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mole) and mercaptoacetic acid gave an unstable oil (30 g) which,
when treated with Ac;O-C4H;N yielded, on filtration, a chroma-
tographically homogeneous solid: 1.0 g; mp 268-269°; Amax
6.05, 6.5, 7.66 u, tentatively identified as anhydro-4-hydroxy-3,5-
bis(2-methoxy-5-methyl-4-nitrophenyl)-1,2,3-thiadiazolium hy-
droxide. Anal. (CisH;sN,O-S) C, H, N, S. The filtrate yielded,
on treatment with base, anhydro-4-hydroxy-3-(2-methoxy-5-
methyl-4-nitrophenyl)-1,2,3-thiadiazolium hydroxide (0.6 g);
mp 180-181° (Et;O-CH,Cl;); Amax 6.03, 6.5, 7.65 u. Anal
(CuH4N;08) C, H, N, S.

Anhydro-4-hydroxy-5-bromo-3-(5-chloro-2,4-dimethoxy-
phenyl)-1,2,3-thiadiazolium Hydroxide (24). A.—A stirred sus-
pension of 22 (5.44 g, 0.02 mole) and N-bromosuccinimide
(4.09 g, 0.023 mole) in CCl, (200 ml) was heated under reflux for
48 hr. The cooled reaction mixture yielded 24 (3.5 g), melting
point unchanged by admixture with material prepared by B
(below).

B.—The anhydro compound 22 (0.12 mole) was brominated
in glacial AcOH (250 ml) and anhydrous NaOAc (25 g). Re-
crystallization of the crude product afforded 24 (21 g).

Anhydro-4-hydroxy-5-chloro-3-(5-chloro-2,4-dimethoxy-
phenyl)-1,2,3-thiadiazolium Hydroxide (25)—The anhydro
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compound 22 (32.6 g, 0.12 mole) and anhydrous NaOAc (25 g)
were suspended in glacial AcOH (250 ml). Cl, was added at 20°
until solution was complete. After being heated for 30 min
at 100°, the reaction was quenched on ice. Addition of 2.5 N
NaOH to pH 4 precipitated 25 (18.9 g).

Anhydro-4-hydroxy-5-allylthio-3-(p-anisyl)-1,2,3-thiadiazolium
Hydroxide (4).—The Na salt of anhvdro-4-hydroxy-3-mercapto-
3-(p-anisyl)-1,2,3-thiadiazolinm hydroxide? [0.14 mole, mp 177-
182°, Anal. (CsH;N.0.SNa) C, H] was dissolved in DMF
(20 ml) and allyl bromide (0.033 mole) was added. After 72 hr
at 25° the mixture was quenched on ice, giving 4 (3.0 g).

Anhydro-4-hydroxy-5-benzylthio-3-(p-tolyl)-1,2,3-thiadia-

zolium Hydroxide (1).—Similarly, anhydro-4-hydroxy-3-mer-
capto-3-(p-tolyl)-1,2,3-thiadiazolinm hydroxide sodinm salt3
(0.2 mole, mp 173-1753°) in DMF (25 ml) with benzyl bromide
(0.22 mole) afforded 1 (5.2 g).
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Representative 4/-[N-(aralkylidene-, -benzylidene-, and -naphthylidene)sulfanilyl]anilides (III-VI), N-
(aralkylidene- and -benzylidene)-4,4'-sulfonyldianiline derivatives (VII, VIII), and 4’-{N-[(dimethylamino)-
methylene]sulfanilyl }anilides (IX) 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 aldehyde with the requisite 4"-sulfanilylanilides or 4,4’-sulfonyldianiline

precursor,

Among them, 4'-[N-(benzylidene)sulfanilyl]acetanilide (3), 4'-[N-(p-acetamidobenzylidene)sul-

fanilyl]acetanilide (5), and 4'-[N-(3,5-dichlorosalicylidene)sulfanilyl]acetanilide (11) satisfied the above require-
ments and showed strong repository activity against Plasmodium berghei and Mycobacterium leprae in mice.

Structure—activity relationships are discussed.,

4’ 4"""-Sulfonylbisacetanilide (acedapsone, DADDS)
(I)2% exhibits strong repository antimalarial activity

CHBCOM@SOZ@ NHCOCH,
I

alone, or in combination with cycloguanil pamoate,*—¢
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(5) P. E. Thompson, B. J. Olszewski, E. F. Elslager, and D. F. Worth,
Am. J. Trop. Med. Hyg., 12, 481 (1963).

