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Thirty-six sulfanilylanilides and related compounds were investigated as potential repository antimalarial and 
antileprotic agents. Seven compounds protected mice against challenge with Plasmodium berghei for 4 to > 10 
weeks following a single, subcutaneous 400-mg/kg dose. 4’,4”’-Sulfonyibisacetanilide (acedapsone, D.1DDS) 
(SIII)  showed the longest duration of action and protected mice for 6-14 Feeks against challenges with P. berghei 
and monkeys for 2-8 months against challenges with Plasmodium cynomolgi. Repository antimalarial effects were 
abolished or drastically reduced when DADDS was modified by: ( 1 )  replacement of the acetamide groaps with 
a formamide function, ( 2 )  replacement of both acetamide groups with amide functions containing more than 
two carbon atoms, ( 3 )  S-alkylation of one acetamide function, (4) introduction of a chlorine atom a t  positions 
2‘ or 3’, or ( 5 )  replacement of the sulfone moiety by a thio, sulfinyl, oxalyl, or 2,2,2-trichloroethylidene linkage. 
Representative 4‘,4”’-bis(?;-acetylsulfanily1)alkylenebisanilides (VIIIa-e), 4’- [S-(substituted vinyl)sulfanilyl]- 
acetanilides (ISa-d), 4’-[(2-acetamido-5-thiazoly1)sulfonyl]acetanilide (S), 3’,3”’-sulfonylbisacetanilide (SI), 
and 3,3‘-[sulfonylbis(p-phenyleneiminomethylene)]di-2-thiazolidinethione (MI)  also lacked appreciable 
repository action. h combination of cycloguanil pamoate and D.1DDS showed better activity than either 
component alone against drug-resistant plasmodia in experimental animals and in man. DADDS exhibited 
strong repository antileprotic action against .Ilycobacterium leprae in mice and in man. 

4,4’-Sulfonyldianiline (diaphenylsulfone, DDS)3 (I) 
has occupied a preeminent position in the treatment of 
human leprosy since 1941.4 For several decades it has 

I 

also been known that sulfones and sulfonamides exhibit 
noteworthy antimalarial properties, although until 
recently these substances have been little used in the 
treatment of human malarias.5-7 This stemmed from 
the knowledge that other more promising antimalarial 
drugs were available, from apprehension concerning the 
toxicity of certain compounds, and from recognition 
that the need for frequent dosing limited their usefulness 
in mass treatment. 

Interest in sulfones as antimalarial agents was revived 
in 1960 by the report of Archibald a i d  Ross.8 Their 
observation of lower prevalence of malaria in leprosy 
patients under treatment with DDS led them to com- 
pare the relative antimalarial effects of 200 mg of DDS 
and 300 mg of chloroquine administered in single oral 

(1) Acedapsone is the nonproprietary name for 4’,4”‘-sulfonylbisacetanilide. 
In the biological literature acedapsone has also been referred to  as sulfadiamine, 
4,4’-diacetyldiaminodiphenyl sulfone, 4,4’-diacetylaminodiphenyl sulfone, 
N,N’-diacetgl-4,4’-diaminodiphenyl sulfone, and DADDS. Hansolarg is a 
proprietary name for acedapsone. The  proprietary name for the acedap- 
sone-cyologuanil pamoate combination is DapolarE. 

(2) For previous papers on repository drugs, see (a) E. F. Elslager and D. F. 
Worth, Nafure,  206, 630 (1965); (b) E. F. Elslager and P. E. Thompson, 
Abstracts. 9th National 3Iedicinal Chemistry Symposium of the American 
Chemical Society, llinneapolis, 3Iinn.. June 1964, p 6.4; (c) P. E. Thompson, 
B. J .  Olszeweki. E. F. Elslager, and D. F. Worth, .Am. J .  T r o p .  .\fed. Hyg.. 12, 
481 (1963). 
(3) Diaphenylsulfone is the international nonproprietary name for 4,4‘- 

sulfonyldianiline. I n  the biological literature diaphenylsulfone is also referred 
to  as dapsone, 4,4’-diaminodiphengl sulfone, his(4-aminophenyl) sulfone, and 
DDS. 
(4) For a review, see L. Doub in “RIedicinal Chemistry,” 1’01. V, W. H .  

Hartung, Ed.,  John Wiley and Sons, Inc., New York, N.  Y., 1961, pp 35&425. 
(5) For recent reviews. see: (a) E. F. Elslager in “Annual Reports in 

Medicinal Chemistry, 1965,” C. K. Cain, Ed.. Academic Press. New York. 
N. T.. 1966, p 136; (b) E. F. Elslager in “Annual Reports in Medicinal Chem- 
istry. 196G.” C. K. Cain, Ed . ,  Academic Press. Xew York, N. Y.,  1967, p 131. 
(6) J. Hill in “Experimental Chemotherapy,” Vol. I, R. J. Schnitzer and 

F. Hawking, Ed.,  dcademic Press, New York, N. Y., 1963, p 547. 
(7) L. T .  Coggeshall. J. l laier,  and C. A. Best, J .  Am. M e d .  Assoc., 117, 

10i7 (1941). 
(8) H .  31, Archibald and C .  31. Ross, J .  T r o p .  .Wed. Hug. ,  63, 25 (1960). 

doses. They observed that falciparum malaria was 
cleared by either drug, although somewhat more slowly 
by DDS. Most cases of quartan malaria also responded 
to DDS treatment. These results, together with results 
of earlier clinical studies with DDS in leprosy14 sug- 
gested to us that the sulfones were potent enough to be 
considered as one class of antimalarial and antileprotic 
agent that might be amenable to the development of 
repository drugs. Therefore, we initiated a search for 
long-acting sulfone and sulfonamide derivatives that 
might provide a slow and sustained release of an active 
moiety from a depot site and thereby (1) enable their 
use in large-scale malaria eradication programs or for 
mass leprosy treatment, and ( 2 )  provide antimalarial 
substances, that, in combination with cycloguanil 
p a m ~ a t e ~ ~ , ~ , ~  or related c ~ m p o u n d s , ~ ~ ~ ~  might effect a 
sequential block in the metabolic synthesis of purines 
and pyrimidines within the parasite and afford broader 
repository action against drug-resistant plasmodia than 
either drug alone. 

