
C H E Jvl O T H E RA P Y  O F  L E P R O S Y . 

CH E M I CA L, EX P E R I M ENTA L AND C LI N I C A L  STUD I E S  C) ( **) 
( Translated troll1 Nev. BraJileira de r.eprologia, 1 949, 

Vol. X V l I, NO. 3 . )  

S ince  the second ha l f  o f  1 943 work h a v e  been appea ring i n  

sc i e n t i fic  l i tera t u re concerning the  favo urable  resu l ts o f  t h e  c l i n ica l 
l ise o f  s u l p h ones in the  treatmen t o f  leprosy . I n  Oc t ober 1 944 
the use was commenced in pa t ien ts of  the Sa natorio Padro Bento 
( DE SOUZA LI M A ,  L, I l a ,  Conferencia Pa n a m ericana de Lepra 

Vo l . I I ,  page 9- 1946 ; see a lso I nternational  Jou rna l of Leprosy , 

1 6 , 1 27- 1 37- 1 948 ) of sym metrica l bi-subst i t u ted deri vat i ves of 
4 A'-diaminodiphenylsulphone ( a )  forma ldehyde su lphoxylate ( b )  
g l u cose-s u lphonate a n d  enco u rag ing resu l ts hav i n g been observed , 

t h e  need was seen for a c l oser study o f  d iverse chemot herape u t ic 
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aspects o f  l eprosy . By combi n i n g  c h e m i c a l ,  e xper imenta l  and 

cl i n ic a l  st u d ies i t  was t ho u gh t t h a t  we s h o u l d  contr ibute  to the  
so l l l t io n  o f  t h e  problems o f  t h e  prophylaxis  a n d  t rea t m e n t  o f  

l eprosy , a d va n t age bei n g  t a k e n  o f  t h e  sp l e n d i d  h u m a n  m a teri a l  
a v a i l a b l e  a n d  h a v i n g  recourse to t h e  l i m i ted · tech n ic a l  perso n n e l  

a v a i l able . 

T h e  synthes is of chemotherape u t i c  substances ; experi men ta l  

a n d  c l i n i c a l  st u d ies ,  and fina l l y  prod u c t i o n  on a l a rger sca le  to 

enable  t h e  appl icat ion o f  t h e  s u bstances to be tr ied a t  a l l  hospita l s  

a n d  d ispensa r i es i n  B ra zi l-th ese a re t h e  genera l l i nes n f  o u r  

p u rpose . 

This  note ,  t h e fi rst o f  a series,  a i m s  to p u t  forwa rd t h e  genera l 
pl an o f  work s u m m aris ing the  res u l t s  and t h e  concl us ions so fa r 

obta i n ed . I t  is i n  th ree parts : 

CH E M ICAL . 

Deta i l s  a re gi ven of the work done to prepare compounds 

a l ready k nown to be act ive chemotherapeut ic  a ge n ts i n  l eprosy , 

and of the general l ines fol lowed i n  the syn t h esis of compounds 
i n tended for further tr ia l . 

EX P E R IM ENT A L .  

A fter gi ving a s u m m a ry of t h e  work i n g  m ethods devised , t h e  

first res u l ts obta i n e d  w i t h  the prod ucts s u b m itted to tests in  

laboratory animals  are detai led . 

C L I N I C A L .  
A sum mary is given o f  the observations m a d e  d u ring the 

appl ication of t h e  compounds studied i n  man . 

C H EM I C A L STU D I E S .  

H. R H E INBOLDT, F .  A .  B E RT I ,  C.  P E R  EGO, B .  H .  G .  R I ECKMANN, 
H.  W.  RZE P P A .  

Since May o f  1 946 we have been work ing on t h e  following 

programme : 
( r )  Devising a met hod of synthesis for large scale  preparation o f  

4 :4'-diaminodiphenylsulphone ( d . d . s . ) and derivat ives thereo f 
with a view to fi l l ing th e needs of the Leprosaria of S .  Pau l o  

State a n d  later of  Braz i l , w i t h  sufficient q ua ntit ies o f  a n t i ­

l eprot ic m ed icam ents . 

