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another 3 days. An oil separated, which could not be crystallized: ir 
(film) a band at 1690 c m - 1 indicated the presence of a 
-N=C(CH 3 ) 2 - structure. The oil was dissolved in water (25 ml) 
and the solution left at room temperature overnight. Evaporation 
yielded 0.5 g of an oil which could not be crystallized: ir (film) 
3200-3300 cm"1 (NH2), no band at 1690 cm - 1 . A small amount 
was purified for analysis by preparative tic developed in ethanol. 
Anal. (C2oH29BrN2) C, H, N. 

A c k n o w l e d g m e n t . We wish to t h a n k Professor Laszlo 
Lorand for valuable discussion. This work has been sup­
por ted by the Swedish Medical Research Council Project 
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W h e n [l-L-penicil lamine]oxytocin, [1-D-penicillamine]-
oxytocin, and [ l -deaminopenic i l lamine]oxytocin ([1-0-
mercapto-(9,/ i-dimethylpropionic acid]oxytocin) were found 
to be po ten t inhibi tors 2 of t he oxytocic and avian vasode­
pressor (AVD) act ivi t ies of oxytocin (Figure 1), s tudies were 
unde r t aken of re la ted modif ica t ions 3 in t he 1 posi t ion of 
t he highly p o t e n t deaminooxytocin . 4 [l-/3-Mercapto-|8,/3-
die thylpropionic acid]oxytocin3 ([l-/3-Mpa(/3-Et2)]oxytoc-
in) was found to be the mos t po t en t inhibi tor of the com­
p o u n d s t h a t had been p repa red , having pA2 values of 7.24 
in t he antioxytocic and 8.11 in t he an t i -AVD assays in com­
par ison with corresponding p A 2 values for [1-deaminopen-
icillaminejoxytocin of 6.94 and 7.88, respectively. 

As a further variat ion, t he incorporat ion of a 0-mer-
capto-/3,/?-pentamethylenepropionic acid residue [0-Mpa(0-
(CH2)5>] in to the 1 posit ion of oxytocin is repor ted here . 
Th i s residue is s t ructural ly similar to /3-Mpa(j3-Et2) and 

t This work was supported in part by Grant HL-11680 from the National 
Heart and Lung Institute, U. S. Public Health Service. All optically active 
amino acids are of the L configuration. The symbols for the amino acids fol­
low the recommendations of the IUPAC-IUB Commission on Biochemical 
Nomenclature.1 Where analyses are indicated only by symbols for the ele­
ments, analytical results obtained for the elements were within ±0.4% of the 
theoretical values. 

(6) P. Stenberg, Ch. Ljunggren, J. L. G. Nilsson, R. Lunden, and 
O. Eriksson, J. Med. Chem., 15, 674 (1972). 

(7) J. L, G. Nilsson, P. Stenberg, O. Eriksson, and R. Lunden. 
Acta Pharm. Suecica, 7, 441 (1970). 

(8) J. H. Brewster and E. L. Eliel, Org. React., 7, 99 (1953). 
(9) J. L. G. Nilsson, P. Stenberg, Ch. Ljunggren, 0. Eriksson, and 

R. Lunden, Acta Pharm. Suecica, 8, 497 (1971). 
(10) Ch. Ljunggren, K.-J. Hoffman, P. Stenberg, U. Svensson, J. 

L. G. Nilsson, A. Hartkoorn, and R. Lunden, J. Med. Chem.. 
17,649(1974). 

(11) R. L. Hinmann and K. L. Hamm, J. Org. Chem., 23, 529 
(1958). 

(12) W. J. Houlihan, German Patent 1231690; Chem. Abstr.. 66, 
55248e(1967). 

(13) C. Winans, J. Amer. Chem. Soc, 61, 3564 (1939). 
(14) H. Dahn, U. Solms, and P. Zoller, Helv. Chim. Acta, 35, 2117 

(1952). 
(15) H. W. Underwood, Jr.. and L. A. Clough. J. Amer. Chem. 

Soc, 51, 583(1929). 
(16) J. O. Hawthorne, E. L. Mihelic, M. S. Morgan, and M. H. 

