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The Walker 236 rat tumor has been fonud ta covtaiy o uridine phospherylase that can cleave FUDR @ -

fluorouracil.

Tuhibition of thix euzynie by 55 G-substituted uracils was studied.
bonding region on the enzyine adjacent to the active site was detected, but hydrophobie inter:

‘The preseuce of a hydrophobic
‘tlon wax weak.

The best 6-snbstituted 1racil found in this series was the phenylunylamine derivative (85), which coniplexed to
the enzynie 33-fold better than uracil, but ouly 4-fold better than the substrate, FUDR.

‘Thymidine phosphorylase from Lschericia coli B*
can phosphoryviyze thymidine,® 2’-deoxyuridine,® and
FUDR?* (5-fluoro-2’-deoxyuridine) to the correspond-
ing base and 2’-deoxy-a,p-ribofurunosyl 1-phosphute
in a reversible reaction. In a series of 11 papers,
syrtematie studies have led to highly potent reversible
inhibitors of the I, eoli B enzyme; these studies in-
cluded the mode of pyrimidine binding,” the location of
hydrophobic bonding areas with I-substituted® or
G-substituted uraecils,” =Y the effect of the acidity of the
substituted uraecils on binding, ' and hreversible
inhibition.’® Among the best inhibitors fouud were
14,° 16,° and 23' which were complexed 450-; 1100-,

)
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14, R = 2.3-(CH.).C.H,
16,R = 2.3-CL,C.H,
23.R = a-(',.H:CH,

and 2000-fold better, respectively, than the substrate,
FUDR; the most potent compound found wns the
7-chloro derivative of 23 which complexed to the
enzyme  H000-fold better than FUDR.M These t

(1) This wark wis weneronsly sapported o Grans CN-08G95 from rhe
National Cancer Inssinre, 178 Pnhlic Neals Lo Servien.

¢2) Ior rhe previaes paper of this series see 4. R. Unker, N AL L Vermen-
len, owed AL Ryan, S Yed, Chem,, 13, 280 (1470,

3 W, I Razzell and 110 G Nleorana, Bioekane, Bisplos. «bs, 28, aG2
ClOaRy,

i) 1 R. Baker, J. Mev. Chew.. 10, 207 (1467, paper LXNXV of this
series.
1 15 R Paker and M. Kawaza, 1607, 10, 313 11967), paper LXNIN of
tlds series,

iy W R Paker and M. Kawazu, 447, 10, 302 (19675, paper LXXYVI of
thix series,

Ty MR Baker and ML Kawazu, sbid. 10, 511 11867), paper LNXXVIIL
of (his series,

18) 1. R. Paker and W. Rzeszotarski, /s, 10, 1100 (1967, paper CIV
of thix series,

@y 1L 1L Baker and W, Rzeszorarskl, shid., 11, 639 11968), pajer CNXX1 of
this series.,

(10) I3, R. Paker and S0 EL [lopkine, t0f, 18, 87 19700 qaper CLXVII
of 1 1ix series,

111 B R Biker and M. Keowaza, 200, 10, 416 T10487), paper LXNXN of
il series,

(1¢) 1 R. Baker. M. Kawaze, and 1o Do MeClare, Jo Phorm. Sed., 56,
1081 11967), paper XCIN of stas series.

13y B R Baker und M. Kawaza, des.0 56, 1086 (1967), pajer O of 1ias

sorfes.

1 Lo the chema berapearie wily of o seleerive blockade of 1lds e
zyme see ref +and 15,

115 I R, Daker. “Desizn of Aesive-Site-Directed Drreversilde nzyme
Inhibirors, " John Wilev & Sone, Ine, New York, N2 Y. 1067, pp va--81,

sibstitients were complexed to o hydrophobie bouding
region on the enzyme.

The next phase wns to study the reversible mhibi-
tion of an enzyme in a rat tumor that could cleave
FUDR to FU: such an enzyme has been fonud in the
Walker 256 rat tumor.'® However, in contrast to
L. coli, there wre two enzymes in mammalian sourees
that can cleave FUDR to FU. Mummalian uridine
phosphorylise 1= less speeifie than . coli uridine phos-
phoryviase since the mammalian enzyme ean alsa eleave
thymidine and 2'-deoxyuridine.'=2! but the L. coli
enzyme caniot.®*2 Both mammalian® =2 and £ coli?
thymidine phosphorviases ave highly specifie for 3-RR-
nracil-2’-deoxyribosides where R = H, CH;, or halo-
gen, but do not cleave uridine.