(6) Camolar®.

(7) P. E. Thompson, B. Olszewski, and J. A. Waitz, Am. J. Trop. Med.
Hyg., 14, 343 (1965).
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Biggs, Med. J. Australia, 3, 801 (1966);: (b) A. B. G. Laing, G. Pringle, and
F. C. T. Lane, Am. J. Trop. Med. Hyg., 15, 838 (1966);: (c) K. H. Rieck-
mann, Trans. Roy. Soc. Trop. Med, Hyg., 61, 189 (1967); (d) W. Chin, G. R.
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Chin, P. G. Contacos, G. R. Coatney, M. H. Jeter, and E. Alpert, ibid., 16,
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in experimental animals*®” and in humans® TFur-
ther, the drug has protracted action against the human
leprosy bacillus Mycobacterium leprae in mice® and in
man. '

Inasmuch as DADDS is apparently dependent upon
deacetylation for activity and affords only extremely
low sulfone blood levels, a repository sulfone that is
less dependent on enzymatic deacylation for activity
and enables higher blood sulfone levels than DADDS
might fulfill a useful need. Therefore, efforts were
directed toward the design and synthesis of novel sul-
fone molecules that might undergo slow, nonenzymatic
hydrolytic scission directly upon contact with body tis-
sues and fluids. In a recent communication,' we re-
ported the synthesis of certain 4'4'''-[p-phenylene
bis-(methylidyneimino-p-phenylenesulfonyl) Jbisanilides
that fulfilled the above requirements and displayed
marked repository action. Among them, 4'4’"-[p-
phenylenebis(methylidyneimino-p-phenylenesulfonyl) J-
bisformanilide (PSBY¥) (I1a) was very long acting and
protected mice for >9 weeks against challenge with
Plasmodium berghei.! 4'4’''-[p-Phenylenebis(methyli-

(©) C. C. Shepard, Proc. Soc. Ezp. Biol. Med., 124, 430 (1967).
(10) C. C. Shepard, J. G. Tolentino, and D. H. McRae, Am. J. Trop.
Med. Hyg., 17, 192 (1968).
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dyneimino-p-phenylenesulfonyl) Jbisacetanilide (PSBA)
(IIb) protected mice against challenge with P. berghet
for 5-7 weeks, depending on particle size (fine to me-
dium), a period intermediate between the short-acting
44 -sulfonyldianiline (DDS) aud the very long-acting
DADDS.2%7  These results suggested that PSBA
should provide higher blood sulfone levels than DADDS
sud 2l afford protection for reasonable periods of
tune,

Ixpanded repository antimalarial xtudies with PSBA
were carried out utilizing P. bergher in rats and Plasmo-
dium cynomolygi in monkeys. 1112 A single 400-mg/ kg
s¢ dose of PSBA protected rats against challenge with
. berghet for 1 week and had strong suppressive action
at 5 weeks. ' It should be recalled that a comparable
doxe of DADDS in this species failed to provide pro-
teetion, presumably due in part to the slower rate of
mobilization of DADDS at the injection site, and partly
because the rat appe:ns to be deficient in enzymes which
remove at least one of the acetyl groups from DA-
DDS.71 This presumptive evidence that the scission
of PSBA is not enzyme dependent was corroborated by
physical-chemical data which showed that PSBA wuax
very labile in aqueous media.  In rhesus monkeys, «
single 50- or 100-mg/kg im dose of tine particle size
PSBA in BBCO protected against challenge with tro-
phazoites of P. cynomalygi for an average of 11-13 weeks
and greatly suppressed the parasitemia far several
weeks lauger.t'* The mean duaration of protection
after asingle intramuoseular 50-mg/kg dose of medium
particle xize PSBA ranged from 4.4 mouths in isopropyl
myristate-peanut oil (INPO, 23:75) to 5.1 months in
BBCO.112

PSBA completely suppressed M. leprae infections in
mice when administered subcutancously in a single
200-400-mg/ kg dose in BBCO at 2-month intervals.t*
The drug also exhibited modest repository activity
against, I yeobacterium tuberculosis Hi:Rv in mice when
given subeutaneously in a single 400-800-mg/ kg dose
in [MPO

The present communication snmmarizes the results of
additional studies aimed toward the development of
wuter-labile, respository sulfones whose activation and
mabilizatian from the depot site might not be enzyme
dependent.  Several of the 4'-[N-(benzylidene)sul-
fanilyl Janilides.  4/-[N-(salicylidene)sulfanilyl Janilides,
aud 4,6-dihalo-a- | [p-(N-alkylsulfanilyl)phenyl Jimino} -
a-cresols deseribed herein satisfied these requirements
and showed promising repository antimalarial and anti-
leprotic activity.