Witt, J. Org. Chem., 28, 2831 (1963). 
(17) J. L. Dumont, J. Tohier, and P. Cadiot, C. R. Acad. Sci., 256, 

3146 (1963). 
(18) A. J. Speziale and P. C. Hamm, J. Amer. Chem. Soc, 78, 2556 

(1956). 
119) H. R. Ing and R. F. Manske, J. Chem. Soc, 2348 (1926). 

can be looked upon as having the 0-geminal e thyl groups 
connected by a methy lene bridge. T h e possible conforma­
tions of t he /3-alkyI subs t i tuen t s are t hus l imited and the 
overall l ipophilicity of the residue is increased. 

[ l-0-Mpa(/3-(CH2)5)]oxytocin was p repared from the 
pro tec ted polypept ide /J-Mpa(/3-(CH2)5)(Bzl)-Tyr(Bzl)-Ile-
Gln-Asn-Cys(Bzl ) -Pro-Leu-Gly-NH 2 by removal of the 
benzyl-protect ing groups wi th N a - N H 3

5 followed by cycli-
zation with po tass ium ferr icyanide 6 solution. T h e hormone 
analog was purified by desal t ing in 50% HOAc on Sephadex 
G-15 by the m e t h o d of M a n n i n g 7 followed by gel filtration 
in 0.2 N HOAc on Sephadex G-15 and in D M F on Sepha-
dex LH-20 . 

N" - t e r t -Bu ty loxyca rbony l (Boc) protect ion was used on 
the penta- , hexa-, and oc tapept ide in te rmedia tes . Boc re­
moval was accomplished by t r e a t m e n t wi th tr if luoroacetic 
acid (TFA) a t room t empera tu re . In the case of t he Boc-
Tyr(Bzl ) - te rmina l oc tapept ide it is impor t an t t h a t t he de-
pro tec t ion period be no longer t h a n 15 min . Longer per iods 
lead to removal of the benzyl e ther protect ion. p - N i t r o -
phenyl es te rs 8 were used for coupling react ions th roughout . 
H-(S- Benzylmercapto)-/3, /3-pentamethylenepropionic acid 
was p repared from ethyl cyclohexyl idineacetate 9 by means 
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Table I. Inhibitory Properties of Certain 0-Dialkyl-Substituted 1-Position Analogs of Oxytocin 

Analog 

Antioxytocic 

xlO7 M" 

1.16 (36)," 
a = 0.51 

0.58 (9),6 

a = 0.12 
0.37 (33), 

a = 0.12 

pA2° 

6.94" 

7.24" 

7.43 

Antiavian 
vasodepressor 

xlO8 M 

1.31 (27)," 
a= 0.61 

0.78 (8),6 

o = 0.17 
0.50 (22), 

o- 0.20 

vM 

7.88* 

8.11" 

8.30 

Antipressor 

x l0 7 M 

5.42 (23), 
a= 1.91 

5.73 (20),c 

<T= 2.72 
Weak 

PA2 

6.27 

6.24° 

[l-/3-Mpa(/3-Me2)]oxytocin 

[l-/3-Mpa(/3-Et2)]oxytocin 

[l-(3-Mpa(/3-(CH2)5)]oxytocin 

apA2 values (see Schild16) represent here the negative log to the base 10 of the average molar concentration (M) of an antagonist which will 
reduce the response of the uterine horn, the chicken, or the rat to 2x units of pharmacologically active compound (agonist) to the response to 
x units of the agonist. The number of individuar determinations is given in parentheses and a is the standard deviation. Specific details of 
these assays are described by Vavrek, et al.,& and by Dyckes, et ai.17 Synthetic oxytocin was the agonist used in the antioxytocic and anti­
avian vasodepressor assays and synthetic LVP in the antipressor assays. Concentrations of the antagonists were calculated on the basis of a 
10-ml tissue bath (oxytocic) or assumed blood volumes of 150 ml in the chickens and 6.7 ml/100 g in the rats. "Vavrek, et al.3 cDyckes, et 
al.17 

of a boron trifluoride etherate catalyzed* Michael addition 
of benzyl mercaptan followed by saponification. The corre­
sponding p- nitrophenyl ester was prepared from the acid 
by treatment with N,N'- dicyclohexylcarbodiimide and p-
nitrophenol in EtOAc. 

