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2,4-Diamino-5-(4-carbethoxyphenylazo)pyrimidines beuring the 3-unilino-2-liydroxypropylamine or 3-anilino-
2-chloropropylamino substituents in the 6 position have beeu synthesized and compared in biological systems
with 2,4,6-triamino-3-(4-carbethoxypheuylazo)pyrimidine to test the hypothesis that the former compounds

might undergo an in vive conversion to a tetrahydropteridine.

No evidence to support this hypothesis could

be found, and it was demoustrited that azopyrimidines are inhibitors, rather than substrates, of rat nzo

reductuses.

As part of a continuing program?®—? of synthesis and
eviluation of substituted pyrimidines as fohie acid
antagonists, we have considered the possibility of
synthesizing compounds that are potentiul precursors
of folic acid antagonists which may be converted in
riro to active antagonists. The advantages of this
type of approach to the design of chemotherapeutically
effective compounds have been discussed several
times.’=  The conversion of an inactive to an active
compound by enzymatic activation occurring preferen-
tially in the tumor cell offers to cancer chemotherapy
possibilities of increased selectivity of action, reduced
systemic toxicity, and possible reduction in the de-
velopment of resistance to the drug.

Our preliminary approach to this problem has been
to design compounds that may be converted in o
to folic acid antagonists of the 2,4-diaminopteridine
class of which the best kuown member 1z amethop-
terin (I) (see Scheme I). The compounds sclected
were appropriately substituted S-arylazopyrimidines
(V and VI) which, conceivably, could eyclize to n
tetrahydropteridine (VIII) after reductive fission of the
azo linkage.!® Compound VII was included as o con-
trol in which this reductive cychzation could not
oceur.

Results and Discussion

The results presented in Table I show that compounds
V-¥II are inhibitors of folic neid reductase, binding
somewhat less efficiently than folic acid. The effect
of introducing the 6-N substituents of compounds
V-VII into 2,4,6-triamino-6-(4-carbethoxyphenylazo)-
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pyrimidine ([L]/[She = 0.011)* is to produce decreases
in binding capacity of approximately 100-fokl. In
the worl of Baker and Shapiro!! it is also evident that
introduction of two hydrophobic substituents into 2,4-
diaminopyrimidines does not produce an additive
increase in binding capacity toward dihydrofolic redue-
tase. Thus, replacement of the 6-methyl group of
2,4-diamino-3-(4-phenylbutyl)-6-methylpyrimidine by
phenyl leads to an approximately 50-fold loss in effec-
tiveness of binding, although 2,4-diamino-6-phenyl-
pyrimidine binds to dihydrofolic reductasc seven
times more effectively than 2,4-diamino-6-methyl-
pyrimidine. One explanation of these findings is that

(D B, R, Baker aud 11, 8. Shapiro, J. Pharm. Sci., 86, 308 (10066).
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TasiE I
ToXICITY AND ANTITUMOR ACTIVITY OF 6-SUBSTITUTED 2,4-D1AMINO-5-(4-CARBETHOXYPHENYLAZO )PY RIMIDINES
Mouse
toxicity,? Rat toxicity,® Dose, % body
No. (118 Dso® mg/kg mg/kg qd 5-9 mg/kg qd 5-9¢ wt change® T/C
v 1.5 >1600 >400 400 +6 0.5
VI 3.75 300 140 100 +3 0.67
50 +19 0.9
VII 1.2 1100 550 400 —9 .46

o Folic acid reditetase inhibition.
of substrate, [folate] = & X 1072 Af.
days 5-9 (see Experimental Section).

latio of concentration of inhibitor required for 50¢ mhibition of enzyme activity to concentration
b Approximate acute L1Dg (see Experimental Section).
4 Against established Murphy-Sturm lyniphosarcoma.

