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A series of nine derivatives of 4,6-diamino-1,2-dihydro-2,2-dimethyl-1-phenyl-s-t riazines bearing a phenylbuiyl,
phenethyl, or phenoxyvbutyl side chain on the mefa or para position of the beuzene ring were evaluated as in-
hibitors of L1210 cell culture; several of these compuinds were excellent inhibitors that showed 50¢% cell kill
in the 10~-9-10-1° 37 concentratinn range and had I, = 6K; for L1210 dihydrofolic reductase of about 10-¢ A7,
Wheu these phenylalkyl derivatives were substituted with an SO.F group, soule potent irreversible inhibitors
were obtained that could inactivate L1210 dihydrofolic reductase >80¢ in 2 min or less; for example, the p-
fluorosulfonyiphenylbutyl substitient i the meta position (19) had I, = 6K, = 8§ X 107 3/, and at 6 x 10-¢ A/
gave 869 lnactivation of the L1210 enzyme in <2 win, but also inactivated the mouse liver enzvule. Tt is
estimated that the polar SO.F moiety xlows passive ditfusinn abnut 40-fold, hut increases effectiveness nu the

target enizyme, dihvdrofolic rednctase, by about 200-fold.

Numerous active-site-directed irreversible inhibitors?
of the dihydrofolic reductase from L1210 mouse leu-
kemia have been reported from this laboratory; these
were derived either from 2,4-diaminopyrimidines (1, 2)
or 4,6-diamino-1,2-dihydro-1-phenyl-s-triazines (3) with

o terminal sulfonyl fluoride group; these followed in
rapid order after the discovery of the first irreversible
inthibitor of the SO, type.” The main emphasis, after
the initial 1rreversible inhibitor” was found, was to
determine if irreversible specificity between 1.1210 and
liver enzymes from the mouse could be achieved; this
was indeed the case since completely selective irrevers-
ible inhibitors were designed that could operate at
103 10— 1/ 87

11 This nork mas generously supporied Ly Grani CA-08645 frn 1be
National Cancer lustitute, U. 8. Public Health Service.

(2) For the previous paper of this series see B. R. Baker and W. A,
Ashton, J. Med. Chem., 12, 894 (1969).

(3) N. M, J. V. wishes to thank the Council of Scientific and lndustrial
Resenrch, Republic of Sombl Afriea, Tor o wiition fellowship.,

i4) B, R. Baker, “Design of Aclive-Site-Direcied lrreversible nzywe
Iubibitors,” Jolin Wiley and Sons, Ine.. New York, N. Y., 1467,

(5) B. R. Baker and (. J. Lourens, .JJ. Wed. Chem., 10, 1113 (1967), papes
CV of this series.

Most of the studies were with compounds containing
ant amide or urea bridge between the diamino hetero-
cyele and the benzenesulfonyl fluoride moteties, sinee
these were the casiest to synthesize to see if specificity
could be achieved. 'The possible difficulty that the
compounds could be ineffective /m vivo due to poor ecll
wall transport was avoided in these earlier studies by
uze of broken cell systems containing  dihydrofolic
reductase as the target.  Now that it has been denion-
strated that irreversible spectficity can be achteved,
attention has been direeted toward structures that
would have good cett wall transport characteristies.

Although the annde bridges were easter to construet
than ether or alkane bridges Tor the speeificity stadies.
such amides could be expected to impair cell wall
transport compared to the other two types: an annde
bridge would be hvdrogen bouded to water and these
bonds would have 1o be broken in order for the con-
pound to enter the hpid phase of a cell wall, a process
which would slow transport since it requires cenergy.
Therefore, attention has now been directed toward
synthesix of appropriate irreversible inthibitors without
amide bridges that might have better cell wall (rans-
port characteristics.

Since 1t could be envistoned that there might be
lHmitations on the bulkiness of the side chains, as well
as their polarity. on transport, an initial survey of
L1210 cell Kill* was made with some previously de-
scribed  reversible inhibitors™=' with appropriate
bridges; the results are listed in Table T,

In order to normalize differences in the reversible
binding to L1210 dihydrofolic reductaxe. the coneentrn-

(5; 1. R, Haker. G, .1 Lanrens, R DL Meper, e and NoML DL Veroenlen,
ihtd., 12, 67 (1969}, paper CNNXNX111 of this series.

