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St ruc tu re - ac t i v i t y re la t ionship s tudies on aminogly
coside ant ib io t ics possessing a p a r o m a m i n e moie ty have 
shown t h a t r ep lacemen t of t he 6' p r imary hydroxyl group 
by an a m i n o group leads to compounds wi th enhanced an
t ibac ter ia l proper t ies . For example , n e a m i n e (1) is biolog
ically more act ive t h a n p a r o m a m i n e (2) 1 a n d kanamyc in 
B (3) is more po ten t t h a n k a n a m y c i n C (4).2 I t was of in
terest , therefore, to convert t he relat ively weakly act ive 
gentamic in A (5) 3 t o i t s 6 ' -amino-6 ' -deoxy der iva t ive 6 to 
examine its biological proper t ies . 
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T h e synthesis of 6 ' -amino-6 ' -deoxygentamic in A (6) was 
accompl ished by s t a n d a r d procedures as follows. G e n t a m 
icin A (5) was conver ted to te t ra -N-benzyloxycarbonylgen-
tamic in A (7) a n d then to t h e corresponding pen ta -O-ace -
ty l -6 ' -0 - t r i pheny lme thy l der ivat ive 8 in a overall yield of 
73%. T h e t r ipheny lme thy l group was removed wi th acid 
and the p- toluenesulfonyl group in t roduced to give pen ta -
O-acetyl te t ra-N-benzyloxycarbonyl-G'-O-p-toluenesulfonyl-
gentamic in A (9) in 9 1 % yield. T h e p- toluenesulfonyl 
group was displaced by az ide ion in nea r quan t i t a t i ve 
yield and the resul t ing compound 10 subjected to O-deac-
etylat ion (70% yield) followed by ca ta ly t ic hydrogenat ion 
to give crude 6 ' -amino-6 ' -deoxygentamic in A (6). T h e 
compound t hus ob ta ined was purified by co lumn chroma
tography on silica gel us ing c h l o r o f o r m - m e t h a n o l - a m m o -
n ium hydroxide (3:4:2) as t he developing phase (40% 
yield) followed by rechromatography on Dowex 1-X2 in 
the hydroxyl cycle using water as t he e luent to provide an 
analyt ical ly pure s ample in 2 1 % yield. T h e s t ruc tu re of 6 
was es tabl ished as follows. 

E l e m e n t a l analysis of 6 was consis tent wi th t he formula 
C18H37N5OVCH3OH a n d t h e mass spec t rum showed the 
( M H ) + ion a t m / e 468 in ag reement wi th t h e composi
t ion. P rominen t f ragment ions in the mass s p e c t r u m 4 are 
shown in Scheme I. 

T h e p m r spec t rum of 6 showed t h e iV-methyl protons a t 

Scheme I. Prominent Mass Spectral Fragment Ions of 
6'-Amino-6'-deoxygentamicin A (6) 
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5 2.5 p p m as a sha rp singlet a n d the two anomer ic signals 
a t 6 5.33 a n d 5.05 p p m , each wi th a coupl ing cons tan t of 
3.5 Hz . T h e low-field signal is assigned to H - l ' a n d the 
doublet a t 5 5.05 p p m to H - l " by analogy wi th the assign
m e n t s m a d e by Lemieux a n d coworkers5 for s t ruc tura l ly 
closely re la ted k a n a m y c i n B . Fu r the rmore , t he p m r spec
t r u m of gentamic in A (5) was similar to t h a t of 6 a n d ex
hib i ted two double ts a t <5 5.22 a n d 5.02 p p m with coupling 
cons tan ts of 3.5 a n d 3.75 Hz , respectively. T h e double t a t 
5 5.22 p p m was a t t r i b u t e d to H - l ' by t he I N D O R response 
of t he H - 2 ' resonances (quar te t a t & 2.75 p p m in t he nor
mal spec t rum, J 2 \ 3 - = 9-0 Hz) ob ta ined by moni tor ing 
the lef t -hand peak of t he anomer ic double t centered a t <5 
5.22 p p m . Similar ly, t he double t a t 5 5.02 p p m could be 
assigned to H - l " (quar te t a t 5 3.60 p p m for H - 2 " , J2-.3--
= 9.0 Hz in t he no rma l spec t rum) . 

