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1-Phenoxypropyl-o-phenylcytosine (2) was previously reported311 to be an inhibitor of cytosine nucleoside de
aminase that was complexed one-fourth as well as the substrate, 2'-deoxycytidine. In order to enhance the ac
tivity of 2, 41 variants were synthesized for evaluation: (a) the 1-phenoxypropyl moiety was as good or better 
than five other 1 substituents studied: (b) when the o-phenyl group was substituted with ten different groups, 
optimum binding occurred with the 3,4-Ch substituents; (c) 15 different substituents on the phenoxy moiety 
gave little change in binding, but showed good bulk tolerance for the large benzamido substituent; (d) five com
binations of the substituents on the 2,4 positions of the pyrimidine moiety gave optimum binding with the 2-oxo-
4-thione combination. Among the best inhibitors derived from o-(3,4-dichlorophenyl)cytosine were the l-(p-
chlorophenoxypropyl) (26) and l-(jK-benzamidophenoxypropyl) (37) derivatives which were complexed threefold 
better to the enzvme than the substrate. 

In the previous paper3b on the cytosine nucleoside 
deaminase from Escherichia coli B, we reported that 1,-
")-disubstituted uracils (1) could inhibit the enzymatic 

0 NH2 

HN^jp(CH2)„C6H5 N*^—CeH, 

R (CHJjOQH.-, 
1 2 

a.R = (CH,):iOC„H5 

conversion of 2'-deoxycytidine to 2'-deoxyuridine. Op
timum inhibition was achieved when 1 had a 1-phen
oxypropyl substituent (la) and n = 0, 2, or 3. We also 
observed that the cytosine derivative (2) was half as eff e-
tive as la (n = 0).3b Therefore, a study has now been 
made on inhibition of cytosine nucleoside deaminase by 
1,5-disubstituted cytosines; the results are the subject 
of this paper. 

Enzyme Results.—The effect of single CI, Ale, and 
N02 substituents on the phenoxy moiety of 2 was first 
studied (Table I). Only a two- to threefold increase 
in binding was observed with 3-9 compared to the 
parent 2 (or 16 in the case of 6); the best inhibition was 
seen with a m- (4) or p-Cl atom (5). 

The effect of substitution on the 5-phenyl group was 
then studied (10-18). With a single CI, MeO, Ale, XH2, 
XHAc, or X02 substituent, binding could be enhanced 
two- to threefold. Xo obvious correlations of binding 
with electronic or hydrophobic effects were seen. How
ever, the bulk tolerance for the p-acetamido group of 17 
indicated that this would be a good area for further mod
ification to candidate irreversible inhibitors, as de
scribed in the paper that follows.4 

The effects of the m-Cl (11) and p-Cl (12) substituents 
were found to be additive with 3,4-Cl2 (13); the latter 
was complexed sevenfold better than the parent 2. 
Therefore the 3,4-dichlorophenyl substituent on the o 
position was held constant while a more extensive study 

(1) This work was generously supported by Grant CA-08695 from the 
National Cancer Institute, U. S. Public Health Service. 

(2) For the previous paper in this series see B. R. Baker and J. A. Hurlbut. 
J. Med. Chem., 12, 902 (1989). 

(3) For the previous papers on this enzyme see (a) B. R. Baker and J. L. 
Kelley, ibid., 11, 682 (1968); (b) ibid., 11, 686 (1968). 

(4) B. R. Baker and .1. L. Kelley, ibid., 12, 1046 (1969), paper CLXIII 
of this series. 

of the binding of 1 substituents on this cytosine deriva
tive was performed (Table II). 

Phenethyl (19) and phenylpropyl (20) substituents on 
the 1 position of the cytosine were less effective than 
phenoxypropyl (13), but phenylhexyl (21) was equally 
effective (Table II). Phenoxyethyl (22) and phenoxy-
butyl (23) substituents were as effective as phenoxy
propyl (13). 

Since no substituent was more effective than phe
noxypropyl, the effects of additional groups on the phe
noxypropyl moiety were studied (24-37). Binding was 
enhanced only twofold at best with a p-Cl (26) or m-
benzamido substituent (37) while other substituents 
gave no appreciable enhancement or as much as a two
fold loss in binding (see 24). Again there was no ob
vious correlation of hydrophobic or electronic effects of 
the phenoxy substituents on binding. However, the 
bulk tolerance for the large benzamido group on the 
ortho (36) or meta (37) positions is notable. Surpris
ingly further substitution on the benzamido moiety of 
37 by p-S~\le (38) led to a greater than threefold loss in 
binding, indicating that there might not be bulk tol
erance for additional groups on the benzamido moiety; 
however, it also indicated that the benzamido group was 
in contact with the enzyme surface, a requirement 
needed for active-site-directed irreversible inhibitors. 

