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In a previous report. Gershoii, et al.,2 presented a 
hypothesis which implicated the fungal spore wall as a 
barrier against potential antifungal agents of the group, 
copper(II) complexes of .i-halogeno- and 5-nitro-S-
quinolinols. Certain morphological requirements of 
the wall which would allow for passage of the toxicant 
into the cell were also indicated. It was suggested that 
the spore wall i> perforated, and although the net 
charge of the hol^- of the wall is zero, it is composed of 
alternate -i- and — charges around the periphery and 
behaves like a molecular sieve with respect to the pas
sage of molecule- between the medium and the cell. 
The antifungal data, together with the dimensions of 
the molecules studied, warranted the assignment of a 
certain minimal diameter to the holes of the spore wall 
of each of the five te.-r organisms studied. Xo at tempt 
was made to determine whether a geometrical con
figuration other than a circle would accommodate the 
passage of the toxic compounds and exclude the non
toxic ones. 

The subject of the present paper deals with the need 
to assign a second dimension to the holes in the spore 
wall, in order to explain the activity of an analogous 
series of bis(">-.-ubstituted 7-nitro-S-quinolinolato)cop-
per(II) complexes toward the test fungi. 

A series of ."-.substituted 7-nitro-S-quinolinols was 
prepared by nitration of the corresponding 5-halogeno-
8-quinolinohieeording to the method of Matsumura and 
Ito.3 The bis-copper(II) complexes were prepared 
from the nitro compounds as well as the 7-amino-o-
halogeno-N-quhio'iiiols. By heating .l-iodo-7-nitro-s-
S-quinolinol with glacial acetic acid under reflux, 7-
nitro-N-quinolinoi was obtained along with elemental 
iodine. Although the mechanism of this react :on is not 
clear to us. we have observed that desulfonation can 
also be achieved under these conditions, whereas fluoro, 
chloro, bromo. and nitro groups remain stable. It 
suffices to say that this reaction is interesting not only 
from the point of view of mechanism, but also as a 
preparative method for blocking and unblocking 
positions. 

The pertinent data characterizing the new compounds 
are contained in Table I. and of the total of 15 com
pounds prepared, only He 3 and I l i a 4 were previously 
known. All of the compounds were screened for anti
fungal activity in shake culture against the spores of 
five fungi. Aspect/Mux niijer, Trichoclerma viride, Asper-

(1) Th is work i\a.- s.aoi.<orted in p a n i.y rlie U. S. Publ ic Hea l th Service, 
G r a n t N o . AI-05808. 

(2) H. Gershon . R. Pa rmeg ian i . A. Weiner , anil R . D'Ascol i . Cordri'.. 
Boyce Thompson Inst.. 23 , 219 (1966). 

(3) K. M a t s u m u r a a n d M. I to , ./ . Org. Chern., 25 , 853 (1960). 
(.4) K. M a t s u m u r a , ./. Am. Chem. Soc, 49, 810 (1927). 

cjillux uryzae, Mymthecium verrucariu, and Trichoplti/taii 
mentai/rop/iyit.t; according to published methods.'1 

The data of Table I I indicate thai in the .Vsubsii-
tuted 7-nitro-S-quinolinol series the order of activity 
with respect to substituent is I > Br > CI > V. The 
parent compound. 7-nitro-S-quinolinol (Ha), was most 
active. On reduction of the nitro group to amino, 
fungitoxicity was diminished but the order of activity 
of compounds III was unchanged except that 7-amino-
s-quinolinol ( I l ia) reacted more or less like the o-chloro 
analog (IIIc) . The analogs of IV were all inactive. 

