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ABSTRACT 

The conversion of tetra-N-benzyloxycarbonyl-5,6-Q- 
cyclohexyl idene neamin e @I i n t o  t h e  corresponding ole- 
f i n  13 has been i n v e s t i g a t e d  by t h r e e  methods. Applica- 
tion?€ the  Tipson-Cohen procedure via t h e  dimesylate  
- 10 gave a low y i e l d  (22%), as d i d  t h e  r eac t ion  of t h e  
d i o l  8 with triphenylphosphine-iodine-imidazole reagent 
(42%): Contras t ing ly ,  r educ t ive  r a d i c a l  e l imina t ion  v i a  
t h e  d ixan tha te f i  gave a s y n t h e t i c a l l y  u s e f u l  y i e l d  (64%) 
without  any chromatographic p u r i f i c a t i o n .  

INTRODUCTION 

The pseudodisaccharides  neamine ( A ) ,  gentamine Cla 

(2) and tobramine ( 3 )  are subun i t s  of t h e  c l i n i c a l l y  
m o s t  u s e f u l  n a t u r a l l y  occurr ing  aminocycl i tol  g lycos ide  
a n t i b i o t i c s ,  which themselves are weaker an t imic rob ia l  
agents,’  bu t  less t o x i c  than  t h e  t y p i c a l  p s  eudot r i sac-  
cha r ides .  The r e c e n t l y  i s o l a t e d  f o r t i m i c i n s 3  and r e l a -  
t e d  n a t u r a l l y  occurr ing  pseudodisaccharides  , 3  

e x h i b i t  h ighly  d e s i r a b l e  and promising b i o l o g i c a l  pro- 
p e r t i e s .  

however, 
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106 BARTON, ZHENG, AND GERO 

b H  - 3 Tobramine R=H, RkOH 

Neamine i s  r e a d i l y  a v a i l a b l e  from t h e  neomycin and 
paromomycin type a n t i b i o t i c s :  however, gentamine, an 
idea l  s t a r t i n g  molecule  f o r  f u r t h e r  s t r u c t u r a l  modifica- 
t i o n ,  is n o t  e a s i l y  access ib l e .  

I n  connect ion wi th  ou r  earlier s t u d i e s 6  t o  d e t e r -  
mine t h e  e f f e c t s  of s t r u c t u r a l  mod i f i ca t ion  on t h e  anti-  
bacterial  a c t i v i t y  of pseudodisacchar ides ,  w e  r e p o r t  
h e r e  t h e  p repa ra t ion  of gentamine Cla f r o m  neamine. 

RESULTS AND DISCbSSION 
P r o t e c t i o n  of t h e  f o u r  f r e e  amino groups p r e s e n t  

i n  neamine ( L ) ,  us ing  benzylchloroformate and sodium 
b ica rbona te  i n  70% aqueous methanol,  gave7 t e t r a - N -  - 
benzyloxycarbonyl neamine (A) i n  8 8 %  y i e l d .  

- N-benzyloxycarbonyl-5,6-O-cyclohexylideneneamine ( 8 ) .  
I n  t h e  f i r s t  method, s e l e c t i v e  p r o t e c t i o n  of  t h e  3 ' -  
hydroxy group p r e s e n t  i n  w a s  considered.  Appl ica t ion  
of t h e  l i t e r a t u r e  procedure,8 i.e. t r i c h l o r o e t h y l  chlo-  
roformate (5 equiv.)  i n  d r y  p y r i d i n e  a t  -5 OC f o r  7 

hours  l e d  t o  t h e  f u l l y  protected compound, tetra-E- 
benzyloxy -tetra-2-trichloroethoxycarbonylneamine (6), - 
in 69% y i e l d .  However, a smaller excess  of t r i c h l o r o -  
e t h y l  chloroformate (1.3 equiv . )  provided t h e  desired 

tetra-~-benzyloxycarbonyl-3'-~-trichl0r0ethoxycarbonyl- 
neamine ( 5 )  i n  a y i e l d  of 60%. Treatment of 2 w i t h  1 , l -  

