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chondrial monoamine ~ x i d a s e . ~  In  a series of 2,3-di- 
substituted quinazolones possessing hypnotic activity, 
2-methyl-3-(o-tolyl)-4-quinazolone (I) was found to be a 
potent hypnotic and anticonvulsant, superior to so- 
dium phenobarbital against pentylenetetrazole sei- 
z u r e ~ . ~ , ~  Further studies have demonstrated selective 
in vitro inhibition of SAD-dependent oxidations by I 
with rat brain homogenates and isolated mitochon- 
dr i~t .~,’  I n  the present study several newer 2,3-di- 
substituted and 3-substituted quinazolones have been 
synthesized in an attempt to  investigate their struc- 
tureactivity relationship with respect to their ability 
to inhibit pyruvic acid oxidation. 

Experimental Section 
Synthesis of 2,3-Disubstituted and 3-Substituted 4-Quinazo- 

]ones.-Quinazolones were synthesized by heating equimolar 
proportions of appropriate acetanthranil or formylanthranilic 
acid and 2,3-, 2,4-, 2,5-, or 3,4dimethyl- or 2- or 4ethylanilines 
as reported earlier.8,9 Various 2,3-disubstituted aiid 3-substituted 
4-quinazolones reported in Table I were characterized by their 
sharp melting points and analyses. 

TABLE I 
2,3-IhUBSTITUTED AND %SUBSTITUTED QUINAZOLONES 

Yield, 
R’ R nip, o c a  % Formulad 

CHI 2’,3’-Mef 160-162 60 C I ~ H I ~ I \ ; ~ O  
CHI 2 ‘,4’-hlef 136-138 63 C I ~ H I ~ N ~ O  
CHI 2’,5’-Me2b 216-218 70 C17HleNtO.HCl 
CH3 3’,4’-11e2 196-198 -5S C I ~ H I ~ N ~ O  
CH3 4’-Eth 229-232 60 Ci7Hi6NzO.HCl 
CHy 2’-Et 240-243 ,is? CI~HIGSYI~O 
H 2 ‘, 3’-& 136-138 40 CisH14Sz0 
H 2’,4’-Me?b 203-208 43 C I ~ H I ~ N Z O  .HC1 
H 2’,3’-JIeib 124-126 60 CI~HI~I \ ;~O.HCI  
H 3’,4’-Me2 135 35 C16H1,520 
H 4‘-Et 127 40 CiGHi4SzO 

a hIelting points were taken in open capillary tubes and are 
corrected. b Free bases of these quinazolones could not be crys- 
tallized and hence their hydrochlorides were prepared. These 
quinazolones have been reported earlier but were synthesized 
tising a different method. All compounds were analyzed for C, 
H, and S and were foiind within limits. 

2-Methyl-3-(2,4-dimethylphenyl)-4-quinazolone.-A mixture 
of acetanthranil (1.61 g)  and 2,4-dimethylaniline (1.21 g) was 
heated on a free flame for 10 min. On cooling, a jellylike mas3 
separated out, which was washed (10% NaHC03, H20). The 
solid thus separated was recrystallized from EtOH; mp 136- 
138”, yield 65%. ilnal. (C17Hlelh20) C, H, N. 

3-(4-Ethylphenyl)-4-quinazolone.-A mixture of formylan- 
thranilic acid (1.65 g)  and 4-ethylaniline (1.21 g) was refluxed 
with phenol (20 g)  for 4 hr. Excess phenol was distilled off aiid 
the resulting mixture was washed (10% SaOH, H20).  The 
solid was recrystallized from EtOH; mp 127O, yield 407,. 
-4nal. (CieH,,N,O) C, H, X. I r  spectra were as expected, 
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Assay of Pyruvic Acid Oxidation by Rat Brain Homogenate.- 
Commercial chemicals &-ere used in the present’ study. Sodium 
pyruvate, AMP, cytochrome c, and SAD were obtained from 
Sigma Chemical Co., St. Louis, Ma. Other common chemicals 
were obtained from BDH, Bombay. Male albino rats kept on an 
ad libitum diet were used in all experiments. Kat brains isolated 
from decapitated animals were immediately homogenized in ice- 
cold 0.25 M sucrose in a Potter-Elvehjem homogenizer. All incu- 
bations were carried out a t  37“ and the oxygen uptake was mea- 
sured by convent,ional Warburg manometric technique with air as 
the gas phase. Fresh rat brain homogenate equivalent to 125 mg 
wet weight was added to chilled Warburg veisels containing 
6.7 mdi  JLgS04, 20 mM NazHP0, buffer (pH 7.4), 1 m J I  A3IP 
(sodium salt), 33 mM KCI, and 500 pg of cytochrome c in a final 
volume of 3 ml unless otherwise stated. The central well con- 
tained 0.2 ml of 20% KOH solution. All 2,3-disubstituted and 
3-substituted 4quinazolones were dissolved in propylene glycol 
(100%). A solution of I in propylene glycol was used for com- 
parison to evaluate structure-activity relationships of the newer 
quinazolones. An equal volume of propylene glycol was added 
in the control vessels containing pyruvic acid in the presence and 
absence of added NAD. These vessels, devoid of 2,3-disub- 
stituted and 3-substituted 4-quinazolones, were used as controls 
for evaluating inhibitory properties of quiiiazolones. Pyruvic 
acid, 10 mM, and 0.5 mdi NAI) were used in the final corlcentra- 
t,ions. 

