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Since the 6-benzyl and the S-bromo groups on uracil give tnerement~ tn binding to thymidine phosphorylase,
the effects of both groups iu the sanie molecule, 6-benzyl-3-bromouracit (XVII), were investigated:; the hydro-
phobic bouding by the benzyl group and the effect of increased acidity by the A-bromo atom o binding were addi-
tive. 6-Beuzyl-H-bromauracil (XVII) was a 150-fold more effective inhibitor than uracil, X VII being complexel

to thyuidine phosphorylase 40-fold better thau the substrate, 2’-deoxy-i-fltorouridine.

Additive effects were

Lot observed by introduction of a 5-bromo on 6-(p-nitrobenzyhuracil: in fact, the binding by the beuzyl group wax
lost.  The binding by the benzyl group returned when the uitro group of i-bromo-6-(p-nitrobenzyl)uracil wax

reduced to aniino (XXV),
benzyl-i-broniouracits.

I an earlier paper of this serles,* 1t was observed
that a 6-benzy! group (II) on uracil (I) (Table I) gave
an 18-fold inerenient in binding to thymidine plios-
pliorylase; this inerenient could be increased to 120-
fold with u 6-p-nitrobenzy! group (I1I), thus indicating
that the benzyl group was complexed both hydro-
phobically and as an electron acceptor. In a subse-
quent study,?® it was found that the 5-nitro (IV) and
the 5-bromo (V) groups could give 18- and 9-fold
inerements i binding, compared to uracil, due pri-
nurily to the inereased acidity of the 1-hydrogeu of the
uracil,  If both increased acidity of the 1-hvdrogen and
hyvdropliobie bonding could be incorporated iuto the
same uraceil molecule. strong inhibitors of thymidine
phosphorvlase could emerge.  The results of the first
of such studies are the subject of this paper.

Sinee the H-nitro group on uracil had the biggest
effect on acidity and enzyme binding, S-nitrouracils
with 6 substituents were studied first. Introduetion
of the G-methyl group (ax in VIII) or the 6-propyl
group (VII) gave less than a twofold increment in
biuding (Table I); similar results were observed in com-
parison of wravil (I) with G-propyluracil (VI). Uu-
fortnnately. J-nitro-6-benzyhuracil, which should be a
good inhibitor, could not be synthesized by nitration
of 6-beuzyluracit (II); 6-(p-nitrobenzyl)uracil (III)
war  obtained  instead.*  Therefore, H-nitro-6-styvryl-
uraeil (IX)* was evaluated as an inhibitor. IX was
threefold less effective than S-ultromracil; appavently
the rather rigid styryl group could unot assume the
proper conformation for binding to the enzyvnie in the
presence of the S-uitro group.

The effect of the G-styryl group on binding was also
investigated with a S-sulfouylpiperidide group ou the
uracil; XT was about a seventold better iuhibitor than
the  correspanding  G-methyluracil X. Surprisingly,
reduetion of the stvrvt double boud to phenethyl (XII)
cansed loss of binding by the phenethyl group, XII
being 1o more effective thau the 6-methyluracil (X).

Tt was previously observed that the polar 3-diazo-

t: Thix work was goneroasly supported Ly Grant CA-08685 from the

National Caneer Institnre, UL S Public Healtle Sercice.
12y Yor the previous paper of thix series see 13, R. Baker and M. Kawazu.
S Ui Claome,. 10, 313 0140673,
On lewve from Tamnbe Reivaku O, 1ad., Tokyw, Japan,
s 1t R. Daker and M. Kawaza, J. Med. Chem., 10, 311 (DA67s;
LNNXVI of tlds series.
A W L0 Ross, J, e, Soes, THIR (10480,

It has not yet been posxsihle to rationalize these results with the pare-substituted

niun group on uracil (ax i XIV) led to some loss in
binding,? the extent being difficiilt to assess due to lack
of sufficient lght transmission. That the polar -
diazouiuni group did give a loss of bindiug was ¢ou-
firmed in the 6-phenethyl series, XIII being a fivefold
less effective inhibitor than 6-phenethyluracil (XV).

