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TABLE I1 
ALKALINE STABILITY OF GENTAMICIN, KAXAMYCIN, 

XEOMYCIN, AND PAROMOMYCIN~ 
-Antibiotic activity, y/ml. X loa-- 

Reflux Genta- Kana- Neo- Paromo- 
time, hr. micin mycin mycin mycin 

0 5 .8  9 . 6  6 . 0  7 . 8  
19 5 . 7  11.2 6 .5  8 . 0  
25 5 . 8  9 .6  6 . 3  8 . 5  
48 5 .7  10.0 6 . 3  i . 8  

Conditions: boiling a t  reflux after addition of 10% by vol- 
Kanamycin, 10 mg./ml. ume of 50% (w./w.) NaOH (19 AT). 

as base; others, 10 mg./ml. as sulfates. 

the effluent was dried to  a residue and repeatedly 
triturated with methanol to remove salts. The re- 
generated antibiotic hydrochlorides were compared 
with the antibiotic starting materials (also as hydro- 
chlorides) in a variety of chromatographic systems and 
were found to  have identical Rf values in each instance. 
Each regenerated compound and its parent were then 
reacetylated and chromatographed using the method 
of Pan and Dutcher4 and in each case were found to 
be identical. 

Hydrolysis experiments were carried out on each of 
the free antibiotics to determine if the bases were as 
stable as the IS-acetyl derivatives used in these studies 
under the same reaction conditions. The high sta- 
bility of the free bases under these rigorous conditions 
is confirmed by the maintenance of microbiological 
activity as summarized in Table 11. These data 
demonstrate the stability of these antibiotics toward 
alkali even more dramatically than that reported by 
Leach, et a l l5  who refluxed neomycin with excess 
barium hydroxide for 18 hr. with no decrease in 
activity. 

The results obtained in the present study indicate 
that rigorous conditions of refluxing at high pH for 
long periods of time are required to cleave the acetyl 
groups from these antibiotic derivatives. Previous 
 report^^,^ on the inability to recover an active anti- 
biotic by attempted deacetylation were probably due 
to inadequate hydrolytic conditions. 

(4) S. C. Pan  and J. 0. Dutcher, Anal. Chem.. 28, 836 (1956). 
(5) B. E. Leach, W. H. DeVries. H. A. Selson, W. G. Jackson, and J. S. 

Evans,  J. Am. Chem. Soc., 73, 2797 (1951). 
(6) R. L. Peck, C. E. Hoffhine, Jr.. P. H. Gale, and K. Folkers, ibid. ,  

76, 1018 (1953). 
(7) J. D. Dutcher in "Neomycin: Ita S a t u r e  and Practical Application," 

S. A. Waksman, Ed., Williams and Wilkins Co., Baltimore, hld., 
1958, Chapter 7. 
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The potential physiological activity of certain qui- 
nones, which are heterocyclic analogs of l14-naphtho- 
quinone, has not been fully exploited. The biological 
activity of 6-(l-aziridinyl)-5,8-quinolinedione has been 

(1) This work was supported in part  by a grant (Ahl-07684-01) from the 
National Institutes of Health, U. S. Public Health Service. 

studied2 and a number of substituted 5,8-quinoline- 
diones have been reported to  have physiological 
a~t ivi ty .~-b Although vitamin K antagonists have 
been the subject of several investigations,6 no work 
has been done with the quinoline, quinoxaline, or iso- 
quinoline analogs of 1,4-naphthoquinone. It was 
reported that 6-niethy1-Sl8-quinolinedione did not show 
any antihemorrhagic a ~ t i v i t y , ~  but no information 
could be found on the possible antivitamin K activity 
of this compound. 

The recent interest in 5,&quinolinediones led us to 
investigate the closely related 5,8-isoquinolinediones. 
The aim of our study was to explore the potential 
physiological activity of these conipouiids and also 
to compare the chemical reactivity of this system to 
that of the well-known 1,4-naphthoquinone system. 
Thus, we looked for a suitable route to synthesize 
first the unsubstituted conipound, 5,8-isoquinolinedione. 

