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1-Phenoxypropyl-3-phenyleyvtosine (2) was previously reporteds® to be an inhibitor of eytosine juicleoside de-

aminase that was complexed one-fonrth as well as the substrate, 2'-deoxycytidine.
tivity of 2, 41 variants were synthesized for evalnation:

In order to enhance the ac-

(a) the 1-phenoxy propyl moiety was as good or better

than five other 1 substituents studied: (b) when the 5-phenyl group was substituted with ten different groups,
optimum binding ocecurred with the 3,4-Cl, substitnents: (e) 135 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 biuding with the 2-oxo-

4-thione combination.

Among the best inhibitors derived from 3-(3,4-dichlorophenyl)eytosine were the 1-(p-

chlorophenoxypropyl) (26) and 1-(m-benzamidophenoxypropyl) (37) derivatives which were complexed threefold

better to the enzyme than the substrate.

In the previous paper®® on the eytosine nucleoside
deaminase from Escherichia coli B, we reported that 1.-
O-disubstituted uracils (1) could inhibit the eizymatic

0 NH,
HN (CH.),CH; N7 C.H,
A A
0 IIV o7 "N

R (CH,),0CH,

1 2

a, R =(CH,),;0OCH;

convergion of 2’-deoxyeytidine to 2/-deoxyuridine. Op-
timum inhibition was achieved when 1 had a l-pheu-
oxypropylsubstituent (la) and n = 0,2, or 3. We als»
abserved that the eytosine derivative (2) was half as effe-
tive as 1a (n = 0).3» Therefore, a study has now been
made on inhibition of eyvtosine nucleoside deaminase by
1,3-disubstituted cytosines; the results are the subject
of this paper.

Enzyme Results.—The effect of single Cl, Me, and
NO; 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 3-phenyl group was
then studied (10-18). With a single Cl, MeO, Me, NH,,
NHAgc, or NO, substituent, binding could be enhanced
two- to threefold. No obvious correlations of binding
with electronie 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.*

The effects of the 11-Cl (11) and p-Cl (12) substituents
were found to be additive with 3,4-Cl; (13); the latter
was complexed sevenfold better than the parent 2.
Therefore the 3,4-dichlorophenyl substituent on the 5
position was held eonstant while a more extensive study

{1} This work was generously supported hy Grant CA-08695 from the
National Cancer Institute, U. 8. Public Health Service.

12} For the previous paper in this series see 3. R. Baker and J. A. Hurlbut,
J. Med. Chem., 12, 902 (1968).

{3} For the previous papers on this enzyme see (a) B. R. Baker and J. L.
Kelley, ibid., 11, 682 (1968): (L) 7bid., 11, 686 (1968).

(4) B. R. Baker and J. L. Kelley, ibid., 12, 1046 (1969}, paper CLX111
of this series.

of the binding of 1 substituents on thix eytosine deriva-
tive was performed (Table I1).

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 IT). 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 hydrophobie 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-SMe (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 inhibitors?
by appropriate substitution on the phenoxy moiety;
such studies are described in the paper that follows.*

Some miscellaneous studies are tabulated in Table
ITI. 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.® In contrast, replacement of the

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

16} (a) See ref 5, 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, 1bid.,
10, 313 (1967), paper LXXIX of this series: (d) B. R. Baker and D. V.
Santi, th1d., 10, 62 (1967), paper LXXIV of this series.
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TasLe II1
INHIBITION"? OF CYTOSINE NTUCLEOSIDE 1JEAMINASE BY
R,
)\/ [ Rs
)
(CH,);0CH,

N R Rs Rs Conen, 1nd e inhibn Estd s, inl/ /=1
2 (0] NH. CsH. 1).44 D0 (y.44¢ 4.4
13 QO NH; CsH;Cl-3,4 0.061 o (.061 .61
40 8 NH. CqH. 0.15 30 0.15 1.5
41 O NHOH CeH. 0.18 30 0.18 1.8
43 Q0 SH CsHs 0071 50 0).071 .71
43 0 OH CeH. .10 20 0. 237 2.3
44 (€] OH CH;Cl-3,4 0,05 30 0.12 1.2

«~d See corresponding footnotes in Table I. ¢ Data from ref 3.

