
cis-4_[Di-(2~-chloroethyl)amino]-L-proiine Ethyl Ester Dihydrochloride (la). A mixture 
of 0~474 g (I mmole) of Va and 0.188 g (2 ~oles) of phenol isdissolved in 2 ml of acetic 
acid and saturated with gaseous HBr, and the solution is !eft to stand for 26 h at 20-25~ 
Compound Ia is precipitated from the reaction mixture by ether~ converted into base (as de- 
scribed for Va), but using 2 ml of water and i0 ml of chloroform, and then into the dihydro- 
chloride. The dihydrochloride is reprecipitated twice from 2 ml of absolute ethanol, and 
dried in vacuo over P2Os. The product is hygroscopic. Yield, 250 mg (71%). Found, %: C 
37.1; H 6.1; C1 38.5; C1 19.0; N 8.6. C~IH2oCi2N2" 2HCI. Calculated, %: C 37ol; H 6.2; C1 

39.8; C1 19.9; N 9.0. 
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SYNTHESIS OF NEW SULFANILAMIDES AND THEIR ANTIMICROBIAL PROPERTIES 

N. M. Divanyan, L. Kh. Ga!styan Yu. Z. Te_-ZaKharyan, 
R. V. Paronikyan, and O. L. Mndzhoyan 

UDC 615.281:547.466],012.1 

Depending on the substituents and their position in the molecule, derivatives of sul- 
fanilic acid (I) have different biological activity: antibacterial, antiinflammatory, hypo- 
glycemic, antittLmor, antiepileptic, etc. [1-4]. 

Searches in the series of amino acid derivatives of I led to interesting biologically 
active compounds and revealed certain regularities in the dependence of their action on struc- 
ture [5-9]. 

In continuation of studies in the field of the derivatives of I, we synthesized compo~ds 
of the general formula II-IV to determine the role of different structural components in the 
appearance of a biological effect, and to conduct a directed search for biologically active 
c o m p o u n d s .  

Compounds II were obtained by the action of N-alkoxycarbonylsulfanilyl chlorides on the 
corresponding aliphatic or cyclic amines or amino esters in solvents such as ether, benzene, 
petroleum ether, and chloroform, in the presence of triethylamine and an excess of the amine 
ester, according to the method described in [I0, ii]. 

ROCONH--~--SO2CI+HR' ---+ ROCONH--~--SO,R' 

IIa- -p  

a: R ----- C2H~, R ~ N(CH~CH~CI)~; J: R ----iso-C4H,, R' ~NHCH(CHa)s; 
b: R = C=Hs. R' = N(CH~CH~OH)~; k: R ---- C2Hs, R' = N[CH(CH~)2Is; 
c: R--~ CHa, R ' =  NHCH=CH2OH; 1: R --iso-C4H 9, R' = NHCH2COOC~Hs; 
d: R = C=Hs, R' = N(CHs)5; m: R =iso-C4Hg, 
e: R ---- CsHs, R' ---- N(CH=)6; R' ---- NHCH(CH~C~Hs)COOCsH~; 

R ' =  H ' f: R----CsH~, N(CH~CH=)~O; n: R=C~ ~; R =NHCH(CH2C6Hs)COOC=H~; 

~ :: R ----- C2H5. R'=NH(CH=)aN(CHsCH=)=O; o: R---- CsH~, 
: R = CHa, R' ---- NHCH(CHa)=; R' --~ NHCH(COOCHa) (CH~)=COOCHa; 

i: R = CsHs, R' ---- NHCH(CHa)s; p: R ---- C2H~, 
R ' =  NHCH(COOCsH~) (CH~)~COOC~H~._ 

Compounds !II were synthesized by the mixed anhydrides method [!0]: by the action of 
ethyl chloroformate (V) and sulfanilamide (VI) on N-acylglycines in the presence of triethyl- 
&mine in dry tetrahydrofuran (THF) o 
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RNHC H2COOH+ NH2<~ SO~NH~ 

a: R ---- CHsCO; 
b : R ---- CeHsCO; 
c: R ---- CH3OCeH,CO; 

RNHCH~CONH~-~SO2NH2 

III a=e 
d : R ---- C2HsOCeH4CO; 
e: R ---- C~H~OCeH4CO. 

