
2168 J.C.S. Perkin I 

Semisynthetic Aminoglycoside Antibacterials. Part 9?* Synthesis of 
Novel 1 - and 3-Substituted and I - and 3-epi-Substituted Derivatives of 
Sisomicin and Gentamicin from the 1 - and 3-Oxo-derivatives 
By Dena L. Boxler, Raymond Brambilla, D. H u w  Davies, Alan K. Mallams," Stuart W. McCombie, 

James B. Morton, Paul Reichert, and H. Frederick Vernay, Research Division, Schering-Plough 
Corporation, Bloomfield, New Jersey 07003, U.S.A. 

The conversion of selectively protected gentamicin and sisomicin derivatives into the 1 - and 3-oxo-compounds by 
reaction with 3,5-di-t-butyl-l,2-benzoquinone is described. By application of suitable reductive techniques these 
oxo-aminoglycosides have been converted into novel 1 - and 3-epi-, 1 - and 3-deamino-l- and -3-hydroxy-, 1 - and 
3-deamino-l- and -3-epi-hydroxy-, and 1 -deamino-derivatives. A study of the 13C n.m.r. parameters of the 1 -epi- 
and 1 -deamino-derivatives has led to the assignment of novel solution conformations for these new amino- 
glycosides. 

THE search for novel semisynthetic aminoglycoside anti- 
bacterials that would hopefully exhibit an improved 
spectrum of activity with decreased toxicity relative to 
the parent antibiotics, has been vigorously pursued in 
many laboratories during the last decade. Modification 
of the l-amino-group of the 2-deoxystreptamine ring has 
proved to be particularly fruitful. The occurrence in 
nature of butirosin A (3) and B (4) 3-5 which may form- 
ally be regarded as the ( 1S)-1-2Lr-(4-amino-2-hydroxy- 
butyryl) derivatives of xvlostasin (1) 6 and ribostaniyciii 
(2) respectively, coupled with the recognition that such 
modification of the l-amino-group resulted in an im- 
proved spectrum of activity, particularly against 
PseudoMtonas strains, led to  the preparation of a variety 
of l-N-substituted ribostamycin derivative~,B$~ none of 
which unfortunately proved to be better than (3) and (4). 
The preparation of the (1S)-l-N-(4-amino-2-hydroxy- 
butyryl) derivative of kananiycin A (5) led to  the dis- 
covery of a clinically useful drug, amjkacin (6) ,lo and a 
number of analogues have been prepared.ll A variety of 
l-N-acyl derivatives of gentamicin and sisoniicin (7) 
have also been prepared.12. 1z Reductive alkylation of 
the l-amino-group in sisomicin (7) led to the discovery of 
the important semisynthetic aininoglycoside, netilmicin 
(8) ,14 which exhibits an improved spectrum of activity 
against resistant strains of bacteria and which has 
reduced toxicity relative to sisomicin (7) .I5 We describe 
here an alternative route for the preparation of these 1- 
N-alkyl derivatives from novel l-oxoaminoglycosides. 
The latter intermediates have also been converted into 
unique l-epi-, l-deamino-l-hydroxy-, l-deamino-1 -@i- 
hydroxy-, and 1 -deamino-derivatives which do not 
occur in nature. The preparation of a 3-deamino-3- 
oso-derivative of gentamicin C1, and its conversion into 
3-efii-3-deamino-3-hydroxy-, and 3-deamino-3-eei-hydr- 
oxy-derivatives will also be described. 

Several literature procedures are available for the 
transformat ion of a prirnarg amino-group into a carbonyl 
group and from these methods the deamination proce- 
dure developed by Corey16 was chosen in view of the 
mild reaction conditions used, the high yields, and 
absence of side reactions observed with this method. 

Thus gentamicin C, (20) was converted into the 3,2'- 
bis-N-trifluoroacetate (21),12 which on treatment with 
S,Ti-di-t-butyl-1,2-benzoquinone followed by acidic 
hydrolysis, ;Iff orded a high yield of 1 -deamino-l-oxo-3,2'- 
bis-N-trifluoroacetylgentamicin C, (22) which was iso- 
lated as the sulphate salt. Reduction of the ketone (22) 
with sodium cyanoborohydride at  pH 3 followed by 
hydrolysis of the protecting groups with concentrated 
animoniuni hydroxide, gave l-deamino-l-hydroxygent- 
aniicin C, (23) and the l-cpi-analogue (24). The mass- 
spectral data (Table 1) were consistent with replacement, 
of the 1-am'no-group with a l-hydroxy-group l7 and did 
not enable (23) and (24) to be distinguished. The epimers 
could readily be distingiiished by the presence of a 
multiplet in the lI-I n.m.r. spectrum at 8E 4.25 due to the 
equatorial proton at  C-1 in the efii-derivative (24). The 
13C n.m.r. spectrum oE the epi-derivative (24) was also 
highlv characteristic of the structure (Table 2) and will 
be discussed later. 

Reductive amination of the ketone (22) with am- 
monia and sodium cyanoborohydride at pH 6 followed 
by hydrolysis with concentrated ammonium hydroxide 
gave a 1 : 1 mixture of gentainicin C, (20) and its I-epi- 
derivative (25), which could not be separated in a 
number of chromatographic systems. The 13C n.m.r. 
spectrum of the mixture was recorded (Table 2). The 
use of morpholinoborane as the reducing agent gave 
similar results. In  the above reaction as well as in 
subsequent reductive amination reactions, both l-de- 
amino-l-hydroxygentamicin C, (23) and l-deamino-l- 
L.Pi-hviiroxygentaniciii C, (24) were isolated as well. 
\Vhen the reductive amination was carried out using a 
variety of alkylamines in the presence of sodium cyano- 
borohydride at  pH 5.5-6 there were obtained after 
base hydrolysis, from methylamine, l-N-methylgent- 
amicin C, (26) and 1-epi-N-methylgentamicin C, (27) ; 
froin is~propylamine, l-N-isopropylgentamicin C, (28) 
and l-efii-N-isopropylgentamicin C, (29) ; from 2-hydro- 
xyethylamine, 1 -N-(2-hydroxyethy1)gentamicin C, (30) 
and l-efGN-(2-hydroxyethyl)gentamicin C, (31) ; and 
from 2-phenylethylamine, 1 -N- (2-phenylet hyl) gent- 
aniicin C, (32) and l-e)i-N-(2-phenylethyl)gentamicin C, 
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1981 2169 
(33). The above N-alkyl derivatives were all readily 
separated by column chromatographic techniques. In 
contrast to the l-epi-alcohol (24), the above l-cpi-amino- 
derivatives could not be distinguished froni their 'H 
11.m.r. spectra as the multiplets due to the equatorial 

FH20H NY OH fy 
R3 OH 

CH2NH2 yH2 
I 

HO QoQHR 

i OH 

HO @J 
6 H  

l-protons overlapped with other signals. However, the 
I3C n.m.r. spectra were very characteristic (Table 2) and 
could be used to distinguish the 1-epi-arnino-derivatives. 
The mass-spectral fragmentation patterns are given in 
Table 1 and all of the compounds showed the charac- 
teristic F, and F, ions l7 associated with 1-AT-alkylation. 

The aDDlication of transition-metal comDlesintz for the 

selective protection of aminoglycosides has led to the 
development of elegant, high yielding procedures for the 
preparation of selectively protected aminoglycosides 
having the l-amino-group free.ls Thus gentamicin C1, 
(35) has been converted into 3,2',6'-tris-N-(2,2,2-tri- 

CH2NHR3 I YHR3 

hHR3 

Me 
OH 

chloroethoxycarbony1)gentamicin Cla (36) in high 
yield, and the latter on treatment with 3,5-di-t-butyl- 
1,2-benzoquinone followed by acidic hydrolysis gave 1- 
deamino-1 -oxo-3,2',6'-tris-N- (2,2,2-trichloroethoxy- 
carbony1)gentaniicin C1, (37). A fully N-protected keto- 
intermediate was also desired and this was prepared as 
follows. It has been shown l9 that  3.2'.6'-tri-N-acetvl- 
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2170 J.C.S. Perkin I 

sisomicin (9) 18 reacts preferentially with 1-ace tyl- 
imidazolc to give 3,2’,6’,3’’-tetra-N-acctylsiso1nicin. I t  
was hoped therefore that 3,2’,6’-tris-N-(2,2,2-trichoro- 
ethoxycarbony1)gentaniicin C1, (36) would react with 1- 
(2,2,2-trichloroetlioxycarbonyl)imidazole to give the 3”- 
N-substituted derivative. However, the only product 
isolated from the reaction was the 3”-N,4”-o-carbonyl 
derivative (38) which presumably formed by cyclization 
of the vicinal cis-.li”-hydroxy-grouy with the 3”-N- 

Me 

MeN Q, 
AHR3 

NHR3 

JQ2 0 

How Me 

OH 

hydroxygentamicin C1, (42). Both gave similar mass 
spectra (Table 1) and the latter could again be dis- 
tinguished by the presence of a multiplet in the lH 
n.m.r. spectrum at  SH 4.24 due to the equatorial 1 -  
proton. The 13C n.rr1.r. data are given in Table 2 and 
will be discussed later. 

Application of the Corey deamination reaction to 
3,2’,G’-tri-N-acetylsisomicin (9) afforded 3,2’,6’-tri-N- 
acetyl-1-deamino-1-oxosisomicin (10) in quantitative 

“OW Me 

OH 

(2,2,2-tricliloroetlioxycarbonyl) group in the presence of 
imidazole. Reaction of (36) with I ,1’-carbonyldi-hid- 
azole afforded the identical product (38). When (36) 
was treated with 1-acetylimidazole a smooth conversion 
into 3”-N-acetyl-3,2‘,6’-tris-N- (2,2,2-tricliloroet hoxy- 
carbony1)gentamicin C1, (39) was obtained. The de- 
shielding of the 3’-N-methyl group to 8~ 3.15 in the latter 
was characteristic of a 3”-N-acetyl substitution in the 
molecule, Application of the Corey deamination pro- 
cedure to (39) afforded an excellent yield of 3”-N-acetyl- 
1 -deamino-l-oxo-3,2’, 6‘-t ris-N- (2,2,2-trichloroet hoxy- 
carbony1)gentamicin C1a (40). 

Reduction of the ketone (37) with either sodium 
cyanoborohydride, or sodium borohydride followed by 
deprotection with zinc in acetic acid afforded l-deamino- 
1-hydroxygentamicin C1, (41) and 1 -deamino-1-e+ 

(35) R’ =NH2,R2=R3=R4=R5=H 
(36) R’  = NH2,R2=RL=R5=H,R3=C02CH2CCI, 
(37)  R’ R2==0,R3=C02CH2CCL3,R4=R5=H 
(38 )  R’ = NH2,R2=H,R3=C02CH2CCL3,R4R5= >C=O 
(39 )  R’ = NH2 ,R2  =R5=H, R3-CO2CH2CCL-j. R L = A c  
(40) R’ = R2= =O, R 3 =  C02CH2CCL3, RL=Ac,R5=H 
(41) R’ =OH,R2=  R3=RL=R5=H 
(42) R’ =R3=R4=R5=H,R2=OH 

yield. In order to  prepare a fully N-protected keto- 
siqomicin derivative, 3,2’6’-tri-.N-benzoylsisornicin ( I  1)  
prepared by the transition-metal complexing method l8 

was treated with 1-acetylimidazole in aqueous tetra- 
hydrof uran to give 3”-N-acetyl-3,2’,6’-tri-N-benzoyl- 
sisomicin (12). The latter was then deaminated by the 
Corey procedure to give 3”-N-acetyl-3,2’,6’-tri-N- 
benzoyl-1-cleamino-1-oxosisomicin (13). Reduction of 
the keto-derivative (10) with sodium cyanoborohydride 
at  pH 3 followed by basic hydrolysis afforded both l-de- 
amino-1-hydroxysisomicin (14) and the 1-epi-analogue 
( I  5 ) .  The mass-spectral fragmentation patterns were 
consistent with the presence of the 1-hydroxy-group 
(Table 1 )  .17 The 1-epi-alcohol (15) exhibited a charac- 
teristic signal a t  8~ 4.34 due to the equatorial 1-proton. 
The 13C n.m.r. parameters are given in Table 2. In order 
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1981 2171 
to acliievc greater selectivity for the 1-epi-derivative 
(15) by using L-Selectride as the reducing agent, it was 
necessary to use the fully AT-protected ketone (13), which 
was soluble in dry tetrahydrofuran. Thus (13) on 
reduction with 1.-Selectride followed bv basic hydrolysis 
gave predominantly the 1-cpi-derivative (15). 

Reductive amination of the ketone (10) a t  pH 5-5.7 
using sodium cyanoborohydride and a variety of aniines 
afforded after suitable deprotection, from aninioniuin 

deamino-1-oxosisomicin ( I  3) on treatment with the 
ylid derived from diethyl N-ethylphosphoramidate 
(43) followed by reduction with L-Selectride and 
basic hydro1 ysis gave only the desired epi-derivative 
(17), but the yield was low. 

It was of interest to prepare a 1-deamino-derivative of 
gentamicin C, and this was achieved in the following 
nianiier. Conversion of l-deamino-l-oxo-3,2'-bis-N-tri- 
fluoroacetylgentamicin C, (22) into the tosylhydrazorie 

TABLE 1 

Mass-spectral fragment ions ( m / e  (?;)I 
Comporlnd(M + I )+  A f t *  A, As A, A, A, A@ A, A s  A, A l 0  A , ,  A,,  B, c, D, 

473(2) 
479(0.5) 
492(1) 
432(2) 

520(1) 
5Y2(0.5) 

520(0.5) 

522(3) 
582(0.5) 
582(0.3) 
451(0.2) 
451(0.2) 
449(2) 
440(2) 
448rO.b) 
476(3) 
53:1(4) 
533(4) 
463(3) 
442(15) 
4 5 l ( l )  
4.5 1 (1) 
450(0.5) 

478(1) 
478(0.5) 
491 (1) 
4ai(n.5) 
519(0.3) 
51 a(O.5) 
s'~i(n.3) 
521(1) 
58 l(0.3) 
SUl(0.2) 
450(0.1) 
450(fJ.l) 
448(3) 
448(2) 
447(0.3) 

5::a(L)  
532(2) 

475(!) 

462(2) 
44 1 ( 10) 
450(0.5) 
450(0.5) 
443(0.1) 

348(2R) 
348(7) 
361 (8) 
361 (0.5) 
389(5) 

391(2) 
451(7) 
451(0.!2) 

.{20(2) 
318(10) 
318(17) 
317(2) 
345(4) 
402 (1 5) 

;:91j27\ 

?20(3) 

402(2) 
332(57) 

320(10) 
320(6) 
319(2) 

433(1) 
433(0.5) 

300(20) 
3 00 ( 1 (J) 
209(7) 
327(15) 
384(7) 
384(14) 

453(1) 
4YR(O.B) 
292(O. 3) 
202(0.S) 
290(9) 
Z'JO(4) 
289(4) 
31 i ( 10) 
374(6) 
374(8) 
304(6) 

40G(l) 
405(0.3) 
274(3) 

2 7 3( 28) 
272(32) 

w 4 ( n . q  

;;;[;:] 
366(7) 
356(4) 
286(11) 

292(4) 274(2) 
292(3) 274(2) 
231(2) 273(2) 

Compound D: Da I), D, D. D, 
421(LU) 
421(2) 
434(1) 

462(0.4) 
46%(0.2) 
464111 

(23) 
(24) 

(28)  
(29) 

(25)  
434(0.3) 

464ji j 

1:;; 272(25) 431(16) 272(25) 431(16) 272(25) # 272(32) 431(6) !J72(32) 431(6) 272(32) 
43010.61 2711101 

i i7 j  458i2) ' 299i15) 458(2) 290(15) 
(18) 
(19) 
134) 286(11) 

515(2) 356(7) 515(2) 356(7) 
515(2) 356(4) 515(2) 356(4) 

406(22) 2 
384(2) 

~. 
(44j 

333(3) 3?3(23) 306(13) 192(13) 174(27) 164(12) 146(30) 157(100) 160(70) 461(0.5) 
333(2) 323(8) 3n5(!l) 1!12(9) 174(7) 164(5) 146(7) 157(100) 160(58) 461(0 5) 
346(2) 336(5) 318( i )  206(27) 187(11) 174(24) 159(37) IBi (100)  160(80) 474f0.5) 

., r . 
. I  I b(0: 5) 
376(2) 
42 6 (2) 
4 36( 0.5) 
x;:+ (4) 
3 :::I ( 6 )  
333(34) 
333(23) 
332(7) 
3 60( 11 ) 
415(7) 
41i(8)  
31 i ( i )  

333(5) n 33 (4) 
332(5) 

D, 

ns6(:,) 
:;fi6(!) 
426(L) 
426(2) 

3?3(28) 

323(4) 

3 a 3 (25) 

32 3 ( i ) 

322(2) 
360(2) 

407(4) 

::23(35) 
323( 18) 
322(18) 

40i(4)  

3Oi(3$) 

348(7)' 
348(22) 
408(6) 
40P(7) 
305(8) 
305(4) 
305(22) 

.>94(13) 
332(33) 

?05(7) 

:{n:qiz) 
38!4(23) 

305(21) 

304(a) 

2P'J(25) 

3( I5 (4) 

235(30) 
295(1 6 )  
2!15(9) 

192(9) 
102(3R) 

1 !I1 (48) 

132(14) 

192(45) 

219( 25) 
276(15) 
276(7) 
1 i6 (  16) 

192(20) 
19'2(12) 
191 ( 1  5) 

217(11) 
277(2) 
277(2) 
3 i4(10) 
1i4(5! 
1 i 4 ( 1 6 )  
174(22) 

201(56) 
258 (20) 
258(39) 
158(26) 

174(6) 

173 (30) 

174(4) 
I;:!(&) 

207(2l) 
267(10) 
2 6 7 (1 0) 
164(7) 
164(!1) 
164(19) 
164(21) 
I G ( 5 2 )  
l ! l l (53)  

148(i)  

164(9) 
164(7) 
163(16) 

248(12) 
248(18) 

189(10) 

