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TABLE I 
I K H I B I T I O N ~ ~ ~  OF CYTOSIKE NUCLEOSIDE DEAMIXASE BY 

9 

R, 
Concn, 7c Estd Lo, 

N O .  Ri R mM inhibn m JM I / T d R c  

1 H H 1 . 6  0 >6.  4*3e >4 
2 CH3 H 3 .0  0 > 12d.e >7.5 
3 €1 6-n-CsEI11 3 . 0  50 3 .0d  1 .9  
4 €1 6-CsHiCH, 1 . 8  50 1.8d 1 . 1  
> CsH,(CHz)3 H 1 .0 31 2.3d 1 . 4  
6 CsHsO(CHs)3 H 1 .0f  33 2.0* 1 . 2  

89 '&Hi (CH, 13 6-n-CsH11 0.14 50 0.14 0.088 
99 CaH6(CHz), ~ - C ~ H B  0.20 50 0.20 0.12 

7g C.SHS(CHZ)~ 6-n-C3H7 0.94 50 0.94 0.59 

l o g  C B H ~ ( C H Z ) ~  5-CHzOCzHs 0.30f 23 1 . 0  0.62 
11 Ce&O(CHz)3 5-C6H5 0,101 29 0.23 0.14 
12 CsHsO(CHz)4 5-C& 0,301 40 0.37 0 .23  
13 C&~O(CHZ)Z 5-CsH5 0.20f 35 0 .38  0.24 
14 CH3 5-CeHj 0.101 0 >0.4e >0.  25 
15 CsHsO(CHz)3 5-CeHsCH2 0.101 23 0.34 0.21 
16 Cs&O(CHzh 5-CsHs(CHz)z 0.050f 22 0.18 0 .11  
l i  CsHfiO(CH2h 5-CsHs(CHz)3 0.15 50 0.15 0.094 
18 CsHsO (CHz 1 3  5-CsH,(CHz)4 0.0401 0 >0.  16' >o .  10 
The technical assist.ance of Pepper Caseria and Susan Black with t,hese assays is acknowledged. The enzyme from E. coli B was 

Ratio of concentration of 
e Since 2OY0 inhibition is readily detected, 

1 Maximum solubilit'y or maximum concentration allowing full light 

assayed with 0.1 p J I  2'-deoxycytidine in pH 7.4 Tris buffer containing 10% DMSO as previously described.* 
inhibitor to that of thymidine (1.6 m31) required for 50% inhibition. 
t,he Iio is greater than four times the concentration measured. 
transmission. 

d Data from ref 2. 

8 For synthesis see ref 3. 

(CHz) 30CsH5 (CHz)30CsHs 
21 11 

Current studies involve the cytosine derivative (21) 
as a prototype. By judicious choice of substituent's on 
each of the benzene rings i t  should be possible to  increase 
binding of each benzene ring lO-lOO-fold, as previously 
discovered wit'h benzene binding t'o thymidine phos- 
p h ~ r y l a s e , ~  guanine deaminase,6 xanthine ~ x i d a s e , ~  di- 
hydrofolic reductase,6" and chymotrypsin.* Once 
these studies on optimum binding are completed, then 

(4) B. R. Baker and  W. Rzeszotarski, J .  Med.  Chem., 11, 639 (1968), pa- 
per C X X I  of this series. 

(5) B. R. Baker and \V. F. Wood, i b i d . ,  11, 644 (1968), paper C X X I I  
of this series. 

(6) (a) B. R. Baker and B.-T. Ho, J .  Heterocycl. Chem., 2, 340 (1965); 
(IJ )  B. R.  Baker, B.-T. Ha, and  G. J. Lourens, J .  Pharm.  Sei., 66, 737 (19671, 
paper L X S X V I  of this series. 

