November 1967

IRREVERSIBLE ENZYME INHIBITORS.

CVI 1123

Irreversible Enzyme Inhibitors. CVIL.! Proteolytic Enzymes. 1.

Bulk Tolerances in Trypsin-Inhibitor Complexes’®

B. R. Baxgr anp Epwarp H. Erickson

Departmend of Chemistry, University of California at Santa Barbara, Santa Barbura, California 93106

Received July 18, 1967

Phenylguanidine is known to be a good inhibitor of trypsin, and benzamidine is an excellent inhibitor. Sub-
stitution of an alkyl, aryl, or aralkyl group on one of the nitrogens led to a large loss in binding, indicating that

there was not bulk tolerance by the enzyme in this area of the inhibitor.

Substitution of phenoxyalkloxy groups

on either the meta or para position of benzamidine gave a slight increase in binding, thus showing that these

groups are tolerated within the inhibitor-enzyme complex.

In contrast, substitution of phenoxyalkyloxy

groups on the para position of phenylguanidine led to a loss in binding, but substitution on the meta position did
show bulk tolerance and no loss in binding. Thus further substitution of leaving groups on the terminal phenyl
group of m-phenoxyalkyloxyphenylguanidine or m- or p-phenoxyalkyloxybenzamidine should make good candi-
dates for exo-type active-site-directed irreversible inhibitors of “tryptic” enzymes.

At least fifteen distinet proteolytic enzymes from
mammalian sources have been characterized.® These
can be divided into three classes: (a) digestive-type
enzymes such as trypsin, chymotrypsin, and pepsin;?
(b) blood serum proteins such as plasmin and thrombin
involved in blood clotting,** C’la enzyme of the com-
plement system involved in rejection of foreign mam-
malian cells,® and the enzyme involved in antigen-
induced histamine release;® and (c¢) others such as
insulinase that are not easily classified. The detailed
enzyme svstems for blood elotting, clot dissolving,
complement, and histamine release are not yet com-
pletelv characterized; these systems are complicated
by zymogen forms of the enzymes as well as by activa-
tors and inhibitors in the serum. Nevertheless,
sufficient information is known about these serum
enzyme systems to begin studies on their inhibition for
such important problem areas as cardiovascular
diseases and organ transplantation.

Sinee all of these proteinases hydrolyze peptide
linkages, they are closely related mechanistically;
the relative specificity of the enzymes resides mainly in
the type of acvlated amino acid amide preferred for
complexing.? For example, chymotrypsin prefers to
hydrolyze the carboxamide end of peptides derived
from phenylalanine, tryptophan, and tyrosine; in
contrast, trypsin prefers to hydrolyze the carboxamide
end of peptides derived from lysine and arginine. Yet
the C’'1a complement enzyme shows little preference for
tyrosine derivatives over arginine derivatives® and thus
can be classified as both “tryptic’” and “chymotryptic.”

To design a specific inhibitor for a single one of these
enzymes with no effect on the others is not a simple
problem. Classical substrate analogs might be suf-
ficiently specific to inhibit only tryptic or chrmotryptic
enzymes, but there are several enzymes in each of these
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two classes. Ior example, {rans-4-aminomethyleyelo-
hexanecarboxylic acid, an analog of lysine, is a potent
inhibitor of fibrinolysis,® but it most probably will
inhibit one or more other tryptic enzymes.

Active-site-directed irreversible enzyme inhibitors!®!
can be divided into two classes: (a) those operating by
the endo mechanism, that is, the inhibitor becomes
covalently linked to the enzyme within the active site;
and (b) those operating by the exo mechanism, that is,
the inhibitor becomes covalently linked outside the
active site.’2 The irreversible inhibitors operating by
the endo mechanism do not have sufficient specificity
since the ecatalytic part of the active sites of proteinases
are so mechanistically similar.!3

For example, diisopropyl fluorophosphate (DFP) is
an endo-operating active-site-directed irreversible in-
hibitor!* that can attack esterases'®!® such as aliesterase
and acetylcholinesterase, as well as proteinases!>!
such as trypsin, chymotrypsin, thrombin, plasmin,
C’1a complement,® and antigen-induced histamine
release.’® Similarly a series of O-p-nitrophenyl O-ethyl
phosphonates showed little specificity as endo-operat-
ing active-site-directed irreversible inhibitors of C’la
complement, antigen-induced histamine release, tryp-
sin, chymotrypsin, and acetylcholinesterase; the effec-
tiveness on these enzyvmes did vary with the R group
of the phosphonate to give characteristic inhibition
profiles, but all of the compounds inhibited each enzyme
to some degree.