Two approaches w e r e  then  examined t o  o b t a i n  t e t r a -  

- -  

- 
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108 BARTON, ZRENG, AND GERO 

dimethoxycyclohexane in dry DMF in the presence of cata- 
lytic quantity of 2-toluenesulphonic acid (80 "C under 
reduced pressure for 2 h) gave tetra-g-benzyloxycarbo- 
nyl-3'-O-trichloroethoxycarbonyl-5,6-~-cyclohexylidene- - 
neamine (7) - in 83% yield. Subsequent reaction of L with 
ammonia in aqueous methanol yielded - 8 in 95% yield. The 
second route to - 8 employed selective acetalization of 
the 5,6-diol present in - 4 .  

1,l-dimethoxycyclohexane under the same conditions as 
those previously mentioned, followed by reaction with 
methanol at 4 0  OC for one hour, 8 was obtained directly 
as the major product in 61% yield. In addition, a small 
amount of tetra-N-benzyloxycarbonyl-3',4'-5,6-di-O- - - 
cyclohexylideneneamine ( 9 )  - was also obtained which could 
be readily removed by trituration with ether. 

It was envisaged that the remaining transformation 

When 4 was reacted with 

could be achieved via the key intermediate, tetra-g- 
benzyloxycarbonyl-3'~41-dideoxy-3'-eno-5,6-~-cyclo- 
hexylideneneamine (13). For its preparation three me- 
thods were investigated, starting with the diol 8. 

Cohen ,' reductive radical elimination ''-I2 and the pro- 
cedure of Garegg and Samuelsson, which had been pre- 
viously used for the introduction of unsaturation in 
the monosaccharide and antibiotics field. 

The strategies examined were that of Tipson and 

The ionic displacement route based upon the method 
of Tipson and Cohen, began with the mesylation of 8 to 
give tetra-~-benzyloxycarbonyl-3',4'-di-~-mesyl-5,6-~- 
cyclohexylideneneamine (10) in 93% yield. This com- 
pound was heated with anhydrous sodium iodide ard zinc 
dust in dry DMF (130 "C, 6 hours) , and after chromato- 1 

graphic purification, 13 was obtained in 21% yield. We 
cannot, of course, exclude the possibility that a diffe- 
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SYNTHESIS OF GENTAMINE Cia 109 

rent specimen of zinc dust might give much better re- 
sults. 

1 0 - 1 2  The method of reductive radical elimination 
involved the preparation of an intermediate, tetra-E- 
benzyloxycarbonyl-3',4'-0-[(methylthio)thiocarbonyl~- 
neamine (s), available in 91% yield from 8 by treat- 
ment with a mixture of carbon disulphide, aqueous sodium 
hydroxide and methyl iodide in DMSO at 15 'C. After 
reduction of 11 with tri-n-butyltin hydride in the pre- 
sence of azobis(acetonitri1e) in refluxing dry toluene 
or xylene for 3 hours, olefin - 13 crystallized from the 
reaction mixture in 64% yield. 

Finally, another ionic displacement procedure 
originally described by Garegg and Samuelsson' 
investigated. 
phine (4 equiv.) , imidazole ( 4  equiv.) and iodine (2.55 
equiv.) in refluxing dry toluene for 1.5 hours, 13 was 
obtained in 42% yield. In addition to this compound, a 
second minor product, monoiodotetra-PJ-benzyloxycarbonyl- 
3 ' ,4 ' -dideoxy-3 ' -eno-5,6-~cyclohexylideneneamine (12 - ) , 
was also isolated in 22% yield. Whilst the position of 
iodine substitution has not been determined, confirma- 
tion of the identity of 12 was made by its conversion 
to 13 upon treatment with tri-2-butyltin hydride. 

tic acid-water at 60 OC for 2 hours to afford tetra-g- 
benzyloxycarbonyl-3',4'-dideoxy-3'-eno-neamine (14) in 

was 
When 5 was treated with triphenylphos- 

Deprotection of 13 was accomplished using 8 0 %  ace- 

95% yield. 
Low-pressure catalytic hydrogenation of 13 using 

platinum oxide as catalyst provided tetra-g-benzyloxy- 
carbonyl-5,6-O-cyclohexylidene - gentamine (15) in 61% 
yield. The simultaneous hydrogenation and hydrogenoly- 
sis of 13 and 14 were achieved using excess, 5% palla- 
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110 BARTON, ZHENG, AND GERO 

dium/charcoal as catalyst for 40 hours, which on subse- 
quent acetal deprotection gave the free base 2. When - 2 
was treated with sulphuric acid, a hydroscopic genta- 
mine Cla sulphate was obtained in good yield, identical 
in all respects with authentic material obtained by 
methanolysis' of the gentamincin C complex. 

