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Received March 13, 1982 

ABSTRACT 

2'- Deorygentamlcin B, 2',3'-dideoxygentamicin B, 2'- 
desaminogentamicin Cla and 2'-desaminosisomicin were spnthe- 
aised by glycosylation of the $-disaccharide garamine and 
found to be potent antibacterial agents. The solution confor- 
mations of members of this series and of their diastereo- 
isomers have been studied by 1k NMR. Using g- and 2-glyco- 
sides, ahielding effects on deoxystreptamine carbone are 
ahawn to provide a reliable method of assigning absolute 
stereochemistry tv related glycosides. 

INTXODUCTION 

Resistance to aminoglycosides is most commonly the result 

of enzymic modification of amino or hydroxyl groups of the 

antibiotic to produce biologically inactive apeciee. One 

approach to the design of more effective antibiotics lies in 
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158 WRIGHT, AND LEE 

the chemical modification of those functional groups. The 

2'-g-alky11 and 6'-g-aUry12 derivatives have good activity 

against organism that modify these antibiotics at the 2' or 

6' positions. This is in accord with results obtained in the 
kanamycin series. Some antibiotics occur naturally without 
functional groups in positions that are common sites of 

inactivation and are consequently not susceptible to that 

mechanism of resistance. For example, gentamicin Cla (L) and 
aisodcin, (2) both of which lack a 3'-OB group, are active 

against organism that produce 3'-phosphotransferasee. Re- 
moval of another site of inactivation, the 2"4H group of 
kanampcln and gentamicin led in contrast, to analogs of 

greatly reduced potency. 4 s 5  Herein are reported the first 
synthesis of 2'-unsubatituted members of this family of 

antibiotics, a series not as yet found in nature. These 

compounds are found to be at least as potent as the parent 

antibiotics and to possess improved activity against 
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AMINWLYCOSIDE ANTIBIOTICS 159 

r e e i r t a n t  strains. Thin i r  of p a r t i c u l a r  in te rea t ,  as before 

the i n i t i a l  report  of t h i s  it vaa aeeuPcd that optimal 

potency required the presence of a 2'-amino group. 
The most d i r e c t  route, i n  concept, t o  2'-uneubstltuted 

glycoeidee, is from acid-catalpred addi t ion of alcohol8 t o  

glycals  euch as t r iace ty lg luca l  u). This approach has 
l imited value in general, because of t h e  propensity of euch 

compounds t o  undergo o l e f i n  migration with lose of the group 

a t  posi t ion 3 during glycoside f ~ r m a t i o n . ~  Bearoning t h a t  

t h i s  unwanted reaction course should be less favored with a 

less avid leaving group than acetate i n  the  a l l y l i c  position 

of the s t a r t i n g  glucal,  a benzyl blocking group was employed 

t o  protect  the hydroxpl group a t  t h a t  posit ion.  With t h e  

I n i t i a l  t a rge t  compound being 2 '4eoxygentadcin B (4J (FIG. 
11, the glpcal  chosen wae 6-acetamido-3,4-di-O=bentyl-6- 

a x  m m + 
f 

4 I 

FI6. 1. Synthesis o f  2'-dcoxygcntimicln B and I t s  6-0 Isomer 
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10 d e o q - k g l u c a l  (6). prepared from 6 - a z i d e 6 - d e o ~ - ~ g l u c a l  

(5) by standard procedures. 

RESULTS AND DISCUSSION 

The aglycone employed in the  ear ly  condensation react ions 

was the  protected garamine der iva t ive  (1) i n  which t h e  d n e  

groups were 
the  reactive hydroxyl group a t  posi t ion 2' was blocked as i ts  

ace ta te .  Based on precedent, l1 react ion w a s  expected t o  take 

place largely,  if not exclusively,  a t  posi t ion 4. 
Condensation of 5 with 1 was effected i n  dry benzene a t  45' 

i n  the presence of a c a t a l y t i c  quantity of 2-toluenesulphonic 

a c i d .  Two p r o d u c t s  w e r e  o b t a i n e d  a f t e r  removal of t h e  

blocking groups, the major being the a-g-glycoside (A) and 

the minor, the  &Q-glycoside (8). The expected (Me11 ion 
a t  m / e  467 w a s  prominent i n  t h e  mass spectrum of both  

compounds. Fragment ions corresponding t o  t h e  appropriate  

disaccharide moieties12 

protected by carbobenzyloxy blocking groups and 

w e r e  a l s o  present in both spectra.  

That the major product was the  a-Q-glycoside w a s  evident 

from the  '€I NMR spectrum i n  which the  a n o m r i c  hydrogen of 

the newly introduced sugar appeared a t  65.03 (J = 4 Hz). The 

presence of disaccharide ions i n  the mass spectrum estab- 

l i s h e d  t h a t  glycoeylatlon had taken place on the  

deoxystreptamine moiety and the p o s s i b i l i t y  t h a t  glycoside 

formation had occurred a t  pos i t ion  5 and not a t  pos i t ion  4 of 

t h e  blocked garamine p r e c u r s o r  w a s  excluded by c i r c u l a r  

dichroism (0) measurements of the  cuprammonium complex 

of 

-6,360' is t h a t  expected f o r  a 4 ,6- l inked product .  A 

4, %linked product would have possessed an  e x t r a  v i c i n a l  

(TACu) i n  solut ion.13 The v a l u e  o b t a i n e d  f o r  
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162 WRIGBT AND LEE 

aminoalcohol group and would have given a value of 

approximately -lO,OOOo. The e t ruc tura  of 4 was confirmed by 

its I3c NM% spectrum. 

The stereochemistry of t h e  glycosidic  linkage of t h e  

minor component @) was revealed by i ts  'E NMR spectrum i n  

which the  anomeric hydrogen appeared a t  64-05 (broad 

s i n g l e t ) .  The value obtained f o r  (TACu) of -5,700°, 

establ ished C-4 a6 the  site of glycoeylation in t h i s  case 

also.  Compound (8) w a s  therefore  the  8-pisomet of 2'-deoxy- 

gentamicin B. It appeared tha t  the use of the benzyl blocking 

group t o  pro tec t  the  3-hydroxyl group did allow the react ion 

t o  proceed along the desired pathway. Most importantly, t h e  

major product, 2'-deorygentamicin B, proved t o  be a superior  

a n t i b i o t i c  t o  the parent,  gentamicin B, and t h i s  f ind ing  

stimulated the  synthesis  of a number of re la ted  compounds. 

One of these,  2',3'-dideoxygentamicin B (l3), w a s  prepared 
from 6-azido-4-O=acetyl-3,6-dideoxy-~glucal @) and t h e  
f u l l y  blocked garamine precursor, 2 (FIG. 2). Reaction of 9 
with 10 under the  conditions previously used, gave a f t e r  

chromatography, the  two $-trisaccharide6 11 and 12 i n  60% 

and 15% i s o l a t e d  y i e l d s  respectively.  Both adducts were sep- 

a r a t e l y  submitted t o  c a t a l y t i c  hydrogenation in order t o  

reduce  t h e  a z i d e  group and t o  remove t h e  carbobenzyloxy 

groups. In  each case the  product mixture, a f t e r  base- 
catalysed hydrolysis,  was chromatographed. The major adduct 

gave 2',3'-dideorygentamicin B (13) and t h e  minor product 
gave the 8-isomer (14). The s t r u c t u r e s  w e r e  e lucidated a6 

described above for Z'deoxygentamicin B. I n  the same way, 
condensation of 10 with 4,6-di-O=acetyl-3-deory-~-glucal (15) 
and the novel sugar,4,6-diazido-l,2,3,4,6-pentadeo~-~threo- 
hex-1-enopyranosa (l6) l e d  t o  and 18 respectively.  
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We have previously demonstrated4 that 4,6-di-g-acetyl-3- 

acetamido-3-deoxy-~-glucal added in high yield to a complex 

alcohol, namely protected gentamine C1, to give the 

3-acetaaido-2,3-dideoxy glycoside and that only the axial 

a-g-glycoside was obtained. Participation of the 
3-acetaddo group was proposed to account for the high degree 

of stereoselectivity. The possibility that an acetamido 
group at the 6-position might also direct a-glycoside 

formation was examined using model reactions involving glucal 
- 9 and its 6-acetamido analog. With both compounds however, 

acid-catalysed condensation with iaopropanol gave a 3:l 
mixture of anomers in which the axial a-glycoside 

predominated, precluding such participatlon. 

linkage e.g. s i a o ~ d c i n ~ ~  and verdamicin" are more potent 

than their saturated counterparts and it was therefore of 
interest to prepare 2'-desdnosisomicin (Q). The method 
chosen was 8 modification of a procedure employed in a 
monosaccharider6 exaaple and involved photolysis of the azide 
- 11 to give the aldehyde 20 via the intermediate imine (FIG. 

