902 B. R. Baker axo Jerrrey A Huruern

nel wis colleeted nnoa filter and washed with 1.0, Heerysialliza-
vian from ELVOH-THE gave 265 o (7201 0f vellow vrvstals, nip
166 170°,

See Table IV foe additimal dara and other enmponmids pre-
pared by this methnd.

1-On-Aminophenyl)-4-(y-fluorosulfonylphenyl jbutane Ethane-
sulfonate (24c).- A solution of 1.05 g 3.2 mmoless nf 23¢
(Fable TH 1 0.35 g 3.2 nnmles: o ISR, 100 mb of 154,

lrreversible Enzyme Inhibitors.
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Inhibitors of Guinea Pig Complement Derived by

Vol 12

FaOH, and 10D mg of PrOs was shaken wirh Plosu 2003 ot nnnil
the uv ol the <sohninn ne fonger <howerl aodouble bormd ronjngn sl
with the ring. The fihered sohnion was evaporatert 16 thin
=vrnp o roesy, e stored o D ol erystallization staered
The mixtare was slighily thinned with <PrOLE rhen tihered,
The proahuer was washed with cabit =Prot then reervsiallized
from CeHle petrolenm ethier thp 30-60° 1 viebl 00 g e38" 5 ap
14 116 Taed «Cul ENOSCCOEESOGEE ¢ FEOND

Proteolytiec Enzymes.

Qualternization of 3-Acylamidopyridines with

a=Bromomethylbenzenesulfonyl Fluorides. 11

3. R. Bawer axv Jerrrey A, Hornpon?

DeparDrient of Chevostey, Updavsily of Cobforpica ol Soplo Horliora,

Sanio. Barbaia, Cabfornia

Y3108

Lrecelved Moy 24, THHD

Twenty qualernary =alix (26) derived from N-13-pyridyle- nr

N-ts-pyridyvhmel hivh-is,4-dichinraphennxy-

acetamide (24) by reanction with =ubstititted fluorasulfonvibenzyl bromides (251 were evalinned ax inhibitors nf

the Iysis of sheep red blood cellx by hemalysin and enmplemment.

The st effective eompound was 3-(3,4-di-

chlvrophenoxyacetamido)-N-6-chloro-2-fhinrosulfonyibenzylpyeidimunt bromide 116); a1 62 and 31 &M, 16

showed 84 and 45¢, 1thibition, respectively.

A tntber of these eompoinnds were excellent irreversible inhibitors

of a-chymotevpsin: far example, 16 hind an L ~ A af 5.7 23 and an vhis roneentration gave 980, innetivaion

in 2 min.

Inhibition of the serum complement system has
potential medical use for organ transplantation and m
certain arthritic statex™®  One of the normal funetions
of the complement system, a complex mixture of at
leaxt eleven scrum proteins, is for rejection of foreign
cells by lysix™"  Since =ome of the proteins of the
complement system are protenses with “tryptic” or
“chymotryptic” properties,* this system enn be -
hibited with inhibitors of trypsin® or chymotryps=in®»
when mensured by complement-antibody-mediated
lysis of sheep red blood cells (RBC).»#

Among the inhibitors of guinea pig complement
found in thiz laboratory nre the pyridine quaternaries,
1 and 2;" it was also established that the SO,17 molety
was necessary for activity.®  Por example, 0.5 mJ/ 1

Cl OCH.CONH(CH.,), O
N
Ct |
(.TH;.@SO_.F
L n=0
2 n=1

i) This work was meneronsly snpported Ly Grant CA-U8695 Do (e
Nolional Canrer Institnte, 17, 2. Publir Nealilr Servive.

(21 Tor thie previens paper o) los series xee 11 R, Baker, 11, 5. Janson,
and N. M. J. Vermpulen, J. MHed. Chem., 12, 8498 (19691,

31 Tor the previnns paper nn romplement see B. R. Baker and J. AL
nrelland, 7h1d., 12, 677 (106D, paprr CLVI nf 1his series,

oy NDILLA predoetoral Tellow,

aar 1 R Bpker and 10 1 rickson. /.
paper CLIL of (1ox serjes,

i) 11 J. Maller-Eherieand, e, Immosennd,, 8, 1 11168).

