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Sixteen candidate active-site-directed irreversible inhibitors of dihydrofolate reductase were synthesized
and evaluated for inactivation of the enzyme from L1210 mouse leukemia, Walker 256 rat tumor, rat and mouse

liver, and in some instances rat spleen, kidney, and intestine.

Thirteen of the sixteen compounds were good to

excellent irreversible inhibitors of the enzyme from either L1210 or Walker 256 or both. Tissue specificity with
crude enzyme preparations was seen with nine of the compounds; when 6 of these 9 compounds were measured
with purified enzymes, inactivation was essentially the same as with the tumor enzyme. Thus the observed tissue
specificity is due to rapid detoxification of the SO.F group of inhibitors to SOsH by the ‘“sulfonyl fluoridase”

present in normal tissues.

In our search for active-site-directed irreversible in-
hibitors? of dihvdrofolate reductase that showed good
cell wall transport, 1 and 2* emerged as particularly
potent compounds; 1 and 2 had ED;, = 0.01 pM® and

)N\HZ Cl
NN O(CH,),,0 @ SO,F
i) @

(CHy),

Ln=2
2, n=3

0.003 M 8 respectively, against L1210 mouse leukemic
cells in culture, a number that gives a first approxima-
tion with compounds of this type of the rate of passive
diffusion through the mammalian cell wall.” Since 1 and
2 showed little tissue specificity between tumor cell and
liver dihyvdrofolate reductase,*¢ but showed good inhibi-
tion of Walker 256 ascites in vivo (Table I and ref 6), a
program on synthesis and evaluation of analogs of 1 and
2 was undertaken to determine if more tumor specific
irreversible inhibitors of this enzyme could be found.
Tissue specific inhibition of dihydrofolate reductase was
examined with both crude and affinity column purified
dihydrofolate reductase? in order to determine if the
tissue specificity was due to rapid hydrolysis of the
SO.I' group of the inhibitor by a ‘“‘sulfonyl fluoridase”
or was due to a difference in the structure of the dihydro-
folate reductases. The results are the subject of this
paper.

Biological Results.—Three series of compounds
related to 1 and 2 were evaluated. In the first series
the number of methylene groups in the bridge was ex-
tended to 4, 5 and 6; three diether bridges (6-8) were

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

(2) For the previous paper in this series see B. R. Baker and N. M. J,
Vermeulen, J. Med. Chem., 18, 1143 (1970).

(3) B. R. Baker, "'Design of Active-Site-Directed Irreversible Enzyme
Inhibitors,"” Wiley, New York, N. Y., 1967.

(4) B. R. Baker and G. J. Lourens, J. Med. Chem., 12, 95 (1969), paper
CXL of this series.

(5) B. R. Baker and W. T. Ashton, 7bid., 12, 894 (1969), paper CLIX of
this series.

(6) B. R. Baker, N. M. J. Vermeulen, W. T. Ashton, and A. J. Ryan,
thid., 18, 1130 (1970), paper CLXXIII of this series.

(7) (a) B. R, Baker and R. B. Meyer, Jr., tbid,, 12, 668 (1969), paper
CLIV of this series: (b) B. R. Baker, E, E, Janson, and N, M, J, Vermeulen,
ibid., 12, 898 (1969), paper CLX of this series,

TasLe I
INuBITION OF TUMORS in Vivo BY

Cl

NH,
NN O(CH;);O@SOJ‘
v
(CHy),
NS8C-123462
Tumor mg/kg Tumor ~—B8urvivors——
system per day?® control No. Day
W256° 200 (Toxic)
50 128 0/6 60
25 742 3/6 60
12.5 857 4/6 60
Dlead 25 188 0/6 35
12.5 399 4/6 35
6.25 188 2/6 35
3.13 213 0/6 35

e Single dose day 1-9. ® Walker 256 ascites; controls survived
7 days. °Dunning leukemia ascites; controls survived 9 days.
4 Dihydrofolate reductase from this tumor was inactivated 969
when incubated with 0.072 uM inhibitor for 60 min at 37°, then
assayed as previously described.

also evaluated (Table II). Compounds 1-8 were all
excellent irreversible inhibitors of dihydrofolate reduc-
tase from the Walker 256 rat tumor; similarly, all but
4 were good to excellent irreversible inhibitors of the
enzyme from L1210 mouse leukemia.