In earlier studies- on the antifungal activity of a 
series of coppcr(II) bis complexes of o-substituted s-
quinolinols. where the substituents included H, F. CI, 
Br. I. and XO-_>. a striking relationship was observed. 
Inhibitory activity was observed at low levels of com
plex or the compound was inactive. These results were 
not in accord with the generally accepted notion'1,7 thai 
the prechelated S-quJnoIinol was more fungitoxic than 
the free ligand. Il was true only when the •"> position 
of the quinolinol was occupied by hydrogen, fluorine, 
and in some cases by chlorine. The bis complexes of 
o-bromo-. o-iodo-. and .Vnitro-S-quinoIinol were in
active. A hypothesis based on steric factors in con
junction with electrostatic considerations was pre
sented to explain this "all or none" activity.-

In order to explain the inactivity of the bis(7-nitro-
S-quinolinolalo)copper(lI) complexes and that of some 
of the compounds of our earlier work- on ,>.7-disubsti-
tuted N-quinolinolatocopper(II) chelates, the foregoing 
hypothesis required modification. Table III contains 
the computed lengths of the axes formed by the sub
stituted .">,.">' and 7.7' positions and the angles between 
them. These calculations were based on the X-ray 
erystallographic data of Kanamaru. rt al.f together 
with the van der Waals radii of the substituents'J and 
indicate that, if the holes in the wall are circular, then 
IVa. IYb, and in some cases IYc- would be expected to 
show fungal inhibition. The older data- along with 
the present results indicate that this is not the case. 
U the holes in the spore wall are considered as being 
el iptical or hexagonal, the modified hypothesis would 
then be capable of explaining the inactivity of the 
bis(7-nitro-S-quinolinolato) copper (II,) complexes as 
being due to exclusion from the spore. It should also 
be mentioned that this "all or none" phenomenon was 
also observed by Byrde. el «/.."' with a series of copper-
(II) complexes of o-alkyl-S-quinolinols where the alkyl 
side chain varied in length between zero and nine carbon 
atoms, and the cut off was al three carbons, but no 
interpretation was offered. 

It seems that if one were dealing with such effects as 
partition coefficient or formation of enzyme-substrate 
complexes as in reversible inhibition a ser es with graded 
alterations in structure such as a stepwise increase in 
size of an alkyl side chain or gradation in halogen sub
stituent, the change in biological effect would be gradual 
and not sudden. Since membrane penetration is in-

i,->i 11. Gershon and II. Parmegiani , Appl. Microbiol.. 11 , (52 (1903). 

iti.r 1), Powell, rhijloimtholoyu, 36, 572 (1946). 
;7> C. L. .Mason. ihin.. 38 , 740 (1948). 
18) F. K a n a m a r u , K. Ouaiva, and I. N i t t a , Bull. Chem. Soc. Japan. 36, 

422 (1963,1. 
iID L. Paulinas • T h e N a t u r e oi the Chemica l Bond . " 3rd e<t, Cornell 

Univers i ty Press , i t h a c a . N . V.. 1960. 
(10) R. J. W. Byrde . 1). R. Clifford, a n d I). Woodcock, Ann. Api>>. 

Hint.. 46, 167 i 1958). 
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Oompd 

Ha6 

l i b ' 
l i d ' 
He* 
Illb**^ 
Illcd> 
Hid**-
Hie"*-' 

IYa-' 
IVb» 
IYc ' 
I Yd' 

TABLE I 

5,7-SuRSTITUTED 8-QuiNOLlNOLS AND CoPPER(I I ) COMPLEXES 

X 

" Analytical sample 
DMF-DMSO. h C: 

X 

H 
F 
Br 
I 
F 
CI 
Br 
I 

H 
F 
CI 
Br 
I 

Y 

N 0 2 

NO, 
N 0 2 

NO, 
NH2 

NH2 

NH, 
NH2 

N0 2 

N 0 2 

N 0 2 

N 0 2 

NO, 

. b From MeOH. ' 
calcd, 31.16; found, ; 

Yield, 

% 

60 
66 
88 
86 
66 
80 
87 
7.5 

M p , °C dec° F o r m u l a 

8-Quinolinols 
152 C9H6N203 

216-217 C9H5FNA 
192 C9H5BrN20, 

225-226 C8H6IN20a 
>500 C9HSC1FN20 

345 C9H8C12N20 
295-298 C9H8BrClN20 
243-244 C„H8C1IN20 

Bis(8-quinolinolato )copper(II) Complexes 
95 
87 
95 
99 
99 

From EtOH-
31.69. 

