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Two series of derivatives have been prepared and assayed as inhibitors of two physiologically 
relevant serine proteases, human thrombin and human trypsin. The first series includes alkyl-/ 
aralkyl-/aryl- and hetarylsulfonyl-aminoguanidines. It was thus observed that sulfanilyl-amino- 
guanidine possesses moderate but intrinsically selective thrombin inhibitory properties, with K ,  
values around 90 and 1400 nM against thrombin and trypsin respectively. Further elaboration 
of this molecule afforded compounds that inhibited thrombin with KI values in the range 
10-50 nM, whereas affinity for trypsin remained relatively low. Such compounds were obtained 
either by attaching benzyloxycarbonyl- or 4-toluenesulfonylureido-protected amino acids (such 
as D-Phe, L-Pro) or dipeptides (such as Phe-Pro, Gly-His, P-Ala-His or Pro-Gly) to the N-4 
atom of the lead molecule, sulfanilyl-aminoguanidine, or by attaching substituted-pyridinium- 
propylcarboxamido moieties to this lead. Thus, this study brings novel insights regarding a 
novel non-basic S1 anchoring moiety (i,e., S02NHNHC(=NH)NH2), and new types of pepti- 
domimetic scaffolds obtained by incorporating tosylureido-amino acids/pyridinium-substi- 
tuted-GABA moieties in the hydrophobic binding site(s). Structure-activity correlations of the 
new serine protease inhibitors are also discussed based on a QSAR model described previously 
for a large series of structurally-related derivatives (Supuran et al. (1999) J. Med. Chem., in press). 
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236 B.W. CLARE e r  ti l .  

INTRODUCTION 

In a previous paperla we showed that arylsulfonyl-guanidines and arylsul- 
fonyl-isoureas possess a relatively weak but specific affinity for the serine 
protease thrombin. without inhibiting appreciably the other important 
enzyme of this family. trypsin. Furthermore. a QSAR study of such deriva- 
tives explained their biological activity in terms of the global properties of 
these molecules, the electronic properties of the anchoring moieties to the 
enzyme, as well as some novel types descriptors (such as the frontier orbital 
phase angle, FOPA) recently introduced in medicinal chemistry calculations 
by one of the authors of this paper.lb 

In the series of previously mentioned compounds.1a which possess novel 
non-basic anchoring moieties to the enzyme (of the type S02N=C(NH2)2 
and SO,N=C( 0Me)NH’). it was observed that sulfaguanidine (as well 
as the corresponding 0-methylurea derivative) are good lead molecules for 
further elaboration. Indeed, this widely used sulfadrug and the related sul- 
fanilyl-0-methyl-isourea behaved as weak, but selective thrombin inhibi- 
tors: with KI values of around 100 and 1350- 1400nM against thrombin and 
trypsin respectively. ’ It appeared thus of great interest to study structurally- 
related systems, incorporating aminoguanidine instead of guanidine/ 
0-methylisourea. and to elaborate eventually this compound (i.e., sulfanilyl- 
aminoguanidine) as a lead for obtaining more powerfuliselective thrombin 
inhibitors. 

Thrombin (EC 3.4.21.5) has become an important target for drug design 
in recent years in the search for low molecular weight, potent and selective 
inhibitors with applications as diagnostic and therapeutic agents for the 
increasingly common thrombotic diseases.’-6 Although a large number of 
potent active site-directed thrombin inhibitors, such as peptide  aldehyde^,^^' 
boronates,’ benzamidine-’.’O.’ ’ or arginine-:’guanidine-derived” inhibitors 
have been reported. none of them meets all the criteria needed for an ideal 
antithrombotic drug.’.’3 Thus. the largest majority of the presently available 
low molecular weight inhibitors, such as argatroban (MQPA) l,l4 inogatran 
2.‘ NAPAP 3.’’ 4-TAPAP 4 or its 3-amidino isomer, 3-TAPAP 5,2.‘5 are 
poorly bioavailable. either due to their high basicity, connected with the pre- 
sence of guanidinoiamidino moieties in their molecule, or are not absorb- 
able orally, or are rapidly eliminated from the circulation, mainly due to 
their peptidic nature. Although recently some non-basic SI anchoring groups 
have been incorporated in the molecules of some thrombin inhibitors,”5.’6 
the presence of guanidin0;benzamidino moieties in such compounds is 
critical, since it is by means of the interaction of these highly polar groups 
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THROMBIN INHIBITORS 237 

with Asp 189, the central amino acid residue from the specificity pocket, 
that the enzyme-inhibitor adduct is initially formed (obviously, a lot of 
other secondary interactions are responsible for the formation of high affi- 
nity adducts between thrombin and its  inhibitor^).^^^,'^-'^ In order to 
exploit the intrinsically high affinity of guanidino-/benzamidino-containing 
inhibitors for the thrombin active site, but also to avoid undesired proper- 
ties connected with their too high basicity, we propose here a novel 
approach for designing tight-binding such inhibitors by using sulfonylami- 
noguanidino moieties as anchoring groups to the specificity S1 pocket. 
Obviously, the presence of the SO2 group in the neighborhood of the amino- 
guanidino moiety strongly reduces the basicity of the latter, presumably 
without precluding the binding of inhibitors within the enzyme active site. 

I 

H2N+YNH 
NH, 

1 

NH 

2 

A H,N + NH, 

3 

A H,N + NH, 

4 

In this paper we report the preparation and serine protease inhibitory 
properties (against human thrombin and human trypsin) of some alkyl-/ 
aralkyl- or arylsulfonyl-aminoguanidines, obtained by reaction of amino- 
guanidine with sulfonyl halides. The most promising compound formed 
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238 B.W. CLARE ef 01 

(from the point of view of its thrombin inhibitory properties, as well as that 
of its specificity for thrombin over trypsin), i.e.. sulfanilyl-aniinoguanidine, 
was then further derivatized, using two different approaches. The first one 
included the attachment of amino acyljdipeptidyl moieties to the amino- 
phenyl moiety of this molecule, leading thus to higher affinity thrombin 
inhibitors with potencies of the same order of magnitude as those of the 
clinically used compounds argatroban (MQPA) l , I 4  and inogatran 2.6 The 
second approach used by us consisted in attaching substituted-pyridinium- 
propylcarboxamido moieties (obtained by reaction of pyrylium salts with 
GABA) to the same amino group mentioned above, which produced again 
in some cases compounds with high affinity for thrombin. Structure-activity 
correlations for the newly synthesized serine protease inhibitors are also 
discussed. Compounds, both from this group as well as two other similar 
series,'" have been included in the discussion based only on calculated 
descriptors, which were indicative for differences in the requirements for 
trypsinthrombin inhibition (which might be further exploited for obtain- 
ing a higher specificity). The descriptors used included empirical quantities 
such as lipophilicity, and quantum chemical indices such as atomic Mulliken 
charges and superdelocalizabiiities. and global quantum indices such as 
orbital energies. dipole moments, static field polarizabilities, and the new 
frontier orbital phase angles.Ib 

MATERIALS AND METHODS 

Melting points were determined on a heating plate microscope (not cor- 
rected). IR spectra were determined on KBr pellets with a 400-4000cm-' 
Perkin-Elmer 16PC FTIR spectrometer. 'H-NMR spectra were determined 
on it Varian 3OOCXP apparatus (chemical shifts are expressed as 6 values 
relative to Me4Si as standard). Elemental analysis were within 410.4% of the 
theoretical values calculated for the proposed formulae using a Carlo Erba 
Instrument CHNS Elemental Analyser. Model 1106. All reactions were 
monitored by thin-layer chromatography (TLC) using 0.25-mm precoated 
silica gel plates (E. Merck). Preparative HPLC was performed on a Dynamax- 
60A column (25 x 250mm), with a Beckman EM-1760 instrument. The 
detection wavelength was 254 nm. Sulfonyl halides, aminoguanidine, triethy- 
lamine, carbodiimides, amino acids, Cbz-amino acids, dipeptides, GABA 
(:,-aminobutyric acid), and tosyl isocyanate used in the syntheses were 
commercially available compounds (from Sigma, Acros or Aldrich). Pyry- 
lium salts used in the syntheses were prepared as described previously. 
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THROMBIN INHIBITORS 239 

Acetonitrile, acetone, dioxane, ethyl acetate (E. Merck, Darmstadt, 
Germany) or other solvents used in the synthesis were doubly distilled and 
kept on molecular sieves in order to maintain them in anhydrous conditions. 
Inogatran was from Astra Hassle (Molndal, Sweden). Benzamidine, 
NAPAP, human thrombin, human trypsin and Chromozym TH were 
from Sigma Chem. Co. (St. Louis, MO, USA). 

General Procedure for the Preparation of Compounds Al-A32 

Methods A and B 

An amount of lOmM sulfonyl halide (chloride for Method A, and fluoride 
for Method B) was dissolved in 50mL of acetone and the stoichiometric 
amount of aminoguanidine bicarbonate (1.36 g = 10 mM) dissolved in 5 mL 
of water was added dropwise, together with the stoichiometric amount of 
solid NaHC03 needed for the neutralization of the acid formed in the reac- 

The mixture was magnetically stirred at 25°C for 5 h when the 
reaction mixture was acidified with 0.1 N HC1 solution to pH 4.5. The 
obtained sulfonyl derivatives, generally precipitated by leaving the above 
mentioned reaction mixture at 4°C overnight, were then filtered and recry- 
stallized from ethanol. 

tion. 17d,e- 19 

Method C 

An amount of 0.68 g (5 mmol) of aminoguanidine bicarbonate and 0.84 mL 
(5mmol) of triflic anhydride were suspended in lOmL of acetone and 
0.35 mL (5 mmol) of triethylamine was added d r o p w i ~ e . ' ~ ~ ' ~  The mixture 
was magnetically stirred at 4°C for 5 h. The solvent was then evaporated 
in vacuo, and the tan residue treated with 5mL of cold water and acidified 
with 0.1 N HC1 solution. The triflate/hydrochloride salts of triethylamine 
being water soluble were thus separated from the triflated aminoguanidine 
(much less water soluble) by simple filtration. The latter compound was 
recrystallized from iso-propanol. 

Method D 

An amount of 1.36 g (10mmol) of aminoguanidine bicarbonate, 0.70mL 
(10 mmol) of triethylamine and 10 mmol of sulfobenzoic cyclic anhydride or 
tetrabromo-0-sulfobenzoic cyclic anhydride were heated at reflux in 50 mL 
of anhydrous acetonitrile for 2 h.19-21 After evaporation of the solvent, the 
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740 B.W. CLARE er ill 

products were treated with lOmL of water, acidified with 0.1 N HCl solu- 
tion to pH 4. and the precipitated derivatives filtered, dried and recrystal- 
lized from ethanol. 

General Procedure for the Preparation of N-Tosyiureido Protected 
Amino Acids/Dipeptides 

An amount of 10 mM of amino acid dipeptide was suspendedldissolved 
in 50mL of anhydrous acetone and 1.97g (1.52mL, 10mM) of tosyl iso- 
cyanate was added dropwise." The reactioii mixture was stirred at 4°C for 
4 h, when. by means of TLC, it was observed that reaction was complete. 
E\ aporation of the solvent i r z  vuciio afforded white foams of N-tosylureido 
protected amino acid derivatives, which were recrystallized from ethanol- 
Hater ( 1  : 1. v v). 

General Procedure for the Preparation of Compounds A33-A40 

.4n amount of 1 mM of N-Cbz- or N-tosylureido-protected amino acid/ 
dipeptide 7 was dissolved/'suspended in 25 mL of anhydrous acetonitrile, 
and treated with 190 mg ( 1  mM) of EDCI . HCl and 15 pL (1 mM) of triethyl- 
amine." The mixture was stirred at 4'C for 1 h to allow the formation of the 
mixed-anhydride type activated amino acyl compound. then 175 mg (1 mM) 
of sulfanilyl fluoride 6 was added in three equal portions over a period of 
1.5h. The reaction mixture was magnetically stirred at 4°C for 16-20h 
(TLC control). till all the amino acididipeptide was converted to the inter- 
mediates 8 (which were not isolated). Then an amount of 136mg (1 mM) 
of aminoguanidine bicarbonate and 15 pL (1 mM) of triethylamine were 
added in the above reaction mixture and stirring continued for 2-4 h at 
room temperature. The solvent was evaporated in ~'actio and the residue 
taken up in ethyl acetate ( 5  mL), poured into a 5% solution of sodium bicar- 
bonate (5mL) and extracted with ethyl acetate. The combined organic 
layers were dried over sodium sulfate, filtered and the solvent removed 
in i'acun. Preparative HPLC (Dynamax-6OA column (25 x 250 mm; 90% 
acetonitrile '8"/0 methanol;"% water; flow rate of 30 mlimin) afforded the 
pure compounds A33-A40 as colorless solids. 