(0) Con t ri hu t ion by T h e  Scien t i fi c  Research Service of t h e  Depa r t m en t  of L eprosv 
' Proph y l a x i s  o f  the S t a t e  o f  S .  Paulo and h y  t h e " Fun  la9ao Pau l i s t a  con t ra it 
Lepra . "  

( . .  ) C h e m ic a l  St lt dies b y  H .  R h einbok l t ,  F. A .  B e r t i .  C .  Pereira, 1 3 .  H . G .  R i eckmann 
& H .  \\' .  lheppa i n  t h e  Chemotheraoeu t ic Prod u c t s  Lahoratory o f  t h p  R u t a n t a n  
T n S l i t u t e ; Exp crim c l / l n l  Stu dies : A .  C. M a uri  & 'V . A .  H ad l e r  a t  t h e  Coml e  Lara 
f n st itll t e , S. P aulo : lli."ic"l St" dics : L .  d e  Sou z a  Li m a  a t  the P a d re Hen t o  
H ospi t a l ,  S.  Paulo.  
n ( ,{ 't ' i n�rl ror pl lhl i cit t ; nn on the 2Rth y u h- ,  l I'J IR 
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To prepare on a la rge sca l e  t h e  form a l d ehyde-s u l p h o xylic 

der ivat ive  o f  4 A ' - d . d . s . beca use this is the compound most 
recommended by c l i n i c i a n s  at o ur l eprosaria .  

( 2 )  T o  prepa re other s u lphone der ivat ive's a l ready recognised a s  
o f  use i n  h u m a n  l eprosy , i n  order · t o m a k e  poss i b le their  
applicat i o n  i n  Brazi l thus overcom i n g  the  d i ffic u l ties of 
i mportat ion and home production . 

( 3 )  W h i l e  profiting by the c h e m ical , experim e n t a l  and cl inical  
experience acq u i re d  dur ing t h e  studies o f  chem ica l synthes is 

with tests on laboratory an i ma ls and wi th  the  therape u t ic  
app l ica t ion o f  the known deriva t ives , to investigate at  the 
same t ime :-
( a )  poss ib le  i mproveme 'nts  on compo unds of known thera-

peu tic act ivity (4 :4'-d ia m inodiphenyls u l phone-bis-N-
methylene-su lphoxylate of  sod ium ) .  

( b )  to synthesise su lphone o r  other  compo u n d s ,  the act i v ity 
of w h ic h  as anti- leprot i cs has not yet been tested . 

T h e  pa rts of t h is progra mme t h a t  h a v e  been rea l ised are as 

fo l l o ws :-
With regard to o u r  p resent manu facture of 4 :4'd . d . s .  based 

upon the met hod d e v ised by us ,  Table No . I schema t ises the 
various phases an d  react ions  and also ind icates the average yiel d 
a n d  t h e  tota l  q uan t ity i n  k i logram m es of the  various p rod u cts 
man u fact ured i n  I S  months of act iv i ty .  

TABLE No . ! .  

J \Innufac t u ri n g  Process o f  Average 
4 :  1 ' -c l ia m i n od i p h e n y l s u l p h o l H '  Yif'k l s  

C I- 1 LO IW R E N Z l N E  t C h l o ro s u l p ho n ic A c i d  

4 -C I- I  LORO BE N Z T N E -S L J I . P I-IO N Y I .  
C HLOH J D E 86 % I A l u m i n i u m  C h l o r i d e' .. C h l o robe n z i n c  

4 : 4 ' - D i c h l o rod iphenyls u l p h o n e  7 '  % 
I A m mo n i a . 28 % l I n d f'r .. p rf's s l I re 

1 : ·1 ' D T A M 1 N O n r P H E N Y LS U L P H O N E  7 2 % I F o r m a l d e h ydc-

I s u l p h o x y late of  
'f sod i u m  

4 -'1 ' - D r  A M I N O D t P H E N  Y L S ( J L P I  TON E-N . 
N' -bis-M ETHYLENE-SU LPHOX Y L A  TE 

O F  SO D T UM 89 % 

Tota l 
i\ T n n u f:l c t u r f'd 

5.19 Kg. 

4 9 7 Kg .  

