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ABSTRACT 

Acetylation of benzyl 6-deoxy-3,4-O-isopropylidene+?-L-galactopyranoside 
gave benzyl 2-O-acetyl-6-deoxy-3,4-O-isopropylidene-~-g-L-gaIactopyranoside (1). Re- 
moval of the isopropylidene group afforded benzyl 2-0-acetyl-6-deoxy-&r.-galacto- 
pyranoside (2), which was converted into benzyl2-0-acetyl-6-deoxy-3,4-di-O-(methyl- 
sulfonyl)-/3-L-galactopyranoside (3). Benzyl 2,3-anhydro-6-deoxy-4- O-(methyl- 
sulfonyl)+?-L-gulopyranoside (4) was obtained from 3 by treatment with alkali. 
Reaction of 4 with sodium azide in N,N-dimethylformamide gave a mixture of two 
isomeric benzyl 2,~diazido-2,4,6-trideoxy hexoses, the syrupy diazido derivative 5 
and the crystalline benzyl 2,4-diazido-2,4,6-trideoxy+L-idopyranoside (6). Acetyl- 
ation of 6 afforded a compound whose n.m.r. spectrum was completely first order and 
in agreement with the structure of benzyl 3-0-acetyl-2,4-diazido-2,4,6-trideoxy- 
&idopyranoside (7) Lithium aluminium hydride reduction of 5, followed by 
acetylation, afforded a crystalline product (S), shown by n.m.r. spectroscopy to be 
benzyl 2,4-diacetamido-3-O-acetyl-2,4,6-trideoxy-B-L-altropyranoside. Similar treat- 
ment of the diazido derivative 6 afforded benzyl 2,4-diacetamido-3-O-acetyl-2,4,6- 
trideoxy+L-idopyranoside (9). Compounds 8 and 9 could also be obtained from 4 by 
treatment of the crude diazido mixture with lithium aluminium hydride, with 
subsequent N-acetylation. The syrupy benzyl 2,Pdiacetamido-2,4,6-trideoxy+r.- 
altropyranoside (10) and the crystalline benzyl 2,4-diacetamido-2,4,6-trideoxy+L- 
idopyranoside (11) thus obtained were then 0-acetylated to give 8 and 9 respectively. 
Benzyl2,4-diacetamido-2,4,6-trideoxy-@&tlopyranoside (15) was obtained from 11 
by treatment with metbanesulfonyl chloride and subsequent solvolysis. Compound 15 
was 0-acetylated to yield benzyl2,4-diacetamido-3-O-acetyl-2,4,6-trideoxy-8_L-talo- 
pyranoside (16). the n.m.r. spectrum of which was in full agreement with the assigned 
structure. The mass spectra of compounds S-11, 15, and 16 were also in agreement 
with their proposed structures. Removal of the benzyl groups from 10, 11 and 15 
afforded the corresponding 2,4-diacetamido-2,4,6-trideoxyhexoses 12, 13, and 17, 
having the L-altru, L-ido, and L-tab configurations, respectively. 
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INlRODUCTION 

Amino sugars of unusual structure are of considerable importance, as they have 
been found to occur as components of many antibioticsl** and bacterial poly- 
saccharides3. For several years our laboratory has been interested in the chemistry of 
some of these unusual amino sugars, in particular of 2,4-diamino-2,4,6_trideoxy- 
hexoses. Such a diamino sugar was first isolated from a polysaccharide of~BaciZhm 

lichenifo?mis (then known as Bacillrrs subtilis) by Sharon and Jeanloz4 and has been 
shown recently’ to possess the structure of 4-acetamido-2-amino-2,4,6-trideoxy- 
D-glucose. In an attempt to synthesize related diamino sugars, methyl 2,4_diacetamido- 
3-O-acetyl-2,4,6-trideoxy-a+altropyranoside and methyl 2,4-diacetamido-3-U-acetyl- 
2,4,6-trideoxy-or-Ldopyranoside were prepared from methyl 6-deoxy-3,4-O-isopro- 
pylidene-cr-L-galactopyranoside6. However, acid hydrolysis of these diamino hexose 
derivatives led to extensive degradation. This difficulty can be avoided by using benzyl 
6-deoxy-3,4-U-isopropylidine-j?-L-galactopyranoside (benzyl 3,4-O-isopropylidene+ 
L-fucopyranoside) as starting material instead of the analogous methyl glycoside, as 
the benzyl group can be easily removed under mild neutral conditions. 

RESULTS AND DISCUSSION 

Acetylation of benzyl 6-deoxy-3,4-O-isopropylidene+L-galactopyranoside7 
with acetic anhydride and pyridine gave the crystalline benzyl 2-O-acetyld-deoxy- 
3,4-0-isopropylidene+?-r_.-galactopyranoside (1). Examination of the lOO-MHz n-m-r- 
spectrum of 1 (Tables I and II) showed all of the ring protons except H-4 to be axial; 
the C-2 acetoxyl group was equatorial (z 7.94) and the benzylic methylene protons 
resonated as an AB docblet of doublets. 

