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Twenty-four ni- and p-(phenoxyvalkoxy)benzamidines bearing a terminad snffony! fluoride mniery were =yuthe-
sized and evaluaied ax irreversible inhibitors ol tryp=in; all were excellen( reversible iuhibitors with Ky = 0.7-3.6
wM.  LEight (2, 3, 5, 6, 19-21, 24) were excellent active-site-directed irreversible inhibitors when assayed at o K

concentration giving 88-100¢; inactivation.
at an 8K; concentration.

Four (13, 15-17) showed no irreversible iuthibition when assaved
The remaining twelve were poor irreversible inhibitors at a > K; concentration.  One

of the excellent irreversible inhibitors of trypsin was p-[p-(p-fluorosulfonylbenzamido)phenoxypropoxy|benzaimi-
dine (2), which showed 110 irreversible inhibitiou of a related "tryptic'’ enzyine, namely, thrombin; this specificity
ix presumably due to the probability that the SO.F moiety of 2 forms a covalent bond “mitside’” the active =ite

where structural differences between tryp=in and thrombin arve apt to be preseunt.

The possibility of design of

ithibitors of opposite specificity, tha iz, inactivation of thrombin with no lunetivation of tryp=in, by appropriate
modification of benzamidine and phenylgaanidine ix dizens=ed.

The chemotherapy of cardiovascular diseases and
organ transplantation should be approachable by
sclective blockage of key serum proteases.” Our
initial studies have used trypsin as a nlodel since a
number of these serum proteases are '‘tryptic’’ in
character. In our first paper on trypsin? it was es-
tablished that phenoxyalkoxy groups could be sub-
stituted on the good reversible inhibitor. benzamidine.®
with some gain in reversible binding. TLater studies*
described the discovery of active-site-directed irrevers-
ible inhibitors”™ of trypsin derived from p-(phenoxy-
alkoxy)benzamidine (1, R = H) by insertion of 2
fluorosulfonylphenyl group on the terminal phenyl.

T"H
NH.C @O(CH_-),,O@R
1

Although five of these six candidate active-site-
directed irreversible inhibitors at 2-4K; could inactivate
trypsin with a half-life of 3-6 min, nactivation was
only 30-359%, at a K; concentration of inhibitor, which
is sufficient to convert 509, of the enzyme to the rate-
limiting reversible enzyme-inhibitor complex:® that
the inactivation reaction was incomplete, due in part
to concomitant enzyme-catalyzed hydrolysis of the
SO.I" group to SO;~, was established.#® Therefore a
further study has now been made to determine the

(1} This work was generously supported by Grant CA-08695 from tle
National Cancer Institute, U. S. Public Health Service; some of the enzyme
measarements were made on a Gilford 2400 spectrophotometer purchased
with fumis from U, 8. Public Health Service Grant FR07099.

(2} For the previous paper in this series see B. R. Baker and R. B. Meyer,
Jr., J. Med. Chem., 12, 108 (1969).

i3) For the previous paper on priteolytic enzymes see B. R. Baker and
J. A. Hurlbut, 1bid., 11, 1054 (1968), paper CXXXI11 of this series.

14) For the previoas paper on trypsin see B. R. Baker and E. H. Fricksoa,
thid., 11, 245 (1968), paper CXV of this series.

() See B. R. Baker and E. H. Erickson, thid., 10, 1123 (1967), paper CV1
ol this series, for a more detailed discussion of tle inhihition of these enzymes.

(6) M. Mares-Guia and E. Shaw, J. Biol. Chem., 240, 1579 (1965}.

(1) B. R. Baker, "Design of Active-Site-Directed Irreversible Enzyme
Inkibitors. The Organic Chemistry of the Enzymic Active-Site,' John Wiley
awl Sons, Ine., New York, N. Y., 1967.

(8) For Lke kinetics of irreversible inhibition see ref 7, Chapter 8.

{9} B. R. Baker and J. A. Haurlbor, J. Mei. Chem., 11, 233 (WIA8K), (aprr
CEN1LL »f 1his series,

relationship of strieture to efficient nveversible -
hibition.

