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Phenylgnanidine is known to be a goad inhibitor of trypsin, and beuzamidine is an excellent tnhibitor.  Sub-
stitution of an alkyl, aryl, or aralkyl group on one of the nitragens led ta a large lass i binding, indicating that

there was not bulk tolerance by the enzyme 1n this area of the inhibitor.

Snbstitutian 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 cantrast, substitution of phenaxyalkyloxy

graups oit the para posirion of phenylgnanidine led ta a lass in binding, bur substitution au the meta pasition did
show bulk talerance and 1a loss in binding.  Thus further substitution of leaving groups on the terminal phenyl
group of m-phenoxyalkyloxyphenylgnanidine or m- or p-phenoxyalkyloxybenzamidine shonld make goad candi-
dares far 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 seruni proteins such as plasmin and thrombin
involved in blood clotting,** C’'la enzyne of the com-
plement system ivolved in rejection of foreign mam-
malian cells,® and the enzyme involved in antigen-
induced histanine release;® and (¢) others such as
insulinase that are nat easily classified. The detailed
enzyme svstems for blood clotting, clot dissolving,
complement, and histanine release are not yvet com-
pletely characterized; these systems are complicated
by zymogen forms of the enzymes as well as by activa-
tors and inhibitors 1 the serum. Nevertheless,
sufficient. information is known about these serumn
enzyme systems to begin studies on their inhibition for
such Important problem areas as cardiovascular
diseases and organ transplantation.

Since all of these proteinases hyvdrolyze peptide
hnkages, they are closelv related mechanistically;
the relative specificity of the enzymes resides mainly in
the type of acvlated annno acid amide preferred for
complexing.® I‘or example, chymotrypsin prefers to
hyvdrolyze the carboxamide end of peptides derived
from phenylalanine, tryptophan, and tyrosine; in
contrast, trypsin prefers to hydrolvze the carboxanide
end of peptides derived from lvsine 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
enzynies 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

(1) For the previuus paper of this series see I3, R. Baker and G. J. Lourens,
S, Med. Chem., 10, 1113 (1967).

(2) This work was generously support Ly Grant CA-08695 froin the Na-
tional Cancer lnstitute, U. 3. Public Health Service.

(3) M. Dixon and E. C. Webb, “Fnzymes," Academic Press Inc., New
York, N. Y., 1958, pp 185-188, 247-266.

(4) W. H. Seegers, “"Blood Clotting Iinzymolugy,” Academic Press Inec.,
New York, N. Y., 1967.

(3) (a) C.-B. Laurell, Blood, 7, 533 (1952); (b) J. H. Milstone, Medicirne,
31, 411 (1952).

6) (il Poundation Sy mpasinnt, Comnlemen, G, F, W, Walsienhaline
and I. Knight, Ll Liltle, Brown and Co., Boston, Mass., 1965,

(7) T. . Bruice and . .J. Benkovie, "Bioorganic Mechanisms,' Vol 1,
W, AL Benjawin, lne., New York, N. Y., 1466, p 212,

(8) AL L. Naines and I IL Lel'ow, J. Ioonwriol,, 92, 156 (196:1),

two classes. I'or example, frans-4-aminomethyleyclo-
hexanecarboxyvlic acid, an analog of lysine, is a potent
inhibitor of fibrinolysis,® but it most probably will
inhibit one or more other tryptic enzynies.

Active-site-directed irreversible enzynie inhibitors!!!
can be divided into two classes: (a) those operating by
the endo mechanism, that is, the inhibitor becomes
covalently hinked 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.'> The hrreversible inhibitors operating by
the endo mechanisni do not have sufficient specificity
since the catalytic part of the active sites of proteinases
are so mechanistically simitar.!?

I'or example, diisopropyl fluorophosphate (DIFP) 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’la conplement,® 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
coniplement, antigen-induced histamine release, tryp-
sin, chymotrypsin, aud 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 tryptie, but not chymotryptie,
enzyvnies and vice versa; again, there are several enzynes
within each eclass. I‘or example, 7-amino-1-chloro-3-

(9) 3. Okamoto and V. Okamoto, Keio J. Med., 11 (3), 105 (1962).

(10) 13. R. Baker, ""Design of Active-Site-1)irected Irreversible Enzyie
Inhibitors. The Organic Cliemistry of the Ifnzyvmic Active-Site,”" Joln
Wiley and Sons, Inc., New York, N. Y., 1967,

(11) 3. R. Baker, J. Pharm. Sei., 83, 347 (1964), a review.