Results 
Inhibitory effects of 2,3-disubstituted quinazolones 

on the oxidation of pyruvic acid by rat brain homog- 
enate are summarized in Table 11. All 2,3-disubsti- 
tuted quinazolones prepared from 2,3-, 2,4-, 2 , 5 ,  or 3,4- 
dimethyl and 2- or 4-ethylanilines inhibited the oxida- 
tion of pyruvic acid when used a t  a final concentration 
of 1 mAf. Introduction of an additional methyl group 
at the 4’ position of the phenyl ring [2-methyI-3-(2,4- 
dimethylphenyl)-4-quinazolone] significantly increased 
the ability of I to  inhibit pyruvic acid oxidation. How- 
ever, the enzyme inhibitory property of I decreased 
when an additional methyl substituent was introduced 
at either the 3’ or 5’ position on the phenyl nucleus of I, 
or when the two methyl substituents were present at 
the 3’ and 4’ positions without a -”’-methyl group 
[2-n~ethyl-3-(3,4-dimethylphenyl)-4-quinazolones]. A 
similar decrease in the ability of I to inhibit pyruvic 
acid oxidation was observed when the 2’-methyl was re- 
placed by a 2’-ethyl substituent. On the other hand 
substitution of an ethyl group a t  the 4’ position, with- 
out the methyl substituent at 2’ or 4’ [2-methyl-3-(4- 
ethylphenyl)-4-quinazolone], produced inhibition simi- 
lar to that observed with I. The degree of inhibition 
by these 2,3-disubstituted quinazolones remained un- 
altered with the period of incubation since no significant 
change in the oxygen uptake was observed during the 
first 30 min and during the next 3C-6O-min period. The 
presence of added S A D  decreased the inhibitory effects 
of quinazolones on the oxidation of pyruvic acid by rat 
brain homogenates (Table 11). These results indicated 
the protective ability of SAD against the inhibitory 
effects of 2,3-disubstituted quinazolones. The oxygen 
uptake in the control experiment, without the quinazo- 
lone, decreased during 30-60 min as compared to the 
first 30 min. Increase in the oxygen uptake during 
oxidation of pyruvic acid was observed in the presence 
of added NAD. The inhibition produced by Z-methyl- 
3-(3,4-dimethylphenyl)-4-quinazolone was significantly 
reduced by the presence of added NAD. The degree 
of inhibition on the other hand remained fairly constant 
throughout the total incubation period of 1 hr. 
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l i i r r (ww ii i  the :ibility ot vxious '1,:l-disub.titutetl 
clitiri:tzolonc. t o  inhihit pyruvic. :icitl ouidntioii \v : t~  oh- 
v r v c d  11 ith ~ir i iul ta~ieou~ iiicre:i\e i n  their coiiceritr:i- 
t i o n  to 2 niJ/ arid 3 mJ/ (Table 11). The per cent irt- 
hihitiori of 50.03 035 produced by 1 mJf "methyl- 
:2-(2,l-dir-iiethylpheriyl)-~-c~i~iri:~zolorie during the first 
:20 min i1icre:tsed t o  78.37 f 0.4; arid 98.0 i 0.31 with 
2 :tilt1 3 mJ1 yuinazoloiie, respectively. Effect:, of 
iitbhtitiitiori, restoration of the inhibition by added 
S-\Dq ; i d  undtered degree of inhibition bet\veeri the 
fir.1 30 miti :ind trhe next 30- (io-min period :it huch high 
conceiitr:ition~ of t hese quin:izoloiie+ were fourid to  bc 
4niil:tr to t h o v  oht:iiiird with :I low coticc~ttr:itiori of 1 
ilLl/ .  