Lixcellent  inhibitors of thymidine phosphorylasc
were found in the 3-bromouracil series.  5-Bromg-G-
propyluracit (XVI) was a 14-fold better inthibitor than
6-propvhuracil (VI) and 5-bronio-6-benzyluracit (XVII)
was a ninefold better iuhibitor than 6-benzvhuracit
(I1): these results should be compared with 5-bromo-
uriecil (V) being a ninefold better inhibitor than uracil
(I.> Thus the inerements in binding by the 3-broma
and G-benzyl groups were additive; H-bromo-6-benzyl-
uracil (XVII) was one of the two best inhibitors in
Table I. being complexed to thymidine phosphorylase
150-fold better than uracil and 40-fold better than the
substrate, 2'-deoxy->-fluorouridine.

Sone higher and lower homologs of 5-bromo-6-
benzyvhuracil (XVII) were then checked for maxinuiu
activity, namely, G-pheuyl (XVIII), 6-phencthyl
(XXI), and G-phenylpropyl (XXII). In each case.
the H-bromo group gave little inereased binding; thus.
S-bromo-6-beuzyhuracil (XVII) was still by far the best
lhibitor of the seriex.

The larger a-iodo group (XX) also gave an inereient
in binding oun 6-benzyluracil (IT), XX being about
fourfold better whibitor than TI; however, XX wuas
about one-half as effective ax H-bromo-6-henzyhureil
(XVII,

[t wax previgusly observed that the electron-with-
drawing nitro group of 6-(p-nitrobenzyDuracil (ITD
gave a sevenfold inerense In binding cowmpared to G-
benzyluraeil (II);* this increage was lost when the
nitro group of IIT was reduced to amino, as in XXVI.*
Therefore, LII was converted to 3-bromo-6-(p-nitro-
benzyluracil (XXIV) to determiue if the increinents in
binding from the nitro aund bromo groups would be addi-
tive: surprisingly, XXIV wus a fivefold less effective
inhibitor than 6-(p-nitrobenzyhuracit (III) and =«
sevenfold less effective inhibitor than 5-bromo-6-benzyl-
uracil (XVID). In fact, XXIV was ouly a twofold
better inhibitor than J-bromouracil (V), indicating
that nost of the binding by the 6-benzyl group had
teen lost,
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InutBITION OF THYMIDINE PHOSPHORYLASE® BY
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Comnpd Rs Rs
I H H
1I H CeH;Cll.
111 H p-N0.CeH,CH,
v NO: H
v Br H
VI H n-CsH;
VII XO)_ n-C3H7
VIII XO. CH;
IX NO; C:H;CH==CH

X soN ) CH;

XI sox_) CH,CH==CH
NII so_,;\'Q CH5(CH),
XIII N=N = CeHa(CHz)z
XIvV N=N"*- H

XV H CeH:(CH,),

XVI Br n-C3Hs

XV‘[I Br CGHacHS

XVIII Br CeH;

XIX H CsH,

XX I C¢H;CH,

XXI Br CeH;(CHa),
NXII Br CsH;(CHz)s
XXIII H CeH;(CH,)s
XXIV Br p'XO‘ZCGH4CH2
XXV Br p-NH,CH,CH,
XX\'I H p-‘.\‘HgCeI‘LCHg
XXVII Br p-CH,CsH.S0,Cl
XXVIII Br p'CH2CeH4SO~2NH~3
XXIX Br CsH;CHo,

XXX Br Ce¢H;CH.
XXXIa H p-CH,CeI1:30,C1
XXXIb H p-CH2C6H4802NH2

I
Rl;
w S e
R concn inhib ((11/18Ds.s?
H 1.5 50 3.9¢
H 0.090 30 0.224
H 0.013 50 0.0324
H 0.090 30 0.22¢
H 0.18 30 0.45¢
H 1.0 50 2.5¢
H 0.031 50 0.13
H 0.063 30 0.18e
H 0.25 50 0.62
H 2,04 43 6.0
H 0.157 31 0.88
H 1.5 39 3.0
H 0.5 32 3.0
H V.57 0 >He
H 0.24 30 0,604
H 0.14 50 0.35
H 0.010 a0 0,025
H (.66 50 1.7
H 0.257 0 >2 340
H 1).024 50 0.060
H 0.23 50 0.57
H 0.19 50 0.47
H 0.45 50 1.1¢
H 0.067 50 0.17
H 0.011 10 0.028
H 0.15 30 0.374
H 0.607 30 3.0
H 0.407 30 2.3
NCCH, 0.307 11 ~10

)71-‘.\.09C6H4CH2 0. 1"3)” 0 >1.5¢
H 0.88 50 2.2
H 0.17 50 0.42

@ Thymidine phosphorylase was a 45-909; ammonium sulfate fraction from E. coli B prepared and assayed with 0.4 mM 2'-deoxy-3-
fluorouridine in succinate-arsenate buffer (pH 5.9) in the presence of 109, dimethyl sulfoxide; the same results with III and XVIII were

obtained without DMSO. The technical assistance of Barbara Baine, Maureen Baker, and Pepper Caseria is acknowledged.
ratio of concentration of inhibitor to 0.4 m} substrate giving 509 inhibition.

