
JIarch 1970 ~ - ~ ~ L K T L h L K 3 S E S U L F O N d Y I D O S U L F A N I L . 4 i l I D O D I ~ ~ Z I ~ E S  247 

The Preparation and Antibacterial Activity of Some 
Sulfanilamidodiazines Bearing the N-Alkylalkanesulfonamido Group 

WILLIAJ~ E. I<REIGHB.\L-~I, FREDERICK A. GRUNWALD, EDWARD F. HARRISON, 
JOHN .A. LABUDDE, AND A. ,4. L.4RSEN 

Mead Johnson I<parcilch C'ert f e r ,  JIrarl Johnson il. Company, Euansville, Indiana 47i2 l  

Receioecl July 11, 1969 

Several ~~-alkylalkaiieaiilfotiamido analogs uf ialfamonomethoxiiie (1) were prepared and tested against 
Streptococcus pyogenes C W 3  iufectioiis i n  mice. The most active compoiiid, .\7-methyl-.Y-(6-sulfanilamido-4- 
pyrimidiny1)butanesulfoiianiide '16), had only one-tenth the potency of 1 but, was more potent, than sulfisoxa- 
zole. Nearly as potent as 16 u-a? the isomeric .\-methyl-.\--(2-sulfanilamido-~-pyrimidiiiyl)b~itaiiesulfoiiamide 
(21 ) although another ihonier, ~\~-niet~h~l-S-(6-~iilfaiiilamido-2-pyrazin~l)butaiiesulfonamide (22) was virtually 
inactive. Essentially 
110 N4 conjugation was observed. 11ost of theye new comporiids were 60-90% bound to dog plasma protein 
and had relatively low solubility i i l  pH 6 acetate buffer. 

Blood levels ill mice were uf jhort  duration arid generally reached a maximum in 1 hr. 

Certain sulfanilamidodiazines bearing one or more 
OCH3 on the heterocyclic ring have demonqtrated 
potent and useful antibacterial nction [ e . ( / . .  d f a m o n o -  
methoxine (l),l sulfametin,? .ulfamethox!-p\-rida- 
z i ~ i e , ~  sulfadimethoxine,j and iulforthodiniethovine] .6 

OCH3 
1 

I ~ i v e s t i g a t i o n s ~ ~ ~  in these laborntot&, unrelated to 
chemotherapy, have shown interesting chemical and 
pharmacological relat,ionships between the phenolic OH 
and the alkanesulfonamido function, RSOJH. The 
corresponding analogy between a OCH, and the N -  
met hylalkanesulfonamido group prompted us to pre- 
pare and evaluate several sulfanilamidodiazines bearing 
the N-alkylalkanesulfonamido function 011 the hetero- 
cyclic moiety. One unsubstituted :tllinues~ilfonaniido 
derivative is included for comparison. 

Chemistry.-The synthetic sequence shown in 
Scheme I was utilized for the preparation of some N -  
(6-sulfanilamido-4-pyrimidinj.1) allinnesulfonamidea, an- 
alogs of sulfamonomethoxine. 

Sucleophilic displacement of a single C1 in 2 with the 
I< salts of alkanesulfonamides (Table I) produced the 
corresponding N-(B-chloro-4-pyriniidiny1)aIkanesuIfon- 
amides (3-11) (Table 11). Displacement of C1 on 
3-10 (R = alkyl) with sodium sulfnnilamide provided 
the sulfanilamidopyrimidines (12-19) (T:tble 111). 

Preparation of the butanevulfonaniido 3ulfa (20) from 
11 (R = H, R' = n-C4Hg) was 1e.ss direct. The acidic 
proton in 11 reacts with sodium ~u1f:tnilnniide to pro- 
duce a negatively charged group in the -2-position; 

11) 4-Sulfanilamido-6-methox4.psrimidine: R .  C'larkaon and .I, R. 

(2)  R .  G. Shepherd, J\-, E. Taft ,  and H. 11. Iirazinr;ki, .I .  Ory. Cliom.. 26, 

13) 2-Sulfanilamido-5-methoxypyrimidine; T. I i n o t l ,  h. Iiutzsche,  and 

(4) 3-Sulfanilamido-6-methoxypyridazine: H. It-. Narson. X I .  AI. 

