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tional flexibility in this case. Proton exchange at C-5
leading to epimerization or any other change resulting
from proton loss at this center during the conversion of
methyl elenolate to lactam 5 was ruled out by the use of
C-5 deuterium-labeled ester, prepared by the subjection
of calcium elenolate to the action of excess D,O for 24
hr and conversion to the free acid by DCI, followed by
treatment with diazomethane. Repetition with this
material of the steps involving formation of lactam 5
from unlabeled ester provided deuterium-labeled 5,
mol wt (mass spectrum) 369, in which the multiplet
(doublet of gquartets) due to C-6 H in unlabeled 5 is
cleanly decoupled to a single quartet.’

In a parallel observation, radioactive lactam 5 was
isolated after C-5 tritium-labeled 3b was carried through
the sequence already described for preparation of un-
labeled 5.
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Total Synthesis of d-Methyl Elenolate
Sir:

Elenolic acid derivatives, particularly the calcium salt
(1) and methyl ester (2),! have generated considerable
interest because of their potent broad range antiviral

activity.? These compounds are structurally quite
similar to seco-loganin (3), a precursor in indole alkaloid

RO.C CHO CHO .
\\ H

"I?,O—ﬁ-D-glucose

H H H’ 0
CH,0.,C CH,0,C

1, R=Ca/2 3

2, R = CH,

biosynthesis.® These considerations and the difficult
accessibility of these compounds from olive press juices*
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led to the initiation of a program aimed at their total
synthesis. This communication reports a total syn-
thesis of d/-methyl elenolate and a formal total synthesis
of dl-calcium elenolate.

Addition of a tetrahydrofuran solution of cyclopenta-
dienylsodium to a twofold excess of methyl bromo-
acetate at — 10° resulted in the formation of methyl 1,3-
cyclopentadienyl-5-acetate® [nmr (CDCl;) 6 2.38 (d, 1,
J = 8.5 Hz), 3.67 (s, 3, OCHy), 6.42 (s, 4, =CH)] which
when treated with a two- to threefold excess of citraconic
anhydride at — 10° afforded 4 (see Chart I) in 50 ] over-
all yield after crystallization from ether [mp 105-108°;¢
nmr (CDCly) ¢ 1.66 (s, 3, CHj3), 2.41 (A:B, 2, CH,CO,),
2.6 (A:B, 1, CHCH,CO,), 3.65 (s, 3, OCH,;), 6.30
(AA’XX’, 2, =CH)}. Hydrolysis of 4 in hot water
gave an 8097 yield of crystalline 57 on cooling [mp 151-
152°;% nmr (D,O) § 1.53 (s, 3, CHs), 2.35 (A,B, 2,
CH.CO,), 3.62 (s, 3, OCH3), 6.1 (m, 2,=CH)}. Oxida-
tion of 5 with potassium chlorate and osmium tetroxide?
gave 6 in 3597 yield [mp 122-126°;5% nmr (Me,SO-ds)
0 1.44 (s, 3, CH3), 1.97-2.40 (m, 4), 2.77-3.00 (m, 2),
3.60 (s, 3, OCH;), 3.70-3.90 (m, 1, OCH), 4.33-4.55
(m, 1, OCH)]. Treatment of 6 with acetone, 2,2-di-
methoxypropane, and a trace of acid resulted in a
quantitative conversion to 7 [mp 154-155°;¢% nmr
(Me.SO-ds) 6 1.20, 1.43, 1.50 (3 s, 9, CHy), 2.75-2.98
(m, 2), 3.61 (s, 3, OCH3)].

Electrolytic decarboxylation'® of 7 gave up to a 509
yield of 8 (oil) after silica gel chromatography: nmr
(CDCl3) 6 1.35,1.53 (25, 6, CH3), 1.72 (d, J = 2 Hz, 3,
=CCHj3;), 3.65 (s, 3, OCH;). Oxidation of 8 with
potassium permanganate—potassium periodate afforded
9 in 459 yield: mp 91-93°¢%; ir (mull) 1745, 1730,
1710 cm™!; nmr (CDCly) § 1.33, 1.57 (2 s, 6, CHy),
2.29 (s, 3, COCH;), 2.5-3.2 (m, 5), 3.67 (s, 3, OCHjy),
4.47-4.72 (m, 1, OCH), 4.75-4.99 (m, 1, OCH). Treat-
ment of 9 with diazomethane gave a quantitative yield
of the dimethyl ester 10 (oil): nmr (CDCl;s) 6 1.33,
1.57 (2 s, 6, CCH;), 2.28 (s, 3, COCHj;), 3.66 (s, 3,
OCH;). Reduction of 10 with excess sodium boro-
hydride at 0° in methanol gave an essentially quantita-
tive yield of an oily mixture of the diastereomeric alco-
hols 11, which when treated with mesyl chloride in

(5) This product rapidly rearranges to methyl 1,3-cyclopentadienyl-1-
acetateat25° (11,21 hrat 25°).