The synthesis of 5,8-isoquinolinedione by the oxi- 
dation of 5-ainino-8-hydroxyisoquinoline was atteiiipted 
by Fieser and ,11artin,8 but the desired compound was 
not obtained. The only product isolated mas reported 
to be the hydrochloride of isoquinoline-5,8-hydro- 
quinone. The authors suggested that this compound 
might have resulted from a disproportionation of the 
quinone first formed. 

More recently, the preparation of some substituted 
5,8-isoquinolinediones has been reportedg but only 
the picrates of these compounds were characterized. 

We have attempted the preparation of 5,8-isoquino- 
linedione by the oxidation of the corresponding 5,s- 
diamine and have been able to isolate the pure quinone 
in good yields. 

The synthesis of 5,8-isoquinolinedione was acconi- 
plished according to Scheme I. The first step of the 

SCHEME I 
NO, "* 
I 

I I1 

R NH2 "* 
I 

N,C,H,SO,Na "* 0 
I11 IV v 

synthesis was the nitration of isoyuinoline according to 
kiioivri directions. lo The pure product was 

(2) S. Petersen, W. Gauss, and E. Urbschat, Angew. Chem., 67, 217 

(3)  Farbenfab. Bayer Akt. Ges., British Patent 886,505 (1960); Chem. 

(4) Farbenfab. Bayer Akt. Ges., British Patent 874,770 (1959); ibid. ,  56, 

( 5 )  A. Wagner, W. Beck, and 8. Diskus, Austrian Patent 221,311 (1962); 

(6) A. Burger, "Medicinal Chemistry," 2nd Ed., Interscience Publishers, 

(7) A. Ansbacher, Proc. Soc. Ezptl .  Bid .  M e d . .  46, 421 (1941). 
(8) L. F. Fieser and E. L. Martin, J .  A n .  Chem. SOC., 57, 1840 (1935). 
(9) M. Lora-Tamayo, R. Madroiiero, and 11. Stud, Chem. Ber.. 96, 2176 

(1 962). 
(10) C. G. KeFBvre and R. J. W-. LeFBvre, J .  Chem. Soc., 1470 (1935). 
(11) J. J. Craig and W. E. Cass, J .  Am.  Chem. Soc. ,  64, 783 (1942). 
(12) F. W. Bergstrom and R. E. Paterson, J .  O w .  Chem., 10, 481 (1945). 

(1955). 

Abstr., 56, 124301 (1961). 

59688 (1962). 

ibid., 67, 9823h (1962). 

Inc., New York, N. Y.. 1960, pp. 221-230, 650-654. 
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The other steps were siniilar to  those used for the prepa- 
ratioii of G-niethoxy-5,8-quinolinrquinonc. 

Isoquinoline-5,8-dione is a reasonably stablr conl- 
pound but its bright yello\T color slowly fades and tw- 
conies brown on standing for several wcelis. .I solu- 
tion of this quinone in water or alcohol slow1~- turiis 
dark and finally deposits a black solid. This solid 
dissolves in acids forniing a yellon- solution and in 
alkalies forming a violet solution. This behavior 
suggests that this compound may be a quiiihydronr. 

To test the reactivity of this ncw quinone systeni, 
two addition reactions were 1 ried. The. addit ioii of 

OH 0 H 

OH 0 'IH (or  ;-isomer) 
VI V1I VI11 

A 

('(or :-isomer) 
IX 

anhydrous hydrogen chloride proceeded sinoothly t o 
yield a quantitative yield of the hydrochloride of a 
6 (or 7) -chloro-~,8-dihydroxyisoquiiioliiie. This salt 
was converted to the free base which was oxidized 
with silver oxide to the corresponding chloroquinone. 
The addition of the chloride ion could occur either at 
the 6- or 7-positions, although the addition of hydro- 
gen chloride to 5,8-quinolinedione has been shown to 
yield the 6-chloro isoiner exclusively. 