¢ Approximate LDs, five daily doses on
¢ Weight of rats on day 5 taken as 10097,

/ Ratio of volume of treated aud coutrol tumors estimated on day 12.

the binding site of folic and dihydrofolic reductase
contains only one hydrophobic bonding area. Intro-
duction of two hydrophobic groups into the 2,4-
diaminopyrimidine structure may cause one of these
groups to interact at a nonhydrophobic binding area
with resulting desorption of the molecule from the
enzynie.

Compounds V-VII are relatively nontoxic and
exert little or no antitumor action even at dose levels
approaching the toxic range (Table I). The broad
similarity in toxicities and antitumor activities of
compounds V-VII does not lend any support to
the idea that V and VI may be converted in wvivo
to the pteridine, VIII, which might be regarded as a
potentially more cytotoxic agent.

Confirmatory evidence for this view was obtained
by in vifro studies carried out to determine the ease
of reduction of the azo linkage in azopyrimidines and
azobenzenes. Rat liver homogenate fortified with an
NADPH-generating system as recommended by
Mueller and Miller'? was employed as the reducing
mediunm. As anticipated,!® substituted azobenzenes
(2-N,N-diethylaminoazobenzene,  2-carboxy-2’-N,N-
diethylaminoazobenzene, and 2-carbomethoxy-2/-N,N-
diethylaminoazobenzene) were reduced relatively
rapidly (100-400 mumoles/min per g of tissue wet
weight), but the 5-arylazopyrimidines V-VII, 2,4,6-
triamino-3-phenylazopyrimidine,  2,4,6-triamino-35-(4-
carbethoxyphenylazo)pyrimidine, and 2,4,6-triamino-
5-(4-carboxy-L-glutamylphenylazo)pyrimidine were
completely resistant to reduction even after a 2-hr
incubation period. Iurthermore, it was established
that reduction of 2-carboxy-2’-N,N-diethylaminoazo-
benzeiie was inhibited by 2,4,6-triamino-5-(4-carboxy-
L-glutamylphenylazo)pyrimidine with the latter ex-
hibitig an [I]/[S]s ratio of 1.5. It is thus probable
that 5-arylazopyrimidines are inhibitors, rather than
substrates, of liver azo reductases.

Experimental Section'*

N-(2-Hydroxy-3-anilino )propylphthalimide (IIL).—N-(2,3-
epoxypropyl)phthalimide® (I, 10 g, 0.05 mole) and aniline (4.6
g, 0.05 mole) in methanol (100 ml) were refluxed for 12 hr.
The solution was cuoled, aud the precipitate was filtered, washed
with cold methanol (20 ml), and recrystallized from metlhanol to
give ITI, mp 151-152°, in >909; yield.

Anal. Calcd for C17H15N2035 C, 6895,
Found: C, 69.06; H, 5.46; N, 9.51.

(12) G. C, Mueller and J. A, Miller, J. Biol. Chem., 180, 1125 (1949),

(13) W. C.J. Ross and G. P. Warwick, J. Chem. Soc., 1364 (1956).

(14) Melting points were recorded on a Thomas—Kofler hot stage and are
corrected. Analyses are by Galbraith Laboratories, Inc.. Knoxville, Tenn.,
and by Dr. A. E. Bernhardt, Mullieim, Ruhr, Germany.

(16) M. Weizimunn and 8. Malkowa, Compt. Rend., 190, 495 (1930).

H, 5.44; N, 9.46.

N-Phenyl-2-hydroxy-1,3-propanediamine (IV).—III (10 g,
0.035 mole) and HCI (100 ml, d 1.2) were refluxed for 6 hr. The
mixture was diluted with water (50 ml) and left overnight at 5°.
The calculated quantity of phthalic acid was filtered and the
filtrate was spin evaporated in zacuo to give a residue which was
recrystallized from methanol (charcoal) to give the dihydro-
chloride of IV, mp 177-179° (yield 6.2 g, 7957 ).

Anal. Caled for C¢H;sCLN:O: C, 45.20; H, 6.74; Cl, 29.63;
N, 11.7. Found: C, 45.04; H, 6.70; CI, 29.75; N, 11.4.

