
acidic \\-ith 6 -V 11C1, lreated with 101,i TaHC‘O.,, :iild fiuaIl>- 
estracted with C6H6. The combined extract< were washed 
with H20 and dried (MgSO,) and the solvent m w  evaporated. 
The crude products were purified by recrystallization a,. t h r s  
free base or acid addition salt. 

4-( 1 -Substituted 3-Pyrrolidinyl )-2H-1,4-benzoxazin-3( 4H)- 
ones (Table III).-To a stirred solution of 0.10 mole of the l-?itb- 
st.ituted 3-(o-hydrosyanilioo)p3irrolidiiie i i i  ’350 in1 of CHC:ll 
maintained at 0--3” was added slowly a soliitioii of 0.10 mole ( I F  
c*hloroacetyl chloride in 50 ml of CHCIS. After the addition 
\vas complete the mixture was allowed to warm t o  room tempern- 
tiire. The d v e n t  was then evaporated at reduced pressui.e: 
the residual oil \va.G diw)lved in 500 ml of i-PrOH ~ t n d  treated 
Kith 0.20 mole of SaOLfe. The misture was stirred and heated 
a t  reflux for 16 hr, cooled, and filtered. After the holverit W:IJ 
evaporated, the  residual oil was taken up in i-PrzO, washed with 
1 N NaOII a i d  II90, and dried ilIgSO,) arid the solvelit x i >  
evaporated. The products were piuified by di~tillntiiin or UIII- 

Heterocyclic Mesoionic Structures, a Novel Class of Monoamine Oxidase Inhibitors. 
11. L4rylanhydro-1,2,3-thiadiazolium Hydroxides 

The preparation aiid nioiioamiiie oxidase inhibitory activity Of a series of arylsiihydro-l,%,3-thiadi~zoli~ir~i hy- 
droxides (I) is described. 
the structural features coiltrolling the mode of enzyme inhibition. Those inhibitor3 showing noncompetitive 
inhibitory activity in uitro were shown also to  be active inhibitors of the enzl’me in oivo, while competitive ill-  

hibitors were inactive in uioo. These observatioiis support, and extend thoae made in a previous study of mesoioiiic. 
compounds, the N-arylsydiiones. 

A vi3ualization of enzyme-inhibitor interaction is presented, as well a. ail anal) 

The inhibitioii of the enzyme, nioiioaniine oxidaw 
(MAO), ha. previously been reported‘ for the hetero- 
cyclic mewionic S-:zrylsydnoiie.. Thit report is an  
account of the preparation of anhpdro-3-aryl-i-hv- 
droxy-1,2,3-thiadiazolium hydroxides ( I ) ,2  and a diq- 
cussion of the -truetiire-activity requirement. for the 
inhibition of JL40. 

K-S 

I 

Xnhydro-1,2,3-thiadiazolium hydroxides were pre- 
pared via the reported ~ e q u e n c e . ~ , ~  With the excep- 
tion of &methyl homologs, 5-substituted derivatives of 
I were obtained by the appropriate substitution reac- 
tion on the parent anhydro-1,2,3-thiadiazolium hy- 
d r ~ x i d e . ~  The limiting factor in the preparation of I 
was the stability of the intermediate arylazothioacetic 
acid 11. I t  was previously reported that polysubsti- 
tuted and especially ortho-substituted phenyl deriva- 

(1) U.  1’. Cameron and E. H. \Viseman. J .  .\Ted. Chem.. 11, 820 (1968). 
(2) The analysis of infrared. ultraviolet, and niiclear magnetic resonance 

spectra supporting the assignment of a mesoionic structure to  I \ d l  he dis- 
cussed in a subsequent pilhlication (D. P. Cameron. in preparation). 

( 3 )  G .  F. Diiffin and J. D. Kendall. J .  Chem. SOC., 3189 (1956). 
(4 )  TV. Paclia and R .  Prijs, Helr .  Chim. -4ctu,  41, 421 (1958). 

