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The syuthesis of some irreversibly acting inhibitors of folic acid reductase is deseribed. These compounds, the
6-N-w-(N-ethyl-N-2-chloroethyl)alkyl-2,4,6-triamino-5-(4-carbethoxyphenylazo)pyrimidines (XVI-XX), were
tested for attitumor activity against the Ehrlich ascites system. Their ability to reduce the ¢n vivo levels of folic
acid reductase in mouse tissues was also determined. Only a partial correlation between the in vitro effective-
ness of these compounds as folate reductase inhibitors and their ability to reduce folate reductase levels in vivo
in mouse tissues and to inhibit the growth of the Ehrlich ascites tumor was discovered. Some reasons for this
discrepancy are discussed. The possible mechanism of action of these compounds at the enzyme level is dis-
cussed in terms of Baker’s extensive work on pyrimidine binding to folic and dihydrofolic acid reductase.

In continuation of our study of 5-arylazopyrimidines
as inhibitors of folic acid reductase!? we have investi-
gated the effect of incorporating alkylating functions
at the 6 position of 2,4,6-triamino-5- (4-carbethoxy-
phenylazo)pyrimidine. The alkvlating function
selected was the 2-chloroethylamino group attached to
the 6 substituent of the parent pyrimidine by a
polymethylene chain. In a preliminary report on
these compounds® we noted that the extent of inacti-
vation of folic acid reductase by the 6-N-w-(N-ethyl-
N-2-chloroethyl)alkyl- 2,4,6-triamino-5- (4-carbethoxy-
phenylazo)pyrimidines showed some dependerce on the
chain length of the 6 substituent and that the relative
ineffectiveness of N-2-chloroethyl-N-ethyl-n-butyl-
amine (which represents the alkylating side chain of
XVIII) was not increased in the presence of 2,4,6-tri-
amino-3-(4-carbethoxyphenylazo)pyrimidine. These
results suggested that the irreversible inactivation of
the enzyme is not caused by a random alkylation of a
nucleophilic site but is due to the initial formation of a
reversible enzyme-inhibitor complex and subsequent
alkylation, a process which Baker* has termed active-
site-directed irreversible inhibition.

In this paper we report the synthesis and a more
detailed analysis of the biological activities of the
6-N-w- (N-ethyl-N-2-chloroethyl)alkyl-2,4,6- triamino-3-
(4-carbethoxyphenylazo)pyrimidines.

Experimental Section

Synthetlc Procedures.’—The physical constants of compounds
used in this study are presented in Tables I and II.

N-Ethyl-N-2-hydroxyethyl-1,w-alkanediamines (VI-X, Table
I}.—N-Ethyl-2-hydroxyethylamine (0.5 mole) and N-w-bromo-
alkylphthalimide (0.25 mole) dissolved in CgHg (200 ml) were
refluxed for 12 hr. The benzeue solution of N-w-(N-ethyl-N-2-
hydroxyethyl)aminoalkylphthalimide was decauted from the
oily layer of N-ethyl-2-hydroxyethylamine hydrobromide and

(1) J. Hampshire. P, Hebborn, A, M, Triggle, and D. J. Triggle. J. Med.
Chem., 8,745 (1965).

(2) M. Chadwick, J. Hampshire, P. Hebborn, A, M. Triggle, and D. J.
Triggle, ibid., 9. 874 (1966).

(3) J. Hampshire, P. Hebborn, A, M. Triggle, and D. J. Triggle, J. Pharm.
Sct., B8, 453 (1966).

(4) B.R. Baker, ibid., 58, 317 (1964).

(5) Melting points are corrected and were determined on a Thomas—
Kofler hot stage. Analyses were performed by Dr. A, E. Bernhardt, Mil-
heim, West Germany. Where analyses are indicated only by symbols of
the elements or functions, analytical results obtained for those elements or
funetions were within 0.4% of the thieoretical values.

evaporated in vacuo to an uncrystallizable oil a small portion of
which was converted to the methiodide (I-V, Table I) for identifi-
cation purposes. The oily N-w-(N-ethyl-N-2-hydroxyethyl)-
aminoalkylphthalimide was dissolved in concentrated HCI
(300 ml, d 1.42) and refluxed for 12 hr. H,0 (100 ml) was added
to assist the precipitation of phthalic acid and the cooled mixture
was filtered. The filtrate was evaporated under reduced pressure
to give the oily N-ethyl-N-2-hydroxyethyl-1,w-alkanediamine
dihydrochlorides. These were apparently very hygroscopic and
could not be maintained in a crystalline state but were converted
to the free bases by addition of the calculated amount of ethanolic
sodium ethoxide. Filtration of NaCl and fractional distillation
of the filtrate afforded VI-X (Table I) which were further char-
acterized as dipicrates (VIa—-Xa, Table I).