(i) B. R. Baker, "Design of Activesite-Directed Irreversible Enzyme 
Inhibitors. T h e  Organic Chemistry of the  Enzymic Active-Site," John 
\Viley and  Sons, Inc.. Piew York, Pi. Y.. 1967, Chapter X. 
(8) B. R. Baker and J. .%, Hurlbut,  J. .Wed. Chem.. 10, 1129 (1967), paper 

CVII of this series. 

KO. 

24a 
24b 
24c 
24d 
24e 
26a 
26b 
26c 
26d 
26e 

n R  
0 s  
1 s  
2 s  
3 s  
4 s  
0 0  
1 0  
2 0  
3 0  
4 0  

T l B L E  11 
PHYSICAL PROPERTIES OF 

H 
% 

A 30 
A 22c 
A 16 
A 24 

15 A 
B 10 

B 92 
B 86 
B 94 
B 90 

Method yield 

c- 

Mp, "C 

308-31 l a . *  

209-210d~e 
197-1991 
177-179, 
194-1960 

>350hqi 
29 1-293 j 

307-308* 
251-253" 
256-2589~~ 

a Recrystallized from i-PrOH. * Lit.11a mp 313-315". Enol 
ether step omitted.'O Recrystallized from EtOH. e Lit.10 mp 
210-211". f Recrystallized from BuOH. g Recrystallized from 
PrOH. * Recrystallized from MeOEtOH. e Lit.118 mp >350°. 
7 Lit.10 mp 294-295". k A dimorph, mp 285O, was isolated in an 
earlier run that gave acceptable C, H, N analyses and had ir, 
uv, and tlc data identical with the material mp 258'. 

active-site-directed irreversible inhibitors will be con- 
structed with the potential for tissue-specific inhibition 
of cytosine nucleoside deaminase. 

Chemistry.-The 1-substituted uracils (27, 28) in 
Tables I and I11 were synthesized by alkylation of the 
uracil (26) (Table 11) with the appropriate phenoxy- 
alkyl bromide in DMSO with K2CO8 or KaH as an acid 
a c c e p t ~ r . ~ , ~  Of the required uracils (26), the synthesis 

(9) B. R. Baker and G. B. Chheda, J .  Pharm.  Sei., 64, 25 (1965). 



I I  
26 

1 
(CHz)nOC,H, 

27 

t 
S H ?  
I 

K C -C- CeH i N 4  C' r,H r, /I ' R 4 g  I 
CHOR 

2 9 , R = H  
30, R = OEt 

a,n=O d, I! = 3 
b , n = l  e, I I  = 4 
c ,  r1 = 2 

,I 

3 1 , R = S  
3 2 , R = O  

cr-~~ormyli)hen\.lucetonitrile (29), prepared in Slyo 
J icld from ~~he~i . \ - lacetoni t r i le ,~~ w:~s converted to the 
eiiol ether (30) with trieth\.l orthoformate," then 
trcnted with thiourea to  give ~-i)heii~l-2-thioc!.tosinc 
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TABLE 111 
PHYSICAL PROPERTIES O F  

H N q l C I M C r  Hs 

0% 
I 

R 
Uracil % 

N O .  n K Methods ratio" yield N P ,  o c  Formula 

11,27d 0 C6%O(CI1z)a Cb 2 . 6  3 .i 181-183" CI gH~Nz03 
12, 27e 0 C6HsO(CHz)r D,b F 2 . 6  34c 135-1 36 CzoHmN203 
13, 27c 0 C H,O(CHz)z Db 3 31 157- 1 .59 C I S H I ~ N Z O ~  
14 0 CHa D,d E 1 4 2 16-2 18 CilH ONPOP 
15, 28b 1 CsHsO(CfI,)a D; F 3 33 118-120' C:oHz"2O3 
16, 28c 2 CsHsO(CH )a Dd 1 3' 144-145 cz1~~22~zO3 
17, 28d 3 CaHsO(CIlzh C,d F 2 6f 102-103 CzzHz4NzOa 
18, 28e 4 CeHsO(CHi)a I)d 2 70 115-1 16 C Z ~ H Z ~ N Z O ~  

a Ratio of uracil to alkyl halide. 