204(4) 
146(22) 
146(1( I) 
146(40) 
146(60) 
145(59) 
173( 53) 

?49(9) 

230(27) 
2 30( 20) 
130(2 3) 

146(16) 
146(8) 
145(7) 

167(100) 
1 5 i  (100) 
157(100) 129(10O) 

129 (89) 
127(65) 
127(40) 
125(45) 
127(70) 
127(38) 
i57(1on) 12 7( 60) 

15 7( 100) 
129(80) 
120(100) 
129( 100) 

1 so( 30 j 
160(80) 
160(55) 
160(63) 
160(90) 
160(100) 
160(100) 160(100) 

160(100) 
I6O(lftO) 
160(100) 
160(100) 
16O(P1) 
160(80) 
160(1W) 
160(68) 
lSO(69) 

564(0.1) 
564(0.1) 
433( 0.5) 
433(3) 

445(2) 
424(1) 
433(0.3) 
433(0.5) 
4 32 (0.5) 

El E2 E, 
361(8) 
261(4) 

416(2) 260(5) 374(3) 
416(0.5) 26(1(2) 374(@.5) 
444(1) 288(2) 408(O.R) 
444(0.5) 288(6) 402(2) 
446(2) 200(2) 404(3) 
446(1) 200(4) 404(5) 
506f2) 464(1) 

Other 
I;, Y, fragments 

286(37) ?90(27) 
286(8) 200(lZ) 
ZSS(27) 303(9) 
286(9) 303(6) 
286(21) 331(0) 
286(23) 331(16) 
286(21) 333(7) 490(f1.5) 
ZSS(21) 333(15) 4'JO(l) 
286120) 393171 4901151 

aceta te, sisomicin ( 7 )  and 1-cpi-sisomicin (16) ; from 
etliylaniine, 1-N-etliylsisomicin (netilmicin) (8) and 1- 
cpi-N-ethylsisomicin \I-epi-netilmicin) (17) ; and from 
3-dimelhylaminopropylamine, l-N-(3-dimethylamino- 
propy1)sisomicin ( 1  8) and l-qbi-N-(3-dimethylamino- 
propy1)sisomicin (19). The 1-epi-amino-derivatives of 
sisomicin again could not be dktinguished from their lH 
n.m.r. spectra; however, the 13C 1i.m.r. spectra were 
quite characteristic (Table 2). The amino-derivatives 
exhibited the expected inass-spectral fragmentation 
patterns (Table 1) and the 1-N-alkyl derivatives showed 
the characteristic I?, and I;, ions associated with 1-AT- 
alkylation. In order to  increase the stereoselectivity in 
tlie preparation of 1 -e$i-N-ethylsisoniicin (1 7) an 
alternative synthesis of the intermediate imine was in- 
vestigated. Thus 3"-2L'-acetyl-3,2',6'-tri-N-benzoyl-l- 

50636.3) 464(0:5) 286i4)' 3'33i4j 49012)' 
375(0.2) 24i(O.1) 333(3) 205(2) 258(3) 230(5) 
375(0.2) 247(0.1) 333(6) 205(3) 258(2) 290(4) 

363(26) 204(44) 373(3) 331(6) 256(16) 290(9) 
363(15) 204(25) 373(2) 331(4) 256(8) 290(4) 
362(5) 203(21) 372(0.2) 246(5) 330(2) 204(18) 256(7) 289(4) 
3 W 3 )  400(2) 350(3) 256(36) 317(1O) 
448(2) 288(6) 457(4) 415(4) 256(52) 354(6) 
448(2) 288(6) 457(3) 415(1) 256(29) 374(8) 

'46(3) 345(26) 251(21) 274(36) 
324(8) 285(80) 

282(38) 
lZS(S0) 

:175(2) 247(!)) 333(5) 205(7) 259(2) 280(8) 
:175(1) 247(6) 333!4) 205(3) 259(2) 289(9) 
374(0.5) 246(4) 332(5) 204(3) 258(2) 280(2) 

followed by reduction with sodium cvanoborohydride 22 

and basic hydrolysis afforded 1-deaminogentamicin C, 
(34). The mass-spectral data (Table 1) were consistent 
lvitli tlie absence of the I-amino-group in the molecule. 
A novel analogue (44) of gentamicin C, (20) in which the 
2-deoxystreptamine ring had been replaced by a phenolic 
moiety was prepared from the ketone (22) by ?-elimination 
and basic hydrolysis with concentrated ammoniuin 
hydroxide. The lH n.1n.r. spectrum of (44) contained 
signals at  6.72 and 6.87 due to the aromatic protons. 
The mass spectrum of the phenol (44) showed the es- 
pected molecular ion and very few of the normal arnino- 
glycoside fragment ions (Table 1 ) .  The spectrum did 
however contain a diagnostic series of fragment ions 
shown in Figure 1. 

We next turned our attention to the preparation of 
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2172 
a 3-deamino-3-0x0-derivat ive. Thus 1,2', 6' , 3"- tet rakis- 
N-benzyloxycarbonylgen t amicin C1, (45), prepared by 
tlie application of the transition-metal process,1s oii 
treatment with 3,5-di-t-butyl-l,2-benzoquinone afforded 
the intermediate 3-deamino-3-0x0-derivative (46). 
Reduction of (46) with sodium borohydride followed by 
demotection with sodium in liquid ammonia gave 3-de- 

Me 

0 

Me 
OH 

(44) 

N-Me "W Me 

HO b: 
OH 

HO bH2 0 

Hod Me OH 

( 5 8 )  

amino-3-hydroxygentamicin C1a (47) and 3-deamino-3- 
epi-hydroxygentamicin C1, (48). The mass spectra of 
(47) and (48) (Table 1) supported the assigned structures, 
but did not enable them to be distinguished. The 
equatorial alcohol (47) showed a broad multiplet a t  cn. 
8= 4.0 with W+ ca. 20 Hz due to the axial 3-proton. 
The axial alcohol on the other hand exhibited a narrower 
multiplet at aH 4.23 with T V a  8 Hz which was assigned to 
3eq-H. The 13C n.m.r. data (Table 2) further supported 
the above assignments and will be discussed later. 

J.C.S. Perkin I 
Reductive amination of the 3-0x0-derivative (46) 

using aiiiinonium acetate and sodiuin cyanoborohydride 
afforded a mixture of the equatorial amiiie (45) and the 
axial aniine (49) which were separated by chroniato- 
graphy. The axial amine (49) was reduced with sodium 
in liquid ammonia to give 3-eji-gentamicin C1a (50). 
The mass-spectral data were in accord with the assigned 
structure (Table 1). The signal due to 3eq-H was not 
clearly visible in the lH n.m.r. spectrum. The 13C n.m.r. 
data given in Table 2 clearly indicated that the assigned 
structure was correct and these data will be discussed 
later. 

The l-efii- and 1 -deamino-derivatives exhibited very 
characteristic 13C n.m.r. spectra (Table 2) which enabled 
them to be readily identified. Pronounced shielding was 
observed for these derivatives a t  C-1", C-6, and C-1 
relative to their 1-equatorially-substituted counter- 
parts. The A8c values for these derivatives relative t o  
their 1-equatorial analogues are given in Table 3 and are 
consistent with epinierization, or removal of the 1- 
equatorial substituent , with concomitant clockwise 

Me l+ l+ 
I 

Me ' " b O a O H  NH, OH 

I 
HOQOH 

0 

l+ 
I 

H O O O H  

OH 
L 

m l e  282  How mlc 126 

Me 
OH 

mle 285 

FIGURE 1 Mass-spectral fragments 

rotation of the 6-0-glycoside about the 0-C-6 glycosidic 
bond due to the absence of the 1-equatorial substituent 
in these derivatives. It is evident from Table 3 that 
epimerization of the 1-hydroxy-group in l-deamino-2- 
deoxy-1-hydroxystreptamine (51) to give (52) resulted 
in moderate shielding at  C-1, C-2, C-3, and C-5, with 
more pronounced shielding at C-6. Deshielding was also 
observed at C-4 in going from (51) to  (52). These 
results are in good agreement with what is observed in 
going from scyllo-inositol to nzyo-inositol.23 In the 
aminoglycosides we see a somewhat different picture 
when the 1-hydroxy-group is epimerized as in going from 
(23) to (24), (41) to (421, and (14) to (15) (Table 3). In 
these examples we again observe shielding at C-3 and 
C-5, and deshielding at C-4, similar to that observed in 
going from (51) to (52). Somewhat greater shielding is 
observed at C-2 and markedly greater shielding is also 
observed at  C-1 and C-6, than can be accounted for by 
simply epimerizing the 1-hydroxy-group. Pronounced 
shielding is also observed at C-1" when the l-hydroxy- 
group is epimerized. If we now consider the ASc values 
for the free bases for the 1-equatorial hydroxyamino- 
glycosides (23), (41), and (14) relative to l-deamino-2- 
deoxy-1-hydroxystreptamine (51), and for the 1-axial 
hydroxyaminoglycosides (24), (42), and (15) relative to 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
81

. D
ow

nl
oa

de
d 

by
 te

st
 3

 o
n 

24
/0

6/
20

16
 0

8:
29

:5
3.

 
View Article Online

http://dx.doi.org/10.1039/p19810002168


T
A

B
L

E
 2 

13
C

 N
.m

.r
. c

he
m

ic
al

 s
hi

ft
s 

(6
c,

 p
.p

.m
.,

 do
w

nf
ie

ld
 f

ro
m

 M
e,

Si
 i

n 
D

,O
) 

C
ar

bo
n 

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-

7'
 

6'
-N

C
H

S 
c-1

" 
c-

2"
 

c-
3"

 
c-

4"
 

c-
5"

 
3"

-N
C

H
S 

4"
-C

H
3 

c-1
"' 

c-
2'

" 
c-

3"
' 

A
r(

C
-1

) 
A

r(
C

-3
, c

-5
) 

A
r(

C
-2

, C
-6

) 
A

r(
C

-4
) 

N
(C

H
dz

 

(2
3)

 
70

.8
 

36
.9

 
49

.3
 

87
.6

 
74

.8
 

85
.3

 
10

2.
5 

50
.7

 
26

.8
 

25
.7

 
72

.6
 

58
.1

 
14

.3
 

33
.2

 
10

0.
5 

50
.3

 
64

.1
 

73
.2

 
68

.6
 

37
.7

 
22

.2
 

C
ar

bo
n 

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-
7 

6'
-N

C
H

3 
c-1

" 
c-

2"
 

c-
3"

 
c-

4"
 

c-
5'

 '
 

3"
-N

C
H

* 
4"

-C
H

, 
c-1

' f'
 

c-
2"

' 
c-

3"
' 

A
r(

C
-1

) 
A

r(
C

-3
, c

-5
) 

A
r(

C
-2

, C
-6

) 
A

r(
C

-I
) 

(2
3)

H
+

 A
&

 
69

.7
 

33
.:3

 
49

.6
 

75
.3

 
74

.5
 

83
.5

 
95

.9
 

49
.1

 
21

.3
 

23
.2

 
70

.0
 

58
.5

 
10

.8
 

32
.0

 
99

.2
 

67
.4

 
63

.0
 

70
.8

 
67

.8
 

33
.!l

 
21

.7
 

:(
B

as
e-

+
H

+
) 

(2
4)

 
(2

0)
 a 

-1
.1

 
65

.3
 

51
.8

 
-3

.3
 

34
.6

 
36

.8
 

+
0.

3 
48

.0
 

50
.9

 
-9

.3
 

88
.7

 
88

.6
 

-0
.:;

 
72

.8
 

75
.4

 
-1

.8
 

79
.6

 
87

.9
 

-6
.6

 
10

2.
9 

10
2.

6 
-1

.6
 

50
.8

 
51

.1
 

-5
.5

 
26

.s
 

27
.2

 
-2

.5
 

25
.7

 
26

.1
 

-2
.6

 
72

.7
 

72
.8

 
+

0.
4 

58
.0

 
58

.2
 

-:
;,3

 
14

.6
 

15
.0

 
-1

.2
 

33
.3

 
33

.7
 

-
 1.

2 
96

.7
 

10
1.

4 
-3
.1
 

70
.0

 
70

.3
 

+
0.

9 
64

.0
 

64
.5

 
-2

.4
 

73
.4

 
73

.3
 

-0
.8

 
68

.4
 

65
.7

 
-
 1.

8 
37

.8
 

38
.1

 
-0

.6
 

22
.2

 
22

.9
 

(3
3)

 (
:3

)H
+ 

A
G

C
(B

as
e-

 
52

.4
 

55
.2

 
+

2.
8 

31
.0

 
24

.5
 

-6
.2

 
49

.1
 

48
.8

 
-0

.3
 

88
.7

 
57

.8
 

-1
0.

9 
73

.2
 

72
.:; 

-
 0.9

 
78

.6
 

76
.6

 
-2

.0
 

10
2.

6 
95

.7
 

-6
.9

 
50

.8
 

49
.6

 
-1

.2
 

26
.8

 
21

.8
 

-5
.0

 
25

.7
 

23
.5

 
-2

.2
 

72
.4

 
70

.1
 

-2
.3

 
58

.2
 

58
.9

 
$0

.3
 

14
.4

 
10

.7
 

-3
.7

 
33

.2
 

32
.0

 
-1

.2
 

96
.0

 
98

.6
 

+
2.

6 
69

.5
 

66
.4

 
-3

.3
 

64
.0

 
64

.4
 

+0
.4

 
73

.2
 

70
.8

 
-2

.4
 

68
.4

 
68

.2
 

-0
.2

 
37

.8
 

35
.3

 
-1

.9
 

22
.5

 
21

.S
 

-0
.7

 
47

.8
 

48
.3

 
+0

.5
 

30
.9

 
3'

2.
5 

-3
.4

 

14
1.

2 
13

7.
2 

-4
.0

 
12

9.
8 

13
0.

0 
+0

.2
 

12
9.

8 
13

0.
0 

1
0

.2
 

12
7.

4 
12

8.
4 

4-
1.

0 

+H
+)

 
(4

1)
 

69
.5

 
36

.9
 

49
.1

 
86

.2
 

74
.9

 
85

.2
 

10
0.

9 
50

.5
 

25
.9

 
27

.9
 

70
.8

 
45

.1
 

10
0.

3 
63

.9
 

64
.2

 
72

.9
 

68
.5

 
37

.4
 

22
.3

 

(2
5)

 b 
45

.4
 

33
.4

 
47

.8
 

88
.9

 
73

.1
 

78
.7

 
10

2.
6 

50
.8

 
26

.9
 

25
.9

 
72

.6
 

58
.1

 
14

.6
 

33
.4

 
95

.8
 

69
.7

 
63

.9
 

73
.1

 
68

.2
 

37
.8

 
22

.6
 

(4
2)

 
65

.3
 

34
.6

 
47

.9
 

87
.8

 
73

.2
 

79
.6

 
10

1.
9 

50
.6

 
26

.4
 

28
.1

 
70

.7
 

45
.5

 

96
.6

 
69

.9
 

64
.1

 
72

.8
 

68
.4

 
37

.7
 

22
.2

 

(1
4)

 
71

.0
 

36
.6

 
49

.0
 

84
.7

 
74

.8
 

88
.2

 
10

0.
8 

47
.3

 
25

.3
 

97
.5

 
15

0.
4 

43
.1

 

10
0.

5 
70

.2
 

64
.1

 
73

.2
 

68
.5

 
37

.6
 

22
.3

 

(2
6)

 
(2

7)
 

(2
8)

 
(2

9)
 

58
.9

 
54

.6
 

54
.5

 
50

.5
 

32
.5

 
30

.3
 

33
.5

 
32

.2
 

50
.3

 
47

.8
 

50
.3

 
48

.0
 

87
.4

 
88

.8
 

87
.4

 
88

.3
 

75
.6

 
73

.2
 

75
.9

 
73

.3
 

88
.4

 
78

.7
 

87
.2

 
77

.9
 

10
2.

2 
10

2.
7 

10
2.

2 
10

2.
5 

50
.6

 
50

.8
 

50
.7

 
50

.7
 

26
.6

 
28

.8
 

26
.6

 
26

.6
 

25
.5

 
25

.8
 

25
.5

 
25

.6
 

71
.8

 
72

.6
 

72
.1

 
72

.2
 

58
.3

 
58

.1
 

58
.2

 
58

.2
 

13
.5

 
14

.5
 

13
.8

 
13

.9
 

32
.2

 
33

.3
 

32
.9

 
33

.0
 

10
1.

8 
96

.1
 

10
2.

2 
95

.7
 

70
.1

 
69

.6
 

70
.4

 
69

.7
 

64
.2

 
63

.8
 

64
.4

 
63

.9
 

73
.1

 
73

.1
 

73
.2

 
73

.3
 

68
.5

 
68

.3
 

69
.0

 
68

.3
 

37
.5

 
37

.7
 

37
.6

 
37

.6
 

29
.4

 
22

.4
 

22
.4

 
22

.3
 

32
.8

 
33

.8
 

45
.6

 
48

.0
 

23
.7

 
23

.6
 

21
.1

 
22

.1
 

(1
5)
 

65
.3

 
34

.5
 

47
.8

 
85

.7
 

72
.9

 
59

.8
 

10
1.

0 
47

.4
 

25
.3

 
96

.9
 

15
0.

6 
43

.3
 

96
.8

 
69

.9
 

64
.3

 
73

.3
 

68
.5

 
37

.9
 

22
.5

 

(1
5)

H
+

 A
Sc

(B
as

e-
+H

+)
 

(7
) Q

 

65
.0

 
-0

.3
 

51
.8

 
31

.1
 

-3
.4

 
36

.4
 

80
.7

 
-5

.0
 

85
.3

 
72

.1
 

-0
.8

 
75

.4
 

79
.0

 
-0

.8
 

87
.8

 
97

.8
 

-3
.2

 
10

0.
6 

47
.1

 
-0

.3
 

47
.6

 
23

.8
 

-1
.5

 
25

.6
 

14
4.

3 
-6

.3
 

15
0.

4 
41

.6
 

-1
.8

 
43

.5
 

48
.5

 
+0

.7
 

50
.4

 

10
1.