[l-/3-Mpa(/?-(CH2)s)]oxytocin was found to be devoid of 
oxytocic, AVD, and pressor activities when tested against 
the U.S.P. posterior pituitary reference standard* but pro­
duced inhibition of the oxytocic and AVD responses to syn­
thetic oxytocin and of the rat pressor response to synthetic 
8-lysine-vasopressin (LVP). Inhibitory potencies were de­
termined and expressed as pA2 values as defined by 
Schild16 (see footnote to Table I). 

The inhibitory potencies of [l-/3-Mpa(/3-(CH2)5)]oxyto-
cin are compared with those of [l-/3-Mpa(/?-Et2)]oxytocin 
and [l-(3-Mpa(/?-Me2)]oxytocin in Table I. It can be seen 
that [l-/3-Mpa(^-(CH2)5)]oxytocin is the most potent inhib­
itor of this series in both the antioxytocic and anti-AVD as­
says. For purposes of comparison in this work the rat anti­
pressor activity of [l-/3-Mpa(/3-Me2)]oxytocin2 was deter­
mined and is reported here. Although both [l-0-Mpa(/?-
Et2)]oxytocin and [l-/3-Mpa(/3-Me2)]oxytocin are potent 
antipressor agents when assayed against synthetic LVP, 
[l-,8-Mpa((3-(CH2)5)]oxytocin shows only weak inhibitory 
activity. 

As the difference in inhibitory potency between [1-/3-
Mpa(/?-(CH2)5)]oxytocin and [l-/3-Mpa(/3-Et2)]oxytocin 
was not great, a further series of antioxytocic assays was 
performed wherein these analogs were directly compared 
by means of alternate injections in the same assay prepara­
tion. [l-/?-Mpa(/3-(CH2)5)]oxytocin was significantly more 
potent than [l-/3-Mpa(/3-Et2)]oxytocin as determined by 
the t test for paired observations18 (N = 8; 95% confidence 
level). Furthermore, it was noted that the inhibitory effect 
of [l-/3-Mpa(/3-(CH2)s)]oxytocin was persistent. Following 
an inhibitory dose of this compound, a standard washing 
schedule failed to restore the tissue to its normal state, as 
judged by its response to oxytocin given 6 min later. Nor­
mal responses were usually observed to the third such dose 
of oxytocin (18 min), whereas following a dose of [l-/3-Mpa(0-

t This procedure was suggested by Professor G. Edwin Wilson, Jr., based 
on work10 carried out in his laboratory. 

§ Oxytocic assays were performed on isolated uteri from virgin rats in nat­
ural estrus according to the method of Holton,11 as modified by Munsick,12 

with the use of Mg-free van Dyke-Hastings solution as the bathing fluid. 
Avian vasodepressor assays were performed on conscious chickens by the 
method of Coon,13 as modified by Munsick, Sawyer, and van Dyke.14 Pressor 
assays were carried out on anesthetized male rats as described in the U. S. 
Pharmacopeia.15 
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t ion of t h e indiv idual amino acid res idues . 

Et2)]oxytocin the normal response was usually restored 
within 6 min. 

Thus [l-,3-Mpa(/3-CH2)5)]oxytocin is a more potent and 
more persistent inhibitor of oxytocin than [l-/3-Mpa(/3-
Et2)]oxytocin in the antioxytocic assay system. These re­
sults suggest that the incorporation of the extra methylene 
group in the 1-position residue of [l-/3-Mpa(j3-(CH2)5)]oxy-
tocin may have caused a significant enhancement in recep­
tor binding. Further investigations of the dependence of in­
hibitory potency on the relative contributions of lipophili-
city and steric bulk in the 1-position residue should be of 
interest. 