Chloromethyl ketones derived from appropriate N-
tosylamino acids are sufficiently specific to attack
within the active site of tryptic, but not chymotryptic,
enzymes and vice versa; again, there are several enzymes
within each class. IFor example, 7-amino-1-chloro-3-
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tosvlamido-2-heptanone (TLOK), a lysine analog, not
only attacks the aetive site of trypsin'® by the endo
active-site-directed mechanism, but also could inaeti-
vate papain and thrombin*  Similarlyv, the phenylal-
anine analog, 1-chloro-4-phenyl-3-tosyiamido-2-butan-
one (TPCK).2 not only inactivates chymotrypsin,
but attacks papain.™ It is not unlikely?®' that TLCK
would alzo inactivate other tryvptic enzymes such s
plasmin, kallikrein, ficin, and C17 complement enzyme:
similarly, TPCIX would also probably inactivare ¢'1a
complement enzyme and the antigen-indueed histumine-
releasing enzyme,

In order to design a highly speeific enzyme inhibitor
that will inhibit only one of these many proteinases in
a mammal, it ix essential to consider the following two
parameters,

(a) Complexing of the inhibitor with the active site
will only separate out a single elass of enzymes.  or
example, proteinases could be readily inhibited without
effect on dehydrogenuses; somewhuat more speeifically
the effeet on tryptie enzymes could be separated from
offeet on chymoteyptie enzymes,

(by In order to separate the effect further within a
class of enzyvmes that are inhibited, differences in
enzyme structure outside the active site should be
utilized; two ways are known at present to aecomplish
this.!" If a hyvdrophobic bonding region ean be found
adjacent to the active site, its combination with analog
complexing within the aetive =ite ean lead to speeifieity
sufficient to show high isozyvme =pecifieity.?? The
second way utilizes the exo type of active-site-directed
irreversible enzyvme inhibitor that covalentiy links the
enzyvme outside the active =<ite™ 152 an extra dimen-
sion of speeificity known ax the bridge principle of
specificity 1293 pesides In this exo type of irrevers-
ible inhibitor that ix not present with reversible inhibi-
tors or cndo-operating irreversible inhibitors.  Stifl
higher isozyme speeificity can be obtained when both
hyvdrophobie honding and exo bond formation outside
the active site are combined in one properly eonstrueted
irreversible inhibitor.!2%%

von Iaulla® has found that salieviie acids bearing
hydrocarbon groups such ax o 4-(p-isopropvlbenzyl)
or chlorobenzyloxy ave good fibrinolvtie agents that
apparently operate by activation of the fibrinolytic
svatem,  Further modifieation of  the  hydrocarbon
groups with particular consideration of ground-state
rs. binding conformuation® ¥ and the conformational
requirements of the hvdrophobie bonding region,*
could well lead to u useful drug; this type of molecule

19y 10, Shaw, M. Mares-Guia, and W,
[196a).

200 L Sehoellmann and 190 Shaw, 7id,, 2, 252 (1963,
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Jurchall, Adran. Enzymol., 27, 417 (1965,

(233 Reference 10, Chapter 1X,

24y B, R, Baker, Jo Medo Pharm. Chem,, B, 651 (16625,
Fharmacol.. 11, 1155 (14625,

(25) B, R, Baker aud R P Pavel, Jo Pharm, Sed 83, 714 (1964),

(261 See vef 10, Chapier X,

271 1% R Bakerand 0, Ho Jordaan, J. Pharm, Sci., 86, 660 (1967}, paper
LXNXVIIT of this series,

(281 K. N. von Waulla, J. Med, Chenc, 8, 164 (189651 K. N, von Kanlla,
Frperientia, 21, 439 (1964),

263 13, R, Buaker and W, Rreszotarski, J. Med. Chem.. 10, 1109 {1967,
paper CIV of this =erie<; B, R, Baker and W, V. Wood, 76id..10, 1106 (1967,
paper CHIT of this series.
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INBIBITION OF TRYPRIN BY ARALKYLAMINES AND 68 ANIDINES

N Compd Lo, " M Sonree
1 n-CallaN s 13 Fastman
2 CyHeCHNH- 0.3% Adrich
3 Coar CHuNU 5.t Fastmun
I ColTot CH2aN He 30" Aldriet
N CoHat CHe o N H H vidrien
& CallsNHOINH = NH HNOy (S ‘

n CelL,OHNHOCUNH = NH-0.5H 04 5.4
~ Cetlr CTLG N HCUN He N H 20,5 HaS 04 (1 ‘
i Colls CHeNHCOIN Hy N H-0.5H:80, 2t iy

1 Col e C LN HOON Ha s N H 000 HeR Oy 2.7 I

« Concentration for M0 inhibition with 0.05 .M pr-Benzoyl-
arginine-p-nitroanilide ax substrate. " Estimated from 227, in-
hibition at 8 md/.  Prepared according to ref 43, ¢ Prepared
according to TL. King and 1. M. Tonkin, J. Cheni. Sor., 1063
11946). = Prepared according to rel 44. 7 Available from
previous study 1 =ee B. . Baker, (v, J. Lourens, and J. 1. Jor-
daan, J. Helevocyelic Chend., 4, 39 (1967). ¢ Prepared according
to C. F. Brown and WML Randall, /. Awi. Chen. Soe., 56, 2134
(1934,

most probably utilizes @ hyvdrophobie bonding region
not completely part of the aetive site.