3). Attempted chromatography of 20 led to partial 

elimination to the unsaturated aldehyde 2 and it was found 

Amlnoglycoside antibiotics possessing a 4',5'-olefinic 
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164 WRIGHT AND LEE 

+ 

23 22 

FIG. 3. Synthesis o f  2'-desaminosisoaicln and 
related carpounds 

more convenient t o  treat the crude photolysis product mixture 

with ethanol ic  t r l e t h y l a d n e .  A clean elimination w a s  

e f fec ted  and chromatography gave ,2J in good yield.  Reductive 

amination o f  21 uefng eodium cyanoborohydrlde in the  presence 

of a l a r g e  excess of aumonium acetate, gave a mixture of 

products t h a t  were not readi ly  eeparable. Of eeveral  

procedures applied t o  deblock this mixture, the only  con- 
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AMINOGLYCOSIDE ANTIBIOTICS 165 

d i t i o n s  t o  prove e f f e c t i v e  w e r e  f i n e l y  divided potassium 

hydroxide i n  aqueous dimethyl sulphoxide a t  room temperature 

f o r  two days. P a r t i t i o n  chromatography on s i l i c a  g e l  gave 

three products, the major component of which was the  desired 

2'-desaminoslsomicin. (19) The mass spectrum of t h i s  compound 

contained an ion a t  m / e  347 r e su l t i ng  from a r e t r o  

Diels-Alder fragmentation. This ion is a l s o  present i n  the 

mass spectrum, of sisomicin and serves t o  loca t e  the pos i t i on  
of the o l e f i n i c  bond.12 The o l e f i n i c  hydrogen resonated a t  

64.92 i n  the '€i NMIL spectrum and the newly introduced 

anomeric hydrogen occurred a t  65.46. The corresponding 

absorptions are found a t  64.83 and 65.30 i n  the €I NMR 

spectrum of sisomicin . 
1 

14 

Also i so l a t ed  by p a r t i t i o n  chromatography w a s  the dimeric 

product (22) which r e su l t ed  from the  reductive amination of 

the unsaturated aldehyde (21) with the amine produced by t h e  
i n i t i a l  reductive amination reaction. That t h i s  w a s  a 

s ign i f i can t  s ide react ion w a s  surpr is ing i n  view of t he  l a r g e  

excess of anmonium acetate present.  Compound 22 produced a .  

weak molecular ion i n  the  mass spectrometer ( m / e  847.4902) 

and its NMR spectrum w a s  e s s e n t i a l l y  indis t inguishable  

from t h a t  of 2'-desaminosisomicin (19). The I3C NMR spectrum 

of 22 had n i n e t e e n  a b s o r p t i o n s  as b e f i t t e d  i t s  symmetry 

properties.  Carbon 6' i n  the spectrum of 22 occurred a t  50.1 

ppm, 6.7 ppm downfield from the corresponding carbon i n  19. 
Carbon 5' occurred a t  148.1 ppm, 1.9 ppm upfield from its 

corresponding carbon. Both these differences w e r e  of t he  

magnitude and d i r ec t ion  expected f o r  8 and ,I chemical s h i f t  

increments respectively. 

A t h i r d  and very minor component a l s o  i so l a t ed  from t h e  

chromatography was 23, a dimeric Schiff 's  base formed by 
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166 WRIGHT AND LEE 

combination of two  aldehyde molecules. The s t r u c t u r e  was  

deduced from its obvious s i a i l a r i t y  t o  the 2',2'-dIenino 

analog, a n t i b i o t i c  6640C, i s o l a t e d  from n a t u r a l  sources, 

whose s t r u c t u r e  has been e s t a b l i ~ h e d ' ~  and which has been 

synthesised.18 The o l e f i n i c  hydrogen and t h e  imine hydrogen 

occur a t  65.6 and 67.45  ppm respect ively in t h e  '€I NMB 
apectrum of 23 ( 65.48 and 67.56 in 664OC). Compound 23 
presumably arose from the deblocking of res idua l  s t a r t i n g  

material, although it  w a s  possibly derived from oxidation in 

t h e  presence of a i r  during the  base-catalysed hydrolysis of 

some 6'-alcohol formed in the reductive amination step.  

The remaining series of gentamicin analogs, in which 

there  w a s  an i n t e r e s t  is exemplified by 2'-desarminogentadcin 

Cla (24). In  order t o  prepare t h i s  coupound, t h e  racaemic 

azidomethyl-dihydropyran (25) w a s  prepared from acro le in  

dimer by reduction t o  the  alcohol,  mesylation and 

displacement with azide ion. Condensation of 10 with 25 and 

subsequent chromatography give three  of t h e  four  possible  

d i a s t e r e o i s o m e r s .  These w e r e  deblocked and shown t o  b e  

2'-desaminogentamicin Cla ( a-D) and Its a-L (26) and 
6 L  (27) isomers (FIG. 4). There was  a p a r t i c u l a r  in te res ted  

in t h e  a-L and 8-L isomers as these types of analogs had 

not  been made i n  this class of a n t i b i o t i c  before and t h e i r  

b io logica l  proper t ies  w e r e  theref ore  unknown. It was  readi ly  

apparent from t h e  'H NMR spectrum of a and 26 t h a t  these 

w e r e  both a x i a l l y  oriented glycoaides, t h e  newly introduced 

anomeric hydrogens appearing a t  6 5.30 ( w 1/21 5.5 Hz) and 
65.14(~1/2 = 5.5 Hz), respectively.  The relative magnitude of 

the  values obtained €or the o p t i c a l  r o t a t i o n  of 24 and 26 
(+166O and +83.5O respectively) s t rongly suggested t h a t  the 

s t r u c t u r e s  w e r e  as assigned. This w a s  confirmed by a study 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



AMINOGLYCOSIDE ANTIBIOTICS 

o*c 

167 

-t 

FIG. 4. Synthesisof2'-desaminogentamicin Cia and i t s  
a-L and 6-L isomers. 

of the 13C NMR spectra of these two compounds (Table 1)  and 
of the spectra of 4-9- a-Q- and 4-&a-&-glucopyranosyl- 

garamines (28) and (29). The spectrum of 24 closely 

resembled that of the natural antibiotics,  whereas the 
spectrum of 26 was significantly different. These aspects 

w i l l  be discussed in  more detai l  in connection with their 

conformationel properties (vide infra) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



T
ab

le
 

1 

13
c 

mm
 C

HE
M

IC
AL

 
S

H
IP

T
S

~
 

C
ar

bo
n 

c-
 1 

c-
2 c- 
3 

c-
4 c- 
5 

0
6

 

c-
1'

 

c-
2'

 

c-
3'

 

c-
4'

 

c-
5'

 
C-

6' 

c-
1"

 

c-
2"

 

c-
3"

 

c-
4"

 

c-
5"

 
N-

CH
3 

C-
CH

3 

6-
k 

Is
om

er
 

of
 

24
 

(2
7)

 
B

aa
e 

H+
 

51
.5

 
51

.2
 

36
.4

 
30

.9
 

49
.8

 
49

.7
 

87
.2

 
79

.4
 

75
.1

 
74

.7
 

87
 -7

 
84

.5
 

10
5.

0 
10

4.
1 

28
.1

 
27

.6
 

22
.1

 
21

.8
 

-
 

-
 

31
.5

 
31

.3
 

79
.8

 
73

.8
 

45
.9

 
44

.0
 

10
1.

5 
10

1.
4 

70
.2

 
67

.4
 

64
.2

 
64

.8
 

73
.2

 
70

.9
 

68
.5

 
68

.1
 

37
.7

 
35

.7
 

22
.4

 
21

.5
 

P
G

lu
co

sy
l 

G
ar

am
in

e 
(2

8)
 

B
aa

e 

51
.5

 

36
.4

 

49
.8

 
88

.8
 

74
.9

 

87
.3

 

10
0.

