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Thirty-eight new 6-(N-alkyl-V-arylamino)pyrimidines were prepared as open-chain analogs of riboflavin
that lack the Ny, atom of the central ring. Most of these compounds were prepared by simple coupling reaction
between the appropriate 2,4-disubstituted 6-chloropyrimidine and an N-alkylaniline, usually under fusion condi-
tions, except in the case of the 5-NO; derivatives where Cl was sufficiently activated to react in refluxing EtOH,
Et;N, or DMF. Several of the compounds showed in vitro activity against Sarcoma 180 cells, 2,4-diamino-6-
(N-ethyl-3,4-dimethylanilino)pyrimidine. HC1 (34) being the most active.

2,4-Diamino-6,7-dimethyl-2,4-dideoxyalloxazine (I)
has been found to antagonize both riboflavin (II) and
folinic acid in several microbiological test systems?:®
and to inhibit the growth of transplanted tumors in
mice.”* However, the poor tissue absorption properties
of T limited further in vivo studies with this compound.
It was felt that introduction of various alkyl and hy-
droxyalkyl chains in the Ny position of T might lead
to compounds with increased solubility and better
absorption properties.® Such compounds would also
bear a greater structural resemblance to II. However,
direct alkylation of I resulted in substitution in the N,
position,® and our attempts to react dimeric 4,5-
dimethyl-o-benzoquinone® with a variety of 4-sub-
stituted 6-alkylamino-2,5-diaminopyrimidines® led to
condensation products which were difficult to purify.
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Cheng, O’Brien, and coworkers reported the antitumor
activities of various 5-nitro- (and 5-nitroso)-2,4-di-
amino-6-arylaminopyrimidines, and noted the struc-
tural resemblance of 6-arylaminopyrimidines to ribo-
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flavin.!t:'? It has also been observed that a mammalian
flavokinase was inhibited in vitro by a homologous series
of 9-(w-hydroxvalkyl)-6,7-dimethylisoalloxazines, and it
appeared that the alkyl chain at the 9 position of the
heterocyclic ring system contributed to the binding of
the mhibitor to the enzyme.'* Thus, we were en-
couraged to prepare a variety of 2,4-disubstituted 6-
(N-alkyl-N-arylamino)pyrimidines (III, R = alkyl;
R’ = H or CHj;), including some which were substituted
in the 5 position of the pyrimidine moiety with a nitro
or nitroso group.

While  6-(N-alkyl-3,4-dimethylanilino)pyrimidines
(III, R = alkyl; R’ = CHj;) would bear the greatest
structural resemblance to riboflavin (II), several 6-
(N-alkylanilino)pyrimidines (IIT, R = alkyl; R’ = H)
were also prepared, making use of the commercial
availability of N-benzyl-, N-ethyl-, and N-methyl-
anilines. The reaction of 2 mol of 3,4-dimethylaniline
with 1 mol of the appropriate acyl chloride gave a
series of 3’,4’-dimethylanilides (IV, Scheme I; 1-5,
Table I) which were reduced by the method of Brown
and Heim!* m good yield to the corresponding N-
alkyl-3,4-dimethylanilines (V, R’ = CHj;, Scheme I;
6-10, Table II). By treating 2-amino-4,6-dichloro-
pyrimidine with the N-alkyl-N-arylamines in a fusion
reaction similar to that described by O’Brien and
coworkers,® g series of 2-amino-4-chloro-6-(N-alkyl-N-
arylamino)pyrimidines (VI, Scheme I; 11-18, Table
IIT) was obtained. Contrary to previous reports of
similar condensations,'® we found the addition of
mineral acid to be unnecessary. The 4-chloro deriva-
tives were readily converted into the 4-hydroxy analogs
(VII, Scheme I; 19-26, Table III) by treating the
former with powdered NaOH in ethylene glycol at
elevated temperatures,'s

A series of 6-(N-alkyl-N-arylamino)uracils (IX,
Scheme II; 27-32, Table I1I) were prepared by fusing
6-chlorouracil? (VIII) with the N-alkyl-N-arylamines.
Similarly, we synthesized a series of 2,4-diamino-6-
(N-alkyl-N-arylamino)pyrimidines (XI, Scheme I,
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TaBLe 1
34 -DIMETHYLANILIDES

('H, NHCOR

CH.