5 
+4

.6
 

96
.5

 

(3
01

 
57

.3
 

33
.2

 
50

.3
 

88
.0

 
55

.5
 

86
.3

 
10

2.
6 

50
.8

 
26

.8
 

25
.7

 
52

.7
 

58
.0

 
14

.5
 

33
:2

 
10

1.
5 

70
.3

 
64

.3
 

73
.2

 
68

.9
 

37
.7

 
22

.4
 

48
.0

 
61

.2
 

(3
0)

H
' 

56
.4

 
26

.3
 

49
.6

 
77

.1
 

75
.3

 
83

.9
 

96
.0

 
49

.4
 

21
.3

 
23

.2
 

70
.1

 
58

.5
 

10
.8

 
32

.1
 

10
2.

5 
67

.2
 

64
.3

 
70

.7
 

65
.8

 
35

.5
 

21
.7

 
47

.8
 

57
.2

 

A
&

(B
as

e-
+H

+)
 

(3
1)

 
(3

1)
H

+
 

-0
.9

 
52

.4
 

54
.9

 
31

.1
 

24
.8

 
-6

.9
 

-0
.7

 
49

.0
 

49
.3

 
-1

0.
9 

88
.2

 
77

.9
 

-2
.4

 
78

.7
 

77
.0

 
-6

.6
 

10
2.

2 
98

.9
 

-1
.4

 
50

.7
 

49
.6

 
-5

.5
 

26
.5

 
21

.3
 

-2
.5

 
25

.5
 

23
.3

 
-2

.6
 

71
.8

 
70

.1
 

+0
.5

 
58

.3
 

58
.5

 
13

.6
 

10
.8

 
- 3

.7
 

-1
.1

 
32

.9
 

32
.0

 
+

0.
8 

96
.0

 
98

.7
 

-0
.2

 
73

.2
 

72
.2

 

-3
.1

 
69

.7
 

66
.2

 
64

.0
 

64
.3

 
-2

.5
 

73
.2

 
70

.7
 

-0
.1

 
68

.3
 

68
.4

 
-2

.2
 

37
.7

 
35

.6
 

-0
.7

 
22

.3
 

21
.8

 
-0

.2
 

47
.7

 
48

.1
 

61
.0

 
57

.2
 

-4
.0

 

+
2.

5 
-6

.3
 

+
0.

3 
-1

0.
3 

-1
.0

 
-1

.7
 

-6
.3

 
-
 1.

1 
-5

.2
 

-2
.2

 
-1

.7
 

+0
.2

 
-2

.8
 

-0
.9

 
f2

.7
 

-3
.5

 
+

0.
3 

-2
.5

 
+0

.1
 

-2
.1

 
-0

.5
 

+0
.4

 
-3

.8
 

(3
2)

 
55

.1
 

33
.1

 
50

.4
 

87
.7

 
75

.5
 

86
.3

 
10

2.
4 

50
.7

 
26

.9
 

25
.7

 
72

.3
 

58
.2

 
14

.2
 

33
.1

 
10

1.
0 

70
.2

 
64

.4
 

73
.0

 
68

.7
 

37
.8

 
22

.6
 

48
.2

 
36

.1
 

14
1.

0 
12

9.
8 

12
9.

8 
12

7.
5 

(3
2)

H
+

 
56

.9
 

26
.3

 
49

.5
 

77
.1

 
75

.2
 

83
.9

 
95

.8
 

49
.5

 
21

.3
 

23
.3

 
70

.1
 

58
.5

 
10

.8
 

32
.0

 
10

2.
1 

66
.7

 
64

.3
 

70
.7

 
68

.7
 

35
.7

 
21

.8
 

47
.2

 
32

.7
 

13
7.

0 
13

0.
1 

12
9.

9 
12

8.
5 

(1
6)

 
(1

6)
H

+
 A

&
(B

as
e-

+H
+)

 
(8

)c
 (

8)
H

+
o 

A
8C

(B
as

e+
H

+)
 

(1
7)

 
47

.4
 

47
.9

 
+

0.
5 

58
.0

 
56

.9
 

-1
.1

 
52

.7
 

34
.1

 
27

.1
 

-7
.0

 
32

.7
 

26
.2

 
-6

.5
 

30
.6

 
47

.7
 

47
.9

 
1

0
.2

 
50

.2
 

49
.2

 
-1

.0
 

47
.7

 
85

.3
 

79
.8

 
-5

.5
 

85
.3

 
79

.6
 

-5
.7

 
85

.7
 

72
.7

 
71

.6
 

-1
.1

 
75

.7
 

74
.3

 
-1

.4
 

73
.4

 
78

.9
 

77
.0

 
-1

.9
 

86
.5

 
83

.5
 

-3
.2

 
78

.4
 

10
0.

7 
97

.9
 

-2
.8

 
10

0.
8 

97
.8

 
-3

.0
 

10
0.

9 
47

.7
 

47
.0

 
-0

.7
 

47
.4

 
47

.1
 

-0
.3

 
47

.4
 

25
.3

 
24

.0
 

-1
.3

 
25

.5
 

26
.2

 
1

0
.7

 
a5

.2
 

97
.8

 
10

1.
6 

+3
.7

 
96

.7
 

10
1.

6 
+4

.9
 

97
.3

 
15

0.
2 

14
4.

1 
-8

.1
 

15
0.

4 
14

4.
1 

-8
.3

 
15

0.
4 

43
.1

 
41

.5
 

-1
.6

 
43

.4
 

41
.6

 
-1

.8
 

43
.2

 

96
.1

 
-0

.7
 

10
1.

5 
95

.8
 

98
.1

 
+2

.3
 

10
2.

1 
10

2.
2 

66
.9

 
-3

.0
 

70
.0

 
69

.6
 

66
.3

 
-3

.3
 

70
.2

 
67

.4
 

64
.4

 
+

0.
1 

64
.3

 
64

.0
 

64
.3

 
+

0.
3 

64
.3

 
64

.3
 

70
.8

 
-2

.5
 

73
.0

 
73

.1
 

70
.8

 
-2

.3
 

73
.1

 
70

.8
 

67
.6

 
-0

.9
 

68
.6

 
68

.2
 

68
.1

 
-0

.1
 

68
.7

 
68

.6
 

36
.0

 
-1

.9
 

37
.9

 
37

.7
 

35
.7

 
-2

.0
 

37
.7

 
35

.7
 

21
.8

 
-0

.7
 

22
.9

 
22

.4
 

21
.9

 
-0

.5
 

22
.6

 
21

.9
 

41
.1

 
41

.9
 

14
.7

 
11

.9
 

10
.1
 

96
.8

 

63
.4

 
-2

.7
 

69
.7

 

-2
.3

 
73

.3
 

-0
.1

 
68

.3
 

-2
.0

 
37

.8
 

-0
.7

 
22

.3
 

-2
.8

 
14

.4
 

+0
.8

 
42

.3
 

(1
7)

H
+

 
54

.8
 

24
.6

 
47

.9
 

79
.6

 
71

.7
 

77
.1

 
97

.9
 

47
.0

 
24

.0
 

10
1.

5 
14

4.
1 

41
.6

 

98
.2

 
66

.3
 

64
.4

 
70

.8
 

68
.2

 
35

.8
 

21
.9

 
43

.5
 

11
.6

 

A
6c

( B
as

e-
+ 

+
2.

1 
-6

.0
 

$0
.2

 
-6

.1
 

-1
.7

 
-1

.3
 

-3
.0

 
-0

.4
 

-1
.2

 
+4

.2
 

-6
.3

 
-1

.6
 

+
2.

4 
-3

.4
 

+L
O 

-2
.5

 
-0

.1
 

-1
.8

 
-0

.4
 

+1
.2

 
-2

.8
 

A
&

(B
as

e-
tH

+
) 

-0
.2

 
-6

.8
 

-0
.9

 
-1

0.
6 

-0
.3

 
-2

.4
 

-6
.6

 
-1

.2
 

-5
.6

 
-2

.4
 

-2
.9

 
+0

.3
 

-3
.4

 
-1

.1
 

+
1.

1 
-3

.5
 

-0
.1

 
-2

.3
 

-2
.1

 
-0

.8
 

-1
.0

 
-
 3.4

 

-4
.0

 
+0

.3
 

+
0.

1 
+

1.
0 

.H
+

) 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
81

. D
ow

nl
oa

de
d 

by
 te

st
 3

 o
n 

24
/0

6/
20

16
 0

8:
29

:5
3.

 
View Article Online

http://dx.doi.org/10.1039/p19810002168


C
ar

bo
n 

c-
1 

c-
2 

G
3

 
G

4
 

G
6

 
G

6
 

c-1
‘ 

G
2

 ’ 
c-

3’
 

G4
’ 

C
5’

 
C

-6
 ’ 

c-
7 ’
 

6’
-N

C
H

8 
G

1“
 

G
2”

 
G

3”
 

c-4
” 

C
5

”
 

3”
-N

C
H

S 
g

p
 

C
2’

” 
c-

3”
’ 

N
(C

H
8)

, 

67
.9

 
62

.7
 

32
.7

 
30

.7
 

50
.1

 
47

.6
 

86
.1

 
86

.8
 

76
.7

 
73

.2
 

86
.8

 
78

.6
 

10
0.

8 
10

0.
9 

47
.3

 
47

.4
 

25
.4

 
26

.3
 

97
.4

 
97

.1
 

16
0.

1 
15

0.
1 

43
.1

 
43

.3
 

10
2.

2 
96

.9
 

70
.3

 
69

.7
 

64
.3

 
64

.0
 

73
.1

 
73

.2
 

68
.8

 
68

.3
 

37
.7

 
37

.7
 

22
.4

 
22

.6
 

44
.7

 
46

.9
 

26
.8

 
26

.7
 

67
.1

 
67

.3
 

44
.4

 
44

.5
 

C
ar

bo
n 

c-
1 

c-
2 

c-
3 

c-
4 

c-
5 

C
-6

 
c-

1”
’ 

c-
p‘

 

T
A

B
L

E
 2 

(c
o

n
ti

w
tx

i)
 

(1
8)

 
(1

91
 

(3
4)

 
(4

7)
 (

47
)H

+ 
A

b(
%

H
+)

 
(4

8)
 (

M
)H

+ 
A

&
(B

as
e+

H
+)

 
(6

0)
 (

M
))

H
+ A

&
y(

Ba
se

+H
+)

 
(5

1)
 (

51
)H

+ 
A

8a
(B

as
e-

+H
+)

 
(6

2)
 (

52
)H

+ 
A

&
y(

Ba
se

-.H
+)

 
(5

4)
 J 

(5
4)

H
+

J 
49

.7
 

60
.3

 
+0

.6
 

70
.3

 
69

.5
 

-0
.8

 
69

.3
 

68
.3

 
-1

.0
 

50
.4

 
48

.2
 

34
.8

 
27

.6
 

-7
.2

 
36

.8
 

33
.2

 
-3

.6
 

36
.6

 
32

.0
 

-3
.5

 
33

.9
 

26
.9

 

82
.8

 
74

.6
 

-8
.3

 
78

.0
 

73
.7

 
-4

.3
 

78
.9

 
73

.9
 

-5
.0

 
76

.1
 

69
.2

 
72

.0
 

72
.6

 
+0

.6
 

76
.8

 
76

.2
 

-0
.6

 
73

.9
 

73
.7

 
-0

.2
 

72
.1

 
72

.2
 

88
.3

 
8

k
3

 
-4

.0
 

77
.8

 
77

.0
 

-0
.8

 
74

.7
 

74
.1

 
-0

.6
 

74
.8

 
68

.9
 

49
.1

 
49

.6
 

+0
.5

 
60

.3
 

60
.8

 
+0

.6
 

49
.0

 
60

.5
 

+1
.5

 
49

.8
 

50
.5

 

26
.1

 
60

.6
 

50
.4

 
28

.0
 

37
.0

 
33

.2
 

6a
.g

 
69

.2
 

66
.8

 

77
.0

 
74

.6
 

74
.7

 
77

.6
 

87
.4

 
84

.8
 

10
3.

1 
10

1.
3 

96
.0

 
60

.8
 

50
.7

 
49

.8
 

26
.! 

26
.8

 
22

.0
 

72
.8

 
70

.8
 

67
.8

 
68

.0
 

46
.6

 
43

.6
 

14
.6

 
33

.2
 

95
.9

 
10

1.
3 

10
1.

6 
69

.8
 

70
.2

 
67

.1
 

64
.0

 
64

.2
 

64
.2

 
73

.3
 

73
.2

 
70

.8
 

68
.2

 
68

.5
 

68
.6

 
37

.8
 

37
.8

 
35

.6
 

22
.2

 
22

.6
 

22
.0

 

26
.1

 
a8

.i
 

26
.6

 

A
&

( B
as

e-
-+

H
+)

 
-2

.2
 

- 7
.0

 
+0

.7
 

-6
.9

 
+

0.
1 

- 5
.9

 

-0
.1

 
-3

.8
 

-3
.4

 
-3

.3
 

+
0.

1 
-2

.6
 

-5
.3

 
-0

.9
 

-4
.8

 
-1

.6
 

- 3
.0

 
-2

.0
 

+
0.

3 
-3

.1
 

-2
.4

 
+0

.1
 

- 2
.2

 
-0

.6
 

(6
5)

 
67

.5
 

33
.8

 
5L

3 
78

.4
 

76
.9

 
76

.3
 

41
.1

 
14

.8
 

49
.2

 
60

.1
 

35
.6

 
31

.6
 

68
.6

 
66

.1
 

82
.9

 
80

.3
 

72
.1

 
72

.6
 

88
.2

 
85

.2
 

10
2.

6 
97

.1
 

60
.8

 
49

.8
 

26
.9

 
22

.0
 

28
.4

 
26

.7
 

71
.1

 
67

.9
 

45
.7

 
43

.6
 

4-
0.

9 
-4

.0
 

-2
.4

 
-2

.6
 

+0
.6

 
- 3

.0
 

-5
.6

 
-1

.0
 

-4
.9

 
-1

.7
 

-3
.2

 
-2

.1
 

10
1.

4 
10

1.
6 

+
0.

2 
70

.2
 

67
.2

 
-3

.0
 

64
.2

 
64

.3
 

+
0.

1 
73

.3
 

70
.8

 
-2

.6
 

68
.8

 
68

.6
 

-0
.3

 
37

.8
 

36
.6

 
-2

.2
 

22
.6

 
22

.0
 

-0
.6

 

(5
5)

H
+ 

A
b(

B
as

e+
€I

+)
 

56
.4

 
-1

.1
 

26
.9

 
-6

.9
 

51
.1

 
-0

.2
 

72
.9

 
-6

.5
 

76
.6

 
-1

.3
 

72
.4

 
-3

.9
 

41
.4

 
+0

.3
 

11
.6
 

-3
.2

 

10
;;
s 

96
.8

 
-6

.5
 

60
.8

 
49

.4
 

-1
.4

 
27

.0
 

23
.0

 
-4

.0
 

28
.6

 
26

.7
 

-1
.8

 
71

.5
 

67
.1

 
-4

.4
 

46
.9

 
43

.7
 

-2
.2

 

10
1.

3 
10

1.
7 

+0
.4

 
70

.3
 

66
.4

 
-3

.9
 

64
.2

 
64

.2
 

73
.3

 
70

.8
 

-2
.5

 
68

.6
 

68
.7

 
+0

.2
 

37
.8

 
35

.6
 

-2
.2

 
22

.6
 

21
.5

 
-1

.1
 

(6
6)

H
+ 

A
&

(B
as

e-
*H

+)
 

(6
7)

 
(6

7)
H

+ 
A

,S
O

(B
as

e-
tH

+)
 

+0
.7

 
(5

6)
 

67
.0

 
66

.1
 

-0
.9

 
49

.8
 

60
.6

 
30

.1
 

24
.9

 
-6

.2
 

33
.9

 
ae

.9
 

-7
.0

 
49

.3
 

49
.8

 
+0

.6
 

60
.4

 
48

.2
 

-2
.2

 
77

.6
 

72
.6

 
-4

.9
 

74
.8

 
68

.9
 

-6
.9

 
73

.2
 

73
.0

 
-0

.2
 

72
.1

 
72

.5
 

+
0.

1 
73

.9
 

70
.1

 
-3

.8
 

76
.1

 
69

.2
 

-6
.9

 
42

.6
 

43
.1

 
+0

.6
 

13
.6

 
11

.0
 

-2
.6

 
Re
f.
 3

4.
 

b 
C

he
m

ic
al

 sh
if
ts
 fo

r (
25

) w
er

e 
ob

ta
in

ed
 b

y 
su

bt
ra

ct
io

n 
of 

th
e s

ig
na

ls
 d

ue
 to

 (
20

) f
ro

m
 th

e 
sp

ec
tr

um
 of

 t
he

 m
ix

tu
re

 (1
 :
 1)

. 
-e

R
ef

. 1
9.

 
1
 T

en
ta

ti
ve

 a
se

ir
pl

m
en

ts
 as
 no

 ti
tr

at
io

n 
fr
om
 b

as
e t

o
 p

H
 1

 w
as

 ru
n.

 
D.
 w

e
,

 
un

pu
bl

is
he

d 
ob

se
rv

at
io

ns
. 

H
 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
81

. D
ow

nl
oa

de
d 

by
 te

st
 3

 o
n 

24
/0

6/
20

16
 0

8:
29

:5
3.

 
View Article Online

http://dx.doi.org/10.1039/p19810002168


T
A

B
L

E
 3 

Ca
rb
on
 

c-
1 

c-
2 

c-
3 

c-
4 

c-
5 

C
-6

 
c-

1'
 

c-
1"

 

{2
3)

+(
24

) 
(4

1)
+(

42
) 

(1
4)

+(
16

) 
(5

1)
+(

62
j 

-5
.5

 
-4

.2
 

-5
.7

 
-1

.0
 

-2
.3

 
-2

.3
 

-2
.1

 
-1

.3
 

-1
.3

 
-1

.2
 

-1
.2

 
-1

.3
 

$1
.1

 
$1

.6
 

+
1.

