
Pharmaceutical Chemistry Journal Vol. 34, No. 4, 2000 

A R Y L S U L F O N I C  A C I D  D E R I V A T I V E S .  

S Y N T H E S I S  A N D  A N T I T U M O R  A C T I V I T Y  

O F  D I -  A N D  T E T R A ( B E N Z Y L S U L F O N Y L ) D I A M I N E S  

L. A. Grigoryan, 1 M. R. Kaldrikyan, 1 E G. Arsenyan, 1 G. M. Stepanyan, 1 
and B. T. Garibdzhanyan I 

Translated from Khimiko-Farmatsevticheskii Zhurnal, Vol. 34, No. 4, pp. 24 - 26, April, 2000. 

Original article submitted June 19, 1999. 

In continuation of the previous investigation of sulfonyl- 
amide derivatives [1] known to possess antitumor activity 
[2], we have synthesized and characterized a series of new 
di- and tetrasulfonylamides ( I - I V )  by the following 
scheme: 

H2N(CH2)nNH2~ 
RO/~_~/v-SO2C1 ~ R O ~ v - ~  SO2NH (CH2)nNH S O 2 ~  -OR 

V Ia - l j  

IIa - IIg 
Ia -Ie,  IIa -IId: n = 2; R: see Table 1 
If-Ij,  lie -Ilg: n = 6; 
Br Br Br 

SO2NHCH2CH2NHSO 2 SO2C1 Br Br 

VI ~ ~ N  III 
W (R = cn3) N s / N  S 

IV 

Selecting these compounds for the synthesis was inspired 
by data on the antitumor activity of  alkanesulfonic acid esters 
and aliphatic diols, where the maximum efficacy was ob- 
served for 1,4-bis(methanesulfonyloxy)butane (myelosan) 
[3]. The effect of structural features on the antitumor activity 
was elucidated by replacing oxygen in the sulfonic acid es- 
ters by sulfur and nitrogen [4]. Taking into account these data 
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and the fact that the antileukemic activity can be increased by 
introducing electron-acceptor groups [5], we synthesized 
disulfonylamides I using reactions of  alkoxybenzenesulfoc- 
hlorides V with ethylene- and hexamethylenediamines in the 
presence of a 10% aqueous solution of  sodium hydroxide. 

As is known, the antitumor activity of  these compounds 
increases with the number of  sulfamide groups [6]. For this 
reason, we have synthesized tetrasulfonamides II by heating 
compounds I with alkoxybenzenesulfochlofides in an anhy- 
drous DMF medium in the presence of  lithium hydride. The 
yields of compounds II did not exceed 30%. Our attempts at 
improving this characteristic by increasing the temperature 
and duration of heating were unsuccessful. 

In order to find a relationship between the antitumor 
properties and chemical structure of  the synthesized sub- 
stances, it was also of interest to study the effect of including 
a heterocyclic ring. By analogy with the above reactions, we 
used 4-bromobenzo-2,1,3-thiadiazole-7-sulfochloride (VI) 
and ethylenediamine to obtain sulfonamide Ill. Heating this 
compound with methoxybenzenesulfochloride leads to for- 
mation of  the desired compound IV. 

Purity of the synthesized compounds was checked by 
TLC; the proposed compositions and structures were con- 
firmed by the results of  elemental analyses and by the IR and 
IH NMR spectroscopic data. 

EXPERIMENTAL CHEMICAL PART 

The TLC analyses were performed on Silufol UV-254 
plates; the spots were visualized by exposure to the UV radi- 
ation. The IR absorption spectra were recorded on an UR-20 
spectrophotometer (Germany). The 1H NMR spectra were 
measured on a Varian T-60 spectrometer (working fre- 
quency, 60 MHz) using DMSO as the solvent and TMS as 
the internal standard. 
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TABLE 1. Characteristics of Compounds Ia - IIj and IIa IIg 

Rf (ben- 
Com- R Yield, % M.p., zene - ac- Empirical 
pound ~ etone, formula 

3:1) 

