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ABSOLUTE CONFIGURATION OF
4-AMINO-3-HYDROXY-6-
METHYLHEPTANOIC ACID PRESENT
IN PEPSTATIN A AND STEREOSPECIFIC
SYNTHESIS OF ALL FOUR ISOMERS

Sir:

A new amino acid, 4-amino-3-hydroxy-6-
methylheptanoic acid (AHMHA) has been ob-
tained by hydrolysis of pepstatin,'~® a specific
inhibitor of acid proteases which UMEZAWA, et
al. discovered in culture filtrates of Strepto-
mycetes. In this paper, we wish to report the
total synthesis of this amino acid and its stereo-
chemistry which was unknown.

The GRIGNARD reaction of 3-deoxy-1, 2-O-
isopropylidene-a-Dp-erythro-pentodialdo-1, 4-
furanose (1)* with isobutylmagnesium bromide
gave exclusively 3, 6-dideoxy-6-C-isopropyl-1,
2-O-isopropylidene-S-L-Ilyxo-hexofuranose (2a)
in a 91 % yield, CisH3:04*, mp 62.5~63.0°C,
[a]¥—33° (c 1.86, CHCls). The 5(S) configura-
tion of 2a was confirmed by the fact that
hydrolysis of 2a followed by oxidation with
periodate-hypoiodite® afforded (3S, 4S)-3, 4-
dihydroxy-6-methylheptanoic acid-1, 4-lactone,
(—)da (CeH1Os,* [a]}—81° (¢ 1.12, MeOH)),
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the 4(S) configuration of which was determined
by application of HupsoN’s lactone rule (4{a},
(lactone-K salt) —36°).

Treatment of either the 5-O-p-tolylsulfonyl or
the 5-O-methyl-sulfonyl derivative (3a and 3’a)
of 2a with sodium benzoate in hot DMF gave a
homogeneous Sy2 displacement product, 5-O-
benzoyl- 3, 6-dideoxy-6-C-isopropyl-1, 2-O-iso-
propylidene-a-p-ribo-hexofuranose (5b) in 33 %
and 52 % yields, respectively, CisHsOs*, [a]¥
+17° (¢ 2.01, CHCl;). Debenzoylation of Sb
afforded the 5-epimer 2b, Ci12Hz:04*, mp 56.0~
57.0°C, [a]¥—10° (¢ 0.90, CHCls). The 5(R)
configuration of 2b was confirmed by conver-
sion with periodate-hypoiodite of 2b to epimeric
(3S, 4R)-lactone, (+)4b (CsHi4O3*), with a
rotation of [a]¥-+41° (¢ 1.73, MeOH) (4[a],
(lactone-K salt) +24°).

Treatment of 5-O-p-tolylsulfonyl derivative
3b prepared from 2b with sodium azide in hot
DMF gave a homogeneous 5-azido compound
6a as a sole displacement product in a 83 %
yie]d, C12H2103N3*, [a]£8—63° (C 035, CHC13).
The configuration of C-5 in 6a was assumed to
be “S”, because a facile Sy2 displacement of the
5-p-tolylsulfonyloxy group of 3b by azido ion
would proceed under similar condition as Sy2
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*  Microanalyses agree with the molecular formula shown.
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displacement of the corresponding group of 3a
by benzoate jon.

Based on the same principle, 3a afforded
epimeric 5(R)-azido compound 6b inan 81.2 %
yield, C12Hz10sNg*, [a]¥+31° (¢ 1.88, CHCls).

Hydrolysis of 6a with 509 acetic acid fol-
lowed by succesive oxidation with sodium
periodate and with sodium hypoiodite” gave a
homogeneous azidohydroxy acid 7a ina32%
yield, »85%¢ 2120 (N3) and 1718 cm™ (COOH).
The azido acid 7a was immediately hydro-
genated on palladium black to afford (—) (3S,
48)-4-amino-3-hydroxy-6-methylheptanoic acid
(—)8a in a 90% yield, CsHi:OsN*, mp 201~
203°C (dec.), [a]¥-—20° (c 0.64, Hx0). The
synthetic amino acid (—)8a was proved to be
identical with natural AHMHA** by mixture
mp, optical rotation, NMR and IR criteria.

By the same procedure as that for the pre-
paration of (—)8a from 6a, the epimeric (+)
(3S, 4R)-AHMHA (+-)8b was obtained from 6b
via epimeric azidohydroxy acid 7b in a 32 %
yield as colorless prisms, CsHizOsN*, mp 202.5
~203.5°C (dec.), [a]i¥+20° {c 0.66, H:0).