2 2 [ Kg.  

.,06 Kg.  



Abbre v i a t ion I Produc ts S y n t l u:s i sed 

( I )  A :\ [  

A S  

A X  

( � )  AC 

AA 

4 : 4 -c l ia l l l i no­
diphcll \ ' l -
, I I  I pho;1 ( ">  

4 : 4 - c l ian l i no ­
di phenyl ­
s u l fdo 

4 : i -d i a m i no ­
dipheny l ­
> l I l fo x i d "  

4 : 4 - d i a m i n o ­
d iphell\' l ­
cetona 

1 4 : 4 -d iamino­
diphenyl ­
a l n i n a  

For the  J l urpos� o i  

To " cri f)" possible variatio ns  
in a n t i - leprotic act i " i ty  in  
compounds direct ly  related to 
4 . 4  -clia m i n odiphenylsu l phone 
( d . a . d . p . s . ) 

To a scerta i n  radicals of 
members of other fam i l ies of 
the periodic system impart 
s imi lar  properties to com­
pounds of a nalagous struc ­

t u re to-4 : 4 -diaminodiphenyl ­
s u lphone . 

In v i e w  of 

( I ) -t h e  a n a l ogy ousen'ed between t he m o l i c u l a r  
st ruc t u re w i th groups SOG and S02 = the  lack o f  
sim ilar ity between mo lec ules w ith groups S = 

and SO = ,  respect i " e ly  S02 = ( Rhein boldt , H .  
Geisbrec h t , E .  ] . ,  A .  C hem . Sec . 68 , 973 , 1 946) . 
Geisbrec h t ,  E .  J . ,  A m . Chem . Soc . 68 ,  973 
( 1 94 6 ) ) . 

( 2 ) -The pa pers of Freed lander ,  B .  L. & Frenc h ,  F .  
( Proc . Soc . E x p .  BioI . l\Ied . 63 ( 1 94 6 ) ) .  
Youmans ,  C .  P . ,  Feldman , W .  H .  & Dou b ,  L. 
( A m .  Rev.  T u berc . ,  5 4 ,  295 ( 1 94 6 ) ) rega rd ing  
the act i vit ies of 4 : 4  -d iami nodiphenylsu lfox ido.  

( 3 ) -the work of Smith , ]\1 .  I . ,  Emmart , E.  W . ,  &. 
Westface,  B .  B .  ( ] . Pharmacol .  E x p .  Therap . ,  
74 , 1 63 ( 1 94 2 ) ) i n  establ i sh i n g  m i n i m u m  
effective concentrations for 

4 : 4  -diaminodi phenylsu lfeto : 
( a )  4 : 4 -diaminodiphenylsu lfox i c lo :  

4 :  4 -d iami  n odipheny I su l  phon a :  

[ 0  m g %  
3 m g % 
2 m g % 

( I )  Studies of t u berc u lostat ic  act ion on large series of 
, dia rilcetonas ' in v itro by-Freidlander , B .  L. 
Proc . Soc . Exp .  BioI . l\Ied . S f ,  1 53 ( I 94 2 ) ) ;  
A m . Rev .  Tuberc . 49 , 543 ( 1 94 4 ) · 

( 2 ) -Studies of Feldma n ,  W .  H . ,  Hin sh a \\' , H. C . ,  & 
Moses , H .  E .  ( Proc . Soc . E x p .  B ioI . Med . 54 , 
60-62 ( 1 94 3 )  confirm i n g  ant i -tuberc u la r  act iv ity 
of 2 '  4 '  -dichlorodiphenylcetona ' in v itro , ' also 
\Yorks of Kubn , R . ,  Moel ler ,  E. F .  Wend t ,  G .  
& Beinert,  H .  ( Ber .  75 B ,  7 I I - I 9  ( 1 94 2 ) ) & 
K u h n ,  R .  l\ [oeller, E .  F . ,  \Yen d t ,  G .  ( Ber.  76B , 
4 05 - I l ( 1 94 3 ) ) · 

( 3 ) -St udies on a n t i -tuberc u l a r  action ' i n y itro ' of 
di phenylamina dl'rivatives by Barry, N. C . , 
Belton , ] .  G . ,  Conalty, M .  L. and Twomey, D .  
( Na ture ,  1 6 2 ,  6 2 2  ( 1 94 8 ) . ----------------�-

£xpt:'rimen t s .  
H a t s  .\\ an 

',' 

::: 

* 

TABLE No . !!