2,4,6-Triamino-5-(4-carbethoxyphenylazo)-6-N-(2-hydroxy-3-
anilino)propylpyrimidine (V).—Compound IV (3.32 g, 0.02 mole
as free base from IV-2HCI] and NaOEt) and 2,4-diamino-5-(4-
carbethoxyphenylazo)-6-chloropyrimidine* (2.85 g, 0.01 mole)
suspended i1 ethanol (100 ml) were heated at 100° to complete
solution, On cooling, V crystallized as orange needles with
mp 201-203° (4.0 g, 90%,). An analytical sample (from meth-
anol) had mp 202-204°.

Anal. Calcd for C:zHgsNgOs! C, 5825,
Fouud: C, 57.95; H, 5.84; N, 24.59.

2,4,6-Triamino-5-(4-carbethoxyphenylazo)-6-N-(2-chloro-3-
anilino)propylpyrimidine (VI)—Compouud V (2.25 g, 0.005 mole)
was fiuely powdered and suspeuded in dry ether (50 ml) at 0°.
Thionyl] chloride (0.9 g, 0.0075 mole) was added with vigorous
stirring, and the mixture was maintained at 33° for 1.5 hr.
Excess thionyl chloride was destroyed with ethanol (2 ml), and
the product was filtered, washed with ether, and recrystallized
(ethanol) to give VI as the hydrochloride in yellow plates, mp
146-150°, in near quantitative yield. Despite repeated recrys-
tallization, it was impossible to obtaiu a completely satisfactory
elemental analysis for this material.

Anal. Caled for CeH:sClNgOe: C, 52.25; H, 5.2; Cl, 14.02;

H, 5.78; N, 24.7.

N, 22.17. Caled for CipHiClLNgO.-2H0; C, 48.8; H, 4.83;
Cl, 13.1; N, 20.7. Found: C, 48.75; H, 4.50; Cl, 12.34; N,
19.84.

2,4,6-Triamino-5-(4-carbethoxyphenylazo )-6-N-(3-anilino)-
propylpyrimidine (VII).—N-Pheuyl-1,3-propanediamine!® (2.92
g, 0.02 mole) and 2,4-diamino-3-(4-carbethoxypheuylazo)-6-
chloropyrimidine (2.85 g, 0.01 mole) suspended in ethanol (100
ml) were heated at 100° to complete solution. On cooling, VII
crystallized as orange needles, mp 178-181° (3.8 g, 88%). An
analytical sample (from methanol) had mp 182-184°,

Anal. Caled for C.:HiNsO2: C, 60.85; H, 6.04; N, 25.8.
Found: C, 60.54; H, 5.91; N, 25.91.

Inhibition of Folic Acid Reductase.*—A high-speed, super-
natant fraction of rat liver homogenate was used as the source of
folic acid reductase.’” The assay procedure for folic acid re-
ductase activity was similar to that described by Werkheiser.8

Reduction of Azo Compounds.'’—A 109 suspeusion of rat
liver homogenate was prepared in ice-cold, 0.25 M sucrose cou-
taining 0.01 M phosphate buffer, pH 7.4. The incubationn mix-
taire contained 15.2 umoles of fructose 1,6-diphosphate, 200 ug of
NAD, 200 ug of NADP, 120 umoles of nicotinamide, 10 gmoles of
MgCly, 200 gmoles of KCI, 50 umoles of phosphate buifer, pH
7.4, and 0.5 ml of rat liver homogenate i1 a total volume of 3.0
ml. Azo compound, dissolved in dimethyl sulfoxide or 0.02 M
NaOH was added to a final concentration of 75 mumoles. Blank
samples contained all constituents except the azo compound.
Duplicate mixtures were incubated at 37° with shaking and,

(18) A. Goldenring, Ber., 23, 1169 (1890).

(17) S. F. Zakrewski and C. A, Nichol, J. Pharmacol. Expil. Therap., 187,
162 (1962).