0 
+0

.9
 

-2
.0

 
-1

.7
 

-1
.9

 
-1

.9
 

-5
.7

 
-5

.6
 

-5
.4

 
-3

.1
 

$0
.4

 
$1

.0
 

+
0.

2 
-3

.8
 

-3
.7

 
-3

.7
 

1-
O

H
(e

q)
 -
-
 

ca
rb
on
 

&
)+

(2
3)

 
(5

1)
+(

41
) 

(5
1)

+(
14

) 
(5

2)
+(

24
) 

c-
1 

t-
0.

5 
-0

.8
 

+0
.7

 
-4

.0
 

c-
2 

+0
.1

 
+

0.
1 

-0
.2

 
-0

.9
 

c-
3 

-1
.0

 
-1

.2
 

-1
.3

 
-1

.0
 

c-
4 

+9
.6

 
+8

.2
 

+6
.7

 
+9

.8
 

c-
5 

-1
.0

 
-0

.9
 

-1
.0

 
-1

.1
 

C
-6

 
+7

.5
 

+7
.4

 
+7

.4
 

+4
.9

 

A
60

 V
al

ue
s f

or
 th

e 
fr

ee
 b

as
es

 (e
q 
4
 a

x,
 a

nd
 e

q 
4

 d
ea

m
in

o)
 

3-
O

H
 

(u
l-
+o
x)
 

(4
71

-4
48

) 
-1

.3
 

-1
.4

 
-0

.7
 

-2
.9

 
-2

.5
 

+0
.8

 
+1

.3
 

+ 0
.1

 

1-
N

H
a (

q-
1 

7
-

7
 

(2
0)

+(
26

) 
(7

)+
(1

6)
 

(5
3)

+(
64

) 
-6

.4
 

-4
.4

 
-1

.2
 

-3
.4

 
-2

.3
 

-3
.1

 
-3

.1
 

-2
.7

 
-1

.8
 

+0
.3

 
0 

-2
.4

 
-2

.3
 

-2
.7

 
-4

.5
 

-9
.2

 
-8

.9
 

-3
.7

 
0 

$0
.1

 
-5

.6
 

-5
.7

 

1-
N

H
 A

lk
yl

 (u
/-

-M
x)

 
I (2

6)
+(

47
) 

(2
8)

+(
29

) 
(3

0)
+(

31
) 

(3
2)

+(
33

) 
(8

)4
1

7
) 

-4
.3

 
-4

.0
 

-4
.9

 
-4

.7
 

-5
.3

 
-2

.2
 

-1
.3

 
-2

.1
 

-a
.i 

-2
.1

 
-2

.5
 

-2
.3

 
-1

.3
 

-1
.3

 
-2

.4
 

+
1.

4 
+0

.9
 

+0
.2

 
+L

O 
+0

.4
 

-2
.4

 
-2

.6
 

-2
.3

 
-2

.3
 

-2
.3

 
-7

.7
 

-9
.3

 
-7

.6
 

-7
.7

 
-8

.3
 

$0
.5

 
t0

.3
 

-0
.4

 
+0

.2
 

$0
.1

 
-5

.7
 

-6
.5

 
-5

.5
 

-5
.0

 
-6

.3
 

7
 

(1
8)

+(
19

) 
(5

5)
+(

56
) 

-6
.2

 
-0

.6
 

-2
.0

 
-3

.7
 

-2
.5

 
-2

.0
 

+0
.7

 
-0

.9
 

-2
.5

 
-3

.7
 

-8
.3

 
-2

.4
 

+0
.1

 
-6

.3
 

T
A
B
L
E
 

4 
A

60
(D

O
S 
+

 Tr
is

ac
ch

ar
id

e)
 fo

r 
th

e 
fr

ee
 b

as
es

 
l-

O
H

(a
x)

 
I-

N
H

,(
q)

 
l-

N
H

,(
U

) 
-
1
 

7
 

3*
0H

(u
1)

 
3-

O
H

(N
 
,---
 

,--, 
l-

N
H

G
H

*(
q

) 
(5

2)
-+

(4
2)

 (
52

1-
41

61
 

(W
-4

47
) 

(5
2)

-4
8)

 
(5

31
42

0)
 

(5
3)

-4
7)

 
(M

)+
(2

5)
 

(5
4)

+(
16

) 
(5

5)
+(

8)
 

-4
.0

 
-4

.0
 

+0
.2

 
+0

.2
 

+0
.2

 
+0
.1
 

-5
.0

 
-3

.0
 

+o
.s 

-0
.9

 
-1
.0
 

+
0.

2 
4-

0.
1 

-0
.2

 
-0
.6
 

-0
.5

 
4-

0.
2 

-1
.1

 
-1

.1
 

-1
.2

 
-1

.1
 

-0
.8

 
-0

.7
 

-1
.3

 
-2

.0
 

-2
.1

 
-1

.1
 

$8
.9

 
+6

.8
 

+8
.0

 
+8

.2
 

$1
0.

1 
4-

6.
7 

+1
8.

8 
+

9.
2 

+6
.9

 
-0

.7
 

-1
.0

 
-1

.2
 

-1
.8

 
-1

.B
 

-1
.3

 
+L

O
 

4-
0.

6 
-1

.2
 

4-
43
 

4-
5.

1 
+9

.4
 

+
9.

3 
+9

.4
 

+9
.2

 
+3

.9
 

+
4.

l 
+ 1

0.
4 

l-
N

H
C

,H
'(

u)
 

-4
.3

 
$0

.5
 

-1
.6

 
+8

.2
 

+O
.Z

 
+4
.6
 

(5
61

-4
17

) 

3-
N

H
1 

(u
I-

-M
x)

 
(3

5)
+(

40
) 

-2
.0

 
-1

.9
 

-1
.5

 
-5

.5
 

-3
.4

 
+

0.
5 

+
0.

1 
0 

3
-N

H
M

 
(5

3)
-+

(3
5)

 
+

0.
1 

-0
.3

 
- 1

.0
 

+9
.8

 
-1

.2
 

+
9.

3 

I-
N

H
S 

41
-d

eN
H

, 
(2

0)
+(

34
) 

-2
5.

4 
4

.
5

 
$2

.5
 

$0
.5

 
+1

.8
 

-1
0.

1 
$0

.4
 

-5
.4

 

I-
N

H
,(

w
) 

(W
-4

50
) 

-0
.1

 
+0

.9
 

-1
.3

 
$8

.0
 

- 0
.1

 
+1

2.
2 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
81

. D
ow

nl
oa

de
d 

by
 te

st
 3

 o
n 

24
/0

6/
20

16
 0

8:
29

:5
3.

 
View Article Online

http://dx.doi.org/10.1039/p19810002168


2176 J.C.S. Perkin I 
1 -deamino-2-deoxy- 1 +pi-hydrox yst rept amine (52) 
(Table 4) the reason for this pronounced shielding at  C-1 , 
C-6, and C-1” becomes apparent. In  (23), (41), (24), 
and (42) we observed deshielding at C-4 and shielding at  
C-3 indicating that in these compounds the 4-O-glyco- 
side adopts the usual rotamer a about the O-C-4 glyco- 
sidic In the sisomicin derivatives (14) and 
(15) we again observe shielding at C-3 and reduced net 
deshielding at C-4 indicating that the 4-O-glycoside in 
these compounds has undergone a modest clockwise 
rotation about the 0-C-4 glycosidic bond relative to 
rotamer a.% In  the l-equatorial alcohols (23), (42), and 
(14) we also observe shielding at  C-5 and a reduced net 
deshielcling at  C-6 relative to that observed for gent- 

R OH HO R 

R \ A  

0 xc,,., 
o+H 

C(2‘) 

a 

O q H  C (  2”) 

b 

O+fH 
I c (2”) 

C 

amicin C1, (35), C, (20), or sisomicin (7) .33 This indicates 
that the 6-O-glycoside in these derivatives adopts a 
rotamer about the 0-C-6 glycosidic bond in which a 
modest clockwise rotation has occurred about the 0-C-6 
glycosidic bond relative to a rotamer b.% A similar 
clockwise rotation of the 6-O-glycoside has also been 
observed in the case of a series of l-h7-acyl aminoglyco- 
~ides .~2.3~ Presumably reduced steric and/or dipolar 
interactions between these substituents a t  C-1 and the 
6-O-glycoside, relative to a l-equatorial amino-group, are 
responsible for the observed rotation of the glycoside 

~nit.3~333 In the case of the l-axial hydroxy-derivatives 
(24), (42), and (15) we again observed shielding at  C-5 
due to the 6-O-glycoside. However, we also observe pro- 
nounced shielding at C-1 (-4.0) and a marked reduction 
in the net deshielding at C-6 to +4.9 to +5.1 indicating 
that a strong shielding component is present at C-6. 
The anomeric carbon C-1” is also shielded. The ob- 
served shieldings at C-1, C-6, and C-1” are best explained 
by assuming that the 6-O-glycoside in these 1-epi- 
hydroxy-derivatives adopts a rotamer approaching that 
represented by c 34 about the 0-C-6 glycosidic bond. In 
such a rotamer we woiild expect C-6 to be shielded by the 
1,3-diaxial-type interaction between C-1”-0-5” and 
C-6-H-6.34-37 A non-bonded interaction between I eq-H 
and leq”-H of the type showii in Figure 2 would be 

FIGURE 2 Non-bonded hydrogen interaction 

expected to shield both C-1 and C-1” as was observed.38 
Shielding of C-1’ in a series of 5-deoxy- and 5-ePi- 
aminoglycosides has been used earlier as diagnostic proof 
of a change in rotamer population about the 0-C-4 
glycosidic In all the rotamers a ,  h, and c we 
expect the normal exo-anomeric effect 4‘1-43 to be operat- 
ing. 

Epimerization of the l-amino-group of Z-deoxystrept- 
amine (53) as in l-epi-2-deoxystreptamine (54) resulted 
in shielding of all of the carbon atoms in the molecule 
(Table 3). Similarly in going from 1 -N-ethyl-%de- 
oxyst rept amine (55) to 1 -e@i-N-e t h yl-2-deox ystrep t amine 
(56) we also observed shielding of all of the carbon atoms 
(Table 3). When we consider the aminoglycosides we 
see a somewhat different picture when the l-aniino- or 
l-alkylamino-group is epinrerized as in going froin (20) 
to  (25) ,  (7) to (161, (26) to (27), (28) to (29), (30) to (311, 
(32) to (33), (8) to (17), and (18) to  (19) (Table 3). In  
these examples we observe shielding at C-2, C-3, and 
C-5 which is similar to, or slightly less than that observed 
in going from (53) to  (54), and from (53) to (5G). Modest 
deshielding also occurs at C-4 in these examples. How- 
ever, greatly enhanced shielding is observed at C-l and 
C-6 which is much more than can be accounted for by 
simply eyimerizing the 1-substituent. Pronounced 
shielding is also observed at  C-1” when the l-amino-group 
is epimerized. The shielding of C-6 and C-1” was also 
greater than that observed for the l-epi-alcohols clis- 
cussed earlier. Once again when we consider the ASc 
values in goiiig from the appropriate 1 -amino-, l-epi- 
amino-, l-alkylamino-, or I-el)i-alkylamino-2-deoxy- 
streptamine to the correspondinq aminoglycoside 
(201, ( 7 ) ,  (25) ,  (16), (S), or (17), the reason for this 
pronounced shieldin: at C-1, C-6, and C-1” becorn25 
apparent. Gentamicin C, (20) adopts rotamer a about 
the 0-C-4 glycosidic bond, while sisomicin (7) and 
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netilmicin (8) both adopt a rotamer in which modest 
clockwise rotation of the sisosamine moiety has 
occurred about the 0-C-4 glycosidic bond relative 
to rotamer a.24,33 This follows from the reduced net 
deshielding observed at  C-4 in (7) and (8).33 In all 
three compounds shielding is observed at C-3. I t  is 
also evident from the shielding observed at  C-5 and 
from the net deshielding at C-6 that the 1-equatorially 
substituted amines (20), (7), and (8) all adopt a rotamer 
approximating b for the 6-0-glycoside about the 0-C.-6 
glycosidic In the case of the 1-axial amino- 
3erivatives (25), (16), and (17) we observe enhanced net 
deshielding at C-4 and also some deshielding at  C-5 

permits the sugar to rotate in a clockwise direction about 
the 0-C-6 glycosidic bond to  give rotamer c . ~  

We shall now consider what happens in the case of 3- 
deamino-3-hydroxygentamicin Cla (47), 3-deamino-3- 
epi-hydroxygentamicin CI, (48), and 3-epi-gentamicin 
C1, (50). If we first consider the ASc values (Table 3) in 
going from the equatorial 3-hydroxy-derivative (47) to 
the axial 3-hydroxy-derivative (48) we see shielding at  
C-1, C-2, C-3, C-4, and C-5, with slight deshielding at  C-6 
as a n t i ~ i p a t e d . ~ ~  Deshielding of C-2’ was also evident in 
going from (47) to (48) (Table 3). When we consider the 
A6c values for the free bases in going froni 3-deamino-2- 
deoxy-3-hydroxystreptaniine (51) to (47), and from 

TABLE 5 
y-Effects of the 1-N-alkyl groups 

1-NHp 1-NHCH, I-NHCH(CH,), l-NHCHzCHIOH l-NHCH&H&,H* 
7 - 7  (---A- 7 7 - h -  r--A-, ,--h-, 

I;entamicinC, Compd. C-2 C-6 Compd. C-2 C-6 Compd. C-2 C-6 Compd. C-2 C-6 Compd. C-2 C-6 
36.8 87.9 (26) 32.5 86.4 33.5 87.2 (30) 33.2 86.3 (32) 33.1 86.3 
33.4 78.7 (27) 30.3 58.7 g)) 32.2 77.9 (31) 31.1 78.7 (33) 31.0 78.6 

6c 89 
ax 

(20)-+(26) -4.3 -1.5 (20)-+(28) -3.3 -0.7 (20)-+(:0) -3.6 -1.6 (20)+($2) -3.7 -1.6 
(25)-+(27) -3.1 0 (25)-+(29) -1.2 -0.8 (25)--t(d1) -2.3 0 (25)4(33)  -2.4 -0.1 

ASC flQx 
1-NHl I-NHCHlCH, l-NHCH&H,CH,N(CHs), 

7 r-- 7 7- 
Sisomicin Compd. C-2 C-G Compd. C-2 C-6 Compd. C-2 C-6 
Sc eq (7)  36.4 87.8 (8) 32.7 86.7 (18) 32.7 86.8 

16) 34.1 78.9 (17) 30.6 78.4 (19) 30.7 78.5 

,--A- 

a x  
A.Sc eq (7)+(8) -3.7 -1.1 (7)+(18) -3.7 -1.0 

a x  (16)+(17) -3.5 -0.5 (16)+(19) -3.4 -0.4 

I-NHS 1 -NHCH&H, 
r--7 r-hp 

2-Deoxystreptamine Compd. C-2 C-6 Compd. C-2 Cls‘ 
Sc cq (54) 37.0 78.5 ( 5 5 )  33.8 76.3 

ax (54) 33.9  74.8 (56) 30.1 73.9 
A8c eq (53)+(55) -3.2 -2.2 

ax (54)+(56) -3.8 -0.9 

which appears t o  be characteristic of these derivatives. 
l’he origin of these shifts is not known as changes in the 
r >tamer population about the 0-C-4 glycosidic bond 
v w l d  not be expected in these derivatives relative to the 
gmtamicins and sisoniicin (7). In the 1-axial amino- 
dzrivatives we also observe pronounced shielding at  C-1 , 
C-6, and C-1”. The latter arises for the sanie reasons 
as discussed for the 1-tpi-hydroxy-derivatives earlier, 
leading to the introduction of a strong shielding coni- 
ponent at C-6 which results in an observed net de- 
sliielding of +3.9 to 1 - 4 5  in these compounds. The 
6.0-glycoside therefore adopts a rotanier about the 0- 
C -6 glycosidic bond in these 1-e$i-amino-conipounds, 
which closely approximates c.33 The niagnitude of the 
y-effects at C-2 and C-6 upon introduction of tlic I-.A’- 
alkyl substituents are given in Table 5 ,  greater shielding 
being evident a t  C-2 than at C-6 in all instances. 

1-Deaminogentamicin C ,  (34) exhibited 6c \ ~ ~ l u e s  
(l’able 2) and A8c values (Table 3) that were consistent 
rn th  removal of the equatorial 1-amino-group. The 4- 
0-gl~~cosyl  resonances remained unchanged indicating 
that the 4-0-glycoside was present as the usual rotamer n 
at- out  the 0-C-4 glycosidic bond.1-24-33 Pronounced 
shielding of C-1” was observed in (34) indicating that the 
6- 3-glycoside adopts rotanier c about the 0-glvcosidic 
bc nd as was observed previouslv for the 1-epi-hydrosy- 
and 1-epi-amino-compounds. I t  is evident from these 
remlts that removal of the critical interaction between 
thl: equatorial 1-substituent and the 6-0-glycositle, 

3-deamino-2-deoxy-3-e~i-hydroxystreptan~ine (52) to 
(48) (Table 4) we observed shielding at C-3 as expected 
and also a reduced net deshielding at C-4 relative to that 
observed irk gentamicin CI, (35). This indicates that in 
these molecules the 4-@-glycoside has undergone a 
modest clockwise rotation about the 0-C-4 glycosidic 
bond relative to rotamer ~ 4 . ~ ~  Some shielding of C-1‘ is 
also e17ident in (47). We also observe shielding at C-5 
and a net deshielding at  C-6 of +9.4 and +9.3 in (47) 
and (48), similar to that observed in gentamicin C1, (35) 
which indicates that the 6-0-glycoside adopts rotamer b 
about the 0-C-6 glycosidic bond as e~pec ted . ’5~~-3~ 
Epimerization of the 3-amino-group in going from gent- 
ainiciii C1, (35) to 3-e/%gentarniciri C1, (50) resulted in 
shielding at  C-1, C-2, C-3, C-4, and C-5, with slight de- 
shielding evident at C-6 (Table 3). When we consider 
the A&; values for the free bases in going from 2-deoxy-3- 
epi-streptamiiie (57) to (50) (Table 4) we observed similar 
shielding at  C - 3  and net deshielding at C-4 to that ob- 
served in the case of the 3-cpi-hydroxy-derivative (48) 
indicating that both adopt the same rotanier about the 
0-C-4 glycosidic bond. Negligible shielding occurs at 
C-5 in (50) and the net deshieldiiig observed at  C-6 is 
greater than usually observed. The 6-0-glycoside 
adopts rotanier h about the 0-C-6 glycosidic bond in 
(50). Furtlier data mi the solution coniormations of 
these novel 1- and %substituted amirioglycosides a t  
acidic pHs will be discussed in one of the following 
papers.33 Similar steric effects to those discussed above 
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have been observed for glycosides having (3-methyl 
groups on the aglycone 44-4i and our results with amino- 
glycosides are in good agreement with what has been 
observed previously. 

