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ABSTRACT

The first total synthesis is described of the a-D-glucosidase inhibitor acarbose
(1a).  1,6-Anhydro-4’'-0-(3,4-anhydro-6-deoxy-a-D-galactopyranosyl)-8-maltose
(21), prepared from 1,6-B-maltotriose (3a), and (+)-4,7:5,6-di-O-isopropylidene-
valienamine (28) gave two pseudo-tetrasaccharide derivatives separable as the per-
O-acetyl derivatives (29 and 31) by chromatography, and their structures were
established on the basis of 'H-n.m.r. spectroscopy. On acetolysis followed by
acetylation, 29 afforded the peracetate (1b), which was O-deacetylated to give 1a.
Likewise, adiposin-2 (2a), the 6"-hydroxy analogue of 1a, isolated from fermenta-
tion broth of Streptomyces calvus TM-521, was synthesised.

INTRODUCTION

Acarbose? (1a), a pseudo-tetrasaccharide produced by Actinomycetales
strains, is a potent inhibitor of intestinal a-D-glucosidases and saccharases in vitro®,
which may find use as an oral antidiabetic agent. Adiposin-2 (2a), the 6"-hydroxy
analogue of 1a, is one of the homologues of adiposin®, an a-D-glucosidase
inhibitor produced by Streptomyces calvus. There has been considerable interest in
the chemistry and biochemistry of this class of inhibitor’, and there have been
extensive studies of synthesis’~!! in order to elucidate the structure-activity
relationship and mechanism of action of enzymes.

We now report the first total synthesis of 1a and 2a in an extension of previous
work on the synthesis of amylostatin® (XG) and adiposin-13, showing its
applicability to higher homologues.

RESULTS AND DISCUSSION

The protected anhydro derivatives 21 and 23, needed as synthons for 1a and

*Synthesis of Pseudo-oligosaccharide Glycosidase Inhibitors, Part VII. For Part VI, see ref. 1.
*Author for correspondence.
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2a, respectively, were obtained from 1,6-anhydromaltotriose!'? (3a) which was
prepared as follows.

Condensation of 2,3,2',3'-tetra-O-acetyl-1,6-anhydro-6’-O-benzoyl-B-mal-
tose3 (4) with 1,6-di-O-acetyl-2,3 4-tri-O-benzyl-D-glucopyranose!3 (5) in dichloro-
methane in the presence of trimethylsilyl trifluoromethanesulfonate and molecular
sieve type 4A for 24 h at room temperature gave, after chromatography, the tri-
saccharide derivatives 7 and 11, and 43% of 4 was recovered. Hydrogenolysis
(Pd/C) of 7 and 11 gave the respective penta-acetates 8 (20%) and 12 (22%). Use
of 1-O-acetyl-2,3.4,6-tetra-O-benzyl-D-glucopyranose'* (6) as a glycosyl donor
under similar conditions did not improve the yields of products. Thus, the resulting
mixture of 9 and 13 was hydrogenolysed to give the tetra-acetates 10 (22%) and 13
(10%). O-Deacylation of 8 or 10 with methanolic sodium methoxide followed by
acetylation afforded 1,6-anhydro-B-maltotriose nona-acetate'? (3b). The corre-
sponding B-anomer 15 was obtained similarly from 12 or 14.

In the 'H-n.m.r. spectra (400 MHz, CDCl;; Table I) the doublets due to H-1"
of 3b and 15 appeared at § 5.42 (J 3.9 Hz) and 5.15 (J 9.3 Hz), respectively,
indicative of the structures assigned.

Alternatively, 3b was readily accessible from maltotriose by a four-step
sequence!2:13,

Treatment of 3a with 1.3 equiv. of «,e-dimethoxytoluene in N, N-dimethyl-
formamide in the presence of p-toluenesulfonic acid at 60° gave, after acetylation
followed by chromatography, 58% of the 4”,6"-O-benzylidene derivative’ 16. The
diol 17, obtained in 75% yield by O-debenzylidenation of 16 with aqueous 80%
acetic acid at 50°, was treated with 4 equiv. of methanesulfonyl chloride in pyridine
at room temperature. The resulting dimesylate was treated with an excess of
sodium iodide in boiling acetonitrile to give the 6”-iodide, which was hydrogen-
olysed (Raney nickel) to give 95% of the crystalline 6”-deoxy derivative 18, the
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"H-n.m.r. spectrum of which contained a doublet (8 1.32, J 5.7 Hz) due to the
CHMe group. Selective benzoylation of HO-6" of 17 was effected by treatment
with 1.2 equiv. of benzoyl chloride at room temperature (5 days), and the product
was converted into the 4"-mesylate 19 (95% overall yield).

Treatment of 18 with M sodium methoxide in 1:1 chloroform-methanol at 50°
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TABLE I

'"H-N.M.R. DATA?

