ELSEVIER

Available online at www.sciencedirect.com

sc.ENCE@D.RECT@

Tetrahedron
Letters

Tetrahedron Letters 46 (2005) 2399-2403

Synthesis of N-protected azaoligosaccharides and their
cyclic derivatives

Daisuke Sawada,* Hideyo Takahashi,> Moto Shiro® and Shiro Ikegami®*

2Faculty of Pharmaceutical Sciences, Teikyo University, Sagamiko Kanagawa 199-0195, Japan
®Rigaku Corporation, 3-9-12 Matsubara, Akishima, Tokyo 196-0003, Japan

Received 17 January 2005; revised 31 January 2005; accepted 10 February 2005

Abstract—Azaoligosaccharides are prepared through the glycosylation of nojirimycin derivatives with catalytic amounts of
TMSOTT. Also, the 1-6’, 1’-6-cyclic azadisaccharides are successfully synthesized, and their one-pot syntheses are demonstrated.
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It is well-known that sugars play an important role in
human life, and recently, functional oligosaccharides
are much of interest. Azasugars, on the other hand,
are rare natural products such as nojirimycin,! and a
large number of their derivatives has been reported.?
In those cases, researchers focused on mono-azasugars,
and directed their interest mainly to glycosidase-inhibi-
tory activities.> As a result, few research efforts have
been made on azaoligosaccharide chemistry and limited
examples of oligosaccharides containing azasugars have
been reported.*’ Azasugars, however, have interesting
properties, which are not possessed by sugars. First,
azasugars are able to make a covalent bond from the
ring-nitrogen to the outside of the sugar ring. By this un-
ique bond, azaoligosaccharides are expected to have
various structures and new functions. Secondly, a hy-
droxyl group at an anomeric carbon of an azasugar is
so reactive that elongation of the azasugar chains will
be easier than that of sugar chains. Here we report the
synthesis of azaoligosaccharides and their cyclic com-
pounds using their unique properties.

In the first place, we optimized the conditions of glyco-
sylation with the known azasugar 1% as a donor and
cyclohexanol (2) as an acceptor (Table 1). According
to Vasella’s report,® the reaction of 1 and 2 in THF
was examined using TsOH-H,O as a promoter, and
afforded the desired product 4 only in 10% yield, and
by-products were derived from both 1 and 4. After
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Table 1. Glycosylation of 1 and 2 or 3

OBn \ OBn
_Boc __Promoter N-Boc
N —_—
B’E‘;ﬂoé\\\“ ROH (20r3) 2RO
(1.2 eq) BnO

BnO '
1 OH THF 4,5 OR
Run  Acceptor  Promoter (equiv) Temp. (°C) % Yield
(4 or 5)
1 2 TsOH-H,O (1) rt 10
2 2 La(OTf); (1) 0 72
3 2 TMSOTT (0.5) —78 89
4 3 La(OTf); (5) rt 29
5 3 TMSOTT (1) 0 40
6 3 TMSOTT (0.5) —40 86
Boc: r-butoxycarbonyl; 2, 4: R’ = cyclohexyl; 3, 5: = BnO&\Q\
BnO BnOoMe

careful investigation of the promoters, La(OTf);® and
TMSOT(!? were found to be more effective in this reac-
tion. Besides, the azasugars are so reactive that it is not
necessary to convert the hydroxyl group at the anomeric
carbons to more active leaving groups. Next, we investi-
gated the synthesis of a disaccharide using the sugar
derivative(3) as an acceptor with La(OTf); and
TMSOTT. The reaction of the azasugar 1 and 3 with
La(OTf); was less reactive, resulting in 29% yield of
the product 5 even using excess amounts of the pro-
moter. By using TMSOTT, the starting material 1 rapi-
dly disappeared, and the reaction afforded 40% of 5 at
0°C accompanied by many by-products. Therefore,
the reaction was carried at —40 °C with 0.5 equiv of
TMSOTT to give 5 in 86% yield. The products 4 and 5
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Table 2. Synthesis of an azadisaccharide

?\JEZ OMPM
-B
OMPM  “Bro——T ngoﬁNﬁ e
n
BnO N’BOC 7 :Ro=H o BnO o)
BnO 9: R,=TMS
BnO "OR; promoter BnO NH
6:Ry=H THF BnO
8:R;=TMS 10 BnO ‘O
Run Donor Acceptor Promoter Temp. % Yield
(equiv) (equiv) (°O) (10)
1 6 7(2) La(OTf); (1) Otort 0
2 6 7(1.2) TMSOTSf (0.5) 0 60
3 6 7(2) TMSOTf (0.5) 0 71
4 8 7(2) TMSOTS (0.5) —40 47
5 8 9(2) TMSOTS (0.5) 0 52
6 8 9(2) TMSOTS (0.5) —40 75
7 8 9(2) TMSOTf (0.2) —78 to —40 90°
8 8 9(3) TMSOTS (0.5) —40 53

% A stereoisomer was obtained in 2% yield.

were obtained as a single stereoisomer irrespective of the
stereochemistry at the anomeric carbon of the starting
materials.