EXPERIMENTAL 

Melting points were determined with a Kofler hot 
stage apparatus and are uncorrected. Infrared spectra 
were recorded on a Perkin-Elmer 257 spectrometer, and 
H NMR spectra were measured in deuterochloroform solu- 1 

tion with tetramethylsilane as the internal standard, 
unless otherwise stated. Mass spectra were recorded 
with an A.E.I. MS9 instrument. Optical rotations were 
measured on a Perkin-Elmer 141 polarimeter. All sol- 
vents and reagents were purified and dried by standard 
techniques. 

Attempted preparation of tetra-N-benzyloxycarbonyl- 
3'-trichloroethoxycarbonylneamine (2). The conditions 
employed were those described in the literature* as 
leading to 2. To a solution of 4 (0.21 g, 0.24 mmol) in 
dry pyridine (2 mL) trichloroethyl chloroformate (0.25 g, 
1.18 mmol) was added at -5 OC with stirring. After 7 h 
the mixture was poured into water to give a precipitate 
(0.463 9). Purification by preparative TLC (eluant : 
EtOAc/hexane 1:l) gave tetra-N-benzyloxycarbonyl-tetra- 
0-trichloroethoxycarbonylneamine (5) as a white. amor- 
phous solid (0,262 g. 69%): mp 106-8 * C ;  [a]:' + 26.06' 
(C 1-42, CHC13); NMR (CDC1,) 6 7.25 (2OH, 4 X COOcH2- 
C6g5), 5.03 (8H, 4 X COOCg2-C6H5) 4.70, 4.57 (4H, 4H, 
4 X COOCH2-CC13). - 
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SYNTHESIS OF GENTAMINE Cia 111 

Anal. Calcd. for C ~ ~ H S ~ N ~ O ~ Z C ~ I Z :  C, 43.02; H I  3.67; 
N, 3.58; C1, 27.18. Found: C, 43.00; H I  3.67; N, 3.64; 
C1, 27.19. 

In view of the failure of the conditions described 
in the literature to provide the prescribed compound 2, 
the preparation was repeated using a smaller excess of 
trichloroethyl chloroformate (2.~. 1.3 equiv. in place 
of 5 equiv.).To a solution of 4 (2.0 g, 2.33 mmol) in dry 
pyridine at -5 OC was added dropwise with stirring 
trichloroethyl chloroformate (0.64 g, 3.03 mmol). 
After 2.5 h. at -5 OC, workup as previously described 
gave a white solid (2.5 g) which was purified by column 
chromatography on silica gel (eluant : EtOAc/hexane 
6:4) to give tetra-~-benzyloxycarbonyl-3'-trichloro- 
ethoxycarbonylneamine (5) (1.47 g, 61%): mp 170-2 OC; 
[a]go + 32.3' (c 0.65, CHC13) [lit.8 mp 165-8 OC; 

33" (CHC13)I; NMR (CDClo) 6 7.09 (20H, 4 x COOCHz- 
c6g5) I 4.98 (8Hi 4 X COOCE -CsH5), 4-53 (2H, COOCH2- - 
cc13). 

Anal. Calcd. for C S ~ H S ~ N C O I S C ~ ~ :  C, 54.58; H I  4.97; 
N, 5.42; C1, 10.28. Found: C, 54.00; H, 4.89; N, 5.39; 
C1, 10.42. 

