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4,6-Diamino-1,2-dihydro-2,2-dimethyl-l-phenyl-s-triazines bearing the following wbstituents on the para 
position were not irreversible inhibitors of dihydrofolic reductase from L1210 mouse leukemia: OCHzCONH- 
C6H4f30zF-p (2a), O(cHz)20C6H4s08-p  (3a), O ( C H Z ) , O C ~ H ~ S O ~ F - ~  (7), ( C H Z ) , C ~ H ~ S O ~ F - ~  (11), and OCHI- 
CONHC6H4S02F-m (16). These results contrast with the (CHz)&ONHC6H4S0&'-p derivative ( la )  which is a11 
active-site-directed irreversible inhibitor of L1210 dihydrofolic reductase, the difference being rationalized by 
the difference in allowable ground-state conformations. By limiting the number of ground-state conformations 
of 2a, 3a, 7, 11, and 16 by insertion of a chloro atom on the meta position of the 1-phenyl-s-triazine moiety, the re- 
sultant compounds (2b, 3b, 8, 12, and 15, respectively) were converted into irreversible inhibitors of the enzyme. 
Of these five irreversible inhibitors, 8 and 3b could also inactivate the enzyme from mouse liver; since 2b, 12, and 
15 did not inactivate the mouse liver enzyme appreciably, these three compounds showed the desired specificity 
pattern needed for chemotherapy. 

The first active-site-directed irreversible inhibitor4 
of dihydrofolic reductase from L1210 mouse leukemia 
discovered in this laboratory was the 1-phenyl-s-triazine 
bearing a p-propionylsulfanilyl fluoride side chain 
(la) ;j l a  could also inactivate the dihydrofolic re- 
ductase from Walker 256 rat tumor5 as well as a number 
of normal tissues from the rat5 and mouse,6 thus show- 
ing no specificity. I n  a study on R-bridged variants 
of la, it was observed that the oxyacetamido bridge 

R 
I 

CH3 

la, R=-(CH,),CONH-; R ' s  H 

2a, R=-OCH,CONH-; R ' s H  
b, R=-OCH,CONH-; R'=CI 

3a, R=-O(CH,),O-; R'=H 
b, R = -O(CH,),O-; R' = C1 

b, R=-(CHJLCONH-; R'= C1 

(2a) and ethylenedioxy bridge (3a) gave compounds 
that  were as good reversible inhibitors of dihydrofolic 
reduct,ase as la, but failed to show irreversible in- 
hibition of the enzyme from IJ1210/FR8 mouse leu- 
kemia or Walker 256 rat tumor.' 

The failure of 2a and 3a to inactivate the enzyme 
clearly showed that their SOzF group was not positioned 
the same as la  within the rate-limiting reversible 
enzyme-inhibitor complex ;4 the difference in these 
complexes was rationalized on the basis that  2a had 
one extra degree of free rotation (shown in 6) and 3a 
two extra degrees compared to the parent la  (shown 
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in 5 )  ; these extra degrees of freedom of rotation would 
allow 2a and 3a to assume a better conformation for 
reversible binding which could be ddferent from the 
conformation la  needed for covalent bond formation 
within the enzyme-inhibitor complex. These dif- 
ferent binding conformations can be illustrated with 
the followiug examples. 

The substrate, dihydrofolate (4), can be assigned an 
arbitrary positioning of its pteridine ring as indicated 
in 4 by allowing the enzyme to position around this 

HN 

3 
CH .: 

6 I 

~ e ~ y ~ l  NH? 

"YN 
NH, 
5 

conformation.8 The dihydro-s-triazine ring of 5 and 
6 rotates in the active site in order to give optimum 
hydrophobic bonding of the 1-phenyl group to a hydro- 
phobic bonding region on the enzyme that resides near 
the position assumed by the 4-oxo group (or 8-N) of 
dihydrofolate.8 The substituent on the para position 
of the benzene ring will then take a conformation 
allowing maximum net reversible binding energy, that  
is, if an unfavorable conformation must be assumed by 

(8) For a review on t h e  binding to dihydrofolic reductase and i ts  hydro- 
phobic region see ref 4. Chapter 10. 
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TABLE I (Continued) 
Irreversihled------. 