Reerysul

No. R Yield, ¢ solvent Mp, =C Iywinulic®
| Me 98.1 EtOH-H.0O 708

2 Et 96.73 FtOH-H,0 105.5-106.5 ChHiNO
3 Pr 95.8 Heptaue 71.5-72.5 CilHINO
4 Ph 91.8 EtOH-H.0O 137-138.5 CisluNO
) CH.Ph 96.0 Cille 122 .5-124 CiHiNO

" Reerystallized produet.

*Satisfactory analysis for C, 1, N were obtained.

“Reported mp 98°, “Dictionary of Organie Compounds™

Siv Jan Heilbron ot ol., Ed., Eyre aud Spotteswoode, London, 4¢It ed, 1965, Vol. 11, p 1143,
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33-37, Table III) by treating 6-chloro-2.4-diamino-
pyrimidine (X) with the N-alkyl-N-arvlamines. The
2,4-diamino-6-(N-alkyl-3,4-dimethylanilino)pyrimidines
were isolated as the HCI salts, since members of the
serics could not be erystallized as the free basce.

By refluxing an EtOH solution of 6-chloro-3-nitro-
uracil’ (XII) and the appropriate N-alkyl-N-arylamine
i the presence of Kty N, a series of 6-(N-alkyl-N-aryl-
amino)-d-nitrouracils (XIII, Scheme 1I; 38-42, Table
IV) was readily prepared. The preparation of several
2 4-diamino-6-(N-alkylanilino)-3-nitropyrimidines (XV,
Scheme 11; 43-44, Table TV) was accomplished by re-
fluxing 6-chloro-2,4-diamino-j-nitropyrimidine!* (XIV)
with an excess of the N-alkyl-N-arvlamine in DML
By treating a zolution of 34 in dilute HCI with NaNQs,,
2,4-diamino-6-(N-ethy1-3,4-dimethylaniline)- 5 - nitroso-
pyrimidine (50) was obtained.

Biological Testing.—When screenced against a Sar-
coma-180 cell line in tissue culture,s 14, 17, 19, and
33 displaved moderate activity (IDj = 3-6 ug/ml)
while  2,4-diamino-6-(N-ethyl-3,4-dimethylanilino)py-
rimidine - HCL (34) showed marked activity (ID;, =

i18) N, Back, R, R. Sidebls, awl A EL
i Washington, D, C.), 11, 652 (1u61).

Ml atingnt. Chemulicr.

TanLe I1
N-ALKYL-3,4-DIMETHYLANILINGS

CH, NH—R
CH,
Yield,
No. 1 % Iip, °C {mm) el

6 It 94.6 56-58 (0.1) CiolysN
7 Pr 859 94-96 (1.5) CnH)eN
S Bu 90.8 108-110 (1.5) G o N
4" CH.PH K1.6 139-142 (0.2) CiuHnN
1) CH.CH.Ph 848 141-143 (0.5) Cil N

© Ratisfactory analysis were obtained for C, H, N. * Prepared
by the addition of approximately 2.4 mol of THF-borane to »
suspension of 9.175 mol of amide in 160 ml of THF; reflux time:
7 hr.

0.6 wg/ml). Nonce of the compounds mhibited the
egrowth of Lactobacillus leichmannit® at concentrations
of 50-200 pg/ml. Only the diamino derivatives 33,
34, 35, and 50 showed significant in vivo toxieity (LDie
20-80 mg/kg, by subcutaneous route) i BDI® malc
mice. Two of the 6-(N-alkyl-N-aryD)pyrimidines, 14
and 47, displayved moderate antitumor activity against
adenoearcinoma 755 in mice.  The other compounds
tested were Inactive in this test system as well as
against Ehrlieh ascites in mice. Compound 34 wax also
tested agninst Walker carcinosarcoma 256 m the rat,
but it showed no activity in this tumor test.

Experimental Section

N-Benzylaniline, NV-cthiylaniline, and V-methylaniline were
purchased from Distillation Products Industries, Lochester,
N. Y., AcCl and BzCl from the J. T. Baker Chemeal Co,
Phillipsburg, N. J., borane~THF solution from Metal Ilydrides,
Inc., Beverly, Mass., aund 2-amino-4,6-dichloropyrimidiae, 6-
chloro-2,4-diaminopyrimidine, 3,4-dimethylaniline, as well as
PrcoOCl, PhiCH.COC], and EtCOCI from the Aldrich Chemienl
Co., Inc., Milwankee, Wis.