J. Med. Chem., 10, 302 (1967); paper LXXVT of this series.
colicentration allowing full light transmission.
least four times the concentration measured.

If the binding of the benzyl group of XXIV was in-
deed lost, then the nitrobenzy! group could not assume
the proper conformation for binding. One possible
explanation is that the electronegative nitrobenzyl
group is repulsed by the electronegative bromo group,
thus not allowing the nitrobenzyl group to approach
the 5-bromo closely in space. If maximum binding by
the nitrobenzyl group requires a conformation of the
phenyl approaching the 5 position of the uracil, then
maximum binding would not be achieved. Further
support for this explanation was then sought.

(1) Reduction of the nitro group of 3-bromo-6-(p-
nitrobenzyl)uracil (XXIV) to amino (XXV) gave an
inhibitor just as effective as 5-bromo-6-benzyluracil
(XVII), indicating that the electron-withdrawing
nitro group of XXIV was detrimental to binding.
(2) Introduction of the electron-withdrawing sulfonyl

4 Data previously reported.? ¢ Data previously reported.?
¢ Since 209 inhibition is readily detected, the concentration for 509, inhibition is at
& Maximum solubility.

® The
¢ Data previously reported: B. R. Baker and M. Kawazu,
/ Maximuni

chloride (XXVII) or sulfonamide (XXVIII) groups on
5-bromo-6-benzyluracil (XVII) were also severely
detrimental to binding. (3) Although the binding of
6-benzyluracil (IT) could be increased by the electron-
withdrawing p-nitro group (I1I),* binding by the benzyl
group was completely lost when the electron-withdraw-
ing sulfonyl chloride group was introduced as in
XXXIa; the corresponding sulfouamide (XXXIb)
was not better than 6-benzyluracil (II). Thus, the
effect of the p-nitro group of III cannot be explained by
its electronegativity alone. Perhaps steric or even
direct binding by the p-group is involved, but the cur-
rent studies do not shed sufficient light on the mode of
binding of ITI.

In a previous paper, evidence was presented that the
3-hydrogen of uracil was complexed to thyniidine
phosphorylase. This observation was confirmed with



3

the more poteut 3-bronio-G-benzyluracil; introduction
of a1 3-cyanomethyl group (XXIX) or a 3-(m-nitro-
benzyl) group (XXX) led to lirge losses in binding.
Chemistry.-—\ost of the 5-bromouracils i Table |
were made by bromination of the corresponding -
substituted uracil i glacial acetie acid?  3-Bromwo-0-
(p-untinobenzyhuracit (XXVI) was prepared by catu-
Ivtic hydrogenation of XNIV i acid solutiow,
Chlorosulfouation of 5-bromo-G-benzyluracil (XVII
with chlorosulfouic  acid afforded XXVII, which
gave XXVIIT on reaction with mmmonia. A sihuilar

0 .
HN R Hl\)l
O=,\N ’CH2C5H:‘ O:J\N I CH,C,H-
H H
XVII. R=Br I
XX.R=1I

1 lCISO H

0
Br H.\'/tj
CHzSO-.,R 0=\\ CH.lSO.:R
H

XXVIL R=Ct
XXVIII, R=NH,

XXXIa, R=Cl
XXXIb, R=NH,

chlorosulfonation of 6-benzyluracil (II) at room tem-
perature selectively chlorosulfonated the benzene ring
to XXXTIa; the chlorosulfonation of the 5 position of
uracil requires a higher temperature,? about 100°.
That sulfonation occurred ou the benzene ring was
demoustrated by the loss of the baud due to CsH; near
700 cin~! and the lack of shift in the ultraviolet maxi-
munl which would oceur on 5 substitution.