17t dal Cilug Fonndartieor Svimeposinm, ©Complemeny,” (L 18 W, Wolstern-
Lolrmre srind d, Wi, 1, Lirrle, Tovawn aned Chn Bosinon, Mass.. IDEA: (1
15 11 Selear and KUV Nasten, Aoa. ffee. 1l 19, 1 111HEBSL,

(sl L Binker wnd N0 Thaelbeay 0 Vaeds Chese,, 12, THA CUDIL, parper
CLITT ol nhis seyjes

a1 10 AL Kabal and M. M. Mayer, “Lixpenomntal DTormonooelasmisiry,
2l el Clarles C Tlonmas, Springtivld, 1L IDGT, e 14133,

Med. Chean., 12, 408 (1D6),

showed 439 inhibition of complement when measured
by RBC lysix. Thix observation has been verified by
Becker;' 0.4 nil/ 1 could inhibit one out of two comple-
ment units i Nhis oassav systent!' urthermore, he
observed that 1 at 04 mJ3/ was an irreversible inhibitor
of the C'La component with o half-life of 18 min. "

Sixteen additional vanants of 1T and 2 with changes
in the fluorosulfouvlbenzyl moicty have now been
svithesized for evaluntion as inhibitors of the comple-
ment systeni;  these have also been evaluated ax -
reversible tuhibitors of chyvmotrypsin.  Some of these
variants are 25 times ax effective a< 1 or 2 ax inhibitors
of the complement =ysteni.

Complement Inhibition.The data i Tuble 1 in-
dicates the effect of @ given concentintion of compound
an Ivsix of RBC eatalvzed by complement, compared ta
a control with uo campoinnd.  Any Ivsiz of RBC by the
componud in the absence of complement is expressed
as 1 percentage of the total lyxix possible. 0.7 OD unit,
corrected for 0-54% lvsis i the abscenece of compound and
complement.”

The p-SO.I° quaternaries (1 and 2) were previously
reported® from this nboratory to give about 508
inhibition ol conmplement when assayved at 0.5 aud 1
mal. respectively (Table Ty, when the SO group wis
moved to the meta position, ncetivity was improved less
than twotold.? The o-SOLL isomers (5 and 6) have now
been synthesized  Tor  comparizon.  Activity  was
considerably enhanced, heing about tenfold with 5 and
about 23-fold with 8; the two compounds showed 509
inhibition somewhere between 0.031 and 0.062 mJi/.

The effect of ehloro =ubstitution on the fluorosulfonyl-
henzyl moiety was (hen studied. There are 1wo possi-

VI eivare moroainnention Trose 1 10 Lo Bieelier, Watler Reml Arpey
Muslivul C'enler.

(U MM Glovsky, 100 1.
HESUB U

erker, anmd N Hadbrank, . Jomercond,, 100,
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TasLe I INmisirront® or GuiNea Prg CoMPLEMENT BY

Cl OCH,CONH(CHy), O

iN” Br~
a l
Q)