That the phenoxy group probably resided on a polar 
area of the enzyme was indicated by the unchanged 
binding when the phenoxy moiety of 32 was replaced by 
a phenylthio moiety (39). Thus, the combination of 
some bulk tolerance on the phenoxy moiety and the 
probability that the phenoxy moiety resided on a polar 
area of the enzyme made the prospects good for the 
emergence of active-site directed irreversible inhibitors5 

by appropriate substitution on the phenoxy moiety; 
such studies are described in the paper that follows.4 

Some miscellaneous studies are tabulated in Table 
III. Replacement of the 2-oxo group of 2 with thione 
(40) gave a threefold increment in binding indicating that 
the 2-oxo group of 2 was not complexed to the enzyme 
as an electron donor.6 In contrast, replacement of the 

(5) B. R. Baker, "Design of Active-Site-Directed Irreversible Enzyme 
Inhibitors," John Wiley and Sons, Inc.. New York, N. Y.. 1967. 

(6) (a) See ref o, pp 75, 89, 105; (b) B. R. Baker, T. J. Schwan, and D. V. 
Santi, J. Med. Chem., 9, 66 (1966); (c) B. R. Baker and M. Kawazu, ibid.. 
10, 313 (1967), paper LXXIX of this series: (d) B. R. Baker and D. V. 
Santi, ibid., 10, 62 (1967), paper LXXIV of this series. 
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TABLE III 

INHIBITION"-6 OF CYTOKINE NUCLEOSIDE DEAMINASE BV 

40 
41 
42 
4.3 
44 

'' See corresponding footnotes in Table I. 

Ri 

NH. 
NH2 

NH, 
NHOH 
SH 
OH 
OH 

(CH2)3OC6H5 

Rs C 

C6H;, 
CeHsCl2-3,4 
C6H, 
C6H, 
C6H-, 
C6H, 
C6H3Cl2-3,4 

Data from ref 3. 

oncn, nut / 

0.44 
0.061 
O.lo 
0.1.S 
0.071 
0. 10'' 
0.0.V 
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o0 
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The suggestion that- the 3-NH group of 42 and 43 is 
complexed to the enzyme would at first glance seem in-
congruent with the binding of the 4-amino analog (2) 
which has no 3-NH. A similar binding pat tern has 
been previously seen with 4-substituted pyrimidines as 
inhibitors of thymidylate synthetase.7 The rational
ization previously used for the latter enzyme7b is also 
appropriate in this case; the same enzymic OH group 
could bind to either a 3-NH or 3-N as respectively 

E-0: -*H-N< or E -0 -H*- :N< 

H 

A good way to verify that the group at the 4 position 
was not complexed with the enzyme would be to replace 
the 4-group by H; unfortunately desulfurization of 42 
(Table I I I ) led to the tetrahydro derivative (45). Sur
prisingly, 45 was as good an inhibitor as the uracil (43) 

HN 

0 ^ N' 

-CBH. 

(CH,)30C6H5 

45(I3,,-0.25mM) 

or cytosine (2) analogs. Therefore open-chain analogs 
(46-48) of 45 were synthesized for evaluation. The 
open-chain analog (46) of 45 was as good an inhibitor as 
45 or 43. Tha t there were definite spacial requirements 
for the phenethyl moiety of 46 was indicated by the 
poor inhibition by 48. 

CH, 
/ \ 

NH CH -©U 
CO 
\ 

NH 

(CH^OQH.-, 

46,R = H(I5„ = 0.24mAf) 
47, R = 3,4-01, (!-.„> 0.3 iriJf) 

NH—CH,C„H, 

C ^ 
X NH 

(CH2),OC(iH, 

48(1,-,,, > 1.2mM) 

Chemistry. - A l l of the inhibitors in Tables I and IJ 
can be generalized by 54. Of the required 5-arylcy-
tosines (53a-h), the synthesis of 5-phenvl (53h) has 
been described in the preceding paper. : ib The 5-arylcy-

(7) (a) 1'J. R. Baker . B. T. t i o . a n d T . Nei lson, ./. Heterocycl. Chem., 1, 
79 (1964); <')) ref 5, p 274. 

tosines (53a-f) were synthesized by this same general 
method from the required a-formylphenylacetonitriles 
(49) (see Scheme I ) ; most of these (49) have been pre-

SCHKMI: I 

NH, 

NCC-^gf' 
CHOR 
49,R = H 
50, R = OEt 

NH, 

1 / \/-Y 

xf® z 
(CH2)BX—(Q> 

54 

a, Y - o - C l 
b, Y = m-Cl 
c,Y = p-Cl 
d, Y = 3,4-CL 

51, X = SH 
52, X = SCH,CO,H 
53,X = 0H 

NH. 91 

1 1 

— J T M Cl 

O ^ N ^ 

(Ctt^O—^^ 

55, ortho 
56, meta 

57, para 

e, Y = p-CH:i 

f, Y = p-OCH, 

g.Y = p-N0, 
h.Y = H 

•NH, 

viously reported4 and were synthesized by a modified 
procedure.3 '1 Conversion of 49 to enol ethers (50) with 
triethylorthoformate,9 followed by t rea tment with thio
urea,311 gave the 2-thiocytosines (51) in 2 2 - 6 1 % over-all 
yields. Acid hydrolysis of 51 with HCl-ClAcOH 3 b 

afforded the desired o-arylcytosines (53) in high yields. 
Only in the case of 52d was the intermediate carboxy-
methyl thioether isolated313 and characterized. Ni
tration of 53h afforded o-(p-nitrophenyl)cytosine (53g) 
in 8 8 % yield.10 