175 B R, Baker and R. B, Mever, Jr., 745, 12, 108 (1969), paper ("X 1111
of this series.

i8) W, Do Stein, The Moremenr of Moleenies neross Cell Membranes,”
Acudeutic Press, ue.. New York, N. Y., 1987,

i9) We yrish ro thauk Dr. Florence White of CONSC for ibese resnps
obtained by Dr. Pbilip Nimowelfart of Artbur D. Little, Ine.

(10) B. R. Baker and I, T. o, J, Heterocyel. Chem., %, 72 {19G4).

(11) B. R. Baker, 4. T. Mo. and G. J. Lourens, J, Phurm. Svi., 86, 717
1967, paper LXNXNXVY of 1his serles,

t12) N R. Hickerand GoJdo Lanrens, ¢bie., 86, S71 (1067), paper LXNXVIL
of 1lix series.
i) G. 0. Laprens. Pl alesis, Uwniversiiyy of Califuroia ar Swaww

Barbara, 1968.
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TaBLE I

IxHIBITION OF L1210 DIHYDROFOLIC
Repucrase aNDp L1210 CELt CULTURE BY

NN
NH  AMe, R
50,00 EDs;o.¢ EDso/
No. R wM wM Iso
44  3,4-Cl 0.0064  0.0002  0.03
53¢ m-(CH,),CsH; 0.0065  0.002 0.3
6/ m-(CH21CeH; 0.0045  0.0004  0.09
rtd m-(CH:)CeH;Cl-2,4 0.0093 0.0009 0.1
8  m-(CH,)O0CeH; 0.0045  0.002 0.4
9/ p-(CH,).CsH; 0.013 0.002 0.2
104 p-(CH24CeH; 0.010 0.01 i
11/ p-(CH.):CeH;Cl:-2,4 0.012 0.0007 0.06
128 p-(CH2):0CeH; 0.0058  0.0007 0.1

13/ m-Cl-p-(CH, 4CsH;; .012 0.007 0.6

a The technical assistance of Diane Shea with these assays is
acknowledged. ®I; = concentration for 50%; inhibition of
Li210/DF8 dihydrofolic reductase when assayed with 6 uM
dihydrofolate and 0.15 M KCl in pH 7.4 Tris buffer as previously
described.® ¢ Concentration for 509 kill of L1210 cell culture.
4 Obtained from Dr. H. B. Wood, Jr., CCNSC. ¢See ref 10 for
synthesis. 7 See ref 11 for synthesis. ¢ See ref 12 for synthesis.
k See ref 13 for synthesis.

o

tion for 5097 cell kill (EDjy) can be converted to ED;o/
I;o for comparison;* actually this series in Table I
differed in Iy only by a factor of two so that this
normalization procedure is not as important as in some
previous cases. The compounds in Table I are derived
from 4,6-diamino-1,2-dihydro-2,2-dimethyl-1-phenyl-s-
triazine by placing substituents on the 1-phenyl moiety.
The 3,4-dichloro derivative 4 shows excellent cell wall
transport as approximated by the ED; = 2 X 1079
M this compound (4) was used as a base line for com-
parison of other compounds.

Three meta substituents on the 1l-phenyl-s-triazine
were evaluated. The m-phenethyl (5) and m-phenoxy-
butyl (8) substituents were tenfold less effective than
3,4-Cl; (4). The phenylbutyl substituent (6) was only
threefold less effective than 3,4-Cl, (4); thus the poorer
two were still extremely potent, with ED;y = 2 X 10~°
M. When 6 was further substituted on the terminal
phenyl by 2,4-Cl, (7), no change in the ED;y/I;, ratio
occurred. Therefore 5 and 6 were selected for initial
studies on conversion to irreversible inhibitors.

The same three substituents on the para position
were investigated, namely phenethyl (9), phenylbutyl
(10), and phenoxybuty! (12); the best of these three
was 12. When the terminal phenyl group of the phenyl-
butyl derivative (10) was substituted by 2,4-Cl,, the
resultant 11 showed a 16-fold better ED;/I; ratio;
however, little change occurred when 10 was substituted
by Cl on the inside phenyl to give 13. Therefore 9, 10,
aitd 13 were selected for conversion to irreversible
inhibitors.