During the course of this repository work, it became 
apparent that certain lines of Plasmodium berghei,1° 
Plasmodium cynomolgi,” and Plasmodium gallinaceum,12 
made resistant to DDS or to cycloguanil or pyri- 
methamine, were still susceptible to the heterologous 
drug, with only a low order of cross-resistance. Further, 
a 1:l mixture of cycloguanil hydrochloride and DDS 
proved highly effective against the parent, cycloguanil- 
resistant and DDS-resistant lines of P. berghei, and the 
rate of emergence of resistance in the parent strain was 
significantly less with the mixture than with either drug 
alone.1° These observations reinforced interest in 
developing a combination of the two drugs in repository 
form. In a recent preliminary communication,*& we 
reported briefly on the development of 4’,4”’-sulfonyl- 
bisacetanilide (acedapsone, DADDS)’ and related 
sulfanilylanilides that showed remarkable repository 

(9) Camolars.  
(IO) P. E. Thompson, A. Bayles, B. Olssewski, and J.  A.  Waitz, Am. J .  

(11) S. P .  Ramakrishnan, P .  C. Basu, H .  Singh, and N. Singh, Bull World 

(12) A. Bishop, Paraszfology, 53, 1OP (1963). 

Trop .  .Wed. Hug , 14, 198 (1965). 

Health Organ., 27, 213 (1962). 
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actioii agaiiist 1'. b e ~ y h e i ' ~  :tiid Jl ycobacterium l e p r ~ ~ ~ '  
iir mice. The preseiit paper describes tlie synthesis :tiit1 

properties of such substaiices in detail. 
Thc 4'-sulfaiiilvlaiiilidfs ( I T * )  (1-6, Tutle I) ,  inclutliiig 

~'-sulf,ziiilylformaiiilide (JIFDDS) (1) aiicl -l'-sulfa:iilyl- 
:~cetaiiilitle (JIADDS) (2), were synthesized hy ncyln- 
tioii of p-[fp-nitropheiiyl)sulfonj-l]aiiiliiie (11) Tvitli 
lonnic acid or the appropriate acid c>hloride,'jJb f01- 
lomed by catalytic hydrogenation of the iiitermet1i:~ti. 
-Ir-[ (p-iii t rophenyl) sulfon yllaiiilides (111) iii THF ( ) r 
DllIF over Ranej- nickel. Earlier attcnipts'j to prepare 
NFDDS (1) 11y reductio!i of tlie correspoiitliiig iiitro 
c~onipouii(1 failed bccausc t lie amide linkage x i *  

attncked, but 110 difficulties n-crc ciicomitercd iii t 1 1 t h  

prcwiit n.orl;. S-Prop\-1-4'-sulf:Lriil! 1:rcet xiiilidcL 14) IT :is 

I1 

SI1 

11' 

Y 

obtained hy tlie cataljtic hydrogenation of S-all! 1- 
4 '- [ (p-iiitroph en yl) sulfonyl] acet anilide, Xcj.la tioii of 
tlie 4'-sulfaiiilylaiiilides (IV) with the appropriate wid 
chloride, aiihydride, or ester afforded the uiisyminetrical 
~ ' - (N-acg ' l s~ l fan i l~ l )an i l idcs~~~~~ 1' (R1 # Rz) (8, 10, 12, 
13, 16, Table 11). The symmetrical d'-(X-acylsul- 
fa~iilyl)aiiilicles~~~~~~~~ V (R1 = R2) (7, 9, 11, 14, 15, 17, 
18! Taljle 11): iricluding 4'~4"'-sulfonylbisforniaiiilide 

(13) (a) P. E. Thompson, B. Ol szewki ,  and J. A. Waitz, Am. J. T r o p .  .?led. 
Ilyg., 14, 343 (1965): (b) P. E. Thompson, Intern. J. L e p r o s y ,  35, 605 (1967); 
( e )  P. E. Thompson and A .  Basles, unpuhlished results. 

(14) (a) C. C. Shepard. Proc.  Suc.  E z p .  B i d .  .\fed., 124,430 (1067); (b) C.  C. 
Yhepnrd, D. H.  hIcRae, and J. A. Habas, ibid.. 122, 893 (1966). 

(15)  H .  Heymann and C. Heidelberger, J. .Am. Chem. Soc., 67, 1986 (1945). 
(16) G. W. Raiaiss, L. IT. Clemencc. AI. Severao. and J. C. Aloetach, ibid., 

(17) H.  A. Shonle and A .  A i .  Yanhrendonk, ibid., 65, 2 3 i 5  (1943). 
(18) H. Heymann and L. F. Fieser, ibid., 67, i 9 i Q  (1945). 
(19) V. A.  Zasosov, J. Gen. C7iem. C S S R ,  17. 471 (1947). 

61, 2763 (1939). 

\ I I l d  i =' 
I 1  : = 1  
( 3 = \  

by the n c j  llttioii ot 2 rnoles of ~'-sulfaiiilylncctnliilitlc 
(JIADDS) (2) with 1 riiolc of succ.iiiy1 chloride, :ulii)yl 
chloride, :211d scbac! 1 chloride iir n pyridine - : iwto i i t~  
mixture. 

Thrious 4'-[S-(substituted ~in~l)sulfa~iilyl]acct:ii~ii- 
ides (ISa-d) (30-33. T a l k  VI) Tvere obtained 1)y tlir. 

R, R 
IXa H CS C S  

b (1 CS cs 
c H CS CO- C-H 
ti H ( 0  C II CO C-H 
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TABLE I1 

No. RI 
7 H  
8 H  
9 CHI 

10 CHS 
11 CpHs 

Yield 
R* N p ,  O C  purifd, % Purifcn solvent 

H 240, 267-26gb 75 DMF-H20 
CH3 287-289' 48 DLIF-HrO 
CH, 287-288d 75 D l lF  
C2H; 231-233e 79 EtOH 
C2Hs 225-227' 67 EtOH 

(CH?)aCHa 204-208' 75 EtOH-H20 

(CH2)*CHa 189-191h 79 EtOH 
C6HS 287-289' 66 DlIF-EtOH 
(CH2)ioCHB 172-173' 72 EtOH 
(CHn)ioCHZ 148-14P 81 EtOH 
(CH*)iaCH3 144-146' 88 EtOH 

CsH4OH-o 265-271 76 DNF-l leOH 

Solubility 
in pH 7 PB, Repository 

. i i ~ a l > - s e s ~ ~  mglrnl act., P 3 I V  
+I C, H, S, S 0.013 , ,  

C, H, S, S 0.012 1. 