(12) For this discussion, the active site is defined to include the region
necessary for complexing the substrate and the region catalyzing the conver-
sion of substrate to product.

(13) B. 8, Hartley in "Structure and Activity of Enzymes,”” T. W. Good-
win, J. I, Hairis, and B. 3. Hartley, Ed., Academic Press Inc., New York,
N. Y., 1964, pp 57-59.

(14) A. R. Main, Science, 144, 992 (1964).

(15) Reference 3, pp 381-386, 490, 498.

(16) Do ¥ Meath, “Urganaphasphiarns Voisons," Perniagon Press, Litd.,
Oxford, 1961.

(17) B. 3. Hartley, A»n. Rev. Biorhem,, 29, 45 (1960).

(18) K. V. Austen and W. L. Urocklelurst, J. Frptl. Med., 118, 3521
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tosylanido-2-heptanone (1'1LCK), a lysine analog, nat
only attacks the active site of trypsin'® by the endo
active-site-direeted mechanism, but alsa could inaeti-
vate papain and thrombin®®  Sinilarly. the phenylal-
anine analog, 1-ehloro-4-phenyl-3-tasvhunida-2-butan-
one (TPCK)® not anly  inactivates chymoteypsin,
but attacks papan®  brois nat unlikely® that TLOK
would also mmaetivate other tryptic enzyimes such as
plasinin, kallikvein, fichi, qad CHccomplement enzyme:
similuly, TPCK waould alzo probably inuctivate (Vla
complement enzyme and the antigen-mdueed histinine-
releasing enzyvime,

I arder to design a highly specitie enzyme inhibitar
that will inhibit only one of these many proteinases in
a i, it s essentiad to consider the tallowing two
parameters,

(2) Complexing af the immhibitor with the active site
will only separate out a single elass of enzymes.  Tor
example, proteinases could be readily nihibited without
effect on dehyvdrogenases; =onewhat more speeifieally
the cffect on tryvptie enzyvmes could be separated from
effeet on ehyvimotryptic enzymes,

(h) In arder to separate the effect further within a
class of cnzyvies that are mhibited, differences in
enzyme structire antside the active site should be
utilized: two wayvs are known at present to accomplish
this®  If @ hvdrophobie bonding region can be found
adjacent to the aetive site, 1t combination with analog
canuplexing within the active site can lead to specificity
sufficient ta <how high isozyvime specifieity.** The
seccond way utihzes the exo type of active-site-dirvected
irreversible enzyvine inhibitor that covalently Iinks the
enzyme outside the active sites™ 1 a extia dimen-
ston of speeifieity known ax the bridge principle of
specifieity 2= posides i this exo type of irrevers-
ible inhibitar that is not present with reversible inhibi-
tors  or endo-operating rreversible  imhibitors.  Still
higher isozyme speeifieity can be obtamed when hoth
hvdrophobie bonding and exa bond formation outside
the active site are combined i one properly constructed
irreversible inhibitor b¥#

van Kaulli? has found that salievhe actds bearing
hydrocarbon graups =ueh ax o 4-(p-zoprapyibenzyl)
ar chlorobenzyloxy wre good fibrinalvtic agents that
apparently operate by activation of the fibrinolyvtic
svatenn Purther modification of  the  hydroearban
groups with partteular constderation of ground-state
rs. binding confarmation® * and the canformutional
requirentents of the hydrophobie bonding region,*
could well lead to a useful drug; this type of molecule

a1y 1 Shaw, M Marves-Ginia, sand Wo Coliow, Biscloonstry, 4, 22140
i),

(21 (L Nebhoellivann apd 1 Shaw, dod., 2, 252 (1963

i21) Reference 10, Chapier V111,

12221 Far sueh a study an he dilivdrofolie redactases see (a1 B. R. Baker,
Jo Myl Cheni, 10, 912 (1167), paper XCVIL af this series; (L) I3, R. Baker
anl BT Mg S Pdowrm, S, 88, 470 (195G : <1 (1 H. MNirehings and 1L 1L
Varre)all, Dfean, Eozymol,, 27, LT (1065,

237 Referemee M, Chapeer TX,

)24 W, R Vaker, S0 Mal Ploos, Cheo,, B, G54 (10152},
Shopynoweol.. 11, 110D (102,

