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T h e  syntheses o f  several crystal l ine 4-azido-4,6-dideoxy-l-halo hexoses, w h i c h  are useful  intermediates in the  
chemical  synthesis of n a t u r a l  products conta in ing  a m i n o  hexoses, are described, T h e  reactions o f  these com- 
pounds wi th methano l  and ethanol  in the  presence of silver carbonate are shown t o  b e  stereospecific. T h e  uses 
of azido ha lo  sugars in t h e  synthesis of cardiac glycosides, antibiotics, a n d  amino sugar nucleosides are ind ica t -  
ed. 

Many amino sugars have been isolated from biologically 
important natural  sources such as  antibiotic^,^-^ cell wall 
polysaccharides,2 and cardiac  glycoside^.^ Because an  
azide can be conveniently used as  an  amine precursor, 
azido halo sugars are extremely useful intermediates for 
the chemical synthesis of these natural  products and their 
structural  anaogs of potential biological activity. However, 
except for the recent reports on the isolation of 6-azido-l- 
chloro hexoses by Umezawa and   coworker^,^ azido halo 
sugars have not been prepared. Earlier a t tempts  to  obtain 
this class of compounds were reported to  be unsuccess- 
ful.637 We now describe the synthesis and  reactions of sev- 
eral crystalline 4-azido-4,6-dideoxy-l-halo sugars as part  of 
our investigation of the chemistry of 4-amino-4,6-dideoxy 
hexoses and their derivatives.8 

Treatment  of methyl 4-azido-4,6-dideoxy-2,3-di-O-ben- 
zy~-a-~-ga~actopyranoside~ (1) with acetyl bromide a t  
room temperature for 30 min gave the crystalline 4-azido- 
4,6-dideoxy-2,3-di-0-benzyl-~~-~-galactopyranosyl bromide 
(2). The LY configuration for the bromo sugar 2 was indi- 

cated by its nmr spectrum, which showed the anomeric 
proton as  a doublet (51 ,~  = 3.5 Hz) a t  6 6.43. Also, reac- 
tion of 2 with methanol in the presence of silver carbonate 
gave clean inversion at the anomeric center, providing 
methyl 4-azido-4,6-dideoxy-2,3-di-O-benzy~-~-~-galactopy- 

r3 CH, 

1 2 

3 
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ranoside (3), which was identical with a sample previously 
characterized in our laboratory.1° 

In order to obtain azido halo sugars with acetate protec- 
tion of t he  hydroxyl groups, methyl 6-deoxy-2,3-di-0- 
acety~-4-0-methylsulfonyl-a-~-glucopyranos~de~~ (4) was 
treated with sodium azide in dimethylformamide a t  140" 
for 16 hr.  Acetylation of the reaction mixture followed by 
preparative tlhin layer chromatography provided methyl 
4 - az ido  -4,6-dideoxy-2,3-di- 0-acetyl-a-D-galactopyranoside 
(7) in 77% yield. Small  amounts  of t he  triacetate 8 (3.5%) 
and  the gluco azide 9 (2.5%) were also isolated. As the 
methyl sulfonate and  the  acetate groups are t rans  t o  each 
other, the displacement reactions of 4 may be expected to  
proceed through the intermediate 5 owing to neighboring 
group participation.ll However, surprisingly, the major 
process taking place was the direct displacement ( S N ~ )  of 
t he  methyl sulfonate by the azide anion to give the galac- 
to  azide 7. Similarly, compound 8 must  have resulted 
from displacement of the methyl sulfonate by the acetate 
formed in the reaction mixture by partial deacetylation. 
The formation of t he  small amount  of t he  gluco azide 9 
may be explained as resulting from neighboring group 
participation. However, methyl 3-azido-3,6-dideoxy-2,4- 
di-0-acetyl-a-D-gulopyranoside (6),  which is also expect- 
ed to  result from the intermediate 5 ,  was not isolated, 
probably because it was formed only in very small 
amounts. 

kO& Lo A c O q  A c O W  

OAc OAc OAc 
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The structure of 7 was confirmed by i ts  deacetylation 
followed by hydrogenation in the presence of 10% P d / C  as 
a catalyst to give the  known methyl 4-amino-4,6-dideoxy- 
a-~-galactopyranoside'  ( lo ) ,  which was characterized as 
its crystalline hydrochloride. Compound 8 was identified 
by relating i t  to the known methyl 6-deoxy-2,3,4-tri-O- 
acetyl-a-L-galactopyranoside12 ( the L isomer of 8). Also, 
deacetylation of 8 with sodium methoxide in methanol 
gave methyl 6-deoxy-c~-~-galactopyranoside with the same 
physical properties as reported in the 1 i t e r a t ~ r e . l ~  In order 
to  establish the structure of 9, i t  was independently syn- 
thesized as described below. 