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 huas 1o 3-NH. A similar binding pattern has
been previously seen with 4-substituted pyrimidines as
inhibitors of thymidylate synthetase.™ The rational-
ization previously used for the latter enzyme™ is also
appropriate in this ease; the same enzymic OH group
could bind to either a 3-NH or 3-N as respectively

E-0:—~H-N< or E-O-He:N <
H

A good way to verify that the group at the 4 position
was 1ot complexed with the enzyme would be to replace
the 4-group by H; unfortunately desulfurization of 42
(Table II1) led to the tetrahydro derivative (45). Sur-
prisingly. 45 was as good an inhibitor as the uracil (43)

HN C.H,

o)\N

(CH,),0CH,
45 (1= 025 mM)

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 or43. That there were definite spacial requirements
for the phenethyl moiety of 46 was indicated by the
poor inhibition by 48.

CH,
PO
NH CHz@ NH—CH.C,H.
| R
Nu N\NH
(CH,),0C:H; (CH.),0C.H;

46,R=H (I,,=024 mM)
47, R=34-CL (1..> 03 mM)

48 (I, > 1.2m M)

Chemistry.—--All of the inhibitors in Tables 1 and [}
cann be generalized by 54. Of the required S-arviey-
tostues (53a-h), the syuthesis of 5-pheny! (53h) las
been dexeribed in the preceding paper.®  The 3-aryley-

(7) (al 1. R. DBaker, 4. T. Ho, and T. Neilson, .J. Helerocycl. Chem., 1,
0 (1964); b)) ref 5, p 274,

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

Scaime 1
NH,
Y Y
NC(ﬁ . N I —
CHOR X/KN
49 R=H 51, X =SH
50, R = OFt 52, X = SCH,CO.H
53, X=OH
NH, NH,

N# |
O)\T

X
N
z “
(CH:),,X@

NH.
(CHi)‘IOA@

54 55, ortho
56, nieta
57, para
a, Y=o0-Cl e, Y = p-CH,
b, Y =m-Cl f, Y= p-OCH,
¢,Y=pCl g.Y=p-NO.
d, Y =34-ClL h.Y=H

viously reported’® and were synthesized by a modified
procedure.®® Conversion of 49 to enol ethers (50) with
triethylorthoformate,® followed by treatment with thio-
urea,®” gave the 2-thiocytosines (51) in 22-619, over-all
yields. Aecid hydrolysis of 51 with HCI-ClAcOH?®Y
afforded the desired 5-aryleytosines (53) in high yields.
Only in the case of 52d was the intermediate carboxy-
methyl thioether isolated®® and characterized. Ni-
tration of 53h afforded 3-(p-nitrophenyl)eytosine (53g)
in 889 yield.?®

The requisite substituted phenoxypropyl bromides
for synthesix of 54 were prepared by alkylation of the
sodium salt of the approprinte phenol with excess 1,3-
dibromopropane in DMEF or DMSO and were used us
their crude oils.  1n the preparation of 3-bromopropyl
p-uitrophenyl sulfide (66), even though inverse addi-

8} . Rassell awd G 1L Hiteldugs, J. Aba, Cleon, Soe., T8, 3765 11051).

V) . 3. Russell and N, Whittaker, 1b1d., T4, 1310 (1052},

(10} 7. Budesinsky, V. Bydzovsky, and Z. Perina. ('zechoslovakian Palent
106,227 (1063); Chem. Abstr., 60, 8042 (1964},
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45
tion was wsed,'" u mixture of products was obtained.
Purification of the nixture by eolumn ehromatography
gave the erystalline sulfide 66 in 2197 yield.

The previously reported®™ proeedure for alkylution of
S-phenyleytosine (53h) wax modified for some of the 1-
sibstituted d-aryleyvtosines (54) in Table V.

Cuatalytie reduction of 30-32 (Tuble I1) in the pres-
ence of a large exeess of Runey Ni gave the uromatic
amines (55-57) in high yield; sttempted reduction with
1'tOy or Pd--C eatalysts gave incomplete reduetion and
nuxtures of products,  Reduction of 18 (Tuble 1) in the
presence of P’d -C wus rapid and afforded the amine 16
in 939 yield.

The aceylation of 55 and 56 with benzoyl chloride in
DM in the presence of Et;N atforded the benzamides
(36, 37) (Tuble II) while treatnient of 16 with an excess
of AcyO followed by aqueous work-up guve p-acetamido-
phenyl (17) (Tuble 1) in 729; yield. The coupling of
56 with p-methylthiobenzote acid utilizing o water-sol-
uble carbodimide?? guve veudily isolatable 38 (Table II)
adthough in very poor vield.