The requisite substituted phenoxypropyl bromides 
for synthesis of 54 were prepared by alkylation of the 
sodium salt of the appropriate phenol with excess 1,3-
dibromopropane in D M F or DMSO and were used as 
their crude oils. In the preparation of 3-bromupropyi 
p-nitrophenyl sulfide (66), even though inverse addi-

(8) P. P.. Russell ami G. II. IIiU-hinKs, ,/. Am. Chem. So,:. 73 , 37tM (1951). 
(9) P . U. Russel l and X. W h i t t a k e r . ibitl., 74, 1H10 (1952). 
(10) Z. Budes insky . V. Bydzovsky , a n d Z. Pe r ina . C/ .echoslovakian P a t e n t 

106,227 (15)6:-!); Chem. Abstr., 60, 8042 (1964). 
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SCHEME I I 

, & • 

(CHO.iOCH, 

59 

t 

N ^ V - C 6 H 5 

(CHj.OC„H 
60 

0 * " ^ N ' 

-QH-, 

(CH^OCH-, <CH,),OC„H, 
61 62 

fCH,):,OQH 
63 

I 
NHR 
1 

5' i j - C B H 5 

(CH^OQH 
64,R = H 
65, R = OH 

a-

HiV 

N ' 

-Cfl, 

(CHJ;,0C„H-, 

45 
lion was used," a mixture of products was obtained. 
Purification of the mixture by column chromatography 
gave the crystalline sulfide 66 in 2 1 % yield. 

The previously reported31 ' procedure for alkylation of 
•l-pheny I cytokine (53h) was modified for some of the 1-
substi tuted o-arylcytosines (54) in Table V. 

Catalytic reduction of 30-32 (Table II) in the pres
ence of a large excess of Ilaney Ni gave the aromatic 
amines (55-57) in high yield; a t tempted reduction with 
I'tOj or I'd C catalysts gave incomplete reduction and 
mixtures of products. Reduction of 18 (Table I) in the 
presence of I'd C was rapid and afforded the amine 16 
in 9 3 % yield. 

The acylation of 55 and 56 with benzoyl chloride in 
DAfF in the presence of Et jX afforded the benzamides 
(36, 37) (Table II) while t rea tment of 16 with an excess 
of Ac20 followed by aqueous work-up gave p-acetamido-
phenyl (17) (Table I) in 72% yield. The coupling of 
56 with p-methylthiobenzoic acid utilizing a water-sol
uble carbodimide12 gave readily isolatable 38 (Table II) 
although in very poor yield. 

Thiation of uracils with P2S.-, has been shown to lead 
to 4-thio- or 2,4-dithiouracils depending upon the reac
tion conditions.13 Thus, when 58 (43)3b was treated 
with PS in te tral in , ) : i a" the dithiouracil (59) was the 

( l l j Addi t ion of excess 1 , :-i-dihromopropane to a DM.SO solut ion of the 
th iophenol in tlie usua l m a n n e r Kave p r e d o m i n a n t l y b isa lkyla ted p ropane . 

(12) J . C. S i i e e h a n a n d .1. J. H l a v k a . ./. Org. Chern.. 2 1 , 439 (1956). 
i l i i) (a) ( i . li. Elion and G. II. I l i tch i ims . J. Am. Chern. Sor.. 69, 2l ; i8 

(1947); (h! P . H. Russel l . (1. H. Klion. V.. A. Falco, and O. H. H i t c h i n g . 
iliiil.. 7 1 , 2279 (1949i; (ci .1. .1. Fox. I) . V. P r a a n . I. W e m p e n . I. I.. Doerr . 
I.. Cheonjr. .1. |.;. Knoll, M. 1. F.idinoff, A. I lendieh, and G. 1',. Brown. ihi,L, 
81 , 178 i 19510. 

SCHEME III 

H(-]'NH./CH,).—(T^T" H('l-NH,(('H,).0—<Q\ 

69 68 

'QVoOCNH(('H,)L 

70 

Q / 0 0 C N H ( C H . J / ) ^ Q \ 

71 

NH(CH: 

NH 

»M0^ 

(CH,)/)—(Q 

72, n = 2 
73. n = 1 

a. Y = H 

b .Y = 3.4-Cl. 

only product isolated (see Scheme II) . Treatment ol 
59 with ethanolic XH 3 at 80-90° gave the 2-thiocyto-
sine (63 = 40) in 4o% yield. That the expected131, 

displacement of the 4-thione had occurred was shown 
by hydrolysis of 63 (40) to the known 64 (2).-1' Pro
longed reflux of 58 (43): ,b with \\% in C,H.-,-\l:ir gave 
the 4-thiouracil (60 = 42)in 74% yield; treatment witli 
\H; i or with XH 2OH gave the respective cytosines (64 
= 2. 65 = 41). Attempted displacement of the4-thione 
of 60 (42) with a few aliphatic amines failed to give the 
desired products. Desulfuration of 60 (42) with excess 
Raney Xi resulted in reduction of the pyrimidine ring 
as well as displacement of the sulfur to give the tetra-
hydropyrimidine (45) in 7(i% yield; whether the reac
tion proceeded via 61 or 62 was not determined. 