Enzyme 7-Reversihler---- Inhih,  % Time, w 

15 C1 OCH2CONHC6H4S02F-m L1210,!l)F8 0,019 0.0032 0.09.5 97 60 611 
0.038 92 60 42 i 

L1210:'O 0,095 62 I 

Liver 0.095 1 3 1  
16 H OCH&OXHC~~H~SO~F-VL L1210, FR8' 0.069 0,012 0 .22  93 60 0 

L1210 :0 0.14 60 0, 

N O .  Kl Ii 2 sourceh I ~ ~ , ~  p ~ v  K,,f p . i ~  p . l i  [EIl* min inactvn 

' 1  The techtiical assistailre of Diane Shea, Sharon Lafler, and Carolyn Wade with the assays is acknowledged. The 1,1210 0 is 
the parelrt wild strain, while the F118 and I 1)FF: are strains resistant to amethopterin with a high level of dihydrofolic iednctaae; liver, 
spleen, aiid itite>tiiie were from irormal BI)FI mice.6 c As-;a\-ed with 6 J f  dihydrofolate and 30 p J 1  TPKH in  pH 7.4 Tris buffer con- 
taiiiitig 0.15 Jl KC1 a. previorisly describe Iiicuhated at 37" in pH 7.4 Tris buffer in t,he preseiice of 60 p.11 TPNH as previoridy 
desciibed.j e Iaa = concentration for 30 f Estimated from Ki = K,[IsO] ;[SI which is valid since [SI = 6K, = 6 pt31 
dihgdrofolate; .see ref 4, p 202. Q Calcrilated from [EI]  = [ E t ] / ( l  + Ki / [ I ] )  where [EI]  is the amount of total enzl-me (E,) reversibly 
cwmplexed; bee ref 4, Chapter R .  1 The zero point was determined by adding the 
inhibitor t o  the assay crwette.6,G 

e , e  
inhibition. 

I)ata from ref 5 and 6. 
Data from ref 7 .  

1 From time-study plot.5 

the substituent, it doe. so at the expense of binding 
energy. Suppoqe the optimum reversible binding 
occur5 in conformation 6:  the oxyacetamido bridge of 
2a can allow 2 to as'ume thii conformation 6 with 
little or no 1051 of energy. I K ~  contraqt, for l a  to ai- 
sume thii 6 conformation, the ethane moiety \$-ould 
have to be eclipsed which would require about 2 lxal/ 
mole of energy. Suppoie the iecorid best binding 
conformation is 5 ;  l a  can assume this conformation 5 
with no loss in binding since no change in conformation 
i i  required from the ground state I t  is assumed that 
in this 5 conformation, l a  can rapidly form a covalent 
bond n i th  the enzyme. I t  follows that 2a could as- 
.ume conformation 5 for optimum binding if a proper 
wbstitution would no longer allow the ground-Ytate 
conformation 6. The proper sub-tituent w a i  chosen 
on the following basi-. 

A m-chloro sub.tituent on the benzene ring of a 
I-phenyl-1,2-dihydro-'-triazine complexeq directly with 
the enzyme giving about a tenfold increment in bind- 
ing.g That this binding by the C1 atom i:, toward the 
active site on the right aq indicated by R = C1 in 5 and 
6 has previously received experimental Yupport. lo 

Since the C1 atom binding to the enzyme on the right 
was indicated, the chlorophenyl moiety would prefer 
not to asiume a conformation when binding to the 
enzyme that project, the C1 to the left. If the C1 
atom is complexed to the right as in conformation 5 
and 6, the conformation 6 for the oxyacetarllido bridge 
of 2b will not be allw-able due to an or tho  iteric effect; 
thus, the second moyt favorable conformation ( 5 )  for 
complexing the sulfanilyl fluoride 11 ill be aswined for 
complexing. Thui  2b Ghould be an irreversible in- 
hibitor comparable t o  l a ;  furthermore, it m d a r  C1 
subytitution ( lb)  on la  should itill allow l b  to be an 
irreversible inhibitor iince both l a  and l b  can aiwnie 
conformation 5 when complexing with the enzyme. 
The experimental iupport of thii hypothesi\ on the 
effect of allowable ground-itate conformationq on ir- 
reverqible inhibition" ii the subject of this paper. 