Methyl 6-deoxy-2,3-di-O-benzyl-4-O-methylsulfonyl-a- 
~-galactopyranoside '~ (1 1) was converted to the diacetate 
12 by reductive debenzylation of 11 followed by acetyla- 
tion with acetic anhydride in pyridine. Treatment  of 12 
with sodium azide in refluxing dimethylformamide and 
subsequent purification of the product by column chroma- 
tography gave compound 9 as a syrup, identical with the 
sample obtained from the azide displacement of 4. The 
structure of 9 was confirmed by its deacetylation with so- 
dium methoxide in methanol to give 13, which was then 
reduced and selectivity N-acetylated to  obtain methyl 4- 
acetamido-4,6-dideoxy-a-~-glucopyranoside~* ( 14), identi- 
cal with a n  authentic sample. 

Treatment  of 7 with acetic anhydride in the presence of 
sulfuric acid as  a catalyst gave the triacetate 15 as a mix- 
ture of anomers from which the pure a isomer was ob- 
tained as a crystalline material by preparative thin layer 
chromatography. The mixture 15 on treatment with t i ta-  
nium tetrachloride in chloroform gave the crystalline 
chloro sugar 16. 

15 16,X = C1 
17, X = Br 

Similarly, the bromo sugar 17 was obtained by treat-  
ment  of 15 with t i tanium tetrabromide in chloroform. Ac- 
etolysis of 9 with acetic anhydride in the presence of sul- 
furic acid yielded the triacetate 18 as an anomeric mix- 
ture from which the pure 01 isomer crystallized out on 
standing. The bromo sugar 19 was prepared by treatment 
of 18 with t i tanium tetrabromide in chloroform. Com- 
pounds 16, 17, and 19 were shown to  have the a configura- 
tion a t  the anomeric center by their nmr spectra.15 

18 19 

Azido halo sugars in the gluco series, with the hydroxyl 
groups protected as the benzyl ethers, were synthesized in 
the following way. Reaction of methyl 4-azido-4,6-dide- 
oxy-2,3-di-0-benzyl-oc-~-glucopyranoside~~ (20) with acetic 
acid and  acetic anhydride in the presence of sulfuric acid 
as a catalyst gave the 1-acetate 26 as a mixture of a and /3 
anomers. Treatment  of 26 with t i tanium tetrachloride in 
chloroform provided the a-chloro sugar 28 as a syrup. The 
nmr  spectrum of 28 showed a low-field doublet with a 
small coupling constant as expected for an  a anomer.15 

Deacetylation of 26 with sodium methoxide in methanol 
provided the crystalline free sugar 27. Although 27 did not 
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show any appreciable mutarotation in  a variety of sol- 
vents, an nmr  spectrum in DMSO-ds-acetone-d,=, indicat- 
ed  that i t  consisted of 71% of the  a and 29% of the  p ano- 
mers in this solvent system.16 Trea tment  of 27 with p-ni-  
trobenzoyl chloride in pyridine a t  room temperature gave 
a mixture of t he  a-  and  @-p-nitrobenzoates 22 and 25 in 
equal amounts,  from which the  pure isomers were ob- 
tained by fraction1 crystallization. While the  nmr  (CDC13) 
of 22 showed a clean doublet ( J I , ~  = 3.5 Hz) at 6 6.6 as 
expected for a n  a isomer,15 the  C-1  hydrogen of 25 ap-  
peared as an inverted triplet at 6 5.9. The  unusual shape 
of this n m r  signal is explained by the concept of virtual 
coup1ing.l' This  phenomenon was also observed in  the  
nmr  (CDCl3) spectra of compounds 23, 24, and 29, all of 
which have substi tuents at the anomeric center. When 
the  solvent was changed t o  benzene-&, the  anomeric hy- 
drogens appeared as clean doublets ( J I , ~  = 8 Hz), showing 
tha t  virtual coupling is indeed solvent dependent. 