Enzyme Results—The results obtained carlier with
the five active-site-directed Ireversible inhibitors
(2-6) are listed in Table I, the enzyme inactivation
being measured with N-benzoyl-d/-arginine p-nitro-
anilide (BANA):" since BANA has a low Ve com-
pared to ester substrates such as N-tosyl-r-arginine
methyl ester (TAME), ! a high concentration of en-
zyvme ix needed in the BANA assay.  Thus conipounds
2-6 were incubated with 3-9 w3/ trypsm:* 1 a few
rmims* the trypsin concentration was lower than the
inhibitor concentration. such a ratio making total in-
activation stoichiometrically impossible.’>  When the
extent of irreversible inhibition of trypsin was measured
with TAME with its higher 4.y, the concentration of
the enzyme could be reduced to 0.1-0.3 p (sce Dix-
perimental Section); il was then readily ascertained
which compounds still underwent enzyme-catalyzed
hiydrolysiz of the SOl function to SO;H? at a K; cou-
centration of inhibitor.

The five compounds (2-6) previously examined as
irreversible inhibitors of trypsin with the BANA assay
were reexamined at A concentration with the TAME
assay where the coneentration of trypsin was <0.3 pl/
(Table I). At a K; concentration (1.6-3.1 pidf), all
five (2-6) were excellent hrreversible inhibitors of
trypsin, showing S$3-949; inactivation. One of the
compounds (2) was then examined as an irreversible
inhibitor at less than R concentration; with 0.5 and
0.25K; conecentrations of 2, which are still in excess
over trypsin and able to reversibly complex 33 and
209%,* respectively, of the available trypsin. total ir-
reversible inhibition was reduced to 75 and 409%. Thus
enzynie-catalyzed hydrolysis of the SO.l" group is still
observable? as the inhibitor concentrations approach
these lower enzyme concentrations.

Sinee 6 was an excellent irreversible inhibitor at u
K; = 1.6 g cuncentration, several amalogs were
svnthesized for enzyvmic evaluation. Introduction of

710} B. V. Erlanger., N. Ioawvkowsky, awml W.o Chbea, Jreeh. Bipchem.
Brophys., 98, 271 (19617,

11y B CoWL Hammel, Coa J. Biochkem. Fhysivb., 37, 1303 (1IHY).

(12) We wixie (» thpak Die. Lowaced J. Sebaelfrer foc pei@iuag on 1 bhis
wroiehiolgetry.
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a Me (7). MeO (8), or EtO (9) group ortho to the SO,F
function gave little change in K; Although these
structural changes still allowed irreversible inhibition,
the total irreversible inhibition at a 1-4K; concentra-
tion was low, indicating that these structural changes
had a detrimental effect on the ratio of the rate of
enzyme inactivation vzs. the rate of enzyme-catalyzed
hydrolysis. Substitution of CI (10) or MeO (11) para
to the SO,I" function of 6 was also detrimental to ir-
reversible inhibition, but not reversible inhibition;
substitution of a Cl (12) on the central phenyl group of
6 gave similar results.

When the m-SO.F function of 6 was moved to para
(13), reversible inhibition was enhanced about two-
fold; however, this structural change destroyed the
irreversible inhibitory properties. When 13 was fur-
ther substituted by Me (16) or Cl (17) on the central
phenyl group, irreversible inhibition was still not seen.
Substitution of o-Me (15) to the SO,F function of 13
gave similar negative results. In contrast, substitution
of Cl (14) meta to the SO,F function of 13 gave a good
irreversible inhibitor, although reversible inhibition
was not changed. When the bridging in 13 to the
benzamidine was changed from para to meta, the re-
sultant 18 showed improvement over the nonirrevers-
ible 13; 18 was still a poor irreversible inhibitor since
a 4K; concentration showed irreversible inhibition but
a K, concentration gave essentially no irreversible in-
hibition.

When the p-(fluorosulfonylbenzamido) moiety of 4
was moved to the meta position, the resultant 19 was
an even better irreversible inhibitor than 4 when both
were compared at K; concentration.

A series of irreversible inhibitors derived from p-
(m-aminophenoxyethoxy)benzamidine were then in-
vestigated. The m-fluorosulfonylphenylureido de-
rivative (20) was an excellent irreversible inhibitor of
trypsin, as was 21 with a Cl pare to the SO.F moiety.
Insertion of an o-Me (22) on 20 again gave a poorer ir-
reversible inhibitor, presumably due to a less favorable
ratio of enzvme inactivation to enzyme-catalyzed hy-
drolysis.