27y 1 R Baker awd RO (Suel, S Pharm, Sed. 88, 711 (10641,

126y Ree rel 1, Chapier N

251 Do R Bakerand 11 Janiann, S Morend Ser. 86, () (1907). jageer
LXNNVI of 1hix series,

1285 N, N.von Wanlla, J. Mosl, (Chem., 8, Meb (10T, NN von Kanlla,
Frpesiening, 21, B39 (19455,

203 B R, Baker and W, Rreszotarski. J. Med. Chene. 10, 1100 (1H6T),
piager CIV of (his =<evies; Do R Baker sl W, VL Wood, ibid. 10,1106 (10671,

Bowzhene.
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INHBITION OF TRYPSIN BY AKRALKYLAMINES AND =61 AN NS

Nee Campd Lag, 1 1S N e
1 aw-CyllaN I 15 Linsi i
2 CsllsCHLN L 1148 Aldvieh
R Calla C1LN 1L Al Eastina
1 Callst C12N 1L 3 Aldrieli
o Calls C N 1L 10 Vidriet
1 Col NP CON T =N N O a1 .

T CellCIEN TN = N1 0.5 1804 54 o
5 Colle C1NICON T SN H -0 H eSO [ty b
w Calls: CHLENIICON D =N 105180, 2o Jow
10 Cullad CILLNILCON )= N 0.5 R0 2.7 9

« Cancenasmion for 50¢; inhibition with 0.05 mM vr-Benzayl-
arginine-p-nicaanilide as substrace,  # Fstimated from 2200 -
hibidon a1 8 md . Prepuved aecarding (o ref 430 4 Prepared
aceording 1o 1. King and 1. M. Tankiy, J. Chenc Soe., 165
11946). - Preparved aceording to rvel 44, 7 Available from 2
previoas sauh : =ee B. 1. Baker, (r. J. Lonrens, and J. 11, Jar-
daan, J. Heleracyclic Chenc, 4, 39 (1967). 7 Prepared accordig
a C 17 Brawn and WO M. Randall, /. 4w, Chene. Soc., 56, 2134
(SUBERS

mast probably ntihzes o hydraphabie bondimg region
ot completely part of the active site.

The major vbjective of this laboratory with active-
stte-divected irreversible enzyme inhibitars has been
sclective mhibttion of nucleie acid precursors for chemao-
therapy of cancer and infeetious diseases.’ The sae
concepts shonkd be applicable to specific inhibition of
sevim proteinazes. For initial attack on this problen,
twa camuon proteinases, trypsin and chymotrypsin,
were seleeted for study =ince no irreversible mhibitors
operating by the exo mechanismt are known for these
enzyvies.  The first stage i the design of sueh exo-
irreversible imhihitors of trypsin ix the subject of this
puper; the first stage with chymotrypsin s the subject
of the paper thut follows®

Enzyme Results.”! -\ definite modus operand? for the
design of exo-type acitve-site-divected irveversible -
hibitors hus been developed ;'@ although it caunat be
stated flatly that the nadus operand? cannot be short-
ened, usnally sharter approaches have not led to the
desired trveversible nhibitors. The first step is ta
determine binding polits af the =ubstrate or clase
substrate analogs.  The main binding paints for trypsim
have been found to be o terminal eattonie group :it-
tuched ta o hvdrocarbon residue about four carbons
long, the latter complexing {o the enzyme by hydro-
phabic  bonding.™  n-Butylunine.**  benzylamine
phenylgumnidine.* aund benzamidine® wre inhibitors
thit nerease in effectiveness i that order: benzamidine
binds more effectively® than the substrate, vrn-benzoyl-
arginine-p-nitroanihde.*

The reported inhibition of trypsin by z-butylantine
(1). henzyvhkunine (2), phenylguanidine (6). and benz-
amidine (13) was first checked. ax recorded iy Tables
Iand . Benzumidine (13) (Table I1) was an excel-
lent inhibitor that was camplexed abaut three times
better than che L otsomer af the substrate; phenyl-
gunnidine (6) wis complexed nearly as well ns 1. sub-

S 1 R laker spel 10N Thietlare, 200, 10, 11249 P U7, pageer VI
of 1hix series.

(371 ‘I'he techmical assistance of Mayreen Buker qaud Prpper Caseria witl
1heses wssdas is ackiowledsed.