5 

72
.6

 

73
.9

 

70
.4

 

13
.5

 

61
.5

 

10
1.

3 

70
.2

 

64
.2

 

73
.2

 

68
.5

 

37
.7

 

22
.5

 

-
 

-
 

H+
 

50
.6

 

28
.8

 

49
.2

 

81
.6

 

73
.7

 

83
.8

 

99
.5

 

72
.0

 

73
.9

 

70
.4

 

73
.4

 

61
.5

 

10
1.

8 

67
.2

 

64
.2

 

70
.8

 

68
.5

 

35
.5

 

21
.8

 

l+
lu

c
~

~
y

l 
G

ar
am

in
e 

(2
9)

 
B

as
e 

51
.8

 

36
.3

 

51
.5

 
89

.2
 

73
.5

 

87
.7

 

10
1.

4 

72
.6

 

73
.9

 

-
 

-
 

76
.2

 

73
.2

 

61
 .O

 

10
1 6

 
4 

70
.2

 

64
.2

 

73
.2

 

68
.5

 

37
.8

 

22
.5

 

H+
 

50
.9

 

28
.2

 

50
.9

 
84

.1
 

73
.5

 

84
.1

 

10
2.

3 

72
.6

 

73
.7

 

70
.0

 

73
.5

 

61
.2

 

10
2.

0 

67
.3

 

64
.2

 

70
.8

 

68
.5

 

35
.4

 

21
.8

 

R-
TH

P 
G

ar
am

in
e 

(3
1)

 
B

aa
e 

51
.6

 

36
.4

 

50
.0

 

86
.9

 

75
.2

 

87
.8

 
10

3.
7 

b 
25

.3
 

21
.4

b 

31
.5

 

66
.2

 

-
 

-
 

- 
10

1.
5 

70
.1

 

64
.2

 

73
.2

 

68
.5

 

37
.7

 

22
.5

 

H+
 

50
.9

 

29
.3

 

49
.6

 
81

.1
 

74
.2

 

84
.4

 

10
4.

3 b 
25

.1
 

21
.g

b 

31
.4

 

67
.3

 
- 

10
1.

7 

67
.3

 

64
.4

 

70
.8

 

68
.4

 

35
.5

 

21
.9

 

S-
TH
P 

G
ar

am
in

e 
(3

2)
 

B
as

e 

51
.6

 

36
.3

 

50
.6

 
-
 

88
.8

 

73
.6

 

87
.6

 

10
3.

4 

-
 

25
. 

lb
 

21
.2

b 

31
.5

 

66
.4

 
- 

10
1.

4 

70
.2

 

64
.2

 

73
.2

 

68
.6

 

37
.7

 

22
.4

 

H+
 

50
.9

 

29
.4

 

49
.7

 
81

.9
 

73
.3

 

84
.5

 

25
.0

b 

10
2.

4 

Z
l.

lb
 

31
.4

 

66
.9

 - 
10

1.
7 

67
.0

 

64
.4

 

70
.8

 

68
.4

 

35
.5

 

21
.7

 

(2
2)

 
(2

5)
 

B
as

e 
B

as
e 

51
.7

 
51

.6
 

36
.2

 
36

.4
 

50
.1

 
50

.0
 

85
.1

 
86

.1
 

75
.5

 
75

.5
 

87
.9

 
87

.9
 

10
1.

1 
99

.6
 

-
-
 

-
-
 

26
.5

 
25

.6
b b 

16
.7

 
24

.2
 

99
.8

 
45

.8
 

14
8.

1 
73

.2
 

50
.1

 
42

.6
 

10
1.

6 
10

1.
6 

70
.2

 
70

.1
 

64
.2

 
64

.2
 

13
.2

 
73

.6
 

68
.5

 
68

.5
 

37
.7

 
37

.7
 

22
.4

 
22

.4
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Ca
rb
on
 

c-
 1 

c-
2 

c-
 3 

c-
 4 

c-
 5 

C-
6 

c-1
' 

c-
2'
 

c-
3'
 

C-
4'
 

c-
 5' 

C-
6'
 

c-
1"
 

c-
2"
 

c-
3"
 

c-
4"
 

c-
5"
 

N-
CH
3 

C-
CH
3 

Ca
ra
ml
ne
 

2'. 
3'
-D
id
eo
ry
 

Ge
nt

am
ic

in
 B
 

(3
0)
d 

(1
3)
 

Ba
se
 

H+
 

51
.7
 

50
.9
 

36
.6
 

28
.5
 

51
.4
 

50
.7
 

78
.8
 

73
.3
 

75
.1
 

74
.6
 

87
.9
 

84
.0
 

10
1.
4 

70
.0
 

64
.3
 

73
.2
 

68
.5
 

38
.0
 

22
.9
 

Ba
se
 

51
.6
 

36
.4
 

50
.1
 

86
.1
 

75
.6
 

88
.0

 

98
.8
 

26
.7
 

29
.3
 

61
.7
 

75
.7
 

42
.6
 

10
1.
6 

70
.2
 

64
.2
 

73
.2
 

68
.5
 

37
.7
 

22
.4
 

-
 

-
 

H+
c 

50
.9
 

28
.4
 

49
.5
 

79
.3
 

75
.1
 

84
.7
 

98
.2
 

25
.9
 

29
.3
 

67
.2
 

71
.9
 

41
.1
 

10
1.
9 

67
.0
 

64
.3
 

70
.8
 

68
.5
 

35
.4
 

21
.7
 

6 
Is

om
er

 
of
 
13
 

(1
4)
 

Ba
se
 

51
.5
 

36
.5
 

50
.4
 

08
.7
 

73
.3
 

87
.5
 

10
3.
5 

30
.6
 

-
 

-
 

30
. 
a 

67
.4
 

81
.2
 

42
.6
 

10
1.
3 

70
.2
 

64
.2
 

73
.2
 

68
.5
 

37
.7
 

22
.4
 

H+
 

50
.9
 

29
.6
 

50
.0
 

81
.0
 

73
.1
 

84
.6
 

10
2.
6 

30
.4
 

30
.4
 

67
.2
 

76
.8
 

41
.4
 

10
1.
7 

67
.2
 

64
.4
 

70
.8
 

68
.4
 

35
.5
 

21
.8
 

2'
-D
es
am
in
o 

S 
i o

om
i c
 in
 

(1
9)
 

Ba
se
 

51
.7
 

36
.2
 

50
.0
 

84
.7
 

75
.5
 

87
.8
 

99
.6
 

26
.4
 

16
.5
 

99
.5
 

15
0.
0 

43
.4
 

10
1.
6 

70
.1
 

64
.2
 

73
.2
 

68
.5
 

-
 

-
 

37
 a 
6 

22
.4
 

H+
 

50
.9
 

28
.2
 

49
.3
 

79
.2
 

74
.6
 

83
.9
 

10
1.
9 

26
.7
 

18
.7
 

10
5.
1 

14
4.
0 

42
.1
 

10
2.
0 

67
.2
 

64
.3
 

70
.8
 

68
.5
 

35
.3
 

21
.8
 

2'
-D
es
am
in
o 

Ce
nt

am
ic

in
 C
l
a
 

Ba
se
 

51
.6
 

36
.5
 

50
.1
 

86
.1
 

75
.6
 

88
.0

 

10
0.
2 

28
.3
 

17
.6
 

30
.3
 

72
.1
 

46
.1
 

10
1.
6 

70
.2
 

64
.2
 

73
.2
 

68
.5
 

37
.7
 

22
.4
 

-
 

-
 (2

4)
 

H+
 

51
.0
 

29
.7
 

49
.7
 

79
.5
 

75
.2
 

84
.9
 

99
.3
 

27
.5
 

16
.7
 

29
.7
 

61
 -8

 

43
.0
 

10
1.
9 

67
.8
 

64
.3
 

70
.8
 

68
.5
 

35
.4
 

21
.8
 

a-&
. 