The condensation of the appropriate aldehyde with
4'xulfanilylformanilide (MFDDS),? 4’-sulfanilylacet-
auiide (MADDS),* 4/-sulfunilylheptananilide,* or 4'-

1y LB Thamupson, Irtern. J. Leprosy, 38, GD (1967,

(123 17, ). Thowpson, V. Bayles, and 1. A Waitz, manuseript i prepara-
Ty,
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sulfanilyvlliaranilide® in EtOH, ~PrOH, or ~AmOH
afforded the corresponding 4/-[N-(beuzylideue)sulfanil-
vifamilides (IT1) (1-7, Table 1), 4-[N-(salicylideuc)-

1{('()N}{-@S(>J—©~N=("n—@‘x
1

HO X
RC()NH@ 501_@)1:%

v

sulfanilyl Janilides (IV) (8-15, Table 1), 4'-{N-[(2-
hydroxy-1-naphthyl)methylenc Jsulfanilyl janilides (V)
(16-18, Table I1I), nud 4'-|N-(aralkylidene)sulfanilyl }-
auilides (V1) (19-22, Table 1V) in 5-979; yield.  Simi-

HO

RCOI\H—@SO,—@—N=CH @
\7
RCONH—@SO:—@N=CH——Y—©—X
VI

larly, various N-(aralkylidene- and -benzylidenc)-4,4'-
sulfonyldianiline derivatives (VII) (23-29, Table V)
were prepared from 4,4'-sulfonyldianiline (DDS), N-
allyl-4 4'-xulfonyldianiline,’® or N-propyl-4,4’-sulfounyl-

XN
RNH4©—SO_.—<: >—N=CH—-—Y—@

vl

dhaniline’ and the requisite aldehyde. The yields
ranged from 50 to 879%. 1,1'-[Sulfonylbix(p-phenyl-
enenitrilomethylene) |di-2-naphthol (VIID'™ wax oh-

OH HO
=@@= )
VI

tained in 809 yield by heating 2 equiv of 2-hydroxy-1-
naphthaldehyde with 1 equiv of 4,4’-sulfonyldianiline
in boiling +~-AmOH for 30 sec.

Several formamidine derivatives of DDS and MA-
DDS have been reported previously, including 4’-{N-
[(dimethylamino)methy leneJsulfanilyl}acetanilide'
(IXa) and N’/ N’-(sulfonyldi-p-phenylene)bis(N,N-
dimethylformamidine)'®'7 (IXb). Since amidine de-
rivatives of this type can undergo hydrolytic seigsion
vielding the corresponding amines, it was of interest ta
reinvestigate such compounds as potential repository
drugs. The reaction of 4’-sulfanilylacetanilide? with

(13) B. R. Baker, M. V. Querry, and A. ¥, Kadisl, J. Org, Chem., 18, 402
(13‘;2;.}’. P.'I. 8ah, J. F. Oveto, K. Rohrmann, and E. (0. Kleiderer, Rec.
Trav. Chim., 68, 141 (1949).

(15) N. Stesger, U, 3. Patents 3,073,851 (1963), 3,133,078 (1964), anct
4,153,083 (1964).

(16) G. R. Pettit and b, R, Garson, Can. J. Chem., 48, 2640 (1965).

