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Condensation of I,6-N,O-carbonyl-3-N-ethoxycarbonyl-2,5-dideoxystreptarnine (7) with 
6-azido-2,3,4-tri-O-benzyl-6-deoxy-a-o-glucopyranosyl chloride by the Koenigs-Knorr reac- 
tion produced the a-glycoside 10. The cyclic carbamate of 10 was opened with ethanol in 
the presence of sodium ethoxide and the resulting 4-0-(6-azido-2,3,4-tri-O-benzyl-6-deoxy-~1-~- 
glucopyranosyl)-N,N'-diethoxycarbonyl-2,5-dideoxystreptamine (12) was glycosidated with 
3-aceta1nido-2,4,6-tri-O-benzyl-3-deoxy-a-~-glucopyranosy chloride (21) to give the a,a- 
d~glycoside 22. Hydrogenation of the azido group and removal of the protective groups gave 
5-deoxykanarnycln A (25), an antibiotic with a potency about half that of kanamycin A. 

GERRY KAVADIAS, PIERRE DEXTRAZE, ROBERT MASSE et BERNARD BELLEAU. Can. J. Chern. 
56,2086 (1978). 

La condensation de la N,O-carbonyl-1,6 N-Cthoxycarbonyl-3 dideoxy-2,5 streptarnine (7) 
avec le ch lo r~~re  de I'azido-6 tri-0-benzyl-2,3,4 deoxy-6 a-D-glucopyrannosyle, en faisant appel 
h la rCaction de Koenigs-Knorr, conduit a I'a glycoside 10. On a ouvert le carbamate cyclique 
de 10 avec de l'ethanol en presence d'tthylate de sodium et la 0-(azido-6 tri-0-benzyl-2,3,4 
dCoxy-6 a-D-g1ucopyrannosyl)-4 N,N'-diCthoxycarbony1 dideoxy-2,5 streptamine (12) qui en 
resulte a ete so~lmise a une reaction de glycosidation avec le chlorure de  I'acCtamido-3 tri-0- 
benzyl-2,4,6 deoxy-3 a-D-glucopyrannosyle (21) pour conduire a l'a,a-diglycoside 22. L'hydro- 
genation du groupe azido et I'enlevernent des groupes protecteurs conduit a la dCoxy-5 
kanamycine A (25), un antibiotique dont la puissance est a peu pres Cgale a la moitid de 
celle de la kanamycine A. 

[Traduit par le journal] 

In recent years, extensive studies have been carried respectively (5-13). The role of dioxane in assisting 
out on the modification of aminoglycoside antibiotics the formation of a-glycosides has been discussed (7). 
with the purpose of studying the structure-activity The low solubility of the protected 2-deoxy- and 
relationship and of producing new antibiotics that 2,5-dideoxystreptamines in dioxane-benzene solu- 
are effective against resistant bacteria (1). 

Most of the modifications have been directed at 
the aminosugar part of the molecule and only a few 
studies have been reported on the relationship 
between the structural features of the aminocyclitol 
moiety and the activity of the antibiotics (2). 

The present paper describes the synthesis of 5- 
deoxykanamycin A (25) by glucosidation of the 
readily available and suitably protected 2,5-dideoxy- 
streptamines (3) 7 and 14 by the Koenigs-Knorr 
reaction and demonstrates the usefulness of 7 and 
14 as key intermediates for the synthesis of other 
5-deoxyaminocyclitol antibiotics. With the exception 
of the mutamicins 2 and 2a, no other 5-deoxyamino- 
cyclitol antibiotics have been reported (4). The 
interesting antibacterial properties of mutamicin 2 
was an added incentive in the pursuit of our goals. 

In the synthesis of aminoglycosides of 2-deoxy- 

tions led us to examine the use ofdimethylformamide 
as the solvent in this coupling reaction. To establish 
workable experimental conditions for the synthesis 
of 5-deoxykanamycin A using dimethylformamide 
as the solvent, the condensation of 7 and 14 with the 
readily available 2,3,4,6-tetra-0-benzyl-a-D-glucopy- 
ranosyl chloride (6) (14) was examined first. 

Reaction of 7 with 6 in DMF in the presence of 
mercuric cyanide at 65OC for 24 h gave, after purifica- 
tion on a silica column, 4-0-(2,3,4,6-tetra-0-benzyl- 
a-D-glucopyranosy1)- 1,6-N,O-carbonyl-3-N-ethoxy- 
carbonyl-2,5-dideoxystreptamine (8) in 80% yield. 
The nmr signal for the anomeric proton in 8 was liot 
clearly defined so that structure 8 could only be 
inferred. Removal of the protective benzyl groups 
by catalytic reduction of 8 in the presence of 10% 
palladium-on-carbon followed by opening of the 
carbamate ring of 9 with a catalytic amount of 

streptamhe by the Koenigs-Knorr reaction, mercuric sodium in absolute ethanol gave 4-0-(a-D-glucopy- 
cyanide and dioxane-benzene or dioxane-chloro- ranosyl)-N,N'-diethoxycarbonyl-2,5-dideoxystrept- 
form are commonly used as catalyst and solvent, amine (11). The nmr spectrum of 11 in deuterium 

oxide showed a doublet at 6 5.08 with a coupling of 
'Author to whom correspondence may be addressed. 2.8 Hz, values which are characteristic of the 
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KAVADIAS ET AL 

1 R' = N,, R" = Ac, X = OCH, Q 2 R' = N,, R" = H, X = OCH, 
3 R' = N,, R" = Bzl,X = OCH, 

R O  4 R' = N,, R" = Bzl,X = OH 
5 R' = N,, R" = Bzl,X = C1 

O R  6 R' = OBzl, R" = Bzl, X = CI 

NHCbe NHCbe NHCbe 

6, + 
- @ o ~ p o  - " Q 0 ~ " c b e  Bz I0 R O  R"0 

OBzl 0 OR" 0 OR" OH 

5 R' = N, 7 8 R' = OBzl, R" = Bzl 11 R ' =  OH,R"  = H 
6 R' = OBzl 9 R 1 = O H , R " = H  12 R' = N,, R" = Bzl 

10 R' = N,, R" = Bzl 

I 

NHCbe 4, + o < e ~ c b e  - 4 o { b c b e  - "Q 
BzlO R"O 

OBzl OH OR" OR" 
5 R' = N, 14 15 R' = OBzl, R" = Bzl 18 R' = OH, R" = H 
6 R' = OBzl 16 R' = OH, R" = H 19 R ' =  N 3 , R n  = Bzl 