Recrystallized from BuOH. 

b Prodiict extracted from starting material with EtOH. c Recrystallized from EtOH. No pre- 
e Product extracted from starting material wit'h CHC13. liminary solvent extraction was employed prior to Na salt precipitation. 

g Fractionally crystallized successively from n-PrOH, EtOAc, and finally BuOH. 

for additional data and other compounds prepared by this 
method. 
5-Phenylpropyluracil (26d) (Method B).--A mixture of 0.51 g 

(2.1 mmoles) of 24d, 5 ml of HOAc, and 15 ml of 10% aqueous 
chloroacetic acid was refluxed with st,irring for 3 hr during which 
time solution took place and the product separated. The cooled 
mixtiire was filtered and the product was washed (HzO);  yield 
0.45 g (94y0), mp 250-253". Recrystallization from MeOEtOH 
gave white crystals, mp 251-233'. See Table I1 for additional 
data and other compounds prepared by this method. 

1-Phenoxypropyl-5-phenyluracil (11, 27d) (Method C).-A 
mixture of 2.00 g (10.6 mmoles) of 26a, 22 ml of DlISO, and 0.42 
g (10.5 mmoles) of NaH (59y0 dispersion in mineral oil) was 
stirred for 30 min when solution was complete. Then 0.87 g 
(4.0 mmoles) of phenoxypropyl bromide was added and the 
mixture was stirred in a bath a t  about 90" for 4 hr. The cooled 
reaction mixture was poured into 40 ml of ice H2O and acidified 
with HC1 to about pH 2. The solid was collected on a filter and 
washed with HzO; tlc with 3:  1 C6H6-EtOH showed that this was 
a mixture of 26a and 27d. The solid was extracted with several 
portions of hot EtOH until tlc showed no more 27d was being 
extracted. The combined EtOH solut,ions were spin evaporated 
in  vucuo. The residue was heated with 40 ml of hot' 57, KaOH, 
then cooled. The insoluble sodium salt' was collected on a filter 
and washed with 5c0 NaOH; if tlc showed some 26a was still 
present, the sodium salt was recrystallized from 5% NaOH. 
The wet sodium salt was suspended in HZO and acidified with 
HCl. The product was collected on a filter and washed with 
HzO; yield 0.39 g (45y0), mp li6-181". Recrystallization from 
EtOH gave white crystals, mp 181-183". See Table I11 for 
additional datn and for additional compounds prepared by this 
met hod. 

The following modifications were employed, depending on the 
particular prodnct: (1) in method D, K ~ C O J  was used in place of 
NaH; ( 2 )  in method E, NaCl was added to salt out the S a  salt of 
the product; (3) in method F, the sodium salt was not isolable 
and the product was isolated by fractional crystallization. KO 
effort was made to recover additional material from the filtrates 
in any of the methods; therefore yields are minimum vahies. 
5-Phenyl-2-thiocytosine (31).-Condensation of phenylacc- 

tonitrile with ethyl formate in ethanolic NaOlIe gave 2913 in 
81% yield, nip 136-159". A solution of 28 g (0.19 mole) of 29 
in SO ml of triethyl orthoformate and 0.5 ml of 96% HZSO4 was 
slowly distilled until the vapor temperature reached 90". The 
volatiles were then removed by spin evaporation in vucuo. The 
residual oil was dissolved in CHCl,, washed with excess 5% Ka- 
HCO,, then dried (lIgSO4) and evaporated in vacuo. The 
residual enol ether (30) was refluxed with stirring with a sollition 
of 14 g (0.26 mo e) of NaOlIe  and 10 g (0.19 mole) of thiourea in 
200 ml of EtOR for 30 min during which time the product sepa- 
rated. The mixture was diluted with 500 ml of H20, then washed 
(CH,Cl,). The aqueous solution was clarified by filtration, then 
acidified to pH 5 .  The product was collected on a filter and 

washed (HzO); yield 16 g (407,), mp 2it5-282', that' was suitable 
for further transformations. Recrystallization of a sample from 
1:3 DlIF-lIeOEtOH gave white crystals, mp 296-299"; no 
literature14 melting point has been recorded. 

