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SUMMARY 

4,4 ' -D iaminod ipheny l -14C s u l  f o n e  * ( D D S - 1 4 C I  

was s y n t h e s i a e d  i n  f o u r  s t e p s .  U n i f o r m l y  c a r -  
bon-14 l a b e l l e d  a n i l i n e  h y d r o c h l o r i d e  was f i r s t  
a c e t y l a t e d  t o  y i e l d  a c e t a n i l i d e  (phenyl -"CI .  
T h i s  was c o u p l e d  w i t h  SOClz and A l C 1 3  i n  a 
F r i e d e l - C r a f t s  r e a c t i o n  t o  y i e l d  4,4 ' - d i a c e t a -  
midodiphenyl -"C s u l f o x i d e .  O x i d a t i o n  w i t h  
hydrogen  p e r o x i d e  y i e l d e d  4 , 4 ' - d i a c e t a m i d o d i -  
pheny l - I  'C a u l f o n e  (DADDS-14C. H y d r o t y s i s  o f  
DADDS-"C i n  H C l  y i e l d e d  DDS-14C. C h a r a c t e r i -  
a a t i o n  d a t a  a r e  i n c l u d e d .  

I NTRODUCTI ON 

Durlng an intensive study of the metabolic disposition o f  DDS in 

laboratory animals, tracer experiments were carried out with the sulfur-35 

label led compound (l,*). Although DDS-35S has been used in human 

subjects ( 3 ) ,  we investigated the feasibility of synthesizing the 

carbon-14 labelled compound for metabolic studies in man. The 4,4'- 

dlacetamidodiphenylsulfone (DADDS) prepared as an intermediate in the 

synthesis o f  DDS has also been used successfully as a repository 

formulation in the treatment of leprosy (4). 

Named as 4,4'-sulfonyldianiline in Chemical  A b s t r a c t s .  
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S Y  NTH ES I S 

The sequence o f  reac t i ons  used t o  synthes ize O O S - I 4 C  are ou t1  i ned  

i n  F igure I .  

Acetani 1 i de (phenvl -I4C) ( I  I ) : 

A c e t a n i l i d e  (phenyl-I4C) ( 1 1 )  was synthes ized from 2.19 g (16.90 

mmoles) of un i fo rm ly  carbon-I4 l a b e l l e d  a n i l i n e  hyd roch lo r i de  ( I )  w i t h  a 

s p e c i f i c  a c t i v i t y  o f  156.4pCi/mnoie, accord ing t o  the method o f  Sear le  

and Cupery as descr ibed by Murray and Wi l l iams (5). 

wh i te  c r y s t a l l i n e  I I  (95.0%), m.p. 105-112°C, w i t h  a s p e c i f l c  r a d i o a c t i v i t y  

o f  151.6pCi/mmole. Th in  l a y e r  chromatography (TLC) (Appendix - system A) 

detected I 1  w i t h  an est imated radiochemical p u r i t y  o f  298.5%; no I (< 0.1%) 

was detected. 

The y i e l d  was 2.17 g of 

4,4'-dijcetamidodi~henyl-'~C s u l f o x l d e  ( I 1  I ) :  

4,4'-dia~etamidodiphenyI-~~C s u l f o x i d e  ( i  I I) was synthes lzed from I I 

u s i n g  a m o d i f i c a t i o n  of the procedure descr ibed by Sugasawa and Sakurai (6) 

f o rnon- rad ioac t i ve  p repara t i ons  o f  I l l .  