ArN?+ 
n 
L + 7 

HSCHRCOOH 
AC.0 

[11, R’= C,H;CO; -+ I 
j .  

IIa 

2!----+ XrN=NSCHRCOOR 

11. R = H ArSCHRCOOH -k iY; 

tivet of either I or I1 could not be prepared: the-cb 
restrictions did not apply if conditions were chomi 
which minimized two side reactions of 11: (1) :tcicl- 
catalyzed cleavage to diazonium salt aiid ( 2 )  thermal 
elimination of S 2  to yield carboxymethyl :try1 wlfiidc. 
IIa.6 The stability of I1 increased with increa&ig 
electron-releasing potential in the phenyl ring, although 
this favorable trend was compromised by retardation of 
the rate of cyclization of oi.tho-substituted analog.. 
Electronegative substituents (halogen, SO,,  CFj) coil- 
jugated ( p a m ,  ortho) with the diazo sulfide moiety de- 
pressed cyclization to I and enhanced (to the point of 
explosiveness) formation of I Ia ;  consequently, the 
corresponding cyclic derivatives were difficult to pre- 
pare unless the phenyl ring contained additional coil- 

( 5 )  K. K. Saunders, “The .%romatic Diazo Compounds,” Longman .-. 

(6) JJ-. B. Reynolds, I n d .  Eng. Chern..  42, 1905 llR30,. 
Green and Co.. London, 1949, Chapter V. 
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jugated electropositive functionality. Controlled pro- 
cedures gave access to a variety of substituted arylazo- 
thioacetic acid intermediates, which formed I in Ac20 
and pyridine. When cyclization and formation of I I a  
were competitive, or when the latter reaction pre- 
dominated, I was recovered by selective precipitation 
as the HC1 salt from nonpolar solvents. 

I n  one instance of note, I1 (Ar = 2-methoxy-5- 
methyl-4-nitrophenyl) underwent in Ac20-pyridine, 
not only cyclization to I and S, loss to  I Ia  (the major 
product), but also cleavage to the original diazonium 
salt which then arylated I to produce anhydro-4-hy- 
droxy-3 ,5-bis (2-met hoxy- &met hyl-4-nit rophenyl) -1,2,3- 
thiadiazolium hydroxide. 

Inhibition of Monoamine Oxidase (MAO) Activity 
(Table I). In Vitro.-Guinea pig liver homogenates 
were prepared as described by Weissbach, et al. ,l 
M A 0  activity, using kynuramine as substrate, being 
determined spectrophotometrically. Measurements of 
optical density a t  360 mp were made immediately after 
adding substrate, and subsequently at 2-min intervals 
for a total period of 10 min. Reaction rate was then 
determined by plotting optical density against time. 

In Vivo.-Male albino rats, 150-200 g, mere dosed 
orally (1-100 mg of inhibitor/kg). After 2 hr, the 
animals were stunned, and the livers were quickly re- 
moved, weighed, and homogenized in 5 vol of cold 
mater. The homogenate was strained through cheese- 
cloth and refrigerated until assayed. X A O  activity 
was determined as in the preceding section. 

Results 

The majority of the anhydrothiadiazolium hydroxides 
(Table I) were inhibitors of JL\O in vitro. Kinetic 
analysis of the enzyme inhibition by selected com- 
pounds was performed uiing the Dixon rearrangement 
of the Lineweaver-Burk equation. Both by this 
method and by the Lineweaver-Burk plot, 22 was 
shown to inhibit M A 0  by a noncompetitive mecha- 
nism (Figure 1). Compound 23, the 5-methyl deriva- 
tive of 22, was an inhibitor of I IAO in vitro, but, in 
distinct contrast to 22, kinetic analysis, using the 
Dixon (Figure 2 )  and Lineweaver-Burk plots, showed 
that 23 was a competitive inhibitor. A similar struc- 

35. Y = H  
22, R = H  
23, R- CH, 

8, Y=CHS 

tural dependence mas seen with 353 and 8. Analysis of 
the kinetics of inhibition of Jl.40 in vitro showed 35 
to be a noncompetitive (Figure 3) and 8 to be a competi- 
tive inhibitor (Figure 4). Compounds 22 and 35 also 
inhibited the enzyme M A 0  in vivo, while 23 and 8 were 
inactive in vivo. 