4-Amino-2-carboxymethylthio-5-phenylpyrimidine (33).-A 
mixture of 300 mg (1.3 mmoles) of 31, 5 ml of HOAc, and 10 ml of 
10% aqueous chloroacetic acid was refluxed with stirring for 3 hr. 
The solution was spin evaporated in vucuo. The residue was 
treated with 5 ml of HzO and the pH was adjusted to <5-6 with 
5% KaOH. The product was collected on a filter and washed 
(H,O); yield 290 ml (857G), mp 124-135'. Recrystallization 
from toluene gave white crystals, mp 138-140", lit.14b mp 133- 
138". 

A.--A mixture of 250 mg (0.96 mole) 
of the above 33 and 5 ml of 12 9 HC1 was refluxed for 2 hr, then 
evaporated in  vacuo. The residue was dissolved in 5 ml of HzO 
and the solution was neutralized with NH4OH. The product 
was collected on a filter and washed with H2O; yield 150 mg 
(83%) of product, mp >340", that  was uniform on tlc and had 
A,,, pH 1, 290; pH 7, 240, 281 (infl); p H  13, 263, 203 mM. The 
synthesis of this compound, mp >31O0, by a less convenient alter- 
nate route has been described;lg the conversion of 33 to 32 is 
described in a patent in lower yield.14b 

B.--A mixture of 9.0 g (44.2 mmoles) of 31, 150 ml of HzO, 13 
g of chloroacetic acid, and 100 ml of 12 'V HC1 was refluxed with 
stirring for 2 hr. The hot solution was clarified by filtration, 
then spin evaporated in V ~ C I L O  to about half the volume and 
neutralized with NH4OII. The product mas collected on a filter 
and washed (HZO); yield 6.2 g ( i 5 s )  of product identical with 
preparation A. 

1-Phenoxypropyl-5-phenylcytosine (21).-To a stirred mixt1u.r 
of 810 mg (4.32 mmoles) of 31, 23 ml of 1)3ISO, and 152 mg 
(3.78 mmoles) of YaH (.59To dijpersion in mineral oil) was stirred 
for 1 hr when I l z  evolution ceased. The mixture was wmned t o  
'io", then was treated with 816 mg (3.78 mmoles) of phenoxy- 
propyl bromide. After an additional 2 hr at  io", the mixture 
was cooled, diluted with 40 ml of ice HZO, then adjusted to pH 
10-11 with 10% NaOH. After being stirred 15 min, the mixtrire 
was filtered and the product was washed (HrO). The solid was 
dissolved in 30 ml of hot 6 S HC1, then cooled to 0'. The €IC1 
salt was collected, then it was dissolved in 30 nil of hot H20. 
The solutioii was clarified by filtration and neutralized with XH4- 
OH. The product was collected on a filter and washed (HzO) ;  
yield 900 mg ( i4%),  mp 134-138". An additional 45 mg (total 
T8YG), mp 133-139", was obtained by neutralization of the HCl 
filtrate. Recrystallization of a sample from EtOhc gave white 
crystals, mp 98-102", that  was an  EtOAc solvate; after being 
dried a t  100" in high vacuum, the solvent-free product, mp 142- 

5-Phenylcytosine (32). 

(19) P. F. Chi and 'I-, L. Tien. J .  A m .  Chsm. Soc., 66, 41% (1933) .  
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Potential Antitumor Agents. \ X I .  Bisquaternary Salts 

An investiga,tion of types of qiut  ernary aniinonirini heterocycles nweptable :LA h > i c  fiitict,ioii,* it) esperinieiital 
Some aspects of the dependence for activit,y 011 charge separa- mtilerikemic bisquaternary salts is described. 

tion and on certain steric features are discwsed. 