Todination of 6-benzyhuracit (II) with iodine in
agqueous sodium hydroxide’ afforded 5-iodo-6-benzyl-
uracll (XX) in good vield. Alkylation of 5-bromo-t-
benzyluracit (XVII) with chloroacetonitrile or -
nitrobenzyl chloride in dimethyl sulfoxide in the pres-
enee of potassium carbonate gave a inixture of the 1 and
3 isomers which were separated by preparative thin
laver cliromatography to give XXIX and XXX,
respectively, by the geueral procedure previously de-
serihed,®

Condensation of S-nitro-G-methyluracil (VIII) with
benzaldehyde as  previously  described®  proceeded
stioothly.  Catalytic hydrogenation of IX in glacial
acetic acid in the presence of PtO, catalyst reduced
both the uitro group and the styryl double boud to
give H-amino-6-phenethyluracil (XXXII) in 6497 yield
ixolated as its hydrochloride. Treatinent of NXXXII
Ly drochloride with sodium nitrite in water resulted in
precipitation of the diazouracil XIIT as a zwitterion in
R3¢ vield. This compound (XIII) was rather un-
stuble i1 509, DAISO solution at rooni temperature.
undergoing speetral shifts: it had a half-life of about
1 hr. However, at 0° a solution of XIII in DMSO was
stable, undergoing no spectral shift in 2 hr.  Attempts

¢ T, B, Johnson and J. . Ainbelane, . Am. Chem. Soc., 60, 2941 (19381,
iv» The procedure of T. 13. Juhnson and . O. Johns, J. Biol. Chem.. 1,
#0535 (1903), for lodination of uracil was eynployeil.
(& . R. Baker and M. Kawazn. J. e, Chem., 10, 304 (16867): paper
LXXVII of this series.
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L
H
VIII. R=NO, IX, R= NO,

XI. R=-80,N

X. R=-S0.N >

O

@N NEN

R
0=1\N | CH,CH,CH,
H

- O=1\N CH.CH,CH,
H

XIII XXXII, R=NH,
XII. R=-SO,N

ta convert XIIT to the 5-cyano or s-sulfonyl ehloride®
by the Sandmeyver reaction were unsuccessful; there-
fore, the svuthesis of XII by another route was in-
vestigated.

Since the G-methyl group of uracil can be condensed
with benzaldehyde when the methyl group 1s activated
by the electron-withdrawing S-uitro group,® the reuc-
tion of a G-methyluracil, bearing the electron-withdraw-
ing sulfonylpiperidide group (X)), with benzaldehyde
was lnvestigated.  Condensation to the 6-styryluracil
XI proceeded smoothly in the presence of piperidine
819 vield. Catalytic reduction of the ethylenic
double boud of XI with a palladium-chiarcoal catalyst
affarded the phenethyhiracil XI1.

Experimental Section'®

5-Bromo-6-1 p-nitrobenzyl)uracil (XXIV) (Method A)—To »
mixture of 1.24 g (5 nimoles) of III* and 25 ml of acetic acid at
70° was added 0.8% g (5.5 mmoles) of broniiue with mixing. A
clear solution zoon formed which then deposited white crysrals.
After 2 hr at raom teniperature, the ruixture was filtered and the
product was washed with ethanol. Recerystallization from
aqueous dioxane gave 1.35 g (83¢7) of white prisms: mp 270-
271° dee: v 1700, 1650 (uracily, 1300, 1330 (NOQ,), 870, Ratt
em ™t {p-CeHy: See Table IT for additional data for compound-
prepared by this niethod. In sonie cases the acetic acid was
diluted with water to isolate the soluble product.

5-Amino-6-phenethyluracit (XXXII) Hydrochloride (Method
C).—A suspeusion of 2.60 g (10 mmoles) of IX® in 200 ml of
glicial acetic acid was shaken with hydrogen at 2-3 atm in the
preseuce af 100 nig of PtOy; 40 nimoles of hydrogeu were nb-
sorbed within 1 hr, then reduction practically ceased. The
filtered =olution wu= spin evaporated in vacuo. The oily residue
was dissolved in 10 mit of 12 .V aqueous HCY, then the solutiou was
spiu evaporated /n racuo. Reecrystallization of the residue from
ethanol gave 1.0 g (647 of white plates: mp 2534-236°; ...
3490 (NH), 2359, 2500 (NH;7), 17001630 [uracil), 750, 700 em
1CeH;). See Table IT for additional data.

Method B wiis 31 variaut of method C where 70¢, aqueons

(g Couversion of diazonimn salts to a sulfonyl chbloride with R0, in wjae-
ous HCI has been successful in other cases; ¢f. B. R. Baker, B.-T. Ho, J. K.
Coward, and D. V. Santi, J. Pharm. Sei., 55, 302 (1966); IH. Meerwein, Gi.
Dictmar, R, Géller, IX, HHafner, I, Mensel,, and O. Steinfort, Chem. Ber., 99,
841 (1957).

