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SYNTHESIS, PURIFICATION AND STABILITY I N  

SOLUTION OF D I  T H I O B  IURET-2, 4-35S 

W i l l i a m  R. Po r te r ,  Kevin D. W i l l i ams  and R icha rd  E. Peterson 

School o f  Pharmacy, U n i v e r s i t y  o f  Wisconsin,  Madison, W I  53706 

SUMMARY 

2 ,4 -D i th iob iu re t  ( d i t h i o i m i d o d i c a r b o n i c  d i  i d e )  can be l a b e l l e d  w i t h  
35S by i s o t o p i c  exchange w i t h  hydrogen s u l f i d e - j g S  i n  b o i l i n g  0.01N hydro- 
c h l o r i c  ac id .  
medium con ta ins  more than 93% o f  t h e  r a d i o a c t i v i t y  as 2 , 4 - d i t h i o b i u r e t  and 
l e s s  than 3% as t h i u r e t  (3,5-diimino-1,2,4-dithiazoline). Up t o  40% o f  t h e  
i n i t i a l  r a d i o a c t i v i t y  can be recovered as s o l i d  p roduc ts .  S o l u t i o n s  con- 
t a i n i n g  d i t h i o b i u r e t  must be s to red  under r e f r i g e r a t i o n  t o  p reven t  decompo- 
s i t i o n  t o  t h i u r e t ,  mono th iob iu re t ,  and o t h e r  p roduc ts .  S o l u t i o n s  prepared 
i n  t h i s  way a r e  s t a b l e  f o r  8 days. D i t h i o b i u r e t  may be separa ted  f rom 
t h i u r e t ,  mono th iob iu re t ,  b i u r e t  and u n i d e n t i f i e d  decompos i t ion  p roduc ts  by 
t h i n - l a y e r  chromatography on s i l i c a  ge l .  

The p roduc t  ob ta ined  by c r y s t a l l i z a t i o n  f rom t h e  r e a c t i o n  

Key Words: 2 , 4 - D i t h i o b i u r e t ,  3,5-Diimino-1,2,4-dithiazoline, Sul fu r -35 .  

INTRODUCTION 

2 ,4 -D i th iob iu re t  has s t rong  reduc ing  p r o p e r t i e s  (1). A f t e r  i t s  syn thes i s  on 

a commercial sca le  (2 ) ,  i t  was proposed f o r  use as a r o d e n t i c i d e  ( 3 ) ,  p l a n t  r o o t -  

g rowth  promoter ( 4 )  o r  polymer s t a b i l i z e r  ( 5 ) .  

2 ,4 -D i th iab iu re t  i s  h i g h l y  t o x i c  t o  r a t s  when admin i s te red  c h r o n i c a l l y  

(6) .  L e t h a l i t y  i s  preceded by t h e  development o f  s k e l e t a l  muscle weakness, com- 

mencing w i t h  a f l a c c i d  p a r a l y s i s  o f  t h e  h ind l imbs  (6,7). 

appears t o  i n v o l v e  decreased neuronal  a c e t y l c h o l i n e  re lease  i n  response t o  nerve  

s t i mu1 a t  i on (8,9). 

The muscle weakness 

2 ,4 -D i th iob iu re t ,  s u i t a b l y  l a b e l l e d  w i t h  a r a d i o i s o t o p e ,  was r e q u i r e d  f o r  

s t u d i e s  o f  i t s  abso rp t i on ,  d i s t r i b u t i o n ,  metabol ism, e x c r e t i o n  and pharmaco- 

dynamic p r o p e r t i e s .  Furthermore, t h e  p u r i t y  and s t a b i l i t y  o f  s o l u t i o n s  o f  

l a b e l l e d  d i t h i o b i u r e t  had t o  be assured, as p r e l i m i n a r y  s t u d i e s  showed marked 

d i f f e r e n c e s  i n  t h e  t o x i c i t y  o f  d i t h i o b i u r e t  aod some o f  i t s  suspected degradat ion  

produc ts .  
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RESULTS AND DISCUSSION 

D i t h i o b i u r e t  may be prepared by t h e  a d d i t i o n  o f  hydrogen s u l f i d e  t o  d i cyan -  

d iamide (Scheme I )  (10) o r  t o  ca l c ium dicyanamide (Scheme 11) (11,lZ). 
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2 , 4 -  Dithiobiuret 

Scheme II: 
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2 , 4 -  Dithiobiuret 

Al though t h e  f i r s t  r e a c t i o n  r e q u i r e s  p ressure  t o  g i v e  adequate y i e l d s  o f  d i t h i o -  

b i u r e t ,  t h e  second r e a c t i o n  g i ves  44-649. y i e l d s  w i t h o u t  t h e  use o f  p ressure .  