When the m-SO.F moiety of 20 was moved to the
para (23) little change in reversible inhibition occurred;
however, the effect on irreversible inhibition was more
dramatic, 23 now being a poor irreversible inhibitor;
removal of an NH of the ureido bridge of 23 to give 24
resulted in recouping irreversible inhibition.

The last compound investigated was the lower homo-
log (25) of 13 which was a poor irreversible inhibitor,
but was better than 25 which failed to show any ir-
reversible inhibition. The best irreversible inhibitors
in Table I are 2, 3, 5, 6, 19-21, and 24, all of which
gave >88Y9, inactivation at a K; concentration. In
order to compare these best inhibitors in speed of in-
activation, in contrast to total inactivation in 60 min,
time studies were performed. The half-lives of ir-
reversible inhibition by these eight compounds at a
K; concentration were compared; these half-lives
varied between 1-7 min. Three of the compounds
(19-21) had half-lives of 2 min or less at a K; concentra-
tion of 0.9-2.2 uM and gave essentially 1009, inactiva-
tion in 60 min.

Although it is likely that these SO,F-type irreversible
inhibitors in Table I form a covalent bond with a
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serine or threonine of trypsin, it is unlikely that the
same amino acid in trypsin is attacked by all these ir-
reversible inhibitors. The location of the amino acid
covalently linked by these inhibitors is a challenging
endeavor worthy of pursuit.!3

One of the objects of synthesizing the compounds in
Table I was to gain better specificity among the numer-
ous ''tryptic”’ enzymes. For example, thrombin!¢ is
defined as a ''tryptic” enzyme since it can use N-tosyl-
L-arginine methyl ester (TAME) as a substrate. There-
fore one of compounds (2) in Table I was examined
as a reversible and irreversible inhibitor of thrombin,
Reversibly, 2 had an I, = 24 uM when assayed with
1 mM TAME at pH 8.4, When thrombin was incu-
bated for 1 hr at 37° at pH 7.4 with 30 udf 2, no ir-
reversible inhibition was observed. Note that 3.1
uM 2 can give 919 inactivation of trypsin under the
same conditions. This selectivity in irreversible in-
hibition by 2 between trypsin and thrombin should be
contrasted with the results of irreversible inhibition of
these two enzymes by the chloromethyl ketone from
N-tosyl-i-lysine (26) (TLCI); the latter could ir-
reversibly inhibit both thrombin and trypsin.® TLCK
specifically alkylates histidine-46 when complexed

HN=C—NH,

NH.(CH,),CHCOCH,CI
NHSO,C;H,CH,p

26 O(CH2)40@NHCOCH_)B1

27

with trypsin;'® this histidine is most likely part of the
active site.!®

Since thrombin and trypsin are both '"tryptic,”
their catalytic sites and complexing sites for a lysine
moiety would be expected to be similar; hence, both
should be inactivated by TLCK. In contrast, 2 was
designed to complex the benzamidine moiety in the
active site of trypsin then extend the SO.F moiety
outside the active site where differences in structure
between trypsin and other ''tryptic”’ enzymes should
be apparent.”” Thus, the specificity shown by 2 be-
tween trypsin and thrombin can be accounted for by
covalent bond formation outside the active site, the
so-called exo mechanism of active site-directed ir-

(13) The SO:F moiety also has the ability to form a stable covalent bond
with histidine or tyrosine. Since there are only three histidines in trypsin
and the number of tyrosines on the surface of an enzyme is apt to be small,
linkage to one of these amino acids is not likely,

(14) A number of commercial crude thrombin preparations contained
much water-insoluble protein and gave a low velocity of reaction with TAME
which was highly variable. Good activity and duplicatability were achieved
with a water-solithle thrombin preparation, No. BT2000, purchased from
Sigma Chemical Co. TAME showed an apparent Km of 3 mM in 0.05 M
Tris buffer, pH 8.4.

(I5) E. Shaw, M. Mares-Guia, and W. Cohen, Biochemistry, 4, 2219
(1965).

