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Abstract

Primary amines reacted upon 4,6-ditosylates of glucopyranosides to give an azetidine ring
fused on C-4 and C-6 of the pyranose ring. On the other hand, the 4,6-ditosylate of benzyl
mannopyranoside led to the 4,6-diamino-4,6-dideoxy derivative in a good yield. All the
compounds and their precursors were identified by 'H and "C NMR spectroscopy. Assign-
ments of proton signals were made unambiguously using homodecoupling experiments.
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1. Introduction

Synthetic routes to five- and six-membered poly-
hydroxylated aza-heterocycles have been the subject
of a considerable number of studies during the last
decade, as these compounds are potential glycosidase
inhibitors. Fewer examples of analogous four-mem-
bered heterocycles (azetidines) are available. Penare-
sidine A and B have been extracted recently from
marine sponge [1] and exhibit actymyosin—ATPase
inhibitory activity. Some natural products, such as
3-hydroxymugineic acid (a phytosiderophore), pos-
sess a hydroxylated azetidine ring in their structures
[2]. Until the discovery of an azetidinone unit in
penicillins, few workers had dealt with this kind of
compound, because of the difficulties encountered in
building such a strained heterocycle. Since then, sev-
eral methods have been proposed [3], concerning,
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' This work is taken from the Thesis of T. Michaud (Ref.
[6a]) and a preliminary account has been presented (Ref.
[6bD).

however, mostly achiral compounds or racemates.
The necessity for having optically pure derivatives
for pharmaceutical purposes induced chemists to use
optically pure chirons [4] such as those derived from
carbohydrates, which are a cheap and easily available
source of asymmetric carbon centers with a well
defined stereochemistry. Within a program of synthe-
sis of saturated nitrogen-containing heterocycles, we
aimed to prepare enantiomerically pure polyhydrox-
ylated azetidines from monosaccharides. We started
from the pioneering work of Hall and Inch [5] that
described the unexpected synthesis of an azetidine
fused to a galactopyranoside during the preparation
of a diamine through the treatment of 4,6-ditosylates
of glucopyranosides with methylamine.

2. Results and discussion

Preparation of ditosylates.—The fused azetidines
have been synthesized from several 4,6-ditosylates of
glucopyranosides prepared according to the following
general sequence shown in Scheme 1, based on known

0008-6215 /97 /$17.00 © 1997 Elsevier Science Ltd. All rights reserved.

PII S0008-6215(97)00015-3



254 T. Michaud et al. / Carbohydrate Research 299 (1997) 253-269

procedures (yields generally were not optimized).
The structures assigned to the compounds were con-
solidated by detailed 'H (Table 1) and ">C (Table 2)
NMR spectral studies at high field with complete
assignment of proton signals by homodecoupling ex-
periments. D-glucose (1) or methyl (2a) and benzyl
a-D-glucosides (3a), and D-mannose (4) were uti-
lized in these sequences.

Kinetic acetonation of methyl a-D-glucopyrano-
side (2a) with 2-methoxypropene led [7] to the
methyl 4,6-O-isopropylidene-a-D-glucopyranoside
(5a) (Scheme 1), which was subsequently meth-
ylated by Hakomori’s method, as modified by Phillips
and Fraser [8]. Hydrolysis of the permethylated acetal
6« by an aqueous solution of acetic acid readily
gave the methyl 2,3-di-O-methyl-a-D-glucopyrano-
side (7a), which was treated with p-toluenesulfonyl
chloride to furnish the methyl 2,3-di-O-methyl-6-O-
tosyl-a-D-glucopyranoside (8a) and/or the methyl
2,3-di-O-methyl-4,6-di-O-tosyl-a-D-glucopyranoside
(9a) according to the duration of the reaction. The
related methyl 2,3-di-O-benzyl-4,6-di-O-tosyl-a-D-

glucopyranoside (13a) has also been prepared from
the acetal Sa by successive benzylation (10 ), hy-
drolysis (11a), and tosylation via the intermediary
monotosylate 12, which was not isolated.

A mixture of the two benzyl 2,3-di-O-benzyl-4,6-
di-O-tosyl-a, B-D-glucopyranoside anomers (17a +
B) has been prepared by acetonation of D-glucose (1)
under kinetic conditions [7], which gave the 4,6-O-
isopropylidene-D-glucopyranose (14) in a good yield,
followed by benzylation using benzyl bromide in
Me, SO in the presence of powdered potassium hy-
droxide [9]. The benzyl 2,3-di-O-benzyl-4,6-O-iso-
propylidene-a, B-D-glucopyranosides (15a + B) were
obtained in a 1:4 ratio ('"H NMR) of the two anomers,
which were not separable by column chromatography
on silica gel. Acidic hydrolysis of their mixture read-
ily gave the corresponding benzyl 2,3-di-O-benzyl-
a, B-D-glucopyranosides (16 « + B), subsequent tosy-
lation of which gave the ditosylates 17a + 3. The
pure diol 1683 can be isolated by recrystallization
from ethyl acetate—cyclohexane. The pure anomer
16 @ had been prepared by repeating the previous

HOCH, 0=CH, HOCH,
) >h OMe "
OH MexC\ (OR H.0" oMY
— . - .
HO OMe (0] OMe HO OMe
HO RO MeO
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Scheme 1. Synthesis of the ditosylates 9, 13, 17 and 22.
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sequence (acetonation—benzylation—hydrolysis—tosy-
lation) starting from benzyl a-D-glucopyranoside
(3a), obtained by a known procedure [10] using
alcoholysis of B-D-glucopyranose pentaacetate.