General Procedure for the Preparation of Derivatives 9 

An amount of 10 mM of GABA was dissolved in 50 mL of anhydrous aceto- 
nitrile and the stoichionietric amount (10 mM) of pyrylium salt and triethyl 
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THROMBIN INHIBITORS 24 1 

amine (lOmM, 1.47mL) were added. The reaction mixture was heated at 
reflux for 4-6 h, then 2.5 mL of glacial acetic acid was added and refluxing 
continued for another 2 h. The reaction mixture was then treated with 100 mL 
of diethylether and left overnight. The precipitate formed was filtered and 
recrystallized from iso-propanol. 

General Procedure for the Preparation of Compounds B(l-16) 

An amount of 1mM of pyridinium-GABA derivative 9 was dissolved/ 
suspended in 25 mL of anhydrous acetonitrile or acetone, and then treated 
with 224 mg (1 mM) of sulfanilyl-aminoguanidine A14 and 190 mg (1 mM) 
of EDCI . HC1 or di-isopropyl-carbodiimide. The reaction mixture was 
magnetically stirred at 4°C for 15 min, then 30 pL (2 mM) of triethylamine 
was added and stirring continued for 16 h at 2-4°C. Under these conditions 
acylation occurred only on the 4-amino group, and not on the aminogu- 
anidine nitrogen atoms. When the reaction was carried out at room (or 
higher) temperature, complex reactions mixtures were obtained, containing 
two or three different acylation products, which could be separated 
by means of preparative HPLC. As only the N-4-acylated compounds were 
of interest, the procedure followed always involved the reaction at low tem- 
peratures, i.e., 2-4°C. The reaction mixture was then evaporated in vacuo 
and the residue taken up in ethyl acetate (5 mL), poured into a 5% solution 
of sodium bicarbonate (5mL) and extracted with ethyl acetate. The com- 
bined organic layers were dried over sodium sulfate and filtered, and the 
solvent removed in vacuo. Preparative HPLC (Dynamax-6OA column, 25 x 
250mm; 88% acetonitrile/9% methanol/3% water; flow rate of 30 mL/min) 
afforded the pure compounds B(l-16) as colorless solids. 
N,N-Dimethylsulfonyl-aminoguanidine, A1 As colorless crystals, m.p. 

254-5°C. IR (KBr), cm-l: 1120 (SO;'"), 1190 (imide 111), 1339 (SOY),  1580 
(imide II), 1673 (imide I), 3360 br (NH, NH,); 'H-NMR (DMSO-d6), 6, 
ppm: 4.80 (s, 6H, Me2N), 8.85 (br s, 5H, S02NHNHC(=NH)NH2). Found, 
C, 30.09; H, 5.60; N, 31.75. C3HllN502S requires: C, 30.37; H, 5.35; N, 
31.88%. 
Phenylmethylsulfonyl-aminoguanidine, A2 As colorless crystals, m.p. 

264-6°C. IR (KBr), cm-': 1176 (SO;'"), 1190 (imide 111), 1365 (SOY),  1580 
(imide II), 1673 (imide I), 3360 br (NH, NH2); 'H-NMR (DMSO-d6), 6, 
ppm: 3.23 (s, 2H, PhCH2), 7.15-7.59 (m, 5H, ArH from Ph), 9.29 (br s, 5H, 
S02NHNHC(=NH)NH2). Found, C, 42.15; H, 5.03; N, 24.20. CgH12N4- 
0 2 S  requires: C, 42.09; H, 5.30; N, 24.54%. 
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242 B.W. CLARE C>I  01 

Trijluorot~ietli~~l.sirIffbti?l-ut~iitiogirctii~liti~~, A3 As colorless crystals, m.p. 
247-9°C. IR (KBr), cm-l: 1169 (SO?”’), 1190 (imide I I I ) ,  1340 (SOY), 1580 
(imide 11). 1673 (imide I), 3360 br <NH, NH?): ‘H-NMR (DMSO-d6), 6, 
ppm: 9.91 (br s, 5H, SO?NHNHC(=NH)NH?). Found. C. 11.55; H, 2.71; 
N, 27.03. C2H5F3N402S requires: C. 11.65: H. 2.44; N. 27.18%. 
4-Fli1oro~~heti~~l.si1lfot~~~l-c1t~iitiogirc1iiiciitie, A4 As colorless crystals, m.p. 

235-63C. IR (KBr), cm-I: 1171 (SO?”). 1190 (imide III), 1360 (SO?’)), 1580 
(imide 11). 1673 (imide I), 3360 br jNH;  NH,): ‘H-NMR (DMSO-d,), 6, 
ppm: 7.11 -7.49 (m. AA’BB’, JAB = 7.4 Hz. 4H. ArH. p-F-phenylene), 9.35 
(br s. jH.  S02NHNHC(=NH)NH2). Found. C. 36.51; H. 4.09; N, 23.98. 
C7H9FN402S requires: C. 36.20; H. 3.91; N. 24.1296. 
4-Ciiloi.r~piieti~~Isiilfbti~~l-ai~ihoguat~iriiiie, A5 As colorless crystals, m.p. 

250-2‘C. IR (KBr), cm-’: 1175 (SO?’”), 1190 (iniide 111). 1366 (SO;’), 1580 
(imide 11). 1673 (imide I). 3360 br (NH. NH:): ‘H-NMR (DMSO-d6), 6, 
ppm: 7.10-7.56 (m. AA’BB’. JAB = 7.4Hz. 4H. ArH, p-Cl-phenylene), 9.33 
(br s. 5H. SO2NHNHC(=NH)NHZ). Found. C. 33.89; H, 3.60; N, 22.40. 
C7H9CIN402S requires: C. 33.81: H, 3.65; N, 22.53%. 

As colorless crystals, m.p. 
271-2°C. 1R (KBr), cm-’: 1179 (SOYm), 1190 (imide III) ,  1370 (SOT), 1580 
(imide 11). 1673 (imide I), 3360 br (NH. NH,); ’H-NMR (DMSO-d6), 6, 
ppm: 7.15-7.47 (m. AA’BB’. J A B  = 7.4 Hz, 4H, ArH, 1.’-Br-phenylene), 9.28 
(br s. 5H. S02NHNHC(=NH)NH2). Found, C. 28.75; H. 3.11; N, 19.03. 
C7H9BrNJOzS requires: C, 28.68: H. 3.09; N. 19.11 %. 

4 - l ~ ~ c l ~ p i ~ ~ ~ ~ ~ ~ ~ l . ~ ~ ~ i ~ 0 ~ ~ ~ 1 - ~ ~ ~ ~ 1  itioguanirlinr , A7 As colorless crystals, m . p. 
218-20°C. IR (KBr). cni-’: 1185 (SO?”). 1190(imide I I I ) ,  1377 (SOY), 1580 
(imide 11). 1673 (imide I),  3360 br (NH. NH,); ‘H-NMR (DMSO-d6), 6, 
ppm: 7.10-7.50 (m, AA’BB’. J A ~  = 7.5 Hz, 4H, ArH. p-I-phenylene), 9.31 
tbr s. 5H. S02NHNHC(=NH)NH2). Found. C. 24.74; H, 2.95; N, 16.40. 
C ~ H ~ I N J O ~ S  requires: C, 24.72; H 2.67: N ,  16.47%. 

As colorless crystals, m.p. 291 - 
3-C. IR (KBr), cm-’: 1115 (SOP’”), 1190 (imide HI), 1350 (SOY), 1580 
(imide 11). 1673 (imide I). 3360 br (NH. NH:): ‘H-NMR (DMSO-d6), 6, 
ppm: 2.50 (s, 3H. Me), 7.30-8.10 (m, AA’BB‘, JAB=7.4Hz, 4H, ArH, 
p-Me-phenylene). 9.21 (br s, 5H. S02NHNHC(=NH)NH2). Found, C, 42.00; 
H. 5.51: N. 24.47. CXH12N402S requires: C, 42.09; H, 5.30: N, 24.54%. 

As yellow crystals, m.p. 269- 
70°C. IR (KBr), cm-’: 1150 (SO?”’), 1190 (iniide III), 1340 (NOz), 1365 
(SO:’). 1510 (NOz), 1580 (imide IIT. 1675 (imide I), 3360 br (NH, NH2); ‘H- 
NMR (DMSO-d6). h. ppm: 7.08-7.89 (m. AA’BB’, JAB = 7.4Hz, 4H, ArH, 
p-O,N-phenylene). 9.54 (br s. 5H. SO,NHNHC(=NH)NH,)). Found, 

4-Brotiiopiieii~~l.sirlfoiz~~I-ci~iiitiog.ire1tiiditie, A6 

4-Toluet~esu~fi?i i~l-ut~i~~io~uci t i i~~t ie ,  A8 

4-Nitro~~heri~~l.~ir/~oii~~i-utiiitiogii~rti~diti~~, A9 
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THROMBlN INHIBITORS 243 

C, 32.45; H, 3.54; N, 27.00. C7H9N504S requires: C, 32.43; H, 3.50; N, 

3-Nitrophenylsulfonyl-aminoguanidine, A10 As yellow crystals, m.p. 
262-3°C. IR (KBr), cm-': 1150 (SO;'"), 1190 (imide 111), 1340 (NO2), 1375 
(SOY), 1515 (NOz), 1580 (imide II), 1673 (imide I), 3360 br (NH, NH,); 'H- 
NMR (DMSO-d& 6, ppm: 7.08-7.70 (m, 4H, ArH, m-02N-phenylene), 
9.55 (br s, 5H, S02NHNHC(=NH)NH2). Found, C, 32.69; H, 3.27; N, 
26.93. C7H9N504S requires: C, 32.43; H, 3.50; N, 27.01%. 
2-Nitrophenylsuljonyl-aminoguanidine, A l l  As yellow crystals, m.p. 246- 

7°C. IR (KBr), cm-': 1170 (SO;'"), 1190 (imide III), 1335 (NO2), 1382 (SOY), 
1510 (N02), 1580 (imide II), 1673 (imide I), 3360 br (NH, NH2); 'H-NMR 
(DMSO-d6), 6,ppm: 7.12-7.58 (m, 4H,ArH, o-02N-phenylene), 9.50(br s, 5H, 
S02NHNHC(=NH)NH2). Found, C, 32.70; H, 3.22; N, 26.85. C7H9N504S 
requires: C, 32.43; H, 3.50; N, 27.0 1 % . 
4-Nitro-3-chlorophenylsulfonyl-aminoguanidine, A12 As yellow crystals, 

m.p. 288-9°C. IR (KBr), cm-': 1155  SO^'"), 1190 (imide 111), 1348 (SOY), 
1580 (imide II), 1673 (imide I), 3360 br (NH, NH3; 'H-NMR (DMSO-d6), 
6, ppm: 7.09-7.69 (m, 3H, ArH), 9.15 (br s, 5H, S02NHNHC(=NH)NH2). 
Found, C, 28.96; H, 2.72; N, 23.80. C7H8C1N504S requires: C, 28.63; H, 
2.75; N, 23.85%. 
4-Acetylaminophenylsulfonyl-aminoguanidine, A13 As colorless crystals, 

m.p. 237-9°C. IR (KBr), cm-': 1155 (SO:'"), 1190 (imide 111), 1350 (SOY), 
1530 (amide II), 1580 (imide II), 1670 (imide I), 1688 (amide I), 3360 br 
(NH, NH2); 'H-NMR (DMSO-d6), 6, ppm: 1.80 (s, 3H, Me from Ac), 6.21 
(s, lH, AcNH), 7.07-7.80 (m, AA'BB', J A B = ~ . ~ H z ,  4H, ArH, p-AcNH- 
phenylene), 9.13 (br s, 5H, S02NHNHC(=NH)NH2). Found, C, 39.81; H, 
4.65; N, 25.77. C9HI3N5O3S requires: C, 39.85; H, 4.83; N, 25.81 YO. 