Ethyleneiniine was treated with c?,8-isoquiiioliiiedione 
i i i  the presence of silver oxide in order to oxidizr 
directly thc hydroquinone forn.ed to the quinone. 
(;(or 7)-( l-,iziridinyl)-~,&isoqullioliriediono is an ir- 
ritating compound. 

Toxicity tests were run uoiiig 20-g. white Swiss mice 
(coiiiiiiercial source) and cniploying either single or 
niultiple intraperitoneal doses of the compound dis- 
solved in saline containing 5% v. v. ethanol. The 
obsrivcd singlc dose LD,, was 23-33 nig./kg. ; the 
inultiple dose LD5,, for 5 daily injections was approxi- 
mately 7 rng./kg. The compound showed no anti- 
tunior activity on the Gardner lyiiiphosarcoiria (CG- 
EI3EII) and only a very slight antitumor activity on 
lyinphocytic lcukeiiiia 1,1210. Its dfcct on Ehrlich 
carciiionia was a 50y0 estensioii of iiiean survival 
time at 3 iiig./kg. intraperitoneally for 5 days. 

ailthough the position of the substituents in coiii- 
pounds VI11 and IX has riot been proven with cer- 
tainty, this niatter will be the subject of future in- 
vest igstions. 

Experimental'j 

5-Aminoisoquinoline (II).--The reduction of 5-nitroisoquino- 
line10 ( I )  may be carried out catalyticall> in a Parr hydrogenator 
using palladium on carbon as a catalj st, in ethanol." Although 

(13) T. T. Pra t t  and T. L. Drake, J .  Am. Chem. Soc., 77, 37 (1955). 
(14) T. T. Pratt  and N. L. Drake, %bid. ,  83, 1155 (1960). 

t,his procedurc may give good yields , it, requirw :L nitro 
compound of high puritJ-. Reductio i st:mnous cliliiriih~ 
:ind hydrochloric acid12 gave more con results. 'I'li~ yieltl 
i i f  pure produrt by this method WCIR 7S.5';, rii.p. 12s' ! l i t . l i  

5,8-Diaminoisoquinoline (IV).--5-AIiiinoip~i(i~iiii(iliti[, (7.2 g,., 
ll.il5 mole) was dissolved in a mixture of 100 nil. of 1 A\' arctic. 
acid and 100 nil. of :t saturated sodium acetate scilutici i i . .I 
slurry of diazotized sulfimilic, acid'6 (12.2 g., 0.07 mole) \vas : d t l t ~ t l  
t,o this solution at 6 -loo, with stirring. Aft,er 30 niin., the protl- 
iict was sal t2d out wit,h XaC1. The moist azo dye (111) WIS 

suspended in 300 nil. of wnter containing 8 g. of sodiuiii l i > -  
tli.iiside, heated to <50°, treated with mlid sotliuni liydrosiilfite 
t.30 g.), :iiicl hwtet i  at BOo f o r  30 niin. T h e  solution M:IS i,iiiilecl, 
in:idc alk:iline, and c,stractetl with cther 
>.ielded 51 7; o f  yellow, ( 

..1ntrl. C':ilcd. for C 
1~'<111nd: C, 67.68: H, 5.45: S ,  20.3'2. 