20, R = CH, 
21, R = CZH, 
22,R = p-nitrobenzoyl 

23, R = CH, 
24, R = C2H, 
25,R = p-nitrobenzoyl 

26,R = Ac 28 
27,R = H 

PhCH20 
PhCH20 

29 

Trea tment  of t he  1-p-nitrobenzates 22 and 25, either as 
pure isomers or as  a mixture, with dry hydrogen chloride 
in ethanol-free chloroform produced the  p-chloro sugar 29 
in  very high yields. Thus ,  when 25 was treated with hy- 
drogen chloride at room temperature for 4 hr, a mixture 
consisting of 92% of 29 and 8% of 28 was formed from 
which 85% of 29 was isolated by crystallization. Reaction 
of hydrogen chloride with the  a-p-nitrobenzoate 22 gave 
90% of 29 and 10% of 28 in 36 hr, whereas a 53:47 mixture 
of 22 and 25 was converted to  88% chloro sugar containing 
83% of 29 and 17% of 28 in  32 hr.  These estimations were 
carried out by nmr  spectrometry. It may be noted here 
that no  evidence was obtained for the  isomerization of 22 
t o  25 or vice versa under the  reaction conditions. 

If t he  reactions were allowed to continue for longer peri- 
ods of time, t he  p-chloro sugar 29 was slowly converted to  
the  a-chloro sugar 28, which is expected t o  be more stable 
owing to the  anomeric effect.18 Pure  29 itself was slowly 
isomerized t o  28 when treated with hydrogen chloride in 
chloroform. The  formation of the  p-chloro sugar 29 from 
both 22 and 25 was not totally unexpected, as similar re- 
sults have been reported earlier in  the  formation of bromo 
sugars.19 

The  a-chloro sugar 28 reacted stereospecifically with 
methanol and  ethanol in the  presence of silver carbonate 
or mercuric cyanide, giving the  &glycosides 23 and 24, re- 
spectively. In  these experiments, the  a anomers, 20 and 

21, were not formed in  detectable amounts.  The  reactions 
of the  p-chloro sugar with methanol and ethanol were also 
stereospecific, yielding only the  a-glycosides 20 and 21, 
respectively. 

Preliminary accounts on the  use of these azido halo sug- 
ars in  the  synthesis of cardiac glycosides,20 antibiotics,21 
and  amino sugar nucleosides2z have been recorded pre- 
viously. Details of these investigations will be published 
elsewhere. 

Expe r imen ta l  Sectionz3 
4-Azido-4,6-dideoxy-2,3-di-0-benzyl-a-~-galactopyranosyl 

Bromide (2). A solution of 750 mg (2.0 mmol) of methyl 4-azido- 
4,6-dideoxy-2,3-di-0-benzyl-a~~-galactopyranoside~ (1) in 7.5 ml 
of acetylbromide was left at room temperature for 30 min. The 
solvent was removed under vacuum and the pink residue was re- 
dissolved in dry ether and decolorized with charcoal. Filtration, 
evaporation of the solvent, and recrystallization of the residue 
from hexane gave 510 mg (60%) of 2: mp 114-116"; [a]"D +194" 
(c 0.82, CHC13); nmr (CDC13) 6 6.43 (d, J1,z = 3.5 Hz, 1, C-1 H). 

Anal. Calcd for C Z ~ H Z Z B F N ~ O ~ :  C, 55.56; H, 5.13; N, 9.72. 
Found: C, 55.37; H, 5.11; N, 9.76. 

Treatment of 250 mg (0.5 mmol) of 2 with 7.0 ml of anhydrous 
CH30H and 300 mg of AgzCO3 under stirring at room tempera- 
ture for 3 hr followed by filtration, evaporation, and recrystalliza- 
tion of the residue from hexane gave 77 mg (35070) of methyl 4- 
azido-4,6-dideoxy-2,3-di-O-benzyl-~-~-galactopyranoside (3), mp 
57-58", [aIz5D +17.1" (C 1.0, CHC13). A mixture melting point of 3 
with an authentic samplelo was undepressed. 

