IxkreviersiBLE Exzyme Inmsirons. CLXXIX

3-methylaniline (19b)" was diazotized and converted into the
intermediate sulfonyl chloride 20b as described for 20a, except
that 20b was obtained as an oil, which was extracted with CsHa.
The crude sulfonyl chloride was converted without isolation into
the sulfonyl fluoride 21b according to the procedure used for 21a.
Two recrystns from MeOH furnished 1.28 g (109, overall) of
pale orange crystals, mp 47-48° (tle ip 1: 1 C¢H¢—petroleum ether).
Anal. (C’[HGCIFO*ZS) C, H.

2-Chloro-4-nitrophenyl 2-Chloro-5-fluorosulfonylbenzyl Ether
(29) (Method A),—A mixture of 1.62 g (8.0 mmoles) of 21a, 1.42 g
(8.0 mmoles) of NBS, 25 mg of benzoyl peroxide, and 8 ml of
CCl, was refluxed with stirring under irradiation from a uv lamp
for 18 hr. The mixture was then cooled in ice and filtered to
remove the pptd succinimide, which was washed with CCl,. The
combined filtrate and washings were spin-evapd n vacuo to give
2.24 g (97%) of yellow-orange oil (1a). To the residue of crude
la were added 1.34 g (7.8 mmoles) of 2-chloro-4-nitrophenol, 1.08
g (7.8 mmoles) of K;COj, and 7 ml of DMF. The mixture was
stirred at room temp with protection from moisture for 22 hr
and then added to 100 ml of 109 Na)CO;. The pptd product
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was collected on a filter and washed with 109, Na)CQO;, then
H,O, and finally a large vol of petroleum ether. Recrystalliza~
tion from MeOEtOH-H,O with aid of charcoal yielded 1.17
g (40% overall) of very light tan needles, mp 183-184° (tlc in
CeHe). Anal. (ClaHscleNO5S) C, H, N.

See Table II for additional compounds prepared by this method,

1-[3-Chloro-4-(2-chloro-5-fluorosulfonylbenzyloxy )] phenyl-4,-
6-diamino-1,2-dihydro-2,2-dimethyl-s~triazine Ethanesulfonate
(10) (Method B),—A mixture of 760 mg (2.0 mmoles) of 29, about
1 g of Raney Ni, and 100 ml of THF was shaken with H, at 1-3
atm until tle showed that the reaction was complete. The
filtered soln was spin-evapd ¢n vacuo. To the residue of the
crude amine were added 225 mg (2.05 mmol) of EtSO,H, 176 mg
(2.1 mmol) of cyanoguanidine, and 15 ml of Me;CO. The mix-
ture was refluxed with stirring for 20 hr, then cooled, and filtered.
The crude product was washed with Me,CO and recrystd from
i-PrOH-H,0 giving 656 mg (56%) of white crystals, mp 217-218°
dec (tle in 5:1 Me;CO—-PrOH). Anal, (CoyxHuCLFN;O6S:) C,
H,F.

See table ITI for additional coinpounds prepared by this method.

Irreversible Enzyme Inhibitors.

CLXXIX.'?

Active=Site-Directed

Irreversible Enzyme Inhibitors of Dihydrofolate Reductase from
1-(3-Chlorophenyl)-4,6-diamino-1,2-dihydro-2,2-dimethyl-s-triazine
with Oxyamide Bridges to a Terminal Sulfonyl Fluoride

B, R. BAXER AND WALLACE T, AsHTON

Departinent of Chemistry, University of California at Santa Barbara, Santa Barbara, California 93106

Recetved July 16, 1970

1-(3-Chlorophenyl)-4,6-diamino-1,2-dihydro-2,2-dimethyl-s-triazine bearing the 4-OCH:CONHC:H,SO,F-p
(1) group on the Ph ring was previously shown to be a fair to good active-site-directed irreversible inhibitor of
dihydrofolate reductase from L1210 mouse leukemia and Walker 256 rat tumor; 1 was also effective against the

tumors in vivo.

Therefore 14 analogs were synthesized to see if specificity and cell wall transport could be in-

creased. The most effective analog for L1210 mouse leukemia had the 4-OCH;CsH,-p~-CONHCsH.SO.F-m (8)
side chain; 8 was an excellent irreversible inhibitor of the L1210 enzyme showing little inactivation of the crude

enzyme from mouse liver and was 200 times more effective than 1 against L1210 cell culture.

The most effec-

tive compounds for Walker 256 had the 4-O(CH,),CONHCHSO,F-p side chains where n = 3 or4 (2, 5); these
two compounds showed greater inactivation of tumor enzyme than 1 and more specificity, and were transported

through the cell wall as effectively as 1.