The enantiomer (+)8a of the natural
AHMHA (—)8a and the enantiomer (—)8b of
the epimer (+4)8b were also synthesized.
GRIGNARD reaction of 3-deoxy-1, 2-O-isopropy-
lidene-g-L-threo-pentodialdo-1, 4-furanose 99
with isobutylmagnesium bromide afforded, in
this case, a mixture of two epimeric condensa-
tion products, which were separated from each
other to give homogeneous S-epimers, 10a
(30.99) and 10b (31.8%): 10a (Ci:H2204%),
[a]248° (¢ 1.3, CHCI5); 10b (Ci2Hz204*), mp
76.0~77.5°C, [a]¥—10° (c 1.0, CHCl). The
C-5 configurations of 10a and 10b were deter-
mined as 5(R) and 5(S), respectively, by conver-
sion to the corresponding epimeric 1, 4-lactones,
(-+)4a ([a]®+79° (¢ 1.3, MeOH)) and (-)4b
([a]—40° (c 1.3, MeOH)), which were shown
to be the enantiomers of the above-described
(—)4a and (4)d4b, respectively, by inspection
of their optical rotations and NMR spectra.

It was also confirmed tha tthe 5-O-p-tolylsul-
fonyl derivative 11b obtained from 10b reacted
with sodium benzoate in hot DMSO to afford
only one isomer, 5-O-benzoyl derivative 12a

*k  The authentic sample of AHMHA was gene-
rously supplied by Dr. TomoHisa TAKITA, Institute
of Microbial Chemistry, to whom the authors’
thanks are due.
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(C1aH32605%, [al—47° (¢ 1.52, CHCls)), identi-
cal with that derived directly from 10a. The
yield was lower than that in the preparation of
5b from 3a.

Both p-tolylsulfonate 11b and its epimer 11a
derived from 10b thus underwent similar re-
placement with azide in hot DMSO to give,
with inversion of configuration, homogeneous
epimeric azido compounds, 13a and 13b, re-
spectively: 13a (CiH1:0sNs*), 52.5 %, mp 61.0
~62.8°C, [a]y—85° (¢ 1.18, CHCls); 13b
(CuHmOsNa*), 38.7%, [a]#——56° (¢ 1.26,
CHCls).

The epimers, 13a and 13b were converted to
the corresponding azidohydroxy acids, 7’a and
7'b, which were hydrogenated to afford ()
(3R, 4R)-AHMHA (-}-)8a (CsH1:0sN*, mp 200
~202°C (dec.), [a]y+19° (¢ 0.55, H:0) and
(=) (3R, 4S)-AHMHA (—)8b (CsH1:OsN¥),
mp 202~203°C (dec.), [a]#—20° (c 0.66, H:0),
respectively. IR and NMR spectra of (+)8a
and (—)8b were identical with those of (—)8a
and (+)8b, respectively.

Based on the synthetic results described
above, we came to the conclusion that the ab-
solute configuration of the natural AHMHA
should be 3(S), 4(S). After this study we were
informed by H. UmMEzAWA that oxidation of de-
hydratéed AHMHA with LEMIEUXs reagent gave
L-leucine, indicating an “S” configuration of
C-4.
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stitute of Microbial Chemistry. We are grate-
ful to Prof. Sumio UMEZAWA, Keio University,
for his interest and kind advice.

MITSUHIRO KINOSHITA
SHIMPEI ABURAKI
AKITO HAGIWARA
JIrO IMAL

Department of Applied Chemistry,
Faculty of Engineering,

Keio University,

Hiyoshi, Yokohama, Japan

(Received January 29, 1973)

References

1) UMezAawa, H.; T. Aovaci, H. MORISHIMA, M.
MaTtsuzaxi, M. Hamapa & T. TAKEUCHI:



VOL. XXVI NO. 4

2

3

4

Pepstatin, a new pepsin inhibitor produced by
actinomycetes. J. Antibiotics 23: 259 ~262, 1970
Mivano, T.; M. Tomivasu, H. Iizuxa, S.
Tomisaka, T. Takira, T. Aovact & H.
UMEzawa: New pepstatins, pepstatins B and
C, and pepstatin A produced by streptomyces.
J. Antibiotics 25: 489~491, 1972

MorisHiMa, H.; T. TaxiTa, T. Aovacri, T.
TakeucHi & H. UmMEzawA: The structure of
pepstatin. J. Antibiotics 23: 263~265, 1970
MurrAYy, D.H. & J. Prokop: Synthesis of 9-

THE JOURNAL OF ANTIBIOTICS

5

6)

251

(3-deoxy-aldofuranosyl) adenines derived from
3-deoxy-p-glucose. J. Pharm. Sci. 54: 1468~
1473, 1965

Zissts, E.; R.K. Ness & H.G. FLECHER, Jr.:
Two benzylated hydroxyglycals derived from p-
fuructofuranose. Carbohyd. Res. 20: 9~15,
1971

Proxkorp, J. & D.H. MurraY: Synthesis of 9-
(3-deoxy-aldofuranosyl) adenines derived from 3-
deoxy-p-galactose. J. Pharm. Sci. 54: 359~ 365,
1965



