallized from light petroleum (b.p. 30-60°) to
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give 19 as white crystals (105 mg), m.p. 71-72°; v 2225
(strong, CN), 1600 cm™ (C=C); A53* 231 nm (e 13,800);
81-0-1-9 (6H, m, non-allylic ring H), 1:9-3-2 3H, m,
allylic H), 3-2-3-7 (1H, m, benzylic H), 3-80 (3H, s, OCH,),
48-54(2H.m CH;=),5466(1H . m,CH=),and6-7to
7-S ppm (4H, q, aromatic H). (Found: C, 77-97; H, 6-99;
N, 9-48. Cakc'd for C,,HuxN,O: C, 78-03; H, 690; N,
9-589%).

Pyrolysis of compound 12

Dinitrile 12 was heated under reflux in BuOH (b.p. 118
for 7 days. The resulting mixture, purified as described
above in the preparation of 12, was shown to consist of
64% compound 14 and 36% unchanged 12, identical in all
respects with samples encountered in the preparation of
12.

Pyrolysis of compound 1c

Deuterated dinitrile 1¢ (90 mg) was heated under reflux
in i-PrOH (15 ml) for 7 h. Water (50 ml) was added and the
soin extracted with ether (2x20ml) and CHCl, (1x
20 ml). The combined extracts were washed with water
(2 x 20 ml), dried (MgSO.), and evaporated giving a re-
sidue (61 mg) which was chromatographed on alumina
(Woelm, Activity III, 12 g), the product being eluted with
15% benzene in light petroleum (b.p. 30-60°). The NMR
spectrum of the product was identical with that of non-
deuterated samples of 8* with the exception of the olefinic
region which integrated for only 1-0 proton (85-68 ppm, t,
J =8 H2).

Pyrolysis of compound 1b in presence of sodium borohyd-
ride

A soln of 1b (56 mg, 2 x 10 “ mole), NaBH. (58-4 mg,
16 10 mole), and NaOH (16% 4x10 mole) in
diglyme (0-5ml) and water (0-2 ml)* was heated at 88°
for 16h. Water (1 ml) was added and the mixture ex-
tracted with light petroleum (b.p. 30-60%) (3 x Sml). The
combined extracts were washed with water (2x S mil),
dried (CaCl,), and evaporated to give a residue which was
subjected to GLC-mass spectrometric analysis on
Hewlett-Packard Model 700 gas chromatograph equipped
with an 8foot SE30 on chromosorb B column (130°)
attached to an Atlas CH4 mass spectrometer. Anethole
(21¢), retention time 6-08 min; m/e 148 (M°, base), 147,
133, 117, 105, 77) and § (retention time 1-7 min: m/e 134
(M), 106, 93, 78, 58, 44, 43 (base)) were identified by
identity of retention time and fragmentation pattern with
those of authentic samples.

Pyrolysis of compound 22 in presence of sodium borohyd -
ride

A soln of dinitrile 22 (0-97g, 3:4x 10 * mole), NaBH,
(1-05g, 27-5x 10"* mole) and NaOH (285 mg, 6-9x 107
mole) in diglyme (5 ml) and water (1 ml) was heated at 167°
for 46 h. Work-up and analysis as described above in the
pyrolysis of 1b showed no detectabie trace of 23.

Pyrolysis of compound 11 in presence of sodium borohyd -
ride

A soln of 11 (58-4 mg, 2 X 107 mole), NaBH. (58-4 mg,
16 x 107* mole) and NaOH (16 mg, 4 % 10™* mole) in dig-
lyme (0:S ml) and water (0-2 ml) was heated at 88° for 16 h.
Water (1 ml) was added and the mixture extracted with
light petroleum (b.p. 30-60") (3 x $ml). The combined
extracts were washed with water (2 x S ml), dried (CaCl,),
and evaporated. GLC-mass spectrometric analysis of the
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residue as described above demonstrated the presence of
ancthole.
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