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that in the spectra of N,-methyldihydroindole alkaloids
the highest field aromatic carbon signal at 107 + 2 ppm
represents C-12.%14 By analogy with methyl substitution
effects on simple indole models!® a C-12’ linkage as depict-
ed in 2 should strongly deshield this carbon and slightly
shield C-9’ while not significantly influencing the other ar-
omatic sites. The shift contrast between the aromatic car-
bon signals of the decarbomethoxy 14’,15’-dihydro-(19S)-
vindolinine part of 2 and those of N’,-methyl-(19R)-vin-
dolinine (7) was in perfect agreement with a C-12’ attach-
ment of the monomers. The second site of linkage is of
course through the N’;-CH’s carbon of the alkaloid. Two
possibilities had then to be considered. The close shifts of
C-7 of villalstonine (3)® and C-7 of 2 strongly suggested
similar environments for this carbon in both compounds
and was in consonance with previous conclusions.? The
stereochemistry of this cis linkage could not be ascertained
by NMR spectroscopy and has been put forward by analo-
gy with all other related bisindole alkaloids having 2,7-
dihydropleiocarpamine as a constituent part.'® Based. on
the arguments presented above, structure 2 is proposed for
14’,15’-dihydropycnanthine.

Registry No.—2, 21400-49-7.
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The acyloin condensation is a valuable method for ring
formation and has been the subject of a recent reinvestiga-
tion! and review.? Although some details of the mechanism
may be in question, enediolate la is generally accepted as
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the stable species which on protonation gives adipoin 2a or
on silylation® gives bis silyl ether 1b. The reverse reaction,
however, i.e., treatment of an acyloin with base (2a — 1a),
is not so well known.
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A number of groups have reported the alkylation**® of
acyloins on carbon (e.g., 2a — 2b), Michael addition5a-¢
(e.g., 2a — 2¢), and aldol condensations® (e.g., 2a — 2d).

All published reports thus far on acyloin dianions, with
one exception? (vida infra), however, evoke the structure of
the well-known enediolate 1a. We have determined that la
is in fact the “thermodynamic” enolate dianion and that
compound 3a is a readily accessible “kinetic” enolate di-
anion.®

When a THF solution of freshly distilled monomeric® ad-
ipoin 2a is added dropwise to an excess of 2 equiv of lithi-
um diisopropyl amide or 2,2,6,6-tetramethylpiperidide, a
dianion is formed which on silylation gives predominantly
the kinetic enolate cyclohexene-2,3-diol bis(trimethylsilyl)
ether!314 (3b) in 73% yield (see Table I). This compound
possesses the expected vinyl proton multiplet at § 4.88 and
methine adjacent to oxygen at é 3.95. ’

If adipoin 2a is refluxed in DMF with MegSiCl-EtsN,
conditions under which a “thermodynamic” mixture is to
be expected,l® the more stable bis silyl ether 1b is the pre-
dominant bis silyl ether formed. These results are consis-
tent with the observed site of reaction of acyloins which
were conducted under equilibrating conditions.456

The observation” that enediolate 5, obtained from acyl-
oin condensation of ethyl butyrate, condenses with ethyl
acetate to give a product derived from 7 can be best ex-
plained by the equilibrium in Scheme I. Condensation with
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Table I
The Adipoin Dianions?
%
“ther-
modyna- %
mic” “kinetic” %
Entry Conditions (1b) (8b) yield
1 Acyloin condensation 89 11 68
(Na, Me,SiCl)
2 Equilibrium 67 33 53
(Et,N, Me,SiCl)
3 Kinetic (LDA)? 16 84 73
4 Kinetic (lithium 15 85 67
2,2,6,6-tetramethyl-
piperidide)

a Percentages determined by VPC. » Lithium diisopropyl-
amide.

enediolate 5 gives a nonenolizable 8-diketone which would
revert to 5 in the presence of excess ethoxide. Some equi-
librium concentration of enolate dianion 6 would eventual-
ly lead to product.

Under kinetic conditions the initially formed OLi group
in salt 2f hinders the approach of a second mole of base to
that side of the carbonyl, thus yielding 3a. The stability of
the enediolate la is presumably due to increased delocali-
zation possible in structures such as 8.

-

8

We have also repeated Rithlmann’s!® acyloin synthesis of
1b. Our product contains ca. 10% of the “kinetic” enolate!”
3b which was isolated and fully characterized. This com-
pound could arise by base-catalyzed equilibration of 1b
under the reaction conditions or may imply an alternative
mechanism for the acyloin condensation.!

Our initial interest in acyloin dianions stemmed from
model studies directed toward the construction of the C
ring system of phorbol (9).!12 The interesting C ring of
phorbol contains an unusual cyclopropyl-cyclopropylear-
binyl diol moiety. To develop a synthetic route to this di-
terpene we required a method for the construction of the
1,2-norcaranediol system 10a.!°

OH oH

OTMS

OR
! OR
-7 OTMS
OH

9 10a, R=H 11
b, R = Me;Si

The synthesis of 10b is easily achieved by the reaction of
3b with a sixfold excess of Simmons—Smith2%2! reagent in
ether at room temperature, giving 83% of 10b despite a re-
port by Conial32 that attempted reaction of a similar sys-
tem with Simmons-Smith reagent led to rearrangement.
Compound 10b possessed cyclopropane multiplets at é 0.52
and 0.73 and methine adjacent to oxygen at 6 4.03. (The
known?! 11 was present as an impurity.)