17 R' = N,, R" = Bzl 

I 

NHCbe 

+ - 
OBzl NHAc 

BzlO BzlO C1 

OBzl OH OBzl 
12 21 

OBzl OR" 
22 23 R' = Ac, R" = Bzl, RV'= Cbe 

24 R' = Ac, R" = H, RV'= Cbe 
25 R' = R" = R"' = H 
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expected signal for the anomeric hydrogen of 
a-D-glucopyranosides. 

Condensation of 3,4-N,O-carbonyl-1-N-ethoxy- 
carbonyl-2,5-dideoxystreptamine (14) with 6 as 
described above for the synthesis of 8 afforded 6-0- 
(2,3,4,6-tetra-0-benzy~-a-~-g~ucopyranosy~)-3,4-N,0- 
carbonyl- 1 - N -ethoxycarbonyl - 2,5 - dideoxystrept- 
amine (15) as crystals, mp 188-190°C (75.5% yield). 
To establish the anomeric configuration of this com- 
pound, the benzyl protective groups were removed 
by hydrogenation and the cyclic carbamate opened 
with sodium in ethanol to give 6-0-(a-D-glucopy- 
ranosy1)-N,N'- diethoxycarbonyl-2,5 - dideoxystrept- 
amine(18)as a crystalline solid, mp21 8-220°C, in 84x  
yield based on 15. The nmr spectrum of 18 clearly 
supported the a-glucosidic structure since it exhibited 
a doublet at 6 5.02 with a coupling of 3.5 Hz for the 
anomeric hydrogen. 

The synthesis of 6-azido-2,3,4-tri-0-benzyl-6- 
deoxy-a-D-glucopyranosyl chloride (5) has been 
reported (15) and the advantages afforded by this 
intermediate in glycosidation reactions by com- 
parison with the acylamino or aryloxycarbonylamino 
derivatives of the glycosyl halides have been dis- 
cussed (8). In this synthesis, 6-azido-2,3,4,-tri-0- 
benzyl-6-deoxy-D-glucose (4) (the precursor of 5) was 
obtained from the methylglucoside 3 by acid hydro- 
lysis with hydrochloric acid in acetic acid. In our 
hands, the hydrolysis of 3 by the above method gave 
poor yields (10-15%) of 4, the major product being a 
polar compound with R, 0 (tlc). The hydrolysis of 3 
to 4 was best accomplished by heating 3 in aqueous 
dioxane in the presence of p-toluenesulfonic acid 
(38% yield). The reaction was slow (5 days) but the 
only other major component of the reaction mixture 
was the starting material 3. 

Condensation of 1,6-N,O-carbonyl-3-N-ethoxy- 
carbonyl-2,5-dideoxystreptamine (7) with 5 in D M F  
in the presence of mercuric cyanide at 80-85°C for 
24 h produced, after purification on a silica column, 
4-O-(6-azido-2,3,4-tri-O-benzyl-6-deoxy-a-~-glucopy- 
ranosy1)- l,6-N,O-carbonyl-3-N-ethoxycarbonyl-2,5- 
dideoxystreptamine (10) in 53.5% yield. The cyclic 
carbamate of 10 was opened by heating in boiling 
ethanol in the presence of a catalytic amount of 
sodium to give 4-0-(6-azido-2,3,4-tri-0-benzyl-6- 
deoxy-a-D-glucopyranosy1)- N,N1-diethoxycarbonyl- 
2,5-dideoxystreptamine (12), mp 167-16S°C, in 70% 
yield. Compound 12 was hydrogenated over palla- 
dium hydroxide whereupon the azido group was 
reduced and the benzyl protecting groups removed. 
The product was then heated in boiling aqueous 
barium hydroxide to give 4-0-(6-amino-6-deoxy-a-D- 
glucopyranosy1)-2,5-dideoxystreptamine (13), mp 
235-237°C with decomposition beginning at 220°C; 

+83.6', [a]43625 + 168"; A[MITACUl6 + 767. 
The observed positive A[M],,,,'~ for compound 

13 shows that it is the 4-isomer and therefore 
establishes the absolute configuration of 7 as was 
previously reported (3). 

Condensation of 14 with the 6-azido sugar 5 
afforded in 55% yield, 6-0-(6-azido-2,3,4-tri-0- 
benzyl-6-deoxy-a-D-glucopyranosy1)-3,4-N,O-car- 
bonyl- 1 - N-ethoxycarbonyl-2,5-dideoxystreptaniine 
(17), mp 150-151°C. Reaction of 17 with a catalytic 
amount of sodium in ethanol gave compound 19, 
mp 201-203"C, in 80x  yield. The protective groups 
of 19 were removed as described above for the 
synthesis of 13, to  give 6-0-(6-amino-6-deoxy-a-D- 
glucopyranosy1)-2,5-dideoxystreptamine (20), mp 
240-244°C (dec.); [a],25 + 58.3, A[M],,,,, -444. The 
negative A[M],,,, for 20 indicates that it is the 
6-isomer and this confirms the assigned absolute 
configuration of 14  (3). 