I I  (151.6 p C i / m o l e )  i n  30 m l  of carbon d i s u l f i d e  vas added w i t h  s t i r r i n g  

0.58 m l  (8.05 mmoles)of t h i o n y l  c h l o r i d e  and then 4.43 g (33.2 moles) Of 

aluminum c h l o r i d e  i n  small  po r t i ons .  The r e a c t i o n  mixture, which 

darkened very qu ick ly ,  was re f l uxed  f o r  3 days, While s t i l l  warm, 

the r e a c t i o n  so l ven t  was decanted from the r e a c t i o n  f l a s k  l e a v i n g  a 

b lack  residue. This res ldue was cooled t o  30°C and decomposed w i t h  

40 ml of 2 2 HCl y i e l d i n g  a Suspension of t a n  s o l i d s .  The s o l i d s  were 

c o l l e c t e d  by f l l t r a t i o n  t o  y i e l d  2.09 g of t a n  c r y s t a l l i n e  III (82.3% y i e l d ) ,  

m.p. 260-263'C (dec), w i t h  a s p e c i f i c  r a d i o a c t i v i t y  o f  293.7 pCi/mmole. 

TLC (Appendix - system A) detected I I I w l  th an est imated radiochemical 

p u r l t y  o f  2 94.3%; I i  was detected as a radiochemical i m p u r i t y  i n  the 

amount o f  < 0.YL. The chemical p u r l  t y  o f  I I I was est tmated as 93.5% by 

u l t r a v i o l e t  ana lys i s  i n  methanol 

To a s l u r r y  o f  2.17 g (16.05 m l e s )  of 

= 270; E = 32100). 
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14 
4,4'-di acetami dodi phenyl - I 4 C  sul  fone (DADDS- C) : 

Ox ida t i on  o f  I l l  w i t h  hydrogen perox ide t o  y i e l d  4,4'-diacetamidodiphenyl- 

14 I 4 C  su l fone  (DADDS- 

and a c e t i c  anhydride. 

t o  prevent  p a r t i a l  h y d r o l y s i s  o f  the ace ty l  groups. 

y i e l d  o f  crude I l l  (293.7 pCi/mnole) was s l u r r i e d  i n  150 m i  of a c e t i c  anhydride 

and heated t o  100°C. To t h i s  m ix tu re  was added 60 ml o f  a c e t i c  ac id .  A c l e a r  

red s o l u t i o n  was obtained. 

perox ide was added dropwise. 

which r e f l u x e d  spontaneously a t  110-120°C f o r  about 1 5  minutes. Heat ing 

a t  r e f l u x  was cont inued f o r  an a d d i t i o n a l  45 minutes. The r e a c t i o n  m i x t u r e  

was cooled, d i l u t e d  w i t h  water, and made bas i c  w i t h  50% sodium hydroxide, 

caus ing p r e c i p i t a t i o n  o f  the product. C o l l e c t i o n  by  f i l t r a t i o n  y i e l d e d  

1.37 9 o f  t a n  DADDS-I4C (62.5% y i e l d ) ,  m . p .  266-268'C (dec). w i t h  a s p e c i f i c  

r a d i o a c t i v i t y  o f  287.2 pCi/mnole. Radiochromatographic ana lys i s  (Appendix - 
system 8 )  detected DADDS- C w i t h  a radiochemical p u r i t y  o f  2 88.3:;. 

To p u r i f y  the product, the y i e l d  o f  crude DADDS-14C was d i sso l ved  i n  

b o i l i n g  ethanol, t r e a t e d  w i t h  charcoal  and Cel i te ,  and c r y s t a l l i z e d  a t  

-2D°C t o  y i e l d  1.02 g of w h i t e  DADDS-I4C. m . p .  278-280°C, w i t h  a s p e c i f i c  

r a d i o a c t i v i t y  o f  310.5 pCi/mnole. TLC (Appendix - system B) detected 

0ADDS-l4C w i t h  an est imated radiochemical p u r i t y  o f  > 97.6%. 