Discussion 
The anhydrothiadiazolium hydroxides reported here 

(7) H. Weisabaeh, T. E. Smith, J. W. Daly, B. Witkop, and S. Uden- 

(8) 
friend, J .  B d .  Chem., 2S6, 1160 (1960). 

hI. Dixon, Biochem. J . ,  66, 170 (1953). 

0 

IlY 1102 

Figure 1.-Lineweaver-Burk (top) and Dixon (bottom) 
plots showing noncompetitive inhibition of M A 0  in vitro by 
nn LL. 

are the second class of mesoionic compounds (mesomeric 
betaines) which are inhibitors of the enzyme NAO. 
Inhibitory activity was previously reported for the re- 
lated mesoionic structures, N-arylsydnones.' With 
notable exceptions (discussed below), anhydrothia- 
diazolium hydroxides were inhibitors of RIA0 both 
in vitro and in vivo, as were N-arylsydnones. However, 
potency in vitro was somewhat higher, the anhydro- 
thiadiazolium hydroxide 22 being about ten times as 
potent as the most active N-arylsydnone.' 

Sydnones and anhydrothiadiazolium hydroxides are 
not related to any of the structural types previously 
reported to be active inhibitors of NAO.  With re- 
spect to the classical division of X 4 0  inhibitors, the 
S-arylsydnones were assigned to the noncompetitive 
class on the basis that inhibitory activity was displayed 
both in vitro and in vivo. Although not exhaustively 
studied, enzyme inhibitors of both competitive and 
noncompetitive classes have been found among the 
anhydrothiadiazolium hydroxides. This conclusion 
was initially drawn, as in the sydnones, by the observa- 
tion of a nonparallel relationship between the activity 
in vitro and in  vivo. However, the kinetics of the inter- 
action of selected anhydrothiadiazolium hydroxides 



.iSX 

111th 11AO wab examined i l l  vatro, arid, as discussed 
below, firmly support the competitive and noncompeti- 
tive assignments made on the basis of i t z  txtwilin Lluio 

+tudies. The more conventional :\Id0 inhibitors be- 
long to two classic types : noncompetitive, exempli- 
fied by the  hydrazine^,^ and competitive, of which 
h:irmaline is representative. An intermediate type 
of J I h O  inhibitor has been recognized in which high 
hinditig affinity by a competitive inhibitor rewlts in a 
duration of action approaching that of noncompetitive 
\ [ A 0  inhibitors. Tranylcypromine has been sug- 
qe-ted to  belong to this intermediate class." By the 
analytical method u5ed in this study tranylcypromine 
would he classified as a noncompetitive inhibitor. A 
iirnilarity betweell thr  n-electron systems of N-wryl- 

Y I  II?., I I  \+r lu . i ,a , t ,  tj  (; t i r l i t i r i , i  .lllll * ~ i I i C l l f l l C I I ~ i  r  PI^,^,,,^ I 

t d I zpt/ 1 hri ip 124, 180 [ I Y  i X )  

i h r m  I 'hrrrnin~ol ,  1, 160 (19%) 

I:iirxer I I f i d  P h i l i m  Chrm , 6, 1265 11962) 