The Walker 256 enzyme hax been shown to bhe
uridine-deoxyuridine phosphorylage (EC 2.4.2.3).»1
1t 1% not =urprising in retrospect that 14, 16, und 23
were relatively poor inhibitors of the Walker 256 uridine
phosphoryli=e: they only complexed abont s cffec-
tively ax the substrate, FUDR. Therefore, it wus
nece==nry to completely reinvestigate what type of sub-
stituted uracils might give a strong hydrophobie in-
teraction with the Walker 256 uridine phosphorylase
cleaving FUDR to FU. Inhibition of the Walker 256
I'UDR  phosphorviase by G-substituted uracils was
investigated and the resnlts are the =ubjeet of this
paper: 11 the papers that follow. inhibition by 1-sub-
stituted®® and H-<ubstituted uracils* are reported. By
proper chotee of substitients and position on nracil.
inhibitors of the Walker 250 FUDR  phosphoryhwe
have been found that complex 800-fold better than the
substrate FUDR.#

Enzyme Results. - The parent uracil (1) wis com-
plexed to the Walker 256 enzame 7-fold less effectively
than the substrate. FUDR (Tuble 1), Tutroduction
of a G-nmino group gave 2 which was slightly less of-

16 ML Zimmmernon, Bisehens, Binphygs, Res Comesenn., 16, 600 119G,
1T LW Yamada. /. Biol, Chrm,, 248, 1648 (1968),
18 I AL Nrentrsky. Lo WL Mellors, and 1R, . Barvelay, 107, 240, 1251

1O68),

(19 P Lansen and G. FCzold, Bisvhem., Z., 339, 100 (19G3).

<20) 1 Prenssel, (3, 1ozald, DL Biirwdlf, and P Langen, Biochen. Plarini-
vol. 18, 2085 11969,

121y 1 Pontis, Go Degersteds, waad Vo Reteliad, Bisvhtm. Biophys, (Gely,
51, 148 <10t ),

s LML Paewse aud Fscidenks ren. Binches, Binpios.. 40, 12 (19752),

2ty 15 R DBaker und L L. Kellex. . Med, Clos., 18, 458 11070), piveee
CLNNX of 7 lds sertes,

iy 1T Baker and 1L Kelley, o0 18, 461 (1970), papes CLXNIT

wislds sees.



Di-partvK.nl

IrunversiBLe Exzyse INaiBrrors. CLXIX

TasLe 1

InaIBITION? OF WALKER 256 FUDR PHOSPHORYLASE BY

HN
0]

No. R Iso, uMbe
1 H 2900

2 NH, 4000
34 CH,C¢H; 4400
4e COCsH; >8000/
5° OC¢H; 8100
6° SCeH; >2000/
7¢ S0.,CsH; 2600
8e NHCH; >2000/
Qe CH2CGH4N02—WL >2000/
10" CH,C¢H; (2-thio) >4000/
117 CH‘ZCGH;’)—:—)—Bri 330
127 CH,C¢H N Os-m-5-Br? 150
13* n—C5H11—5—CeH5N=Ni 570
14! NHCH;-2,3-Me. 600™
1':)1 NHCsHs—Q,G—D/Ie-z 3500
16! NHC:H;-2,3-Cl, 4007
174 (CH:).CeH3; 2700
184 (CH_.);CeH; 1800
19¢ NHCH,CsH; 400

¢ The technical assistance of Maureeu Baker and Julie Leseman is acknowledged.
when assayed with 400 uM FUDR iu pH 5.9 arsenate-succinate buffer containing 109 DMSO as previously described.*
f No inhibition at the maximum solubility which is oue fourth of
rvef 5.

4 Synthesis: ref 7.
7 Synthesis:

Experimental Section.
the concentration indicated.

¢ Synthesis: ref 8.
ref 13. * Synthesis:

Journal of Medicinal Chemistry, 1970, Vol. 13, No. 3 457
|
R
No. R Iso, wM"e
20! NHCH,.C¢H-2-Cl 240
21! NHCH,C¢H-3-Cl 330
22! NHCH,C:H-4-Cl 500
23 NHCH;-a-C\oHz 240
24 NHCHQCGHE,—J—)—BF" 350
251 N(CHa)CHeCeH‘, 1500™
26! NHCH(CH;)CsH; 8000™
27! NHCH(C¢H;): 380
28! N(CH.C¢H;). 410
29! NHCH(C¢H;)CH,CsH; 1500
50¢ NH(CH,).CsHs 1600
31 NH(CH.)%C¢H; 850™
32 NH(CH.):CeH; 280
33 NH(CH,)0CsH; 200
34 NH(CH.).0C:H; >280/
35 NH(CH,),C¢H; 86
36 NHCHg¢n 1900
37 NHCan—n 390
51, = conceutration for 50¢¢ inhibition

¢ See

* Uracil substituent. 7 Syuthesis: ref 11. *# Synthesis: ref

12. !Synthesis: ref 9. ™ Estimated from the inhibition observed at the maximum solubility which is lower. » Syuthesis: ref 10.
Tasue I1
Paysican PrRoPERTIES OF
0]
HN
N
0] H NHR
Reaction Amine

