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previously used for assay of dihydrofolic reductase.®  Thix trice-
tion (1 ml/g of wet cells) was diluted 1:20 for assay.

Buffer was 0.05 47 Tris (pH 7.4).  2-Deoxyevtidine was stored
frozen as a1 1 solution in buffer in order ta avaid mold
growth, but wax kept at 0° durlug the day's runs. e a 3-wl
quartz cuvette were placed 2.60 ml of bulfer, 100 ub of 3.1 ml/
2'~deoxyevtidine, nud 030 ml of DASO. When the systemn had

G34) <a) B. R. Baker and B.-T. flo, J. Fhurm, Sci., 86, 470 (196G): Gy
B. R, Baker, B.-T. 1lo, and ' Neiixon, /. feterveyel. Chem., 1, 79 (19645
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balanced at 290 n, 100 4l of enzyme was added and the decrease
in optical density was recorded with a Cilford spectrophotometer;
the rate wax about 0.00 OD unit/min.  Inhibitors were dissolved
in HMRO.  The inhibitor cancentrntian far 307, inhibition (L)
wits determined by plotting e/ Vi against {1 where 1, = veloeity
withoat inhibitor, 1y = velocty with inhibitor, nid |1} = i1

hibitor concentrmtiong™ (1) = Ty wher o/ Vo = 2.

137) B R. Baker, W, W Lee, W. AL Skinner, L L Martinez, amld 15 T,
S Medl Phaem. Chem., 2, 633 (10340

Cytosine Nucleoside Deaminase. II.

Hydrophobic Bonding with Disubstituted Uracils and Cytosines

B. R. BAKER axD JaMER I.. KELLEY

Department of Chomisicy, Universily of California «f Santa Barbaca, Santa Barbara, California

113106

Recedved Maveh 9, 1968

Twelve 1,6- and 1,3-disubstituted uracils have beeu compared for their ability to iuhibit £, coli B evtosine

micleoside deaminase.

I addition to a hydrophobic futeraction between the enzyme and a l-phenylpropy! ar

1-phenoxypropyl group on uracil, further hydrophobic iuteraction was =een with a 6-(n-amytl), 5-phenyl, or 5-

pheuylalkyl group.

Among the best inhibitors found in thix series was I-phenoxypropyl-3-phenyluracil (11)

which was complexed to the enzynie about half as well ns the substrate, 2-deoxycytidine, aud about eightfold

better than the reference nhibitor, thymidiue.

The amino analog of 11, I-phenoxypropyl-6-pheuvlevtosine

21), was ouly half as good an inhibitor of the enzyme 1= 11, in spite of the fact that 2’-deoxyeytidine was coni-
\ g

plexed to the enzyme 16-fold hetter than thymidine.

In the previous paper of this series,? it was shown that
uracilg substituted with a hyvdroearbon moiety at the
1 position, such as phenvipropyl (5) (Table 1), guve
better binding to cyvtosine nucleoside deaminase than 1-
methyluracil (2) due to hydrophobic bonding to the en-
zyme. Similarly, a benzyl (4) or n-amyl (3) group at
the 6 position gave an inerement in binding compared
to uracil (1). Therefore a study has now been made to
see if better inhibition of eytosine nucleoside could be
achieved with an aralkyl group at the 1 position aud a
hydrocarbon moiety at either the 5 or 6 position of
uracil.

For inttial study, the l-aralkyl group on uraeil was
held constant at l-phenvlpropyl and the substituents
at the 5 and 6 positions were varied. Insertion of a
6-(n-propyl) group (7)* on l-phenvlpropyluracil (5)
gave a twofold inerement in binding; when this group
was inereased to n-amyl (8).2 the increment was in-
creased to 16-fold. A comparizon of H-(m-amyburacil
(8) and its I-phenyipropyl derivative (8) shows that the
phenvipropyl group gives o 21-fold inerement in bind-
ing.

An 11-fold inerement in hydrophobie bonding could
also De achieved with a 5-phenyl group as shown by
comparison of 5 and 9. The H-ethoxymethyl group
of 10* wus considerably less effective in hvdrophobic
bonding than the 5-phenyl group of 9.