{17) N. Steiger, U, & Patents 3,133,755 (1964), 3,182,053 (1965), and
3,184,482 (1965).
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TaBLE I
-(BENZYLIDENE )SULFANILYL]ANILIDES
Yield Reaction conditions
purifd, Time,
No. R X Mp, °C A Purifien solvent hr Solvent Formula Analyses??
1 I H 229-232 38 +-PrOH 6 +~PrOH CxnHi1sN.O;S C,H,N,S
2 CH; Cl 226-228 25 -PrOH 3 -AmOH CyH;7CIN,058 C,H, N, Cl
3 CH; H 240-242 82 a 4 EtOH C21H1sN,0;58 C, HN
4 CH; CO,H 285 dec 26 MeCN 3 ~-AmOH CeH;sN,0;:S:0.5H,0 C, H, N, H,0O
5 CH; NHCOCH; 233237 60 Me,CO-Et,0 2 ~-AmOH CyuHy N3OS C,H,N
6 (CH:»CH; Cl 145-149 21 -PrOH 4 EtOH Cs:H35CIN 0,8 C H,N, Cl
7 (CH2»CH; H 190-192 26 EtOH 4 EtOH Cs1H3sN 048 HN,; C
¢ The product crystallized from the cooled reaction mixture and was collected and washed with Et;0. * C: caled, 71.78; found, 71.29.
TasLe 11
4'-IN-(SALICYLIDENE)SULFANILYL] ANI1LIDES?
HO X
RCONH—@— SO,.—©~N —CH
Y
Yield ~—Reaction conditions—
purifd Purifien Time,
No. R X Y Mp, °C T solvent hr Solvent Formula
8 H Br Br 235-237 91 EtOH 0.5 EtOH CyH14Br,N,0,S
g H Cl Cl 214-218 84 b 4 EtOH CH,CLLN,OS
10 CH, Br Br 274-276 90 b 3 -AmOH CHsBr,N,O,S
11 CH; Cl Cl 259-260 97 b 3 +-AmOH CyuHsCLN ;08
12 CH; H Cl 251-254 84 b 2 +-AmOH CyuH7CIN,O,8
13 CH; H H 254-255¢ 91 b 3 -AmOH CuHsN,OS
14 (CH,)CHj; H H 171-174 67 MeCN 1 -AmOH CaeH2sN,0,S
15 (CH )0 CHj; H H 187-188 77 EtOH 4 EtOH C3H3sN,0,S

2 All compounds analyzed for C, H, N.

b The product crystallized from the cooled reaction mixture.

dran, J. Indian Chem. Soc., 27, 62 (1950), reported mp 243-244°.

TasLe 111

4/ { N-|(2-l{yp1t0XY-1-NAPHTHYL)METHYLENE] SULFA\NILYL} ANILIDES”

RCONH—@— 5014@—N=CH @

¢ U. P. Basu and K, R. Chan-

Yield Reaction conditions
No. R Mp, °C purifd, % Purifien solvent  Time, hr Solvent Formula
16 CH3 281—283 95 b 0 5 z-AmOH 025H20N204S
17 (CH2>50H3 215-216 69 MeCN 1 7-AmOH ngHagNzO‘S
18 (CH:)0CH; 142-145 51 EtOH 3 EtOH CisHoN20.S
¢ All compounds analyzed for C, H, N. ? The product crystallized from the cooled reaction mixture.
TasLe IV
4/-|N-(ARALKYLIDENE )SULFANILYL] ANILIDES®
RCONH—(: :>—802—<: >—N=CH—Y—<: :>——X
Yield Reaction conditions
purifd, Purifien Time,
No. R Y X Mp, °C o, solvent Lr Solvent Formula
20 CH; CH=CH H 244-245* 51  MeOH 3 i-AmOH CHzoN20:8
21 CH; CH=CH N(CHj), 273-278 27 MeCN 1.5 +~PrOH CasHasN3058 - 0.25H0
22 (CH.)CH; CH=CH N(CH;). 219-220 26 MeCN 2 +~AmOH CaoHaN;058

a All compounds analyzed for C, H, N.

b Lit. (footnote ¢, Table I11) mp 219-220°,
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TapLe V

N-(ARALKYLIDENE- AND -BrNzYLIDENE 4,48 ULFONVLDIANILINE Durivarivise

X,
RNH —@~SQN=CH—Y—@-

294
No. R Y X
23 i i
24 b 4-N(CHy)

25 CH,CH=CH, 2-0OH-3,5-Cl,

26 CH}CH2CIIJ 2-0]‘1-3,-’3-01:

27 CH.CH.CH; 11

28 H CH==CH 4-N(CH,;),

29 11 4-O(CHu)N(CoHshn

“ All compounds analyzed for C, H, N.
J., 32, 1101 (1938), reported mp 232°,
with fresh solvent, and dried. ¢ Lit.>mp 252°.