{10) Melting peines were determined wich a isher-Johus apparatus v
tliose below 250° arve corrected. Infrarved spectra were run in KBr pellet
with a Perkin-Elmer 137B or 337 spectrophotometer. Ultraviolet specira
were r? in water lunless otherwise indicated) with a Perkin-Elmer 202
spectrophotometer. Thinlayer echromatograms {tle) were run on Brinknanu
silica gel GT anil spots were detected by vizuinl examination under ulira-
vivlet light.



May 1967 IRREVERSIBLE ENzYME [NHIBITORS, LXXX 319

TasLE II
PuysicaL CoNsTANTS OF 5,6-DisUBSTITUTED URACILS
0O
HN | R;
o Ix
Y% Mp, ~——— Caled, % — —— Found, % ——— —— Amax, Mg ——
Compd?® Rs Rs Method yield®  °C C H N C H N pH 6 pH 13
XVIe Br n-C;H;: A 60 221-222¢ 36.1 3.89 34.3¢ 35.9 3.79 34.4¢ 280 290
XVIIe Br CsH;CH, A 244-245%7 282 302
XVIIIe Br CsH; A 75 276-278¢ 45.0 2.64 10.5* 45.1 2.73 10.4% 290 313
XXIe Br C¢H;(CHs), A 82 281-282¢ 27,1/ 9.49 27.17 9.40 280 290
XXIIe Br CeH:(CHa,)s A 78 203-207¢ 50.6 4.24 9.06% 50.8 4.26 9.20 280 290
XXIVe Br p-N0O-CsH,CH- A 83 270271 40.5 2.47 12.9' 40.8 2.65 12.6 280 290
XXVe Br p-CH-CsH, NHo- B 90 >3304m» 39.7 3.33 12.6 40.0 3.45 12.40 278 202
HCl1

XXVII  Br p-CH2CeH,S0,Cl E 63 242-244¢ 38.6" 3.45 6.00 3%.8 3.38 6.35 269 268
XXVIIT Br p-CH.CsH,SO.NH, F 53 271272 36.8 2.81 11.7 36.8 3.08 12.0 280 302
XX I CsH;CH, G 63 240-241¢ 40.3 2,76 8.54 40.3 2.79 8.54 278 208
VI NO; n-C;H; H 66 226-227° 42.2 4.55 21.1 41.9 4.36 20.9 273 254, 368
IX NO: C¢H;:CH=CH I 312-316° 290-330 289
XI soN ) C:H;:CH=CH 1 81 323-324 56.5 5.30 11.6®» 56.6 5.49 11.4 318 313
XII soN ) CeH:(CHo). D 83 304-305 56.2 5.8 116 36.0 5.76 11.7 274 284
XIII —-N=N CsH;(CHy), J 83 >2007 59.5 4.16 23.1 59.3 4.26 22.9 303 258, 316
XXXIa H p-CH,CH,S0.Cl E 25 236-237¢ 43.9 3.02 9.31 43.6 3.16 8.93 263 286
XXXIb H p-CH.C¢HsSO.NH, F 31 247-248 47.0 3.92 14.9 46.8 4.03 14.7 263 286
NXXII  NH:-HCl  CgHaCH,j C 64 2354-256" 33.8 5.27 15.7 53.7 5.40 15.9 295 292

¢ All compounds were uniforni on tlc and had infrared spectra in agreement with their assigned structures. ? Yield of analytically pure
material; 110 effort was made to rework mother liquors. ¢ Seeref 4 for starting material. ¢ Recrystallized from dioxane, ¢ Br analysis.
7 Lit.* mp 235°. ¢ Recrystallized from acetone—ethyl acetate. * Anal. Caled: Br, 29.9. Found: Br, 30.1. ! Recrystallized froni
aqueous dioxane. 7 Br. % Anal. Caled: Br,25.8. Found: Br,26.0. ! Anal. Caled: Br,24.5. Found: Br,24.8. ~ Freebase
had mp 250-231° dec. » With 1 mole of dioxane of crystallization. Anal. Caled: S, 6.86. Found: 8, 7.12. ° Lit.5 mp 316°.
» Anal. Caled: 8, 8.87. Fouud: §, 8.63. < Gradually decomposes over 200°; not recrystallized due to instability in solution.
" Recrystallized from ethanol, At pH 1, Amax 263 mg.