Ia CH3 87 152 - 153 0.62 C16H20N206S 2 

Ib C2H5 74 155 156 0.66 CIsHzaN206S 2 

Ic C3H7 70 166 167 0.70 C20Hz8N20682 
Id C4H9 82 150 - l 51 0.73 C22H32N206S2 

Ie iso-C4H 9 72 159- 160 0.75 C22H32N20652 
If CH3 87 119 120 0.68 C2oH28N206S 2 

Ig C2H5 72 160 - 162 0.72 C22H32N206S2 
Ih C3H7 80 135 136 0.74 C24H36N206S2 
Ii CnH 9 81 133 134 0.77 C26H4oN206S2 
Ij iso-C4H9 82 127 128 0.81 C26H4oN206S2 
IIa CH3 30 228 230 0.60 C3oH32N2012S4 

lib C2H5 29 204 - 205 0.73 C34H40N2OI2S4 

tic C3H 7 25 223 225 0.80 C38H48N2OIzS4 

IId C4H9 26 184- 185 0.83 C42H56N2OI2S4 
IIe CH3 28 193 194 0.66 C34H40N2OI2S4 

IIf C2H5 27 208 - 209 0.77 C38HasN2OlzS4 
IIg C3H7 23 179 180 0.81 C42H56N2012S4 

TABLE 2. Antitumor Activity of Arylsulfonic Acid Derivatives 
(Ia Ij, IIa, IIc, IIe, III and IV) 

Tumor growth inhibition, % of control 
Com- 
pound Dose, Sarcoma Dose, WCS p mg/kg 37 P mg/kg 

Ia 200 57 < 0.05 100 49 < 0.05 
Ib 250 47 < 0.05 100 4l = 0.05 
Ic 250 45 < 0.05 100 30 = 0.05 
Id 200 60 < 0.05 120 0 
Ie 250 45 < 0.05 100 0 
If 200 52 < 0.05 100 22 > 0.05 
Ig 250 57 < 0.05 120 21 > 0.05 
Ih 150 54 < 0.05 100 48 < 0.05 
Ii 150 48 < 0.05 100 0 
Ij 250 48 < 0.05 120 33 = 0.05 
IIa 150 57 < 0.05 120 25 > 0.05 
IIc 200 66 < 0.05 120 29 > 0.05 
IIe 200 55 < 0.05 100 20 > 0.05 
III 200 37 = 0.05 100 39 = 0.05 
IV 175 70 < 0.05 120 56 < 0.05 

N,N'-Di(p-alkoxybenzenesulfonyl)aikyldiamines 
(Ia - lj). A mixture o f  10 mmole  o f  4-alkoxybenzenesulfo-  
chloride V [7], 5 mmole  o f  the corresponding amine, 1 ml  o f  
water, and 4 ml o f  10% aqueous sodium hydroxide solut ion 
was heated with stirring for 3 h on a boiling water  bath.  

Upon cooling, the precipi tated crystals were separated by  fil- 
tration and recrystall ized from 80% aqueous ethanol solut ion 
(Table 1). 

The IR spectra o f  compounds I a - I j  (Vma • c m - 1 ) :  

1160-1165  (SO 2 symm.),  1 3 8 0 - 1 3 8 5  (SO 2, ant isymm.) ,  
3285 - 3300 (NH). 

N,N'-Di(4-bromobenzo-2,1,3-thiadiazole-7-suifonyl)et 
hylenediamine (III) .  Compound  III was synthesized b y  a 
procedure analogous to that described above, p roceed ing  
from 1.6 g (5 mmole) o f  chloroanhydride VI [8], 0.3 ml 
(2.5 mmole) o f  a 50% aqueous ethylenediamine solution,  
1 ml of  water, and 5 ml o f  10% aqueous potassium hydrox ide  
solution. 

Yield, 1.3 g (86%); m.p., 2 1 4 - 2 1 5 ~  (from acetone);  

Rp 0.74 (C6H 6 - a c e t o n e ,  2 : 1); C14H16Br2N604S4; IR spec-  

trum (Vmax, cm 1): 1180 (SO 2 symm.), 1390 (SO2, 
antisymm.), 1590 (C=C, arom.),  1630 (C=N), 3300 (NH, am- 
ide). 

N,N,N'N'-Tetra(p-alkoxybenzenesulfonyl)alkyldiami 
nes (1I). To a solution o f  2.5 mmole  of  the corresponding 
diamide I in 25 ml o f  anhydrous D M F  were added 0.04 g 
(5.5 mmole) of  lithium hydride and the reaction mass  was 
heated with stirring for 40 min on a boil ing water bath. Then 
5.5 mmole o f  4-alkoxybenzenesulfochloride V was added  
and the mixture was addit ional ly heated for 10 h. Upon cool-  

ing, the react ion mixture was poured into a glass with ice and 
allowed to stand for 10 - 12 h. Then the precipitated crystals 
were filtered and purified by boiling in ethanol, whereby 
unreacted disulfonamide I dissolved in the alcohol. 