4-Aminophenylsulfonyl-aminoguanidine, A14 As colorless crystals, m.p. 
215-6°C (lit. [19] m.p. 209-10°C). IR (KBr), cm-': 1155 (SO;'"), 1190 
(imide 111), 1354 (SOY), 1580 (imide 11), 1675 (imide I), 3360 br (NH, NH2); 
'H-NMR (DMSO-d6), 6, ppm: 5.46 (s, 2H, H2N-phenylene), 7.05-7.65 
(m, AA'BB', J A B  = 7.4 Hz, 4H, ArH, p-H2N-phenylene), 9.21 (br s, 5H, SO2- 
NHNHC(=NH)NH2), 10.23 (s, lH, OH). Found, C, 36.52; H, 4.75; N, 
30.47. C7HllN502S requires: C, 36.67; H, 4.84; N, 30.55%. This compound. 
has also been prepared by deacetylation in acidic medium of A13, as 
reported by Winnek et al. l9 

3-Aminophenylsulfonyl-aminoguanidine, A15 As tan crystals, m.p. 205- 
6°C. IR (KBr), cm-': 1172 (SO;'"), 1190 (imide III), 1360 (SOY), 1580 
(imide 11), 1673 (imide I), 3360 br (NH, NH2); 'H-NMR (DMSO-d6), 6, ppm: 
5.22 (s, 2H, H2N-phenylene), 7.21 -7.59 (m, 4H, ArH, m-H2N-phenylene), 

27.01 yo. 
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144 B.W. CLARE et til. 

9.20 (br s. 5H. SO,NHNHC(=NH)NH:). Found. C, 36.71; H, 4.93; N, 
30.52. C7HIINsO2S requires: C, 36.67; H. 4.84; N. 30.55%. 

Pentu~liic~ropheti~~l.siilfori~~I-amirioguani~~iiie, A16 As colorless crystals, 
m.p. 198-200°C. IR (KBr), cm-': 1148 (SO?"'), 1336 (SOY), 1190 (imide 
111). 1580 (imide 11). 1673 (imide I), 3360 br (NH, NH,); 'H-NMR (DMSO- 
d6), 6, ppm; 10.10 (br s, 5H, S02NHNHC(=NH)NH2). Found, C, 27.92: H, 
1.45: N. 18.40. C7H5FSN402S requires: C, 27.64; H, 1.66; N, 18.42%. 
2-Ccir-ho.~~.pheii~~Isu!fbrr!.l-~i~ii~io~iia~~i~itie, A17 As colorless crystals, 

m.p. 271-2°C. IR  (KBr), cm-': 1153 (SO?"). 1190 (imide III), 1354 (SOY), 
I580 (imide II), 1673 (imide I), 1722 (COOH), 3360 br (NH, NH,); 'H-NMR 
(DMSO-d6), I S ,  ppm: 7.15-7.62 (m, 4H. ArH. o-HOOC-phenylene), 9.80 (br 
s, 5H. SO,NHNHC(=NH)NH,). 10.35 (br s. lH,  COOH). Found, C, 37.54; 
H, 3.58: N. 21.55. CsHloNJOjS requires: C .  37.21: H, 3.90; N, 21.69%. 

3-Ch~b~~.~~.p i~e i i~~Isul f~~rz~~I-m~i i i iog i icr i i i~ l i r ie ,  A18 As colorless crystals, 
m.p. 248-9°C. IR (KBr), cm-': 1136 (SO?"'). 1190 (imide 111), 1349 (SOP), 
1580 (imide 11). 1673 (imide I). 1720 (COOH). 3360 br (NH, NH,); 'H-NMR 
(DMSO-d6), 6, ppm: 7.09-7.69 (m, 4H, ArH, ni-HOOC-phenylene), 9.64 (br 
s, 5H. S02NHNHC(=NH)NH,). 10.21 (br s, lH,  COOH). Found, C, 37.08; 
H. 3.82; N, 21.50. CxHloN401S requires: C. 37.21; H. 3.90; N, 21.69%. 

4-Cu~hos~.phei~~~I.siil~on~~l-ciriiiiiogiicitiirliiie. A19 As colorless crystals, 
m.p. 983-5°C. IR (KBr), cm ': 1148 (SO?"'), 1190 (imide III), 1359 (SOY), 
1580 (imide 11). 1673 (imide I). 1720 (COOH), 3360 br (NH, NH,); 'H-NMR 
(DMSO-d6,). 6, ppm: 7.15-7.67 (AA'BB', JAB = 7.4Hz. 4H. ArH, p-HOOC- 
phenylene), 9.52 (br s, 5H, SO,NHNHC(=NH)NH,), 10.24 (br s, IH, 
COOH). Found, C, 37.23; H. 3.64: N. 21.62. CXHI0N4O4S requires: C, 37.21; 

2-C~irho.~~~tet~uhror~iopii~ri~~lsiilfb~i~~I-ciiiiitiogucrniciine, A20 As colorless 
crystals. m.p. 21 1-2'C. IR (KBr), cm-I: 1155 (SO?"), 1190 (imide 111), 1370 
(SO?), 1580 (imide 11). 1673 (imide I), 1720 (COOH), 3360 br (NH, NH:); 
'H-NMR (DMSO-d6), I S .  ppm: 9.70 (br s, 5H. S0,NHNHC(=NH)NH2), 
10.40 (br s, lH,  COOH). Found, C, 16.50; H. 1.40; N, 9.56. C8HhBr4N404S 
requires: c. 16.74; H. 1.05; N. 9.76%. 

4-Metlios~.pheti~lsUlJbil?~l-ui~iitiogu~~tii~ii1~e, A21 As colorless crystals, 
m.p. 149-51'C. IR (KBr). cm-': 1169 (SO?"'), 1190 (imide 111), 1315 (SOY), 
1580 (imide 11), 1673 (imide I), 3360 br (NH, NH,); 'H-NMR (DMSO-d6), 
6, ppm: 3.50 (s. 3H. MeO), 7.10-7.83 (m, AA'BB', JAB=7.4Hz,  4H, ArH, 
p-MeO-phenylene),9.06(brs. 5H,S0,NHNHC(=NH)NH2). Found,C, 39.56; 
H. 4.88; N, 22.73. C ~ H I ~ N ~ O ~ S  requires: C, 39.34; H, 4.95; N, 22.94%. 

2.4,6-  T~it~i~th~~lphen~~l.srrlf~n~~I-ut~~irio~iimni~itie, A22 As colorless crystals, 
m.p. 210-3'C. IR (KBr). cni-': 1170 (SO?',!'"). 1190 (imide 111), 1319 (SO;'), 

H, 3.90; N. 21.69%. 
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THROMBIN INHIBITORS 245 

1580 (imide II), 1673 (imide I), 3360 br (NH, NH2); 'H-NMR (DMSO-d6), 
6, ppm: 2.50 (s, 3H, 4-Me), 2.75 (s, 6H, 2,6-Me2), 7.10-7.85 (m, 2H, ArH), 
9.09 (br s, 5H, SOzNHNHC(=NH)NH,). Found, C, 48.67; H, 6.17; N, 
21.75. C10HI6N4o2S requires: C, 48.86; H, 6.29; N, 21.86%. 

4-Methoxy-3-aminophenylsulfonyl-aminoguanidine, A23 As colorless 
crystals, m.p. 233-4°C. IR (KBr), cm-': 1160 (SO;'"), 1190 (imide 111), 1353 
(SOY), 1580 (imide 11), 1673 (imide I), 3360 br (NH, NH2); 'H-NMR 
(DMSO-d6), 6, ppm: 3.50 (s, 3H, MeO), 5.22 (s, 2H, H2N-phenylene), 7.20- 
7.64 (m, 3H, ArH, trisubstituted-phenyl), 9.10 (br s, 5H, S02NHNHC- 
(=NH)NH2). Found, C, 36.98; H, 5.13; N, 26.85. CgH13N503S requires: C, 

2-Hydroxy-3,5-dichlorophenylsulfonyl-aminoguanidine, A24 As tan crys- 
tals, m.p. 191-2°C. IR (KBr), cm-I: 1143 (SO;'"), 1190 (imide 111), 1339 
(SOY), 1580 (imide II), 1673 (imide I), 3360 br (OH, NH, NH2); 'H-NMR 
(DMSO-d6), 6, ppm: 6.22 (br s, lH, HO), 7.35 (s, lH, ArH, 4H), 7.80 (s, lH, 
ArH, 6H), 9.24 (br s, 5H, S02NHNHC(=NH)NH2). Found, C, 28.30; H, 
2.63; N, 18.59. C7H8C12N403S requires: C, 28.11; H, 2.70; N, 18.73%. 

4- (4- Dimet hylaminophenylazo) -benzenesulfonyl-aminoguanidine, A25 As 
yellow crystals, m.p. 208-9°C. IR (KBr), cm-': 1156 (SO;'"), 1190 (imide 
111), 1310 (SOY), 1580 (imide II), 1673 (imide I), 3360 br (NH, NH2); 'H- 
NMR (DMSO-d6), 6, ppm: 3.00 (s, 6H, Me2N), 7.08-8.10 (m, AA'BB', 
JAB= 7.4Hz, 8H, ArH), 9.15 (br s, 5H, S02NHNHC(=NH)NH2). Found, 
C, 49.69; H, 5.50; N, 27.05. ClSHl9N7O2S requires: C, 49.85; H, 5.30; N, 

5-Dimethylamino-I-naphthalenesulfonyl-aminoguanidine, A26 As yellow 
crystals, m.p. 230-2°C. IR (KBr), cm-': 1169 (SO;'"), 1190 (imide HI), 1328 
(SOY), 1580 (imide 11), 1673 (imide I), 3360 br (NH, NH2); 'H-NMR 
(DMSO-d6), 6, ppm: 3.00 (s, 6H, Me2N), 7.66-7.80 (m, 4H, H2, H3, H6, H7 
from naphthalene), 7.96 (d, lH, H4 from the substituted-naphthyl), 8.15 
(m, lH, H8 from the substituted-naphthyl), 9.23 (br s, 5H, S02NHNHC- 
(=NH)NH2). Found, C, 50.60; H, 5.72; N, 22.69. CI3Hl7N5O2S requires: C, 
50.80; H, 5.57; N, 22.78%. 

I-Naphthalenesulfonyl-aminoguanidine, A27 As white crystals, m.p. 
261-3°C. IR (KBr), cm-': 1164 (SO;'"), 1190 (imide 111), 1361 (SOY), 1580 
(imide 11), 1673 (imide I), 3360 br (NH, NH3; 'H-NMR (DMSO-d6), 6, 
ppm: 7.66-7.79 (m, 4H, H2, H3, H6, H7 from naphthalene), 7.94 (m, lH, Hs 
or H8 from the substituted-naphthyl), 7.98 (d, lH, H4 from the substituted- 
naphthyl), 8.16 (m, lH, H5 or H8 from the substituted-naphthyl), 9.16 (br s, 
5H, S02NHNHC(=NH)NH2). Found, C, 49.69; H, 4.30; N, 21.04. CllH12- 
N402S requires: C, 49.99; H, 4.58; N, 21.20%. 

37.06; H, 5.05; N, 27.01%. 

27.1 3 Yo. 
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2-Naphtliuletzesulfon~l-uniinoguaiiidiize, A28 As white crystals, m.p. 
260-1°C. IR (KBr), cm-': 1160 (Sop"), 1190 (imide HI), 1380 (SOY), 1580 
(imide II) ,  1673 (imide I), 3360 br (NH, NH,); 'H-NMR (DMSO-d6), 6, 
ppm: 7.66-7.74 (m, 2H, H6. H7 from naphthalene), 7.94 (m, lH, H5 or H8 
from the substituted-naphthyl), 7.96 (d, IH, H3 or H4 from the substituted- 
naphthyl). 8.20 (d, lH, H4 or H' from the substituted-naphthyl), 8.33 (s, IH, 
Hi of the substituted-naphthyl), 8.35 (dd, 9.7 Hz, 2.3, lH, Hs or H5 from the 
substttuted-naphthyl), 9.21 (br s, 5H, SOZNHNHC(=NH)NH2). Found, C, 
49 76; H, 4.54; N. 21 12. CllHiZN40ZS requires: C, 49.99; H, 4.58; N, 
21.20%. 