Enzyme Results.-It it as previou4y reported that 

(91 (a1 B. R .  Baker and B.-T. Ho, J .  Hleteroryrl. Chem., 2 ,  335 (19651; (131 

B. R.  Baker, J .  .IIed. Chem., 11, 483 (1968); (c) B. R. Baker and B l .  A .  
,Johnson. ibid.. 11, 486 (19681, paper CSVIII  of this series. 

(10) B. R. Baker. P. C. Huang, and R.  B. l feyer ,  Jr . ,  ibid., 11, 475 (19681. 
paper C S V I  of this series. 

(11) Conformations 6 and 6 are extremes t o  demonstrate t h e  hypothesis; 
conformations intermediate between 5 and 6 are allowable with la ,  hut the 
same argument on a decrease in allowal~le Iiindinp coniormations of 2b com- 
p a r d  t o  2a still tinlds. 

the phenoxyacetamidosulfanilyl fluoride (2a) n as not 
an irreversible inhibitor of the dihydrofolic reductase 
from the L1210'FR8 strain of mouse leukemia;' it 
has noit been observed that 3a also doe9 not show ap- 
preciable irreversible inhibition of the enzyme from 
L1210 0, the parent strain of mouse leukemia, nor the 
enzyme from mouqe liver. Insertion of a C1 atom (2b) 
ortho to the oxyacetyl group of 2a resulted in no change 
in reversible binding. h s  predicted by the hypothesis 
described above, 2b was an  irreveriible inhibitor of the 
dihydrofolic reductase froin L1210; however, 2b still 
failed to inactivate this enzyme from mouqe liver, thus 
showing specificity. 

The hypothesis also predicts that substitution of a 
C1 atom (lb) on the parent l a  should cause little change 
in the irreversible inhibition pattern. That both l a  
and l b  were irreversible inhibitors of dihydrofolic 
reductase from three strains of 2,1210 and three normal 
tissues of the mouse is shown in Table I. Furthermore, 
there waq no change in  reversible binding between 
l a  and lb.  The fact that there is no change in re- 
versible binding between l a  and l b  indicates that there 
is no net  binding by the chlorine atom, in contraPt to a 
tenfold increment that might be e ~ p e c t e d . ~  Thus, it 
is unlikely that l a  assumes the extreme conformation 
511 when complexing to the enzyme, else a tenfold 
increment should have been seen with lb.  I t  is likely 
that l a  and l b  assume a conformation when com- 
plexed to the enzyme that causes a slight steric inter- 
action betti-een the C1 and side chain of lb,  which in 
turn causes a loqs in binding of about 1 kcal/mole, 
thus resulting in no net binding by the chloro atom; 
such intermediate Conformations between the extremes 
of 5 and 6 can be drawn. 

The hypothesi. also suggested that chloro sub- 
stitution (3b) on the ethylenedioxysulfonyl fluoride 
(3a) might convert 3a to an irreversible inhibitor of 
dihydrofolic reductase. It was previously reported 
that 3a was not an irreversible inhibitor of the enzyme 
from IJ1210/FR8;' 3a is also not an irreversible in- 
hibitor of the enzyme from L1210/0 and mouse liver. 
I n  contrast, the chloro derivative (3b) was an irrevers- 
ible inhibitor of the enzyme from all three sources; 
note that there was little change in reversible inhibition 
of the L1210/FR8 enzyme with 3a and 3b. 

Since 3b was an irreversible inhibitor of dihydrofolic 
reductase, but showed insufficient specificity toward 
the enzyme from 1,1210 and mouse liver, additional 
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homologs of 3a arid 3b with varying oxygenated bridges 
I\ (ire investigated. The higher triniethylenc~ lioniolog 
(7) giivc no inhibition of the enzynic. from 1,1210, but 
chewed a lnw ordcr of  irre\-crdde inhibition (Jf the  
nioubt: liver enzyme. Insertioii of the (“1 atom ( 8 )  
gave a compound showing irreversible inhibitioii of the 
dihgdrofolic reductase from 1,1210, but unfortunately 
8 w s  alw an irreversible inhibitor of t h e  ciizyiiic from 
nioii-(’ liver, hpleen. arid intc~stiiiv. 