R;R?NA@— SO:‘—©—.\'=CHN(CH,L

[Xa, NR,R, = NHCOCH,
b,NR,R, = N—CHN(CH,),
¢,NR,R, = N(CHO)CH,),CH,
d,NR,R, = NH(CH,),CH,

e, NR,R. = NHCO(CH.),,CH,

POCIL; and DMF in C¢Hs afforded two products that
were separated, purified, and characterized. The first
compound isolated melted at approximately 110°
resolidified, then melted at 195°. The ir spectrum
showed peaks at 1700 (amide) and 1640 em —! (amidine),
the nmr spectrum (DMSO-d;) exhibited signals at 2.1
(CH5;CO) and 3.0 ppm [(CH3):N], and the compound
analyzed (C, H, N, 8) for C;;H,sN50,8. These results
are in accord with structure IXa and suggest that the
product (mp 260-262°) obtained previously from the
condensation of 4’-sulfanilylacetanilide, benzenesul-
fonyl chloride, and DMF wus not 4’-{N-[(dimethyl-
amino)methylenelsulfanilyl} acetanilide as reported.!
The second compound isolated melted at 142-144° and
analyzed (C, H, N) correctly for CisHayN:O2S.  The ir
spectrum showed a strong peak at 1640 and no absorp-
tion at 1700 em~'. The nmr curve (CDCly) showed a
signal at 3.0 ppm but no signal at 2.1 ppm. Further,
the melting point was not depressed on admixture with
3 sample of N’ N’’’-(sulfonyldi-p-phenylene)bis(N,N-
dimethylformamidine) prepared from DDS (lit. mp
149-150°,% 131-133°Y). Therefore. structure IXb
was assigned to the second product.

Treatment of N-propyl-4,4’-sulfonyldianiline!® with
POCl; and DMT in C.H; afforded 4’-{N-[(dimeth-
vlamino)methyleneJsulfanilyl}-N-propylformanilide
(IXe) in 709 vield. Hydrolysis of 1Xe with concen-
trated HCI in MeOH at room temperature gave N,N-
dimethyl- N’ - [p -(N-propylsulfanilyl)pheny! Jformami-
dine monohydrochloride (IXd) (40%). 4’-{N-[(Di-
methylamino)methylene Jsulfanilyl} lauranilide  (IXe)
wus  prepared (20%) from 4’-sulfanilyllauranilide®
utilizing the general procedure deseribed for 1Xa and
C.

The 4'-[N-(aralkylidene-, -benzylidene-, and -naph-
thylidene)sulfanilyl]anilides, 4’-{N-[(dimethylamino)-
methylene Jsulfanilyl}anilides, and related substances
described in the present communication were supplied
to Dr. P. E. Thompson and coworlters of these labora-

Yrend Reaction conditions—
purified,  urilien Tirne,

My, °C e aulvent hr Nolvent Vornola
211‘2126 N7 4 4 L:(O}] (,‘19}{)5“.\‘2()15
235-2374 79 ¢ 3 -PrOH CaHaN;0.8 N
186-188 N4 ¢ R 1703 CarHygCLNL O,
185-187 54 AMeCN 1 EtOH Ca HutCLN O,
210212 36 MeCN I 15t OH CoHpaNLO8
244-246 62 -PrOH 2 i-PrOH CaHuN,O8
168--171 73 [ 2} [—PI‘OH C-z.stuNx( ):;\\v

* (. A. H. Buttle, T. Dewing, G. E. Foster, W. I1. Gray; S, Smith, and D, Stephensan, Biochene.
¢ The product erystallized from the reaction mixture wpon cooling and was colleeted, washed

tories for evaluation us potential repository anti-
malarial agents against Plasmodium berghei in the
mouse. As in previous work,!'7>7 drugs were sus-
peuded in 5 ml/kg of benzyl benzoate-castor oil
(BBCO, 40:60) and given to groups of 15-25 albiuo
mice in a single 400-mg/kg sc dose. Subgroups of
treated mice were subsequently challenged with /2.
berghei trophozoites at weekly or biweekly intervals.
Assessment of repository action was based on the period
af protection against patent infections afforded by a
single dose of the drug. Activity is expressed as the
number of weelks 509, of the mice were protected.