To synthesize an azadisaccharide, we investigated the
reaction using the azasugar 7'! as an acceptor (Table
2). With La(OTf);, the reaction of 6'! and 7 did not pro-
ceed due to the strong coordination with La(OTf); by
the amide moiety of 7. Using TMSOTT, we could obtain
the corresponding azadisaccharide 10 in 60% yield by
using 1.2 equiv of 7, and in 71% yield by using 2 equiv
of 7 at 0 °C. Next, compounds 8 and 9 with the hydroxyl
groups protected as TMS ethers, were prepared for fur-
ther examination of this glycosylation.!? Fortunately,
the reaction of 8 and 9 smoothly proceeded and 10
was obtained in 52% yield though some decomposition
of the compounds still occurred. Then, the reaction at
lower temperature gave a better result (75% yield at
—40 °C, run 6). Finally, after the addition of 0.2 equiv
of TMSOTf at —78 °C, the mixture was reacted at
—40 °C, and this reaction afforded the azadisaccharide
10 in 90% yield (run 7).

Further elongation of the azadisaccharide 10 was exam-
ined. As shown in Scheme 1, the amide nitrogen of 10
was protected by a Boc group, and the subsequent
reduction by NaBH, afforded 12, which was converted
to TMS ether 13. Using 12 or 13 as a donor, we tried
to synthesize an azatrisaccharide under the above glycos-
ylation conditions (Table 3). With 0.5equiv of
TMSOTT, 12 and 7 were reacted at 0 °C in THF to give
the unexpected azadisaccharide 10'* instead of the de-
sired azatrisaccharide 14. The reaction of 13 and 9 at
—78 °C to —40 °C, however, afforded 14 in 41% yield
as a single stereoisomer, although the azadisaccharide
10 was still obtained in 43% yield. The same reaction
at —78 °C to —60 °C gave 14 in 41% yield, 10 in 18%
yield, and recovery of starting material (30%).

To investigate the new function of the azaoligosacchar-
ides, we tried the possibility of a cyclic disaccharide. By

OMPM

BnOé\Nﬁ’ Boc
BnO
BnO a
H
BnO N
BnO

OMPM

-B:
BnO N BoC
BnO b
BnO

(e} >

o}

N-Boc
BnO
11 BnO

10 BnO O BnO O
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_B _
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n
0 "o
-B _
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BnO OH BnO OTMS

Scheme 1. Reagents and conditions: (a) (Boc),O, DMAP, CH;CN;
92%; (b) NaBHy4, MeOH; 100%; (¢c) TMSCI, imidazole, DMF; 100%.

Table 3. Synthesis of an azatrisaccharide
OMPM

OMPM Bnogl; Boc
BnO
BnO N-Boc BnO 0

BnO B 70r9 B

n —_— -bocC

o TMSOTF  BROZ N
BnO N-Boc (0.5eq) BnOo

BnO THF
12:R;=H  BNO OR; 14 BnO NH
13: Ry=TMS BnO

BnO O

% Yield of 14

0 (10: 52)
78 to —40 41 (10: 43)
—78 to —60 41 (10: 18)

Run Acceptor Donor (equiv) Temp. (°C)
1 12 7(2) 0

2 13 9(2)
3 13 9(2)

a similar route in Scheme 1, we prepared the starting
substrate for the cyclization reaction. Removal of the
MPM group of 11 by DDQ oxidation (86%) and reduc-
tion by NaBH, afforded the dihydroxyl compound
(95%), which was converted to di-TMS ether 15
(100%). Using this compound, the cyclization was exam-
ined (Table 4). Compound 15 was reacted with TMSOTf
at —40 °C, and the cyclic compound 16, which shows a
complex asymmetric '"H NMR due to the steric repul-

Table 4. Synthesis of cyclic azaoligosaccharides

I|300 I|30c
oTMS N~ N\H
BnO N-Boc Bnoﬁko/(ﬁj\é\toan
BnO—_ T promoter BNO OBn 46 BnO ~oBn
0 THF + o
gy o
BnO BnO \ 17
15 BnO OTMS BnO N_
Boc
Run Promoter (equiv) Temp. (°C) % Yield of 16
1 TMSOTT (0.5) —40 10
2 TMSOTT (0.5) —78 to =50 60 (17: 42%)
3 TBSOTY (0.5) —78 to =50 37 (17: 57%
4 TIPSOTT (0.5) —78 24 (17: 35%)

#Two mol equivalents of 17 might be synthesized from 15.