1301 For o revieo ap e oo of Tanding 1o irypedn see ref (D, Chapder
11l

AU lnagaii, . Baosl. Chew.. 239, T8T (19151).

it ML Mares-Ginia ana 120 Shaw, o, 240, 1579 (146GH)

4% 1L F. Frlanger. No Kekawsky, and W, Cahen, bl Biochaom, 30
phoe 98, 271 1L,
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TasLE IT

InHIBITION OF TRYPSIN BY N-SUBSTITUTED BENZAMIDINES AND PHENYLGUANIDINES

No. Compd
(] CeH;NHC(NH,)=NH -HNOQ;,
If NH
L
11 CsHa‘.\IHCNHéNHTHCI
IE—H
12 CsH,NHCNHC:H;
13 CeH;C(NH:)=NH- HCI
1\‘7H~HC1
|
14: CsHaéNHCJ{q-ﬂ
:;‘\—H
It
15 CsH;CNHGCH;
:_\'TH~HCI
16 cmbmgcmcma
7
17 CsH,C

.\'H—ng
18 CsH;C(OC.H;)=NH - HCl

¢ Concentration for 509% inhibition with 0.05 m3M pr-benzoylarginine-p-nitroanilide as substrate.
ing to D. F. Kntepow, A. A. Potashnik, and V. V. Shelvehenko, Zh. Obshch. Khim., 33, 379 (1963).

(e N}

CVI 1125
% Estd
conen inhib Iso* mdf Source
0.13 50 0.13 b
39 9.6 Aldrich
0 >30 J. T. Baker
32 30 0.032 K&K
0 >20 c
0 >40 Aldrich
31 20 d
0 >4 e
0 >10

b See Table I. ¢ Prepared accord-
¢ Prepared according to ref 40.

¢ Prepared from ethyl benzoate and ethylenediamine; see H. L. Morrill) U. 8. Patent 2,508,415; Chem. Abstr., 45, P668e (1951).

7 Prepared according to ref 39.

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

A terminal phenyl group makes a good place to posi-
tion a variety of leaving groups for design of the exo-
type irreversible nhibitor.’® The higher phenyl-
alkyl analogs (3-5) of benzylamine (2) were therefore
agsayed, but binding was unfortunately considerably
less effective (Table I). Similarly, insertion of methyl-
ene groups (7-10) between the phenyl and guanidine
moieties of phenylguanidine (6) was detrimental to
binding.

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),
or aralkyl (16) group was again detrimental to binding
(Table II), indicating that there was no bulk tolerance
for a group in this area. Replacement of the NH,
group of benzamidine (13) by an ethoxy (as in 18) was
also detrimental to binding; since only one basic
nitrogen is necessary for binding, as in benzylamine
(2), it would appear that trypsin does not have bulk
tolerance even for the ethoxy group of 18 in place of an
amino group of 13.

Removal of the carbomethoxy group of tosyl-L-
arginine methy!l ester results in a 16-fold loss in bind-
ing;* other evidence that the carbonyl group of trypsin
substrates i1s complexed to the enzyme has been re-
viewed.?? TIurthermore, 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 1) led to an 11-fold lass in binding;
even mare los2 i binding occurred with the N-methyl-
carbanilide group of 20. Shnilarly, mtroduction of
m-acetyl (24) ar p-ucetyl (28) groups on benzamidine
(6) (Table IV) led to a loss in binding.  Sinece molee-
ular models indicated that derivatives of p-carboxy-
methyibenzamidine should more closely approximate

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

TasLE III
NH,
INmBITION OF TRYPSIN BY @—gNH.,
R

No. R Salt Iw.® mM
13° H HCI 0.032
19 p-CHsCO HI 0.36
20 p-CsH;N(CH3)CO HI 0.79
21 p-CsH;0(CH,),0 HNO; 0.015
22 p-CsHy(CH,),0 HNO; 0.0079
23 m-CsH;O(CH,);0 TsOH 0.0075

¢ Concentratian for 5097 inhibition with 0.05 mM pr-benzoyl-
arginine-p-nitroanilide as substrate. ® From K & K Co.

TasLe IV
NH
INHIBITION OF TRYPSIN BY @NH%NH.,
R

No. R Salt I mM

6 H HNOs 0.13
24 m-CH;CO HNO;4 0.97
250 p-CH;CO HCI 4.7
27 m-CsH;0(CH,);0 HCI 0.12
28 m-CsH 3 CH,),0 HNO;, 0.074
29 p-CeHs(CH,).0 HXO; 0.67
.)10 p-CSHﬁ( CH2 )30 I{NO:; 0 . 60

« Concentration for 50¢% inhibition with 0.05 mM bpL-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 n sevenfold lass in binding.