Per.flicoro-ii-hut?~lsulfoti~~I-nniiiiogiranidiiie, A29 As colorless crystals, 
1-n.p. 122-4°C. IR (KBr), cm-': 1170 (SO:!"), 1190 (imide III), 1365 (SOY), 
1580 (imide 11). 1673 (imide I), 3360 br (NH, NH,); 'H-NMR (DMSO-dd, 
0 ,  ppm: 9.57 (br s, 5H, SOZNHNHC(=NH)NHZ). Found, C, 16.95; H, 1.45; 
N. 15.66. CsH5FgN4O2S requires: C, 16.86; H, 1.42; N, 15.73%. 

Perf7uoio-ii-ort!.l.~z1lfon? 1-umiriogumiinine, A30 As colorless crystals, 
ni p. 99- 10l'C. IR (KBr), cm-I: 1176 (SO?"'), 1190 (imide HI), 1366 (SOY), 
1580 (imide II), 1673 (imide I), 3360 br (NH, NH,); 'H-NMR (DMSO-d6), 
6 .  ppm: 9.43 (br s, 5H, SO,NHNHC(=NH)NH,). Found, C, 19.61; H, 0.80; 
N ,  10.05. CgH5Fl7N4O2S requires: C, 19 44; H, 0.91; N, 10.07%. 

As colorless crystals, m.p. 240- 
1-C. IR(KBr), cm-': 1154 (SO?'n), 1190 (imide III) ,  1350 (SOY), 1580 (imide 
II), 1673 (imide I), 3360 br (NH, NH,); 'H-NMR (DMSO-d6), 6, ppm: 6.28 
(dd, 3.8, 2.5, lH, from thienyl), 6.88 (dd, 3.8, 1.8 Hz, lH, from thienyl), 7.16 
(dd, 2.5.1.8 Hz, lH, from thienyl), 9.29 (br s, 5H, SO,NHNHC(=NH)- 
NH2). Found, C, 27.09; H, 3.43; N, 25.36. C5HSN40& requires: C, 27.26; 

As white crystals, m.p. 199- 
201°C. IR (KBr), cin-': 1125 (SO?"), 1190 (imide HI), 1376 (SOY), 1580 
(Imide II), 1673 (imide I), 3360 b; (NH. NH,); 'H-NMR (DMSO-d6), 6, 
ppm: 1.40 (s, 6H, 2Me). 2.74-2.98 (in. 4H. CH2CH2), 3.15 (m, 2H, CH2CO), 
3.72 (s, 2H. CH2S0,). 4.05 (m. 1H. CH), 9.03 (br s, 5H, S0,NHNHC- 
(=NH)NH2). Found: C, 45.76; H. 7.12; N, 19.39. CllHZ0N403S requires: C, 

arhoi i~~I-D-phrn~~la lan~lumi~o j -heiizenesulfonq~l-amino- 
gumi?iriinc, A33 Its m.p. 250-2'C. 'H-NMR (DMSO-D,O), 6, ppm: 3.10- 

of Phe), 5.10 (s, 2H, PhCHZO), 7.20-7.42 (m, IOH, H,,,, of Phe and 

7.9. 2H, H,,,,, of XNHChH4SO2). 9.32 (br s. 5H, SOzNHNHC(=NH)NH2); 

2- Tfzienj lsulfori~l-aniiiiogiranirlirie. A31 

H, 3.66; N. 25.44%. 
lO-Caiiiphor.~ulfori~~l-at~iinoguaiii~iiie, A32 

45.82; H. 6.99; N. 19.43%. 
4- f N -  B e n q  lo 

3 56 (m, 2H, CHzCH of Phe), 4.1 1 (dd, 3 J ~ ~  = 5.0, 3 J ~ ~  = 7.8; lH, CH2CH 

PhCH20), 7.65 (d, ' J H H  = 7.9,2H, Hortho of XNHCGH~SO~), 7.90 (d, 3JHH = 
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13C-NMR (DMSO-DzO), 6, ppm: 41.6 (s, CH2CH of Phe), 59.5 (s, CHCHz 
of Phe), 74.2 (s, PhCH20), 130.9 (s, C,,, of Phe), 133.8 (s, Cmeta of XNH- 
C6H4S02), 133.9 (S, Cmeta of Phe), 134.5 ( S ,  Cortho of Phe), 135.5 (S, Cortho of 
XNHC&bS02), 141.5 (s, Cipso Of Phe), 142.9 (s, cpara of XNHC&S02), 
148.9 ( S ,  Cipso Of XNHC6H4S02), 173.0 ( s ,  Phe-CONH), 179.5 (s, PhCH20- 

C24H26N605S reqUireS: c, 56.46; H, 5.13; N, 16.46%. 
CO), 180.1 (s, S02NHNHC(=NH)). Found: C, 56.71; H, 4.97; N, 16.33. 

4- (4- Toluenesulfonylureido-D-phenylalanylamido) -benzenesulfonyl-amino- 
guanidine, A34 Its m.p. 275-7°C. 'H-NMR (DMSO-D20), 6, ppm: 2.67 
( S ,  3H, CH3C&), 3.10-3.56 (m, 2H, CHzCH of Phe), 4.1 1 (dd, 3JHH = 5.0, 
3 J ~ ~ = 7 . 8 ;  1H, CH2CH O f  Phe), 7.29-7.58 (m, 7H, Hortho of tosyl and 
Ha,,, of Phe), 7.65 (d, 3 J ~ ~ = 7 . 9 ,  2H, Hortho of XNHC6&S02), 7.90 (d, 
3 JHH = 7.9, 2Hj Hmeta Of XNHC&L+SOZ), 7.95 (d, 3JHH = 8.3, 2H, Hmeta Of 

tosyl), 9.32 (br s, 5H, SOzNHNHC(=NH)NH2); 13C-NMR (DMSO-D20), 
6, ppm: 26.7 (s, CH3C6H4), 41.6 (s, CH2CH of Phe), 59.5 (s, CHCH2 

of XNHC6&S02), 133.9 (s, Cmeta of Phe), 134.5 (s, Coxtho of Phe), 135.1 
Of Phe), 130.8 (S, Cpara of Phe), 132.3 (s, Cmeta Of CH3C&4), 133.5 ( S ,  

( S ,  Cortho OfCH3C6H4), 135.5 ( S ,  Cortho Of XNHC6H4SO2), 141.5 ( S ,  Cipso Of 

Phe), 142.9 ( S ,  Cpara Of  XNHC~H~SOZ), 145.0 ( S ,  Cpara Of CH3C&4), 148.4 
( s ,  Cipso Of CH-&jH4), 148.9 ( s ,  Cipso OfXNHC6H4S02), 149.1 ( s ,  NHCONH), 
172.3 (s, Phe-CONH), 180.1 (s, S02NHNHC(=NH)). Found: C, 52.61; H, 
5.11; N, 14.50. C25H29N606S2 requires: C, 52.44; H, 4.93; N, 14.68%. 

4- (4-  Toluenesulfon ylureido-L-prolylamido) -benzenesulfonyl-aminoguani- 
dine, A35 Its m.p. 275-7°C: 'H-NMR (DMSO-D20), 6, ppm: 1.18-1.38 
(m, IH, HCH of Pro), 1.55-1.65 (m, IH, HCH), 1.70-1.85 (m, 2H, CH2 of 
Pro), 2.64 (s, 3H, CH3C6H4), 3.16-3.30 (m, 2H, CH2N of Pro), 3.75-3.80 
(m, 1H, CHCo of Pro), 7.42 (d, 3 J ~ ~ = 8 . 3 ,  2H, Hortho Of tosyl), 7.65 (d, 
JHH == 7.9, 2H, Hortho Of XNHC~H~SOZ), 7.90 (d, 3 J ~ ~  = 7.9, 2H, ffmeta O f  3 

XNHC6H4So2), 7.95 (d, 3JHH=8.3, 2H, Hmet, of tosyl), 9.32 (br s, 5H, 
S02NHNHC(=NH)NHz); 13C-NMR (DMSO-D20), 6, ppm: 15.6 (s, CH2 
of Pro), 21.3 (s, CH2 of Pro), 26.7 (s, CH3C6H4), 46.9 (s, CHzN of Pro), 64.5 
(s, CHCO Of Pro), 132.4 (s, Cmeta O f  C H ~ C G H ~ ) ,  133.5 ( S ,  Cmeta O f  XNH- 
CGH~SO~) ,  135.1 ( S ,  Cortho O f  CH3C&4), 135.5 ( S ,  Cortho Of  XNHC6H4SO2), 
142.9 (S, Cpara of XNHC&4S02), 145.0 (S ,  c,,,, of CH$&), 148.4 (S, 

C,pso of C H ~ C G H ~ ) ,  148.9 ( s ,  Cipso O f  XNHC6H4S02), 149.1 (s, NHCONH), 
175.6 (s, Pro-CONH), 180.1 (s, S02NHNHC(=NH)). Found: C, 45.69; H, 
5.00; N, 18.63. C20H25N706S2 requires: C, 45188; H, 4.8 1; N, 18.73 %. 

4- (4- Toluenesulfonylureido-D-phenylalunyl-L-prolylamido)-benzenesulfony1- 
aminoguanidine, A36 Its m.p. 281-3°C (dec.). 'H-NMR (DMSO-DZO), 6, 
ppm: 1.19-1.40 (m, lH, HCH ofpro), 1.55-1.69 (m, IH, HCH), 1.75-1.85 
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248 B.W. CLARE P I  id. 

(m, 2H, CH2 of Pro). 2.66 (s. 3H. CH7C6H4). 3.10-3.56 (m. 2H, CH2CH of 
Phe), 3.20-3.35 (m, 2H. CH2N of Pro). 3.75-3.80 (m. lH,  CHCO of Pro), 
4.12 (dd. ' J~ ,=5 .0 ,  'JHH=7.8: IH. CH,CH of Phe), 7.29-7.58 (m, 7H, 
Hortho of tosyl and H,,,,, of Phe). 7.65 (d. 7 J ~ H  =7.9, 2H, Hortho of 

J H b i  = 8.3, 2H. H,,,, of tosyl), 9.32 (br S, 5H, SO?NHNHC(=NH)NH,); 
"C-NMR (DMSO-D,O). 5. ppm: 15.5 (s, CH2 of Pro), 21.5 (s, CH2 of Pro), 
26.9 (s, CH3C6H4), 41 6 (s. CHzCH of Phe), 46.9 (s, CH2N of Pro), 59.5 
(s. CHCH? of Phe), 64.5 (s, CHCO of Pro), 130.2 (s, CpdrCl of Phe), 132.5 

Phe), 134 7 (s. Cortho Of Phe), 135.0 (S, Cor tho  Of CH,C6H,). 135.5 ( S ,  Cor tho  

of XNHC6H4So2), 141.5 (s. ClP,<, of Phe), 142.6 (s, CpAra of XNH- 

(c .  ClP\* of XNHC6H4SOz), 149.1 (s. NHCONH), 172.3 (s, Phe-CONH), 
174 0 (Pro-CONH), 180.1 (s, S02NHNHC(=NH)). Found: C ,  52.07; H, 
5 18, N.  16.54. C1clH~4N807S2 requires: C.  51.93; H, 5.11; N, 16.71%. 