R

Conen, A Y

No. " R mM inhibn Tvsis®

14 0 p-RO.F 0.5 45 4
0.25 12

24 1 p-SO,F 1 76 10
0.5 19

34 0 m-SO.F 0.5 o8 7

44 1 m-SO,F 1 63 7
0.5 33

5 0 0-SO,F 0.25 89 0
0.125 a1
0,062 613
0.031 27

6 1 0-30.1 1 93 B
0.125 89
0.062 68
0.031 40

7 0 2-Cl-4-80.F 0.25¢ 71 3
0.125 37

o] 8] 3-Cl-4-SO.F 0.125¢ 28 2
0.062 0

9 1 2-Cl-4-S0.F 1 88 3
0.5 68
0.25 33

10 1 3-Cl-4-80.F 0.5 42 3
0.25 9

11 0 4-C13-8SO.F 0.125¢ 30 2
0.062 11

12 1 4-C1-3-80:F 0.0 0l 0
0.25 15

13 0 3-Cl-2-SO.F (). 25he 88 6
0.125 82
0.062 49

14 0 4-Cl-2-SOyF 0.125¢ 96 0
0.062 79
0.031 17

15 0 5-C1-2-SO,F 0.25¢ 94 2
0.125H 90
0.062 68
0.031 30

10 0 6-C1-2-80.F 0.5 94 4
0.125 95
0.062 84
0.031 45

17 1 5-Cl-2-80,F 0.5 92 B
0.25 88
0.125 67
0.062 42

18 1 4-C1-2-80,F 0.5 90 4
0.25 95
0.125 90
0.062 46
0.031 12

19 1 3-Cl-2-80,F 1 a5 4
0. 125 03
0.062 65
(.031 29

20 1 G-C12-80.1 0.5 89 8
0.25 88
0.125 90
0.062 6
0.031 22

@ The technical assistance of Sharon Lafler with these assays is
acknowledged. *See ref 5 for assay of inhibition of sheep red
blood cell lysis by hemolysin and guinea pig complenient. The
compoulids were dissolved in either MeOEtOH or 4:1 MeOEtOH-
H.O for assay. ¢ Lysisx in the absence of complement corrected
for 0-59; lysix in the abseunce of componud: the nnmber is
expressed as a per cent of the total lysis possible, 0.7 OD unit.
¢ Data fromref 3. ¢ Maxiniunu=olubility in the assay mixture.
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Tapre: IT
INHIBITION® OF CHYMOTRYPSIN BY

cl OCHQCONH(CH._.)n—@

+N” Br~

a l
6
R
—————Irrevergble" —————
150, 1nbjb, Time, %

No. w R wM wl min inactvn
14 0 p-SO.K 15 15 208, 30¢ 81, 89, 100
2¢ 1 p-SOF 16 16 0.5, 4, 8¢ 50, 96, 100
340 m-SO.F a1 a1 2, 8, 30¢ 50, 90, 100
44 1 m-SO.F 96 96 R 0%, 100
B} 0 0-SOF 13 13 <2e 100
6 1 0-8S0.F 3.2 3.2 <e 100
7 0 2-Cl4-80.F 12 12 30 100
8 0 5-Cl-4-SO,F 14 14 50 84
9 1 2-Cl-4-S0O.F 20 20 30 100
10 1 3-Cl-4-SO.F 120 60 30 100
11 0 4-CI-3-S0.F 13 13 30 41
12 1 4-Cl-3-S0.F 200 200 30 100

13 0 3-CEH2-80,F 28 28 30 100

14 0 4-C1-2-SO.F 12 12 30 100

15 0 5-Cl2-SO,F .0 .0 30 100

6 6

16 0 6-Cl-2-80:F B B)
3-Cl-2-SO,F - 37 37
4 4

3 3

3

2, 4¢ 9%, 100

~1

17 1 2 30e 93, 100
18 1 4-Cl-2-80,F 4 4 < 100
19 1 5-Cl2-R0.F 3 5.3 30 100
20 1 6-CI-2-580.F 4 4.4 < 100

« The techuical assistance of Julie Leseman with these assays
is acknowledged. * Assaved with 200 w3/ N-glutaryl-r-phenyi-
alanmine p-uitroanilide in 0.05 3/ Tris buffer coutaining 10¢;
DAMSO as previously described by B. R. Baker and J. A. Hurlbut,
J. Med. Chem., 10, 1129 (1967). I, = conceutration for 50¢;
inhibition which is about equivalent to K. ¢ Inactivation per-
formed with ~1 »Af enzyme at 24° in 0.05 3/ Trix buffer (pH
7.4) containing 104 DAMSQ, then the remaining enzyie assayved
with N-benzoyl-i-tyrosine ethyl ester in pH 8.1 Trix butfer
containing 0.1 M CaCl: as described by B. R. Baker aud J. A.
Hurlbut, J. Med. Chem., 12, 118 (1969). 7 Data from ref 13.
¢ From a six-point tine study-.

ble chloro derivatives of both 1 and 2. The two chloro
derivatives (7, 8) of 1 showed enhanced inhibition by a
factor of 2-4; similar results were observed with the
chloro derivatives (9, 10) of 2.

