and 11 yields the overall reaction 12 which is the “PMe;Ph
analogue” of reaction 2.

Pt(PPh3),(03) + 6PMe,Ph
— Pt(PMe,Ph)4 + 2Me;PhPO + 2PPh;  (12)

These results strongly suggest the detailed mechanism 13
for the Pt(PR3),(03)-catalyzed oxidation of phosphines.16

Although the various steps and intermediates in this scheme
(13) have been demonstrated for the modified systems in-

PR,
PUPR,)A0,) —> PUPR;)40)

PR,lR’OH

PYPRy)** 4+ HO,” 4+ RO™

PR, (13)
OH™ PR,
R'O™
O.’
‘QPR, Pt(PR;i)«i RgPO
+ R,PO + OH™
+ R'OH

volving PMePh; and PMe,Ph, the modification is sufficiently
modest that it seems reasonable to extrapolate the mechanism
also to the Pt(PPh3)s-catalyzed oxidation of PPh;, as well as
to the catalytic oxidation of phosphines by other metal com-
plexes (e.g., Rh(PPh;);Cl° and Ru(NCS)(CO)(NO)-
(PPh3),!2) which also form O, adducts. Furthermore, although
the scheme (13) as depicted (and as demonstrated) uses pro-
tons derived from the solvent to generate the OH~ and HO,~
intermediates, the steady-state concentrations of these inter-
mediates, required to sustain a catalytic cycle, are sufficiently
low that the same mechanism (using trace protic impurities)
may also be invoked in nominally “aprotic” solvents such as
benzene in which the catalytic reaction can occur.?-19

It is noteworthy that, in contrast to earlier suggestions,®-!3
the mechanism encompassed by scheme 13 does not involve
direct oxygen transfer from the metal-dioxygen adduct to the
substrate. Instead the role of the “substrate” (i.e., phosphine)
is to effect the displacement of coordinated peroxide by nu-
cleophilic attack on the metal. Not surprisingly, substrates such
as olefins are not sufficiently strong nucleophiles to accomplish
this and are not readily oxidized by O, adducts such as
Pt(PPh;);0;. On the other hand, other strong nucleophiles
such as carbanions are expected to exhibit reactions similar
to phosphines and indeed steps analogous to 8 and 10 have been
demonstrated for the reaction of LiBu with Pt(PPh;3)»(03),
even in an aprotic solvent.!”

The mechanistic conclusions derived from these studies
suggest that the scope for oxidation of substrates via O, ad-
ducts such as Pt(PR;3),(0O,) is rather limited. The effective
oxidants in this system are really platinum(II) and free per-
oxide. Only strongly nucleophilic substrates such as phosphines
are likely to effect the displacement of peroxide from the O,
adduct and such substrates are almost certain to be themselves
oxidized readily by the displaced peroxide. On the other hand,
the reactivity patterns of platinum(II) complexes as oxidants
(which we are presently investigating) are such that reduction
by other substrates (for example reduction by olefins through
Wacker-type mechanisms) may well compete with reduction
by phosphines. Thus, co-oxidation of phosphines and other
substrates may be possible through mechanisms related to
those of scheme 13. The recently reported co-oxidation of
olefins and PPhjs, catalyzed by Rh(PPh3);Cl under conditions
where the latter forms O, adducts, may be an example of such
a process.’
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Asymmetric Reduction. Reduction of Acetylenic
Ketones with Chiral Hydride Agent

Sir:

The production of optically active synthetic intermediates
from achiral starting materials via asymmetric induction has
been of increasing interest in recent years.! One of the most
widely studied aspects of this field has been the synthesis of
chiral carbinols from the reduction of achiral ketones with
chiral hydride agents.!-5 Thus far, however, this area has been
of more theoretical than practical interest since only aryl ke-
tones have been reduced in high enantiomeric ratios (ranging
from 85:15 to 93:7). Indeed there has not yet been to our
knowledge an example of an asymmetric reduction of an ali-
phatic ketone to give enantiomeric ratios of greater than 70:30.
We now wish to disclose our finding that the reduction of
acetylenic ketones (Scheme I) with the complex formed from

Scheme I
TEHG
LiAlH, + 2 (kﬁCGH e, Chiral Complex
MeN OH °°
L 2
R'—B—: R —»_i.c R'—-{: /...0H

R
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Table I. Asymmetric Reduction of Acetylenic Ketones with LiAlH4 and Amino Alcohol 19

Run Ketone Synthetic yield, %% Obsd [a]p (¢, solvent), Reported [a]p (¢, solvent), deg  Enantiomeric ratios Confign¢
1 3 94 +11.32 (4.0, CHCl3) +13.48 (4.9, CHCly)¢ 91:9¢ R
2 4 96 +14.78 (2.0, Et,0) +20.5 (Et,0)/ 86:14 R