6-N-w-(N-Ethyl-N-2-hydroxyethy! )alkyl-2,4,6-triamino-5-(4-
carbethoxyphenylazo )pyrimidines (XI-XV, Table II) were pre-
pared from 2,4-diamino-6-chloro-3-(4-carbethoxyphenylazo)py-
rimidine (3.2 g, 0.01 mole) and N-ethyl-N-2-hydroxyethyl-1-
w-alkanediamine (0.025 mole) in EtOH (75 ml) heated to 100°
for 15 hr. On cooling XI-XV crystallized as orange plates in
80-939% yields and were recrystallized to purity.

6-N-w-(N-Ethyl-N-2-chloroethyl)alkyl-2,4,6-triamino-5-(4-

carbethoxyphenylazo)pyrimidine hydrochlorides (XVI-XX, Table
II) were prepared from finely powdered 6-N-w-(N-ethyl-N-
2-hydroxyethyl)alkyl-2,4,6-triamino-5-(4- carbethoxyphenylazo )
pyrimidine (0.005 mole) suspended in anhydrous ether at 0°
to which SOCl, (0.9 g, 0.0075 mole) was added with vigorous
stirring; the mixture was maintained at 35° for 1.5 hr. Excess
SOCl, was destroyed by the addition of EtOH and the mixture
was filtered, washed (Et;0), and recrystallized from 909, EtOH
to give XVI-XX as the hydrated hydrochlorides in near quantita-
tive yields. Prolonged drying at 100° (0.1 mm) did not remove
the water of hydration.

Blological Test Methods.—Toxicity determinations were
carried out using random-bred male Swiss mice (20-25 g). The
compound dissolved in 109, gum acacia was administered by
intraperitonal injection to groups of three to six mice per dose
level. Deaths within a 21-day period were recorded. LDsj,
values were calculated using the method of Litchfield and Wil-
coxon.b

Antitumor activities were determined with the Ehrlich ascites
system. Ehrlich ascites cells were taken from mice bearing a
10-11-day-old tumor. The cells were washed with cold sterile
saline (0.859%:) and mice were inoculated with 108 cells. Com-
pounds dissolved in saline or 109, gum acacia were injected
intraperitoneally on the day after inoculation once only, or once
daily for 5 days. The mice were killed on the 10th day after
inoculation and packed-cell volumes were determined. IDy,
values were calculated according to the method of Litchfield and
Wilcoxon.b

Folic Acid Reductase Assay.—Folic acid reductase activity was
determined as previously described.27 with the following modifi-
cations: in the assay of intestinal enzyme MgCl, was replaced

(6) J. T, Litchfield and ¥. Wilecoxon, J. Pharmacol. Exptl. Therap., 96,
99 (1949).
(7) W. C. Werkheiser, J. Biol, Chem., 286, 888 (1961).
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Tasre 1
PruyslcAL AND ANALYTICAL DAata FOR New=(N ~ETuyi-N=2-HYDRONYETHYL ALK YLPHTH ALIMIDES AND
N-LEriye=-N-2-HyDRONYETHYLALKANEDIAMINES
0
@:éN(CHz)nN (Et)CH.CH,0OH Mel
0
Mp or by Crysin
Nis. »” Yiebl, *; i}, °C snalvent I‘ermnla Analysos
1 2 216216 O TI=100.0 CiplTnIN, Oy G, 1L LN
II 3 268-270) MeOT] CreTasIN,O; C L LN
IIT1 1 DTA-2TH MeOH-EtO1] Cl T INL Oy C, LN
IV ) 268271 =-PrOI-1t,0 CHuINLO4 C,H, I[N
\2 6 Cotld not be obtained erystalline
Vi 2 a7 T0(2) CyH16NL0 N
VII 3 62 812 CiHysN20 N
\YIII 4 7—) S)h‘-l()‘l (37) (:g“zoNgO N
IX 5 51 106 (1.5) CoHaaN0 N
X 0 (52 SERORY (:1011241\12() N
VIa 2 174 E1OT1-154,0) Cy[H22N O G, N
VIIa 5 155-157 EtQOH-1¢t0 Cyg1aNL Oy ¢ 1N
VIIIa 4 125-127 EtOH-Csy CagHpeNO15 C, N
INa B 191-192 =-PrOH-Cgll; Ca HayNyOys C, N
AR Surrey and H. F. Hamnter, J. Lmer. Chem, Soc., 72, 1814 (1050).
TapsLe 11
PHYSICAL AND ANALYTICAL DATs POR 6-N=w=(N-LITHYL-N=2-11YDROX Y= (Ot CHLORO=)
ETHYL)ALKYL-2,4,6-TRIAMINO=3-(4~CARBETHOXY PHEN YLAZO )P Y RIMIDINKS
NH.
NJ\IN=NC6H4COOEtvp
A7
HN" "N” SNH(CH,)(Et)CH;CH,X
No. n N Mp, °C Crystn solvent Formula Analyses
XI 2 ()11 165 [’-Pl'()]{ (jm][;h\-g()a C, II, N
XII B 011 152 -PrOH CaoHzo N3 C H,N
XIII 4 on 168 i-PrOH Car Has N3Oy C,H,N
XIV 5 011 151 -ProOll CayH3s N3Oy LOHLO C,H,N
XV 6 Ol1 157 -Proll CayH36NOs C,H, N
XVI 2 Cl 217219 EtO1L CrolTCLNO,- L0 C,H,CLN
XVII 3 Cl 247-249 14O CyHpoCLN0, - 1LSHLO C, 1, C, N
XVIII 4 1 243-250) 1Ol Co HyppCLNGO, - 15,0 ¢, H,CLN
XIX 5 Cl 240-242 LtO11 CHyCLNO, - 1.5 H0 C,I,CLN
XX 6 Cl 2006 L0l CasIT36C1LNOs - 1.5H0 o 1, CL,N