In Table IT are the reversible and irreversible iu-
hibition results with some sulfonyl fluoride derivatives
of 5,6,9, and 10. It was previously reported from this
laboratory® that 14 was a good reversible inhibitor of

(14) B. R. Baker and R. B. Meyer, Jr., J. Mel. Clem., 12, 668 (1969),
vaper CLIV of this series.

(15) B. R. Baker and G. J. Lourens, t4id., 12, 95 (1969), paper CXL of
this series.
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dihydrofolic reductase, but showed no irreversible
inhibition of the 1.1210 mouse leukemia enzyme. When
the (CH.,). bridge of 14 was extended to (CH,), (15) or
if a chlorine atom was introduced on the inside phenyl
ortho to the bridge (16), then good, but not complete,
irreversible inhibition of the 1.1210 enzyme was seen.’
These two structural changes have now been incorpo-
rated into the same molecule to give 17; 17 at 0.05 uM
was an excellent irreversible inhibitor of the 1.1210/DF8
enzyme, showing 829, inactivation of the enzyme in 2
min at 37° and total inactivation in further time.
However, 17 showed poor selectivity since the liver
enzyme was inactivated 419, under the same conditions.

The (CHs), and (CH,), bridges were then moved to
the meta position of the inside phenyl to give 18 or 19,
respectively; reversible inhibition was enhanced three-
to fivefold compared to the para-bridged compounds
14 and 15, as might be anticipated from the data in
Table I. In contrast to the para compound 14, the
meta-bridged (CH,), derivative 18 showed fair irrevers-
ible inhibition of the 1.1210 enzyme, but no irreversible
inhibition of the mouse liver enzyme. The meta-
bridged (CH,), derivative 19 at 0.066 u)f was an excel-
lent irreversible inhibitor of 1.1210 dihydrofolic redue-
tase, showing 869 Inactivation in <2 min at 37°;
unfortunately, the mouse liver enzyme was inactivated
extensively, but not completely.

When the p-SO,F moiety of 19 was moved to the
meta position, the resulting 20 was still an excellent
irreversible inhibitor of the 1.1210 enzyme, and the
inactivation of the mouse liver enzyme was decreased.

Four of the better irreversible inhibitors of 1.1210
dihydrofolic reductase were evaluated with the enzymes
from Walker 256 rat tumor and rat liver; 16, 17, 19,
and 20 were all good to excellent irreversible inhibitors
of the enzyme from both sourees and no selectivity was
seen.

The compounds in Table II were then evaluated for
cell kill of 1.1210 cell culture, the concentration for 509,
cell kill being expressed as ED;.* If it is assumed that
the lethality target in the cell is dihydrofolic reductase,
then it must also be assumed that the compounds were
transported through the cell wall; inhibition of this
target would lead to death due to the lack of thymidy-
late and the resultant cessation of DNA synthesis.!
Given this assumption, the ED;, is then dependent
upon the following factors with a candidate inhibitor:
(a) rate of transport, (b) concentration required for
509, reversible inhibition (Is), (c) effectiveness as an
irreversible inhibitor in inactivating the enzyme, and
(d) intracellular destruction of the inhibitor by me-
tabolism,

Factor b can be eliminated by comparing the ratios
of EDs/I5 instead of comparing the ED’s of two
compounds.!* Factor d can most probably be ignored
if the inhibitor shows rapid inactivation of the enzyme;
therefore, as a first approximation the EDjg/15 ratio
is mainly dependent upon the rate of transport aud the
effectiveness of the compound ax an irreversible in-
hibitor.

It is most probable that structures of the type in
Tables T and II are transported through the cell wall