Condensation of 4-0-(6-azido-2,3,4-tri-0-benzyl-6- 
deoxy-a-D - glucopy ranosyl) - N,N1-diethoxycarbony1- 
2,5-dideoxystreptamine . (12) with 21 (17) gave 
crystalline 4-0-(6-azido-2,3,4-tri-0-benzyl-6-deoxy- 
a-~-glucopyranosyl)-6-0-(3-acetamido-2,4,6-tri-O- 
benzyl-3-deoxy-a-D-glucopyranosyl) -N,N1-diethoxy- 
carbonyl-2,5-dideoxystreptamine (22), in 70% yield. 
The azido group of 22 was reduced catalytically and 
the resulting amino group acetylated to give 4-0-(6- 
acetamido-2,3,4-tri-O-benzyl-6-deoxy-cr-~-glucopyra- 
nosy1)-6-0-(3-acetamido-2,4,6-tri -0- benzyl-3-deoxy- 
a -D - glucopyranosyl) - N,N1- diethoxycarbonyl -2,5 - 
dideoxystreptamine (23), mp 210-213"C, in 67% 
yield. Debenzylation of 23 in the usual manner pro- 
duced crystalline 24. The nmr spectrum of the latter 
showed the signals for the anomeric hydrogens, 
H-I " and H-1', at 6 4.98 and 5.06 with a coupling of 
3.5 Hz indicating that both amino sugar units are in 
the a configuration. Removal of the protective groups 
of 24 by hydrolysis with aqueous barium hydroxide 
afforded the desired 5-deoxykanamycin A (25). 
5-Deoxykanamycin A showed the same spectrum of 
antibiotic activity as kanamycin A but about half 
the potency of the latter. Its antibiotic properties are 
summarized in Table 1. 

Experimental 
The melting points were determined on a Mel-Temp melting 

point apparatus and are not corrected. Optical rotations were 
measured with a Perkin-Elmer Model 141 polarimeter. 
Nuclear magnetic resonance spectra were taken with a Varian 
A-60A spectrometer. Tetramethylsilane (for solution other 
than deuterium oxide) and sodium 4,4-dimethyl-4-silapentane- 
I-sulfonate (for the solutions of deuterium oxide) were used as  
internal standards. Thin-layer chromatography (tlc) was 
carried out on microscope slides coated with silica gel and the 
spots were visualized with perchloric acid. 
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A S  ET AL. 2089 

TABLE 1. Minimum inhibitory concen- 
tration of 5-deoxykanamycin A against 

various microorganisms (yg/ml) 

I 

Minimum 
inhibitory 

Organism concentration 

S. pnerrm. 9585 125 
S. pyogerles 9604'vb 125 
S. nureus 9537 2 
S. aloeus 9606 4 
S. arrreus 20240 > 125 
E. coli 9632" 8 
E. coli 21218" > 125 
E. coli 2089Sb 8 
E. coli 20732" 125 
E. coli 20665" > 125 
E. coli 20683" > 125 
E. cloacne 9656 8 
E. cloncae 20364" > 125 
E, cloncae 2 1006" > 125 
K. ptteum. 9977 1 
P. tnirnb. 9900 32 
P. rettgeri 9637 1 
P. rettgeri 21207" 16 
P. stuartii 21210 4 
P. strmrtii 20894" 32 
S. nmrc. 20019 32 
S. marc. 20460 > 125 

I 
P. uerrrg. 9843A > 125 
P. oerrrg. 20653 r 125 
P. nerrrg. 20741 > 125 
P. oerrrg. 20717 > 125 
P. aerrrg. 20601 > 125 
P. crerrlg. 21509 > 125 

'45% ant~b~ot~c assay broth, 50'% Mueller- 
H ~ n t o n  broth, and 5'7, serum. All others are 
Mueller-H~nton broth. 

blO-%rgan~sm d~lut~on. All others are 10-6 
organlsm d~lut~on 

1Metltyl6-Azirlo-6-deoxy-2,3,4-tri-O-ncetyl-a-~-gl~rcopyr.nnoside 
/ I  I 

~his'compound was prepared by the method described by 
Castro et 01. (18), rnp 102-103°C (lit. (19) mp 103°C). 

Metltyl 6-Azido-6-deoxy-a-D-glrrcopyr.nnoside ( 2 )  
A solution of 68.2 g methyl 6-azido-6-deoxy-2,3,4-tri-0- 

acetyl-a-D-glucopyranoside in 600 ml dry methanol to which 
150 mg sodium hydride had been added (300 mg of 50% 
NaH-oil suspension washed with benzene), was stirred at 
room temperature for 45 min and then neutralized with carbon 
dioxide and the mixture filtered. Evaporation of the filtrate 
gave 43.3 g of 2 as a syrup; [c~]D" +122' (c 1, H 2 0 )  (lit. (15) 
[ C ( ] D ~ ~  + 122' (C 1, H20)). 

Metl~yl6-Azirlo-2,3,4-ni-O-benzyl-6-deoxy-a-~-glucopy- 
rnnoside ( 3 )  

This compound was prepared from methyl 6-azido-6-deoxy- 
I a-D-glucopyranoside by reaction with benzyl chloride in D M F  

in the presence of potassium hydroxide according to the 
published method (15). 

6-Azido-2,3,4-tri-0-berlzyl-6-deoxy-~-glrrcose (4)  
A solution of 53.5 g (107.3 mmol) of 3 and 81.5 g (430 mmol) 

p-toluenesulfonic acid monohydrate in 430 ml of 70% dioxane- 
water was heated under reflux for 5 days. After cooling to 
room temperature, the reaction mixture was poured onto 
water (500 ml) and the mixture extracted with chloroform 

(3 x 200 ml). The combined extracts were washed successively 
with water, aqueous sodium bicarbonate, and water and after 
drying over sodium sulfate, it was evaporated to dryness. The 
dark-brown residue showed on tlc (silica, 10% ether-benzene) 
three spots with R, values of 0.58 (compound 3), 0.25 (com- 
pound 4), and 0. The crude product was chromatographed on 
silica gel (activity 11), (300 g, 20 cm x 6.1 cm id) and eluted 
with 2% ether-benzene. The effluent was collected in 50 rnl 
fractions. Fractions 1-12 were combined and evaporated to  
dryness to give 23.5 g (44% recovery) of ~~nreacted starting 
material. Fractions 13-18 gave, after evaporation, 5.0 g of a 
mixture of starting material 3 and product 4. The column was 
then washed with 25% ether-benzene to give 19.3 g (38%) of 4 
as a syrup (a mixture of the two anomers) which solidified 
upon standing at  room temperature. This material was used 
as such in the next reaction. 