Some tissue specificity was observed with 1-8 when
assayed with the dihydrofolate reductase purified only
through the 45-909, (NH,).SO, stage.® For example,
1 and 6 showed less than 229, irreversible inhibition of
the crude rat liver enzyme; when the enzyme was
purified through an affinity column,? 1 and 6 showed
1009, inactivation of the rat liver enzyme. These re-
sults can be attributed? to the rapid hydrolysis of the
SO.F group of 1 and 6 to SO;H by the “sulfonyl fluo-
ridase’”” present in the 45-909, (NH.).S0, fraction.
Similarly, 2, 4, 5, and 6 showed 28-429% inactivation of
the crude enzyme from rat kidney, but 1009 inactiva-
tion of the enzyme purified by the affinity column.?
In the case of mouse liver enzyme, 5 and 8 showed only

(8) B.R.Baker, G.J. Lourens, R. B. Meyer, Ir.,and N, M. J, Vermeulen,
ihid., 12, 67 (1969), paper CXXXIII of this series.
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INHIBITION OF DIHYDROFOLATE
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Tasue 11 (Continued)
T50,° Inhibitor, Time, % DDso,®
No. R® Enzyme source® uM uM min inactvn®  uM EDso/Ls

Rat liver (C) 0.43 60 100
Rat intestine (A) 0.43 20 66

9 3-0(CH;).:0C:HS0:F-p L1210/DF8 (A) 0.015 0.050 60 25 0.7 50
W256 (A) 0.050 60 28

10 3-O(CH %0CHSOF-p L1210/DFS8 (A) 0.011 0.050 60 18 0.18 20
W256 (A) 0,050 518} 28

11 3-O0(CHL)OCHSOF-p L1210/DFS (A) 0.032 0.064 60 483 0.2 7
W256 (A) 0.064 60 71
Ilat liver (A) 0.096 60 60

12 4-Cl-3-O0(CH)OCI LSO F-p L1210/DFS (A) 0.054 0.11 60 24 >2 >40
W256 (A) 0.11 60 Ho
Rat liver (A) 0.16 60 31

13 4-Cl1-3-0(CI )0 G180, F-p L1210/DFS8 (A) 0.031 0.062 60 26 1 30
W256 (A) 0.062 60 50
Rat liver (A) 0.062 60 9
Rat liver (C) 0.062 60 29

14 4-Cl-3-0(CI),OCITSO.F-p L1210/DFS8 (A) 0.067 0.14 60 51 0.2 3
Mouse liver (A) 0.20 60 Q
W256 (A) 0.14 60 69
Rat liver (A) 0.20 60 52

15 4-Cl-3-O(CH: :OCITLSOF-p L1210/DF8 (A) 0.19 0.48 60 49 0.2 1
W256 (A) 0.48 60 61

16 3-Cl-4-O(CT ), O Cel 1, (R 03 CeHLCl-p 3-p 1.1210/DF8 (A) 0.28 0.56 60 89 2 7
W256 (A) 0.56 60 98
Rat liver (A) 0.56 60 98
Rat liver (C) 0.56 60 100

« Numbered from triazinyl position = 1. *® A, 45-90%, ammonium sulfate fraction;? C, purified with affinity column.z ¢I; = con-

centration for 509, inhibition when assayed with 6 uM dihydrofolate and 0.15 M KCl in pH 7.4 Tris buffer as previously described ?
4 Enzyme incubated with inhibitor in pH 7.4 Tris buffer containing 60 u)M TPNH, then the remaining enzyme assayed as previously

described;® 60-min runs were at 37° and 20-min runs a 24°,
ref 4. ¢ Data from ref 5. * Data from ref 2.

¢ Data from ref 6.
189, inactivation of the crude enzyme, but 73 and 949
inactivation of the affinity column purified enzyme,
respectively.

The EDj, against L1210 in cell culture gives an ap-
proximation of cell wall transport, When the results
are normalized as EDso/T5 ratios, the resultant number
is then dependent upon cell wall transport plus the
effectiveness of irreversible inhibition of the dihydro-
folate reductase inside the cell.” An EDsy/Is ratio
<0.1 is considered highly effective; 2, 3, and 5-8 were
in this range, the most potent being 6.