The synthesis of the ureas (72 and 73) (46 and 48) was 
accomplished by reaction of the appropriate carbamate 
(70. 71), available by the method of Crosby and Xie-
mann,14 with the appropriate aralkylamine (68. 69) 
(see Scheme III) . The phenoxypropyl amine (68) was 
available by a modification of the literature1''1 procedure, 
whereas 69b15 was obtained from catalytic reduction of 
o,4-dichlorophenylacet,o nit rile."1'1 

Experimental Section17 

5-(3,4-Dichlorophertyl)cytosine (53d) (Method B). A mix
ture of S.S4 g (312.5 mmoles) of 51d, 13 g of ehlovoacetic acid. 
50 ml of AeOH. and 100 ml of H2< > was refhixed with siirring for 
22 hr. The reaction was filtered while hot through ('elite to 
remove some insoluble tar. The cooled solution was then spin 
evaporated in vacio. The residue was treated with 200 ml of 12 

(14; !>.(.!. Crosby and ('. N iemann , iln l.. 76, -14.58 i 19.511. 
i l . i ! .1. l . ohmann . Clu-m. Her.. 24, 21)31 (1891); his procedure wa- modi

fied by usiny D M F in the first s t ep (77"; yield) a n d N-H-i in the second SUM1 

(82'); yield I. 
(IB) (a) S. Cluavare l l i and M. A. J u n o , « » « . Chim. Itul.. 86, 10.54 i l95(i! : 

C/irm. AI,Ktr., 62, ;i8.'S2 (ti)~,8); i l» W. X. C a n n o n . (.'. 10. Powell , and I i . C. 
Jones . ./. Org. Chem.. 22, 1S2H (19.57); (cl V. Beninfiton. R. I). Mor in . and 
I.. C. Clark . ,lr., i ' W . , 2 6 , 20rio (1960;. 

( 17) Mel t ing points were t aken in capil lary lubes on a M e l - T e m p bluck 
and are uncor rec ted . Kadi ana ly t ica l s ample hat! ir and uv spec t ra com
pa t ib le with thei r assigned s t ruc tu re s and each moved as a single spot on lie 
on B r i n k m a n silica trel GK with the indica ted solvent sys t em (A: C l b . 
I'.'tOFI. M: I: !i: Hi ) \ e pet roleum e ther ' b p «()-1 10°) 1:2; C: C H C I 
I ' . tOll , 1:1; 1): C,.II„ dii.xane- Act) II. '.1(1: 25 :4 . T h e ana ly t ica l s ample -
-cave combus t ion values for (", II. and N within 0.4':; of theory . 
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No. 

51a 
51b 
51c 
5 Id 
5ie 
51 f 
53a 
531) 
53c 
53(1 
53e 
53f 

X 

S 
S 

s 
s 
s 
s 
0 

o 
() 
0 
0 
0 

H 

o-Cl 
TO-C1 

p-Cl 
3,4-Cl2 

p-CH, 
p-OCH3 

o-Cl 
m-Cl 
p-Cl 
3,4-Cl2 

p-CH3 

p-OCHs 

Method™ 

A 
A 
A 
kf 
A 
A 
B 
B 
B 
B ' 
C 
B 

TABLE IV 

PHYSICAL PROPERTIES OF 

NH2 

H 

Reaction 
time, hr Y 

s 
s 
s 

18 

22 
20 

6,2 
3,2 
8,2 

22, 22 
8 

12, 12 

Yield, % 

22". e 

37°,<" 

38* •« 

eid« 
31* * 
35rf» 
95' 
75" 
91" 
87" 
60'» 
57» 

-Mp, °C deek 

278-281 (270) 
274-276 (270) 
292-293 (285) 
305-306*(290) 
296-306 (200) 
285-288(280) 
320-323 (315) 
332-333 (329) 

>360* 
340-343 (300) 

>350 
332-338 (325) 

Formula6 

CoHsClNsS 
C20H8C1N3S 
C10H8C1N3S 

CnHuNaS 
C„H„N3OS 
C10H8ClN3O 
C10H8ClN3O 

CioH,Cl2NaO 
CnH„N 3 0 
CnH u N 3 0 2 

" A: see preparation of 51h, except H2S04 was omitted from the (EtO)3CH step;3b B: see Experimental Section; C: see preparation 
of 53h (method B).3b b On block preheated to temperature indicated in parenthesis; no definite melting points could be obtained in the 
usual manner. c Analyzed for C, H, N where formula given. d Over-all yield from 49. « Recrystallized from MeOEtOH. ' In
termediate 49d, mp 167-170°, from petroleum ether (bp 60-110°) in 8 3 % yield. Anal. (C9H3C12N0) C, H, N. Intermediate 50d, 
mp 104-106° from petroleum ether. Anal. (CnH9Cl2NO) C, H, N. « Recrystallized from DMF. * Burroughs Wellcome and Co. 
(U. S. A.) Inc., British Patent 671,972 (1952); Chem. Abstr., 47, 5457 (1953), reports mp 298-302°. 'Recrystallized from D M F -
EtOH. > Recrystallized from EtOH-MeOEtOH. k M p 380° dec reported for this compound prepared by an alternate route by D. P. 
Hansell, Chem. Ind. (London), 884 (1959). ' Intermediate 52d isolated in 70% yield by omission of second step; mp 162-165° dec 
(161°). Anal. (C2HSCI2N3O2S) C, H, N. If the block was not preheated, it changed to a different compound, mp 263-265°, as shown 
by uv change. ™ Recrystallized from DMF-MeOEtOH. 