The major objective of this laboratory with active-
site-direeted irreversible enzyme inhibitors hus been
selective inhibition of nueleie acid precursors for ehemo-
therapy of cancer and infectious discasex.’®  The same
concepts should be applicable to specific inhibition of
serum proteinases.  For initial attack on this problem,
two conunon proteinases, trypsin and chymotrypsin,
were scleeted for study =ince no irreversible inhibitors
operating by the exo mechanism are known for these
enzymes.  The first stage in the design of such exo-
irreversible inhibitors of trypsin ix the subjeet of this
paper; the first stage with chymotrypsin is the subject
of the paper that follows®

Enzyme Results.’! -\ definite modis operands for the
design of exo-tvpe actve-site-divected irreversible in-
hibitors has been developed; 't although it eannot be
stated flatly that the modus operand? cannot be short-
ened, usually shorter approaches have not led to the
desired irreversible inhibitors.  The first =tep is to
determine binding points of the substrate or close
substrate analogs.  The main binding points for trypsin
have been found to be w terminal cationie group at-
tached to a hvdrocarbon residue about four carbons
long. the latter complexing to the enzyme by hydro-
phobic  bonding.*  n-Butylamine*  benzylamine,
phenylguanidine ® and  benzamidine®* are inhibitors
thut increase in effectiveness in that order; benzamidine
binds more effectively® than the substrate, nr-benzoyl-
arginine-p-nitroanilide.®

The reported inhibition of trypsin by n-butyvlamine
(1). benzylamine (2), phenylguanidine (6). and bengz-
amidine (13) was first checked. as recorded i Tables
T and 1I.  Benzamidine (13) (Table IT) wus an execel-
fent inhibitor that was complexed about three times
hetter than the 1 isomer of the substrate; phenyl-
guanidine (6) wax complexed nearly as well ax 1 =ub-

G0) B R Daker woed J.NL Haetbat, dbid., 10, 1124 (1967, paper CVI
of thix series.

631y The techinical assistance of Maureen Buker and Pepper Caseria with
these assays i3 acknowledged.

(32) For a4 review on tiee mode of binding to teyvpein see vef 10, Chapter

3301 Inagawmi, J. Biol, Chem,. 239, 787 (1464).

(34 M. Mares-Guia and E. Shaw, ihid., 240, 15379 (1465)

i35 B FL Erlanger. N Kokowsky, and W. Cohen, Arch. iochen. Bio
phge. 96, 271 (1961,
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TasLE IT
INuIBITION OF TRYPSIN BY N-SUBSTITUTED BENZAMIDINES AND PHENYLGUANIDINES
mM % Estd
No. Compd conen inhib Iso,> mM Source
6 CeH,NHC(NH,)=NH -HNO; 0.13 50 0.13 b
e
! |
11 C6H5NH%NH6NH2 -HCl 39 9.6 Aldrich
]
12 CsHONHCNHCﬁHa 7.5 0 >30 J T. Bakel
13 CsH;C(NH,)=NH-HCI 0.032 50 0.032 K&K
NH.-HCI
1
14 CeH,ONHCHe-n 0 >20 ¢
NH
i
15 CeH;CNHCH; 10 0 >40 Aldrich
NH~HCI
I
N (;Hz
17 CeH,C ‘ 0 >4 ¢
NH—CH.,
18 C¢H,C(OC:H;)=NH-HCI 0 >10

@ Concentration for 5097 inhibition with 0.05 md{ pr-benzoylarginine-p-nitroanilide as substrate. ° See Table I. ¢ Prepared accord-

ing to D. F. Kutepow, A. A. Potashnik, and V. V. Shelvehenko, Zh. Obshch. Khim., 33, 579 (1963).

¢ Prepared according to ref 40.

¢ Prepared from ethyl benzoate and ethylenediamine; see H. L. Morrill, U. S. Patent 2,508,415; Chem. Absir., 45, P668e (1951).