Y. SHIBATA, S. OGAWA

Proton Chemical shifts (p.p.m.) J Coupling constants
3b 15 3b 15
1 5.42d 5.15d 1,2 3.9 9.3
2 4.88dd 4.94dd 23 10.7 7.8
3 5.37dd 4.55dd 3,4 9.8 9.3
A 4 5.081t 5.08 dd 45 9.8 9.8
5 b 2.66 ddd 5,6a 32 4.2
6a 4.25dd 4.38dd 5,6b 2.4 2.2
6b 4.06 dd 4.06 dd 6gem 12.7 12.5
1 5.19d 5.19d 1,2 3.4 3.9
2 4.72 dd 4.77 dd 2,3 10.3 10.3
3 5.57dd 5.51dd 3.4 9.1 9.5
B 4 3.98t 1.74 ¢ 4.5 9.1 9.5
5 4.39 dt 4.34 ddd 5,6a 2.7 ~0
6a 4.51dd 4.56d 5,6b 39 4.9
6b 4.22dd 4.10dd 6gem 12.7 12.2
1 5.50s 5.45s 1,2 0 0
2 4.60s 4.57s 2,3 0 0
3 4.84s 4.80s 34 0 0
C 4 3.48s 3.43s 4,5 0 0
5 4.78d 4.72d 5,6a 0 0
6a 3.99d 3.96d 5,6b 5.9 5.9
6b 3.81dd 3.77dd 6gem 7.3 7.3
Ac 2.21 2.19
2.14 2.11
2.10(2) 2.095
2.05(2) 2.09
2.03 2.07
2.01 2.04
2.00 2.03
2.01
1.99

2See formulas for designation of the sugar moieties. *Overlapped with the resonance of H-4 of B and

that of H-6 of C (at 4.00-3.97 p.p.m.).

gave rise to a mixture of epoxides which was acetylated. Column chromatography
then gave the epoxide 20 (65%) together with the epoxide 24 (~10%) formed by
epoxide-group migration. The 'H-n.m.r. spectrum (Table II) of 20 contained
signals at §3.28 (d, J 3.9 Hz) and 3.18 (dd, J 2 Hz) due to the epoxide protons H-3"
and H-4", respectively. The signals of the epoxide protons of 24 appeared at § 3.38
and 3.22 (2 t, J 2.9 Hz). Crude 20 was O-deacetylated with methanolic sodium
methoxide at 0° to give, quantitatively, the epoxide 21 slightly contaminated with
its isomer 25. In contrast, treatment of 19 with methanolic sodium methoxide
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TABLE II

'H-N.M.R. DATA?

Proton Chemical shifts (p.p.m.)
18 19 20 22
1 5.33d 5.42d 5.09d 5.14d
2 4.81dd 4.87dd 4.83d 4.85d
3 5.40dd 5.50dd 3.28d 3.32s
A 4 4.39¢ 491t 3.18dd (2H)
5 3.88dq 4.13dt 4.20 qd 4.36
6a 4.64dd
6b 4.46dd 4.26
CH, 1.32d 1.31d
1 5.18d 5.19d 5.18d 5.18d
2 4.72dd 4.70 dd 4.74 dd 4.74dd
3 5.57dd 5.57dd 5.53t 5.52t
B 4 4.02¢t 4.014d 3.89t 3.88t
S 4.40dt 4.40 dt 4.30ddd 4.19ddd
6a 4.52dd 4.53 dd 4.51dd 4.56dd
6b 4.194dd 420dd 4.20dd 4.15dd
1 5505 5.49s 5.47s 5.48s
2 4,605 4.60s 4.57s 4.57s
3 4.84s 4.83s 4.81s 4.81s
C 4 3.485g 348s 3445 3445
5 4.77d 4.77d 4.73d 4.73d
6a 3.99d 3.99d 3.97d 3.97d
6b 3.81dd 3.81dd 3.78dd 3.78dd
Ac 221 221 2.19 2.19
213 2.16 2.13 2.13
2,10 2.10 2.11 2.12
2.07 2.095 2.095 2.10
2.05 2.05 2.05 2.095
2.04 2.04 2.04 2.05
201 2.00 2.045
Ms 3.30 Ms 3.05
Bz
o- 8.08d
p- 7.59t
m-7.46t
J Coupling constants (Hz)
18 19 20 22
1,2 3.9 3.9 3.7 29
2,3 10.7 10.7 0 0
3,4 9.8 9.7 3.9 0
A 45 9.8 9.7 2 0
5,6a 5.7 2 6.8
5,6b 29

6gem 12.7
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TABLE Il (continued)

1,2 3.9 3.9 3.7 3.9
2,3 10.3 10.3 9.9 9.8
3.4 9 9.5 9.9 9.8

B 45 9 9.5 9.9 9.8
5,62 2.4 2.4 2 1.9
5,6b 3.4 3.7 4.4 4.9
6gem 12.2 12.2 12.2 12.2
1,2 0 0 0 0
2.3 0 0 0 0
3,4 0 0 0 0

C 45 0 0 0 0
5,6a 0 0 0 0
5,6b 5.5 5.9 5.9 5.9
6gem 7.3 7.3 7.7 7.8

*See formulas for designation of the sugar moieties.

followed by acetylation gave the 3,4-epoxide 22 (76%) selectively. In the 'H-n.m.r.
spectrum, the resonance of the epoxide protons of 22 appeared at 6 3.32 (s, 2 H).
O-Deacetylation of 22 gave 23.