Among the 4’-[N-(benzylidene)sulfanily!]anilides
(II) (1-7, Table I), 4'-[N-(salicylidene)sulfanilyl]-
anilides (IV) (8-15, Table II), 4’-{N-[(2-hydroxy-1-
naphthyl)methylene Jsulfanilylfanilides (V)  (16-18,
Table III), and 4~ {N-(aralkylidene)sulfanily!]anilides
(VI) (19-22, Table 1V}, four compounds (3, 5, 10, 11)
exhibited noteworthy repository aetion. 4-[N-(p-
Acetamidobenzylidene)sulfanilyl Jacetanilide (5), 4/-|[N-
(3, 5-dibromoxalicylidene)sulfanilyl Jacetanilide (10),
and  4'-[N-(3,5-dichlorosalicylidene)sulfanilyl Jacetani-
lide (11) were very long acting and protected 509 of the
mice for approximately 9 weeks against challenge with
P. berghei. 4’- [N-(Benzylidene)sulfanilyl]acetanilide
(3) protected mice for 6 weeks. Two of the N-(aral-
kylidene- and -benzylidene)-+,4 -sulfonyldianiline de-
rivatives (VID) (23-29, Table V), namely, a-{[p-(N-
allylsulfanilylyphenyl jimina j-4,6-dichloro-o-cresol  (25)
and 4,6-dichloro-a-{ [p-(N-propylsulfanilyl) phenyl J-
imina} -e-cresol (26), also showed moderate repository
activity and protected mice for periods of approximately
5 weeks. The other DDS derivatives (23, 24, 27-29,
Table V), 1,1’-[sulfonylbis(p-phenylenenitrilomethyl-
ene) Jdi-2-naphthel (VIII), and the 4/-{X-[(dimethyI-
amino)methylene]sulfanilyl}anilide and aniline deriva-
tives (IXa-e) lacked appreciable repository action.

In view of the over-all potential of 3, 5, and 11 ax
repository antimalarial and antileprotic agents, these
drugs were supplied to Dr. Charles C. Shepard, Com-
municable Disease Center, Atlanta, Ga., for evaluation
against Mycobacterium leprae in mice. Eael compound
was completely suppressive when administered sub-
cutaneously in single 200-400-mg/kg doses in BBCO at
2-month intervals.

A summary of the comparative antimalarial, anti-
leprotie, and metabolic data on DDS, MADDS, DA-
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TasrLe VI

COMPARATIVE ANTIMALARIAL, ANTILEPROTIC, AND M=rTaBoLICc DaTa oN DDS, MADDS,
DADDS, PSBA, aAND SELECTED 4'-[N-(BENZYLIDENE )SULFANILYL]ANILIDES? 1!

Compound Structure

«@—5@—@—,\'}1@%

MADDS HN

DADDS cmcom—@— S0, —@— NHCOCH;
CH,CONH @— :044©— N=CH

PSBA
CH;CO:\'H4©— so_,—@—N=CH

3 CHCCONH4©— so;—©—_\'= CH—©

11 CH,CONH

3 CH\,CONH—@—SQ—@—.\'=CH

NHCOCH,

Rats®
Peak
Weeks mice Urinary excretion Peak  methemo-
protected . excreted Estd blood globin
I, M. in 30 half-life, level, levels,
berghei® leprae® i days days ug/ml 2/100 mt
<1 2 57 9 13.8 3.9
3.5 50 32 1.3 1.2
12 >8 7 >200 0.2 0
57 >8 40 35 0.4 0.2
6 >8 44 27
9 >8 85 10
9 >8 31 35 0.7 1.0

¢ Estimated number of weeks 509 of mice were protected following a single subcutaneons 400-mg/kg dose of drug suspended in benzyl

benzoate—castor oil (40:60).
injections were 200 mg/kg at intervals of 0.5, 1, or 2 months,
5 ml/kg of 1.59, pectin and 0.19; Tween 60 in distilled water.

DDS, PSBA, and selected 4'-[N-(benzylidene)sul-
fanilyl]anilides (3, 5, 11) in mice and rats is presented
in Table VI.%' The duration of protection against
challenge with P. berghet afforded by a single sub-
cutaneous 400-mg/kg dose of 3, 5, and 11 ranged from
6 to 9 weeks and was intermediate between the short-
acting DDS and the very long acting DADDS. By
contrast, each sulfone protected mice against M.
leprae infections for >8 weeks following a single 200-
400-mg/kg dose, thus reflecting earlier observations
that M. leprae is more sensitive to DDS than is P.
berghei.®* With the exception of 4’-[N-(p-acetamido-
benzylidene)sulfanilyl]Jacetanilide (5), the pattern of
urinary excretion in rats also was intermediate between
DDS and DADDS. 4'-[N-(3,5-Dichlorosalicylidene)-
sulfanilylJacetanilide (11) produced much lower peak
blood sulfone levels and methemoglobin levels than did
DDS. These results suggest that 3, 5, and 11 might
provide a relatively more intense, albeit less prolonged,
chemotherapeutic effect than an equivalent dose of
DADDS, and be much safer drugs than DDS.

