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ucl was collected on a filter and washed with H2(). liectystalli/a-
tioti from KtOH -THF gave 2.6)-! g !72 r ; ) of vellow crystals, nip 
Kit) 170°. 

See Table IV for additional data and other compounds pre
pared by this method. 

l-(//y-Aminophenyl)-4-(/J>-fluorosulfonylphenyl)butane Ethane-
sulfonate (24c).-- A solution of 1.05 g Ci.2 mmoles i of 23c 
(Table 111). OMn a C12 mmoles) of KtSOTl. 100 ml of <>.">', 

Inhibition of the serum complement system has 
potential medical use for organ transplantation and in 
certain arthritic states."'1'1 One of the normal functions 
of the complement system, a complex mixture of at 
least eleven serum proteins, is for rejection of foreign 
cells by lysis,"'7 Since some of the proteins of the 
complement system are proteases with " t ryp t i c" or 
"chymotrypt ic" properties, , ; '7 this system can be in
hibited with inhibitors of trypsin5 or chymotryps in M 

when measured by complement-antibody-mediated 
lysis of sheep red blood cells ( R B C ) / ' 9 

Among the inhibitors of guinea pig complement 
found in. this laboratory are the pyridine quaternaries, 
1 and 2;3 it was also established that the SOT' moiety-
was necessary for activity. : i For example, 0.."> m.l/ 1 

CH,<O)s0 2 F 

1, « = 0 
2, n = 1 

(1) This u o r k was aenerously sunpor ted by G r a n t CA-08bdJo from the 
Nat ional Cancer I n s t i t u t e , t". S. Public Heal th Service. 

(2) For t he previous pape r of this series see IS. R. Baker , F . F . J anson , 
an.I N. AI. .1. Venneuien . ./. Med. Chrm.. 12, 898 (1969). 

(It) For tlie previous paper on complement see It. R. Baker and J. V. 
l lu r l lmt . il,ul., 12, 677 (1!)69). paper CI,VI of Oiis series. 

i t) N D F A predoetora l fellow. 
i.->i 11. It. l inker ami F . 11. Krirksoti. ./. Mi-,1. fhem., 12, 408 !li)6!)l, 

paper CI. II of I his series. 
Hi) II. .1. Mtll ler-Kl.crhard, .F/. 'e/i. Immunol., 8, I I.IHUS). 
(7! (a) CiFa Founda t i on S\ niposie.m. " C o m p l e m e n t ." (1 . 1-:. W. Wolsten-

iM.hiie and .1. Knmhi , Fd., Little, B r o u n and Co. . Boston, M i ^ s . . 1965: (1>> 
I'. II. Si 'hur anil K. F. Austen, Am,. Hir. .1/ , - , / . , 19, I 1196X1. 

Si 1',. H. Baker and .1. A. l l u r lhu ; , ./, M,-,l. Cl,,m.. 12, l l . i i lmiHj, pupci 
C I . I l l ol this series. 

i!t) F . A. Kaliat. and M. .M. Mayer , ' E x p e r i m e n t a l Immunoi 'hemis t t y . " 
2w\ ed. (diaries C T h o m a s Springfield. III.. 1967. pp 1 4SI-1 olf. 

KtOH. and 100 nig of I'tO-j was shaken with l l 2dl 2 i iaini until 
I he uv of the solution no longer showed a double bond conjugated 
with the ring. The filtered xilution »a> evaporated to a thin 
syrup in rin'mj, then stored at 0° until eryMallizat ion .-1 aided. 
The mixture was dighily thinned with /-PrOli, then filtered. 
The product was washed with cold >~PrOII. then recrystallized 
from CBHI; petroleum ether ibp ISO (>0G); yield <)..>0 g ids ' , i. mp 
114 110° Anal. ((',,•.!!,,FN(),S • C,H S< ):;H i ('. 11. V 

showed -i~)% inhibition of complement when measured 
by RBC lysis. This observation has been verified by 
Becker;"' 0.4 m.l/ 1 could inhibit one out of two comple
ment units in his assay sys tem." Furthermore, lie 
observed that 1 at 0.4 m.l/ was an irreversible inhibitor 
of the C ' l a component with a half-life of 18 min."1 