Is
om

er
 

of
 
24

 

(2
6)
 

Ba
se
 

51
.6
 

36
.4
 

51
.0
 

88
.1
 

73
.9
 

87
.9
 

10
0.
4 

28
.1
 

17
.6
 

30
.1
 

72
.1
 

45
.9
 

10
1.
4 

70
.3
 

64
.2
 

73
.2
 

68
.5
 

37
.7
 

22
.4
 

-
 

-
 

H+
 

50
.9
 

29
.5
 

50
. 
8 

81
.2
 

73
.9
 

85
.4
 

10
0.
1 

27
.5
 

17
.3
 

30
.0
 

68
.6
 

44
.0
 

10
1.
9 

68
.4
 

64
.3
 

70
.8
 

68
.5
 

35
.3
 

21
.7
 

8
.
 

pp
m

 d
ow
nf
ie
ld
 f

ro
m 
TM

S 
in
 D
20
. 

b.
 

Va
lu

es
 m
ay
 b
e 

in
te
rc
ha
ng
ed
 Y

 
hi
n 

th
e 
ve
rt
ic
al
 c
ol
um
n.
 

C.
 

pH
 o

f 
ac

id
if

ie
d 

so
lu
ti
on
 w
as

 b
et

we
en

 5
 a
nd
 
6.
 

d
. 
re

fe
re

nc
e 1&

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



17 0 WRIGHT AND LEE 

The remaining isomer i s o l a t e d  (27) was  assigned t h e  &L 
ra ther  than the  8-D configuration on t h e  b a s i s  of its 13C 

NMB spec t rum ( v i d e  i n f r a ) .  T h i s  w a s  confirmed by i t s  

synthesis  from 2'-desaminosisomicin (19) by c a t a l y t i c  hydro- 

g e n a t i o n  (FIG. 5 ) .  It is known t h a t  hydrogenat ion  of 
sisomicin proceeds from t h e  face remote t o  t h e  glycosidic  
l inkage t o  generate exclusively the  S'-epi-gentamicin Cla. 14 

Hydrogenation of 2'-desaminosisodcin (19) proceeded i n  an  

analogous way t o  produce the equator ia l  B-L isomer (a), 
i d e n t i c a l  in a l l  respects t o  the mater ia l  i so la ted  from t h e  

glucal  addi t ion  reaction, confirming the  i n i t i a l  stereo- 

chemical assignment. (Hydrogenation from the opposite f a c e  

would have given the a x i a l  a-kglycoside)  . 
So l u  t i on Conf ormat ion Stud lea  A knowledge of t h e  

so lu t ion  conformations of amlnoglycoside a n t i b i o t i c s  is of 

Importance t o  the  understanding of s t ruc ture-ac t iv i ty  

re la t ionships  and these have been s tudied by severa l  groups 

FIG. 5. Hydrogenatfon o f  Z'desamfmsfsmicfn 
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AMINOGLYCOSIDE ANTIBIOTICS 171 

ueing 13c NMR epectroeopy. 19n20 It has been concluded t h a t  

shielding e f f e c t s  on the carbon atoms of the  deoxystreptamine 

r ing  B t o  the glycosylated hydroxyl group are indica t ive  of 

conformational preference6 about t h e  aglycone carbon-gly- 

coeidic oxygen bond (9,s-4 o r  &c-6 bonds). The garamine 

$-disaccharide moiety (30) - i e  comon t o  a l l  of the compounds 

in the  a e r i e s  under diecueelon and the  conformation of t h e  

garosaminyl linkage a t  c-6 Is the same I n  these compounds 

ae i t  i e  i n  the natural  gentamlcin an t ib io t ics .  21 This is  

from the observation tha t  the  chemical e h i f t  of 2-1 inferred 

i n  these and the natural  compounds i e  not s ign i f icant ly  

d i f f e r e n t  from tha t  in deorpetreptamlne i t e e l f  (51.6 ppm) . 
whi ls t  g-5 i e  shielded by an average of 1.5 ppn. This hae 

led t o  the  assignment of rotamer (a) t o  beat  describe t h e  
20 preferred conformation around the C-6 glycoaidic linkage. 

It l a  aesumed t h a t  all preferred conformatione ell e a t i e f y  

t h e  -anomeric effect .  (See reference 22.) Compounde i n  

the  2'-unsub8tituted eeriee t h a t  have the  a-p configuration. 

t h a t  l a  13.1~,&~ and u, a l l  appear from t h e i r  13C NMR 

apectra, t o  have the 8- preferred conformation about the  

newly foracd 5-4 glycoaidic l inkage aa other  4-& a-E' 

glycoeides i n  the natural  g e n t a d c i n - k a n q c i n  series. In 
a l l  caees (see Table 2) c-5 of garamine (30) ehawe r e l a t i v e l y  

mlnor chemical s h i f t  changes upon formation of the glycoeidic 
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1 7 2  WRIGHT AND LEE 

l inkage a t  c-4, whereas c-3 experiences a shielding e f f e c t  

a v e r a g i n g  1.3 ppm. These e f f e c t s  are i n  a c c o r d  w i t h  a 

preferred conformation (b) which would be expected t o  lead t o  

sh ie ld ing  of c-3 by steric compression. 

The 4-2- B -L diastereoisomer (27) of 2'-desamino- 

gentamicin Cla is l inked by an equator ia l ly  or iented 

glycosidic  l inkage t o  the  c-4 hydroxyl group of the deoxy- 

steptamine ring. In t h i s  case also, g-3 is shielded by 1.6 

ppm whi l s t  c-5 is unchanged relative t o  garamine (30) (See 

Table 2). The conformation of the glycosidic  l inkage is  

therefore ,  a l s o  bes t  described by rotamer (b). 
The a-k diastereoisomer a), i n  which the  c h i r a l i t y  of 

C-1' is opposite t o  tha t  of the na tura l  a n t i b i o t i c s  (and 271, 
has the opposite or ien ta t ion  a s  evidenced by shielding of 5-5 

by 1.2 ppm and only a s m a l l  shielding e f f e c t  (0.4 ppm) a t  

- C-3. The preferred conformation i s  bes t  described by 
23 conformer (c)  which is the  same a s  that ,  previously ascribed 

t o  B-D, g l y c o s i d e s  a t  t h a t  p o s i t i o n .  Thus t h e  a b s o l u t e  

s t e r e o c h e m i s t r y  a t  t h e  anomeric c e n t r e  of t h e  g l y c o s i d e  

attached t o  deoxysteptamine, determines the  preferred 

conformation described by t h e  rotamers (b) or (c) ,  

i r r e s p e c t i v e  of whether t h e  glycoside is a x i a l l y  o r  

equator ia l ly  linked. This is consis tent  with previous work, 

as Lemieux and Kotot2 found tha t  i n  the  case of cyclohexyl 

and S-g glycopyranosides, the  pro-9 methylene group of t h e  
aglycone was more shielded than the  pro-S methylene group i n  

the  a-D, glycoside whereas the  opposite w a s  the  case f o r  t h e  

0-2 glycoaide. Similar results have been obtained by Tori 
and co-workers using c h i r a l  aglycones and these observations 

are the  b a s i s  of a recent techniquet4 usefu l  i n  the  assign- 

ment of c h i r a l i t y  t o  secondary alcohols. The glycoside 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



TABLE 2 

4--O=GLYCOSIDATION SHIELDING EF'FECTS 

ON DEOXYSTREPTMINE CARBONS ( A 6 )' 

a-D, or B-& Configuration 

Compound c- 3 c- 5 

13 1 -3  -0.5 

19 1.4 -0.4 

22 1.3 -0.4 

24 1.3 -0.5 

25 1.4 -0.4 

27 1.6 0 

28 1.6 0.2 

31 1.4 -0.1 

........................................ 

"L, or 8-D, Configuration 

14 1.0 1.8 

26 0.4 1.2 

29 -0.1 1.6 

32 0.8 1.5 

a. ( 6 garamine - 6 compound) 
C C 
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17 4 WRIGHT AND LEE 

conformatima and theref ore  t h e  ehielding e f f e c t s  are 

dependent on the  subst i tut ion a t  the  bcte posi t ions of t h e  

aglycone . 2o Our reeul te  confirm that in cases in which t h e  

cyclohexane r ing  la eubet i tuted a t  both poeit ione by equa- 

t o r i a l  eubetituente,  a8 in deoryetreptamlne, the  ehielding 

p a t t e r n  ie oppoeite t o  t h a t  In the  caee of an uneubsti tuted 

cyclohexane ring, in t h a t  i t  ie the  aglycone carbon t o  

the  r ing  oxygen in the  preferred conformation tha t  ie most 

ahielded. 