6-Azido-2,3,4-tri-O-benzyl-6-deoxy-a-~-~1cop~~rartosyl 
Chloride ( 5 )  

This compound was prepared as described by Tagaki er 01. 
(15) by reacting 4 with thionyl chloride. 

4-0-(2,3,4,6-Tetrn-0-be1izyl-a-~-gl~rcopyrn~rosyl)-1,6-N,O- 
cnrbortyl-3-N-ethoxyc0rbottyl-2,5-~lideoxystreptnt~1ine ( 8 )  

T o  a flame-dried and nitrogen-purged 50-ml three-neck flask 
fitted with condenser, mechanical stirrer, and nitrogen inlet 
and outlet tubes was added 2.16 g (8.8 rnmol) of 7 (3), 7.3 g of 
anhydrous calcium sulfate, and 12 ml of dry DMF and the 
mixture heated to 65°C while stirring under a nitrogen stream. 
After I h, 5.7 g of mercuric cyanide was added together with a 
solution of 5.5 g (9.8 mmol) of 2,3,4,6-tetra-0-benzyl-a-D- 
glucopyranosyl chloride (6)  (14) in 15 m l  of DMF. The 
mixture was stirred at 65°C for 27 h and after cooling to room 
temperature, it was diluted with chloroform (50 ml), filtered, 
and the solids washed with chloroform (3 x 20ml). The 
combined filtrate and washings were washed with water, dried, 
and evaporated to dryness. The residue was chromatographed 
on a silica column (240 g, 55 cm x 3.3 cm id) and eluted with 
MEK-benzene (1 :4) to  give 5.4 g (80%) of 8 as a homo- 
geneous syrup (tlc on silica, 2% MeOH in CHC13 as solvent). 
This material was used a s  such in the next reaction. A sample 
was crystallized from isopropyl alcohol - diisopropyl ether 
and then recrystallized from isopropyl alcohol to give the 
analytical sample, mp 172-173°C; [a],25 + 38.2 (c 1.2,CHCI3); 
ir (KBr): 1760 (cyclic carbamate) 1700 and 1530cm-' 
(NHC02Et).  Atinl. calcd. for C44H50N2010: C 68.91, H 6.57, 
N 3.65; found: C 69.02, H 6.63, N 3.72. 

4-0-(a-D-Glrrcopyrnttosy/) -N,N1-dietlroxycnr-bortyl-2,5- 
dideoxystreptamirre (11)  

A solution of 4.46 g (5.8 mmol) of 8 in ethanol (220 ml) was 
hydrogenated over 10% Pd-on-carbon (0.9 g )  under a hydrogen 
pressure of 3 cm of mercury at  room temperature for 48 h. The 
catalyst was removed, washed with ethanol (2 x 30 ml), and 
the combined filtrate and washings evaporated to give 2.22 g 
(94%) of 9 as a syrup. Thin-layer chromatography on silica 
(chloroform-methanol (3:l)) showed a single spot with 
R, 0.39. 

Compound 9 (2.22 g) was dissolved it1 absolute ethanol 
(1 15 ml) in which 50 mg of sodium hydride had been dissolved 
(55% suspension in oil) and the solution heated under reflux 
for 3 h. After cooling to  room temperature, it was neutralized 
with a cation exchange resin and evaporated to  dryness to give 
crystalline 11, mp 273-275OC (EtOH), [a]D'5 +81.0° (c, 0.2, 
H 2 0 ) ;  nmr spectrum a t  80 MHz showed 6 :  1.24 and 4.08, 
(triplet and quartet for N-CO,Et, J = 7.1 Hz), 5.08 (d, 1, 
H-1, J = 2.8 Hz). Anal. calcd. for C18H32N201 L : C 47.78, 
H7.13, N6.19; found: C47.65,H7.11,N 6.35. 
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6-0-(2,3,4,6,Tetrn-O-bet~zyl-a-~-ghicopyt~atrosy/) -3,4-N,O- 
cnrbot1yl-l-N-et/1oxycarbot1y/-2,5-dicIeoxyslr~eptntnit1e (15) 

A quantity of 1.8 g (7.3 nlmol) of 3,4-N,O-carbonyl-1-N- 
ethoxycarbonyl-2,5-dideoxystreptami~ie (14) (3) was reacted 
with 5.2 g (9.3 mmol) of 6 in D M F  (25 ml) in the presence of 
mercuric cyanide and anhydrous calcium sulfate as described 
above for the synthesis of 8. After work-up, the crude syrupy 
product crystallized upon exposure to ether. The crystalline 
product was filtered off to give 3.91 g (70%) of 15, nip 188- 
190°C. Thin-layer chromatography on silica (2% methanol in 
chloroform) showed a single spot with R, 0.24. The mother 
liquor was evaporated to dryness and chromatographed on a 
column of silica (60 g, 12 cm x 3.1 c n ~  id) using MEK- 
benzene 1:2 as the eluent. The fractions containing 15 were 
combined and evaporated to dryness to give 470 mg which on 
trituration with ether gave 300mg of crystalline 15, mp 
190-192°C. This fraction was combined with the first crop 
above to give a total of 4.21 g (75.5%). Recrystallization from 
ethanol gave the analytical sample, mp 190-192°C; [aIDZ5 
+ 19.9 (c, 1.4, CHCI,); ir (KBr): 1770 (cyclic carbamate), 
1700cn1-~ (NHC0,Et). Anal. calcd. for C44H50N2010:  
C 68.91, H 6.57,N 3.65; found: C68.84, H 6.60, N3.72. 