(16) E. Shaw and 8. Springhorn, Biochem. Biophys. Res. Commun., 27, 391
(1967).

(17) An active site is defined as containing those amino acids in contact
with the substrate and those amino acids involved in the catalytic process.1®
Since it is not yet known how many amino acid residues at the carboxyl end
of a lysine or arginine in a protein are in contact with a protease such as
trypsin, the dimensions of the active site are impossible to estimate by sub-
strate size when the substrate is a protein. However, even if two or three
amino acid units at the carboxyl terminus were in contact with two different
proteases, the farther removed from the catalytic site are these contacts, the
greater difference could be expected in primary and tertiary structure of the
TWo proteases.

(18) Seeref 7, p 188.
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Tasre I (Continued)

Bridge

position Is?
No. (n) R uM
21 para (2) m-NHCONHCH;-2-Cl-5-80,F 1.8

22 para (2) m-NHCONHCH;-4-Me-3-SOF 4.1

23 para (2) m-NHCONHCHSO.F-p 4.8
24 para (2) m-NHCOCHSOF-p 3.0
25 para (3) p-NHCONHCH.SO,F-p 4.0

~—Reversible—

Irreversible

Estd Inhib, Yo Timne, %
K uM Method? wM E.. ¢ min inactvn

0.90 BANA 3.0 60 54
TAME 0.90 50 60 100
TAME 0.90 50 1,10, 60 50, 86, 100¢

2.0 BANA 9.2 82 60 86
BANA 2.3 60 23
TAME 2.0 50 60 76

2.4 BANA 10.6 82 60 59
BANA 5.3 60 12
TAME 2.4 50 60 15

1.5 BANA 6.0 2, 30¢ 50, 83¢
BANA 1.5 10, 30 47, 47
TAME 1.5 50 60 94
TAME 1.5 50 3,10, 60 50, 68, 917

2.0 BANA 13 87 60 41
TAME 2.0 50 60 0

@ The technical assistance of Susan Black, Maureen Baker, Jean Reeder, and Julie Leseman with these assays is acknowledged. ? Is
= concentration necessary for 509, inhibition when assayed with 50 uM pL-benzoylarginine p-nitroanilide (BANA) in pH 7.4 Tris

buffer containing 109, DMSO as previously described.’

¢ Estimated as 0.515; see ref 4.

4 Enzyme incubated at 37° in pH 7.4 Tris

buffer containing 109, DMSO;* method A used 3-9 uM trypsin and was assayed with BANA. Method B used 0.1-0.3 uM trypsin and

was assayed with N-tosyl-L-arginine methyl ester (TMAE) (see Experimental Section).

¢ Calculated from [EIl = [E{]/(1 4+ K;/[1])

where [EI] = amount of reversible complex expressed as a percentage of total enzyme (E,);® this calculation is valid only when inhibitor

is in excess of enzyme.
irreversible inhibition.

reversible inhibition.” Similarly, the bromoacetamido-
benzamidine (27), which at 14 uM shows slow irrevers-
ible inhibition of trypsin with a half-life of 4 hr, showed
no irreversible inhibition of thrombin at 30 u3.

The trypsin inhibitors, benzamidine (28) and phenyl-
guanidine (29), are also reversible inhibitors of throm-

CeH,C(=NH)NH, CH:NHC(=NH)NH,
28 29

bin; when thrombin was assayed with 1 mM TAME,
28 and 29 had I, = 0.46 and 0.68 mM, respectively.
Thus it should be possible to convert 28 or 29 to a
specific irreversible inhibitor of thrombin by utilizing
the modus operandi developed for trypsin*® and other
enzymes.” Similarly, it should be possible to develop
selective irreversible inhibitors of other serum proteases
such as the complement system involved in rejection
of organ transplants.!?