7 Prepared according to ref 39.

strate, but benzylamine (2) only about one-quarter as

TasLe IIT

well. NH,

A terminal phenyl group makes a good place to posi- INHIBITION OF TRYPSIN BY @—(”JNH
tion a variety of leaving groups for design of the exo- R !
type irreversible inhibitor.®® The higher phenyl- o. R Salt Lo i
alkyl analogs (3-5) of benzylamine (2) were therefore 13 H HCI 0.032
assayed, but binding was unfortunately considerably 19 p-CH,CO HI 0.36
less effective (Table I). Similarly, insertion of methyl- 20 p-CsHN(CH,)CO HI 0.79
ene groups (7-10) between the phenyl and guanidine 21 p-CsH;0(CH,);0 HNO; 0.015
moieties of phenylguanidine (6) was detrimental to 22 p-CeHs(CH:):0 HXNO;, 0.0079
binding. 23 m-CeHao( CH2 )30 TsOH 0.0075

The placement of a group on a second nitrogen of
phenylguanidine (6) and benzamidine (13) was then
investigated; introduction of an alkyl (14), aryl (15),

¢ Concentration for 509 inhibition with 0.05 mM pr-benzoyl-
arginine-p-nitroanilide as substrate. *» From K & K Co.

or aralkyl (16) group was again detrimental to binding Tapie 1V

(Table I1), indicating that there was no bulk tolerance IFH

for a group in this area. Replacement of the NH, [nuIprTION OF TRYPSIN BY @NHCNH.Z

group of benzamidine (13) by an ethoxy (as in 18) was R

also detrimental to binding; since only one basic No. R Salt I, mM

nitrogen is necessary for binding, as in benzylamine 6 H HNO; 0.13

(2), it would appear that trypsin does not have bulk 24 m-CH,CO HNOs 0.97

tolerance even for the ethoxy group of 18 in place of an 25 p-CH:CO HCI 4.7

amino group of 13. 26 p-CH;CON(CH;)CeH; HXNO; 0.84
Removal of the carbomethoxy group of tosyl-L- 27 m-CoH;0(CH: )0 HC} 0'13
. . . . 28 m-CeH;(CH;):0 HONO; 0.074

arginine methyl ester results in a 16-~fold loss in b1nd- 29 p-CoH( OO HNO, 0.67

ing;* other evidence that the carbonyl group of trypsin 30 p-CeHy( CH, )0 HNO; 0.60

substrates is complexed to the enzyme has been re-
viewed.?? Turthermore, p-carbethoxybenzamidine has
been reported® to be a substrate, but its binding
constant was not recorded. Therefore, two analogs of
benzamidine bearing a p-carbonyl group were synthe-
sized for evaluation. Introduction of the p-acetyl
group (19) (Table IIT) led to an 11-fold loss in binding;
even more loss in binding oceurred with the N-methyl-
carbanilide group of 20. Similarly, introduction of
m-acetyl (24) or p-ucetyl (25) groups on benzamidine
(6) (Table IV) led to a loss in binding. Since molec-
ular models indicated that derivatives of p-carboxy-
methylbenzamidine should more closely approximate

(36) 3. Benzer and B. Weisblum, Nature, 190, 722 (1961).

« Concentration for 50¢; inhibition with 0.05 m3 pr~benzoyl-
arginine-p-nitroanilide as substrate. ? Prepared according to H.
King and I. M. Tonkin, J. Chem. Soc., 1063 (1946).

the dimensions of an arginine substrate, the N-methyl-
anilide (26) was synthesized and evaluated, but 26
showed & sevenfold loss in binding.

These binding results with 19, 20, and 24-26 were
difficult to rationalize until new binding data on sub-
strates was obtained by Shaw.*  Although p-carbeth-
oxybenzamidine was a substrate,® it was complexed
36-fold less effectively than bpr-benzoylarginine-p-

(37) We wish to thank Professor E. Shaw for sending us his data prior
to publication.
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nitroanilide, thus explaining the loss in binding by
19 and 20. Furthermore, he reported that p-carbeth-
oxyphenylguanidine was complexed one-seventh as
effectively as phenylguanidine, thus explaining the
poor binding of 25. However, p-carbethoxymethyl-
phenylguanidine was complexed fivefold better than
phenylguanidine. Since 26 has the carbonyl placed in
the same way as p-carbethoxymethylphenylguanidine,
the loss in binding observed by 26 is most likely due to
a lack of bulk tolerance for the N-methylanilino moiety;
this moiety was selected in order to decrease potential
substrate properties of an amide funetion in this posi-
tion.*

Since phenylguanidine (6) and benzamidine (13) are
sufficiently good inhibitors of trypsin, studies werejthen
made to see if long groups could be substituted on the
benzene ring and still be tolerated by the enzyme.
Substitution on the mefa position of benzamidine (13)
with a phenoxypropyloxy group (23) gave fourfold
better binding to trypsin (Table I1I). indicating that
not only was bulk tolerance present in this area, but the
effect. on binding was favorable; similar results were
seen with the p-phenoxypropyloxy group (21) or a p-
phenylpropyloxy group (22).