(16) (a) D. Roberts and I. Wodinsky, Cancer Res., 28, 1955 (1968);
(b) T. H. Jukes and H. P. Broguist in “Metabolic Inhibitors,” R. M.
Hochster and J. H. Quastel, Ed., Academic Press, lnc., New York, N. Y.,
1963, pp 481-534.
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TanLe {1
INmsrrose vr DirvororoLn: Drnerrask avo L1210 Cenn Covrnes sy
NH, R
NN R,
NHS M,
Ton Iubjn, Time, Y EDw’ DS
Na. )8 Rt Tissue uM wll i jnaetvu® wlf 1se
14 11 (CHaRCyl 180 F-p L1210/ DIS 0,030 0,16 60 0 0.27/ S
15 11 (CHCel TS0 F-p LI1210/DFS 0,020 0. 10 <2, 80 75,75 0018 1
Mouse liver 0. 10 60 27
16 Cl (CH2):CeHSOF-p Li210/DFS 0.014 0.070 2060 7L, 037 003 2
Mouse liver 0.070 60 18
Walker 256 0. 0H) (it} h(E
Bat liver .05 60 (4%
17 Cl {CH)CeHBO:F-p Li210/DFS 0.0072 0.050 2,60 S22 100 0. 0004 0
Mouse liver 0,050 () 11
Walker 256 0,050 6() 0
Rat liver ). 050 6 a7
1N (CGHa pCel 1RS0,1-p 11 L1210/DFN 0. 0050 0050 2,106, 80 83, 53, a5 2. 400
Monse liver 1,50 60 {)
1] (CH)Cl LSOl -p 11 LI210/DEN 1. 00=0 0. 066 <2, 80 SG, st 00002 008
Monse liver ). 066 ) Hd
Walker 256 ). 050 (30 )
Rat liver ), 05 60 5
20 (CH ) Col LSO, -0 11 LI210/DFS 00080 1) 050 60 14 0,30 1)
Mounse liver 1) 053 () 25
Walker 256 ). 050 50 T
dat liver ) 050 60 N

+ The technical assistaiice of Diane Shea and Sharon Lafler with these assays is acknowledged. ¢ L, = vourentralion for 509 inhibi-
tivu when measured with 6 4/ dihydrofolate, 12 uM TPNH, aud 0.15 M KCl in pH 7.4 Tris buffer as previously described.® « Fuzyvme
incubated with inhibitor at 37° in pH 7.4 Tris buffer coutaining 60 x TPNH, theu the remaining enzyme was assayed us previously

described.®
data oun this compound from ref 15.

by passive diffusion.’”  Among the factors which may
be important for passive diffusion are the following:
(#) any group on the inhibitor that ean hydrogen bond
to water will slow the rate of transport since energy is
required to break the hydrogen bonds when the in-
hibitor is transferred from the aqueous nmedium to the
lipid phase of the cell wall;® (b) a proper balance
between hydrophobie and hydrophilie character should
be maintained,® probably because the compound must
also be transferred from the lipid phase of the eell wall
to the aqueous phase inside the cell; and (¢) the rate
of passive diffusion might be influenced by the shape or
bulkiness of an inhibitor due to sterie factors,

The two best compounds in Table I for 1.1210 cell
kill were 17 and 19.  Surprisingly, these two compounds
were only three- to sixfold more effective than the
corresponding reversible inhibitors, 13 and 6, without
an 30.F moiety when EDj1;0's were compared.  We
anticipated that irreversible inhibitors should be con-
siderably more poteut than a reversible inhibitor since
the irreversible inhibitors are destroying the target
enzvme; however, the SO,I" group could have slowed
transport. due to its polarity.'® That an SO.I" could

(17) (a) See ref 4, pp 263-266; (b) R. C. Wood and G. 11. Hitebings,
J. Biol, Chem., 334, 2377, 2381 (1959); (c) B. R. Baker, D. V. Santi, P. I.
Almaula, and W. C. Werkheiser, J. Med. Chem., T, 24 (1964).

(18) C. Ilansch, A. R. Stevanl. J. lwasa, and E. W. Deutsch, Mol.
Pharmaceol., 1, 205 (1965).

119) 'Tle SO-F group shonld bave a Hanseh 7 constantg between — 1.8 for
SON1h and - 120 for SO 1% actnally (e 802F group bad a #» von-
stanl = — 1.6 when weasured? yith p-Huorosulonyrlphenoxyacetic acid.?!

(20) T, YFujita, 1. lwasa, and C. Hauseh, J. Am. Chem. Soc., 86, 7173
(1064),

(21) I R, Daker aml W. ¥, Waood, J. Hed. Chene,, 12, 211 (1969).

4 Concentration for 509 iuhibitton of L1210 cell eulture.?
¢ From six-point time study.®

¢ Assayed with L1210/FRS enzyme. / New datum; other

slow transport was supported by comparison of the
EDs/T’s of 9 and 14, neither of which iz an irreversible
inhibitor; 9 wasx 40 times as effective as 14. If the
SO, group slows transport by a factor of about 40.
then it can be estimated that the irreversible inhibitor,
17, is over 200-fold more effective on the target enzyme
in the intact cell than is the corresponding reversible
inhibitor 13.

