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Tanng |
FFFECT OF METHOTREX ATE DERIVATIVES 0N IINZYMES AND Bacrerian GrRowtn

Dihydrofolate

Thymidylatre
Compd reductase =vnthetase
Methotrexate 9 (L) 45,000 (1)
Dihydromethotrexate 16 (0.56) 1,125 (40}
Tetrahydromethotrexate 16 (0205 2,250 (20)

Conen for 5077 inhib, mprml - - - - e

N, facealis P cerevictur {i, Casel
0151 60 (1) .01 (1)
0,011 (34 24(2.5) (0,008 (1.3)
0047 (5.0 1) 68 (1) 0.056 (0. 18)

+ Numbers in parentheses indicate potency relative 1o methotrexate.

Thymidylate synthetase from Escherichia coli B was provided
by Dr. M. Friedkin and Miss E. Donovan. Dihydrofolate reduc-
tase was obtained from a mouse tumor L1210-C85.9 The enzymes
were assayed as desceribed.®

Fractions to be assayed microbiologically were diluted 1 potas-
sinm ascorbate (6 mg/ml, pIT 6.0) and added aseptically to the
assay mediim.® The final concentration of ascorbate in the assay

(12) M, Friedkin, Ii. J. Crawford, 1, Donovan, and 1. . Pastore, J/.
Biol. Chem., 287, 3811 (1962),

was 0.6 my, ml. Lactobacillus casct (ATCC T469), Streptococe s

faecalis (ATCC S043), and Pediococcus cerevisive (ATCC 80813

were grown on the corresponding Difeo assay media for 24 hy
at 37°. The L. casel and 8. faecalis media contained 1 mug of
folate, ml and the P. cerevisiue mediun contained | mug/ml of
caleiim di-t-3>-formyltetrahvdrofolate.  Growth was determined

trbidimetrically.

(1) 10 AL Bakerman, Al Biockem., 2, 558 (1961).
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The antimalarial activity of febrifugine, an alkaloid of a 3-
substituted 4(3II)-quinazolinone structure, has prompted the
preparation and testing of a number of quinazolines,! and several
patent claims have been made on quinazolines as intermediates
for potential antimalarials.? Compounds having the side chain
~CH,COCIH.R (where & = w-N-morpholylpropyl or «-N-piper-
idyl-n-butyl) at position 3 of the 4(3H)-quinazolinone nucleus
were shown to have significant antimalarial activity.?

Since the activity of these compounds is influenced by various
substituents and their positions, a number of derivatives have
been synthesized in the course of our previous investigations?
by introducing some new side chains into some 6,8-dibromo-s-
substituted 2-mercapto-3-aryl- (or alkyl-) 4( 3H)-quinazolones as
antimalarials having the general structure 1.

The standard tests for antimalarial activity in chicks infected
with Dlasmodium gallinaceum so far reported on these compounds
indicate that they have no significant value pharmacologieally.
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Experimental Section

6,8-Dibromo-3-phenyl-2-(N-piperidinocarboxamidomethy!-
thio)-4(3H )-quinazolinone.—N-Chloroacetylpiperidine (2 mli)
dissolved in EtOH, was added to a solution of 6,8-dibromo-2-thio-
3-phenyl-2,4(1H,3H )}-quinazolindione (4.5 g) in EtOH-NaOIL
The resulting mixture was stirred thoroughly for 2 hr at 23-25°.
On cooling the solution to 0° a erystalline product was formed.
[t was filtered and washed (IO, EOH).  Reerystallization of
the produet from EtOF=Me,CO (1:2) gave a pure analytical
sample.
Similarly various 6,5-dibromo-3-substituted 2-{N,N-dialkyl-
{or N-piperidino-) carboxamidomethylthio)-4 (3H)-quinazolinones
have beeu prepared (sce Tables I-V).

TasLe I
6,5-INBROMO-3-3U BSTITUTED 2-(N, N-METHYLPHENYL-
CARBOXAMIDOMETHYLTHIO)-4(3H)-QUINAZOLINONES®

R o vield AMp, "¢ Formula”
oI, N N7 (“231 InBl'gN;g( o
U—CII;;C&I 14 H) 246 (,'g‘;IIH,Bl'zxa()gS
m=-CHLCsH, S0 83 Caal 1 BraNzO
p-(“] [5(‘,,[[ § ) = (}gglhuBl‘zNg()gs
p-ClCs1H, O} 05 CaslT16BroCINGOu3
p-OCH,CIH, 55 1014 CaIT1aBreNy(3
p-( )CQIIQ(JHII { [318] RIS (fg;]{g[]gl'gN;;()gs
n=Cylly B 200 Cop T BroNaOu8
('6”.‘)(/‘”: o3 221 (,‘gllhuBl'gNu( %S

 Crvstallization =olvent: IOl P Al compounds  were
analyzed for N, 8. The avalytical results were within 0.3,
of the caleulated values.