Kinetic acetonation of D-mannose (4) [11] gave
essentially the 4,6-0-isopropylidene-D-manno-
pyranose (18« + ), only contamined by traces of
the 2,3-O-isopropylidene mannofuranose isomer.
Benzylation of the crude acetals led to benzyl 2,3-di-
O-benzyl-4,6-0O-isopropylidene-«, B-D-mannopyrano-
sides (19« + B) (with a strong preponderance of the
B anomer), which were separated by chromatography
on silica gel. Subsequent hydrolysis, followed by
tosylation of the benzyl 2,3-di-O-benzyl-B-D-manno-
pyranoside (208) with p-toluenesulfonyl chloride
successively gave the benzyl 2,3-di-O-benzyl-6-O-
tosyl-B-D-mannopyranoside (218) and the benzyl
2,3-di-O-benzyl-4,6-di-O-tosyl- B-D-mannopyranoside
(22) according to the duration of the reaction.

Each tosylation occurred via the intermediary 6-
O-tosyl derivative (slower migrating compound on
TLC), which was the major compound formed after
six hours of reaction. In some examples, 8 and 218
were isolated.

The 'H NMR spectra of monotosylates 8« and
213 showed, in particular, low-field chemical shifts
for H-6 and H-6" signals (= 4.4 ppm) which proved
that the sulfonyloxy group was carried by C-6. The
'H NMR spectra of ditosylates (9, 13a, 17a, 178,
and 228) showed two singlets (3 H each) near 2.4
ppm for the two methyl groups of the tosyloxy
functions and multiplets centered around 7.8 and 7.0
ppm for the aromatic protons. The signals of the H-6,
H-6' and H-4 protons were both deshielded by the
sulfonyloxy groups, compared to those of the corre-
sponding diols. The B-configuration of 228 was
assigned by the value [9] of the coupling constant
Jey_py 156.55 Hz.

The “C NMR (JMOD) spectra of ditosylates
showed characteristic signals near 145 ppm and 133
ppm for the quaternary carbon atoms of the tosyloxy
groups, while their methyl groups appeared at = 21.6
ppm.

Preparation of fused azetidines from
ditosylates.—Three compounds can be obtained when
primary amines react upon 4,6 ditosylates of glucopy-
ranosides, according to Hall and Inch [5]: the inter-
mediate 6-substituted, the 4,6-disubstituted product,
and the expected 4,6 fused azetidine (Scheme 2).

Reaction of the ditosylate 9a with ethanolic meth-
ylamine in an autoclave at 120 °C gave, after inver-
sion of the configuration on C-4, the methyl 4,6-dide-

0xy-2,3-di-O-methyl-4,6-methylimino-a-D-galacto-
pyranoside (23a) in 30% yield, as previously de-
scribed by Hall and Inch [5]. The azetidine 23a was
accompanied by a side product isolated in a 15%
yield. This product was not the methyl 4,6-dideoxy-
2,3-di-O-methyl-4,6-bis(methylamino)-a-D-galacto-
pyranoside (24«) isolated by Hall and Inch [5] in a
30% yield, but was identified as the methyl 6-deoxy-
2,3-di-O-methyl-6-methylamino-4-O-tosyl-a-D-gluco-
pyranoside (25a).

In a similar manner, the ditosylate 13«, treated
with methylamine for ten hours, gave a syrup for
which TLC (8:1 EtOAc-MeOH) revealed two prod-
ucts having R, 0.22 and 0.55, respectively. The
crude product was purified by column chromatogra-
phy on silica gel. The less polar compound was
isolated as a clear oil in a 35% yield and identified as
the methyl 2,3-di-O-benzyl-4,6-dideoxy-4,6-methyl-
imino-a-D-galactopyranoside (26 ). The more polar
compound, which was isolated as an oil in a 4%
yield, was identified as the methyl 2,3-di-O-benzyl-
4,6-dideoxy-4,6-bis(methylamino)-a-D-galactopyrano-
side (27a) on the basis of its '"H NMR spectrum
(Table 5).

Reaction of the ditosylates 17a + 8 with meth-
ylamine at 120 °C for four hours gave a syrup for
which TLC (ether) revealed mainly two compounds
having R, 0.50 and 0.15. The major product (R,
0.50) was obtained as an oil in 61% yield. It was
identified as a mixture of the two benzyl 2,3-di-O-
benzyl-4,6-dideoxy-4,6-methylimino-«, B-D-galacto-
pyranosides (28 « + ), which were not separable by
column chromatography. The minor product 308 (R,
0.15) was shown not to be identical to the benzyl
2,3-di-O-benzyl-4,6-dideoxy-4,6-dimethylamino-a-
D-galactopyranoside (29«) obtained by Hall and Inch
[5] as determined by NMR spectroscopy. Its 'H NMR
spectrum (Table 5) showed the persistence of the
protons of the pyranoside ring, while the signals of
the tosyloxy groups had been replaced by two sing-
lets at 2.55 and 2.23 ppm (N-CH,) and two signals
at 3.41 and 2.60 ppm (1 H each) having a geminal
coupling constant (J 10.2. Hz). Moreover, one of
these protons (8 3.41 ppm) showed a weak coupling
(J 1.4 Hz) with a C-6 proton. The C NMR spec-
trum (Table 6) showed a signal at 71.20 ppm that can
be attributed to a methylene group geminal to two
nitrogen atoms as in hexahydro- pyrimidine and tria-
zine [12a]. These spectroscopic and analytical data
were compatible [12] with a galactopyranoside-fused
hexahydropyrimidine structure 30 3. No other exam-
ple of such a product has been described. Its forma-
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tion was not explained. The fused azetidines 28 & and
288 were obtained pure starting from their respec-
tive ditosylate precursor 17« and 178. Thus, reaction
of the ditosylate 17« with ethanolic methylamine at
120 °C for four hours gave a crude product for which
TLC (ether) revealed a major compound having R P
0.50. Purification by chromatography on silica gel
gave benzyl 2,3-di-O-benzyl-4,6-dideoxy-4,6-methyl-
imino-a-D-galactopyranoside (28ca) in 45% yield,
which was identical to the product obtained in 63%
yield by Hall and Inch [5]. The 'H and *C NMR
spectroscopic data (Tables 3 and 4) of this compound
have been completely described.