4- I V-Beii_!,l,\?.carhori~.l- D - p h e n i ~ l r i l ~ i r i i ~ ~ ~ o l ~ ~ l ~ i i ~ i i ~ ~ o )  -heiz_eriesulfon}~l-arnino- 
qiriiiitliiie, A37 Its m.p. 258-61 C .  'H-NMR (DMSO-D20), 6, ppm: 
1.19-1.40 (m, lH, HCH of Pro). 1.55-1.69 (m, lH,  HCH),  1.75-1.85 (m, 
2H, CH- of Pro). 3.10-3.56 (m, 2H, CH2CH of Phe), 3.20-3.35 (m, 2H, 
CH-N of Pro), 3.75-3.80 (m, 1H. CHCO of Pro), 4.11 (dd, 'JHH=5.0, 
'JHH = 7 8; 1H. CHZCH of Phe), 5.10 (s. 2H, PhCH20), 7.20-7.42 (m, IOH, 
H.~,,ll, of Phe and PhCH20). 7.65 (d. 'JHH=7.9. 2H, Hortho of XNH- 
C~HJSO& 7.90 (d. ' JHH = 7.9, 2H, H,,,, of XNHC6H4S01), 9.32 (br s, 5H, 
SOzNHNHC(=NH)NH,); I7C-NMR (DMSO-D20), 5, ppm: 15.0 (s, CH2 
of Pro). 21.9 (s. CH2 of Pro), 41.8 (s. CHzCH of Phe), 46.7 (s, CH2N of 
Pro), 59 9 (s. CHCH, of Phe), 64.1 (s. CHCO of Pro). 75.0 (s, PhCH20),  

Phe). 134.3 (s. Cortho of Phe). 135.7 (s. Currho of XNHC6H4S02), 141.2 (s, 
ClPio of Phe), 142.8 (s, Cpard of XNHC6H4S02), 148.9 (s, CIpso of XNHC6H4- 
SOz). 173.3 (s. Phe-CONH). 174.3 (Pro-CONH), 179.5 (s, PhCH20CO), 
180 4 (s. SOzNHNHC(=NH)). Found: C ,  57.40: H, 5.58; N, 16.09. C29H33- 
N706S  requires: C. 57.32: H, 5.47; N, 16.139/0. 
4- i 4- T o l u e i ~ e s u l f ~ ~ r i ~ ~ h t ~ e i ~ ~ o - g l ~ ~ c ~ ~ l -  L-hi5 tidin!-lamido) -benzmesulfonyl-amino- 

griatiickiie, A38 Its m.p. 282-3'C. 'H-NMR (DMSO-D20), 5, ppm: 2.64 
(5. 3H, CH3C6Hd, 3.67 (s. 2H. CH- of Gly), 3.35-3.46 (m, 2H, CHCH2 of 
Hi>). 3.59-4.67 (m. IH, CHCH- of His), 7.34 (s, lH, CH-5 of His), 7.53 

XNHC~H~SOZ) ,  7.90 (d, 3 J ~ ~  = 7.9. 2H, H,,,,, O f  XNHC6H4SO2), 7.95 (d, 
3 

(s, C,,,, of C H I C ~ H ~ ) .  133.5 ( s .  Cll,,t, of XNHC,.jH,S02), 133.9 (s, C,,,, of 

C<,H$O:). 145.3 (s. Cp,lr,l of CHqCGH4). 148.4 (s. Clpso of CH3ChH4), 148.9 

130.8 (S. CpCsrd Of Phe). 133.6 (S, Cn,,tCl O f  XNHC~H~SOZ) .  133.4 (s, C,,,,, Of 

(d. ' J H H = ~ . ~ .  2H, Hnr tho  Of CH7ChHJ). 7.68 (d, ' J H H = ~ . ~ ,  2H, Hortho Of 

XNHChH$@), 7.87 (d. 7 5 ~ ~ = 8 . 1 .  2H. Hmet, of CH3C&), 7.95 
(d. ' J H H =  7.9,2H, H,,,,, of XNHChH$O:). 8.35 (s, lH,  CH-2 of His), 9.29 
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THROMBIN INHIBITORS 249 

(br s, 5H, SO,NHNHC(=NH)NH& 13C-NMR (DMSO-D,O), 6, ppm: 26.1 
(s, cH&&), 40.5 (s, CH2 of Gly), 59.6 (s, CHCH2 of His), 122.2 (s, C-4 of 
His), 130.7 (s, Cmet, Of C H ~ C ~ H L ~ ) ,  130.9 (s, of XNHCGH~SO~), 131.8 
(S, c-5 Of His), 134.2 (S, Cortho Of C H ~ C G H ~ ) ,  135.0 (S, Cortho of XNH- 
C~H~SOZ) ,  137.2 (s, C-2 of His), 139.1 (s, Cpara OfCH&H4), 140.4 (s, CPa,, 
Of XNHCGH4S02), 145.6 (s, Clpso Of C H ~ C G H ~ ) ,  148.5 (s, Cipso of XNH- 
C ~ H ~ S O Z ) ,  149.1 (s, NHCONH), 175.0 (s, CH2CO of Gly), 176.4 (s, CONH 
of His), 183.2 (s, S02NHC(=NH)). Found: C, 44.64; H, 4.39; N, 22.51. 
C23H28N1007S2 requires: C, 44.51; H, 4.55; N, 22.57%. 

4- (4-  Toluenesulfonylureido-/3-ulunyl- L-histidinylumido) -benzenesulfonyl- 
amiizoguunidine, A39 Its m.p. 290- 1 "C. 'H-NMR (DMSO-D20), 6, ppm: 
2.64 (s, 3H, CH3C6H4), 2.79-2.89 (m, 2H, CH2 of P-Ala), 3.1 1-3.27 (m, 2H, 
CH2 of P-Ala), 3.34-3.44 (m, 2H, CHCH2 of His), 4.57-4.65 (m, lH, 
CHCH2 of His), 7.31 (S, 1H, CH-5 of His), 7.56 (d, 3 J ~ ~  = 8.1,2H, Hortho of 
CH3C&), 7.69 (d, 35HH=7.9, 2H, Hortho of XNHC&S02), 7.88 

XNHC6H4S02), 8.35 (s, lH, CH-2 of His), 9.29 (br s, 5H, S02NHNHC- 
(=NH)NH2); 13C-NMR (DMSO-DzO), 6, ppm: 25.8 (s, CH3C6H4), 33.4 (s, 
CHI of His), 37.5 (s, NHCH2CH2 of P-Ala), 40.8 (s, CH2CH2C0 of P-Ala), 
59.6 (s, CHCH2 of His), 122.2 (s, C-4 of His), 130.6 (s, Cmeta of CH3C6H4), 
130.9 (S, Cmeta Of XNHC&$02), 131.8 (s, c-5 of His), 134.2 (s, Cortho of 
CH&H4), 135.1 (s, Cortho of XNHC6H4S02), 137.2 (s, C-2 of His), 139.1 (s, 

(d, 35HH=8.1, 2H, Hmela O f  CH3C6H4), 7.94 (d, 35HH=7.9, 2H, Hme,, O f  

Cpra Of CH3C6H4), 140.4 (s, Cpara of XNHC6H4S02), 145.6 (s, Cipso Of 

CH3C6&), 148.5 ( S ,  Cipso of XNHC~H~SOZ), 149.1 (s, NHCONH), 175.6 (s, 
CH2CO of P-Ala), 176.4 (s, CONH of His), 183.2 (s, S02N=C). Found: C, 
45.56; H, 4.75; N, 21.95. C24H30N1007S2 requires: C, 45.42; H, 4.76; N, 22.07%. 

4- (4- Toluenesu Efonylureido- L-proly I-gly cylumido) -benzenesuEfonyl-amino- 
guunidine, A40 Its m.p. 239-40°C. 'H-NMR (DMSO-D20), 6, ppm: 1.18- 
1.38 (m, lH, HCH of Pro), 1.55-1.65 (m, lH, HCH), 1.70-1.85 (rn, 2H, 
CH2 of Pro), 2.63 (s, 3H, CH3C6H4), 3.16-3.30 (m, 2H, CH2N of Pro), 3.67 
(s, 2H, CH2 of Gly), 3.75-3.80 (m, lH, CHCO of Pro), 7.65 (d, 3JHH = 8.1, 
2H, ffortho Of tOSyl), 7.69 (d, 3 J ~ ~  = 7.9, 2H, Hortho Of  XNHGjH4SO2), 7.90 
(d, 3 5 ~ ~ = 7 . 9 ,  2H, Hmeta of XNHC6H4S02), 7.99 (d, 3 J ~ ~ = 8 . 1 ,  2H, 
H,,,, of tosyl), 9.36 (br s, 5H, S02NHNHC(=NH)NH2); 13C-NMR 
(DMSO-D20), 6, ppm: 15.6 (s, CH2 of Pro), 21.3 (s, CH2 of Pro), 26.1 (s, 
C H ~ C G H ~ ) ,  40.8 (s, CH2 of Gly), 46.4 (s, CH2N of Pro), 64.7 (s, CHCO of 
Pro), 132.4 (s, Cmeta of CH3C6H4), 133.5 (s, Cmeta Of  XNHC6&S02), 135.0 
( S ,  Cortho Of C H ~ C G H ~ ) ,  135.5 (S, Cortho Of XNHC6H4S02), 142.9 ( S ,  Cp,,, 
Of XNHC~H~SOZ), 145.0 (S, Cpara Of CH3C&), 148.4 (s, Cipso of CH3- 
C6H4), 148.9 (s, Cipso of XNHCtjH4S02), 149.1 (s, NHCONH), 175.6 
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350 B.W. CLARE of d. 

(s, Pro-CONH). 176.3 (s. CONH of Gly). 180.1 (s, S02NHNHC(=NH)). 
Found: C. 45.38: H .  4.77: N, 19.21. C22H2xNx07S2 requires: C. 45.51; H, 

1 -.N-[ i 4-GiriiiiiiiiiioaiiiiizosirIfoi~~~I-pheii~~I) ro~iiiioccrrboii!~Iprop~lf-2,4,6-tri- 
iiieth?.l~~~.ridit?i11171 perclilornte. B1 As white crystals. m.p. 254-5°C (yield 
of 71%). IR (KBr), cm~- ' :  625.712, 1100. 1170, 1341, 1540, 1580, 1645,1675, 
3060,3250.3335: 'H-NMR (TFA), 6. ppm: 1.90 (m, 2H, 3-CH2 of GABA 
moiety), 2.28 (t. ?H, (r-CH, of GABA moiety). 2.65 (s, 3H. 4-Me), 2.90 (s, 
6H. 2,6-(Me)?). 3.01 (t. 2H, *,-CH2 of GABA moiety), 7.47-8.38 (m, 6H, 
ArH from 1.4-phenylene and 3.5-H from pyridinium). Found: C, 43.74; H, 
5.09: N, 16.03. Ci,H27N603S-C10; requires: C. 43.57: H, 5.24; N, 16.19%. 

I - N - [  f 4-Guutiidinoat~iir?osu!fbn!~l-pli~ii~~l) ciniiiioc~ai~hoi~~lprop~l]-2-iso-pro- 
pI~l-4,6-~iii i ieth~~lp~~i~ic~iti iui~i perchlorate, B2 As white crystals. m.p. 240- 
I'C (yield of 65%). IR (KBr), cm-l: 625,685. 1100. 1175, 1285, 1345, 
1540,1645,1675.3040.3255.3380: 'H-NMR (TFA). 6, ppm: 1.47 (d, 6H, 
'Me from i-Pr)- 1.90 (m, 2H. J-CH, of GABA moiety), 2.28 (t, 2H, o(-CH2 
o f  GABA tnoiety). 2.68 (s. 3H. 4-Me). 2.90 (s, 3H, 6-Me). 3.01 (t, 2H, y-CH2 
of GABA moiety). 3.10-3.55 (m, 1H. CH from i-Pr), 7.30-8.49 (m, 6H, 
ArH from 1,4-phenylene and 3.5-H from pyridinium). Found: C, 45.97: H, 
5.76: N. 15.30. C21H31N603S'C10, requires: C. 46.1 1: H. 5.71; N, 15.36%. 

l-,V-[ i 4-Gircitiicliiioaiiiiiiosclfoii~~l-~~hrii~~I) ntiiiiioc~rhoti~'II,r.oI?lll-2,6-di-iso- 
pro~p~~l-4-tneth?~Ip~~i.iil~ii~i~?i parchlolate, B3 As white crystals, m.p. 247- 
9'C (yield of BYo) .  IR (KBr), cm-': 625,682, 1100, 1175. 1285, 1345, 1540, 
1645.1675,3040,3235,3300; 'H-NMR (TFA). 6. ppm: 1.48 (d, 12H, 4Me 
from 2 i-Pr). 1.90 (in. 2H. 3-CH2 of GABA moiety), 2.29 (t. 2H, wCHZ of 
GABA moiety). 2.70 (s, 3H, 4-Me). 3.01 (t, 2H, ;-CHI! of GABA moiety), 
3.15-3.26 (m. 3H, 2CH from 2 i-Pr). 7.33-8.40 (in. 6H, ArH from 1,4-phe- 
nylene and 3.5-H from pyridinium). Found: C. 47.87; H, 5.95; N, 14.54. 
C23H3sN603S-C10, requires: C. 48.04: H. 6.13: N,  14.61 YO. 