Sixteen additional variants of 1 and 2 with changes 
in the fluorosulfonylbenzyl moiety have now been 
synthesized for evaluation as inhibitors of the comple
ment system: these have also been evaluated as ir
reversible inhibitors of chymotrypsin. Some of these 
variants are 2"> times as effective as 1 or 2 as inhibitors 
of the complement system. 

Complement Inhibition. The data in Table 1 in
dicates the effect of a given concentration of compound 
on lysis of RBC catalyzed by complement, compared to 
a control with no compound. Any lysis of RBC by ihe 
compound in the absence of complement is expressed 
as a percentage of the total lysis possible, 0.7 Ol) unit, 
corrected forO i]c, lysis in the absence of compound and 
complement .•'' 

The /t-SO-T' quaternaries (1 and 2) were previously 
reported3 from this laboratory to give about oO'V 
inhibition of complement when assayed at 0."> and 1 
m.l/, respectively (Table I ) ; when the S()2F group was 
moved to the met a position, activity was improved less 
than twofold.3 The o-S()_>F isomers (5 and 6) have now-
been synthesized for comparison. Activity was 
considerably enhanced, being about tenfold with 5 and 
about 2o-fold with 6; the two compounds showed 506-( 
inhibition somewhere between 0.031 and 0.002 m.l/. 

The effect of chloro substitution on the fluorosulfonyl
benzyl moiety was then studied. There are two possi-

i HI) F n v a l e eonnnunii-ali 'Ui In,in Dr. F. F. F e e l e r , Wal le r Heed Arj.iN 
Medical Cenler . 

i l l ; M. M. (il.,vsk.\ . F. I.. Becker, and X. .1. Hall .rook. ./. Immunol.. 100. 
079 • ItltiSi. 
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Twenty quaternary salts (26J derived from X-Cj-pyridyl)- or N-(:S-pyridylmelhyl)-;>,4-dich.loropheuo\y-
acetamide ("24) by reaction with substituted fluorosulfonylbenzyl bromides (25! were evaluated as inhibitors of 
Ihe lysis of sheep red. blood cells by hemolysin and complement. The most effective compound was ))-(ii,4-di-
chlorophenoxyacetamido)-N-(()-chloro-2-fluorosulfonylbenzyl)pyridimum bromide (16): at o2 and ol nM, 16 
showed S4 and 4.V','• inhibition, respectively. A number of these compounds were excellent irreversible inhibitors 
of a-chyinol rypsin : for example, 16 had an I:,<> ~̂ A'i of .">." /uM and at this concern rat ion gave il.S','. inactivation 
in 2 min. 
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TAHLK I: I N H I B I T I O N " 6 OF GUINEA P I G COMPLEMENT BY 

CI ^NoCH2CONH(CH2)n—r-pT 

CI 

No. K 

p-S02F 

p-S02F 

m-SO>F 
m-SO,F 

o-SO-.F 

0-HO2F 

2-Cl-4-S02F 

3-Cl-4-S02F 

2-Cl-4-SO,F 

3-CI-4-SO2F 

4-Cl-3-S02F 

4-Cl-3-S02F 

3-C1-2-SO.F 

4-Cl-2-S02F 

5-Cl-2-S(J2F 

6-C1-2-SO.F 

3-Cl-2-S02F 

4-Cl-2-S02F 

5-Cl-2-S02F 

G-Cl-2-S02F 

1 
CH2 

Concn. 
mi l / 

0.5 
0.25 
1 
0.5 
0.5 
1 
0.5 
0.25 
0.125 
0.062 
0.031 
1 
0.125 
0.062 
0.031 
0.25* 
0.125 
0.125* 
0.062 
1 
0.5 
0.25 
0.5* 
0.25 
0.125« 
0.062 
0. .V 
0.25 
0.25* 
0.125 
0.062 
0.125* 
0.062 
0.031 
0.25" 
0.125 
0.062 
0.031 
0.5 
0.125 
0.062 
0.031 
0.5 
0.25 
0.125 
0.062 
0.5 
0.25 
0.125 
0.062 
0.031 
1 
0.125 
0.062 
0.031 
0.5 
0.25 
0.125 
0.062 
0.031 