Although  N-{p-[2-(diethylamino)ethoxy ]benzyli-
dene}-4,4’-sulfonyldianiline (X) lacked appreciable

HZN—-@—SO,—@N=CH@O(CH2)1N(C2H5)L

X

repository antimalarial activity and failed to protect
mice from challenge with P. berghet for even 1 week,
the compound exhibited strong therapeutic effects
against P. berghet when administered to mice con-
tinuously in the diet for 6 days.” The SDy, (daily dose

b First drug injection was 400 mg/kg given 58 days after infection with Mycobacterium leprae; snbsequent
¢ Drugs given as a single subentaneous dose of 400 mg kg in a volume of

required for 909 suppression of the parasitemia) for
X, DDS, DFDDS, and quinine was 0.4, 0.5, <0.3, and
74.5 mg/kg, respectively. Therefore, N-{p-[2-(di-
ethylamino)ethoxy Jbenzylidene} - 4,4’-sulfonyldianiline
had an order of activity similar to DDS and DFDDS
against the sensitive parent line and was approximately
190 times as potent as quinine. However, in view of
the inherent cross-resistance liability between X and
DDS, the compound was not studied further.

Experimental Section 's!¢

4'-[N-(Benzylidene)sulfanilyl]anilides (III), 4'-[N-(salicyli-
dene)sulfanilyl|anilides (IV), 4’-{N-[(2-hydroxy-1-naphthyl)-
methylene]sulfanilyl }anilides (V), 4'-[N-(aralkylidene)sulfanil-
yl]anilides (VI), and N-(aralkylidene- and -benzylidene)-4,4'-
sulfonyldianiline Derivatives (VII) (1-29, Tables I-V). General
Method.—A mixture of the appropriately substituted sulfone
(chosen from among 4,4’-sulfonyldianiline, 4’-sulfanilylform-
anilide,® 4’-sulfanilvlacetanilide,® 4’-sulfanilylheptananilide,® 4'-
sulfanilyllauranilide,® N-allyl-4,4’-sulfonyldianiline,’* and N-
propyl-4,4/-sulfonyldianiline!?) and 2 equiv of the desired alde-
hyde was heated under refiux for 0.5-4 hr in the solvent indi-
cated. When crystallization occurred on cooling, the product
was collected by filtration and washed with fresh solvent or
recrystallized. When crystallization did not occur, the solution
was concentrated on a rotary evaporator, and the residne was
crystallized from the solvent specified in the tables.

1,1/-[Sulfonylbis(p-phenylenenitrilomethylene )] di-2-naphthol
(VIII).—A hot solution of 17.2 g (0.10 mole) of 2-hydroxy-1-
naphthaldehyde in 150 ml of -~AmOH was added to a solution of

(18) Melting points (corrected) were taken on a Thomas-Hoover capil-
lary melting point apparatus.

(19) Where analyses are indicated only by symbols of the elements or
functions, analytieal results obtained for those elements or functions were
within 3=0.49, of the theoretical values. Water determinations were by the
Karl Fischer method.
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12.4 g (0.050 mole) of 4,4’-suifonyldianiline in 400 ml of boiling
i-AmOH.  After 30 see, erystallization of an orange solid began,
and the entire mixture rapidly salidified. The mixture wax
filtered hot, and the insoluble material was collected and washed
with ~AmOH and Et:0.  The product was dried in vacuo at 65°
for 24 hr to give 22.3 g (80%:), mp 284-287° (lit.1* mp 235°).
Anal. (Casl 1 N0.8) C, I, N.
4'-}N-|(Dimethylamino)methylene]sulfanilyl |acetanilide