Treatment of 1 with Amberlite IRCSO (Hf) resin, selectively removed the 
isopropylidene group, yielding benzyl 2-0-acetyl-6-deoxy+L-galactopyranoside (2). 
Compound 2 was converted by methanesulfonyl chloride in pyridine into benzyl 
2-O-acetyl-6-deoxy-3,4di-O-(methylsulfonyl)-~-~-galactopyranoside (3). The n.m.r. 
spectrum of 3 could be fully analyzed without the use of double irradiation and the 
coupling consrants were similar to those found for compound 1. Treatment of 3 with 
sodium methoxide yielded benzyl 2,3-anhydro-6-deoxy4O-(methylsulfonyl)+r.,- 
gulopyranoside (4) The n.m.r. spectrum of 4 could be interpreted readily at 100 MHz 
(Fig. 1). The coupling constants of the ring protons (Table II) were in agreement with 
the expected half-chair conformation8-‘o, as well as with those found for the cor- 
responding methyl 2,3-anhydro-6-deoxy4O-(methylsulfonyl)-a-r-L-gulopyranoside6. 
The H-l signai appeared as a low-field singlet (Z 5.13), so that the one-proton doublet 
at T 6.66 (J2,3 3.5 Hz) could be attributed to H-2. The H-5 signal appeared as an octit 
(r 6.27) having J5,6 6.5 Hz and J4,5 1.7 Hz, and the triplet at r 5.20 (J 1.7 Hz) was 
assigned to H-4. The remaining, unresolved multiplet at r 6.44 is thus the H-3 signal. 
The foregoing interpretation was confirmed by double-resonance experiments (Fig. 1). 
By irradiation at the frequency of H-4, the H-5 octet collapsed into a quartet having 



T
A

B
L

E
 

I 

C
H

EM
IC

A
L 

SI
iIP

TS
” 

(7
 U

N
IT

S
) 

O
F

 C
O

M
P

O
U

N
D

S
 1

, 
3,

 4
, 7

, 
8,

 9
, A

N
D

 
16

 

C
O

W
 

So
lo

er
rr

 
H

-l
 

H
-2

 
H

-3
 

H
-4

 
H

-5
 

P
I1

 
C

H
2 

O
A

c 
N

A
c 

J-
M

C
 

O
Il

W
 

p
o

m
i 

lb
 

C
D

C
la

 
5.

67
d 

3c
 

C
D

&
 

5S
O

d 

4b
 

C
D

C
ls

 
5.

13
s 

7’
 

C
D

C
&

 
5.

15
d 

gb
 

C
D

C
&

 
5S

4d
 

8d
 

C
sD

SN
 

4.
83

d 

8’
 

(C
D

B
)&

O
 5

.1
3d

 

9b
 

gd
 

16
b 

C
D

C
Ia

 
5.

10
d 

C
SD

sN
 

4.
85

d 
5.

20
-5

.4
2m

 
4.

40
 t 

C
D

&
 

5.
52

bs
 

5.
62

-5
.8

4m
 

5.
16

q 

4.
98

q 
5.

91
 q 

6.
02

q 
6.

17
0 

4.
7o

q 
5.

2o
q 

5.
00

 q 
6.

20
0 

6,
66

d 
6.

44
m

 
5.

20
 t 

6.
27

 o 

6.
72

q 
4.

70
t 

6.
55

q 
5.

98
 0 

5.
66

-5
.9

1 
m

 
4.

75
q 

5.
66

-5
.9

 1
 m

 
6,

18
m

 

5.
06

-5
.2

5m
 

4.
29

q 
5.

06
-5

,2
6m

 
5.

94
0 

5.
74

-5
.9

8m
 

4.
96

q 
5.

74
-5

.9
8m

 
6,

23
 o

 

5.
60

-5
.9

4m
 

4.
88

q 
5.

60
-5

,9
4m

 

5.
20

-5
,4

2m
 

5.
62

-5
.8

4m
 

5.
60

-5
.9

4m
 

5.
65

m
 

6.
42

0 

2.
70

s 
5.

28
 d

d 

2.
68

s 
5.

22
dd

 

2.
62

s 
5.

16
dd

 

2.
72

s 
5.

30
dd

 

2.
70

s 
5.

30
dd

 

2.
5%

2.
90

m
e 

5.
25

dd
 

2.
78

s 
5.

37
dd

 

2.
66

s 
5.

32
dd

 
7.

96
 

2.
4!

-2
82

m
” 

5.
26

dd
 
8.

08
 

8.
10

(2
) 

2.
73

s 
5.

34
dd

 
7.

94
 

7.
98

(2
) 

7.
94

 

7.
91

 

7.
92

 

7.
94

 

8.
16

 

8.
00

 

8.
02

(2
) 

8.
05

(2
) 

8.
57

d 
8.

42
, 8

.6
5[

C
(M

e)
z]

 

8.
58

d 
6.

82
,6

.9
2(

M
s)

 

8.
70

d 
6.

87
(M

s)
 

8.
62

d 

8.
62

d 
3.

80
d 

(N
H

) 

8.
72

d 

8,
E

O
d 

8.
72

d 
3.

8O
q 

(N
H

) 

8.
67

d 

8.
82

d 
3.

36
m

 (
N

H
) 

‘O
bs

er
ve

d 
m

ul
tip

lic
iti

es
: 

b,
 b

ro
ad

en
ed

; 
d,

 d
ou

bl
et

; 
dd

, 
do

ub
le

t 
of

 d
ou

bl
et

s;
 

m
, m

ul
tip

le
t; 

o,
 o

ct
et

; 
q,

 q
ua

rt
et

, 
s,

 s
in

gl
et

; 
t, 

tr
ip

le
t. 

*R
ec

or
de

d 
at

 1
00

 M
H

z,
 

%
co

rd
ed

 
at

 6
0 

M
H

z.
 “

R
ec

or
de

d 
at

 9
0 

M
H

z.
 ‘

Pr
ob

ab
ly

 m
ix

ed
 w

ith
 s

ol
ve

nt
 s

ig
na

ls
. 