+3.99 (2.0, CHCl3) +5.5 (CHCl3)
3 5 96 +13.6 (2.0, Et;0)¢ +20.5 (Et,0)/ 83:17 R
+3.7 (2.0, CHCl,) +5.5 (CHCly)
4 6 97 +2.93 (4.9, CHCly) 81:19#41 R
5 7 70 +63.46 (2.01, CHCl3) 91:94 R
6 8 80 +49,05 (2.0, CHCl3)¢ 89:11#4 R
7 9 95 +39,00 (3.8, CHCl3) 92:84 R
8 10 92 +8.7 (2.0, CHCl3) 62:374 R

@ Qptically pure amino carbinol 1 was used, [a]p +8.10° (¢ 9.6, EtOH). ¢ All alcohols were purified by column chromatography on basic
alumina and/or distillation. ¢ Configuration assignments based on work of Pappo and Fried;!? also see ref 16. 4 See ref 14; ¢ This corresponds
to an enantiomeric excess (% ee) of 82%. / See ref 15. & Trimethylsilyl group was hydrolyzed under basic conditions and the rotation of the
terminal acetylene is given. # Determined by conversion of the optically active alcohol from reduction of ketone 4 to the alcohol from this reduction.
 Determined by gas chromatographic analysis of the diastereomeric MTPA derivatives.

Scheme 11
R o)BuLiA - ?H o
bIRCHO - =
Jones
, ﬁ Reagent
R——=— R

lithium aluminum hydride and “Darvon alcohol”, (+)-
(28,3R)-4-dimethylamino-3-methyl-1,2-diphenyl-2-butanol
(1)8 provides high enantiomeric ratios of the corresponding
chiral propargylic carbinols (see Table I).

The LiAlH4-Darvon alcohol complex, for which a structure
has been proposed,® was formed in situ according to the pro-
cedure of Mosher et al.% For example, the chiral amino alcohol
1 (2.53 mol equiv) in dry diethyl ether was added to a sus-
pension of lithium aluminum hydride (1.1 mol equiv) in dry
ether at 0 °C. After the mixture was stirred for 2-3 min, the
solution of the chiral complex was cooled to —78 °C7 and the
acetylenic ketone (1.0 mol equiv) in ether was added slowly
over a period of 30-60 min;’ then the mixture was stirred at
—78 °C for 5-7 h. The excess hydride was destroyed by the
addition of wet ether at —78 °C, and the solution was warmed
to 20 °C and washed with cold, dilute hydrochloric acid to
remove the chiral amino carbinol 1. The product was then
purified by column chromatography on basic alumina and/or
distillation.

The enantiomeric ratios of the carbinols, listed in runs 1-3,
Table I, were determined by comparison with published optical
rotation values for the corresponding alcohol of known optical
purity. In runs 4-8 the optical purity was established by VPC
analysis of the methoxytrifluoromethylphenyl acetate
(MTPA) derivatives.®

The ketones used in these experiments were synthesized in
a straightforward manner by the reaction of lithium acetylides
with the appropirate aldehydes.” These alcohols were then
oxidized with Jones reagent (Scheme II) to give the ketones
3-9.10-12 Ketone 10 was prepared by Jones oxidation of the
corresponding allylic alcohol.

H3CC=CCOCH>,CHMe; HC=CCOC;sHy;
3 4
Me;SiC=CCOCsH,; CsH;;C=CCOCsH,
5 6

To a major degree the high enantioselectivity of these re-
ductions is associated with the presence of the acetylenic
function adjacent to the carbonyl group. The 7-electron system
of the acetylenic bond appears to have a similar effect to that

of the aromatic moiety in the reduction of aryl ketones by
Mosher et al.® Not only do the resulting carbinols from the

0. O
Ifl il
m m
H 7 SiMe38
o/—\o o I o/’_\O l I
- N
[0 2]
0\_10 /
9 10

reduction of both acetylenic and aryl ketones have enantiom-
eric ratios as high as 92:8 but also in both cases the absolute
configuration of the carbinols is the R configuration.