5,8-Isoquinolinedione (1'). - ~5,S-I.)i:tiiiiiioisoci~iiiiiiiliiic (5  c., 
0.03 riiole) was tlissolvccl iri 4 nil .  of 12 .\- sulfuric, :wid and 200 
1111. of water, then t,reaird with :I riiisture of 3 1  n i l .  of 12 -1- 
sulfuric acid ttnd ;I solution of  prit:issiuni dichromate (10 g. of 
dichroniate in 100 n i l .  of 1v;tter). The resulting mixture W;IS  

est,rarted continuously wit ti chloroform, and the desired q u i n i i i i ~ ~  

precipitated II), addition of p e t ~ ~ l e u n i  ether (l7.p. 30-60") t'ci tliv 
chloroform solutioti, lifter the chloroforni siilutiun h:td beell 
reduced i i i  vciliiinc~. Tlie yield of Y \\--as X 
linedione is :t yelli~w, cryst.:tlline product  wli 
l35-13S" de(,.; Y , ~ ~ ~ , ~  (KBr)  1639 (C=O); A,,,, (CH:CS)  
r '  .3L+ - 234, 244.5. :ind 237 1119 (log e 3.,52, 4.13, 4 ,2 i ,  : i t i ( l  4.2s ). 
It gives a positive Cr:iven tjest.Ii 

Ann[.  Calcd. for CsH,SO,: c', t < i . 92 :  11, :;.i.-): S ,  S.SO. 
Found: C, 67.90; 11, 3.09; N. S.82. 

Reaction of V with Anhydrous HCI. -~5,S-Tso1~u~iiiil~rie1i~otif~ 
( 2  g.. 0.013 inrile) was dissolved in 200 1111. of 1,2-tIirnethos~~- 
ethane and anhydrous HCl was passed into lutiori for 2 lir. 
The reaction n ' : ~  esiitherrnic* and ,z yellow 
This solid was r~illecied 137 filtration and a 
3 g ,  \\-:is olitaiiied (100(;). This compound nieltetl :Lt 100 
195' der. :tiid waz twlievetl 111 tit: the hydrochloride o f  ii(cir 7)- 
c.hloro-j,8-dih3.clrosyisiicluirioliiie ( V I ) .  This s:ilt \n ts  ~ i i i i -  

vertetl t o  the ciirrrsponding tmse hy t wttnient with :i satur:ttt.tl 
solution of sodium acet:iie. The free base separ:it'ed as :L viiilct 
solid and was cwllerteti 1 ) ~ -  filtiatinri and dried. It W:E insoluhlr 
in iiiost solvents atici did not h:Lvt> :I definite nielting point. It 
began to tleconipoae a t  1!jzo :tiid melted mrnplet'ely at 205" tiw. 

r11.p. 128-1290). 

€~&IKO2: (7, 55.23;  H, 3.0;; Cl, lS.12: 
).4:4: €1, 3 . 2 2 ;  C1, 1S.00; S ,  7.OS. 
iliyt~ros)-isoquinolinc: ( 1 g., o.oorj f i !okJ 
111. of I ,2-diniethc,xyeth:tlie, 1 g. of si1vt.r 

ositle \vas :ttltiecl, atid the niisturc \\'its siirretl for 2 hr. Thc solid 
\vas rciiicivc~tl liy fiitr:itioii, t t i r  yeIlii\v fi1tr:ite wis rrtluretl to :I 

mia l l  voliiiiit~ :ii i t l  poured i i i t o  Iietrolcwii ethcr. 'lh > - e l l i i w  
c~yst:iliiiic solid (\.III) \viis c,illec,~ctl by filtr:ttiiin i u i d  dried, 

yield; I I I . ~ .  1:;; 141)' t iel..: un,:,, (K13r'l ltiC12 c t i i .  (C==O):  
(CH.,CSi XIO, 261.5, 254.3, and 2$2 iiip (liig B :;.04, 1.1; 

'lYit> yellow cacilor of {hie conipoui id  c l i : t ~ i g ~ ~  , niid 4.0s 1. 
ly on staiiding. 11 gives ti positive ('r;tvcu t ~ s t . ~ '  

. tnn/ .  C::tld. for C ~ , I I I C ~ l ~ O ~ :  C:. 55.S1 ; €1, 2.07; VI8 1 
S ,  7.23 ,  Foiuid: (', .j5,%: H,2,(14: (I, lS.44: S ,  7.15. 