6-0-(a-D-Ghicopyrat~osyl) -3,4-N,O-carbot~yl-I-N- 
ethoxycarbot~yl-2,5-dideoxysfr~ptatiri11e (16) 

A mixture of 4.0 g (5.2 mmol) of 15 in ethanol (400 ml) was 
hydrogenated over 0.8 g of 10% Pd/C as described for the 
synthesis of 11 above. Removal of the ethanol solvent by 
evaporation gave crystalline 16. Recrystallization from 
ethanol gave 2.08 g (88.5%) of crystalline 16 containing 1 mol 
of EtOH of crystallization, mp 242-243°C; [a]DZ5 +45.4 (c, 
2.0, H 2 0 ) ;  ir (KBr): 3320, 1745, 1705, 1690, and 1543 cm-'; 
nmr (D20)  6 :  5.02 (d, one proton, H-I, J,,, = 3.5 Hz). At~al. 
calcd. for C l sHZoNZOlo~CzH50H:  C 47.78, H 7.13, N 6.19; 
found: C 47.87, H 7.17, N 6.34. 

6-0-(a-D-Glrrcopyrnnosyl) -N,N f-diefl~oxycnrbot~yl-2,5- 
dideo.~ysfreptnrnit~e (18) 

Compound 16 (1.0 g, 2.46 mmol) in absolute ethanol (30 ml) 
in which a catalytic amount of sodium hydride had been 
dissolved was heated under reflux for 3 h and the product 
isolated as described above for the synthesis of 11 to give 
compound 18 in 95% yield, mp 218-220°C (EtOH); 
+67.0 (c, 0.75, H20) ;  ir (KBr): 1695 and I540cm-' 
(NHC02Et):  nmr ( D 2 0 )  6 :  5.02 (d, one proton, H-I,  J l . z  = 
3.5 Hz). Anal. calcd. for C18H32N2011: C 47.78, H 7.13, 
N 6.19; found: C47.55, H 7.14, N 6.11. 

4-0- (6-Azirlo-2,3,4-1r.i-O-bet1zyl-6-deoxy-a-~-g~~icopyrflt~os~~~) - 
1,6-N,O-carbot1yl-3-N-e,/2oxycarbonyl-2,5-dideoxy- 
sfrepfatnitre (10) 

A flame-dried, nitrogen purged, three-neck flask (100 ml) 
equipped with a condenser, nlechanical stirrer, and nitrogen 
inlet and outlet tubes was charged with 2.44 g (10 mmol) of 
(7) (3) and 15 ml dry DMF. Under a slow stream of nitrogen, 
5.5 g anhydrous calciunm sulfate was added and the mixture 
stirred at  room temperature for 30 min followed by heating 
to 80°C for 15 min. A solution of 5.1 g (10.3 mmol) of 6-azido- 
2,3,4-tri-0-benzyl-6-deoxy-cx-~-glucopyranosyl chloride (5) in 
5 nll dry D M F  was then added, followed by the addition of 
6.3 g of mercuric cyanide. The mixture was heated a t  80-85°C 
under nitrogen with stirring for 17 h. Fresh mercuric cyanide, 
3.0 g was added and heating continued for 3 h. After cooling 
to room temperature, the reaction mixture was diluted with 
chloroform (150 ml) and filtered. The solids were washed with 
chloroform (2 x 10 ml) and the combined filtrate and wash- 
ings were washed with water (5 x 100 ml), dried, and evapor- 
ated to dryness to give a dark brown sticky residue. On tlc 
(silica, 5% MeOH-CHCI,) it showed five spots with R f  0, 

0.28 (major, conipo~ind lo), 0.38, 0.5, and 0.92, respectively. 
The crude product was dissolved in 20 ml chlorofornl and the 
solution added dropwise with stirring to 175 n ~ l  of petroleu~n 
ether (bp 40-60.0 The petroleum ether phase was decanted 
and the residue dissolved in CHCI, (20 nil) and the latter 
solution again added to petroleum ether (175 1111). The 
p e t r o l e ~ ~ n ~  ether phase was again decanted and combined with 
the preceding petroleun~ ether phase. The residue, 4.1 g, 
showed on tlc one nlajor spot with R, 0.28 (con~pound 10) and 
two minor ones with R,  0 and 0.38, respectively. The petroleurn 
ether phase showed o n  tlc a sn~all spot for 10 (R,  0.28) and the 
spots with R, 0.38, 0.5, and 0.92 and upon standing at  roonm 
temperature overnight it deposited 200 mg of compound 10. 
The combined yield of 10 was 4.3 g. This material was further 
purified by passing through a column of silica (activity 11) 
(45 g, 6.5 cnm x 4.3 cm id) using 10% nmethanol in chlorofornm 
as the eluent (250 ml). This treatment removed the impurity 
with R, 0. The eluent was evaporated to dryness togive 3.75 g 
(53.5%) of a brown syrup which on tlc showed one major spot 
with R, 0.28 (conlpound 10) and a trace of a conipound with 
R, 0.38. This material was used as such in the next reaction. 

An analytical sample was obtained by crystallization from 
ether, mp 75-85'C; [ r ~ ] ~ ~ ~  +87.4 (c, 1.0, CHCI,); ir (CHCI,): 
2110 (N,), 1760 (cyclic carbamate), 1710 and 1520cm-' 
(N-C02Et). Anal. calcd. for C,,H,,N,O,: C 63.32, H 6.18, 
N 9.98; found: C 63.35, H 6.14, N 9.83. 