C, H, S 0.0090 L-- . I #  

C, H, S, H2O 0.0035 - 

C, H, S <0.0001 +f+ 
C, H, S < 0.001 __ 
C, H, N < 0.0001 T 
C, H, N < 0.0001 - 

C, H, S < 0.0001 T t  

C, H, S < 0.0002 - 

C, H, ?; < 0.0002 - 

C, H, N 0.0030 +-++ 

I '  

a See footnote a, Table I. Lit.lS mp 268-270". ' I,it.lS mp 259-290'. I it.16 mp 285". e Lit." mp 227-225". J' Lit.19 mp 222".  
Lit.l@ mp 186". * Lit.'@ mp 287". 3 Lit." mp 168-170". k G. h. H. Buttle, T. Den-ey, G. H. Foster, K. H. 0 Lit." mp 197-198'. 

Grey, S. Smith, and D. Stephenson [Riochem. J . ,  32, 1101 (1938)l report mp 148". Lit.Ig mp 145'. 

T ~ B L E  I11 
2',3'-SLBSTITUTED 4',4"'-SULFOXYLBIS.ICET4VILIDES 

C H 3 c o N R - Q - S 0 2 ~ H c o c ~  

X Y  
Solubility 

Yield in pH 7 PB, Repository 
No. R X Y  N p ,  OC purifd, % Purifcn solvent Formula ha13  sesZ5 mg/rnl act , PRITT a 

19 H H C1 269-270 78 EtOH-H20 CiGHi;ClS204S C, H, S 0.002 - 
20 H CI H 211-213 73 EtOH-Hp0 CisHi;C1?;20aS. C, H, S, HjO 0.004 + 
21 H H CH3 256-258 96 EtOH-Et20b C17Hi8S204S C, H, N 0.02 +++ 
22 (CH2)2CH3 H H 143-145 63 EtOH CigH~Xe04S C, H, N 0.09 + 

0.3H20 

a See footnote a, Table I. * Product was triturated with EtOH and EtlO. 

TABLE I V  
OTHER 4'4'"-~ISACET.~NILIDES 

Solubilitr 
Yield in pH 7 PB, Repository 

NO. x LIP, O C  purifd, % Purifcn solvent Formula mg/rnl act., PBIW" 
23 S 219-221b 83 EtOH Ci6Hi6?;202S C, H, S 0.007 - 
24 SO 289 decC 59 DMF-H20 Ci6Hi6S203S C, H, S 0.02 - 
25 COCO 245-247d 42 lle2CO-H20 Ci8Hi6S204 .HzO C, H, S, H20 0.002 - 
26 CHCC13 270-271e 59 DlIF-H20 Ci 8Hi 7ClaS202 C, H, S < 0.0001 - 
a See footnote a, Table I. S. Sugasawa and K. Sakurai [ I .  Pharm. SOC. Japan, 60, 22 (1940)] report mp 278". 

R. Kuhn, E. F. hloller, and G. Wendt [Chem. Be?., 76, 405 (1943)l report mp 251 '. e S. Kirkn-ood and P. H. Phillips [ J .  .4m. Chem. 
Lit.I6 mp 223-224". 

SOC., 69, 934 (1947)] report mp 275' dec. 

condensation of 4'-sulfanilglacetanilide (MADDS) (2) tion isomer of DADDS, was obtained from 3,3'-sulfonyl- 
with (ethoxymethylene)malononitrile, tetracyano- dianiline and dcCl in pyridine. The condeiisatioii of 
ethylene, ethyl 2-cyano-3-ethoxyacrylate, and diethyl 
(ethoxymethylene)malonate, respectively. 4'-[(2-.Acet- 
amido-5-thiazolyl)sulfonyl]acetanilide (X), a thiazole 
congener of DADDS (9), was prepared by acetylation of 

CH,CONH+SO, f&/ "CO CHJ 
CH,CONH NHCOCH, 

XI 

4,4'-sulfonyldianiline (DDS) wibh formaldehyde and 2- 
iY-(5-sulfanilyl-2-thiazolyl)acetamide with AczO in thiazoline-2-thiol afforded 3,3'-[sulfonylbis(p-phenyl- 
AcOH, while 3',3"'-sulfonylbisacetanilide (XI), a posi- eneiminomethylene)]di-2-thiazolidinethione (XII). 

x 



3-50 

SI1 

-1‘,-1”’-Sulfoiiylbisacet anilide (acetlapsonc. DADDS) 
(9) a i i t l  the related sulfaiiilylanilides described hi tht. 
preaciit communication were supplied to Dr. P. E;. 
Thornpsoii aiid coworlicrs of these laboratories for 
evaluation :w potential repository aiitiinalarial agelit+ 
utilizing l ’ l ~ i s ~ t i o d i z i t ~  berglzei iti  the mousc. ,ls iii 
previoub work,2b drugs ~ w r e  suspended in 5 nil kg ot 
betiz? 1 benzoate-castor oil (40:60) and given to group? 
of 15-25 albino mice in a single 400-mg kg sc dow. 
Suligroups of trcated mice n-ere then challenged by the 
iiitraperitoiical iiijection of 13 millioii P.  berghei a t  
\t cchly or biweekly iiitervnls. *Assessment of repository 
acatioii n as 1)asc.d on the period of protection against 
patcwt infections afforded hy a single dose of the drug. 
Activity is mpressed as the number of weeks 50% of 
the. mice were protected (PlIW), aiid activity ratings 
(Tables I-TI) are assigned within the following raiiges 
(wec~lis protected): ++++. >IO; +++. 7-10; 

hmoiig the 4’-sulfanilylanilides (IV) (Table 1). 
4’-(l;-acylsulfaiiil3.l)aniiilides (V) (Table 11), arid 2’ ,3’-  
substituted 4’,4”’-sulfoii~lbisacetaiiilides (TI) (Tablr. 
III), iiinc compouiids (5-10, 12, 16, 21) protected mice 
agaiiist challenge with I-’. berghei for periods ranging 
from 4 to >10 weeks. 4’,4’”-Sulfoiiylbisacetaiiilide 
(acedapsone, DADDS) (9) conferred the longest protec- 
t ion a i d  was designated for expanded studies ( d e  infra). 
Repository aiitiinalarial effects were abolished or dras- 
tically reduced when DADDS was modified by (1) 
rcplaceriient of the acetamide groups with a formamide 
functioii (IIFDDS, l ) ,  (2) replacement of both acet- 
amide groups with amide functions containing more than 
two carbon atoms (11, 14, 15, 17, 18), (3) alkylation of 
oiic acetamide fuiirtioii (4, 22), (4) introduction of a 