( 5 )  4-Sulfanilamido-2,6-dimethoxypyrimidine: J. Rieder, Arzneim.- 

(6) 4-Sulfanilamido-5,6-dimetlioxypyrimidine; s. T. Madsen. dmer. J .  

(7)  A .  h. Larsen, and P. 11. Lish, S a t u r e ,  203, 1283 (1964). 
( 8 )  R .  H. Uloth, J .  R .  Kirk, IV, .\, Gould. and .\. .I. Larsen, J .  M e d .  

Chem.. 9. 58 (1966); A. A ,  Larsen. et u l . .  { h i d . ,  10, 462 (1967). 

3Iartin.  Sulure, 192, 523 11961). 

2764 (1961). 

.i. 11. Walter. Arrneim.-Forach., 11, 684 (1961). 

Rogers. and  W. E. Taf t ,  J .  Bmer. Chem. SOC.. SO, 980 (1958). 

Forsch.,  13, 81 (1963). 

.Ired. Sci., 247, 217 (1964). 

the partial positive charge on C-6 (bearing the C1) is 
diminished, rendering the C1 less reactive toward nucleo- 
philic displacement. The butanesulfonamido sulfa 
was obtained by fusion of 11 and LV4-acetylsulfanilamide 
at  200" with Cu-bronze catalyst,'" as described in the 
Experimental Section. 

Because 16, bearing the N-met hJ-lbutanesulfonamido 
group, was found to be the most potent member of this 
series in the test system employed, we decided to test 
the effectiveness of the n-C4H8OZS(CH3) function in 
other diazine sulfas. Two additional compounds (21, 
22) were prepared, the CH30 analogs3 of which are 
effective antibacterial agents. -V-Met hyl-N-(kulfanil- 
amido-5-pyrimidiny1)butanesulfonamide (21) was ob- 
tained from 23 by a uequence detailed in the Experi- 
mental Section. 

6 steps 

CH,CONHqN>2 N- via compd 24-27 

23 

21 

N-Jlethyl-N-(2-sulfanilamido-B-pyrazinyl) butanesul- 
fonamide (22) was obtained from 2,G-dichloropyrazine 
(28) as in the 4,B-disubstituted pyrimidine series. 

22 

Biological Results.-The i~ vivo therapeutic proper- 
ties of these sulfanilamide derivatives were evaluated 
by the mouse protection test method of Schnitzer, et a1.,12 

(9) See J. F. Bunnett  and J. J. Randall, J .  Amer. Chem. Soc., SO, 6020 
(1958), for a discussion of the  intermediate complex in aromatic nucleo- 
philic displacements. 
(10) Swiss Patent 210,429 (1940) to Societe pour 1'Industrie Chiniique. a 

Bale, Chem. A b w . ,  36, 5514 (1941). 
(11) 31. Ghione, C. Bertazzoli, A. Buogo, T. Chieli, and V. Zavaglio, 

Chemotherapia, 6, 344 (1963). 
(12) R. J. Schnitzer, 1%'. F. DeLorenzo, E. Grunberg, and R. Russonianno. 

Proc. SOC. Exp. Bid.  M e d . ,  99, 421 (1958). 



a- modified b? Harrison arid IVeikel." The mice were 
infected by i1itr:iperitoneal injection of a standardized 
itiocwlum of Sti eptococcus pyogenes (2203. Starting 2 
h i .  after infection, the treated ariimals (10Idose level) 
rcceived two oral dohe- of compound on the first aiid 
hwoiid days of infection, followed by single daily dose. 
fo r  the nest 5 day?. The meaii CDao (curative dose) 

T\ as calculatcd14 for each compound after 14 da;\ - atid 
compared to vulue- obtaitied with 1 and *ulhwxazoI(~ 
(X,+dimet h;\ I-5-s~1li'~1i1ilaniidoiso~azole) a5  rc.fcreiicac 
5tandards. 