The second series of compounds were bridged from
the meta position of the 1-phenyltriazine (9-11).
These were good reversible inhibitors, but poor irrevers-
ible inhibitors on the two tumor enzymes with the
exception of 11 on the Walker 256 enzyme; 9-11 were
poor against L1210 cell culture. Insertion of a Cl on
the para position of the l-phenyltriazine (12-15) to
restrict the possible conformations failed to increase the
effectiveness against L1210 in cell culture; furthermore
these compounds were only fair irreversible inhibitors
of the enzyme from Walker 236 and poor irreversible
inhibitors of the enzyme from L1210,

A notable difference in the irreversible inhibition of
dihydrofolate reductase from L1210 and Walker 256 is
observed with 4; only 259, irreversible inhibition of
the L1210 enzyme is seen under conditions where the
Walker 256 enzyme is inactivated 959%. Since these

¢ Concentration for 509, inhibition of L.1210 cell culture,

S Data from

two sources of enzyme do not appear to contain the
“sulfonyl fluoridase,” the difference can likely be due to
a difference in enzyme structure.? Similarly, 4 was a
more effective irreversible inhibitor of the purified rat
liver enzyme than the purified mouse liver enzyme,
indicating a difference in the structure of the dihydro-
folate reductases from these two rodents.

Finally, the leaving group of 8 was changed from F to
p-chlorophenoxy (16); 16 was an excellent irreversible
inhibitor of the enzyme from L1210, Walker 256, and
rat and mouse liver. Unfortunately 16 was 100-fold
less effective than 3 against L1210 cell culture indicating
that transport was impaired with 16; nevertheless,
further studies on phenolate leaving groups would be
worthwhile to see if isozyme specificity and good trans-
port can be achieved.

Further searches for isozyme specific irreversible
inhibitors of dihydrofolate reductase are continuing.

Chemistry.—The key intermediates (18) in the syn-
thesis of 1 and 2 has been prepared* by the chlorosulfo-
nation of an a-(nitrophenoxy-w-phenoxyalkane (17)
(Scheme I). The chloro- or fluorosulfonation of 17
with n > 3 proceeded very poorly, however, and a more
generally useful route was undertaken to prepare the
compounds in this series (Scheme II).

Alkylation of the appropriate nitrophenol (19-21)
with excess o,w-dibromoalkane (22a-e) yielded the
nitrophenoxyalkyl bromide (23-25). The modified
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TapLe I
PHysi1calL CONSTANTS OF

R,
NR(@)5:E
Yield,
No. Ry Ra Method N Mp, °1° Formula®?
23¢ Cl O(C1I),Br At 2501 43 44+
2 1 O(CH,)sBr Al i 4145 Ci s BrOINOy
2 ] ((CH,y)sBr A h4 01l
231 (@1 ( )(CII?)zO(CII;))BI A e H60T ()ml 111BI‘C1N(')3
23 Cl OCH,CeI1,CH.Br-p Ao ENe 120150 Ol BrCIN Oy
230 1 OCH.CoHp-4-CeHeBr(/rans) Al w7l 9304 CulTi:BrCINO;g
240 O(CH: ) Br 11 At 24 3830
241 OtCHBr 11 A N il
24 O(CH.Br 11 Al GO MERET
RET O(CH,).Br (@1 A 43 T-T5m
250 O(CH.)Br 1 A 4009 G1-62 CoHTsBrCINO,
25¢ O{CH.).Br 1 A 420 4243 CyHuBrCINO;
25d O(CH. 1 Br (@ A 353 0Ol
27¢ 1 ()(CH2)0CHSOF-p B HOm 105107 CraHCIFNOGR
274 Cl O(CH2):0CH S0,F-p B TR Ot :
27e 1 O(CH»gOCHSOF-p 13+ R 58--D4 CrsH s CIFN OgS
27f @1 O(CH.)O(CH hOCHSOF-p 137 42 TH-80 CieH i CIFNO:R
27¢g Cl OCH.:CeH-4-CH-OC11,80:F-p & BYER F2N-120 CogHisCIEN O™
2711 Cl ( '( ! 1 13(}01’]10-4-CIT3()C)‘.II.;S( )31“-]) B ::( ) ] .‘v)('r- ‘ Y (fuoI’IzlchN()nS
lrans
28n ()(CHQ)zOCgI‘LSOzF-p IT B ERE 92-04¢ (JuIIwFN()sS
'.).81) ()(0H1)30C5H4802F"}) H B [Re2 8()-3% (‘nHuFNOeS
28¢ O(CH,),0C:H.SO:F-p 15 Bt 314 7678 CreHieF N OgR
29a O(CH; OCHSO,F-p al B 307 126127 CLHuCIFNO&
29[) ()(CIIz)sOCeH.;SOgF-p ('1 B '.).(')" 126'*128 (Jlb}iilschNOs\S
29¢ O(CH,)s0CH.SOF-p Cl B EN 131133 CisHi:CIENOgS
20d O(CH, ):,OCGHASOzF-[) (@ B B 118-120 Cy:H:CIFNOS
32 1 (,)(CHz)AOCer‘i"SOsCsI‘LCl-p D 707 1:33-134 Cg-z}{wClgN();.\'