Br" 

R 

% 
inh ibn 

45 
12 
56 
19 
58 
63 
33 
89 
91 
63 
27 
93 
89 
68 
40 
71 
37 
28 

0 
88 
68 
33 
42 

9 
30 
11 
51 
15 
88 
82 
49 
96 
79 
17 
94 
90 
68 
30 
94 
95 
84 
45 
92 
88 
67 
42 
90 
95 
90 
46 
12 
95 
93 
65 
29 
85 
88 
90 
56 
22 

% 
ly.sis 

4 

10 

7 
7 

0 

5 

3 

2 

3 

3 

2 

0 

6 

0 

2 

4 

5 

4 

4 

8 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

" The technical assistance of Sharon Lafler with these assays is 
acknowledged. h See ref 5 for assay of inhibition of sheep red 
blood cell lysis by hemolysin and guinea pig complement. The 
compounds were dissolved in either MeOEtOH or 4:1 MeOEtOH-
II-jO for assay. 'Lysis in the absence of complement corrected 
for 0 -5% lysis in the absence of compound: the number is 
expressed as a per cent of the total lysis possible, 0.7 OD unit. 
'' Data from ref 3. * Maximum solubility in the assay mixture. 

TABLE II 

INHIBITION" OF CHYMOTKYPSIN BY 

Br" 

CI <O>0CH2C0NH(CH2),i—fP\ 

CI I 

No. n R 

ld 0 p-S02F 
•>d 1 p-SOaF 
3d 0 m-SOjF 
4rf 1 m-SO,F 
5 0 o-S02F 
6 1 o-S02F 
7 0 2-Cl-4-S02F 
8 0 3-Cl-4-S02F 
9 1 2-CI-4-SO2F 

CH, 

R 
> I rreversible ' ' . 

I50," Inh ib , T i m e , % 
p.'Sl tiM min inac tvn 

15 15 2, 8, 30* 81, 89, 100 
16 16 0.5, 4, 8* 50, 96, 100 
51 51 2, 8, 30" 50, 90, 100 
96 96 2, 4* 98, 100 
13 13 <2* 100 
3.2 3.2 <2« 100 

12 12 30 100 
14 14 30 84 
20 20 30 100 

10 1 3-Cl-4-S02F 120 60 30 100 
11 0 4-Cl-3-S02F 13 13 30 41 
12 1 4-Cl-3-S02F 200 200 30 100 
13 0 3-Cl-2-S02F 28 28 30 100 
14 0 4-Cl-2-S02F 12 12 30 100 
15 0 5-Cl-2-S02F 6.0 6.0 30 100 
16 0 6-Cl-2-S02F 5.7 5.7 2 , 4 ' 98,100 
17 1 3-CI-2-SO2F 37 37 2, 30* 93, 100 
18 1 4-Cl-2-S02F 4.4 4.4 <2* 100 
19 1 5-Cl-2-S02F 3.3 3.3 30 100 
20 1 6-Cl-2-S02F 4.4 4.4 <2* 100 