When a mixture of ditosylates 17« + 8 was heated
at 120 °C for sixteen hours with benzylamine, a
complex mixture of products was obtained. The crude
product was purified by column chromatography and
furnished two fractions. The less polar fraction
(major), (TLC 4:3:2 hexane—CHCl,—-AcOEt; one spot
R, 0. 66), was in fact constituted of three derivatives
m a 60:25:15 ratio ('"H NMR). The major products
were identified as the benzyl 2,3-di-O-benzyl-4,6-
benzylimino-4,6-dideoxy-a, B-D-galactopyranosides

T. Michaud et al. / Carbohydrate Research 299 (1997) 253-269

(31a + B), contaminated by the tosylate of benzy-
lamine. Compounds 31« and 31 8 were isolated as a
mixture. The structure of the more polar compound
(R, 0.26) was assigned on the basis of its NMR
spectral data and identified to the benzyl 2,3-di-O-
benzyl-6-benzylamino-6-deoxy-4-O-tosyl-a-D-gluco-
pyranoside (32a).

The reaction of the ditosylates 17« + 8 with tert-
butylamine at 120 °C for six hours afforded only the
two benzyl 2,3-di-O-benzyl-4,6-tert-butylimino-4,6-
dideoxy-a, B-D-galactopyranosides (33a + B) (93%
yield), which were separated by column chromatogra-
phy. The two fused azetidines were obtained as a
syrup in 65% and 11% yield for the anomers 338
and 33a, respectively.

When the ditosylate 22 was similarly treated
with fert-butylamine at 120 °C for six hours, the
reaction did not afford the expected fused azetidine.
Only one syrupy product was isolated by column
chromatography in a 74% yield from the crude mix-
ture. It was identified as the benzyl 2,3-di-O-benzyl-
4,6-bis( tert-butylamino)-4,6-dideoxy- B-D-talopyrano-
side (34).

TsOQOCH CH. MeNHCH,
20 MeN”] ¢ vl
OR MeNH, OR . R ©
TsO OMe OMe Y OMe
RO RO RO
9R=Me 23R=Me 24R=Me, Y=H, Y =NHMe
13R =Bzl 26 R =Bzl 25R=Me. Y=0Ts, Y'=H
27R =Bzl Y =H, Y'= NHMe
TSOCH, N LCH, RNHCH,
o
OB H, OBzl RNH, OBzl N 1 0Bz 4 OB H. OBzl
TsO Y
BZIO BaO BzIO
17 28R =Me 29R=Me Y =H, Y =NHR
31R =Bzl 32R=Bz,Y=0Ts.Y' =H
33R=1Bu
R
/N\
HLC{ “CcH,
RN OBl
OB
+
BzIO
30 R =Me
TsOCH, CH,NHrBu
0 OB BUHN | . OBzl
OROI tBuNH, OR O
TsO
22R=Bz 34R =Bzl

Scheme 2. Synthesis of azetidines.



261

T. Michaud et al. / Carbohydrate Research 299 (1997) 253-269

“ZHIW 00¥ °a’D ,
ZHW 00¥ “*1DAD
ZHN 00€ 100D

X N1 e R A s . $L s i , ) .
Y9y P 06°°r 8T%r €Lt 9¢'fr e66'r 1s%'r
€0'1S  STL-0SLwW LLY 9V €6 P €8y AV 9CEPP  £S°EPP IPyw  [6€EPP  SYEPP  LSPPP 06t P « IE€€
st r ou Yt L , 9t Or ) - .
9vP SOy P 8Ly P gL 00°%r sv*'r syt o0l tr o€ c'r
OIS STL-0S LW 6LV P 6LV P PSYP  OI'E PP 66T P AR L'€Y ¥6EPP  LI'PPP 80°GC P 4 PEE
@N— Euw\. NN— Euw\. NN— Euw\. v_ — Euw\. . OW ‘c,.w\. i - i B
SIep 8b'v P oLy P 1'8°°r  00°°r 9v°tr LtvTr 88Yy 1L t'r
LTYP  069-TPLw 09t 9V S8 P SI'SP  €¥TPP EEP LLED 90€1l  SEEPP  SEY PP vy P > di1g
@N— Eom\. , PV \cm\. i - _ -
Z2rep vL%r 00 r  Lvy'r 1str vetr LTtr
STYP  069-Th LW 1€v—1Lp $vT PP 17€P 6°¢) TEY  90YPP PP Y PP 00°S P > OIE
ozl "'t 1ra "r 601 “r , 8y O i . i B
wyp SOt P 6L P €8°°r  00°°r vvtr Ts''r 06‘'r <SLY'r
SPTS  9TL-TyLW 8L P 86t P I0SP  ¥8TPP 0SEP 6T €TE€EY  €SEPP 80V PP Py P . 982
ST ™ 611 "™r 611 ™r , Ly 25r , - i .
85y P 9P YLV P z8°°r  00°%r LY'r €sVr ve'yr e6cTt'r
PrTSs  STL-OS LW oLy P 6LV P €gYP  18TPP SreEP ) 8C€l  86EPP  TI'HPP 36v P 4 P82
e 96
wad wod 9'9 Ly c.m\. Sy t'e £'7 ¢
ozt “r oz M"r €8°°r  00°r LY 'r TS''r ve'r 8TY'r
SPTS  STLOpLw 8€°€ S SLv av 6Ly AV 8L TPP 0EEP SI'p 1€€Y  L8EPP 80V PP YLy P a P97
0S5 . B
08°r os'r <6 oct'r
LETS 8¢S e s ISES  9LTPP STEPP  SIYP PEEY  6YEPP TL'EPP S8y P e PET
d-N ud UYd*HD~0 10 3N—0 9H 9-H S-H v-H ¢-H H I"H
(zH ut £) wdd ur syjys eatwsy)y  punodwo)