Highest aiitibacterittl Lictivit?. against *treptococcal 
infectioii \w. obtaimd with the  N-meth>.lbutaricb- 
wlforiamitlo derivatiw (16). Therapeutic activit? 
increased i i i  t h v  *iibctitueiit (R') oti the tiliphatic. 
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CUao, 
90. R R' mg/mla (mice), mcg/mP coeffC bindingd m g h  
1% CHI CHI 0 .  343 19 0 .01  4 >400 
13 CH, C2H5 0.220 8 .i 0 .24  61 >400 
14 CHI CaHi-i 0.067 34e 1.04 63 >400 
1 .i CHI GHi-n 0,060 87 0 .31  70 280 
16 CHI C4Hg-n 0.130 94 2.10 86 68 
17 CHs CiHlj-n 0 .  003 30 . i4.  .io 94 >400 
18 CIH, C4Hg-n 0.014 78 8 .70  89 >400 
19 C4Hs-n CHI 0.030 3 4 1 . 00 84 >400 
90 €I C,H,-n 0.864 1,5 0.06 46 >ZOO 

1 SIilfamoiioniethoxiiie 0 .460  91 0.19 32 6 
Sulfisoxazole 1 ,640  66 0.048 5 8 94 

Yo protein Solubility, Max blood level Partition 

Determined in 0.1 A\- NaOAc brifi'er (pH 6.0) on samples shaken a t  37' for 18 hr. .kfter a single, oral dose of 100 mg,!kg of srilfa 
Binding to dog 

e Max was recorded at 3 hr. 
drug; max levels were attained in 1 hr, uiiless otherwise noted. 
plasma protein from initial plasma concentration of 100 mcg,"l as determined by Iiltrafiltration at 25'. 

c CHClI-0.1 S sodiiim phosphate brtffer ipH 7.4).  

SCHI;YI: 1 
RNSO,l\ 

c1 iJ-cliJ - 
2 3-11 

RNSOZR' 
I 

12-19 

bulfonyl group was raized from Ale to n-Bu; however, 
there was loss of activity when R'  was n-heptyl. 

Replacing the N - N e  with H (20) or alkyls larger 
than Ale (18 and 19) resulted in diminished activity 
(Table IV) . Branching of the alkariesulfoiiamido 
chain also decreased activity as shown by a com- 
parison of 14 (N-methyl-'Apropanesulfonamido) with 
15 (N-methyl-n-propanesulfonamido). S o n e  of the 
compounds (12-20) tested had therapeutic activity 
equaling that obtained with sulfamoriomethoxine. 
Compound 16 had about one-tenth the potency of 1 
agairist experimental streptococcal infections, and wai 
slightly more potent than sulfisoxazole in this test 
system. 

The ?,>-disubstituted pyrimidine sulfa (21) corre- 
sponding to 16 had a CDbo of 80 mg/kg against S .  
pyoyenes C203 compared with 68 mg/kg for 16, while 
the pyraxitie isomer (22) was essentially inactive against 
streptococcal infection (CD, >400 mg/kg). Other 
properties of these two compounds are listed with their 
respective preparations. 

The two most active sulfanilamides, 16 and 21, were 
also tested in vitro against Escherichia coli and 
Staphylococcus aui,eus (Rose Strain) for inhibition of 
bacterial gromth15 and their effect on O2 utilization.16 

(15) D Gro\e  s n d  W. Randall, ".issa> Methods of Antibiotics-A 
Laborator7 Manual" Medical Encgclopedia, Inc , New York, N Y., 1955, 
p 190 

(16) L. Seipp, W Saokmann and J. Tripod, dntzbzot .  Chemother , 9, 
19 (1961). 

I n  each case, marginal activity was noted against the 
former Gram-negative strain while moderate activity 
mas obtained wit'h the latt,er Gram-positive culture. 