" The technical assistance of Julie Leseman with these assays 
is acknowledged. " Assayed with 200 11M N-glutaryl-L-phenyl-
alanine p-nitroanilide in 0.05 M Tris buffer containing 10 c

c 

DJNISO as previously described by B. K. Baker and J. A. Hurlbut, 
J. Med. Chem., 10^ 1129 (1967): I50 = concentration for 50% 
inhibition which is about equivalent to K\. c Inactivation per
formed with ~ 1 11M enzyme at 24° in 0.05 M Tris buffer (pH 
7.4) containing 10% DAISO, then the remaining enzyme assayed 
with N-benzoyl-L-tyrosine ethyl ester in pH 8.1 Tris buffer 
containing 0.1 M CaCl2 as described by B. li. Baker and J. A. 
Hurlbut, J. Med. Chem., 12, 118 (1969). ' 'Data from ref 13. 
e From a six-point time 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-S02E isomers (3, 4) were synthesized; 
less than twofold enhancement of activity Avas ob
served. Although three other chloro-»i-fluorosulfonyl-
benzyl derivatives are possible these were not syn
thesized since (a) the o-S02F series (below) gave better 
inhibition, and (b) their synthesis would be quite 
laborious. 

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

The four chloro derivatives (17-20) of 6 did not 
show increased potency over 6. Both the o-chloro (19) 
and 6-chloro (20) were about equipotent to 6, but the 
3-chloro (17) and 4-chloro (18) were about half as 
potent. 
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T\BI.) , I l l 

P H Y S I C A L Piann.K'rn.s i ir 

CI (Q)0CH,C()N H( CH,) „ —fP^] 
+N Br 

CH 

16 

1!) 1 
21) 1 

l iecrvs ta l l ized from M 

o-S0 2 t 
o-S0 2 l 

2-01-4 

^ 
- S 0 2 F 

8-Cl -4-S0 2 F 
2-01-4 

8-01-4 
-I-OI-8-

4-01-8-

8-C1-2-
-1-01-2-

5-01-2-
6-G1-2-

8-C1-2-
4-01-2-

5-01-2-
6-01-2-

:«,(.•(). 

-S()2F 

-S( ).,!•' 
-SO..F 

-SO..F 
-SOT ' 

- S O T 

-SO,F 
-S() ,F 

-SO,F 
-SOT' 

-SOT' 
- S 0 2 F 

1 He 

Mel lioil 

B 
B 
A 
B 
B 
B 
B 
B 
B 
A 
B 
B 
B 
15 
B 
B 

-lb 
44" 
67'' 
ss'-

rvstal l ized from H t O H . iecrvsta l 

M | i 

202-

160 
1 \ 1 
1 •> 1 
22-S 
12S 

217 
24:; 
205 

21 1 

- 1 1 1 ' 
207 

ISO-

ISO-
IS6-
19-1 
1 12 

li/.ed 

. ' c 

204 

-162 
1 V ' 
i • ) • ) 

229 

159 
21 N 
246 
20s 

216 
. ) 1 •) 
~ 1 •> 

20s 

191 
191 
1S.S 

196 
1 15 

I'm i 

-.„H,6B 

2 , I l „ B r 
,„lI,:,Br 

2„II, ,Br 

2 ! I I , -Br 

2 , H , : B r 
al l , : , Br 
• i . H i v B r 

2»H,,-,Bi' 
ooll,,, Br 
. i iHi:,Br 

-ulbiBr 

2 ,H, 7 Br 
, ,H , 7 Br 

2 ,H, 7 Br 
.», II , ;Hr 

i n n u l a 

•C12FX 

C1-.FN 
OUFX 
0'1:,FX 
C1;,KX 
C'1:!FX 
01 3 FX 
< 4 3 F X 
•C1,FX 
•ClsFX 
C b F X 

C1:,FX 
C1,,FX 
C'13FX 
O b F X 

<'1:,FX 

2 < > 4 S 

.,(),S 
..,<)4S 

•.04S 

•j04S 

2o4s 
2 0 4 S 

•,o4s 

• I 0 4 S 

2 0 4 S 
A94S 

2 0 4 S 

2 0 4 S 

2 0 4 S 

2 0 4 S 

•A )4S 

A 
C, 
(A 

(', 
(', 
(', 
G, 

(', 
(', 
(', 
(', 
(', 
C, 

(', 
0 , 

(', 
(', 

l l i i l .V 

, 11. 
1 11, 

11. 