A" HC1, then refluxed for 20 hr. The cooled mixture was evap
orated to dryness in vacuo, the residue was diluted with 100 ml 
of H 2 0 and the pH was adjusted to 5-6 with 50% NaOH. The 
precipitate was collected and washed with H 2 0 ; yield, 7.24 g 
(87%) of a white powder, mp 332-339°. (This material could be 
further purified with minimal loss by digestion with MeOEtOH.) 
Recrystallization of a portion from D M F gave the analytical 
sample. See Table IV for additional data and other compounds 
prepared by this method. 

3-BromopropyI p-Nitrophenyl Sulfide (66).—To a stirred solu
tion of 1.08 g (20 mmoles) of NaOMe in 75 ml of absolute EtOH 
was added 3.10 g (20 mmoles) of technical 4-nitrothiophenol. 
After 0.5 hr the solvent was evaporated in vacuo and the residual 
salt was dissolved in 50 ml of DMSO. This solution was then 
added in portions to a vigorously stirred solution of 6.8 ml of 1,3-
dibromopropane in 25 ml of DMSO. After 1 hr the neutral 
solution was diluted with 100 ml of CHC13 and 100 ml of H 2 0. 
The layers were separated, and the aqueous portion was extracted 
with three 50-ml portions of CHC13. The combined organic 
extracts were washed with three 50-ml portions of 0.5 X NaOH, 
two 50-ml portions of saturated aqueous NaCl, then dried (Mg-
SO4). The solvent was spin evaporated in vacuo and then at ~ 1 
mm to remove 1,3-dibromopropane. The residual oil was applied 
to a column of silica gel (400 g of 28-200 mesh, Grade 12, Grace 
Davidson Chemicals). The column was eluted with PhH until 
the effluent was free of the highest Rt materials as detected on tic 
(B). The eluate was concentrated to an oil which appeared as 
two close spots on tic in a ratio of approximately 5 :1 . The ma
terial of lower /ff (major spot) formed crystals when a small por
tion of the oil was dissolved in Me2CO and allowed to evaporate 
slowly. Subsequently, the oil was recrystallized from r-PrOII 
with seeding to give 1.18 g (21%) of yellow flakes, mp 49-53°. 
Additional recrystallization of a portion gave the analytical 
sample, mp 53.5-55°; the nmr spectrum was consistent with the 
assigned structure. Anal. (C9Hi0BrNO2S) C, H, N. 

4,5-Dichloro-2-nitrcphenyI 3-BromopropyI Ether (67) (Method 
E).—To a stirred mixture of 0.878 g (4.2 mmoles) of 4,5-dichloro-
2-nitrophenol ls in 20 ml of D M F was added 0.168 g (4.2 mmoles) 

(18) This phenol was prepared as described by R. M. Acheson and N. F. 
Taylor, J. Chem. Soc. 4727 (1956), from 4,S-dichloro-l,2-dmitrobenzene; 
the latter was available by the method of R. J. W. LeFevre and E. E. Turner, 
ibid.. 1113 (1927). 

of NaH (59.8% dispersion in mineral oil). After 0.5 hr at am
bient temperature a solution of 2 ml of 1,3-dibromopropane in 
10 ml of DMF was added. The solution was then stirred at 
ambient temperature for 4-8 hr within which the pH tested 5-6 
when spotted on wet Hydrion E paper. The D M F solution was 
poured into an equal volume of CHC13 and was washed succes
sively with four 25-ml portions of 0.5 X NaOH, 25 ml of H20, 25 
ml of saturated aqueous NaCl, then dried (MgS04). The solvent 
was spin evaporated in vacuo, finally at 1 mm, leaving an oil (0.770 
g, 56%) which moved as one spot on tic (B) and was used as such 
in subsequent steps. 

In method F, the anion of the phenol was formed with NaOMe 
as with 66 and the alkylation was carried out in DMSO; a short 
period of warming on a steam bath was also employed. In 
method G, the anion of the phenol was formed with NaOMe 
as with 66, 

5- (3,4-Dichlorophenyl )-l - (p-nitrophenylthiopropyl )cytosine 
(39) (Method H).—A mixture of 1.28 g (5.0 mmoles) of 53d, 1.80 
g (6.5 mmoles) of 66, 0.75 g (5.0 mmoles) of Nal , 1.40 g (10.0 
mmoles) of K2C03 , and 20 ml of DMSO was stirred at ambient 
temperature for 39 hr. The reaction mixture was poured over 
150 ml of iced water and 10 ml of 12% aqueous NaOH was added. 
The dispersion was stirred at ambient temperature for 0.5 hr. 
The product was collected on a filter and washed with H 2 0. Two 
recrystallizations from EtOH-MeOEtOH gave 1.41 g (62%) of 
yellow needles, mp 84-90° which were uniform on tic (A). An 
additional recrystallization of a portion gave needles, mp 89-92°. 
When this sample was dried under high vacuum at 105° solvent of 
crystallization was removed to afford the analytical sample, mp 
178-181 °. See Table V for additional data and other compounds 
prepared by this method. 