£€ PUE ‘[§ ‘DT ‘DYT ‘DET SAUIPNIZE pasny o EIEp YN H,

t dlqeL



T. Michaud et al. / Carbohydrate Research 299 (1997) 253269

262

"padueyosoiur 9q Aew SUSWIUSISSY |

v9°LT1-10'8T1
W LT1-ST8TI 00°8€1 6S°ST
SELTI-86'LTI- 18T 96'8€1 IL1S  0S69  vO€EL  OTPL  89TS 9TLY  9¥6S 66'LL 9€' 18 POl gee
09°LT1-2T'8TI
YELTI—69LTI-9T ST ¥ LEI 6L°ST
€V LTI V8 LTI—SE 8T 76'8€1 60CS 6689 €I'EL  08€L  SEIS 1769 6019 00'8L LOSL  9I'L6 LAYy
LYLET
LELT1-60'8T] RS
¥ LT1—¥T 8T 9L°8€E1
8Y'LTI-0€°8TI 88'8€1 €679  0SOL  ¥6TL  08vL  LSLS 9’L9  LL'V9 8Y°6L 9z’I8 #8101 Jgie
SSLT1-8¥'8TI LYLE]
78°921-19°L71-85°8TI 96°LET
L6'9Z1—1LLTI-1L'8T] 9L'8€1
PILTI-18LTI-S8'8T1 88'8¢€1 €679 6689  t6TL 1'EL €TLS LO99  LLY9 ¥8°SL €06L  S996 A (Y
19°LT1-8T'8T1 OL'LET
0S'LT1—€8°LTI—€E8TI 89'8€1
9G°LT1-80'STI—LS'8TI 88'8¢1 0E9r  9P0L €8°7L 16¥L 9009 1€19  +I'L9 91'6L SO'I8 97101 g8
€9°L21-87°8T1
TLLTI-0E'8TI
8€° LTI YL LTI—9€8TI 09°LEL
TSLTI-88LTI—0V 8T 08°8€1
8G'LTI—€1°8T1-0S'STI O1'6€1 T 8069  98TL  LTEL  89°6S TIL9  p8S9 86°GL IT6L 596 o8y
W LTI-T6'LT1—6T8TI 1L°8€E1
YbLTI—S9'LT1-SE 8T S6'8€l 919y  9L'SS  9LTL  OL'EL  096S LOL9  0S°S9 wsL ZE6L  9£'66 09z
6V'Sy  67SS  OLLS €S8  80°6S 6569 969 L99L E6L €086 ey 4
(HD) ud ud a-N Ud “HO-0 10 SN-0 9-D . SO D , €D . TD 1-O  punodwo)

€€ ‘I€ ‘8T ‘P 9T ‘DET SUPUAZE Jo (ZHW 001 “*[DAD ‘AOI() ©ep AN D,

LA CLAY



T. Michaud et al. / Carbohydrate Research 299 (1997) 253-269

The difference in behaviour between the gluco
and the manno derivatives can be explained by the
following considerations: in order to permit the sub-
stitution of the 4-O-tosyl group according to a S2
process, the intermediate 6-fert-butylamino-6-deoxy
derivative, initially formed, must adopt a boat-like
conformation (Scheme 3).

In this conformation, we can see on the manno
derivative that the O-benzyl group at C-2 creates
steric hindrance that prevents the approach of the
nitrogen electronic doublet on C-4. In this case, a
substitution by a second molecule of amine is
favoured. On the other hand, this hindrance does not
exist in the gluco derivative, and the intramolecular
substitution is kinetically favoured, leading mainly to
the fused azetidine compounds.

All these compounds were identified on the basis
of their NMR spectroscopic data. As a general rule
for all the fused azetidines, the H-6, H-6' and H-4
signals were shielded by about 1 ppm compared to
those of the ditosylate precursors, indicating that
double substitution occurred. This was confirmed by
the disappearance of the signals of the tosyloxy pro-
tons. The coupling constants J,.;, and J, 5, = 5.0
Hz established the galactopyranoside configuration.
For each couple of anomers 28, 31 and 33, H-1
appears as a doublet at lower field and with a smaller
coupling constant for the a anomer (2.7 to 3.0 Hz)
than for the 8 anomer (5.1 to 7.5 Hz). The '"H NMR
spectra of azetidines 23«, 26 a, 28  and 28 B (Table
3) showed, in particular, one singlet (3 H) at =2.4
ppm corresponding to the N-methyl group. Aze-
tidines 23« and 26 @ showed a second singlet (3 H)
near 3.4 ppm for the anomeric methoxy group.

