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6 8.2-6.8 (m, 8 €I, aromj, 3.80 (9, 3 H, OCH,), 3.77 (5, 2 H, CHz). 
Anal. (C17H13NOj C. H. 
2-Hydroxy-llH-indeno[1,2-b] quinoline (12).--To a stirring 

hot sol of 1.20 g of 11 in 35 ml of glacial HOAc was slowly added 
2.11 ml of 48'5% HBr. The resulting yellow soln was refluxed and 
stirred for 45 hr and cooled, and the product wab collected by 
vacuum filtration. The microcryst needles thus obtd were 
\%ashed several times Kith H Z 0  and dried giving 1.48 g (97Yc) of 
12sIIBi TThich sublime< but  doe5 not melt below 320" Re- 
crystn from i-PrOH-;\IeOEi afforded the analytic sample. 
(C16HILPIYT0.HBr) C, 13. 

.Ana!. 

The free base was obtained 111- dissolving the hydrobromide in 
1 S ?;a011 and pouring the basic soln into coned NH,CI. Filtra- 
tion and recryxtn from EtOH-H,O gave crgst 12: mp 299-301" 
dec; ir (KBr) 3525 (phenolic OH) em-': mass spectrum m,:c 
2X3 (\):we> AI'.). :1na!. (CI~H,INO) e, 13. 
2-Hydroxy-lO-chloro-llH-indeno[l,2-b] quinoline (13) was 

p r q d  from 9 i n  927; yield as described for 12. Recrvstn of 
13.iIBr from 1)lIE' give pure material: nip >320" subl." Anal. 
(Cl6IIloC1NO~HBr) C, 1%. 

Acknowledgment.-The author wishes to express 
his appreciation to Dr. H. B. Wood, Drug Development 
Branch, Sational Cancer Institute, for his interest in 
this n-orl; :md for making the screening data available. 

Gentamicin Antibiotics. 4.' Some 
Condensation Products of Gentamicin Cp with 

-4roniatic and Aliphatic Aldehydes' 

' I ' l i ( h  grntnmic.ins are a family of broad-spectrum anti- 
biotic#:, bcblonging t o  the aminoglycoside group. The 
isolation,? biological properties,"-d and chromato- 
graphic soparationja of the gentamicins have been pub- 
lishcd and a reccnt communication6 from our laboratory 
11a5 dcscribcd the gross structurcs of the components 
of t h e  geritaniiciri C complex. One member of the com- 
plex, geritaniicin C? wab shown to  possess structure Ia.  
In  common uitli thc othcr gcntaniicins, Ia  is not ab- 
sorbed to any great extent when given orally in man and, 
givm parmtc~rally, it is r:Lpidl> escreted in tlie urine re- 
quiring rc.lativcly frcquent dosing in order to  maintain 
dfcct ~vca blood l ( v c ~ l ~ .  It scemed reasonable that a lipo- 
philic. tlorivativcx of thc antibiotic, from n-hich the parcnt 
compound roultl bc rcgcnerated z n  VZLYI ,  might provide 
oral absorIition or longer duration of action when given 
parc>ntcwlly. Such a derivativc could be formed by con- 
dc~n~at ion of tho primary nniino groups with aldehydes. a 

OR 
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CHNH? 
I 

h , R = H  

procedure described previously for the related antibiotic 
ka~iamycin.~ 

Gentamicin C' reacted readily with BzH in EtOH 
on gentle heating to givr a colorless, crystalline ben- 
zylidene derivative. Microanal. of this material indi- 
cated that 5 aldehyde groups-not 4 as expected-had 
been incorporated into the molecule. Low-resolution 
mass spectronietry of this compound surprisingly gavc 
a strong molecular ion at mle 903 consistent with con- 
densation of 5 aldehyde residues with elimination of 5 
moles of H'O. The recent determination of the L-arab- 
ino absolute stereochemistry for garosamineSa " (Ib) 
enables this result to  be interpreted in terms of the for- 
mation of the novel oxazolidine (11). This was sub- 
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stantiated by the appearancp in the mass spectrum of 
intense pealis at  m/e 319 (cleaved purpurosamine frag- 
ment) and m/e 248 (cleaved garosamine fragment). 
Formation of the oxazolidine was confirmed by rxami- 
nation of the IH nmr spectrum (60 MHz, CDCI,) which 
contained a 1-proton singlet a t  6 5.0 corresponding to 
tlie benzylic proton of the oxazolidine system and indi- 
cating further that oxnzolidine formation proceds ste- 
reospecifically. 