The amine synthone (+)-4,7:5,6-di-O-isopropylidenevalienamine (28, 61%)
was derived from (15)-(1,3,6/2)-4-acetoxymethyl-1,2,3-tri-O-acetyl-6-azido-4-
cyclohexene-1,2,3-triol'® (26) by the sequence: O-deacetylation followed by iso-
propylidenation (— 27) and reduction with hydrogen sulfide (— 28).

The condensation of 21 with a slight excess of 28 was carried out in 1:1 N, N-
dimethylformamide-2-propanol in a sealed tube for 70 h at 120°. The products
were (O-deisopropylidenated and then acetylated to give, after chromatography,
the pseudo-tetrasaccharide derivatives 29 (19%) and 31 (30%). In the H-n.m.r.

CH,0AC OCH,
Me,C  /
e, K
AcO N3 0 \ X
OAc Me;C—0
26 27 X = N3
28 X = NH2
CH20AC CH X CH, OAC CH,—0 CH,X CH,0Ac CH,—0
0 CHZOAC AcO 0 0
OAc OAc OAc
0 ol
a  OAc s OAc ¢ OAc o OAc AcO N OAc . OAc o OAc
a OAc
29 x = H .
30 X = OAc B

32 X = OAc
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TABLE III
TH-N.M.R. DATA®
Proton Chemical shifts (p.p.m.)
29 30 31 k7) 1b 2b
1 3.72t 3.69t 3.50t 3.58t 372t 3.70t
2 5.96d 5.96d 6.05d 6.08d 5.96d 5.96d
4 5.60d 5.59d 5.72d 5.69d 5.61d 5.59d
A5 5.57dd 5.55dd 5.56dd 5.56 dd 5.56 dd 5.54dd
6 4.93dd 4.97dd 4.92dd 5.00dd 4.93dd 491dd
7a 4.66d 4.63d 4.71d 4.69d 4.66d 4.63d
7b 4.38d 4.35d 4.42d 4.43d 4.38d 4.35d
1 5.26d 5.324d 5.29d 5.33d 5.25d 5.31d
2 4.80dd 4.841 4.96 dd 4.991 4.77dd 4.81dd
3 512t 5.18q 2.98q 3.04q 5.12dd 5.20t
B 4 2.39t 2.81q b 471d 2.38t 2.81t
5 3.57dq 3.68dt 4.33q 445t 3.51dq 3.61bd
6a 4.35dd 4.15dd 3.92d
6b 4.24dd 4.11dd
CH, 1.21d 1.13d 1.21d
1 5.17d 5.18d 5.15d 5.16d 5.31d 5.31d
2 4,73dd 4.71dd 4.80 dd 4.80dd 4.75dd 4.73dd
3 5.54t 5.53dd 5.55dd 5.56t 5.52t 5.52t
C 4 3.98¢t 3.95t 415t 407t 3.95t 433t
5 436 bdt 4,37 bdt 4.24 bdt 4.25dt 3.90 dt 4.19dt
6a 4.53dd 4.52dd 4.86dd 4.89d 4.49dd 4.49dd
6b 421dd 4.19dd 4.29dd 424dd 4.17dd 4.19dd
1 5.50s 5.50s 5.42s 5.43s 6.24d 6.24d
2 459s 4.60s 4.50s 4.51s 4.96dd 4.96dd
3 4.84s 4.83s 4.69s 4.83s 5.39dd 5.39m
D 4 3.48s 3.48s 3.41s 3.43s 4.05¢ 4.04t
5 4.78d 4.78d 4.80d 4.82d 4.14 dt 4.13dt
6a 3.99d 4.00d 3.96d 3.97d 4.48dd 4.46dd
6b 3.81dd 3.82dd 3.77dd 3.78dd 4.28dd 4.29dd
Ac 2.19 2.19 2.39 2.37 2.24 224
2.13 2.15 2.15 2.13 2.19 2.18
2.11 2.12(2) 2.13 2.12 2.16 2.17
2.10 2.10 2.12 2.10 2.12 2.11(2)
2.06 2.07 2.002) 2.095 2.08 2.06
2.05 2.06 2.07 2.09 2.04(3) 2.05(2)
2.04 2.04(2) 2.06 2.07(2) 2.02(3) 2.045
2.03 2.03 1.99 2.06 2.01 2.03
2.02 2.02 1.98 2.00 1.99 2.02
2.01 1.99 1.97 1.99 2.005
1.99 NH3.18d 1.97 2.00
NH3.07d 1.99
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TABLE Il {continued)