Thiation of urncils with P»3; has been shown to lead
to 4-thio- or 2,4-dithiouracils depending upon the reac-
tion conditions.’* Thus, when 58 (43)%® was treated
with P8 1 tetralin, 22 the dithiouracil (59) was the

A1 Addition of excess 1.3-dilwomopropane (v a DMSO solution of (he
thiophenol in the nsnal inauner gave predominantly hisalkylated propane.

112} J. C. Suneehan and 1. J. Hlavka, J. Urg. Chem., 21, 439 {1956).

(133 @l ¢ B Elion and G, 11 Iitehings, J. Am. Chem. Sor., 69, 2138
(19471 (M Po B Russell, G. B. Klion, 14 A, Faleo, and G, M. Hicehings.
Yhdd., T, 2270 (19407 des 1L Fox, D V. Prapg, [0 Wempen, . L. Doerr.

L. Chesng, JoEL Kuoll, 3L L Bidinoft, A, Dendiele and G. 14 Brown, dad.,
81, 1TR 1059
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ouly product isolated {(see Scheme II). Treatment af
59 with ethanolic NHy at 83-00° gave the 2-thioeyvto-
sine (63 = 40) 111 439, yield. That the expected™™
displacement of the 4-thione had occurred wax shown
by hydroly«is of 63 (40) to the kunown 64 (2).""  Pro-
longed reflux of 58 (43)* with 1%,8; in C;H, N gave
the 4-thiouracil (60 = 42)in 749 yvield; treatment with
NH; or with NHyOH gave the respective eyvtosines {64
= 2,65 =41). Attempted displucement of the 4-thione
of 60 (42) with a few aliphutic amines fuiled to give the
desived products, Desulfnration of 60 (42) with excess
Raney Ni resulted in reduction of the pyvrimidine ving
ax well ax displacement of the =alfur tu give the tetra-
hydropyrimidive (45) in 76%, vicld: whether the reac-
tion proceeded ria 61 or 62 wax not determined.

The synthesis of the ureas (72 and 73) (46 and 48) was
accomplished by reaetion of the approprinte carbamate
170. 71). availsble by the method of Crosby and Nie-
mann ! with the appropriste aralkylamine (68, 69)
txee Scheme 111, The phenoxypropyl amine (68) was
availuble by a modification of the literature™ procedure,
whereas 69b's wix obtained from catalytic reduction of
A d-dichlorophenylacetonitrile.

Experimental Section!*

5-(3.4-Dichiorophenylcytosine (53d) (Method B). - -\ mix-
e of 8.84 g (32,5 mmoles) of 51d, 13 g of chlomacetic acid,
50 ml of AcOH., and 100 ml of O was refluxed with stirring for
22 hr. The reactian was filtered while hot thraugh Celice oo
remove some inscduble G The coaled sadndion was then <pin
evaporated 7o racao. The vesidne was treated with 200 ml of 12

1145 DGl CrosGy and Co Nemann, T i, 76, 4458 0 140540

11 J. Lohmann, Chem. Bee., 24, 2531 18015 ldx procedinre was nasli
fied Ly asing DM F in 1 he firse step 1779 vield) and NaHyin 1he second s1ep
18247 vield).

(1B va) S Cldaavarelli and 3. AL Jorlo, Guzz, Clane, Thd., 86, 1054 (1056
Chem. Abstv,, B2, 3832 (1958); (i¢ W, N, Cannon, C. 1% Poweli, and R, G.
Jones, J. Org. Chem., 22, 1323 (105T), <1 F. Beningron, R, 1. NMorin, awl
L. CoClark v, da-d, 26, 2066 ¢ 191405,

170 Meldng poims were taken i capillary Inles on a Mel-Tenpoldaek
and are ancosrrecied.  Faclc analvdenl swople had fe and v speclrm com-
patilde witii 1leeir assivned sneaaes and cach moved as a single spor onle
on lrinkman silica zel I wich (e indicated solvent syscem ¢A: Collw
I1O0H, 310 13 Eoo e pearden edher thp @0-110%, 1:2; ¢ (CHOL
eOH, 11 Dy Oulleediasane-- AcOHL 250450 The analydeal sangides
wave condrastion valaes for C) 1 amd N within Q457 of vheory.
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TaBLe IV
PyysicAL PROPERTIES OF
NH,
R
N |
A e