The l-hydroxy-, l-epi-hydroxy-, l-alkylamino-, and 
1 -epi-alkylamino-derivat ives described above were all 
highly potent antibacterials and their biological activity 
has been described.2 Epimerizatiori of the l-substituent 
resulted in no loss of biological potency. On the other 
hand the 3-hydroxy-, 3-efii-hydroxy-, and 3-epi-amino- 
derivatives were all essent ially devoid of antibacterial 
activity. 

EXPERlMBNTAL 

All physical data were recorded as described in Part  7.31 
1 -Denmino- 1 -oxo- 3,2’-bis-N-tri,fluoroacetyl~entu~z~~in c, 

(22).-3,2’-Bis-N-trifluoroacetylgentamicin C, l2 (21) (3.34 
g) was dissolved in anhydrous methanol (60 nil). 3,6-Di-t- 
butyl-1,2-benzoquinone (1.12 g) was added and the solution 
was stirred under dry nitrogen a t  25 “C for 24 11. The solu- 
tion was acidified to pH 2.5-3.0 using 1M-sulphuric acid and 
the mixture was stirred a t  25 “C. The hydrolysis was 
judged to be complete by t.1.c. after 4 h and tlie mixture 
was diluted with distilled water and the solids were filtered 
off. The aqueous filtrate was extracted with chloroform 
(2  x 200 nil) and then neutralized to pH 6 with Aniberlite 
IlLA 401s (OH-) resin. The resin was removed by filtration 
and tlie filtrate was evaporated in V U C M O  to give l-clesmino- 
l-oso-3,2’-bis-N-trifluoroacetylgentamicin C, (22) as tlie 
sulpliate salt (3.3 g, 8Cio/,) the product being an aiiiorplious 
solid, [a], + 129.5” (H,O), v, , , :~~ ,  (KBr) 3 200, 1 680, 1 540, 
and 1 100 cni-l, 6 (D,O) 1.21 (3 H ,  d ,  7 Hz, 6’-CH,), 1.28 
(3 H, s, 4”-CH,), 2.69 (3 H, s, G’-NCH3), and 2.89 (3 H, s, 

l-Deamino- l-lzydroxygentam~cin C, (23) and l-Denmino- 1- 
epi-?t3/clroxygentamzcin C, ~24).-l-Deaniino-l-oxo-3,2’-bis- 
N-trifluoroacetylgentaniicin C, (sulphate salt) (22) (1 g) was 
dissolved in distilled water (30 ml) and the solution was 
acidified to pH 3 using 0.5~-sulpliuric acid. Sodium 
cysnoborohydride (0.6 g)  was added and the solution was 
stirred a t  25 “C for 18 h. concentrated ammonium 
hydroxide (10 ml) was added antl the solution was stirred at 
25 “C for 30 h. The reaction mixture was evaporated to 
dryness and the residue was chromatograplied on a silica gel 
column (160 x 2.5 cm) using the lower phase of a chloro- 
form-metlianol-concentrated amnioniuni hydroxide solu- 
tion (2  : 1 : 1 v/v) as the eluant to give l -r lea~iz ino-l-~~yn. l .o~~f-  
p i f a i ? z i c z n  C, (23) (285 mg, 4G0/,) as a solid after passage 
over Aiiiberli te I KA 401s (OH-) resin followed by lyophiliz- 
ation (Found: C, 52.t;; H ,  8.85; N, 11.5. C,,H,,N,O, 
requires C, 52.70; H, 8.85; N, 11.71y& [a],, /- 154.0” (H,O), 
w , , , ~ ~ .  (IiRr) 3 300 and 1 050 8 (I1,O) 1.00 ( 3  H, d,  J 7 

2.45 (3 H, s, 3”-NCH,), 6.09 (1 H, d ,  J l ,~E4 ,2 ’ ’ , , . r  4 Hz, 1”ey-H), 
and 5.29 ( 1  H, d ,  Jl#etl,O‘,,r 4 Hz, l’eq-H), and tlie l-epi- 
mzalogzie (21) (105 m g ,  1794) as an aniorplious solid after 
passage over Aniberlite IRA 401s (OH-) resin follouwl by 
lyopliilization (Found: 1‘C.I “, 478.3010. C,,H,,N,O, re- 
quires M ,  478.3002), [al,, + 164.2” (H,O), 6 ( 1 ) 2 0 )  1.00 ( 3  H, 

3”-NCH3). 

132, 6’-CH3), 1.14 ( 3  H ,  S, 4”-CH3), 2.29 ( 3  IT, S, 6’-XCH3), 

d ,  6.5 Hz, 6’-CH.J, 1.15 (3  H, S,  4”-CH3), 2.29 ( 3  H, S, 
6’-XCH3), 2.46 ( 3  H, S, 3”-SCH:,), 4.25 ( 1  H ,  121, 1-H), 5.00 
( 1  H, d,  J , ~ ~ p , l , 2 ’ ’ u r  4 H z ,  1”eq-N), and 5.11 (1 H, d,  j l , tq ,2 ,  
3.5 Hz, l’eq-H). 

Gentamicin C, (20) nnd l-epi-Gentamicin C, (25).-(a) Am- 
monium chloride (486 nig) was dissolved in dry methanol 
(23 ml) and the pH was adjusted to 6 using ammonia 
in methanol. l-Deamino- l-OXO-3, 2’-bis-N-trifluoroacetyl- 
gentamicin C, (sulphate salt) (22) (1 g) was added and the 
pH was readjusted to 6 by addition of ammonia in methanol. 
Sodium cyanoborohydride (460 mg) was added and the 
reaction mixture was stirred a t  25 “C for 20 h, the pH being 
maintained a t  5.5-6. Concentrated ammonium hydroxide 
(20 ml) was added and the mixture was allowed to remain a t  
25 “C for 72 h. The solution was concentrated t o  dryness 
and the residue was chromatographed on a silica-gel 
column (160 x 2.5 cm) using the lower phase of a chloro- 
form-methanol-concentrated ammonium hydroxide solu- 
tion (2 : 1 : 1 v/v) as  the eluant t o  give a mixture of l-de- 
amino- l-hydroxygentamicin C, (23) and l-deamino- 1 -epi- 
hydroxygentamicin c, (24) (194 mg, 27%) which was 
obtained as a colourless solid after lyophilization. The 
more polar fraction from the column consisted of a ca. 1 : 1 
mixture of gentaniicin C, (20) and l-epi-gentamicin C, (26) 
(219 mg, 31%) which was obtained as a solid after passage 
over Amberlite IRA 401s (OH-) resin followed by lyo- 
philization. The latter could not be separated in any of tlie 
usual chromatographic systems and the l3C n.m .r. properties 
are given in Table 2. 

(b)  Ammonium chloride (121 mg) was dissolved in dry 
methanol ( G  ml) and the pH was adjusted to  6 using 
ammonia in methanol. 1 -Dean1 ino- 1 -oxo- 3,2’-bi s - N -  tri- 
fluoroacetylgentamicin C, (sulphate salt) (22) (250 mg) was 
added and the pH was readjusted to G by addition of 
ammonia in methanol. Morpliolinoborane (1 83 m g )  was 
adtled aiid the reaction mixture was stirred a t  25 “C for 
20 h, the pH being maintained a t  6.5-6. Concentrated 
ammonium hydroxide (5 ml) was added and tlie mixture 
was allowed to  remain a t  25 “C for 72 h. The solution was 
concentrated to dryness and the residue was cliromato- 
graphed on a silica-gel column (140 x 1.5 cm) using the 
lower phase of a chloroform-methanol-concentrated am- 
monium hydroxide solution (2 : 1 : 1 v/v) as the eluant to 
give a mixture of l-deamino- l-hydroxygentamicin C, (23) 
and l-deamino- l-epi-hydroxygentaniicin C, (24) (83 mg, 
400/,) w-liich was obtained as a solid after lyophilization. 
The more polar fraction from the column consisted of a C L I .  

1 : 1 mixture of gentamicin C, (20) and l-epi-gentaniicin C, 
(25) (20 mg, 1 lye) which was obtained as a solid after passage 
over Amberlite IRA 401s (OH-) resin followed by lyo- 
philization. 

l-N-n/letlzylgentanzic~n c, (26) und l-epi-N-~IetlLylble?zi- 
anzicin C, (27).-The pH of a solution of methylamine 
(450 mg) in dry methanol (23 nil) was adjusted to pH 6 by 
addition of a solution of methanol saturated with (try 
hydrogen cliloride gas. l-Deaniino- l-oxo-3,2’-l)is-N-ti.i- 
fluoroacetylgentamicin C ,  (sulphate salt) (22) ( 1  g )  n.as 
added aiid the pH was readjusted to G by addition of 
inetliylainine. Sodium cyanoboroliytlride (460 iiig) \vas 
added and the reaction was stirred a t  25 “C for 20 h, tlie pH 
1)eing maintained a t  5.5-0. Concentrated ammonium 
liytlroxide (20 nil) was added and the mixture was allowed 
to remain a t  25 “C for 100 h. The solution was concentrated 
to  dryness antl the residue was clironiatographetl on a silica- 
gel column (165 x 2.5 cni) using the lower phase of a 
cliloroforni-methanol-concentrated ammonium liydroside 
solution (2 : 1 : 1 v/v) as the eluant. The less polar fractions 
were recliroinatographed on a silica-gel column ( 1 (i0 x 2.5 
cm) using initially a cliloroforni-niethanol-concentrated 
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ammonium hydroxide solution (30 : 10 : 1 V/V) as the 
eluant, followed by the lower phase of a chloroforni- 
methanol-concentrated aninionium hydroxide solution 
(2  : 1 : 1 v/v) as the eluant to give l-epi-N-inetILyZgenta.llzici?z 
C, (27) (132 mg, 18%) as an amorphous solid after passage 
over Aniberlite IRA 401s (OH-) resin followed by lyophiliz- 
ation (Found: C, 53.55; H,  9.1; N, 14.05. C,,H,sN,O, 
requires C, 53.75; H ,  9.23; N, 14.25y0), [a], i- 193.6” (H,O), 
v, , , .~~.  (KC1) 3 300, 1 060, and 1 030 cm-l, 6 (D,O) 0.99 (3  H ,  

1-SCH, and 6’-NCH,), 2.44 (3 H ,  s, 3”-SCH,), 2.44 (3 H ,  s, 
3”-SCH3), 4.83 (1 H ,  d,  Jl,~eq.2”c,z 4 Hz, 1”eq-H), and 5.07 
( 1  H, d ,  Jl~ep,2‘(ls 3 .5  Hz, l’eg-H). 

The intermediate polarity fractions from the initial 
column Lvere rechromatographed on a silica-gel column 
(110 x 1 cm) using the lower phase of a chloroform- 
metlianol-concentrated ammonium hydroxide solution 
(2 : 1 : 1 v/v) as the eluant to give l-~T-nzetl~yZgentanzici?.2 C, 
(26) (25 nig, 304) as an  aniorphous solid after passage ox-er 
Amberlite IRA 401s (OH-) resin followed by lyophilization 
(Found : ill’’, 49 1.3340. C,,H,,N,O, requires M ,  49 1.33 19), 

d, J 6.5 Hz, 6’-CH3), 1.13 (3  H, S, 4”-CH3), 2.25 (6 H ,  S, 

+ 122.4” (HZO), 8 (DZO) 1.04 (3 H, d ,  J 6.5 Hz, 6’-CH,), 
1.18 ( 3  H ,  S ,  4”-CH,), 2.29 ( 3  H, S, 6’-XCH3), 2.32 ( 3  H ,  S ,  

l-XCH3), 2.49 (3 H,  S, 3”-KCH3), 4.95 (1 H, d,  bJl~~ap,  7”nx 4 Hz, 
1”eq-H), and 5.13 (1 H, d ,  Jl’eL,2‘nz 3.5  Hz, 1’-eq-H). 

The most polar fraction from the initial column afforded a 
mixture of l-deamino- 1-hydrosygentamicin C, (23) ancl 1- 
deamino-1-epi-hydroxygentainicin C, (34) (90 iiig, 13%) as  
an amorphous solid after lyophilization. 

1-S- Isopvo~?ilgeiztniiiicill C, (28) and l-epi-l;-lsopvopyZ- 
gentrii i i icin C, (39) .-‘l‘he pH of a solution of isopropylaniine 
(GOO nig) i n  dry nietlianol (60 nil) was adjusted to pH G by 
addition of a solution of methanol saturated lvith dry 
liytlrogen chloride gas. 1 -Ileamino- l-0x0-3, 2’-bis-N-tri- 
fluoroacetylgentaniicin C, (sulphate salt) (22) ( 1  g) was 
added and the pH w-as readjusted to 6 by addition of a drop 
of  isopropylamine. Sodium cyanoborohyclride (500 mg) 
was added and the reaction mixture was stirred a t  25 “C for 
16 11 the pH being maintained a t  5.5-6.  Concentrated 
ammonium hydroxide (30 nil) was added and the mixture 
was alloivetl to remain a t  25 “C for 72 11. The solution was 
concentrated to dryness antl the residue was chromato- 
graphed on a silica-gel column (160 x 2 . 5  mi) using the 
lower phase of a chloroform-methanol-concentrated am- 
monium hydroxide solution (3 : 1 : 1 v/v) as the eluant to 
gi\-e l-epi-S-isopropyZ~entn~?zzcin C, (29) (25 nig, 3%) as an 
amorphous solid after passage over Aniberlite IRA 401s 
(OH-) resin followed by lyophilization (Found : Jl+’, 
519.3625, C,,H,,S,O, requires 111, 519.3632), 6 (I1,O) 1.00 

I.OO [ 3  11, (1, J 6.5  Hz, CH(CH,),!, 1.15 (3 H ,  S ,  4”-CH,), 
2.3!) ( 3  H, s, G’-?;CH,), 2.47 ( 3  H ,  s, 3”-SCH,), 4.87 (1 H, (1, 
.Jl‘tr,,,2’’cc,r 4 Hz, 1”eq-H), and 5.14 (1 H ,  (1. Jl,pQ,L‘nr 3.5 Hz, 
1 ’eq-H) , and 1 -S- i so~vo~~l lge iz in l l? ic i . l t  C ,  (28) (20 m g ,  3”{,) 
as an amorphous solid after passage over Aniberlite llZA 
401 S (OH-) resin follo\ved by lyophilization (Found : M”, 
519.3610. C,4H,,S,0, requires 116, .51!).3632), S (I),O) 1 .OO 
( 3  H,  (1, .\ (i.5 Hz, 6’-CH,), 1.02 [6 H ,  (1, -1 6.5 Hz, CH(CH,) , ] ,  
I .  1 .5  (3 H ,  s ,  4”-CH:,), 2.44 ( 3  H, s, 6’-SCH,), 2.49 ( 3  H ,  s, 
3”-SCH,), 4.95 ( 1 € I ,  (1, ,\l~,pv,zf’,,,r 4 Hz,  I”eq-H), ant1 5.20 

‘rlre more polar fractions from the column afforded a 
mixture c J f  l-deamino-1-liytlrox~gentamici~i (7L ( 2 3 )  ant l  1 -  
(leaniiiio- I - e ~ i - l i ~ ~ c l r o s y g c i l t ~ ~ i l i i ~ i ~ i  C, (24) ( 1  20 nlg, I 7 ” ; , )  
as an ariiorphou:, solid after Iyophilization. 

( 3  H, d ,  J 6.5 Hz,  C,’-CH3), 1.03 [3 H ,  tl, J 6 . 5  Hz,  CH(CH,),], 

(1  H, (1, , [ l t p , l , ? ’ ( , , r  tj.5 Hz, l’nx-H). 

1 -n’-(2-~~~droxyetl~yZ)ge?ztall2icil2 C ,  (30) awd l-epi-N-(2- 
Hydroxyetl/yZ)geiLta~~zzczn C, ( 3  1) .--’I.lie pH of a solution of 
2-hydrosyetli~laniine (720 mg) i n  dry methanol (30 1111) 

was adjusted to pH 6 by addition of a solution of methanol 
saturated with dry hydrogen chloride gas. l-Deamino- 1- 
oxo-3,2’-bis-N-trifluoroacetylgen tamicin C, (sulphate salt) 
(22) (1.3 g) \vas added and the pH was readjusted to 6 by 
addition of a fe\v drops of 2-hydroxyethylamine. Sodium 
cyanoborohydride (600 nig) was added and the reaction 
mixture u a s  stirred at 25 “C for 17 h, the pH being main- 
tained a t  5.5-6.  Concentrated amnioniuni hydroxide ( 1  0 
1111) was added and the mixture was allowed to remain a t  
25 “C for 48 h. ’J‘he solution was concentrated to dryness 
and the residue \vas chromatographed on a silica-gel 
column ( 1 G O  x 2.5 cm) using the lower phase of a chloro- 
form-methanol-concentrated ammonium hydroxide solu- 
tion (2  : 1 : 1 v/v) as the eluant. The major products were 
each rechromatograplied on a silica-gel column (160 x 2 
cm) using chloroforn-methanol-7% ammonium hydroxide 
solution (1 : 2 : 1 v/v) as the eluant in each case to give as the 
more polar product 1-=\;-(2-hydroxyet~zyZ)gentulnicin C,  (30) 
(180 mg, 17qb) as an amorphous solid after passage over 
Amberlite Z l i r S ,  401s (OH-) resin followed by lyophilization 
(Found: C,  52.8; H, 8.95; S, 13.6. C2,H,,N,08 requires 
C, 52.95; H ,  9.08; S, 13.43%,), [xjD +98.0” (H,O), v,,,,,, 
(KBr) 3 300 and 1 060 cni-l, S (L),O) 0.99 (3 H ,  d ,  J 6 .5  Hz, 

(3 H,  s, 3”-SCH3), 4.97 (1 H, d ,  Jle,ey,2”az 4 Hz, 1”eq-H), and 
5.11 (1 H ,  d ,  J l t e q , 2 ’ C I L .  3.5 Hz, l’eq-H), and as the less polar 
product the l-epi-analogue (31) (150 nig, 15%) as an 
amorphous solid after passage over Amherlite IRA 401s 
(OH-) resin followed by lyophilizatiun (Found : MT*, 
521.346%. C,,H,,S,O,, requires A I ,  521 3468), [ x : ~  + 154.3” 
(H,O), v,,,,, (KBr) 3 330 and 1 060 cm-l, S (D,O) 0 99 ( 3  H, d ,  

6’-CH3), 1.13 (3 H ,  S, 4”-CH,), 2.28 (3 H,  S ,  6’NCH3), 2.45 

J 6.5 Hz, 6’-CH,), 1.14 ( 3  H, S, 4”-CH,), 2.27 (3 H, S, 6’- 
KCH,), 2.45 (3 H ,  S, 3”-XCH3), 4.96 ( 1  H ,  d ,  J l r ~ ~ ~ ,  2*1al. 4 Hz, 
1”eq-H), and 5.08 (1 H, d ,  Jl~ep,2’,lr 3.5 Hz, l’eq-H). 