C) was performed i n  a so lven t  m ix tu re  o f  a c e t i c  a c i d  

The presence o f  a c e t i c  anhydride was found necessary 

The 2.09 g (6.60 m o l e s )  

While s t i r r i n g  a t  100°C, 30 ml o f  30% hydrogen 

A p a l e  y e l l o w  s o l u t i o n  was ob ta ined  immediately 

14 

4.4' - d i  ami nod i pheny 1 - I  4C su l  fone ( D D S - I  4C) : 

4,4'-D1aminodipheny1-14C sul  fone (DDS- I4C)  was ob ta ined  from 

0ADDS-l4C by h y d r o l y s i s  i n  aqueous H C I  u s i n g  methods p r e v i o u s l y  descr ibed (6,7) 

f o rnon - rad ioac t i ve  p repara t i ons  o f  DM. The 1.02 g (3.07 mno les )o f  IV 

(310.5 )rCi/mmole) was r e f l u x e d  i n  10 ml o f  6 fi H C I  f o r  2 hours, y i e l d i n g  

a c l e a r  l i g h t  orange so lu t i on .  This s o l u t i o n  was d i l u t e d  w i t h  20 ml o f  water. 

warmed t o  7OoC, deco lo r i zed  w i t h  charcoal  and C e l i t e  and made b a s i c  w i t h  
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NaOH, c a u s i n g  p r e c i p i t a t i o n  o f  ODS-14C. 

was c o l l e c t e d  by f i l t r a t i o n  and washed w i t h  w a t e r  to y i e l d  0.59 q o f  DDS-I4C 

(77.5% y i e l d ) ,  m.p. 169.5-l7ZoC, w i t h  a s p e c i f i c  r a d i o a c t i v i t y  of 306.7 

The w h i t e  f l o c c u l e n t  p r e c i p i t a t e  

pC i /mol e. 

P U R l  F I  CAT1 ON AND CHARACTER1 Z A T l  ON 
14 T h i s  p r e p a r a t i o n  o f  ODS- C was c h a r a c t e r i z e d  e x t e n s i v e l y  to de te rm ine  

I t s  chemica l  and ;adiochemical p u r i t y .  

i n d i c a t e d  by u l t r a v i o l e t  and e lemen ta l  ana lyses ,  aopeared to be >, 98%. The 

rad iochemica l  p u r i t y ,  a s  i n d i c a t e d  by  TLC (Append ix  - system B, C, 0, E and 

F) was found to be o n l y  -94.3%; an u n i d e n t i f i e d  rad iochemica l  i m p u r i t y  t h a t  

was found not to  be any o f  t h c  s y n t h e s i s  i n t e r m e d i a t e s  (see F i g u r e  I )  

o r  o t h e r  l i k e l y  by-produc ts  (see analogues i-n Tab le  Z), was d e t e c t e d  

i n  thc  amount o f  ?Fgrox i r i s :c i \ ;  5.7"; .  

The chemica l  p u r i t y  o f  0DS-l4C, as 

I n i t i a l  a t t e n p t s  t o  p u r i f y  t h i s  p r e p a r a t i o n  by  c r y s t a l l i z a t i o n  

f rom aqueous e thano l  and by  column chromatography  ( n e u t r a l  a lumina;  

ch lo ro fo rm:methano l ,  100: I )  f a i l e d  to remove the  i m p u r i t y .  However, t he  

p r o d u c t  was p u r i f i e d  a s  f o l l o i r s :  

40 m l  of warm I HC1 and t r e a t e d  w i t h  c h a r c o a l  and C e l i t e .  The t rea tmen t  

w i t h  cha rcoa l  and C e l i t e  was repea ted  tr io t imes.  The r e s u l t i n g  HCI 

s o l u t i o n  o f  DDS- C was c o o l e d  and made b a s i c  w i t h  50/ NaOH, c a u s i n g  

p r e c i p i t a t i o n  o f  a t a n  p r o d u c t  wh ich  was c o l l e c t e d  by f i l t r a t i o n  and 

washed w i t h  wa te r .  Th i s  tan  p r o d u c t  was d i s s o l v e d  i n  b o i l i n g  e thano l ,  

t r e a t e d  a g a i n  w i t h  cha rcoa l  an2 C e l i  te, c o n c e n t r a t e d  to appror . imate ly  15 m l ,  

and d i l u t e d  w i t h  h o t  wa te r  t o  80 m l .  C o o l i n g  t o  DOC o v e r n i g h t  y i e l d e d  