Subsequent to the synthesis of 1,3 reports on various
in vitro and in vivo biological activities related to anti-
tumor activity have been reported for 1 from this labor-

atory. It was observed that 1 was a good active-site-
NH, Cl
NN OCHQCONH@SOQF
HZN‘\N)(CHB)Z
1

directed irreversible enzyme inhibitor* of dihydrofolate
reductase from 1.1210 mouse leukemia® and Walker 256
rat tumor.® Furthermore, 1 showed some tissue
specificity in inactivation of dihydrofolate reductase,
that is, 1 failed to inactivate appreciably the crude
enzyme from mouse liver? or rat kidney.® Although

(1) This work was generously supported by Grant CA-08695 from the
National Cancer lnstitute. U. 8. Public Health Service,

(2) For the previous paper of this series see B. R. Baker and W, T,
Ashton, J. Med. Chem., 18, 1161 (1970).

(3) B. R. Baker and G. J. Lourens, ibid., 12, 95 (1969), paper CXL of
this series.

(4) B. R. Baker, "Design of Active-Site-Directed lrreversible Enzyme
lnhibitors," Wiley, New York, N. Y., 1967.

(5) B, R. Baker, N. M. J. Vernieulen, W. T, Ashton, and A. J. Ryan,
J. Med. Chem., 13, 1130 (1970}, paper CLXXI1I of this series.

this selectivity in inactivation was attributed to differ-
ences in the structure of the dihydrofolate reductase
from the different tissues,®? this difference has recently
been shown to be due to the rapid conversion of the
S0,I group into SO;H by a “sulfonyl fluoridase” present
in some normal tissues, but apparently absent in L1210
and Walker 256 tissues.® Finally, 1 was highly effec-
tive against Walker 256 ascites 7n vivo in the rat,’ al-
though it was questionable whether inactivation of the
tumor dihydrofolate reductase in vivo was a major con-
tributing factor;> Therefore, we embarked on synthesis
and evaluation of analogs of 1; in one case the benzene-
sulfonyl fluoride moiety was varied.” We now wish to
report the synthesis and n vitro evaluation of two new
series of analogs of 1, the first where the oxyamide
bridge length has been varied, and the second where the
ether O in the bridge was replaced by S.

Biolegical Results.—The 14 analogs of 1 were evalu-
ated as reversible and irreversible inhibitors® of the di-
hydrofolate reductase from Walker 256 rat tumor and

(6) B. R. Baker and N. M. J. Vermeulen, ibid., 13, 1143 (19870). paper
CLXXYV of this series.

(7) B. R. Baker and W. T. Ashton, ibid., 12, 894 (1969), paper CL1X
of this series.

(8) B. R. Baker. G, J. Lourens, R, B. Meyer. Jr., and N. M. J, Vermeulen,
ibid., 12, 67 (1969). paper CXX X111 of this series.
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NH
GRE
S R
H.N 1\') (CH.)
Znzy e Lo Inhitditor, Tite, B 1510
No. R source’ ul uM miin inaeivu’ ull OB DIV P
1e 3-Cl-4-OCH,CONHCH,SO:F-p L1210/DFS (A) 0. 037 0.074 GO 76 0.4 10
Mouse liver 1A) 0.16 60 0
Mouse liver ((0) 0.16 60 68
W256 (A) 0,025 0.074 60 64
Rat liver (A) 0,027 0,11 60 30
2at kidney (A) 0.1 20 i
{at kidney (C) 0.11 20 72
Rat intestine vA 0.1t 20) 65
Rat spleen (A) 011 20 7
2 3-Cl-4-0(CH;);CONHCsH SO, F-p Li1210/DFS (A 0.070 0. 14 60 5T 0.8 10
W26 (A) o4 60 Si
lat liver (A) 0. 14 60 0
Rat liver (C) (.14 60 092
3 3-Cl-4-()(CH.);CON I Cyl1 SO F-ne LI210/DFY (A) 0.067 015 G4 485 2 50
W256 (A) 0.1 GO B!
4 3-Cl-4-OCHCONHCoI 180 F-p Li210/DF8 (A) 0.074 0.15 60 25 § <0
CH, W36 (A) 15 60 i34
3 3-Cle4~0(CI1, };CON HCsH SO F-p Li210/DF8 (A) 0.008 0.11 60 89 0.5 9
Monse liver 7A) 0.1t 6o 20
Mouse liver (C} 0.11 6O 100
W256 (A) 0. 11 6O 05
lat liver (A) 0. 11 650 26
Rut liver (C) 0. 11 60 100
6 3-OCH,CONHCH SO F-p L1210/DFS (A) 0,12 0.24 60 10 >3 20
W256 (A) 0. 24 (0 0
7 L1210 DFS (A) 012 .24 60 06 0.1 0.8
3-C1-4-OCH, "ONHCd1,80.F- o ’ .
o @ o ! Monse liver 0,24 60 o0
W256 () 0 24 60 97
{ni lver (A) 024 6o 17
Y :;.(‘1-4-(>(‘HJ<O> CONHCH, S0, Fm Li1210/DFS (A) 0.034 0.07% 6o 100 0. 002 0.05
Mouse liver (A) 0.078 6 16
Monse liver ((f) 0.07% 60 1060
W256 1A) 0.078 60 B
Rat liver (A) 0078 60 100
0 3C1-4-0CH, L1210,/ DF8 (A) 012 0. 24 i3] 100 0.0 0.4
Mouse liver (A) 0 24 60 [§5
CONHCH,SO,F-p W256 (A) 0.24 60 a2
Il liver (A) 0. 24 1) a6
10 waroon (O L1210/ 1F8 (A) 0.05% 0,058 60 41 00007 (.01
) Mouse liver (A) 0058 60 10
CONHCH,SO,Fom Monse liver () 0. 058 60 75
W256 (A) 0.058 60 77
Rat liver (A) 0,058 60 RS
I eraoch, L1210/DFS (A) 0,057 011 60 P2 1 T
’ W236 (A) 011 60 6
CONHCH,80F-
12 3-Cl-4-SCH,CONHCH S0, F-p L1210/DFSs 0.038 0.076 60 86 0.08 2
Mouse liver (A) 0.076 60 0
Mouse liver () 0.076 64 70
W256 (A) 0.076 60 B
Rat liver (A) 0.076 6o 60
13 4-SCH.CONHCHSO.F-p Li210/DF8 (A) 0. 050 (. 060 6O 51 0.5 20