I-N-[ i 4 - G ~ i c 1 i ~ i ~ l i i 1 ~ ~ n i i ~ ~ t i o s i c ~ ~ ~ i i ~ ~ l - ~ ~ ~ i t ~ i i ~ ~ l ~  niiiiiiotwrhori!.I~~rop?.l f -2,6-diniethyI- 
4-l,heii?:lp?.ritliizi~uii perchloratc~, B4 As white crystals, m.p. 198-9°C (yield 
of 390'0). IR (KBr). cm-': 625,665.770. 1100. 1175.1285, 1345, 1540, 1580, 
1645,1675,3050.3360; 'H-NMR (TFA). 6, ppm: 1.90 (m, 2H, 0-CH2 of 
GABA moiety). 2.28 (t. 2H. o-CH2 of GABA moiety), 3.00 (t, 2H, y-CH2 of 
GABA moiety), 3.08 (s, 6H. 2,6-(Me):), 7.50-8.41 (m. 1 IH, ArH from 1,4- 
phenylene, 4-Ph and 3.5-H from pyridinium). Found: C .  49.78; H, 5.12; N, 
14.29. C23H29N603STC10j requires: C, 49.61; H, 5.03; N, 14.46%. 

I - IV-[ 4-Gu~iiiiliiioc1iriiii~.~ii~~~ii~~l-plini~~I~ criiiitioc~arhan~~~rop~l]-2.6-clir~fi I- 
4-pl?eii?.l/~!,ric~iiiiiiiii pc~idilorcitr.  B5 As white crystals, m.p. 240- 1°C (yield 
of 43%). IR (KBr). cm-': 625.700.780. 1100. 1173, 1285, 1345, 1540, 1580, 

4.86: N ,  19.300'0. 
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THROMBIN INHIBITORS 25 I 

1645,1675,3060,3240,3330; 'H-NMR (TFA), 6, ppm: 1.90 (m, 2H, /3-CH2 
of GABA moiety), 2.28 (t, 2H, a-CH2 of GABA moiety), 1.67 (t, 6H, 2 Me 
from Et), 3.01 (t, 2H, y-CH2 of GABA moiety), 3.15-3.80 (m, 4H, 
2 CH2 from Et), 7.42-8.50 (m, 11H, ArH from 1,4-phenylene, 4-Ph and 
3,5-H from pyridinium). Found: C, 51.07; H, 5.65; N, 13.54. C26H33N603S+- 
ClO, requires: C, 51.27; H, 5.46; N, 13.80%. 

1 -N- [  (4-Guanidinoaminosulfonyl-phenyl) aminocarbonylpropyl]-2,6-di-n- 
propyl-4-phenylpyridinium perchlorate, B6 As white crystals, m.p. 234-5°C 
(yield of 45%). IR (KBr), cm-': 625,685,775,1100,1172,1285, 1345,1540, 
1580,1645,1675,3050,3255,3360; 'H-NMR (TFA), 6, ppm: 1.23 (t, 6H, 2 
Me from Pr), 1.90 (m, 2H, P-CH2 of GABA moiety), 2.28 (t, 2H, a-CH2 of 
GABA moiety), 2.03 (q, 4H, 2 CH2 from Pr), 3.01 (t, 2H, y-CH2 of GABA 
moiety), 3.12-3.56 (m, 4H, 2 CH2 from Pr), 7.55-8.62 (m, 1 lH, ArH from 
1,4-phenylene, 4-Ph and 3,5-H from pyridinium). Found: C, 52.71; H, 5.60; 
N, 13.05. C28H37N603S+C10; requires: C, 52.78; H, 5.85; N, 13.19%. 

1 -N-[  (4-Gunnidinoaminosuljonyl-phenyl) aminocarbonylpropyl]-2,6-di-iso- 
propyl-4-phenylpyridinium perchlorate, B7 As white crystals, m.p. 241 -3°C 
(yield of 47%). IR (KBr), cm-': 625,685,765, 1100, 1174, 1285, 1345, 1540, 
1580,1645,1675,3060,3270,3355; 'H-NMR (TFA), 6, ppm: 1.60 (d, 12H, 4 
Me from i-Pr), 1.90 (m, 2H, P-CH2 of GABA moiety), 2.28 (t, 2H, a-CH2 of 
GABA moiety), 3.01 (t, 2H, y-CH2 of GABA moiety), 3.10-3.62 (m, 2H, 2 
CH from i-Pr), 7.47-8.43 (m, l lH ,  ArH from 1,4-phenylene, 4-Ph and 3,5- 
H from pyridinium). Found: C, 52.62; H, 5.92; N, 13.13. CZ8H37N603S+- 
ClO; requires: C, 52.78; H, 5.85; N, 13.19%. 

1 -N- [  (4-Guanidinoaminosuljonyl-phenyl) aminocarbonylpropyl/-2-methyl- 
4$-diphenylpyridiniurn perchlorate, B8 As white crystals, m.p. 233-4°C 
(yield of 19Y0). IR (KBr), cm-': 625,675,775, 1100, 1173,1285, 1345, 1540, 
1580,1645,1675,3050,3240,3365; 'H-NMR (TFA), 6, ppm: 1.90 (m, 2H, 
P-CH2 of GABA moiety), 2.28 (t, 2H, a-CH2 of GABA moiety), 3.03 (t, 2H, 
y-CH2 of GABA moiety), 3.30 (s, 3H, 2-Me), 7.13-8.49 (m, 16H, ArH 
from 1,4-phenylene, 4,6-Ph2 and 33-H from pyridinium). Found: C, 54.49; 
H, 4.62; N, 13.00. C29H31N603SfC10; requires: C, 54.16; H, 4.86; N, 

1 -N-[ (4-Guanidinoaminosu~onyl-phenyl) aminocarbonylpropyl]-2-ethyl-4,6- 
diphenylpyridinium perchlorate, B9 As white crystals, m.p. 235-7°C (yield 
of 24%). IR (KBr), cm-': 625,685,750,1100,1173,1285,1345,1540, 
1580,1645,1675,3050,3225,3360; 'H-NMR (TFA), 6, ppm: 1.72 (t, 3H, Me 
from Et), 1.90 (m, 2H, P-CH2 of GABA moiety), 2.28 (t, 2H, a-CH2 of 
GABA moiety), 3.01 (t, 2H, y-CH2 of GABA moiety), 3.21-3.78 (m, 2H, 
CH2 from Et), 7.21-8.54 (m, 16H, ArH from 1,4-phenylene, 4,6-Ph2 and 

1 3.07%. 
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252 B.W. CLARE et NI. 

33-H from pyridinium). Found: C, 54.92: H. 4.98; N, 12.67. C30H33N603Sf- 
Cl0, requires: C, 54.83; H, 5.06; N, 12.79%. 

I - , V [  (4-Giiuriidino~rninosulfonl.I-l,hen~l) aminocarbo~z~~lprop~lJ-2-n-propyl- 
4,6-dipheti?,lp?.ri~iniuni perchlorate, 810 As white crystals; m.p. 230-2°C 
(yield of 32%). IR (KBr), cm-I: 625,705.775, 1100, 1174, 1285, 1345,1540, 
1580,1645,1675.3080,3255,3360; 'H-NMR (TFA), 6, ppm: 1.32 ( t ,  3H, Me 
from Pr), 1.90 (m, 2H. $CH2 of GABA moiety), 2.28 (t, 2H, o-CH2 of 
GABA moiety), 2.17 (sextet, 2H, CHI from n-Pr), 3.00 (t, 2H, y-CH2 of 
GABA moiety), 3.12-3.60 (ni, 2H, CH2 from ti-Pr), 7.12-8.38 (m, 16H, 
ArH from 1.4-phenylene, 4,6-Ph2 and 33-H from pyridinium). Found: C, 
55.34; H. 5.30; N. 12.38. C31Hi5N603S+C10q requires: C, 55.48; H,  5.26; N, 

I -,V-[ I 4-Giianiiiiriouiiiinosirlfbn~~I-pIieii~~l) ~iriiiiocarhoi1~1p~op~I]-2-iso-pro- 
p~1-4,(j-dipiietz!~Il?,~r-idiniuni perchlorate, B11 As white crystals, m.p. 234- 
5°C (yield of 36%). I R  (KBr), cm-': 625700,765, 1100, 1175,1280,1345, 
1540,1580.1645,1675,3070,3250.3365; 'H-NMR (TFA). 6, ppm: 1.70 
(d. 6H, 2 Me from i-Pr). 1.90 (m. 2H, R-CH2 of GABA moiety), 2.28 (t, 2H, 
rr-CH- of GABA moiety), 3.01 (t, 2H, --CH2 of GABA moiety), 3.50-3.82 
(m, 1H. CH from i-Pr). 7.21-8.50 (m. 16H. ArH from 1,4-phenylene, 4,6- 
Ph, and 3,5-H from pyridinium). Found: C, 55.32; H, 5.16; N, 12.45. 
C31H35N603S-C10J requires: C, 55.48; H, 5.26; N, 12.52%. 

1-N-[  ( 4-G~~ir1idiiioariiinosulfoti~~l-phen~~l) ar~iinocarhoii~~lpropyl]-2-n-butyl- 
4,6-diphen~Ip~.ridiniirr~z perchlorate, B12 As white crystals, m.p. 208-9°C 
(yield of 51%). IR (KBr). cm-': 625,685.765.1100, 1175, 1285, 1345, 1540, 
1580,1645,1675,3080,3255,3355: 'H-NMR (TFA), 6, ppm: 1.15 (t, 3H, Me 
from n-Bu). 1.38-2.45 (m. 8H, 2 CH, from n-Bu+&CH2 of GABA 
moiety + a-CH2 of GABA moiety), 3.01 (t, 2H. 2-CH2 of GABA moiety), 
3.10-3.69 (m, 2H. CH, from ti-Bu), 7.21-8.49 (m, 16H, ArH from 1,4- 
phenylene: 4,6-Ph2 and 33-H from pyridinium). Found: C, 55.99; H, 5.64; 
N. 12.15. C Q H ~ ~ N ~ ~ ~ S ~ C I O ~  requires: C ,  56.09: H, 5.44; N, 12.26%. 

I-N-[ i 4-Gu~nid i~~oa~i i~ ionr l fo i i~~I -p i i e r~~~l~  a~niticicarbon~lpr~p!~l]-2-ter t-hutyl- 
4,6-dipheri!.lp!.ri~~inilrai perchlorate, B13 As white crystals, m . p . 1 93 -4" C 
(yield of 60%). IR (KBr), cm --': 625,  700,765, 1100, 1173, 1285, 1345, 
1540. 15801 1645,1675,3060.3250,3360; 'H-NMR (TFA), 6, ppm: 1.85 
(s. 9H. r-Bu). 1.91 (m, 2H, J-CH2 of GABA moiety), 2.28 (t, 2H, (r-CH2 of 
GABA moiety). 3.01 (t. 2H, r-CH2 of GABA moiety), 6.90-8.79 (m, 16H, 
ArH from 1,4-phenylene, 4,6-Ph2 and 3,5-H from pyridinium). Found: C, 
56.09: H. 5.35: N, 12.21. C32H37N603S+C10; requires: C, 56.09; H, 5.44; N, 
1 X!69/0. 