T h e biological proper t ies of gen tamic in A (5) have been 
repor ted . 3 Al though bo th 5 a n d i ts 6 ' -amino-6 ' -deoxy con
gener 6 have some b road spec t rum act ivi ty , ne i ther has 
potent inhibi tory ac t iv i ty us. Escherichia coli, Klebsiella 
pneumoniae, or Pseudomonas aeruginosa. In par t icular , 
nei ther compound has act ivi ty agains t s t ra ins carrying 
gentamic in adenylyla t ing or ace ty la t ing R factors or 
against s t ra ins carrying k a n a m y c i n phosphoryla t ing R fac
tors. However, as shown in Tab le I, t he in vitro bio
logical act ivi ty of 6 aga ins t some sensi t ive s t ra in is superi
or to t h a t of 5, gen tamic in C complex (Garamycin) , a n d 
the s t ruc tura l ly re la ted k a n a m y c i n B . T h e most strik
ing proper ty of 6 is i ts po ten t in vitro inhibi tory act ivi ty 
agains t Staphylococcus aureus a n d Streptococcus py
ogenes. 

Exper imenta l Sec t ion 

Thin-layer chromatography was performed on silica gel GF 
(Analtech, Inc., Newark, Del.) using chloroform-methanol-am-
monium hydroxide (3:4:2) as the developing phase. Column chro
matography was carried out on silica gel (60-200 mesh, J. T. 
Baker Chemical Co., Phillipsburg, N. J.) using the same solvent 
system and on Dowex 1-X2 (200-400 mesh, hydroxide form, 
Sigma Chemical Co., St. Louis, Mo.) with water as the eluent. 

The pmr spectra were recorded using a Varian Associates XL-
100 nmr spectrometer. Chemical shifts are given in 5 values for 
solution in deuterium oxide using DSS as the internal standard. 
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Table I. In Vitro Antibacterial Activity of 
6'-Amino-6'-deoxygentamicin A (6), Gentamicin A (5), 
Gentamicin, and Kanamycin B 

Test organism 

Staph, aureus 209P 
Staph, aureus 59N 
Strept. C 
Strept. 27 
Strept. group A cruz 
Strept. Alvarez 
Bacillus subtilis 6623 
Proteus mirabilis 

Harding 
Salmonella Gr. B. 

typhim 

Minimum inhibitory • 

5 

3.0 
37.5 

>50 
>50 
>50 
>50 

0.8 

37.5 

17.5 

jug/ml" 

6 

0.03 
0.8 
0.8 
0.8 
0.8 
0.03 
0.01 

0.8 

3.0 

Genta
micin 

0.1 
0.1 
3-7.5 
3-7.5 
3.0 
3.0 

<0 .1 

8.0 

2.0 

concn, 

Kana
mycin B 

0.3 
0.03 

>25 
7.5 

17.5 
>25 

<0.01 

3.0 

3.0 

"In Mueller Hinton broth (BBL) according to J. A. 
Waitz, E. L. Moss, Jr., C. G. Druge, and M. J. Weinstein, 
Antimicrob. Ag. Chemother., 2, 431 (1972). 

The mass spectrum was obtained on a Varian MAT CH5 spec
trometer at 70 eV with a probe temperature of 230-250°. The ele
mental analyses were within ±0.4%. 

Tetra-N-benzyloxycarbonylgentamicin A (7). A solution of 
gentamicin A (11.7 g, 25 mmol) in water (25 ml) and methanol 
(25 ml) was cooled to 10°. Sodium carbonate (10.6 g) was added 
and benzyloxcarbonyl chloride (20.5 g, 120 mmol) was added with 
rapid stirring. After 3 hr at room temperature, the solid was iso
lated by filtration, washed with water, followed by ether, and 
dried. The crude product was recrystallized from hot aqueous di-
oxane to give 22.5 g of pure 7 (90%): mp 269-270° dec; cmax 
(Nujol) 3300 (NH, OH), 1700, and 1540 cm"1 (NHCbz). Anal. 
(C5oH6oN40lg) C, H, N. 

Penta-0-acetyltetra-Af-benzyloxycarbonyl-6'-0-triphenyl-
methylgentamicin A (8). To a solution of 7 (6 g, 6 mmol) in dry 
pyridine (60 ml) was added recrystallized triphenylchloromethane 
(3.36 g, 12 mmol) and the mixture was heated on the steam bath 
for 4 hr with exclusion of moisture. The mixture was cooled in an 
ice-water bath and acetic anhydride (18 ml) added dropwise with 
stirring. The mixture was set aside at room temperature for 24 hr 
after which time it was poured into ice-water. After 1 hr the 
product was extracted into chloroform (500 ml); the chloroform 
solution was dried over sodium sulfate and concentrated to dry
ness. The residue was dissolved in ether (100 ml) and petroleum 
ether (250 ml) was added to precipitate a gum which was sepa
rated from the supernatant liquid by decantation. The gum was 
dissolved in 200 ml of hot 2-propanol, decolorized with active 
charcoal, and set aside. On the next day the crystals were isolat
ed, washed with cold 2-propanol, and dried to give 6.3 g (81%) of 
pure 8: mp 125-126°; vmaLX (Nujol) 3300 (NH), 1760-1750 (OAc, 
NHCbz), 1540 cm-1 (NHCbz). Anal. (C79H84N4O23) C, H, N. 