When the SO,0" group of 19 wasx moved from the
para to the meta position, the resultant 20 still showed
the same irreversible inhibition of dihydrofolic redue-
tase; however, 19 was 1200 times as effeetive ax 20
in L1210 cell culture. A likely rationalization of this
difference is the greater two-dimensional bulk of 20 due
to the meta-meta substitution pattern.

Since the irreversible inhibitors 17 and 19 show good
L1210 cell kill in the range of 1079 1/, he following
questions arisc.

(a) Can 17 and 19, as well as fluorosulfonyl dertva-
tives of 8 and 12, be further modified to give irreversible
specificity for the L1210 dihydrofolic reductase with 1o
inactivation of this enzyme in normal mouse tissues,
ant accomplishment achieved earlier®? with diliydro-s-
triazines and diaminopyrimidines couneeted to an
30.F molety by an amide bridge?

(b) Will further correlations on steric factors thit
slow transport emerge from the studies inn the preceding
question which will be useful for design of effective
m riro compotirds?

(¢) What is the proper balance of hydrophobie and
hydrophilie groups'™ to give maximum rate of transport?
Such measurements should be made by determining
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TasLe 111
PraysicaL PROPERTIES OF
NH.-EtSO;H
NZ N R,
NHgk\N)Mez
Ry
Yietd Mp, °C
No.* Rs R4 Yo dec T'ormula®
17 Cl (CHa}4CeHSOF-p 664 204-206 CyHy, CIFN;008 - C.H:SOH
18 (CH} )qCGHpSOgF-p H 30¢ 191-1493 CI:IH'.'QFN:,OLIS . CzH:.SO:;H
l(.' (CHA_])4C§H4SOQF-Z) H '-)'-)-( 176—177 C:]HJsFN,UgSCgH.,SOJ’I
2[) (CI’I'}"AC(‘,H{S(_)‘_]F"” H 4'2’. 7 194—19:# C;HHQGFN ,')OL“\l . C'JH:,SOS}I

« Synthesized by method K. 2
from -PrOH-H,0. ¢ Recrystallized from -PrOH-EtOH-H.0.

b Yield of analytically pure material.
7 Revrystallized from ~PrOH,

¢ Compnunds analyzed correctly foe C, 11, F. ¥ Recrvstallized

¢ Pure 24¢ emploved as staring

Tasre IV

PrystcaL PROPERTIES OF INTERMEDIATE STILBENES AND DIPHENYLBUTADIENES

miaterial,
Nu. Compound
2i3a 2-C1—4-NY02C6H3(CH=CH )2C6H4SOQF-p”
23h m-NO,C¢H,CH=CHC:H,SO.F-p*
23¢ IIZ-N()QCSI{4(CH:CH )'2C6H4SOQF'ph
23d m-NQO.CsHy(CH=CH ),CsH. S0, F-mn

« Analvtically pure; vield ix a mininunn value prepared by method A.
e cis—{rans ulixture: pure cis, mp 64-67°; pure (rans, mp 143-147°,

THF. < Recrvstallized from EtOH.
satiurated amine.  / Beervstallized from IXtOH, then CHCls.

the partition coeflicient of the dihydro-s-triazine moiety
of compounds related to those in Tables I and II.

(d) Can all of these fuctors be properly balanced to
achieve high specificity for 11210 cell kill in the
mouse?

Studiex on these important factors are continuing.

Chemistry.—The candidate irreversible inhibitors in
Table II were synthesized by the general route de-
seribed earlier for 14-16.%.22  Wittig condensation of
the appropriate benzaldehyde or cinnamaldehyde (21)
with 22 afforded the stilbenes and diphenylbutadienes
(23) (Scheme I). Hydrogenation with a PtO, eatalyst
afforded the desired substituted anilines (24) which
were condensed with cyanoguanidine aud acetone to the
dihydro-s-tringines in Table II by the general method
of Modest,*3