(10)  S bdenfnend, B \\. ithop l3 0 Kedheld, and FI \\ eiuiliacii H? i 

(11)  ( I. Zirkle C' Kaiqei I )  FI redesclri, K L ' I e r i e x l i i  'in 1 \ 

sydiioiies, tr.anylcypromiiie, and the imine intermedi- 
ate formed during oxidation of the natural amine sub- 
strates of JIAO has been noted' and the 8-electron 
syhtem of the anhydrothiadiazolium compounds can 
also be accommodated within this hypothetical rela- 
tionship (Figure 5). The kinetic data describing tho 
interaction of the anhydrothiadiazolium hydroxide. 
with 1 I h O  indicate 22 arid 35 to be noncompctitivc~ 
and 8 and 23 to be competitive inhibitors. This coii- 
clusiori is further supported by the observation that  22 
and 35 inhibited the enzyme in vivo, while 8 and 23 
did not.  

The displacemc~nt ring cleavage reaction of the meso- 
1 a.i a possible interaction with M,40 
ir. seems unlikely i n  the anhydro- 

I 'riiadiaxcJliuiii +eritAs i l l  view of' tlir greater stability of 
leilr 1 ow mi both acid- u i i d  base-catalyxtbtl 

cl~1:rvugc reactioiis." Ho\~ever, the meboionic ring 
doe+ uriticrgo 3 yubst itution by S or mercaptide ion 
iin(1cr mild cv)ntlit iotih; free-radical attack also occura 
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Figure 2.-Lineweaver-Burk (top) and Dixon (bottom) plots 
showing competitive inhibition of M A 0  an vztro by 21. 

a t  this position. The mechanistic difference in en- 
zyme inhibition between 35 and its 5-methyl analog 
8 points to the importance of the 5 position. It is of 
interest, therefore, to attempt to  accommodate these 
findings within the framework of the hypothetical 
requirements for inhibition of MAO. The aromatic 
ring could clearly interact with the a-electron binding 
surfaces of the enzyme, and the anionic charge (which 
acts primarily through the eso-oxygen) is so situated 
as to permit binding with an electrophilic enzyme group 
(HX, Figure 6). The anhydrothiadiazolium compounds 
are considerably stronger bases than sydnones and form 
stable salts or complexes with protic3l4 and Lewis 
acids.2 Depending on the nature of R, I11 could 
react with the oxidizing moiety of M A 0  by one of two 
paths, involving (a) nucleophilic addition to form an 
intermediate of the covalent hydration type, or (b) 
abstraction of the &proton to form the conjugate 
kinetic base. Subsequent elimination of R- from 
I I Ia  (a process favored by the aromaticity of 111)) or 
nucleophilic attack of I I Ib  could yield the final en- 
zyme-bound products. Clearly when R is alkyl, 
neither process is possible and 111 will show competi- 
tive M A 0  inhibition. Process a is possible when R is 
halogen but process b, which requires elimination of 
positive halogen is not energetically attractive. Since 
neither process would permit hydride ion abstraction, 
the inhibitiori of enzyme is presumably due to the 

(12) B. Belleau and J. NIoran, Ann.  N .  Y. Acad. Sci., 107, 822 (1963). 
(13) R. Breslow. J .  Am. Chem. Soc., 80, 3719 (1958). 

2 . 0  

I / y  I I O ?  

Figure 3.-Lineaeaver-Burk (top) and Dixon (bottom) plot.: 
showing noncompetitive inhibition of M A 0  zn vitro by 35. 

failure of the compounds to be substrates for the en- 
zyme. The data also suggest that the 3-aryl substitu- 
ents play an important role in determining whether 
competitive or noncompetitive inhibition obtains. 
This may be due in part to effects on enzyme-substrate 
binding strengths, or to conjugative effects on the 
mesoionic ring, by changing basicity (negative charge 
delocalization) or by changing reactivity at the 5 posi- 
tion. 