by 2wl MnCly, and glucose 6-phosphate (0.8 mu/ ) and glucose
6-phosphate dehydrogenase (6.4 units/ml) were added to provide
ait NADPH regeneratiug system. Nicotinamide (50 umoles) was
preseitt to inhibit NADPase activity. In the assay of folic acid
rednetase from Ehrlich ascites tumor MgCly, was replaced by 50
uinoles of KCl and the NADPIT regenerating system described
above was preseiit.

Preparation of Folic Acid Reductase.—I emale miice (ICR/Hu,
40 g) were inocnlated intraperitoneally with Ehrlich Ascites cells
(108). Six days after inoculation the animals were killed aud the
tumor, liver, and intestine were renioved. Tissues from six
amintals were pooled. The livers were cleaned and homogenized
it ice-cold 0.25 M sucrose containing 0.001 37 EDTA and the
homogenate was centrifuged at 104,0009 for 40 min. The
supernatant fractionn was collected and stored at —20° nutil
used. Imtestinal euzyme was prepared similarly from the iu-
testinul mucosa. In the preparation of the tumior enzyme the
timnor cells were washed with ice-cold 0.15 A saline, suspended
in distilled water for 30 sec to lyse red blood cells, mixed with 2
vol of 0.6 M saline to restore isotonicity, and centrifuged at 5000¢
for 10 mtin. The cell pack was washed twice with 0.15 M saline
attd the suspension was homogenized for 2 min at 45,000 rpu
in a Virtis homogenizer. The houtogenate was centrifuged at
108,000¢ for 40 min and the supernatant was removed atd stored
at —20°  Protein was deterinined by the metliod of Lowry.8

Determination of Folic Acid Reductase Levels,—The levels of
folic acid reductase in the mouse liver, iutestine, and twuar

& L. Layne, Methods Enzymal., 8, 27 (1462).

Liomogenates prepared as described above weve determrinted by
titration with methotrexate.?  For the liver and intestine the
assay conditions were those deseribed by Werkheiser.? For the
assay of tumor enzyie MgCly was replaced by KCL I the
stiddy of folie acid reductase levels in these tissnes following ad-
ministration of XVI-XX, the conipounds were iijected intra-
peritoneally on the sixtli day after inoculation with tumor cells,
the anintds were sacrificed 24 lir later, and the tisses were removed
and treated as described above.

Determination of Comparative Alkylating Activities.—The
relative chemical reactivities of compounds were determined
1sing a model nucleophile, 4-nitrobenzylpyridine, by the method
of Bardos and coworkers?® as modified by Baker.!! The comt-
poitnds were dissolved in 2-methoxyethauol at a concentration of
0.2 mM. Aliquots of solution (0.25 ml) were pipetted imto a
series of test ubes and 0.25 nil of a 39 w/v solution of 4-nitro-
benzylpyridine in 2-methoxyethanol, 0.25 ml of 2-methoxyethanol,
atd 0.25 11l of 0.05 M potassium phthalate buffer (pH 4.2) werc
added to each tube. Blank tubes were idemtical but did not
contain the 2-halogenoethylainines. The tubes were mainutained
at 37°, removed at timned intervals, and placed on ice. Thert,
0.1 nl of 0.2 37 KO (80¢, aqueous 2-methoxyethanol) was
added and the coutents of the tube was vigorously disturbed

) J. R, Benino, 13. A, Booih, A. L. Bieber, A. Caslunore, and A, (.
Rartorelli, ./, Biol. Cliem., 2839, 479 (1964).

