J. Am. Chem. Soc.

racemase catalysis that made this application of the double isotope
fractionation experiment possible. We are also grateful to Dr.
W. W. Cleland, who has independently devised and used the
double fractionation method, for communicating his work!? prior
to publication.

Registry No. Proline racemase, 9024-09-3.

(13) Hermes, J. D.; Roeske, C. A.; O’Leary, M. H.; Cleland, W. W,
Biochemistry 1982, 21, 5106-5114.

Stereoselectivity of Intramolecular Dicobalt
Octacarbonyl Alkene-Alkyne Cyclizations: Short
Synthesis of dI-Coriolin

Christopher Exon and Philip Magnus*

Department of Chemistry, Indiana University
Bloomington, Indiana 47405

Received January 6, 1983

Almost a decade ago Pauson! reported the potentially very
useful reaction of a strained alkene with an alkyne—dicobalt oc-
tacarbonyl complex, to give cyclopentenones, albeit in modest
yield.?2 The cyclopentenone annulation is regiospecific; the larger
group becomes adjacent to the carbonyl group. An intramolecular
version of this reaction has recently been described by Schore,’
the yield of bicyl[3.3.0]oct-2-en-3-one (1) was 30% (Scheme I).

If this reaction is to be of use for the synthesis of natural
products, it is essential that it be stereoselective. To date there
have been no studies concerned with this point. Furthermore the
compatibility of this cyclization with a propargyl functionality
is by no means certain.

Concurrent to the above investigations, we have examined the
stereoselectivity of intramolecular alkene—alkyne dicobalt octa-
carbonyl mediated cyclopentenone cyclizations. Here we report
a stereoselective synthesis of functionalized bicyclo[3.3.0]enones
and illustrate the inherent simplicity of this highly convergent
methodology with a concise synthesis of the antitumor sesqui-
terpene coriolin 2.4
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Almost without exception, ring-forming processes benefit from
the classical Thorpe—Ingold effect.’ Consequently, in both
conception and reality, it proved useful to exclude unsubstituted
model studies. The aldehyde 3% was treated with lithio(tri-
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methylsilyl)acetylene followed by quenching by CISi-r-BuMe,/
THF/reflux 20 h to give 4 (86%, bp 96-98 °C (0.9 mmHg)).
When the enyne 4 was heated with Co,(CO)g (1.0 equiv) in
heptane (saturated with CO) at 110 °C (sealed tube), the bicy-
clo[3.3.0]enone § was isolated in 79% yield after chromatography
and distillation (bp 128 °C (0.5 mmHg)), along with 3% of the
C-8 epimer (26:1).

The proof of the stereochemistry depicted in § rests upon the
following chemical and physical evidence. Hydrogenation of 5§
(10% Pd/C) gave 6 (90%), which upon treatment with HBF,/
THF/H,0 gave the keto alcohol 7 (87%, mp 70.5-71.5 °C). The
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derived ethylene ketal 8 (92%) on oxidation (Me,SO/oxalyl
chloride) gave 9 (67%). Reduction of 9 gave mixtures of 8 and
10 in the following ratios depending upon the reducing agent:
LiAlH,, 2:1; NaBH,, 6:5; LiA(O--Bu)H, 2:3; Li/NH,, 9:1. For
8 H,, / = 7 Hz, and for 10 H,, J = 4.5 Hz.

The reduction using Li/NHj is known to give the thermody-
namically more stable exo-alcohol 8, by analogy with the results
obtained by Danishefsky and Ikegami,* in their respective syntheses
of coriolin. As further proof of the syn relationship between the
oxygen substituent at C-8 and C-5 hydrogen, the total synthesis
of dl-coriolin 2 provides confirmatory evidence (Scheme II).