H

Reaclion
No. X R Method® time, Ir Yield, % Mp, °C dec? Formula®
3la ) 0-Cl A 8 Wt 278-281 (270) CoH:CINS
S1b ) m-Cl A S 374.e 274-276 (270) CoHsCINGS
ale ) p-Cl A b 38d.e 292-293 (285) C1oHsCINSS
aHld ) 3,4-Cl, A/ 18 614 305-306% (290)
Sle S p-CH; A 22 3144 296-306 (200) CnHyNsS
S1f = p—OCHs A 20 3549 285-288 (280) C]]H]leos
30 0 o0-Cl B 6,2 U5/ 320-323 (315) C1yHsCIN:O
a3h ) m-Cl B 3,2 759 332-333 (329) C1oHsCIN;O
33¢ O p-Cl B 8, 2 917 >360F
53d 0 3,4-Cly B! 22,22 879 340-343 (300) CroH-ClLN50
33e 0 p-CH; C S 60" >350 CnuHuN:0
33f 0 p-0CH; B 12,12 579 332-33% (325) CuHuN;0;

@ A see preparation of 51h, except HaS04 was oniitted from the (EtO)sCH step;® B: see Experimental Section; C: see preparation
of 53h (method B).% & On block preheated to temperature indicated in parenthesis; no definite melting points could be obtained in the
usual manner. ¢ Analyzed for C, H, N where formuala given. ¢ Over-all yield from 49. ¢ Recrystallized from MeOEtOH. /In-
terniediate 49d, mp 167-170°, from petroleum ether (bp 60-110°) in 839 yield. Anal. (CyH;CLNO) C, H, N. Intermediate 50d,
mp 104-106° from petroleum ether. 4nal. (CnHCLNO) C, H, N. ¢ Recrystallized from DMF. # Burroughs Wellcome aud Co.
(U. 8. A.) Inc., British Patent 671,972 (1952); Chem. Abstr., 47, 5457 (1953), reports mp 298-302°. 7 Recrystallized from DMF-
EtOH. i Recrystallized from EtOH-MeOEtOH. * Mp 380° dec reported for this compound prepared by an alternate route by D. P.
Hansell, Chem. Ind. (London), 884 (1959). ! Intermediate 52d isolated in 709 yield by omission of second step; mp 162-165° dec
(161°). Anal. (C:HyClN;0.8)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.

N HCI, then refluxed for 20 hr. The cooled mixture was evap- of NaH (59.89 dispersion in niineral oil). After 0.5 hr at am-
orated to dryness in vacuo, the residue was diluted with 100 ml bient temperature a solntion of 2 ml of 1,3-dibromopropane in
of H:0 and the pH was adjusted to 5-6 with 309, NaOH. The 10 ml of DMF was added. The solution was then stirred at
precipitate was collected and washed with HyO; yield, 7.24 g ambient temperature for 4-8 hr within which the pH tested 5-6
(87%) of a white powder, mp 332-339°. (This material could be when spotted on wet Hydrion E paper. The DMF solution was
further purified with minimal loss by digestion with MeOEtOH.) poured into an equal volume of CHCI; and was washed succes-
Reerystallization of a portion from DMF gave the analytical sively with four 25-ml portions of 0.5 N NaOH, 25 ml of H.0, 25
sample. See Table IV for additional data and other compounds ml of saturated aqueous NaCl, then dried (Mg80,s). The solvent
prepared by this method. waxs spi evaporated in vacuo, finally at 1 mm, leaving an oil (0.770

3-Bromopropyl p-Nitropheny! Sulfide (66).—To a stirred solu- g, 969 ) which moved as one spot on tle (B) and was used as such
tion of 1.08 g (20 mmoles) of NaOMe in 75 ml of absolute EtOH i1 subsequent. steps.

was added 3.10 g (20 mmoles) of technical 4-nitrothiophenol. In method F, the anion of the phenol was formed with NaOMe
After 0.5 hr the solvent was evaporated in vacuo and the residual as with 66 and the alkylation was carried out in DMEO; a short
salt was dissolved in 50 ml of DMSOQ. This solution was then period of warming on a steam bath was also employed. In
added in portions to a vigorously stirred solution of 6.8 ml of 1,3- method G, the anion of the phenol was formed with NaOMe
dibromopropane in 25 ml of DMSO. After 1 hr the neutral as with 66.

solutionl was diluted-with 100 ml of CHCl; and 100 ml of H,O. 5-(3,4-Dichlorophenyl)-1-(p-nitrophenylthiopropyl)cytosine