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

(37) We wish to thank Professor E. 8haw for sending us his data prior
to publication,
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nitroanilide, thus explaining the loss in binding by
19 and 20. [urthermore, he reported that p-carbeth-

oxyphenylguanidine was complexed one-seventh as
effectively as pheunylguanidine, thus explaining the
poor binding of 25. However, p-carbethoxyvmethyl-
phenylguanidine was complexed fivefold better than
phenylguanidine.  Since 26 has the carbonyl placed i
the same way as p-carbethoxvmethylphenylguanidine.
the loss in binding observed by 26 is most hkely due to
a lack of bulk tolerance for the N-methylanilino moiety ;
this motety was selected v arder to decrvease potential
subztrate prapertics af an amide finetion in this posi-
tian. ™

Since phenylguanidine (6) and benzanidie (13) arve
~ufficiently 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 mela position of benzamidine (13)
with a phenoxypropyloxy group (23) gave fourfold
better binding to trypsin (Table III). indicating that
not only wus bulk tolerance present in this area. but the
effect on binding was favorable; similar results were
scen with the p-phenoxypropyloxy group (21) or o p-
phenvipropyloxy group (22).

A sinnlar study was made with phenylguamdine (6)
(Table IV),  Introduction of large substituents at the
meta position such as phenoxypropyloxy (27) and
pheuylpropyloxy (28) had no detrimental effect on
binding, idicating bulk tolerance for these groups.
[i1 eantrast, introduction of groups at the para position
of phenvlguanidine (6) such as phenethyloxy (29) or
phenylpropyloxy (30) led to about a fivefold loss in
binding. The faet that large pare substituents on
phenylguanidine (6) cannot be tolorated by the enzyme,
but similar substitution on benzumidine (13) ean be
tolerated, gives support ta the proposed differences in
binding conformations of 6 and 13 to trypsin.®

Thus phase IT of the modus operandi for design3of
exa-type active-site-directed hireversible inhibitors has
been completed.  Phuse IT1 studies, the proper posi-
tioning of a leaving group for covalent bond formation
within the enzyme-inhibitor complex, are being pursied;
the terminal phenyl group of wolecules such as -
and  p-(phenoxypropyloxy)benzamidine (21 and  23)
and  m-(phenoxypropyloxy) phenylguanidine (27) 1= o
logical place to posttion these leaving groups.

Chemistry.-There are twa major routes for the
canversion of substituted benzonitriles (33) to sub-
stituted benzamidines (35). The classical routes
proceed by dry HCI catalyzed addition of ethanol to
the nitrile ta give the imino ether hydrochloride®®
follawed by displacement with ammonia ar an amine.*
This aleahol addition is most frequently performed in
b equiv af aleohol, sometimes in w dry solvent, but
=uffers when the nitrile iz not sufficiently soluble; for
example, 33¢ was too insoluble to react.

A ware recent process involves solvents with good
dissolving pawer (Scheme I, Addition of HoS to 33¢
in pyridine containing triethylaminet-42 afforded the
thioanmide 34¢ in near quantitative yield. Methylation

(38) H. T. Huang and C. Niemann, J. 4m. Chem. Soc., 18, 3223 (19517,

9N OW, D Clrganie Syntheses,” Codl, Vg, 1 dor Wiley ol Sona,
Tae., New York, N. Y., 1981, p 6.

iy P L Pyman, J, Chem. Soe., 128, 3309 (1023,

101 w1 O. Wallach, Ber., 82, 1872 (1899): 1) Org. Sy»n., 86, 23 (19ati1.

42y 1 3. Bercot-Vatteroni, 4dnn. Chim. (Paris), T, 303 (1962).
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Sensa |

@\ s
32
@ ~ Do
R
34
I?H,/ ?CHi
@C=NHHX —— @C=NH~HI
R R
36
W’H
@NH.J —_— @NHCNHZHN(L
R R
37 38
a, b = p IL(() o, Il = p((,IIU(( 11 ;0
b R = m-CH,CO 11 = p-CollL(Cllog0)
CR = e AN (CH,CO ¢ R = meColTOCTT )50
d, R = p-CHN(CIT)COCT,

af 34¢ with methyliodide in acetane proceeded smaothly
to the imino thioether 36¢.#?  Attewmpts ta convert®
the imino thioether to the anudime 35¢ with aleoholie
ammonia led to elimination of methyl mereaptan with
regeneration of the beuzonitrile 33e, vather than
displacement of the methylthio graup with farmation
of the desired amidine 35¢. It was reasaned that the
free base 39 could be formed with wnunoma, then cauld
undergo ehmination, bnt that the salt from 36 could

undergo  displacement  (Scheme I, In order to
ScHEME T
SCH; SCH(
| ¢ NH, 1
@C=NHE — C=N—H
o NH,™ ) S
NHE o
R \:NH.;
36 39
SPCH” J
G s
R (NH? R
| = 33
H
40
N
O
R NH‘*'
35

decrease the basicity aof the anmuonia, sunmnanbnm
acetate was employved which was sufficiently dissociated
to ammonia and acetic acid to allow canversion of
36 to 35, but not sufficiently basic to form the free base
39 which could undergo elimination to 33.