12.52 Yo. 
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THROMBIN INHIBITORS 253 

1- N-[  (4-Guanidinoaminosulfonyl-phenyl) aminocarbonylpropyl]-2,4,6-tri- 
phenylpyridinium perchlorate, B14 As yellow crystals, m.p. 203-4°C (yield 
of 71%). IR (KBr), cm-': 625,680,770,1100,1175,1285,1345,1540,1580, 
1645,1675,3050,3260,3365; 'H-NMR (TFA), 6, ppm: 1.90 (m, 2H, P-CH2 
of GABA moiety), 2.28 (t, 2H, a-CH2 of GABA moiety), 3.01 (t, 2H, y-CH2 
of GABA moiety), 6.71-8.49 (m, 21H, ArH from 1,4-phenylene, 2,4,6-Ph3 
and 3,5-H from pyridinium). Found: C, 57.63; H, 4.87; N, 11.76. 
C34H33N603S+C10i requires: C, 57.91; H, 4.72; N, 11.92%. 

1 - N-[ (4-Guanidinoaminosulfonyl-phenyl) aminocarbonylpropyl]-2,6-diphen~vl- 
pyridinium perchlorate, B15 As yellow crystals, m.p. 221-3°C (yield of 
32%). IR (KBr), cm-': 625,700,760,1100,1176,1285,1345,1540,1580, 
1645,1675,3050,3240,3365; 'H-NMR (TFA), 6, ppm: 1.90 (m, 2H, P-CH2 
of GABA moiety), 2.28 (t, 2H, a-CH2 of GABA moiety), 3.01 (t, 2H, y-CH2 
of GABA moiety), 6.89-8.50 (m, 17H, ArH from 1,4-phenylene, 2,6-Ph2 
and 3,4,5-H from pyridinium). Found: C, 53.60; H, 4.41; N, 13.24. 
C28H29N603S+C10i requires: C, 53.46; H, 4.65; N, 13.36%. 

1 -N-[ (4-Guanidinoaminosulfonyl-pheriyl) aminocarbonylpropyl]-2,3,4,6-tetra- 
methylpyridinium perchlorate, B16 As white crystals, m.p. 217-9°C (yield 
of 62%). IR (KBr), cm-': 625,680,1100,1172,1285,1345,1540,1580,1645, 
1675,3030,3245,3365; 'H-NMR (TFA), 6, ppm: 1.90 (m, 2H, P-CH2 of 
GABA moiety), 2.28 (t, 2H, a-CH2 of GABA moiety), 2.52 (s, 3H, 3-Me); 
2.62 (s, 3H, 4-Me), 2.87 (s, 3H, 6-Me), 2.91 (s, 3H, 2-Me), 3.04 (t, 2H, y- 
CH2 of GABA moiety), 7.55-8.49 (m, 5H, ArH from 1,4-phenylene + 5-H 
from pyridinium). Found: C, 44.92; H, 5.46; N, 15.69. C20H29N603S+C10, 
requires: C, 45.07; H, 5.48; N, 15.77%. 

Enzyme Assays: K, Determinations 

Human thrombin and human trypsin were purchased from Sigma Chemical 
Co. (St. Louis, MO, USA); their concentrations were determined from the 
absorbance at 280 nm and the extinction coefficients furnished by the sup- 
plier. The activity of such preparations was in the range of 2500-3000 NIH 
units/mg. The potency of standard and novel inhibitors was determined 
from the inhibition of the enzymatic (amidolytic) activity of these serine 
proteases, at 21"C, using Ts-Gly-Pro-Arg-pNA (Chromozym TH) as sub- 
strate, by the method of Lottenberg et The substrate was reconstituted 
as 4mM stock in ultrapure water and brought to pH 4 with hydrochloric 
acid. Substrate concentrations were determined from absorbance at the iso- 
sbestic wavelength for the peptide-p-nitroanilide-p-nitroaniline mixtures. 
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254 B.W. CLARE rt a1 

Extinction coefficients of 8270 L mol-' cm-' in the buffer used (0.01 M 
Hepes-0.01 M Tris-0.1 M NaCl-0.1 '/o polyethylene glycol 6000) were 
employed. The rate of p-nitroanilide hydrolysis was determined from the 
change in absorbance at  405 nm using an extinction coefficient for p-nitro- 
aniline of 9920 L mol-' cm-' in the above-mentioned reaction buffer. Mea- 
surements were made using a Cart 3 spectrophotometer interfaced with a 
PC. Initial velocities were thus estimated using the direct linear plot-based 
procedure as reported by Lottenberg et al." KI values were then determined 
according to Dixon, using a linear regression program.24 The K, values 
determined are the means of at least three determinations. 

Calculations 

Calculations were done with Gaussian 9425 and MOPAC 93.26 The two 
tautomeric structures of phenylsulfonyl-aminoguanidine, 11A and 11B, 
were generated using Hyperchem 5.12' and optimized using MMS.  These 
geometries were further optimized with MOPAC 93 using the AM 1 
Hamiltonian.'8 The geometries thus obtained were used in one point calcu- 
lations to obtain the heats of formation in vacua and in a medium of dielec- 
tric constant 72.7 using the COSM029 approximation (by MOPAC), and 
with the B3LYP method3'-" and in the latter medium using SCIPCM32 
(by Gaussian). pK, values were calculated using the Pallas s0ftwa1-e.~~ 

RESULTS AND DISCUSSION 

The lead molecule for obtaining novel types of thrombin inhibitors con- 
sidered by us was benzamidine which possesses an inhibition constant 
K 1  = 300 nM against human thrombin; moreover, the X-ray crystallographic 
structure for the complex of benzamidine with this enzyme was reported 
Tome time ago (PDB entry: 1DWB).24 From the X-ray data it was observed 
that the amidino moiety of the inhibitor is anchored to the S1 specificity 
pocket of the enzyme, interact'ing electrostatically and by means of hydro- 
gen bonds with Asp 189. Several other van der Waals contacts between the 
inhibitor molecule and the enzyme were also seen.34 Obviously, benzamidine 
is a weak thrombin inhibitor, since the binding energy is mainly gained 
due to the strong electrostatic interaction of the carboxylate of Asp 189 and 
the positively charged amidino moiety. However, as already mentioned in 
the introductory section. the amidino moiety possesses too high a basicity to 
allow the formation of bioavailable enzyme inhibitors, and it appeared thus 
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THROMBIN INHIBITORS 255 

of great interest to elaborate weakly basic variants of this attractive throm- 
bin anchoring group. The sulfonyl-aminoguanidino moiety appeared as an 
attractive candidate for such a purpose, since the presence of the SO2 moiety 
in the neighborhood of the strong base, aminoguanidine, should drastically 
weaken its basicity. Such a modified anchoring group should not pre- 
sumably interfere with the binding of the inhibitor to the enzyme, since the 
hydrogen-bonding donor/acceptor properties as well as the possibility to 
interact electrostatically with the enzyme for the compounds incorporating 
this group should not differ too much from those of the classical amidino-/ 
guanidino-based inhibitors of types 1-5 or 10. Since sulfonyl-aminoguani- 
dines possesses a large number of possible tautomeric forms, and this factor 
might be a critical one for binding to thrombin, we performed MOPAC as 
well as AM1 calculations in order to identify the most stable tautomers. As 
seen from data of Table I, the tautomer of type 11A is less stable than the 
tautomer 11B (Scheme 1) in the case of benzenesulfonyl-aminoguanidine 
(Scheme 1). Moreover, pK, calculations showed that this compound is 
protonatable with a pKa of 6.84, which might be very favorable for the bio- 
availability and other pharmacological properties of this type of putative 
thrombin inhibitors (Table I). 

Tautomer 1 
11A 

HNYNH2 
H N * ~ ~  

o=&o 

6 
Tautomer 2 

11B 

SCHEME 1 Possible tautomers of phenylsulfonyl-aminoguanidine 11. 

TABLE I Calculated parameters for the tautomers 11A and 11B of benzenesulfonyl-amino- 
guanidine (see Scheme 1) 

Tautomer AMl/Vacuum AMl/COSMO DF/ Vacuum DFjSCIPCM pK, Pallas 

11A 0.47 -38.42 - 1040.2548 19 -1040.278149 * 
10.95 -28.77 -1040.262145 -1040.282850 6.84 

- 
11B 
Difference -10.48 -9.65 $4.60 +2.95 

(11A - 11B) 

(DF=B3LYP/6-31G*//AMl) The AM1 results are in kcal and the density functional results in Hartrees, 
except for the differences (in bold) which are in kcal throughout. 
*No acidic or basic groups found (no p&) between -20 and +SO. 

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
H

IN
A

R
I 

on
 1

2/
18

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



256 B.W. CLARE et ul. 

Thus. a first series of sulfonyl-aminoguanidines A1 -A32 was prepared in 
order to test the above-mentioned hypothesis (Table 11). These compounds 
were obtained by the simple reactions of alkyl-/aralkyl-/aryl-/hetaryl- 
sulfonyl halides or sulfonic acids anhydrides with nucleophiles. 17,’* 

The sulfanilyl derivative A14 (one of the best thrombin inhibitors among 
the obtained compounds. see discussion later in the text) was selected for 

TABLE I1  
dines AI-A32 

Inhibition of human thrombin and human trypsin by the sulfonyl-aminoguani- 

R-SOzNHNHC(=NH)NH: 
A I -A32 

Compourrti A R 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I t  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

I I60 
325 
800 
225 
212 
203 
177 
270 
I66 
I70 
3 24 
154 
I72 
91 
58 

123 
205 
I I 2  
97 

213 
227 
219 
98 

139 
130 
I14 
125 
129 
500 
335 
170 
305 
300 

2800 
1290 
1320 
1025 
I100 
1215 
1300 
1715 
990 

1235 
1800 
1010 
1025 
1425 
1400 
1350 
1400 
I530 
I335 
I200 
1275 
1345 
I100 
1355 
1 200 
1350 
1200 
1285 
2055 
1920 
1250 
990 
450 

A 
B 
C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
A 
D 
A 
A 
D 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 

~ 

Synthetic methods. A: RS02CI + aminoguanidine; B RSO:F + aminoguanidine; C: triflic anhydride + amino- 
guanidine: D: sulfobenzoic cyclic anhydride - aminoguanidine. 
“A‘, \8alues were obtained fron Dixon plots using a linear repression program. from at least three different 
:ir\ays Spreads around the mean (data not shown) were 2 5  - 10°,~ of thc shown values. 
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THROMBIN INHIBITORS 251 

further elaboration, with the aim of obtaining more potent inhibitors. Two 
main approaches were used for attaining this purpose: (1) attachment of 
protected amino acyl/dipeptidyl moieties to the N-4 atom of the lead A14, 
and (2) attachment of substituted-pyridinium-propylcarboxamido moieties 
to the same N-4 atom of the lead. 

The data in Table I1 show that the sulfonyl-aminoguanidines Al-A32 
possess weak thrombin inhibitory properties, comparable with those of the 
lead molecule, benzamidine. The main difference between the two classes of 
inhibitors regards the decreased affinity of our compounds for trypsin, as 
compared to benzamidine. The data also clearly show that the presence of 
an aromatic/heterocyclic ring in the molecule of such a compound highly 
enhances its affinity for thrombin. The aliphatic compounds, such as the 
dimethylamino-derivatives A l ,  or the perfluoroalkyl sulfonyl-aminoguani- 
dines A3, A29, and A30 were among the most ineffective thrombin/trypsin 
inhibitors in the whole series of prepared compounds, with lower affinities 
than benzamidine 9 for the thrombin. The derivatives of the substituted- 
benzenesulfonyl-aminoguanidine on the other hand possessed generally a 
higher affinity for thrombin, as compared to benzamidine. Typically, they 
inhibited thrombin with KI values between 90 and 300nM, but possessed 
a lower affinity for trypsin as compared to benzamidine, which is a highly 
desirable feature for an inhibitor to be developed for clinical applications. 
Moieties leading to effective thrombin inhibitors were: p-halogeno-phenyl, 
p-nitrophenyl, 3-chlor0-4-nitropheny1, p -  and rn-amino-phenyl, perfluoro- 
phenyl, p-carboxy-phenyl, 4-methoxy-3-amino-pheny1, I- and 2-naphthyl or 
2-thienyl among others. In the new series of compounds, the best thrombin 
inhibitors proved to be those containing p- or m-amino moieties. Thus, one 
such compound, sulfanilyl-aminoguanidine A14, was chosen as lead for fur- 
ther elaboration with the aim of obtaining more efficient inhibitors. 