Tetra-N-benzyloxycarbonyl-3'-O-trichloroethoxy- 
carbonyl-5 , 6-O-cyclohexylideneneamine (1) . A solution 
of 5 (1.01 g, 0.98 mol)  and 1,l-dimethoxycycloheane 
( 1 . 2  mL) in dry DMF (10 mL) containing a catalytic 
quantity of anhydrous p-toluenesulphonic acid (0.077 g) 
was heated to 80-85 OC under reduced pressure with 
stirring for 2 h. After cooling the product was precipi- 
tated by pouring the solution into sodium bicarbonate 
solution. The crude material was filtered, washed with 
water and dried (1.33 4). Purification by chromatogrzphy 
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112 BARTON, ZHENG, AND GERO 

on silica gel (eluant CHCl3/MeOH/Et3N 5:0.15:0.031) 
gave 2 as a white, amorphous solid (0.91 9, 83% yield): 
mp 96-8 O C ;  [a];'+ 15.93O (c - 1.13, CHCls); NMR (CDC13) 
6 7.20 (20H, 4 x COOCHZ-C~H~), - 5.0 (8H, 4 X C~~CEZ-C~HS), 
4.63 (2H, COOCfizCClo), 1.50 (10H, C6Hio). 

Anal. Calcd. for C53H59N4016C13: C, 57.07; H, 5.33; 
N, 5.02; C1, 9.53. Found: C, 56.55, 56.67; H, 5.62,5.45; 
N, 4-98; C1, 9.30,9.32. 

Tetra-N-benzyloxycarbonyl-5,6-O-cyclohexylidene- 
neamine ( g )  . Procedure (A). To a solution of 2 (0.5 9, 
0.45 mol) in methanol  (5 mL) was added aqueous ammonia 
solution (0.38 m L ,  0.88 S . G . ) .  After 3 h at room tempe- 
rature, the reaction mixture was poured into water, and 
the precipitate was filtered, washed with water and 
dried. Compound - 8 was thus obtained as a chromatographi- 
tally homogeneous, white, amorphous solid (0.4 9, 95%): 
mp 184-6 OC; [a] io -k 26.37O (5 1-10, dioxane) ; NMR 

COOCIi2C,H,), 1.5 (lOH, c6E10). Procedure (B). A solution 
of 4 (10 g, 11.64 mmol), 1,l-dimethoxycyclohexane (12 
mL) and anhydrous p-toluenesulphonic acid (0.8 g )  in 
dry DMF (80 mL) was heated to 80-85 OC under reduced 
pressure with stirring for 2 h. After cooling methanol 
(3 mL) was added, and the mixture was warmed to 40 OC 
for 1 h. Workup as previously described gave a crude 
solid which was dissolved i n  hot chloroform, filtered 
and evaporated to give a white solid. The residue was 
triturated carefully with ether to give 8 (6.55 g, 61%): 
mp 182-4 "C. Purification by preparative TLC (eluant: 
CHClJ/MeOH/Et3N 100:6:0.5) gave a white, amorphous 
solid: mp 183-5 OC; [a]:' + 26.67' (5 0.90, dioxane); 

(CDC13) 6 7.20 (20H, 4 X COWH~CGH~), - 4.99 (8H, 4 IC 

NMR (CDC13) 6 7.14 (20H, 4 X C O OCH~C~~S), 4.97 (8H, 4 X 
COOCE,C~HS) 1.5 (10H, C6g10). 
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SYNTHESIS OF GENTAMINE Cia 113 

Anal. Calcd. for C50Hs8N401~: C, 63.95; H, 6.23; 
N, 5-97. Found: C, 63.31, 63.44; H, 6.25, 6.25; N, 5.97, 
6.00. 

Evaporation of the ether gave a syrup that was 
purified by column chromatography on silica-gel (eluant: 
CH, Cl, /EtOAc 8 : 2) . Tetra-N_-benzyloxycarbonyl-3 ' , 4  ' : 
5,6-di-O-cyclohexylideneneamine - (9) was present in the 
early fractions: mp 95-7 OC; [a]:* + 26.15' (c 1.30, 
CHClj); NMR (CDCJ-3) 6 7.20 (2OHr 4 X C O O C H ~ C ~ E S )  t 5.0 
(8Hr 4 X C O K E ~ C ~ H S ) ,  1.5 (20H. 2 X CGHlo). 