¢ Analyzed for C, H, N. ? Crude product crystallized from petroleum ether (bp 30-60°) after removal of insoluble material. < Re-
crystallized from petroleum ether (bp 30-60°). ¢ Recrystallized from MeOH. ¢B. R. Baker and E. H. Erickson [J, Med. Chem., 12,
112 (1969), paper CXLIV of this series] reported mp 41-43°. f Crude product purified by silica gel ¢column chromatography. ¢ Re-
action run at roomn temperature. * Recrystallized from CsHe-petroleum ether (bp 60-110°). A, Weddige [J. Prakt. Chem., [2] 24,
241 (1881)] reported mp 39°. 7 Crude product partially purified by distillation. * Bp 149-152° (0.8 mm); W. C. Wilson and R.
Adanis [J. Amer. Chem. Soc., 45, 528 (1923)] reported by 186-188° (7 mm). ¢J. P, Masou, H. L, Hennessy, and R. G. Mclnnis [U. S.
Dep. Com., Office Tech. Serv., AD 268214 (1961); Chem. Abstr., 59, 3803 (1963)] reported mp 34-35°. = Lit.'* mp 77-78°. » Re-
erystallized from EtOH. ¢ Crude product used without further purification. » Recrystallized from -PrOH. ¢ Recrystallized from
CHCl-MeOH. r Recrystallized from MeOEtOH-H;0. ¢ Analytical sample, mip 92~94°, prepared in this laboratory by Eunice E.
Janson, M. S, Thesis, 1968. ¢ Recrystallized from petroleum ether (bp 60-110°), * Analytical sample had mp 73--75°.

Sentm | Scrrve 11
1 X X
NO;@Z + BrRBr e N()J@Z
CISO,H

NO. O(CH.),0 @ = OH ORBr
19.4-0H. X =3-C1 22a-e.R=(CH,), 23,4-ORBr, X = 3-('}

17 . 20.3-0H,X=H n =726 24, 3-0ORBr, X =H
Cl 21, 3:0H. X = 4-('} f.R=(CH.),O(CH ;, 25, 3-ORBr. X = 4-(}

R g. R=CH, CH.
NO, ¢ Q YO(CH,),0 @ SO,Cl CQ
18 h.R =CH:@ CH, Ho@s« V¥
26

rans

analogs (23f-h) were obtained in a similar manner. X X
By use of the method of Meldola,® 2-chloro-3-nitro- .\IHQ@i — N()v.@
phenol (21) was obtained from 2-amino-5-nitrophenol 0R("©30-;F 0RU©SQF
via the Sandmeyer reaction. _Treg‘oment of diqthylene 30 27 4.0R—. X = 3-C1
glycol with PBr; afforded a high vield of 2,2’-dibromo- | 28, 3.0R— X =H
diethyl ether®® (22f). Similar treatment of irans-1,4- HYNH 29, 30R—. X = 4-Cl
o X
@) R. Meldola, G, TI. Waol¢ott, and E. Wray, J. Chem, Soc,, 69, 1321

(1896). }INL\\\;JMe- T OROL())SOF
Od)y oA MeOnsker and J. W, Kroeger, J. Awmer. Chemn. Soc., 59, 213 ‘ e
(10377, 3-15
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TasLe 1V
Puvsicar CONsTANIS OF
HX:NH, R,
N7 N R,
HZNKNJMGZ
Yield,®

No. Ri Ri HX % Mp, °C dec Formula?