Thix did mdeed prove ta be the case; 36¢ rencted
smaothly with unnmoniunm acetate in boiling ethanol in
45 min to give 38¢ in 769 yield; a minor amauut af
33c was detectable on tle. It is probable that thix
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TasLE V

PuysicaL CONSTANTS OF Rl@R

No. R R2 Method
19 p-CH;CO HN—CNIH, HI Da
20 p-CsH;N (CH,)CO HNzC%NHQ-HI De

41 p-CsH;0 (CH.)0 HN=CNH,-HNO, Dat

l
HN=CNH, -HNO, Do

22 p-CsHs(CH2)3O l
HN=CXH, - TsOH¢ D¢
NH

23 m-CsH:0(CH,):0

I
24 m-CH;CO NHCNH,- HNO, jo
NH
16 p-CALN(CIL)COCH,  NHONIL-TINO, Lix
NH
1
27 Gl LO(CH)0 NHCNH,-11C e
B
28 77L-C5H5(CH2)3O NHQ%HQ . HNO; Fo
29 p-CeH;(CH,):0 NHCNH, - HNO, Fo
I
30 p-CsH;(CH,):0 NHCNH, - HNO; Fo
33¢  p-CsH;N(CH;)CO CN Exptl
e p-CsH;0(CH, %0 CN Av
a3f p-Cs ;(CH,):0 CN A
ddg m-C5H5O (CHQ)JO Ck A
34a p-CH;CO CSNH, B
34c  p-CoHLN(CHy)CO CSNI, B
3de p—CsHaO(CHz)aO CSNHQ Be
34f  p-CoHa(CH)0 CSNH, Br
34g  m-CeH;0(CH,),0 CSNH, B
SICHa
36a  p-CH,CO C=NH.HI Ci
SCH
36c  p-CoH;N(CH;)CO C=NH-HI Ck
SCH,
36e  p-Col;0(CH,)0 C=NH.HI ol
SICHa
36t p-CsH3(CHL)0 C=NH.HI O
SICHa
46y m-CeILO(CH,)0 C=NH.HI c

» Reerystallized fram EtOH-petrolenm ether (bp 60-110°).
in i-PrOH, excess p-tolnenesulfonic acid added.
¢ Recrystallized fram EtOH.
report mp 72-73°. ¢ Over-all yield from m-cyanophenol.
acetoire. ! Recryxtallized from EtOAe.

base-catalyzed elimination with 39¢ only happens when
the imino thioether 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 (32c¢)
via its acid chloride. The intermediate cyanophenyl
ethers (33e-g) were synthesized by alkylation of m-
or p-hvdroxybenzonitrile with the appropriate bromide
in DMI with I,CO; as an acid acceptor.

The phenylguanidines (38) were synthesized from the
appropriate aryvlamine (37) by reaction either with
cyanamide*® or with 3,53-dimethylpyrazole-1-carbox-
amidine nitrate.** The syntheses of the required phenyl
ethers (37c-h) have been previously described in another
atudy fronr this Iabovatory.#  Asis common for these

(43) & R, 8afir, 8. Kushner, L. M. DBrancone, aud Y. SubbaRow, J. Org.
Chem., 18, 924 (1948).

(44) F. L. Scott, 1). G. Donovan, and J. Reilly, J. Am. Chem. Soc., 75,
4053 (1933).

b Recrystallized from H,0.
4 Recrystallized from 1-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—petrolenm ether.
m Recrystallized from aqueons acetone.