The more polar fractions from the initial column afforded 
traces of a mixture of l-deamino- 1-hydroxygentamicin c‘, 
(23)  and 1-deaniino-1-epi-hpdroxygentainicin C, (24). 

l-K-( 2-~-’l~e.lzyZethyl)ge?ztnl?zzcin C, (32) and 1 -epi-X- (2- 
~hei2~llethyl)genfnmiGzn C, (33).-The pH of a solution of 2- 
phenylethylaniiiie (1.44 g) in dry methanol (30 nil) was 
adjusted to pH ci by addition of a solution of methanol 
saturated with dry hydrogen chloride gas. 1-Deamino- 1- 
OXO-3, 2’-bis-Ar-trifluoroacety1gentaniicin C, (sulphate salt) 
(22) ( 1 . 3  g) was added and the pH was readjusted to 6 by 
addition of a few drops of 2-phenylethylaniine. Sodium 
cyanoborohydride ( G O O  iiig) was added and the reaction 
mixture was stirred a t  25 “C for 18 h, the pH being main- 
tained a t  5.5-6. Concentrated ammonium hydroxide 
(20 ml) was added ancl the mixture was alloned to remain 
a t  25 “C for 116 11. The solution was concentrated to dry- 
ness and the residue n-as chromatographed on a silica-gel 
column (160 x 2.5 cni) using the loxver phase of a chloro- 
iorm-propan-3-ol-concentrated ammonium hydroxide solu- 
tion ( 2  : 1 : 1 v/v) a$ the eluant to give l-epi-S-(2-plze?zyZ- 
ei/ryl)geniamicin C ,  (33) (182 mg, 16O,) as an amorphous 
solid after passage over A4iiierblite IRA 401s (OH-) resin 
followed by lyopliilization (Found: C, 59.85; H, 8.G; N, 
11 65 .  C,,H,,X50, requires C, 59.87; H ,  8.84; S,  12.04%), 
[a],, i 152. 1” (H,O), v ,  ,,.,, (KRr) 3 330, 1 065, and 1 030 cm-l, 
6 (1),0) 0.!)9 ( 3  H, (1, J 6 . 5  Hz, G’-CH,), 1.12 (3 H, S ,  4”- 
CH:,), 2.27 ( 3  H, S ,  C,’-hTCH,), 2.44 ( 3  H ,  S, 3”-h-\;CH,), 4.81 (1  
€1, (1, J I t , c q , 2 ’ ‘ c , L  4 Hz, I”pq-H), 5.05 ( 1  H, d ,  Jl’r.q,2’ar 3 5 Hz, 
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l’eq-H), and 7.24 (5 H, s, C,H,), and l-N-(2-phenykthyZ)- 
gentarnicin C, (32) (107 mg, 9%) as an amorphous solid 
after passage over Amberlite IRA 401s (OH-) resin followed 
by lyophilization (Found: C, 59.05; H,  8.5; N, 12.7. 
C2,H5,N5O, requires C, 59.87; H,  8.48; N, 12.04y0), [aID 
t99 .4”  (H,O), vmax. (KBr) 3 300, 1 050, and 1 030 cm-l, 6 
(DZO) 0.99 (3 H,  d, J 6.5 Hz, 6’-CH3), 1.10 (3 H, S ,  4”-CH3), 
2.28 (3 H,  S, 6’-NCH3), 2.43 (3 H, S ,  3”-NCH,), 4.88 (1 H,  
d, J l t 8 e q , 2 # , a z  4 Hz, 1”eq-H), 5.08 (1 H, d, Jl#ep,2~az 3.5 Hz, 
l’eq-H), and 7.33 ( 5  H, s, C,H,). 

The more polar fractions from the column afforded a 
mixture of l-deamino-l-hydroxygentamicin C, (23) and 1- 
deamino-I-e$i-hydroxygentamicin C, (24) (290 mg, 31 Yo) 
as an amorphous solid after lyophilization. 

l-Deamino- l-OXO-3, 2’, 6’-tris-N - (2,2,2-trichloroethoxycar- 
bony1)gentamicin C1, (37) .-3,2’,6’-Tris-N-(2,2,2-trichloro- 
ethoxycarbony1)gentamicin C,, 18 (36) (3.5 g)  was dissolved 
in anhydrous methanol (70 ml). 3,5-L)i-t-butyl- 1,2-benzo- 
quinone (770 mg) was added and the solution was stirred 
under dry nitrogen a t  25 “C for 7 h. The solution was 
acidified to pH 3 using 1h.r-sulphuric acid and the mixturs 
was stirred a t  25 “C for 17 h The solution was neutralized 
t o  pH 7 using Amberlite IR  45 resin and filtered, and the 
filtrate was evaporated to dryness. The residue was chroma- 
tographed on a silica-gel column (20 x 3.5 cm) by gradient 
elution using chloroform ( 1.5 l) ,  1 yo methanol in chloroform 
(1 I), and 5% methanol in chloroform (1 1) as the eluant. 
Evaporation of the latter fractions afforded the ketone (37) 
(2.35 g, 68%) as an amorphous solid (Found: C, 32.9; H, 
4.3; C1, 32.0; N, 5.3. C28H4,Cl,N40,4*2H,0 requires C, 
33.2; H, 4.4; C1, 31.5; N, 5.5y0) ,  [oilD +86.4” (CHCl,), 
vmx. (KBr) 3 425, 3 350, 1 720, 1 520, 1 100, and 1 040 
cm-l. 

1- (2,2,2-TrichloroethoxycarbonyZ) imidazo1e.-Imidazole 
(1 g)  was dissolved in tetrahydrofuran (10 ml) and the solu- 
tion was cooled to 0 “C. 2,2,2-Trichloroethyl chloroformate 
(1.55 g) in tetrahydrofuran (10 ml) was added dropwise over 
1 h. The mixture was then stirred a t  25 “C for 1 h, filtered, 
and concentrated. The resulting solid was washed with 
water and dried to afford l-(2,2,2-trichloroethoxycarbonyl)- 
imidazole (1.96 g, 96y0), m.p. 80 “C, vmax. (CHC1,) 3 000, 
1780, 1400, 1310, 1280, 1235, 1 165, and 1015 cm-’, 6 
(CDC1,) 5.03 (2 H, s, CH,CCl,), 7.13 (1 €3, m, 4-H), 7.48 
(1 H, m, 5-H), and 8.20 (1 H, s, 2-H). 
3”-N,4”-O-Carbony1-3,2’, 6‘-tris-N- (2,2,2-trichloroethoxy- 

carbony1)gentamiczn Cla (38) .-(a) 1-(2,2,2-Trichloroethoxy- 
carbony1)imidazole (624 mg) was added to a solution of 
3,2’, 6’-tris-N-( 2,2,2-trichloroethoxycarbonyl) gen tamicin C,, 
(36) (500 mg) in dry tetrahydrofuran (10 nil) and the 
solution was allowed to remain at 25 “C for 24 11. The 
solution was evaporated and the residue was dissolved in 
ethyl acetate and washed with water. The ethyl acetate 
layer was dried (MgSO,), filtered, and evaporated to dry- 
ness, and the residue was chromatographed on a silica-gel 
column (110 x 2.5 cm) using 40;, v/v methanol-chloroform 
as the eluant to give the 3”-N,4“-O-carbonyl derivative (38) 
(290 mg, 56%) as an amorphous solid (Found: C, 33.9; H, 
4.0; C1, 32.6; N, 6.65. C2,H40ClgN50,4*H,0 requires C, 
34.15; H,  4.15; C1, 31.29; N, 6.87y0), [a], $78.6” (CHCl,), 
vmx. (KBr) 3 375, 2 940, 1 730, and 1520 cm-l, 6 (CDCl,), 
1.38 (3 H, s, 4”-CH,), 2.98 (3 H,  s, 3”-NCH,), 4.77br (6  H, s, 
CH2CC1,), 5.08 (1 H, m, 1”-H), and 5.43 (1 H,  m, 1’-H). 

( b )  1,l’-Carbonyldi-imidazole (5  mg) was added to a 
solution of 3,2’,6’-tris-N-(2,2,2-trichloroethoxycarbonyl)- 
gentamicin C1, (36) (30 mg) in tetrahydrofuran ( 5  ml) and 

the solution was allowed to remain a t  25 “C for 0.25 h. The 
mixture was worked up as in ( a )  above to give the carbonyl 
derivative (38). 

3”-N-A cetyl-3,2’, 6’-tris-N- (2,2,2-frichloroethoxycarbonyl) - 
gentamicin C,, (39) .-3,2’,6’-Tris-N-(2,2,2-trichloroethoxy- 
carbonylgentamicin C,, 18 (36) (1.8 g)  was dissolved in a 
solution of tetrahydrofuran (75 ml) and water (38 ml). 1- 
Acetylimidazole (248 mg) was added and the reaction 
mixture was kept at 25 “C for 65 h. The solution was 
evaporated to dryness and the residue was azeotroped with 
benzene. Chromatography on a silica-gel column (30 x 3 
cm) using 10% v/v methanol-chloroform as the eluant 
afforded 3”-N-acetyl-3, 2’, 6’-tris-N- (2,2,2-trichloroethoxycar- 
bovzy1)gentamicin C1, (39) (1.32 g, 70%) as an amorphous 
solid (Found: C, 35.5; H,  4.3; C1, 31.2; N, 6.5. C3oH44- 
Cl,N,O,, requires C, 35.4; H, 4.4; C1, 31.4; N, 6.9%), [a], 
+52.3” (CHCl,), v,,,. (KBr) 3 350, 2 930, 1 725, and 1 620 
cm-1, 6= (CDCl,), l.lObr (3 H,  s, 4”-CH,), 2.17 (3 H, s, 3”- 
NAc), 3.15 (3 H,  s, 3”-NCH,), and 4.72 (6 H, m, OCH,CCl,). 

3”-N-Acetyl- l-deamino- l-oxo-3,2’,6’-tris-N-(2,2,2-trichZoro- 
ethoxycarbony1)gentamzcin C,, (40) .-3”-N-Acetyl-3,2‘,6’- 
tris-N- (2,2,2-trichloroethoxycarbonyl)gentamicin C1, (39) 
(8.57 g) was dissolved in methanol (225 ml) and 3,5-di-t- 
butyl-1,2-benzoquinone (2.04 g) was added. After 16 h a t  
25 “C, tetrahydrofuran (20 ml), and water (10 ml) were 
added. Oxalic acid was then added until pH 3 and the 
mixture was stirred at 25 “C for 24 h. The solution was 
evaporated and the residue was taken up in chloroform and 
filtered and the filtrate was evaporated. Chromatography 
on a silica-gel column (45 x 3 cm) using 3% v/v methanol- 
chloroform as the eluant afforded the Ketone (40) (8.1 g, 
94%) as an amorphous solid (Found: C, 35.0; H, 4.4; 
C1, 30.8; N, 5.4. C,oH,,C19N401,*H20 requires C, 34.81 H, 
4.2; C1, 30.8; N, 6.4y0), [a], +95.3” (CHCI,), vmaX, (KBr) 
3 425,3 32.5, 2 950, 1 730, and 1 620 crn-l, 8 ~ f  (CDC1,) 1.05br 

NCH,), and 4.74br (6 H, s, OCH,CCl,). 
1-Deamino- I-hydroxygentamicin C1a (41) and l-Deamino- 1- 

epi-hydroxygentamicin C1, (42).-(a) l-Deamino-l-oxo- 
3,2’,6’-tris-N-(2,2,2-trichloroethoxycarbonyl) gentamicin C,, 
(37) (1.7 g) was dissolved in methanol (50 ml) and the solu- 
tion was adjusted to pH 3 using lM-sulphuric acid. Sodium 
cyanoborohydride (408 mg) was added and the solution was 
stirred a t  25 “C for 18 h. The reaction mixture was 
evaporated to dryness and the residue was taken up in 10% 
acetic acid in methanol (50 ml). Powdered zinc (428 mg) 
was added and the mixture was heated under reflux for 3 h. 
The solution was filtered and the filtrate was evaporated to 
dryness and the residue was then azeotroped with toluene. 
The solid was dissolved in water and the solution was 
adjusted to pH 3 by addition of 2hf-hydrochloric acid. The 
solution was reconcentrated, azeotroped with toluene, and 
then dissolved in water and passed over Amberlite IRA 401s 
(OH-) resin. The eluate was evaporated to dryness and 
the residue was chromatographed first on a silica-gel 
column (160 x 2.5 cm) using chroform-methanol-lO% 
ammonium hydroxide solution ( 1  : 2 : 1 v/v) as the eluant 
and then again on a silica-gel column (160 x 2.5 cm) using 
the lower phase of a chloroforni-methanol-concentrated 
ammonium hydroxide solution (2 : 1 : 1 v/v) as the eluant to 
give l-deamino- I-hydroxygentarnicin C1, (41) (54 mg, 7%) 
as an amorphous solid after passage over Amberlite IRA 
401s (OH-) resin followed by lyophilization (Found : A[+*, 
450.2641. ClgH&408 requires hf, 450.2689), [a], + 150.7” 
(H,O), vmax (KBr) 3 340 and 1 050 cm-l, 6 (D,O) 1.17 (3 H, 

(3 H ,  S, 4”-CH3), 2.12 (3 H, S ,  3”-NAc), 3.15 (3 H, S, 3”- 
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S, 4”-CH3), 2.50 (3 H ,  S, 3”-NCH3), 5.18 (1 H ,  d,  J l ~ t ~ ~ , z t ’ ~ ~  

4 Hz, l”eq-H), and 5.24 (1 H ,  d, Jl fe4 ,2’nz  3.8 Hz, l’eq-H), 
and the 1-epi-analogue (42) (33 mg, 4%) as an amorphous 
solid after passage over Amberlite IRA 401s (OH-) resin 
followed by lyophilization (Found: &I7’, 450.2667. C,,H,,- 
S,O,  requires M ,  450.2689), [a], + 158.3’ (H,O), v,,,. (KBr) 
3 350, 1055, and 1 020 cm-l, 6 (D,O) 1.17 (3 H, s, 4”-CH,), 
2.50 ( 3  H, s, 3”-XCH3), 4.24 (1 H ,  m, 1-H), 5.03 (1 H, d ,  
Jl”eq.2”or 4 Hz, 1”eq-H), and 5.20 (1 H, d,  J1,eq,2’ax 3.8 Hz, 

(b) 1-Deamino- l-ox0-3,2’G’-tris-N- (2,2,2-trichloroethoxy- 
carbony1)gentamicin C,, (37) (1.3 g) was dissolved in ethanol 
(50 ml) and the solution was adjusted to pH 7 using 1 ~ -  
sulphuric acid in ethanol. Sodium borohydride (494 mg) 
was added and the mixture was stirred under argon for 3 h a t  
25 “C. The excess of hydride was destroyed by dropwise 
addition of acetic acid and the solution was evaporated to 
dryness. The resulting solid was dissolved in 10% acetic 
acid in methanol (50 ml) and powdered zinc (338 mg) was 
added. The mixture was heated under reflux for 4.5 h. 
The mixture was filtered and the combined filtrate and 
methanol washings were evaporated to dryness and azeo- 
troped with toluene. The solid was dissolved in water 
(10 ml) and the solution was adjusted to pH 4 with 2 ~ -  
hydrochloric acid. The solution was evaporated to dryness 
and the residue was dissolved in water and passed over 
Amberlite IRA 401s (OH-) resin. The eluate was evap- 
orated to dryness and the residue was chromatographed on 
a silica-gel column (160 x 2.5 cm) using the lower phase of a 
chloroform-methanol-1 0% ammonium hydroxide solution 
(2 : 1 : 1 v/v) as the eluant t o  give after passage over Amber- 
lite IRA 401s (OH-) resin followed by lyophilizstion, 1- 
deamino-1-hydroxygentamicin C,, (41) (43 mg, 7%)  and 
1-epi-analogue (42) (65 mg, 11 94) as amorphous solids, which 
were identical with samples prepared in ( a )  above. 