-DMF. 

409 CisH10N4O«Cu 
>500 C l sH8F2N406Cu 
>500 CisHsCUNiCCu 
>500 Ci8H8Br2N406Cu 
>500 C,8H8I2N406Cu 

' 'From H 2 0- \ l e ,CO. «As HC1 salt 

C, H, N 
C, H, F, N 
C, H, Br, N 
C, H, I, N 
C, H, N 
C, H, N 
C, H, N 
C, H, N 

C, H, N 
C, H, N 
C, H, N 
C, H, N 
C, H, N 

1 From DMF. From 

TABLE II 

MINIMAL ANTIFUNGAL ACTIVITY OF 5,7-SUBSTITUTED 8-QUINOLINOLS AND DERIVED C O P P E R ( I I ) COMPLEXES 

X 

X 

H 
F 
CI 
Br 
1 
H 
F 
CI 
Br 
1 

H 
F 
CI 
Br 
1 

Y 

NO, 
NO, 
NO, 
N0 2 

NO. 
NH2 

NH2 

N H . 
NH, 
NH, 

NO, 
NO, 
N0 2 

N0 2 

NO, 

. A . 711 
s° 

0.037 
0.087 
0.071 
0.067 
0.051 
NA 
NA 
NA 
0.27 
0.071 

NA 
NA 
NA 
NA 
NA 

iger . 
C 

0.37 
NA6 

NA 
NA 
NA 

NA 
NA 

Bis 

. T. viride 
S c 

- M m anti l 
. A . on 

S 

8-Quinolinols 
<0.0053 

0.087 
0.071 
0.052 
0.038 
0.43 
NA 
NA 
0.12 
0.062 

0.11 
0.22 
0.11 
0.059 
0.057 
NA 

0.12 
0.078 

0.047 
0.14 
0.089 
0.097 
0.082 
NA 
NA 
0.26 
0.21 
0.093 

ungal act. , 
•jZae . 

C 

0.42 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

(8-quinolinolato )copper(II) Complexes 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

mmole / l . 
M. verrucaria 

S 

<0.0053 
0.096 
0.080 
0.037 
0.025 
0.11 
NA 
0.069 
0.11 
0.031 

NA 
NA 
NA 
NA 
NA 

C 

<0.0053 
0.12 
0.080 
0.056 
0.087 
0.30 

NA 
0.33 
0.043 

T. mentagi 
S 

<0.0053 
0.019 
0.013 
0.0074 
0.0095 
0.081 
NA 
0.078 
0.025 
0.0062 

NA 
NA 
NA 
NA 
NA 

•optiyte* -

c 

<0.0053 
0.024 
0.017 
0.011 
0.016 
0 10 

0.17 
0.037 
0.016 

Cornpd 

I la 
l i b 
He 
Hd 
He 
I l i a 
I l l b 
IIIc 
H i d 
H i e 

IVa 
IYb 
IVc 
IVd 
I Ye 

" S = fungistatic, C = fungicidal. b NA = not active below 100 ppm. 

fluenced by partition coefficient, an "all or none" effect 
would be unexpected. It is suggested that the effective 
barrier is spore wall. Activity based on penetration 
and inactivity due to exclusion appears to be a suitable 
explanation for these data. 

Experimental Section11 

8-Quinolinol and the 5-chloro and 5-bromo analogs were 

(11) The synthetic procedures are general. Melting points were taken 
in a Mel-Temp melting point apparatus and are uncorrected. 

commercially available. 5-Fluoro-12 and 5-iodo-8-quinolinols" 
were prepared according to methods found in the literature. 