112 A. LIAV, N. SHARON 

TABLEII 

COUPLING COXSTANTS (HZ) OF METHLXN~ PROTONS OF COMPOUNDS 1,3,4,7,&g AND 16” 

Compound Soloent J 1.2 J2.3 53.4 J4.5 J 5.6 

lb 
35 
4* 
7' 
a* 
8d 
Sd 

;: 

16b 

CDCI;, 
CDCl3 
CDCls 
CDC13 
CDCls 
CsDsN 
WW2CO 

CDCla 
CsCsN 
CDCls 

8.5 7.5 4.25 2.0 6.5 
7.5 10.0 3.0 1.0 6.5 
0 3.5 1.7 1.7 6.5 
3.0 6.5 6.5 4.0 6.5 
2.5 6.5 3.5 7.0 6.5 
2.5 4.5 3.5 9.25 6.5 
2.0 4.5 3.0 9.0 6.5 
3.5 5.5 or 8.5 5.5 or 8.5 e 6.5 
3.0 6.5 6.5 4.0 6.5 

4 4.0 or 4.5 4.0 or 4.5 2.0 6.5 

“The benzyl methylene protons appeared as an AB pair of doublets, J= 12 Hz, in all of the com- 
pounds examined. *Recorded at 100 MHz. ‘Recorded at 60 MHz. dRecorded at 90 MHz. eCould not 
be obtained from the spectrum. 
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JSS6 6.5 Hz, and the H-3 multiplet changed into a clear doublet having J2,3 3.5 Hz. 
The triplet of H-4 collapsed into a doublet (-7 1.7 Hz), by irradiation at either H-3 or 
at H-5. 

J 

irrodiatl 
at H-3 

4.5 ’ 

cd 

lrrodioted 

.,t H-5 

H. 

100 MHz 
--H-D 

T 

Fig. 1. Partial n.m.r. spectrum of benzyl 2,3-anhydro-6-deoxy4O-methylstionyl-~-L-gulopyrano- 
side (4) at 130 MHz in CDCI,. The sign * describes the AB pair of doublets of the benzylic CH2. 

Amino groups are commonly introduced into sugars by treatment of suitable 
derivatives with sodium azide in N,N-dimethylformamide, with subsequent re- 
duction11*12. Upon treatment of compound 4 with sodium azide, two types of 
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reaction were expected to occur: (a), ring opening and (b), nucleophilic displacement 
of the methylsulfonyloxy group. With such compounds as 4, which possess a flexible 

conformation, ring opening may proceed by attack either at C-2 or at C-3 (ref. 13). 

Such ring opening, with concomitant nucleophilic displscement (with inversion) of the 
methylsulfonyloxy group at C-4 (reaction b) should, in the present case, yield benzyl 
2,4-diazido-2,4,6-trideoxy-8-L_altropyranoside and benzyl 3,4-diazido-3,4,6-trideoxy- 
/3-L-glucopyranoside. Indeed, treatment of 4 with sodium azide in NJV-dimethyl- 
formamide yielded a mixture from which two products, syrupy 5 and crystalline 6, 
could be obtained by chromatography on silica gel. However, detailed studies showed 
that compound 5 has the L-altro configuration, and the other isomer, 6, is benzyl 
2,4diazido-2,4,6-trideoxy-8_L-idopyranoside. 

Compound 5 showed a strong azide band at 2100 cm- 1 in its i.r. spectrum, and 

no sulfonate band was observed. It migrated as a single spot on t.1.c. but n.m.r. 

2NH -_ 

C(51-Me. 

L i, 

3.540---L--- ’ I \\ 1 I 
4.5 50 55 6.0 ’ ’ 8.5 9.0 

T 

Fig. 2. Partial n.m.r. spectrum of bemyl 2,4-diacetamido-3-0-acetyl-2,4,6-trideoxy-~~-aItro- 
pygoside (8) at 100 MHz in CDC13. The sign * describes the AB pair of doublets of the benzylic 

2. 



DIACE-fAhfIDOTFUDEOXYHEXOSES 115 

analysis showed it to be contaminated by a minor by-product. Attempts to purify this 
compdund by repeated chromatography on silica gel were unsuccessful. Reduction of 
5 with lithium alumiuium hydride, followed by acetylation, yielded the crystalline 
compound 8, which was shown to have the structure of benzyl 2,4_diacetamido- 
3-0-acetyl-2,4,6-trideoxy-B-L-altropyranoside. The loo-MHz n-m-r. spectrum of 8 in 
chloroform-d (Fig. 2, Tables I and IIJ was analyzed as follows: the two-proton doublet 
at z 3.80 is due to the two NH protons as it disappeared after the addition of deuterium 
oxide. The methylene protons of the benzyl group form an AB doublet of doublets, at 
7 5.30 (J 12 Hz) and the one-proton doublet at T 5.14 is attributable, most probably, 
to H-l. Double-irradiation experiments showed that the multiplet at z 6.18 is the 
H-5 signal, as it collapsed to a doublet upon irradiation at the C-5 methyl signal. It 
was also shown that the resonance at ‘c 4.75 is coupled neither to H-l nor to H-5, so 
that it must be that of H-3. From the intermediate values of the coupling constants 
found in this spectrum (see Table II), it was difficult to establish unequivocally the 
configuration of compound 8. However, when the n.m.r. spectrum of S was recorded 
in pyridine-d, , remarkable changes in the values of some of the coupling constants 
were observed: there was a decrease in J2,3 (4.5 Hz instead of 6.5 Hz) and an increase 
in J4,5 (9.2 Hz instead of 7.0 Hz). Similar results were obtained when the spectrum of 
compound 8 was recorded in acetone-d,. These data are in excellent accord with a 
&~-alit-o (IC) structure. It appears that, in chloroform solution, both chair con- 
formations of compound 8 (1C and C1) are present in substantial proportions in 
equilibrium, but that in more polar solvents there is a shift in the conformational 
equilil&ium to favor the IC(L) conformation. These conclusions are in line with a 
report by Durette and Horton14, who have studied the influence of solvents on the 
conformational equilibria of some D-aldopentopyranosides in solution. They found 
that for methyl tri-O-benzoyl-B-D-xylopyranoside there was an increase in the equilib- 
rium proportion of that chair form having the anomeric substituent equatorial with 
an increase in the dielectric constant of the solvent. It has also been shown6 that in the 
highly polar methyl sulfoxide-d,, methyl 2,4-diacetamido-3-O-acetyl-a-L-altro- 
pyranoside exists in the IC conformation. 