Penta-0-acetyltetra-N-benzyloxycarbonyl-6'-0-p-toluenesul-
fonylgentamicin A (9). To a cold solution of 3 (3.75 g, 2.5 
mmol) in glacial acetic acid (10 ml) was added a 6.34 w/w % so
lution of hydrogen bromide in glacial acetic acid (3.83 g) dropwise 
with stirring. After 15 min, the precipitated trityl bromide was 
removed by filtration and the filtrate was poured into ice-water. 
The solid precipitate was collected by filtration, washed with 
water, and dried to give 3 g of product. The crude product was 
dissolved in dry pyridine (15 ml), p-toluenesulfonyl chloride (1.14 
g) was added, and the mixture set aside for 24 hr at room temper
ature. The reaction mixture was poured into ice-water; the pre
cipitated solid was collected, washed with water, and dried to 
give 3.2 g (91.5%) of essentially pure 9. An analytical sample was 
obtained by recrystallizing the above product from hot 2-propanol 
(75% yield): mp 117-119°; vmSLX (Nujol) 3325 (NH), 1700-1750 
(OAc, NHCbz), 1540 (NHCbz), 1180 cm"1 (tosyl). Anal. 
(C67H76N4025S) C, H, N, S. 

6'-Amino-6'-deoxygentamicin A (6). A suspension of sodium 
azide (260 mg, 4 mmol) in dimethylformamide (10 ml) was heat
ed at a steam bath. To the hot mixture water was added drop-
wise with swirling, until a clear solution was obtained. Compound 
9 (2.34 g, 1.71 mmol) was then added and the solution heated on 
the steam bath for 12 hr. The solution was concentrated to dry
ness in vacuo and the residue partitioned between chloroform and 
water. The chloroform layer was dried, concentrated to a small 

volume, and added dropwise to stirred petroleum ether. The pre
cipitate was collected, washed with ether, and dried. The dried 
product 10 (2.0 g) was dissolved in methanol (45 ml) and water 
(10 ml) and triethylamine (5 ml) were added. The mixture was 
set aside 72 hr at room temperature. The precipitated crystalline 
solid was isolated, washed with methanol, and dried to give 0.8 g 
of product. The mother liquor was concentrated to dryness and 
triturated with methanol to obtain a further 250 mg of product. 
The above product (1 g) was dissolved in dioxane (50 ml), water 
(15 ml), and 1 N hydrochloric acid (5 ml) and hydrogenated in 
the presence of 10% palladium on carbon (0.5 g) at 50 psi for 24 
hr. The catalyst was removed by filtration through Celite and 
washed with water and the combined filtrate was concentrated to 
dryness. The crude product was chromatographed on 25 g of silica 
gel in a 2 x 35 cm column using chloroform-methanol-ammo-
nium hydroxide (3:4:2) as the developing phase. Fractions (5 ml) 
were collected. Tubes 14-18 were pooled and concentrated to dry
ness to give 187 mg (40%) of pure G. An analytically pure sample 
of 6 was obtained by rechromatographing the above product on a 
2 X 36 cm column of Dowex 1-X2 ion-exchange resin in the hy
droxide cycle using water as the eluent. Fractions (4 ml) were col
lected. Tubes 8 and 9 were combined, concentrated to dryness, 
dissolved in a little methanol, and precipitated with ether to give 
100 mg (21% yield) of pure 6: [a]v +130° (c 0.4, water). Anal. 
(C18H37N509-CH3OH) C, H, N. 
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In an earlier communication1 the synthesis of 3-hy-
droxy-1 -nitrophenyl- lH-pyrazolo [4,3 -c ]pyridines, which 
were devoid of the nitrogen atom at position 7 of the allo
purinol nucleus, was reported. These pyrazolopyridines 
were found to inhibit the activity of rat liver xanthine oxi
dase. With a view to study the structural requirements in 
the allopurinol nucleus for the inhibition of xanthine oxi
dase, we have synthesized some 3-hydroxy-l-nitrophenyl-
lH-pyrazolo[3,4-6]pyridines which are devoid of nitrogen 
at position 5 of the allopurinol structure. In the present 
study the effect of these pyrazolopyridines was investi
gated on the activity of purine-catabolizing enzymes. 
These 3-hydroxy-l-nitrophenyl-l/f-pyrazolo[3,4-6]pyri-
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