Experimental Section 

Precoated plates of silica gel F-254 (0.25 mm, E. Merck) were 
used for thin-layer chromatography (tic) of spots containing 5-20 
Mg of compound and were developed with the following solvent 
systems: (A) CHCl3-MeOH (9:1), (B) CHCl3-MeOH-HOAc (8:2: 
0.5), (C) BuOH-HOAc-H20 (3:1:1), (D) BuOH-pyridine-H20 
(20:10:11). Spots were visualized by exposure to I2 vapor or by 
treatment with CI2 followed by Kl-starch spray. 

The disappearance of the free peptide amine during coupling 
reactions was followed by the quantitative Kaiser test.17'19 The 
presence of excess diisopropylethylamine (i- Pr2EtN) in the reac­
tion mixture was maintained by the addition of further aliquots of 
i- Pr2EtN as needed. The atmosphere of the reaction vessel was pe­
riodically checked for i- Pr2EtN by means of moist litmus paper.20 

Melting points were determined in open capillaries and are cor­
rected. 

0-(S-Benzylmercapto)-/3,/3-pentamethylenepropionic Acid 
(1). A mixture of ethyl cyclohexylidineacetate9 (10.0 g, 0.06 mol), 
redistilled boron trifluoride etherate (11.4 g, 0.08 mol), benzyl mer­
captan (7.44 g, 0.06 mol), and benzene (60 ml) was refluxed under 
N2 for 8 hr.10 The cooled reaction mixture was washed with 150 ml 
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of 5% NaHCC>3 solution (four portions), dried over Na2S04 , and 
distilled at reduced pressure to remove starting materials [to 102° 
(22 mm)]. 

The residue was hydrolyzed in a solution of K2CO3 (12 g) in 25% 
aqueous MeOH during a 24-hr reflux period. The MeOH was dis­
tilled out and the aqueous residue was diluted to 150 ml with 
water. The aqueous solution was washed with Et20 and made 
strongly acidic with concentrated HC1. The yellow oil which sepa­
rated was extracted into E t 2 0 . The organic layer was dried over 
MgS04, filtered, stripped of Et 2 0, and diluted with 90-110° lig-
roine (40 ml). The product crystallized as small needles on cooling: 
2.74 g (17% overall); mp 89-90°; homogeneous to tic (A, 0.47). A 
sample was recrystallized from ligroine (90-110°) in 80% recovery 
to yield colorless needles: mp 90-91°; nmr (CC14) T 2.75 (s. 5), 6.30 
(s, 2), 7.35 (s, 2), 8.3 (m, 10). Anal. (Ci5H20O2S) C, H, S. 

p-Nitrophenyl /3-(S-Benzylmercapto)-|8)/°-peiitamethy-
lenepropionate (2). A solution of the acid 1 (2.2 g, 8.33 mmol), p-
nitrophenol (1.36 g, 9.8 mmol), and iV.iV'-dicyclohexylcarbo-
diimide (1.73 g, 8.4 mmol) in ethyl acetate (15 ml) was stirred at 0° 
for 1.5 hr and then at room temperature for 2 days. The solution 
was treated with 0.5 ml of HOAc and filtered, and the dicyclohex-
ylurea precipitate was washed with 25 ml of EtOAc (in three por­
tions). The filtrate was washed with 175 ml of 0.5 N NH4OH solu­
tion saturated with EtOAc (in six portions), 1 7VHC1 (30 ml), and 
saturated NaCl solution (50 ml). The organic layer was dried over 
MgS04 , filtered, and stripped of EtOAc. The residue was dissolved 
in a mixture of hot absolute EtOH (15 ml) and EtOAc (0.5 ml). 
The product crystallized as small, colorless needles on cooling: 2.28 
g (68%); mp 65-66°; homogeneous to tic (A, 0.61); nmr (CC14) r 
1.78, 2.62 (AB system. 4), 2.75 (s, 5), 6.23 (s. 2). 7.15 (s, 2), 8.2 (m, 
10). Anal. (Ci2H2;!N04S) C, H, N, S. 

