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Thirteen candidate active-site-directed irreversible inhibitors of dihydrofolate reductase derived from the title 
compound were synthesized; these had an o-, m-, or p-SO1F group on the benzyloxy moiety, and 10 of the in- 
hibitors also contained C1 on the benzyloxy moiety. Of these 13 compounds, 9 were good to excellent irreversible 
inhibitors of dihydrofolate reductase from either Walker 256 rat, t,umor or L1210 mouse leukemia or both. Of 
the 9 irreversible inhibitors, 8 showed 0-4070 inactivation of the crude dihydrofolate reductase from mouse or 
rat liver; this tissue specificity was due to rapid hydrolysis of the SO?F group to SOIH by a "sulfonyl fluoridase" 
in the crude liver enzyme preparation. The 2 best compound., considering also their ability to inhibit LIZ10 cell 
culture, were the 3-Cl-4-SOzF (6) and 3-SO?F (8) derivatives; these showed 507; inhibition of L1210 cell culture 
a t  2 X 10-lOM and 10 x M ,  respectively. 

The availability of a series of a-bromomethylbenzene- 
sulfonyl fluorides (1 ; R = H, C1) from another study in 
this laboratory3 prompted an investigation of the syn- 
thesis of a series of 1-benzyloxyphenyl-s-triazines (3) for 
evaluation as irreversible inhibitors of dihydrofolate re- 
ductase. The key synthetic step would be alkylation 
of 2-chloro-4-nitrophenol with 1 to  give 2, without de- 
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struction of the SOzli by the basic conditions of the dis- 
placement reaction ; this reaction was successful as an- 
ticipated by the fact that  p-hydroxybenzenesulfonyl 
fluoride can be alkylated under alkaline ~ o n d i t i o n s . ~ - ~  

The 13 candidate irreversible inhibitors of structure 
(3; R = H, C1) were evaluated as irreversible inhibitors 
of the dihydrofolate reductase from L1210/DF8 mouse 
leukemia and Walker 256 rat tumor.6 h number of the 
compounds showing good irreversible inhibition of the 
tumor enzymes were also investigated for tissue speci- 
ficity of inhibition of the dihydrofolate reductase from 
normal rat and mouse tissues. Where good irreversible 
inhibition of a tumor enzyme and poor inhibition of a 
liver enzyme was observed, the irreversible inhibition of 
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the affinity column purified enzyme' \vas investigated to  
see if the tissue specificity was due to  hydrolysis of the 
SOJ? moiety by a "sulfonyl fluoridase" in liver* or was 
due to  a difference in enzyme structure from the two 
tissues. 

The ability of the compounds to  penetrate a mam- 
malian cell wall was approximated by the concentration 
necessary to  inhibit L1210 cell c u l t ~ r e . ~ ~ ~ * ' ~  The re- 
sults of these in vitro assays are the subject of this paper. 

Biological Results.-Of the 13 candidate irreversible 
inhibitors in Table I, six (4-6, 10, 11, and 15) were good 
to excellent irreversible inhibitors of the dihydrofolate 
reductase from L1210/DF8 mouse leukemia. These G 
irreversible inhibitors were then measured as irreversible 
inhibitors of the crude dihydrofolate reductase in a 45- 
90% ("4)2SO4 fraction of mouse liver; all of these com- 
pounds showed O-20yo inactivation of the crude mouse 
liver enzyme, except 10 which showed 37y0 inactivation. 
When the inactivation of the affinity column purified 
dihydrofolate reductase' from mouse liver by the ti com- 
pounds was measured, 63-9Sy0 irreversible inhibition 
was observed. Thus the tissue specificity observed 
with the six compounds was due to rapid hydro11 
the SOzF group to  SO3H by the sulfonyl fluoridase pres- 
ent in mouse liver,',* and was not due to differences in 
the structure of dihydrofolate reductase from L1210 arid 
mouse liver. 

These 13 candidate irreversible inhibitors (Table I) 
were then investigated as irreversible inhibitors of the 
dihydrofolate reductase from a different tumor source, 
namely Walker 256 rat tumor; nine (4-6, 8, 10-12, 14, 
and 15) were good to  excellent irreversible inhibitors. 
Six (5, 6, 11,12, 14, and 15) of these nine irreversible in- 
hibitors showed less than 40y0 inactivation of the crude 
enzyme from rat liver. When the G compounds sho\v- 
ing this tissue specificity in the rat were investigated as 
irreversible inhibitors of the affinity column purified di- 
hydrofolate reductase' from rat liver, the inactivation 
was increased to  54-92y0; thus the main reason for tis- 
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T-IBLI.: I (Conlinued) 
IM,d I n h i h ,  