In contrast to the acetylenic bond, the olefinic bond does not
show the effect of enhancing the asymmetric reduction of an
adjacent carbonyl group. Thus, in the reduction of ketone 10
(Table I) the enantiomeric ratio of the carbinol is only 62:
38—a dramatic difference from the case of the corresponding
acetylenic ketone 9 which gives a ratio of 92:8. Saturated, al-
iphatic ketones also show a small effect;® e.g., the enantiomeric
ratio for the reduction of terz-butyl methyl ketone was 58:42.
Although other structural features in these ketones, such as
branching at the 8’ carbon (cf., for example, runs 1 and 2), may
play a role in the degree of enantioselectivity, too few examples
have been examined to establish any correlation.!3

In conclusion, the present method represents the first re-
ported example of high enantiomeric ratios (ranging from
80:20 to 92:8) obtained in the chiral reduction of nonaromatic
ketones. Optically active carbinols obtained in the present
study have already been shown to be useful intermediates in
the total syntheses of natural products. Thus, the carbinol from
ketone 3 has been used in the synthesis of tocopherol,!4 the
carbinols from ketones 4 and 5 in the synthesis of prostaglan-
dins,!® and the carbinols from ketones 7-9 in the synthesis of
11a-hydroxyprogesterone.1® This method also represents a
potential source of a variety of types of optically active com-
pounds (e.g., allenes, allylic alcohols, dialkylcarbinols, pro-
pargylic amines, hydroxy ketones, etc.) that are accessible from
propargylic alcohols. Further investigations of the synthetic
utility of this asymmetric reduction are underway.
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Asymmetric Total Synthesis of
11a-Hydroxyprogesterone via a Biomimetic
Polyene Cyclization!

Sir:

We have previously shown that the racemic form of sub-
stance 1 can be induced to undergo a stereoselective acid-
catalyzed biomimetic cyclization so as to produce mainly a
single tetracyclic product (2 + enantio-2).2 This latter material
was readily converted, by ozonolysis followed by cyclodehy-
dration of the resulting ring A seco diketone, into racemic
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11a-hydroxyprogesterone (3 + enantio-3). The failure to de-
tect any racemic 118 isomer at this stage showed that the cy-
clization step was proceeding asymmetrically owing to the
influence of the chiral center at pro-C-11 (see formula 1). It,
therefore, became of prime importance to ascertain whether
cyclization of the optically active form of the substrate 1 (with
the R configuration at pro-C-11) would occur faster than ra-
cemization to produce an optically active product 2. The out-
come of this finding has been the realization of an asymmetric
total synthesis of 11a-hydroxyprogesterone (3) which is the
key intermediate in the commercial production of hydrocor-
tisone acetate.3

pro-C-11

The reported synthesis? of the racemic form of the cycliza-
tion substrate 1 involved, as the convergent step, addition of
the lithium acetylide of the diketal 13 to the aldehyde 5 to give
the propargylic alcohol 12, which was then submitted to the
following steps: hydride reduction to the trans allylic alcohol;
ketal hydrolysis; cyclodehydration of the resulting ¢ diketone
giving the cyclopentenone system; and then, finally, reaction
with methyllithium. Thus the pro-C-11 chiral center first ap-
peared at the stage of the propargylic alcohol 12. Preliminary
attempts to resolve this substance were unpromising; therefore
attention was turned to an alternative synthesis in which the
chiral center was established at an earlier stage in a smaller
molecule which promised to be more susceptible to resolu-
tion.

The new scheme was first examined in the racemic series.
Thus the aldehyde 5 was treated with the lithium salt of tri-
methylsilylacetylene (4)4 to give the trimethylsilylacetylenic
alcohol 6° (Scheme I) in 92% yield after distillation.® Treat-
ment of 6 with aqueous methanolic potassium hydroxide ef-
fected desilylation and the product (8 + enantio-8),° obtained
in 100% yield after distillation,® was converted to the known
diketal propargylic alcohol 12 as follows. Treatment of 8 +
enantio-8 with rerr-butyldimethylsilyl chloride and imidazole
in DMF gave a 92% yield of the O-silyl ether,® which was
converted into the lithium salt with #-butyllithium in glyme
containing 20% HMPA. Alkylation of this salt with the diketal
bromide 9 (15 h at 25 °C), afforded the rerz-butyldimethylsilyl
ether® of 12 which was isolated in 71% yield after chroma-
tography on silica gel. Desilylation of this ether with tetra-
n-butylammonium fluoride in THF gave a quantitative yield
of 12, identical with authentic material by IR, NMR, and VPC
comparison.

The racemic propargylic alcohol (8 + enantio-8) could be
partially resolved as the brucine salt of the half-acid phthalate.
Hydrolysis of the fraction which crystallized from benzene/
ether yielded the product 8, [«]EtCHp + 14.8° (¢ 1.87)7 cor-
responding to an enantiomeric ratio of ~90:10, as estimated
by GC analysis of the methoxytrifluoromethylphenylacetic
(MTPA) ester® on a 12-ft OV-3 column (baseline separation).
The absolute configuration of the dextrorotatory product® was
confirmed as 8 by relating it to 1 1a-hydroxyprogesterone (see
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