Boc-Asn-Cys(Bzl)-Pro-Leu-Gly-NH2 (3). Z-Cys(Bzl)-Pro-
Leu-Gly-NH2

21 (1.53 g, 2.5 mmol) in HOAc (5 ml) was deprotected 
by treatment with 7 N HBr-HOAc (10 ml, 1.25 hr). The depro­
tected salt was precipitated with Et 2 0, collected on a frit, washed 
with Et 2 0, and dried in vacuo to yield 1.71 g of white powder. 

A solution of this powder in dimethylformamide (DMF, 3 ml) 
containing 1- Pr2EtN (1.5 ml, 8.7 mmol) was treated with Boc-Asn-
ONp (1.06 g, 3.0 mmol) for 2 days. The reaction mixture was dilut­
ed with EtOAc (10 ml) and filtered, and the solid was washed with 
EtOAc. The crude product thus obtained (2.1 g, 122%) was washed 
with hot EtOAc and hot H 2 0 to remove i- Pr2EtN and was dried in 
vacuo: 1.40 g (81%) of white powder; mp 219° dec; [a]24D -69.0° (c 
1, DMF); homogeneous to tic (A, 0.05; B, 0.50). A sample was crys­
tallized as needles from nitromethane in 80% recovery. Anal. 
(C ;!2H49N708S) C, H, N. 

Boc-Gln-Asn-Cys(Bzl)-Pro-Leu-Gly-NH2 (4). The penta-
peptide 3 (2.50 g, 3.61 mmol) was deprotected by treatment with 
redistilled trifluoroacetic acid (10 ml) for 0.5 hr at room tempera­
ture. The peptide amine salt was precipitated with E t 2 0 (100 ml), 
collected on a frit, washed with Et 2 0, and dried in vacuo: 2.88 g. 

The deprotected pentapeptide was dissolved in DMF (7 ml) con­
taining i-Pr2EtN (0.7 ml, 4 mmol) and the solution was treated 
with Boc-Gln-ONp (1.59 g, 4.33 mmol) for 2 days. The reaction 
mixture was diluted with EtOAc (20 ml). The product was collect­
ed, washed (EtOAc and 95% EtOH), and dried in vacuo: 2.79 g 
(94%); mp 214° dec. This material was crystallized from 50% EtOH 
in 90% recovery: white cubic crystals; mp 223.5° dec; [«]24D -53.4° 
(c 1, DMF); homogeneous to tic (B, 0.19; D, 0.58). Anal. 
(C;!7H57N9O10S)C,H,N. 

Z-Ile-Gln-Asn-Cys(Bzl)-Pro-Leu-Gly-NH2 (5). The hexa-
peptide 4 (1.18 g, 1.44 mmol) was treated with TFA for 1 hr at 
room temperature and the deprotected peptide amine salt was iso­
lated as for 4: 1.24 g. 

The deprotected hexapeptide was dissolved in DMF (3 ml) con­
taining i'-Pr2EtN (0.26 ml, 1.5 mmol) and treated with Z-Ile-ONp 
(0.72 g, 1.87 mmol) for 2 days. The reaction mixture was diluted 
with EtOAc (10 ml) and filtered, and the solid was washed (EtOAc, 
80% EtOH, EtOAc). The solid was dried in vacuo: 1.02 g (73%); mp 
236° dec; [u]24D -45.6° (c 0.5, DMF). This material was reprecipi-
tated from 80% EtOH (80% recovery): white solid; homogneous to 
tic (C, 0.64); mp 241° dec; [«]24D -50.6° (c 0.5, DMF) [lit.22 mp 
241-243° dec; [«J20D -50° (c 1, DMF)]. 

Boc-Tyr(Bzl)-Ile-Gln-Asn-Cys(Bzl)-Pro-Leu-Gly-NH2 (6). 
Heptapeptide 5 (1.34 g, 1.39 mmol) in HOAc (20 ml) was treated 
with 7 iV HBr-HOAc (10 ml) for 1 hr at room temperature. Isola­
tion as for 3 yielded 1.41 g of peptide amine salt. 