Since the initial observation of experimental anti- 
leukemic activity in quaternary salts of S,K1-(6- 
quinolyl) terephthalamide? we have deiiionstrated that 
acceptable basic functions in this type of molecule are 
the quaternary salts of G-acylami~ioquinolines,~~~ 3- 
and 4.-(p-acylamino)phenylpyridine~,2~~ and 3-benz- 
amidopyridines. 3,4 The researches described in this 
Imper detail investigations of further acceptable basic 
functions as well as the effect of certain steric factors on 
biological activity. 

The alteration of basic furictions in many cases 
changes charge separation in the resultant moleculeo. 
If biological activity was critically dependent on such 
separation, acceptable bases might be overlooked due 
to the resultant molecules possessing an unacceptable 
charge separation. 

Fortunately in our series of bisquaternary compounds 
activity has been observed where distances between the 
quaternary nitrogen atoms are as low as 18 A (as in the 
parent K,S'-(Ci-quinolyl) terephthalamide series) which 
can be increased by small increments to a maximum of 
27 in the extended amide series described in our 
previous paper. 

A further example of the permissibility of variable 
charge separation i i  provided by the three series 1-111 
which all show convincing experimental antileukemic 
effectiveness in mice. 

1 

lipophilic than those Ijreviously used; for ex:mi1)lc, 
antileukemic cffectivcne+ drops from I (13 = CHJ to 
higher members. This could have been prrdicted 
from the relative I Z f  vtluea if thew mere t:iken 
giving :L measure of lipophilic-hydrophilic balance. 

In contra5t, the corresponding 2-anilinop;\-ridirIc 
series IV, covering a similar range of Rf values to the  
-l--atiilinop?-ridiries, coritaiiied no active member\. 
Further variants of the 4-anilino heteroc? cle 
have been exumined. The L'-nmiiio-4-anilino1,? rim- 
idiriei 1- gave life extensions in the 111210 
uitnilar to the corresponding 1)yridines but w 
active on :I. molar basis. The "-aniino-~-aiiilirit,-(i- 
methylpyrimidine serieh (1.1) utilizing the pyrimidine 
functioii present in the try1)aiiocides antrycide5 :ind 

o contained active members hut these 
:tctivc th:m the  1)yrimidinei 1- 011 ii 

niolar ha&; :i dow of sevcral hundred mg '1,g twitig 
required to demonstrate an effect. 

1 u 

RN\ 3 + / H N \  ~ H N c ~ c H = c H ~ H - H . . . H ~ H ~  / 
m 

These three series utilize the iien- basic functioii 
~ - : i ~ i i l i ~ i o ~ j ~ r i d i n ~ ;  thi. function is somewhat more 

(1) .\utltor t o  whom inquiries should be addressed. 
( 2 )  Part  V:  
( 3 )  P a r t  V I :  
( I) I'art VI1: 

0. J. .\twell and B. F. Cain, .I. M e d .  Chsm., 10, 708 ( l !N7) .  
C;. J. .\t!vell and R. F. Cain, d A . ,  11, 29.5 (lcJ68). 

G.  J. .itwell, B. F. Cain. itnd 11. X. Beelye, ibiil.. 11, 300 
(I!w3). 

C'olihidcl*utioti oi the iibove results coulhd \\ ltti tikc 
activit? of the 3-phen) lljyridinc keries de-cribcd 
earlier2 led to the preparation of the 2,4-diatiiino-3- 
pheIiylpyrimidiIies 171. These compounds proved t o  
be extremely potent experimental antileukemic drug+ 
with the ethyl quaternary salt (YII, R = C2H,) i n  
early treatment groups giving a proportion of 100-da). 
survivor,-. 