W256 (A) 0,050 60 20
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TaprLe I (Continucd)
linzyme Iss.4 lnhibitor, Tiine, % Do/
No. R" source® uM aM inin inactvn® aM EDeo/1eo
14 3~C1-4-SCHCONHCeSOF-m L1210/DF8 (A) 0.022 0.050 60 27 6 300
W256 (A) 0.050 60 33
15 3-Cl-4-3(CH.).CONHCH SOF-p L1210/DFS8 (A) 0.041 0.082 60 74 0.1 2
Mouse liver (A) 0.082 60 13
Mouse liver (C) 0.082 60 59
W256 (A) 0.082 60 57
Rat liver (A) 0.082 60 68

« The technical assistance of Julie Leseman, Janet Wood, and Diane Shea with these assays is acknowledged.
¢ W256 = Walker 256 rat tumor; L1210/DF8 = mouse leukemia resistant to Methotrexate; A = 45-90%, (NH,):80,
4 Conen for 509 ihibn when assayed with 6 uM dihydrofolate and 0.15 M KCl
¢ Incubated with enzyme in pH 7.4 Tris buffer containing 60 p}/ TPNH, then the re-

azilie junection.
fraction;# C = enzyme purified by affinity column.®
in pH 7.4 Tris buffer as prveionsly described.?

mailing enzynie assayed as previously described;? 60-min incubns were run at 37° and 20-min incubus at 24°,

inhibn of Li210 cell cultwre. ¢ Data from ref 3, 5, and 6.

® Numbered from tri-

/ Conen for 50,

SCHEME 1

R
NOQ@ + X(CH»,COR" — NO,

o

OH 17 O(CH,),CO,R’
16 18
N !
<« Ny
O(CHQ),LCONH@\ :
SO,F 1(;(CH-Z)"COzH
20
R HX'NH, .
. @ :0 H,),CONH -
(CHLJCON @\ HQNKN)(CH;Q»Z O(CHZ),,CONH@\
SO,F SO.F
21 2-6 2

1,1210 mouse leukemia. The compounds were also
evaluated for inhibition of L1210 cell culture;® when
the ED; for cell inhibition is normalized as ED;o/Is,
the resultant ratio gives a good estimate of the relative
rates of penetration of the L1210 cell wall plus the ir-
reversible inhibition of the target enzyme inside the
cell. 1011 Those compounds that were good irreversi-
ble inhibitors of a tumor enzyme were then investigated
for inactivation of the dihydrofolate reductase from
the liver to determine if tissue specificity had been
achieved, The tissue specificity can be due to rapid
hydrolysis of the SO.F group to SO;H by liver sulfonyl
fluoridase!? or due to a difference in the structure of the
dihydrofolate reductase from tumor and liver.!* These
two mechanisms are differentiated by use of affinity
column purified* dihydrofolate reductase from liver;
when inactivation of crude enzyme is poor but inactiva-
tion of purified enzyme is good, the specificity with the
crude enzyme is due to sulfonyl fluoridase catalyzed
hyvdrolysis of the SO,I group.

Of the 15 compounds in Table I, seven (1, 2, 5, 7-10)
showed good irreversible inhibition of the enzyme from

{9) We wish to thank Dr. Florence White of the CCNSC for the L1210
cell culture data obtained by Dr. P, Thayer of Arthur D. Little, Ine,

{10) 13, R, Baker and R. B, Meyer, Jr.,. J. Med. Chem.. 12, 668 (1969),
paper CL1V of this series,

(11) B. R. Baker, E. E. Janson, and N. M. J. Vermeulen, ibid., 12, 898
(1969}, paper CLX of this series.

