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A series of monodansyl derivatives of weak aliphatic diamines, e.g., 3-azacadaverine, 3-oxacadaverine, and 3-thia-
cadaverine, has been prepared and tested as specific inhibitors of the fibrin-stabilizing factor (FSF). These and 
other compounds were prepared in an attempt to obtain inhibitors of the donor type with a low basic strength, in 
order to achieve an increased amount of un-ionized primary amine at the site of reaction. Several of these com­
pounds were found to be potent inhibitors of FSF, while one substance, monodansylthiacadaverine, was found to be 
the most active inhibitor of the donor type so far described. 

The final step in the coagulation process is the cross-
linking of the monomeric fibrin. In the polymeric protein 
thus formed, the single fibrin units are bound together by 
covalent amide bonds between the t -amino group of a lys­
ine residue of one fibrin molecule and the 7-carbonyl 
group of a glutamine residue of another fibrin molecule. 
The polymerization is catalyzed by a transamidating en­
zyme, the fibrin-stabilizing factor (FSF, F XIII). Throm­
bin and Ca2 + are required for activating the enzyme. The 
mechanism for this enzymatic catalysis and the specific 
inhibition of the enzyme have recently been reviewed.1-3 

We are currently trying to find specific FSF inhibitors 
which potentially could be used against thrombotic dis­
eases by aiding the thrombolysis. Synthetic primary 
amines (pseudo-donors)2-6 as well as thiol esters (pseudo-
acceptors)7,8 have been shown to inhibit the fibrin cross-
linking. One of the most studied FSF inhibitors is mon-
odansylcadaverine [N- (5-aminopentyl) -5-dimethylamino-
1-naphthalenesulfonamide], Studies concerning the struc­
ture-activity relationship of this type of inhibitor2-5 have 
revealed that a potent inhibitor preferably should have 
the general structure ArS02NH(CH2)sNH2, where a pri­
mary amino group is bound via five methylene groups and 
a sulfonamide moiety to an aromatic nucleus. 

For small nonspecific pseudo-donors Lorand, et al.,6 

have published that the activity is highly dependent on 
the pK a values of the primary amino group. In order to 
increase the total nucleophilic reactivity of the pseudo-
donors at a fixed pH, we have now prepared compounds 
related to monodansylcadaverine where the primary 
amino group is affected by heteroatoms in the side chain. 
The compounds prepared and their activities are present­
ed in Table I. 

Chemistry. In the preparation of compounds 1, 3, and 
4, the appropriate diamine was monoacylated4 in chloro­
form using dansyl chloride (5-dimethylamino-l-naphtha-
lenesulfonyl chloride) in the presence of N-methylpyrro-
lidine. Compound 2 was obtained as depicted in Scheme 
I; dansyl chloride was allowed to react with ethylenimine 
and the three-membered ring of the sulfonamide thus 
formed was opened by treatment with ethylenediamine. 

The glycine amide 5 was synthesized by reacting iV-(2-
aminoethyl)-5-dimethylamino-l-naphthalenesulfonamide4 

and glycine ethyl ester hydrochloride in DMF. In the 
preparation of 6 and 7, 4-(5-dimethylamino-l-naphthalene-
sulfonamido)butyric acid (8) (dansyl-GABA) was treated 
with N,./v"-carbonyldiimidazole and the activated inter­
mediate 9 (possibly 10)9 reacted with hydrazine to form 
the hydrazide 6 or with hydroxylamine to form the hy-
droxamic acid 7 (Scheme II). 

tAddress correspondence to this author at AB Hassle. Fack, S-431 20 
Molndal, Sweden. 
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Bioassay. The biological assays were carried out using 
the clot lysis test previously described.10 The inhibitory 
activity of each compound is expressed in per cent of that 
of monodansylcadaverine.4 

Results and Discussion 

The activities of the compounds are collected in Table 
I. 