Tapre 11
6,8-1)1BROMO-3-8UBSTIPETED 2-(N, N-LTHYLPHENYL-
CARBONAMIDOMETIYLTHIO =4 (3T )-QUINAZOLINONES

I o0 vield A, 7C Formula®
CelHs i 106 CoaH 1 Bro N, O
()-(3113(35114 S0 105 CQsI’lzl.BI'zNg()gs
m-CHyCglly 10 205 dee Czs}lﬂBl'szOzb‘
p-CHCol 1 5 121 Cy Hy Bry N3OS
m-ClCgH, 15 248 dec CoH 1sBryCIN;Ou8
p-CICsH. 65 110 CyHisBr,CIN; O
p~OCH;Cl,y %) 114 CosHa Bra N3OS
/)—()Cu IIaCﬁIIq 0 104 CzsIIng]'zN;;OzS
(,‘;;]{;,CIL_: 39 258 dee CgaIIngl'zN:jOgS

©Crystallization solvent:  IBtOIL " All compounds were
analvzed for By, N, The analytical results were within +0.37,
of the caleulated values,
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TasLe 111
6,8-DiBromo-3-suBsTITUTED 2-(N,N-BENZYLPHENYL-
CARBOXAMIDOMETHYLTHIO )-4(3H }-QUINAZOLINONES®

R % yield Mp, °C Formula?

CsH; 70 113 Cs2oHaiBr.N;0,.8
O-CH3C5H4 45 245 CaonaBI‘gNsozs
I)L-CHgCe}I4 50 84 CsonaBI‘zNgOzS
p-CH;CsHy 60 88 CaoHaBr:N;O,8
'77L-C1C5H4 65 103 ngHggBI’gClNaOzs
p-ClCqu 55 96 CQgHzoBI’zClNaOzS
p-()CH;;CGI"h 63 93 CgoI‘IgaBr2N30;(S
p-()C2H5C5H4 75 111 CalesBerzoas
7'Z-C4Hg 35 219 CQ7H25BF3N302S
CU}]DCH‘; 40 238 dec CaongBI'zNaOzS

o Crystallization solvent: EtOH. ?All compounds were

analyzed for Br, N. The analytical results were within +0.3%
of the calculated values,

TasLE IV
6,8-DIBROMO-3-sUBSTITUTED 2-(N,N-DIETHYL-
CARBOXAMIDOMETHYLTHIO0)-4(3H )-QUINAZOLONES®

R % vield Mp, °C Formula?
C(;I{s 60 187 ConmBI‘stOzS
o-CH306H4 50 162 C21H21BI‘2N3028
7n-CHacsH4 30 275 dec CﬁHmBI‘zNaOgS
p-CHngH4 5] 188 C21H21BT2N302S
m—CleH4 40 270 dec ConmBI‘zCleOzS
p-ClCeIL; 35 205 dec CgongBI‘2cleo2S
p-OCIIaCqu 45 >320 ClelergNaoss
p-OCgI{sCBH4 35 235 dec szstBI‘stOaS
CI{;; 23 305 dec C)5H17BI‘2N3028
CzI’Is 30 >320 C[sfimBI‘gNgOzS
’II-C4H9 45 285 dec C]staBI&NaOQS
C(J‘I,—',CHQ 25 248 dec CmHﬂBI‘gNaOzS

a Crystallization solvent: Me,CO-EtOH-EtOAc (3:1:1). *All
compounds were analyzed for N, S. The analytical results were
within £0.39 of the calculated values.