D. Sawada et al. | Tetrahedron Letters 46 (2005) 2399-2403 2401

sion of the two carbamate groups, was obtained as a sin-
gle stereoisomer in 10% yield. The measurement of
its "H NMR at high temperature (100 °C, DMSO-dj sol-
vent) resulted in broad peaks like a single sugar. Also in
this reaction, TMSOTTf would activate the glycosyl bond
of 15 and the 1,6-anhydro azasugar 17 was also ob-
tained. To prevent the formation of 17, we tried the
reaction at lower temperature (—78 °C to —50 °C),
affording 16 in 60% yield (run 2). Using TBSOTf and
TIPSOTSf as a bulky promoter decreased the yield in
16 (runs 3 and 4).

For the synthesis of the cyclic compounds, the 1,6-anhy-
dro azasugar 17 should be a good precursor (Table 5).
At first, TMSOTT was added to 17 in THF at —40 °C,
and then temperature of the mixture was raised to
0 °C; however, this reaction gave only trace amounts
of the cyclic compound. Fortunately, the addition of
TMSOH promoted the reaction, and the cyclic com-
pound 16 was obtained in 25% yield in 0.2 M and 31%
yield in 0.3 M. In this reaction, there is no other cyclic
compound composed of more than two azasugars. At
the reduced reaction temperature (—40 °C), we could
get the product in 77% yield, although the reaction pro-
ceeded a little slower, and 10% of 17 was recovered (run
4). To complete the reaction, TMSOTf was slowly
added for 15 min, but this trial was not satisfactory be-
cause of the decomposition of the product (run 5). Next,
for the synthesis of the azaoligosaccharide derivatives,
we modified the carbamate moiety. From the same inter-
mediate, which was converted to 6 and 17, the methyl
carbamate 18 and the Fmoc derivative 19 were synthe-
sized in three steps: (1) the amide protection of the aza-
sugar lactam by the methyl carbamate or Fmoc, (2)
reduction by NaBHy, (3) the removal of MPM by
DDQ and the spontaneous intramolecular cyclization.

Table 5. One-pot synthesis of cyclic azadisaccharides

8O O TMSOTf (0.5eq)
BnO TMSOH (1 eq)

Bro N BnO O O OBn
"R BnO OBn BnO ~0oBn
17 R = Boc 16 R = Boc
18 R=CO,Me 20 R = CO,Me
19 R = Fmoc 21 R =Fmoc
Run Substrate Concentration Temp. % Yield of
of substrate (°O) 16/20/21%
™M) (recovery of
S.M.)
1 17 0.2 ~40 to 0 trace®
2 17 0.2 0 25 (20)
3 17 0.3 0 31 (17)
4 17 0.3 —40 77 (10)
5 17 0.3 0 27 (20)°
6 18 0.2 0 57 (17)
7 18 0.3 —78to —40 88 (4)
8 19 0.2 0 43 (15)
9 19 0.3 =20 65 (7)

Fmoc: 9-fluorenylmethoxycarbonyl.
%% of weight per weight.

®TMSOH was not added.

*TMSOTS was slowly added (15 min).

Using 18 and 19, the one-pot cyclization was also exam-
ined. The cyclic azadisaccharide 20 was obtained in 57%
(0.2 M, run 6), and in 88% yield (0.3 M, run 7) from 18,
and similarly, 21 was obtained in 43% (0.2 M, run 8),
and in 65% yield (0.3 M, run 9) from 19, which are given
as a single stereoisomer.

Then, we tried to synthesize another type of cyclic oligo-
saccharides. The known compound 22 was reacted with
NH; in MeOH to afford the amide 23, whose diol moi-
ety was oxidatively cleaved by NalOy. After stirring the
given mixture with 1 N HCI in THF, we could obtain
the azasugar derivative 24. The hydroxyl group of 24
was converted to TBS ether and the diastereomers were
separated. The amide nitrogen of 25 was protected by
Boc or methyl carbamate, and finally the reduction with
NaBH, gave the precursors 28 and 29 for one-pot cycli-
zation reactions (Scheme 2). Using these compounds,
the cyclization under similar conditions used in Table
5 was carried out, and afforded the cyclic compounds
30 and 31 successfully. After several attempts, it gave
the best results when the compounds, whose C5 stereo-
chemistry was S (from 25b), were reacted in the reduced
substrate concentration (0.03 M) at low temperature
(=78 to —40°C) (Scheme 3). The unfavoured isomer
25a with R stereochemistry at C5 was easily recycled:
cleavage of the TBS group by TBAF, and then stirring
with 1 N HCI in THF gave 24 with both C5 stereoiso-
mers. The cychc compounds 30 and 31 indicated the
symmetric '"H NMR.