Compounds IV were obtained by the reaction of sulfanilacetamide sodium salt (VII) with 
the corresponding esters of chloroformic or haloacetic acids in an aqueous or alcoholic med- 
ium 

N H a ~  SOINNaCOCHa-FCI(CH,)nCOOR 

a: R=CHs,  n----0; 
b: R----CIHs, n = 0 ;  
c: R----H, n----l; 

- -~  NHt<~>SO=N(COCHa) (CHI)nCOOR 

IV a-~ 

d: R=CHs. n----l; 
c: R----CiHs,  n = l .  

All the compounds obtained are crystalline substances, insoluble in water and soluble in 
acetone. 

The identity and purity of the compounds obtained were established by elemental analysis, 
IR spectra, and TLC. In the IR absorption spectra bands are observed in the 1170 and 1230 
cm -I region, corresponding to the SO= group; in the 3370, 1680, and 1560 cm -I region, corre- 
sponding tothe amidegroups; inthe 1540, 3300, and 3320 cm -I region (NH2 group), and at 1720 

--I cm ~CO of the ester group). 

The chemotherapeutic action of the compounds synthesized was studied. A marked activ- 
ity of isopropylamides of N"-alkoxycarbonylsulfanilic acid and esters of N"-aikoxycarbonyl- 
sulfanilamino acids was established. 

EXPERIMENTAL CHEMICAL PART 

The TLC was carried out on Silufol UV-254 plates (Czechoslovakia) with propanol-water 
(7:3) mobile phase and detection by UV light, iodine, and ninhydrin. The IR spectra were run 
on the UR-20 spectrometer (GDR) in mineral oil (sodium chloride and lithium fluoride prism). 

N-Isopropyl-N'-methoxycarbonylsulfanilamide (llh). A solution of 0.02 mole of isopro- 
pylamine in ether is added dropwise to an ether solution of 0.01 mole of N-methoxycarbonyl- 
sulfanilyl chloride, with the temperature of the reaction mixture maintained at--5 to--10~ 
The mixture is left to stand overnight at room temperature. The precipitate is filtered, 
washed with ether (3 x 50 ml), and then with water, and recrystallized from aqueous acetone. 
]he physieoanalytical data of II are listed in Table I. 

N"-hippurysulfanilamide (IIIb). A 0.03 mole portion of V is added at --5 to --7~ to a solu- 
tion of 0.03 mole of hippuric acid and 0.03 mole of triethylamine in 50 ml of dry THF. The 
mixture is stirred for 15-20 rain, and then 0.03 mole of VI to 20 ml of dry THF is added drop- 
wise. The mixture is then stirred at room temperature for 3 h, and the solvent is evaporated. 
To the residue, 50 ml of water are added, and the mixture is extracted by ethyl acetate (3 • 
50 ml). The extract is washed with 0.i N hydrochloric acid, a 5% solution of sodium bicar- 
bonate, and water, and dried over sodium sulfate. After distillation of the solvent, the pre- 
cipitate is recrystallized from aqueous acetone. Other compounds III were obtained similarly 
(Table 2). 

N-Sulfanilyl-N-carbethoxymethylacetamine (IVe). A 0.01 mole portion of ethyl chloroace- 
tate is added to room temperature, with stirring, to a solution of 0.01 mole of VII in 50 ml 
of alcohol or water. The reaction mixture is stirred for 4 h and left to stand overnight. 
The precipitate is filtered, washed with ether (3 x 50 ml), and then with water, and recrys- 
tallized from acetone. The physicoanalytical data of compounds IV are listed in Table 2. 