Chemistry.—All of the candidate irreversible in-
hibitors in Table I can be generalized either as a benz-
amide (30) or phenylurea (31); these were synthe-
sized from the appropriate arylamines (32, 33, 39-42,
47) by acylation with the appropriate fluorosulfonyl-
benzoyl chloride in DMT in the presence of Et;N or
with the appropriate O-(p-nitrophenyl) carbamate®
in the absence of Et;N. Of the required amines, 32
and 33 have been previously synthesized.* The re-
mainder were synthesized as follows,

The alkylation of p-hydroxybenzamidine (34) with
the appropriate w-bromoalkyl m-nitrophenyl ether?!
in DMF containing IX,CO; gave 35 and 36 by the pre-
viously described general method.* Catalytic hydro-
genation of the NO, group afforded the requisite amines
39 and 40; the amine (41) was prepared from 34 in a
similar fashion with 4-bromobutyl 3-methyl-4-nitro-
phenyl ether via 37 (Scheme I). Similarly, alkylation

(19) Ciba Foundation Symposinm, Complement, G. E. W. Wolstenlolme
aml J. Kniglt, Ed., Little, Bcown and Co., Boston, Mass., 1965,

(20) B. R. Baker and N. M. J. Vermeulen, J. Med. Chem., 12, 74 (1969),
paper CXXYXI1YV of this series.

(21) B. R. Baker and G. J. Lourens, tbid., 11, 26 (1968), paper C1X of this
series,

7 Data from ref 4 unless otherwise indicated.

¢ From six-point time study.* » New data. ¢ Near maximum

of p-hydroxybenzamidine (34) with the appropriate
bromide gave 38. However, trace impurities in 38
made catalytic reduction to 42 a quite variable re-
action that failed at times; therefore 38 was synthesized
by the alternate route of alkylation of p-cyanophenol
to 43 which was more readily purified. Reaction of
43 with EtOH and HCIl in CHCl; converted the CN
to an imino ether which was treated in sttu with am-
monia to give the amidine 38, isolated as its benzene-
sulfonate salt. Catalytic reduction of 38 then pro-
ceeded smoothly to 42, In a similar fashion, m-cyano-
phenol (44)?2 was converted to 47.

Experimental Section

All analytical samples had ir spectra in agreement with their
assigned structures, moves as a single spot on tlc on Brinkmann
silica gel GF or polyamide MN, and gave combustion values for
C, H, and N or F within 0.4% of theoretical unless otherwise
indicated. Melting points were taken in capillary tubes on a
Mel-Temp block and are uncorrected.

4-Ethoxy-3-fluorosulfonylacetanilide (48).—To 60 m! of Cl-
SO;H was added portionwise with stirring 30 g (0.17 mole) of p-
ethoxyacetanilide with water-bath cooling to keep the tempera-
ture at 30-35°. After 2 hr at 40° the solution was cooled in an
ice bath, then poured into about 830 g of ice and H:0 with vig-
orous stirring. The mixture was extracted with two 250-m! por-
tions of CHCl;.  Dried (Mg80y), the CHCJ; solution was evapo-
rated in vacuo leaving an oily sulfonyl chloride which gradually
solidified and had the proper ir spectrum. The oil was dissolved
in 60 m! of dioxane. To the solution was added 30 g of KF (0.52
mole) in 30 ml of HyO, then the mixture was refluxed for 40 min.
The cooled mixture was diluted with 300 m! of H,O and extracted
with two 200-ml portions of CHCl;. The combined extracts
were dried (MgS0,), then evaporated in vacuo, leaving 16.9 g
(389, of product that moved as single spot on tle with EtOAc¢
and was suitable for the next step. Recrystallization of a sample
from CHCI; gave white crystals, mp 157-159°,  Anal. (CyHis-
FNO.S) C, H.

O-(p-Nitrophenyl) N-(4-Ethoxy-3-fluorosulfonylphenyl)car-
bamate (49)—A mixture of 16.9 g (66 mmoles) of 48, 35 m! of
EtOH, 14 m! of H.0, and 20 ml of 12 & HCI was refluxed for 90
min, then diluted with 430 ml of H;0. The solution was clari-
fied by filtration, then neutralized with NaHCO; and extracted

(22) Prepared by the procedure of T. van Es, J. Clhem. Soc., 1564 (1863)
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N HOSCH, 1‘\‘1}1 ‘HO,0C.H,

(—NH ¢—NH,

G

O(CH, ),@@NH:

30.R,= NHCOCH,R,SO,F 32.,n=3
31. R, = NHCONHCH,R,SO,F 3B.n=4
NH'HO;,SCGH; THHO,SC"H
C—NH, C—NH,
OH ocHy, ()
34
NO,
3/,n=2
36.n=4
JH. H-
NH HO,SC,H, NH-HO,SC.H,
C—NH, (—RH:
@ R
O(CH,),0 @NO, O(CH, 20
37, R, = H;R, = CH, NH,
38, R =CLR,=H
39.n=2
l 40.n =4
WH : H038C6H5 CN
C—NH,
Ci
R, R,
O(CH» 0O NO,
O(CH,),0 NO, 43
41, R, = H;R, = CH;

42,R, =CLR,=H

CN CN
@OH — @0(0}12)40 @ NO,
44 45

NH "HNO,
C—NH;

oo

46, R = NO,
47, R=NH,

with two 250-mil portions of CHCl.  Dried (MgS0Oy), the con-

bined extracts were evaporated in sacno leaving 6.8 g (477) of

2-cthoxy-I-utetanityl Avoride, mp 35-68°, which was vot veadily
purificed.

A sohitioncof 219 g 110 mumoles )y of the eride wetanityt thaovide
wal 2.2 g 71 mmoles) of p-nvitrophenyl chloroformate e 20
tal of Cglln wax gently refluxed under no air aordenser fir 3 by
Oyl wies evigporated /e racro and ihe vesidnie was recrvsintlized
three tiaes for CILCL: vield 088 g 237, 5, mp 134 1357
dnal s CulL FNLGORy C) L, NS Ay additional 202 g 0380 cal
lex= pure nterial conld be i=olated from 1he ¢ umbm( d filtrnres,

2-Chloro-4-nitrophenyl 4-Bromobutyl Ether (50}, -A mixinre
ol 34.8 g (0.2 nole) of 2-chloro-4-nitrophenol, 174 g QLS moles
ol Ld-dibromobiane, Sy 1al of DMF, and 28 g 1002 awles of
K.CO, wus hewted onoa stean bath fov 5 b, The eomlbed sobiting
wils dibnet with 250 ml of CHCl; nind wiehed suceessively with
250 mb of 377 NuOlIl and two 230-ml portions of ), Phyied
(MgR()), the CHCL =obition wax evaported 1o obout 100 1
i taeno, then dibited with 200 nil of MeOH and kept nvernight
i = 15° The m=olable bizphenoxybmane (6.5 g) was vemved
by fitration. Kvaporation @n raow with removal of he 1l
dibromobnwe gieve an oil which eomld be erveallized hooo
MeOH with Burge los<; vield 13.6 g 122705, mp 4H0-43°
fur farcher wransforination. Two reers=allizations of « saple
Irorg MeOF gave the amdytieal sample, mp 41-43° 1aal.
(Ol BrOINO, 2 ¢ HLNL

The corresponding 3-methyl-4-nitrophenyt ether was prepared
<imilarty, bt mehed below room (emperatare.

4-(2-Chloro-4-nitrophenoxy )-1-( p-cyanophenoxy jbutane 43).

-A =tirred mixnre of 2.4 ¢ (20 moles) oI p-cvanophenol,
(.25 g (20 mmolex) of 50, 2.8 g (20 mmolex) of IKCO)y, card 25
of DM was heated tor 5 hr in a bath :« 60°. The raixoire wox
dihted with 100 mbof FLO and extracted with two 100-ml poetions
ol CHCL. Dried ¢ 3Mg=0,), 1the combined extre(s were evop-
rored 7uraeno. Phe vesidnol oil was ervaiallized by the wdditioo
ol petrolenin ether (bp 30-00°), then ceerv=inatlized frony M-
OFOLE: viekd 3.3 ¢ (0397 ), mp 134 1036° tyad, 7 OO
N:O0 € LN