Abbrev i a t ion 

( J )  MIF 

-

( 4 ) MIT 

-

( S )  AMBSl 

-- ---

( 6 )  Ai\ ICL 

-- -

( 7 )  A:\ICH 

(8 )  APAS 

-

Produ c t s  Synthesised \ For the pu rpose of 

-

4 : · t -d iamino- I To st u d y  i nfl uence of gro u p -
dipheny l - l i n gS an a la gou s to t h e  alde-
s u l fona h yde , d i rec tly linked t o  2 

a m i n o  gro u p s  of 4 : 4  d . a . d . p . s .  

I --

4 : 4 -Ditri- To ver i fy i f  the i n trod uction 
c h loroacetil- of 2 tr ic h loracety l radicals in 
a m i n o -diphenyl- t h e  molec ule of  4 : 4  d . a . d . p . s .  
s u lphon a would i n c rease the ac tiviti t y 

of this compo u n d  a ga i n st the 
bac i l l u s  o f  Hansen or 
�tefan sky . 

4 : 4 -D i a min o - I To apply c l i n ica l ly a com-
c1iphen ylsu l -

I 
pound i n  struc t u re s i m i l a r  to 

phon a - n , -n ' - the correspon d i n g  s u lfoxyl ic 
bi s-nwtileno- derivative;  b u t ,  i n  c o n trast , 
s u l fonato de stable ,  easily purified to the 
sodio degree necessa ry for i n tra-

ven o u s  a d m i n istration a s  op-
posed to a l l  prev i o us 
com pou nds . 

4 : -1 -d i a mi n o- i To exam i n e the a d m i n i stra-
diphenyl-su lfona- tion of a hyperso l u ble deriva-
n , n ' -bis-gl ucose t i ve of  , r -1 d . a . cl . p . s . i n  the \ fono of a "mb ! ""tioo whfeh 

would l iberate the acti\'e 
subst a n c e  q u i c k l y  i n  c on ta c t  
w ith the tissu e s .  

Dip h c n y l s u l fo n a  T o  i ntrod uce a molec u l e  of 
( 4 : 4 ' )  -bis - ( 7 -a7.0- -1 : -1  d . a . d . p . s . i nto a c o m -
8-hyd roxyl- pou n d similar to trypa n b l u e .  
a m i  I lo-naftaleno-
( 3 , 6 j ) -disul-
fona to sod ico 

Ac i do p -Am i l�o- I To verify c hemotherape u t i c  
s a  l ic i l ico act i \' ity in m ur i n e  a n d  

h u m a n  leEros\· . 

In v i e w  of  
Exp"2rimen t s .  

H a t s  M an 

{ J  ) -Known prope rties of formol i n  i n h i b i t i n g  growth :;� * 
of microrganisms . 

( 2 ) -Conclusions of J o u i n , J .  P .  & B u u -Boi ( A n n .  
I n st . Paste u r ,  7 2 ,  580-606 ( 1 946) ) a tt r ib ut i n g to 
the a ldehyde gro u p  the i n h ibition of growth of 
�I . t u berc u l os i s '  i n v i tro . ' 

Studies  by : Bergman n ,  F . ,  et de ( J .  A m .  Chem . Soc . ,  :;! :;: 

63 , 1 43 7 ( 1 94 1 ) ) ; ( J .  Chern . Soc . 1 ,  1 939;  5 7 6 ,  
1940) . 

The d i ffi c u lty in a dm i n isterin g the methyl s u l p h o x y l  '.' :;: 

derivative of 4 : 4  d . a . d . p . s .  by the i ntraven o u s  route 
because of i t s  i nsta b i l i t y  in acq ueo u s  sol ution a n d  the 
d i ffi c u l t \· in  steri l i si n g completely .  