(10) 1. J. Bardos, N, Datta-Gupta, P. Hebborn, and D). J. Triggle,
JoMed, Chem., 8, 167 (1965).

{11 B. R. Baker sand J. . Jordann, J. Heteroeycel, Chem., 2, 2] (19635,
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for 20 sec ou a vortex mixer; the absorption at 570 mp was
determiued it a Beckman DU spectrophotometer.

Results

In Table III are presented values for the subacute
toxicities and the antitumor activities of the 6-N-w-(N-
cthyl- N-2-hydroxyethyl)alkyl-2,4,6-triamino-5- (4-car-

TasLe III

SuBAcUTE TOXICITIES AND ANTITUMOR
ACTIVITIES OF 6-N-SUBSTITUTED
2,4,6-TRIAMINO-5- (4-CARBETHOXYPHENYLAZO )PYRIMIDINES

NH,

/k

A\ N=NC:H,COOEtp

H(CH,)n(Et)CH,CH,X

LDso,* 1D g, Therapeutit
Compd n X ing/kg/day mg/kg/day index”
XVI 2 Cl 24 (20-28) 13 (8-22) 1.8
XVII 3 Cl 43 (38-49) 7.6 (5-12) 5.7
XVIII 4 (Cl (18—01) 6.8 (4-13) 4.4
XIX 5 Cl 2 (44-61) 13.0 (5-27) 4.0
XX 6 Cl (24—38) 70 (30-190) <1.0
XI 2 OH 0 (60— <100 1.0
106)
XII 3 OH >75 >75 -
XIII 4 OH 100 (63— 72 (33-155) 1.4
160)
X1V 5 OH 75 (54— >75 <1.0
104)
XV 6 OH >150 >150
CH;(CH: N (Et)-
CH,CH,Cl-HCl 55 (47-54) 30 (37-78) 1.1
Methotrexate 13 (7-23) 0.9(0.7- 13.3
1.3)
s In parentheses, counfidence limits, P = 0.05. Tumor (108

cells) inoculated on day 0 and compouud administered intra-
peritonteally on days 1-5. ? LD;y/IDg.

bethoxyphenylazo)pyrimidines (XI-XV) and their chlo-
rinated counterparts the 6-N-w-(N-ethyl-N-2-chloro-
ethyl)alkyl-2,4,6- triamino-5- (4-carbethoxyphenylazo)-
pyrimidines (XVI-XX). The nonchlorinated com-

/EI: =N~<:>FCOOEt
Hy N/K NH(CH,) N(Et)CH,CH,CI

XVI-XX

pounds XI-XV had insignificant antitumor activities
(therapeutic indices <1.0), but the chlorinated analogs
XVI-XX had antitumor actions which varied consider-
ably according to the compound (therapeutic indices
1.0-5.5, Table IIT). N-2-Chloroethyl-N-ethylbutyl-
amine which represents the potential alkylating moiety
of XVIII had negligible antitumor activity which is in
accord with previous observations!?—!* that monofunc-
tional alkylating agents are generally devoid of anti-
tumor activity unless incorporated in a specific carrier
molecule.

The range of therapeutic indices observed with
XVI-XX is particularly interesting in view of the

(12) W. C. J. Ross,
Co. Ltd.. London, 1962.

(13) D. J. Triggle, J. Theoret. Biol., T, 241 (1964).

{14) P. Hebborn and D. J. Triggle, J. Med. Chem., 8, 541 (1465).

*Biological Alkylating Agents,” Butterworth and
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TasLE IV
CompPARATIVE CHEMICAL REACTIVITIES OF 6-N-w-(N-ETHYL-
N-2-CHLOROETHYL )ALKYL-2,4,6~TRIAMINO-5-(4-CARBETHOX Y~
PHENYLAZO)PYRIMIDINES TOWARD 4-NITROBENZYLPYRIDINE

Compound -
XVI 55
XVII 46
XVIII 66
XIX 44
XX 20
CH,(CH;);N (Et)CH,CH,Cl-HCl 50

@ k', = Esn/t; seeref 9.

minor differences in chemical structure. In Table IV
are presented data for the reactivities of these com-
pounds toward 4-nitrobenzylpyridine. These data
indicate that the chemical reactivities of XVI-XIX,
which contain methylene chains of 2, 3, 4, and 5 units,
respectively, are similar, although XX, where the
alkylating center is separated from the 6-NH; group of
the pyrimidine ring by six carbon atoms, is distinctly
lower in cheniical reactivity. Table V presents acute

TasLE V
Acute TOXICITIES AND ANTITUMOR
AcTIVITIES OF 6-N-SUBSTITUTED
2,4,6-TRIAMINO-5-(4-CARBETHOXYPHENYLAZO )PYRIMIDINES

1Dgo, Therapeutic
Compd LDso,* mg/kg mg/kg index?