270 mo of w h i t e  need les  of DDS-"C, m.p .  174.5-175.5°C, w i t h  a s p e c i f i c  

a c t i v i t y  o f  328.7 pCi/nnnole. 

the  y i e l d  o f  O O S - 1 4 C  was d i s s o l v e d  i n  

14 

Rad iochromatograph ic  ana lyses  (Append ix  - skstems B, C, E and F )  

14 de tec ted  DDS- C w i t h  an e s t i m a t c d  rad iochcmica l  p u r i t y  o f  2 97L. The 
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TABLE 1 .  Summary o f  Charac te r i za t i on  of DDS-I4C 

I 14 
Pa ranie t c  r DDS- C 

I 

Color  

M e l t i n g  Po in t  

S p e c i f i c  A c t i v i t y  

Elemental Analyses 

Calc C 58.04L 

H 4.872 
Fc l l . 2 8 X  

White 

174.5-1 75 .5OC 

328.7 pCi/nmole 

57.72% 

4 . 8 ~ ~  

l1.29X 
U I  t r a v i o l e t  Analys is  

i n  k O H  

I n f r a r e d  Ana lys i s  I d e n t i c a l  t o  IR of 

Chromatography Radiochemical P u r i t y  > 97% 
au then t i c  DDS 

i n  fou r  TLC systems 

TABLE 2. Analogues of  DDS 
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u n i d e n t i f i e d  impur i t y  o f  5.7% was reduced t o  < 3.0%. None o f  the synthes is  

in termediates (F igu re  I )  o r  l i k e l y  by-products (Table 2) was detected as 

Impur i t i es .  The chemlcal p u r l  ty, as es tab l i shed  by u l t r a v i o l e t ,  i n f r a r e d  

and elemental analyses, was est imated t o  be n e a r l y  100%. A l l  o f  the 

c h a r a c t e r i z a t i o n  data are summarized i n  Table 1. 

APPENDIX: Chromatoqraphic Methods 

14 DDS- C and each o f  the carbon-14 l a b e l l e d  in termediates were 

cha rac te r i zed  t o  e s t a b l i s h  t h e i r  radiochemical i d e n t i t y  and p u r i t y  by 

u s i n g  a t  l e a s t  one o f  the t h i n  l aye r  chromatography (TLC) systems shown 

i n  the Table below. The compounds were chromatographed on t h i n  l a y e r s  

o f  s i l i c a  gel o r  alumina u n t i l  the so l ven t  f r o n t  was I5 cm from the 

o r l g l n .  

amounts o f  carbon- I4 on each o f  the I cm sec t l ons  c u t  a long the 

chromatographic lane from the o r i g i n  t o  the so l ven t  f r o n t .  A Packard 

Model 3365 l i q u i d  s c i n t i l l a t i o n  spectrometer was used t o  measure amounts 

o f  carbon- I4 on  each o f  the I cm sect ions.  Radiochromatographic p r o f i l e s  

were const ructed,  and the radiochemical p u r i t y  o f  each o f  the products  

was estimated. 

The chromatograms were scanned f o r  carbon- I4 by measuring 

THIN  LAYER CHROMATOGRAPHY SYSTEMS 

Sys tem Uedium 

S i  1 i c a  Gel 

Alumlna 

F A l  uml na 

Solvent  Composit ion 

benzene :methanol : acet  I c  a c i d  , 45:8: 4 

e t h y l  acetate 

e t h y l  acetate:diethylamine, 30:l 
met hano 1 

ch1oroform:acet ic  acid, 30: l  

chloroform:rnethanol, 30: I 
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