(18) W. C. Werklieiser, J. Biol. Chem., 236, 888 (1861).
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after varions time intervals, the reactlon was stopped by the
addition of 3.0 ml of 209 (w/v) aqueous trichloroacetic acid.
Azo componud remaining was extracted with n-butyl aleohal and
estinated spectrophotometrically.

Biological Test Methods.—Toxlicity determinations were per-
formed using male Swiss mice (22-26 g). The camponnd, dix-
solved in =aline or suspended in 10 gum seacia, was ndmninis-
tered by infraperituneal injection to gronps= of 3-6 niice fdise level.
Deaths within a 21-day period were recorded and approxinnte
LiDje values were estimated graphically fram per cent mortality,”
log dosc plots.

Val. b

Antitimmor artivities of the componnds against the Mnrphy-
Stiurn Iympliosareoms were assessed as [ollows,  'The tinmar was
implanted subenGneansly into male Holczman rats using o trochar
aned camnnla. Five davs Inter when the hunor hod reached
a size ol ahom 5 g, the componnd was injeeted intraperitaneally
daily Dor 5 davs. Comral animals received the vehiele only,
On day 12, the volnmes ot the timnors were ealenlated fram meas-
nrements Giken byoaocaliper, and the mean amur voline of
rented ras was campared with the wean tmnor voline nf -
irnd s CC in Table Th Rats were snbseqiently nhserved
L determine whether eomiplete regres<inn af vhe timnars acenrrerl,

Synthesis of Fluorinated Pyrimidines and Triazines'”
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The zynthesiz of fluoriiated pyrimidines and frinzines as potential thymidylate syvinthecse hibitors was ae-
complished by treating the uppropriate carbonyl compoind with =ulfur tetrafluoride in the pres<ence of hydro-
flnarie acid. The anomers of d-triflnoromethyl-6-azn-2'-deuxyinidine were prepared by conventional pro-

cednres from 5-trifliloromethyl-6-azauracil,

One possible approach to the selective control of
DNA synthesis and mitosis ix by inhibition of the
svithesiz of thymidine 5'-phosplhate (FMP).  Thymid-
vive synthetase® catalyzes the conversion of 2'-
deoxyuridine H’-monophosphate (dUNMP) to TNMP in
the presence of the carbon donor. N2 N'-methylene-
tetrahydrofolic acid (CHyTHFA). The reaction has
been studied in several Inboratories? and the require-
ments suggest a sequential reaction of the enzyvime with
the cofactor (CHyTHI'A) followed by reaction of this
complex with the substrate dUNMD.

Sinee  5-fluoro-2/-deoxyuridine  5’-monophosphatc?®
(FAURD) is known to be a =trong mhibitor of the
enzyvine. substitution of fluorme for hydrogen in the
methyl group of thymine might also confer inhibitory
properties.  The increase of clectronegativity nssocinted
with the trifluoromethyl group might he o desirable
feature, sinee Baker in 1960." had postulated that an
increased acidity of the N-3 hydrogen could nuprove
the properties of the nnalogs and allow them to be
more strongly bound to the enzyvime receptor site.

Thus, S-trifluoromethyluracil (2), S-difluoromethyl-
urnceil (4a), and S-trifluoromethyl-6-nzauracil (6) and

¢1) This work was generonsly supportel o wrant CA-5630 from the
National Cancer lustitute, Natipnal Iustitites of Health, T. <. Uubli:
Health Service.
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Med. Chem., 6, 619 (1963); (e} J. Heterocycln: Chem., 2, 491 (1965 o1y
2. T Mertes, S, E, Saheb, and D. Miller, ibid., 493 €1965).  Portions of this
wirk were presented at the Symposinm ou Newer Coucepts of Structure
Activity Relationships, 112th Meeting of the Ainerican Pharmaceniical Ax-
suciatinn, Detroit, Micli,, Marcle 1865, Ahstraet A-III. While thiz payper
was in press a similar pablication aprearsl: A, Dipple and C. leidel-
beruper, J. Med., Chem., 8, 715 (1806).