3,2’6’-Tri-N-acetylsisomicin (9) (5 g) was dissolved in 
anhydrous methanol (200 ml). 3,5-Di-t-butyl- 1,2-benzo- 
quinone (1.92 g) was added and the solution was stirred 
under dry nitrogen at 25 “C for 25 h. The solution Lvas 
acidified to pH 3 using lsf-sulphuric acid and the mixture 
was stirred a t  25 “C. The hydrolysis was judged to be com- 
plete (t.1.c ) after 15 h, and the mixture was diluted with 
distilled water and extracted with chloroform (3 x 50 ml). 
The aqueous layer was neutralized to pH 7 with 2 ~ - a m -  
moniuni hydroxide and then passed over Amberlite I R  
45 resin. The aqueous eluate was concentrated in u a c z ~  
and lyophilized to give 3,2’,6’-tri-X-acetyl- l-deamino-l- 
oxosisomicin (10) (5 g, 1000:) as an  aniorplious solid, [al, 
$- 186.1” (H,O), v ~ , , ~ , ~ ,  (KC1) 3 200 and 1 020 ~ i i i - ~ ,  S (D,O) 1.30 
( 3  H ,  s, 4”-CH,), 1.87, 1.91, and 1.90 (9 H ,  3 s, XHAc), and 

3”-N-~ce ty~-3 ,2 ’ ,~ ’ - t~~ i -h7 -be i t zoy~s~so~?z~c~?z  (12) .-3,2’6’- 
Tri-AT-benzoylsisomicin (1 1) (2 .22  g) was dissolved in a 
mixture of tetrahydrofuran (90 nil) and water (45 1111). 1- 
Acetylimidazole (483 mg) in tetrahydrofuran (20 nil) was 
added and the solution was stirred a t  25 ‘C for 16 h.  The 
solution was evaporated to dryness. The residue was azeo- 
troped with benzene and then chromatographed on a silica- 
gel column (30 x 3 cm) using loo< v/v methanol-chloroform 
as the eluant to give the 3”-N-(~cetyZ derivaiive (12)  as an 
amorphous solid (2.01 g,  85Ob) (Found: C ,  61.6; H, 6.4; K ,  
8.6. C,2H,lN,0,,-H,0 requires C, 61.5; H, 6.5; N,  8.5O,), 
[aID $120.5” (DMSO), v,,,, (KBr) 3 325, 2 920, and 1 640 
cm-’, aH ([2H6]DhISO) 1.08 ( 3  H, m, 4”-CH,), 2.05 (3  H, 5, 

l'eq-H) . 

3,2’6’- Tri-N-acetyl- 1 -deamino- 1 -oxosisowzicin ( 10) .- 

2.90 (3  H ,  S ,  3”-K‘CH,). 

3”-NAc), 3.10 (3 H ,  S, 3”-NCH,), 7.50 (9 H ,  m, Ar), and 
7.95 (6 H,  m, Ar). 

inicin ( 13) .-Freshly decarbonated 3”-N-acetyl-3, 2’,G’-tri- 
N-benzoylsisomicin (12) (767 mg) was dissolved in methanol 
(20 ml) and tetrahydrofuran ( 5  ml). 3,5-Di-t-butyl-1,2- 
berizoquinone (232 mg) was added and the reaction mixture 
was stirred a t  25 “C for 18 h. An aqueous solution of 
malonic acid was added to pH 4 and the mixture was 
allowed to remain at 25 “C for 24 h. The solution was 
evaporated to dryness and chromatographed on a silica-gel 
column (30 x 2.5 cm) using 3% v/v methanol-chloroform 
as the eluant to give the ketone (13) (651 mg, 85%) as an 
amorphous solid (Found: C, 62.8; H ,  6.2; S,  6.9. C,,H,,- 
N4OI2 requires C, 63.0; H, 6.0; X, 7 . O % ) ,  [a], 1-157.1’ 
(DMSO), v,,,. (KBr) 3 300, 2 920, 1 720, and 1 650 cm-1, 
(CDC1,) 1.00br (3  H, s, 4”-CH,), 2.10br ( 3  H, s, 3”-NAc), 
3.10br (3 H ,  s ,  3”-SCH,), 7.50 (9 H, m,  Ar), and 7.90br 
(6 H, s, Ar). 

1 -Deaunino- 1-hydroxysisomicin ( 14) and 1 -Deainino- 1 -epi- 
hydroxysisomicin ( 15) .-(u) 3,2’, 6’-Tri-N-acetyl- l-deamino- 
1-oxosisoniicin (10) ( 2  g) was dissolved in methanol-water 
(8 : 2 v/v; 100 nil) and the solution was acidified to pH 3 
using 1M-sulphuric acid. Sodium cyanoborohydride (880 
mg) was added and the solution was stirred under dry argon 
at 25 “C for 18 h. The solution was filtered and the filtrate 
was evaporated to dryness in vaczio. The gum was dissolved 
in 5% w/v aqueous sodium hydroxide ( i 0  ml) and the solu- 
tion was heated under reflux under argon for 60 h. The 
solution was cooled and neutralized with Amberlite I R C  50 
(Hf) resin, and the latter was washed with water (2 1). 
The resin was then eluted with i”/b ammonium hydroxide 
solution (2.5 1) and the basic eluate was evaporated to 
dryness. The resulting gum was chromatographed on a 
silica-gel column (160 x 2.5 cm) using the lower phase of a 
chloroform-methanol- 14% ammonium hydroxide solution 
(2 : 1 : 1 v/v) as the eluant to give l-deanzzno-l-hydroxy- 
sisomicin (14) (170 mg, 11 76) as a solid after passage over 
Amberlite IRA 401s (OH-) resin followed by lyophilization 
(Found: C, 49.65; H, 8.0; S, 12.8. C,,H,6S,0,~0.5H,0 
requires: C, 49.90; H, 8.15; S,  12.257;), [dD $168.3” 
(H,O), vI,,,,. (KC1) 3 350, 1 680, and 1 000 cm-’, 6 (D,O) 1.22 
(3 H, s, 4”-CH,), 2.52 (3 H, s, 3”-SCH,), 4.90 (1 H, in, 4’-H), 
5.29 (1 H, d ,  J l t g e q , 2 ” n . ,  4 Hz, 1”eq-H), and 5.38 (1 H, (1, 
J l f e q , 2 ’ a z  2 Hz, l’eq-H). The more polar fractions were re- 
chromatographed on a silica-gel column (160 x 2.5 cm) 
using chloroform-methanol-i?(, ammonium hydroxide 
solution (1 : 2 : 1 v/v) as the eluant to give the 1-epi-nnu2oguP 
(15) (117 mg, as an amorphous solid after passage over 
Amberlite IRA 401s (OH- ) resin followed by 13.ophilization 
(Found: 111 L’, 448 251 7 .  C,,H3GS40a requiresM, 448.2533), 
[a],, { 145.4’ (H,O), v , ~ , , , ~  (KBr) 3 350, 1 680, and 1 075 

4.34 (1 H ,  m, 1-H), 4 9 1 (1 H, 111, 4’-H), 5.08 (1 H ,  d ,  J l f * r q . 2 ” a x  

3 . 5  Hz, 1”eq-H), and 5.39 (1 H, d ,  Jl ,eg ,2’ur  2.5 Hz,  l’eq-H). 
( b )  L-Selectride (1x1) (2.5 ml) was added dropwise to a 

solution of 3”-N-acet~.1-3, Y ,  6’- tri-A’\r-benzoyl- 1 -deaniino- 1 - 
oxosisomicin (13) (1 g)  in dry tetrahydrofuran (12  tnl) a t  
- 7 8  ‘C under nitrogen. After 2 h a t  - i 8  “C the mixture 
was oxidized lvi th  57; sodium hydroxide and 50:; hydrogen 
peroxide solutions and then diluted with water and extracted 
with chloroform. The organic layer was washed with brine, 
dried (MgSO,), and evaporated. The residue was heated 
under reflux n-ith 5“/:, aqueous sodium hydroxide under 
nitrogen for 40 11. The mixture was cooled, and neutralized 

3”-N-A cetyZ-3,2’, 6’-tri-r\;-benzoyl-l-deumino- l-oxosiso- 

clll-l, s (r),o) 1.23 ( 3  H, s, V-CH,) 2.52 (3  H, S, ~/’-SCH,), 
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2182 J.C.S. Perkin I 
with hydrochloric acid and Amberlite IRC 50 (H’) resin. 
The resin was washed with water and the latter was dis- 
carded. Washing with 7 yo aqueous ammonium hydroxide 
afforded the crude product which was chromatographed on 
a silica-gel column (160 x 3 cm) using the lower phase of a 
chloroform-methanol-1 5 yo ammonium hydroxide solution 
as the eluant to give 1-deamino-1-hydroxysisomicin (14) 
(14 mg, 3%) and its 1-epi-analogue (15) (108 mg, 19%) which 
were identical with the samples prepared in ( a )  above. 

Sisomic in  (7) and 1-epi-Sisomicin ( 16) .-Ammonium 
acetate (2.7 g) was dissolved in dry methanol (100 ml) and 
the pH was adjusted to 5 using dry hydrogen chloride in 
methanol. 3,2’, 6’-Tri-N-acetyl- 1-deamino- 1-oxosisomicin 
(10) (2 g) was added and the mixture was stirred at 25 “C for 
7 h. Sodium cyanoborohydride (1.8 g) was added and the 
reaction mixture was stirred a t  25 “C for 18 h. The mixture 
was filtered and the filtrate was evaporated to dryness. 
The solid was dissolved in 5% aqueous sodium hydroxide 
(100 ml) and the mixture was heated under reflux for 50 h 
under argon. The mixture was cooled, neutralized with 
Amberlite IRC. 50 (H+) resin, and the resin was washed with 
water (2  1). The resin was then eluted with 7% ammonium 
hydroxide solution (2.5 1) and the basic eluate was evapor- 
ated to dryness and the residue was chromatographed on a 
silica-gel column (1 GO x 5 cm) using chloroform-methanol- 
7% ammonium hydroxide (1 : 2 : 1 V/V) as the eluant to 
give a mixture of 1-deaniino-1-hydroxysisomicin (14) and 1- 
deamino- I-epi-hydroxysisomicin (15) as well as a mixture 
of sisomicin (7)  and 1-epi-sisomicin (lG). 

Tlie aniines (7)  and (16) were rechroniatograplied on a 
silica-gel column (160 x 2.5 cm) using the lower phase of a 
chloroform-methanol-concentrated ammonium hydroxide 
solution (2 : 1 : 1 v/v) as the eluant to give sisomicin (7 )  
(76 mg, 5 % )  as an amorphous solid after passage over 
Amberlite I R A  401s (OH-) resin followed by lyophilization, 
which was identical (t.1.c. and mass and lH n.m.r. spectra) 
with an authentic sample. The more polar fractions from 
the column afforded 1-epi-sisonticin (16) (156 mg, lo:{,) as 
an amorphous solid after passage over Amberlite IRA 401s 
(OH-) resin followed by lyophilization [Found: ( M  + l)+, 
448.2728. C19H38K50, requires A4 + 1, 448.27711, [a], 
+ 1 I i .8” (H,O), v ,,,,, x. (KBr) 3 350, 1 G70, and 1 050 cm-1, 

( 1  H, m ,  4’-H), 5.10 (1 H, d ,  Jll*pq+L”n., 3.6 Hz, 1 ”eq-H), antl 
6.46 (1 H, d ,  Jlf, ,rl ,2’nx 2 Hz, l’eg-H). 

The alcoliols ( 14) and ( 15) were rechroniatographed on a 
silica-gel column (160 x 2.5 cm) using the lower phase of a 
chloroform-niethanol-concentrated ammonium hydroxide 
solution ( 2  : 1 : I v/v) as the eluant to give I-deamino-1- 
liydrosysisoiiiici~i (IS) ( 7 0  mg, 4”o) :ind 1 -(leamino- 1-epi- 
1i~dros)~sis~)iiiici~i ( 15) (15 mg, 37:,) which were identical 
with au t hen t i c samples ( t . 1 . c . ) . 

I -~-EthyZsisc,ii7iciiz (8) nnd 1-epi-N-Ell~ylsisoiizicin ( 17)  .- 
(a)  The pH of a sc,lution uf ethylamine (1 .A2 g) in dry meth- 
anol (LOO nil) \\’as adjusted to pH 6.5 by atltlition o f  a solu- 
tion of methaiiol satiiratetl with dry hydrogen cliloricle gas. 
3,2’,G’-Tri-AT-acetyl- I-tleamiiio- I-ososisoniiciti ( 10) (4 9 )  was 
aclded and the reaction mixture was stirred a t  25 “C for 7 h. 
Sodium cq.“iiol~,oroliydritle (1.76 g )  was atldecl ant1 tlie 
reaction misture was stirred at  25 “C for 18 li  during Lvliicli 
time tlie pH of the solution gradually rose from pH 5 to 
pH G.U.  The solution was concentrated antl tlJe residue 
\vas  taken up in 5(’.;’, aqueous sodium hvdrositle (300 
nil) and the misture was Iwatetl uncler reflus fctr 5 0  I1 t~ntler 
argon. The mixture was cctoled and neutralized with 

6 (L),O) 1.29 ( 3  H, S,  4”-CH3), 2.61 (3 H, S, 3”-NCH,), 5.02 

Amberlite IRC 50 (H+) resin, and the resin was washed with 
water (2 1). The resin was then .eluted with 7% ammonium 
hydroxide solution (2.5 1) and the basic eluate was evapor- 
ated to dryness and the residue was chromatographed on a 
silica-gel column (160 x 7 cm) using the lower phase of a 
chloroform-methanol-14~o ammonium hydroxide solution 
(2 : 1 : 1 v/v) as the eluant to give 1-epi-N-ethylsisomicin (17) 
(633 mg, 19%) as an amorphous solid after passage over 
Amberlite IRA 401s (OH-) resin followed by lyophilization 
(Found: C, 48.95; HI 8.35; N, 13.15. C,lH,,N,O,~H,O* 
CO, requires C, 49.14; HI 8.06; N, 13.02%), [a], +195.9” 
(H,O), vmx* (KBr) 3 350, 1 680, 1 050, and 1 020 cni-l, 8 
(D,O) 1.12 (3 HI t, J 7.5 Hz, NHCH,CH,), 1.27 (3 HI s, 
4”-CH,), 2.57 (3 H, s, 3”-NCH,), 4.96 (1 HI m, 4’-H), 5.03 
(1 H,  d ,  J l # e e q , p a  4 Hz, 1”eq-H), and 5.41 (1 HI d, Jl*ep,a’w 2 
Hz, l’eq-H), and 1-N-ethylsisomicin (8) (339 mg, 10%) as an  
amorphous solid after passage over Amberlite IRA 401s 
(OH-) resin followed by lyophilization, [a], + 129.5” (H,O), 
vnlaX. (MBr) 3 350, 1 4380, 1 050, and 1 020 cm-l, 6 (D20) 1.07 

3”-NCH,), 4.89 (1 H I  m, 4’-H), 5.00 (1 H, d, J1~~cqq ,2~‘c , . r  4 Hz, 
1”eq-H), and 5.36 (1 H, d,  Jl’eq,2’az 2 Hz, l’eq-H). 

The more polar fractions from the column afforded 1- 
deamino- 2-hydroxysisomicin ( 14) (320 mg, lo%), 1 -de- 
amino- 1-epi-hydroxysisomicin (15) (1 76 mg, 6%), and 
sisomicin (7) (159 mg, 4%) as amorphous solids. 

(b )  To a suspension of sodium hydride (379 mg, 57%; 
washed with -hexane) in dry dimethoxyethane (4 ml) under 
nitrogen, was added a solution of diethyl N-ethylphosphor- 
amidate (43) (814 mg) in dimethoxyethane (6 ml). The 
niixture was heated to 50 “C for 1.5 h and allowed to cool. 
Tlie clear solution was transferred via a syringe to a clean 
flask under nitrogen. A solution of l-N-acety1-3,2’,6’-tri- 
N-benzoyl- 1-deamino- 1-oxosisomicin ( 13) (340 mg) in 
climethoxyetliane (5  nil) was added dropwise and the mix- 
ture was heated a t  50 “C for 1 h. The solution was cooled 
to -78 “C and L-Selectride (0.85 ml) was added dropwise. 
After 2 h a t  -78 “C the excess of L-Selectride was 
quenched with methanol. 5% Sodium hydroxide (1.5 ml) 
and 50% hydrogen peroxide (0.75 ml) solutions were added 
ancl the reaction was warmed slowly to 25 “C. Water was 
added and the mixture was extracted with chloroform. The 
organic extracts were washed with brine, dried (Na,SO,), 
and evaporated. The residue was heated under reflux with 
5% aqueous sodium hydroxide under nitrogen for 40 11. 

Tlie mixture was cooled and neutralized with hydrochloric 
acid ancl Amberlite IRC 50 (H+) resin. The resin was 
washed with water and the latter was discarcled. Elution 
with 7% aqueous ammonium hydroxide followed by evap- 
oration afforded 1-epi-iV-ethylsisomicin (1 7) (30 mg, 15:4,) 
wliicli was identical with that prepared in (a) (t.1.c.). 