] Coupling constants (Hz)
29 30 31 32 1b 2b
1,2 4.7 4.9 4.9 4.9 4.4 4.7
4.5 6.8 6.9 7.3 7.5 6.8 6.6
A 56 9.8 10.3 10.7 10.6 10.5 9.8
6,1 4.7 4.9 4.9 4.9 4.7 4.7
Tgem 13.4 12.7 12.7 i3.2 12.9 13.2
1,2 4.1 3.9 3.9 4.2 3.9 39
2.3 10.3 10.7 3.9 4.2 10 10.3
34 10.3 10.7 3.9 4.2 10 10.3
B 4,5 10.3 10.7 () ~0 10 10.3
5,6a 5.9 3.9 6.4 6.8 6.3 5.4
5,6b 4.2 5.8
Hgem 12.5 10.7 0
1,2 3.7 39 3.6 3.9 3.9 3.9
2.3 9.9 10.2 10.3 10.4 10.3 9.8
3.4 9.9 9.5 9.5 10.4 9.3 9.8
C 45 9.9 g5 9.5 10.4 6.3 9.8
5,6a 2.2 2.4 1.7 0 1.5 0
5,6b 3.9 3.4 2.2 3.9 2.7 34
bgem 12.3 12 12.5 10.8 12 12
1,2 0 0 0 0 3.7 3.5
2,3 0 0 0 0 10.1 9.8
34 0] 0 0 0 8.8 9.3
D 45 0 0 0 0 8.8 9.3
5,6a (] 0 0 0 2.4 2.9
5,6b 6.2 5.7 6.5 5.9 3.2 34
6gem 7.2 7.8 7.3 7.7 12.3 12.2
NH 0 10.7 3.9 4.2 0 0

sSee formulas for designation of the sugar moieties A-D. *Overlapped with the signal of H-2 of D (at
4.50 p.p.m.).

spectra (Table II) of 29 and 31, the signals for CH-NH-CH at §2.39 (t, J 10.3 Hz)
and 2.98 (q, J 3.9 Hz) were consistent with the structures proposed.

Likewise, condensation of 23 and 28 and subsequent removal of protecting
groups gave 30 (30%) and 32 (21%), the 'H-n.m.r. spectra of which contained
signals at 8 2.81 (q, J 10.7 Hz) and 3.04 (q, J 4.2 Hz) attributable to H-4" and H-3",
respectively. Acetolysis of 29 with acetic anhydride—acetic acid—conc. sulfuric acid
(70:30:1) at room temperature gave 96% of the acetylated derivative (1b) of
acarbose (1a), the '"H-n.m.r. spectrum (Table III) of which supported the structure
proposed. O-Deacetylation of 1b followed by purification on Dowex S0W-X2 (H*)
resin gave 59% of 1a, which was identical to an authentic sample?. Likewise, 30 was
converted into the acetylated derivatives (2b) of adiposin-2 (2a), the 'H-n.m.r.
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spectrum of which accorded with the structure proposed. O-Deacetylation of 2b
gave 2a, which was identified by comparison of the '"H-n.m.r. spectral data* with
those reported for an authentic sample.

Condensation of the anhydro compound 23 with the amino 28 gave products
of the diaxial and diequatorial opening of the epoxide in the ratio 1:1.6, in contrast
to the reaction of 21 and 28 which gave mainly the diaxial product. Therefore,
HO-6" may be involved in stabilising the transition state that leads to diequatorial
products.

EXPERIMENTAL

General methods. — Melting points were determined with a MEL-TEMP
capillary melting-point apparatus and are uncorrected. Optical rotations were
measured with a Jasco DIP-4 polarimeter. 'H-N.m.r. spectra were recorded for
solutions in CDCl; (internal Me,Si) with a Jeol INM GX-400 FT (400 MHz)
instrument, and the data are listed in Tables I-II1. T.l.c. was performed on Silica
Gel 60 GF (Merck) with detection by charring with sulfuric acid. Column
chromatography was conducted on Wakogel C-200 (200 mesh) or C-300 (300
mesh). Organic solutions were dried over anhydrous Na,SO, and concentrated at
<50° under diminished pressure.