The locations of the 0-acetyl group and of the two acetamido groups in 
compound S were also established by n.m.r. spectroscopy. 0-Acyl groups are well 
known15-17 to deshield protons attached to the same ring position; as a result these 
protons resonate at a lower field than the other ring protons. In the n.m.r. spectrum 
of compound 8 (Fig. 2), H-3 resonates at a field lower than that of all other ring 
protons, so that presumably the O-ace@ group is linked to C-3, and the two aceta- 
mido groups are attached to C-2 and C-4. Furthermore, addition of deuterium oxide 
(which caused the disappearance of the NH signals) changed the multiplet pattern of 
H-2 and H-4, but no change in the shape of the H-3 signal was observed. All of these 
findings support the proposed structural assignment for compound 8. 

The benzyl diazido derivative 6 was obtained crystalline from the silica gel 
column; it showed a strong azide band at 2100 cm-’ in the infrared. Acetylation of 
6 gave the syrupy O-ace@ derivative 7, whose n.m.r. spectrum was well resolved even 
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at 60 MHz (Fig. 3) and the values of the coupling constants (Table II) indicated that 
this compound had the L-ido configuration. However, as J2,3 and J3,4 (6.5 Hz) are 
somewhat low for axial-axial interactions, it appears that, although compound 7 

I I I I I I 

4.5 5.0 5.5 6.0 6.5 7.0 

Fig. 3. Partial n.m.r. spectrum of benzyl 3-0-acetyl-2,4-diazido-2,4,6-trideoxy-8_oside (7) 
at 60 MHz in CDCIS _ The sign * describes the AES pair of doublets of the benzylic CH+. 

favors the CI(L) conformation, the other chair conformation is present in substantial 
proportion. This is similar to the case of methyl 2,4-diacetamido-3-O-acetyl-2,4,6- 
trideoxy-a+idopyranoside’, which was also shown to exist mainly in the CI(L) 
conformation. The O-ace@ group in 7 is most probably attached to C-3, because H-3 
resonates at a field Iower than the other ring protons, as found for the H-3 resonance 
in the n.m.r. spectrum of compound 8. On the basis of these data, the structure benzyl 
3- O-acetyl-2,4-diazido-2,4,6-trideoxy-8-L_noside was assigned to compound 7. 

Formation of a 2,4-diazido-L-ido derivative from compound 4 can readily be 
explained by assuming a mechanism involving epoxide-ring migration6*13*18. 
According to this mechanism (scheme II), reaction of compound 4 with the azide ion 
results first in the trans-diaxial opening of the epoxy ring by attack of the nucleophile 
at C-2; this gives rise to an intermediate (A) in which the methylsulfonyloxy group is 
still attached to C-4. Displacement of the methylsulfonyloxy at C-4 by azide would 
give the benzyl 2z4-diazido-/3-L-aZtro derivative; on the other hand, intramolecular 
displacement of the methylsulfonyloxy group by the anion at C-3 would lead to the 
formation of the 3,4-L-aho epoxide (B); subsequent tram-&axial opening of the 
epoxy ring in the latter intermediate (B) by reaction at C-4 should give the benzyl 
2,4-diazido-&L-id0 derivative. 

Reduction of benzyl2,4-diazido-2,4,6-trideoxy-j?-L-idopyranoside (6) by lithium 
aluminium hydride and subsequent acetylation with acetic anhydride and pyridine 
afforded the crystalline benzyl 2,~diacetamido-3-0-acetyl-2,4,6-trideoxy-fl-L-ido- 
pyranoside (9). The n.m.r. spectrum of 9 in CDC13 showed overlapping of the signals 
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OCH2Ph 

,!?!/OCH2Ph 
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0 w OCH2Ph 

_ M/TT: 

OMS 

N3 
B 

A 

Nfcy+Oz+ N3aocH2ph 
N3 

6 

of three ring protons (complex multiplet centered at z 5.76, probably H-Z, H-4, and 
H-5), so that no unequivocal interpretation of the spectrum could be made. The 
spectrum was less complex when recorded in pyridine-d,, and the data obtained 
(Tables I and II) accorded with the assigned structure. The H-3 signal resonated as a 
low-field triplet (z 4.40) and the H-l doublet was observed at z 4.85; H-5 resonated as 

H2/Pd 

10 - OH 

NHAc 

12 

NHAc 

H2/Pd 
H 

OH NHAc OH NHAc 

I H2/Pd 

i 
40. CgHgN 

NHAc AcQ NHAc 

13 16 

Scheme IU 
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a complex mukiplet, but irradiation at the C-5 methyl group caused this muhiplet to 
collapse to a doublet (.T4,s = 4.0 Hz). 

