Mechanism of Cis—-Trans Isomerization about
Carbon—-Carbon Double Bonds Catalyzed by Silver(I)!

Sir.

Several enzymes are now known to catalyze cis-trans
isomerization about carbon-carbon double bonds.?
One such system in which we have been interested is the

enzyme-catalyzed isomerization of maleylacetone (Ia)®*
or maleylacetoacetate (Ib) to fumarylacetone (Ila) or

fumarylacetoacetate (IIb) (eq 1), respectively.2* Glu-
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tathione (GSH) is required as a coenzyme for enzymic
reaction.

The possibility that this and other cis-trans isom-
erases derive their catalytic activity through the pres-
ence of an enzyme-bound metal increases with the dis-
covery of the rapid catalyzed geometric isomerization
of Ia and Ib by very dilute solutions of silver nitrate.®
Silver ion is unique: it is the only one of 18 various
metal ions studied that is capable of catalysis.® Be-
cause of our interest in catalyzed isomerization,*® we
have investigated the mechanism of this remarkable
reaction.” Silver-enzyme coordination often leads to
inactivation, but a metal which was heretofore consid-
ered inactive in model systems might exhibit substan-
tially different chemistry when coordinated with enzyme
and in the process might be rendered an active catalyst
for isomerization.

The uniqueness of silver ion in this process suggests
the involvement of a silver—r-olefin complex as the
reactive species. Moreover, the presence of a hy-
droxy group « to the double bond, as in I, is known
to enhance silver—olefin association.® That Cu(Il) and
Fe(Ill) are inactive suggests that a ketoenol-chelate
complex of metal ion and substrate is unimportant.
The early study® which we corroborate reports a pH-
rate profile reminiscent of a monoprotic acid exhibiting
increasing rate concomitant with increasing conjugate
base formation. The kinetically determined apparent
pK of maleylacetone (~3.5) fits well with the spectro-
photometrically determined pK; of 3.95(eq 2).®  Silver—
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catalyzed isomerization apparently does not occur with
IIl because of the ring-locked geometry. Several
mechanisms involving =-olefin complexes can be pro-
posed. The following experiments involving the Ag*-
catalyzed reaction were carried out to differentiate
among mechanisms: (1) isomerization of Ia in sol-
vent D,O leads to no appreciable incorporation of
maleylvinyl deuterium (nmr), (2) added thiocyanate
does not enhance the rate, (3) sample degassing does not
appreciably affect the rate,® (4) no esr signal can be ob-
served during reaction, (5) reaction proceeds at the same
rate in the dark, and (6) the reaction occurring in 7.5%]
acrylamide monomer leads to no polymerization.
These results would appear to rule out radical ions 1V
or V as possible intermediates permitting facile rotation

about the original maleyl C-C double bond. IV might
be expected to undergo D exchange!® and both IV and
V might be expected to give an esr signal and catalyze
polymerization. If the function of silver were to bring
nucleophile and substrate together for nucleophile-
catalyzed isomerization,® added thiocyanate might be
expected to produce an observable rate enhancement.

Two new derivatives of Ia, VI and V1I, have been syn-

thesized!! and their Ag*-catalyzed rate of cis-trans iso-
merization was measured. Under comparable reaction
conditions the predominant course of reaction of VI at
pH 4.0-7.4 is to undergo ring closure (eq 3) to form VIII

= OCHa
Vi — o=<_>< ®
CH,COCH,

(0]
VIII

as identified by uv and nmr. The rate of disappearance
of VI in the presence and absence of 0.1 M Ag(]) is es-
sentially the same. Ag(I)-catalyzed cis—trans isomeriza-
tion of Ia is at least 35,000 times faster than the com-
parable (undetected) reaction for VI. VII, however,
undergoes rapid Ag-catalyzed (kyir/ki. ~ 10) isomer-
ization (Figure 1), thereby ruling out a silver—carboxylate
complex. That Ag(l)is inactive toward VI and the rate
for VII approaches zero at low pH suggests that the
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Figure 1. Second-order rate constants for silver(I)-catalyzed
cis-trans isomerization of maleylacetone methyl ester (VII) vs.
pH: closed circles refer to acetate buffers (0.02 M); open circles
refer to malonate buffers (0.2 M); half circles refer to malonate
buffers (0.01 M). Curve represents calculated values of kobsa =
[ka=K + kaa(HMHYIK + (HY)], for K = 10~% M, as determined by
least-squares fitting.

kinetically active species is a complex of silver and the
enolate ion of VII.1?  We suggest the following mech-
anism (Scheme I) for the catalyzed isomerization of
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maleylacetone. Coordination of the enolate oxygen

with tetrahedral silver facilitates twisting about the
C-3-C-4 bond thereby to place the carbonyl oxygen
below (or above) the C-1-C-2-C-3-C-4 plane and
facilitate nucleophilic attack on the double bond.
Isomerization of VI is prevented by the inability of
its silver complex to form an enolate ion.
(12) There is no apparent general acid~base catalysis. Rates are
essentially the same in 0.02, 0.25, and 0,50 M acetate buffers, pH 4.0.
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Angular Alkylation through Intramolecular Carbenoid
Insertion. A New Stereocontrolled Route to Synthetic
Intermediates to the Diterpene Alkaloids and
Ca0-Gibberellins!

Sir:

A crucial problem in the total synthesis of a large
number of complex diterpenoids, for example, the
Garrya and Atisine groups of diterpene alkaloids? and
a few Cy-gibberellins,® is the introduction of the
C-10 functionalized angular carbon residue in com-
bination with the C-4 substituents with appropriate
stereochemical control, in a hydrophenanthrene or a
hydrofluorene moiety. In spite of the notable achieve-
ments in the total synthesis* of these compounds there
are only a limited number of methods*® for realizing
this synthetic task. We present here a new simple
synthetic approach which rests in utilizing the carboxyl
at C-4 for introduction of the functionalized C-10 sub-
stituent in a stereospecific manner in providing some
key intermediates toward complex diterpenoids. Our
method of angular alkylation is based upon a regio-
selective intramolecular a-ketocarbenoid insertion
across the C-10 benzylic C-H bond in the carbenoid
thermal decomposition of the a-diazomethyl ketones
4 and 4a from the easily accessible® 20-nor ring-C-
aromatic resin acid analogs 3 and 3a. We also studied
a number of model compounds.” For example, the
thermal decomposition of a dilute solution of the
crude diazoketone 1b derived from the bridged bicyclo-
[3.3.1lnonene derivative 1a,® in the presence of anhy-
drous copper sulfate in tetrahydrofuran, afforded the
tetracyclic liquid ketone 29 [»2ES% 1740 cm~!; 2,4-

dinitrophenylhydrazone, mp l;uix"] in 539 overall

yield from 1a as the only isolable product after column
chromatography.

The crude diazo ketone 4, prepared from 3, on
treatment with anhydrous copper sulfate in boiling
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