XVI 52 (46-58) 56 <1.0
XVII 0 (60-95) 46 1.7
XVIII 61 (51-73) 50 1.2
XIX 160 (110-230) 100 1.6
XX 135 (110-148) >120
CHs3(CH, ;N (Et)-

CH.CH,Cl-HCl 99 (83-116) 100 1.0
Methotrexate 175 (105-248) 175 <1.0

@ In parentheses, confidence limits, P = 0.05. Compound

injected intraperitoneally 24 hr after the inoculation of 108
Ehrlich ascites cells.  ? LDg/IDg.

toxicities and antitumor activities of compounds
XVI-XX. Comparison with the data in Table III
shows that these compounds are more toxic when
administered over a 5-day period but, in contrast with
methotrexate, they do not show evidence of producing
cumulative toxicity.

Table VI presents the inhibitory effects of XVI-XX
on folic acid reductases prepared from mouse liver,
intestine, and Ehrlich ascites cells, Several similarities
are immediately apparent: first, optimum binding of
these compounds is achieved with XVIII and XIX
where the alkylating side chain contains four and five
methylene groups, respectively. These compounds are
also generally the most effective in inactivating folic
reductase from all three tissues as measured by their
times for 509, inactivation. Of great interest, also,
are the quantitative differences in the behavior of these
compounds toward the folic acid reductases from the
three tissues, As measured by the ([I]/{S])s and K;
values the tumor enzyme is definitely more sensitive to
XVI-XX than are the enzymes from the liver and in-
testine. Furthermore, when concentrations of in-
hibitor are employed which give approximately the
same concentration of reversible enzyme-inhibitor
complex there are pronounced differences in the times
for 509, inactivation of the enzyme. Thus XVI, at



586

Hasesmue, Hessory, Tricens, anxp Tricarr

Vol. 11

Tausne V1
INnrslrory ACTIviTres oF G-N-w-(N-LTHYL-N-2-CHILOROETHY L) ALK Y L=2,4,6=TRIAMING=)=($=¢ A\RBETHON Y PHEN YLAZO )P Y RIMIDIN %
oN Forle Acip Reprersses rroy Motse Tissves

Compnt Tissne* P1] )= e Ny
XVI Liver 5.0 2.3 X 1070
XVII Liver 4.4 2.0 X 10
NVILI Liver 2.75 7.5 X 107¢
NIX Liver 1.0 3.0 X 1O~
XX Liver 3.25 9.0 X L0~
XVl Intestine 3.9 3.9 X 107#
NXVII Tutestine 5.0 5.0 X 10
NVIIL Intestine 1.9 1.9 X 10~
NIX Iutestine 0.6 0.6 X 107
XX Tutestine 1.0 1.0 X 1y
A Ascites 1.35 2.0 X 1078
XVII Ascites 1.6 3.0 x 10
XVIII Ascites 0.67 7.0 10
NIX Ascites 0.57 2.5 X 107
XX Ascites 1.( 8.0 X 1078

¢ K for folie acid, 2.5 X

1075 3 liver), 1 X 1078 A7 (lrtestine), 7 X 1078 3 (ascites).

Time for 50%

inhib,

Copnen, M min {{OREEEEE
2 X 107 [0 (.88
2 X 1071 30,0 .90
4 X 10 23 (3. 96
2 X 10! 7.0 .96
4 X 1o 7.0 0. 90
8 5.4 0.96
2 X 1 0.5 .96
2.4 X 10! 90 (). 86
~ X o 14 (.90
1.6 X 1071 15 0.8
S X o 141 0,90
1.2 X 107 27 (.90
1.2 X 10 I (). 80
1.5 X 10 BH) 0. =0
6 X 1o 12.5 0. 89
2.5 X 1078 20) (.90
KX 10 20 0.90

“ Fracilon of etzyiue bound reversibly as

etizyute-tithibitor complex caleulated fromn [E - - - 1] = [Ew] /(K1/11]) + 1 where |E o i total enzyme concentration aud [1] is con-

centtration of inhibitor:

concentrations which give from 80-889; EI complex,
produced 509 inactivation of the intestinal, liver, and
tumor enzymes in 90, 9, and 18 min, respectively.
The most potent compound, XIX, employed at con-
centrations that gave 909 EI complex required 19,
7, aidd 20 min to produce 509 inactivation of the
enzyvme from these three tissues.