The two benzyl diacetamido hexosides 8 and 9 could also be obtained from the 
epoxy derivative 4 directly when the crude diazide mixture was reduced with lithium 
aluminium hydride and the resultant benzyl diamino derivatives were N-acetylated 
with‘acetic anhydride in methanol. After chromatography, first on silica gel and then 
on alumina, the syrupy benzyl2,4-diacetamido-2,4,6-trideoxy-@_-altropyranoside (10) 

and the crystalline benzyl2,4-diacetamido-2,4,6-trideoxy-/I-L-idopyranoside (11) were 

845 

I 

099 

*cHNaoc”2ph 1 
NHAc 

i 8 
I 

201 ! ! ! ! -1 

60 

40 

20 

20 60 100 140 220 260 300 340 300 

Fig. 4. The mass spectra of benzyl 2,4-diac&amido-3-0-acetyl-2,4,6-trideoxy-/$-~-altropyranoside (S), 
bcnzyl 2,4-diacetamido-3-O-acetyl-2,4,6-trideoxy-8_r-idopyranoside (9), and bcnzyl2,4-diacctamido- 
3-0-acetyl-2,4,6_trideoxy-@Aalopyranoside (16). 



DIACETAMIDO TRIDEOXYHEXOSES 119 I 

isolatedin an approximate I:1 ratio. The U-ace@ derivatives of 10 and 11 were found 
to be identical with 8 and 9, respectively. 

Another benzyl 2,4diacetamido_2,4,6_trideoxy sugar was prepared when 
compound 11 was treated with methanesulfonyl chloride and the resulting methyl- 
sulfonyloxy derivative 14 was solvolyzed by sodium acetate in aqueous ethanol. The 
solvolysis product 15 differed from 11 in its melting point, optical rotation, and rate 
of migration on t.1.c. Our results suggest that compounds 11 and 15 are epimers. 

AcHN r-6 

270 

i 
-CH2CO 

228 

AcHN 

-MeCHO 

+. 

Scheme IX 

378(M 1 

NHAc 

228 

- HCOOH 

182 

~&AC 

287 

1 -CH2C0 

245 

I - HCOOH 

199 

/ Me c + 

0 
NH2 

98 

Scheme IV. Proposed fragmentation pattern of benzyl 2&diacetamido-3-0-acetyl-2,4,iGtrideoxy- 
&aItropyranoside (8). 
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k’mpound.l~_ obtained by 0-acetylation 0fX5~ was examined by n.m.r. spectroscopy 
(T&k% X and ii) and the spectrum was interpreted <III a way srrnsar to that cfescriied 
fir the other two benzyl acetyhrted- &ammo sugars @ and 9). :‘I%e n.m.r. data or 
compound 116 were iii good agreement tiffi-a structure of 6enzyI 2,4_diacetan$&o- 
~_r~~~~~~_~_~~~~~~~~~~~ _ _ d ‘1’ 

In accord titb the structural assi~gnments r%r compounds 8, 9, and $6, are 
their mass spect& (Pig. 4). The three spectra are very simiIar, indicating that the 
compounds have a similar substitution pattemlg. The fragmentation reactions 
suggested for compound 8 (Scheme IV) account for the major peaks of the mass 
spectra of compounds 8; 9, and Id. The mass spectra of compounds 10, 11, and 15 
were also found to be very similar. 

Removal of the benzyl group from 10; Id, and 15 by catalytic hydrogenolysis 
gave the reducing sugars 12,13, and 17, respectively. The latter compounds consumed 
no periodate and only small molar proportions of the oxidant were taken up very 
slowly by their sodium borohydride reduction products, in agreement with the 
assigned structures. The failure of compounds 12, 13, and 17 to yield color in the 
Morgan-Elson reaction” is quite expected, as this reaction requires21’22 the presence 
of a free hydroxyl group at C-4. The three diacetamido sugars were shown to differ in 
their chromatographic mobihties from the 2,4-diacetamido-2,4,6-trideoxy-D-glucose 
from Bacillus iicheniformis4~ ‘. 

EXL’ERWENTAL 

Genera?. - Melting points were measured in capil1ar-y tubes on a Btichi 
apparatus and are corrected. Evaporations were conducted in vacua, Optical rotations 
were determined with a Bendix polarimeter. N.m.r. spectra were recorded with 
Va&u A-60, T-60, or-HA-100 spectrometers, or with a Bruker 9U-MHz spectro- 

meter, with tetramethylsilane as internal standard and CDCl, as solvent, except where 
o&therwise specified. Mass spectra were recorded with a MAT Atlas CH 4 mass 
spectrometer. The i-r. spectra were recorded with a Perkin-Elmer Infracord spectro- 
meter, either in chloroform solution or as discs pressed in KBr. Columns were 
prepared from silica gel (Davison, grade 950,60-200 mesh), unless otherwise specif?ed. 
The proportion of weight of substance to weight of adsorbent added to the column 
was 1 to 50-100. Thin-layer chromatograms were conducted on silica gel G (E. 
Merck, Darmstadt), unless otherwise stated, and the spots were detected by sulfuric 
acid. Paper chromatograms were performed with Whatman No. 1 paper, and the 
following systems: (I-butanol-acetic acid-water, 25:6z25, u/v, upper phase, SolventA) 
and (1-butanol-ethanol-water 4:1:1, u/v, Solvent B), and the spots were detected by 
silver nitrate4. Periodate-oxidation studies were carried out by the spectrophoto- 
metric method2 3 and the u .v. absorption was measured with a Beckman DU spectro- 
photometer. Analyses were performed in the Weizmann Institute Microanalytical 
Labcratory, under the direction of Mr. R. Heller. 

