August, 1984] © 1984 The Chemical Society of Japan

NOTES

Bull. Chem. Soc. Jpn., 57, 2327—2328 (1984) 2327

The Preparation of N-Protected Amino Alcohols and N-Protected Peptide
Alcohol by Reduction of the Corresponding Esters with Sodium
Borohydride. An Improved Procedure Involving a Slow
Addition of a Small Amount of Methanol

Kenso Soar,* Hidekazu Ovamapa, and Masako TAKASE
Department of Applied Chemastry, Faculty of Science, Science University of Tokyo, Kagurazaka, Shinjuku-ku, Tokyo 162
(Received December 19, 1983)

Synopsis. Esters of N-protected amino acids and an
N-protected peptide were reduced selectively to the cor-
responding alcohols in high yields using lesser amounts of
sodium borohydride than does the conventional method by
the slow addition of methanol to the mixture of ester and
NaBHj in ¢-butyl alcohol or tetrahydrofuran at 50°C.

N-Protected amino alcohols (1) and N-protected
peptide alcohols (2) have received considerable recent
attention. 1 can be utilized as intermediates in the prep-
aration of amino aldehydes,? which are inhibitors
of proteolytic enzymes? and are important synthetic
intermediates.? On the other hand, 2 are intermediates
of peptide aldehydes of which biological activity is
different from the corresponding peptides.? 2 can also
be used for the determination of carboxy (C-) terminals
of peptides.®

In connection with the synthesis of 1 and/or 2, fol-
lowing three types of the methods have been reported:
(1) Reduction of carboxylic acid by a borane-tetrahy-
drofuran (THF) complex.® In principle, this meth-
od is not applicable to the synthsis of 2, because the
borane complex is known to reduce amide groups (pep-
tide bonds).”? (2) Reduction of activated ester, azide,
acid anhydride etc.® The procedure needs the conver-
sion of carboxylic acids to the appropriate activated
compounds, which are often sensitive toward hydroxy
or mercapto groups.? In the synthesis from methyl or
ethyl esters, an hydrolysis step from ester to acid
should be additionally required. (3) Reduction of
common esters such as methyl or ethyl esters. We
would like to point out that carboxy (C-) terminal
groups are often protected as methyl or ethyl esters
in peptide synthesis. Direct reduction of these esters
is preferable to the type (2) reaction because the hy-
drolysis step of the esters is not required. Reduction
of these esters by lithium aluminium hydride is accom-
panied by the reduction of the peptide bonds.” Reduc-
tion by sodium borohydride (NaBHy) in water!® or in
50% aqueous ethanol!? has been reported. However,
these methods require the use of a large excess of
NaBH4 (4—25mol equiv) and relatively long reac-
tion time (3h—2d). Moreover, the possibility of
alkaline hydrolysis of the esters is present because the
solvents contain water.

During our continuing study on the stereoselec-
tivity12® and chemoselectivity!?b= of metal borohydride
reductions, we have noticed that the role of MeOH is
important.

In this paper, we wish to describe a convenient meth-
od for the repid and selective reduction of esters of
N-protected amino acid and N-protected peptide with
NaBH4. The essential part of the procedure is the ad-
dition of a small amount of MeOH to the mixture of

TABLE 1. COMPARATIVE STUDY ON THE REDUCTION OF ETHYL
ESTER OF N-(t-BUTOXYCARBONYL)-L- PHENYLALANINE (3)
WITH SODIUM BOROHYDRIDE

Molar ratio

NaBH, Temp Time  Yield
Solvent —‘3— /°C /min /% of 4
50% aqueous 2.0 50—55 30 61
EtOH*
Slow addition of 2.0 50—55 30 88
MeOH to THF

a) See Ref. 11.

esters and NaBH,.

In the first place, we compared the effectiveness of
the present procedure with the conventional meth-
od.!? The results are shown in Table 1. Using the eth-
yl ester of t-butoxycarbonyl-L-phenylalanine [Boc-L-
Phe(OELt), 3] as a model compound, it was reduced with
NaBH4 (2mol equiv) in THF by the addition of a
small amount of MeOH at 50—55°C for 30 min. The
yield of Boc-L-phenylalaninol (4) was 88%. On the
other hand, reduction of 3 in 50% aqueous EtOH?!
under the same reaction conditions (amount of NaBHy,
reaction temperature, time) afforded only 61% of 3 in
our hands. Therefore the present procedure would seem
to be superior to the conventional method.