In  the  caee of deoxyeteptamine-containing a n t i b i o t i c s  i t  

should be poeeible t o  determine the abeolute e t e r e o c h e d s t r p  

of glycoeidee (whose relative stereochemistry i s  known) 
attached t o  pos i t ion  4 (or 6) of the deoxyeteptamlne r ing,  

by using such eh i f te .  I n  p a r t  t o  t e a t  the genera l i ty  of t h i e  
approach, we prepared 4-~~-~g lucopyranoey lgaramlne  (a), 
4-2- a -&-glucopyranoeylgaramine (29) and t h e  

tetrahydropyranyl e t h e r s  3L and 32. The isomeric p a i r  28 
25 and 2 were prepared by t h e  L d e u x d a g a b h u s h a n  procedure 

using the  n i t r o e y l  chlor ide adducte of g-glucal triacetate 

and k g l u c a l  tri-acetate reepectively.  The f u l l y  blocked 

garamine d e r i v a t i v e  used w a e  l a b e l l e d  a t  carbon 4 w i t h  

deuterium in order t o  unambiguously d is t inguish  between 
carbons  4 and 6 i n  t h e  13C NMR e p e c t r a  of t h e  products .  

Oxidation of 10 t o  the  4-keto der iva t ive  (33) with acetic 

anhydride in dimethyl eulphoxide f ollaved a procedure 
developed by Tanabe. 26 Reduction with eodium borodeuteride 

gave the  4-deuterio der iva t ive  of an t h e  major product. 

S idcproducte  derived from trans-acylation could be Prfnlmized 

by keeping t h e  r e a c t i o n  mixture  a t  Oo-5 . P a r t  of this 

material w a s  deblocked t o  give 4-deuteriogaraarine whose 13C 
NMR spectrum wae compared with that of g a r a d n e  itself and ae 
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176 WRIGHT AND LEE 

expected, c-4 of t h e  former was grea t ly  reduced i n  in tens i ty .  

Thus t h e  loca t ion  of t h e  deuterium atom at  2 - 4  was 

e s t a b l i s h e d  and t h e  p o s s i b i l i t y  of i n v e r s i o n  of s t e r e o -  

chemistry at  posi t ions 3 , 4  o r  5 during the react ion sequence 

w a s  eliminated. Deuterated w a s  then d i lu ted  with 

unlabelled mater ia l  t o  achieve a f i u a l  deuterium content of 

7 1%. 

Both 4-0- a-D;-glucopyranosylgaramine (28) and 4-0-a-h 

glucopyranosylgaramine (29) were prepared according t o  

l i t e r a t u r e  procedures. The absorption a t  2-4 i n  the I3C NMR 

spec t ra  of each compound (Table 1) was approximately 30% of 

t h e  i n t e n s i t y  of undeuterated material enabling a c l e a r  

d i s t i n c t i o n  t o  be made between carbons 4 and 6 i n  both 

protonated and unprotonated samples. It can be seen from 

Table 2 tha t  the shielding e f f e c t s  a t  c - 3  and G-5 of t h e  

bases are a l s o  i n  accord with the known stereochemistry a t  

- C-1’. That is, carbon 3 is  shielded f o r  the glycoside having 

t h e  n a t u r a l  a-P c o n f i g u r a t i o n  (28) w h i l s t  carbon 5 i s  

shielded f o r  its a-L isomer (2). 
Preparation of the tetrahydropyranyl e t h e r s  proceeded as 

previously described2’ t o  give the  two der iva t ives  2 ( [a], 
+ 165O) and 32 ([a], + 1 1 2 O ) .  The H NMR and 13C NMR spectra  

r e f l e c t ,  f o r  each compound, approximately equal contr ibut ions 

of t h e  two cha i r  conformers of the tetrahydropyranyl ring. 

The 13C NMR spec t ra  

s h i f t s  a t  

are in t h e  range expected f o r  the  -2, S-& group of gly- 

c o s i d i c  d i a s t e r e o i s o m e r s  a t  c - 4 .  In c o n t r a s t  t h e  o t h e r  

isomer (32) c l e a r l y  belongs t o  the  a-4, B-D, group of 
diaster ioisomers  i n  which c-1’ ha8 the unnatural  

configuration. The shielding e f f e c t s  on the  deoxystreptamine 

1 

(Table 2) a l s o  reveal t h a t  the  chemical 

c-3 and c-5 of the more dextrorotatory isomer (31) 
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AMINOGLYCOSIDE ANTIBIOTICS 177 

ring thus allows the chirality at 2-1’ to be determined even 

in the case of the tetrahydropyranyl ethers. 
The shielding effect on c-3 (Table 2) in the cases of 

compounds 14 and 32 is also relatively large. This has been 
20 observed before for glycosides of the 8-2 configuration 

attached at this site and seems to be characteristic of this 

stereochemistry. 

Anomalous chemical shift changes of the c-1’ and c-4 
resonances on acidification of 4,6-linked aminoglycoside 

antibiotics form the basis of a method for the determination 

of the absolute sterochemistry of sugar constituents of these 
antibiotics. 28 The anomeric carbon of the a-g-glycoside 
attached tog-4 of deoxysteptamine is shifted upfield by 3 to 

5 ppm on acidification, and c-4 is also shifted 3 to 7 ppm 
beyond the expected increment arising from protonation of the 

- C-3 amine group. The origin of these effects is unknown 

although proposals for a conformational shift about the 5-4 
glycosidic linkage induced by protonation of the amine groups 

(particularly that at s - 3 )  have been ad~anced.~’ The absence 

of such anomalous shifts was, conversely, held to be diag- 

n o ~ t i c ~ ~  for the a-&-conf iguration of a glycoside attached 

at that site, although no such examples were known at that 

time. 
Our I3C NMR protonation studies on 2’-unsubstituted 

aminoglycosides (Table 1) reveal that this procedure is not 

applicable in this series. It & applicable to the 
substituted case in that the chemical shift change on 

protonation of c-4 in 4-3- a-g-glucopyranosylgaramine (26) is 
much greater than that in 4-2- a -L-glucopyranosylgaramine 
(29) as predicted, but in 2’-desaminogentamicin Cia, (24) and 

its a-L isomer (a), the chemical shift change of c-4 on 

28 
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178 WRIGHT AND LEE 

protonation is very similar (6.6 and 6.9 ppm), and is in each 
case much grea te r  than the s h i f t  of c-6. NSO, the chemical 

s h i f t  changes of g-1' on protonation f o r  the  compounds i n  

Table 1 are unexpectedly small. In p a r t i c u l a r  t h e  small 
protonat ion s h i f t  of c-1' in 28 indicates tha t  a 6'-amine 

group is r e q u i r e d  f o r  t h e  anomalous s h i f t  of c-1' t o  b e  

observed. 

The 2'-unsubstituted analogs w e r e  a t  l e a s t  as potent in 

-- in v i t r o  a n t i b a c t e r i a l  assays as the  parent compounds and 

w e r e  more ac t ive  against  r e s i s t a n t  s t ra ins .  These examples 
c o n s t i t u t e  the f i r s t  case i n  t h i s  c lass  of a n t i b i o t i c  in 

which removal of funct ional  groups t o  give a s u b s t i t u t i o n  

p a t t e r n  not produced i n  nature, provides compounds of 

superior  b io logica l  properties.  

WEXIMENTAL SECTION 

General Methods. Nuclear magnetic resonance spectra  
1 

( E NMR spectra)  were obtained a t  100 MHz using a XL 100-15 

spectrometer unless otherwise indicated. Chemical s h i f t s  in 

deuteriochloroform are reported i n  Gunits (ppm downfield from 

i n t e r n a l  te t ramethyhi lane) .  Infrared spectra  w e r e  recorded 

with e i t h e r  a Perkin-Elmer 221 o r  137 spectrometer. Mase 

spec t ra  w e r e  recorded with a Varian CH5 spectrometer. CD 
spec t ra  were recorded on a Cary 6 1  spectromer. 

