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sented above are consistent with this scheme, if k&, is
rate determining for the 2’,6’-dichlorobenzyl compound
1c, but k; has become partly rate determining for the
propyl compound 1a.

It has been suggested that some biochemical oxida-
tion-reduction reactions, particularly those involving
flavins, !? proceed via covalent adducts of the reactants,
The intermediate of Scheme II cannot be covalent,
however. Addition of a group to the pyridine ring in
1-d; must occur either cis or trans to the deuterium atom;
the intermediate is then committed either to transfer of
the hydrogen or the deuterium. A mechanism involv-
ing addition of the ketone to the dihydropyridine moiety
thus requires two separate intermediates, and it can be
shown that for such a mechanism, the same relation be-
tween kinetic and isotopic partitioning results pre-
dicted by Scheme I must hold.

We propose a mechanism involving a common in-
termediate (or mixture of intermediates) to rationalize
the data presented above. We suggest that the inter-
mediate is a noncovalent charge-transfer complex, and
that in the first step there is at least some degree of elec-
tron transfer from the dihydropyridine to the ketone.
The formation of products from the intermediate in-
volves transfer of the hydrogen nucleus and completion
of the transfer of electrons, and has a kinetic isotope ef-
fect associated with it. The participants in the complex
must be capable of some motion relative to one another
within a solvent cage, so that either hydrogen may be
transferred.®™ Kosower® has analyzed the energetics
of such a omne-electron mechanism for reduction of
acetaldehyde by a dihydropyridine, and concluded that
it is plausible.

Our mechanistic suggestion may be relevant to other
dehydrogenase model reactions. Most ordinary ke-
tones are not readily reduced by dihydronicotinamides
in the absence of enzymes, and those compounds which
are'* have extensive delocalized = systems with low-
lying empty orbitals. It seems likely to us that in all
these reactions the electrons are transferred via inter-
action between the conjugated = systems of the reac-
tants, rather than in close coordination with the hydro-
gen nucleus. The role that an enzyme plays in making
possible reactions between reduced nicotinamide co-
enzymes and simple carbonyl compounds remains an
intriguing puzzle. Spectroscopic evidence suggests
that aromatic residues in certain dehydrogenases are
capable of strong electronic interactions with the pyri-
dine moiety of bound coenzyme.’® One can imagine
processes in which electronic interaction between co-
enzyme, substrate, and enzyme allows the separation of
electron transfer and proton transfer in these enzymic
reactions as well.
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The Total Synthesis of Carpanone
Sir:

We described recently a facile, high-yield reaction of
o-quinonemethide with nucleophilic olefins such as
1,1-dimethoxyethylene.! The total synthesis of carpa-

none provides an intramolecular example of the utility
of this reaction.

CH,

CL o
+ C —
o CHO™ OCH, G(o}

OCH;,

OCH;,

Carpanone (1), a lignan obtained from the bark of
the carpano tree,? poses a significant synthetic challenge.
The molecule possesses no element of symmetry and has
five contiguous asymmetric centers. In analyzing the
problem, one can imagine the benzodioxane ring to be
formed by nucleophilic attack of an enol ether unit on
an o-quinonemethide (2). This approach has particular
appeal because it may be related to the biosynthesis of
carpanone.? The required precursor 2 has a C., axis
of symmetry which passes through the midpoint of the

bond joining the two o-quinonemethide units but has
neither a center nor a plane of symmetry. Synthesis
of a reactive species such as the bis-o-quinonemethide
(2) is a formidable task, but Barton’s brilliant synthesis
of usnic acid® suggests that phenolic coupling might
succeed. Two problems must be faced in this approach.
First, coupling must occur on the styryl double bond
rather than the aromatic ring, and, second, the coupling
process forms two asymmetric centers which must have
the correct stereochemistry. Actually, the stereochemi-
cal problem is more difficult than it first appears be-
cause the stereochemistry at all centers is determined in
the formation of the first bond.

The required 2-(trans-1-propenyl)-4,5-methylenedi-
oxyphenol (3, mp 87-88°) was prepared from 2-allyl-

(1) O. L. Chapman and C. L. McIntosh, Chem. Commun., 383
(1?;)1)&}. C. Brophy, J. Mohandas, M. Slaytor, S. Sternhell, T. R,
Watson, and L. A. Wilson, Tetrahedron Lett., 5159 (1969).