Methyl 4-Azido-4,6-dideoxy-2,3-di-0-acetyl-a-~-galactopy- 
ranoside (7) .  A solution of 20 g (59 mmol) of methyl 6-deoxy-2,3- 
d~-~-acetyl-4-0-methylsulfonyl-a-o-glucopyranosidesc (4) in 100 
ml of N,N-dimethylformamide was heated with 15.0 g of sodium 
azide at 140" for 16 hr. The cooled mixture was diluted with 300 
ml of CHC13 and filtered. The filtrate was washed with water, 
and the CHC13 layer was dried (NazS04) and concentrated. The 
syrupy residue was treated with 70 ml of a 1:l mixture of acetic 
anhydride and pyridine at room temperature overnight. The mix- 
ture was poured into ice-water and stirred for 30 min and the 
solid that separated was collected by filtration and recrystallized 
twice from hexane to give 11.4 g (66.5%) of 7, mp 76-77", [aIz5D 

Anal. Calcd for CllH17N306: C, 45.98; H, 5.96; N, 14.63. 
Found: C, 45.75; H, 6.06; E, 14.65. 

Deacetylation of a sample of 7 with sodium methoxide in 
CH30H followed by hydrogenation in the presence of 10% PdjC 
gave methyl 4-amino-4,6-dideoxy-a-~-galactopyranoside (10) iso- 
lated as its hydrochloride, mp 227-229" dec. A mixture melting 
point with an authentic sampleg was undepressed. 

Methyl 6-Deoxy-2,3-4-tri-0-acetyl-a-~-galactopyranos~de 
(8). The aqueous solution (from the preparation of 7) after the fil- 
tration of 7 was extracted with CHC13, dried (NaZSOd), combined 
with the mother liquors from the hexane recrystallizations of 7,  
and evaporated to dryness to give 3.5 g of a syrup. This material 
was separated by preparative thin layer chromatography (20 X 20 
cm plates, 1 mm thickness) using a hexane-ether-acetone 
(1:1:0.2) system. Fraction 1 (R ,  0.45) gave 1.8 g more of 7, mp 
73-76", for a total yield of 13.4 g (77%). Fraction 2 ( R ,  0.50) yielded 
438 mg (2.5%) of compound 9 which was also prepared by another 
method as described later. Fraction 3 ( R ,  0.41) provided 570 mg 
(3.5%) of 8. as a syrup which crystallized on standing. It was re- 
crystallized from hexane, mp 64-65", [ a I z 6 D  +149.1" ( C  0.97, 
CHC13) [lit.12 L isomer mp 67", [ a I z 0 ~  -149.7" (c 1.8, 
CHC13)I. 

Anal. Calcd for Cl3H2008: C,  51.30; H, 6.62. Found: C, 51.58; 
H, 6.34. 
A small portion of 8 was deacetylated with sodium methoxide 

in CH30H to give methyl 6-deoxy-a-o-galactopyranoside, mp 

( C  10, bo)] .  
Methyl 6-Deoxy-2,3-di-0-acetyl-4-0-methylsulfonyl-cu-D- 

galactopyranoside (12). A solution of 5.85 g (13.4 mmol) of 
methyl 6-deoxy-2,3-di-~-benzyl-4-O-methylsulfonyl-a-~-ga~acto- 
pyranoside14 (11) in 40 ml of THF and 40 ml of ethanol was hy- 
drogenated in the presence of 0.6 g of 10% Pd/C and 0.1 ml of 
concentrated hydrochloric acid until reduction was complete. 
Neutralization with Dowex 1-Xz (OH-), filtration, and evapora- 
tion of the solvent in uucuo gave the intermediate diol, which was 
acetylated with 10 ml of acetic anhydride in 10 ml of pyridine at  
room temperature for 16 hr. The mixture was poured into ice- 

+95.6" ( C  0.35, CHC13). 

153-154", [aIz6D +192.7" ( C  0.9, HzO) [lit.13 mp 154", [O!]D +190° 
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water, filtered, dried, and recrystallized from benzene-ether-pen- 
tane to give 3.5 g (78%) of 12, mp 65-67", [a]"D +151" (c 0.49, 
CHC13). 

Anal. Calcd for C12H2009S: C, 42.35; H, 5.92; S, 9.42. Found: 
C, 42.39; H, 5.96; S, 9.56. 