Reaction of V with Ethy1eneimine.-~ ~ c i , S - I s o ~ ~ i i i ~ ~ ~ ~ l i ~ i e ~ l i ~ i t i ~ ~  
( I g., 0.007 ~iiijle) w:xs dissolved i n  100 nil. of 1,2-diiiietliosy- 
c~th:inc. -1 solution o f  0.8 mi. o f  c,th!.lriieimiiic in  25 nil. o f  1,2- 
tlirrietlic~syetharie A:LS driippeci i t i t o  the stirred mixture ovcr i i  I J ~ > -  
riod of 10 nii r i .  Stirring \ws continued for 30 niin. iiiorc :mil 1 g. ( i f  

s i l w r  oxide W M S  :tildeti. Stirring w t s  continued for 2 atlditioii:il 
hr. :It the end i i f  lvhicli t i r i i r  the SIJliti \vas removed by  filtr:itiiin, tlic. 
solution was e v n p o r : ~ ~ r t l  t o  tt snirtll volume and pi)ureii i t i t r i  :III 

escess of petrolentil et,lier. 'I'he 1)rowiiisIi yellow solid whicli 
.- 

i 15) 1Iicroanalysi.s W P ~ P  performed by 111.. A. Uernliardt. I l a s  I'lnnrk 
Institute. West Germany, and Galbraith Laboratories. Knoxville, Tcnn. 
The ineltinp points are uncorrected and were determined in it Ttiornny- 
Hoover capillary melting point apparatus. Infrared spectr:i were  determinrd 
on a Perkin-Elnirr 421 spectr,?photf~meter. t ' l t raviolet  ~ p e c t r i t  a e r e  meas- 
urrd in acetcjnitrile solution (4-5 x Jr) on a Cary 1 4  s~i~ctropiiotoirir-  

L~lit~mistr>-," : I d  I,:d.. 1). 1 '. 
ter. 

( l 6 J  1,. I'. I:it,ser, "l:hp?rl~nents in Or 
1Ienth arid ( 'o. ,  liostorl, .\Iass.. 1957, p. 1 

( t i )  I<. Craven. .I. ('hem. .SW.. 1605 (1 



November, 1964 

r 

NOTES 803 

partition between 
chloroform and water 

------l 

formed was collected by filtration and dried to yield 0.8 g. (63.6%) 
of 6(or 7 ) - (  l-aziridinyl)-5,8-isoquinolinedione ( IX) ,  m.p. 143- 
145’; vmax (KBr) 1638 and 1670 cm.-’ (C=O); Amax (CHaCn’) 
318, 258, and 236 mp (log t 3.i7, 4.16, and 4.12). This compound 
is irritating and should be handled with care. It gives a positive 
Craven test.’7 

Anal. Calcd. for CllHsN202: C, 66.00; H, 4.03; S, 13.99. 
Found: C, 65.94; H, 4.12; S, 13.98. 

Acknowledgment.-The authors wish to thank Dr. 
Robert J. Rutman and his staff for the biological 
results. 
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I n  the course of a continuing screening program for 
tunior inhibitors from plant sources, an alcoholic 
extract of the roots of Apocynum cannabinum L. 
was found to have significant inhibitory activity against 
human carcinoma of the nasopharynx carried in 
cell culture (KB).4-6 We report herein the fractiona- 
tion of the active extract and the isolation and char- 
acterization of the active principles apocannoside (I) 
and cymarin (11). 

R 

I, R =  H 
11, R = O H  

Partition of the concentrated aqueous alcoholic 
extract of the roots of A. cannabinum between water 

(1) Par t  I11 in the series: S. M. Iiupclian, R. W. Doskotch, and P. W. 
Vanevenhoven, J .  Pharm. Sei.. 63, 343 (1964). 