(IXa) and N’,N’'’-(Sulfonyldi-p-phenylene)bis(N,N-dimethyl-
formamidine) (IXb).—A solution of 7.7 g (0.05 mole) of POCL,
i 25 ml of C¢Hg was added dropwise over 20 min to a solution of
7.5 g (0.1 mole) of DMF in 25 ml of Celle. The maximum
temperature was 35°.  After stirriug for 20 min at room temper-
ature, a solution of 14.5 g (0.05 mole) of 4'-sulfanilvlacetanilide?
in 75 ml of DME was added.  The resulting solution was heated
ut 60-70° for 6 hr and, after cooling to room temperatare, the
mixiure wax tritnrated with three 200-ml portions of 160,
The residue wus treated with excess 1 A" NaOH and extraction
was attempted with CgHg. The aqueons laver, which <till con-
tained econsiderable amonnts of ibsolulile material, was then
further  extracted with CHCL. The CHClL extracts were
waslied with dilute NaOH, dried (Nas20;), and concentrated to
an oil which slowly ervstallized to yield 13.1 g of erude product,
mp 155-160°.  This was washed with hot C¢Hs and recrystal-
lized twice from CHClL-Et:O to obtain 4.3 g (23%() of material
which wmelted at ca. 110°, resolidified, then melted at 195° (1it."»
mp 260-262°). The ir enrve (KBr) showed peaks at 1700
{amide) and 1640 e (awmidine); the mmr enrve (DNSO-dg)
had signals at 2.1 (CH;CO) and 3.0 ppmu RCH:LN].  Anal.
(Cy:HN3O8) C, H, N, R

Upou concentration of the Cglly extract of the NaOTl mixture
followed by two recrystallizations of the vesidue from ~PrOM,
there was obtained 1.9 g of a tan ~olid, mp 142--144°, which wax
not depressed on admixture with a sawple of N’,N*’'~(sulfonyldi-
p-pheunylene)bis(N,N-dimethylformamidine) (mp 143-145°) pre-
pared from 4,4'-sulfonyldianiline;’®!™ i curve (KBr), 1640
et with na absorption at 1700 eaim~';  vmr enrve (CDCL),
5.0 ppm with no zignal at 2.1 ppm. teal. (CHeNQSS) C, H,
N, S

4'-{N - |(Dimethylamino )methylene sulfanilyl | -N-propylform-
anilide (IX¢)—POCl; (5.35 g, 0.035 mole) was added drop-
wise to a solution of 5.1 g (0.070 mole) of DMF in 75 ml of C¢Ha.
After stirring for 1.5 hr at roam temperature, a solution of
N-propyl-4,4’-sulfanyldianiline!® in 70 ml of DMF and 200 ml
of (5Hs was added. The temperature rose spontanieously from

Val. 12

24 to 34°, und wax then raised to 63-73° for 4 hr.  'The mixture
was concentrated on a rotary evaporator and the residue was
treated with excess dilnte NaOH. The mixture was extracted
with CHCl;, and the extracts were dried (K.CO;) and concen-
trated to an oil which crystallized from »~PrOH.  Twn recrystal-
lizations from ~PrOH gave 9.2 g (7067}, wmp 148-150°; ir
{CHCly), 1680, 1640 em =1 Anal. (CioHuN;0:8) €, H, N,
N,N-Dimethyl-N'-|p-{ N-propylsulfanilyl }phenyl] formamidine
Monohydrochloride (IXd).-—A =olution of 3.1 g (0.0083 mole)
of IXe 1 200 wml of MeOH and 5 ml of concentrated HCI
was allowed to stund at 25° for 48 hr. The solution was con-
centrated to an oil which erystallized on freatment with -PrOH-
F1,0.  This was combined with 0.7 g of similar material obtained
from a previons reaction and recrystallized twice from MeCN to
obtain 1.7 g 4, mp 212° dec. The ir cnrve hind 5 =plit
peak at 1720 and 1705 e A =mmple of the base, prepared
by dissolving 50 mg af the hydrochloride in 1,0, adding excess
NaOH, extracting with CHCl, drying (K.COs), and concen-
trating, gave a peak at 1635 e dnal. (CulduN0X-11CH
¢, 11, N.
4'-{N-|(Dimethylamino )methylene]sulfanilyl {lauranilide
(IXe}~~A solution of 1.533 g (0.010 mole) of POCl; in 25 ml of
(sHs was added dropwise to a solution of 1.46 g (0.020 mole) of
DMF in 25 ml of CeHe. A slurry of 4.31 g (0.010 mole) of 4'-
sulfanityllauvanilide® in 150 ml of C¢Hs was then added, aud the
mixture was heated at 65-70° for 5 hr.  After cooling to room
temperatine, the precipitate was collected and wushed with
ether. Treatment with excess dilute NaOH, extraction with
Cells, and concemration of the extracts to dryness gave a solid
which after two recrvstallizations from FtOH gave 1.40 g 1297, 4.
mp 125-127°; ir {KBr) 1710, 1630 cin 2. cAnal. (CollaNaO:3)
¢, H, N,
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