The chemical shifts?? of the cyclopropane hydrogens
suggest that the methylene has been transferred as expect-
ed?® from the side opposite the allylic OSiMe3 grouping.
Thus the various methods!! available for the introduction
of a hydroxyl « to .carbonyl makes the 1,2-norcaranediol
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ring system accessible in three steps from a ketone via the
heretofore unknown adipoin kinetic enolate dianion.2*

Experimental Section

Infrared spectra were recorded on a Perkin-Elmer 237B spec-
trometer; 1H NMR spectra were taken at 220 MHz in dilute CDClg
solution on a Varian HR220 referenced to Me,sSi (via residual
CHCl3). Mass spectra were obtained on Varian MAT CH-7 and
AEI MS-9 mass spectrometers. Microanalyses were obtained from
Spang Microanalytical Laboratory, Ann Arbor, Mich. VPC analy-
ses were carried out on a Varian 920: column A is 5 ft X 0.25 in,,
15% Carbowax 20M on Chromosorb W and column B is 5 ft X 0.25
in., 1.5% OV101 on Chromosorb P.

Cyclohexene-2,3-diol Bis(trimethylsilyl) Ether. A solution of
lithium diisopropylamide in dry THF was prepared in the usual
way under argon from 4.34 ml of n-butyllithium in hexane (2.3 m,
Alfa) and 1.46 ml of diisopropylamine (distilled from CaH). The
solution was then cooled to —76° and 0.82 g (2.8 mmol) of freshly
distilled adipoin was added dropwise in THF. After stirring at
~76° for 30 min 1.28 g (10 mmol) of trimethylsilyl chloride was
added and the mixture allowed to warm to room temperature over
1 hr. The reaction mixture was then poured into cold NaHCO3 and
pentane.

After drying, the pentane was removed by rotavap and the resid-
ual oil distilled at 74° (1.1 mm) to give 0.53 g (73%) of bis silyl
ethers 1b and 3b.

VPC analysis (column A, 110°C) showed only two components:
compound 1b (16%, tr 1.9 min) and compound 3b (84%, 2.2 min).
Only a trace of the monosilyl ether 2e (3.4 min) was detected. Col-
umn B at 85° showed 1b (16%, tgr 8.1 min) and 3b (84%, 9.5 min).
Each component was purified by preparative VPC.

Compound 3b showed ir 1653 cm™!; NMR 5 4.88 (1 H, t), 3.95 (1
H, t), 1.0-2.2 (6 H, m), 0.23 (9 H, s), 0.16 (9 H, s); MS m/e (rel in-
tensity) 258 (18), 230 (12), 215 (11), 169 (20), 168 (51), 147 (64), 75
(31), 73 (100).

Anal, Caled for Ci1oHog0:Sis: C, 55.81; H, 10.08; mol wt,
258.1473. Found: C, 55.91; H, 10.01; mol wt, 258.1480.

Compound 1b showed ir 1683 cm~!; NMR 6 1.95-2.35 (4 H, m),
1.65-1.85 (4 H, m) 0.2 (18 H, s); MS m/e (rel intensity) 258 (85),
146 (90), 75 (30), 73 (100).

Anal. Caled for Cy9Hog05Si9: mol wt, 258.14713. Found: mol wt,
258.14925.

Norcarane-1,2-diol Bis(trimethylsilyl) Ether. In a 250-ml
three-neck flask with magnetic stir bar was added 25 mg of AgOAc
and 25 ml of glacial acetic acid. The vigorously stirred solution was
heated with a microburner almost to reflux. Then 3.27 g (50 mmol,
20 mesh granular) of Zn was added in one portion. The solution
was heated to reflux for 1 min, then cooled to room temperature in
a water bath. The acetic acid was decanted and the Zn/Ag couple
washed once with glacial acetic acid and six times with ether. The
couple was then dried under vacuum for 1 hr. To the couple pre-
pared above was added 45 ml of dry ether and a bit of silver wool.
Then 3.86 ml (50 mmol) of CHsl, was added and the mixture re-
fluxed under argon for 2 hr, at which time most of the zinc had dis-
solved.