3',4 -Dimethylanilides (1-5, Table I).—A solution of the neyl
chloride (0.1 mal) in Cygllg (30 ml) was added dropwise with
stirring ta a solution of 3,4-dimethylaailine (0.2 mol) in Cglle

(1) 1L JL Bardie, (50 ML Lecin, R R, Herr, and H, L. Gordon, J. .Imer.
Chem, Soe., TT, 4279 (D155),

¢20) The cride prosducts were rerrystallized from the solverts idlenod
i 1lie talles. Meltilig pwiints were determined in a Mel-Telnp apparatus
sl wre wilvolrecosl,  The oltraviolet speetra were determine! on a Perkin-
Eliner Molel 202 speciroplotoineter.  Microanalyses were perfornlesl by
Calbraith Laborarories, lne., Klloxville, Teln., and were within 0,17 »f
11 theoretical values
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Tasre II1
6-(N-ALKYL-N-ARYL)AMINOPYRIMIDIN ES

R’
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Y
N
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X N
No. X Y R R
11 NH; Cl CH; H
12 NH. Cl C.H; H
13 NH: Cl C:H;CH, H
14 NH. Cl C:H; CH;
15 NH; Cl ’I’L-CaH7 CH&
16 NH2 Cl n—C4H9 CH‘;
17 NII*) Cl CbH;,CHJ CH&
18 NH: Cl C:H;CH.,CH, CH;
19 NH. OH CH; H
20 NH, OH C.H; H
21 NH. OH C:H;CH. H
22 NH. OH C:H; CH,
23 NH2 OH ’I’L-C3H7 C}I‘;
24: NH2 OH ’I’L-C4H9 CHa
25 NH: OH C:H;CH, CH;
26 NH2 OH CGH\SCH')CHQ CH&
274 OH OH CH; H
28 OH OH C.H; H
29 OH OH C.H; CH;
30 OH OH ’I’L-CaH7 CHB
31 OH OH n-CqHy CH;
32 OH OH CGH;,CH;- CHS
33¢ NH, NH. C.H; H
34¢ NH. NH: C.H; CH;,
35¢ NH. NH. n-CyHy CH,
36¢ NH. NH. TL'C4I‘IQ CHB
37 NH, NH. C:H;CH.CH, CH;

¢ Recrystallized product.
¢ Reported® mp: 177-178°.
¢ Ag the HCI salt.

(500 ml). The reaction mixture was then briefly heated at
reflux and filtered to remove the amine-HCl. The salt was
washed with hot C4Hjg (50 ml), the filtrate and washings were com-
bined, and the CsHs was removed by heating ¢n vzacuo on the
steam bath. The crude amide was dissolved in a mimmum
amount of hot EtOH and poured with stirring iuto cold HyO
(500 ml); the crde product was separated by filtration, washed
with cold H,O, and dried.

N-Alkyl-3,4-dimethylanilines (6-10, Table II).—Essentially
the procedure of Brown and Heim!4 was followed. A solution
of the amide (0.175 mol) in a minimiim amoint of freshly distilled
THF was added dropwise with stirring to the cold borane-
THF solution (375 ml, 1)), in the coirrse of 0.5-0.75 hr (N,
atm). The mixture was refluxed for 2 hr, followed by cooling
to 5-10°. HCI (6 N, 50 ml) was added to the cold, stiired re-
action mixture (water-cooled condenser) cautiously, followed by
the rapid addition of HyO (50 ml). After removal of the THF
by distillation, hot HyO was added (100-300 ml), then the mixture
was cooled and made strongly basic with NaOH. The crude amine
was extracted into three 100-ml portions of Et;O. After dry-
ing (Nas80,), Et.O was removed in vacuo and the product puri-
fied by distillation.