niethanol containing excess HCl was employed as solveut and 6-Styryluracil-5-sulfonylpiperidide (XI) (Method I).—A mix-
55 Pd-C was employed as catalyst. ture of 1.36 g (5 mmoles) of 6-methyluracil-3-sulfonylpiperidide

Method D was a variant of method C where methanol was (X), 5 ml of dioxane, 5 ml of piperidine, and 5 ml of benzaldehyde
the solvent and 59, Pd-C was the catalyst. was heated on a steam bath under a reflux condenser for 7 hr

5-Bromo-6-(p-chlorosulfonyibenzyl)uracil (XXVII) (Method E). during which time light yellow crystals separated. The cooled
—To 4.5 g of chlorosulfouic acid stirred in an ice bath was added mixture was filtered and the product was washed with ethanol;
in portions 1.40 g (5 mmoles) of XVII® at such a rate that the vield, 2.5 g of the piperidinium salt; mp 205°. The salt was
teniperature did not exceed 10°. After 5 hr at ambient tempera- dissolved i1 water and the solution was acidified with 10¢; HCL
ture, the solution was poured into excess ice. The product was The product was collected on a filter, then washed with water
collected on a filter, washed with water, and dried ¢n vacuo. and ethanol. Recrystallization from dioxane gave 1.45 g (81%)

Recrystallization from dioxane gave 1.2 g (639,) of white prisms: of colorless prisms: mp 323-324°; vmax 1700, 1680, 1630 (uracil,
nIp 242-244°; uuay 1700, 1650 (uracil), 1350, 1170 (80,), 850  C==C), 1415, 1340, 1168 (SO;N), 748, 690 cm~' (CsH;). See
en1~! (p-CeHy).  See Table I for additional data. Table II for additional data.
5-Bromo-6-(p-sulfamoylbenzyl)uracil (XXVIII) (Method F).— 5-Diazo-6-phenethyluracil (Method J).—To a solution of 2.68 g
A solution of 1.00 g (2.64 mmoles) of XX VII in 50 ml of concen- (10 mmoles) of XXXII-HCI in 100 ml of water cooled in an ice
trated NH; water was allowed to stand about 18 hr, then spin bath was added with stirring a solution of 0.76 g (11 mmoles) of

evaporated ¢n vacuo to about 0.25 volume. The solution was NaNO:; as a concentrated aqueous solution; the addition was at a
acidified with 109, HCl. The product was collected by filtra- rate that did not raise the temperature above 10°, During the
tion and washed with water. Recrystallization from aqueous addition, the product began to separate. After being stirred an
dioxane gave 0.50 g (53%;) of white prisms: mp 271-272 dec; additional hour with the ice bath removed, the mixture was

Amax (EtOH), 280 mpu; (pH 13), 302 mu; vmax 3200 (NH), filtered, and the product was washed with ice water, then THF
1730, 1680-1660, 1620 (uracil, C=C), 1325, 1150 em~} (SO,NH). and ether; yield, 2.0 g (83%) of slightly vellow needles that had
5-Todo-6-benzyluracil (XX) (Method G).—To a stirred solution no definite melting point, but gradually decomposed over 200°;
of 202 mg (1 mmole) of 6-benzyluracil (II)* in 25 ml of 1 N ymax 3150 (NH), 2150 (*N=N), 1700-1650 (uracil), 740, 700
aqueous NaOH was added 254 mg (1 mmole) of iodine. After 5 em~! (CeH;). See Table II for additional data.
hr at ambient temperature, the solution was acidified with acetic 6-Benzyl-5-bromo-3-cyanomethyluracil (XXIX).—A mixture of
acid. The product was collected on a filter, then washed with 2.8 g (10 mmoles) of 6-benzyl-5-bromouracil (XVII)® 25 ml of
water and alcohol. Recrystallization from dioxane gave 205 mg DMSO, 0.76 g (10 mmoles) of chloroacetonitrile, and 1.37 g
(63%) of white prisms: mp 240-241°%; ymax 1710, 1620 (uracil), (10 mmoles) of anhydrous K,CO; was stirred at 75-80° for 3 hr,

730, 710 cm ! (CeH;). See Table II for additional data. then poured into 50 ml of water and extracted several times with