’l’hci tctruniethylenc.diosy homolog (9)  n-aq :I f a - t ,  
])ut poor, i r reverh le  inhihitor of the cnzyniri from 
1,1210; the total irrcveryible inhibition hy ~ u c h  R fa-1, 
poor inhibitor i -  difficult to iiie~~\iir(> :iccur:itely due t ( J  

thc. variation in zero point.6 I’iifortunately the chlom 
t1criv:itivc. of 9 could riot be nic>:iwwd due t o  failure 
of the' .yiithetic route. Whcn otily :m oxy bridge 
w:i< prcvnt  ( lo) ,  tlie compound 
vvr-ible inhihitor to w:irr:int -yilt 
(Iwiv:itivc: 10 wa. riot :in irrever 
\ \  :ih prcviou4y reported that  the cthanc~ hridgc gnvo :k 
rompourid (11) that ot :in irrever4ble irihihitoi. 
of the c’nzyme from I I;IiS.’ a i  shown in T:hle  I ,  
11 w:i\ al-o not uri ir hle inhibitor of the cnzynic 
froin thc  other two itr:iiri- of 1,1210. Howcver, vhert 
:t chloro substituent T\ iiitrotluwl, tlie rewltnnt 12 

:t good irreversible inhihitor of t l i ~  1,1210 c~nzyn~c~. 
but a barely cletrctable iri(~vw-ihl(~ inhibitor of t h r  
iiioiise liver cnzynir’. 

The candidnte irrcver4blc illhihitor with a hutanc 
reverd)Ic iidiibitor of‘ the 1,1210 

ed :it :I roncentr:ition of aboiit 
b coiicciitr:rtioii it a1w -lio\vvrd ;I 

1 o n . c ~  :iniount of irrcvcrdjlc~ irihibition of the 111011-e 

livcr cnzyinc’. The c4”ectivciic-~ of 13 
~nliibitor of dihydrofolic rcductx-c coiiip:irccl t o  3a 
:tgain demonitratt~- that  thc S021’ group of 13 arid 3a 
i- I K J t  positioned itleiiticnlly 1% ithin t hcir rcver~ib1c 
cxrizynic. -inhibit or complc~xe-. he t)ut:iiie analog of 
3b \i ould 1)r Tvorthy of syi the 

Sonic studiey n-ere then pel 
t l ie htriictiire of the oxyacctaiiiido~u1f:inil~l fluoride ir- 
rc~vc~r4)le inhibitor (2). W h ~ r i  t h c  SO?1’ inoicty of 
2a n :is moved to t )o\ition. the resdtant  167 
\va. .till not :in ir inlii1)itor of dihydrofolic 
r (duc t t iw from Ll? c v ~ r ,  in~ertion of :I. chluro 
:iti)ni g:i\re 15 that rcvcrdhle inhihitor of t h v  
(~nzyiii(’ from 1,1210. hut not nioiihc liver. 

reidtarit 14 was .till :in irrevei,\iblc 
les, effective than the parent 2b. This S-methylation 
i -  l,no\t 11 to nialx~ ;I profound chnrige in the ground- 
i t a t e  conforni:~tion of :tctt:tnilidc’? arid presumahly 
tlic Yanie change between 2b and 14;‘ thus, i t  is poqsible 
th:rt 2b and 14 do not form a rov:ilent bond with the 
s:inic :mino acid of the enzynit>. 
Sone of the coiiipourid; i n  ‘l’:it)le I meet the three 

:irhit r:iry clrizymc criteria -et for whether or not a 
cwnpound i i  ~ r t h y  of iu P L C O  ytudies in mice.6 Several 
of thc compounds (2b, 12, and 14) meet ,211 but the 
m“X criterion. Since these. criteria are arbitrary, 
t l i c v  compouiids will bv teqtrtl in ~ i r o  t o  check on  the 
criteria. 

b‘urther bridge vurixnti of 2b, 3b, and 12 n-ith addi- 
t iorrnl substitiients nn t h(1 I~c~i iz rne~nl fnnyl  fluoride 

\\.’hen a n  S-lnrthyl group 111 

, I21 13 1 .  T’rdrr-en and n. P~dersrn, 7r l ru t i rdror i  l , ( l l r i \ ,  2905 ( l < l l ~ * ~ l .  