The 3-phenyl group was then held constant while the
I-aralkyl group was varied. Replacement of the
phienyipropyl group of 9 by phenoxypropyl (11) resulted
in about the same degree of inhibition; however, re-
placement by the shorter phenoxyethyl (13) or longer

i1) This wark was supported in parr by Grant CA-08645 romn the Na-
tivnal Cancer lustitute, U, S, Pulidic Healtl: Service.

(2) Yar the previuus paper in this series see B. R. Baker and J. L. Kelley,
4. Mad, Chem., 11, 682 (19G8).

(3) 3. R. Buker, M. Nawazu, D. V. Sand, and T, ). Sehwan, sk, 10, 304
CIGTY. paper LX X VI o chis sories,

phenoxybutyl (12) group gave about a twofold decrease
in binding.  1-Methyl-5-plienyluracil (14), a baseline
compound for hydrophobie bonding, was too insoluble
to show inhibition.

The phenoxypropyl group of 11 wag then held
constant while the 5-phenyl group was varied; the 3-
phenethyl (16) and H-phenvipropyl (17) groups were
about equivalent to the 5-phenyl of 11 in binding to the
enizvme, but the 3-benzyl (15) group was slightly less
effective; the S-phenvibutyl derivative (18) wuas too in-
soluble to mcasure.

Since there is little difference in the binding of 8, 9,
11, 16, or 17 to the enzyme, the choice for further work
resides primarily in the ease of synthesis for further
structural variation.  The 6-substituted uracils give
alkylation mainly at N-3, rather than N-1; therefore,
turther studies with G-substituted uracils related to 8
would suffer from low yvields.® In coutrast, most 5-
substituted uraeils alkylate at the desired N-1 position.®
Of the various side chains at the 5 position, the H-phenyvl
is the enstest to synthesize with substituents,  Further-
more, the I-phenoxypropyl group is preferred to 1-
phenvipropyl sittee the substituted phenoxypropyl bro-
mides needed for studying substituent effeets on ben-
zene binding are more easily preparved.

These studies indicated that a 5-phenyl substituent
gave about us good hydrophobie bonding as higher 5-
phenylalkyl groups and suggested that attention be di-
rected to the synthesis of I-substituted S-phenyleyvto-
sines, particularly since H-phenyleytosine can be pre-
pared easily in good vield from phenylacetonitrile (see
Chemistry  =eetton).  1-Phenoxypropyl-5-phenvleyto-
sine (21) was only half ax effective as 1-phenoxypropyl-
S-phenyviuraeil (11) as an inhibitor; this result was sur-
prising in view of the fact that 2’-deoxyeytidine (19)
binds about 16-fold better than thymidine (20), and
further exploration of this digerepaney is underway.
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Tasre I
InHIBITION®? OF CYTOSINE NUCLEOSIDE DEAMINASE BY
0
I
HN
o=l 3 R
1
R
Conen, % Estd T,
No. R, R mM inhibn mM I/TdR®
1 H H 1.6 0 >6.4d.e >4
2 CH; H 3.0 0 >12d.e >7.5
3 H 6-n-CsHy 3.0 50 3.0¢ 1.9
4 H 6-CsH;CH, 1.8 50 1.8¢4 1.1
5 CsH3(CH,)s H 1.0 31 2.34 1.4
6 CsH;0(CH;); H 1.0/ 33 2.0d 1.2
7¢ CsHs(CH,)3 6-n-C;H; 0.94 50 0.94 0.59
8¢ Ce¢H;(CH,)3 6-n-CyHiy 0.14 50 0.14 0.088
9e CsHs(CH,); 5-CeHs 0.20 50 0.20 0.12
10¢ CsHs(CH,)3 3-CH.0C,Hs 0.307 23 1.0 0.62
11 CsHsO(CH,); 5-CsHs 0.107 29 0.23 0.14
12 CsH:0(CH,)s 5-CsHs 0.307 40 0.37 0.23
13 CsH;0(CH,). 5-C¢Hs 0.207 35 0.38 0.24
14 CH; 5-CeH, 0.107 0 >0.4¢ >0.25
15 CsH:;0(CH,)3 5-CsH;CH, 0.107 23 0.34 0.21
16 CsH;O(CH,); 3-CeHs(CHaz): 0.050/ 22 0.18 0.11
17 CsH;0(CH.); 5-CsHs(CHa)s 0.15 50 0.15 0.094
18 CsH;0(CH,)s 5-CeHs(CHy)u 0.040/ 0 >0.16¢ >0.10