Only one each (11, 12) of the possible chloro deriva-
tives of the m-SO;l" isomers (3, 4) were synthesized;
less than twofold enhancement of activity was ob-
served, Although three other chloro-m-fluorosulfonyl-
benzyl derivatives are possible these were not syn-
thesized since (a) the 0-SO,I" series (below) gave better
inhibition, and (b) their synthesizx would be quite
laborious.

The four possible chloro-o-fluorosulfonylbeuzyl deriv-
atives in each series were synthesized. All four chloro
dervivatives (13-16) of 5 showed good potency. The
3-chloro derivative (13) was slightly less potent thau the
parent 5, the 4-chloro (14) and 5-chloro (15) were about
equipotent to 5, and the 6-chloro derivative (16) was
about twice as poteut; thus 16 is nbout 15 times more
potent thau the first compound (1)" evaluated in this
series of pyridinium guaternaries.

The four chloro derivatives (17-20) of 6 did not
show inereazed potency over 6. Both the 5-chloro (19)
and G-chloro (20) were about cquipotent to 8, but the
3-chloro (17) and 4-chloro (18) were ubout half ax
potent.
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Ty HH
Puvsican Perrrrrics or
Cl OCH,CONH(CH,) ,,—@
-&N Bl‘—
Cl !
(_‘H_.@
R
Vivid,

N, o I Metlred - Myp, ¢ I"orvmla Al ses
5] (1 o-N0L1 I3 ERE 202204 Capl i BrOLFNLO ¢, I, F
6 1 0-S0. 1 B I 1500162 Cau L BrCLENLO R ¢, I, F
n Q 2-Cl-4-50)1" A N 1511505 Cy HHEBreLENLO S ¢ 0L
N 1) $-Cl4-80,1 B i RIS Cod i BrOLFNLOR ¢, I, N
il 1 2-Cl-4-S0LF B TN 125151 Cu s BrCLENLO N ¢, F
1 | 3-Cl-4-80%1 B S 217 21 Co H:BrCLFNLO S ¢, I, N
11 1 -0 3 RNy 240 2406 Co HaBrOLEFNLO N ¢, LN
12 | 4-Clln-Ro b B Pt 215 2408 Co s BrCLEFN O ¢ LN
15 1 -Claamonl B T 214 216 CaolBrOLENLO S 1L N
11 1 1-CR2-R0LF A SN 2100215 Cu L BreLENLOS ¢, F
15 1) H-Cl2-80. 1 B 20 207 208 Cal L BrCLEN O o, n,r
1 (1 6-Cl2-)0,F B 41 18- 101 Cul L BrOLENLOR ¢, N
17 | 3-Cl2-80L) B 44 1IN0 1011 (' HH: BrOLEFNL O ', 1, N
IS 1 $-Cl2-R0LF B (T IRG ISS Co HBrCLENLOR ¢, H
1M | H-C2-ROuF B NN 194 1905 CoHiBrOLFN.OR ¢ ML

21 1 6-C1-2-N0.F B n 142 145 Co T BrOLENLO R O, LN

* Reervstallized from Me.COL* Recervsiallized Trom EtOH, - Reervsiallized fronn Me.CO oliene.

Ty IV
Puyscoan Prorurvies or
R
CH.X
Yinld,

Ny, 1t N Metlhnd Yy Alp, 2O B “C o Tormli Vnalyses
2T 0-m0), 1 I [y 65 IR B CLHFOWR
2N 2-Cll4-=OL 1 I I (Srad 1618 5256 10,051 C;HCIFO.S ¢, F
20 H=Cl=4-R0L It b 5% HHERE GR-=70 10 .20 C:HCHIFOLS o F

4-Cl3-80),1 I ) 50/ 539--41 67- 75 10.20; C;HCIFOLR (S]]

5-Cl2-R0.1 I P a7 B 7 CHLCHEFOWR

H-Cl2-R0. 1 I 1) Tan 14N 1005 C:HCIFOWS O F

5-Cl-2-801 I D« (S1.54 C:HCIFO.R OO0 F

0-C'l-2-=0), 1 Tl ) Gl C:HRCIF O (Y
0o 0=-R() 1" b I A1 C:HeBricOus (DU S T
50 2-C'l4-R0 1 Br I 206F EREN C:IEBrCIFOLS O 0L F
ny H=Cl4-RO Br I b NG CEBrOCIFO L F
B 1-C'=5-R 0O Br O S (il CIEBrCIFOLS
B H-Clo-ROuE Br D) 567 N1 CIEBrelFOWS 1
) 4-Cl2-R0.1 Br I 6 Ol C:HBrOIF O
i1 H-Cl2-R0,F Br I ne Ol CHBrCIFOW=
2 6-C1-0-20.1 Br I RS [REIE C:HEBrCIFO,R 11