Preparation of 6-Azido-6-deom - 3 .4-di-O-benz+ -D-slucal. 
To sodium hydride (5.16 g) suspended i n  dry N,l&diwthyl- 

fornmmide (50 mL) a t  0 OC was added benzyl chlor ide (12.4mt), 
followed by 6-azido-6-deoxy-pglucal (4.65 8 )  in g,E- 
dimethylformamide (17 mt) dropwise with s t i r r i n g .  After 4 h 
ethanol  (15 mL) w a s  added, and a f t e r  a f u r t h e r  t e n  minutes, 
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AMINOGLYCOSIDE ANTIBIOTICS 179 

the  mixture w a s  poured on ice, and the  whole extracted with 

chloroform. The chloroform e x t r a c t s  were washed w e l l  with 

w a t e r ,  dr ied and evaporated under reduced preeaure t o  give a 
reeidue tha t  waa chromntographed on a s i l ica  g e l  t o  give the 

t i t l e  colapound (4.7 g) with the followlug conetante: 
' 26 (4, +34.3O & 0.5, ethanol);  

(28, m, Cli2N3), 

6 Bz, &-1); 
351 Of+). 

'8 NMR (CDC13, 60 MEz) 63.52 

4.6 (48, m, A r a e 2 ) ,  6.38 (18, dd, J - 1.5, 

IR (CaCl,) 2100,1640 cm-'; mass spectrum, m / e  

Anal. Calcd f o r  C20H21N303: C, 68.36; H, 6.02; N, 11.96. 

Found: C, 68.30, 8, 6.14; NpL2.07. 

6-Acetamldo-bdeo~~-3.4-di-0-benz~l-~-~lucal (6) 6-Azido- 

6-deoxp-3,4-di+-beruyl-~glucal (2.98 g) i n  tetrahydrofuran 

(30 mL) vae added dropwise t o  a s t i r r e d  suspension of l i thium 

aluminum hydride (760 mg) i n  tetrahydrofuran (50 mL). The 

mixture waa heated under re f lux  f o r  4 h and worked up by the  

addi t ion of w e t  e ther ,  followed by f i l t r a t i o n  t o  obtain,  

a f t e r  evaporation, a residue (2.56 g) t h a t  w a s  t rea ted  with 

acetic anhydride (3 rt) and d i s t i l l e d  pyridine (10 I&). After 
2 h the eolvent was removed under reduced pressure, and the 

26 product c rye ta l l ized  from chlorofotbhexane (1.8 8 ) :  

-41.8O (= 0.4,ethanol); E NMR (CDC13, 60 lIHz) S 1.86 (3H. 8, 

COCX3), 3.65 (2H, m, -CH2-N), 4.6 (2H, m, Ar-Ca,,), 4.75 

(28, m Ar-CEE), 4.9 (18, dd, J = 3, 6 Bt, g-2); 6.45 ( l a ,  dd, 

J = 1.5, 6 Hz, g-1); IR 3250, 1640 cm ; mass s p e c t m ,  

m / e  367 oC+). 

[a], 
1 

-1 

Anal. Calcd f o r  C22823N04: C, 71.91; 8, 6.86; I, 3.81. 

2'-DeoxvnentaPicin B. a) 2'*Acetpl-l, 3,3'-tri-l~- 
benzyl-oxpcarbonylgaramine (1 g 1 3,4-di+benzpl-6- 

acetaddo-Weoxy-pglucal  (0.7 9 ) and 2-toluenesulphonic 

Pound: C, 71.7; 8, 6.9; 8,  3.5. 
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ac id  monohydrate (5 mg) were dissolved i n  dry benzene and 

k e p t  a t  50 C f o r  5 h. The cooled  benzene s o l u t i o n  w a s  

washed with d i l u t e  aqueous sodium bicarbonate solut ion,  dr ied  

(’MgS04), and concentrated under vacuum t o  leave a residue 

which w a s  chromatographed on silica g e l  t o  give a mixture 

tha t  included the desired condensation products. The mixture 

w a s  dtssolved i n  TEF (5 I&) and d i s t i l l e d  l i q u i d  ammonia (50 

mL) and sodium (0.7 g) w a s  added i n  -11 pieces. After  

twenty minutes’ s t i r r i n g  with protect ion from moisture, t h e  

dry ice-acetone condenser w a s  removed, and the  solvent w a s  

allowed t o  evaporate overnight. Sodium hydroxide (0.5 g) and 

w a t e r  (5 mL) w e r e  added t o  dissolve the  residue, and t h e  
r e s u l t i n g  so lu t ion  w a s  heated under re f lux  f o r  3 h. The 

cooled  s o l u t i o n  was s t i r r e d  w i t h  a n  e x c e s s  of Amber l i te  

IRC-50 (H ) ion-exchange res in ,  and the r e s i n  was f i l t e r e d  

and washed thoroughly with d i s t i l l e d  water. The r e s i n  was 

p u t  o n t o  a column and e l u t e d  w i t h  3% aqueous ammonium 

hydroxide. The aminoglycoside-containing eluant  w a s  

concentrated under vacuum and lyophilized. Chromatography of 

the  lyophi l ized s o l i d  on si l ica  ’gel i n  the  lower phase of a 

chloroform-methanol-(15%) ammonium hydroxide ( 2 : l : l )  solvent  

system gave t h e  t i t l e  compound a f t e r  paaeage through 

Amberlite IRA-401s (OH-) ion-exchange r e s i n  and 
lyophi l iza t ion  (45 mg):  + 136.7O (r. 0.3, water); ‘H 

0 

+ 

NMR (D20) 61.18 (3H, 8 ,  C-Ca3), 2.57 (3H. 8 ,  N-CE3), 5.03 
(lH, d, J = 4 Hz, 1-l”), 5.47 ( l H ,  broad doublet, J = 3.5 

Hz); m a s s  spectrum m / e  467 (M+1) ; CD (TaCu) (81 + 2aa I 

-6. 360° 

A minor component, 2,6-dideoxy-6-amino- B-g-glucopyrano- 

syl-(1 --+4)-gararaine was a l s o  isolated:  ‘H NMR (D20) 6 1 - 1 8  

(3H, 8 ,  C4X3), 2.57 ( 8 ,  3H, N-CI13)* 3-75 (lE, dd, J 9 4 Hz, 
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11 Hz, IJ-Z"), (lH, d, J - 12.5 Hz, g-5" eq), 4.85 (1H. d, J 

= 10 Hz, g-l'), 5.05 (lH, d, J - 4 Hz, g-1"); mass spectrum 
m/e 467 (N + 1): CD (TaCu) [el 228= -5,730'. 

2'.3'-Dideoxvnentamicin B. (13) 5,2'4'-Tri+-acetyl- 
1,3,3'-tri-~-benzylorycarbonylgaramine (19.52 g) , 4-pacetyl- 
6-azido-3,6-dideoxy-~glucal  (7.1 g) and 2-toluenesulphonic 

acid monohydrate (180 mg) were dissolved in dry benzene and 
heated at 45 OC for 5 h , and then left at room temperature 
overnight. The cooled solution was washed with dilute 

aqueous sodium bicarbonate solution, dried, (MgS04) , and con- 
centrated under vacuum to leave a residue. Chromatography of 
this material on silica gel in 0.25% methanol in chloroform 

gave a major adduct (14.2 g) and a Piinor adduct (3.8 g) in 
order of their elution. The major adduct had the following 
constants: [a]? + 105.6O & 0.5,  methanol), IR (CHCl3), 

-1 2100, 1725 cm . 
Anal. Calcd for C51H62N60rg: C, 58.50; H, 5.96; N, 

8.02. Found: C, 58.19; 8, 6.06; N, 7.88. 
A portion of the major adduct ( 5  g) was dissolved in 20% 

aqueous dioxane (100 mL) and hydrogenated at 55 psi at room 

temperature in the presence of 10% palladium on charcoal (500 
mg) for sixteen hours. The catalyst wae removed by filtra- 
tion, the reaction mixture was evaporated to dryness, and 
residue was heated at reflux in a solution o f  potaesium 

hydroxide (3 g) in distilled water (20 mL) €or eighteen h. 

