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DIASTEREOSPECIFIC SYNTHESIS OF (-)-STATINE
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Summary: Reductive deoxygenation at quarternary a-carbon of a-hydroxy lactam was
found to proceed under mild condition. Making an advantage of this procedure, (-)-
statine was synthesized from L-malic acid in a diastereospecific manner.

(-)-Statine (1), an unusual amino acid component of pepstatine1 is known as a key unit for
the inhibitory activity of the aspartyl protease such as renin.2 Because of the increasing
interest in a renin inhibitor for an antihypertensive agent, statine and its analogues have been
synthesized with excellent procedures.3 Most of those methods deal with a construction of a
B-amino alcohol structure whose stereochemistry is important for biological activity. We
chose, as an appropriate starting chiron having a 8-amino alcohol equivalent, the malimide
(2) which was easily derivable from L-malic acid.4 Although alkylation of an imide such as
2 has been known, % no reductive deoxygenation at the quarternary carbon center of the N-
acylaminal represented as the a-hydroxy lactam (3) has been successful for a practical use.

In this paper, we report a concise synthesis of (-)-statine (1) which relies on an efficient and
chirospecific reduction of aminal carbon center in the lactam (3a) as illustrated in scheme 2.

The malimide (2a) prepared in one pot from L-malic acid was alkylated with methallyl
magnesium chloride at -50 °C to give the lactam (3a) in 46%. No regioisomer was detected.
The fact that the lactam (3a) was recovered on NaBH4 treatment in MeOH indicated that 3a
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a (i) CHoC(CH3)CHoMgCUTHF, ~50 °C; (i) Ho/Pd-C/CHQCly, 4.5 kgiem?; (i) 1)
HCI/MeOH, 60 °C, 3h; 2) Na/NH3, ~78 °C, 1h; iv) 6N HCI, 110 °C, 1h.

was not in the corresponding tautomeric keto amide form. After unsuccessful attempts to
obtain the lactam (4) under several other conditions such as NaBH3CN or Et3SiH treatment in
acidic medium, or catalytic hydrogenation in acid,5 we found that the aminal (3a) was re-
duced with hydrogen under medium pressure in CH2Clp, In a typical reduction procedure,
the mixture of the lactam (3a, 1.39 g, 4.58 mmol) and 10% Pd-C (139 mg) in CH2Cl2 (25
ml) was shaken under hydrogen atmosphere at 4.5 kg/cm? for 68 h. The mixture was fil-
tered through a celite pad and evaporated. Chromatography of the residue on silica gel with
n-hexane-EtOAc (7:3) was followed by reversed phase HPLC7 to give lactams 4 (720 mg,
55%) and 5 (240 mg, 18%).8

When MeOH was used on hydrogenation, only O-methylated dihydro derivative (6) was
obtained in 61% yield. In contrast with the above case, the aminal (3a) in CH2Cl) was
dehydrated completely within 12 h. The composition of reduction products was shown in
Table 1. The N-acylenamide (7) was disappeared during the prolonged treatment with
hydrogen. Hence hydrogenation of the N-acylenamide (7) was thought to be a rate-limiting
step in this process. Since the N-benzyl lactam (4) was not hydrolyzable efficiently with

hydrochloric acid, benzyl substituent was removed prior to the lactam ring opening. The
lactam (8) was readily hydrolyzed in a sealed tube to give (25,45)-(-)-statine (1), [a]D
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-17.3°(c 0.15,H20).9 The yield from the lactam (4) was 40% in 3 steps. Application of

the present procedure to a synthesis of other useful f-amino alcohol derivatives is currently
under investigation. ' '

Table 1. Reduction of The a-Hydroxy Lactam (3a)3

Recovery Products

Entry  Solvent Time (h) 3a 4 (%) S§5(%) 6%) T (%)

1 MeOH 17 - - - 61

2 CH,Clp 12 - 50 16 - 16
3 CH)Cly 68 - 55 18 - -
4 CH;Clpb 16 - - - - 43

2 10% (wt/wt) of 10% Pd-C to 3a was used. Reaction mixture was shaken at
45 kg/cm2 of hydrogen pressure.
b Trifluoroacetic acid (10 equiv. to 3a) was added.
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