II, 
II, 

II, 

II, 
11, 
II, 

11, 

II, 
II, 

II, 
II, 
II, 
11, 

se.-

F 
F 

! • ' 

X 

!•" 
X 

X 
X 

X 

F 

F 
X 
X 
F 
F 

X 

Mo-.CO toluene. 

T A I I I . I ; I \ ' 

P H Y S I C A L Puoruuf r n . s O F 

R 

< ^ C H 2 X 

N I L 

27 
2,S 

29 

: ' ,() 
81 
o ' * 

:;:> 
:il 
:!5 

:!(') 
;;~ 
8s 

:!9 
10 

•li 
12 

R 

o-S( >.,F 

2-(.'l-4-S()oF 

:;-(.,l-4-so,F 
4-01-3-SO2F 
8-01-2-SO-.F 
4 - 0 1 - 2 - S O T 

5-01-2-SO,F 
6-01-2-SOT' 
c - S 0 2 F 

2-01-4-SO.T 
8 -01- l -SOT ' 
l-Ol-8-SOT" 

8-01-2-SOT' 
4-01-2-SO-/F 
5-01-2-SOT' 

6-01-2-SO2F 

N 

II 
11 
II 

II 
II 

II 
II 
11 

Br 
Br 
Br 

Br 
Br 

Br 
Br 
Br 

Method 
I),,.., 

D' 
1)' 
1) ' 

I)" 
[) ' 

I)-' 
D' 
i: 

!•; 
! • ; 

]•" 

!•; 
F ' 
i-: 
!•; 

'; 
65 

67' ' 
6:; r 

70-' 

• )7'' 
7 0 ' 

6N/ 
61 ' 
•10' 

26'' 
36-' 
9S 

56'" 

60 
97 
(IS'» 

Mr. •'(' 

16 -IS 

88 84 

M0--41 
85-37 

80 -82 
41 -I:! 
•15 5S 

85 s7 
5:; 55 

s:i so 
Oil 

91 91 

Oil 
Oil 

IS- 5 0 ' 

l i p . ' - ( ' i 111 111 = 

;;:; : n ; o . i 5 i 
52-56 (0 ,05 ) 
08 -70 10.20) 

