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Total Synthesis of Enantiomeri-
cally Pure (-)-Balanol

Pierre Barbier* and Josef Stadlwieser

Abstract. The total synthesis of enantiomerically pure (~)-Balanol (1), using tri-O-
acetyl-D-glucal as a chiral template for the central azepane fragment is described.

(-) Balanol (1, Azepinostatin), a po-
tent inhibitor of protein kinase C enzymes,
was isolated from the culture filtrates of
different fungi (Verticillium balanoides,
Fusarium merismoides) and its structure
was elucidated by spectroscopic methods
and chemical degradation [1][2]. Further-
more, the potential medical use of 1 was
claimed in a recent patent [3]. The struc-
tural complexity as well as its biological
activity make 1 a challenging synthetic
target. Recently, independent syntheses
of 1 were published by different groups
[4-6].

In this communication, we wish to
reporta new synthesis of enantiomerically
pure 1, using tri-O-acetyl-D-glucal (2) as
chiral template for the central azepane
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HO
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fragment of 1. The synthesis of 15, a fully
protected and properly functionalized
building block for the central azepane
moiety, is outlined in Scheme 1.

The elaboration of 30, a suitably pro-
tected building block for the highly func-

outlined in Scheme 2. Itis noteworthy, that
direct alkylation of 16 with benzyl bro-
mide under different conditions failed.

An alternative synthesis of 20, starting
from 3-hydroxyphthalic acid [9], proved
to be less convenient.

The total synthesis of 1 was finally
completed by assembling the individual
building blocks 15, 30 and 31 [10], fol-
lowed by removal of the protective groups
according to Scheme 3.

All compounds were fully character-
ized by spectroscopic methods ('H-NMR,
IR, MS) and microanalyses.

We thank our colleagues Dr. W. Amold, A.
Bubendorf, W. Meister and G. Nein for providing

numerous analytical data.
Received: September 10, 1996
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Synthesis of the HIV-Proteinase
Inhibitor Saquinavir:

A Challenge for Process
Research

Wolfgang Gohring, Surendra Gokhale, Hans Hilpert*, Felix Roessler,
Markus Schlageter and Peter Vogt

Abstract. The task of process research, namely developing efficient, economically and
technically as well as ecologically feasible syntheses in time, is demonstrated on the
HIV-proteinase inhibitor Saquinavir (1), a complex molecule comprising six stereo-
centres. Based on the first 26-step research synthesis furnishing a 10% overall yield,
process research established a new, short 11-step synthesis affording a 50% overall
yield.

1. Introduction

In 1986, the HIV-proteinase, an en-
zyme that catalyses the processing of the
group antigen (gag) polyprotein p35 to the
core proteins p24,p17 and p15, wasrecog-
nized by Kramer [1] as a challenging new
target to combat acquired immunodefi-
ciency syndrome (AIDS). Subsequently,
industry as well as academia started an
intensive search for inhibitors of the HIV-
proteinase. At our research laboratories in
Welwyn, England, a number of potent
inhibitors were synthesized and structur-
ally optimized leading finally to the selec-
tion of the peptide mimetic Saquinavir (1)
(Ro 31-8959) as a development candidate
in 1989 [1].
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