N O .  Rb Enzyme source" p*U &*!f 

14 4-C1-2-S02E' LlBlO/DF8 (A) 0.030 0.060 
RIouse liver (.4) 0.090 
RIouse liver (C) 0.090 
W256 (A) 0.0ti0 
Rat liver ( A )  0.090 
list liver (C) 0.090 

Ti me, 
min 

60 
60 
ti0 
60 
60 
BO 

1 5 3-C1-2-S02F L1210,/DF8 (A) 0 . 0 3  0.11 ti0 7 3  I1  2U0 
Mouse liver (A) 0.16 60 16 
Mouse liver (C) 0.16 60 98 
W256 (-4) 0.11  60 80 

Rat' liver (C) 0.1ti 60 92 

Mouse liver (A)  0.0.57 60 0 

Rat liver (A) 0.057 60 5 

Rat liver (A) 0.16: GO 1 .i 

16 6-CI-2-SOJ L12IO/DFF: (A) 0.019 0 .  U.i0 60 30 12 600 

W258 (A)  0,050 60 38 

a The technical assistarice of Diane Shea, Janet Wood, and Julie Leseman with these assays is ackiiowledged. Numbered froin CHI 
c W256 = Walker 256 rat tumor; L1210/1)F8 = mouse leukemia resistant to  methotrexate; -4 = 45-905 (XH,)aSOa frac- 

Coiicn for 50% reversible iiihibn when assayed with 6 I.~M dihydrofolate and 0.15 hi 
e Incubated with enzyme in pH 7.4 Trix buffer cont,aiiiing 60 ~ L - M  TPNH, then the 

f Coiicn for 

junction. 
tion;6 C = enzyme purified by affinity column.? 
KC1 in pH 7.4 Tris buffer as previously described.6 
remaiiiing enzyme assayed as previously described;6 60-min incubations were run at 37" and 20-miti iiicubatioiis at, 24'. 
50% irihibn of L1210 cell culture. 

c1 
I 

yield,'"b 
NO. K "To M p ,  " C  Vormulac 

23 4-SOnF ,5 ,i d 173 Ci:jH,CIFh'OjS 
24 2-Cl-4-SOaE' XUd 202-204 CisI1,CIjE"OjS 
2.i :3-C1-4-S02F 2Xd,e 1139-202 C,,H,CIJWOjS 
26 a-CH3-4-SOnF 7X' Oil 
27 3-SOnF 2 7 d  142-144 CisH!,ClFNOjS 
2X 4-C1-3-S0&' 3Xv lX$l-l$ll Ci,HsClnFNOjS 
29 ti-CI-S-SO2F 40d,e 183-184 CirH&lyFNOjS 
30 2-CI-X-SOaF 40d,e 201-202 CirH,CIIFNOjS 
31 2-SOnF t i : j d  182-184 CI,H,CIFKOjS 
82 3-CI-2-SOzF tild 196-1137 CijH8ClnFNOjS 
33 4-CI-2-S02F %.id e,'& 169-171 CI,H&lIFNO;S 

3.i 6-C1-2-S02I7 31d 149-130 C13H&IgFXOjS 
34 .i-C1-2-80rF 23' 190-192 CirHSCl,FNO;,S 

Yield of analytically pare material; yield from a-bromo ill- 
termediate, except where iiidicat'ed. * All compds prepared by 
method A. d liecrystd from ?.leOEtOH-H20. 
e Overall yield for bromination and alkylation. ' Yield of crude 
product. 0 Recryatd from i-PrOH-HnO. * Reaction mixture 
added to  pyridine; product pptd with H20.  Iiecrystd from 
RIeOEtOH. 

c Anal. C, H, N. 

sue specificity in the rat was again due to selective de- 
toxification of the SOzF group by the sulfonyl fluoridase 
present in liver7,* as seen above in the mouse. 

When the concentrations (ED50) necessary for inhibi- 
tion of L1210 cell culture are normalized as ED&O, the 
resultant numbers allow a comparison of efficiency of 
transport plus irreversible inhibition of the target en- 
~ y m e ; ~ ~ ~ ~ ' ~  an ED50/150 of less than 0.1 is considered a 
highly effective compound. Only 6 and 8 showed val- 
ues in the desired range, the ED50/Ib0 being 0.005 and 
0.05, respectively; these two compounds are worthy of 
in vivo evaluation, particularly 6. 

It is noteworthy that when the SOzF group was ortho 

to the OCH, bridge (12-16), transport ivab greatly im- 
paired. 

