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RECENT STUDIES ON VERATRUM ALKALOIDS: A NEW REACTION OF
SODIUM TRIACETOXYBOROHYDRIDE [NaBH(OAc)s]

Anil K. Saksena* and Pietro Mangiaracina
Chemical Research Division, Schering-Plough Corporation, Bloomfield,
N.J. 07003, U.S.A.
Abstract: In the presence of a hydroxyl group juxtaposed for participation, NaBH{0Ac)s
reduced even ketones in a stereo and regiospecific manner and in excellent yields.

The veratrum alkaloids of ceveratrum group have several exceedingly desirable char-
acteristics as anti-hypertensive agents.! However, the narrow therapeutic ratio between
hypotensive and undesired emetic activity preclude their use in modern medicine. In an
effort to separate the two activities, classical work on these alkaloids centered mainly
on the systematic variation of ester groups at positions 3,6,7 and 15 but had little
success. Towards the same endeavor, we sought to bring about some more deep seated
changes on these complex alkaloids. We present here some of our results pertaining to
selective epimerisation of hydroxyl groups (e.g. at positions 7 and 16) in the alkamine
germine.

Due to the axial (and hindered) nature of all the secondary hydroxyl groups in
germine, selective derivatization and possibility of elimination, did not allow for
efficient SN2 type inversions. Also, the abnormally high susceptibility of certain
germine esters to solvolysis plus the base Tability of the 4,9-hemiketal system® Timited
our scope even further. We therefore decided to explore the oxidation-reduction approach,
although past experience suggested that NaBH, reduction of both 7 and 16-keto groups would
sterically favor the retention products, 7a and 16B8-alcohols.?

NaBH{OAc)s selectively reduces aldehydes in the presence of ketones.32 Its weak
reactivity may be due to the electron withdrawing effect of the acetoxy groups as well
as to steric shielding of the B-H bond.3P With an alcohol (ROH) sodium triacetoxyboro-
hydride may exchange either to give a species such as NaBOR{OAc)s; or NaBH(OR)(0Ac),. The
extremely slow rate of exchange of the lone H9 in NaBH(OAc)s with acetic acid* suggested
that the species NaBH(OR)(OAc), may preponderate. It seemed possible that this relatively
electron rich species might act as an improved H® donor compared to NaBH(OAc); at least in
an intramolecular sense.
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When the 7-keto 3,15,16-triester 1 was treated with NaBH(OAc)s; in neat acetic acid,
the exclusive product obtained was the 78-alcohol 2 (yield 92%).° NaBH, reduction of the
same ketone in t-BuOH or EtOH gave as expected, the 7a-alcohol 3 as the major product in
~50% yield.® The other 7-keto triesters 4 and £ when treated in the same manner with
NaBH(OAc); gave the 78-alcohols 5 and 7 in excellent yields. We rationalise this stereo-
specific formation of 7-epi-germine triesters in terms of exchange of one of the acetoxy
groups in NaBH{OAc); with the ldo-hydroxyl group (see 8) followed by intramolecular
delivery of He to the hindered a~face of the ketone.

In a different context we had prepared a new rearrangement product 10 (yield 95%)7 by
solvolysis of germine 3-tosylate 14,15-acetonide 9 (arrows). Reduction of this bicyclic
4-ketone 10 with NaBH, in ethanol took place from the exo-face to give the endo-alcohol 11
(X=H, Y=0H)® in virtually quantitative yield. In contrast treatment of 10 with NaBH(OAc)s
as above gave the 4-exo-alcohol 12 (X=0H, Y=H)® exclusively (yield 85%) -- a result which
may be attributed to complexation of the sort as depicted in 8, this time with the 7a-hydroxyl
group.

The above examples indicated to us that for NaBH{OAc); to become an effective He donor
to a ketone, its complexation with a suitably placed hydroxyl group was an obligatory
factor. This was clearly borne out by the fact that reduction of the 4,16-diketo iso-
germine 13 (R=cyclopropyl) with this reagent (aided by the 208-hydroxyl group), gave only
the 160-alcohol 14 (yield 96%).1° No 168-epimer could be detected and no reduction was
observed at the 4-keto position. Molecular models showed that complexation of NaBH(OAc),
with the 9a-hydroxyl group would be of no consequence since the 4-keto group lies too far
from it for an intramolecular reduction.

The procedure for carrying out NaBH(OAc); reduction in the present examples is very
simple: a solution of NaBH(OAc)s; was prepared by adding NaBH, (0.65g; 1.7mmol1)%* to
glacial acetic acid (25 m1) while keeping the temperature“ below 20° (ice bath). After
the Ha evolution had ceased (5 min. approx.) the ketone 1 (0.5g; 0.69mmol) was added in one
portion and the reaction stirred for 3-4 hours at room temperature. Evaporation of acetic
acid in vacuo (temp. 40-50°) followed by extractive isolation with methylene chloride
provided the alcohol 2, virtually pure by t.1.c. and p.m.r.

Complexation of hydroxy or amino substituents with NaBH, followed by intramolecular
H6 delivery has been invoked to explain the stereochemical outcome of certain ketone
reductions.'23-C However, due to competing inter vs intramolecular He transfers, mixtures
of epimeric alcohols were usually formed.'® NaBH(OAc)s does not suffer from this drawback
since it becomes a reducing species towards a ketone only when complexed with a suitably
placed hydroxyl group. Such a requirement leaves the other sensitive groups intact.

We hope to extend this unique feature of NaBH(OAc); to reduction of some acyclic
ketones having chiral participating groups.**
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1R, R2, R? = gy

4R, R2 = Tgy; R3 = pe

6 R = cyclo-Pr; R® = iBu;
R® = Me
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, R2, R® = TBu; X = OH; v=H

, R%, R® = TBus X = H; ¥ = oH

. R2 = TBu; R® = Me; X = OH; ¥ = H
= cyclo-Pr; R2 = Tgy; R? = e
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Contrary to precedents,'?3-C and our present observations, it has been stated*2d that,

“such an intramolecular process would be expected to be more important for reductions
with LiAlHy in aprotic solvents than for reductions with NaBH, in protic solvents."

In the cited example!2b, however, the product ratios have been inadvertently reversed.
We thank Prof. H.0. House for his prompt reply acknowledging this erroneous statement.
A11 new compounds gave consistent spectroscopic data. Elemental analysis were obtained
for crystalline compounds only. Yields refer to isolated products.
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