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Abstract: (-)-Allosamizoline (1), a core component of novel insect chitinase inhibitor, allosamidin (2), was
stereoselectively synthesized from D-glucosamine (3), using an efficient ring contraction reaction as a key step.

In 1986, Sakuda et al. ! isolated a novel insect chitinase inhibitor named (-)-allosamidin
from the mycellium of Streptomyces sp. no. 1713 and elucidated its structure by extensive
spectroscopic analyses and degradation studies. The proposed pseudotrisaccharidic structure
consists of a unique aminocyclitol moiety termed (-)-allosamizoline and (1—4)-linked
disaccharide made up of a couple of N-acetyl-B-D-allosamine residues. The intriguing
structure and biological activity of allosamidin have attracted many attentions of chemical
and biological researchers. 2

Allosamizoline is a highly oxygenated cyclopentanoid possessing a peculiar 2-dimethyl
amino oxazoline ring. Initially, the relative stereochemistry at C-3 and C-4 of allosamizoline
was assigned as cis relationship but that assignment was later revised 3 as depicted in the
molecular structure 1; i.e., trans relationship. Recently, Trost et al.4 reported the synthesis
of (£)-allosamizoline, which established the relative stereochemistry concerning its
cyclopentane ring moiety. The absolute configuration of (-)-allosamizoline was elucidated as
1 by the exciton chirality method using its benzoate derivatives.5 In connection with our
studies directed towards total synthesis of (-)-allosamidin (2), we report herein a
stereocontrolled synthesis of (-)-allosamizoline (1) from D-glucosamine hydrochloride (3)
as a chiral template, which finally determines the absolute configuration of 1.

HO " OH
e
A0 / HO ° o OH o OH
HOf11s- @ />—N o /&\o
- NHAc
N \Me HO Lo e HO N”LN _—Me
HO Mo

(-)-allosamizoline (1) (-)-allosamidin (2)

5123



5124

The strategy of our synthesis of 1 involves: 1) use of the chiralities of C-2, C-3, and
C-4 of 3, 2) stereoselective formation of two more chiral centers needed, 3) construction of
the necessary ring system through such a sequence as pyranose—cyclohexane—cyclopentane.
Methyl 2-amino-4,6-0-bcnzylidene-3-0-benzy1-2-deoxy-a-D-glucopyranoside (4) 6, readily
accessible from 3, was converted into N,N-dimethylurea derivative, which underwent
hydrolysis to give diol §, mp 99-101°% [a]p2l +137° (¢ = 1.0, CHCI3).7 Selective iodination
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Reagents: (A) 1) MeaNCOCI, EtsN, CH3Cly, 2) aq. AcOH (91% from 4); (B) 1) N-iodosuccinimide,
triphenylphosphine, THF, 2) TBDMSOTY, 2,6-lutidine, CH3Cl2 (71% from 5); (C) +-BuOK, THF, 96%;
(D) 1) HgSOy4, 5SmM Hp804-acetone, 2) MsCl, pyridine (65% from 8); (E) 1) NaBHy, CeCl3-7H20, MeOH,
2) Ms70, EtsN, CHCl; (86% from 9); (F) OsO4, Me3N—O, -BuOH-H20, 92%; (G) p-TsCl, DMAP,
pyridine-CH,Cly, 86% (91% based on 11 consumed); (H) L—Selcciride®; THF, 65°, 86%; (I) 1) 1M HC],
aq. THF, 2) Hp, 10% Pd-C, 0.1M HCI-H»0 (90% from 14)
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of 5 was achieved by treatment with N-iodosuccinimide-triphenylphosphine 8 in THF,
giving iodide 6, [a]p2! +92° (c=1.0, CHCIl3). The secondary hydroxyl group was protected
as t-butyldimethylsilyl (TBDMS) ether using t-butyldimethylsilyl trifluoromethanesulfonate
(TBDMSOTY) 9 to give 7, mp 117-118°% [a]p2! +121° (c=1.0, CHCl3), in 71% overall
yield. Dehydroiodination of compound 7 with r-BuOK gave a labile enol ether 8, mp 90-91°
[a]p2! +129° (c=1.0, CHCI3); IR vpax(KBr)em~1: 1660, 1625, 1520 ; 1H-NMR (CDCls,
500MHz) 3: 4.71 (d, J=1.5Hz, H-6), 4.75 (d, J=3.4Hz, H-1), 4.85 (d, J=1.5Hz, H-6"), in
96% yield. For conversion of the ring system from pyranose to cyclohexane, the modified
Ferrier reaction10 was employed. Thus, 8 was treated with HgSO4 (0.1 eq.) in 5mM H2SO4-
dioxane at 60° to provide a crude ketol, which was, without purification, submitted to
B-elimination reaction with MsCl-pyridine to afford enone 9, mp 112-113°% [a]p2! +191°
(c=1.0, CHCI3); IR vpax(KBr)em-1: 1690, 1623, 1520; !H-NMR (CDCl3) 8: 5.99 (dd,
=10, 2.2Hz, H-3), 6.80 (dd, J=10, 2.7Hz, H-2). In order to construct the dimethylamino
oxazoline ring with simultaneous formation of a new chiral center, the enone 9 was
stereoselectively reduced with NaBH4-CeCl3-7H20 in MeOH and the resulting allylic
alcohol was treated with methanesulfonic anhydride-triethylamine in CH2Clp 11, giving the
desired oxazoline derivative 10, [a]p2l +25° (¢=1.0, CHCI3); IR vmax(film) cm-1: 1648, in
86% yield. When 10 was oxidized with OsOy4 in the presence of Me3N—O in aq. -BuOH,
the reagent attacked the C-C double bond exclusively from the convex face, giving the vic-
diol 11, mp 183-184% [a]p2! +19°(c=1.0, CHCI3); IR vmax (KBr)cm-1: 3430, 3080, 1638;
TH-NMR(CDCl3)8: 2.90 (s, (CH3)2-N), 3.47 (dd, J=6.4, 5.9Hz, H-3), 3.73 (dd, J=4.6,
2.9Hz, H-5), 3.89 (dd, J=5.9, 4.6Hz, H-4), 4.06 (dd, J=5.4, 2.9Hz, H-6), 4.22 (dd,
J=8.5, 6.4Hz, H-2), 4.62 (dd, J=8.5, 5.4Hz, H-1).