Benzyl 2-O-acet~Z-6-deo~-3,4-O-~sopropylidene-~-~-gaZacto~yr~osi~e (1). - 

To a solution of benzyl6-deoxy-3,4-U-isopropyhdene-~-L,galactopyranoside~ c5.2 gJ 
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benzene-ether (19:1, 560 ml) removed the fast-moving impurities. Continued elution 
with benzene-ether (19:1) afforded the syrupy 5 (140 mg, 16%) which migrated as a 
single spot on t.1.c. (RF 0.8ri in benzene-ether 1:i). However, examination of the 
n.m.r. spectrum of 5 showed it to be contaminated by a minor product (tl5%). 
Repeated chromatography 01’5 failed to yield a pure compound. 

The fraction that emerged from the column after 5, by elution with the same 
solvent mixture (80 mI), was found to be a mixture of 5 and the slowermoving 
component 6 (total 125 m{--; 14%). Continued elution with benzene-ether 19:l 
(160 ml) gave the crystalline 6 (200 mg, 23%), which was recrystallized from benzen- 
petroleum ether to give IOG mg of fine needles, m.p. 97-98’, [LY]~’ + 196” (c 1.0, 
chloroform). 

Anal. Calc. for Cz3H15N603: C, 51.31; H, 5.3; N, 27.62. Found: C, 51.10; 
H, 5.18; N, 27.83. 

Ben.& 3-0-acetyl-2,4-diazidoiazido-2,4,6-frideuxy-P_ (7). - A solution 
of 6 (55 mg) in pyridine (1 ml) and acetic anhydride (0.1 ml) was kept overnight at 
room temperature_ It was then evaporated to a syrup that migrated as a single spot 
on t.1.c. (RF 0.64 in benzene-methanol 9:l and 0.75 in benzene-ether l:l), @]A4 
+ 192” (c 1 .I, chloroform). It was shown to be pure by n.m.r. spectroscopy (Tables I, 
II and Fig. 3). 

Anal. Calc. for C1 sH1sN604: C, 52.02; H, 5.20; N, 24.56. Found: C, 51.77; 
H, 5.18 ; N, 24.24. 

Ben.& 2,4-diacef~inido-3-O-acety~-Z,4,6-tr~deo~-~-L-a~trop~~r~oside (8). - A 
solution of the syrupy diazide 5 (140 mg) in ether (5 ml) was added dropwise to a 
suspension of lithium alum&urn hydride (0.2 g) in ether (5 ml), and the resulting 
mixture was boiled for 3 h under reijlux and then cooled. Excess of the hydride was 
destroyed by successive addition of ethanol and water, and the mixture was Sltered. 
The filtrate was evaporated to dryness, and the residue extracted with pyridine (10 ml). 
To the extract was added acetic anhydride (0.2 ml); the resuhing mixture was kept 
overnight at room temperature and then evaporated. The residue was extracted with 
acetone; removal of the solvent gave a glass that crystallized from ethyl acetate- 
petroleum ether (yield 65 mg, 38%). Recrystallization from chloroform-ether gave 
an analytical sample, [a]g f57” (c 0.96, chloroform). This crystalline compound 
turned into a glass upon heating in a capillary tube, and no sharp m-p. could be 
observed; the n.m.r. spectrum recorded in several solvents (Tables I, II and Fig. 2) 
showed it to be homogeneous. 

Anal. C2lc. for C,sHz6N,0s: C, 60.31; H, 6.93; N, 7.40. Found: C, 59.85; 
H, 7.18; N, 6.96. 

Benzyl 2,4-diacetamido-3- O-ace@-2,4,6- trideoxy-/3-L-idopyranoside (9). - 
Ben& 2,Pdiazido-2,4,6-trideoxy+L-idopyranoside (6, 77 mg) was reduced by 
lithium aluminium hydride and the resulting benzyl diamino derivative acetylated 
with pyridine and acetic anhydride as described for the preparation of compound 8. 
The product obtained was recrystallized from acetone-petroleum ether; yield 35 mg 
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(37%), m.p. 193-194”, [a];’ +70” (c 1.1, chloroform). N.m.r. data are given in 
Tables I and II. 

Anal. Calc. for C19H26NZ06: C, 60.31; H, 6.93; N, 7.40. Found: C, 59.88; 
H, 6.94; N, 7.05. 

Ben& 2,4-diacetamido-2,4,6-trideoxy-B_L-aitropyranoside (IO) and benzyl 2,4- 

diacetamido-2,4,6-trideoxy-8_L-idopyranoside (11). - Compound 4 (1.66 g) was 
treated with sodium azide in NJV-dimethylformamide as already described for the 
first stage in the preparation of the two benzyl diazido derivatives 5 and 6. The residue 
obtained upon removal of the solvent was extracted with ether and the ether extract 
was added dropwise to a suspension of lithium aluminium hydride (1.5 g) in ether 