(7) .I Fujii,  li hlaeda and I1 Uineia\\a J A n t h o l ,  21, 340 (1968) 
(8) (a) D J Cooper .\I D 'xudis, R D Guthrie and .S 11 Prior 

J Ckem Soc C 960 (1971) \I)) \T hle,er 711 Reckendorf and I., Blschof. 
Tetruhedron Lett 2373 (19iO) 
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Gentamicin Cz was treated with 7 other aldehydes to 
give, in each case, a derivative corresponding to the 
benzylidine compound. These compounds are shown 
in Table I and all possess in vitro antibacterial activity 

TABLE I 
ALDEHYDE CONDENSATIOK PRODUCTS FROM GENTAMICIN CZ 

Me HN CHR 
Me F =  

H 

N=CHR 
RCH=N =CHR 

R 
CsHj 
2,6-ClzCoH3 
5-NO2-2-furfuryl 

p-N02C6H1 

n-C11& 
a-Naphthyl 

C6FG 

p-ClCJL 

bfP, 
OC 

206-212 
108-123 

>325 
211-217 
163-1 68 
173-177 
63-65 

187-1 9 1 

[UI2'D 

(c, 0.3% 
CHCla), deg 

-16.8 
+15.4 
-21.7 
+34.4 
-42.0 
-37.0 
+80.3 
+41.3 

comparable to the parent gentamicin, presumably be- 
cause they can undergo facile hydrolysis to the parent 
antibiotic. Minimum inhibitory concns were deter- 
mined in yeast beef broth at pH 6.8 and are shown for 
representative compounds in Table 11. It is evident 

TABLE I1 
In Vitro ANTIBACTERIAL ACTIVITY IN 

YEAST BEEF BROTH AT pH 6.8 
MeCHN=CHR 

H 

RCH=N =CHR 

Entero- 
coccus 

R sp. DAi800 

Gentamicin CZ 3 .0  
C ~ H S  0 .78  
5-NO~-2-furfuryl 3 .0  
CsH: 0.75 
p-ClCeH4 0 . 3  
a-Xaphthyl 3 .0  

-hIIC, 

E .  coli 
ATCC 
10536 

0 . 3  
0 .3  
0.3 
0.03 
0 . 3  
0 .3  

d m 1 -  
P. aeru- 
ginosa 
ATCC 
8709 

0 . 3  
0 . 3  
0.75 
0 . 3  
0.75 
0 .3  

S. aweus 
ATCC 
6538P 

0.03 
0 . 3  
0.03 
0.03 
0 . 3  
0.03  

that the spectrum of activity and potency is similar to  
that  of the parent antibiotic. 

Serum levels were determined in mice treated sc with 
a suspension of each compound in 0.5% aq CM-cellu- 
lose sonicated to reduce particle size. The results are 
shown in Tablc 111; in general all of the compounds 
produced lower serum levels than the parent antibiotic, 
however there is some evidence of prolonged duration 
of action in the cams of the nitrofuryl and dodecyl deriv- 
atives. I n  these cases peak serum levels occurred a t  a 
later time than in the case of gentamicin CZ and mea- 
surable serum levels were still present after 6 hr. 

Oral absorption studies were also conducted using 
cannulated dogs. The compounds were administered 

TABLE I11 
SERUM LEVELS (ASSAYED AS GENTAMICIN C2) I N  MICE TREATED 

WITH 25 mg/kg sc AS A SONICATED SUSPENSION 
IN 0.57, AQ CM-CELLULOSE 

Me MeFHN=CHR 

N=CHR 
RCH=N 

r 

R 0 . 2 5  

Gentamicin CZ 26.0 

C6H5 0.9 
5-NOt-2-furfuryl 1 . 6  
C6F5 1.1 
~ - C I C B H ~  1 .4  
a-Naphthyl 0 . 7  
n-CllHZr 0 .9  

sulfate 

Serum levels, pg/ml 
-Time after dosing, h- 

0 . 5  1 2 4 

15.0 5 .0  0 .5 <0.04 

0 0.7  0 .4  0 
1.8 1 .2  0 . 7  0 .4  
0 .9  1.4 0.3 <0.04 
1 . 3  0 .5  0 .3  <0.04 
0.4 0 .4  <0.04 0 
0.8 0.8 0 .6  0.6 

6 

0 

0 
0 .6  
0 
0 
0 
0 .5  

intraduodenally as suspensions in aq 0.5% CM-cellulose 
to avoid acid hydrolysis in the stomach. There were 
no detectable serum levels produced. I n  oral protec- 
tion and absorption studies using mice, the aldehyde 
condensation products were, without exception, less 
effective than gentamicin Cz sulfate. 