(12) A.J. Ryan, N. M. J. Vermeulen, and B. R. Baker. tbid., 18, 000
(1970}, paper CLXXI1YV of this series.

(13) B. R. Baker and N. M. J. Vermeulen 1bid., 18, 1154 (1970), paper
CLXXV1I of this series.

Walker 256 rat tumor. Of these 7 compounds, ouly
two (2, 5) showed tissue specificity with a low inactiva-
tion of the enzyme from rat liver; in both cases, inac-~
tivation of the affinity column purified enzyme from
liver was high, indicating that specificity was due to the
action of the sulfonyl fluoridase in liver.

Seven compounds (1, 5, 7-9, 12, 15) in Table I showed
good irreversible inhibition of the enzyme from L1210
mouse leukemia. Of these 7 irreversible inhibitors,
five (1, 5, 8, 12, 15) showed tissue specificity by giving
a low inactivation of the mouse liver enzyme; this
specificity was due to the action of the sulfonyl fluo-
ridase.

Of the 6 compounds showing inactivation of one of
the two tumor enzymes and showing tissue specificity,
the order of effectiveness on L1210 cell culture was
8>>12=15>1= 2= 5; since 8 is 100-fold more effec-
tive than 1 in L1210 cell culture and since 1 shows good
i vivo activity against Walker 256 ascites® and fair i vivo
activity against L1210 (confirmed 309, life extension),'
8 would be particularly worthy of n vivo evaluation.

Chemistry.—The general route used for the synthesis
of compounds 2-6 is shown in Scheme I.  This pathway
has been previously described® for the synthesis of 1.
Alkylation of the nitrophenols (16, R = Cl, H) with
the appropriate bromo- or chloro-substituted esters
(17, X = Br, Cl) yielded ester derivatives of type 18,
which were hydrolyzed to the acids 19. The Me and

(14) Unpublished data from this laboratory.
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3 R
e,

Yield,®
No. R Metliod [ AMp, °C Formulah
18a 3-Cl-4-O(CHy)sCO Kt A 02e 0il
18b 3-Cl-4-OCH (CH,;)CQ:lst Ad 83¢ 116-117 Cn L CINO),
18¢ 3-Cl4-O(CH:){CO:Et A 03¢ il
18d 3-OCH,CO;Bu-t A 8o B CpHNO;
19a 3-Cl-4-0(CH;);CO.H 13 7% 152155
19b 3-Cl-4-OCH (CH,)CO, H B 750 1331547
19¢ 3-Cl-4-O(CH2)4C02H 13 (3ugu -k 105-104 (,\;Hm(:ll\.( ).
19d 3-OCH.CO:H « 09 156!
200 3-C1-4-O(CH,);CONHCH SO, F-p 1) 76 181182 CireH 1 CIN, O
20b 3-Cl-4-O(CH,)sCONHCH SO F-ne 1) 617 122123 CieHisCIFN, O3
20¢ 3-Cl-4-OCH (CH3)CONHCH,80:F-p B e 208-209 CiHCIFN O3
20d 3-Cl-4-O (CH:)CONHCH,SQ,F-p 1) 7R 150151 Cial1CIFNO6N
e 3-OCH,CONHCH,S0:F-p 1 N4¢ 200--201 CHn FNLOS
24u 3-Cl-4-OCH:C¢H,CO,Me-p I (OO 207208 C 2 CINO,
24b 3-Cl-4-OCH:CeH,CO:Et-m I NER 1535-136 CisHi CINQ.
24¢ 3-C1-4:0CH:CsH,CO;Et-0 k DE 116117 Cie 1 CINQ;
254 3-Cl-4-OCH,CsH,CO:H-p B K2¢ 254 CraHyoCIN O,
2-’-)1) 3-01—4-OCH205H4C()2H-III, H (57" RIE) 2 | 7" (,‘1411 10(,‘1?\‘ (.);.
2-'-)(_' 3-Cl-4-OCHQCeH4C()2H-0 B D ( ‘]41110(:IN( )(.
26a 3-Cl-4-OCH,CsH ~4-CONH CeH SO F-p i N ClapH 14 CTEN GO
26b 3-C14-OCH,CsH,-4-CON HC;H SO F-m 1 b0l RETERAS CaoH 1 CIFN 06X
26(' 3-01—4-OCH2C6H4-3-CONI{C6H4SOQF-]) > T0¢ ...”)T ( ,':01‘11401}‘N2( )ﬁ.\‘
26d 3-Cl-4-OCH,CsH;-3-CONHCH SO F-11¢ B (a7 191102 CuapH 1 CIFN O
26e 3-Cl-4-OCH,G¢H -2-CONHCH SO, F-p 1) s 220 CapH L CIEN O
294 3-Cl-4-SCH:CO:Et b 8 275 CoHpCIN QS
20b 4-SCH,CO,Et A Rl 46 -48¢
29¢ 3-Cl-4-S(CH2)2C()2.\Ie F 692 9293 Ciol11oCIN O3
30a 3-Cl-4-SCH,CO.H B hyR 127 C3HsCINOS
30b 4-SCH.CO.H B 92 15)5-157¢
30¢ 3-Cl-4-S(CH;).CO,H Gz 64~ 7115 CyHCINOS -