2,3,2' 3" 6"-Penta-O-acetyl-1,6-anhydro-6'-O-benzoyl-B-maltotriose (8) and
2,3,2' 3'-tetra-O-acetyl-4-O-(6-O-acetyl-B-D-glucopyranosyl)-1,6-anhydro-6'-O-
benzoyl-B-maltose (12). — A suspension of 2,3,2’ 3'-tetra-O-acetyl-1,6-anhydro-6'-
O-benzoyl-B-maltose? (4; 0.20 g, 0.34 mmol), 1,6-di-O-acetyl-tri-O-benzyl-pD-gluco-
pyranose (5; 0.36 g, 0.67 mmol), trimethylsilyl trifluoromethanesulfonate
(Me,SiSO,CF;; 0.17 mL, 0.81 mmol), powdered molecular sieve 4A (0.15 g), and
dichloromethane (15 mL) was stirred for 24 h at room temperature, then filtered,
washed successively with saturated aqueous NaHCO; and water, dried, and con-
centrated. Column chromatography (C-300, 30 g) of the residue (0.60 g) with 1:6
2-butanone—toluene gave 7 (80 mg) and 11 (51 mg) as amorphous powders, to-
gether with 4 (87 mg, 43%).

A solution of 7 (80 mg) in 1:9 ethanol-ethyl acetate (10 mL) was hydro-
genolysed (3.4 kg/cm? of initial hydrogen pressure) in the presence of 10% Pd/C
(60 mg) for 3 h at room temperature, then filtered, and concentrated. Column
chromatography (C-300, 3 g) of the syrupy residue (60 mg) with 1:5 ethanol-
toluene gave 8 (29 mg, 20% based on 4 consumed) as an amorphous powder, [«a]3!
+45° (c 1.4, chloroform).

Aral. Calc. for C;H,,O,,: C, 52.50; H, 5.54. Found: C, 52.01; H, 5.48.

Similarly, 11 (51 mg) gave 12 (33 mg, 22% based on 4 consumed), [a]3!
+3.9° (¢ 1.6, chloroform).

Anal. Calc. for C;,H,,0,,-H,0: C, 51.34; H, 5.66. Found: C, 51.68; H, 5.44.

2,3,2' 3'-Tetra-Q-acetyl-1,6-anhydro-6'-O-benzoyl-B-maltotriose  (10) and
2,3,2' 3'-tetra-O-acetyl-1,6-anhydro-6"-O-benzoyl-4-O-B-D-glucopyranosyl-B-mal-
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tose (14). — Compound 4 (0.20 g, 0.34 mmol) and 1-O-acetyl-2,3,4,6-tetra-O-ben-
zyl-D-glucopyranose (6; 0.39 g, 0.67 mmol) was treated with Me;SiSO,CF; (0.17
mL, 0.81 mmol) in the presence of molecular sieve 4A (0.15 g) in dichloromethane
(15 mL) for 4 h at room temperature. The mixture was processed as described in
the preparation of 7 and 11, to give a mixture (62 mg, 16%) of 9 and 13 as an
amorphous powder, and 4 (115 mg, 58%). The mixture was hydrogenolysed as
described in the preparation of 8. Column chromatography (C-300, 2.3 g) of the
syrupy products {46 mg) with 1:6 ethanol-toluene gave, first, 14 (24 mg, 59%) as
an amorphous powder, [a]3? +17° (¢ 1.2, chloroform).

Anal. Cale. for C3H,,0, C, 52.24; H, 5.58. Found: C, 52.02; H, 5.47.

Eluted second was 10 (10 mg, 26%), isolated as a hygroscopic amorphous
powder, [a]3? +42° (¢ 0.5, chloroform).

Anal. Calc. for C;3H,,0,,-0.5 H,O: C, 51.63; H, 5.64. Found: C, 51.41; H,
5.55.

1,6-Anhydro-B-maltotriose nona-acetate (3b). ~— A solution of 8 {25 mg, 0.031
mmol) in methano!l {1 mL) containing methanolic M sodium methoxide (0.1 mL)
was kept for 1 h at room temperature, then neutralised with acetic acid, and con-
centrated, and the residue was treated with pyridine and acetic anhydride (each 1
ml) overnight at room temperature. Column chromatography (C-300, 1 g) of the
product with 1:1 ethyl acetate—toluene gave 3b (27 mg) as an amorphous powder,
[a]3® +73° (¢ 0.3, chloroform); lit.!? [a])® +82.4° (chloroform).

Anal. Calc. for C;H,0,,: C, 50.00; H, 5.60. Found: C, 50.06; H, 5.45.

Similarly, 10 (8.0 mg, 0.011 mmol) gave 3b (10 mg).

1,6-Anhydro-g-maltotriose (3a). — Compound 3b was O-deacetylated con-
ventionally to give 3a, m.p. 250-252°, [a]3! +122° (¢ 1, water); lit.’? m.p. 254~
254.5%, [e]) +130.2° (water). Compound 3a was prepared also from maltotriose!2,

1,6-Anhydro-4-O-B-p-glucopyranosyl-B-maltose nona-acetate (18). — Com-
pound 12 (30 mg, 0.037 mmol) was treated with methanolic M sodium methoxide
(0.2 mL) in methanol for 1 h at room temperature and processed, as described in
the preparation of 3b, to give 15 (32 mg) as an amorphous powder, [a]3® —3.2° (¢
0.8, chioroform).