* The technical assistance of Pepper Caseria and Susan Black with these assays is acknowledged.
assayed with 0.1 uM 2'-deoxycytidine in pH 7.4 Tris buffer containing 109, DMSO as previously described.?
inhibitor to that of thymidine (1.6 mM) required for 509, inhibition,
7 Maximum solubility or maximum concentration allowing full light

the I is greater than four times the concentration measiired.

transmission. ¢ For synthesis see ref 3.
NH,; 0O
N7 I HN/UT CH,
O:'\N/ OZl\N
HOCH, 0 HOCH, o)
OH OH
19 20
NH, 0
~ CsHs HN CeHs
Yy oz
o=y oé\l\1I
(CH3)30CeHs5 (CH2)30CeHs5
21 11

Current studies involve the cyvtosine derivative (21)
as a prototype. By judicious choice of substituents on
each of the benzene rings it should be possible to increase
binding of each benzene ring 10-100-fold, as previously
discovered with benzene binding to thymidine phos-
phorvlase,* guanine deaminase,® xanthine oxidase? di-
hydrofolic reductase,®” 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 CXXI of this series.

(5) B. R. Baker and W. F. Wood, ibid., 11, 644 (1968), paper CXXII
of this series.

(6) (a) B. R. Baker and B.-T. Ho, J. Heterocycl. Chem., 2, 340 (1965);
() B. R. Baker, B.-T. Ho, and G. J. Lourens, J, Pharm. Sci., 86, 737 (1967),
paper LXXXYVI of this series.

(7) B. R. Baker, ""Design of Active-Site-Directed Irreversible Enzyme
Inhibitors. The Organic Chemistry of the Enzymic Active-Site,” John
Wiley and Sons, Inc., New York, N. Y., 1967, Chapter X.

(8) B. R. Baker and J. A. Hurlliut, J. Med. Chem., 10, 1129 (1967), paper
CVII of this series.

® The enzyme from E. coli B was
¢ Ratio of concentration of

4 Data from ref 2. ¢Since 209, inhibition is readily detected,

TasLg 11
PrysicaL PROPERTIES OF
0
HN | (CHp)nCeH;
R
H
%
No. n R Method yield Mp, °C Formula
244q 0 S A 30 308-311a%  CyyHgN,08
24b 1 S A 22¢ 200-2104.¢ CquoNgOS
240 2 S A 16 197—199f ClelzNzos
24d 3 S A 24 177-179/  CyiHuuN,08
24e 4 S A 15 194-196¢ C14H,6N,0OS
26a 0 (0] B 75 >350%¢  CyHgN,O,
26b 1 (0] B 92 291-2937 C11HioN,Op
26¢ 2 (0] B 86 307-308%  Ci1.H1aN2O,
26d 3 O B 94 251-253%  Ci3HpuN,O,
26e 4 O B 90 256-258¢.F CmHleNZOZ
@ Recrystallized from ¢-PrOH. °? Lit.1%2a mp 313-315°. ® Enol
ether step omitted.® ¢ Recrystallized from EtOH. e Lit.?* mp

210-211°. / Reerystallized from BuOH.
PrOH. * Recrystallized from MeOEtOH. ¢ Lit.!'» mp >350°.
7 Lit.10 mp 294-295°. * A dimorph, mp 285°, was isolated in an
earlier run that gave acceptable C, H, N analyses and had ir,
uv, and tle data identical with the material mp 258°.