A similar study was made with phenylguanidine (6)
(Table IV). Introduction of large substituents at the
mete position such as phenoxypropyloxy (27) and
phenylpropyloxy (28) had no detrimental effect on
binding, indicating bulk tolerance for these groups.
In eontrast, introduction of groups at the para position
of phenviguanidine (6) such as phenethyloxy (29) or
phenylpropyloxy (30) led to about a fivefold loss in
binding. The fact that large paera substituents on
phenylguanidine (6) cannot be tolorated by the enzyme,
but similar substitution on benzamidine (13) can be
tolerated, gives support to the proposed differences in
binding eonformations of 6 and 13 to trypsin.*

Thus phase IT of the modus operandi for designof
exo-type active-site-directed irreversible inhibitors has
been completed.  Phase ITT studies, the proper posi-
tioning of a leaving group for eovalent bond formation
within the enzyme-inhibitor complex, are being pursued;
the terminal phenyl group of molecules sueh as -
and  p-(phenoxypropyloxy)benzamidine (21 and 23)
and m-(phenoxypropyloxy)phenylguanidine (27) is «
logical place to position these leaving groups.

Chemistry.--There are two major routes for the
conversion of substituted benzonitriles (33) to sub-
stituted benzamidines (85). The classical routes
proceed by dry HCI catalyzed addition of ethanol to
the nitrile to give the imino ether hydrochloride?®®
followed by displacement with ammonia or an amine.*
This aleohol addition is most frequently performed in
1 cquiv of aleohol, sometimes in a dry solvent, but
suffers when the nitrile 18 not sufficiently soluble; for
vxample, 33¢ was too insoluble to react.

A more recent process involves solvents with good
dissolving power (Scheme I).  Addition of HsS to 33¢
in pyridine containing triethylamine*!-42 afforded the
thioamide 34¢ in near quantitative yield. Methylation

(38) H. T. Huang and C. Niemann, J. Am. Chem. Sor., T3, 3223 (1951},

139) A0 WL Dox, Organie Syntheses,”” Coll. Vol 1, Joha Wiley aod Rons,
Ine., New York, N Y., 1941, p 6.

(Hh . L. Pyman, J, Chem. Soc., 128, 3359 (1023},

(41) ta) O. Wallach, Ber., 82, 1872 (1899); (L) Org. Syn., 86, 23 (1956).

(42) ¥ M. Bercot-Vatteroni, Ann. Clhiim. (Paris). 7, 303 (1962).
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HOOC@CI\'

31 32

§@>CSNH2

Noa |

R R
33 34
I?'HJ ?‘CHi
@C=NH'HX —— @C———NHHI
R R
35 36
‘?"H
@NH._, —_— @NHCNH[HNO:
R R
37 38
a, R = p-CI;CO ¢, R = p-CelLO(CH, )50
b, B = m-CH,;CO {, B = p-CsH;(ClL 0
¢, R = p-CeH;N(CH)CO g, 1 = m-CeH:O(CH. )0
d, R = p-CsH;N(CH;;)COCIH,

of 34¢ with methyl iodide in acetone proceeded smoothly
to the imino thicether 36¢.4?  Attempts to convert®
the imino thivether to the amidine 35¢ with aleoholic
ammonia led to elimination of methyl mercaptan with
regeneration of the benzounitrile 33e, rather than
displacement of the methylthio group with formation
of the desired amidine 35¢. It was reasoned that the
free base 39 could be formed with ammonia, then could
undergo elimination, but that the salt from 36 could

undergo  displacement  (Scheme II). In order 1o
ScHEME 11
SCH, SCH,
| ¢ NH, )
C=NH, == C=N—H
~r N, ~
R T R

\:NH.;

36 39

| |

%CH;;
To e
R R
NH,
( [ 33
H
40 N
O
R NH”
35

decrease the basicity of the ammonian. wmmonium
acetate was employed which was sufficiently dissoeiated
to ammonia and acetic acid to allow conversion of
36 to 35, but not sufficiently basie to form the free base
39 which could undergo elimination to 33.