(2) This investigation was supported by grants from the Sational Cancer 
Insti tute ( P H S  Research Grant No. CA-04500-06) and the American Cancer 
Society (T-275). R. J. H. gratefully acknowledges receipt of a Wellcome 
Research Travel grant awarded by the Wellcome Trust. 

(3) .4uthor t o  whom inquiries should be addressed. 
(4) Our original plant sample was gathered in Maryland in July,  1960. 

We acknowledge with thanks the receipt of the dried plant material from Di. 
Robert E. Perdue, Jr., U. S. Department of Agriculture, Beltsville, Md.,  in 
accordance with the program developed with the USDA by the  Cancer 
Chemotherapy h-ational Service Center. 

( 5 )  We thank Dr. Jonathan L. Har tae l l  of the Sational Cancer Insti tute 
for informing us of his independent observation of cytotoxicity toward K B  
cell culture of an  aqueous alcoholic extract of Apocynum cannabinum L. 
(“Black Indian Hemp Root”) available commercially from the Meer Corp., 
New York, N. Y . ,  and for placing a t  our disposal a supply of this extract 
for fractionation studies. 

(6) The  evaluation of the ICB assay results b y  the  Cancer Chemotherapy 
National Service Center in sequential testing is such tha t  a purified com- 
pound is considered active if the average EDso of t w o  tests S 4 y/ml. and 
if this result is reproducible by a second screener. I n  the event tha t  a 
compound has an  EDso of < 1 y/ml. in the first test, the  second sequential 
test is omitted and i t  is submitted to  a second screener for confirmation. 
The  procedures were described in Cancer Chemotherapy Rept . ,  96, 1 (1962). 

and chloroform resulted in a concentration of the 
activity (Table I) in the chloroform phase (C, Scheme 
I). The material recovered from the chloroform layer 

TABLE I 
CYTOTOXICITY OF FRACTIOXS FROM A .  cannabinurn 

A 3.0  J 45 
B 1 . 5  K 26 
C 0 55 L 0.062 
D 0 . 6  M 0.021 
E 30 .4  N 0.45 
F >lo0 0 5.0 
G >loo P 0 037,0.098 
H > 100 Q 30 
I > 100 R 0.0039,0.016 

Fraction ED608 T/rnl. Fraction EDKQ, y/ml.  

was dissolved in methanol and treated with excess 10% 
methanolic neutral lead acetate solution. Removal 
of the precipitate by centrifugation and of the excess 
lead with hydrogen sulfide yielded a still more active 
extract (D). 

Further fractionation of fraction D was effected by 
adsorption chromatography on a silicic acid-Celite 
545 column, whereby the activity was concentrated 
into two yellow oily fractions (L and M). Fraction L 
was crystallized from methanol-ether to yield apocanno- 
side (I), characterized by comparison of the physical 
properties of the glycoside7 and of its acetate* with 
reported values. Fraction ;\I was crystallized from 
methanol-ether to yield cymarin (11) , characterized 
by comparison of the physical properties of the glyco- 
sideg and of its aglycone, strophanthidin, lo with re- 
ported values. 

The biological testing data (Table I)6 indicate that 
apocannoside and cymarin are chiefly responsible for 
the cytotoxicity of the extract of A .  cannabinum. 
The cytotoxicity of the two glycosides is sufficiently 
high to warrant scheduling the compounds for testing 
in a variety of in vivo tumor systems. It is noteworthy 
that, although a survey of the literature has revealed 

(7) T. Golab, C. H. Trabert ,  H. Jaeger, and T. Reichstein, Helu. Chzm. 

(8) C. H. Trabert ,  Armeamzttel-Forsch., 10, 197 (1960). 
(9) W. A. Jacobs and A. Hofmann, J .  Bzol. Chem., 61,  609 (1926). 
(10) X. K. Sen, J. K. Chakravarti, W. Kreis, C. Tamrn, and T. Reich- 

Acta, 42, 2118 (1959). 

stein, H e k .  Chim. Acta, 40, 588 (1957). 


