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by GLC and showed only a single vinyl methyl absorption at
6 1.57 in the 90-MHz 'H NMR spectrum.

The ability to conduct the Cope rearrangement of acyclic
1,5-dienes in a catalytic fashion at room temperature should
have significant implications in synthesis. We are continuing
to explore the scope, mechanism, and synthetic applications
of this mild carbon-carbon-bond-forming reaction.
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Reduction of a,8-Acetylenic Ketones

with B-3-Pinanyl-9-borabicyclo[3.3.1]nonane.
High Asymmetric Induction in Aliphatic Systems
Sir:

The introduction of asymmetry in a molecule by means of
a chiral reagent is a potentially attractive strategy in natural
product synthesis. One of the simplest and most useful trans-
formations of this type is the reduction of a prochiral ketone
to a carbinol. Several reagents will perform this reduction with
high asymmetric induction in simple aryl substrates.!> How-
ever, these reagents have been less successful with the aliphatic
ketones of interest to most synthetic chemists. Herein we report
that the chiral reducing agent prepared from (+)-«-pinene and
9-borabicyclo[3.3.1]nonane (9-BBN) will reduce «,5-a-
cetylenic ketones under mild conditions to secondary propar-
gylic alcohols of exceptionally high enantiomeric purity. Since
the products from such reductions are useful intermediates in
synthetic organic chemistry,? such a reagent may be of enor-
mous practical value.

B-3-Pinanyl-9-BBN has been shown to be highly effective
in the reduction of aldehydes to chiral 1-deuterio primary al-
cohols.* The alcohols from these reductions are consistently
of the same configuration.’ Similarly, all of the acetylenic
ketones which we have examined are consistently reduced to
the propargylic alcohols of the same absolute configuration.
Alcohols of the opposite configuration may be obtained with
the reagent prepared from (—)-a-pinene. These reactions are
thought to proceed through the bimolecular exchange mech-
anism® depicted in Scheme I. The acetylene moiety seems to
have the same steric influence as hydrogen in aldehyde re-
ductions.!? This is to be contrasted to the LiAlH4~Darvon.
alcohol or N-methylephedrine complexes which, it has been
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Table I. Reductions of Alkynyl Ketones with
B-(3)-a-Pinanyl-9-BBN

ketone RCOC=CR’ %
R R’ yield? % eet
1 C6H5 n-C4H9 72 89¢
2 CH; Ce¢Hss 98 72 (78)
3 n-C3H~ n-C¢Hy3 68 77¢
4 n-CsH” H 65 925
5 CH(CH3), H 78 91 (99)
BzO
6 g CH; 77 85:154
o~
Bz0
7 H 75 9194
o~
8 CH3; CO,C3H; 59 71 (77)
9 n-CsH]] C02C2H5 72 85 (92)
10 Cg¢Hs CO,C;H; 64 92 (100)
11 C(CHs)s CH3 0
12 CH3 C(CH3); 62 73¢

4 Isolated yield based on starting ketone. ¢ Determine by analysis
of the Eu(dcm); shifted NMR spectrum. The numbers in parentheses
are corrected for 92% ee a-pinene. ¢ 100% optically pure (+)-c-pinene
was used. ¢ Diastereomeric ratio (R,R to R,S)determined by LC or
NMR analysis of the mixture.

postulated, regard the acetylene function as an aromatic
group.”

Reduction of «,3-acetylenic ketones is slow in comparison
with aldehydes. Nevertheless complete reduction can be ac-
complished in reasonable time by using 2 equiv of the trialk-
ylborane. Terminal acetylenic ketones and acetylenic keto
esters were completely reduced after 8 h at room temperature.
Internal acetylenic ketones required 1-4 days at room tem-
perature or until no starting material was detectable by GLC
or NMR. This kinetic differentiation may be due to a steric
and/or electronic influence of the substituent on the acetylene.
Recourse to heating as a means of accelerating the rate should
be avoided. Enantiomeric purities were significantly lowered
when the reaction mixtures were refluxed after 8 h at room
temperature. The loss of selectivity may be attributed to a
competitive dehydroboration-reduction mechanism.%8

The reagent is widely applicable as seen by the variety of
substrates in Table I. Chemical yields are generally good. The
enantiomeric purities of the products range from 73 to 100%.
The limiting factor in obtaining very high enantiomeric ex-
cesses is often the availability of -pinene of high optical purity.
Since methods exist for the preparation of optically pure
a-pinene and for the isomerization of (—)-3-pinene to {—)-
a-pinene, this problem is overcome.® The enantiomeric excess
is somewhat sensitive to the size of the substituent on the ke-
tone. Note, for example, the increasing enantioselectivity in
the series of acetylenic keto esters in proceeding from the
methyl ketone 8 to the phenyl ketone 10. The bulky terz-butyl
ketone 11 is the only substrate which did not reduce to the
corresponding propargylic carbinol.!® The reagent appears to
be indifferent to the presence of other chiral centers in the
molecule as the reduction of optically active 6 proceeds with
essentially the same degree of asymmetric induction when
executed with either (+)- or (—)-«-pinene.