The lavers were separated, and the aqueous portion was extracted (39) (Method H).—A mixture of 1.28 g (5.0 mmoles) of 53d, 1.80
with three 50-ml portions of CHCl;, The combined organie g (6.5 mnioles) of 66, 0.75 g (5.0 mmoles) of Nal, 1.40 g (10.0

extracts were washed with three 50-mi portions of 0.5 & NaOH, mmoles) of K.CO;, and 20 ml of DMSO was stirred at ambient
two 50-ml portions of saturated aqueous NaCl, then dried (Mg- temperature for 39 hr. The reaction mixture was poured over
304). The solvent was spin evaporated 7n vacuo and then at ~1 150 ml of iced water and 10 ml of 129 aqueous NaOH was added.
mm to remove 1,3-dibromopropane. The residual oil was applied The dispersion was stirred at ambient temperature for 0.5 hr.

to a .column of silica gel (400 g of 28-200 mesh, Grade 12, Grac'e The product was collected on a filter and washed with H:0. Two
Davidson Chemicals), The column was eluted with PhH until recrystallizations from EtOH-MeOEtOH gave 1.41 g (629,) of

the effluent was free of the highest R materials ax detected on tic vellow needles, mp 84-90° which were uniform on tle (A). An
(B). The eluate was concentrated to an oil which appeared as additional recrystallization of a portion gave needles, mp 89-92°.
two close xpots on tle in a ratio of approximately 5:1. The ma- When this xample was dried under high vacuum at 105° solvent of
terial of lower Ry (major spot) formed erystals when a small por- crystallization was removed to afford the analytical sample, mp
tian of the oil was dissolved in Me,CO and allowed to evaporate 178-181°. See Table V for additional data and other compounds
slowly. Subsequently, the oil was recrystallized from «PrOH prepared by this method.

with seeding to give 1.18 g (219;) of vellow flakes, mp 49-753°. 1-(0-Benzamidophenoxypropyl)-5- (3,4 - dichlorophenyl)cyto-

Additional recrystallization of a portion gave the analytical  gine (36) (Method 1).—To a stirred solutionof 0.341 g (0.84 mmole)
sample, mp 53.5-55°; the nmr spectrum was consistent with the of 55, 88 mg (0.87 mmole) of Et;N, and 2 ml of DMF, protected

assigned. structure. Anal. (CH,,BrNOsS) C, H, N. from moisture and cooled on an ice bath, was added 0.118 g
4,5-Dichloro-2-nitrephenyl 3-Bromopropyl Ether (67) (Method  (0.84 mmole) of benzoyl chloride in 1 ml of DMF. The resultau
E).—To a stirred mixture of 0.878 g (4.2 mmoles) of 4,5-dichloro- mixture was left overnight at ambient temperature aund then

2-nitrophenol!® in 20 ml of DMF was added 0.168 g (4.2 mmoles) poured over 25 g of crushed ice, acidified to pH ~3 with 1
. HCI, then stirred for 1 hr. The product was callzcted, washad

(18) This phenol was prepared as deseribed by R. M. Acheson and N. F. Rt} . ’
Taylor, J. Chem. Soc.., 4727 (1956), from 4.5-dichloro-1,2-dinitrobenzene; with H,0, and recrystallized from EtOAc-EtOH, then EtOH-
the latter was available by the method of R. J. W. LeFevre and E. E. Turner, MeOEtOH; yield 100 mg (269) of a light brown solid, mp (sin-
thid., 1113 (1927), ters 140) 228-232°, which gave a negative Bratton-Marshall
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* D =ee preparation of I-phenaxypropyl-i-phenyleytosine, except isolation of the HCI sult was ommitted: ¢ zee Fxpd Section far
urher peocedares. * Yield of analytically pure material and ix minimnni, except for 16, 17, 39, 55-57 where the vield ix for not gquite
malvtically pnre material.  © Analvzed for C, 11 N CRecrvstallized from FrOAc.  « Recrystallized fram FOH. < Crmde, gummy
proadnet dissalved in hat dilnte HCIE; the schution was filtered throngh Celite, then basified with NH,OI1.  « Crnde praduct extracted
with CHCL. then hack-extracted into 6 .V HCI and evaporated o rucao. 7 Recrystallized from MeOH. Crystallized from MelCO-
petralenm ether (bp 60-110°) ¢ Recrystallized fram THF-petrolenim ether (bp 60-110%%  * Recrystallized from FtOAe- petrolenin
cther thp 60-110°). ¢ Recrystallized from MeOIStOH. ™ Recrystallized fronm H-PrOTi. * After dryng at 105° under high vacnnm ta
remove solvent of erystallizadon: =olvated ervstals had mp 89-92°. » Reaction rin at room temperature tor 20 hr, o Recpvstallized
from MeOFLOT-110.  « Recrystallized from MesCO-H,0. » Recrystallized from 1KtOAc¢ O » Reerystallized rom [GtOf]
MeOFIOH, ¢ Recrvstallized fram DME-11L0O.  «3-Cl-4-NOs-phenol prepared acearding ta M. E. Ungnade and 1. Orvtega, J. Org.
Chewe, 17, 14730192250 Indtially melt= 176-178°, chen slowly resolidifiex aud remelt~.