Thix did indeed prove to be the case; 36¢ reacted
smoothly with ammoniun acetate in boiling ethanol in
45 min to give 35¢ in 769 yield; a minor amount of
33¢ was detectable on tle. It is probable that thix
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TasLE V

Prysicar CONSTANTS OF Rl‘@R

No. Ry R:
|

19 p-CH;CO HN=CNH, -HI De
|

20 p-CsH; N (CH;3)CO N=CNH,-HI De

21 p-CsI‘I;O(CHz)aO

|
22 p-CeH:(CH,)0 HON=CNH,-HNO; De

23 m-CsH,0(CH, )50 HN=CNH,-TsOH: D¢
NH
24 m-CH,CO NHQgHrHNOH E:
26 p-CLN(CH)COCH;  NHONH,-TINOy L
NH
|
27 meClLO(CH: R0 NHQﬁdeH e
)
28 m-CsHs(CH, )0 NHCNH, - HNO, T
29 p-CsHa(CHg)zO NHQgHz . HNO;; Fg
j
30 p-CoH;(CH,):0 NHCNH;-HNO, Fo
33¢  p-CsH:N(CHpCO CN
330 pQHO@HmO CN A
830 p-CoHi(CHY,0 CN A
34a p(HhC CSNH, B
3¢ p-CelLN(CH;)CO CSNTI, Be
3de p(hH)(CHﬁ&) CSNH, Be
34f  p-CeH,(CHy)0 CSNH, Br
34g - CsH‘)O(CHz)gO CSNHz Be
§(>}13
36a  p-CH,CO C=NH-HI Ci
SCH
36c  p-CoH;N(CH;)CO C=NH-HI Cr
SCH,
36e  p-ColLO(CH, )0 C=NH-HI ol
SCHy
361 p-CsI’I;(CI’Iz)&O :NH . III Cm
SCH
36g  m-CeHL,O(CHY),0 C==NH -HI c

« Recrystallized from EtOH-petroleum ether (bp 60-110°).
in -PrOH, excess p-toluenesulfonic acid added.
v Recrystallized from EtOH.
report mp 72-73°. ¢ Over-all vield from m-cyanophenol.
acetone. ! Reerystallized from EtOAc.

base-catalyzed elimination with 39¢ only happens when
the imino thicether is base-weakened by a para electron-
withdrawing group.

Other amidines (35) were also made by this route.
The starting benzonitrile (33¢) for 35¢ was prepared
from N-methylaniline and p-cyanobenzoic acid (32¢)
via its acid chloride. The intermediate cyanophenyl
cthers (33e—g) were synthesized by alkylation of m-
or p-hydroxybenzonitrile with the appropriate bromide
in DMF with K,COs as an acid acceptor.

The phenylguanidines (38) were synthesized from the
appropriate arylamine (37) by reaction either with
cyanamide*® or with 3,5-dimethylpyrazole-1-carbox-
amidine nitrate.** The syntheses of the required phenyl
ethers (37¢-h) have been previously deseribed in another
study from this laboratory.®  As is common for these

(43) 8. R. Safir, 8. Kushner, L. M. Brancone, and Y. &ubbaRow, J. Org.
Chem., 18, 924 (1948).

(44) F. L. Scott, D. G. Douovan, and J. Reilly, J. Am. Chem. Soc., 76,
4053 (1953).

Method

|
HN:CNHQHN03 Dat

b Recrystallized from H,0.
4 Recrystallized from -PrOH.
& J. D. Brooks, P. T. Charleton, P. E. Macey, D. A. Peak, and W. F. Short, J. Chem. Soc., 452 (1950),
i Recrystallized from acetone-petroleum ether.
m Recrystallized from aqueous acetone.

2

% Mp, Caled, 9% Tound,

yield °C C 31 N C H N
27 228-231 37.3 3.83 9.66 37.5 3.80 9.60
76 280-284¢ 47.3 4.23 11.0 47.6 4.47 11.0
60 127-134  57.7 5.75 12.6 57.9 H.80 12.4
28 141-148  60.6 6.03 13.2 60.3 6.06 13.1
26 141-144 62.4 5.92 6.33 62.2 35.82 6.27
33 190-192  45.0 5.04 23.3 44.9 4.93 23.0
40 42-144  55.7 3.55 20.3  35.5 H.45 20.4

16 210-214  58.17 6.40 12.7  58.0 0.206 12.8

6 141-143 57.8 6.07 16.9 57.6 6.00 16.6

4 175177 36.6 5.70 17.6 56.9 5.78 17.8
9 140-142 57.8 6.07 16.9 538.0 6.19 17.1
33 101102 76.3 5.12 11.9 76.4 4.97 11.7
100 72-73 75.9 5.97 5.533 75.6 6.20 5.60
60 50-51  81.0 6.37 5.90 S81.2 6.40 6.02