Anal. Calc. for CH 30,4 C, 50.00; H, 5.60. Found: C, 50.54; H, 5.56.

Similarly, 14 (16 mg, 0.021 mmol) gave 15 (18 mg).

2,3,2',3°,6',2" 3"-Hepta-O-acetyl-1,6-anhydro-4" ,6"-O-benzylidene-B-malto-
triose (16). — A mixture of 3a (0.87 g, 1.8 mmol), a,e-dimethoxytoluene (0.32 mL.,
2.3 mmol), toluene-p-sulfonic acid monohydrate (0.1 g), and N,N-dimethyl-
formamide (10 mL) was heated at 20 mmHg and 60° for 2 h, then neutralised with
NaHCO,, and concentrated, and the residue was acetylated in the usual manner.
Column chromatography (C-200, 60 g) of the syrupy product (1.24 g) with 1:1 ethyl
acetate-toluene gave 16 (0.90 g, 58%) as an amorphous powder, [a]3® +57° (¢ 1,
chloroformj.

Anal. Calc. for Cy,H 0,50 C, 53.92; H, 5.57. Found: C, 54.15; H, 5.68.

2,3,2',3',6',2" 3"-Hepta-O-acetyl-1,6-anhydro--maltotriose  (17). — A
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mixture of 16 (0.90 g, 1.04 mmol) and aqueous 80% acetic acid (20 mL) was stirred
for 3 h at 50° and then concentrated. Column chromatography (C-200, 23 g) of the
product with 1:10 ethanol-toluene gave 17 (0.61 g, 75%) as an amorphous powder,
[@]37 +70° (c 1, chloroform).

Anal. Calc. for C;H30,,: C, 49.23; H, 5.68. Found: C, 49.36; H, 5.53.

2,3,2',3',6',2" 3" - Hepta-O-acetyl-1,6-anhydro-6"-deoxy-4"- O -methanesul -
fonyl-B-maltotriose (18). — Compound 17 (0.50 g, 0.64 mmol) was treated with
methanesulfonyl chloride (0.20 mL, 2.6 mmol) in pyridine (10 mL) for 4 h at room
temperature. The mixture was diluted with ethyl acetate (50 mL), washed
successively with saturated aqueous NaHCO, and water, dried, and concentrated.
A solution of the resulting dimesylate (0.59 g) and sodium iodide (0.57 g, 3.8 mmol
in acetonitrile (25 mL) was heated at reflux for 4 h and then concentrated. A
solution of the residue in ethyl acetate (50 mL) was washed with saturated aqueous
sodium thiosulfate and water, then dried. Evaporation of the solvent gave a crude
iodide (0.61 g), which was hydrogenolysed in ethyl acetate (15 mL) in the presence
of Raney nickel T-4 and pyridine (1.5 mL) in a Parr apparatus (3.4 kg/cm? of initial
hydrogen pressure) for 10 days at room temperature. The mixture was filtered and
concentrated to give 18 (0.51 g, 95%) as thin needles, m.p. 205° (from AcOEt-
EtOH), [a]3 +73° (c 1.2, chloroform).

Anal. Calc. for C;3H,0,:S: C, 47.06; H, 5.50. Found: C, 46.76; H, 5.29.

2,3,2' .3',6',2",3"-Hepta-O-acetyl-1,6-anhydro-6"-O-benzoyl-4"-O-methanesul-
fonyl-B-maltotriose (19). — Compound 17 (0.56 g, 0.72 mmol)} was treated with
benzoy! chloride (0.1 mL, 0.86 mmol) in pyridine (25 mL) for 5 days at room
temperature. Methanesulfonyl chloride (0.12 mL, 1.4 mmol) was then added to the
ice-cooled mixture, which was stirred for 20 h at room temperature and then
processed in the usual manner. Column chromatography (C-300, 23 g) of the
product with 3:4 ethyl acetate-toluene gave 19 (0.65 g, 95%) as a hygroscopic
amorphous powder, [a]3¢ +68° (¢ 1.1, chloroform).

Anal. Calc. for C,jHs0,55-0.5 H,O: C, 49.43; H, 5.29. Found: C, 49.21; H,
5.11.

2,3,2' ,3',6'-Penta-O-acetyl-4'-O-(2-O-acetyl-3,4-anhydro-6-deoxy-a-D-galac-
topyranosyl)- (20) and -4'-OQ-(4-O-acetyl-2,3-anhydro-6-deoxy-a-D-gulopyranosyl)-
1,6-anhydro-B-maltose (24). — Compound 18 (384 mg, 0.46 mmol) was treated
with methanolic M sodium methoxide (1.1 mL) in 1:1 dichloromethane-methanol
(14 mL) for 1 h at 50°. The solution was neutralised with acetic acid and con-
centrated, and the residue was acetylated in the usual manner. Column chromato-
graphy (C-300, 17 g) of the products with 1:1 ethyl acetate—toluene gave 20 (209
mg, 64%) contaminated with ~10% of 24, isolated as an amorphous powder.