0.25Gs!Ts

3la 3-C1-4-SCH,CONHCH SO F-p B 7 204 CrsHiCIFEN ;058
31b 4-SCH,CONHCGCHSO0:F-p 1) 70¢ 192193 CLaH FNO5,
dic :;'Cl‘4'SCHQCON HCGH4SOQI“-”L 1) 76 192104 (\141'I10C1FN2();,«\.2
3td 3-Cl-4-S (CH_- )QCONHCGH4SOQF-]) 1 T3¢ 195196 (.‘];.II]QC]FN«_-O;,S;

@ Yield of aual. pure material, except where indicated. ® Anal. C, H, N. < Yield of crude prodnet.  “Produer erystd directly npon
addn of reaction mixture to H;O. ¢ Recrvstd from 2-methoxyethanol-HyO. 7 Recrystd from petrolenni ether (bp 30-6G°). ¢ Overall
yield for alkylation and hydrolysis, *# Recrystd from EtOH-H,O. ¢ Lit. [J. K. Faulkner and D). Woodcock. J. Chem. Soc. C, 884 (1966)}
mp 130-151° for prepn by a different ronte. / Lit.’® mp 150-152°. * Recrystd from CsHe—petrolenm ether (bp 65-110°). ¢ Li»
mp 154-155°. ™ Recrystd from DMF-H,0. " Recrystd from EtOAc-petroleumn ether (bp 65-110°). * Anal. sample, apparemiy
a different cryst form, had mp 194-193°. Subsequent prepi. gave the higher melting peint. » Recrystd from 2-methoxyethanol.
¢ Recrystd from MeOH. 7 Lit. [P. Friedlauder and A. Chwala, M onatsh. Chem., 28, 247 (1907)]. mp 46-47° for prepn by anotlier
route. * Reerystd from PhMe. ! Lit” mp 156-158° for prepn by a different method. * Lecry=td from Cell.

10t esters were hydrolyzed by “OH in aq EtOH, whereas Senrmr 11

the t-Bu ester (18d) was converted into the acid (19d)

by elimination of isobutylene when refluxed in Ph\le CHS@ — BrCHQ@
containing a catalytic amount of TsOH.? Treatment COR COR
of 19 with SOC]; followed by reaction with sulfanilyl 22 23

or metanilyl fluoride afforded the amides 20, Catalytic |

hydrogenation of 20 in the presence of PtO, yielded the cl
crude amines 21, which were reacted with cyanogua-
nidine and acetone in the presence of acid®® to give the
dihydrotriazines (2-6). When a crystalline ethanesul- N 02©OCHZ@
fonate could not be obtained, the triazine was isolated CO.R
as the HCI salt. 24

Inhibitors 7-11 were prepared in much the same
manner as that described above, In this case the iso-  hydrolysis of 24 to the acids (25, see Table II) proceeded
meric toluic acid esters 22 were treated with NBS to  uuder conditions similar to those employed for 18 ex-
give the a-bromo derivatives 23, which were converted  cept that a longer reaction time was required owing to
without isolation into 24 by reaction with 2-chloro-4-  the relative insolubility of 24 in aqueous alcohol.  Aque-
nitrophenol at room temnperature (Scheme II). Basic

(16) A. Fredga, E. Gamstedt, and L. Ekerino, 4rk, Kemi, 29, 515 (1940
(173 E. ). Modert, J. Ory. Clesn,. 21, 1 (19565, (17) R. Meyer and C'. Daczmal, (‘hem. Ber.. 46, 3366 (19131.
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PuysicaL CONSTANTS OF

HXNH,

NN
H_-N KN/' Mez

R
Yield,®
Method % Mp. °C dee Formula®

H 49¢ 242-243 C Ha:CLLFN O3
H 214 198-201 Cy1HasCLLFNO.S
H 37¢ 216 C1:HasCIFNO:S,
H 23¢ 224-226 C2:Hs: CIFNO,S
H 3¢ 194-196 CngﬂFNeO:Sz