Similarly, 45 wie prepaved in 68¢, vield,
crystatlizedion Tront MeOTD guve (he amdyGeal =mnple,
DO nal 1 CrNLO) G N

p-(2-Chloro-4-nitrophenoxybutoxy )benzamidine Benzenesul-
fonate (38) (Method F).--Through a1 =ohition »f 3.47 g (10
mmoles)of 43 :ard (.46 g (10 numnolex) of E1OH in 40 ml ol CHCL
confed in i iee bath wax passed « =low <trenm of HHCE gas D 90
alin, the svstem being protecied Ivom moisture.  After standiag
43 hr at room temperature, the =obubn wies Mrther readted
widh 0,23 g 15 mmwlesy of EiOMH «nd HCT gas for 60 mib =hnee v
ol an alignot =till showed »(,. =N band, After 24 Iy the mixtre
wis (reated with 25 mlb of E(OH =cchuwted with NH, ac 07,
The mixOwe was stirred for 48 hry then filtered :d evipurated
i racito. The vexidue was then hewted with w sohttion of 2.5 ¢
i 14 maiolesy of CelES0,0E i 25 mib of HLO when the prodact
crvstallized.  Recrveedhizidion from n-PrOll gave 1.8 g (357}
of produe, nip 198-20:3° See"Pable 1 for additional daa.

Shnikuly, 46 wax prepared from 45 except (he prodoer wax
cry=tatlized from 30 mb of =PrOH phis 3 ml of coocentrared
HNO,: viekd 1LOX g 100, mp E32-138°, ~ingle =pot oo (ke with
MeOTE o Brinkmaon polvinnide MN. Reervetidlization of »
sample from FeO gave the wndyGed =omple, mp 160-163°
el (Cr NGO C) 1 N

ni-( p-Aminophenoxybutoxy Jbenzamidine nitrate (47) wpx
prepared from 46 by method B¢ Two recry=tallizations Trom
RO gave 0.35 g (40’ () of white ervstals, mp 198-200° il
(Cy:Hu N0 C, TN

ii-ip~( p - Fluoresulfonyiphenylureido )phenoxybutoxy|benzam-
idine Nitrate (18) (Method C).--A =ohitionn of 175 mg (051
mmole of 47 sud 181 nig (.50 mnwleynf O=( p-nitrophenyty N-(p-
thrcoxidfonyiphensbearbatunte? in 1ol of DMP wax ngnen-
eally <tirred ac ambient temperature for 1 br, thea dibued with
GO (0wl Ab oil =eparated  (hit =oon =lidified. Three
reery=taltizations frora MceOll gove 135 g (487 o prodnet,
mp 1SS-100°0 Joaf. 1Cullas NGO G, 11 Foo Ree Toble 1
for other conipounds prepared by this method.  When (he oily
prochiet did not erveialtize, the =olvent was decanted and the
oil crystathized from (he =olvent indicated.

2-Fluorosulfonyl-4-methoxybenzoic Acid (51). -To 10 mb of
PSOsH in o Teflon heaker was added in portions over 15 min 5.3
g »f apisic acid. The =obwdon wis heated in o bath ac 100°
for 4 b, then conted and poured into ice with =(hrring. T'be
mixtinre wax exreieted with GO "The combined extraets,
dried with MgSO,, were evaporated (n racao 1y give 3.5 g, ( th o
ol prodbpt, mp 1N H63% Severnt reerystallizotions 106
wve wlde evvstads, op 17010070 Tyal. (COHLEFOR ) H.

C=itable

np 70-79° Re-
mp 73
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TasLE 11

PHYs1CAL PROPERTIES OF

1,
CeHsSOaH'NH=C@ O(CHz)no@
R

No. n R Method®
7 4 p-NHCONHC:H;-4-Me-3-S0.F C
8 4 p-NHCONHCH;-4-Me0-3-SO,F C
9 4 p-NHCONHC:H;-4-EtO-3-80.F C

10 4 p-NHCONHCH;:-2-CI-5-SO,F C

11 4 p-NHCONHCH;-2-MeO-5-S0,F C
12 4 0-Cl-p-NHCONHCH.SO.F-m C
13 4 p-NHCONHCH SO F-p C
14 4 p-NHCONHCH;-2-Cl-4-SO,F C
15 4 p-NHCONHC:H;-3-Me-4-S0,F C
16 4 m-Me-p-NHCONHC:HSOF-p C
17 4 0-Cl-p-NHCONHCH,SO.F-p C
19 4 m-NHCOCH,SO,F-p D