2-Amino-4-chloro-6-( NV -alkyl-V-arylamino )pyrimidines (11-18,
Table III).—A mixture of the N-alkyl-V-arylamine (0.02 mol)
and 2-amino-4,6-dichloropyrimidine (0.02 mol) was placed in a
2.5 X 10 em test tube which was then partially immersed in a
bath preheated to 195°. The reaction mixture was stirred uutil
solution occurred, followed by a stroug exothermic reaction in
whichh HCI gas wax evolved. Heating was continned for 0.5

N
|
R
Yield, Recrystn
A solvent Mp, °C Formula®

78.0 EtOAc— 176-178¢

cyclohexate
72.6 Cvclohexane 155-156 C1:H,,CIN,
84.6 EtOH, H.0 166-168 Cr:H,:CIN,
67.2 EtOAc 179-181 Cu:Hi:CIN,
58.1 Heptaue 157-158.5 Ci;HisCIN,
73.2 Heptane 157-158 C1sHs CIN,
49.3 EtOAc¢ 212.5-214 Cl‘.ngClN4
60.8 Heptaue 200-202 CyHa CING
67.1 MeOH 274-275 .5 CnlinN,O
84.0 EtOH 275-276 CHuLN,O
88.7 MeOH 248 .5-250 Ci:H 6N, O
58.1 MeOH 255-257 Ci1:HsN,O
53.0 MeOH-H.0 245-246.5 CysHN4O
43.7 MeOH 239.5-241.5 CisH.N,O
42,2 EtOH 241.5-243.5 CisH2N4O
58.7 EtAe 218-220 CyHa2N,O
98.1 MeOH 285-287 dec CuHuN;0,
83.4 DMF-MeOH 284 . 5256 CrH;3N:0:
71.8 EtOH-H,0 269-270 dec Ci:H N0
76.9 EtOH 235-237 Ci:HiyN;50,
84.7 EtOH 251.5-253.5 CisHz N30,
58.7 EtOH 240.5-242 CuoHuN;O,
83.0 EtOH-H,0 157-158 CiHisN3
70.4 CeHs 262.5-263.9 CrHCIN;
78.3 Acetone-EtOAc 203.5-205.5 C1:HaCIN;
37.8 EtOH-EtOAc 163-165 CisHuCIN;
86.6 MeOH-EtOAc— 149.5-152.5 CuH.CIN;

Heptane

® Except for compound 11 which was not analyzed, satisfactory analysis were obtained for C, H, aund N.
¢ B. R. Baker and W. Rzeszotarski, J. Med. Chem., 10, 1109 (1967) report mp 287-289° for this compound,

Scueme I1
X

z
+ vV —
al

NZ |
X/J\N
VI, X=0H; Z=H
X, X=NH,;;Z=H

XII, X = 0H; Z = NO,

XIV,X=NH,; Z= NO,

X, X=0H; Z=H
XI, X =NH,; Z=H
XIIL, X = OH; Z = NO,
XV, X =NH,; Z = NO,

hr, and sufficient hot ethylene glycol was added to dissolve the
vellow oil. The hot solution was poured with vigorous stirring
into dilute NH,OH (400 ml). After standing overuight, the
crnde solid was collected by filtration, washed with H,O, and
dried.

2-Amino-6-(.V -alkyl-.V-arylamino)-4-pyrimidinols (19-26,
Table III).—A mixture of the chloropyrimidine (0.01 mol),
powdered NaOH (2.0 g), aud ethylene glycol (30 ml) was heated
(as above) at 165°. The reaction was stirred occasionally nntil
solution was effected. (If =ome of the chloropyrimidine was -
dissolved after heating 0.5 hr, sufficient additional hot glycol was
added to dissolve the compound.) Heating was continned for a
total of 1.5 hr, and the hot reaction mixture was poured, with
vigorons stirring, inta HaO (250 ml).  The filtrate was adjnsted
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Tasry 1V

Be{ V- ALK YL~V -ARYL JAMING(-D-NITRODPYRIMIDIN |5

Yield, Reervste
No X R R D solveul Mp. Formuly Aot (6
UN ()61 Clly 13 S84 DA -EAOH-1.0 243 dec C o HoN Oy 365 (3,500)
272 (12,700
39 O Colls 11 N6 LN DAMF-EOI-H:0 265 dee (N0, 365 (53,500)
208 (15,9005
40 Ol C.li, Clly 70.9 DAIR-EtO1L-1140) 252 dee Crall Ny, B67 (3,300)
272 (17,000
41 OII n-Culds Clly NS4S 1 oxane 256 dee CralisN O, 306 (4,000)
270 (17,600)
42 O n=Cylly 1l B DM P-12(01 229 dec CyollaN, O, 366 (4,000)
272 (17,600)
13 Nii, CH, 11 N14 DA-11.0 2665 - Oy NeQ): 350 sl (7,000
204 330 (7,300
271 (21,7005
44 NH, Coll, H 8209 Dicxane~I11,0) 250252 CrHuN . 350 (sh) (6,800
330 (7,000
271 (22,2001
45 N1l Cel1:CH. 11 6:3.9 DA F-151011 26126 CrH N2 333 05,0000
275 (21,600
46 N1l CLH;, Clly 761 Dicxane -11.0 216218 Crl1gNa0)s 332 47,400)
272 (24,000
47 NI, n-Cyldy 1, 126 DAMF-141011-11.0 200202 Cal TN 0 37,9000
275 (23,9005
48 NH., n-Cil1, 1T, 70.9 DMIC-I0 011 214.5 Cral 1N, 355 (8,200)
216.5H 273 (24,2001
49 NH. Coll;,CH.CH: Gl NS4 Diaxane-I1.0 275.5 CagHan N o 335 (8,300)
276 272 (24,000)