¢ Recrystallized from

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

Chemistry.—The 1-substituted uracils (27, 28) in
Tables I and IIT were synthesized by alkylation of the
uracil (26) (Table II) with the appropriate phenoxy-
alkyl bromide in DMSO with K,CO; or NaH as an acid
acceptor.®® Of the required uracils (26), the synthesis

(9) B. R. Baker and G. B. Chheda, J. Pharm, Sci., 54, 25 (1965).
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of H-benzyl (26b)'% and H-phenvl (26a)®1' have been
previously described via 22-24.  5-Benzyl-2-thiouracil
(24b) was obtained in 229 over-all yield froni cthyl
hydrocinnamate via condensation ot 23b with thiourea ;'
the same condensation of 23a with thiourea gave 0106,
vields of 5-phenyl-2-thiouracil (24a). The vield of 24a
was considerably improved to 309, by first converting
the aldehyde (23a) to the enol ether (25a) with ethyl
orthoformate.’?  The remaining thiouracils (24c-e)
were synthesized by this modified route through 25.
The thiouraeils (24) were converted to the requisite ura-
cils (26) by aqueous chloroacetic aeid and*'* HOAe be-
ing used as 1 cosolvent (Scheme 1),

SeupM |

ROOC
ROOC
J e, CH (CH2)nCoHs
CH(CHa)aCeHs &HO
22 e 23
l
,/// ROOC
(CH)CeHs o CCHICH.
CHOEt
25
24
0 Q
HN N (CHCoH, }iﬂﬁﬂv
_—,,_1 ’J -
0 i‘\i’ O N
i 26 (CHg)nOCﬁHs
l 27
0 FH
HI\'J\(CH;/)“CBH'- N//)\’C“H"‘
0 *f) 0= X
(CH.):0CH: (CH.),0CH
28 21
NH.
NC"C"CGH-‘? N~ ! (lliH"-
CHOR =
29, R=H v
30,R=0OEt 31,R=8
32,R=0

It

o= O

an
b, n
c,.n

0

a-Formylphenylacetonitrile (29), prepared in 819
vield from phenylacetonitrile,’® was converted to the
enol ether (30) with triethyl orthoformate,'? then
trented with thiourea to give H-phenyl-2-thioeytosine

(10) T. B. Julinson and J. C. Ambelang, J. Am. Chem. Soc., 60, 2041
11938,

(11) (a) J. 11. Burekhalter and H. C. Scarlworough, J. Am, Pharm, Assoc.,
44, 5457 (1455 (1D M. L. Wiheeler and H. 8. Bristol, sim. Chem. J., 88, 437
(1405).

(12) P. B, Russelt and N. Whittaker, th1d., T4, 1310 (1042).

013) (1) W. Wislicenus, Axn., 291, 202 (1896); (Iy P, B, Russeli aud €.
11. Hilehings, J. Am, Chem. Spe., T8, 3763 (19a1).
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(31) "= in 409 vield for the two steps.  Treatment of 31
with aqueous chlorouacetie acid did not Iead direetly 1o 5-
phenyleyvtosine (32), but the intermedinte d-aming-2-
enrboxyniethyvlthio-5-phenylpyrimidine was obtained:
sinee the eavboxymethyithio group is only hvdrolyzed
when the pyrimidine ring is protonated,' the mterme-
dinte was hvdrolyzed with aqueous HCE to the destred
S-phenyvievtosine (32).'" When 81 wuas treated with
aqueous chloroncetic aetd eontaining HCI, it was con-
verted directly to 32 i 759 vield: these results indi-
eate that the thioeytosine system must be diprotonated
hefore hydrolysis of the earboxymethylthio group oe-
curs,

Dependent on rexction conditions ¢ytosine has been
reported to alkviate at N-3162 o1 N-18 but S-nitrocyto-
sine has been reported to alkylate at N-1;%¢ therefore
the alkylation of S-plienylevtosine (32) was investi-
gated.  Alkyvlation of the sodium salt of 32, prepaved
with NaH in DMSO, with phenoxypropyl broniide gave
1 75%: vield of a single tsomer that could have =tructure
21 or that of the izomeric N-3 substituted uracil; that
thix produet wax the desired 21 was shown by HNO),
deamination' to nuthentic 27d.  This route to 27d ria
21 is constderably superior to the direct alkylation of
26a; not only ix the vield of the unalkylated pyrimidine
higher, but the separation of 32 from 21 is doue simply
with aqueous NaOH, while the separation of 27d from
26a i~ considerably more difficult and vields are lower.