This procedure using a slow addition of MeOH was
applied to the reduction of esters of other N-protected
amino acids and peptide. As shown in Table 2, even a
hindered peptide (2S, 2’S)-(N-benzyloxycarbonylprolyl)-
proline methyl ester was found to be reduced selectively
in 84% yield. t-Butyl alcohol instead of THF was also
effective for the conversion of esters to the correspond-
ing alcohols.

TABLE 2. SYNTHESIS OF N-PROTECTED AMINO ALCOHOL (1)
AND PEPTIDE ALCOHOL (2)
Ester Alcohol NaBHy Sol- Yield Mp or Bp [a]®
1,2 ester  vent® /% 0. or 6 °C (c, solvent)
z-L- s 2.5 A 94 90—91 —41.8°%
Phe-OEt S (90—92)° (1.4, EtOH)
Boc-L- Pgn\zo 2.0 B 88 94.5 —24.6°%
Phe-OEt e Non (1.1, CHCly)
(3) 4
z-L Q./\,a 2.5 A 89 150—151/ —39.5°°
Pro-OMe Y 0.005mmHg (1.7, CHCls)
Z-1-Pro-L- £ 2.4 A 84 114—114.5 —335°
Pro-OMe P ow (1.0, CHCls)
(5) 6

a) A; t-BuOH:MeOH=5:1 (v/v). B; THF:MeOH=5:1 (v/v). b) Yields of
the isolated products. ¢) Lit, [a]¥ —41.5°(c 1.4, EtOH). A.Ito, Chem. Pharm. Bull.,
23, 3081(1975). d) Lit, [a]?-0.80° (¢ 1.1, CHCls). See Ref. 6. e) Lit,
[a]p—42.4°(c 1.0, CHCl3). J.Cassel and A.Furst, Helv. Chim. Acta, 59, 1917(1976).
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As described above, esters of N-protected amino
acids and peptides were reduced selectively to the
corresponding alcohols in high yields with NaBH4 in
THF or t-BuOH by the addition of a small amount
of MeOH. The present procedure requires a lesser
amount of NaBH,4 and shorter reaction time than the
conventional method.!? Moreover it avoids the possibil-
ity of the hydrolysis of the esters during the reduction
in an aqueous medium,!? neither does it require alka-
line earth metal salt additives.1®

Experimental

All of the melting points were uncorrected. Tetrahydro-
furan (THF) was distilled from lithium aluminium hydride
prior to use. ¢-Butyl alcohol was purchased from Kanto Chem-
ical Co., and was used without further purification. Reagent
grade methanol was dried over molecular sieves (3 A) and
used without distillation.

General Procedure. MeOH (0.8 ml) was added dropwise
over a period of 20min to a mixture of ester of N-pro-
tected amino acid or peptide (1.0 mmol) and NaBH4 (2.0—
2.5mmol) in ¢-BuOH or THF (4ml) at 50—55°C. The mix-
ture was stirred for 10—25 min, then water (2.0 ml) was added
to the reaction mixture. Most of the organic solvent was
evaporated under reduced pressure. Brine (3 ml) was add-
ed, and the mixture was extracted with ether (5X8ml). The
extract was washed with brine (2X3ml), dried over anhy-
drous sodium sulfate, then evaporated. The residue was purified
by distillation or on silica gel TLC (ethyl acetate:
MeOH=15:1 as developing solvent). The physical pro-
perties of the products are summarized in Table 2. Yields of
the alcohols were 84—94%. Structures of known compounds
were confirmed by NMR and IR spectra.

(2S, 2’S)-(N-Benzyloxycabonylprolyl)prolinol (6). Z-1-Pro-L-
Pro-OMe (5)1¥ was reduced according to the general proced-
ure. 6 was obtained in 84% yield. Mp 114—114.5°C. [a]®
—33.5° (¢ 1.0, chloroform). 'H-NMR (CDCls): 6=1.2—2.4
(m, 8H), 3.0—4.7 (m, 9H), 5.1 (s, 2H), 7.25 (s, 5H); IR : 3520,
2960, 1700, 1650, 1440, 1365, 1180 cm~?; MS: m/z 332 (M*).
Found: C, 65.09; H, 7.30; N, 8.45%. Calcd for C1sH2:sN204: C,
65.04; H, 7.28; N, 8.43%.
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