The '"H NMR spectra of the monosubstituted com-

D-glucoside

OTs NH/Bu

TsO L BuNH 0

—_ Ts(
BzI0 OBzl BZ10 OBzl
Bzl OBzl
D-mannoside
0T NHfBu

S
OBzl
[0]
TsO OBzl
Bz10 fBuNH,

OBzl
(0]
TsO OB7]
BziO —_—

263

pounds 25« and 32« (Table 5) showed the persis-
tence of the signals of one tosyloxy group, in particu-
lar one singlet at = 2.40 ppm (3 H). The chemical
shift of H-4 (almost unchanged compared to the
spectra of the ditosylates 9 and 17a), the coupling
constant J, ;. =9.7 Hz and the shielding of the
signal of H-6 and H-6' confirmed that the remaining
tosyloxy group was carried by C-4; the singlet at 2.42
ppm (3 H) for the N-methyl group (25«), and the
well-resolved AB system (8 3.75 ppm, J 13.3 Hz),
corresponding to the methylene of the benzylamino
group (32a), proved the substitution of the C-6
tosyloxy group.

The 'H NMR spectrum of the disubstituted com-
pound 27« showed, in particular, three singlets (3 H
each) at 2.26, 2.53 and 3.43 ppm attributed to the two
N-methyl and the methoxy groups, respectively. The
'"H NMR spectrum of disubstituted compound 34
(Table 5) showed, in particular, a singlet at 1.05 ppm
(18 H, N-tert-Bu), and two broad signals (1 H each,
N-H) near 2.70-2.20 ppm, which disappeared after
the addition of deuterium oxide. The coupling con-
stant value J,; (4.0 Hz) indicated a falo configura-
tion which, with the disappearance of the two tosy-
loxy groups, confirmed the structure.

The C NMR spectra of fused azetidines 23a,
26a, 28, 31 and 33 (Table 4) showed, in particular,
the signals of a single N-alkyl group; the chemical
shift of anomeric carbon appears at higher field for
the « anomer (=97 to 99 ppm) than for 8 anomer
(= 101 to 104 ppm). The comparison with °C NMR
spectra of ditosylates (Table 2) showed a strong
shielding (= — 10 ppm) for the C-6 signal of aze-
tidines.

The °C NMR spectrum of the disubstituted com-

fBuHN
( (BuHN
0 o
BZK)W —»  BZIO
0Bz]
? OBz
Z

I OBzl 0B
TsO

1BuHN NHrBu

/—\ Bzl
{BuH,N o
BzlO

TsO

tBuHN
BzIO

209

OBzt
z OBzl

—_—

Scheme 3.
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pounds 27« and 348 (Table 6) showed, in particular,
the signals of two N-alkyl groups.

3. Conclusions

The reaction of 4,6-ditosylates of glucopyranosides
with a primary amine led to a monosaccharide-fused
azetidine. The yield of cyclised product is affected to
a great extent by the protecting group of the hydroxyl
groups and the type of amine. Benzyl ether gave the
best results with a bulky primary amine like tert-
butylamine. When we used a mixture of the two
anomeric ditosylates with a given «:pf ratio, the two
anomeric fused azetidines were obtained in the same
ratio, indicating that the anomeric position axial or
equatorial of the C-1 substituant does not signifi-
cantly affect the yield of the cyclisation products.

4. Experimental

General methods.—Melting points were deter-
mined on a Biichi SMP-20 apparatus and are uncor-
rected. Evaporations were performed under dimin-
ished pressure. Optical rotations were measured at
room temperature on a Perkin—Elmer 241 polarimeter
(path length 1 dm). Column chromatography was
carried out using Silica Gel 60 (E. Merck 70-230
mesh) or 60A (E. Merck 35-70 mesh). TLC was
performed on precoated plates (E. Merck 5724), and
compounds were visualised with a spray of 30% aq
sulfuric acid or a solution of phosphomolybdic acid
(25 g) in ethanol (500 mL), and heating. All organic
solvents were dried and distilled. Pyridine was dried
and distilled under diminished pressure. N,N-Di-
methylformamide was stirred over CaH, and distilled
under reduced pressure. Anhydrous Na,SO, or
MgSO, were either used to dry organic extracts. 'H
NMR (300 or 400 MHz) and *C NMR (75 or 100
MHz) spectra were recorded on a Bruker MSL 300 or
AC 400 spectrometer; the residual absorption of the
NMR solvent was taken as the internal reference.
Chemical shift data are given in &-units (ppm) and
spin—spin coupling are in Hz. Microanalyses were
performed by the Service Central d’Analyse du
CNRS, Vernaison (France).

Preparation of methyl 4,6-O-isopropylidene-a-D-
glucopyranoside (Sa).—Acetal Sa was prepared as
described [7] from commercial methyl a-D-gluco-
pyranoside (2a). Although NMR data were in good
agreement with those of literature, the melting point

was quite different: mp 116 °C, lit. 84-86 °C [7];
[a]? +111° (¢ 1.01, H,0), lit. [a]® +105° (¢ 5.0,
H,0) [7); R, 0.32 (EtOAc). For 'H and °C NMR
spectra, see Tables 1 and 2,

Preparation of methyl 4,6-O-isopropylidene-2,3-di-
O - methyl - a-D - glucopyranoside (6 a).—Acetal 5«
(5.4 g, 23.0 mmol) was permethylated using a slightly
modified Hakomori’s method [8]. Compound 6 ¢ was
obtained as a crystalline product (5.8 g, 96%), which
could be used directly for further transformations: mp
85 °C, lit. 84 °C [13}; [aJ*® +122° (¢ 1.04, CHCl,),
lit. [a]® + 120° (c 1.0, CHCly) [13]; R, 0.68
(EtOAc). For 'H and >C NMR spectra, see Tables 1
and 2.