67- 75 10 ,20 , 

44 4 s i() ,05i 

Formula 

C 7 H 7 F 0 2 S 
O7II6OIFO2S 
C7II6C1F()2S 
0 7 H 6 0 1 F O , S 
0 7 I I i ; 01FO,S 

(! ?IUC1F(),S 
C 7 I l r ,ClF0 2 S 

o7n(iciFo2s 
0 7 H „ B r F 0 2 S 
C 7 I l : ,BrClF0 2 S 
G 7 I I „Br0 IFO 2 S 

0 7 I I ; j Br01FO 2 S 
0 7 H . , B r 0 1 F 0 2 S 

C,H.-,BrClF02S 
G 7 H. ,Br01F0 2 S 

O 7 I I„Br01FO ; S 

\naly.ses 

C. II, F 

C II, F 
( ' . II 

O, II, F 

('. II, F 
( ' . 11 
C, 11, S 

(' . 11, I' 
C, IF F 

C, 11 

( ' , II 

" This com pound was m a d e by an a l t e r n a t e p rocedure by \Y. Oavies and J . II . Dick, ./. Chi in. Hoc, 2104 11931 ). '' T h e s t a r t i n g siil-
I'onyl chloride has been re] torted by L. Hard ing , ibid., 119, 260 (1921 ). '' T h e s t a r t i n g sulfonyl chloride has been r epo r t ed by W. D a v i e s , 
ibid., 119, 85:i (1021 i. '' T h e c o m p o u n d was not recrysta l l ized, ' T h e s t a r t i n g sulfonyl chloride h a s been r epor t ed by \Y. A. Si lves te r 
and \V. P. W y n n e , J. Chcm. Sor., 691 ( KI.'JO). ' Hecr\ ' s tal l ized from pe t ro l eum e the r (00- 110°). '•' M a d e by X. M . J . Verineulen of this 
l a b o r a t o r y ; the s t a r t i n g sulfonyl chloride has been r epor t ed by \Y. P . W y n n e and J . Bruce , J. Chcm. Sor., 7 3 , 7151 (1808). ' R e c r y s t a l 
lized from pe t ro leum e the r ( 3 0 - 6 0 ° ) . ' T h e s t a r t i n g sulfonyl chloride has been r epo r t ed by M. W. C o o m b s , T . M. S h a r p , and A. (!. 
T u r n e r , Br i t i sh Pa ten t 709,992 (1954) ; Chcm. Abs>h:, 49, Pl0379/( (1055). / T h e s t a r t i n g sulfonyl chloride has been repor ted by l i . 
l lerz , \V. Bauer , X . Steiger , K. Albrech t , a n d It. Dre.ser, G e r m a n P a t e n t 555,140 (1926) ; Chcm. Abstr., 26, P5105 (1982). ' - 'The 
s t a r t i n g sulfonyl chlor ide h a s been repor ted b y J . T . H a c k m a n n a n d V. P . Pi t t m a n , Br i t i sh P a t e n t 056,857 (1964) ; Chcm. Abulr., 6 1 , 
PI795c (1964 i. ' T h e oil was dissolved in p e t r o l e u m e the r ( 30 -60° ) and cooled and the solut ion was d e c a n t e d from the yel low residue. 
T h e crude product was o b t a i n e d by e v a p o r a t i o n of the solut ion in vacuo. '" C r u d e p roduc t su i t ab le for the next s t ep . 

The most potent compound in the series (1-20) to 
dale is 16 which shows 84% inhibition at 0.062 mM 
and 4.">C( inhibition at 0.031 m.l / ; whether or not 
activity in this series can be further enhanced is cur
rently being investigated in this laboratory. 

Chymotrypsin Inhibition. Since 1 4 were the best 

active-site-directed irreversible inhibitors12 of chymo
trypsin yet reported,13 the new analogs synthesized 

liL I',, R. Raker . •DfMmi ol AcUve-Siu-Diree le i l I r reversible K 
Inli j l ihors," .l.jlm Wiley ami Sons, Inc. , New York . N. V,. 11167. 

iLi) li. R. l inker ami .1. A. Ih i r l lml . ./. Me-I. Clu-m., 12, 221 (HMS'.l). 
I 1. ul llii? scries. 

file:///naly.ses


September 1969 IRREVERSIBLE ENZYME INHIBITORS. CLXI 905 

(5-20) for inhibition of complement were investigated 
as inhibitors of chymotrypsin (Table II) ; some of the 
new compounds were even faster irreversible inhibitors. 
It is notable that the most potent compounds on comple
ment (16, 5, 6, 17, and 20) were extremely rapid ir
reversible inhibitors of chymotrypsin when incubated 
at an I50 — -Ki14 concentration giving 93-100% in-
activation in 2 min or less; furthermore, all but 17 
(I50 = 37 ixM) had excellent I50's in the 3-13-^ilf range. 

Chemistry.—The new inhibitors (5-20) in Table I 
can be generalized by 26; these were made by quater-
nization of the appropriate pyridylamides (24) with 
the requisite fluorosulionylbenzyl bromides (25). The 
necessary benzyl bromides were made by the sequence 
of 21 -*• 25 previously employed for wi-fluorosulfonyl-
benzyl bromide13 (see Scheme I). 

CH, 

CI 

21 

NH2 

SCHEME I 

CH,. „ CH;Jv 

>S02C1 — <r )>S0,F 

CI 

22 

c / Q \ 0 C H 2 C 0 N H ( C H 2 ) „ . 