Experimental Section'

5-Phenylbutyl-2-thiouracil (24e) (Method A).—-To a siirred
suspension of 4.3 g (0.11 mole) of Nall (ax a 399 dispersion in
mineral oil) in 75 ml of reagent THFE coaled i ain ice bath and
pratected trom noisture was added dropwise o mixture of 24 g
(0.1 mole) of 22e (B = 1-I't)¥ and 111 g (0.15 wwole) of ethyl
formate over a period of 30 piin. After beiig <tivred far 12 he
at ambient temperature, when gas evolution had ceased, the
mixture wax spin evaporated én racro to about 50 ml, then paared
irio a stirred mixture of 1o iced 107, 11C1 and CH.CL.  The
separated nqueous liver was extmeted again with CILCL.  'The
combined CI.ClL salutions were dried (MgS80y), then spin
evaporated 'n vaceo.  The residual 238e wax heated with 100 1l
of triethyl orthofrrmate with provision for distillation of the
EtOIT and ethyl formate that was formed.  When the distilla-
tion remperature exceeded 80°, the solvent was =pin evaparated
in vacro.  To the residual enol ether (25e) were added 175 ml of
absolute IZTOI, 7.9 g (104 mmales) of thiouren, nnd 2.4 g (47
mmolesy of NaOMe.  After being refluxed with stirring for 6 hr,
the mixture was spin evapornated fn eaco.  The residue was dis-
solved i 200 nil of 104, NaOIl and the sehiiicar was washed
(CH.Cl).  The NaO1 salation was heated on the stemun bath o
drive out auy remnindng ClLCl, then ncidified with aquecs
NCL The produer was collected rn a filter and washed (11,0,
yvield 4.15 g (15¢, ), that was about 85¢7 pure by tle and was
suitable for the next step.  Recerystallization of o =awmple from
n-PrOH gave light vellaw ervstals, mp 194-196°. See Table U

(140) ¢a) G, 11 Hitehings and P B Russell, UL XL Patenr 2,124,731 {1a3y;
Chem. Abrtr., 47, 10559 (1473), have deserilied the prepararion of chis cmn-
paund hy an alteruate rosite: (1) 7. Budesinsky and Z. Perina, Caceler-
slovakian Patent 88,060 (1448); Cher, Akstr., 64, 2378 (1440).

(15) B. R. Baker, M. Nawazu, and J. 13, McClure, J. Phron, Sei., 86,
1081 (1967), paner NCIN af this series.

(16) (a) T. B. Johuson ami X, 11, Clayy, /. Biol. Chem., 8, 40 (10081 (1)
P, Brauks and P, D, Lawley, JJ. Chem, See., 138 (1962): {¢) (00 0. Johns,
J. Biol. Clhem., 17, 1 11914,

(177 Melting paints were raken in eapillary tules an a Mel-Temp: Liock
and are nnearrected.  1urh analytical sampie had ir nond nv3 speetra com-
patilile with their ussipgned structares and eaeh raoved as a singie spot on e
with Culli=EFtO1. The analvedral samples save combmstion valies G ()
H, and N wichin (L1%) of thenry,

18y B R. Baker waed J. 11 londaau, 7. Hetermopd, Chem,, 2, 162 (164350,
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TasLe 111

PuysicAL PROPERTIES OF

O
HN6<0H2>HCGH5
|
oJ\ITI
R
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No. n R Methods
11, 27d 0 CeH:0(CHy)s c
12, 27e 0 CeH;0(CH,)s D} F
13, 27¢ 0 C H;O(CH,), Db
14 0 CH D, B
15, 28b 1 CeH:O(CH, ) D¢ F
16, 28¢ 2 CsH;O(CH ), D
17, 28d 3 CeH;O(CHaz)s CeF
18, 28e 4 CaHsO(CHz)s Dé

@ Ratio of uracil to alky! halide.

liminary solvent extraction was employed prior to Na salt precipitation.
¢ Fractionally crystallized successively from n-PrOH, EtOAc, and finally BuOH.