Preparation of methyl 2,3 -di-0O -methyl-a-D-
glucopyranoside (Ta).—Acetal 6a (6.2 g, 24.0
mmol) was hydrolysed by heating (50 °C) in a 60:40
aq solution of acetic acid for 1 h (checked by TLC,
EtOAc) to give a single product. The water was
evaporated under reduced pressure, and acetic acid
was eliminated by coevaporation with toluene to
afford 7a (5.0 g, 95%) as a white solid: mp 86 °C,
lit. 84 °C [14], 8285 °C [15].

Preparation of methyl 2,3-di-O-methyl-4,6-di-O-
tosyl- a-D-glucopyranoside (9a).—Diol Ta (4.8 g,
22.0 mmol) was tosylated for 72 h, using the method
described by Kabalka et al. [16]. TLC (1:2 hexane—
EtOAc) showed two spots at R, 0.31 (monotosylate
8a) and R ;052 (ditosylate 9a) The crude product
was purified by column chromatography to give 9«
(7.5 g, 65%) as a white solid: mp 123 °C, lit.
123-124 °C [14]; [a]? +80° (¢ 0.95, CHCl,), lit.
[a]? +80° (¢ 2, CHC13) [14] R; 052 (1:2
hexane—EtOAc). For 'H and "°C NMR spectra, see
Tables 1 and 2. If the duration of tosylation was only
6 h, two products were obtained: the monotosylate
8a (6.3 g, 79%), as a syrup (for 'H NMR spectrum,
see Table 1), and the ditosylate 9a (1.2 g, 10%).

Preparation of methyl 2,3 -di-0O -benzyl - a-D-
glucopyranoside (11a).—Acetal 10a, prepared by
benzylation [9] of 5a (10.6 g, 45.3 mmol), was
hydrolysed as described for the acetal 6, to give
11« as a white solid (4.8 g, 28% from 5a): mp 77
°C, lit. 79-80 °C [17a), 75-76 °C [17b]; [« ]Z* +89.4°
(c 1.01, acetone), [« ]>* +18.4° (¢ 1.01, CHCl,), lit.
[a]® +88.7° (c 1, acetone) [17a], [a]2® +18.8° (¢
4.9, CHCl,) [17b].

Methyl 2,3-di-O-benzyl-4,6-di-O-tosyl-a-D-
glucopyranoside (13a).—Diol 11a (4.8 g, 12.8
mmol), treated as described for diol 7a, gave 13«
(4.0 g, 46%) as a white solid, which was recrystal-
lized from 95% ethanol; mp 114-115 °C; [al?
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+15.7° (¢ 1.04, CHClL;); R, 0.68 (1:1 hexane-
EtOAc); Anal. Calcd for C35H380mS C, 61.57; H,
5.61; O, 23.43; S, 9.39. Found: C, 61.64; H, 5.56; O,
23.52; S, 9.53. For 'H and ’C NMR spectra, see
Tables 1 and 2.

Preparation of 4,6-O-isopropylidene-D-glucopyran-
ose (14a+ B).—Acetals 14 + B were prepared as
described by Wolfrom et al. [7]. They were con-
tamined by a small amount of unreacted glucose and
were used without further purification; R, 0.24
(EtOAc), lit. R, 0.2 (EtOAc) [7].

Benzyl 2,3-di- O -benzyl-4,6-O-isopropylidene-a, 3-D-
glucopyranosides (15a + B).—The crude acetals
14a + B (5.4 g, 24.5 mmol) were benzylated using
the method described by Decoster et al. [9]. Purifica-
tion of the resulting yellow oil by column chromatog-
raphy (eluent: 9:1 hexane-EtOAc) furnished the
syrupy acetals 15a + 8 (5.3 g 42%), contaminated
by perbenzylated glucose. Analytically pure anomer
158 has been thus isolated; [a]?' —26.2° (¢ 1.06,
CHCI,); R, 0.36 (4:1 hexane-EtOAc); Anal. Calcd
for CzOHMO C, 73.45; H, 6.99. Found: C, 73.28;
H, 7.01. For 'H and ”C NMR spectra, see Tables 1
and 2.

Preparation of benzyl 2,3-di-O-benzyl-a, B-D-
glucopyranosides (16 a+ 3).—A solution of 5.0 g of
the acetals 15« + B (contaminated by perbenzylated
glucose) in a 60:40 aq solution of acetic acid was
heated for 1 h at 60 °C. After usual workup, the crude
diols 16 « + B were purified by column chromatog-
raphy (1:1 hexane—EtOAc) to give pure diols 16 +
B (2.9 g, 64%) as a white solid. Anal. Caled for
C,,H;,04: C, 72.02; H, 6.70. Found: C, 72.10; H,
6.72. Pure anomer 163 was obtained by recrystal-
lization (cyclohexane—EtOAc) from the mixture of
the two anomers; mp 112-113 °C, lit. 112-113 °C
[18]; [a]*® —5.4° (¢ 1.06, acetone), [« 2! —41.3° (¢
1.06, CHCl,), lit. [« ]2°
0.40 (1:1 hexane—EtOAc). For 'H and "C NMR
spectra, see Tables 1 and 2. The '*C NMR spectrum
of 16 ¢ was determined from the mixture.