l'hc eftrcts of 3--ubstituted cluiritizolorieh, without 
t Iic 'l-('Hd in 1 he quiriazolone ring, on pyruvic acid 
oxid:itiori by r:it brain honiogeiiatr :ire :,Iio\vri i r i  Table 
111. Iritroductiori of the. \-urious substituent. on the 

at position :J of the quiri:izolone ring PY- 

1:tr although h s e r  inhibitory effect, :is 

2.S-disuhstit~itccl c1uiri:izolotte~ (Txhlc 
I I )  ' l ' h ( 3  rii:t\imum ihibitiori amoiig these 3->ubyti-  
t utcd quiii:izolone+ n obwrvcd with 3-(2,4-diniethyl- 

Iiitroductiori of' methyl g roup  
:it the  '1' :iiitl :j', '1' arid 5' .  0 1  3' aiid 4' podtioris of tltc 
~)lic~iigl iiucleu. rekulted in lo\ver inhihitory propertie\ 
ot ~ u c h  +,uht i t  uted cjuin:izoloiie -1s wii* observed 
\I it h ?,:kli:,ub>tituted quiri:tzolon (Table I I ) ,  irit 1'0- 
t l i i c t t io i i  of thv ethyl group :it posi 111 1' of the phenyI 
i i i i c l c ~ u ~  [X-(l-ctiiylphenyl)-~-quiri:tzolorie 1 increased in- 
Iiihitory effect\. The prewiicc of :idded S-AD dc- 
cm~iwd tlic iriliihitioti n hich rcmaineci uiialteiwi during 
t I i v  t otnl iticiit):ttioii period. The degree of inhibition 
\\ :I' f o u t i t l  t o  be coiicentration dependent both in the 
l ) r ( ~ ~ t i ( ~ ( ~  01' : t t > h e 1 i w  ot t h c  :tdded SAD (Table 111). 

Iittrodiictioii ot the Yuhtitueiits i r i  the 3-pheiiyl 
~iric.lc.ii.  exhibited himilar inhibit ory effect<, : I \  observed 

vtv'iw i n  t hc, pyruvic. acid osiclatio~i 11 
- t o m 1  ~ v l i w  S , 4 I j  wa:, added to the re-piratory nie- 
t l t u i n i .  The pet' cent inhihition of 70.07 i 0.29 arid 
! ) ! ) . ; 3 3  j= 0.39 by 2 arid 3 niJ/ of :3-(",4-diniethylphert- 
yI)-4-c~uiii~zolorie ohrerved in the absence of S.21) 
\V:L\ reduced to  32.25 i 0.14 arid 44.06 + 0.4A in expwi- 
n i r i i t \  with :Itldrd SAT) (T:11)k T T T ) .  

pl~(wy I )  -4-qllirl:lzolof 

: i t  lo\\ (~o1icelitr:\t 10i1s ~f t1le.e (iui1itiZoloIiei. The de- 
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TABLE I11 
EFFLCT OF V.1RYIR.G CONCENTR YrIOZ, O F  3-SUBSTITUTED QUIN IZOLOSI,S O N  THE o X I D . ~ T I O ~  O F  P P R r V I C  ACID‘  

_____ Inhihition, %-- 
I __ 1 1n.V 

3 m .If ----- 0-30 min 30-60 min -- 2 m.11- ---- 
R -N.iD +NAD -NAD + N h D  - N d D  + N h D  - N h D  +N.iD 

2 ‘, 3’->f e: 11 .23  f 0 . 8 1  4.88 + 0.28  11 .48  zt 0.49  5 .11  I. 0.40  21.76 =t 0 . 3 3  7 . 7 1  + 0 . 2 2  30.34 + 0 . 7 0  13.96 3 0 . 4 7  
2 ’,4‘- >f e r  42.14 i 0.02  19 .89  f 0.45 41.17 I. 0.63  19.35 f 0.37  70 .07  f 0.03  32.28 + 0.14  90 .33  + 0.89 44.06 zt 0 . 4 6  
2’,5’-hfez 14.39 i 0.70 7 .28  f 0 . 1 2  13 .83  * 0.45 6 . 1 2  + 0.58 32.16 + 0 . 9 5  1 6 . 1 1  i. 0.46  41.06 f 0 . 3 5  18 .79  + 0 42 
3’,4’-11e: 14.12 i 0 . 4 4  i . 6 1  + 0.24  15.22 * 0 35 8 , 1 5  0.23  25.16 i 0 . 2 2  12 .18  + 0 . 3 1  48.26 i 0 35 23 .68  zt 0 . 3 4  
4’-Et 19.98 f 0.85 10 .59  zt 0 . 1 9  20.87 f 0.98  10 .74  + 0 . 3 3  35.69 i 0 . 3 6  17.11 f 0 . 2 5  60 .21  & 0 . 5 2  29 .31  + 0.41  