EXPERIMENTAL BIOLOGICAL PART 

The acute toxicity of the compounds obtained was studied with a single oral administra- 
tion in experiments on nonpedigree white mice of both sexes, weighing 18-20 g each. The com- 
pounds are nontoxic; in a dose of 2500 mg/kg they did not induce any changes in the behavior 
and state of the animals; in higher doses they were not studied. 
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TABLE i. N4-Alkoxycarbonylsulfanilamides (!la-p) 

3 ~ 

lla I19 0,91 
lid 139 0,80 
IIc  169 0,80 
lid 148 0,89 
l ie  151 0,89 
IIf  170 0,86 
119 3--2~ 0,35 
llh 217 0,80 
IIi 194 0,97 
4Ii 142 0,97 
Ilk 226 0,94 
l l I  105 0,98 
lira 167 0,98 
i ln  4--16 0,99] 
Iio 200 0,95 
llp 163 0,96 

Found 

H 

42,45 
47,09 
43,32 
54,19 
55,29 
49,03 
51,90 
48,50 
49,98 
53,40 

5,5I 
6,5t 
5,50 
6,20 
6,57 
6,41 
6,04 
6,14 
6,10 
6,17 
7,63 
6,23 
6,2~ 
6,0~ 
5,7C 
6,02 

I Empirical 
N I s formula 

7,50 ] 9,0! ]  C~,~H~.~.CI~N~O,~S 
S,82 9,52[ C~.~H~o N ~O,~S 
0.51 ]11,50] C~eH~(N~O.=S 
8,68 ]10,011 C~aH,oN~O~S 
B,60]10,64] G,~H~=N~O~S 
7,51[ 9 81 C~sH~,N,O~S 
[),94] 8,20 C~,HmN~O~S 
0,37]II,251 C,,H~,N~O,S 
9,35 ] ! I, 02[ C'mH~sN,O4S 
8,41 110,!0t C~HmN~O~S 
9,0i /10,12l G~H**N~O,,S 
7,951 8,08l C,~H~N~O,S 
0,60] 6,99[ C~H,sN~O~S 
6,95 7,801 C,:H,,N• 
6,95! 7,61[ C~H~N~O,S 
6,03 6,90] G~H~N..O~S 

I Calculated 

I C H N S 

9t 7,58[ 8,68 
06 8,42 9,6,t 
14110,21 11,31 
45 8,96 10,26 
79 1 6,68t 9,52 
77  8,92 10,19 
02 I2,40 8,70 
92 10,28 11,77 
30 9,70 I1,19 
04 8,90 !0,20 
36 8,52 9,76 
14 7,82 8,92 
29 6,24 7,~1 
80 6,70 7,70 
47 6,90 7,96 
08 6,58 7,40 

54,45 I 
50,05 i 
59,03 
50,40[ 
47,36! 
48,91i 

TABLE 2 .  N4-Acylglycylsulfanilamides (Ilia-e) and N-Sulfanilyl- 
N-carbalkoxyalkylacetamides (IVa-e) 

Ilia 
III b 
IIlc 
lifo 
llle 
IVa 
IVb 
IVc 
IVd 
IVe 

W 

52 228 
43 252--4 
51,7 297 
48 208--1( 
56 232 --4 
85,8[ 255 
91,5 I 231 
80,3[203--04 
87,5[ 172 
89,7 I 185 

0,8l  
0,88 
0,79 
0,89 
0,88 
0,85 
0,82 
0,81 
0,64 
0,63 

44,58 
54,17 
52,42 
53,91 
58,55 
45,03 
46,4~ 
44,27 
46,29 
46,41 

Found 

H N 

5,11 15,70 
5,10 12,81 
4,68 11,70 
5,31 11,45 
5,71 10,42 
5,11 11,01 
4,83 10,26 
4,62 10,50 
4,55 9,81 
4,83 10,26 

I 
Empirical 

S formula 

12 001 C~oHI~N~O,S 
1 O: 09] CIsHIsN~O4S 

8,701 C.HtvObNaS 
8,93] C~THI�O6NsS 
8,71[ C~H:~sO~,N~,S 

II,17[ Ct0Hl~N~OsS 
l 0,84 C~HI4N~OsS 
I I ,821 CI~Hj~N2OsS 
10,89 10,84 Cn Ht'~N~O~S Cl2H~,N.oOsS 