Reduction of the benzaldehyde condensate with 
n'aBH4 in EtOH or PrOH and subsequent acid work-up 
afforded the tetra-N-benzyl derivative I11 which proved 

bHNHCH,Ph 
I 

0 

HO NCH3 
/ 6H 

CH, 
I11 

t o  be biologically inactive. Similar treatment of the re- 
maining oxazolidine-Schiff bases with NaBH4 resulted 
in every case in loss of biological activity, although no 
attempt was made to isolate the resulting N-alkyl com- 
pounds. 

Experimental Section 

Nmr spectra were detd on a Varian A60.4 spectrometer (60 
NHz) ,  and mass spectra on a Perkin Elmer-Hitachi RNU-6 
spectrometer using the direct inlet system. Melting points were 
detd on a Kofler apparatus and are uncor. Tlc was performed 
on 20 x 10 cm silica gel plates and the compound3 mere visualized 
with IZ vapor. Colrlmn chromatography utilized chromato- 
graphic grade silica gel (J. T. Baker and Co.) and was performed 
on high-resolution columns obtained from Glenco (Houston). 

Aldehyde Condensation Products of Gentamicin CZ.-Genta- 
micin CZ (0.001 M )  was dlssolved in EtOH (25 ml), aldehyde 
(0.005 mole) was added, and the soln was refluxed for 1 hr. Puri- 
fication was then effected by one of 2 methods. (a) When the 
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product formed a ppt it' was filt'ered off aid recryst,d from either 
c6H6 or CHCl3-hexaiie. (b) When t,he product reniaiiied iii sohi 
the EtOH was removed in vacuo and the resiilting foam was dis- 
solved in CHC13 and added dropwise, with stirring t o  1 0  vol i i f  

hexane. The ppt was filtered off aiid furt,her purified by a secoiid 
pptn. 

Tetrabenzylgentamicin CZ (111 j.---NaBlf4 (0.43 g )  \viis added 
t o  a refluxing soln of peiitabeiizylidiiie geiitamiciii C, (0.66 g) iii 
abs EtOH (25 ml). The solii 
was cooled and acidified to  p H  1.5 with 1 S I12S04-31eOlT. After 
I hr at room temp the so111 was poiired into dil S I I 4 0 I I  (2 -V, 200 
1111) and extd with CHCl, (2 X 100 mlj. The est \vas washed 
with 5:? NaTTS03 and HzO, dried (hIgSOa), filtered, aiid evapd 
to yield a colorless foam. Tlc (silica gcl, <IHC1,I-l\IeOII, 0:1 'I 
showed 1 major component, Hf -0 .7,  ai i t l  seveml iniiiiir iin- 
piirities. Colamii chromatography 011 .ilic,n grl (4.5 g' i i i  t l i c ,  

.tern afforded the pure tetra-.~-beiiz!-lgeiitaniicit~ C': as a 
foam (0.3.5 g) :  nip 63--63", [ N ] ~ ~ I )  + \0.:1' (0.:3, 

Yields varied between 50 aiid XOC;.;,. 

Refluxiiig was coiitd fo r  3.5 hr. 

CHC1, ). A n d .  ( C & , S ~ &  
Fouiid, C, 70.6; 11, 7.63; 9, 7.4 
tain a better microanal. and th  
a problem we have encountered Kith several othpr free t i n - e  
aminoglyc.osides.9 

~ - ~ ~ ~ 

(9) Par t  2: I). J. Cooper, A I .  I). Yudis, €1. hi.  LIarigliano, and  T .  Trau- 
bel, J .  Chem. Soc. ,  submitted for piihlication. 

Catalytic Hydrogenation of Viomycin 
and Capreomycin' 

Viomycin, isolated in 1950 from cultures of Xtrep- 
tomyces p u n i c e u s  and Streptomyces j loridae,2 and capreo- 
mycin, isolated in 1960 from cultures of Streptomyces 
capreolus, are well-knomi antibiotics used against 
streptomycin-resistant strains of Xzjcobacterium tuber- 
culosis. Both cause serious side effects, including 
kidney damage, vestibular dysfunction, electrolyte 
imbalance, and hypersensitivity. Sew derivatives of 
viomycin and capreomycin that demonstrate biological 
activity are of interest since any derivative that has 
fewer or less serious side effects w-ould be important iri 
the treatment of disease. 