The cooled solution was treated with Amberlite IRC-50 (€I+) 

ion-exchange resin, and the resin was washed with water, and 

poured onto a column. Elution with 3% ammonium hydroxide and 
evaporation of the eluant gave a residue which was chromato-' 

graphed on silica gel (50 g) and eluated with the lower phase 

of chloroform-~thanol-15% aqueous ammonium hydroxide (2:l:l) 
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solvent miaure to give, after passage through Amberlite 
IRA-401S (OH-) ion-exchange resin and lyophilization, the 
title compound (0.95 g): [4i6 + 171' (= 0.4, water); 'If NHR 

dd, J = 4, 11 Hz, 4-2"), 3.96 (lH, d, J - 12.5 Hz, g-S"eq), 
5.02 (la, d, J - 4 Hz, g-1"). 5.27 (lH, broad 8 ,  u1/2 = 5 

Hz, g-1'); mss spectrum d e  451 OH-1)'; CD (TaCu) (91 

(D20) b 1.15 (38, S, C-CE3, 2.46 (38, 8, Hm-3), 3-75 (1H, 

288- 

10, OOOO : 

Anal. Calcd for C19B38N408: C, 50.66; H, 8.44; N, 12.44. 

Found: C, 50.52; 8, 8.45; N, 12-30. 

The minor blocked adduct had the following constante: 
+ 82' 0.3, methanol): IB 3400, 2100, 1725 cm-'. It 

was deblocked and chromatographed in the sam~ way to give 
6-amin0-2,3,6-trideo1p- B - p g l u c o p y r a n o a y l - ( l d 4 ) -  gara- 
mine (0.33 8): [a]: + 119.2O (g 0.3, water): 'H NMR (D20) 
61.16 (38, S, C-CE3), 2.48 (3H, 8 ,  N-CE3), 3.75 (lH, dd, J 
4, 11 Hz, g-2''), 4.04 (lH, d, J = 12.5 Hz, 3-5" eq), 4.77 
(1H, m, u1/2 - 10 Hz, E-1'). 5.04 (lH, d, J - 4 Hz, a-1"); 
mass spectrum, m/e 451 (M + 1)+; CD (TaCu) [el 287= -8,500'. 

4.6-Diamino-2.3.4.6-tetradeo~-2-nalactopvrano8yl-(1~4)- 
paramine. (9 4,6-Diazlde3,4,6-trideoxy-~glucal (3.31 g), 

5, 2' 4' -trl- 0- acetyl- 1,3,3'-1_N-benzyloxycarbonylgaramine 
(1.75 g) and 2-toluenesulphonic acid were dissolved in dry 
benzene and kept at 45 OC for 3 h and then overnight at room 
temperature. The reaction was worked up as in the foregoing, 
and chromatography gave the desired adduct (6.9 8): 1*126 + 
79.5O 0.3, methanol); IB (CEC13) 3350, 2100, 1725 cm . 

(6.9 g) was diaeolved in 20% aqueous dioxane 
(125 PPC) to which had been added 1# hydrochloric acid (28 mL) 

and 10% palladium on charcoal, and the whole was submitted to 
hydrogenation at 56 psi at room temperature for sixteen h. 

D l  

The adduct 
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The c a t a l y s t  was removed by f i l t r a t i o u  and t h e  solvent was 
evaporated under reduced pressure. Potassium hydroxide 
( 4 . 5  g) in d i s t i l l e d  water (30 mL) was  added t o  the residue 

and t h e  s o l u t i o n  hea ted  a t  100 C f o r  3 h, fo l lowed by 
s ix teen  hours at 80 OC. The solut ion w a s  neutral ized t o  pH 

11 with d i l u t e  sulphuric acid and then s t i r r e d  with Amberlite 
IRC-50 (H ) ion-exchange resin.  The r e s i n  was washed with 

water, followed by 3% aqueous a m o d u m  hydroxide. The 
ammoniacal washings were combined and concentrated under 

reduced pressure t o  leave a residue which w a s  chromatographed 

on s i l i c a  ge l  in the  lower phase of chloroform-methanol-l5% 

aqueous anrmonium hydroxide (2:l:l) to  give, a f t e r  passage 

through Amberlite IRA-401s (OH") ion-exchange res in  and lyo- 
p h l l i z a t i o n ,  the t i t l e  coaipound (1:l 8 ) :  Ia1i6 + 141.1° & 
0.3, methanol); 'H NHB (D20) 681.13 (3H, 8 ,  C-CIi3), 2.44 

d, J - 12,s Hz, g-5" eq), 5.0 (lH, d, J - 4 Hr, tI-1"), 5.26 
(la, broad 8 ,  w l / 2  - 6 Hz, _-lo'), mass spectrum m/e  450 

0 

+ 

(3H, 8 ,  N-CZ3), 3.72 ( l H ,  dd, J 4, 11 Hz, 8-2"), 3.95 (la, 

(M + I)+; (TAW te1~~~-8,850~. 
Anal. Calcd f o r  C19H39N507: C,  50.77; H, 8.99; #, 

2'-Desaminosisoprlcin (19) The major blocked adduct, 4-& 
acetyl-6-azido-2,3,6-trideoxy-glucopyraaosyl-(1 +4)-5,2 ' ,  

4'- tri- 0- acetyl- 1,3,3'- tri- E-benzylqxpcarbonylgaranine, 

previously described in the synthesis of 2' ,f'-dideoxy- 

gentamicin B, w a s  photolysed in dichlorolPethane solut ion with 

a 4H)w Hg lamp using a Vycor f i l ter .  Nineteen separate  

runs were combined, in each of which 300 mg of  adduct was 

photolysed for 7 h. in 250 mL of dichloroncthane. The crude 

combined photolyeit~ product was dissolved in 95% ethanol 
(170 mL) and t r i e t h y l a r i n e  (6.8 A) w a s  added. The so lu t ion  

15.59. Found: C, 50.71; H, 8.69; N, 15.38. 
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was stirred at room temperature for 5 h, the solvent was eva- 
porated, and the residue was chromatographed on silica gel in 

chloroform to give an a, @-unsaturated aldehyde (2.2 g). 

-105.8O (E. 0.5, ethanol); 'H NHR (CDC13) 61.13, 1.41 

(38, d, rotamera, C-Cg3), 2.0 (UH, m, OCOCE3), 2.9 (38, s, 

for C49H57017N3: C, 61.31; H, 5.99; N, 4.38. 

The aldehyde (1.61 g) was dissolved in tetrahydrofuran 

(8 mt) and added to a solution of anmonium acetate (9.6 g) in 

methanol (45 I&). After 30 min sodium cyanoborohydride (960 

mg) was added, and the reaction was stirred at room tempera- 

ture for 2.5 h. and overnight at 4 C. Water (150 mt) was 

added, and the mixture was extracted with chloroform (3x100 

A), and the extracts were dried (MgS04) and evaporated under 
reduced pressure. The resultant residue was dissolved in 
dimethylsulphoxide to which was added potassium hydroxide 

(2.6 g) in water (5 mt) and the mixture was stirred at room 

temperature for two days. The pH of the reaction mixture was 

adjusted to pB 11 by the addition of dilute hydrochloric 

acid, and the solution was stirred with IRC-50 (H+) 
ion-exchange resin. The resin was filtered, washed with 

water and extracted with 6% aqueous amnonium hydroxide. The 

ammoniacal extracts were evaporated to dryness, and the 

residue was chromatographed on silica gel in the lower phase 

of chloroform-methanol-7% ammonium hydroxide (2: 1: 1) to 

give, after passage through IRA-401s (OH-) ion-exchange resin 
followed by lyophilization, P'-deaaminosisomicin (120 m g ) :  

tali6 + 184.3' (g 0.5, water); 'H NMR (D20) 

N-CH ). -3 
Anal. Calcd 

Pound: C, 60.93; H, 5.88; N, 4.32. 

0 

61.18 (3H, s, 

C-Cz3); 2.49 (3H, 8, N-CE3), 3.76 (1Hp dd, J 4, 11 H Z 9  

- H-2"), 4.03 (lH, d, J - 12.5 Hz, &5" eq), 4.92 (1H, m, 
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H-4'), 5.05 (lH, d, J = 4 Hz, g-l"), 5.46 (lH, distorted 
triplet, ul/2 - 6 Hz, g-1'), mass spectrum, m/e 432.2559 
(I¶+). (ClgHs6N40, requires 432.2584). 