No. R time, lir® ratio? % yield® Mp, °C, dec Formula®
31 (CH2>3CGH5 22 ]. 178 276—280 CLSHISNEO‘I
32 (CH2>4CGH5 16 4 15¢ 240-246 CI4HLTN302
33 (CH2 )aOCeHa 43/ 1.3 18 239-247 ClaHlsNaOa
34 (CH,)sOC¢H; 207 2 27h 264266 C1:H1: N30,
35 (CH,);CeHs 24¢ 1.5 5 264-266 C1:H1sN:O2
36 CiHsn 22 2 13% 273-274!
37 C;Hi-n 14 2 11m 267-268 CoH13N30,

@ All compounds were made using method B of ref 8.
aud are minimum.
B. R. Baker and J. L. Kelley, J. Med. Chem., 12, 1039 (1969).
Burnett, Jr., J. Amer. Chem. Soc., 79, 5667 (1957).
Dudykina, Zh. Obshch. Khim., 28, 2399 (1958).

® Ratio of amine to 6-chloroiracil.
4 All compounds were analyzed for C, H, and N.
¢« For starting amine see D. G. Doherty, R. Shapira, and W. T.

k Recrystallized from DMF.
i Recrystallized from MeOEtOH-H.O.

¢ Yields are for analytically pure material
¢ Recrystallized from MeOEtOH. 7 For starting amine see

* For starting amine see N. K. Kochetkov and N, V.,
* Recrystallized from EtOH-MeOEtOH.

' Mp 265° (dec) reported for this compound by a different method; S. Kuwada, T. Masuda, T. Kishi, and M. Asai, Chem. Pharm. Bull.

(Tokyo), 8, 798 (1960). ™ Recrystallized from HyO-EtOH,
fective than 1. Bridging of a Ph group to the 6 posi-
tion of uracil by CH; (3), O (5), S (6), SO, (7), or NH
(8) gave no increase in binding to the enzyme. Sub-
stitution of a m-NOs (9) on 6-benzyluracil (3) gave no
appreciable increment in binding. However, substitu-
tion of 5-Br (11) on 3 gave a 13-fold increment in
binding and similar results were seen with 12 vs. 9;
this enhanced binding is probably due to the increased
acidity of the uracil ring caused by the 5-Br wtom,!:!2
or hydrophobiec bonding by Br, or both.

Substitution on the Ph group of 6-anilinouracil (8)
by 2,3-Me, (14), or 2,3-Cl, (16) gave a >5-fold incre-

ment in binding, indicating a hydrophobie interaction
with the enzyme; the 2,6-Me, substituents (15) were
considerably less effective.

When the benzyl group of 3 was increased in size to
phenethyl (17) or phenylpropyl (18) binding was en-
hanced only about 2-fold.

6-Benzylaminouracil (19) was 5-fold more cffective
than uracil (1), Substitution on the benzyl group by
Cl (20-22) gave no enhancement in binding; a similar
result occurred when the benzyl group of 19 was re-
placed with c-naphthyl (23). Introduction of 5-Br
(24), or alkyl, aralkyl, or aryl on the «-C or the N
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(25-29) also failed to enhance binding. The phenyl-
amyl group of 35 was 5-fold more effective in binding
than the beuzyl group of 19, but shorter alkyvl bridges
(30-32) or oxyalkyl bridges (33, 34) were less effective
than 35. The n-AmNH substitnent of 37 was just
ax effective us the benzylamino group of 19, aguin in-
dicating o hyvdrophobic interaction; the n-BuNH
group (36) was H-fold less effective.

fi-Aminouracils substituted by hyvdrocarbon groups
are excellent inhibitors of the £. coli B thymidine phos-
phorylage cleaving FUDR to 1I'U that can bind to this
enzyme 1100-5000 times more effectively®” than the
substrate. In contrast only weak hydrophobic inter-
action was seen with these compounds on the Walker
256 enzyine, a uridine phosphorylase that ean cleave
FUDR to ¥U. This weak interaction indicated that
a hydrophobic bonding region was present on the Walker
256 enzyme, butl that 6 substituentz on the uracil
could not properly orient for strong interaction. There-
fore studies were turned to hvdrophobic groups at-
tached to the 1 or 5 positions;***4  excellent inhibitors

Irreversible Enzyme Inhibitors.

Baxrkg axp KLLLEY

of the Walker 256 enzyme emerged that could bind 100-
to 1000-fold better than the substynte.

Experimental Section

Melting points were taken in eapillary tubes on a Mel-Temp
block and are nncorrected.  All analytical samples had propee
uv and ir spectra and moved as a single spot on tle ou Brinkmavn
silica gel GF; each guve combustion values for C, H, and N
within 0.3%¢ of theoretical.