++, 4 7;  +. 1-4; - , <1. 

chlorine :itom :it positioiis 2’ or 3’ (19. 20). 01’ (31 
rcylacemcttt of the sulfoiie moiety by a. thio, sulfiayl. 
oxdyl, or  2,2.2-trichloroeth~lideiie linkiigc (23-26, 
Table IT-, . Tlit. 1’,1”’-his(S-acetylsulf~iiily1)ulkylci1~~- 
hsrtiiilicleb [ \-IIIa ( 8 )  (27-29, Tablr Y), 1’-[S-(sul1- 
btitutecl viiiyl~s~lf~iiilyl]acetaiiilides (I& (1) (30- 33. 
Table \-I 1 ,  1’-[~2-acctainido-3-thiazol~l)siilfo1iyl]~~c~~t- 
tinilidc (1 1 ~~’.~~’”-sulfoiiyll~is~~cetarii l idc (SI). a i i t l  

3 , 3  ’- [sulfoiiylhis ( p-plieiiylt.neirniiioiriet1iyleiie) ] di-2-t hi- 
azolidiiietliioiic (111) also lnclied appreciable rrpositoq 
action. Solubilitj studies with the sulfaiiil~laiiilitl~~~ i l l  

pH 7 phusphatt. buffer (Tahles LIT, I3xperim~iit:tl 
Section) iiit1ic:itc that the Iciigth of rcpository actioii 01’ 

ii give11 amide cuiiiiot IN> reliably pretlic*tecl 011 thrb h i <  

of aqueouh solul~ility. 
-T’.4’”-8ulfortylbisforma~iilide (DFDlW) ( 7 .  T:~l)lc 11 1 

i b  c*urrnitly uiitlcrgoing clinics1 evaluatioii a b  :iii or.:il 
prophj l n c a t i c *  aiitmnlarial qyi i t  alone. aiitl in roniliiiia- 
t ion ni t  h chlorocpinc aiicl priiiiaquinc. u n h  t lii. 
:uispices of the \Valter Reed ;lriny Iiist itute of I<(,- 
search.?(’” Iii the present work, both the repositorj~ a i i t l  

therapeutic antimalarial properties of DFDDS ~ V C I Y ’  

examineti TIFDDS showed only motlest repositor? 
activity (Table TI), but  exhibited strong thrrapcut I(& 

activity agaiiist 1’. beryhei in the mouse when ulmiii- 
istered continuously in the diet for 6 clays. Thc SI>,,, 
(daily dose required for 907; suppression of thc ptti A- 

sitemix) for DFDDS, DDS, and quinine vas I- O..i. 
0.5, and 74.5 mg hg, respectively. Therefore I)l?I)IX 
had an order of activity similar to DDS against tlic, 
sensitive parent h i e  aiicl was approximately 250 fiiiwb 
as potent as yniiiinc. These values are coiisistriit wit11 
the results of Alviado20b who reported the SDs, of IIDS 
and DFDDY to  1x1 0.5 niid 0.25 mg kg, rcspectivclj 
followiiig siiigle suhcutaiieous injectioiis daily for 3 (hi) 
By contrast. I h c k  SD,, of DFDDS against a l i i i c b  ot 

(20) ( A )  l ’ t  r w i J  coiiiinunication, Dr D 1’ JI(  obu- M d1tt.i Reed A r m \  
Institute of Research, Washington, D C (h) D I1 A ~ i a d o  E r p  Parastto! 
20, 88 ( 1 % 7 ) ,  (c) personal commiiiiiration DI 1’ 13 Vtiieil The Unnri.iti 
of I loiid,i CTaine.\lllr. I 



>lay 1969 REPOSITORY DRUGS. IV 361 

P. berghei made completely resistant ( >600-fold) to 
DDS was >137 mg kg’day.13c Thus, the DDS- 
resistant strain was >450-fold cross-resistant to 
DFDDS. These data, coupled with observation that 
the antimalarial activity of DFDDS is reversed by 
PABA,20c suggest that  the principal mode of action of 
DFDDS and DDS is similar. 

4’,4”’-Sulfonylbisacetanilide (acedapsone, DADDS) 
(XIII) has received extensive evaluation as a repository 

XI11 

antimalarial agent alone and in combination with 
cycloguanil parnoate.*& 13a ~ J ~ J ~  Against trophozoite- 
induced P.  berghei infections in the mouse, a single 
100-400-mg kg sc dose of DADDS almost invariably 
prevented or suppressed patent infections for 6-14 
weeks.2a 13a In  contrast to mice, rats mere not protected 
against P.  berghei challenges by a subcutaneous dose of 
DADDS. Plletabolic studies subsequently showed that 
this host specificity was due to the fact that mice 
deacetylated DADDS efficiently while rats did 
These observations agree with other evidence which 
indicates that at  least one free amino group is essential 
for microbiological activity by a sulfoi~e.~ It is also 
noteworthy that the repository action of DADDS 
would have been missed had rats instead of mice been 
routinely employed as the screening host. 