3 Cl O(CH:)OCsHSO.F-p EtSO;H 52¢ 213-215 Ca2sHa CIFN;078,

4 Cl O(CHz)5OC5H4SOzF-p Et803H 409 190~191 Cz;HaaClFNsO']Sz

5 Cl O(CH2)50C5H4SOzF-p EtSO;H 48¢ 205-206 CosH3sCIFN 048,

6 Cl O(CH;):0(CH,):0CsH,SO.F-p EtSO;:H 56¢ 200-201 CasHi CIFN 068,

7 Cl OCHsz‘Ir‘i-CHzOCeH;SOzF-p EtSO:;H 49“3 229 Cz']HlelFNso']Sg

8 Cl OCH,CsH10-4-CH,OC¢HSO,F-p  EtSO;H 56¢ 223-225 CrHg:CIFN;0:S,

trans

9 O(CHz)zOCsH;SOzF-p H HCl 35/ 206207 C19H23C1FN504S
10 O(CHz)zOCsI‘LSOzF"p H HCI 60¢ 190-192¢ ConnglFN504S
11 O(CHz)4OCsH4SOzF-p H TsOH 19* 180-182 Csta;FNsovsz
12 O(CH;).0C:H.SO.F-p Cl EtSO:H 34¢ 204-205 CuHyCIFN;0:8:
13 O(CH:):0CeH,SO.F-p Ci HC1 19¢ 202-203 Ca0HaCLFN;0.8
14 O(CHz)4OCsH4SOzF-p Cl HCl 31¢ 211-212 C1HasCLEN ;0,8
15 O(CH:);0CeH.SO.F-p Cl HCl1 18¢ 209-210 Ca2HasCLFN;0,S
16 Cl O(CHz)4OC5H4-4-503C5H4C1-Z) EtSO;H 70¢ 210-212 CaoH3:CloN ;08,1

s Prepared by Pt-catalyzed hydrogenation of nitro intermediate followed by condensation of amine salt with cyanoguanidine in

acetone;! yield of analytically pure material,
7-PrOH.
with petroleum ether,

i Analyzed for C, H, N.

¢ Became amorphous 143-144°,

cyclohexanedimethanol gave 22h, which had previously
been prepared!! by a different procedure.

The key step in Scheme II is the alkylation of p-
hydroxybenzenesulfonyl fluoride (26) with the nitro-
phenoxyalkyl bromides (23-25). Compound 26 was
obtained by the fluorosulfonation of phenol as described
by Steinkopf.'?* The fact that this phenol could be
alkylated under relatively vigorous conditions!?® once
again affirms the remarkable stability of the SO.I
group. Actually, some apparent polymerization did
take place, giving rise to a train of spots which moved
more slowly on tle than the product. The spacings and
relative intensities suggested that these spots cor-
respond to derivatives of type 31. These side products
were usually destroyed to a large extent (without undue
decomposition of the product) by running the reaction
at relatively high temperature (90-110°) for 1 to 3 days.

X
oro (D)soip(Oyso).e
31

Intermediate 32 for the synthesis of 16 was prepared
by treating the corresponding sulfonyl fluoride (27¢)
with sodium p-chlorophenoxide (Scheme I1I).

The nitro intermediates (27-29, 32) were then re-
duced with H, and PtO, to the corresponding amines
(30, 33), which were not isolated. Condensation of the
amines with cyanoguanidine and acetone in the presence
of acid!® furnished the dihydrotriazines (3-16) as de-
scribed previously.* When a crystalline ethanesul-
fonate salt could not be obtained, the triazine was iso-

(11) R, Malachowski, J. J, Wasowska, and 8. Jozkiewicz, Chem. Ber., 71,
759 (1938).

(12) (a) W. Steinkopf, J. Prakt. Chem., 117, 1 (1927): (b) B. R. Baker
and N. M, J. Vermeulen, J. Med. Chem., 12, 82 (1970), paper CLXVI of

this series.
(13 E. J, Modest, J. Org. Chem., 21, 1 (1956).

b Analyzed for C, H, F.
¢ Nitro intermediate hydrogenated with Raney nickel catalyst in THF,

¢ Recrystallized from ¢-PrOH-H,0. 9 Recrystallized from

S Reprecipitated from EtOH at room temperature

» Reprecipitated from 7-PrOH at room temperature with petroleum ether,

Scuume I11

Cl
NaO@Cl
NO, O(CH,),0 @ SO,F —m————

Cl
Qo O
32, R=NO,
33.R =NH,

lated as the hydrochloride. In the case of 11, only the
p-toluenesulfonate salt could be prepared in crystalline
form.,

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 in accord with their assigned structures; each gave com-
bustion analyses for C, H, and N or F within 0.49, of theory.
Analytical intermediates were checked for purity on tle with
Brinkman silica gel GF'; polyamide MN was used for triazines.