Two grams (7.74 mmol) of cyclohexene-2,3-diol bis(trimethylsil-
vl) ether (3b) was added and the reaction stirred at room tempera-
ture for 17 hr. At this time pyridine (about 10 ml) was added to the
flask until no more precipitate formed. The precipitate was re-
moved by filtration and an equal volume of benzene added. The
solvents were evaporated on the rotavap and the residual oil dis-
tilled to give 1.75 g (83%) of a colorless liquid, bp 100° (6 mm).
VPC (column A, 128°) showed compound 10b (85%, 1.5 min) and
the isomeric cyclopropane 11 (15%, 1.8 min).2! Compound 10b has
ir no carbonyl or double bond; NMR 6 4.03 (1 H, m), 1.0-2.3 (6 H,
m), 0.73 (2 H, m}, 0.52 (1 H, m), 0.07 (9 H, s), 0.05 (9 H, s); MS m/e
(rel intensity) 272 (14), 182 (15), 156 (17), 146 (66), 93 (14), 75 (43),
73 (100).

Anal. Caled for C13H20.8is: C, 57.35; H, 10.29; mol wt,
272.1629. Found: C, 57.36; H, 10.29; mol wt, 272.1630.

“Thermodynamic” Enolate Mixture. To 0.5 g (4.4 mmol) of
freshly distilled adipoin was added 1.24 g (10.5 mmol) of MesSiCl,
1.06 g (10.5 mmol) of triethylamine, and 50 ml of DMF. The mix-
ture was refluxed under argon with stirring for 2 days. After cool-
ing the mixture was poured into 100 ml of ice-cold saturated
NaHCO; and rapidly extracted with 100 ml of ice-cold pentane.
The pentane solution was dried over NasSO4~K>CO4 and distilled
to afford a single fraction, bp 104-106° (140 mm), 618 mg (54%) of
a mixture of silyl ethers. VPC analysis showed (column B, 110°)
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compound 2e (trace, 2.8 min), compound 1b (66%, 5.7 min), and
compound 3b (34%, 6.3 min). Compound 2e was isolated by pre-
parative VPC and showed ir 1720 em™1; NMR 5 4.39 (1 H, t), 1.3-
2.6 (8 H,m), 0.2 (9 H, s); MS (70 eV) m/e (rel intensity) 186 (<0.1),
171 (42), 148 (18), 129 (23), 75 (100); MS (20 V) 186 (<0.1), 171
(100), 148 (40), 129 (23), 75 (66), 73 (15).

Anal. Caled for CgH1305Si: mol wt, 186.1056. Found: mol wt,
186.1056.

Acyloin Condensation of Diethyl Adipate. A 25-g sample of
diethyl adipate was cyclized according to Rithimann'® to give after
distillation 23.4 g of bis silyl ethers (68%). VPC analysis (column
A, 110°) showed compound 1b (89%, 1.9 min) and compound 3b
(11%, 2.2 min). Column B (110°) showed compound 1b (89%, 5.7
min) and compound 3b (11%, 6.3 min).

Registry No.—1b, 6838-67-1; 2a, 533-60-8; 2e, 53638-19-0; 3b,
57173-86-1; 10b, 57173-87-2; trimethylsilyl chloride, 75-77-4; di-
ethyl adipate, 141-28-6.
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In connection with studies which have led to an efficient
asymmetric synthesis of the levorotatory iodolactone 1,! it
became necessary to have a convenient source of (S)-(~)-
pulegone (2). (S)-(—)-Pulegone occurs in the volatile oils of

H
Q/Ce 0 CH;

’

I—O\ CH,

’I CHQOCHQCGH{, CI‘{3
HO 2
. .
numerous plants;? however, there are at present no com-
mercial suppliers.

The classical cation-olefin cyclization of citronellal to a
mixture of isopulegols followed by oxidation offered a
method for the preparation of 2 from {—)-citronellal;® how-
ever, the optical purity of (~)-citronellal isolated from nat-
ural sources is low.* A more convenient starting material
appeared to be (—)-citronellol,® which is available by high-
temperature hydroalumination of (+)-pinane, followed by
oxidation of the acyclic organoaluminum compound.®

Treatment of (—)-citronellol, [«]?°D —4.1° (neat) (88%
optically pure), with 2.5 equiv of pyridininum chlorochro-
mate’ in dry methylene chloride gave isopulegone (5) in
one step via the intermediates citronellal (3) and the isopu-
legols (4). Treatment of 5 with ethanolic sodium hydroxide
gave (—)-pulegone, [¢]2°D —20° (neat), which was isolated
in 70% overall yield.®

HO CH,
CH, _,
cH,””
CH, HO CH,
CHO
CHy, __, CH, | _,
CH;” CH,”
3 4
0 CH,
CH,
CH,” 5

That pyridinium chlorochromate is sufficiently acidic to
cause the cyclization of 3 to 4 was suggested by the obser-
vation that cis allylic alcohols are oxidized by the reagent
to trans aldehydes.”

Optically pure (—)-2 was prepared by recrystallization of
its semicarbazone from ethanol. Treatment of the fully re-
solved semicarbazone (crystallized three times from etha-
nol), [«]22D" —65.2°,° with excess pyruvic acid'® in glacial
acetic acid gave (S)-(—)-pulegone, [«]2°D —22.5° (neat).!!

Experimental Section

Preparation of (—)-Pulegone (2). T'o a suspension of 160 g (0.8
mol) of pyridinium chlorochromate in 1 L. of dry methylene chlo-