In rhesus inonkels, a 50-mg kg im dose of DADDS 
prevented patent P. cynomolgi infections for 63-268 
(average 158) days, and greatly suppressed the para- 
sitemia for many weeks longer.2a 13a Therapeutic tests 
against established patent P.  cynomolgi infections in 
monkeys showed that DADDS suppressed the para- 
sitemia slowly during the acute phase. Studies against 
sporozoite-induced infections of P. cynowiolgt in rhesus 
monkeys indicated that DADDS lacked appreciable 
activity against tissue stages, but had long suppressive 
action against blood forms.13b A comparison of DADDS, 
cycloguanil pamoate, and a 1:l mixture against lines 
of P.  berghei highly resistant to either DDS or to cyclo- 
guanil hydrochloride demonstrated that the mixture had 
broader repository action against these drug-resistant 
lines than DADDS or cycloguanil pamoate alone.2a 13& 

The results of clinical antimalarial studies with the 
cycloguanil pamoate-DADDS mixture have been 
encouraging.21 22 The drug, suspended in a benzyl 
benzoate-castor oil (40 :60) vehicle, was administered 
in a single, intramuscular dose at  4-month intervals in 
doses ranging from 3.2-10 mg kg of each component 
according to the age of the subject. Approximately 
1000 subjects have received one dose, 650 a second, and 
600 a third. The few local reactions that have been 
noted were similar to or milder than those reported 
following the use of cycloguanil pamoate alone. The 
concensus of the clinical results to date is as follows. 
Against Plasnzodaum zicax,  the minimum period of 

(21) D F Clyde, Abstracts Eighth International Congresses on Tropical 
Medicine and Malaria, Teheran, Iran,  Sept 7-15, 1968, p 1380 

(22) (a) R H Black 1% B Henness , B McMillan, B B Dew, and J C 
Biggs .\fed J .  4usfralza 2, 801 (1066) (h)  A B G Laing G. Pringle, and 
F C T. Lane l m  J T r o p  Wed Hug 15, 8d8  (1966), (c) K H Rieckmann, 
Trans R o y  Soc T r o p  .\fed H u g ,  61, 189 (1967) ,  (d) FT Chin G R Coatne>, 
and H K King, Lm J T r o p  Wed H y g  16, 13  (196i), ( e )  U Chin P G 
Contacor 0 R Coatnej 11 H Jeter and E Ilpert ,  abad, 16, 580 (196i). 

protection is 5 months in strains susceptible to chlor- 
guanide and no protection in strains highly resistant 
to chlorguanide. Against Plasmodium falciparzim, the 
following results were obtained : (1) strains susceptible 
to chlorguanide and pyrimethamine, 4 months protec- 
tion; (2) strains resistant to chlorguanide and pyri- 
methamine, 3 months; (3) strains from southeast Asia 
resistant to chlorguanide, pyrimethamine, aiid the 
4-aminoquinolines, variable protection. approximately 
2 months. Some additional prolongation of effects may 
be obtained, and the emergence of resistant strains 
made less likely, when a single oral dose of a 4-amino- 
quinoline is given concurrently with the cycloguanil 
pamoate-DADDS injection.21 I t  is concluded that the 
administration of the c) cloguanil pamoate-DADDS 
combination a t  4-month intervals is particularly 
suitable for use: (a) for the protection of itinerant 
laborers, migrants, and nomads; (b) as a causal pro- 
phylactic for nonimmunes visiting malarious areas : 
(c) in the consolidation phase of malaria eradication 
campaigns and in problem areas; and (d) in the attack 
phase in conjunction with spra) ing. 

In  view of the promise of DdDDS ns a repository 
antimalarial agent, the drug was supplied to Dr. 
Charles C. Shepard, Communicable Disease Center, 
Atlanta, Ga., for evaluation as a repository antileprotic 
agent against Mycobacterium leprae in mice. -4 single 
6-mg kg sc dose of DXDDS administered to mice at  
2-month intervals afforded nearly complete suppression 
of 111. leprae, while larger doses were completely sup- 
p re~s ive . l~~  Thus, the repository effects of DADDS 
against 111. leprae were even more striking than against 
P. berghei. These results are in accord with earlier 
observations that the minimum effective level of DDS 
in the diet against -11. leprae in mice was about fivefold 
less than mas necessary for activity against P. beryltei.’” 14b 

The results of a preliminary clinical trial with DADDS 
in lepromatous leprosy have also been p r ~ m i s i n g . ~ ~  In 
this study, a single intramuscular 225-mg dose of 
DADDS administered once every 77 days was as effec- 
t ire as oral DDS given in a dosage of 100 mg daily 
over a treatment period of 48 weeks.23 

It is apparent from a variety of observations that 
DADDS is absorbed very slowly following intra- 
muscular or intraperitoneal admini~tration.’~” Chem- 
ical analyses showed only trace amounts of DADDS or 
related sulfones in either the blood or urine of monkeys 
given 50 mg kg or of rats given 400 mg kg. Assays of 
the injected muscle in monkeys at  various intervals 
after dosage confirmed that the drug is absorbed slowly. 
The prolonged antimalarial effects and low toxicity of 
DADDS coilcur with chemical evidence of slow release 
from the injection site and very low blood levels of ac- 
tive moiety. Studies in monkeys shox-ed that DADDS 
implanted subcutaneously in dialysis sacks had protec- 
tive action while the sacks were in place but not follow- 
ing their removal. Chemical analyses of the bag 
contents showed the average drug release rate during 
protection was only 1.0 mg day.13b Thin layer chrom- 
atograph) of the urine of mice, rats, and monkeys given 
DADDS parenterally showed that in each species some 
of the drug was metabolized to MXDDS and DDS, 
although the amount of DDS in rat urine was particu- 

(23) C. C. Shepard, J. G. Tolentino, and D. H. hIcRae, ibid., 17, 192 (1968). 



larly Prcsuniably tleacylases preseiit iii host 
ti are inrolved ill these 

The ;hove piittcriis of drug release favor coiitiitcous 
suppressive actioii, with less likeliliootl of toxicity from 
high drug l~loocl lcvcls. The over-all results with 
I).iI)IX aloiir a d  in coinbinatio~i with cycloguaiiil 
painonte encourage further eraluatioii of tho c~yclo- 
gimiil parnoate-DADDS misturc in coiiiicctioii with 
t l i v  p i  wetitimi ant1 eradic:itioii of malaria. n i i t l  of 
l ) . l l ) l ) ~  aloiic. for tlie prophylaxis :~nd trcatmc~it  of 
1(7”’0\)’ 

Experimental SectionZ4,2j 
Soluliilities were estimated tjy suspending 0.1 g of sample in 

10 ml of 0.1 -V pH 7 phosphate i d l e r  at 25‘ with mild agitation 
for 18-24 hr. -4fter centrifugation, the uv absorption masim2t 
from the clear supernatant solution %\-ere compared with those 
obtained from a solutioii of known concentration. Chromatog- 
raphy studies were done with Eastman Chroniograph Sheet 6060 
silica gel with fluorescent indicator. 