test, ' Ree Table Vfar additional data and ather companids pre- trented with 25 ml of FtOAe. The =alvent was evaparated to a
paved by thix method. <mall volume in zacuo, then the prodinet was callected nud washed
1-{z=Aminophenoxypropyl )-5-(3,4-dichlorophenylcytosine with cald FtOTE: vield 199 g (79703, mp 202-209°, which was
57 (Method J;. "Taa sahitinn of 2.71 g 160,24 mnialex) of 32 in ndfarm can tle (AL Peevvsaallizationc ol o partion Traan 1IN
200 mi of MeOItOH was added 15 g ol wel Runey Nio The 1.0 gve the malytical sample e light beige needles. See Tabhle
nixture was <haken with Ha at 2-3 atm for 1 hr when rednetion V ofor adiliional dida o ather componnds prepaved by This
wis complete,  The filtered =olution was spivc evaporated (o eucui method.
1o give :eleav ail which was dissalved in 20wt o FUOM and then 5-(p-Aminophenyl I -phenoxypropyleytosine 116 1. A nuxnne

o LT g (1209 mmales 1 of 18, 200 ml of AcOT] and 280 mg of

IR} Ywels <hink 3 Lol 2. oy ) R - o

(G vl R Padkie, DL VL Santis KL Cowand, 11 =0 Rtapivo, awd . 11 0% P ¢ was shaken wich Haar 223 a0m for 2.5 hr when re
Jowlanic . Hetooend. Chene, 8, 120 0106 : 16 . C. Dratcon and 1. K. duetion was camplete. The filteved sahndan was spin evaparated
Narslall de., . Bhol. Chene, 128, 5317 110340, Nevaeno ta near dryaess and e residne was dilnted with 0 m
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of H.O. Neutralization with dilute NH,OH afforded the product
which was collected and washed with H,0; yield 4.03 g (939%),
nip (sinters 235) 239-242°.  Recrystallization of a sample froni
EtOH gave yellow needles, nmp 240-243°, which were 1ot quite
analytically pure bit were sufficiently pure for further traus-
formations.*

For further purification, a saniple wax dissolved in 1 .\ HCl and
evaporated »n racuo.  The hydrochloride was recryxtallized from
EtOH-1.0 to give off-white crystals, mp 234-233° which gave
contbnxtion values for 1.AHCL  The hydrochloride was diszolved
in ;0 and the solmtion was baxified with NIL,OIl.  Recrystal-
lization from MeOIStO11 gave beige needles, mp 243-245°. See
Table V for additional data.

5-(p-Acetamidophenyl)-1-phenoxypropylcytosine (17),—A niix-
ture of 0.105 g (0.58 miole) of 16 and 14 ml of Ac() was stirred
at ambient temperature for 1 hr during which tinie =olution
ocenrred.  The solntion was diluted with 30 ml of H,() and after
0.5 hr the pH was adjusted to 8 with dilute NH;OH. The mix-
ture was stirred nuntil flocculation occurred, then the produet was
collected and washed with H.O; vield, 0.158 g (72%), mp 195-
206°.  Hecrystallization from «-PrOH (charcoal) gave off-white
flakex, 1mp (sinters 208) 214-215°, which gave a negative Bratton-
Marshall test.'®  See Table V for additional data.