1-N-(3- nivne2JiyZamiizopro~yZ)sisomicivz (18) and 1-epi-N- 
(3 - l~ i - l~ze t / i yZan~ ino~~o~yZ)s i so~n ic in  ( 19) .-The pH of a solu- 
tion of O-dimethylamiiiopropylaniine (2.08 g) in tlrjv 
metllano1 (200 nil) was adjusted to pH 5.7 by addition of a 
solution of inethanol saturated with dry hydrogen cliloritle 
gas. R,2’,U’-lri-N-acetyl- 1-deamino- 1-oxosisomicin ( 10) 
(3.13 g) was added and the reaction mixture was stirred 
untler dry argon a t  25 “C for 7 11.  Sodium cyanoborohydride 
(857 mg) was added and the reaction mixture was stirred a t  
25 ”C for 18 11. The solution was concentrated and the 
residue was taken up in 50/, aqueous sodium hydroxide 
(100 nil) ant1 the niisture was heated under reflux for 60 l i  
under argon. The soltition was cooled, neutralized with 
Anibrrlite I€PC 50 (H ’) resin, and the resin was washed with 

(3 H I  t, NHCHZCH,), 1.21 (3 H, S, 4”-CH3), 2.53 (3 H ,  S ,  
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1981 2183 
water (1.5 1). The resin was eluted with 70/, ammoninl 
hydroxide solution (2 1) and the basic eluate was evaporated 
to dryness. The residue was chromatograplied on a silica- 
gel column (160 x 5 cm) and then again on a silica-gel 
column (160 x 3.5 cni) using in each case the lower phase of 
a chloroforni-methanol-concentrated ammonium hydroxide 
solution (2 : 1 : 1 v/v) as the eluant, to give l-epi-N-(3- 
diitaethy1aminopvopyl)sisomiGin (19) (139 nig, 7%) as an 
amorphous solid after passage over Amberlite IRA 401s 
(OH-) resin followed by lyophilization (Found : AT ’, 
532,3541. C24H4dhT@7 requires M ,  532.3584), [a]D26 + 16’2.5” 
(H20),  v,,,;,~. (KBr) 3 325, 1 675, 1 050, and 1 020 cm-1, 

(3 H,s,  3”-NCH,), 4.90 (1 H, m, 4’-H), 5.00 (1 H,  d ,  J l r ~ e q , 2 ~ ’ c t x  

4 Hz, l’eq-H), and 5.38 (1 H, d, Jl#eg,2’(u 2 Hz, l’eq-H), and 
l-N-(3-dimetttylamino~ropyl)sisoMzicin ( 18) ( 106 mg, 5 % )  as 
an amorphous solid after passage over Amberlite I R A  
401s (OH ) resin followed by lyophilization (Found: &Z Is, 

538.3543. C24H,,N,07 requires M ,  532.3584), [air, -+ 1 1  2.3” 
(H,O), v,,,,~. (KBr) 3 350, 1 680, 1 055, and 1 020 mi-’, 6 

(3H,s ,  3”-NCH,), 4.88 (1 H,m,4’-H),  4.97 ( 1  H,d,J l~~pq.2”u  
4 Hz, 1”eq-H), and 5.34 ( 1  H, d ,  J3~eg,2’R.c  2 Hz, l’eq-H). 

The more polar fractions from the column afforded 1- 
deamino-1-hydroxysisoniicin (14) (68 mg, 4%) and 1- 
deamino-1-epi-hydroxysisoniicin (15) (68 mg, 4%) as 
amorphous solids. 

1- Deaininogentamicin C, (34) .-1-Deainino-l-oxo-3,2’- 
bis-N-trifluoroacetylgentainiciii C, (22) (990 nig) was dis- 
solved in dimethylformamide (10 nil) and sulpholan (10 ml). 
Toluene-p-sulphonyl hydrazide (300 mg) and toluene-p- 
sulphonic acid (30 mg) were added and the mixture was 
heated a t  70 “C for 30 min. Sodium cyanoborohydride 
(300 mg) was added and the mixture was heated at 85 “C for 
15 h. After cooling to  25 “C, concentrated ammonium 
hydroxide (12 ml) was added and the solution was allowed 
to remain a t  25 “C for 16 h. The mixture was neutralized 
by addition of Amberlite IRC 50 (H+) resin and the resin 
was washed with water and then eluted with 20% aqueous 
ammonium hydroxide which on evaporation gave a gum. 
Chromatography on a silica-gel column (100 x 3.5 cm) using 
the lower phase of a chloroform-methanol-concentrated 
ammonium hydroxide solution (2 : 1 : 1 v/v) as the eluant, 
followed by rechromatography of the appropriate fractions 
on a silica-gel column (160 x 2.5 cm) using the lower phase 
of a chloroform-methanol-l4% ammonium hydroxide 
solution (2 :  1 : 1 v/v) as the eluant afforded l-deamino- 
gentamicin C ,  (34) (23 mg, 3%) as an amorphous solid after 
passage over Amberlite IRA 401s (OH-) resin followed by 
lyophilization (Found : M+*, 462.3053. C2,H4,N407 re- 
quires M ,  462.3078), [a], + 155.9” (H,O), 6 (D,O) 0.97 (3 H,  

6 (D2O) 1.21 ( 3  H ,  S ,  4”-CH3), 2.1!) [ti H, S, -N(CH,),], 2.52 

(1>,0), 1.20 ( 3  H, S, 4”-CH3), 2.19 [ti H, S ,  -N(CH,),], 2.60 

d,  6.5 Hz, 7’-CH,), 1.14 (3 H, S,  4”-CH3), 2.23 (3 H, S ,  
B’-NCK,), 2.44 (3  H, S, 3”-NCH3), 2.54 (1 H, d, J2*f(c2,3”u.c 

3.67 (1 H, dd, J l * f e q , 2 ” a z  4, J ~ ~ * ~ x . 3 ~ ~ a z  10.5 Hz, 2”ax-H), 3.93 
(1 H, d ,  J5~7mt,5~*eq 12.5 Hz, 5”eq-H), 4.98 (1 H ,  d ,  J l ” e p , 2 “ u  4 

10.5 Hz, 3”ax-H), 3.25 (1 H, d, J5+#a2,5”eq 12.5 Hz, 5”ax-H), 

Hz, 1”eq-H), and 5.05 ( 1  H, d ,  Jlpeq.a’as 4 Hz, l’eq-H). 
0- 2-Amino-2,3,4,6,7-~entadeoxy-6-nzetlaylamino-a-~- 

qlycero-D-erythro-heptopyranosyl- ( 1 + 4)-0-[3-deoxy-4- 
C -met/zyl-3-methyla~rznino-/3-~-arabino~yranos~~l- ( 1 A 2)] - 
1,2,4-trihydroxybenzene (44) .-1-Deamino- l-oxo-3,2’-bis-N- 

on a silica-gel column (110 x 2.5 cm) using the lower phase 
of a chloroforni-nietlianol-concentrated ammonium hydr- 
oxide solution (2  : 1 : 1 v/v) as the eluant to give the plienol 
(44) (800 mg, 5176) as an amorphous solid (Found: C, 57.0; 
H, 7.9; N, 9.4. C21H35nr307 requires C, 57.1; H, 8.0; hi, 
9.5%,), [aID 1-227.8” (H20) ,  A,,,,,. (MeOH) 220 (E 6 200) and 
285 nm ( 3  500), vnlas. (Nujol) 3 350, 1 630, 1 515, 1470, and 
1 060 cni-l, 8 (D,O) 1.05 ( 3  H, d ,  J , e , 7 ‘  7 Hz, 7’-CH,), 1 . 1 7  

NCH,), 5.27 (1 H, d ,  Jl,,rp.a”,,.r 3 Hz, 1”eq-H), 5.46 (1  H, d, 
Jl~ec l ,2‘1u 4 Hz, l’eq-H), 6.72 (2 H, m, Ar), and 6.87 (1  H, m ,  
Rr). 

1,2’, Ci‘, 3”- 2’etraFtis-N-ben.:ylo,vycnrbo?zyl- 3-deaiM i no-  3-0.~0- 
gentamicin C,, (46) .--I ,2‘,6’3’’-Tetraltis-N-benzyloxycar- 
bonylgentaniiciii C,, (45) l 8  (4 g) and 3,5-di-t-butyl-1,2- 
benzoquinone (1 g) were dissolved in methanol (35 ml) and 
the mixture was allowed to remain a t  25 “C for 17 11. Osalic 
acid (1.8 6) in 50(y0 (v/v) aqueous methanol ( 1  B nil) was added 
and the mixture was stored a t  25 “C for 6 h and a t  0-5 “C for 
18 11. ‘The solution was diluted with water, extracted with 
cliloroiorni, and the chloroform layer was evaporated to 
dryness. l l i e  residue was chromatographed rapidly on 
silica gel (100 g) using 0.25% v/v methanol-chloroform as the 
eluant to elute the impurities followed by 1.5% v/v 
methanol-chloroform to give the 3-deamino-3-oxo-deriv- 
ative (46) (3.3 g, SOYo)  as a pale yellow amorphous solid 
which was honiogeneous on t.1.c. 

3-Deainino-3-hydroxygentami~in C,, (47) and 3-Denmino- 
3-epi-~ydroxygentamican C1, (48) .-1,2’,6‘,3“-Tetrakis-N- 
benzyloxycarbonyl-3-deaniino-3-oxo-gentamicin C1, (46) 
( 1 . 1  g)  in methanol (10 ml) was treated with sodium boro- 
liydride (0.2 g) in water (1 ml). After 1 h a t  25 “C, the 
mixture was diluted with chloroform, washed with water, 
dried (MgSO,), and evaporated. The residue in dry tetra- 
hydrofuran (15 ml) was added to a solution of sodium (0.5 g) 
in redistilled liquid ammonia (50 ml) a t  -80 “C. After 
10 min, methanol ( 5  ml) was added and the ammonia was 
allowed to evaporate. The residue was dissolved in water 
(20 ml) and the solution was adsorbed onto Amberlite IRC 
50 (H+) resin. The resin was washed with water and then 
eluted with 2~-ammonium hydroxide solution. The eluate 
was evaporated to dryness and the residue was chromato- 
graphed on silica gel (60 g) using chloroform-methanol- 
concentrated ammonium hydroxide (4 : 2 : 1 v/v) as the 
eluant to give first l-deamino- 1-hydroxygentawaicin C,, (47) 
(190 mg, 34%) as an amorphous solid after passage over 
Amberlite IRA 401s (OH-) resin followed by lyophilization 
(Found: C, 47.9; 13, 8.75; N, 11.6. C,,H,BN40,*1.5H20 
requires C, 47.8; H,  8.65; N, 11.7:4), [a], 1163.9” (H20),  

4.0 ( 1  H, m, Wg ca. 20 Hz, 3ax-H), 5.05 (1 H, d, Jl,,eq,2”ur 

4 Hz, 1”eq-H), and 5.12 (1 H, d ,  J,feq,2’aT 4 Hz, l’eq-H), and 
then the l-epi-analogue (48) (90 mg, 16%) as an amorphous 
solid after passage over Amberlite IRA 401s (OH-) resin 
followed by lyophilization (Found: C, 48.0; H, 8 . 7 ;  S, 
11.85. C,,H38N,0,.1.5H20 requires C, 47.8; H,  8.65; K, 

2.49 (3 H, s, 3”-NCH,), 4.23 (1 H ,  m, TV! ca. 8 Hz, 3eq-H), 
4.99 (1 H ,  d ,  J1~~eqEQ.L”az 4 Hz, 1”eq-H), and 5.08 ( 1  H, d ,  
J l ~ e q , 2 ~ a r  4 Hz, l’eq-H). 

3-epi-Gentamzcin C,, (50) .--1 ,2’, G’, 3”-Tetrakis-N-benzyI- 

(3 H, S, 4”-CHJ, 2.28 (3 H ,  S ,  6’-NCH3), 2.52 (3 H,  S, 3”- 

(D20) 1.17 (3  H, S, 4”-CH3), 2.48 (3 H ,  S, 3”-NCH3), 611. 

11.7y0), [a], + 140.6’ (H,O), BR (D,O) 1.17 (3 H, S, 4”-CH:j), 

trifluoroacetyfgentamicin C, (22) (2.4 g) was dissolved in ’ oxycarbonyl-3-deamino-3-oxogentamicin C, ,  (46) (2.1 g), 
concentrated ammonium hydroxide (30 ml) and the mixture ammonium acetate ( 5  g), and sodium cyanoborohydride 
was allowed to remain at 25 “C for 24 h. The solution was (0.5 g) were dissolved in methanol (20 ml) and acetic acid 
evaporated to dryness and the residue was chromatographed (0.5 ml) and the mixture was stirred a t  25 “C for 2.5 h. The 
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J.C.S. Perkin I 
reaction mixture was diluted with 1M-ammonium hydroxide 
and extracted with chloroform. The chloroform layer was 
evaporated to dryness and the residue was chromatographed 
on silica gel (80 g) using 3y0 v/v methanol-chloroform as the 
eluant to give I$$’, 3”-tetrakis-N-benzyloxycarbonyl-3- 
epi-gentaniicin C,, (49) (0.44 g, 21%) and 1,2’,6’,3”-tetrakis- 
N-benzyloxycarbonylgentaniicin C,, (45) (0.59 g, 28%). 
The latter was identical to the material used to prepare the 
3-oxo-derivative (46). The axial amine (49) was dissolved 
in dry tetrahydrofuran ( 5  ml) and the solution was added to 
sodium (0.3 g) in distilled liquid ammonia (20 ml) a t  
-80 “C. After 5 min, methanol was added, and the 
mixture was evaporated. The residue in water (20 ml) 
was adsorbed into Amberlite IRC 50 (H k, resin. The resin 
was washed with water and then eluted with 2~-ammonium 
hydroxide solution to give 3-epi-gentamicin C,, (50) (0.12 g, 
57%) as an amorphous solid after passage over Amberlite 
IRA 401s (OH-) resin followed by lyophilization, [a], 

4”-NCH,), 4.97 ( 1  H, d ,  Jl~~cq,z”as 4 Hz, 1”eq-H), and 5.05 
(1 H, d,  J1~~Eq.2”a5 4 Hz, l’eq-H). 

l-Deuinino-2-deoxy- 1-~iydroxystreptamine (5 1) .-A crude 
sample of (51) (143 mg) obtained by reduction of l-de- 
amino-2-deoxy- 1 -0xo- 3-N- (4-me thox ybenzyloxycarbonyl) - 
streptamine followed by deprotection with trifluoroacetic 
acid, was chromatographed on a silica-gel column (40 x 1 
cm) using chloroform-methanol-7 yo ammonium hydroxide 
(1 : 2 : 1 v/v) as  the eluant t o  give l-demnino-2-deoxy-1- 
ILydroxyst?.eptanzne (51) (23 mg) as an amorphous solid after 
passage over Amberlite IRA 401s (OH-) resin followed by 
lyophilization (Found: C, 40.25; H ,  6.15; N, 6.52. C,Hl,- 
NOCO, requires C, 40.6; H, G.33; N, 6.76%), [a],, + 101.9” 
(H20),  wile 164 ( M  + I ) ,  BH (D@) 1.37 ( 1  H ,  ddd, Jla.r,~at 

12, J L e q , z a  12, J Z m s m  12 Hz, ~UX-H)  and 2.11 (1 H, ddd, 
J l a x . 2 e y  4, J z e q j 2 a  12, JZeq,3az 4 Hz, 2eq-H). 

l-Deamino-2-deoxy- 1-epi-hydroxystreptamine (52) .-1-De- 
amino- l-epi-hydroxysisomicin ( 15) (200 mg) was dissolved 
in G~-hydrochloric acid (50 ml) and the solution was heated 
under reflux for 18 h. The solution was cooled and Amber- 
lite IRA 401s (OH-) resin was added until the pH reached 
10.0. The resin was then filtered off and washed with water 
(1 1) and the combined filtrates were evaporated to dryness. 
The residue was chromatographed on a silica-gel column 
(40 x 1 cm) using chloroform-methanol-3~o ammonium 
hydroxide (1 : 2 : 1 v/v) as the eluant to give l-deamino-2- 
deoxy - l - ep i -hynroxys t re~ ta~ ine  (52) (73 mg, 77%) as an 
amorphous solid after passage over Amberlite I R A  401s 
(OH-) resin followed by lyophilization (Found: C, 39.85; 
H, 8.2; N, 7.5. C,H,,NO,.H,O requires C, 39.77; H ,  8.34; 
N, 7.73%), [&ID +97.7” (H20), m/e 164 ( M  + I ) ,  vlnaX. (KBr) 
3 400 cm-l, BH (D2O) 1.35 (1 H ,  ddd, Jleq,2eq 4, J2eq,zaX 14, 
Jzm.3a.d 1 Hz, 2ax-H) and 1.93 (1  H ,  ddcl, J leq .2ey  4, JZerl,2ut 14, 
J2eq.ms 4 Hz, 2eq-H). 

l-epi-2-Deoxystveptartzine (54) .-A mixture of garamine 
(58) and 1-epi-sisomicin (16) (150 mg) was dissolved in 6iu- 
hydrochloric acid (50 ml) and the solution was heated under 
reflux for 18 h. The solution was cooled and Amberlite 
IRA 401s (OH-) resin was added until the pH reached 10.0. 
The resin was filtered off and washed with distilled water 
(1 1) and the combined filtrates were evaporated to dryness. 
The residue was chromatographed on a silica-gel column 
(GO x 2.5 cm) using chloroform-methanol-3~o ammonium 
hydroxide (1 : 2 : 1 v/v) as the eluant to give a mixture of 1- 
epi-2-deoxystreptamine (54) and 2-deoxystreptamine (53) 
(23 mg) which could not be separated. The sample was 

+ 130.4” (HZO), i3H (D20) 1.17 ( 3  H, S, 4”-CH3), 2.48 (3 H ,  S, 

obtained as an amorphous solid after passage over Amber- 
lite IRA 401s (OH-) resin followed by lyophilization which 
was used to  obtain the 13C n.m.r. data for (54), m/e 163 

l-epi-N-EthyZ-2-deoxyystreptai~i~e (56) .-l-epi-N-Ethyl- 
sisamicin (17) (200 mg) was dissolved in G~-hydrochloric 
acid (GO ml) and the solution was heated under reflux for 2 h .  
The solution was cooled and Amberlite IRA 401s (OH-) 
resin was added until the pH reached 10.8. The resin was 
filtered off and washed with water (1 1) and the eluate was 
concentrated. The resulting solid was chromatographed on 
a silica-gel column (50 x 1.5 cm) using the lower phase of a 
chloroform-methanol-concentrated ammonium hydroxide 
solution as the eluant t o  give l-epi-N-ethyl- l-deoxystrept- 
nmine (56) (52 nig). The latter was rechromatographed on 
a silica-gel column (110 x 1.5 cm) using the same solvent 
system to give pure (56) (35 mg, 44%) as an  amorphous 
solid after passage over Amberlite IRA 401s (OH-) resin 
followed by lyophilization [Found : (&I + l)’, 191.1396. 
C,H,,N,O, requires M + 1, 192.13931, [E], +52.2’ (H,O) BE 
(D20) 1.1 1 (3 H, t, J 7 Hz, NHCHJH,), and 2.63 (2 H, q, 
J 7 Hz, NHCH2CH,). 

\Ve thank Mr. J .  RlcGlotten and his staff for providing 
the analytical and spectral data. 

[0/1620 Received, 21st October, 19801 

* A s  a pure sample uf (54) free of (53) could not be obtained the 

(111 + I).* 

13C n.1n.r. assignments for (54) should be regarded as tentative. 
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