Anal. Calc. for C;)H,,0,y: C, 51.14; H, 5.72. Found: C, 50.90; H, 5.56.

1,6-Anhydro-4'-O-(3,4-anhydro-6-deoxy-a-D-galactopyranosyl)- (21) and -4'-
0-(2,3-anhydro-6-deoxy-a-D-gulopyranosyl)-B-maltose (25). — A mixture of crude
20 (172 mg, 0.24 mmol), methanolic 0.2M sodium methoxide (3.5 mL), and di-
chloromethane (3.5 mL) was stirred for 45 min at 0°, and then neutralised with
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Amberlite IRA-120B (H*) resin. The mixture was concentrated to give a mixture
of 21 and 25 (113 mg, ~100%) as an amorphous powder.

2,3,2',3',6'-Penta-O-acetyl-1,6-anhydro-4'-0-(2,6-di-O-acetyl-3,4-anhydro-
a-D-galactopyranosyl)-B-maltose (22). — Compound 19 (395 mg, 0.41 mmol) was
treated with methanolic 0.5M sodium methoxide (8 mL) in dichloromethane (8 mL)
for 45 min at room temperature. The mixture was processed as described in the
preparation of 20, to give 22 (238 mg, 76%) as an amorphous powder, [a]3? +28°
(¢ 0.8, chloroform).

Anal. Calc. for C;,H,,0,;: C, 51.40; H, 5.21. Found: C, 49.97; H, 5.21.

1,6-Anhydro-4'-O-(3,4-anhydro-a-p-galactopyranosyl)-B-maltose  (23). —
Treatment of 22 (241 mg, 0.32 mmol) with methanolic 0.2M sodium methoxide (3.5
mL) in dichloromethane (3.5 mL), as in the preparation of 21 and 25, gave 23 (139
mg, 94%) as an amorphous powder, {a)g?> +50° (¢ 1, methanol).

(+)-4,7:5,6-Di-O-isopropylidenevalienamine  (28). — (15)-(1,3,6/2)-4-
Acetoxymethyl-1,2,3-tri-O-acetyl-6-azido-4-cyclohexene-1,2,3-triol!® (26; 273 mg,
0.74 mmol) was treated with methanolic M sodium methoxide (1 mL) in methanol
(5 mL) for 6 h at room temperature. The solution was neutralised with Amberlite
IRA-120B (H™) resin, then concentrated. The residue was treated with 2,2-di-
methoxypropane (1.7 mL}) in the presence of toluene-p-sulfonic acid monohydrate
in N, N-dimethylformamide (5 mL) to give 27 (141 mg, 68%) as a syrup, [«]3* +91°
(c 2.7, chloroform). The structure was confirmed by comparison of the 'H-n.m.r.
spectrum with that of the racemate.

Anal. Calc. for C;3;H(N;0,: C, 55.51; H, 6.81; N, 14.94. Found: C, 55.32; H,
6.73; N, 14.82.

Compound 27 (103 mg, 0.37 mmol) was stirred for 6 h at room temperature
in 1:1 pyridine—-water (2 mL) saturated with hydrogen sulfide. The solution was
then concentrated. Column chromatography (C-300, 1 g) of the residue with
toluene — 1:5 ethanol-toluene gave 28 (89 mg, ~95%) as a crude syrup, [a]3?
+65° (¢ 1.2, chloroform), the structure of which was confirmed by comparison of
the 'H-n.m.r. spectrum with that of the racemate.

2,3,2',3',6",2",3"-Hepta-O-acetyl- 1,6 -anhydro-4" ,6"-dideoxy-4"-[ (1S)-(1,4,6/
5)-4,5,6-triacetoxy-3-acetoxymethyl-2-cyclohexenylamino)-B-maltotriose  (29) and
2,3,2' ,3'-tetra-O-acetyl-1,6-anhydro-4'-{2,4-di-O-acetyl-3,6-dideoxy-3-[(1S)-(1,4,6/
5)-4,5,6-triacetoxy-3-acetoxymethyl-2-cyclohexenylaminol - a-b-gulopyranosyl} - B-
maltose (31). — A mixture of 21 (79 mg, 0.17 mmol), 28 (54 mg, 0.21 mmol),
2-propanol (0.4 mL), and N, N-dimethylformamide (0.4 mL) was heated in a sealed
tube for 70 h at 120°, then concentrated. The residue was treated with aqueous
70% acetic acid (4 mL) for 2 h at 55°, and the product was acetylated in the usual
manner. Column chromatography (C-300, 11 g) of the products (211 mg) with 1:1
ethyl acetate-toluene gave, first, 31 (56 mg, 30% based on 21) as an amorphous
powder, [a]3° +58° (c 1.9, chloroform).