20 2 m-NHCONHC:H SO0, F-m E

21 2 m-NHCONHCH;-2-C-5-SO.F C

22 2 m-NHCONHCH;z-4-Me-3-SO,F C

23 2 m-NHCONHCHSO.F-p C

24 2 m—NHCOCeH4802F—p D

25 3 p-NHCONHCHSO.F-p C

35 2 m-NO; A
36 4 m-N O A
37 4 3-Me-4-N O, A
38 4 2-Cl-4-N O A

F
39 2 m-NHa, B

40 4 m-NH, B

41 4 3-Me-4-NH, B

42 4 2-Cl-4-NH. B

« For methods A, B, D, and E, see ref 4; for methods E and F, see Experimental Section.
Caled: C, 54.6; H, 4.26; F, 3.09.
7 Reprecipitated from MeOEtOH-Et,0.
7 Recrystallized by zolution in acetone by adding the minimum of H,0, then addition of Et,0.
one recrystallization from -PrOH, mp 159-170°, suitable for the next step.

crystallized from EtOH. < Reerystallized from DMF,
7 Reprecipitated from DMF with Et.0.
lized from MeOEtOH-H,0.

¢ Anal.

Et.0. -~ Recrystallized from H,O0. © Triturated with Me,CO.

This compound was also prepared from anisic acid by chloro-
sulfonation?® followed by treatment with KF in aqueous dioxane
as described for 48; the over-all yield was 21¢7, mp 175-178°.
Attempts to acylate several aminophenoxybenzamidines by
method D with the acid chloride of 51 gave mixtures difficult to
purify.

Enzyme Assays.—The reversible and irreversible inhibition

(23) M. S.shal, C. T. Bhatt, and D. D. Kanga, J. Chem. Soc., 1375 (1933).

CXLIV 117
%% yield Mp, °C TFormula Analyses

o4b 230-233 CiHuFNOs8: C,HF
38 216-218 dec Cs HasFNLOS, C, HF
28 216-219 Cs:Hgp FNLOyS, C,HF
64¢ 180-181 Ci0H3CIEN O35, C,H,F
400 183-185 CaHgFNO4S, C,HF
44> 213-215 Ci3HzCIFN,OsS, C,H,F
38¢ 251-253 dec CaHaF NS, CHF
34¢ 178-180 Ci3oH3CIENOgS, C,HF
30b 240—241 de(' Ca)H33FN40gS2 C, I{, F
68/ 239—241 dec CalHagFN4OBS2 C, H, F
44y 245-249 CaoHaoClFN4OBSQ C, I{, F
13 161-165 CaoHaoFNaOgSz C, H, N
26¢ 233-235 CZBHZ'IFN(OBSZ C, H, F
42b 216—219 dec CgsteClFN40552'H~zo C, H, F
16¢ 247-249 C13H2sFNO5S, C,HF
247 245-248 CQBHTZFN40552 C) H, F
107 270-272 CosHuF N3O, C, H, F°
380 243-245 CisHao FN 4O488, CHF
47 203-205 CuHy(N;O0-8 C,H N
467 187-190 CosHu; N5 C, H, N
26+ 174-178 CZ4H27N307S C, H, N
61 197-203¢ CyHaCINGO:8 C,H N
35t 198-203

80 238-240 CyHuN,O;8 C H N
66™ 173-180 CyHaN;0:8 C, H, N
42 175-178» CQ4H29N305S C, H, N
90° 205-207 CstzeClNaOaS C, H, N

» Recrystallized from EtOH-H,0. ¢ Re-

Found: C, 53.9; H, 4.03; F, 3.76.
h Recrystallized from MeOH-Et,0. ¢ Recrystal-
k After

! Recrystallized from n-PrOH. = Recrystallized from EtOH-

» Recrystallized from MeOH.

assays of trypsin using N-benzoyl-piL-arginine p-nitroanilide
(BANA)"® have been described previously;* the earlier ir-
reversible incubations* and those recorded in Table I used 3-9
uM trypsin in the incubation. The incubation concentration of
typsin could be reduced to 0.1-0.3 udf by use of the more sensi-
tive N-tosyl-L-arginine methyl ester (TAME);!! the incubations
were run in 0.05 M pH 7.4 Tris buffer, then assayed by 1:10
dilution with 0.05 M pH 8.4 Tris bnffer containing 15 mM
CaCl, with 1 md TAME.”