Ie 22¢ 213-215 Cy:H3CIFNO:3;
17 49¢ 193-195 Co:HsoCIFNO:5,
I 1'-)7C 188—189 CﬂHsoClFNeO:S‘:
I 11¢ 1758-179 Cz:HaoClFNeO;Sz
I 33¢ 174-177 Cy;H3oCIFN0;8:
Je 33¢ 196-197 CoHasCIFN¢OgSs
J 6c 228-230 Ca HyrFN OS5
Je 27¢ 202-203 C HaeCIFN 4065;
Je 51 179-181 C??HQSCIFNGOGSE

No. R HX

2 3-Cl1-4-O(CH,);CONHC:H,SO.F-p HCI

3 3-Cl-4-0(CH;);CONHCH SO, F-m HCI

4 3-Cl14-OCH(CH,;)CONHC:HSO,F-p EtSO;H

b) 3-C14-0(CH,),CONHC:HSO:F-p HCl

6 3'OCHQCONHCGH4SOQF'Z7 EtSOSH

7 3-C1-4-OCH:C¢H,~4-CON HC:H,80:F-p EtSO;H

8 3-C1-4-OCH,C¢H ;-4-CONHC:H.SO.F-m EtSO;H

9 3-C1-4-OCH;C:H-3-CON HCeH4S02F—p EtSO;H
10 3-Cl-4-OCHQCeH4~3-CON HCGH4SOQF-7IZ EISOaH
11 3-Cl-4—OCHQCeH4-Z-CONHCeH4SOgF~p EtSOsH
12 3-Cl-4-SCHQCONHCeH4SO?F-p EtS()sH
13 4-SCH;CONHCH SO.F-p EtSOH
14 3-C1-4-SCH;CONHC:H,80.F-m EtSO:H
15 3-Cl-4-S(CH2 )QCONHCGH4SOQF-p EtSO;H

¢ Yield of anal. pure material. ®Anal. C, H, F. ¢ Recrystd from -PrOH-H-O.

4 Recrystd from Me,CO—-PrOH. ¢MeOH

added to reaction mixture as cosolvent. / DMF added to reaction mixture as cosolvent, then removed by evapn in vacuo when re-
action was complete; after addn of fresh Me,CO, mixture was refluxed uutil product pptd. ¢ Hydrogenation run in HOAc in preseiice

of EtSOsH.

ous DMSO has subsequently been found to be a useful
solvent for the hydrolysis of esters of this type,”* Hy-
drogenation of the NO, group of the corresponding
amides 26 in the presence of Raney Ni proceeded
smoothly with little or no hydrogenolysis.

The esters 29 which served as initial intermediates in
the synthesis of 12-15, the thio analogs of 1, were pre-
pared by one of two methods. Compound 29b was
obtained by alkylation of commercial p-nitrothiophenol
with BrCH,CO,Et at room temp. This method is
analogous to that shown for 18 in Scheme I. Since 2-
chloro-4-nitrothiophenol was unavailable, a different
procedure was utilized to prepare the remaining esters
(Scheme III). The strongly activated 4-chloro group

Scueme 11T
Cl Cl
NO;@CI + HS(CH,),CO.R —> NO,@S(CHZ),,COZR
27 28 29a.c

of 3,4-dichloronitrobenzene (27) readily underwent
nucleophilic displacement by the mercapto esters 28 in
the presence of K.CO; in DMF to give 29a,c.

The remainder of the sequence leading to triazines
12-15 generally corresponded to Scheme I. Because
ester 29¢ (n = 2; R = Me) is subject to facile base-
catalyzed B elimination, acid hydrolysis was employed
for the conversion of 29¢ into its acid (30¢). To pre-
vent hydrogenolysis of the thioether linkage during the
reduction of the NO, group of the amides 31, Pd ap-
peared to be the preferable catalyst, Since Pd can
catalyze the hydrogenolysis of aromatic chloro sub-
stituents, however, compounds 3la,e,d presented a
special problem. An attempt to hydrogenate 31a using
PtO, as catalyst led to the apparent partial destruction
of the thioether, Fortunately, when 109, Pd-C was
used asg catalyst, the hydrogenation of 31a,¢,d proceeded

in HOAc in the presence of EtSO;H with little or no
hydrogenolysis.

Experimental Section

Melting points were taken in capillary tubes on a Mel-Temp
block and are uncorrected. All analytical samples had ir and
uv spectra consistent with their assigned structures; each gave
combustion analyses for C, H, and N, or F within 0.4% of theory.
The purity of analytical intermediates and dihydrotriazines was
confirmed by tle with Brinkman silica gel GF or polyamide
MN, respectively.

tert-Butyl m-Nitrophenoxyacetate (18d) (Method A),—A mix-
ture of 13.9 g (100 mmoles) of m-nitrophenol, 16.6 g (110 mmoles)
of tert-butyl chloroacetate, 13.8 g (100 mmoles) of K;COs, and
80 ml of DMF was stirred at 55° for 23 hr, then cooled, and
added to 500 ml of H,O. The product was extd with 300 ml of
EtOAc and washed with 200 ml of 109, Na;CQ;, then with three
300-ml portions of H;O. The EtOAc soln was dried (MgSO),
decolorized with charcoal, and spin-evaporated in vacuo. Re-
crystallization of the residue from petroleum ether (bp 30-60°)
gave 21.5 g (83%) of nearly colorless crystals, mp 53° (tlc in
CsHs). Anal. (C1:H;sNO;) C, H, N.