a Vessel contents and the assay procedure are as described in the Experimental Section. All experiments were done in duplicate 
and the valiies are t,he mean of three separate experiments. Experimental conditions were essentially the same as shown in Table 11. 

zures. Such activity is presumably due to  the presence 
of 4-Br in tjhe phenyl nucleus which would also cause a 
relatively higher electron density at  the C-1’. Thus 
the substitution of an additional 4’-CH3 in addition to 
2’-CH, would be expected to have caused an increased 
electron availability around the nitrogen atom at posi- 
tion 1 of the quinazolone ring and thereby reinforce 
the inhibitory effects of I. Furthermore, the presence 
of the 3’-methyl mould not be expected to  contribute 
toward a favorable electron density of the 1 position 
which is reflected by low inhibitory effects of these com- 
pounds on pyruvic acid oxidation. 

Study of the inhibitory effect of 2,3-disubstituted and 
3-substituted quinazolones and their comparison with 
QZ-2 have indicated possible competition with ?;AD 

for the active site(s) on the during the oxi- 
dation of pyruvic acid. 
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2-Qriinoxaloyl chloride was utilized to prepare 13 N-(2-quinoxaloyl) derivatives of amino acids and dipeptides 
K-(2-&uinoxaloyl)-tvalyl-~-alanine possessed the moqt (albeit slight) anti- related to quinoxaline 

tumor activity. 

Sumerous invest’igators? have reported the presence 
of the 2-quinoxaloyl(2-quinoxalinecarbonyl) unit in the 
quinoxaline antibiotics, the quinomycins and triostins. 
The antibiotics are toxic, but have been reported active 
against many gram-positive bacteria, protozoans, 
viruses, and tumor cells. 

I t  was hoped that’ relatively simple S-quinoxaloyl 
derivatives of amino acids and peptides would possess 
the desirable biological qualities of the quinoxaline 
antibiotics without being toxic. This prompted the 
syntheses for testing as antitumor agents of S-(2- 
quinoxaloyl) derivatives of the S-methyl-a-amino 

(1) (a) Paper XI11 of this series: S. Gerchakov, P. J. Whitman, and H. P .  
Schultz, J .  M e d .  Chem.. 9, 266 (1966). (b) We gratefully acknowledge sup- 
port of this work under Sa t iona l  Institutes of Health Grant GM-11968, and  
thank the  Cancer Chemotherapy Kational Service Center for the  biological 
evaluations of t h e  compounds described. (0) Abstracted in part  from t h e  
Ph.D. dissertation of S. Gerchakov, University of Miami, Oct 1967. 

(2) H. Otsuka and J .  Shoji, Tetrahedron. 23, 1535 (1967), and references 
cited therein. 

acids found in the acidic hydrolysate of desthio- 
echinomycin, as well as some -S-(2-quinoxaloyl) 
dipeptides with either free or blocked C-terminal amino 
acid groups. Two  paper^'^^^ have reported syntheses 
of 2-quinoxalinecarbonyl (2-quinoxaloyl) derivatives 
embodying various structural features of the quino- 
mycin and triostin antibiotics. 

Attenipts to effect acylation of S-methyl-L-alanine 
and S-methyl-L-valine in aqueous S a H C 0 3  suspensions 
of 2-yuinoxaloyl chloride (2-quinoxalinecarbonyl 
chloride) , using the earlier published procedurela that 
led to the preparation of S-(2-quinoxaloyl)-a-amirio 
acids, were unsuccessful. Only 2-quinoxalinecarboxylic 
acid was isolated. 

The pKa (for >SH?+) values for both S-methyl-L- 
alanine and N-methyl-L-valine were ascertained, con- 

(3) H. C. Koppel, I. L. Honigherg, R .  H. Springer, and C. C Cheng, 
. I .  Org. Chem., 28, 1119 (1963). 