1-Bromo-2-(2-chloro-5-nitrophenoxy )ethane (25a) (Method
A).—A mixture of 4.07 g (25 mmoles) of 2-chloro-5-nitrophenol
(21), 21 ml (about 250 mmoles) of 1,2-dibromoethane, 3.45 g
(25 mmoles) of K;CO;3, and 235 ml of DMF was stirred at 95-100°
for 2.5 hr, then cooled, and added to 250 ml of H;O. The organic
materials were extracted into 100 ml of CHCl; and washed with
two 150-ml! portions of 109, NasCOj;, then 200 ml of H;O. The
CHCl; solution was dried (MgSO0,), decolorized with charcoal,
and evaporated ¢n vacuo to remove solvent and unreacted di-
bromide. Upon cooling and standing, the residual oil solidified.
Recrystallization from MeOH (after removal of some insoluble
white solid) gave 3.04 g (43%) of light yellow-orange crystals,
mp 73-75° (tle in 1:1 C¢Hepetroleum ether), lit.!4 mp 77-78°.

For additional compounds prepared by this method see Table
II1.

(14) Kalle A.-G., French Patent 1,375.314 (1964);
5372 (1965).

Chem, Abstr., 62,
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1-(2-Chloro-5-nitrophenoxy )-2-(4-fluorosulfonylphenoxy )-

ethane (29a) (Method B).~-To 1.68 g (6.0 mmoles) of 25a were
added 1.06 g (6.0 mmoles) of 26, 0.83 g (6.0 mmales) of K.Cl)y,
and 6 ml of DM, The snspension wis stirred at 95-100° for
22 ity thew provessed as described ia method A0 The residml
solid was recrystallized fronn OO yvield 682 mg 2300, ) of light
vellow ervstals, mp 126-127° (e in Calloy, Anaf. 1CyHCL-
I'NOeS) ¢, H, N.

For additicisd componnds prepured by this method see Tuble
111

@~(2-Chloro-4-nitrophenoxy )-«’-( p-fluorosulfonylphenoxy )- -
xylene (27g) (Method C).-—A =stirred mixture of 1.61 g (4.5
nunoles) of 23g, 0.79 g (4.5 mmolex ) of 26, and 0.62 g (4.5 minoles
of 15GC0; 113 ml of DME was kept at rovin tempernture for 24
L. Addition (o 100 ml of H.O eansed the prodiuct 1o separate
as o gummy oil which gradnally solidified. The prodnec wis
vollected vie a filter amd washed with Ha(),  Recrystallization
once from ~PrO!l and then twice from CHCL-MeOIT vielded
S g (5770 of white crystals, mp 128-120° ade in Cello.
Al (CaHCIFNOGS) ) 1, N

For additional componnds prepared by this method see Table
111.

p~Chloropheny!  p-{4-(2-Chloro-4-nitrophenoxy jbutoxy|ben-
zenesulfonate (32) (Method D).-- A mixture of 505 wmg (1.25
nnoles) of 27¢ and 205 myg (136 mnioles) of Na p-chlorophen-
nxide 112 ml ol DMEF was stirred at room temperature for 4 I
and then added to 50 1l of HpO. The idtially gnmny precipitate
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solidified rapidly npon stading. The ende produc) wis rol-
levted ot filter and washied with 1O Reervatallization from
MeOEOI H.O with aid of clirconl vielded 432 wmg 1707, 1 of
wesly white eryvsGds, mp D35 554 adie e CyHg s baed 1Cald -
CLNONTCL 1, N,

lrins-1,4-Bis(bromomethyl jcyclohexane (22h1 - 1u i 3-necked
sk equipped with mechiandeal stirver, condenser with drying
tibe, s additione fuinel was placed 136 g 7300 mnmoles) of
PBre The reacton vessel wis cooled 1ciee as wosolution of 7201
¢ 500 mmoles 1 ol Jeapes 1 A-evelohiexnuedimetlnol m 40 ml of
pyridine aud 40 ml of CHCL was added dropwise with <tivring
to the PBrs over a period of 2 1. The mixture was therc stirred
a0 5H5-60° (or wo additional I8 by, then Hllered Gvice 1o remmove
precipiiied  pyridine =alis which were wiushed with Colle
Additiotn] CyHy was salded 1o the filtrate vo hring the 1otal volue
1o 500 ml. The Cilds =olution wirs wislund sneeessively with 750
ml ol 57 HCL 750wt of 57, NaOIL ard T of 11O, Alier betog
dried ¢ Me=SOgs the solition was spiteevapornted de cor givigg
i residind oil whicle =olidified apon cooling aud stawling. Be-
crvstallizition (rota MeO1T gave 805 ¢ (60771 of volorless erys-
tils, mp 55007 ale 1o petroleann ether), ity 55°.
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Twenty-cight analogs of the tide vompound bearing s termaited SO gronp were iuvestignted as irreversible
inhibitors of dihydrofolate redietase froin Walker 256 vat timor, LE210 mease lenkemis, monse liver, and several

norinal rat tissies.