It has been proposed6 that the fibrinoligase-catalyzed 
cross-linking of fibrin proceeds via an acyl enzyme inter­
mediate, viz. a thiol ester between the 7-carboxyl group of 
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T a b l e I . Physical D a t a and Inh ib i to ry Activi ty of the Compounds Studied 

SO,R 

Compd 
no. R 

M p , 
°C 

68-70 
115-117 
162-165 

Oil 
Oil 
Oil 

Yield, 
% 

60 
53 
52 

34 
55 
55 

N(CH,i, 

Der iva t ive 

Base 
Base 
0 .5 

fumarate 
Base 
Base 
Base 

Formula 

C I 6H2 4N402S 
C16H23N3O3S 
C1 6H2 3N302S2 0 . 5 0 ^ , 0 , 

C16H22N403S 
Ci6H2 2N403S 
C I 6 H 2 ! N 3 0 4 S 

Approx 
pifa of 

pr imary 
a m m o 
group 
(ref) 

10 .9 (11) 
8 .6 (13) 
9 .6 (14) 
9 .6 (15) 

7 .4 (6) 
3 .2* 

Un­
ionized 
amino 
group 
a t p H 
7.4," 

% 

0 .03 
5 .9 
0 .63 
0 .63 

50 
99 

Inhibi­
tory 
act.'' 

100 
12 

150 
610 

30 
22 

8 

1 -NH(CH 2 ) 5 NH 2 < 
2 - N H C H 2 C H 2 N H C H 2 C H 2 N H 2 

3 - N H C H 2 C H 2 O C H 2 C H 2 N H 2 

4 - N H C H 2 C H 2 S C H 2 C H 2 N H 2 

5 - N H C H 2 C H 2 N H C O C H 2 N H 2 

6 - N H C H 2 C H 2 C H 2 C O N H N H , 
7 - N H C H 2 C H 2 C H 2 C O N H O H 

"The pKa of the p r imary amino group is es t imated to be approximate ly the same as t h a t of the unsubs t i tu ted diamine. 
'See ref 10. eMonodansylcadaver ine . dC. R. Lindegren and C. Niemann , J. Amer. Chem. Soc, 7 1 , 1504 (1949). 

a g lu tamyl residue of fibrin and the H S - group of t he ac­
tive center cysteine of the enzyme . Th i s in t e rmed ia te may 
then react wi th the e-amino group of lysine to form the in-
termolecular amide bond between the fibrin molecules. 
The cross-linking would thus occur via a nucleophilic at­
tack by the primary amino group on the carbonyl group of 
the thiol ester. Similarly, monodansylcadaverine4 proba­
bly inhibits the cross-linking when its primary amino 
group reacts with the acyl enzyme intermediate. For this 
reaction the H2N- group must be present in its base form. 

The bioassay of the inhibitors is performed at pH 7.4 in 
the test solution. The amount of monodansylcadaverine 
present in its un-ionized form at this pH can be calculat­
ed from the pKa value of the primary amino group (the 
aromatic dimethylamino group is a much weaker base). 
This pKa value is estimated to be 10.9 at 25°, the same as 
pK a l l ; of cadaverine.11 At a pH of 7.4, the cation of mon­
odansylcadaverine would predominate to an extent of 
99.97%. The situation may, however, be even more unfa­
vorable since the pH at the site of action might be lower 
than that of the surrounding test solution. This has, e.g., 
been found to be the case in the vicinity of some mem­
branes.12 

A lower pX a value of the nucleophilic primary amino 
group of FSF inhibitors could thus markedly increase the 
activity by increasing the amount of the inhibitor present 
as the free base. Assuming that such weak amines would 
retain sufficient nucleophilicity, we have prepared four 
different inhibitors (2-5) including the monodansyl deriv­
atives of 3-azacadaverine (pKa i 2 at 30° = 8.613), 3-oxa-
cadaverine (pX a l i , at 30° = 9.614), and 3-thiacadaverine 
(pK a i l>at30° = 9.61 5)(TableI). 

We have previously demonstrated4 that the length of 
the side chain in compounds related to monodansylcadav­
erine is of vital importance for the activity. In a homolo­
gous series of monodansyl derivatives of a,co-diaminoal-
kanes, the activity has a maximum for monodansylcadav­
erine. Compounds 2-5 all have virtually the same length 
of the side chain. Two of these, 2 and 5, are less active 
than 1, while 3 and 4 are more active. Since the nucleo­
philicity is closely related to the basic strength of the 
amino group, it seems likely that the nucleophilicity of 2 
and 5 is too low for the inhibiting reaction. It is also possi­
ble that the side chains of 2 and 5 are more extensively 
hydrated16 than those of 3 and 4. Besides, it is worth no­
ticing that the secondary amino group of 2 is protonated 
to a large extent at pH 7.4 and consequently this com­
pound has a positive charge in the middle of the side 
chain. 