The oxidizing action of M A 0  has been hypothesized 
as a concerted process involving a disulfide group and 
the grouping X;  the role of X is essentially that of 
stabilizing the intermediate reduced forms of MA0 
(IVa,b) and could be effected by a moiety such as a 
mercapto group. While there is little direct evidence 
for invoking a disulfide group in MA0 oxidations, it  is 
not unlikely that the enzyme contains disulfide linkages. 
RIA0 does contain sulfhydryl groups, upon which the 
activity is dependent. However, since the sulfhydryl 
moiety is not an oxidizing but a reducing agent, some 
other function (such as disulfide) must be involved in 
the electron-transfer process. 

Experimental Section14 
Starting anilines were prepared by standard technology. 

The following modifications in the reported384 preparation of the 
intermediate arylazothioacetic acids (11) were made: (1) high 

(14) All melting pointa are uncorrected and \\ere determined on a Thomas- 
Hoover capillary melting point apparatus. Analyses were carried out by 
the Physical Measurements Laboratory of Chas. Pfiaer & Co., Inc. Where 
analyses are indicated by the symbols of the elements, the analytical results 
for these elements were within 0~4y0 of the theoretical values. 
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N A T U R A L  A M l N t  

T R A H Y L C Y P R O M I N I  ANHYRO THIAO I A Z O  1 IUM 

Figlire 5.-Spatial relat i u d i i p s  belween iiatural amiiie sub- 
st rates fu r  hl.40 aiid the inhibit or5 tianylcyprornine and an- 
h?drotliiadiazoliiirn hydroxides. 

dilution, ( 2 )  use of freshly distilled mercaptoacetic acid, I 3 )  
maintenance of pH 2.A-4 during the react,ion, and (4) operatioii 
at -10 to  5'. In most cases the arylazothioacetic acids were 
not characterized, but were extracted from the reaction mixture, 
aiid the extract was cooled to - 30" and treated ait,h cold Ac9O- 
pyridine, prior to concentration in vucuo. After removal of 
solvent the reaction was allowed to proceed a t  25" for 12 hr. 
111 those cases in which the anhydrotlaiiadiazolium hydroxide 
failed to precipitate, the reaction mixture was hydrolyzed at 0' 
( ~ € 1  2--3)  and then extractfled. The dried extracts %'ere treated 
with IICl in order to precipitate product as the HCI salt. The 

($J ........ @ 

salts were sitbsequenily cuiivert,ed (bO--95!,< yield) I 1) 1, wit 11 

aqueous Tu'aHC03.*j 
5-Chloro-2,4-dimethoxyphenylazothioacetic Acid.-- --;A 21lc 11'1 I-  

2,4-dimethoxganilirle (37.4 g, 0.2 mole) was snspeiided i i i  100 in1 
of 3 N RC1 aiid diluted to 500 ml Ivith ice--wnt (,I,. A t,ot:d oi 
14 g of ?iaSO: in 25 ml of HzO was added over 3 niiii. After 
43 min at O " ,  excess Sax02 was deht,royed witli i i w a .  'l'lir 
reaction mixture was rapidly poiired into a s t i r i d  wlritioti of 
freshly distilled mercaptoacetic acid (30 g, 0.21,s niolei aud iw 
(1 kg). An iniinediate precipitate formed which, after 20 mirt 
(O0, pH 2.5) ,  xas extracted into Et,O. The extracts were was1 
dried (MgSO,), and concentrated ,in vacuo; yield 42.1 g ( 7 3  
mp 76-78' dec. -4naZ. (CloHllC1N204S) C, €I, S. 

Anhydro-4-hydroxy-3-( 5-chloro-2,4-dimethoxyphenyl)-1,2,3- 
thiadiazolium Hydroxide (22).-5-Chloro-2,4-dime~hox~pheu~-l- 
azothioacetic acid (42.1 g, 0.15 mole) rvas stirred fo r  4.5 hr :it 0" 
in .4cr0 (120 nil) and CdHsN (50 mlj. The reaction protiiict# wti. 
filtered off and recrystallized to  yield 22 (12.2 g). 