“Phis enmpound wis made by an alternace procedure by W, Davies and J. 1 Dick, J. Chom. Soc., 2104 (10515 “The starling sul-
fonyl ehloride has heen reported by L. Harding, i, 119, 260 (1921).  * The starling sulfanyl chloride has been repnrted by W. Davies,
hod., 119, 855 (10211, “"The compound was nnt recrystallized.  * The siarring sulfonyvt chloride has been reported by W. AL Rilvesier
aud Wo P Wyane, J. Chem. Soe., 691 110561 ¢ Reerystallized from pelrolennt ether (60-110°). » Made by N, ML J. Vermenlen of 1his
Inbretory s vhe starting sulfonyt chlaride has been reported by W. P. Winne and J. Brucee, J. Chene, Soc., 78, 731 11808). * Rerrysinl-
livead Tromn peteolenin ether (30--60°1 ¢ The <laning snlfonyl chloride has been reported by M. W. Conmbs, T. M. Shaep, and AL G
Tourner, British Patene 700,002 (1054); Chom, Absir., 49, P10370h (14053). 7/ The siarting sutfony! chloride has been reported by R
terz, W. Baner, N. Steiger, 2. Albrechi, aud R. Dreser, German Puwvewnr 355,140 (1926}, Chon. Ahstr., 26, P5105 (19321, # The
starling sulfimyl chloride hax been reported by J. T, Hackinann and V. P, Pittiman, Brivish Pateul 956,857 (1964); Chon. Absie., 61,
P1705e (11645 2 The nil was dissnlved in petrolenun ether (30-60°) und cooled and the solntion wus decauted fromt the yvellow residue.
The crnde prictirer was obiained by evaporation of the solution ’» racvo. ™ Crinde proditet suitable for the next step.

The most potent compound in the series (1-20) to
date is 16 which shows 8497 inhibition at 0.062 mAa/
and 459 inhibition at 0.031 md/: whether or not
activity in this series enn be further enhanced s cur-
rently bemg investigated i thix Inboratory.

Chymotrypsin Inhibition. Since 1-4 were the hest

active-site-directed irreversible inhibitors' of chymo-
trypsin vet reported,'® the new analogs svnthesized

120 B R Paker, " Desien ol Aetive-Xite-Diverted lerevorsible uzarane
Inbilitors,” Jolin Wiley and Seps, Loe., New York, N, Y., M5BT,
131 1L R Daker and 0o N Lnellan, J, Yed, Chen, 12, 221 11050, (e

Ul ol nlds serips.


file:///naly.ses

September 1969

(5-20) for inhibition of complement were investigated
as inhibitors of chymotrypsin (Table 1I); some of the
new compounds were even faster irreversible inhibitors.
It is notable that the most potent compounds o1 comple-
ment (16, 5, 6, 17, and 20) were extremely rapid ir-
reversible inhibitors of chymotrypsiu wheu incubated
at an Iy =~ K" concentration giving 93-1009; in-
aetivation in 2 min or less; furthermore, all but 17
(Iy = 37 uM) had excellent I;’s iu the 3~13-uM range.

Chemistry.—The new inhibitors (5-20) in Table I
can be generalized by 26; these were made by quater-
nization of the appropriate pyridyvlamides (24) with
the requisite fluorosulfonyibenzyl bromidex (25). The
necessary benzyl bromides were made by the sequence
of 21 — 25 previously employed for m-fluorosulfonyl-
benzy! bromide!? (see Scheme I).

Experimental Section

Melting points were taken in capillary tubes on a MelTemp
block and are mcorrected. Each analytical sample had an ap-
propriate ir spectrtum and moved as a single spot on tle on Brink-
mant silica gel GF; Brintkmaun MN-polvamide was used for the
quaternary salts. Combustion values withiu 0.49 of theoretical
for C, H, aud N or F were obtaiued.