0il
72 174-176  60.3 5.06 7.82 60.1 5.16 7.66
99 223226 66.7 5.22 10.4 66.8 5.31 10.4
03 137-139  66.9 5.96 4.87 66.7 5.92 4.82
86 157-162 70.8 6.32 5.16 70.9 6.45 5.25
1000 119-123  66.9 5.96 4.87 66.8 5.82 4.77
50  148-150 37.4 3.77 4.36 37.5 3.86 4.27

75 189-191 46.6 4.16 6.80 46.4 4.07 6.93

60 135-142 47.6 4.70 3.26 47.3 4.66 43.3
87 149-150  49.4 4.8  3.39 49.2 5.00  3.24

46 112-118  47.6 4.92 3.26 47.4 4.78 3.32
¢ Evaporated reaction mixture dissolved
¢ Recrystallized from aqueous EtOH. / Hemihvdrate.

k Recrystallized from
» Recrystallized from petroleum ether.

syntheses of phenylguanidines, yields were low due to
formation of purple by-products.*?

Experimental Section

Enzyme Assays.—Crystalline trypsin was purchased from
Sigma Chemical Co. pr-Benzoylarginine-p-nitroanilide (BANA)
was purchased from Mann Research Laboratories and dissolved
in DMSO to give a 3.1 mM solution. The buffer employed was
0.05 M Tris, pH 7.4. The following assay method, a modification
of the method of Erlanger, Kowkowsky, and Cohen,* was em-
ployed.

(45) B. R, Baker and G. J. Lourens, J. Pharm. Sci., 88, 871 (1967), paper
LXXXVII of this series.

(46) Melting points were determined in capillary tubes on a Mel-Temp
block and are uncorrected. Infrared spectra were determined in KBr pellet
with a Perkin-Elmer 137B or 337 spectrophotometer; ultraviolet spectra were
determined in 109, EtOH with a Perkin-Elmer 202 spectrophotometer.
Tle was performed on Brinkmann silica gel GF and spots were detected by
examination under uv light. All analytical samples had ultraviolet and in-
frared spectra compatible with their assigned structures and all moved as a
single spot on tle.



Trypsin (4.5 mg) was dissolved in 5 ml of 1 m.M HCl and stored
at 0-3°; this solution was renewed at least once a week. In o
3-ml glass cuvette were placed 2.75 ml of buffer, 50 ul of 3.1
uM BANA, and 250 ul of DAMSO with or without inhibitor.
When the system had balanced, 100 ul of trypsin solution was
added and the rate of increase of optical denszity at 410 mp was
recorded on a 0-0.1 O slide wire of a Gilford spectrophotometer:
the cuvette concentration of BANA was 0.05 ml/. Without
inhibitor, the velocity was about 0.012 O unit/min.  Neveral
concentrations of inhibitor were measured that gave a V,/V[ of
1.4-2.5, where Vi = velocity without inhibitor and Vi equals
veloeity with inhibitor.  V,/Vr1 es. [I] was then plotted: where
Vo/Vi = 2, [1] is the I concentration.

p-Phenoxypropyloxybenzonitrile (33e) (Method A).--A mix-
ture of 2.38 g (20 mmoles) of p-cyvanophenol, 4.50 ¢ (21 mmolex)
of phenoxypropyl bromide, 2.76 g (20 mmoles) of anhydrous
K,COy3, and 50 ml of DMFE wax stirred at 73-78° for 6 hr.  Addi-
tion of several volumes of water gave a solid which was collected
on a filter; yield 5.07 g (999;), mp 59-63°, moved as a single spot
in 3:1 petroleum ether (hp 60-110°)-ethyl acetate and wax
suitable for further transformation. A sample was recrystallized
twice from ethanol to give white crystals, mp 72-73°: see Table
V for additional data.

p-Cyano-N-methylbenzanilide (33cj.—-A mixture of 5.0 g
(33 mmoles) of 32 and 10 ml of SOCIl, was refluxed for 50 min
wheu solution was complete. The solution was diluted with petro-
leum ether, then cooled at —15°. The intermediate acid chloride
(C=0 at 1750 cm ™) (2.88 g) was collected on a filter and washed
with petroleum ether. By evaporation of the filtrate was ob-
tained an additional 2.89 g (total 100¢7). To a solution of 15 ml
of N-methylaniline in 150 ml of benzene was added 2.88 g of the
acid chloride. The mixture was heated to boiling for 3 min on a
steam bath. The solution was washed successively with 15 ml of
1,0, two 25-ml portions of 3 .V HCL 25 ml of 3 N NaOIl, and
15 ml of HyO. The MgSOsdried solution was spiu-evaporated
in vacuo leaving an oil which soon solidified; vield 2.8 g (72¢, 1.
Recrystallization from ethanol gave 1.7 g (44¢() of produet that
was suitable for further transformation: ile in 3:1 petroleum
ether-EtOAc¢ showed one spot.  For analysis (see Table V), the
compound was recrvstallized once more from ethanol to give
white crystals, mp 101--102°.

p-Nitrophenylacet-N-methylanilide was prepared <imilarly from
p-nitrophenylacetic acid in 3077 vield, mp 90-92°, after recrvstal-
lization from 80 ethanol.