The first approach mentioned above is based primarily on the well-known 
scaffold Phe-Pro-Arg, which has been shown to assure effective binding 
of compounds containing it within the thrombin active site.3-5,7335 Since 
our compounds already possessed the S1 anchoring moiety, basically Phe 
and Pro substitutions were performed initially. The terminal-amino moiety 
of these amino acids was protected by means of the classical benzyloxy- 
carbonyl group (Cbz) or by the new tosylureido (ts) group, which has not 
been previously used for the design of serine protease inhibitors. Our choice 
was motivated by the following facts: the toluenesulfonyl group contained 
in this moiety might participate in interactions with the hydrophobic moie- 
ties of the thrombin binding site (such as S2 or/and S4, in the case of com- 
pounds possessing a larger molecule, see later in the text). Additionally, the 
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258 B.W. CLARE E I  (11 

SOzNHCONH part of the molecule might also be critical for binding, as in 
the X-ray structure of the NAPAP adduct of thrombin where it was 
observed that the SOzNHCH2C0 moiety forms two strong hydrogen bonds 
with Gly 21 6.'6 Thus, the dipeptidyl-derivatives ts-D-Phe-Pro- as well as 
Cbz-D-Phe-Pro- of the two leads were prepared (compounds A36, A37), and 
proved to be the most potent inhibitors in the whole series, together with 
A39. Also considering the fact that the well-known serine protease substrate 
Chromozym TH (Ts-Gly-Pro-Arg-p-nitroanilide: Ts = 4-toluenesulfonyl) it 
possesses a strong affinity for thrombin (Kill 4- 12 pM)'j we decided to use 
part of this scaffold for designing sulfanilyl-aminoguanidine-based inhibi- 
tors. This scaffold was modified as follows: the tosyl (Ts) group was 
changed to the ts (tosylureido) one and the amino terminal Gly was either 
maintained (i.e. A38) or changed to ..j-Ala (i.e. A39) in order to study the 
influence of the length of this part of the molecule to binding to the enzyme. 
Most importantly, the Pro of the original scaffold was changed to the much 
more polar His in the new compounds A38 and A39. These changes led to 
effective thrombin inhibitors (Table 11). Finally, among the different other 
dipeptides attached to the two lead molecules mentioned above (data not 
shown), the one giving strong and selective thrombin inhibitors was that 
based on the ts-Pro-Gly scaffold, in  derivative A40. No enzyme-inhibitor 
structural data are available up to now for explaining the high affinity of 
such inhibitors to thrombin. 

The synthetic strategy for attaching the amino acyl moieties to the lead 
A14 is outlined in Scheme 2.  Basically. the synthesis is based on our obser- 
vation that the reaction between N-protected amino acid/dipeptides and 
sulfanilyl fluoride 6 (in the presence of carbodiimide derivatives, such as 
EDCI) is much more rapid than the corresponding sulfanilation reactions 
(that would lead to sulfanilyl-sulfanilamide derivatives). Thus, a one-pot 
procedure for the preparation of compounds A33-A40 has been developed. 
The N-protected amino acid:dipeptide was treated with EDCl/triethyl 
amine in acetonitrile, then sulfanilyl fluoride 6 was added to give the benzene- 
sulfonyl fluoride derivatives 8 which were not isolated but further trans- 
formed to the desired products by reaction with aminoguanidine. HPLC 
purification afforded compounds A33-A40 in good yields. 

The second approach mentioned above took advantage of our observa- 
tion that sulfanilyl-aminoguanidine A14 can be coupled with substituted- 
pyridinium-amino alkyl carboxylic acid derivatives, such as the 
GABA-derived compounds 9: in the presence of carbodiimides preponder- 
ently at the N-4 atom, without acylation of the aminoguanidine nitrogens, 
when working at 3-4;C (Scheme 3). 
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THROMBIN INHIBITORS 259 6 + ZNHyCOOH - EDCl 6 
MeCN R 

NH, 

H2NC(=NH)NHNHz 1 
Z = Z-aminoacyl; Cbz or ts 

Cbz = C,H,CH,OCO 

ts = p-Me-C,H,-S0,NHCO 

ZNH O x N H  R 

A33-A40 

SCHEME 2 Synthesis of compounds A33-A40. 

NH 

, 
NHZ 

R4 hR2 N R1 

clo; 
HO J 

A14 0 

NH 

1 

R4 O Y N H  

9 
R3 

B1-B16 R2 

SCHEME 3 Synthetic strategy of compounds Bl-B16. 
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Inhibition data against two serine proteases, human thrombin and human 
trypsin are shown in Tables 11-IV for the compounds prepared here.23 
Inhibition data with the standard inhibitors 1-3' are also provided for 
comparison. 

In the subseries of amino acyljdipeptidyl-containing inhibitors A33-A40, 
the following facts should be noted (Table 111): (i) all these compounds 
behave as stronger thrombin inhibitors (KI values 1 1-50nM) as compared 
to the lead from which they were obtained, whereas their affinity for trypsin 
remained relatively low ( K ,  values of 13 15- 1560 nM). Furthermore, the 
affinity of the best inhibitors for thrombin is comparable or slightly better 
than that of the clinically used argatroban and inogatran although less 
effective than that of NAPAP. On the other hand, the thrombin : trypsin 
selectivity of our compounds is much better as compared to that of other 
reported inhibitors, (ii) protected-dipeptide derivatives (such as A36-A40) 
were more effective inhibitors as compared to the protected amino acyl deri- 
vatives A33-A35. (iii) the ts moiety seems to be slightly more beneficial 
than Cbz one for inhibitor potency towards thrombin and (iv) elongation of 

TABLE I11 Inhibition of human thrombin and human trypsin by 
433-A40 obtained from sulfiinilyl-amino_euanidine A14 as lead. 
inhibition data for the standard inhibitors 1-3 are also included 

p-XN H -Cb HJ -SO. N HNHC( =N H ) N H 2 

A33-A40 

C'oiitpouritl x* K ,  (nM)" 

A33 
A34 
A35 
A36 
431 
A38 
A39 
A40 
I 
2 
3 

C bz-D-Phe 
rs-D-Phe 
ts-L-Pro 
ts-D-PhePro 
Cbz-D-PhePro 
ts-GlyHis 
ts-.3-AlaHis 
ts- L-ProGI? 
Argatroban" 
Inogatran 
NAPAP 

50 
44 
43 
10 
I I  
I 5  
10 
15 
19 
15 

6.5 

1315 
1340 
1530 
1450 
I400 
1555 
1390 
1560 

540 
690 

- 

" K ,  values were obtained fron Dixon plots using a Linear regression program, 
from at least three different assays. Spreads around the nican (data not shown) 
aerc i5 - IO"Q of the shown values. hFrom Ref. [5a]. *Cbz = PhCHZOCO; ts = 
p-McC6H4SOZNHCO- : these groups acylate the amino-terminal HIN moiety. 
When configuration is not specified. L-amino acid moieties were employed. The 
usual polypeptide tormnltsni is used: the amino-terminal residue is written first 
(and it  is aluabs protected either b\ the Cbz or the ts moiety). whereas the car- 
boxy-terminal residue is ac)latmg the sulfanilql-aminoguanidine N-4 amino 
group. 
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TABLE IV Inhibition of human thrombin and human trypsin by pyridinium 
propylcarboxamido-sulfanilyl-aminoguanidines (Bl-B16) 

B1-B16 R2 

Compound R' R2 R3 R4 KI (nM)" 

Thrombin Trypsin 

B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BlO 
B11 
B12 
B13 
B14 
B15 
B16 

Me 
i-Pr 
i-Pr 
Me 
Et 
n-Pr 
i-Pr 
Me 
Et 
n-Pr 
i-Pr 
n-Bu 
t-Bu 
Ph 
Ph 
Me 

~ ~~ 

H Me 
H Me 
H Me 
H Ph 
H Ph 
H Ph 
H Ph 
H Ph 
H Ph 
H Ph 
H Ph 
H Ph 
H Ph 
H Ph 
H H 

Me Me 

Me 
Me 
i-Pr 
Me 
Et 
n-Pr 
i-Pr 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Me 

62 
44 
71 
24 
23 
42 
40 
15 
11 
18 
17 
39 
12 
40 
43 
62 

1150 
1100 
1250 
1055 
1000 
1100 
1100 
1100 
1150 
1100 
1140 
1200 
1050 
1340 
1500 
1250 

"K, values were obtained from Dixon plots using a linear regression program, from at least three 
different assays. Spreads around the mean (data not shown) were fS-10% of the shown values. 

the molecule from Gly to P-Ala in compound A39 is also beneficial for its 
potency/selectivity profiles. 

The following should be noted regarding the serine protease inhibition 
data for the positively-charged inhibitors B1-B16: (i) the pyridinium deriva- 
tives reported here generally behave as stronger thrombin inhibitors as 
compared to the lead molecules from whch they were derived, i.e., sulfanilyl- 
aminoguanidine A14. At the same time, their affinity for trypsin is relatively 
low, which constitutes a positive feature for the putative clinical use of such 
a compounds, (ii) the nature of R1 -R4 groups substituting the pyridinium 
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ring was critical for the biological activity of the obtained compounds, simi- 
larly to the situation seen for the carbonic anhydrase sulfonamide inhibitors 
reported previously by our g r ~ u p . ~ ’ . ~ *  Thus, tri- or tetra-alkyl-pyridinium- 
as well as 2.6-di- or 2,4.6-triphenylpyridinium moieties were generally less 
effective than 2-alkyl-4,6-diphenyl-pyridinium groups in importing strong 
thrombin inhibitory properties to the compounds incorporating them. 
Practically. the most active derivatives were those containing 2-alkyl-4,6- 
diphenyl-pyridinium moieties. such as ,-methyl-, 2-ethyl-, 2-iso-propyl- or 
2-tert-butyl-4,6-diphenyl-pyridinium groups. Replacing the 2-alkyl group 
mentioned above with a bulky phenyl one (such as in B14) or with a longer 
aliphatic chain (n-butyl. such as in B12) led to a drastic reduction in 
thrombin inhibitory potency. On the other hand, compounds possessing 
2.6-dialkyl-4-phenyI-pyridinium moieties in their molecules (such as B4, B5) 
possessed a behaviour intermediate between the strong inhibitors of the 
type B(8,9,11,13) and the relatively weak inhibitors of type B(l-3,14-16). 
Anyhow. the best substitution for inducing strong thrombin inhibitory 
properties was that incorporating the 2-ethyl-4,6-diphenylpyridinium moi- 
ety in the molecules of the new derivatives. The compound containing this 
substitution pattern, B9. showed thrombin inhibitory potency of the same 
order of magnitude as the clinically used argatroban 1 and inogatran 2, 
although i t  is less effective when compared to the very potent inhibitor 
NAPAP (Tables 11-IV). A special mention should be made of the fact that 
the new compounds reported here possess a much lower affinity for trypsin 
than the standard inhibitors 1-3, which constitutes a highly desirable fea- 
ture in a candidate to be developed for clinical use. 

QSAR Calculations 

The QSAR results are reported elsewhere’ and are only summarized here. 
Thrombin inhibitory activity was greatly enchanced by high polarizability 
and large size reflected in the surface area of the molecule. Molecules 
containing a benzene ring bonded to the sulfonamide group were more 
active as both thrombin and trypsin inhibitors than the aliphatic counter- 
parts, and there was ekidence that trypsin inhibitory activity depended on 
the direction of the nodes in the frontier orbitals of the molecules. This 
dependence was different to and stronger than the corresponding result with 
thrombin inhibition. A major difference between the requirements for throm- 
bin and trypsin inhibition was the effects of solvation energy, calculated as 
the difference in AM I (Austin model 1) heat of formation calculated in vacuo 
and in aqueous solution by the conductive shielding (COSMO) model. 
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It was found that trypsin inhibitory activity is favored by high solvation 
energy, and thrombin inhibitory activity by low. Both are favored by low 
lipophilicity. The most convincing results were derived not from the sulfonyl- 
aminoguanidines alone, but from the pooled data with in addition sulfonyl- 
guanidines and sulfonyl-isoureas with the same substitution patterns. ' 
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