Anhydro-4-hy-droxy-3-( 2,5-dimethoxyphenyl )-I ,2,3-thiadiazo- 
lium Hydroxide (10):-2,.i-Dimethosgariiliae (26 g, 0.17 molt3) 
was diazotized and rapidly poiired oiit,o a stirred mixtiiw of 
mercaptoacetic acid (17 g, 0.185 mole) and crushed ice ( 1  kg). 
NaHC03 (1 N) was added t.o p1-I 3.5 and, aft,er 1 hr at O", thi. 
product was extracted into Et&. The dried extracts rerci toll- 

centrated to half-volume. Cold AcBO (40 rril) and C6H5S (20 in1 ') 

were added, and evaporation of solvent was continued i n  i ' ( / r ! / o  
:it 0". The reaction mixture, aft8er 12 hr (%.io), was quencheti OI) 
ice and, after addition of 20yo HCl to pII 2, was extiacted \-!.it11 

CH4C12. The water-washed extracts yielded an oil which ww t l i +  
solved in 150 ml of CHICI,. Addition of 3-4 vol of E t 2 0  provitircl 
10 (6.5 g). 

Anhydro-4-hydroxp-3-( Z-methoxy-5-methy1-4-nitrophenyl)- 
1,2,3-thiadiazolium Hydroxide and Anhydro-4-hydroxy-3,5- 
bis(2-methoxy-5-methyl-4-nitrophenyl)-1,2,3-thiadiazolium Hy- 
droxide.-Diazot,ized 2-methoxy-5-methyl-4-nitroaniline ( 0 . 2  

(1  3) Using this procediire. the previously reported an!iydro-.l-!ig.(irt,s?..- 
:~-(2-naphth~!)-1,2,3-thiadiazoIinm hydroxide was prepared: hjmX (1<131f 
:XX. 6.26 p :  A,,,,, (CHsOH) 372. 296, 273.  256 niir ( e  X lo3:  4.2.  2 . 8 .  3.1. 

5 . i ) ;  mp (CaH12) l~ ' , l -131 ,~c  ( l i t . zh  1np 102'). A n d .  (C'irIIaSeOS) C, I [  N .  
9. 
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mole) and mercaptoacetic acid gave an unstable oil (50 g) which, 
when treated with Ac20-C~HsN yielded, on filtration, a chroma- 
tographically homogeneous solid: 1.0 g; mp 268-269’; Xm,, 
6.05, 6.5, 7.66 p, tentatively identified as anhydro-4-hydroxy-3,5- 
bis(2-methoxy-~methyl-4-nitrophenyl)-1,2,3-thiadiazolium hy- 
droxide. Anal .  (C18Hl6N407S) C, H, N, S. The filtrate yielded, 
on treatment with base, anhydro-4-hydroxy-3-(2-methoxy-5- 
methyl-Pnitrophenyl)-1,2,3-thiadiazolium hydroxide (0.6 g ) ;  
mp 180-181’ (EtlO-CH2Cl2); Amax 6.03, 6.5, 7.65 p. Anal .  
(CnH9N30B) C, H, N, S. 

Anhydro-4-hydroxy-5-bromo-3-( 5-chloro-2,4-dimethoxy- 
phenyl)-l,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 CCla (200 mi) 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 

compound 22 (32.6 g, 0.12 mole) and anhydrous NaOAc (25 g) 
were suspended in glacial AcOH (250 ml). Clz was added a t  20’ 
until solution was complete. After being heated for 30 min 
a t  loo’, 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)-l,2,3-thiadiazolium 
Hydroxide (4).-The Na salt of anhydro-4-hydroxy-5-mercapto- 
3-(p-anisyl)-l,2,3-thiadiazolium hydroxide8 [0.14 mole, mp 177- 
182’. Anal .  (CgH?N202SNa) C, HI was dissolved in DMF 
(20 ml) and allyl bromide (0.033 mole) was added. After 72 hr 
a t  25’ the mixture was quenched on ice, giving 4 (3.0 g). 