/ Recrystallized from BuOH.

for additional data and other compounds prepared by this
niethod.

5-Phenylpropyluracil (26d) (Method B).—A mixture of 0.51 g
(2.1 mmoles) of 24d, 5 ml of HOAg¢, and 15 ml of 109, aqueous
chloroacetic acid was refluxed with stirring for 3 hr during which
time solution took place and the product separated. The cooled
mixture was filtered and the produet was washed (H,0); yield
0.45 g (949%), mp 250-253°. Recrystallization from MeOEtOH
gave white crystals, mp 251-253°. See Table II for additional
data and other compoinds prepared by this method.

1-Phenoxypropyl-5-phenyluracil (11, 27d) (Method C)—A
mixture of 2.00 g (10.6 mmoles) of 26a, 22 m! of DMSO, and 0.42
g (10,5 mmoles) of NaH (599, dispersion in mineral oil) was
stirred for 30 min when solution was complete. Then 0.87 g
(4.0 mmoles) of phenoxypropy! bromide was added and the
mixture was stirred in a bath at about 90° for 4 hr. The cooled
reaetion mixture was poured into 40 ml of ice H,O and acidified
with HCI to about pH 2. The solid was collected on a filter and
washed with H,O; tle with 3:1 CsHe-EtOH showed that this was
a mixture of 26a and 27d. The solid was extracted with several
portions of hot EtOH until tle showed 110 more 27d was being
extracted. The combined EtOH solutions were spin evaporated
in vacuo. The residue was heated with 40 m! of hot 59, NaOH,
then cooled. The insoluble sodium salt was collected on a filter
and washed with 59, NaOH; if tle showed some 26a was still
present, the sodinm salt was recrystallized from 5%, NaOH.
The wet sodium salt was suspeuded in H,O and acidified with
HCL  The product was collected on a filter aud washed with
H,0; yield 0.59 g (45%), mp 176-181°. Recrystallization from
EtOH gave white crystals, mp 181-183°., See Table III for
additional dats and for additional componnds prepared by this
method.

The following modificatious were eniployed, depending on the
particnlar produet: (1) in method D, K-CO; was used in place of
NaH; (2) in method E, NaCl was added to salt ont the Na salt of
the product; (3) in method F, the sodium salt was not isolable
and the prodiict was isolated by fractional crystallization. No
effort was made to recover additional material from the filtrates
in any of the methods; therefore yields are minimum values.

5-Phenyl-2-thiocytosine (31).—Condensation of phenylace-
tonitrile with ethyl formate in ethanolic NaOMe gave 293 in
819 yield, mp 156-159°. A solution of 28 g (0.19 mole) of 29
in 80 ml of triethyl orthoformate and 0.5 ml of 969, H.S8O,s was
slowly distilled nntil the vapor temperature reached 90°. The
volatiles were then removed by spin evaporation in vacuo. The
residial oil was dissolved in CHCl;, washed with excess 59 Na-
HCO;, then dried (MgS0:) and evaporated <n wacuo. The
residiial enol ether (30) was refluxed with stirring with a solution
of 14 g (0.26 mo e) of NaOMe and 10 g (0.19 mole) of thionrea in
200 ml of EtOH for 30 min during which time the produect sepa-
rated. The mixture was diluted with 500 m! of H,O, then washed
(CH,Cly). The aqueous solution was clarified by filtration, then
acidified to pH 5. The product was collected on a filter and

b Product extracted from starting material with EtOH.