Benzyl 2,3-di-O-benzyl-4,6-di-O-tosyl-«, B-D-
glucopyranosides (17a+ B).—Diols 16a + B (4.6 g,
10.2 mmol) were tosylated using the method de-
scribed by Kabalka et al. [16]. The crude product was
purified by column chromatography to give the dito-
sylates 17a + B (5.7 g, 74%) as a white solid: mp 96
°C; R, 0.50 (5:3:1 hexane—CHCl,—EtOAc); Anal.
Calcd for C,;H,,0,,S,: C, 64.89; H, 5.58; O, 21.00;
S, 8.45. Found: C, 65.12; H, 5.75; O, 21.10; S, 8.53.
For 'H and "C NMR spectra, see Tables 1 and 2.
Pure anomer 173 was obtained from the diol 16 8:

—6.5° (¢ 2, acetone) [18]; R,

mp 97-98 °C; [a]*® —5.0 (¢ 1.00, CHCI,). Anomer
17a [5): [@]? +41.6° (¢ 1.11, CHCl) The “C
NMR spectrum of 17a was determined from the
mixture (see Table 2).

Preparation of 4,6-O-isopropylidene-D-mannopyran-
ose (18 + B).—Acetals 18a + B were prepared as
previously described [11]. They have been character-
ized as their peracetylated derivatives obtained by
acetylation of the crude product by usual procedure
and separation by column chromatography: 1,2,3-tri-
O-acetyl-4,6-O-isopropylidene-a-D-mannopyranose:
mp 44-49 °C, lit. 49 °C [11]; [a]2® +42° (¢ 1.0,
CHCl,), lit. [« ]2’ +48° (¢ 1.0, CHCI,) [11]. 1,2,3-
tri-O-acetyl-4,6-O-isopropylidene- B-D-mannopyran-
ose, syrup: lit. mp 53-62 °C [11]; [« ]?® —34° (¢ 1.0,
CHCl,), lit. [« ]2 —39° (¢ 1.0, CHCl,) [11].

Benzyl 2,3-di-O-benzyl-4,6-O-isopropylidene--D-
mannopyranoside (198).—The perbenzylated D-
mannopyranoside acetal 198 was prepared from the
crude acetals 18a+ B8 (3.0 g, 13.6 mmol) as de-
scribed above [9] for the D-glucose derivatives 16 o +
B. Purification of the resulting yellow oil by column
chromatography (4:1 hexane—EtOAc) furnished two
syrupy fractions: 3.3 g (49%) of the anomer 1983, and
0.60 g (10%) of the anomer 19a; 198: [a]2* —75.0°
(¢ 1.0, CHCL,); R, 0.56 (4:1 hexane-EtOAc); 19a:
[a]?* +74. O° (¢ 10 CHCL); R, 0.63 (4:1 hexane—
EtOAc). For 'H and C NMR spectra see Tables 1
and 2.

Benzyl 2,3 -di-O-benzyl- B-D - mannopyranoside
(208).—Acetal 198 (4.2 g, 8.6 mmol) was treated
as described for compounds 15« + 8. Diol 20 8, thus
prepared, was purified by column chromatography
(2:1 cyclohexane—EtOAc), and obtained as a white
solid (3.6 g, 93%): mp 136-137 °C; [« ]’ —126.7°
(c 1.01, CHCL,); R, 0,32 (1:1 cyclohexane~EtOAc);
Anal. Caled for C27H300 C, 71.98; H 6.71; O,
21.31. Found: C, 71.80; H, 6.74. For 'H and "*C
NMR spectra, see Tables 1 and 2.

Benzyl 2,3-di-O-benzyl-4,6-di-O-tosyl-B-D-
mannopyranoside (228).—Diol 208 (3.0 g, 7.0
mmol) was tosylated as described above for the
glucosides derivatives 16« + 8. The crude product
was purified by column chromatography (6:3:1 cy-
clohexane—~CHCl1,-EtOAc) to give the ditosylate 22 8
(4.9 g, 97%) as a white solid, and traces of the
monotosylate 218 as a syrup. The tosylation of diol
208 (0.4 g, 0.9 mmol) during only 6 h gave 0.5 g
(93%) of the monotosylate 218 as a syrup; 21p:
[a]28 —93.8° (¢ 1.00, CHCl,); 228: mp 112-113

C; [al3! —121.2° (¢ 1.00, CHCL,); R; 0.66 (6:3:2
cyclohexane CHCI;-EtOAc); Anal. Calcd for
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C,H,0,,S,: C, 64.89; H, 558; O, 21.08; S, 8.45.
Found: C, 64.80; H, 5.75; O, 20.54; S, 8.50. For 'H
and "°C NMR spectra, see Tables | and 2.

General preparation of the fused azetidines.—The
ditosylate was heated at 120 °C with the appropriate
amine in a sealed autoclave. The crude product was
concentrated under diminished pressure, and ethyl
acetate was added. A white solid was filtered; the
filtrate was concentrated in vacuo, and the resulting
syrup was purified by flash chromatography on silica
gel.

Methyl 4,6-dideoxy-2,3-di-O-methyl-4,6-methylimi-
no - a - D - galactopyranoside (23a).—Ditosylate 9«
(4.0 g, 7.5 mmol) was heated for 4 h with 15 mL of
ethanolic methylamine (33%). Purification (eluent:
acetone) after workup, as described above, furnished
two fractions: the fused azetidine 23« (0.5 g, 30%)
as a pale yellow oil: [a]?® +205.0° (¢ 0.85, CHCl,),
lit. [ar], +205.0°(c 2, CHCl,) [5]; R, 0.40 (acetone)
the monosubstituted compound 25« (0 5 g, 19%) as
an orange oil: [oz]23 +100.0° (¢ 1.02, CHCl,); R,
0.30 (acetone). For 'H and *C NMR spectra, see
Tables 3-5.