5-Fluoro-7-nitro-8-quinolinol (lib).—To a solution of 8.2 g 
(0.05 mole) of 5-fluoro-8-quinolinol in 200 ml of AcOH, 3.5 ml 
(0.055 mole) of 70% HNO3 was added dropwise with agitation. 
The temperature was maintained at 18-22° and stirring was 
continued for 1 hr. The mixture was then drowned in 1500 ml of 
H 2 0 and again stirred overnight. The product was obtained by 

(12) A. F. Helin and C. A. Vanderwerf, J. Org. Chem., 17, 229 (1952). 
(13) A.-L. Coll and G. P. Coll, Afinidad, 28, 101 (1951); cited in R. G. 

W. Hollingshead, "Oxine and Its Derivatives," Vol. 3, Butterworths Scien
tific Publications, London, 1956 p 679. 
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T A B L E I I I 

L E N G T H S AND A N G L E S F O R M E D B E T W E E N ">~.V AND 7- 7 ' A X E S OK 

B l S ( 5 - AND 7 - S U B S T r i T T E D N-QlUNOLINOI , ATO )G< )1>PF.U('II ! 

Cm,,,MI 

I \ a 

IVb 

IYc 

I Yd 

I Ye 

" Revision 

-,-; 
Subst i l -

uent 

11 
11 
F 
F 
C'l 
CI 
Br 
Br 
I 
I 
XO, 
XO, 

of d a t a 

V axis'1 — 
Length , 

A 
14.2 
14.2 
15.0 
15.0 
Hit) 
1(5.6 
17.4 
17.4 
ISO 
1S.0 
1S.1 
1S.1 

reported in 

- 7 - T 
Subs t i t -

uent 

11 

xo, 
[i 

xo. 
II 
XO, 
II 
XO, 
II 

xo, 
II 

xo, 
ref 2. 

' axis — 

1-entUh. 
A 

11..") 

14.0 

11..") 

14.9 

11 .. i 
14.0 

11..") 

14.0 

11 ."> 

14 .9 

11..". 
14 0 

Angle 

formed 
bet ween 
axes, (ley 

.".0 

•;o 
00 
71 
1.2 
/ 3 

i>:-> 

74 
64 
7A 

64 
t 5 

filtration, washed free of acid with deionized H,0, and dried at 
70° overnight. The vield of compound was 6.9 g (66'', ), mp 
215-218° dec. 

Bis(5-fluoro-7-nitro-8-quinolinolato)copper(II) ilVb). —A solu
tion of 12.7 g t0.061 mole) of 5-fluoro-7-nitro-8-quinolinol in 300 
ml of DMF was mixed with a solution of 7.8 g (0.77 mole) of 
copper(II) acetate monohydrates in 600 ml of H,() and the mix
ture was stirred for 1 hr. The product was removed by filtration, 
washed (H,(), Me,CO), and dried at 70° overnight. The complex 
was obtained in 87'.', yield, mp >500°. 

7-Amino-5-fluoro-8-quinolinol Hydrochloride (IHb).- -A suspen
sion of 20.8 g (0.1 mole) of 5-fluoro-7-nitro-8-quinolinol and 150 
nig of PtO, in 100 ml of DMF was shaken under 5 atm of H,. 
After 0.3 mole of H, had been taken up the catalyst was removed 
by filtration and the filtrate was acidified with 20 ml of concen
trated HC1 and diluted with 5 vol of acetone. After cooling in a 
freezing compartment overnight, the product was filtered off 
and washed (Me,CO) until the wasli liquid was nearly colorless. 
The compound which was dried at 70° overnight was obtained in 
66':, yield, mp >500°. 