NO, 0 OH - NO. 0 OCH-COOR -+ d d 
17 

(’1 
I 

18. R = t-BU 
19. K=H 

21a. R = H ,  pore 

b. R =  Me, p a r a  
C. R = H. rnrtci 

c1 
I 

20a, R = H ,  p a r a  
b, R = Me, para  
C. R = H ,  metn 

c1 
NH-EtSOH I 

refluxed in tolurvie containing :L trace of TsOH, iyo- 
butylene \\as ev(JlWd :tiid thr deiired acid (19) I\ :is 
obtained in 9 2 7  yield. C‘onversion of 19 to the acid 
chloride \I ith SOCli, t ridens:ttioii 11 ith eulfanilj I 
fluoride in boiling toluene, gave the desired :miid(> 
(21a) in i1’7; yield. larly, 19 nab corivertcd to  
21b and 21c by coride n with S-niethylsu1f:triilyl 
fluorideL3 arid inetanil ride, respectively, in good 
yield. The SOs group of 21 TT reduced catalytically 
to 20 with a PtO? c a t x l p t  -ii lianey Si5*L4 c a u w l  
considerable dehalogemition ; t he crude :imine\ (20) 
were condensed1’ with cynnoguaiiidine in acetorit. i n  

the presence of etlianeiulfonic acid to give the triazirieh 
(2b, 14, 15). 

The carididate irreversible inhibitors with an all\yl- 
eriedioxy bridge (3, 7 ) caii be generalized by struc- 
ture 27. The hynthe of oiie member of this seriei 
was previously deicribed, namely 3a (=  27a).’ Tho 
Ley reaction was the chloro-ulfonation of an a-(nitro- 
phenoxy)-w-phcno~yaIlianr (23) in CHCI, to  give 
25 (Scheme TI). That :t phcwyl c x t  her ch loros~~l fo i i~ t t (~~ 

I t  3) H 11 Bdhrr an< i  1 I  olirf‘n-, .I I / (  ( ‘ I  I vi 11, 0 7 2  (IO(r8) 11.1llPI 

1 1 4 )  4 IT dr(’al , ,rid I {  1, vanPourLt~ .I ( ~ r y  ( ‘ I t m  28, i 4 2 b  < I O I j i  
( ‘.\VI11 of this w r i r 5  

1 i) I .  I \ IU~I+I  t i  / 21 I 11011,~ 
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SCHEME I1 SCHEME 111 
R 

I 

17. R =  CI 
22. R = H  

R 
I 

23 

25, X = C1 
26, X =  F 

R 
I 

24 

R 
yHz.EtSO3H 1 

29, R' = S0,CI 
30, R'=SO$ 

10 

para to the ether linkage has been previously demon- 
strated;16 the nitrophenoxy ring would be considerably 
less reactive, due to the deactivation by the KO2 group, 
than the other phenoxy ring. Similarly, 28 could be 
chlorosulfonated to 29. The KO2 group of 26 and 30 
was reduced catalytically with a Raney nickel catalyst 
if a C1 atom mas absent and with a PtO2 catalyst if 
present. 

The next group of candidate irreversihle inhibitors 
(11-13) contained an alkane bridge. The synthesis 
of one member (11) of this series had been described 
previously;i the key reaction was a Wittig condensation 
between p-nitrobenzaldehyde (32a) and the p-fiuoro- 
sulfonylphosphonium salt (31)j to give 34a (Scheme 
111). I n  a similar fashion, 34b and 35 were synthesized 
from 31 by Wittig condensation with 32b and 33, 
respectively. The remainder of the sequence \\a$ the 
same as for the synthesis of 11.' 

The layt candidate irreverqible inhibitor (lb) wa5 
\ynthe\izedli by the conversion of 32b diacetate to  
2-chloro-4-nitrocinnamic acid ; the remainder of the 
sequence ~ v a 5  the bame ai the convcriioii of 19a to 2b. 

Experimental Section 
Xfelting points were taken in capillary tubes on a Mel-Temp 

All analytical samples gave a single block and are uncorrected. 