Anhydro-4-hydroxy-5-benzylthio-3-( p-tolyl)-l,2,3-thiadia- 
zolium Hydroxide (l).-Similarly, anhydro-4-hydroxy-%mer- 
capto-3- (p-tolyl)- 1,2,3-thiadiazolium hydroxide sodium salt 3 

(0.2 mole, mp 173-175’) in DYIF (25 ml) with benzyl bromide 
(0.22 mole) afforded 1 (5.2 g). 

Acknowledgment.-The authors express their ap- 
preciation to Niss Josephine Chiaini and Messrs. 
Louis J. Savarro, Sorman A. Glidden, and Andrew 
Popson for their able technical assistance. 
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Representative 4’-[Pu’-(aralkylidene, -benzylidene-, and -naphthylidene)sulfanilyl]anilides (111-VI), W- 
(aralkylidene- and -benaylidene)-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 13), 4’-[~-~p-acetamidobenzylidene)sul- 
fanilyl] acetanilide (5), and 4’-[?J-(3,5-dichlorosalicylidene)sulfanilyl] acetanilide (11) satisfied the above require- 
ments and showed strong repository activity against Plasmodium berghei and Xycobacterzum leprae in mice. 
Structure-activity relationships are discussed. 

4’,4”’-Sulfonylbisacetanilide (acedapsone, DADDS) 
(I)2!3 exhibits strong repository antimalarial activity 

I 
alone, or in combination with cycloguanil p a m ~ a t e , ~ - ~  

(1) Previous paper: E. F. Elslager, .4. A. Phillips, and D. F. Worth, 
J .  Med. Chem.. 12, 363 (1969). 

(2) E. F. Elslager and D. F. Worth, Nature, 206, 630 (1965). Acedapsone 
is HansolarB; DapolarB is the  acedapsone-cycloguanil pamoate combina- 
tion. 

(3) E. F. Elslager. Z. B. Gavrilis, A. A. Phillips, and D. F. Worth, J .  M e d .  
Chem., 12, 357 (1969). 

(4) E. F. Elslager and P. E. Thompson, Abstracts, 9 t h  National Medicinal 
Chemistry Symposium of the American Chemical Society, Minneapolls, 
Minn., June 1964, p 6A. 

( 5 )  P. E. Thompson, B. J. Olszewski, E. F. Elslager. and D. F. Worth, 
A m .  J .  Trop .  Med. Hug., 12, 481 (1963). 

(6) Camolar@. 
(7) P. E. Thompson. B. Olszewski, and J. A. Waitz, Am. J .  Trop.  .Wed. 

Hug., 14, 343 (1965). 
(8) (8) R. H.  Black, W. B. Hennessy, B. McMillan, B. B. Dew, and J. C. 

Biggs, Med. J .  Australia, 2, 801 (1966); (b) A. B. G. Laing. G. Pringle. and 
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in experimental animals2*3j7 and in humans.8 Fur- 
ther, the drug has protracted action against the human 
leprosy bacillus Mycobacterium leprae in miceg and in 
man. lo 

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) ] bisanilides 
that  fulfilled the above requirements and displayed 
marked repository action. Among them, 4’,4”’- [p-  
phenylenebis(methylidyneimino-p-phenylenesulfony1) ]- 
bisformanilide (PSBF) (IIa) was very long acting and 
protected mice for >9 weeks against challenge with 
Plasmodium berghei. 4‘,4”’- [p-Phenylenebis(methy1i- 
(9) C. C. Shepard, Proc. Soc. E z p .  Bzol. Med., 124, 430 (1967). 
(10) C. C. Shepard, J. G. Tolentino, and D. H. McRae, Am. J .  Trop .  

Med.  H u g . ,  1’7, 192 (1968). 