{ I ) -T h e  k n o w n  a c t i v i t y  of 4 : -1 -c l . a . d . p . s  by ora l i: * 
a d m i n i st rat ion .  

( 2 ) -Experi ments b y :  Jensen , K .  A . ,  Freclerikso n ,  E . ,  
& K ioer , I .  ( Acta .  Path . l\I ic rob i ol . Sca n d .  
Suppl . 5 4 ,  277-304 ( 1 94-1 ) C . A .  -10 ,  3 ' 95 ( I 9-16 ) )  
on action o f  ga lactoside deri\ 'a t i \'es i n  t u ber · 

c u l osis  in g u i nea pig .  --------

The knO\\'ll alin i ty  of trvpan blue for the ret i c u l o ·  i,: 
endoth e l i n e  system . 

I 
-

Obse r v a t i o n s  to date of its ' in v i vo ' and ' i n  \'itro ' I '.' * 
applic a t ion in T u berc u l o s i s .  I 

I 
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I n  t h is lable  is i n c l uded a lso a fourth ph ase w h i c h  leads to the 

form a l dehyde-s u l phoxylate derivat ive of 4 A' d . d . s . , a product 
wh ich was s u p p l ied t o  the  leprosaria for c l i n i c a l  operation i n  a 

total q u a n t i ty of 947 , 800 sugar-coated tablets o f  0 . 33-gme . each . 
F or further deta i l s  upon the  e laborat ion of t he method on w h ich 

this process of  m a n u facture i s  based , see Bert i ,  F. A . ,  Rieckmann, 
B. H .  G . ,  Perego , G .  and Rzeppa , H .  W. Mem . I nst . Butanta n ,  

2 1 ,  I 07- I I 6-1 949 . 

With a view to i n d ustrial  product ion synthetic processes were 
s tudied for 4 :4' -d . d . s .  derivat ives ( a )  N , N'-bis-gamme-phenyl­

propyl-d isulphone a n d  ( b )  N , N' -bis-d x t rose-sul phone , as also o f  
2-amino-S-s u l pha n i l ylth i ezo l .  

(Summarised) 

I n  s t u d ies on the sens i t i v ity and exacti tude of  colorimetric 

methods o f  d eterm i n a t ion o f  4 :4-d . d . s . and deri vat ives t hereo f in 

body fl u ids ,  it was accidenta lly observed t h a t ,  as used i n  clinical 

practice, t h e  forma l d ehyde-sulphoxylate derivative of  4 - 4'-d . d . s .  
i s  accom panied a l ways b y  considerab l e  qua n t i t ies of  i mpurities . 

Our work proceeded t h erefore a l o n g  various l i n es :  

( a )  T o  obta i n  t h i s  der ivat ive i n  the purest poss ible state in order 

to exclude any possib le  in f luen e o f  i m p ur i t ies . 

( b )  T o  determine t h e  chem ical nature o f  the impurit ies in order to 

veri fy wh ether  t h ese and not the su lphone g ro u p  of the mole­

c u l e  are responsible  for any part of  the action of these deriva­
t i  ves in leprosy . 

( c )  To devise a quantitat ive method of determination for the 
formal d ehyde-sulphoxylate derivatives o f  4 A'd . d . s .  to provide 

precise analyt ica l  data as a basis for our conclusions and to 
con t rol t h e  i n dustri a l  m a nu fact u re of the prod uct . 

With regard to the syn thesis of suI phone or other compounds 

with  a view to trsting the a n t i - l eprotic act iv i ty th ereo f,  various 

s ubstances were prepared and submitted to chemotherapeutic tests 

aga i n st Stefansky ' s  bacillus in rats and aga inst Hansen ' s  bacillus 
in man .  In the ch oice of c ompounds for ynthesis we took as a 

basis chiefly resu l ts a l ready obtained or principles already applied 
in the  chemotherapy of acid-alcohol resistant bacilli and especially 
M . tuberc u losis .  We were led to this by the absence or u ncertainty 

of any bacteriol ogical or chemotherapeutic experience with murine 

leprosy a n d  t h e  sca rcity of decisive results i n  h uman leprosy . 