4-0-  (6-Azic/o-2,3,4-fri-O-bet~zy/-6-deoxy-a-~-g~rrcopyt~flt10~~~/) - 
N,N'-diefbo.uycarbotyl-2,5-dideo.uysfreptnt?1irre (12) 

A solution of 3.75 g of the preceding crude 10 in 30 nml 
absolute ethanol in which 20 nig NaH (55% in oil) had been 
dissolved was heated under reflux for 3 h with exclusion of 
moisture. After cooling to room temperature, acetone (35 ml) 
was added to dissolve the solids and the solution neutralized 
by passing through a colunln containing 4.0g Amberiite 
IR-120 (H+ form, washed with water and EtOH). The neutral 
effluent was evaporated to dryness to give a residue which o n  
tlc (silica; benzene-MEK, 2:l)  showed one major spot with 
R, 0.39 (compound 12) and four minor ones with R, 0, 0.72, 
0.89, and 1.0. It was chromatographed through a column 
packed with 100 g of silica (activity 11) (14.5 cm x 4.0 cm id) 
and the product eluted with benzene-MEK (2:l). Fractions of 
20 ml were collected and the nlaterial eluted in tubes 6-20. The 
combined elutes were evaporated, the residue dissolved in 
20 n ~ l  of boiling ethanol and the mixture filte:..]. The filtrate 
was evaporated to dryness to give 2.8 g (70%) of crystalline 
compound 12. Recrystallization from ethyl acetate (10 ml) - 
petroleum ether (20 ml) gave 2.4g, m p  167-168°C; [a]D'5 
+ 77.4" (c, 1.0, CHCI,); ir (CHCI,): 21 10 (N,), 1705 and  
1520 cm-' (N-C02Et). Atlol. calcd. for C 3 9 H ~ ~ N 5 0 1 0 :  
C 62.63, H 6.60, N 9.36; found: C 62.28, H 6.54, N 9.04. 

4-0-(6-At~1ino-6-deoxy-~-~-gl~rco~~yranosyl) -2,5-dicleo-uy- 
sfrepfamitre (13) 

A mixture of 251 nlg of 12 in methanol was hydrogenated 
in a Paar apparatus over 20% Pd(OH)2-on-carbon (200 nig) 
a t  room temperature and at  an initial hydrogen pressure of 
45 psi. After 16 h, the mixture was filtered through a Celite 
bed and the cake washed with methanol (25 ml). The com- 
bined filtrate and washings were evaporated to dryness to give 
4-0-(6-an~ino-6-deoxy-a-~-glucopyranosyl)-N,N'-diethoxycar- 
bonyl-2,5-dideoxystreptamine as a foanm. Thin-layer chronia- 
tography on silica with MeOH-CHC1,-NH,OH (4:l: l)  a s  
the solvent showed a single spot (ninhydrin spray). The 
material was dissolved in water (10 ml), bariunl hydroxide 
(1.2 g) was added, and the solution heated at reflux under 
nitrogen for 22 h. The mixture was diluted with water (20 ml) 
and the excess barium hydroxide neutralized by passing 
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carbon dioxide through the solution. The resulting ~nixture 
was heated to boiling and filtered through a bed of Celite and 
the solids washed with boiling water (2 x 20 nil). The filtrate 

l and the washjngs were combined and acidified with 1 Nsulfilric 
acid to precipitate barium. The mixture was filtered through 
Celite, the filtrate neutralized with an anion exchange resin 

I 
(Rexyn 201, OH- form), and the solution evaporated to 
dryness to give a syrupy residue which sol~d~fied on treatment 
with methanol. Thin-layer chromatography on silica  sing 
CHC1,-MeOH-NH,OH-H20 (1 :4:2: 1) as solvent showed 
one major spot uith R, 0.40 (ninhydrin spray) and some 
impurities w ~ t h  lower R, values. T h ~ s  material was absorbed 
on a cation exchange resln (Rexyn 102, NH,+ form, 3 rnl) and 
the col~lrnn was first washed with water (50 ml) and then with 
0 2 N aqueous ammonium hydrox~de which after evaporation 
gave 13 (51 mg, 50%) as a sol~d, n ~ p  235-237'C (it foamed and 
decomposed); +83.6 (C 0.30, H20), [ u ] , , G ~ ~  + 168' 
(c, 0.30, HzO), [ c ~ ] A ~ G ~ ~  f 4 1 8  (c, 0.35, TACU), A[MITAc~ 
+767. 

6-0- (6-Azido-2,3,4-/1~i-0-bet1z~~l-6-r/eo.v~~-a-~-g/lrcopy,.o,1osy1) - 
3,4-N,O-co1~bot~.l-l-N-e/l1o,v)~cn1~bot1~~l-2,5-rlirleo,vy- 
s/rep/otllitze (17) 

Con~pound 14 (2.70 g, 11.14 mmol) was reacted with 5.96 g 
(12.1 mmol) of 6-azido-2,3,4-tri-0-benzyl-6-deoxy-a-~-gluco- 
pyranosyl chloride (5) in dry D M F  (23 ml) at 83-85'C, in the 
presence of mercuric cyanide and calcium sulfate as described 
above for the synthesis of 10. After the reaction was com- 
pleted (20 h) the reaction mixture was cooled to room tem- 
perature, diluted with chloroform (150 ml), and filtered. The 
solids were washed with chloroform (3 x 20 ml) and after 
combining the washings with the filtrate, the solution was 
washed with water, dried and evaporated to dryness to give 
6.54 g of a brown syrup. Thin-layer chromatography on silica 
using 5% methanol in chloroform as solvent showed two spots 
with R, 0.33 (major, compound 17) and 0.61 (minor). The 
crude product was chromatographed on a column of  silica 
(activity 111) (150 g, 20 CIII x 3.8 cm id) using MEK-benzene 
(1 :4) mixture as the eluent. Fractions of I0 ml were collected 
and fractions 4-15 contained the compo~~nd  with R, 0.61 
(silica, 5% MeOH-CHC13). They were combined and evapor- 
ated to  dryness to give 1.4 g of a syrup which consisted of 
6-azido-2,3,4-tri-0-benzyl-6-deoxy-~-gl~1cose (4). The fractions 
20-98 were combined and evaporated to dryness to give 4.29 g 
(54.8%) of compound 17 as a syrup. It was crystallized from 
ethanol-ether to give crystalline 17, n ~ p  150-1 5 1°C; [a]," 
+ 33.0 (c, 1.0, CHCI,); ir (Nujol): 3340 (NH), 21 10 (N,), 1750 
(cyclic carbanlate) 1710 cm-' (N-carbethoxy). Atlnl. calcd. for 
C3,H4,N509: C 63.32, H 6.18, N 9.98; found: C 63.35, 
H 6.15, N 10.16. 