The deprotected heptapeptide was dissolved in DMF (8 ml) con­
taining i- Pr2EtN (0.44 ml, 2.6 mmol) and treated with Boc-
Tyr(Bzl)-ONp (0.95 g, 1.93 mmol) for 2 days. The reaction mixture 

was diluted with 95% EtOH (20 ml) and filtered. The collected 
solid was washed (95% EtOH, hot EtOAc) and dried in vacuo: 1.53 
g (93%) of white crystalline powder; mp 232° dec; [a]24D -35.2° (..: 
0.5, DMF); homogeneous to tic (D, 0.64). Anal. (C.,9HB1N. , 0 , {Si 
C, H, N. 

/8-Mpa(/3-<CH2)5)(Bzl)-Tyr(Bzl)-Ile-Gln-Asn-Cys(Bzl)-
Pro-Leu-Gly-NH2 (7). The octapeptide 6 (0.15 g, 0.15 mmol) was 
treated with TFA (1.5 ml) for less than 15 min at room tempera­
ture. The deprotected peptide TFA salt was precipitated with 
E t 2 0 (10 ml) and washed with E t 2 0 by centrifugation--decanta-
tion: 0.20 g. 

A solution of the deprotected TFA salt and i- Pr2EtN (0.04 ml, 
0.23 mmol) in DMF (1.5 ml) was treated with the p-nitrophenyl 
ester 2 (0.07 g, 0.18 mmol). Because the reaction had slowed after 
18 hr, an additional batch of 2 (0.03 g, 0.07 mmol) was added. 
When the reaction did not proceed rapidly to completion, 1-hy-
droxybenzotriazole (0.01 g, 0.07 mmol) was added as catalyst.2 ' 
Coupling was complete within 4 hr. The reaction mixture was di­
luted with 95% EtOH (6 ml) and filtered. The precipitated product 
was washed with 95% EtOH ( 4 X 5 ml) and dried in vacuo: white 
powder (0.14 g, 71%); mp 245-246°; homogeneous to tic (C, 0.70; D. 
0.74). A sample was reprecipitated from DMF-EtOH (2:1) with 
90% recovery: mp 245-246°; [«]22D -44.3° (<• 0.5. DMF). Anal. 
(C 6 9 H 9 3 N n 0 1 2 S 2 • H20) C, H, N. 

[ 1 -|3-Mercapto-j3,(8-pentamethylenepropionic acid]oxy to-
cin. A sample of 7 (0.115 g, 86.6 ^mol) was dissolved in 100 ml of 
boiling liquid NH3 (freshly distilled from Na). The solution was 
treated with a fresh stick of Na5 (encased in a 4-mm glass tube) 
until the blue color of excess Na persisted for 20 sec. The excess 
was discharged with a few drops of glacial HOAc and the NH : i was 
removed at the water aspirator. 

The residue was dissolved in 0.1% TFA solution, the pH was ad­
justed to 6.8 with 2 N NH4OH, and the disulfhydryl intermediate 
was cyclized with potassium ferricyanide6 solution (0.01 N; 17.5 
ml; 175 /umol). The oxidation was allowed to procede for 20 hr and 
the absence of SH was determined by the Ellman test.24 The solu­
tion was filtered and treated with AG 3-X4 resin (10 ml, 1:1 slurry, 
TFA cycle) to remove Fe salts while the pH was maintained at 6.8. 
The resin was filtered and washed with deionized H 2 0. The com­
bined aqueous filtrate was reduced in volume to 175 ml and lyoph-
ilized. 