Monosulfonylation of the hydroxyl group of 11 at the 6-position was. needed to prepare
the ring contraction reaction substrate examined in the next step. It was found that tosylation
of 11 with p-TsCl in pyridine-CH2Clz proceeded rather sluggishly to give monotosyl
derivative in 86% yield (91% based on 11 consumed). Very fortunately, the product was
identified by 1TH-NMR analyses to be the desired 6-tosylate 12, mp 176-177°% [a]p2! -30°
(c=1.0, CHCl3); IR Vpmax(KBr)em-l: 3050, 1645, 1340, 1165; lH-NMR(CDCI3)8: 2.42 (s,
CHj3-Ar), 2.79 (s, (CH3)2-N), 3.71 (dd, J=4.6, 4.3Hz, H-3), 3.87 (m, H-5), 3.97 (dd,
J=4.6, 3.7Hz, H-4), 4.34 (dd, J=8.6, 4.3Hz, H-2), 4.78 (dd, J=8.6, 7.3Hz, H-1), 4.90
(dd, J=7.3, 2.8Hz, H-6). Ring contraction of 12 12 in basic media was regarded as the key
step in the synthesis of 1. As the expected rearrangement product 13 bearing an aldehyde
group was assumed to lack stability in basic media, an appropriate basic reducing agent 13
was searched for ring contraction succeeded by immediate reduction of the aldehyde. As the
result, L-Selectride® was selected among the several reagents tested. Thus, treatment of 12
with L-Selectride® in THF at 65° resulted in smooth reaction, giving the desired
cyclopentanemethanol derivative 14, mp 113.5-114% [a]p2! -3° (c=i.0, CHCl3); IR
Vmax(KBr)em-1:3350, 1640; 1H-NMR (CDCl3)8: 2.35 (m, J=5.5, 4.6, 4.3, 3.2Hz, H-5),
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2.90 (s, (CH3)2-N), 3.75 (dd, J=11, 4.3Hz, H-6), 3.79 (dd, J=11, 5.5Hz, H-6'), 3.80 (dd,
J=4.0, 2.1Hz, H-3), 3.98 (dd, J=4.6, 4.0Hz, H-4), 4.41 (dd, J=8.2, 2.1Hz, H-2), 4.96
(dd, J=8.2, 3.2Hz, H-1), in 86% yield. Probably, the success of this ring contraction
reaction is due to the fact that the fused system of two five membered rings like 14 is more
stable than that of the six and five membered rings like 12.