6-0- (6-Azirlo-2,3,4-11~i-O-be~zyl-6-rleo.~y-a-~-gl11copyt~nt~osy) - 
N,N'-rlie/hos~~carbo,?vl-2,5-cIideoxysre/a1it1e (19) 

A solution of 2.22 g (3.2 rnnlol) of 17 in dry ethanol (50 ml) 
in which 20 mg of sodium hydride (55% oil suspension) had 
been dissolved was heated under reflux for 3 h. After cooling 
to room temperatnre, i t  was neutralized by treatment with 

1 Amberl~te IR 120 (H+ form), the resin filtered off, and the 
I filtrate evaporated to dryness to give 2.4 g (IOOZ) of solid 

material which on tlc (silica, 5 %  MeOH-CHCI,) showed one 
1 major spot with R, 0.30 (compound 19) and traces of a 

c o n ~ p o ~ ~ n d  with R, 0.12. Recrystallization from ethanol - 
1 ethylacetate (5 : l )  gave 1.92 g (80.6%) of 19, mp 201-203'C; 
1 [a]," +40.2 (c, 1.45, CHCI,); ir (Nujol): 3310 (NH, OH), 

2110 (N,), 1690 and 1540cn1-~ (N-carbethoxy). Anal. calcd. 
for C39N49N5010: C 62.63, H 6.60, N 9.36; found: C 62.50, 
H 6.51, N 9.48. 

6-0- (6-A1tli1~0-6-deo.vy-a-~-gl~rcop)~1~n110~)~/) -2,5-&/eosy- 
s/~.ep/ntl~itle (20) 

A solution of 1.10 g of 19 in methanol (30 ml) was hydro- 
genated over 1 g of 20% Pd(OH)z-on-carbon as described for 
the preparation of 13 above. The product was hydrolyzed with 
aqueous barium hydroxide and purified a s  described above 
(compound 13) to give 252 rng of 20 as an amorphous solid, 
mp 240-244'C (dec.); [a],'5 +58.3 (c, 0.75, H20) ,  [a],3G25 
+ 114 (c, 0.75, H20) ,  [ ~ r ] ~ ~ ~ ~ ~  -30.8 (c, 0.51, in TACu), 
A[M]T~~ . , ,  -444.5. 

4-0-(6-Azirlo-2,3,4-~ri-O-b~~~1~y~-6-~~eo~vy-a-~-gI~1co~~)~1~a11o~~l)- 
6-0-  (3-nce/n1ilir/o-2,4,6-/1~i-O-bet~zyl-3-cleos)~-a-~- 
glrrco/~.v~~r~t~osyl) -N ,N'-clie/l1os~~cnrbo11yI-2,5-rlideo.\:1.- 
slrel~/otl~it~e (22) 

A flame-dried nitrogen purged 50 ml two-neck flask fitted 
with mechanical stirrer, condenser, and nitrogen inlet and 
outlet tubes was charged with 2.99 g (4 mrnol) of compound 12 
and 10 ml dry DMF and the mixture stirred at room ten]- 
perature ~lnder nitrogen until dissolution was coniplete. 
Anhydrous calcium sulfate (3.0 g) was then added and the 
mixture stirred at room ten~perature for 30 min. To this was 
added 1.3 g (4.0 mmol) of 3-acetamido-2,4,6-tri-0-benzyl-3- 
deoxy-a-D-gl~~copyranosyl chloride (21) followed by 3.0 g of 
powdered nlerc~~ric cyanide. The mixture was heated at 80°C 
while stirring under nitrogen. After 9 h, 1.31 g of 21 and 1.5 g 
Hg(CN)? were added, the mixture stirred again at 80'C for 
12 h after which t i~ne l .O g of 21 and 1.0 g Hg(CN), were 
again added. After stirring for 22 h at 8WC, the mixture was 
cooled to  room temperature, diluted with CHCI, (150 ml), 
filtered, and the solids washed with CHCI, (2 x 10 1111). The 
combined filtrate and washings were washed with water 
(5 x 150 mi), dried, and evaporated to dryness. Thin-layer 
chromatography (alumina, 2% MeOH-CHCI,) showed one 
major spot R, 0.51 (compound 22) and three minor ones with 
R, values of 0.17, 0.27, and 0.76. The sticky residue on treat- 
ment with ethyl acetate - ether crystallized. I t  was chromato- 
graphed through a colunln packed with alumina (activity 11) 
(150 g) (21.5 crn x 2.8 cm id) and the product eluted in 20 ml 
fractions with 1 %  MeOH-CHCI,. Tubes 6-17 were combined 
and after evaporation gave 4.7 g of a colorless sticky residue 
which on tlc showed one major spot for 22 and a minor one 
with R, 0.76. It was treated with boiling ethyl acetate (40 ml) 
and the mixture filtered to remove some insoluble solids 
(220 mg). The filtrate was evaporated to dryness, dissolved into 
I5 ml of boiling ethyl acetate, and the solution diluted with 
30 rnl ether. After standing at room temperature overnight, 
the crystalline product 22 was collected to give 3.40 g (70z),  
nip 178-188°C. Atlol. calcd. for C68H80NG015 : C 66.87, H 6.60, 
N 6.88; fo~lnd:  C 67.28, H 6.67, N 6.57. 