(6) Satisfactory elemental analyses were obtained.
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and osmium tetroxide in basic medium.’® (b) For a similar stereo-
chemical outcome in the preparation of a 7-substituted norbornene see
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pyridine gave, again in nearly quantitative yield, the
mesylates 12: nmr (CDCl;) § 1.33, 1.50 (2 s, 6, CCH,),
1.50 and 1.55 (d, / = 6 Hz, 3, SO;CHCH;), 3.00 and
3.03 (s, 3, CH;80;). The mixture of mesylates crystal-
lized on standing; recrystallization afforded one of the
diastereomers in pure form, mp 102-103°.¢ Hydrolysis
of the latter with 60 %] formic acid followed by oxidation
of the resultant glycol 13 with periodate (pH 6-7) af-
forded an isomerically pure mesylate 14 in 209 yield:
mp 107-111°;¢ nmr (CDCls) é 1.58 (d, J = 6.5 Hz, 3,
CHCH3), 3.02 (s, 3, OsSCHy), 3.70, 3.74 (2 s, 6, OCH,),
5.62-5.82 (m, 1, OCHO), 7.55 (s, 1, OCH=). Heating
14 in an aqueous pyridine solution resulted in the forma-
tion of d/-methyl elenolate as an oil, identical by ir, uv,
and nmr spectroscopy with the oily, chromatographi-
cally highly purified material obtained from natural
elenolic acid on treatment with diazomethane. The
synthetic material crystallized on standing to give iso-
merically pure racemic material, mp 93-98° The
natural material has not yet been obtained in crystalline
form. The transformation of the mixture of mesylates
12 to methyl elenolate of the same purity as that from
the single isomer of 12 could be carried out without iso-
lation of intermediates in an overall yield of 30%.

The formal synthesis of calcium elenolate (1) was
completed by the hydrolysis of natural methyl elenolate
with 0.1 & sulfuric acid at 80-90° followed by treatment
of the free acid with calcium carbonate.
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Dynamic Stereochemistry of Triarylsilanes!
Sir:

In connection with our recent studies of isomerism
and isomerization in propeller-like molecules,? we
noted with interest a report that the mesityl groups of
trimesitylfluorosilane (1) are ‘... nicht mehr frei
drehbar,”? as indicated by the doubling of the ortho
methyl group resonance in the ambient temperature 'H
nmr spectrum. Additionally, Gilman and coworkers
had previously reported the isolation of four crystalline
stereoisomers of tetra-o-tolylsilane.* These two re-
ports led to the expectation that the isolation of tor-
sional isomers of triarylsilanes, such as trimesitylsilane
(2), might be possible at ambient temperatures.

By analogy with acetyltriphenylsilane® and related
compounds,? 2 is presumed to have a propeller (C;)
conformation in the ground state. Such a conforma-
tion is chiral and therefore capable of existing in two
enantiomeric forms. In addition, each ring carries
two diastereotopic ortho methyl groups: one proximal
to the hydrogen on silicon and the other distal. In
the absence of rotation about the carbon-silicon bonds,
the two diastereotopic methyl groups would be ex-
pected to give rise to two separate signals in the 'H
nmr spectrum.

Trimesitylsilane was prepared by the action of excess
mesityllithium on trichlorosilane in refluxing benzene
for 45 hr. At ambient temperatures, the para and
ortho methyl groups each appeared as a singlet in the
'H nmr spectrum (Table I); upon cooling, however, the
ortho methyl signal broadened and ultimately split

Table I. Propertiese of Triarylsilane Derivatives
Chemical shiftsd
Compd AG*r(T,°C),t Ay, (8, ppm from TMS)
no. Mp, °C kcal/mol Hzc  p-Me o-Me
1 192-193¢ 2.23 2.04/
2 197-198 10.9(—-47) 23.0 2.19 2.06
3 150.5-151.5 12.1(-24) 24.5 2,12/
4 143-145 12.5(—-13) 25.3 2.18
5 151.5-153.5 11.1(—43) 22.3 2.12

@ All compounds were recrystallized to constant melting point
and gave satisfactory elemental analyses. Mass spectra were
consistent with the assigned structures. Nmr spectra were re-
corded on a Varian A-60A spectrometer. ° Free energy of activa-
tion for enantiomerization by a two-ring flip pathway. ¢ Separa-
tion, at the slow exchange limit, of the ortho methyl signals.
4 Data refer to ca. 107 solutions in CS; with ca. 19, TMS as in-
ternal standard, at ambient probe temperature (ca. 37°). ¢Lit.?
193-193.5°, / Center of a doublet, &/gyr = 2.7 Hz.
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