3-(3.4-Dichlorophenoxyacetamido)-N-(4-chloro-2-fluorosulfo-
nylbenzyl)pyridinium Bromide (14) (Method A).—A solution of
0.594 g (2.0 mmoles) of N-(3-pyridyl)-3,4-dichlorophenoxy-
acetamide (24, n = 0)' and 2.0 g (5 mmoles) of 4-chloro-2-
fluorosudfonyl-a-bromotohiene (40) (Table IV) in 15 ml of Me,CO
way refluxed for 18 hr. The prodnet was collected on a filter,
washed with Me.CO aud crystallized from EtOH; yield 1.03 g
(88¢7) of white solid, mp 210-213°. See Table I1I for additional
data and other compounds made by this procedure.

Method B wis the same as method A except that only 10 nil of
Me.CO was used and the sohition was stirred at room temperature
for 48 hr.

2-Methyl-6-chlorobenzenesulfony! Chloride (Method C).—To
a stirred mixture of 100 g (0.70 mole) of 2-methyl-6-chloroaniline
and 250 mi of 12 N HCI cooled in an Me,CO-ice bath was added
dropwise a solution of 52 g (0.75 mole) of NalNO. in 70 ml of
H,0 at such a rate that the temperature remained between —35
and 5° (20 min). The resulting solution was added portionwise
(15 min) to a mixture of 20 g of CuCls, 20 nil of H:0, and 500 ml
of glacial HOAe¢ saturated with SO.. The temperature was
maintained at about 25° and Ny was evolved. After the mixture
was stirred an additional 13 min, it was diluted with 2000 ml of
ice water and extriaeted with three 200-ml portions of CéHe. The
combined exiracts were washed with two 200-ml portions of
1.0, dried (AMgR0Oy), treated with activated charcoal, then
cvaporated 1n zacro.  Distillation vielded 53 g (345%) of colorless
oil, bp 88-89° (0.05 mm).

(14) B. R. Baker and J. A. Hurlbut, J. Med. Chem., 11, 233 (1968), paper
CXIII of this series.
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Scueme I
CH, CH, CH,
@ NH, — @ SOl — @ SO.F
Cl Cl Cl
21 22 23
BrCH,
Cl@OCH2CONH(CH2)n© @ SO.F
N
o) Cl
24, n=0]1 25

c1<} :>OCH2CONH(CH,),,©
Br-"N
c | SO,F
G

Cl
26, n=0,1

The other sulfonyl chlorides used in Table IV were made by
this procedure's in 30-739% vields. See Table IV for references
to alternate niethods of synthesis; in each case the same melting
point or boiling point was obtained.

2-Fluorosulfonyl-4-chlorotoluene (32) (Method D).—A niixture
of 40 g (0.18 mole) of 2-chlorosulfonyl-4-chlorotolnene, 50 mt of
dioxane, 30 g (0.50 mole) of KF, 10 ml of DMF, and 10 ml of
H:0 (added in that order with stirring) was refluxed with mechani-
cal stirring for 830 minr; 600 ml of ice-cold H.O was added, and
the product was extracted with two 200-nil portions of CeHs.
The combined extracts were washed with two 200-ml portions of
H:0, dried with MgSOs, then evaporated in vacuo. Distillation
gave 26 g (709,) of colorless oil, bp 44-48° (0.05 mim), which
quickly crystallized, mp 30-32°. A small amonnt was recrystal-
lized from petroleum ether (60-110°) for analysis, mp 30-31°.
See Table IV for additional data and other compounds made by
this procedure.

Method E.—The substituted toluenesulfouyl fluiorides were
bromiunated with NBS in CClL, as previously described.!  These
compounds ave sevece skin teritants and should be handled with
caulion.

(13} (a) H. Meerwein, G, Dittmar, R. Gollner, K. Hafner, 1*. Menscl,
and O. Steinfort, Chem. Bec., 90, 841 (1957); (b) 1B. R, Baker and J, K.
Coward, J. Heterocycl. Chem., 4, 195 (1967), paper XC of this series.