1 - (o-Benzamidophenoxypropyl )-5 - (3,4 - dichlorophenyl )cyto-
sine (36) (Method I).—To a stirred solution of 0.341 g (0.84 mmole) 
of 55, 88 mg (0.87 mmole) of Et3N, and 2 ml of DMF, protected 
from moisture and cooled on an ice bath, was added 0.118 g 
(0.84 mmole) of benzoyl chloride in 1 ml of DMF. The resultant 
mixture was left overnight at ambient temperature and then 
poured over 25 g of crushed ice, acidified to pH ^ 3 with 1 V 
HC1, then stirred for 1 hr. The product was collscted, washsd 
with H 2 0 , and recrystallized from EtOAc-EtOH, then E t O H -
MeOEtOH; yield 100 mg (26%) of a light brown solid, mp (sin
ters 140) 228-232°, which gave a negative Bratton-Marshall 
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lest .1 9 See T a b l e \* for add i t iona l d a t a and o the r c o m p o u n d s pre
pared Iiy this m e t h o d . 

l - ( / j -AminophenoxypropyI)-5-(3,4-dichlorophenyI)cytosine 
(57i (Method J) . T o a solut ion of 2.71 g (0.24 mmoles ) of 32 in 
200 ml of A l e O E t O l ! was a d d e d 15 g of wet Uaney Xi. T h e 
mix tu re was s h a k e n with H2 at. 2 - 3 a t m for I hr when reduct ion 
was comple te . T h e filtered solut ion was spin e v a p o r a t e d in vacua 
to give a clear oil which was dissolved in ,i(t nil of Rt( )H and then 

lio iiii II. K. l inker. 1). V. Smili . ,1. K. C.iwiinl. II. S. Simpini , ami .1. 11. 
.Ii.nliuin. ./. irilir„nifl. riiem., 3 , 12a tltlli(i): ill) A. ( ' . U r a r u m anil I-:. K. 
Mari-lmll. Jr . . ./. Win/. Chnn.. 128, f>:S7 i HlMlll. 

t r ea t ed wi th 2,"i ml of E t O A c . T h e solvent was e v a p o r a t e d to a 
small v o l u m e in vacuo, then the produc t was collected and washed 
with cold K t O I I : yield 1,99 g ( 7 9 ' , ), m p 2 0 2 - 2 0 9 ° , which was 
uniform on lie (A), l iecrvstal l izat ioi i of a por t ion from I) . \1F 
l l»0 gave the ana ly t ica l - amp le as light beige needles. See T a b l e 
V for add i t iona l dalii and o the r compound,- p repared liv I his 
me thod . 

S-t/j-Aminophenyl i - l -phenoxypropyl iytos ine (16). A mix tu re 
of 4.7o g (12.9 mmoles ) of 18. 200 ml of AcOl l , and 2.r,t) mg of 
1 0 ' , I'd C was shaken with H2 a I 2 o a l i n for 2.5 hr when re
duc t ion was comple te . T h e filtered solut ion was spin e v a p o r a t e d 
in vacuo to near d ryness and the residue was d i lu ted wi th .">() m 
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of H 2 0. Neutralization with dilute NH4OH afforded the product 
which was collected and washed with H 2 0 ; yield 4.03 g (93%), 
mp (sinters 235) 239-242°. Recrystallization of a sample from 
EtOH gave yellow needles, mp 240-243°, which were not quite 
analytically pure but w-ere sufficiently pure for further trans
formations.4 

For further purification, a sample was dissolved in 1 A" HC1 and 
evaporated in vacuo. The hydrochloride was recrystallized from 
E t O H - H 2 0 to give off-white crystals, mp 234-235° which gave 
combustion values for 1.5IIC1. The hydrochloride was dissolved 
in H20 and the solution was basified with N1T40II. Reerystal-
lization from MeOEtOH gave beige needles, mp 243-245°. See 
Table V for additional data. 

5-(/9-Acetamidophenyl)-l-phenoxypropylcytosine (17).—A mix
ture of 0.195 g (0.58 mmole) of 16 and 14 ml of Ae20 was stirred 
at ambient temperature for 1 hr during which time solution 
occurred. The solution was diluted with 30 ml of H 2 0 and after 
0.5 hr the pH was adjusted to 8 with dilute NH4OH. The mix
ture was stirred until flocculation occurred, then the product was 
collected and washed with H 2 0 ; yield, 0.158 g (72%), mp 195-
206°. Recrystallization from ?'-PrOH (charcoal) gave off-white 
flakes, mp (sinters 208) 214-215°, which gave a negative Brat ton-
Marshall test.19 See Table V for additional data. 