Ap atiempt was made to correlate the inhibitory
effeets of the alkylating compounds XVI-XX on the
folie reductase levels in vivo with their ability to inhibit
growth of the Ehrlich ascites tumor. The data in
Table VIL record the folic aecid reductase levels,

TasLe VII
LEFECTs OF 6-N-@-(N=I¢H Y1.-N=2-CHLOROETHY L) ALK Y L~
2,4,6-TRIAMINO=D=(4-CARBETHOX Y PHENYLAZO )PY RIMIDINES
o~ IFori¢ Acip REvrerase LEVELS ‘n Vivo 1N ExrLIC1
AsciTeEs Tumor Brarina Mice

Doge,”  Euzyme levels in tissnes as Y5 of control”

Camypxl myg kg Liver Intesiine Tumor
XVI 35 00 100 50
17.5 9 100 70
XVl 70 54 90 30
35 100 90 70
XVIII 60 9 45 25
30 31 66 50
NIX 175 0 14 0
70 23 29 25
30 35 36 5l
XX 140 54 100 36
70 68 100 o8
55 100 100 100
CH(C )N (15t )- &80 100 08 99
CH,CH.CL-HCl 40 100 99 100

« Single dose administered intraperitoneally to Swiss mice
tnmoculated 7 days previously with 108 Ehrlich ascites cells.
h 24 hir after drug administration.

expressed as percentage of control values, in mouse
tissues following administration of the compounds af
dose levels that bracketed the Dg's determined in
acute experiments (Table V). These data indicate that

B. R. Baker, W. W. Lee, and E. Tong, /. Theorel. Biol.. 3, 439 (1962),

XVI-XX can produce differential etfects on the folic
acid reductase levels in the three tissues selected which
constituted a minimally  dividing tissue (liver). =«
rapidly dividing tissue (intestinal mucosal), and the
Elrlich ascites tumor cells.  Thus XVI at a dose of
35 mg/kg can produce a considerable reduction in the
level of the tumor enzyme (1o 309, of normal) while
having little or no effect on the liver and intestinal
mucosal enzymes.  Similarly, XVII at 70 mg/kg
produced & considerable reduction in the tumor enzyme
level, a less marked reduetion in liver enzyme, and
scarcely affected intestinal mucosal enzyme levels.

Discussion

I'rown the results presented in this paper it is apparent
that attempts to correlate the effectiveness of com-
pounds as in witro inhibitors of folic acid reductase with
their ability to inhibit the growth of a tumor system ¢n
vivo are subject to a number of difficulties.

The data in Table III indicate a broad maximun in
the therapeutic indices of the alkylating compounds
XVI-XX, with XVII being the most effective agent.
and XVIIT and XIX being somewhat less effective.
There is only a partial correlation between these
results and those from the effectiveness of the com-
pounds as In vitro inhibitors of folic acid reductase.
These latter results (Table VI) show that XIX is the
most effective in reversibly inhibiting the enzyme from
the mouse liver, intestine, and ascites tissues. However,
when these compounds were compared al concen-
trations producing essentially the same concentration
of reversibly bound enzyme-inhibitor complex, then
XIX and XVIII were approximately equally effective
in producing 509, irreversible inactivation of the liver
enzyme, but XVIII was rather more efficient in pro-
ducing the same degree of inactivation of the intestinal
mucosal and aseites enzynes.

When the abilities of XVI-XX to reduce the enzyme
levels i these tissues are compared (Table VII) it ix
apparent that XVIII and XIX were the most cffective
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in producing a general reduction in the enzyme levels
of all three tissues. These findings accord with the
in vitro studies (Table VI) on the folic acid reductases
from these three tissues which showed that XVIII and
XIX were the most effective in producing irreversible
inactivation.