Uraeil T

ratio® yield AMp, °C Formula
2.6 35 181-183~ Ci9H;sN203
2.6 34¢ 135-136 CaHyN:0;
3 31 157-159 CsHisN2Os
1 4 216-218 CuH oN»0O»
3 33 118-120/ CuH:N2O;y
1 3/ 144-145 CaH,N:203
2 6/ 102-103 Ci:HasN, O3
2 79 115-116 CasHysN2Os

¢ Reerystallized from EtOH. ¢No pre-
¢ Product extracted from starting material with CHCL.

washed (H,0); yield 16 g (409 ), mp 275-282°, that was suitable
for further transformations. Recrystallization of a sample from
1:3 DMF-MeOEtOH gave white crystals, mp 296-299°; no
literature!* melting point has been recorded.
4-Amino-2-carboxymethylthio-5-phenylpyrimidine (33).—A

mixture of 300 mg (1.3 mmoles) of 31, 5 m! of HOA¢, and 10 ml of
109 aqueous chloroacetic acid was refluxed with stirring for 3 hr.
The solntion was spin evaporated in vacuo. The residue was
treated with 3 m! of HyO and the pH was adjusted to 5-6 with
5% NaOH. The product was collected on a filter and washed
(H,0); vield 290 ml (85%), mp 124-135°. Recrystallization
from toliene gave white crystals, mp 138-140°, lit.14» mp 135-
138°.

5-Phenylcytosine (32). A.—A mixture of 250 mg (0.96 mole)
of the above 33 and 5 ml of 12 ¥ HCI was refluxed for 2 hr, then
evaporated in vacuo. The residine was dissolved in 5 ml of HyO
and the solution was neutralized with NH,;OH. The produect
was collected on a filter and washed with H,O; yield 150 mg
(839,) of product, mp >340°, that was uniform on tle and had
Mmex pH 1, 290; pH 7, 240, 281 (infl); pH 13, 263, 203 mu. The
synthesis of this compound, mp >310°, by a less conveuient alter-
nate route has been described;!® the conversion of 33 to 32 is
described i1l a patent in lower yield.1#

B.—A mixture of 9.0 g (44.2 mmoles) of 31, 150 m! of H:0, 15
g of chloroacetic acid, and 100 ml of 12 ¥ HC! was refluxed with
stirring for 2 hr. The hot solution was clarified by filtration,
then spin evaporated in vacuo to abont half the volume and
nentralized with NH,OH. The prodiict was collected on a filter
and washed (H.O); yield 6.2 g (755%) of product identical with
preparation A.

1-Phenoxypropyl-5-phenyleytosine (21),—To a stirred mixture
of 810 mg (4.32 mmoles) of 31, 25 ml of DMSO, and 152 mg
(3.78 mmoles) of NaH (59¢7 dispersion in mineral oil) was stirred
for 1 hr when H. evolution ceased. The niixtiire was warmed to
70°, then was treated with 815 mg (3.78 mmoles) of phenoxy-
propyl bromide. After an additional 2 hr at 70°, the mixture
was cooled, diluted with 40 m! of ice H,O, then adjusted to pH
10-11 with 106, NaOH. After being stirred 15 min, the mixture
was filtered and the product was washed (H:O). The solid was
dissolved in 50 ml of hot 6 & HC], then cooled to 0°. The HCI
salt was collected, then it was dissolved in 30 ml of hot H.O.
The solution was clarified by filtration aud nentralized with NHs-
OH. The product was collected ou a filter and washed (H,0):
yield 900 mg (74%), mp 134-138°. Aun additional 45 mg (total
78%), mp 133-139°, was obtained by nentralization of the HCl
filtrate. Recrystallization of a sample from EtOAc gave white
crystals, mp 98-102°, that was an EtOAc solvate; after being
dried at 100° in high vacuum, the solveut-free product, mp 142-

(19) Y. F. Clhiand Y. L. Tien, J. Am. Chem. Soc., 55, 4135 (1933).
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144°, was obtained; Apax (1067 EtOH), 242, 268-203 (platenn):
pl 1, 299; pH 13, 277 (plateau) mp.  Anal. (G H,yN;0.) C, 11,
N.