4’-Sulfanilylanilides ( IF)  (Table I). 4’-Sulfanilylformanilide 
(MFDDS) (l).-A solution of 23 g (0.075 mole) of 4’-[(p-nitro- 
phenyl)s~lfonyl]formanilide~~ in 280 ml of T H F  was hydro- 
genated over 2 g of Ra-Si at an initial pressure of 3.6 kg/crn2. 
When the calculated amount of HI had been absorbed, the catalyst 
was removed by filtration and the filtrate was concentrated to 
dryness on a rotary evaporator. Crystallization of the residue 
from MeCN gave 15 g (725%), mp 168-170”. 

The uv ahsorption curves (bleOH) shorved maxima at 294 nip 
(E 26,100) and 256 mp (e 22,200) which are typical of 4’-sulfaiiilyl- 
anilides. The ir absorption curves (KBr disk) showed tlie ex- 
pected carbonyl peak a t  1690 cm-l and peaks a t  3470 and 3370 
cn1-l. The nmr curve (DAISO-d,) show 1 H singlets a t  6 10.54 
(COSH) and 8.37 (HCO), a 4 H singlet at 7.78 (sulfanilyl ring 
protons), a typical Az’B?’ pattern centered at 7.10 (forrnanilide 
ring protons), and a 2 H singlet a t  6.10 (SH?). 
N-PropyI-4’-sulfanilylacetanilide (4).--..1 MeOH solution oi 

3.6 g (0.010 mole) of ~-ally1-4’-[(p-iiitroplienyl)sulfonyl]acetuii- 
ilide2G  as hydrogenated in a Parr shaker over Ita-Si. IVhen the 
calculated amount of H? had been al)sorl)etl, the catalyst was re- 
moved 11y filtration and the residue was concentrated t o  dryness 
on a rotary evaporator. Recrystallizatioii from C6Hs gave 2.7 g 
(75‘;;) of colorless crystals, nip 126-128 ’. 

4’-Sulhnilylheptananilide (5).---.1 solution of 78 g (0.20 mole) 
of 4’-[(p-nitrophenyl)~ulfnnyl]hept:inanilide~~ in 400 ml of DlIF 
was hydrogenated over :3 g of Ita-Si at ilii initial pressure of 
3.6 kgicm2. .ifter 40 hr the calwlated :mount of Hn had been 
absorbed. The catalyst w:is removed hy filtration and the filtrat e 
was diluted with 500 nil of H?O. The precipitate was collerted 
and recryrtallized from i-I’rOH t o  give 50 g (70‘;) of an ol‘r-wliite 
solid, mp l6:3-164 ’. 

4’-(N-Acylsulfanilyl)anilides (V) (Table 11). 4’,4”’-Sulfonyl- 
bisformanilide (DFDDS) (7 )  \vas prepared by formylation oi 
IIDS (I)  in essentially the manner t1eacril)ed by Heymann antl 

2 0  proved t o  lie more 
I;;tOH-H,O. HOW tlie product softened 

:ind resolidified :it :tlm I I ~  tit 267-269 ’. A f t  r r  
sliir:tge for scver:il yea ved that changes had takeii 
p1ilc.c~ in ilic ir aI)sorii ) p i r t  irulnrly at tilo, 1 I W ,  
ilnd :3000-:200 (‘111--1. 

Proceeding on  lie assumption tha t  a change in crystal form 
might have taken place, a sinall sample was heated at 245-260” 
fnr 15 niiii. Thc ir absorption curve olitained from this material 
was tlill’erent Ercirn I.iotli previous curves. Ses t ,  a portion of the 
heated m:it erid was recrj-st allized from lIezCO-HIO to  yield a 
s;tmple which gave an ir curve which \\-as not significantly differ- 

stallization from D l  

134) .\lelting points (corrected) were i:i!,rn on a Thomm-Hoover capillary 
melting point apparatus .  

(23) Wherei nalyses are indicated only by symbols of the elernenti or 
functions, analytical results ohtained for those elements or functions aere 
with:n ~ 0 . 4 %  of the theorrticnl values. IVater determinations by the  Karl 
E’isclier method. 

(26) Ii. 3Inriiyama and li. I ia \vanahr .  M r i j i  l -akka Daioaku Kmkuu Kzvo,  
2, 69 (1063); Chem. .lbslr. ,  60, 1441Td (1984). 

(27) V, .1. Ziiawo~,, J .  Grn.  Chem.  LrSSR, 17, 4 i i  (1947). 

erit from the curve o!,tained originally. Tlir uv :i\,>~iipi i o i i  

(‘urve$ (MeOH) and rnic:roanalj-ses (C, ti ,  S iv~:!r(, w i t l i i i i  t I I ( ~  
iiornial range for a11 s:iniples. Further, d l  of thebe i)r(sp:tr:it icitl, .  

rneltetl :it 267--2W ‘. Homver,  the originnl s:tnipl(i :mi l  i I I O  
ni:iterid olit :ii1iwI fl . lJl i i  acetone-H s i f t  eiiecl and rwoliilifieyl : i t  

T I i i A  iuiliviite,s that D 
, t a l  furni-;  and that :it 1e:ist ]):I 
111 ,si:rntiiiig or on heating :iri11 1’1 

)I)d can exist iii :tt 1c:i 

Ale2CO -II:.O. 
1)FI)IW ( 7 1 %  AiI1)I lS (1) .  aii t l  D1)S ( 1 1  tire re:itlily di+i1]&- 

guisliril liy I I r .  I.‘tir rsaniplr~, developmeni u n  silica gcl \vi1 l i  

I<tO.\c. ; i t i t 1  oi:tniin:it ion under :t UY I:imp :it 254 nip shows l.)l)S, 
ieiit, :ib :L deep l~ lue  spot, AIl.‘l)DS fol-  
lo t ,  nntl DFIIDS moving slowest 

4’,4”’-Sulfonylbisacetanilide (Acedapsone, DADUS) (9 ) .  .\ 
mixture of 24.b g (0.10 mole) of DDS (I), 75 ml of H0‘418, : t d  
2.5..5 g (0.25 mole) i i f  Ac.0 was heated under reflux for 1 111.. 
After  cooling I O  25’, the precipitiite 5v:t 
n.nd w-:ihlie(I well wiii i  HyO, EtOH, :ind t h  
tion froin Dl1P gavc 25 g ( 7 5 : , ) ,  nip 28 

4’4 N-Acetylsulfanil)I;salicylanilide (13 
1 mole) of lI.ADD6 (2) and 15 g (0.070 mole) d 
r wis  heated t u  170” when all of the 1 IXI I IX  hati 
er heating urid stirring the solution a t  200-215’ 

for 1.q Iir, t h e  riiixrulr \\-:is cooled, :ind the solid w:~s removed froni 
tlie Hask utid Iiroken up in a blender under c.>-chliesane. The 
insolulileu were collected liy filtration, waslieti with cyc~lohexant~. 

i m l  t w i w  from IIlIF-\IeOH t o  give 15.5 g 170‘; ‘i. 