A number of factors probably contribute to the lack of
a complete correlation between the antitumor and folic
reductase inhibitory effects of XVI-XX. It seems
imiprobable that differences in chemical reactivity
alone are sufficient to provide an explanation, In the
model system with 4-nitrobenzylpyridine (Table IV),
XVI-XIX showed essentially similar reactivities, but
XX was distinctly less reactive. This difference is
not extended, however, to the folic reductase systems
where the times for 509 inactivation of the enzvme by
XVIII-XX were comparable. A possible explanation
of these findings is that the 6 substituent of XX is
sufficiently flexible to offer hindrance (by coiling,
partial micelle formation, or internal bonding) to its
reaction with 4-nitrobenzylpyridine; however, on the
enzyme surface the intermolecular forces exerted on the
side chain may cause its extension and realization of its
full alkylating potential. In connection with the role of
relative chemical reactivities it is relevant to draw
attention to the recent work of Schaeffer and his
co-workers® who have reemphasized that the rate of
inactivation of an enzyme by an irreversible inhibitor
within the initially formed reversible enzyme-inhibitor
complex is dependent both on K; and k.. They point
out that the study of irreversible inhibitors at only one
concentration can lead to erroneous conclusions about
their relative effectiveness in producing irreversible
inactivation, and inversions in this order can occur if
different concentrations are employed. In our study
of the in vivo effectiveness of XVI-XX in reducing
folic reductase levels, it is not known whether equiv-
alent concentrations of the inhibitors reach all tissues
or whether the cells of various tissues are equally
permeable to an inhibitor molecule. The data of
Table VII show that while XVIIT and XIX are the
most effective in producing a general reduction in
reductase content of the three tissues, XVI is able to
produce a pronounced reduction of tumor enzyme
without affecting liver or intestinal enzymes. The
apparently selective action of XVI may be attributable
to a more favorable binding to the tumor enzyme or,
and this is equally probable, to the operation of the
factors discussed above. An additional factor, which
may be of equal importance to those already discussed,
concerns the relative folic acid levels in the tissues;
high folic acid levels will, through competition with the
inhibitor, tend to reduce its effectiveness. Work is in
progress to determine the relative importance of these
factors. Iinally, it should be noted that it is most
improbable that XVI-XX confine their actions to the
inactivation of folic reductase. At lethal dose levels
these compounds have marked central effects, probably
because of the nature of the alkylating side chain,
producing convulsions and death within 30-60 min.
This indicates that their toxic effects at these dose
levels are not due to inactivation of folic reductase
since methotrexate produces deaths within 3-5 days,

(15) H. J. Schaeffer, M. A. Schwartz, and E. Odin, J. Med. Chem., 10,
686 (1967).
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as a consequence of interference with folate metab-
olism.

It is of interest to compare our data for the inhibition
of folic reductase by the 5-arylazopyrimidines reported
in this paper with the extensive data of Baker and his
co-workers on the binding of pyrimidine inhibitors to
folic and dihydrofolic reductases.!® Such comparisons
must, however, by tempered with the recognition that
they are being made between enzymes from different
sources and that some of the differences observed may
be due to species variation of the enzyme. Baker has
svnthesized 18 irreversible inhibitors of the 2-aniino-4-
pyrimidinol class (XXI) which are believed to bind in

(CH,)4CgHg
Oy A\~ (CHR) CgHNHCOCH B
H \l//N
NH,
XXI

the conformations depicted in which the hydrophobic
interaction between the enzyme and the 5-phenylbutyl
substituent determines the binding conformation of the
inhibitor molecule. However, the corresponding 2,4-
diaminopyrimidine (XXII), while a good reversible

(CH2)406H5

H_N (CH,) CgH NHCOCH,Br

Nj/N
NHo

XXII

inhibitor, did not produce irreversible inactivation
suggesting that XXII was bound in a conformation in
which the alkylating group did not bridge to a nucleo-
philic site. The reorientation of the alkylating chain
of XXII is probably due to repulsion between the 4-
amino substituent and the enzymel!® in conformation
XXII leading to its adoption of conformation XXITIa.

(CH3),CgHg

BrCHLCONHCgH,(CH,), NH
|

“ﬁ/N
NH2
XXIIa

Our investigations into the structure—activity rela-
tionship of the d-arylazopyrimidines, while incomplete,
suggest that the 5-aryl group is binding to a hydro-
phobic site* and since there is probably only one such

(16) B. R. Baker, "Design of Active-Site-Directed Irreversible Enzyme
Inhibitors," John Wiley and Sons, lnec., New York. N. Y., 1967, pp 192-266.
This book includes a convenient summary of the work of Baker and his
colleagues.

(17) B. R. Baker and J. H. Gordaan. J. Pharm. Sct., 88, 1417 (1966).
(18) B. R. Baker and H. 8. Shapiro, ibid., 55, 1422 (1966).

(19) B. R. Baker and H. S. Shapiro, ibid., 88, 314 (1966).
(20) J. F. Moran, A. M. Triggle, D. J. Triggle, and A. Wayne, unpub-
lished data.