Methyl 4-Azido-4,6-dideoxy-2,3-di-0-acetyl-a-~-glucopyran- 
oside (9). A mixture of 11.1 g (32 mmol) of 12 in 40 ml of di- 
methylformamide and 9 g (128 mmol) of sodium azide was heated 
at 120" for 12 hr with vigorous stirring. The mixture was cooled, 
diluted with 300 ml of CHC13, and filtered and the filtrate was 
washed with 3 X 100 ml of water. The CHCl3 layer was dried 
(NazS04) and evaporated to dryness under vacuum to give a 
brown liquid, which was chromatographed on a column of silica 
gel (80 g). Elution with 15% ether-pentane gave 5.48 g (67%) of 9 
asasyrup, [aIz60 +174" ( C  0.61, CHC13). 

Anal. Calcd for CllH17N306: C, 45.98; H, 5.96; N, 14.63. 
Found: C, 46.21; H, 6.04; N, 14.75. 

Further elution of the column with ether yielded 2.2 g of a mix- 
ture containing mostly the starting material, 12. 

Methyl 4-Azido-4,6-dideoxy-a-~-glucopyranoside (13). A so- 
lution of 115 mg (0.4 mmol) of 9 in 5 ml of CHsOH was heated 
under reflux on a steam bath with 5 drops of 0.5% sodium meth- 
oxide in methanol for 1 hr. The sodium methoxide was neutral- 
ized with COz and the solvent was removed under vacuum. The 
residue was extracted with ether, the ether solution was concen- 
trated, and the product crystallized on addition of hexane to give 
74 mg (91%) of 13, mp 139-140", [ a I z 6 ~  +240.1" ( e  1.1, CHC13). 

Anal. Calcd for C7H13N304: C, 41.38; H, 6.45; N, 20.68. Found: 
C, 41.28; H, 6.46; N, 20.94. 

A small portion of 13 was hydrogenated in the presence of 10% 
Pd/C and the amine was acetylated with acetic anhydride in 
methanol to give methyl 4-acetamido-4,6-dideoxy-a-~-glucopyran- 
oside (14), mp 189-190". A mixture melting point with an au- 
thentic samplelZ was undepressed. 

4-Azido-4,6-dideoxy- 1,2,3-tri-0-acetyl-~-galactopyranose 
(15). A solution of 350 mg (1.2 mmol) of 7 in 10 ml of acetic anhy- 
dride containing 0.1 ml of HzSO4 was stirred a t  room temperature 
for 2 hr. The mixture was poured into ice-water and extracted with 
ether, and the ether layer was washed with NaHC03 solution, 
dried (NaZSOd), and evaporated to dryness to yield 344 mg (90%) 
of 15 as a colorless syrup. This material showed two spots on tlc 
(ether-hexane-acetone, 1:1:0.2 system) corresponding to the a 
and 6 anomers. Separation of a portion of the mixture by prepar- 
ative tlc using the above solvent system gave the major isomer as 
a gum which was crystallized from hexane to give 4-azido-4,6-di- 
deoxy-1,2,3-tri-0-acety~-a-~-galactopyranose, mp 92-93", [aIz6D 

Anal. Calcd for C12H17N307: C, 45.71; H, 5.43; N, 13.33. 
Found: C, 46.00; H, 5.69; N, 13.61. 
4-Azido-4,6-tlideoxy-2,3-di-~-acetyl-a-~-ga~actopyranosy~ 

Chloride (16). A solution of 1.5 g (4.8 mmol) of 15 (mixture of 
anomers) and 0.3 ml (2.4 mmol) of titanium tetrachloride in 30 
ml of ethanol-free CHC13 was heated under reflux for 1 hr. The 
solution was washed with ice water and NaHC03 solution, dried 
(MgS04), decolorized with charcoal, filtered, and evaporated to 
dryness. The residue was crystallized from hexane to give 1.2 g 
(88%) of 16, mp 83-85". An analytical sample was prepared by an 
additional recrystallization from hexane: mp 86-87"; [aIz6D +206" 
(c 0.53, CHC13); nmr (CDC13) 6 6.3 (d, J1,z = 3.5 Hz, 1, C-1 H). 