CI 

24, ra-0,1 

CI 

23 

I 
BrCH 

N Cl 

25 

Experimental Section 

.Melting points were taken in capillary tubes on a Mel-Temp 
block and are uncorrected. Each analytical sample had an ap
propriate ir spectrum and moved as a single spot on tic on Brink
mann silica gel GF; Brinkmann MN-polyamide was used for the 
quaternary salts. Combustion values within 0.49c of theoretical 
for C, H, and N or F were obtained. 

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 X-(3-pyridyl)-3,4-dichlorophenoxy-
acetamide (24, n = 0)13 and 2.0 g (5 mmoles) of 4-chloro-2-
fluorosulfonyl-a-bromotoluene (40) (Table IV) in 15 ml of Me2CO 
was refiuxed for 18 hr. The product was collected on a filter, 
washed with Me2CO and crystallized from EtOH; yield 1.03 g 
(889c) of white solid, mp 210-213°. See Table I I I for additional 
data and other compounds made by this procedure. 

Method B was the same as method A except, that only 10 ml of 
Me2CO was used and the solution was stirred at room temperature 
for 48 hr. 

2-Methyl-6-chlorobenzenesulfonyl Chloride (Method C).—To 
a stirred mixture of 100 g (0.70 mole) of 2-methyl-6-chloroaniline 
and 250 ml of 12 N IIC1 cooled in an Me2CO-ice bath was added 
dropwise a solution of 52 g (0.75 mole) of XaN0 2 in 70 ml of 
H 2 0 at such a rate that the temperature remained between —5 
and 5° (20 min). The resulting solution was added portionwise 
(15 min) to a mixture of 20 g of CuCls, 20 ml of H20, and 500 ml 
of glacial HOAc saturated with S02 . The temperature was 
maintained at about 25° and N> was evolved. After the mixture 
was stirred an additional 15 min, it was diluted with 2000 ml of 
ice water and extracted with three 200-ml portions of CeH6. The 
combined extracts were washed with two 200-ml portions of 
H20, dried (MgS04), treated with activated charcoal, then 
evaporated in vacuo. Distillation vielded 53 g (349c) of colorless 
oil, bp 88-89° (0.05 mm). 

(14) B. R. Raker and J. A. Hurlbut, / . Med. Chew,.. 11, 233 (1968), paper 
CXIII of this series. 
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26, n = 0,l 

The other sulfonyl chlorides used in Table IV were made by 
this procedure15 in 30-73% yields. See Table IV for references 
to alternate methods of synthesis; in each case the same melting 
point or boiling point was obtained. 

2-FluorosulfonyI-4-chlorotoluene (32) (Method D).—A mixture 
of 40 g (0.18 mole) of 2-chlorosiilfonyl-4-chlorotoluene, 50 ml of 
dioxane, 30 g (0.50 mole) of KF, 10" ml of DMF, and 10 ml of 
H 2 0 (added in that order with stirring) was refluxed with mechani
cal stirring for 30 min; 600 ml of ice-cold H 2 0 was added, and 
the product was extracted with two 200-ml portions of C6H6. 
The combined extracts were washed with two 200-ml portions of 
H20, dried with MgSO-i, then evaporated in vacuo. Distillation 
gave 26 g (70%) of colorless oil, bp 44-48° (0.05 mm), which 
quickly crystallized, mp 30-32°. A small amount 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 toluenesulfonyl fluorides were 
brominated with NBS in CCU as previously described.13 These 
compounds are severe skin irritants and should be handled with 
caution. 

(15) (a) H. Meerwein, G. Dittmar, R. GOllner, K. Hafner, l'\ Menseh. 
and O. Steinfort, Chem. Ber., 90, 841 (1957); (b) B. R. Baker and J. K. 
Coward, J. Heterocycl. Chem., 4, 195 (1967), paper XC of this series. 