The IR spectra o f  compounds I I a - I I g  (Vmax, c m - l ) :  
1170 - 1180 (SO 2 symm.), 1390 - 1395 (SO 2 antisymm.), no 
bands in the region of  characteristic NH absorption (Table 1). 

N,N'-Di(p-methoxybenzenesulfonyl)-N,N'-di(4-bromo 
benzo-2,1,3-thiadiazole-7-sulfonyi)ethylenediamine (IV). 
Compound IV was synthesized by a procedure analogous to 
that described above, proceeding from 1 g (2.6 mmole) o f  
diamide III, 0.04 g (5.6 mmole) o f  lithium hydride, and 1.6 g 
(5.6 mmole)  o f  chloroanhydride V (R = CH3) in 30 ml of  an- 
hydrous DMF. Yield, 1.4 g (63%); m.p., 138 - 140~ (from 

ethanol); Rf, 0.55 (C6H 6 -ace tone ,  2 :  1); C18H22Br2N6OIoS6; 

IR spectrum (Vma• c m - l ) :  1160 (SO 2 symm.); 1390 (SO 2 
antisymm.), 1590 (C=C, arom.), 1620 (C=N), no bands in the 
region o f  characteristic NH absorption. 

EXPERIMENTAL BIOLOGICAL PART 

The ant i tumor properties were studied by conventional 
methods [9, 10] using rats and mice inoculated with sarcoma 
37 and Walker ' s  carcinosarcoma (WCS). Substances show- 
ing activity with respect to these solid tumors were addition- 
ally tested on a hemocytoblastosis Ia model. The therapeutic 
effect was evaluated as percentage inhibition (TGI) of  the 
solid tumor growth (for sarcoma and 37 and WCS) or as per- 
centage increase in the lifetime o f  test animals (for 
hemocytoblastosis  Ia). 

Because o f  poor solubility in water, all the synthesized 
compounds were injected as suspensions in an 0.5% 
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carboxymethyl  cellulose solution. The intraperitoneal injec- 
tions were made daily over  a period of  8 (rats) and 5 -  6 
(mice) days. The experimental  data were processed by the 
Student - Fisher method. 

The results o f  investigation o f  the therapeutic efficacy of  
dibenzosulfonylamides I a - I j  are summarized in Table 2. 
Similar to myelosan, some o f  these compounds (in particular, 
the compounds containing methoxy,  ethoxy, and butoxy radi- 
cals) exhibit significant anti tumor activity with respect to 
sarcoma 37 (TGI= 57 - 6 0 % ; p  < 0.05). WCS was much  less 
sensitive to the drugs tested: only some of the derivatives 
studied (Ia, Ic, Ih, Ij) produced a weak effect 

(TGI = 30 - 48%; p < 0.05). Note,  however, that the thera- 
peutic action of  myelosan on this model  also did not exceed 
50% [ 11 ]. On the whole, ethylene and hexamethylene deriva- 
tives ( I I I a -  IIIe and I I I f -  IIIj, respectively) showed approxi- 
mately  equal activity levels on the tumor models studied. 

Tetrabenzenesulfonylamides IIa, IIc, and IIe also signifi- 
cantly inhibited the growth o f  sarcoma 37 (TGI = 57 - 66%; 
p < 0.05) while virtually not affecting the WCS growth (Ta- 
ble 2). 

Compound III (containing a benzothiazole cycle) exhib- 
its weak antitumor activity with respect to both sarcoma 37 
and WCS (TGI = 37 and 39%, respectively; p = 0.05) Com- 
pound IV (with methoxybenzenesulfonyl  substituent) 
showed a pronounced effect upon sarcoma 37 (TGI = 70%, 
p < 0 . 0 5 )  and moderately inhibited the WCS growth 
(TGI = 5 6 % , p  < 0.05). 

Compounds showing activity with respect to sarcoma 37 
and WCS (Ia, Id, Ig, Ih, IIa, IIc, and IV) exhibited no reliable 
antitumor effect when tested on the hemocytoblastosis Ia 
model. 
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