TapLe V
6,8-D1BROMO-3-sUBSTITUTED 2-(N-PIPERIDINO-
CARBOXAMIDOMETHYLTHIO )-4(3H )-QUINAZOLINONES®

R % yield Mbp, °C Formula?
CaHa 60 240 CﬂHmBI‘gNaOzS
O-CHaceI‘L 33 238 dec C22H21BI‘2N3028
'm-CcheH4 40 270 dec ngHmBI‘stOzS
p-CHaCsH4 45 250 dec ngHlergNgozs
’IIL-CICGI‘I4 50 268 dec CnglgBrZClN:;OzS
p-CIC6H4 55 260 dec Cle1sBrzclNgozs
p-OCH306H4 65 116 ngHmBl’gNaOaS
p-OCﬂ‘I;CJ{; 50 290 dec CgstsBI‘zNaOaS
CH;; 30 280 dec CmIInBI‘stOgS
n-C4IIg 25 305 dec CmHzaBI‘stOQS
CeHsc}Ig 35 275 dec ngHleTQN;gOzS

e Crystallization solvent: Me,CO-EtOH (2:1). ? All com-
pounds were analyzed for N, 8. The analytical results were
within +0.39%, of the calculated values.

6,8-Dibromo-3-benzyl-2-carboxymethylthio-4(3H )-quinazoli-
none.—An equimolar quantity of sodium monochloroacetate was
added to a 6,8-dibromo-2-thio-3-benzyl-2,4(1H,3H )-quinazolindi-
one in EtOH-NaOH, and the mixture was shaken for 6 hr. It
was acidified with HCI, the precipitate obtained was dissolved in
NaHCQO;, filtered, and reprecipitated with HCl. The product
was crystallized (EtOH); yield 609, mp 237, Anal. (CuHp
Br.N.0;8) C, H, N, S.
6,8-Dibromo-3-phenyl-1-ethyl-2-thio-2,4(1H,3H )-quinazoline-
dione.—A mixture of 3,5-dibromo-N-ethylanthranilic acid (1.6
g), pyridine (0.4 g), EtOH (5 ml), and phenyl isothiocyanate
(0.68 g) was refluxed at 90° for 6 hr. The crystalline product was
filtered and recrystallized from C¢H¢ and EtOH mixture (3:1)
to give 609, yield of the required product, white needles, mp
242°, Anal. (CisHiBr.N.OS) C, H, N.
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As part of a program devoted to the synthesis of novel anti-
malarial agents we have prepared the series of N-substituted 3-
phenyl-4-aminopyridines listed in Table I. Treatment of 3-
phenylpyridines bearing appropriate substituents in the 4 posi-
tion with the diamines corresponding to the side chains was the
general synthetic approach. The oily free bases were char-
acterized by their nmr spectra and as oxalic acid salts. None of
the tabulated compounds were active when screened against
Plasmodium berghei in mice.?

TasLe I
4-DIALKYLAMINOALKYLAMINO-3-PHENYLPYRIDINE DIOXALATES

HN(CH,),NR,
=
‘ '2H20204

N/
n R Mp, °C Formula Analyses?
2 Et 177-178 Ci7H2N;5-2H,C.0, C,H, N
3 Et 155-157  CisHpNy-2H,C:0,  C, H, N
4 Et 140-141  CpoHuN; 2H:C:0. C, H, N
5 Et 162-164 CaH2oN; - 2HoCy04 C, H N
6 Me 145-148 C19H27N3‘2H20204 C, H, N

Experimental Section®

4-Methoxy-3-phenylpyridine was prepared by the procedure
of Ahmad and Hey.! The improved Gomberg reaction procedure
of Cadogan® was used in the final step of the sequence.
4-Hydroxy-3-phenylpyridine.—4-Methoxy-3-phenylpyridine
(15 g, 81 mmoles) was refluxed for 3 hr with 100 ml of
580, HI. The solution was cooled, diluted with 80 ml of H.O,
and treated with Na,SO; until the dark color had faded to
orange-yellow. The solution was made slightly alkaline, and
the oily solid that came out of solution was collected and washed
thoroughly with Et;0. The filtrate was extracted with EtO
to remove unhydrolyzed starting material. From the ethereal
washings and extracts was recovered 4.86 g (329;) of starting
material. The remaining crystalline solid (5.3 g, 56% yield
based on recovered starting material) had mp 210-225°. Re-
crystallization from hot H,O gave pure product, mp 228-230°.
Anal. (CquNO) C, H
4-Chloro-3-phenylpyridine.—4-Hydroxy-3-phenylpyridine
(0.20 g, 1,17 mmoles) was refluxed for 1.5 hr with ca. 2 ml of
POCIl;; the mixture was cooled and poured into ice water,
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