2’,3’-Substituted 4’,4”’-Sulfonylbisacetanilides (VI) (Table 111) 
and Other 4’,4”’-Risacetanilides (I”) (Table IV).  3’-Chloro- 
4’,4”’-sulfonylbisacetanilide (20).--.1 misture of 10 g (0.035 
ninlc) of 3-chloro-4,4’-sulfon~ldianiliiie~~~*g arid 7 .2  g (0.070 molt, I 

of .\1,:0 in 25 nil of .1cOH was heatecl under reflux for 2 hr. Ypoli 

<,ooling. :i prrwipitnte formed, which w:i? collected 
ant1 \v:islied with FI,O, I;tOH, antl 1StrO. Three recr 
from I~:tOH--IliO gave 9.5 g, nip 211-213’. 

Ctimpi~untl~ 19, 21, :ind 22 (T:iI.de 111) were prepwed in I I I C  
s:iiiie iii:~niic!r from . i c s z O  and 2-i.lil~iro-4,4’-sulfo~i~l~iiaiiiliii~~,~” 
4-su1i’:triilyl-o-i 1 iluidinc?,3” :ind S-pr~~li~l-4,4’sulfonyldi:iiiiIiiie,~~~~!~ 
respe~~livd)‘. \\’hen 22 di(1 not prcc’ipit:tte f rom the .\c.OH, 1 he 
>olutioti LY:L.< pi)ur .ot l  into cxciltl HrO :tiid extr:tctctl with CHCI,. 
Co~iwntratiutl : l i d  t l i l u t i o r i  tviili Et.20 g:tr-ca :t soiitl wi i ivh  W:IS 

nil, 1)alIijlenebisanilides (VIII) (Table 
F).  4’,4”’-Kis( S-acetylsulfanil~I)succinanilide (27).---To :t s 
pension i i i  14..i p (0.05 mole) of 4’-sulfnnilylncetanilide (AI.ii)I 
( 2  I i n  IS0 ti11 i d  1le.CO :ind S nil of pyridine was slowly : i t l t i d  
with stirriiig :;.:I g (0.025 muli:j ( ~ f  rucscinyl chloride while in:iiii- 

tniiiirig the trrnpcruturc 1)elow 40’. The reaction rnistur’c. W;LS 

stirr~ed :LI r o o i ~ i  triiii ure for 20 hr, then pciuretl i r i t i i  250 i i i l  

i ) E  (.old 3‘ , HCI. T l i ~  precipitutc was cwllerted 11)’ f i l l  r:itii,ri, 
w:t,dicd with IiL),  :inti dried ~ J L  2jnc110 at 4 5 O  for 20 hr. 

ill], :;,N = I l I T .  

I’-[S-(Substituted I’inj l~sulfanil~l]acetanilides (IS) (Table VI I. 
4’- [S-( 2,2-13icyanovinyl)sulfanil~l]acetanilide (30). Procedure I .  
. ~ .\ rolutioii of ,i.3 g (0.02 mole) of 4’-sulfanilylacet ;iIiilid(~ 
( ~ l . i l ~ l N  12; :mtl 2.5 g (0.02 mole) of (etiiosyrnr~rliyl~~~ir~ J -  

ni:iloiionitrilc in 25 iiil of L)III:  as heated a( 100” for :;.5 hr .  
. \ f t  er rooling, ttir. sl)lution was poured 
tale was cdlecteil. TW(J recrystallizati 
1.2 g ( l G L ; )  of gold cr 

4’-[5-( 1,2,2-Tricyanovin?l jsulfanil~-l]acetanilicle (31). I’roce- 
dure II.--To I solution of 5.8 g (0.02 mole) of 4’-sulfanilyl:rr 
ilitle (lI.iI>DS) ( 2 )  in 25 in1 of I I l lF  was ;idrkd portionrvisr? 2.6 g 
(0.02 mole) of ~err:ti~~.:tiic)ethyleiie. A slightly eilitlierniic ~ P : ~ I , ~ ~ I J I I  
occurred and tlir: mi\t u rc  initiallj. turned dark blue in color, t Iicn 
hecaiue colorless. I t  \! irretl f o r  15 min at roo!n tmiper:it uro, 
the temper:itui,e v a s  r;rised t o  50-60“ for 15 miri, :ind the pri~,Iu(*t 
w:is pi)urc~d into n mixture of ice and €LO. .i yellow gum prwipi- 
ttited whirti gr:~tlualiy solidified n:i .sl:iiiding. The protluc~t W:LD 
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collected by filtration and crystallized three times from MeCN to 
give 5.3 g (68%) of a bright yellow solid, mp 238-241 O dec. 
4’[(2-Acetamido-5-thiazolyl)sulfonyl]acetanilide (X).-A mix- 

ture of 29.7 g (0.10 mole) of N-(5-sulfanilyl-2-thiazolyl)aceta- 
mide,sz 75 ml of HOAc, and 13 g (0.13 mole) of AczO was heated to 
boiling when a thick slurry formed. D X F  (50 ml) was added 
and the mixture was heated under reflux for 1.5 hr. After cooling, 
the precipitate was collected by filtration and washed (H20). 
Recrystallization from DUF-EtOH gave 28.5 g (84%), mp 313- 
314” dec. Anal .  ( C I ~ H U S ~ O ~ S Z )  C, H, N. 