2-(2-Chloro-4-nitrophenoxy )propionic Acid (19b) (Method B).
—A mixture of 9.10 g (35 mmoles) of 18b and 40 ml of 1.0 N
NaOH (40 mmnioles) in 909, MeOH was refluxed with swirling
for 5 min, then cooled. The product which pptd upon addn of
excess 59, HCl was collected on a filter and washed with H:O.
Recrystallization from 2-methoxyethanol-H:;O yielded 6.42 g
(75%) of very light tan crystals: mp 153-154° (tle in MeOH);
lit.% mp 150-152°.

m-Nitrophenoxyacetic Acid (19d) (Method C)—A soln of
19.0 g (75 mmoles) of 18d and 100 mg of TsOH H:O in 80 ml of
PhMe was refluxed with stirring for 1.5 hr during which time
pptn of product occurred. The cooled mixture was filtered and
the product washed with CsHs to give 14.6 g (99%) of nearly
white crystals: mp 156° (tle in MeOH); lit.!? mp 154-155° for
prepn by a different method.

N-(m-Nitrophenoxyacetyl)sulfanilyl Fluoride (20e) (Method
D).—A mixture of 1.97 g (10 mmoles) of 19d, 4 ml of SOCI;, and
12 ml of C¢Hs was refluxed with stirring with protection from
moisture. After 2.5 hr, when evoln of gas had ceased, the soln
was spin-evaporated in vacuo. To the residual oil were added
1.75 g (10 mmoles) of sulfanilyl fluoride and 30 ml of PhMe. The
stirred mixture was refluxed for 16 hr, then cooled in ice. The
product was collected by filtration and washed with CsHe.
Recrystallization from 2-methoxyethanol-H,O gave 2.96 g
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W4S0) of very lighy tan crystals: mp 200-201° (e i 1
15tOAc—petroleum ether). Anal. (C,1H,FN.O6S) C, H, N.

Methyl «-(2-Chloro-4-nitrophenoxy )-p-toluate (24a) (Method
E),—A mixture of 30.0 g (200 mmoles) of methyl p-toliate, 35.6
g (200 mmoles) of NBS, 300 ing of BzO., and 200 mi of CC,
was reflaxed with s(rring for 25 hr, then cooled inice.  The pped
snecinimide was removed by filtration and washed with CCl.
The combined filtrate and washings were spiu-evapd under vac-
. To the rexidue were added 348 g 200 mmoles) of 2-
chloro-4-nitrophenol, 27.6 g (200 mmoles) of K.C(Oy, and 200
il of DMF.  The mixture was stirred at room temp for 26 hr and
then added to 1500 ml of Hy0). The pptd product was collected
on a filter and washed with a large vol of 11.0), then with petrolen
cther. Recrystn from DNMF-H.O afforded 40.0 g (62¢7) of lighi
tan needles: mp 207-208° (tle in 1: 1 1O Ac-petrolenm ether:.
Anal. (CsHCINO;) € H, N

Ethyl 2-[(2-Chloro-4-nitrophenyl)thio]acetate (29a) (Method
Fi—-A mixture of 9.60 g (50 mmoles) of 3,4-dichloronitrobenzene,
6.0 g (50 minoles) of ethyl 2-mercaptoacetate, 6.9 g (50 mmmoles;
nf KeCOyoand 50 ml of DMF was stirred at 75-80° far 43 min,
then cooled, and added (o 750 ml of H.6). The pradnet wax
collected on a filter, washed with 1,0, nad reerystd from MeOT1
ta give 10.8 g (78C0) of light yellow crysials: mp 72-73° ale
in Cellg). tnal. (Cypll,CINGS) G, H, N.

3-[(2-Chloro-4-nitrophenyl)thio| propionic Acid (30c) i Method
G),~-A stirred nixtnre of 5.50 g (20 mmolex) of 29¢, 100 ml of

doNaR, ol

6.V HCH and 30 ml ol dioxane was relinxed for 75 min, then
cooled, and added to 500 ml of H:0. The oil, which sepd, cryxud
readily upon seratehing. The erude solid was dissolved =
complerely as possible in 100 ml of 50, NallCty, The =oln war
filtered, washed with three 100-ml poriions of C1ICL, and finally
acidified with D0 [ICE The product was cotlected an o filie
and washied with [LO. Reerystallization fram Culle vieldol
3.60 g 164C ol light vellow ery=tals: mp £17-118° itlein MeO115.
Anal 1 CUHCINOS - 0.25C1e) C, 11, N.
N-{m-(4,6-Diamino-1,2-dihydro-2,2-dimethyl-s-triazin-1-y1 -