Moderately high mouse blood levels from a single, 
oral 100-mg dose were obtained with most of the new 
sulfanilamides in Table IV. Compounds 13, 15, and 
16 gave blood levels comparable to that of sulfamono- 
methoxine. Levels generally reached a maximum a t  
1 hr arid dropped to one-half the maximum in 3-5 hr. 
Little, if any, sulfanilamide derivative was detected 
in the blood aft>er 24 hr. S o n e  of these compounds 
showed evidence of S4 conjugation in total blood 
sulfanilamide determinations. 

Most of the compounds of Table IT' were Go-go% 
b o u ~ i d ' ~ , ' ~  to dog plasma protein, the lowest value being 
obtained with sulfamonomethoxine. A411 had rather low 
solubility in pH 6 acetate buffer and only 20 was more 
soluble than 1. The solubility of 16 mas high with 
respect to values for t,he neighboring homologs. Parti- 
tion coefficients for the new compounds were generally 
higher than for sulfamoriomethoxirie at  the pH of 
blood plasma (7.4). 

pK, values for the homologous series (12-19) showed 
no significant variation, values of 6.95 + 0.04 being 
obtained. All titrations were made in 50% aqueous 
:\lesCO due to the low solubility of many of the com- 
pourids in H20, EtOH, or even 3OYO llezCO. T'alues 
for reference standards obtained in 5OYc lIesCO tended 
to run higher than values obtained in waterIg by about 
1.3 pK units. Thus, by rough extrapolation, the 50% 
aqueous l lezCO values for this series correspond to 
5.6-5.7 in HsO. The pK, of sulfamonomethoxine was 
7.17 in the 50% MenCO 

Approximate oral TDjo values fur 12, 14-17, 21, arid 
22 mere greater than 2000 mg/kg in mice. Compound 
13 caused CSS depression accompanied by muscle 
weakness, ptosis, and salivation at 250 mg/kg. ,411 of 

t l i )  G. Zbinden in "Drug Design," .\dvances in Chemistry Series. No. 

(18) A .  Albert, "Selecti\.e Toxicity." 4th ed. Metlilien and Co., Ltd, 

(19) P. H. Bell and R.  0. Rohlin, J .  Amer. Chem. S o c . ,  64, 2905 (1942). 

45, American Chemical Society, Washington, D. C . .  1964. pp 33-34. 

London, 1968. pp 82-85. 
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protein binding, 34; CDjo >400 mg,'kp. A n d .  ~Cl2H~1X;O&) 
C, H, S. 
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Potential Antiradiation Agents. 1II.l N- Substituted 
,iminoethanethiosulfuric Acids 
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It'alfer Reed A r m y  Instrfide of  ti'esenich, Diiision of Medicznal Cheniisti y, Tt'ashznglon, D.C. 20012 
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A series of N-monoalk?-l-subatit~ited 2-aniiiioethanethiosulfiiric acids was prepared for testing as potential 
antiradiation agents. The cornpoiinds were synthesized by the direct alkylation of the sodium salt of "amino- 
ethanethiosulfuric acid with primary alkyl bromides, by the reaction of the appropriate .\-alkylaminoethyl halide 
hydrohalides with sodium thiosulfate. 91' by the ring opening of 1-srtbstituted aziridines with ammonium thio- 
sulfate. Excellent radioprotective activity i > 70 C;- survival) was ob t aiiied wit h those 2-aminoethanet hiosdfuric 
acids which were N-substituted by methyl, n-octyl, 2-octyl, n-nonyl, 2-nonyl, 3-IlOny1, a-decyl, 2-decyl, B-decyl, 
3,7-bimethyloctpl, 4-phenylhutyl, a i d  5-phetiylpeiityl groups. 

In a11 earlier paper2 we described the -ynthe-k and 
radioprotective properties of a serie- of :m~inoalkane- 
thiosulfuric acids possessing a primary amino group. 
I t  was shown that optimal activitjr n-a- obtained when 
the SHZ and SSOsH functions were .eparated by two 
CH, groups. The high antiradiation activity -hewn by 
many N-alkylaminoethanethiolgl .ugge.;ted that 2- 
amirioethanet hiosulfuric acids which were S-wb-  
qtituted also might be useful a< potential antiradiation 
drugs. 