Deamination of 1-Phenoxypropyl-5-phenylcytosine (21) to
27d.—To a gently stirred solution of 200 mg (0.62 mmole) of 21
in 5 mib of HOA¢ cooled i an ice bath was added dropwise a
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solition of 170 mg (2.48 nunoles) of NaNO. in 4wl 1.0, Dhe
solution was allowed to stand at ambient temperatare far 24 he
during which (e the product separated.  The solid was cal-
lected on a filter nud washed with 1L,0:; vield 16 g (577 ) uf
27d, mp I78-180° that wax identieal with 27d prepared ria
26a (Tuable 17).

VIII.

Bisquaternary Salts
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An investigation of types of quaternary ammoninm heterocycles acceptable as hasic functions in experimental

antilenkemic bisquaternary salts is described.
{ion and on certain steric featires are discussed.

Since the initial observation of experimental anti-
leukemic activity in quaternary salts of N,N1-(6-
quinolyl)terephthalamide? we have demoustrated that
acceptable basic functions in this type of molecule are
the quaternary salts of 6-acylaminoquinolines,?3 3-
and  4-(p-acylamino)phenylpyridines,2® and 3-benz-
amidopyridines.®* The researches described in this
paper detail investigations of further acceptable basic
functions as well as the effect of certain steric factors on
biological activity.

The alteration of basic functions in many cascs
changes charge separation in the resultant molecules.
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 N,N’-(6-quinolyl)terephthalamide series) which
can be increased by small increments to a maximum of
27 A in the extended amide series deseribed in our
previous paper.*

A further example of the permissibility of variable
charge separation is provided by the three series I-1I1
which all show convineing experimental antileukemic
effectiveness in mice.

RN\_+_/)HN@HNCO@CONH@NH(\—:—/NR
I
R?\\T/)HN@HNCO@CH%HCONH@NM\T/NR
I
RN\_+_/>HN®HNCOCH=CH©€H=€HCONH©NH<\T/NR
g

These three series utilize the new basie funetion
4-anilinopyridine; this function is somewhat more

(1) Aathar to wham inguiries should lie addressed.

(2) Part V: G.J. Atwell and B, F, Cain, J. Med. Chem., 10, 706 (1967}.

(3) Part VI: (. J. Atwell and B. F. Cain, 1b34., 11, 295 (1968).

(1) I'art VII: G. J. Atwell, B, F, Cain, and R. N, Seelye, 1bid., 11, 300
(196R).

Some aspects of the dependence for activity ou charge separa-

lipophiliec than those previously used; for example,
antileukemic effectiveness drops from I (R = CHy) to
higher members. This could have been predicted
from the relative R; values if these were taken as
giving a measure of lipophilic-hydrophilic balance.?

In contrast, the corresponding 2-anilinopyridine
geries IV, covering a similar range of B; values to the
4-anilinopyridines, contained no active members.
I'urther variants of the 4-anilino heterocycle system
have been examined. The 2-amino-4-anilinopyrim-
idines V. gave life exteusions in the 11210 system
similar to the corresponding pyridines but were less
active ou a molar basis. The 2-amino-4-anilino-6-
methylpyrimidine series (V1) utilizing the pyrimidine
function preseut in the trypanocides antryecide® and
prothidium® also contained active members but these
were even less active than the pyrimidines V on a
molar basis; a dose of several hundred mg/kg being
required to demonstrate an effect.

OO
RO
2 u NHp

Cousideration of the above results coupled with the
activity of the 3-phenylpyridine series described
earlier? led to the preparation of the 24-diamino-5-
phenylpyrimidines VII. These compounds proved to
be extremely potent cxperimental antileukemic drugs
with the ethyl quaternary salt (VII, R = CH;) in
early treatment groups giving a proportion of 100-day

SUrvivors.
w

(5) A. D. Alnley, F. 11. 8. Gurd, W. Hepwarth, A. G, Murray, and C, i1
Vasey, J. Clem. Soc., 59 (1953).
(6) T.1. Watkins and G. Woolfe, Nature, 178, 368, 727 (1954).