7-Nitro-8-quinolinol (Ha). A suspension of 5.0 g (0.016 
mole) of 5-iodo-7-nitro-8-quinolinol in 125 ml of AcOH was 
heated under reflux with agitation for 36 hr. Insoluble material 
was removed by filtration, and I, was reduced with aqueous 
XaHSOj. The solvent was concentrated to a small volume by 
Hash evaporation, and the residue was diluted with II,O. After 
adjusting with 10' , XaOH to pH 5, the product was obtained by 
filtration, washed (HjO), and dried at 70° overnight. The yield 
of compound was 1.7 g (00'y), nip 150°. 

A c k n o w l e d g m e n t . — T h a n k s a r e d u e to Y. O k a y a , 
S t a t e U n i v e r s i t y of X e w Y o r k a t S t o n y B r o o k , a n d 
M . J.a C o r t e , 1907 s u m m e r a s s i s t an t at B o y c e T h o m p 
son I n s t i t u t e , for he lpfu l d iscuss ion a n d for a s s i s t a n c e 
in c a l c u l a t i n g t h e d a t a in T a b l e I I I , a n d to J. X . Fox , 
19(i(i a n d 1907 s u m m e r a s s i s t a n t a t B o y c e T h o m p s o n 
I n s t i t u t e , for t h e a n t i f u n g a l a s s a y s . 

M e t h y l T r i p h o s p h a t e , a S u b s t r a t e for 

.Myos in A d e n o s i n e T r i p h o s p h a t a s e 1 
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T h e i nves t i ga t i on of t h e m o l e c u l a r m e c h a n i s m of 
t h e m y o s i n - a c t i n - a d e n o s i n e t r i p h o s p h a t e ( A T P ) in-

(1) 'This work was suppor t ed by a D e r n b a m Fel lowship iD-lOo) oi tbe 
American Cance r Society. California Division. 

t e r ac t i on , basic to musc le cont rac t ion , - ' m a y requ i re iis 
a first, s t ep t h e e luc ida t ion of t h e m e c h a n i s m of t h e 
a d e n o s i n e t r i p h o s p h a t a s e ( A T P a s e ) a c t i v i t y of m y o 
sin. An a p p r o a c h to th i s p r o b l e m has been to s t u d y 
t h e i n t e r ac t ion wi th a n d t h e h y d r o l y s i s by myosin of a 
n u m b e r of c o m p o u n d s s t r u c t u r a l l y r e l a t ed to A T P in an 
a t t e m p t to es tab l i sh s o m e r e l a t i onsh ip be tween the 
s t r u c t u r e of t h e s u b s t r a t e a n d t h e s t r e n g t h of i ts b ind
ing as well as t h e veloci ty of i ts h y d r o l y s i s by myos in . " 
B l u m in par t icu lar ,*" af ter s t u d y i n g va r ious nucleos ide 
t r i p h o s p h a t e s , has p roposed t h a t t h e p u r i n e r ing a n d . 
m o r e precisely , t h e (i-.XH, g r o u p p lay an i m p o r t a n t role 
in g iv ing to A T P specific p r o p e r t i e s as a s u b s t r a t e for 
myos in . But myos in can also h y d r o l y z e s jmple t r i 
p h o s p h a t e s , such as r ibose t r i p h o s p h a t e 4 " or even inor
gan ic t r i p o l y p h o s p h a t e . 4 a n d t h e r e has been some in
terest in t he se s imple s u b s t r a t e s as a m e a n s nf e v a l u a t 
ing theor ies such as t h a t of B l u m . 