phenoxyacetyllsulfanilyl Fluoride Ethanesulfonate (6) (Method
H).-- A mixtmre of 1.06 g (3.0 mmoles) of 20e, 100 mg of PrOy, and
100 mi of IHOH wax =haken with M. at 13 aGn undl the reae-
ton was complere 121 b THI wax added (o dissolve =ome pre-
cipitated produet and the filtered =oln was evapd in racuo. "1
the residue were added 335 mg (3.05 munolex) of IXeS0p11, 260
mg 1 mmoles) of eyanognanidine, and 30wl of Me,Col The
mixture wax reflaxed with strring ba 24 hie, thien rooled, and
filtered.  The crnde produci was washed  with Ales('O and
veeryatd iwice from PrO1- 110 w0 give S86 mg 1354, of white
erystal: mp 194 -196° dec (e iy ~PrOlln ol (Cylhs-
ENGOs OO T

Method I wi~ the e as method Hexeept than Ramey \a
wirs =ed ax eataly~.

Method J wi~ the =ame as method 1 exeept thay 10¢, Pd-t-
wis =ed as earalyst,

Synthesis and Biological Activity of Some 5=-(I-Adamantyl)pyrimidines. 1’
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Preparation of several 2-umino-4-hydroxy-3-' I-ndumaim yhpyrimidines 11-4 3 and 5-Ci-adamantylamine juaeil

(5) 1s described.

2-Amino-4-hydroxy-i-(1-adamantyl)pyrimidine (1) and 2-amino-4-hydroxy-5-( t-ndamantyl)-6-

methylpyrimidine (3) were found to be moderately inhibitory to several lines of nionse sarcoms 180 cells (3-180)

and to mouse mammary adenocarcinoma (TA3) in cudtnre.

folate reductase.

Diaminopteridines and pyrimidines play an impor-
tant role as chemothierapeutic agents.  Methotrexate
1= widely used in the treatment of ncute childhood
leukemia and choriocarcinoma? while pyrimethamine
i~ cffeetive in the treatment of malaria.’ The chemo-
therapeutie activity of these drugs is due to the in-
hibition of the enzyme dihydrofolate reductase (also
kiown ax folate reductase and tetrahydrofolate dehy-
drogenase, EC 1.5.1.3).4* Whereas methotrexate, onc
of the most potent inhibitors of this class of compounds,
ix distinguished by its lack of species specificity, di-
aminopyrimidines with 3-phenyl substituents exhibit
highly specifie inhibitory effects for dihydrofolate re-
ductases from different species.  Thus, for instauee,
pyrimethamine is 4000 and 50,000 tinies more inhibitory
for plasmodiul dihydrofolate reductase® than for the
corresponding enzynies from human tissue or [sche-
richia coli, respectively.”  On the other hand, trimetho-
prim  (2,4-diamino-3-trimethoxyphenylpyrimidine)  is

#1'o wlioln correspondence should he addressed,
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Neither of these pyrimidines inhibited the enzyme

(0,000 times niore inhibitory for 4. coli dihvdrofolate
reductase than for that of hunean origin.®

It was of intorest to investigate the biochemical
and biological activity of pyrimidines having in posi-
tion 7 a highly lipophilic and bulky adamantyl group.
The ultimate aim of this work was to prepare 24-
diazminopyrimidines substituted with adamantane nnd
its derivatives in position 5. However, preparation
of such compounds was muelh more difficult than that
of  corresponding  2-amino-4-hydroxypyrimidines,’
While the work on 2,4-diaminopyrimidines continues, a
series of 2-amino-4-hydroxypyrimidines was preparced
and tested for their biological activity.®

Synthesis.--Pvrimidines 1-3 (Table 1) were pre-
pared by condensing the appropriate g-carbonyl ester
derivatives (9-11) with guanidine (Scheme I). The
ester derivatives were synthesized by adaptation and
modification of the procedures of Lunn, ¢ al.” who
reported the preparation of cthyl (l-adamantyl)mal-
onate (10) by condeusation of ethyl malonate with
l-adamantanol as catalyzed by Bl

(Ty Tle vern “hydrosypyrimidine” will be used throughout vhis pager
fur convenience cven chough ic is realized hiat these compoinds actanily
exise in the lactan, ratlier than chue lactim, form.

81 Recently, preparation «f some 6-(l-adamaniyl)pyrimidines as poten-
linl anciviral agents has heen reported. M. Kuchar, J. &trof, and J. Vaclwk,
Cull. Czech. Chem, Commun., 34, 2278 (1964),

01 W, L W, Lann, W, D, Podmore, and S, 8. Szinat, J. Chon See. €
YOHT (TGS,