Chemistry.-lIost of the a-bromomethylbenzene- 
sulfonyl fluoride intermediates (1) used in the synthesis 
of the candidate irreversible inhibitors (3; R = H, C1) 
had previously been prepared in this l a b ~ r a t o r y . ~ * ~ ' ~ ' ~  
The synthesis of two new chloro-substituted a-bromo- 
methylbenzenesulfonyl fluorides (la,b) and the general 
sequence for the conversion of 1 to  3 are diagrammed in 
Scheme I. 

2-Chloro-5-nitrotoluene (18a),13 obtained from 17 via 
the Sandmeyer reaction, was reduced to  the corre- 
sponding amine (19a). l 3  Diazotization of 19a folloived 
by treatment with SOz in HOAc in the presence of 
CuC1214 yielded the sulfonyl chloride (20a).15 By reac- 
tion with KF  according to  the method of deCat and 
vanPoucke, l6 20a was converted into the sulfonyl 
fluoride (21a). 

Similarly, the commercially available 2-chloro-3-ni- 
trotoluene (18b) was reduced to  19b,I7 which was con- 
verted into the sulfonyl fluoride (21b) without isolation 
of the intermediate sulfonyl chloride (20b). The bro- 
minated derivative l b  was prepared in the same manner 
as la ,  and both of these compounds were used without 
isolation. 

Alkylation of 2-chloro-4-nitrophenol with 1 led to  for- 
mation of the ether products 2. When the S O ,  inter- 
mediates 2 nere hydrogenated in the presence of Raiiey 
Xi catalyst in THF or EtOH, the amines 22 were ob- 
tained with little or no hydrogenolysis of either the 
benzyl ether group or the aromatic chloro substituents. 
The dihydro-s-triazines (3) were obtained by condensa- 

(Substituents are numbered from CH,.) 

Bromination with SBS afforded l a .  
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tiori of the crude amines 22 Ivitli cyvanoguimidine arid 
acetoneIE in the presence of EtS03H.1Y 

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

block and are uncorrected. All analytical samples gave com- 
bustion analyses within 0.376 of theory and had ir and uv spectra 
in agreement with their asbigned structures. Analytical inter- 
mediates and dihydrotriazines were checked for purity on tlc 
with Brinkman silica gel GF or polyamide XIS, respectively. 
4-Chloro-3-methylbenzenesulfonyl Chloride (20a).-A stirred 

mixture of 13.5 g (110 mmoles) of 4-chloro-3-methylaniline 
(19a),13 45 in1 of concd HC1, and 60 ml of HzO was heated to 
boiling, then cooled to about 0". To the suspension of the 
amine.HC1 was added dropwise with vigorous stirring a soln 
of 9.3 g (135 mmoles) of NaNOt in 20 ml of HsO while maintain- 
ing the t,emperature below 10". The filt,ered s o h  of the diazo- 

118) E. .J. bIorle\t, .I. Org .  Chem , 21, 1 (1936). 
(19) B. R. Baker and G J. Lourons J .  Ired. C i i e n i . ,  12, 95 (IWXI). yaper 
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ilium cult w x y  :idcled , > l o ~ l y  wi th  -tirrijig t 0  a cold Inisturc of 4.5 
g of C ~ I C I Y ~ ~ I L C ) ,  in1 of H20, and 88 rnl of 32C; (,v, v)  SO2 ill 
HOAc. After being htirred a t  room temp for a few minutes, the 
mixture war warmed t,o 43'. LVhen evoln of SB had ceahed, .iOO 
nil of ire-13.20 WRS added, causing the product to ppt. The 
yellow-orange bolid was collected on a filter and washed with 
5<,> HCI, then with H large vol of H20. The crude material was 
eluted from H silica gel (dunin with petroleum ether (bp 65- 
110"). After evapii of aolverit, the residual solid was washed 
with a small ainoluit of cold petroleum ether (bp 30-60") t'o give 
10.6 g (4JC.i) of colorle-a crystals, mp 65-66" (tlc in petroleurn 
ether), lit.'& nip 63" for prepn by another rout'e. 
4-Chloro-3-methylbenzenesulfonyl Fluoride (%la).-To a re- 

fluxing soln of 10.2 g (43 mmoles) of 208 in 20 ml of dioxane was 
added slowly with stirring a s o h  of 5.8 g (100 mmoles) of KF in 
,5 ml of H?O, followed by 2 ml of DPVlF. The mixture was re- 
fluxed with stirring for 80 min, then cooled, and added to 250 
ml of ice-HzO, causing the product to precipitate. Recrystalliza- 
tion from petroleum etjher (bp 60-110') gave 4.50 g ( 4 8 7 ~ )  of 
colorless crystals, mp 60-61' (tlc in 1: 1 C6H6-petroleum ether). 
dnnl. ICTH"&lFO,SjC, 11, F. 
2-Chloro-3-methylbenzenesulfonyl Fluoride (21b).--2-ChlurO- 