The following is a typical experimental procedure. An
oven-dried 50-mL round-bottom flask, equipped with a sep-
tum-capped side arm, magnetic stirring bar, reflux condenser,
and stopcock adaptor connected to a mercury bubbler, was
assembled while hot and flushed with a stream of nitrogen.
Then 18.5 mL of a 0.54 M THF solution (10.0 mmol) of

9-BBN was added by syringe followed by 1.78 mL (11.0 mmol)
of (+)-a-pinene ([a}¥’p +47.28°, 92% ee, distilled from
LiAlH,). The solution was stirred at reflux for 2.5 h. The so-
lution was cooled to room temperature and 0.73 mL (5.0
mmol) of 4-phenyl-3-butyn-2-one (2) was injected into the
flask. A yellow-orange color at this stage is characteristic in
these reductions. Stirring at room temperature was continued
for 48 h. Then 0.5 mL of acetaldehyde (excess) was added to
the solution and stirring continued for 15 min. With the flask
in a water bath, the solvent was removed by applying a water
aspirator and stirring vigorously as a stream of nitrogen was
passed over the solution. This operation was completed by
stirring the residue at 40 °C under aspirator pressure for 10
min.!! The flask was then filled with nitrogen and the liquid
was dissolved in 12 mL of anhydrous diethyl ether. This solu-
tion was cooled in an ice bath and then treated with 0.66 mL
(11 mmol) of ethanolamine. A white precipitate formed and
the mixture was stirred for 15 min at 0 °C. The flask was then
opened to air and the mixture filtered with suction. The solid
was washed with 4 mL of cold ether. The combined filtrate was
then washed with 20 mL of saturated aqueous sodium chloride,
dried over magnesium sulfate, filtered, and concentrated to a
clear oil. This was distilled from a Kugelrohr oven [pot tem-
perature, 100 °C, (0.02 mmHg)] to provide 0.72 g (98%) of
4-phenyl-3-butyn-2-ol (ap +51.8°). Examination of the NMR
spectrum in the presence of tris(dicampholyl-d;-methana-
to)europium(IIl), Eu(dem)s,'? indicated an enantiomeric
mixture of 86% R, 14% S (72% ee). In reductions of 8,9, and
10, isolation of the y-hydroxy-a,B3-acetylenic esters was fa-
cilitated by elution of the crude products through a short silica
gel column prior to distillation. Unless this precaution is taken,
the pot contents rapidly decompose upon heating. The ketones
used in these experiments were prepared in two steps from the
appropriate aldehydes and alkynes or ethyl propiolate.!?

In conclusion, B-3-pinanyl-9-BBN is an attractive reagent
for the preparation of chiral secondary propargylic carbinols
of high enantiomeric purity. Reduction of certain acetylenic
keto esters and terminal eynones proceeds with virtually
quantitative asymmetric induction. This is a rare event in
prochiral nonaromatic systems. B-3-Pinanyl-9-BBN compares
favorably with the LiAlH4-Darvon alcohol complex used by
Brinkmeyer and Kapoor for the same purposes.” 9-BBN is a
commercially available reagent.'4 Both enantiomers of «-pi-
nene are also available in high optical purity. The reduction
is easy to perform and large-scale reactions pose no problem.
The pinene liberated in the reduction may be recycled without
loss of optical purity. Finally, B-alkyl-9-BBN compounds are
mild reagents which will tolerate the presence of other func-
tional groups.'?

The synthetic utility of propargylic alcohols has been amply
demonstrated in the literature. For example the alcohol from
the enantiomer of 6 has been used in the synthesis of a-toco-
pherol.32 Hydroxy alkynoates are especially useful precursors
for the synthesis of naturally occurring optically active
y-lactones. We are currently engaged in such efforts.
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Stereoselective Generation of a Nonaromatic,
3,5-Dioxygenated Steroidal System through
Tricyclization of a Polyene Oxide

Sir:

Although the biogenetic-type, total synthesis of various
naturally occurring polycyclic terpenoids from squalene oxide
variants has been achieved,! the fabrication of traditional
steroids by polycyclization of polyene oxides so far has not been
realized.? As a preliminary assay, we have now synthesized and
studied the behavior of the monocyclic epoxide (+)-1, finding
that—despite the considerable dissimilarity from squalene
oxide and the attendant need to bypass numerous steps parallel
to those in the biosynthetic pathway—it undergoes an un-
common tricyclization, giving the A/B cis 3,5-dioxygenated
steroidal cation (+)-2, the precise result predicted by
stereoelectronic theories of epoxide ring opening and polyene
cyclization.®3

Epoxide 1 can be readily assembled from building blocks
3,64, and 5.7% After generation of the anion by treatment of
sulfide 5 with BuLi (THF, —78°), alkylation® with dichloride
4 (—78 °C room temperature) gave (59%) trans,trans-trienyl
halide 6,'° an oil purified by medium pressure liquid chro-
matography (MPLC): NMR (100 MHz, CDCl3) 6 1.55 (3 H,
brs)and 1.64 (6 H, brs) (C=CCH3), 1.87 (4 H, m) and 2.43
(2 H,m) (C=CCH,-), 3.60 (1 H, t,J = 8 Hz) (CHS), 4.00
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(2H, m) (CH»Cl), 5.01 (2H, m) and 5.68 (2 H, m) (C=CH),
7.28 (5 H, m) (CgHs-). Trienyl halide 6 was used in turn to
alkylate (THF, —78 °C-10°) the BuLi-produced anion of
sulfide 3, thereby generating trans,trans-tetraenyl polyether
7al® (59%; 67%, based on consumed 3): NMR (60 MHz,
CDCl3) 6 1.25(3H,brs), 1.54 (3H, brs),and 1.62 (6 H, br
s) (C=CCH3),3.51 (2 H, m), 4.16 (1 H, t,J = 8 Hz) (CHS-,
CHO-),4.58 (2H,s) (CH,0-),5.00 (2H, m) and 5.39 (2 H,
m) (C=CH), 6.99-7.51 (15 H, m) (C¢Hs-). Complete ben-
zylic-allylic reduction of 7a was effected by Li-EtNH; at =78
°C, thereby providing (76%) tetraenyl alcohol 7b:!101! NMR
(60 MHz, CDCl3) 6 1.59 (9 H, brs) and 1.66 (3 H, br s)
(C=CCH3), 3.87 (1 H, m) (CHO(H)), 4.91-5.53 (4 H, m)
(C=CH). Regio- and stereoselective epoxidation of the cy-
clohexenol moiety in 7b was achieved through the Mo(CO)¢-
catalyzed action of t-C4HsOH (toluene, room temperature),!?
followed by acetylation (Ac,O-pyridine), giving (67% from
7b) epoxy acetate 1:1%11 NMR (100 MHz, CDCl3) 6 1.29 (3
H, s) (-OCCHs3), 1.59 (6 H, br s) and 1.68 (3 H, br s)
(C=CCH3), 2.0l (3 H, s) (-OCOCH;), 4.62 (1 H, m)
(CHOCO-), 5.10 (2 H, m) and 5.39 (2 H, m) (C=CH).
Cyclization of epoxide 1 can be effected, for example, by
treatment with 6 equiv of BF;-Et;O in CH»Cl, for 2 h at =75
°C, followed by | h at =10 to —20 °C. The sole steroidal
product (25%) was isolated by preparative TLC
(CH3CO,C3Hs-CgH )4 onssilica gel), followed by preparative
GC (OV-210 on Chromosorb WAW, 250 °C). Of the three
tetracycles which might reasonably derive from cation 2, viz.,
8-10, the 1-derived substance was identified as (+)-10 in that

it was indistinguishable, on the basis of TLC, GC, MS, and IR
and NMR spectral comparison, from an authentic sample of
10, secured by BF3-Et,O-induced rearrangement (CH,Cls,
—20to —10°C) of 8 or 9 from natural sources:!* NMR (100
MHz, CDCl;3) 60.74 (3H,d, J =7 Hz) and 0.84 (3H,d, J
= 7 Hz) (CH(CH3)»2,0.94 (3 H,s)and 0.96 (3 H, s) (-CH3),
2.08 (3 H,s) (CH3CO,-), 5.23 (1H, m) (CHO-); high reso-
lution MS M+ (Cy4H3303), M+ — C3H7, M — (Cs;Hj5, H,0),
M+ — (C;3H35, H,0, C5H40,). This structural assignment was
corroborated by cocrystallization to a constant radioactivity
level per unit mass of a radioactive sample of the A%-385-0]'4
corresponding to (+)-10, admixed with authentic, nonra-
dioactive material, mp 117-119 °C.!5 The constitution of
cation 2 follows from the structure and stereochemistry of 10.
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