5- (3,4-Dichlorophenyl)-l -[m-(p- methylthiobenzamido)phe-
noxypropyljcytosine (38).—To a stirred solution of 0.360 g (0.89 
mmole) of 56 in 2 ml of D M F was added 0.149 g (0.89 mmole) of 
p-methylthiobenzoic acid and 0.381 g (0.90 mmole) of 1-cy-
clohexyl-3-(2-morpholinoethyl)carbodimide metho-p-toluenesul-
fonate.12 The reaction was stirred overnight at ambient tem
perature and then poured over a mixture of 30 g of crushed ice 
and 5 ml of 1 A" HC1. The precipitate was collected, dissolved 
in 5 ml of D M F and then reprecipitated with 2 ml of 12% NaOH 
and 20 g of crushed ice. The product was collected, washed with 
IJ.,0, then recrystallized from MeOEtOH-H 2 0 to give 28 mg 
(5.7%) of light brown cubes, mp 247-249°. See Table V for ad
ditional data. 

2,4-Dithio-l-phenoxypropyl-5-phenyluracil (59).—A mixture 
of 3.85 g (12.0 mmole*) of 58, 10 g of P2S.-„ and 40 ml of tetralin 
was refiuxed with stirring for 2 hr. The mixture was cooled, and 
the yellow precipitate was decanted with the aid of EtOH from 
the hard gum which formed on the bottom of the container. The 
product was collected and recrystallized several times from EtOH 
(carbon) to give 1.21 g (27%.) of vellow crystals, mp 163-165°. 
Anal. (C19H18N2OS2lC, H; N: calcd, 7.89; found, 7.46. 

l-Phenoxypropyl-5-phenyl-4-thiouracil (60 = 42).—A solution 
of 0.842 g (2.61 mmoles) of 58, 3.0 g of PS,, and 100 ml of pyr
idine was refiuxed with stirring for 50 hr when the reaction was 
complete. The warm solution was poured into 450 ml of H 2 0 
and then stirred for several hours when flocculation had occurred. 
The yellow product was collected, washed with H 2 0, then re
crystallized from i'-PrOH (charcoal); yield 0.651 g (74%), mp 
156-158°. An additional recrystallization gave the analytical 
sample as yellow needles of unchanged melting point. Anal. 
(C1,,H,SN202S) C, H, N. 

That 60 was indeed the 4-thio derivative was shown by treat
ment of a small sample with ethanolic NH 3 in a metal bomb at 
90-100° for 12 hi-. The product had uv and tic properties identi
cal with 64. 

l-Phenoxypropyl-5-phenyI-2-thiocytosine (63 = 40).—A solu
tion of 0.588 g (1.7 mmoles) of 59 in 20 ml of MeOEtOH and 70 
ml of EtOH which had been saturated with NH3 at 0° was heated 
in a metal bomb at 80-90° for 24 hr. The cooled contents were 
treated with charcoal and filtered through Celite. The filtrate 
was spin evaporated in vacuo to give a brown oil which solidified 
upon standing. The product was recrystallized several times 
from Me 2 CO-H,0 and finally from Me2C0 to give 0.251 g (45%) 
of light brown needles, mp 223-224°. Anal. (Ci,Hi<,N3OS) C, 
H , N . 

A mixture of 20 mg (0.06 mmole) of 63, a small crystal of Nal , 
4 ml of 10% aqueous chloroacetic acid, and 1 ml of 6 A' HC1 was 
refiuxed with stirring for 3.5 days when conversion was complete. 
The solution was cooled, basified to pH 8-9 with dilute NH4OH, 
and the precipitate was collected. This material was identical 
with 64 by ir, uv, and comparative tic in solvents A and B. 

2-Hydroxy-4-hydroxyamino-l-phenoxypropyI-5-phenylpyrim-
idine (65 = 41).—To a solution of 0.10 g (0.30 mmole) of 60 
in 10 ml of MeOH was added 5.76 mmoles of NH2OH in 20 ml of 
MeOII; the NH2OH was prepared by the dropvvise addition of 
0.310 g (5.76 mmoles) of NaOMe in 10 ml of MeOH to 0.400 g 
(5.76 mmoles) of NH 2OH-HCl in 10 ml of MeOH, followed by 

filtration to remove the insoluble NaCl. The solution was re-
fluxed with stirring for 20 hr, then spin evaporated in vacuo. The 
residue was dissolved in Me2CO, treated with charcoal, then 
filtered through Celite. Spin evaporation left a white solid which 
was recrystallized from n-BuOH; yield, 8.1 mg (8%) of analyti
cally pure material, mp 155-157°. Concentration of the mother 
liquors gave an additional 19 mg (27% total yield), mp 146-
150°. Both crops were uniform on tic (A) and gave a positive 
FeCl3 lest. Anal. (C19H19N303) C, H, N. 