(50 ml). The suspension was boiled for 3 h under reflux and cooled. Excess of the 
hydride was destroyed by successive addition of ethanol and water, and the mixture 
was filtered. The titrate was evaporated and the residue extracted with methanol 
(50 ml). N-Acetylation was carried out by adding silver acetate (1 g) and acetic 
anhydride (1.5 ml) to the foregoing methanolic extract. The resulting mixture was kept 
overnight at room temperature, and then boiled for a few min. and filtered through 
active charcoal and Celite. The filtrate was evaporated, the residue extracted with 
acetone and the extract was passed through a column of silica gel. EIution with 
acetone followed by 7:1 acetone-methanol gave fractions that were homogen,ous by 
t.1.c. on silica gel (RF 0.63 in acetone-methanol 2:l). However, examination of these 
fractions on t.1.c. on alumina (ahuninium oxide G, E. Merck) revealed the presence 
of two major components: RF 0.60 and R, 0.68 (in acetone-methanol 2: 1). All of the 
fractions were therefore combined and the resulting solution was evaporated. The 
residue was extracted with acetone and the extract was passed through a column of 
alumina. Elution with 6:l acetone-methanol gave syrup (10, 250 mg, 13%) that 
migrated as a single spot on t.1.c. (alumina) (RF 0.60 in acetone-methanol, 2:l) but 
which could not be crystallized. Examination of the ratio between the integration 
areas of the different groups in the n.m.r. spectrum of 10 did not give satisfactory 
results. Compound 10 was purified by O-acetylation and subsequent O-deacetylation, 
and was found to be benzyl2,Pdiacetamido-2,4,6-trideoxy-P-L-altropyrano~ide, as 
described later in this article. Continued elution with the same solvent mixture gave 
benzyl2,4-diacetamido-2,4,6-trideoxy-P_L-idopyranoside (II), which was recrystallized 
from acetone-petroleum ether; yield 180 mg (9X), m-p. 232-233”, [alz5 + 105” 

(c 1 .I, methanol), RF 0.60 in acetone-methanol 2:1 (t.l.c., alumina). 
Anal. Calc. for C,,HZ4N,0,: C, 60.71; H, 7.14; N, 8.30. Found: C, 61.19; 

H, 7.09 ; N, 8.36. 
Ben.@ 2,4-diacetamido-3-0-acetyZ-2,4,6-trideoxy-~-L-a~tropyra~zo~-de (8) Cfrom 

10). -To a solution of syrupy 10 (36 mg) in pyridine (1 ml), acetic anhydride (0.1 ml) 
was added and the solution was kept overnight at room temperature. Evaporation of 
the solution afforded a syrup that migrated as a single spot on t.1.c. (RF 0.72 in 
acetone). It was crystallized from ethyl acetate-petroleum ether; yield 20 mg (50%). 
Recrystallization from chloroform-petroleum ether gave a sample having physical 
properties the same as those described for compound 8. 
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Benzyl2,4-diacetamido-2,4,6-trideoxy-/h..-altropyrano~ide (10) Cfrom 8). - To 
a solution of 8 (82 mg) in methanol (1 ml), sodium methoxide solution (M, 0.1 ml) was 
added, and the mixture was kept overnight at room temperature. It was then 
neutralized with acetic acid (2&f), evaporated, and the residue extracted with cbloro- 
form. Concentration of the extract afforded a pure, amorphous material, identical by 
t.1.c. with 10 obtained as described before: yield 58 mg (77%); R, 0.63 in acetone- 
methanol 2:1, and RF 0.25 in acetone; [ali5 + 14” (c 0.84, chloroform); n.m.r. data 
(60 MHz): 7 2.67 (5 H singlet, phenyl group); 8.00 (6 H singlet, two acetamido 
groups); 8.74 (3 H doublet, J. 6.5 Hz, 5-Me). 

Anal. Calc. for C, ,H,,N,O, : N, 8.33. Found: N, 7.91. 

Benz)1 2,4-diacetamido-3-O-acetyl-2,4,6-trideox (9) from 

11). - To a solution of 11 (70 mg) in pyridine (2 ml), acetic anhydride (0.1 ml) was 
added and the mixture was kept overnight at room temperature. It was then 
evaporated to give a crystalline product that was recrystallized from acetone- 
petroleum ether as fine needles (45 mg, 57%). The physical properties (n_m.r., t.l.c., 
optical rotation and m-p.), as well as the elementary analysis, were identical to those 
of compound 9 prepared from 6. 

BenzyZ 2,4-diacetanlido-2,4,6-trideoxy-3-O-(met~zyIs&lfo~y~-~-L-idopyranoside 

(14). - To an ice-cooled solution of 11 (96 mg) in pyridine (3 ml), methanesulfonyl 
chloride (0.2 ml) was added. The mixture was stirred for one h in an ice-bath and then 
for a further 3 h at room temperature. Water (1 ml) was added and the mixture was 
evaporated_ The residue was extracted with chloroform, washed with water, dried 
over calcium chloride and evaporated. The resulting syrup crystallized from ethyl 
acetate-petroleum ether to give the title compound (67 mg, 56%) which, when 
examined by t.l.c., migrated as a single spot (RF 0.85 in acetone). An analytical 
sample, m.p. 248”, [cx]~~ +28” (c 0.7, chloroform), was obtained after recrystallization 
from ethanol-petroleum ether. 

Anal. Calc. for C,,H,,N,O,S: C, 52.16; H, 6.32; N, 6.76. Found: C, 52.25; 
H, 6.15; N, 6.33. 

Benzyl2,4-diacetanzido-2,4,6-trideoxy-B-L-taIopyr~oside (15). - A mixture of 
I4 (47 mg), sodium acetate (20 mg) and aqueous ethanol (10 ml, 80% U/U) was boiled 
for 6 h’under reflux. Evaporation of the mixture followed by extraction with acetone 
and evaporation of the extract gave a syrup that migrated on t.1.c. as a single spot 
(RF 0.23 in acetone). The syrup was crystallized from acetone-petroleum ether; 
yield 28 mg (73%), m.p. 226-228”. Recrystallization afforded an analytical sample, 
m.p. 228-229”, [ali + 54” (c 0.95, methanol). 