The perhydrogenated derivatives of both viomycin 
and capreomycin were suggested by a brief but, un- 
detailed report of the catalytic reduct'ion of ~ i o m y c i n . ~  
Both viomycin arid capreomycin were catalytically 
hydrogenated, and the purity and properties of the 
resulting products \\-ere studied. Tlc in several solvent 
systems revealed that the hydrogenated mat'erials were 
not ident,ical n it,h t,he starting materials. Both per- 

(1) This investigation was supported in  part by a National Insti lute of 
Health Grant.  

( 2 )  (a) A .  J. Finlay, G .  L. Hobby, F. Hoclistein, T. N .  Lees. T. I:. Lenert. 
J .  A .  Means, S. 1'. P'An, P. P. Regna. J. B. Iloutien, B. A .  Sobin, I<. 13. Tate ,  
a n d J .  H.  Kane, Amer .  Rev. 7 u h e r c . ,  63, 1 (1951); (bj  Q. R. Bartz,  J .  Ehrlicb. 
J. D. hlold. h l .  1. Penner, and R .  RI. S m i t h  i b i d . ,  63, 4 (1931); ( e )  IT- -. 
Marsh, R.  I,. hlayer. R.  P. LIull, C. El. Soiiolz. and R .  IT-. Toivniey. U. R. 
Patent 2,633,445 (1953) Chem. A b + . .  47, 8974c (1953); (dj  T. G .  I'reaney, 
U. 5. Patent 2,828,245 (1958); 

(3)  (a) E.  13. Herr ,  Jr.. 31. E. Ilaney. G .  E. Pittenger, and C .  E. Hlggins 
Proc. I n d i a n a  A c a d .  Sei . ,  96, 134 (1960); (b) E. 13. Herr,  1%. L. Hainill, 
and J. 11. McGuire, U. S. Patent 3,143,468 (1961); Chem. Abstr . ,  61, 11297n 
(1965). 

(4) (a) 13. \V. Bycroft, D. Cameron, L. R.  C ' ru l t ,  .\, \V. Johnson, T .  Wel i f ) ,  
and P. Coggen, T e t r a h e d r o n  L e t t . ,  2925 (1968): (h)  13. \Y. Bycroft, D. Cam- 
eron. L. R .  Croft. A .  Hassanali-Tralji. A .  T\-. Johnson, and T .  JT-ehli, ib id . .  
5901 (1968). 

Chem. A b h l r . ,  62, 12333e (1958). 

( c )  British Patent 920,663 (1963): C h ~ n i .  Abntr., 60, l078e (1961). 

hydrogenated materials showed only one ninhydrin- 
positive spot in every solvent system tried. Ureii \\-as 
found in thc crude perhydrocapreomycin misturc. but 
not i n  the perhydroviomycin preparation. 

Although viomycin shows strong absorption i n  tlic 
uv  rcgion (XI,,, 26s ( E  23,000) in  0.1 N HC1 : L M ~  hi , , l ,  
252.5 ~ i m  ( E  14,600) i r i  0.1 N KaOII), pcrh) drovioin) ciri 
showed orill cnd absorption in both solvcnts. I'f>rh) - 
droc:iprcwm\-ciii s~io\\  ec1 iiimrptioii :it A,,,, 256 (E::;,) 
i s )  m d  Xln,,  163 t i i n  (E;:;, 74) in H20, in coiitru\t t o  
the. iibsorptioii of rnpreom) cin complc\; itself, 3 X  
(E;;& 260) 111 HzO. 

Thc 111111' spwt r:t of both perhydroviomycin and per- 
hydrocapreoinycirr \\-ere similar to the spectr:i of thc. 
parent compounds except that in each cme, the absorp- 
tioii a t  T 1.9 i i i  both viomycin arid capreom) ciii h:td 
disappeared 

The biological activities of pf.rhydroviomycin arid 
p r h j  drocq)reom> cin \\-ere measured by the zone in- 
hibition met  hod using Bacillus subtilis. I'erh? drovio- 
niyciii I \ : L ~  found t o  be approsimatelv 30% a i  activr. :is 
viom) cin, wid perrhydrocapreoniyciii 4 3 7  as :LctivC 219 

caprrom) Clll  

I n  order t o  denmilstrate homogeneity, the prrh? dro- 
viomycin nus chromatographed using a 550 cni X 1.9 
cni Sephadex G-15 column. -1 total recolery of 92% 
n a s  achieved from thcl column. .I I\ t curv(1 of 111- 

dividual fractions \\-a5 plotted, 11 hich revealed that !13%1 
of the. material rrcovercd T\ as homogeneous, giviiig a 
Gaussian pe:ili in the curve. Bioassay of each fraction 
in the peal, revealed an average activity of 300: of the 
activit 1 of rommerci:Ll viomyciii. 

-, 