Anal. Calcd for ClOH&IN3O5: C, 41.17; H, 4.84; C1, 12.16; N, 
14.41. Found: C, 41.82; H, 5.09; C1, 12.15; N, 14.34. 
4-Azido-4,6-dideoxy-2,3-di-0-acety~-a-~-galactopyranosy~ 

Bromide (17). A solution of 2.5 g (8.0 mmol) of 15 (mixture of 
anomers) and 2.2 g (6.0 mmol) of titanium tetrabromide in 35 ml 
of ethanol-free CHC13 was heated under reflux for 1.5 hr. As a tlc 
analysis indicated that the reaction was complete, the mixture 
was washed with ice-water followed by NaHC03 solution, dried 
(NazSOd), and evaporated to dryness to give 2.8 g of a syrup 
which was crystallized from ether-hexane. Recrystallization from 
ether-hexane yielded 2.2 g (79%) of 17, mp 76-77", [ a I z 6 ~  +268" 

Anal Calcd for C10H14BrN30~: C, 35.73; H, 4.19; N, 12.50. 
Found: C, 36.03; €I, 4.19; N, 12.39. 
4-Azido-4,6-didleoxy-1,2,3-tri-O-acetyl-~-glucopyranose (18). 

Treatment of 5.5 g (19 mmol) of 9 with acetic anhydride in the 
presence of HzSO4 as described for the preparation of 15 gave 5.55 
g (94%) of a mixture of anomeric triacetate 18 as an oil. This ma- 
terial crystallized on standing and recrystallization from ether- 
hexane gave the a isomer, 4-azido-4,6-dideoxy-1,2,3-tri-O-acetyl- 
a-D-glucopyranose: mp 65-66"; [aIz6D +148.9" (c  1.04, CHC13); 
nmr (CDC13) 6 6.15 (d, J ~ , z  = 3.5 Hz, 1, C-1 H).  

+91" (C 0.83, CHC13). 

(C 0.55, CHC13). 

Anal. Calcd for ClzH17N307: C, 45.71; H, 5.43; N, 13.32. 
Found: C, 45.85; H, 5.36; N, 13.29. 
4-Azido-4,6-dideoxy-2,3-di-~-acetyl-a-~-glucopyranosyl Bro- 

mide (19). A solution of 1.0 g (3.2 mmol) of triacetate 18 and 1.2 g 
(3.3 mmol) of titanium tetrabromide in 20 ml of ethanol-free 
CHC13 was stirred at  room temperature for 5 hr. The mixture was 
washed with ice-water followed by NaHC03 solution and dried 
(NazSOr), and the solvent was removed. The brown syrup was 
redissolved in ether and decolorized with charcoal, filtered, and 
evaporated to dryness to give 955 mg (93%) of 19 as a yellow 
syrup. Preparative tlc using ether-hexane (1:l) as the solvent sys- 
tem and recrystallization from hexane gave 613 mg (57%) of the 
pure material: mp 45-47"; [ a I z 6 ~  +254.4" (c 1.14, CHC13); nmr 

Anal. Calcd for CloHl4BrNaOa: C, 35.73; H, 4.19; Br, 23.77; N, 
12.50. Found: C, 35.46; H, 4.15; Br, 23.63; N, 12.47. 

4-Azido-4,6-dideoxy- 1-0-acetyl-2,3-di-0-benzyl-o-glucopyra- 
nose (26). A solution of 2.0 g (4.8 mmol) of methyl 4-azido-4,6- 
dideoxy-2,3-di-0-benzyl-a-~-glucopyranoside~~ (20) in 24 ml of 
acetic acid and 7 ml of acetic anhydride was cooled until it solidi- 
fied and was then mixed with 2.1 ml of a 10% solution of 
in acetic acid. The mixture was allowed to warm up slowly and 
left at  room temperature for 4 hr. The solution was poured into a 
mixture of ice-water and cc14, the CC14 layer was separated, and 
the aqueous phase was thoroughly extracted with CClr. The com- 
bined organic extracts were dried (Na2S04) and evaporated to 
dryness to give 2.107 g (98.2%) of an oil, 26, as a mixture of ano- 
mers. A portion of this material was purified by preparative tlc 
using a hexane-ether-acetone (1:1:0,2) system for analysis. 