5-Nitro-6-(n-propyl)uracil (VII) (Method H)—Nitration of CHCl;. The combined extracts were dried (MgSO,), then spin
6-(n-propyl)uracil (VI),3 as described for the preparation of 6- evaporated n vacuo. The residue on tle showed the presence of
(p-nitrobenzyl)uracil (I11),* gave a crude product that was re- starting material, 1l-cyanomethyl derivative, 3-cyanomethyl

crystallized from aqueous dioxane; yield, 669 of light yellow derivative, and the 1,3-bis(cyanomethyl) derivative. This
n?edles; mp 226-227°; vmax 3400 (NH), 1710, 1680 (uracil), mixture was separated by preparative tle as described previously
1520, 1350 em~! (NO,). See Table II for additional data. for related alkylation mixtures.2 Elution of the proper zone gave
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280 mg (94,4 of white needlex: mp 200-2017; Ao "% «pl
~=13), 300 n: UpH 1) 283 nw: pAL = 7.5,

Anal. Caled for Cud BrNyOy: €, 48.8: 1, 3.013; N, 131,
Found: €, 49.0: H, 3.3%; N, 13.0.

6-Benzyl-5-bromo-3-(».-nitrobenzy! juracit (XXX ).---A wixture
of 2,08 g (.77 mwmolex) of 6-benzyvl-d-bromourneil (XVII)»
25 ml of DARO, 1.00 g (5.90 mmoles) of m-uitrobenzyl chiloride,
and 081 g 0590 mmolex) of nuhydrous KuCOy wis heed inon

Vol 10

steall bath for 4 hr, then poured futo 50 wt of cold water. Al
about 18 hroat 5°, the mixturve was filtered and the ~olids were
wished with water.  Preparative tle ax described ewvlior gave o
zoue for XXX vl was ehited 1o give 320 mg (D977 ol eolorhess
prisinss mp 199-2000°0 Mo (EIOTT), 208 g <Iu, B1OT1
PH 13), 260, 310 my ssh

Anal. Caled for CuHGBrNgDy Coa1h: HL oo N, ol
Found: €, 51 Ho3.53:0 N 1005,

Approaches to the Synthesis of 1-Deazauridine and 2’-Deoxy-1-deazauridine!

MatHias P Merres, Janes ZieniNski, avp Conrap Pinnanr?

Depavimeat of Medicinal Chemistry, Sehool of Phavmacy, Unidversity of Kavsas, Larrence, Kansas

Rereireill Noveukey 26, DIRA

The synthexix of the title compounds ax porential inhibitors of diymidylie =ymibetase was approached by

wiodification of the procedure used in the =yuthesis of preudouridiue.

Treatnient vf 3-hronio-2,6-dibenzyloxy -

pyridine (7b) with n-butyllithium was followed by couversion to the 3-cadnium deriviative 10b. Wheun the latter
was treated with 2,3,5-1r1-O-benzovl-p-ribofuranosyt chloride followed by esterolysix, Yoth 1,2-0-[3-(2,6-di-
Fenzyloxypyridyh)benzylidene-a-n-ribofuranose (15) and 3-(n-ribofuranosyh)-2,6-dibenzylaxypyridine 114) weve

obtained in 15 and 1047 yields, respectively.

The 2'-deoxy analog (18) wax abtained hy treatnieut of 10b with
5,5-1-0-p-toluyl-2-deoxy-p-ribofuranosyl chloride and subsequent esterolysis.
gave the title compounds, both of which were unsiuhte.
evelie nature of the =ugar i1 21 aud 20 have 1ot heen determined.

Hydrogenoly=i~ of 14 and 18

I view of the latter the aunowerie coufiguration aud vhe

No slgnificant whibition of thyuidyhee

~vutheta=e or dihvdrofolate reductaxe was noted in shis series of compouuds.

Strong inhibition of the thymidylate syuthetuase cata-
tvzed conversion of deoxyuridine 5’-monophosphate to
thymidine 5’-inonophosphate has beeir reported for una-
logs of both the substrate and the product. The sub-
strate analog, d-fluoro-2’-deoxyuridine H'-monophos-
phate (FUdRP), hasa K; of 5 X 1078 M while the prod-
net analog, H-trifluoromethyl-2’'-deoxvuridine 5H’-mono-
phosphate (I';}dTAIP), 1z reported to have a K; of 4 X
10 3}/ Baker? attributed the inhibitiou by FUdRP
to enhanced electrostatic binding to the enzyvine due to
the lncreased acidity of the pyrimidine ring. In ap-
plication of hig proposed mechanism for inhibition of

thymidylate synthetase H-fluorouracit (pK, = N.15)
and H-trifluoromethyluracil (pK, = 7.33), more acidic
than their natural counterparts (uracil, pK, = 9.45:

thymine, pK, = 9.82), as the 2'-deoxynucleotides coukl
ause inhibition by increased binding affinity to the en-
zvine through the N*HC*=(Q portion of the pyriumi-
dine ring.?