% Mp, Caled, % Yound, 4,

yield °C C )31 N C H N
27 228-231 37.3 3.83 9.66 3v.5 3.80 .00
76 280-284 47.3 4.23 11.0 47.6 4.47 11.0
60 127-134¢  537.7 a4.75 126 57.9 1.80 14.4
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 5.82 6.27

33 190-192 45.0 5.04 23.3 44.9 4.93 23.0

40 (42-144 537 3.55 10.3

S
1
B
=
1
-
Z
1=
S

16 d10-214 58.17 6.40 147 5.0 6.26 118

7]

6 141-143 537.8 6.07 16.9

1)
-
[=2]
[=>]

3.00 16.6

4 175-177  56.6 5.70 17.6 36.9 5.78 17.8
9 140-142  57.8 6.07 16.9 58.0 6.19 17.1
33 101-102  76.3 5.12 11.9 76.4 4.07 11.7
100 72-73 759 5.97  5.33 75.6 6.20 5.60
60 50-51 81.0 6.37 5.90 81.2 6.40 6.02

Oil
72 174-176  60.3 5.06 7.82 60.1 1.16 7.66
949 223-226  66.7 5.22 104 66.8 5.31 10.4
03 137-139  66.9 5.96 4.87 66.7 5.02 4.82
86 157-162 70.8 6.32 5.16 70.9 6.45 5.2
100¢ 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

7 189-191 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 49.1 500 3.4

46 112-118  47.6 4.92 3.26 47.4 4.78 3.31

¢ Evaporated reaction mixture dissolved
¢ Recrystallized from aqueons EtOH. 7 Hemilivdrate.
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. pL-Benzoylarginine-p-nitraanilide (BANA)
was purchased from Mann Research Labaratories and dissolved
in DMSO to give a 3.1 mM solutian. The buffer empluyed was
0.05 M Tris, pH 7.4. The following assay method, a madification
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, LtO1l with a Perkin-Elmer 202 specirophotomerer.
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 comnpatible with their assigned structures and all inoved as a
single spot on tle.
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Trypsin (4.5 mg) was dissolved it 5 il of 1 mM HCL and stored
at 0-3°; this solutian was renewed at least unee a week, Tnu
3-ml glass cuvette were placed 2.75 ml of buffer, 50 ul af 5.1
uwM BANA, and 250 wpl of DMSO with or withant inlnbitor.
When the system had balabced, 100 ul of 1rypsin salucon was
added and the rate of increaze of optical density at 410 mu was
recorded an a 0-0.1 0D slide wire of a Gilfurd spectraphotomecer:
the cuvette concentration of BANA was 0.05 wmd/. Withount
inhibitor, the veloeity was abont 0.012 OD mnit/min,  Several
concentrations of inhibitor were measured that gave a V,,/1) of
1.4-2.5, where V, = velacity wichont inhihitor and 17y equals
velacity with inhibitor. Ve /Vroes. 11 was then plotced: where
Vo/V1 = 2, [1] is the Ly cancentration. s

p-Phenoxypropyloxybenzonitrile (33e) { Method Aj.--A nux-
ture of 2.38 g (20 mmolex) of p-cyanophenol, 4.50 g (21 mmoles)
of phenoxypropyl bromide, 2.76 ¢ (20 mumoles) af anhydrans
K,CO;, and 50 ml of DMI" was stivred a1 73-78° for 6 hr.  Addi-
tion of several valumes aof water gnve a =olid which was callectel
an o filter; yield 5.07 g (995%), mp A9-63°, nwved as a stugle sput
in 3:1 petroleum ether (hp 60-110°)-ethyvl acetace and was
snitable for further transfarmation. A sample wis recrystallized
twice from ethanal to give whice eryvsials, mp 74-714°; see Table
V far additional data.

p-Cyano-N-methylbenzanilide (33cj.—--A mixre af 4.0 ¢
(33 munales) of 32 and 10 inl of SOCLy, was refluxed for 50 min
wheun solutian was complete. The salution was diluted with petro-
lenim ether, then coaled at —15°. The nitermediate acid chloride
(C=0 at 1750 can 1) (2.88 g) was callected ou a filter and washed
with petroleum ether. By evaporation of the filaace was ah-
tained an additional 2.89 g (total 10040). T a solution of 15 ml
of N-methylanilinte it 150 ml of henzene was added 1.88 g of the
acid chloride. The nixture was heated to boiling for 3 min on a
steam bath. The solution was washed successively with 15 ml af
11,0, twa 25-mnl partions of 3 .V T1CL, 25 ml of 3 N NaOl1, and
15 ml of H,O. The Mg8Osdried solntion was spin-evaparaied
i vacwo leaving an ail which soon sulidified; vield 1.8 g (724, 4,
Recrystallization from ethanal gave 1.7 g (440¢) of product that
wag suitable for finrther transformadon; ile in 3:1 petroleim
ether-E10Ac¢ showed ane =pot.  For analysix (see Table V), che
componid was recrvstallized onee more fram ethanol 1o give
white crystals, mp 101-102°,

p-Nitrophenylacet-N-methylanilide was prepared =imilarty fram
p-nitrophenylacetic acid in 307 vield, mp 90-92°, after recrvsral-
lization fram 804 erhanol.

tnal. Caled for C};I{14N90;lf (," 66.7:
Found: C, 66.8; H, 5.4 N, 104,

Catalytic hydrogenatiau of the nicro gronp in the presence of
PdCogave 37d solated as ite hyvdrochloride, mp 170-172°,
after recrystallization fram etlianal-petralean ervher.