(16) E. H. Huntress and F. 1%. Carter,  J .  Am. Chem. Soc., 62, 603 (1940). 
(17) This synthesis vas  performed in this laboratory by M. A .  Johnson, 

M . Y .  thesis, 1967. 

31 

36a, R = H  
b, R=C1 

37 

11, R=H;  n = 2  
12, R=CI; n = 2  
13, R = H ;  n = 4  

spot on tlc and had ir and uv spectra in agreenient with their 
assigned structures; each gave combustioil values for C, 11, aiid 
N or F within 0.47, of theoretical. 

&Butyl 2-Chloro-4-nitrophenoxyacetate (18).-A mixture of 
8.7 g (50 mmoles) of 17, 8.28 g (53 mmoles) of &butyl chloroace- 
tate, 6.9 g (50 mmoles) of K2C03, and 30 ml of IIlIF was stirred 
at  j5-60" for 24 hr, then poured into a stirred mixture of 300 
ml of ice-water and 30 ml of petroleum ether (bp 60-110"). 
The prodilct was collected on a filter, washed (HZO), and dried. 
Recrystallization from petroleum ether gave 9.65 g (677,) of 
beige crystals, mp 93-96". 
2-Chloro-4-nitrophenoxyacetic Acid (19).-A solution of 8.3 g 

(30 mmoles) of 18 and .iO mg of TsOH in 25 ml of toliiene was 
i,efluxed with stirring for 1 hr during which time part of the 
product separated. The cooled niixtu1.e was filtered and the 
product was washed with toluene. Recrystallization from 
EtOH-H20 gave 6.3 g (92%) of crystals, mp 177-179'; mp 173- 
176 was recorded for this compound prepared by a different 
route. '8 

2-Chloro-4-nitrophenyl Phenoxypropyl Ether (23e) (Method 
A).--A mixture of 1i.4 g (0.1 mole) of 17, 23.8 g (0.11 mole) of 
3-bromopropyl phenyl ether, 13.6 g (0.1 mole) of K?CO,, and 
90 ml of LlhISO was stirred in a bath at 93-100" for 43 hr. The 
mixture was poiired with stirring into 800 ml of H,O and 100 ml 
of petroleum ether. The product was collected on a filter and 
washed (H,O). Recrystallization (EtOH) gave 25.8 g (845,) 
of product, mp 89-90'. See Table I1 for additional data and 
compounds prepared by this method. 

1 -( pFIuorosulfonylphenoxy)-3-( 2-chloro-4-nitrophenoxy )pro- 
pane j26e) (Method B).-To a stirred mixtiire of 12 g o f  23e 
in 100 ml of CHC1, cooled to - 5 to 0" was added dropwiae 48 ml 
of ClSO3H over 30 min with protection from moisture. After 
being stirred for an additional 90 min at  O", the mixture was 
poured into 500 g of crushed ice. The mixture was diluted with 
150 ml of CHCl3, then the separated organic layer was washed 
(300 ml of ice-cold If&, 200 ml of ice-cold 5% Na€TC03, 300 ml 

Anal. (C1~Hl4ClKOj) C, H, iY. 

(18) Ilford. Ltd. ,  Belgian Patent 662,816 (1962); Chem. d b s t r . ,  69, 
P14146e (1963). 
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triazin-1-yl)phenoxyacetyl]sulfanilyl Fluoride Ethanesulfonate After being refluxed with stirring for 18 hr, the cooled mixture 
(2b) (Method D).-A mixtrire of 777 mg ( 2  mmoles) of 21a (Table was filtered and the product was washed (lte2CO). Recrystalli- 
11), 6.5 mg of Pt02 ,  and 100 ml of EtOH was shaken with Ha zation from EtOH-I-I,O gave 630 mg ( 5 3 : ; )  of white crystals, 
a t  2-3 atm until reduction was complete. To the filtered mixture mp 224-226" dec. See Table I11 for additional data and com- 
was added 223 mg of EtS03H then the solution was evaporated pounds prepared by this method. 
in vacuo. To the rehidual 20a.EtS03H were added 20 ml of Method E was the same except Raney nickel was used a:, a 
reagent l\lerCO and 177 mg ( 2 . 2  mmoles) of cyanoguanidine. cata1yst.j 