Table No . 2 gives those of th e various compounds sythesised by us 
which have al ready been subjected to animal or clinical experimen­

tat ion , summarisin g  the reasons why they were selected . 
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Table No. 3 gives the methods o f  preparation C:' ) o f  compo unds 
form ing part o f  a seri es o f  substa nces stru c t ural l y  rel ated to 

4 :4-d . d . s . ,  the purpose being to find c h e mo t h e ra p e u ti c  s u bstances 

of greater activity than  the lat ter .  

( * )  The techn ica l p a r t  o f  s u c h  preparat ion w a s  c a r r i ed o u t  by L i z w n l(1o, 1\1 . . . . 
(see o r i g-i n � I ) ,  p. 1.19.  

TABLE NO . 3 .  

l\ h b re v iation M e t hods o f  Preparat i o n . 

AS R e d u ct i o n  of 4 -n i t ro-� ' - a m i n o ­
c 1 i p h e n y l s u l p h i d e  w i t h  m e t a l l i c  
t i n  i n  hydroc h l o r i c  ac i d .  

O x i d a ti o n  o f  -1 . 4 ' - d i a m i n o -
I\X d i pheny l s u l p h i d e  , ·  . .  i t h  per­

h v drol in ac e t o n e .  
I\ M  Sec T a b l e  N o .  T .  
I\C ( a )  O x i d a t i o n  of 4 . , , ' - d i c h l o r o ­

c 1 i p he n y l d ic h l o rethylene to 
� . 4 ' - d i c h l oro - d i p h e n y l - ketone 
w i th c h r o m i c  a n hydride . 

1\ ,\ ( b )  A m i n a t i o n  u n c l e r  pressure 
(}f 4 . 4 '  d i c h l orod i p h e n y lketon e .  
R e d u c t i o n  o f  4 . 4 ' -d i n i t ro­
d i p h e n y l a m i n e with m e ta l l i c  
t i n  i n  h y c l ro c h l or i c  a c i d .  

APAS M od i fi e d  k o l be rea c t i on 
a p p l i ('d to m -a m i n o p h e n o l . 

R eferences . 

R A l Z I S ,  G .  W . ,  C L E l\ I E NCE , 
L. W . , S E V E R A C ,  1\ 1 . a n d  
l\ I O ETSC I I ,  J .  C ' . : ] .  A m . 
e l w m . Soc . 6 1 ,  2 7 ( '3- l 939 . 
G AZ ] )A R ,  M. a n d  S:'dT L E S ,  
S . :  J .  C h e m . Soc . 93 , 1 8 3 5-
1 908 ;  C'. 1 < )09 . T .  3 5 0 .  

( a )  C R U M i\ I I T T ,  0 . ,  B f 'CK, 
A.  a n d  J E N K f N S ,  A . ;  J .  
A m .  C lw m .  Soc . ,  6 7 ,  1 5 5 
- 1 9� 5 ·  

( b )  R R T TTO N ,  E .  C' . a n d  
R R Y N E R ,  F . ;  P . S .  Pa t .  
1 9_1 0058 : C .  i\ . 2 8 ,  2 3 6 �  

- 1 93 4 · 

E R L E N M E Y E H , f r . ,  P R T l S ,  

B . ,  SO R K T N .  E . ,  S()TER , E . ;  
T f ELV . c r-r n l .  ,\CTA , 3 1 ,  989 
- T 9� 8 .  

Table No. 4 schematises the courses followed i n  the preparation of 

symmetrical bi-substituted der ivatives of 4 A'-d . d . s .  with a view 

to rein forcing i ts chemotherapeutic a ct i vi ty . 

for m i c  
a c i d  

I 
I 

A M F  

TA BLE N O . 4 .  
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(*) A prepa r at ion o f  t h i s  com pou n d  was  e ffected h y  Sr .  J , d i o  1'1I ( 1 I e s .  

The resu l ts  o f  these two latter aspects of  our syn th et ic work 

w i l l  be p u b lished in detail i n  other notes i n  this series . 

The fo l low i ng parts of the presen t  note relate to conclusions 

upon the activity of these compounds in murine leprosy and 
human l eprosy _ 