Anal. Calc. for C, H;NO,.: C, 51.79; H, 5.83; N, 1.64. Found: C, 51.35; H,
5.74; N, 1.64.
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Eluted second was 29 (36 mg, 19% based on 21), isolated as an amorphous
powder, [a]3? +65° (c 1.6, chloroform).

Anal. Found: C, 51.84; H, 5.84; N, 1.52.

2,3,2'3',6',2",3",6"-Octa-O-acetyl-1,6-anhydro-4"-deoxy-4"-[ (1S)-(1,4,6/5)-4,
5,6-triacetoxy-3-acetoxymethyl-2-cyclohexenylamino]-B-maltotriose (30) and 2,3,2',
3',6'-penta-O-acetyl-1,6-anhydro-4'-0-{2,4,6-tri-O-acetyl-3-deoxy-3-[(1S)-(1,4,6/
5)-4,5,6-triacetoxy-3-acetoxymethyl-2-cyclohexenylamino]-a-D-gulopyranosyl} - B-
maltose (32). — A mixture of 23 (50 mg, 0.11 mmol), 28 (32 mg, 0.13 mmol),
2-propanol (0.25 mL), and N,N-dimethylformamide (0.25 mL) was heated in a
sealed tube for 67 h at 120°, and concentrated. The mixture was processed as in the
preparation 29 and 31, and column chromatography (C-300, 6.6 g) with 4:3 ethyl
acetate—toluene gave, first, 32 (25 mg, 21% based on 23) as an amorphous powder,
[a] 3! +39° (c 0.9, chloroform).

Anal. Calc. for C,¢H;NO4,: C, 51.26; H, 5.71; N, 1.22. Found: C, 51.55; H,
5.82; N, 1.50.

Eluted second was 30 (40 mg, 33% based on 23), isolated as an amorphous
powder, [a]3* +70° (c 1.8, chloroform).

Anal. Found: C, 51.13; H, 5.60; N, 1.41.

1,2,3,6,2' 3" ,6',2",3"-Nona-O-acetyl-4" ,6"-dideoxy-4"-[ (15)-(1,4,6/5)-4,5, 6-tri-
acetoxy-3-acetoxymethyl-2-cyclohexenylamino]-a-maltotriose (1b). — Compound
29 (27 mg, 0.025 mmol) was treated with acetic anhydride-acetic acid—conc. sulfuric
acid (70:30:1, 2 mL) for 2.5 h at room temperature. The solution was poured into
ice—water (20 mL) and extracted with ethyl acetate (50 mL), and the extract was
washed with saturated aqueous NaHCO; and water, dried, and concentrated to
give 1b (28 mg, 96%) as an amorphous powder, [a]3' +87° (¢ 1.4, chloroform).

Anal. Calc. for C5;HoNO,;: C, 51.39; H, 5.83; N, 1.17. Found: C, 51.49; H,
5.93; N, 1.54.

4",6"-Dideoxy-4"-[(1S)-(1,4,6/5)-4,5,6-trihydroxy-3-hydroxymethyl-2-cyclo-
hexenylamino|maltotriose (acarbose) (1a). — Compound 1b (25 mg, 0.021 mmol)
was stirred with methanolic M sodium methoxide (0.3 mL) in methanol (1 mL) for
2 h at room temperature. The mixture was eluted from a column of Dowex S0W-X2
(H*) resin (1 mL) with water — 3% NH,OH to give 1a (7.8 mg, 59%), isolated as
an amorphous powder, [a]1® +165° (c 0.4, water); lit.2 [a]3° +171.3° (water). The
'H-n.m.r. spectrum (400 MHz, D,0) was identical to that reported?.

1,2,3,6,2' 3" 6',2",3",6"- Deca-O-acetyl-4"-deoxy-4"-[(1S)-(1,4,6/5)-4,5,6-tri-
acetoxy-3-acetoxymethyl-2-cyclohexenylamino)-a-maltotriose (2b). — Likewise, 30
(29 mg, 0.025 mmol) was converted into 2b (33 mg, ~100%), isolated as an
amorphous powder, [a]3! +102° (¢ 1.6, chloroform).

Anal. Calc. for C;;H;NO3,: C, 50.92; H, 5.72; N, 1.12. Found: C, 51.32; H,
5.90; N, 1.70.

4"-Deoxy-4"-[(1S)-(1,4,6/5)-4,5,6-trihydroxy-3-hydroxymethyl-2-cyclohexen-
ylaminolmaltotriose (adiposin-2) (2a). — Similarly, 2b (29 mg, 0.023 mmol) was
converted into 2a (12 mg, 78%), isolated as an amorphous powder, [a]A8 +154° (¢
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0.6, water); lit.* [a]3? +163° (¢ 1, water). The 'H-n.m.r. spectral data (400 MHz,
D,0) accorded with those reported? for an authentic sample.
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