Experimental Section

Melting points were taken in capillary tubes on a Mel-Temp
block aud are uncorrected. Each analytical sample had ir and
uv spectra compatible with its structure and nioved as a siugle
spot oi tle on Brinkmaun silica gel GFuu or polyamide MN, and
gave combustivn analyses for C, H, and N or F within 0.4 of
theory. ‘The physical properties of 17-20 are giveu i Table 111,

2-Chloro-4-nitrocinnamaldehyde (21a).—To a stirred suspen-
sinn of 8.0 g (43 muoles) of 2-chlpro-4-nitrobenzaldehyde!? in 30
ml of freshly distilled acetaldehyde enoled i an ice bath wax
added 0.50 ml of 25¢¢ NaOH in MeOH over about 5 min. After
30 min in the ice bath, the mixtire was treated with 25 ml of
Ac). The mixture was heated in a bath at 120° for 1 hr, then
vooled and carefully diluted with 60 ml of I1,O. After addition
of 25 wl of 5 N HCI, the mixture was reflixed for 30 min, then
vooled and filiered. The product was recrvstallized from Ce¢H,;
viehl 6.0 g (66¢%), mp 133-134°.  Anal. (CHCINOy) C) H, N

(22) 1. R. Daker and G. J. Lourens, J. Med. Chem., 11, 666 (1968), paper
CNXXV1L of this series.
(23) .1 Modest, J. Org. Chem., 21, 1 (1956).

Yield,* Mp,
Te °C TFormula Analyses
72¢ 166-170 Ci1eH, CIFNOS C, H,F
374 60-110¢ CHFNOS C,H N
67/ 137-139 CisHuFNOS C H N
ERES 169-171 CyuHLFNOS ¢, 1IN

b See ref 22 for Wittig reagent. ¢ Recrystallized from 12tO1L-

Both reduced tn the <une

ScHEME 1

(Cl)
NO, + (CgH:) jll’CH! .
(CH==CH),,CHO )
a1 Br SO.F
22
(Ch
N02
{CH=CH Yo —
SO,F
23
(Ch
e
(CHz).lmz—@
SOF
24

m-Fluorosulfonylbenzyltriphenylphosphonium bromide (22a)
was sylithesized from in-tolvlsnlfonyl fluoride?* as described for
the para isomer:2? the yield of pure material after recrystallization
from MeOH-Et.Q was 49¢;, mp 233-254°. . Anal. (CyHu-
BrFO,PS) C, H.

1-(2-Chloro-4-nitrophenyl)-4-(4-fluorosulfonylphenyl )buta-

diene (23a) (Method A).—Ty a stirred mixture of 2.1 g (10
mnwles) vf 21a, 5.15 g (10 mmoles) of p-flunrosultonylbenzyltri-
plienviphosphoniimn bromide (22b),22 and 25 ml of DMF was
added 1.24 ¢ (10 wmoles) of [ 3-diazabivyelo[4.3.0]non-5-ene
(DBN).%®  After 16 hr at mwibient temperatire protected from
nioisture, the mixture was diluted to H0 ml with H.0. The prod-

(24) (a) V. L& Jenkins and A, N. Hauwbly, dust. J. Chem., 6, 318 (1953);
(b) B. R. Baker and J. A. Hurlbuat, J. Med. Chem., 12, 221 (1069), paper CL
of this series.

(25) 11. Oediger, 11. Kahbe, F. Moller, and K. Eiter, Chem. Ber., 99, 2012
(1066).
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et was eollected v a filter and washed with H.0.  {lecryv=iulliza-
tivnn from BEAOLIT-THTE gave 2,65 ¢ 1720 of vellow 1rvstals, mp
166-170°.

See “Table IV Dor mbditional data sl other compoiolds pre-
pared by this method.

1-(;#n-Aminophenyl)-4-( p-fluorosulfonylphenyl butane Ethane-
sulfonate (24¢).— A solutivn of 1.05 g 3.2 mumlexi of 23c
¢Table TID, 0.35 g 3.2 mumles: of SO 100 mil of Hae,

lrreversible Enzyme Inhibitors.
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IO, and 100 g of PO was <limken with T ot 2003 o nntil
the v of the =nhiioa no lohger showell :ohaible branl voninga sl
with the ving. The filieral <olation was evaported b dhin
svrup e oo, then stored ac D gatil ervstallizatuar <ot
The wixtare was <lighdy ihinned winh PrOTL then filversi.
The priahiner weis washerl with cold =PrOIL i ceeevstallizas]
ironr Cille petrolemte ether ihp 30-G0° ¢ viehl 0.50 2 ¢35, ¢ o
4 116% el Cul L ENOSCCOH SO O TN

CLXI.*?