5-(3,4-Dichlorophenyl)-1-{n - (p -methylthiobenzamido)phe-
noxypropyl]cytosine (38).—'Ta a stirred solntion of 0.360 g (0.89
mmole) of 56 in 2 ml of DMF was added 0.149 g (0.89 mmole) of
p-methylthiobenzoie acid and $.381 g (0.90 mniole) of l-cy-
clohexyl-3-(2-morpholinoethyhearbodimide  metho-p-tolnenesul-
fonate.'> The reaction wax stirred overnight at anibient tem-
perature aud then ponred over a nmixture of 30 g of crushed ice
and 5 ml of 1 ¥ HCl. The precipitate was collected, dissolved
in 5 ml of DMTF and then reprecipitated with 2 mi of 129 NaOH
and 20 g of crushed ice.  The product was collected, washed with
1,0, then recrystallized from MeOEtOH-H,0 to give 28 mg
(5.79%) of light brown cubes, mp 247-249°.  See Table V for ad-
ditional data.

2,4-Dithio-1-phenoxypropyl-5-phenyluracil (59)—A mnixture
of 3.85 g (12.0 ninolex) of 58, 10 g of P,S;, and 40 m] of tetralin
was refluxed with stirving for 2 hr.  The niixture was cooled, aud
the yvellow precipitate was decaited with the aid of EtOH from
the hard guni which fornied on the bottom of the container. The
product wax collected and recrystallized several tinies from tOH
(carbon) to give 1.21 g (27¢7) of vellow crystals, nip 163-165°,
Anal. (CuHisN,08) C, 15 N caled, 7.89; found, 7.46,

1-Phenoxypropyl-5-phenyl-4-thiouracil (60 = 42),—A solution
of 0.842 g (2.61 mmolex) of 58, 3.0 g of P,S;, aud 100 ml of pyr-
idine was refluxed with stirring for 50 hr when the reaction was
complete. The warm sclution was poured into 450 ml of H.O
and then stirred for several hours when flocculation had occurred.
The yellow product was collected, washed with H,0, then re-
crystallized from -PrOH (charcoal); yield 0.651 g (74¢;), mp
136-158°.  An additional recrystallization gave the analytical
saniple ax yellow needlex of nunchanged melting point. _4nai.
(C]\‘I'IlsNgozs) C, II, N

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

1-Phenoxypropyl-5-phenyl-2-thiocytosine (63 = 40).—A sohi-
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 N'H; 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
wax =pin evaporated in vacuo to give a brown oil which solidified
upon standing. The product was recrystallized several tinies
from Me,CO-11.0 and finally from Me:CO to give 0.251 g (4557)
of light brown needles, mp 223-224°.  Anal. (CwWHoN:OS) C,
H, N.

A mixture of 20 mg (0.06 mniole) of 63, a small crystal of Nal,
4 ml of 1067 aqueons chloroucetic acid, and 1 ml of 6 ¥ HCI was
refluxed with stirring for 3.5 days when conversion was complete.
The solution was cooled, basified to pH 8-9 with dilute NH,OI,
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-1-phenoxypropyl-5-phenylpyrim-
idine (65 = 41).—To a =olution of 0.10 g (0.30 mmole) of 60
in 10 ml af MeOH was added 5.76 nunoles o NTLOH in 20 nl of
MeOII; the NFLOTE was prepared by the dropwise addition of
0.510 g (5.76 mmales) of NaOMe in 10 nil of MeOH to 0,400 g
(5.76 mmoles) of NILOH-HCI in 10 ml of MeOH, followed by
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filtration to remove the iusoluble NaCl. The =olntion wax re-
fluxed with stirring for 20 hr, then spin evaporated /n vacio.  The
residue wax dissolved in Me,CO, 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 135-157°.  Concentration of the mother
liquors gave an additional 19 mg (27 total yvield), mp 146~
150°.  Both erops were nniform on tle (A) and gave a positive
FeCl;, test. nal. (ClnggNsos) C, I‘I, N.
2-Hydroxy-1-phenoxypropyl-5-phenyl-1,4,5,6-tetrahydropyrim-

idine (45).--A mixture of 0.548 g (1.62 mmoles) of 60, 25 mt of
MeOItOH, ~3 g of wet Raney Ni, aud 10 mil of EtOH wax re-
fluxed with stirring for 4.5 hr. The hot mixture wax filtered
throngh Celite and the filter pad was washed with MeOEtOH.
The c¢ombined filtrate and washings were spin evaporated in
vacuo. ‘The resnltanut =olid was recrystallized from EtOH-H,0:
vield (1381 g (76¢7), mp 121-123°.  An additional recrystalliza-
tion gave white needles, nip 124-125°; the nmr spectrum was
conxistent with the assigned stmeture.  Anac. (C,HN:0,) C,
H, N.