Anal. Calcd. for C56H66N4014: C,-61.11; H, 6.53; 
N ,  5.50. Found: C, 60.95; H, 6.42; N, 5.43. 

Tetra-N-benzyloxycarbonyl-3',4'-di-Q-mesyl-5,6-Q- 
cyclohexylideneneamine (10). To a solution of 8 (1.1 g, 
1.17 m o l l  in dry pyridine (5 mL) was added methanesul- 
phony1 chloride (1 a), and the mixture was left stand- 
ing at room temperature overnight. The product was 
poured into sodium bicarbonate solution to give a pre- 
cipitate of 10 (1.2 g, 93%): mp 102-5 OC. Purification 
by preparative TLC (eluant: CH, C 1 2  /MeOH 100 : 31) gave: 
mp 104-6 OC; LaJ,  + 14.74' (5 0.95, CHC13); NMR (CDC13) 

3.05, 2.72 (3H, 3H, S ,  3',4'-di-S02CH,) , 1.5 (lOH, C6H10). 
6 7.20 (20H, 4 X C O O C H ~ C ~ E S ) ,  4.94 (8H, 4 X COOCHZC~HS), 

Anal. Calcd. for Cs2H62N0018S2: C, 56.82; H, 5.69; 
N, 5.10; S, 5.83. Found: C, 56.98; H, 5.77; N, 5.21; 
s, 5.74. 

Tetra-N-benzyloxycarbonyl-3"-di-Q-(methylthio)- 
thiocarbonyl-5,6-Q-cyclohexylidenenemine (11). To a 
solution of 8 (6.0 g, 6.38 mmol) in carbon disulphide/ 
DMSO (15 a / 3 0  mL) was added dropwise 5g aqueous sodium 
hydroxide solution (15 mL) at 15 OC with stirring. 
After 20 min iodomethane (30 mL) was added portionwise 
and the mixture was left to stir €or 45 min. The sol- 

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



114 BARTON, Z H W G ,  AND GERO 

vent was evaporated and the residue was extracted with 
ethyl acetate. The extract was washed with brine, dried 
and evaporated to give a yellow oil. Purification by 
column chromatography (prior elution with hexane/methyl- 
ene chloride 7:3) to remove a yellow, non-polar impurity, 
then with methylene dichloride/methanol (100:5) gave the 
title compound 11 (6.54 g, 92%): mp 91-3 OC; [a]:' + 
38.55O (c 0.83, CHCl,); NMR (CDCl,) 6 7.25 (20H, 4 x 
COOCH~C~HS), - 5.04 (8H, 4 X COOCH~C~HS), - 2.48, 2.40 (3H, 
3H, S ,  3',4'-diCSSCH3), 1.5 (lOH, C6H1,). 

Anal. Calcd. for Cs4H62N401sS : C, 57.94; H, 5.58; 
N,5.01; S, 11.46. Found: C, 57.74; H, 5.85; N, 4.99; 
S, 11.66. 

Tetra-N-benzyloxycarbonyl-3',4'-dideoxy-3'-ene-5, 
6-0-cyclohexylideneneamine (13). Method (A) . 9  TO a sus- 
pension of sodium iodide (3 g) and zinc dust (1.6 9) in 
dry DME' (8 mL) was added 10 (0.394 g, 0.358 mmol) with 
stirring. The mixture was heated to 130 OC for 6 h. 
Upon cooling, chloroform was added and the product was 
filtered. The filtrate was washed with saturated aqueous 
sodium bicarbonate solution, then with aqueous sodium 
thiosulphate solution. After drying, filtratim and eva- 
poration gave a crude mixture of products. Purification 
by preparative TLC (eluant: methylene chloride/methanol 
100:6) gave 13 (0.07 9, 22%): mp 192-4 OC; [u]: - 24.71O 
(5 0.85, CHCI.3); NMR ((2x13) 6 7.20 (20H, 4 X COOCH2- 
C ~ E S ) ,  5.43 (2H, H-3',4'), 4-94 (4 X CO~E~'C~HS), 1.5 
(lOH, CGHI,). Method (El." To a refluxing solution of 
- 11 (0.835 g, 0.75 mmol) and a trace amount of azobis- 
(dimethylacetonitrile) in dry toluene (5 mL) was added 
dropwise with stirring over 1.5 h a solution of tri-n- 
butyltin hydride (1.03 g, 3.54 mmol) in dry toluene 
(5 mL). After a further 0.5 h reflux the mixture was 
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!iXNTHESIS OF GENTAMINE Cia 115 