Anal. Caled for C},’J‘I]qNgO;;f (‘, 66.7:
Found: C, 66.8; H, 5.23: N, 10.4.

Catalytic hydrogenation of the nitro group in the presence of
Pd-C gave 37d isolated as its hydrochlovide, mp 170-172°,
after recryvstallization from ethanol-petroleum ether.

H, 5.22; N, 10.4,

47) B. R. Baker, W. W. Lee, W. A. Skinner, A. P, Martuinez, and L.
Tong, J. Med. Pharm. Chem., 2, 633 (1960).
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Anal,  Caled for CuHRCINGO: C, 65.0; H, 6.17;

Found: €, 65.0; H, 6.20; N, 9.95.
y=( Aceto)thiobenzamide (34a) (Method B).-—Through

=olution of 718 mg (4.95 mmoles) of 33a® in 7.5 ml of reagent
pyridine and 0.6 ml of triethyvlamine was passed a slow stream
of 11X for 2 hr. After ztanding at ambient temperature for 24
hr, the =olution was diluted with water and the product was
collected on a tilter; vield 637 mg (729 ) that moved as one =pot.
ot e in 300 petrolenm ether-ItOAe and was suitable for the
next <tep.  For analvsis (Table Vi, a sample was recrystallized
from water 1o give light vellow ervstals, mp 174-176°.

p-Acetobenzimino Methyl Thioether Hydriodide (36a) ( Method
C). - To a xolution of 337 mg (3.04 mmolex) of 34a in 10 ml of
reagent acetone wis added 0.35 ml (5.7 mmoles) of Mel.  After
stunding for ubout IN hr in w stoppered flask, the solution was
diluted with petroleun: ether to turbidity then cooled at —15°.
The produet wus collected on a filter; vield 475 mg (5007 that
was tniform on tle in 1o ethyl acetate-petroleum ether and was
snitable for the next step.  For analysis (Table V), a sample was
recrystallized from acetone--petroleum ether. If tle after 18 he
showed the renction was mcomplete. a second portion of Mel
was added.

p-Acetobenzamidine Hydriodide (19) (Method D). - A solu-

tion of 357 mg (1.2 mmoles) of 36a and 100 mg (1.4 mmolex) of
amimonium acetate in 10 ml of EtOH was refluxed for 45 min,
then spin-evaporated /m racwo to a small volume and diluted
with petroleum ether.  The product was collected on a filter;
vield 131 mg 277 ) that moved as a single spot on tle in 10:5: 1
n=ColLOH-HOAC-H,0,  Recrvstallization from ethanol-petro-
leum ether gave 52 myg (11% 1 of the analvtical sample (Table V'),
mp 2282317,

m~-Acetophenylguanidine Nitrate (24) (Method E).— A solu-
tion of 1.00 g (5.8 mmoles) of m-aminoacetophenone and .75
g (17 mmoles; of cvanamide in 15 mnl of EtOH, 2 ml of HyO, and
1 ml of 12V HCU was vefluxed for 6 hr, then spin-evaporated to
a =mall volune /n vacno and made strongly basie with 8 .V NaOH.
The mixture was extracted with an equal volume of CHCl.
The dried extraet was evaporated in vecuo to give an oil which
was treated with 149, HNO,. The brown product was collected
and reervstallized from 809, aqueous IKTOH; vield 0.46 g (349,),
mp 190-192°0 See Table V for analytical data.

ni-{ Phenylpropyloxy )phenylguanidine Nitrate (28) (Method F).

A sohution of 2.0 g (8.7 mmolex) of 37% and 1.75 g (8.7 mmoles)
of 3,5-dimethylpyrazole-l-carboxamidine nitrate (Aldrich) in 20
ml or F1tOIl was refluxed for 20 hr, then allowed to stand at
—15°  The erude product, mp 112-122° was collected on a
filter and wushed (EtOH)Y; e in 10:5:1 n-BuOH-HOAe-H0
<howed (wo spoiz. Three recrystallizations from ethanol gave
0185 g (67,0 of white crystals, mp 141-143°, that moved ax a
single spot onctler see Table V for additional data.

N, 11

4871 L. Friedman and . Shechver, J. Org. Chem., 26, 2522 (1061},