4-0- ( 6 - A c e / n t ~ ~ i r l o - 2 , 3 , 4 - ~ i - O - b e t 1 z y / - 6 - ~ ~ -  
t.at~osyl) -6-0-(3-nce/nt~iirlo-2,4,6-/ri-O-benzyl-3-rleo~vy- 
~ - ~ - g l l r ~ ~ p ) ~ ~ f l t l ~ ~ ) ~ / )  - N , N ' - ~ ~ ~ ~ I I O X ~ C O ~ ~ O ~ I J J ~ - ~ , ~ -  
dideox)~s/t.ep/o1,1irre (23) 

A solution of 3.0g (2.46 mmol) of 22 in 100 rnl of 90% 
EtOH-water was hydrogenated in a Paar apparatus over 
Raney nickel at room temperature and at a n  initial hydrogen 
pressure of 55 psi. After 3 h, the reaction mixture was filtered 
and the catalyst washed with EtOH. The combined filtrate and 
washings were evaporated to dryness to give 2.77 g (94.5%) of 
a syrup which solidified. Infrared spectroscopy confirmed that 
hydrogenation was complete (absence of azido band). Thin- 
layer chromatography on silica (10% MeOH-CHC13) showed 
one major spot with R, 0.43 and four minor ones. The 
material was dissolved in dry pyridine (10 ml) and acetic 
anhydride (1.5 ml) was added. After standing at room tern- 
perature for I h, water (0.5 ml) was added, the solution diluted 
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w ~ t h  CHC13 (150ml), and washed first k ~ t h  watel (3 x 100 
ml), then w ~ t h  5% aqireoirs HCI (lOOml), and finally w ~ t h  
watel (100 ml) After dryrng and lernoval of the solvent by 
cvapo~atlon, the stlcky ~esrduc was treated w ~ t h  bolllng ethyl- 
acetate (25 ml) and the crystalline p~oduct  23 collected to glve 
1 95 g (67%), mp 210-213 C Rec~ystall~zat~on from EtOH 
p~oduced an analytrcal samplc, mp 217-218 C Alml calcd 
f o ~  C,,Hs4N4OI6. C 67 96, H 6 84, N 4.53, found. C 68 09, 
H 6 90, N 4 57 

4-0- (6-Ac e/cr1111clo-6-cleo \)~-ci-~-glrrcopy~ ~IIOJ)J/)  -6-0-(3- 
ot ~ ~ ~ I I ~ I ~ C / O - ~ - C / C ~ , \ Y - ~ - D - ~ / I I ~ ~ [ ~ )  I n11osyl)-N,N'-clrell~ox)~- 
ccrr D o I I ) ~ / - ~ , ~ - c / I c / ~ . ~ ~  ys11 epfn11111le (24) 

A solut~on of 700 mg of compound 23 In 80 nil 95% ethanol- 
wa te~  was hyd~ogenated over 100 mg of Pd/C (10%) at room 
temperatule and at atniospher~c pressure for 2411. Thc 
leactlon n11xti11c was filtered and the catalyst washed w ~ t h  
bollrng 70"A EtOH-water (4 x 15 ml). The comblned filtrate 
and washlngs bcle evapo~ated to dryness to glve 360 mg of 
c~ystallrne 24, rllp 260-262 C (dec) The nnir spectrum at 
100 MHz 111 D 2 0  showed 6:  I 22 and 1 24 (two tr~plets f o ~  
CH3 of NHC02Et),  4 10 and 4.12 (two quartets f o ~  CH, of 
NHC02Et),  2 03 (s, 6H, NHAc), 4.98 (d, 1, H-I", J1 ., = 
3.5 Hz) 5 06 (d, 1, H-1', J, = 3 5 Hz). Al~nl. calcd for 
CZsH4sN4016 C 48 27, H 6 94, N 8.04; found: C 47.53, 
H 6.84, N 7.64 

I 
5-Deouykcr1~cr1~1~ t ilr A (25) 

A solut~on of 360 mg (0 515 mmol) of 24 In 20 ml of 1 N 
aqileoirs bar~um hydlowde was heated at reflux for 24 h whrle 

I e\ciild~ng C 0 2  I t  was then d~luted wlth 30 ml wa te~ ,  neu- 
I tlallzed w ~ t h  CO,, heated to bolllng, filtered, and the solrds 

I washed w ~ t h  bo111ng wdter (3 x 30 ml). The filtrate and 

I 
washings welc conlblned, 5 ml of 1 N H,S04 added to 
prec~p~ta te  b a ~ ~ i r m ,  and the sol~ds  ~emoved by filtrat~on. The 1 filt~ate was passed through a colullin contalnlng I0 g Rexyn 

1 201 (st~ongly bas~c ~es ln  In the OH-  form) to remove the 
ac~ds  (H2S04  and AcOH) and the effluent evaporated to 

i d~yness to glve 200 nlg of sticky ~ e s ~ d u e  Thln-layer chronla- 
tography on sllrca (H,O-MeOH-NH40H-CHCI,, 1 4 2 1, 
nlllhydr111 splay) showed two spots w ~ t h  RJ 0 19 (major, COIII- 
poirnd 25) and R, 0.49 (plobably the cyclrc urea) The materlal 
was chromatographed ilslllg a column packed wrth Rexyn 102 
(NH,+ form) (0 9 crn ~d x 10 2 cnl) The column was washed 
first w ~ t h  water (I00 ml), then w ~ t h  1 N an in~on~um hydrox~dc 
(300 ml) The effluent contaln~ng compound 25 was evaporated 
to dryness, the ~ e s ~ d u e  d~ssolved In water and the solut~on 
treated w ~ t h  an allloll exchange resln (Rexyn 201, OH- form) 
to renlove some amnlonllrm carbonate After evapolatlon of 
the resrn filtlatc to d~yness, the res~due was treated w ~ t h  
ethanol and the c~ystalllne mater~al filtered to glve 140 nlg of 

25, mp 250-255 C (dec.) (deconipositron started at 160 C ) ;  
+ 101.8 (c, 0.33, water). The nmr spectrum at I00 MHz 

in D 2 0  showed 6:  5.17 (d, 1 ,  H-1", J ,..., ,. = 3.75 Hz), 5.22 
(d, 1, H-1', Jl.,,. = 3.75 Hz). Allerl. calcd. f o ~  CL8H3(IN~O10:  
C 46.15, H 7.74; found: C 45.95, H 7.67. 
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