Only 4 of the irreversible inhibitors showed tissue specificity in the rac by giving good in-

activation of the Walker 256 enzynie and poor inactivation of the erude rat liver enzyme, unnely, the 1-phenyl-
s-(rigzines with the following substitnents on Phr p={CHa)CelTS30F-p (5), 3-Cl-4-(CH. uCl-4-C1-2-S0.F (8),
p~(CH.)0CHSOF-p (13), ard p-(CHy)eCsHSOF-p (14); (hix tissne-specifici(y of inactivation was dne to

the rupid hydrolysis of the SOF gronp to SOH by a liver “sulfonyl fluoridase.”

Similarly the tissue specifirity

in enzynle inactivation of L1210 vs. mouse liver with 6 componnds (4-7, 11, 14) was dne (o the netion of the

“sulfnny] fluoridase.”

In condrast 6 other tissue specific irreversible inhibitors of L1210 dihydrofolie reductise

owed their specificity (o differences in the struetnre of the enzyme from L1210 and monse liver; these were
ni=(CH LGSO (3), 13- Cledn it CHL 2 CsH4-CL2-S0.F (8, 3-Cld4-(CHu)iCol1-3-S0,F (171, 3-Cl4-(Clly)-

Cllie4-Cl-5-SO.F (18), 3-(CHul-Colly-2

It wax demounstrated inon previous paper in this
series? that 1 and 2 were excellent wetive-site-directed
irreversible inhibitors® of the dihvdrofolate mduetase

NH

R

NZ™N
HgNI\NJ (CH,),

1. R = m«CH,),C,H,SO,F-p
2, R =3Cl-4-(CH,),CH SO, F-p
3, R = m«(CH,),C,H,S0,F-m

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

(2) Vor the previous paper of this series see B, 13, Gaker and W. T.
Asbton, J. Med, Chem., 18, 11449 (1970),

(3) 1or the previnus paper on tlds subjecl see B, R. Baker, ¥. E. Jan=on,
and N. M. J, Vermeulen, thid., 12, 898 (1969), paper CLX of this series.

) N. M. J. V. wisbes to thank the Council of Scientific and Industrial
Research, Republie of Sonth Africa, for a 1uition fellowship.

h) B, R.
Lubilifors,” Wiley, New York, N. Y., 1467,

Baker, "osign of Active-8ite-Direcled Irreversible Cnzvioe

~Cl-4-830.F (253, mud 3-¢CH2)Cll-4-CL-3-80.F (28).

from 1.1210 mouse leukemia and Walleer 256 1t tunine.
I'urthermore, 1 and 2 showed good cell wall transport
presumably by passive diffusion—-since the eompounds
had EDg 2 X 1071 A and 9 X 107V 3, respectivily,
agnainst 1.1210 in cell culture. However, 1 il 2
showed little tissue specificity sinee they could also in-
activate the erude cnzyme prepared from niouse vr rid
liver; even so, 1 was highly effective ¢n vivo ngiinst
Walker 256 aseites in the rat.®  Although 3 was us goml
i reversible inhibitor of L1210 dihydrofolate reductasi
as 1, this simple structural change made 3 far less effce-
tive than 1 against L1210 cell culture,® indicating that
diffusion through the cell wall was sensitive to struc-
tural change.  More recently we huve observed™ thit
the tissue specifieity for irreversible inhibition of dihy-
drofolate reductase is due to o “sulfonyl fluoridase’ in

(6) B. R. Baker, N. M. (. Vermeulen, W. T. Ashton, and A. J}. Ryno,
J. Med Chem, 13, 1130 (1871}, paper CLXXII1 of this series.

¢ B R, Daker and N. M. ). Verineulen, bid., 18, 11434 1197(1), puper
CLXXY of this series.