Calculated 

C H N 

44,27[ 4,83115,44 
54,041 4,53 112,6f 
52,8814,71 [11,54 
54,09 5,07 11,1~ 
58,29] 5,92 [t0,7~ 
44,27[ 4,42[I0,2~ 
46,14~ 4,92 J 9,7~ 
44,27[ 4,4~ ]10,:~ 
46,14 4,92 I 9,78 
47,99 5,36 / 9,32 

ll ,81 
9,61 
8,82 
8,49 
8,19 
1,17 
1,20 
1,77 
!,20 
0,67 

TABLE 3 .  Chemotherapeutic Action of Compounds II-IV in Staphy- 
lococcus Infection of Mice, Induced by Staphylococcus aureus~ 
Strain 4-0 

Compound 
O n e - t i m e  dose o 
per  os, m g / k g  

[ Z "2 

�9 Totalabs.,mal8 lifetime% of of ani- 

days P 
conmol 

IIa-g* 
lI n 
I l l  

I11 
I I m  
I ]n  
IIo 
l ip  
IIIa 

]II  c - e  
IVa-~* 
Norsulfazole 

Control 

!500, 2000 
1500 
1500 
1500 
1500 
2000 
2000 
2000 
2000 
2000 
1500 
1500 
1500 
1500, 2000 
1500 

10 0 10 
I0 5 5 
10 6 4 
10 4 6 
I0 6 4 
I0 4 6 
I0 5 5 
i0 6 4 
t0 4 6 
10 5 5 
I0 3 
I0 5 
10 0 10 
10 0 I0 ! 
30 16 14 ~! 

3O 

0/100 
50/100 
60/100 
40/100 
60/100 
42/100 
50/I00 
60110O 
40/100 
50/100 
31/I00 
50/100 

0/100 
0/i00 

i64}300 

0 39 . 0/300 
l 

0 
5 0,001 
60 0,001 
40 0,01 
60 0,0OI 
42 0, 01 
50 0,001 
60 0,001 
40 0,01 
50 0,0Ol 
31 0,05 
50 0,00i 
0 
0 

54,7 0,09I 

0 

*Results are glven on examination of each of the compounds in 
the group, in doses of 1500-2000 mg/kg. 

Note. In numerator -- number of mice in given group, in denomi- 
nator -- maximally possible number of mice-days during observa- 
tion for i0 days. 

The chemotherapeutic activity was studied on a model of a Staphylococcus generalized in- 
fection of white mice [12]o The compounds studied were administered orally in one single dose 
of 1500 and 2000 mg/kg, simultaneously with intraperitoneal infection by one lethal dose of a 
virulent strain of Staphylococcus aureus. Under similar experimental conditions we also 
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studied powdered norsulfazole, series No. 134079. The reliability of the differences in the 
rate of survival in the group of experimental and control animals was found according to an 
alternative form, taking into account the reaction with calculation of the X 2 criterion. A 
total of 560 white mice were used in the experiments. 

The results of the therapeutic action of the compounds in Staphylococcus infection of 
the white mice, induced by the 4-0 strain, are listed in Table 3. Of compounds II, the 
derivatives of isopropylamine, llh-m, and amino acids, Ill-p, have therapeutic activity. 
They, like norsulfazole, increase the total life of the animals by 40-60%. 

Sulfanilamides Ilia, b also have this activity. The introduction of an alkoxyl group 
into the p-position of the phenyl residue of lllc-e leads to a loss of activity. The thera- 
peutic action of derivatives llh-p and llla, b used in the same doses (1500-2000 mg/kg) is 
also retained in the infection of mice by other strains of Staphylococcus (Smith or 91) giv- 
ing up to 50% survival of the infected animals, while compounds lla-g, lllc-e, and IV do 
not have this property. 

Thus, a marked chemotherapeutic activity of N-isopropyl-N~-alkoxycarbonylsulfanilamides, 
esters of N4-alkoxycarbonylsulfanilamino acids, and N4-benzoylglycylsulfanilamide was dis- 
covered. Further studies on the series of amino acid derivatives of sulfanilic acid are 
promising in the search for active chemotherapeutic agents. 
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