H, 5.4 N, 4

(47) B. R, Daker, W. W. Lee, W. A. Skinner, A. [/ Maruingez, and L.
Tong, J. Med. Pharm. Chem., 2, 633 (1960).

B. R. Baker axp Epwarb H. Ericksox

Vol. 10

Anal, Caled for CHRCINLO: C, 650, H, 6,07, N, 10.1.
Found: €, 65.0; H, 6.20; N, 9.95.

p-{ Aceto)thiobenzamide (34a) (Method B). -"{liongli a
sohitian of 718 mg {4.95 mmnales) of 33a® i1 7.5 ml of reagenn
pyridine and 0.6 ml of riethylanmie was passed a slow stream
of 112 far 2 hr. After standing a1 ambiend temperature for 24
hr, the sohion was dilnted with wacer and che prodnet was
callected tm g filter; vield 637 mg (7377) thac maved s ane spac
e it petmlemn ether-IFOAe and was =nitahle far che
next =tep. I analvsis (Talile Vi, a sample was recrystallized
from wacer 10 give light vellow cryvstals, mp 174-1706°.

n-Acetobenzimino Methyl Thioether Hydriodide {36a) (Method
), - Toca solndan ol 537 mg ¢3.04 numoles) of 34a in 10 ml of
reagen acete wiis added 1,45 ml 5.7 mnwles) of Mel.  After
standing for ahont IS fe lis o scoppered flask, the solntion wis
dilnred with perrolenm ether o turhidity then evoled at —15°.
The prodnec was collecced on a Hilter; vield 474 nig (5064 that
wis mniform an tle i 11 ethyl acecace petrolenin echer and was
suiiable for ¢he next step. Far analysis (Table V1, a sumple wis
recrystallized frane ace(one--petrolenm ether.  If (le after 18 hr
shawed the reaction was incomplere. a second partion of Mel
wits added.

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

tion af 357 mg (1.2 nnnoles) of 36a and 100 mg (1.4 mmolex) of
aunnaninm reerace in 10 ml of E1OH was refluxed for 45 min,
then spin-evaparated o cgewo ta a small valmme and diluted
with pealemn echer. The prodier was callected o a filter;
vield t31 mg 27,5 thac moved as 1 single spoc on tle iin 10:5: 1
n=CLOH-THOAC-1140,  Recrystallization {ram ethanol-peao-
leunt ether gave A2 mg (11271 of the analviical sample (Tahle V5,
mp 2U8-23 17

m-Acetophenylguanidine Nitrate (24) (Method E).-- A ~vlu-
tion of £ g (5.8 mmoles) of m-aminaacetophenane and 0.73
g (17 nmoles; af evanamide in 15 0l of EtOH, 4 mt of Hy0, mid
Il of 12 .V 1CT was refluxed fine 6 hy, then spin-evaporated to
a snall volunie iy caew and masle saongly hasic wirh 6 .V NaOl.
The mixture was extracted with an equal volunie of CHClL.
The dried extract was evaporated 0 vacuo to give an ol which
was (reated with 1497 1INO,. The brown prodiec was collecred
and recrvseallized from SO agqneows 1510 vield 0,46 g (344)),
wp H0-1642°0 See Table Vofur analytieal dara,

m~i Phenylpropyloxy )phenylguanidine Nitrate (28) (Method F ).

A sohition of 2 g (8.7 mmolex) of 37% and 1.75 £ (8.7 mmoles)
of Ba-dimerhyvlpyvrazole-T1-carboxamidine nitrate (Aldrich) in 20
il of FiOID was refluxed for 20 hr, then allowed to stand a1
—15°  The vmde produocee, mp 312-13390 was collected on a
filcer and waoshed (IrOHY: de m 1501 a-BuOI-HOAe-HLO
shawed twa spors. Three recrvsiallizations from ethanol gave
DLIRS g i1 of white eryseals, mmp 141-142°, that moved as a
single spat aniler see Table Vofor addidonal daci.

43¢ L. Friedinan aud 11, Shechuer, J. Org. Chem., 26, 2522 (10615,