HNS C. L. Hong, C. Pranrtapost, axd J. 1. Invin

site near the active center the 2,4,6-triamino-5-aryl-
azopyrimidines may be binding In  conformation
XXIIL. In this conformation the alkylating 6 sub-

COOEt

4N

N
H2N%/NH(CH2)nN(Et)CH2CH2CI

|
NTN
NH,
XX

stituent would be able to bridge to the same general
area on the enzyme as the corresponding substituent as
in XXI. In the case of XXII ionic repulsion between
the 4-amino substituent and the enzyme was considered
to force its adoption of conformation XXIIa: pre-
suniably the same repulsion factor would be operative
for the 2,4,6-triaminopyrimidines but since there are
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\E[OOEt
N
N

=z
cncH2CH2(Et)N(CH2)nNH\’)\N(NH2
]
N§r

NHo
NXIHa

almino groups at the 4+ and 6 positions repulsion will
probably be approximately equivalent regardless of
whether conformation XXIII or XXIIIs is adopted.
Such speculation affords an explanation of the irreversi-
ble inactivating properties of 6-N-w-(N-ethyl-2-chloro-
ethyl)alkyl-2,4,6-triamino-5 - (4-'carbethoxyphenylazo)-
pyrimidines and also of their relatively low potency.
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The a-amino-g-(2-11ercapto-6-oxo)-4-pyrimidylpropiotic acids were found to be phenylalanine antagornists.
A number of dipeptides of these aniino acids have been synthesized and tested as inhibitors of growth and pro-

teinn synthesis in Ehrlich ascites carcinoma in mice.

Glyeyl-, pi-phenylalanyl-, and r-phenylalanyl-e-antino-

B~(2-mercapto-6-oxo->-methyl)-4-pyrimidylpropionic acid showed an enthanced activity over a-amitto-8-(2-mer-

capto-6-oxo-5-methyl -4-pyrimidylpropionic acid.

Rescarch efforts within recent years have resulted in
the synthesis of many antimetabolites of pyrimidines,
purines, amino acids, vitamins, and other metabolites
as potential anticancer agents. One of the major
tasks of cancer chemotherapy is to search for antitumor
drugs with diverse and select spectra of action. In
order to get better selectivity and transport into the
cell interior large numbers of antitunior drugs have heen
svithesized in which cytotoxic groups have been
introduced into natural carriers.? Among the natural
calriers, the amino acids and peptides have been shown
to play important roles. The best example of such a
use of an amino acid or a peptide is found in the work of
Bergel and Stock,%2-¢ Tarionov and Sophina,3® and
Sophina, et al.** They have synthesized pr-, -, and
n-p-di(2-chloroethyl)aminophenylalanine and their pep-

¢1) This invesiigation was snpported by 'ublic Healtle Service Research
Cirants CA-06364-04 and CA-06364-05 froin the National Cancer Institnte.

(2) T'v whom ingniries should be sent.

{3) (a) . Bergel and J. A, Stock, J. Chem. Soc., 2409 (1954); (b) F.
Bergel, V. (!, [Z. Burnop, and J. A, Stock, 7bid., 1223 (1953); (e) ¥. Bergel,
Jo AL Srock, and R, Wade, " Biologieal Approaches to Cancer Chernother-
apy,” Academic Press lne., New York, N. Y., 1961, p 125; (d) L. F. Lario-
nov and Z. . Sophina, Dokl, dkad. Nauk SSSR, 114, 1070 (1957); (e) Z.
I, Rophina, L. F. Larionov, I. N. 8hkodinskaya, O. 8. Vasina, and A. Y,
Berlin, e Cndo Intern, Contra Cancrum, 20, 82 (1964).

tides in order to determine whether any desirable
specificity of action can be achieved by attaching a
nitrogen niustard group to a natural amino acid or
peptide. The 1L form was found to be much more
active than the b form against the Walker rat car-
cinosarcoma 256.  Furthermore, all peptides with a free
terminal amino group exerted biological effects comn-
parable with those shown by the 1 form. The oli-
gopeptides were less toxic than the dipeptides.*

As an inhibitor of protein synthesis some pyrimidine-
amino acids have been synthesized by the rhodanine
method from 2-mercapto-6-oxopyrimidine-4-carbox-
aldehyde.?

The work described in this paper reports the syn-
thesis and biochemical studies of pyrimidine amino
acids and their dipeptides with natural amino acids.
In the peptide synthesis the phthaloyl group was used
as a protecting group for the amino acid. The phthaloyl
amino acid chloride and the pyrimidine amino acid were
employed in approximately cquimolar proportionsg at
0 to 25° Higher temperatures tended to favor

(4) Y. Bergel and J. A. Stock, J. Chem. Soc., 3658 (1960).
(5) V. G. &kulason, C. Piantadosi, B. F. Zambrana, aud 1. L. lrvin,
J. Med, Chem., 8, 202 (1965,