5-(3,4-Dichlorophenyl)-1-phenoxypropyluracil (44) was pre-
pared as described for the dechloro derivative® by treatment with
HNO. for 18 hr at ambient temperature, then 1 hr at 100° to
complete the reaction; yield, 0.382 g (759;), mp 164-167°. Re-
crvstallization from EtOAc-petroleum ether (bp 60-110°) and
then from FEtOAc¢ gave the analytical sample, mp 168-170°.
Anal. (G dTCLNLOy) C, H) N,

3-(3,4-Dichlorephenyl)ethylamine Hydrechloride (69b)—A
niixture of 5.00 g (26.9 mmolex) of 3,4-dichlorobenzyl cyanide, 6
200 mg of PtQ;, and 100 ml of AcOH wax shaken with Ha. at 2-3
atm for 4 hr when reduction was coniplete.  The filtered solntion
was =pin evaporated in vacuo to leave a light yellow oil which wax
dissolved in 50 ml of dry THF. The =olution was saturated with
gaseous HCl at 0° and theu left overnight at 0°. The product
wax collected and washed with THF; yield 3.67 g (609,) of white
flakes: 1np 165-168°; lit mp 172°'% 169-170°% and 178~
179°,5 prepared by LAH reduction in lower yvield.

O-Phenyl N-Phenoxypropylcarbamate (71),—To a stirred
soliition of 0.783 g (5.0 mmoles) of phenyl chloroformate 1 10
nil of dry dinxane which had been cooled on an ice bath was added
the mixture from ©.954 g {5.1 nimoles) of 68,% 1.092 g (10.8
nunoles) of BN, and 10 mil of dioxaue. After 30 min the result-
ing mnixture was poured over H0 g of crushed ice, acidified to pH 1
with 1 N HCI, then stirred for 1 hr.  The flocculent product wax
collected, then washed with H,O; vield 0.955 g (709%), mp (sinters
35°) 87-72°. A single crystallization from petrolewn ether (bp
60-110°) gave 0,928 (67¢() of white flakes, mp 82-84°. The
analytical sample had mp 83.5-85°, _dnal. {CcHi:NOy) C, 11,
N.

O-Pheny! N-phenethylcarbamate (70a) was prepared in the
same manneras 71; vield 2.09 g (87%), mp 89.5-92°. Recry~tal-
lization of a sample from petroleum ether (bp 60-110°) gave the
analyvtical sample ax white flakes, mp 01.5-93°. Adnal. (Ci-
Hi:NO.) C, H, N.

O-Phenyl N-(3,4-dichlorophenethyl)carbamate (70b) was pre-
pared ax described for 71: vield 1.36 g (R7¢(), mp 7T1-73°, Re-
crystallization of a portion from petrolenn ether (bp 80-110°)
gave the analytical sample, mp 71-73°.  dnai. (C;;Hi;CLINO,)
C, H, N.

N-Phenethyl-N ‘-phenoxypropylurea (72a).—A mixture of
(0.240 ¢ (1.00 mmole) of 70a, 0.190 g (1.01 mmoles) of 68"
1.220 g (2.18 mmolex) of Et;N, and 10 ml of DMF was stirred
overnight at ambient temperature. The resultant mixture was
poured over 80 g of crushed ice, acidified to pH 1 with dihite HCI,
then stirred for 30 min. The product was collected and washed
with HiO: yvield 0.245 g (82%), nip (sinters 80°) 95-109°. Re-
crystallization fromn EtOAc-petinlenm ether (bp 60-110°) gave
0.150 g (50€7) of white flakex, mip 125-127°. _Anal. (CsHas-
N.O0) G, 11, N,

N-(3,4-Dichiorophenethyl)-N’-phenoxypropylurea (72b), --
Thix procedure was the same as that for 72a excepting that K,C(}
was used as the base and the reaction time was 44 hr: yield 0.351
g (95%), mp 93-96°. Two recrystallizations from petroleun
ether (bp 60-110°)-EtOAc gave 0.190 g (52¢) of white flakes,
mp 100-101°. Anal. (C]gHgoClzNzOQ) («“ H, N.

N-Benzyl-N ‘-phenoxypropylurea (73a) was prepared from 71
and henzyiamine ax described for 72b excepting that the renc-
tion tinle was 17 hr: yield 0,173 g (614), mp 121-128°. Re-
crystallization from Et1OAc¢ gave white granules, mp (simers
121°) 125--128°,  Anal. (Ci:HxN:0.) C, H, N,