In this paper we report on the antiradiation proper- 
tiec of a series of S-monoalkyl-substituted "amino- 
ethanethiosulfuric acids, the syntheqis of many of which 
was described by us p r e v i ~ u s l y . ~  

Chemistry 

The previously unreported N-alkylaminoet hnnethio- 
rulfuric acids (Table I) were prepared by two general 
methods. Method A involved the direct alkylation 
of 2-aminoethariethiosulfuric acid a- the S a  \alt with 
a primary alkyl bromide in EtOH-HIO The dialliyl- 

RBr + H2NCHrCHzSSOa- 4 RNHCH,CH!SSOTH + Br- 

ated by-product was separated from the de.;ired 
monoalkj lated 2-ami1ioethanethio~ulfuric acid by re- 
peated recrystallizations. 

,\lethod B utilized the reaction of -odium thioalfate 
with an N-alkylaminoethyl halide h\-drohalide in H20 
or EtOH-H20. The N-alkylaniinoethanol precursors 

K$H,CH?CH~X x- + s o 8 * -  -+ 
KKHCH?CH?SNBH + 2 s -  

(1) Par t  11: D. L. Klayman, 32. >I. Grenan. and D.  P. Jacohur, J .  J f e d .  
Ckem.,  12, i 2 3  (1969). 

' 2 )  Par t  I: D. L. Klayman, M. BI. Grenan. and D. P. Jacohus, ib id . ,  
12, 510 (1969). 

( 3 )  Annual Report, F Y  1964, \F-alter Reed Army Medical Center, Kalter 
Reed Army Insti tute of Research, Dirision of 1Iedicinal Chemistry, \\-ash- 
ington, D. C. Available through the Defense Documentarion Center. 
Cameron Station, Alexandria, Va. 22315. as Re1,ort .\D 601934. 

t4) I). L. Klayman and \Y. F. Gilmore, .I. M e f / .  C h r m . .  7 ,  823 (1964). 

were prepared either by the direct alkylation of 2- 
aminoethanol by the method of Wright, et u Z . , ~  or by the 
reaction of a carboxylic acid with 2-aminoethanol to 
yield an N-(2-hydroxylethyl)amide n-hich was reduced 
with LAH in THF.  The resultant ?J-substituted 
aminoethanols were converted into the amino halide 
form by treatment with SOClz or 487, HBr. 

Results and Discussion 

Compounds 1-18 constitute a homologou3 series of 
aminoethanethiosulfuric acids S-subqtituted with un- 
branched alkyl groups. The first five members mere 
the most water soluble arid the least toxic. However, 
any appreciable radioprotective activity was limited to 
those compounds substituted with N e  (1) or E t  (2), 
while slight activity was shown by the Pr  compound (3). 
Increased toxicity and absence of activity marked com- 
pounds 4-6, but activity was restored to the serie5 
with the heptyl-substituted compound (7) and rose 
steadily, reaching a peak effect with 10. Compound 
10 not only conferred a high degree of protection to the 
mice, but did so a t  a considerably smaller dose ( 5  mg 
kg) than that required by most radioprotective thio- 
sulfuric acids. In  contrast to 2-mercaptoethylamine 
(MEA), whose duration of maximum radioprotective 
activity extends to 13 miri and then diminishes rapidly 
thereafter,6 the duration of activity of 10 extends clohe 
to 1 hr. Compound 10, while effective when given 
parenterally and moderately protective when given 
subcutaneously, is ineffective xhen  given orally. 
Other agents in this class, which protected after paren- 
teral injection, also failed to protect when administered 
by intubation. Attempts to induce absorption included 
acidification of the intestinal contents of the mouse and 
the use of ethylenediamirietetraacetic acid which 
promotes the absorption of a \vide variety of poorly 

(5) J. R. Kright ,  E. H. Lincoln, R .  T. Heinzelmann, and J. H. Hunter. 

(6) Z. 1f. Bacri, "Chemical Protection Against Ionizing Radiatiun." 
J. Amer. Chsm. Sac.,  73, 3536 (1950). 

Charles C .  Thomas. Springfield, Ill., 1965. pp 126-129. 