The high activity of 3 and 4 shows it is possible to in­
crease the activity of inhibitors related to monodansyl­
cadaverine by lowering the basic strength of the H2N-
group. The higher activity of 4 compared to 3 may indi­
cate that the side chain of 4 is less hydrated16 than that of 
3. Compound 4 (monodansylthiacadaverine) is the most 
active inhibitor of the donor type so far described. This 
compound may be used to increase the sensitivity of the 
various analytical test systems where monodansylcadaver­
ine presently is used.17-20 

A weak base is normally also a weak nucleophile. How­
ever, in compounds having an unshared electron pair on 
the atom next to the nucleophilic center the nucleophili­
city normally is increased above what can be expected 
from their pKa values (the a effect).21-23 Applying this 
theory to our work we have prepared compounds 6 and 7 
which both are very weak bases. These substances have 
significant FSF inhibitory properties although their ac­
tivities are lower than that of monodansylcadaverine. 
Compound 7, with an activity of 8% of that of monodan­
sylcadaverine, is the first example of a pseudo-donor with 
a nucleophile other than an H2N- group. 

Experimental Section 

General Comments. Melting points were determined with cali­
brated Anschutz thermometers in an electrically heated metal 
block. All crystalline compounds were characterized by elemental 
analyses (C, H, and N) which deviated maximally ±0.4% from 
the theoretical values. Ir spectra were run for identification pur­
poses on a Perkin-Elmer 273 spectrophotometer and mass spectra 
were recorded with an AEI MS 30 apparatus at 70 eV. Dansyl 
chloride and 7V,A"-carbonyldiimidazole were commercially avail­
able. 

iV-(5-Amino-3-azapentyl)-5-dimethylamino-l-naphthalene-
sulfonamide (2, Scheme I) . To an ice-cold mixture of ethylen-
imine (0.9 g, 20 mmol), Na2CO3-10H2O (10.0 g, 35 mmol). and 
10 ml of water was added a solution of dansyl chloride (5.4 g, 20 
mmol) in acetone (50 ml). The reaction mixture was kept at 10° 
during the addition of dansyl chloride whereupon it was stirred at 
room temperature for 30 min. It was then extracted with toluene 
(3 x 20 ml) and the organic phase was dried (Na2S04). To the 
toluene solution was added ethylenediamine (1.2 g, 20 mmol); the 
mixture was kept at room temperature overnight and warmed to 
50° for 2 hr. The solvent was evaporated and the residual oil was 
dissolved in 2 M HC1 (100 ml) and washed with chloroform (2 x 
100 ml). After adjusting the pH to 8 the aqueous layer was ex­
tracted with chloroform. The organic phase was washed several 
times with water whereupon it was dried (Na2SC>4) and the sol­
vent evaporated in vacuo, affording an oil which solidified upon 
standing: yield, 4.0 g (60%); mp 68-70° (from ligroine). Anal 
(C16H24N402S) C, H, N. 

iV-(5-Amino-3-oxapentyl)-5-dimethylamino-l-naphthalene-
sulfonamide (3, Monodansyloxacadaverine). To a solution of 
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iV-methylpyrrolidine (0.6 g, 6.7 mmol) and bis(2-aminoethyl) 
ether (3-oxacadaverine)24 (1.4 g, 13.4 mmol) in chloroform (5 ml) 
was slowly added dansyl chloride (1.8 g, 6.7 mmol) in chloroform 
(30 ml) at such a rate that the reaction mixture had a light green 
fluorescent color (about 2 hr). The precipitate formed was filtered 
off and washed with chloroform, and the combined filtrates were 
washed with saturated NaHCOs solution (2 x 150 ml) and with 
water (2 x 150 ml), dried (NasSCU), and evaporated in vacuo, af­
fording a light yellow crystalline residue: yield, 1.2 g (53%); mp 
115-117° (from toluene). Anal. (C16H23N3O3S) C, H, N. 

iV-(5-Amino-3-thiapentyl)-5-dimethylamino-l-naphthalene-
sulfonamide (4, Monodansylthiacadaverine). This compound 
was prepared from bis(2-amino ethyl) sulfide (3-thiacadaver-
ine)25.26 (gg g> 74 2 mmol) and dansyl chloride (10.0 g, 37.1 
mmol) as described for 3. The product, a fluorescent yellow oil, 
was dissolved in absolute ethanol (100 ml) and anhydrous ether 
(500 ml). A solution of fumaric acid in absolute ethanol was 
added and the precipitated fumarate was filtered off: yield, 9.0 g 
(59%); mp 162-165° (from 95% ethanol). Anal. (Cier^NsC^Sa-
O.5C4H4O4) C, H, N. 