(3) (a) A.J. Walba and M. Yriedkin, J. Biol. Chem., 237, 3794 (14621,
and references therein; (1) R. L. Iakley, 1//d., 238, 2113 (1963), and refer-
ences therein; (¢) C. K. Mathews and 8. =, Cphen, 161d., 376 (1963), al
references therein; (1) E. Jenny sl 1. M. Greenlerg, itid., 3378 (1963);
(¢1 P. Reyes and C. Heidelberger, 3/nl. Pharmacol., 1, 14 (1965), and refer-
enres therein; (f) P. M. Frearsou, 5. Kit, amd D, R, Dubhbs, Carncer Res.. 28,
TAT (196i1; G, R. Greenlierg, R. L. Sfummerville, and &, DeWolf Pror.
N el Sed TN 48, 242 (luidy,

oy 1L R Baker in “Cpufereine pn xperitental Clinieal Caneer €renns
herapy,” TG TEL Morrisar, 191, National Cameer Tnstitute Monograph N iy
Anwnst TUga, ot

Some preliminary bialogical resnlts nre presented.

s a- and g-2’'-deoxyribosides (7a and b) were synthe-
sized in an effort to ~tudy the requirements of an effee-
tive antimetabolite of the thyvmidylate  syuthetase
scquence of reactions,  During the course of this work
Heidelberger and co-workers® reported the synthesis of
S-trifluoromethylurncil (23 and  S-trifluoromethyl-2’-
deoxyuridine by another route. The synthesis of 5-
trifluoromethyl-G-nznweseil (6) and the 2'-deoxyribo-
side anomers (7) was canmunicatedd jointly with
Shen and co-warkers”

The itiad appronches ta the synthesis of 2 rie pri-
mury ring =vnthesis utilizing  ethyl 3.3.3-trifluoro-
propionat’ in analogy to Whitehead’s® =<ynthesis af
S-cawbethoxyuractl were  unsuceesstul,. The  =ccoml
approach wax based on the aromatic character of
i urneil?  Sinee the trifluoromethyl radical Tuw been
reported ta add readily to various aromitic systems!”
thix procediwe was applicd to uracil. Phatochemical
attempts were unsuccessful:  thermal decomposition
of triffuoramethyl ifodide in the presence af mereurie
chloride' wave urucil-3-carboxylic acid (1) indicating
that reaction ocenrred followed by hyvdrolysis.

Sincee =ulfur tetrafluoride was introduced as n reagent
for the conversion ol the earbaxyl group to the fri-
fluoromethyl group. reports hmve appeared deseribing
the seleetive mature of thix reagent,’®  Ruaaxeh noted
the protective offeet and Muartin, ¢f @l..'* the enhanee-

¢l O, Heblellbprger, D, G arsons, sapl D O Ry, J. b Cheon Sov,,
84, 3597 (10621; J. Med. Chem., T, 1 (18964),

(6) T.Y.&heu, W. V. Ruyle, awl R. L. lugianesi, J. Heterneyclic Chene, 2,
495 (1065), and ref 21,

() F. Brown anl W, I, . Muskprave, J. Chem. Sor. 2087 119534,

(8) C. W. Whitchew), J. .tim. Chen, Sor., T4, 4267 (1052),

(9) 1), J. Brown, ““I'le Pyrimidines," Interscience Publishers, luce., The
Netherlands, 1962,

(10y 1. M. Whittemuvre, A, P. Stefani, and M. Szware, J. Am. Chem. Sor.,
84, 3799 (1062); 1. Huyser and 4. Bedard, J. Org. Ciem., 29, 1588 (19641,

(11} J. Barnus, 11. J. Tincleus, anl R. N. Haszebline, J. Chem. Soc.. 3041
r1950),

(12) W, R. Hasek W. (" 2mith, and V. A Engelhart, J. .{m. Chem. Sor
82, 41 119600,
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