(3) D. H. R. Barton, A, M. Deflorin, and O. E. Edwards, J. Amer.
Chem. Soc., 78, 530 (1956),
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Figure 1.

4,5-methylenedioxyphenol¢ by isomerization of the
double bond using potassium ters-butoxide in dimethyl
sulfoxide.

/CHZ
0 KO-~tert-Bu 0
< DMSO <
0o OH 0

Phenolic coupling has been accomplished tradition-
ally by one-electron oxidants, although there is some
evidence that two-electron oxidants can be as good or
better. In the present case the critical nature of the
dimerization step led us to favor oxidation by a divalent
metal which could bring two phenolic units together
and at the same time effect the required net two-elec-
tron oxidation. Palladium(II) was the reagent of

CH,

OH
3

choice. Our model of the reaction is shown below.
CHa_~CHs
| ]
0 0> —> Pd° + 4
0 0—Pd—0 0

The mode of dimerization shown is the only mode which
can give carpanone. The conformation of the double
bond at the time of oxidative dimerization must be
such that it is oriented away from the phenolic hydroxyl
group. If the double bond were oriented toward the
hydroxyl group, the o-quinonemethide unit formed
would have the wrong stereochemistry.’ Given the
proper conformation of the double bond in both 2-
(trans-1-propenyl)-4,5-methylenedioxyphenol units, it
is still possible to put them together so that the bis-o-

(4) B. H. Alexander, S. I. Gertler, R. T. Brown, T. A. Oda, and M.
Beroza, J. Org. Chem., 24, 1504 (1959).

(5) This analysis assumes that rotation about bonds does not occur
during oxidation.

A stereoscopic drawing of the final X-ray model of carpanone less the carbon tetrachloride.

quinonemethide has either a C, axis of symmetry or a
plane of symmetry. Only the bis-o-quinonemethide
with C, symmetry can give carpanone. In this case
the geometry (4) is extremely favorable for nucleophilic
attack by the enol ether function of one o-quinonemeth-

H H
OZCEK/CHS 0) Omc}la
4 =<
0 OH 0 0

wrong stereochemistry

CH, CH,
0 {0}
Seolliee’s
0 OH 0 0

required stereochemistry

ide unit on the other o-quinonemethide unit to give
carpanone (5). Once the carpanone molecule is formed,
it equilibrates with a conformer in which the methyl
groups occupy pseudoaxial positions, This is the con-
formation observed in the crystal.

Palladium dichloride (0.8 g) was added to a rapidly
stirred (magnetic stirrer) solution containing 2-(zrans-
1-propenyl)-4,5-methylenedioxyphenol (1.6 g) and so-
dium acetate (6.0 g) in methanol (150 ml) and water (30
ml). The solution was stirred for 2 hr (~38°) and then
left to settle for 1 hr at room temperature. After
filtration and dilution with water, the resultant suspen-
sion was extracted twice with ether. The ether solu-
tion was washed with 109 sodium hydroxide solution
and then distilled water. Evaporation after drying
over magnesium sulfate gave the crude product (1.0 g,
629). Carbon tetrachloride (5 ml) was added, and
the product crystallized overnight. The crystals (0.98
g, mp 185°) thus obtained contained one molecule of
carbon tetrachloride per molecule of carpanone (X-ray
crystal structure).® Chromatography of the mother
liquor gave additional carpanone-CCl, (0.08 g). The
total yield of crystalline carpanone is 46%,. Compari-
son of the nmr spectra of synthetic and natural carp-
anone in carbon tetrachloride established their identity.

A single-crystal X-ray analysis was executed to verify
the final molecular stereochemistry. Large clear nee-
dles were mounted in Lindemann capillaries. Pre-
liminary photographs display 2/m Laue symmetry with
systematic absences for #0/ (! = 2n 4 1) and 0k0 (k =
2n 4+ 1). The space group is therefore P2i/c (Cab).
A measured density of 1.50 g/cm? indicated four mole-