2V-(2-Glycinamidoethyl)-5-dimethylamino-l-naphthalenesul-
fonamide (5). N-(2-Aminoethyl)-5-dimethylamino-l-naphthalene-
sulfonamide4 (0.6 g, 2.5 mmol) and glycine ethyl ester hydrochlo­
ride (0.4 g, 2.8 mmol) in dimethylformamide (25 ml) were allowed 
to react at 100° for 4 hr. The solution was evaporated in vacuo 
and the residue was purified as described for compound 2 yielding 
0.3 g (34%) of 5 as a yellow oil, identified by ir and mass spectra. 
Tic showed only one spot: Rt 0.7 (silica gel G plates developed in 
ether-2% NH 3 in ethanol, 8:5); «m a x (film) 3500-3000 (-NH2- and 
-NH-, br), 2780 [-N(CH3)2], 1670 and 1570 (-NHCO-), 1320 and 
1140 c m " 1 (-SO2-); mass spectrum m/e (rel intensity) 335 (1, M + 

- 15), 321 (25), 293 (52), 250 (84), 235 (78), 171 (100), 170 (95), 
169(33), 168(58). 

4-(5-Dimethylamino-l-naphthalenesulfonamido)butyric Acid 
(8). Dansyl chloride (13.1 g, 48.5 mmol) was slowly added to a 
saturated NaHCOs solution (20 ml) containing 4-aminobutanoic 
acid (GABA) (5.0 g, 48.5 mmol) and the mixture was allowed to 
react overnight. After adding more ether a water-soluble precipi­
tate was obtained. This was filtered off and the filtrate evapo­
rated. The residue, dissolved in chloroform (200 ml), was extract­
ed with saturated NaHCC>3 solution (2 X 150 ml). After adjusting 
the pH to 5 the aqueous layer was extracted with chloroform (3 x 
150 ml). The organic phase was washed with water (3 x 300 ml), 
dried (Na2S04>, and evaporated in vacuo, affording an oil (5.5 g, 
34%), which was identified as its hydrochloride, mp 183-185° dec 
(from acetone-ethanol-ether). Anal. (CieHao^CUS-HCl) C, H, 
N. 

4-(5-Dimethylamino-l-naphthalenesulfonarnido)butyric Acid 
Hydrazide (6, Scheme I I) . To a solution of N,iV'-carbonyldiim-
idazole (0.5 g, 3.1 mmol) in dry THF (40 ml) was added 4-(5-di-
methylamino-l-naphthalenesulfonamido)butyric acid (8, dansyl-
GABA)9 (1.0 g, 3.1 mmol) in dry THF (10 ml). (If the reaction 
mixture was worked up, dansyl-7-butyrolactam9 (10) was identi­
fied as the product.) After 2 hr at room temperature hydrazine 
hydrate (0.3 g, 6.2 mmol) was added.27 The reaction mixture was 
stirred overnight, the solvent evaporated in vacuo, and the resi­
due dissolved in chloroform. The organic layer was washed with 
water several times, dried (Na2S04), and evaporated. The prod­
uct, a yellow oil, was precipitated as its hydrochloride. This salt 
(0.5 g, 55%) was hygroscopic and consequently the compound was 
identified as the base by ir and mass spectra. Tic (silica gel G 
plates developed in ethanol-ether 1:5) showed only one spot at Rf 

0.9; «m a x (film) 3400-3000 (-NH 2- and -NH-) , 2780 [-N(CH3)2], 
1650 ( > C = 0 ) , 1310 and 1140 cm" 1 (-SO2-); mass spectrum m/e 
(rel intensity) 350 (10, M + ), 335 (6), 318 (16), 207 (32), 171 (100), 
170(80), 169(22). 

A r-(5-Dimethylamino-l-naphthalenesulfonamido)butyrylhy-
droxamic Acid (7, Scheme II) . This compound was prepared in 
the same way as compound 6. The substance was obtained as an 
oil (0.5 g, 55%). The tic of the product showed only one spot (sili­

ca gel G plates developed in ethanol-ether 1;5), Rf 0.8. The com­
pound was identified by ir and mass spectra: cm a x (film) 3400-
3100 (br, - N H - and -OH), 2780 [-N(CH3)2], 1650 ( > C = 0 ) , 1310 
and 1140 c m - 1 (-SO2-); mass spectrum m/e (rel intensity) 351 
(0.5, M+), 335 (13), 318 (56), 317 (50), 171 (100), 170 (56), 169 
(22), 168(34). 
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