Anal. Calcd for Cz2H25N305: C, 64.22; H, 6.12; N, 10.21. 
Found: C, 63.97; H, 6.24; N, 10.35. 
4-Azido-4,6-dideoxy-2,3-di-O-benzyl-~-glucopyranose (27). A 

solution of 2.1 g (5.13 mmol) of 26 in 60 ml of CH30H was de- 
acetylated with 0.8 ml of 1 N sodium methoxide in CHaOH for 45 
min at room temperature. Solid COz was added to neutralize the 
reaction mixture and the solution was evaporated to dryness. The 
residue was extracted with cc14 and the solvent was removed 
under vacuum. The product was recrystallized from CCl4-hexane 
to give 1.4 g (74%) of 27: mp 92-93'; [aIa6D +103" ( e  1.5, CHC13); 
nmr (DMSO-d6-acetone-d~,) 6 6.25 (d, J = 4 Hz, 0.71 H, 1-a-OH), 
6.7 (d, J = 7 Hz, 0.29 H, 1-p-OH).16 

Anal. Calcd for C20H23N304: C, 65.03; H, 6.27; N, 11.37. 
Found: C, 64.98; H, 6.32; N, 11.36. 

4-Azido-4,6-dideoxy-2,3-di- 0-benzyl-a-D-glucopyranosyl 
Cloride (28). A mixture of 445 mg (0.08 mmol) of 26 in 12  ml of 
ethanol-free CHCls and 143 mg (0.75 mmol) of Tic14 was heated 
under reflux for 45 min. The solution was cooled, washed with ice- 
water and NaHC03 solution, dried (NazSO4), and evaporated to 
dryness to give 380 mg (90%) of 28 as an oil, slightly impure by tlc. 
This material was purified by preparative tlc (ether-hexane, 1:1 
system) to give a syrup, [ a I z 6 ~  +188.0" ( e  0.9, CHC13), nmr 

Anal Calcd for CzoH22ClN303: C, 61.93; H, 5.73; C1, 9.14; N, 
10.83. Found: C, 62.17; H, 5.79; C1,9.34; N, 10.65. 
4-Azido-4,6-dideoxy-2,3-di-0-benzyl-l-0-p-nitrobenzoyl-~t- 

D-glucopyranose (22) and 4-Azido-4,6-dideoxy-2,3-di-O-benzyl- 
1-0-p-nitrobenzoyl-fl-D-glucopyranose (25). A solution of 3.3 g 
(8.8 mmol) of 27 in 56 ml of pyridine was stirred at  room temper- 
ature while 3.3 g (17.6 mmol) of p-nitrobenzoyl chloride in 28 ml 
of pyridine was added. After 72 hr, the pyridine was removed 
under vacuum and the residue was treated with 220 ml of CC14 
and 250 ml of 0.5 M NaHCO3 solution. The organic layer was 
separated, washed with NazCO3 solution, dried (KzCOs), and 
evaporated to dryness to give 4.5 g (98%) of a mixture of 22 and 
25 in the ratio 1:l. This material was recrystallized from CC14- 
hexane to give 2.3 g (49%) of 25, mp 132-133", [ a I z 6 ~  -10.8" (c 

Anal. Calcd for Cz7H26N407: C, 62.54; H, 5.05; N, 10.80. 
Found: C, 62.34; H, 5.07; N, 10.94. 

The mother liquor from the above crystallization was evapo- 
rated to dryness and crystallized from hexane to give 22, mp 66- 

Anal. Calcd for C27Hz~N407: C, 62.54; H, 5.05; N, 10.80. 
Found: C, 62.28; H, 5.16; N, 11.04. 
4-Azido-4,6-dideoxy-2,3-di- 0-benzyl-P-D-gtucopyranosyl 

Chloride (29). A. From 25. A solution of 396 mg (0.77 mmol) of 
25 in 30 ml of CHC13 saturated with HCl was stirred at  room 
temperature for 4 hr. The mixture was cooled and filtered to re- 
move the p-nitrobenzoic acid. The filtrate was evaporated to dry- 
ness under vacuum and the residue containing 29 and 28 in a 
ratio 92:8 was recrystallized from hexane to give 253 mg (85%) of 

(CDC13) 6 6.6 (d, J1,z = 4.0 Hz, 1, C-1 H). 

(CDCls) 6 6.05 (d, J I , ~  = 3.5 Hz, 1, C-1 H). 

3.45, CHC13). 

67", [ a I z 6 D  +186" (C 1.2, CHC13). 
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29: mp 94-95"; [ a ] 2 6 ~  f115" ( c  1.25, CHC13); nmr (&De) 6 5.0 (d, 

Anal Calcd for C ~ ~ H ~ Z C I N ~ O ~ :  C, 61.93; H, 5.72; C1, 9.14; N, 
10.83. Found: C, 61.71; H, 5.78; C1,9.30; N, 10.91. 
B. From 22. Treatment of 108 mg (0.2 mmol) of 22 with dry 

HC1 in CHC13 for 32 hr at  room temperature, as described above, 
gave 57 mg (67.5%) of 29, mp 94-95", identical with an analyzed 
sample. The crude product before recrystallization contained 29 
and 28 in the ratio 9:l as determined by nmr. 