Methyl 2,3-di-O-benzyl-4,6-dideoxy-4,6-methylimi-
no - a-D- galactopyranoside (26 a).—Ditosylate 13«
(2.2 g, 3.2 mmol) was heated for 10 h with 10 mL of
ethanolic methylamine (33%). Purification (eluent:
10:1 EtOAc—methanol) after workup, as described
above, furnished two fractions: the fused azetidine
26 (0.42 g, 35%) as a clear oil: [@]? +69.5° (¢
1.18, CHCl,); R, 0.55 (8:1 EtOAc-MeOH); the
4.,6- d1subst1tuted compound 27a (43 mg, 3%) as an
orange oil: [a]** +27.8° (c 1.20, CHCl )i R, 0.22
(8:1 EtOAc~MeOH). For 'H and "°C NMR spectra
see Tables 3-6.

Benzyl 2,3-di-O-benzyl-4,6-dideoxy-4,6-methylimi-
no-a, B-D-galactopyranosides (28 a + B).—Ditosy-
lates 17a + B (5.1 g, 6.7 mmol) were heated for 4 h
with 15 mL of ethanolic methylamine (33%). Purifi-
cation (eluent: ether) after workup, as described
above, furnished two fractions: the two fused aze-
tidines 28a + B (1.83 g, 61%) and the compound
308 (0.13 g, 4%); 28a + B: R, 0.50 (ether); Anal.
Calcd for C,4H4,NO,: C, 75.48; H 7.01; N, 3.14; O,
14.36. Found: C, 74.77; H, 7.04; N, 3.94; O, 14.23;
308: mp 113115 °C; [a]** —29.8° (¢ 1.07, CHCl,);
R, 0.15 (ether); Anal. Calcd for C;,H3xN,0,: C,
7374 H, 743 N, 5.73. Found: C, 73.15; H, 763 N,
5.36. For 'H and ’C NMR spectra, see Tables 3—6.

Benzyl 2,3-di-O-benzyl-4,6-dideoxy-4,6-methylimi-
no - a - D - galactopyranoside (28 a).—Prepared, as
described above, from the anomerically pure ditosy-

late 17a: [« ]2 +105.8° (¢ 1.00, CHCI, ) lit. +96°
(¢ 2, CHCI,) [5]; R, 0.50 (ether). For 'H and "C
NMR spectra see Tables 3 and 4.

Benzyl 2,3-di-O-benzyl-4,6-dideoxy-4,6-methylimi-
no - B - D - galactopyranoside (28 8).—Prepared, as
described above, from the anomerically pure d1tosy-
late 178: [« ]® —33.0° (¢ 1.00, CHCL,). For 'H and
C NMR spectra, see Tables 3 and 4.

Benzyl 2,3-di-O-benzyl-4,6-benzylimino-4,6-dideoxy-
a, B-D-galactopyranosides (31 a + B).—Ditosylates
17a + B (3.0 g, 4.0 mmol) were heated at 120 °C for
16 h with 15 mL of benzylamine. After evaporation
of the amine, the crude product was dissolved in
ether, filtered and concentrated. Chromatography of
the resulting syrup (4:3:2 hexane—CHCl,~EtOAc)
gave two fractions: 0.75 g of a syrup containing the
two azetidines 31« + 3, contamined by the tosylate
of benzylamine (ratio 85:15, determined by the 'H
NMR spectrum); the second fraction contained the
pure benzyl 2,3-di-O-benzyl-6-benzylamino-6-deoxy-
4-0-tosyl-a-D-glucopyranoside (32a) (0.20 g, 8%)
as a syrup: [a]2® +55.9° (¢ 1.00, CHCl ); R, 0.26
(4:3:2 hexane~CHCI,-EtOAc). For 'H and ’C NMR
spectra, see Tables 3-6.

Benzyl 2,3-di-O-benzyl-4, 6-tert-butylimino-4,6-
dideoxy-a, B-D-galactopyranosides (33a + B).—Di-
tosylates 17a + B (2.0 g, 2.6 mmol) were heated at
120 °C for 6 h with 10 mL of tert-butylamine.
Purification after workup, as described above, fur-
nished three fractions: the first contained the pure
azetidine 338 (0.83 g, 65%) as a syrup, the second
fraction (0.22 g, 17%) was a mixture of the two
azetidine anomers 33« + 8, and the third was the
pure azetidine 33a (0.143 g, 11%); 338: [«]?
—52.1° (¢ 1.04, CHCl,); R, 0.89 (ether); Anal.
Calcd for C5,H;,NO,: C, 76. 35 H, 7.65; N, 2.87; O,
13.12. Found: C, 76.07; H, 7.49; N, 2.97; O, 13.18;
Ba; [al? +119. 4° (¢ 1.01, CHCL,); R, 0.66 (ether).
For 'H and *C NMR spectra, see Tables 3 and 4.

Benzyl 2,3-di-O-benzyl-4,6-bis(tert-butylamino)-4,6-
dideoxy-B-D-talopyranoside (34 3).—Ditosylate 223
(1.9 g, 25.0 mmol) was heated at 120 °C in a sealed
autoclave for 6 h with 10 mL of rert-butylamine. The
crude product was treated as described for the galacto
derivatives. Column chromatography (2:1 MeOH-
CHCl,) of the resulting syrup gave the compound
348 (l 04 g, 74%) as a viscous syrup: [a]3* —60.0°
(c 1.02, CHCL,); R, 0.25 (2:1 MeOH—CHCI,); Anal.
Calcd for C35H48N 0,: C, 74.96; H, 8.63; N, 5.00;
O, 11.41. Found: C, 74.76; H, 8.80; N, 5.20; O,
11.70. For 'H and C NMR spectra, see Tables 5
and 6.
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