OAc
OH
BnO 0 Bno
BnO BnO

BnO O BnO o
HO TBSO H
NH d ore
B c BnO
Ecn)o/ﬁ\\ BnO
BnO O BnO O

25a (R form at C5)

24 25b (S form at C5)
-R
-R N
BnO N f Brégo
BnO

TBSO OBnO TBSO OBnOH
26 (R=Boc) 28 (R=Boc)
27 (R=CO,Me) 29 (R=CO,Me)

Scheme 2. Reagents and conditions: (a) NH3, MeOH; 95%; (b) (1)
NalO,, CH,Cl,, H,0, silica gel; (2) 1 N. HCIL, THF; 95%; (c) TBSCI,
imidazole; 100% (25a:25b/4:3); (d) (Boc),O, DMAP, CH3;CN; 100%;
(e) CICO,Me, n-BuLi, THF, —78 °C; 87%; (f) NaBH,4, MeOH; 98% for
28, 82% for 29.

R R
R TMSOTf H AN A
BnO N (0.5eq) N7
BnO — -~ BnO H >o OBn
TBSOOBROH THF  BnO~ OBn BnO “OBn
28 (R=Boc) (0.03M) 30 (R=Boc, y. 43%)

29 (R=CO,Me) -78°C ~-40°C 31 (R=CO,Me, y. 57%)

Scheme 3. One-pot synthesis of cyclic azadisaccharides.
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33 (R: 4-BrBZ)

Figure 2. The X-ray single-crystal structure of 33. Hydrogen atoms
were omitted.

As mentioned above, the glycosylation of azasugars
indicates high stereoselectivity. To confirm the stereo-
chemistry of the glycosyl bonds, 20 and 30 were further
transformed. The benzyl groups of 20 were removed by
Pd/C and H, in THF to afford the hexa-hydroxyl com-
pound 32 in quantitative yield, whose "H NMR was rela-
tively simple.!> Analyzing the NOE of 32, we speculate
its structure as shown in Figure 1.

Compound 30 was also debenzylated (100% yield), and
converted to hexa-4-bromobenzoyl compound 33 (60%
yield). The recrystallization of 33 was successful (from
ethyl acetate and MeOH) and its X-ray crystallographic
analysis indicates the structure of 33 as Figure 2. Thus,
the stereochemistry of the glycoside bonds in the cyclic
compounds was found to be all a-glycosides, and it is
disclosed that the glycosylation of these azasugars af-
fords an a-glycoside selectively.

In summary, we have developed glycosylation of azasu-
gars to obtain azaoligosaccharides. Also, the cyclic
azadisaccharides are successfully synthesized, and their
one-pot syntheses are demonstrated. These azaoligosac-
charides are thought to be precedents to develop various
oligosaccharides, novel biologically active compounds,
and new functional molecules. Study on their applica-
tion as functional molecules is now in progress in our
laboratory.
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a reasonable HR-Mass spectrum.

Because the azasugar itself might be a leaving group in
azaoligosaccharides, the cleavage of glycoside bond of 12
or 13 took place by TMSOTTY, and same intermediate as
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15. Spectral data of 32: [oz]Iz)1 +9.7 (¢ 1.15, MeOH); 'H NMR

(600 MHz, CD;0D) 6 5.33 (br s, 1H), 5.23 (br s, 1H), 4.25
(dd, J=2.2, 12.4 Hz, 1H), 4.17 (dd, J= 2.5, 12.1 Hz, 1H),
4.05(dd, J = 11.0, 11.0 Hz, 1H), 4.05(dd, J = 11.0, 11.0 Hz,
1H), 3.95 (dd, J=0.8, 124 Hz, 1H), 3.91 (dd, J=12,
12.1 Hz, 1H), 3.76 (d, J = 5.7 Hz, 1H), 3.73 (s, 3H), 3.73 (s,

3H), 3.76 (d, J = 5.5 Hz, 1H), 3.46 (m, 1H), 3.73 (m, 1H),
3.24 (dd, J=5.7, 11.0 Hz, 1H), 3.24 (dd, J = 5.5, 11.0 Hz,
1H); '3C NMR (150 MHz, CD;0D) ¢ 158.9, 157.4, 91.6,
91.0, 79.8, 79.7, 77.9, 77.5, 70.2, 68.2, 66.7, 66.6, 61.6, 61.0,
53.8, 53.5; FAB-MS m/z 461 (M"); FAB-HRMS calcd for
C16H26N2012Na (M+) 4611384, found 461.1381.
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