3’,3”’-Sulfonylbisacetanilide (XI).-To a solution of 9.3 g 
(0.038 mole) of 3,3’-sulfonyldianiline~3 in 100 ml of bIeLCO and 
7.5 ml of pyridine was added dropwise 8.8 g (0.11 mole) of AcC1, 
keeping the temperature below 40’ by adjusting the rate of addi- 
tion. After standing 24 hr at room temperature, the mixture was 
poured into 5% HCl, and the resulting precipitate collected. 
Recrystallization from EtOH gave 6.4 g (51%), mp 215-218’. 

3,3’- [Sulfonylbis(p - phenyleneiminomethylene)]di - 2  - thiazoli- 
Anal .  (C&I~XZO~S) c, H, K. 

(32) L. L. Bambas, J. A m .  Chem. Soc., 67, 671 (1945). 
(33) Tennessee Corp., Atlanta, Ga. 

dinethione (X11).-A4 mixture of 24.8 g (0.10 mole) of DDS, 23.8 g 
(0.20 mole) of 2-thiazoline-2-thio1, and 18 ml (0.20 mole) of 
formalin in 500 ml of 2-PrOH was stirred and heated under reflux 
for 24 hr. The product was collected by filtration of the hot reac- 
tion mixture and recrystallized from DMF-HzO to give 18 g 
(355,), mp 225-226’. Anal .  ( C ~ O H B S ~ O Z S ~ )  C, H, S, S. 
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(PSBA) and Related 4’,4”’-[ Bis(imino-p-phenylenesulfonyl)]bisanilides, 
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Various 4’,4”’-[bis(imino-p-phen~lenesulfonyl)]bisanilides (111-VI, VIII) were synthesized as potential 
repository antimalarial and antileprotic agents in a search for long-acting sulfones that would be less dependent 
on enzymatic deacylation for activity and afford higher blood sulfone levels than 4’,4”’-sulfonylbisacetanilide 
(acedapsone, DADDS). The compounds were prepared by condensing the appropriate phthalaldehyde or 
naphthalenedicarboxaldehyde with the requisite 4’-sulfanilylanilide. Among them, 4’,4”’- [p-phenylenebis- 
(methylidyneimino-p-phenylenesulfonyl)]bisacetanilide (PSBA) (IS) fulfilled the above requirements and 
showed remarkable repository effects alone against Slycobacten’um Zeprae and alone or in combination with 
cycloguanil pamoate against Plasmodium beryhei in mice and Plasmodium cynomolgi in monkeys. Structure- 
activity relationships are discussed. 

A systematic; search for various types of repository 
drugs in these laboratories led successively to the 
development of cycloguanil pamoate (1),2-4 a long-acting 
antimalarial and antileishmania drug; acedapsone 
(DADDS) (II),1,5-s a rppository antileprotic and anti- 
malarial agent; and cycloguanil pamoate-acedapsone 
(DhDDS),1,5s6 a combination antimalarial drug with 
protracted action against drug-resistant strains.9 

(1) Previous paper: E. F. Elslager, 2. B. Gavrilis, A. A. Phillips, and D.  F. 
Kor th ,  J .  M e d .  Chem., 12, 367 (1969). 

(21 E. F. Elslager and P E. Thompson, Abstracts, 9th National hledicinal 
Chemistry Symposium of the American Chemical Society, Mnneapolis, Jlinn., 
June 1964, p 6.4. 

(3) P. E. Thompson, B. J. Olszewski, E .  F. Elslager, and D. F. Korth.  
Am. J. T r o p .  .Wed. Hug., 12, 481 (1963). 

(4) Camolar@. 
( 5 )  E. F. Elslager and D. F. Worth, Nature ,  206, 630 (1963). 
(6) P. E. Thompson, B. Olszewski, and J. A. Waitz, A m .  J .  T r o p .  .\led. Hyg., 

14, 343 (1965). 
( i )  (a) C. C. Shepard, Proc. Soc. E x p .  Biol Med. ,  124. 430 (196i); (b) C. C. 

Shepard, D. H. McRae, and J. A. Habas, ibid., 122, 893 (1966). 
(8) Acedapsone is the nonproprietary name for 4‘,4“’-nulfonylbisacetanilide. 

In  the biological literature acedapsone has also been referred to  as sulfadiamine, 
4,4’-diacetyldiaminodiphenyl sulfone, 4,4‘-diacetylaminodiphenyl sulfone, 
N,N’-~iacetyl-4.4’-diaminodiphen~-l sulfone. and DADDS. Hansolara  is a 
proprietary name for acedapsone. The  proprietary name for the  acedap- 
sone-cycloguanil pamoate combination is DapolarB. 

(9) For recent reviews, see (a) E .  F. Elslager in “Annual Report8 in Medicinal 
Chemistry, 1965,” C. K. Cain, Ed.. Academic Press, New York, N. Y., 1966, 
p 136: (b) E .  F. Elslager in “Annual Reports in Medicinal Chemistry, 1966,” 
C. K. Cain, Ed.,  Academic Press, New P o r k ,  N. Y. ,  1967, p 131. 
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Among the 4’-sulfanilylanilide congeners of 4.4’- 
sulfonyldianiline iDDS) investigated p r e ~ i o u s l y , ’ ~ ~  
4’,4”’-sulfonylbisacetai1ilide (acedapsone, DADDS) (11) 
conferred the longest protection and has been studied 
extensively Loth in experimental animals and in man.5-12 

(10) D. F. Clyde, Abstracts, Eighth International Congresses on Tropical 
Medicine and Malaria, Teheran, Iran, Sept 7-15, 1968, p 1380. 

(11) (a) R. H. Black, W. B. Hennessy, B. McMillan. B. B. Dew, and J. C. 
Biggs, M e d .  J .  Aus t ra l ia ,  2, 801 (1966); (b) A. B. G. Laing, G. Pringle, and 
F. C. T. Lane, A n .  J .  T r o p .  M e d .  H y g . ,  15,838 (1966); ( e )  K. H. Rieckmann, 
T r a n s .  R o y .  SOC. T r o p .  f i l e d .  Hug., 61, 189 (1967); (d) W. Chin, G. R. Coatney, 
and H. K. King, A m .  J .  Trop .  M e d .  Hyg. ,  16, 13 (196i): ( e )  W. Chin, P. G. 
Contacos, G. R .  Coatney, h4. H. Jeter, and E. Alpert, ibid., 16, 580 (1967). 

(12) C. C. Shepard, J. G. Tolentino, and D.  H.  JlcRae, ib id . ,  17, 192 
( 1968). 