Treatment of 4 with PhCH,*NEt;ClI"/KF-2H,0/THF heated
at reflux (3 h), followed by n-BuLi/Mel/-70 to 20 °C gave 11
(87%, bp 85-90 °C (0.4 mmHg)). Exposure to 11 to Co,-
(CO)s/CO/heptane/110 °C/20 h in a sealed tube gave the bi-
cyclo[3.3.0]enone 12 (50%, bp 120 °C (1 mmHg)), along with
its C-8 epimer (15%, bp 130 °C (1 mmHg) 3.3:1).” Hydro-
genation (10% Pd/C) of 12 gave 13 (92%), which was converted
by standard conditions into 14 (R = allyl; 79%). Wacker oxidation
of 14 (R = allyl) gave 14 (R = CH,COCH,;; 64%), which on
treatment with KO-¢-Bu/HO-¢-Bu at 20 °C for 0.5 h gave the
tricyclic enone 15 (74%); (these last three steps were carried out
in a manner similar to those described by Ikegami?).

Deconjugation [KO-¢-Bu (10 equiv)/DME/20 °C/2 h, workup
with AcOH)* gave 16, which on treatment with MCPBA (1.0
equiv)/CH,Cl,/1 h followed by exposure of the crude epoxide
to DBU/CH,CIl, gave 17 (34% from 15). Deprotection of 17
(pyridine—-polyhydrogenfluoride; according to Trost)* gave 18
(74%) identical with an authentic sample.

The surprise difference in stereoselectivity between the (tri-
methylsilyl)acetylene system § (26:1) and the terminal methyl-
acetylene case 15 (3.3:1) implies that this group, which is three
carbon atoms removed from both new stereocenters and itself
eventually attached to a trigonal center, must exert the major
influence upon the stereochemical outcome. The origin of this
stereoselectivity is not known. At this stage, any speculation would
not clarify the situation since the mechanism of the conversion
of 4 into § and 11 into 12 is not well understood.

In summary, the dicobalt octacarbonyl strategy for the ste-
reoselective synthesis of hydroxylated bicyclo[3.3.0]enones provides
a short route to the tricyclic coriolin precursor 18 (12 steps, overall
yield 3.2% from the readily available aldehyde 3). Since 18 has
been converted into coriolin itself, this constitutes a synthesis of
the natural product and verifies the stereochemistry of the major
product in the Co,(CO); cyclization step.

The dicobalt octacarbony! alkene—alkyne—CO insertion reaction
should provide a direct method of making many other natural and
unnatural cyclopentanoid products.
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We present results of model study that suggest that phospholipid
membranes could be chiral at phosphorus and the configuration
of phosphorus could be important in the structure and properties
of membranes.

The prochiral phosphorus center of phospholipids could in
principle exist in four possible states in the liquid crystalline phase:
(I) achiral, =OP~—Q%; (II) chiral, O==P—O" (with the negative
charge partially or fully localized); (III) chiral, "O—P==0; (IV)
racemic, as a mixture of IT and III. This fundamental problem
has never been considered in the models for membrane structures
and for protein-lipid interactions, although there is increasing
evidence for the involvement of the phosphate head group in
protein-lipid interactions,? and the conformations of head group
of phospholipids have been studied recently.?

The problem is even more intriguing when considered with the
recent report of Arnett and Gold* that the chiral C-2 center of
dipalmitoy! phosphatidylcholine (DPPC) cannot be recognized
by (R)-N-(a-methylbenzyl)stearamide (NMBS), but L-DPPC is
able to recognize the chiral center of NMBS. Although they
provided no explanation, a very logical one is that DPPC has
another chiral recognition site other than C-2. Could this be the
prochiral phosphorus center?

The model compounds used for states II-IV of DPPC are the
isomer A (1), isomer B (2), and mixture (A + B) (3), respectively
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(R = C;sHyy), of 1,2-dipalmitoyl-sn-glycero-3-thiophosphoryl-
choline (DPPsC).* It should be noted that in 1 and 2 the absolute
configuration at phosphorus is still unknown, and the localization
of the negative charge at oxygen has no experimental proof.
However, on the basis of the work in the sulfur analogues of
nucleotides,’ 1 and 2 should be good models for II and III.
To compare the properties of 1-3 in the liquid crystalline phase,
we chose to measure the quadrupolar splitting Avg in YN NMR’
and the chemical shift anisotropy Ae in 3P NMR,® both of which
are sensitive to the structural and motional properties of the
phosphate head group. Figure 1 shows the N NMR spectra
(single-pulse experiment)® of the unsonicated aqueous dispersion
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