(6) The product showed nmr uv spectra identical with those reported
for carpanone.? The natural product is not optically active.?
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46%

cules of carpanone and four molecules of carbon tetra-
chloride per unit cell (peajeq = 1.51 g/cm3). Diffrac-
tometer measured cell constants are @ = 19.071 (5),
b = 9721 (5), c = 13.152 (5) A, and 8 = 113.11 (5)°.
All data in the Akl and Akl octants with 26 < 110° were
recorded (2647 reflections) with filtered Cu Ka radia-
tion (1.5418 A). After correction for background,
Lorentz, and polarization effects, 1727 reflections were
judged observed. A Wilson plot was computed and
normalized structure factors were derived in a standard
fashion.” The 293 largest normalized structure factors
were assigned phases by an iterative application of
Sayre’s equation® All 31 nonhydrogen atoms were
revealed in the subsequent E synthesis.® Full-matrix
least-squares refinements with anisotropic temperature
factors for all nonhydrogen atoms and isotropic tem-
peratures factors for all hydrogens are currentlyat 11.6 %7
for the observed reflections.’* A computer-generated
drawing of the final X-ray model is given in Figure 1.1}
There is no evidence that the carbon tetrachloride is
disordered. The closest intermolecular contact is 2.90
A between chlorine and oxygen. Allbond distances and
angles in the carpanone molecule agree well with gen-
erally accepted values, 12

The introduction of five contiguous asymmetric cen-
ters with the correct stereochemistry in a single high-
yield reaction suggests additional uses of palladium(II)
in the synthesis of polyphenolic natural products which
are now under investigation.
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Photolytically Induced Oxygen—Carbon Linkage
Isomerization in Formato- and Oxalatoamine
Complexes of Cobalt(III)!

Sir:

The 254-nm continuous photolysis of (NH;);CoO,-
CH?** in HCIO, solution produces Co?**, H,, and CO,
with the yields affected by the presence of O,, 2-propa-
nol, and allyl alcohol; the formation of H atoms and
their reaction with the substrate have been established.?
The flash photolysis of this complex reveals two tran-
sients which absorb at A < 320 nm, one short-lived (SL)
and the other long-lived (LL). Because of the overlap
of their spectra, it is not possible to discern whether LL
arises from SL or whether they are independent species.
However, the spectrum and decay kinetics of LL can be
evaluated without any contribution from SL. Point-
by-point determination of the absorption spectrum of
LL shows a maximum at A ~ 268 nm. LL decays via
first-order kinetics with the rate constant a function of
pH as shown in Figure la. The activation energy for
the decay process is 23 kcal mol~! independent of pH.
The amount of LL and its decay kinetics are indepen-
dent of the presence of O,, allyl alcohol, 2-propanol, and
(except for the decay rate) H+.

The 254-nm continuous photolysis of (NH;);CoO,-
CC02H2+, (NH3)4CO(C204)+, and (en)2CO(C204)+ in
HCIO, solution yields Co?t, CO,, and O,-scavengeable
radicals.® The flash photolysis of these complexes,
in the presence or absence of O,, likewise gives two
discernible transients which are unaffected by the
presence of alcohols or Cl-. The pH dependences of
the first-order decays of LL are shown in Figures la
and lb. The activation energy for these decays has
the same value as quoted above within experimental
error. The spectrum of LL for (NH;);CoO,CCO.H 2+
is the same as that for (NH;);CoO,CH?**. In 2 M
HCIO, the lifetime of LL for (NH;),Co(C,Og* is
sufficiently long for a spectrum to be obtained by
double beam spectrophotometry within 1 min of the
flash. An absorption maximum at A ~ 265 nm is ob-
served; the parent complex does not have an absorp-
tion maximum in that region. Intermediate LL for
(en):Co(C;0-)* (en-LL) is so longlived* in highly acidic
medium that it can be generated by continuous pho-
tolysis and separated from Co?* and the substrate by ion-
exchange chromatography.’ Although we have been
unable to isolate en-LL as a solid,® its spectrum in
acidic solution has been characterized and is shown in
Figure 2 in comparison with (en),Co(C,O4)*. Inter-
mediate en-LL decays quantitatively to Co*+ with a
first-order rate constant identical with that seen from
flash photolysis; CO, is also produced in this reaction.
Intermediate en-LL undergoes base-catalyzed hydroly-
sis to yield (en),Co(OH,)%t.

The following facts are evident from the data: (1)
the LL intermediate from the formato and monodentate
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(4) In highly acidic solution, #1/, of en-LL is about 2.5 hr.

(5) The ion-exchange behavior of en-LL shows that this intermediate
has a 2+ charge in acidic solution.

(6) Anions used to attempt precipitation of en-LL include ClOs~,
Cl-, BF.:~, B(CsH;):~, and FsCSO;~ and also various ethanol-ether
mixtures.
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