* Reerystallized product.

(a pll 5 with concentrated HCI aud placed 1 the cold for 2 days.
The crude solid was isolated by filtration and dried (P.0:).
After recrystallization from the appropriate solvent, the purified.
material was dried (P.0;) at 100° ¢n vacuo overnigh(.

6-( V-Alkyl-N -arylamino)uracils (27-32, Table III).--A mix-
(ure of the N-alkyl-V-arylamine (0.02 mol) and G-chlorouracil
(0.01 mol) was heated, as described above, at 195-200°. The
crude product was isolnted by procedures described for the 2-
amino-4-cliloro-6-( N -alkyl-V-arylamino)pyrimidines,

2,4-Diamino-6-(.\ -alkyl-.\V -arylamino)pyrimidine - HC1 (33-37,
Table III).—A mixture of the N-alkyvl-V-arylamine (0.02 mol}
and 6-chloro-2,4-diaminopyrimidive (0.02 mol) was allowed to
react and the ernde produet isolated ax described for the prepara-
tion of the 2-amino-4-cliloro-6-( N-alkyl-N-arylamino)pyrimi-
dines.  After the aqueons ammoniacal mix(ure was kept in the
cold overnight, the aqueons layer was decanted, the residual il
or semisolid was dissolved in hot Cgllg (100-150 ml) and dried
(Na80y4), and excess dry HCl was in(roduced into the Cills
solution,  After standing in the cold overnight, the crude salt was
isolated by filtration.

6-(N-Alkyl-:\-arylamino)-5-nitrouracils (38-42, Table IV).
To a filtered solutionn of 6-chlora-3-uitronraci!’® (0.02 mol) ia
12¢OH (200 ml) was added a solution of the N-alkyl-.V-arylamine
(0.02 mol) and EtN (0.02 mol) i 12tOH (50 ml).  After refluxing
(Calls tube) for 0.5 hr, 150 ml of the KtOld wax removed by
distillation.  The mixture was cooled in an ice bath and the
vellow erystals were separated by filtration, washed with cald
IHtOH, and dried.

2,4-Diamino-6-( .V -alkyl-.V-arylamino )-5-nitropyrimidines (43

*Ratisfactory analysis was abtained for ¢ 11, and N,

49, Table IV)--A solution of U-cldoro-2,4-diamino-"wnuitro-
pyrimidine!? (0,020 mol) and (he N-alkyl-N-aryvlamine (0.022
mol) was refluxed i DMMIC (30 ml) for 15 min.  After cocling,
the mixture was paured with vigorous stirring into dilate NH,O11
(150 mb).  The ernde produet was collected by filtration, washed
witlt Ha0O, alr dried, and eryscallized.

2,4-Diamino-6-(.\ -ethyl-3,4-dimethylanilino )-5-nitrosopyrim-
idine Hydrochloride (50).-—~To a1 solution of 34 (2.9 g,
0.01 mol), 1.0 N 1IC! (10 ml), and 110 (70 ml) was added, at
5%, dropwize over 10 min, a solutian of NaNO. (0.690 g, 0.01
mol) i HaO (10 ml).  Stirring was continned in the cold for 1 hr.
After standing in the cold overnight, the red solid was calleeted
by filtration and reerystallized twice from H.O to give 158 g
(48.9C ) of the analytically pure product which darkened at 2307
and decomposed at eg. 240°0 ALS (e) 500 shomp (10,000),
482 (11,400, 578 11.800%, 340 sh ¢6300), 279 (33,10().  Vral.
(Cull,CINGO 1 C, 1, Cl, N
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