S-methylaniline (19b)” was diazotised and converted into the 
intermediate sulfonyl chloride 20b ab debcribed for 20a, except 
that 20b was obtained a3 an oil, which was extracted with C6Ha. 
The crude sulfonyl chloride wab converted without isolation into 
the sulfonyl fluoride 21b according to the procedure used for 21a. 
Two recrystns from MeOH furnizhed 1.28 g (loyo overall) of 
pale orange crystah, mp 47-48’ (tlc In 1 : 1 C&-petroleum ether). 
Anal. (C~H&~FOZS)  c, €1. 

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 
CCla wab refluxed with 3tirring under irradiation from a uv lamp 
for 18 hr. The mixture wa\ then cooled in ice and filtered to 
remove the pptd succinimide, which was washed with CCl4. The 
combined filtrate and washings were spin-evapd in vacuo to give 
2.24 g ( 9 7 5 )  of yellow-orange oil ( l a ) .  To the residue of crude 
l a  were added 1.34 g (7.8 mmoles) of 2-chloro-4-nitropheno1, 1.08 
g (7.8 mmoles) of KzC03, and 7 ml of DRIF. The mixture was 
stirred a t  room temp with protection from moisture for 22 hr 
and then added to 100 ml of 107, NaLCO8. The pptd product 

was collected on a filter and washed with 10% Na~C03, then 
H20, and finally a large vol of petroleum ether. Recrystalliza- 
tion from MeOEtOH-H20 with aid of charcoal yielded 1.17 
g (40y0 overall) of very light tan needles, mp 183-184’ (tlc in 
C&). 

See Table I1 for additional compounds prepared by this method. 
1- [ 3-Chloro-4-( 2-chloro-5-fluorosulfonylbenzyloxy)] phenyl-4,- 

G-diamino-l,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 T H F  was shaken with HZ a t  1-3 
atm until tlc showed that the reaction was complete. The 
filtered soln was spin-evapd in vacz~o. To the residue of the 
crude amine were added 225 mg (2.05 mmol) of EtS03H, 176 mg 
(2.1 mmol) of cyanoguanidine, and 15 ml of RIezCO. The mix- 
ture was refluxed with stirring for 20 hr, then cooled, and filtered. 
The crude product was washed with RIezCO and recrystd from 
i-PrOH-HzO giving 656 mg (56%) of white crystals, mp 217-218’ 
Jec (tlc in 5 :  1 lIe&O-i-PrOH). And.  ( C Z ~ H Z ~ C ~ ~ F K L ; ~ O ~ S ~ )  c, 
H, F. 

See table 111 for additional compounds prepared by this method. 
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l-(3-Chlorophenyl)-4,6dia~no-1,2-dihydr~2,2-dimethyl-s-triaz~ne bearing the ~-OCHZCONHCBH~SO~F-~ 
(1) group on the Ph  ring was previously shown to be a fair to good active-site-directed iireversible 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-OCHzCsHa-p-CONHCaH4SoZF-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 I against L1210 cell culture. The most effec- 
tive compounds for Walker 256 had the ~-O(CHZ) ,CONHC~H~SOZF-~ side chains where n = 3 or 4 (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 t,o the synthesis of 1,3  reports on various 
i i ~  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- 

c1 
“2 I 

1 

directed irreversible enzyme inhibitor* of dihydrofolate 
reductase from L1210 mouse leukemia3 and Walker 256 
rat tumor.6 Furthermore, 1 showed some tissue 
specificit,y in inactivation of dihydrofolate reductase, 
that is, 1 failed to inactivate appreciably the crude 
enzyme from mouse liver3 or rat kidney.5 Although 
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this selectivity in inactivation was attributed to differ- 
ences in the structure of the dihydrofolate reductase 
from the different t i ~ s u e s , ~ . ~  this difference has recently 
been shown to be due to the rapid conversion of the 
SOzF group into SOsH by a “sulfonyl fluoridase” present 
in some normal tissues, but apparently absent in LE10 
and Walker 256 tissues.6 Finally, 1 was highly effec- 
tive against Walker 256 ascites in vivo in the rat,5 al- 
though it was questionable whether inactivation of the 
tumor dihydrofolate reductase in vivo was a major con- 
tributing f a ~ t o r ; ~  Therefore. me 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 in 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 0 in the bridge was replaced by S. 

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