The lyophilized powder, in 2 ml of 50% HOAc, was desalted7 by 
gel filtration on Sephadex G-15 in 50% HOAc. The monomer peak 
(38% column vol) was lyophilized and subjected to gel filtration2'' 
in 0.2 N HOAc on Sephadex G-25. The product obtained by ly-
ophilization from the single, symmetrical peak (80% column vol­
ume) appeared still to contain traces of dimer and was therefore 
subjected to gel filtration on Sephadex LH-20 (2.8 X 50 cm) in 
DMF. The product was isolated from the symmetrical peak at 43% 
column volume by lyophilization from glacial HOAc: 21.8 mg of 
white powder; homogeneous to tic (C, 0.52; D, 0.65); [a)21n —t4.S° 
(c 0.5, DMF). Amino acid analysis26 in a Beckman 116 analyzer 
after a 24-hr hydrolysis in 6 N HC1 gave the following molar ratios: 
Asp, 1.09; Glu, 0.93; Pro, 1.08; Gly, 1.00; He, 1.02; Leu. 1.01: Tyr. 
1.04; NH3, 3.28. A sample hydrolyzed identically after a performic 
acid oxidation by the method of Moore27 had a cvsteic acid to Glv 
ratio of 1.1:1. Anal. ( C ^ H T T N U O U S O -2H20) C, H. N. 
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Synthesis of Isosteres of p-Amidinophenylpyruvic Acid. Inhibitors of Trypsin, 
Thrombin, and Pancreatic Kallikrein1^ 
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A series of amino acids, amidino acids, and amidino esters was synthesized and the compounds were evaluated for 
their inhibitory activity against bovine trypsin, bovine thrombin, and porcine pancreatic kallikrein and as anticoag­
ulants. Among these compounds, ethyl 4-amidino-2-iodophenoxyacetate was found to be the most effective inhibi­
tor of the enzymes in question, with a potency (Kj = 3.16 X 10-6 M vs. trypsin; Kx = 4.8 X 10~5 M vs. thrombin) 
similar to that of p-amidinophenylpyruvic acid (K\ = 6.0 X 10~6 M vs. trypsin; K\ = 2.0 X 10_s M vs. thrombin). 
Ethyl 4-amidino-2-iodophenoxyacetate was also found to be the most effective in blocking the clotting activity of 
plasma, as indicated by significant prolongation of the partial thromboplastin time. This paper reports the synthetic 
methods, the enzyme inhibitory activity, and the structure-activity relationships observed. 

In view of the fact that serine proteinases of physio-
pathological importance are being discovered whose inhibi­
tion may be of therapeutic value, chemical modification of 
known serine proteinase inhibitors is of considerable im­
portance in a search for a more effective or selective inhibi­
tor. 

The development of reversible trypsin, thrombin, and 
kallikrein inhibitors was greatly stimulated by Mares-Guia 
and Shaw's discovery of the considerable potency of benza-
midine and p- aminobenzamidine.1 Since then many sub-
stituents have been introduced into the benzene ring of 
benzamidine,2 leading to equal or greater inhibitory activi­
ty against proteinases. p-Amidinophenylpyruvic acid (I) 
has been found to be an excellent inhibitor of thrombin, 
plasmin, and trypsin.2-3 More recently, aromatic diam-
idines such as pentamidine4^6 and 4',4"-diamidino-2',2"di-
iodo-l,5-diphenoxypentane (II)7 have been studied and 
shown to be even more effective serine proteinase inhibi­
tors. 

Due to the strong in vitro effectiveness of diamidino 
compounds, the aromatic diamidines have been investi-

f Kallikrein is a registered trademark assigned to Farbenfabriken Bayer 
AG, Leverkusen, Federal Republic of Germany. 

* Taken in part from a thesis presented by Mr. E. C. Mar in Nov 1973 to 
the Graduate School of the University of North Carolina at Chapel Hill in 
partial fulfillment of the requirements for the Master of Science in Medici­
nal Chemistry degree. 
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gated for in vivo use in disease states where the kallikrein-
kinin system is considered to play an important role. Such 
pathological conditions are inflammatory edema, shock, 
and arthritis. However, an obstacle found to the systemic 
application of those diamidines is the fact that they may 
also dramatically lower the blood pressure; promoting hy­
potensive shock.8 On the other hand, p-amidinophenylpy­
ruvic acid, which has shown to be less toxic,9 is a potent 
and interesting inhibitor of serine proteinases and is a com­
pound of possible clinical use. Therefore, systematic modi­
fication of this molecule seemed highly desirable to us. The 
compounds reported here represent part of such an effort, 
in particular a systematic study of some isosteric and iso-
electronic analogs of p-amidinophenylpyruvic acid. 

Chemistry. Synthesis of the new amino and amidino 
acids and esters listed in Table II-IV, prepared as isosteres 