6-Benzylamino-5-bromouracil (24).-—To a stirred 1nixture
of 0.217 g (1.0 mmaly of 198 and 2 ml of AcOH at ~70° was
added 0.351 g (1.1 munol) of pyridinium hydrobromide per-
broniide. A clear sobition formed which soon deposited white
crystals.  After 0.5 lir the mixture was cooled and diluted with
10wl of H:O. The product was collected, washed with H,0,
reerystallized twice from MeOLtOH, aud then from AcOH:
vield, 0.121 g (41¢,) of off-whiie clusters which had vo definite
melting point but moved us o single spot on tle v 1:3 AcOH:
Gelsor 1:3 EtON-Csll,. Anal. (CuH BrN;O,) C, 1, N.

FUDR Phosphorylase.-- “I'his enzyuie was present in the 0-45...
(NH.4).80s fraotion of extracts of Walker 256, The euzvine iv
thix fraction was stable for at least several months at —15° when
stored in 1.8-ml alignots sufficient for 1 day of use. 'The nssny
wax perforied with pH 3.9 wrsenate-snecinate as previously de-
zeribed, M sufficient cuzyme and time being used to give abwnt
(.15 O.D. change in the controls,

CLXX."* Inhibition of FUDR
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1-Substituted uracils (44) were investigated as inhibitors of Walker 256 uridine-deoxyuridine phosphorylase

(EC 2.4.2.3) which can also cleave FUDR to 5-fluorouracil.
henzyl (10), phenylbutyl (13), or phenoxybutyl (18) substituents.

A good hydrocarbon interaction was seen with
Further enhancement, of binding of the benzyl

group was achieved with m-OR substituents, the best binding beiug observed by m-OC.H; (32) and m-CeHs-
(CH,),0 (33-37) groups; 32-37 were complexed to the enzyme about 300-fold better than the parent uracil and

about 40-fold better than the substrate, FUDR.

6-Arylamino-® and 6-arylmethylaminouracils®* are
excellent  inhibitors of FUDR phosphorylase from
Lischerichia coli B® due to a hydrocarbon interaction
of the aryl or aralkyl group with the enzyme; these
compounds were much less effective on the FUDR
phogphorylase from Walker 256 rat tumor, although
weak hydrocarbon interaction was seen.? Since it
appeared that a hydroearbon group bridged to the
6 position of uracil could not orient for maximum hy-
drophobic bonding,? attention was turied to possible
hydrocarbon interaction from I-substituted and 5-
substituted uracils, Some excellent inhibitors have
emerged in both areas; the inhibition of the uridine—
deoxyuridine phosphorylase (ILC 2.4.2.3) from Walker

(1) 'I'bis work was generously supported by Grant CA-08695 from the Na-
tional Cancer Institute, U. 8. Public Health Service.

(2) For the previous paper of this series see B. R. Baker and J, L. Kelley,
J. Med. Chem., 18, 456 (1970).

(3) B. R. Baker and W, Rzeszotarski, ibid., 11, 639 (1968), paper CXXI1
of this series.

(4) B. R. Baker and 8. 1. Hopkins, 4bid., 18, 87 (1970), paper CLXVI1L
of this series.

(5) B. R. Baker, ibid., 10, 207 (1967), paper LXXV of this series.

(6) For the chemotherapeutic utility of selective inhibitors of this enzyme
see (a) ref 4, and () B. R, Baker, ""Design of Active-Site-Directed Irrevers-
ible IZnzyme Inhibitors,” John Wiley & Sons, New York, N. Y., 1967, pp
TY-81.

256 rat tumor with I-substituted uracils is the subject
of thiz paper.”

Enzyme Assays.-In Table I uracit (1) has Iy =
2900 wd.r Introduction of a 1-Me (2) substituent
gave no loss in binding on this Walker 256 uridine
phosphorylase; this result should be contrasted to
the result with E. coli B thymidine phosphorylasce
where 2 wus 33-fold less effective than nuracil (1), in-
dieating that the 1-H was o binding point to the L. coli
enzyme, but not the Walker 256 enzyme.

Hydrophobic bonding was seen with higher alkyl
gronps (4-7), the maximum increment being about 15-
fold compared to I-methyluraeil (2). Ring substit-
nents were detrimental to binding; about a 2-fold
loss in binding compared with 2 oceurred with c¢yclo-
pentyl (8) and a >G6-fold loss with Ph (9).

Hydrocarbon interaction by aralkyl groups wus then
studied, 1-Benzyl (10) gave u 24-fold increment in
binding compared with 2, but phenethyl (11) and
phenylpropyl (12) were considerably less effective.
Aectivity maximized again at phenylbutyl (13), which
was 80-fold more effective than 2; phenylamyl (14)
aud phenyhexyl (15) were about 2-fold less effective
than 13, With the phenoxyalkyl group (16-19),