Proteolytiec Enzymes.

Inhibitors of Guinea Pig Complement Derived by

Qualernization of 3-Acylamidopyridines with

a=-Bromomethylbenzenesulfonyl Fluorides., 11

B. R. BakeEr axp Jerrrey A Hureupoer?

Depactueent of Chepcdstey, Univeesily of Colifornda «d Sanla Ihivbare,

Sania Barbara, Califoenic

N3106

Lecetved May 2h, 1164

Twenty quaternary =altx 126) derived frour N-(3-pyridyvl- o N-t3-pyridylinethyv-3,4-divhlorophensxy-
acetamide (24) by reactinn with substituted fluoro=ulfunyvibenzyl bromides (251 were evalnated ax inhibitors of

the Lysis ot sheep red blund vells by henlysin and complenent.

The nm=t effertive rimupound was 3-(3,4-di-

chlvrophennxyacetamido )}-N-{G-chloro-2-flunrosulfonyibenzylpyridinumn broniide (16); at 62 aud 31 @M, 16

slmwed 84 and 45, iuhibition, respectively.

A vber of these romponmds were exeellent irreversible inhibitors

of e-chyimirvpsin: for exaiiple, 16 had an Lo~ KN of 3.7 @M and an tlus vooveoteathn gave D8O inaetivation

in 2 aiin.

Inhibition of the seruin complement system has
potential medical use for organ transplantation and in
certain arthritie states™  One of the normal funetions
of the complenent system, a complex mixture of at
least eleven =crum protens, ix for rejection of foreign
cells by hy=i=7  Since =ome of the proteins of the
complement =ystem are proteases with “‘tryptic’’ or
“ehymotryptic” properties™ this system can be in-
hibited with mhibitors of trypsin® or chymotryps=in®>
when  measured by complement-antibody-mediated
lysis of sheep red blood cells (RBC) »*

Among the inhibitors of guinea pig complement
found in thix laboratory arc the pyridine quaternaries,
1 :urd 2% 1t was also established that the S0,17 motety
wis necessary for activity.®  PFor example, 0.5 mid/ 1

al OCH,_.CONH(CHQ,.@

+N

ol |
(.‘.HZ@SO!F

il) This wurk was generously snpporced by Grant (CA-08695 o 1he
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showed 459 tnhibition of complement when measured
by RBC lysix. Thisx observation has been verified by
Becker:;™ 0.4 mJ/ 1 could tihibit one out of two comple-
ment units - his assay system.!' Furthermore, he
observed that 1at 04 md/ was an irreversible inhibitor
of the C71a compontent with o half-hfe of 18 min.”

Sixteen additional vartants of 1 and 2 with changes
m the flnorosulfonvibenzyl motety have now heen
svithesized for evaluation as inhibitors of the comple-
ment system; these have also been evaluated as -
reversible inhibitors of chyvmotrypsin. Some of thesc
variants are 25 tintes as effective ax 1 or 2 ax inhibitors
of the complement =y=ten.

Complement Inhibition. - 'The data i Table I iu-
dicates the effect of a given concentration of compound
nn bvsix of RBC catalyvzed by complement, compared ta
a controlb with no compoand.  Any Ivsis of RBC by the
compound in the absence ot complement s expressed
ax a pereentage of the total Tysix possible. 0.7 OD unit,
corrected for 0-59% Ivsix in the absenee of compound and
complement.”

The p-SO.JF quaternaries (1 and 2) were previousty
reported® from this Inboratory to give uabout 509
inhibition of complement when assayed at 0.5 and 1
md/, respectively (Table I); when the SO group was
moved to the meta position, aetivity was improved less
than twofold.® The o-SOL1 tsomers (5 and 6) have now
been synthesized Tor  comparison.  Activity  was
considerably enhanced, beiing about tenfold with 5 and
about 23-fold with 6; the (wo compounds showed 509
nthibition <omewhere between 0.031 and 0.062 m/.

The effect of ehloro substitution on the fluorosulfonyl-
benzyl nrotety was (hen <tidied.  There are 1wo possi-
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