cooled,  and a white p r e c i p i t a t e  formed. This  w a s  f i l t e r -  

ed and washed with to luene  followed by hexane. Compound 

- 13 w a s  obtained as a white ,  amorphous s o l i d  (0.433 g ,  

64%): m p  189-191 O C .  The material w a s  r e c r y s t a l l i z e d  

from ho t  e thanol :  mp 192-4 OC; [a&' - 25.00' (5 1.20, 
CHCl.3); NMR (cDc13) 6 7-20 (20Hr 4 X COOCH,C,E5), 5.43 
(2H, H-3'4'), 4-94 (8H, 4 X COOCE2C6H5), 1.5 (lOH, GHiO). 

Anal. Calcd. for C 5 0 H S 6 N s 0 1 2 :  C ,  66.35; H I  6.24; 
N, 6.19. Found: C ,  65.97, 65.89; H I  6.15, 6.30; N ,  6.19, 
6.14. Method (s) . T o  a suspension of - 8 (2.4 g ,  2.56 
mmol) , t r iphenylphosphine (2.7 g, 10  mmol) and imidazole 
(0.7 g ,  10 mmol) i n  d ry ,  r e f l u x i n g  to luene  w a s  added 
i o d i n e  (1.5 g ,  5.9 mmol), port ionwise over 0.5 h. After 
an a d d i t i o n a l  1 h r e f l u x ,  t h e  s o l u t i o n  w a s  cooled, t h e  

supe rna tan t  decanted ,wd t h e  r e s idue  ex t r ac t ed  wi th  

to luene .  The extract  w a s  washed s e q u e n t i a l l y  with 
aqueous sodium bicarbonate ,  aqueous sodium t h iosu lpha te ,  

and w a t e r .  The s o l u t i o n  was d r i e d ,  f i l t e r e d  and evapora- 

t e d  t o  g i v e  a syrup. P u r i f i c a t i o n  by column chromatogra- 

phy on s i l i ca  g e l  (e luant :  CH2C1, /EtOAc 8.5:1.5) gave 

- 13 as a whi te ,  amorphous s o l i d  (0.98 g,  42%): mp 193-5 

O C ;  [a]:' - 25.49' (C 1.02, C H C l , ) ;  NMR (CDC1,)  6 7.2 
(20H, 4 x COOCH,-C,€I,), 5.43 (2H, H-3',4'), 4.94 (4 x 
COOC€i,-C,H,) , 1.5 (lOH, C , H I o ) .  

A monoiodo by-product 2 w a s  also obtained from 

t h e  e a r l y  e l u t e d  f r a c t i o n s  (0.562 g ,  22%): mp 130-2 OC; 

[al',' + 8.55 (c 1.52, CHC1,) ;  NMR (cHC1,) 6 7.15 (20H, 

4 x COOCH,- C , I i , ) ,  6.05 (lH, H-3' or 4 ' 1 ,  4.97 (8H, 4 x 
COOC€I,-C,H,) I 1.44 ( l O H ,  C6€Il0). 

Anal. Calcd. f o r  C , o H 5 5 N , 0 1 2 1 :  C,  58.25; H ,  5.78; 
N ,  5.43; I, 12.31. Found: C,  58.25, 58.07; H I  5.36, 
5.30; N, 5.47, 5.30; I, 12.08, 12.23. 