Finally, the protective groups of 14 were removed by successive treatments with 1M
HCl in aq. THF and H3-10% Pd on carbon in 0. 1M HCI-H20 to give 1 as monohydrochloride
in 90% overall yield. Spectral and physical properties including the sign of the specific
rotation of the compound prepared were identical in all respects with those reported 1.3 for
the natural specimen. In conclusion, the first synthesis of chiral allosamizoline (1) was
achieved, which gave an unambiguous evidence for its absolute configuration proposed.

References and Notes

1.  S. Sakuda, A. Isogai, S. Matsumoto, and A. Suzuki, Tetrahedron Lett., 27, 2475 (1986); S. Sakuda,
A. Isogai, S. Matsumoto, and A. Suzuki, J. Antibiotic., 40, 296 (1987);

2. D.Koga, A. Isogai, S. Sakuda, S. Matsumoto, A. Suzuki, S. Kimura, and A. Doi, Agric. Biol. Chem.,
51, 471 _(1987);ﬁ. W. Goody, L. J. Brydon, and L. H. Chappell, Mol. Biochem. Parasitol., 29, 223
(1988);//1(. Dickinson, V. Keer, C. A. Hitchcock, and 1. Adams, J. Gen. Microbiol., 135, 1417 (1989};
A. Isogai, M. Sato, S. Sakuda, J. Nakayama, and A. Suzuki, Agric. Biol. Chem., 53, 2825 (1989); '
E. Cabib, A. Sburlati, B. Bowers, and J. Silverman, J. Cell Biol., 108, 1665 (1989);‘S. Sakuda,

Y. Nishimoto, M. Ohi, M. Watanabe, S. Takayama, A. Isogai, and Y. Yamada, Agric. Biol. Chem.,
54, 1333 (1990);,/15. A. Griffith, and S. J. Danishefsky, J. Am. Chem. Soc., 112, 5811 (1990).
3.  S. Sakuda, A. Isogai, T. Makita, S. Matsumoto, K. Koseki, H. Kodama, and A. Suzuki,
Agric. Biol. Chem., 51, 3251 (1987).
. B.M. Trost, and D. L. Van Vranken, J. Am. Chem. Soc., 112, 1261 (1990).
5. S. Sakuda, A. Isogai, S. Matsumoto, A. Suzuki, K. Koseki, H. Kodama, and Y. Yamada,
Agric. Biol. Chem., 52, 1615 (1988).

6.  This compound was synthesized from the known methyl 2-methoxycarbonylamino glycoside ( D. Ikeda,
T. Tsuchiya, and S. Umezawa, Bull. Chem. Soc. Jpn., 44, 2529 (1971). ) in 3 steps ; 1) PhCH(OMe)y,
p-TsOH, DMF, 2) BnBr, BaO, Ba(OH),, DMF, 3) KOH, MeOC2H40H, ag. dioxane.

7.  All new compounds gave satisfactory spectral data and elemental analyses.

8.  S. Hanessian, and P. Lavallee, Methods Carbohydr. Chem., 7, 49 (1976).

. E.J. Corey, H. Cho, C. Rucker, and D. H. Hua, Tetrahedron Leit., 22, 3455 (1981).

10. D. H. Barton, S. Augy-Dorey, J. Camara, P. Dalko, J. M. Delaumeny, S. D. Gero, B. Quiclet-Sire, and
P. Stutz, Tetrahedron, 46, 215 (1990).

11. S. Kobayashi, K. Kamiyama, and M. Ohno, J. Org. Chem., 55, 1169 (1990).

12. Dreiding model examination reveals that the tosyloxy group at C-6 in 12 is in nearly antiperiplanar
relationship to the C4-C5 bond in the half-chair-like conformation.

13.. H. H. Baer, D. J. Astles, H. -C. Chin, and L. Siemsen, Can. J. Chem., 63, 432 (1985).

(Received in Japan 13 June 1991)