Anal. Calc. for C1,HZ4NZ05 *0.5H,O: C, 59.13; H, 7.24; N, 8.12. Found: 
C, 59.13; H, 7.39; N, 7.92. 

Benzyl 2,4-diaceta,ttido-3-O-acetyl-2,4,6-trideo~-~-~-talopyr~loside (16). - To 
a solution of 15 (25 mg) in pyridine (1 ml), acetic anhydride (0.1 mI) was added and 
the solution was kept overnight at room temperature. Evaporation of the solution 
afforded crystals that were recrystallized from acetone-petroleum ether; yield 15 mg 
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(53%), m-p. 216-217”, [a]:’ -f-33” (c 1.07, chloroform); R, 0.59 (t.l.c., acetone); 
n-m-r. data are given in Tables I and II. 

Anal. Calc. for C1,HZ6N206: C, 60.31; H, 6.93; N, 7.40. Found; C, 60.19; 
H, 6.76; N, 6.97. 

2,4-Diacetamido-2,4,6-trideoxy-L-altrose (12). - Compound 10 (35 mg) was 
dissolved in ethanol (95%, 20 ml) and hydrogenolyzed in the presence of palladium 
on charcoal catalyst (10%) at 45 lb. inb2 for 20 h. The catalyst was removed by filtra- 
tion and the solvent evaporated off. The resulting syrup (25 mg, 97%), which could 
not be crystallized, migrated as a single spot on t.1.c. (RF 0.25 in acetone and & 0.62 
in acetone-ethanol 9:1) and on paper chromatograms (RGIC 2.10 in Solvent A and 

Rclc 2.45 in Solvent B. Under the same conditions 2,4-diacetamido-2,4,6_trideoxy- 
D-glucose4~s was found to have RGlc 2.26 in Solvent A and 2.48 in Solvent B). @]i5 
- 73O (c 1.19, water, equil.); n.m.r. data (60 MHz, D,O, Me,Si as external standard): 
o 7.86, 7.96 (two 3 H singlets, two acetamido groups); 5.72 (3 H doublet, .7 6.5 Hz, 
5-Me). 

2,4-Diacetamido-2,4,6-trideoxy+idose (13). - Compound 11 (75 mg) was 
dissolved in ethanol (95% u/v, 50 ml) and hydrogenolyzed in the presence of 
palladium-on-charcoal catalyst (10%) for 20 h at 45 lb.inm2. The catalyst was 
filtered off and the solvent evaporated. The resulting syrup was crystallized from 
ethanol-petroleum ether; yield 26 mg (46%), m.p. 167-169’. Recrystallization from 
ethanol-petroleum ether afforded an analytical sample, m.p. 172-174”, [ali -45” 
(c 0.87, water, after 15 ruin). The product was homogeneous by t.1.c. (RF 0.21 in 
acetone and R, 0.61 in acetone-ethanol 9:1) and on paper chromatograms (RGlc 2.45 

in Solvent A and 2.70 in Solvent B); n.m.r. data (60 MHz, D20, Me,Si as external 
standard): z 7.98 (6 H singlet, two acetamido groups; 8.80 (3 H doublet, J 6.5 Hz, 
C(5)-Me). 

Anal. Calc. for C,,H,,N,O,: C, 48.78; H, 7.31; N, 11.34. Found: C, 48.99; 
H, 7.77; N, 11.29. 

2,4-Diacetamido-2,4,6-trideoxy-L-talose (17). - Compound 15 (50 mg) was 
dissolved in ethanol (95% v/v, 50 ml) and hydrogenolyzed in the presence of 
palladium-on-charcoal (10%) at 48 lb.in-’ for 20 h. The catalyst was atered off and 
the solvent evaporated. The resulting syrup (25 mg, 86%) migrated as a single spot 
on t.1.c. (RF 0.1 in acetone and RF 0.31 in acetone-ethyl alcohol 9:1) and paper 
chromatograms (R,, 2.13 in Solvent A and Rcrc 2.48 in Solvent i3); [a]g5 -89” 

(c 1 .O, water, equil.). 
Periodate oxidation. - To a solution of 13 (14 mg) in water (1 ml) sodium 

borohydride (4 mg) was added. The solution was kept for 3 h at room temperature, 
and then neutralized with dilute acetic acid (2hi) and passed through a column of 
Dowex-50 (Hi) resin (0.6 x 5 cm). The expected diacetamido hexitol was eluted with 
water (30 ml) and the eluent stirred for a few min. with Amberlite IR4.5 (OH-) resin. 
Evaporation of the solvent gave a syrup that migrated as a single spot on t.1.c. (R, 

0.10 in acetone-methanol 2:l). Periodate uptake was determined by using weighed 
amounts of the syrup, and assuming that it contained only diacetamido hexitol. There 
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was a consumption of 0.17 mole periodatejmole of diacetamido hexitol after 1 h, 
and 0.24 mole after 3 h. 

The product obtained by reduction of 17 with sodium borohydride consumed 
0.22 mole after 2 h and 0.30 after 4 h. The diacetamido hexitol derived from 12 did 
not consume any periodate after 24 h. No periodate consumption was observed 
after 24 h for compounds 12,13, and 17. 

Morgan-Elson reaction. - Compounds 12,13, and 17 failed to yield significant 
color in the Morgan-Elson reaction” (less than 5% of the molar coIor yield given by 
2-acetamido-2-deoxy-D-glucose). 
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