- 12 w a s  t r e a t e d  wi th  t r i - n - b u t y l t i n  hydride as pre- 
v ious ly  descr ibed t o  g ive  13: mp 178-180 OC. P u r i f i c a -  
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Tetra-N-benzyloxycarbonyl-3',4'-dideoxy-3'-eno- 
n e a m i n e  (3). - 13 (0.983 g, 1.09 m m o l )  w a s  heated i n  80% 
acetic a c i d - w a t e r  a t  60 OC for  2 h. The mix tu re  w a s  

poured i n t o  water, and t h e  prec ip i ta te  w a s  f i l t e r e d  and 

w a s h e d  w i t h  w a t e r  t o  give 14 (0.88 g, 98%), m p  208-212 
'C. P u r i f i c a t i o n  by preparative T L C  ( e l u a n t :  m e t h y l e n e  

c h l o r i d e / m e t h a n o l  100:6) gave t h e  t i t l e  c o m p o u n d :  mp 
217-9 OC; [a]D 2 2  - 25.26' (c 0.95, dioxane) : NMR ( C D C l , ,  
2 drops Of DMSO) 6 7.13 (20H, 4 X C O O C H Z - C ~ ~ ~ ) ,  5.53 
( 2 H ,  H-3',4'), 5.02 (8H, 4 X C O O C H Z - C ~ H S ) .  - 

A n a l .  C a l c d .  f o r  C44H4 a N 4 0 1 z - H z O :  C ,  62.70; H, 

5.98; N, 6.65. Found: C ,  62.65, 62.69; H, 5.79, 5.78; 
N ,  6.52, 6.59. 

Tetra-~-benzyloxycarbunyl-S,6-9-cyclohexylidene 
g e n t a m i n e  C (15). 3 (0.453 g, 0.5 mmol) w a s  dissolv- 
ed i n  m e t h a n o l  (30 mL) and e t h y l  acetate (30 mL)  and 
hydrogenated w i t h  p l a t i n u m  oxide and hydrogent50 p s i )  

l a  

a t  r o o m  t e m p e r a t u r e  for 3 h. T h e  m i x t u r e  w a s  f i l t e r ed ,  
evaporated and p u r i f i e d  by preparative TLC ( e l u a n t :  

e t h y l  acetate/methylene chloride 4.5 : 1.5) t o  give 15 
(0.30 9, 61%): mp 76-8 O C ;  [ a ] ; 2  + 33.130 (c 1.63, 

C H C 1 3 ) ;  NMR ( C D C l a )  6 7.13 (20H, 4 X cooa2-c6g5), 5.0 
(8H, 4 x C O O C H Z - C ~ H S ) ,  1.5 (10H, C 6 5 1 1 0 ) .  

Anal. C a l c d .  f o r  CsoHseN1,012: C, 66.21; H, 6.45; 
N ,  6.18. Found: C, 66.16; H, 6.35; N ,  6.12. 

G e n t a m i n e  Cla (2). Method (A). - 14 (1.59 g, 1.93 
mmol) i n  acetic acid (70 mL) w a s  hydrogenated and hydro- 
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genolysized with palladium/charcoal (2.08 g) and hydro- 
gen (50 psi) at room temperature for 40 h. The mixture 
was filtered and evaporated under reduced pressure. 
The residue was dissolved in methanol and treated with 
Amberlite IR-45 [OH] , filtered and evaporated to give 
crude 2. This was taken up in methanol, treated with 
sulphuric acid (in methanol, pH 2-3) to give 2 as the 
sulphate in quantitative yield. TLC (chloroform/metha- 
nol/concentrated ammonia l:l:l, lower phase) showed one 
spot (Rf ca. 0.35) which corresponded to gentamine Cla 
obtained' by hydrolysis of gentamincin Cla. MS m+l /e : 
291 (M Calcd. for C12Hz 6N 4 0 k ) ,  163 (291-C6H130), 129 
(CsH130). Method (B). 13 (0.6 g, 0.663 rnmol) in acetic 
acid (20 mL) was hydrogenated and hydrogenolysed with 
palladium/charcoal (0.8 g) and hydrogen under the same 
coditions as in method (A) to give an intermediate 
5,6-~-cyclohexylidenegentamine Cla which showed a single 
spot on TLC detection. The intermediate was heated with 
80% acetic acid-water (10 mL) at 90 "C for 6 h. Workup 
as previously described gave a crude product, gentamin 
'la (2-1 sulphate. 
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