S o m e t i m e ago we s y n t h e s i z e d m o n o m e t h y l t r i 
p o l y p h o s p h a t e ( M T P ) by the c o n d e n s a t i o n of m e t h y l 
p h o s p h a t e a n d inorgan ic p h o s p h a t e in t h e p re sence of 
d i c y c l o h e x y l c a r b o d i i m i d e a c c o r d i n g to t h e m e t h o d of 
S m i t h a n d K h o r a n a . " At t h e s a m e t i m e B r i n t z i n g e r 
a n d coworkers" briefly r e p o r t e d t h a t th i s c o m p o u n d 
could also be o b t a i n e d by m e t h y l a t i o n of inorgan ic t r i 
p o l y p h o s p h a t e . T h i s s imp le A T P ana log h a s t h e 
s a m e n u m b e r of acidic g r o u p s as A T P . T h i s is not (he 
case for inorgan ic t r i p o l y p h o s p h a t e whose s t u d y , fur
t h e r m o r e , is c o m p l i c a t e d by i t s p r o p e r t y of g iv ing in
so luble C a - _ sa l t s . 4 Since t h e n A1TP h a s a t t r a c t e d t h e 
in teres t of worke r s in t he myos in field.7 

Experimental Section 

Synthesis of MTP. Monomethyl phosphate'' idisodium salt 
tetrahydrate, 752 mg. :iM mmoles) was dissolved in 70 ml of 
water and converted to the free acid by passage of the solution 
through a column of I )owex 50, II ^ (50YV-X4, 2(1-50 mesh: 
55 ml). The acidic eluate was taken to dryness at 40° in a 
flash evaporator and the residue was further dried overnight 
over PsO:, in a vacuum desiccator. To 40 ml of anhydrous 
pyridine in a 100-ml volumetric flask was added 4.S2 g (42 
mmoles) of S5 r , I fJ 'O, and 20.9 nil of w-Bil3X and the volume 
was made up to 100 ml with pyridine. The methyl phosphate 
was dissolved in 8(1 ml of this solution and 34 g 1 165 mmoles) of 
dicyclohexylcarbodiimide was added. The stoppered reaction 
mixture was occasionally stirred during the first hour, then left 
at room temperature for 48 hr. The precipitate, which had begun 
to appear after '•>() min, was filtered off and washed with 250 ml of 
11,0. The combined filtrates were extracted four times with SO ml 
of ether. The ether extracts were washed with 11,0 (40 nil.1. 
The combined aqueous solutions were concentrated at 26° in 
a Hash evaporator under high vacuum to a volume of about 25 nil, 
the condensing flask being cooled in f-PrOH Dry Ice. To the 
residue was added H,() ;675 ml) and the solution was brought to 
pH 8.4 by the addition of 5 .V XaOII. The volume was made up 
to 750 ml with II,<>. 

After filtration, the solution wa- fractionated on a 4.4 X 15.5 

2) It. E . Huxley in ' -Muscle: ' W. M. Paul , E. E. Daniel . C. M. Kay. and 
(>. .Munckton, Ed. , PerKiunon Press Ltd. , Oxford, 1965, p 'S. 

:.3> (a) J. J. B lum. An-h. Biorhem. Biophyt., 55, 486 (1955); 'I.) Y. 
T o n o m u r a , K. I m a m u r a , M. Ikebara . H. Uno, and F. H a r a d a . ./. Biuc/iem. 
. T o k y o ) , 6 1 , -160 (11167). 

(4) (a) N . Azuma. M. Ikeba ra . E. Ol i t suka , and Y. T o n o m u r a , Bioiinm. 
Biophys. Acta, 60, 101 H962) : lb , E. T. Friess and -M. F . Mora les . Arrh. 
Biorhem. Biophy*.. 56, H26 < l!lo">i. 

(">! M. Smi th and H. ('.. Kborana , ./. Am. Chtm. Sov.. 80, 1141 ( I M S ) . 
{t)i P. \X. Schneider . IE Printzinjrer. and H. Er lenmeyer . llrlr. Chirn. 

.•!<•!«. « , 992 (1964), 

(7) (a) J. R. Swansun and K. (1. Yount . Biorhtm. Z.. 345 , : » 5 ' 1966) : 
;l.l K. I m a m u r a . J. Duke , and M, F. -Morales, FftienUoi- I'rne.. 27, 519 

1968). 
f8> Avai lable Iron) K and K Laborator ies , Plainview, N. Y. 