Similarly obtained was 2', 2'-didesamino antibiotic 66-40C 

(7 mg): 'H NMR (D20) 6 1.24 (6H, 8 ,  C-CE3); 2-58 (6% 8, 

N-CF13), 5.14 (2H, m, g-1"), 5.6 (4H, m, 2-1' and H-4'), 7.45 
(2H, s, a-6'). Also obtained was 6'6'-imino - di-(2',6'- 
d1desamino)-sisomicin (71 mg): + 160.8' (s 0.4, water); 

'B NMR (D20) 61.23 (6H, s, C-CfL3); 2.54 (6H, 8 ,  N-CH ), 3.76 

- H-5" eq), 4.95 (2H, broad singlet, u1/2= 8 Hz, 3-4'), 5.08 

(28, d, J - 4 Hz, g-1"), 5.48 (2H, broad singlet, W1/2 = 8 

Hz, g-1'); mass spectrum, m/e 847.4811 (M'). (Cs8HagN7014 
requires m/e 847.4902). 

6-Azidomethyl-5,6-dihydropyran (25) A solution of 
6-hydroxpmethyl-5,6-dihydropyran (4.0 g) and triethylamine 

(10.5 g) in dry dichloromethane (100 mL) was cooled in ice, 
and a solution of methanesulphonyl chloride (5.2 g) in dry 

dichloromethane (20 mt) was added dropwise, with stirring. 
After 5 h, water was added and the mixture was partitioned 

between water and chloroform. The chloroform layer was dried 

(MgS04)  and evaporated to dryness under reduced pressure. 

The resulting crude mesylate was dissolved in dry N,&- 
dimethylformamide (100 mL) and stirred at 50 C for 60 h 
with sodium azide (14 g). The mlxture was filtered, the 

filtrate was poured into ice-water, and the whole extracted 
with ether. The ether extracts were evaporated under reduced 
pressure, and the residue was taken up in hexane and washed 

with water. The dried organic layer was evaporated under 

reduced pressure, and the residue was chromatographed on 
silica gel in 3% acetone in hexane to give the title compound 

-3 
(2H, dd, J 4, 11 Hz, 2-2"), 4.05 (ZB, d, J 12.5 Hz, 

0 
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(2.1 gm): 'H IWR (CDC13 60 EIHZ) 61.19 (48, E, ring 

3-35 (2B, d, J 5.5 Bz, %2-N3), 4.0 (la, 1, E-S), 4.75 (la, 
m, g-2), 6.4 (lH, dt, J = 1.5, 1.5, 6.5 HI, a-1): IR (film) 
2100, 1650, 1475, 1130 em-'. 

Anal. Calcd for C6HgN30: C, 51.7; H, 6.5; N, 30.2. 
Found: C, 51.9; 8,  6.5; N, 30.6. 

Preuaration of 2*-desamino~entamicfn Cla (2) 
6-Azido-methyl-5,6-dihydropyran (1.54 g) 5,2'4'-tri-@ 

acetyl-l,3,3'-tri-~-benzyloxycarbonylgaramine (4.33 g) and x- 
tolueneeulphonic acid (20 mg) were dissolved in dry benzene 

and the solution left at 40 C overnight. Following the 
usual work-up, as in the foregoing examples, the crude red- 
due was chromatographed on silica gel in 0.25% methanol in 
chloroform, two fractions being collected. The leas polar 
fraction (1.9 g) was dissolved in 50% aqueous dioxane (20 mL) 

to which was added 5% palladium on charcoal (200 mg) and 0.13 
hydrochloric acid ( 5  d), and the mixture was submitted to 

hydrogenation at 55 psi for 16 h at room temperature. The 
catalyst was removed by filtration, and the filtrate wa8 

evaporated under reduced pressure. The residue was heated at 

100 OC in 20% aqueous potaseim hydroxide under oxygen for 16 

h. The pE of the cooled solution was adjusted to p8 11 by 
the addition of dilute sulphuric acid, and the solution wae 
concentrated to a small volume and added dropwiee to a 
vigorously stirred volume of absolute ethanol (200 a). The 
inorganic salts were removed by filtration, and the filtrate 

waa reduced t o  dryness, taken up in the lover phase of a 
chlorof orm-methanol-10% anmonium hydroxide solvent mixture 

(2:l:l) and chromatographed on silica gel in the same 

solvent. Tb-0 compounds were obtained, the less polar being 
(24) (100 mg): [a]? + 166O k . 4 ,  water) 'H NHR (D20) 61.17 

(3H, s, C-CX3), 2.48 (38, 8 ,  N-Cg3), 3.71 (la, dd, J = 4, 11 

0 
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Hz, H-2"), 4.0 (lH, d, J = 12.5 Ez, g-5,' eq), 5.04 (la, d, 
J = 4 Hz, g-l"), 5.30 (lH, broad einglct, U1/2 - 5 Hz, 
- H-1'); MSS spectrum, n/c 435.2812 (M+l)+, (C19HsgN407 
require8 n/e 435.2819); CD (TaCu) [el 289 

The more polar product (130 mg) ,  after deionization 

-7,760'. 

and lyophilization wae 6'-anino-2,3,4,6-tetradeoxp-~-L- 

glucopyranoeyl-(l+)-garamine: (27) : [a1i6 + 138.1° (c 0.4, 
water); H NMR (D20) 61.17 (3H. 6, C-C%), 2-48 (3H, 81  

12.5 Hz, H-5" eq), 4.75 (lH, d, J = 9.5 Hz, &I0), 5.03 (1H, 
d, J - 4 Hz, l&l"); mas6 spectrum, m/e 434.2730 (If+). 

(ClgH3f4O7 requires m/e 434.2740); CD (TACu) [el288 
-7,450 . 

1 

N-CE3), 3.75 (lH, dd, J 4, 11 Bz, 2-2"), 4.02 (lH, d, J 

The second fraction. obtained from chromatography of the 

blocked adducts (0.8 g) wae deblocked in the same manner as 
in the foregoing, and the unblocked mixture was chroma- 
tographed to yield 2'-desaminogentamicin Cla (26 mg), 6'- 
amino-2,3,4,6-tetradeory- ~-L-glucopyranosyl-(1~4)-garamine 

(23 m g )  and a different isomer, less polar than either of the 
other two, 6'-amino-2,3,4,6-tetradeoxy- a-L-glucopyranosyl 
(1+4)-garadne (26) (32 m g ) :  + 83.5' (r 0.4, water); 

61.17(38, S, C434)p 2.48 (38, 8, Na-3), 3.75 1 

(lH, dd, J 4, 11 Hz, 8-2"), 4.03 (1H, d, J 12.5 Hz,  
H NMR (D20) 

- H-5" eq), 5.06 (lH, d, J - 4 Hz, z-l"), 5.14 (lH, broad 

singlet, ul/2 - 5.5 Hz, E-1,); mas6 spectrum, m/e 434.2708 
(M'). (C19H3$?407 requires m / e  434.2740): CD (TACu) [O] 2 89 
-7,3M0. 

Hvdxonenation of 2'desaprfnosiaomicia 2'-Desamlno- 
sisomicin (50 mg) was dissolved in 50% aqueous dioxane and 
submitted to catalytic hydrogenation under one atm8phere of 
hydrogen in the presence of 30 mg 5% palladium on charcoal 
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for 18 h. The catalyst was removed by filtration, and the 

solvent was evaporated under reduced pressure to leave a 

residue that was dissolved in water and passed through a 

column of Amberlite IRA-401s (OH-) ion-exchange resin and 

lyophilized. The lyophilized solid (35 mg) was chroma- 

tographically homogeneous and indistinguishable ('H NMR, 

13C NMR) from 6'-amino-2,3,4,6-tetradeoxy- 6-L-gluco- 

pyranoayl-( 1+4)-garamine (27) obtained i n  the synthesis of 
Z'-des,aminogentamicin Cia. 

We are pleased t o  acknowledge the eathuslastic 

encouragement of Peter Daniels, Alan Mallams and Tattanhalli 
Nagabhushan. We also thank J'ames Morton, Ray Brambilla and 

Peter Bartner for  spectral data and Hasato Tanabe for a 

sample of the acetate of reduced acrolein dimer. 
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