2-Hydroxy-l-phenoxypropyl-5-phenyl-l,4,5,6-tetrahydropyrim-
idine (45).- -A mixture of 0.548 g (1.62 mmoles) of 60, 25 ml of 
MeOEtOH, - 3 g of wet ltaney Ni, and 10 ml of EtOH was re
fliixed with stirring for 4.5 hr. The hot mixture was filtered 
through Celite and the filter pad was w-ashed with MeOEtOH. 
The combined filtrate and washings were spin evaporated in 
vacuo. The resultant solid was recrystallized from E t O H - H 2 0 ; 
yield 0.381 g (76%), mp 121-123°. An additional recrystalliza
tion gave white needles, mp 124-125°; the nrar spectrum was 
consistent with the assigned structure. Anal. (Ci»H2.,N202) C, 
H , N . 

5-(3,4-DichIorophenyl)-l-phenoxypropyluracil (44) was pre
pared as described for the dechloro derivative3b by treatment with 
H N 0 2 for 18 hr at ambient temperature, then 1 hr at 100° to 
complete the reaction: yield, 0.382 g (75%), mp 164-167°. Re-
crystallization from EtOAc-petroleum ether (bp 60-110°) and 
then from EtOAc gave the analytical sample, mp 168-170°. 
Anal. (C, i lH,6Cl2N203)C, H , N . 

/3-(3,4-Dichlorophenyl)ethylamine Hydrochloride (69b).—A 
mixture of 5.00 g (26.9 mmoles) of 3,4-dichlorobenzyl cyanide.l6c 

200 mg of Pt()2, and 100 ml of AcOH was shaken with H2 at 2-3 
atm for 4 hr when reduction was complete. The filtered solution 
was spin evaporated in vacuo to leave a light yellow oil which was 
dissolved in 50 ml of dry THF. The solution was saturated with 
gaseous HC1 at 0° and then left overnight at 0°. The product 
was collected and washed with T H F ; yield 3.67 g (60%) of white 
flakes: mp 165-168°: lit mp 172°/6» 169-170°,Kh and 178-
179°,16<' prepared by LAH reduction in lower yield. 

O-Phenyl N-Phenoxypropylcarbamate (71).—To a stirred 
solution of 0.783 g (5.0 mmoles) of phenyl chloroformate in 10 
ml of dry dioxane which had been cooled on an ice bath was added 
the mixture from 0.954 g (5.1 mmoles) of 68,15 1.092 g (10.8 
mmoles) of EtsN, and 10 ml of dioxane. After 30 min the result
ing mixture was poured over 50 g of crushed ice, acidified to pH 1 
with 1 A' HC1, then stirred for 1 hr. The flocculent product was 
collected, then washed with H 2 0 : yield 0.955 g (70%), mp (sinters 
55°) 67-72°. A single crystallization from petroleum ether (bp 
60-110°) gave 0.928 (67%) of white flakes, mp 82-84°. The 
analytical sample had mp 83.5-85°. Anal. (Ci6H,7N03) C, H, 
N. 

O-Phenyl N-phenethylcarbamate (70a) was prepared in the 
same manner as 71: yield 2.09 g (87%), mp 89.5-92°. Recrystal
lization of a sample from petroleum ether (bp 60-110°) gave the 
analytical sample as white flakes, mp 91.5-93°. Anal. (O.-,-
H,.-,N02) C, H, N. 

O-Phenyl N-(3,4-dichIorophenethy])carbamate (70b) was pre
pared as described for 71; yield 1.36 g (87%), mp 71-73°. He-
crystallization of a portion from petroleum ether (bp 60-110°) 
gave the analytical sample, mp 71-73°. Anal. (Ci3Hi3Cl2N02) 
C, H, N. 

N-Phenethyl-N'-phenoxypropylurea (72a).—A mixture of 
0.240 g (1.00 mmole) of 70a, 0.190 g (1.01 mmoles) of 68, >'• 
0.220 g (2.18 mmoles) of Et3N, and 10 ml of D M F was stirred 
overnight at ambient temperature. The resultant mixture was 
poured over 80 g of crushed ice, acidified to pH 1 with dilute H O , 
then stirred for 30 min. The product was collected and washed 
with H 2 0; yield 0.245 g (82%), mp (sinters 80°) 95-109°. lle
crystallization from EtOAc-petroleum ether (bp 60-110°) gave 
0.150 g (50%) of white flakes, mp 125-127°. Anal. (C„H,,-
X20,) C, H, N. 

N-(3,4-Dichlorophenethyl)-N'-phenoxypropylurea (72b). 
This procedure was the same as that for 72a excepting that K2C03 

was used as the base and the reaction time was 44 hr; yield 0.351 
g (95%), mp 93-96°. Two recrvstallizations from petroleum 
ether (bp 60-110°)-EtOAc gave 0.190 g (52%) of white flakes, 
mp 100-101°. Anal. (C18H20Cl2N2O2) 0 , H, N. 

N-Benzyl-N'-phenoxypropylurea (73a) was prepared from 71 
and benzylamine as described for 72b excepting that the reac
tion time was 17 hr; yield 0.173 g (61%), mp 121-128°. Re-
crystallization from EtOAc gave white granules, mp (sinters 
121°) 125-128°. Anal. (CnH>oN202) C, H, N. 