Irreversible Enzyme Inhibitors. CXLI. 1 , 2  Active- Site-Directed Irreversible Inhibitors 
of Dihyclrofolic Reductase Derived from 1-[p-(p-Fluorosulfonylphenylureidomethy1)- 

phenyl]-4,6-diamino-1,2-dihydro-2,2-dimethyl-s-triazine 

The title compouiid (1) showed a poor order of active-site-directed irreversible iiihibitioii of dihydrofulic reduc- 
tase from mouse L1210 leukemia, liver, spleen, or intestine since too high a concentration of inhibitor had to be 
used to show good inactivation. Substitution of a methyl group meta  to  the SOIF moiety of 1 gave compound 
6 that was still a relatively poor irreversible inhibitor of the L1210 enzyme, but now showed tissue specificity by 
its failure to inactivate the liver enzyme. More effective irreversible inhibitors (5,  8, 9) were obtained by sub- 
stitution of a chloro atom ineta to the junction of the 1-phenyl to the s-triazine ring; however, these compounds 
did not show specificity since the liver enzyme was still inactivated. 

The title compound (1)4 was found to be an  active- 
hite-directed irreversible inhibitor5 of the dihydrofolic 
reductase from L1210/0 and L1210/DE'8 mouse leu- 
l;emh6 However, 1 was not as good an  irreversible 
inhibitor as the prototype irreversible inhibitor 
+ice the total amount of inactivation by 1 was lower 
than 2 (Table I). Furthermore, neither 1 nor 2 showed 
hpecificity toward the L1210 enzyme with minimal 
effect on the enzyme from normal ti.;sues such as liver, 
bpleen, and intestine.6 Therefore, additional synthetics 
related to 1 were made and evaluated to see if a better 

1, R=NH 
2, R = CHI 

and more selective irreversible inhibitor could be de- 
signed. 

Enzyme Results.-& pointed out in t'he earlier 
summary paper,s assay of 1 for irreversible inhibition 
of dihydrofolic reductase n-as difficult due to a medium 
order of t'otal, but fast', irreversible inhibition that' 
sometimes gave low zero-time points. Similar difficul- 
ties n w e  encountered wit'h 3,4 which showed 0-30% 
irreversible inhibition of the L1210 enzyme depending 
upon ho\v lon. the zero-time point' for enzyme concen- 

The results are the subject of this paper. 
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tration wa5; in repeated runs 3 failed to show an) ir- 
reversible inhibition of mouse liver dihydrofolic reduc- 
tase. Thus, 3 showed selectivity, but a poor order 
of irreversible inhibition of the L1210 enzyme; the 
latter n-as most probably due to extensive enzyme- 
catalyzed hydrolysis of the S02F When the 
side chain was moved to the mefa position (4), ir- 
reversible inhibition was lost . g  

The effect of substituents on either or both benzene 
rings of 1 on irreversible inhibition was then btudied. 
There is orily one position on the phenyl group next 
to the triazine that can be substituted without loss of 
binding, and that is the position meta to the triazine 
junction; ortho substitution leads to a large 1055 in 
reversible binding. lo,'' The 3-chloro atom was selected 
since this could have a beneficial effect on both re- 
versible bindinglo and irreversible inhibition. The 
3-chloro substituent 5 on 1 gave a fourfold increment 
in reverbible binding. Furthermore, 5 wa5 a better 
irreversible inhibitor of the 1,1210 enzyme than 1 when 
compared a t  a similar concentration of reversible E1 
complex;'* however, 5 still lacked specificity since poor 
irreversible inhibition of the mouse liver enzyme was 
still observed. 

Substitution of CH, meta (6) to the SOnF moiety of 
1 also gave about a fourfold increment in reverbible 
binding. Xlthough 6 was not a better irreverqible 
inhibitor of the T,1210 enzyme a t  equal E1 concentra- 
tion,'* 6 wab more qecific than 1 since 6 did not in- 
activate the liver enzyme. Introduction of CHJ (7) 
ojtho to the SOJ? moiety of 1 gave about a twofold 
iricremerit in reversible binding; however, 7 was 
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