C .  From a Mixture of 22 and 29. Treatment of 700 mg (1.35 
mmol) of a mixture of 22 and 25 in a ratio of 53:47 with dry HC1 
in CHC13 at room temperature and monitoring the reaction by 
nmr showed that at 32 hr 88% reaction was complete and the 
product contained 83% of 29 and 17% of 28. After leaving the 
mixture a t  5" overnight, it was worked up as described earlier to 
give 325 mg (62%) of pure 29, mp 94-95", 

A mixture of 33 mg of mercuric cyanide, 2 ml of CHsOH, and 
50 mg (0.13 mmol) of 29 was stirred at  room temperature for 4 hr. 
The inorganic materials were removed by filtration, the filtrate 
was evaporated to dryness, and the residue was purified by pre- 
parative tlc (ether-hexane, 1:2 system) to give 39 mg (79%) of the 
a-methyl glycoside 20 as a syrup, [ a l z B ~  +88" ( c  1.0, CHC13). An 
ir spectrum of this material was superimposable on that of an au- 
thentic ~ a m p 1 e . l ~  

Ethyl 4-Azido-4,6-dideoxy-2,3-di-~-benzyl-01-~-glucopyran- 
oside (21). A mixture of 85 mg of silver carbonate, 100 mg of an- 
hydrous MgS04, 4 ml of ethanol, and 125 mg (0.32 mmol) of 29 
was stirred at  room temperature for 4 hr and filtered and the fil- 
trate was evaporated to dryness. The residue was distilled under 
reduced pressure to give 105 mg (82%) of 21, bp 160" (0.05 mm), 

Anal Calcd for C22H27N3O4: C, 66.48; H, 6.84; N, 10.57. 
Found: C, 66.46; H, 7.11; N, 10.30. 

Methyl 4-Azido-4,6-dideoxy-2,3-di-~-benzyl-~-~-glucopyran- 
oside (23). A mixture of 524 mg (1.35 mmol) of 28 in 2 ml of dry 
ether, 14 ml of CHBOH, 413 mg of silver carbonate, and 233 mg of 
anhydrous MgS04 was stirred at  room temperature for 30 min 
and filtered and the filtrate was evaporated to dryness. The resi- 
due was purified by preparative tlc (pentane-ether, 5: 1 system) 
and crystallized from pentane to give 200 mg (40%) of 23, mp 57- 

Anal Calcd for C21H25N3O4: C, 65.78; H, 6.57; N, 10.96. 
Found: C,65.51; H, 6.29; N, 10.72. 

Ethyl 4-Azido-4,6-dideoxy-2,3-di-O-benzyl-~-~-glucopyran- 
oside (24). A solution of 498 mg (1.3 mmol) of 28 in 2 ml of ether 
was stirred with 14 ml of ethanol, 205 mg of MgS04, and 395 mg 
of silver carbonate at room temperature for 48 hr. The mixture 
was filtered, the filtrate was evaporated to dryness, and the resi- 
due was purified by preparative tlc (pentane-ether, 4:l system) 
and recrystallized from cold hexane to give 306 mg (60%) of 24, 
mp 81-82", [ a ] 2 6 ~  +108" ( c  0.64, CHC13). 

Anal Calcd for CzzH27N304: C, 66.48; H, 6.84; N, 10.57. 
Found: C, 66.83; H, 7.00; N, 10.55. 

Isomerization of 29 to 28. A solution of 150 mg (0.4 mmol) of 
29 in 2 ml of CHC13 saturated with HC1 was kept a t  room tem- 
perature for isomerization. The progress of the reaction was fol- 
lowed by evaporating the solvent, redissolving the residue in 
CDC13, and determining the nmr spectrum at  various intervals. 
The isomerization was slow, showing only 10% of 28 after 40 hr. 
Continuation of the reaction for over 300 hr showed a steady lin- 
ear conversion of 29 to  28, giving 66.8% of 28 at  316 hr. Further 
isomerization could not be followed as the chloro sugars were 
found to decompose giving insoluble materials. 
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