Recently S-trifluoromethyl-6-uza-2’-deoxyuridine aud
the H'-mounophosphate have been synthesized in an ef-
fort to further evaluate the effects of acidity on binding
to this enzyme.” In contrast to the fluoro and tri-
fluoromethyl compounds the fluoriuated triazines, 5-
trifluoromethyl-6-azauracil (p&K, = 5.4). its 2’-deoxy-
uticleoside, as well as the 5’-inonophosphate derivative,

i1) (a) Taken in part from the dissertation presented Ly J. Zielinski to
the Graduate School of the University of Kansas in partial fulfillment of the
requireynents for the degree of Doetor of Philosophy. 1) This work was
zeneraasly supported by Grant CA-6336 fron the National Cancer Institute,
National Institutes of Health, U. 8. Public Health Service.

2) The Kansas Division of the Amnerican Cancer Society is acknowlelged
for a partial summer fellowship.

{3) The chemistry and biology of these inhibitors have been reviewed
recently: (‘. leidelberger, Progr. Nucleic Acid Res. Mol. Biol., 4, 1 (19621:
P. Reyes and C. Heidelberger, Mol. Pharmacol., 1, 14 (1965).

1) B. R, Baker, Cancer Ckemotherapy Rept., 4, 1, 1959,

5 (a) M. P, Mertes and 8, E. Saheb, J. Heterocyclic Chem., 2, 491 (1963);
11 M. P. Mertes. 8. E, Saheb, and D, Miller, ibid., 2, 493 (1965); (¢) T. Y.
Shen, W. V. Ruyle, and R. I.. Bugianesi, tbud., 2, 495 (1965); (d) M. P.
Mertes, S. E. Saheb, and D. Miller, J. Med. Chem., 9, 876 (1966): et A.
Dipple and . Heidelberger, ibid., 9, 715 (1966),

have been fouud to lack significant getivity apainst thy-
nidylate synthetase.

The acidity of 2.6-dihydroxypyridine (8. pA, = 4.2,
titration), which can be considered a deaza analog of
uracil, prompted the syvuthesis of the respective sugar
aialogs, 1-deazauridine 5’-monopliosphate (1a) and 2'-
deoxy-1-deazauridine 5'-nionophosphate (1b), to cvalu-
ate the effect of increased acidity on thymidvlate svi-
thetaze inhibition.
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In the search for uew or cuhanced biological netivi-
ties the substitution of carbou for nitrogen hux been re-
ported for many classes of medicinal agents.  Notable
among the anticancer agents are the deaza aualogs of
the folic acid antimetabolites® and various purine ana-
logs.” 3-Diazocitrazinic acid, a deaza analog of orotic
acid, 1s reported to be n competitive antagonist of
orotic acid.®

6) (a) R. D, Elliotr, ". Temple, Jr., and J. A. Montogomery, .J. Urg.
Chem., 831, 1890 (1966); (1Lt J. DeGraw, I,. Goodlman, B. Weinstein, and . R.
Baker, bid., 27, 576 (1962), and references to earlier papers,

¢7) (a) 8. Suzuki and 8. Marumo, J. 4ntibiotics (Tokyo), A10, 20 (1957);
() R, J. Rousseau, L. B. Townsend, and R. K. Robins, Biochemistry, B, 354
<1966): (¢) K. Tanaka, J. Sugawa, R. Nakawor. Y. Sanno, awl Y,
Ando, J. Pharm. Soc. Japar, T8, 770 (1955); (d) J. A. Montgomery aml
K. Hewson, J. Org. Chem., 80, 1528 (1965); J. Med, Ckem., 8, 708 (1465},
(e) C. A, Salemink and G. M. Van der Want, Rec. Trar. Chim., 68, 1013
11949): (f) R. K. Robing, J. K. Horner, C'. V. Greco. ¢, W. Noell, and C. G,
13eames, Jr., J. Org. Chem., 28, 3041 {1963).

(8) Z. B. Papanastassion, A. MeMillan, V. .J, Czevoiar, and T. 4, Pardos,
J. Am. Chem. Soc., 81, 6056 (1950).
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