The f a c i l e  a d d i t i o n  o f  hydrogen s u l f i d e  t o  cyanoth iourea  (Scheme 11) a t  

normal atmospher ic p ressure  t o  g i v e  d i t h i o b i u r e t  suggested t o  us t h a t  l a b e l l i n g  

o f  d i t h i o b i u r e t  wi th 35S migh t  be accompl i shed by ac id -ca ta l yzed  exchange w i t h  

hydrogen su l  f ide-35S, i n  a manner analogous t o  t h e  p r e p a r a t i o n  o f  th ioacetamide-  

3 5 S  (Scheme 111) (13).  Treatment o f  d i t h i o b i u r e t  i n  ho t  0.01N h y d r o c h l o r i c  a c i d  
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Scheme 1 1 1 :  
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Th ioacetam ide 

w i t h  hydrogen s ~ l f i d e - ~ ~ S  f o r  two hours, f o l l o w e d  by r e c r y s t a l l i z a t i o n  o f  t h e  

produc t  i n  a n i t r o g e n  atmosphere, gave 36-44% y i e l d s  o f  d i t h i ~ b i u r e t - ~ ~ s .  

Between 6% and 40% o f  t he  r a d i o a c t i v i t y  i n i t i a l l y  p resen t  i n  t h e  hydrogen 

~ u l f i d e - ~ ~ S  cou ld  be recovered i n  t h e  produc t .  

D i  t h i o b i  u r e t  i s  r e v e r s i b l y  o x i d i z e d  (14)  t o  3,5-di i m i  no- l ,2,4-di  t h i a z o l  i n e  

( t h i u r e t )  by hydrogen perox ide ,  i o d i n e ,  c e r i c  s a l t s ,  t h a l l i c  s a l t s ,  o r  d i t h i o -  

formamidine s a l t s  (Scheme I V ) .  T h i u r e t  i s  s l o w l y  reduced t o  d i t h i o b i u r e t  by 

Scheme I V :  
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Thiuret 

s u l f h y d r y l  compounds ( 1 5 )  such as cys te ine ,  2 -aminoethaneth io l  , and 

g l u t a t h i o n e .  We have found t h a t  d i t h i o b i u r e t  r e a d i l y  undergoes a i r  o x i d a t i o n  t o  

t h i u r e t  when spo t ted  on s i l i c a  ge l  as shown by two d imens iona l  chromatography and 

cochromatography w i t h  a u t h e n t i c  t h i u r e t .  T h i s  f a c i l e  o x i d a t i o n  h i n d e r s  t h e  

d e t e r m i n a t i o n  o f  t he  rad iochemica l  p u r i t y  o f  d i t h i o b i ~ r e t - ~ ~ s  and seve re l y  l i m i t s  

t h e  c o n d i t i o n s  under which t h e  l a b e l l e d  p roduc t  may be s t o r e d  and used. 

Ox ida t i on  o f  d i t h i o b i u r e t  may occur  d u r i n g  r e c r y s t a l l i z a t i o n  o f  t h e  l a b e l l e d  

compound, d u r i n g  t h e  p r e p a r a t i o n  and s to rage  o f  s o l u t i o n s  c o n t a i n i n g  d i t h i o -  

b i u r e t ,  o r  d u r i n g  t h e  sample a p p l i c a t i o n  and development stages o f  t h i n - l a y e r  

chromatographic ana lys i s .  Suppression of o x i d a t i o n  r e q u i r e s  e x c l u s i o n  o f  oxygen 

o r  o t h e r  o x i d i z i n g  agents d u r i n g  a l l  o f  these procedures.  

D i t h i o b i u r e t  can a l s o  undergo h y d r o l y s i s  (16)  t o  mono th iob iu re t ,  b i u r e t ,  and 

The r a t e  o f  h y d r o l y s i s  may be expected t o  t h e i r  deg rada t ion  produc ts  (Scheme V ) .  
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Scheme V: 

S S S 0 I t  II II II 
H2N-C-NH-C-NH2 + H20 + H2N-C-NH-C-NH2 + H2S 

2,4-Dithiobiuret Monothiobiuret 

Biuret 

be a f f e c t e d  by t h e  pH, temperature,  and water  con ten t  o f  d i t h i o b i u r e t  so lu -  

t i o n s .  The p o t e n t i a l  h y d r o l y s i s  o f  d i t h i o b i u r e t  a l s o  a f f e c t s  t h e  d e t e r m i n a t i o n  

o f  t h e  rad iochemica l  p u r i t y  of t h e  l a b e l l e d  p roduc t  as w e l l  as r e s t r i c t s  t h e  

c o n d i t i o n s  under which i t  may be s t o r e d  o r  used. 

R e c r y s t a l l i z a t i o n  methods developed f o r  t h e  p u r i f i c a t i o n  o f  u n l a b e l l e d  

d i t h i o b i u r e t  (8) y i e l d  a p roduc t  f r e e  o f  h y d r o l y s i s  p roduc ts  bu t  o c c a s i o n a l l y  

con taminated  w i t h  t h i u r e t .  

was found t o  be bes t  accompl ished by us ing  Schlenk-type glassware t o  m a i n t a i n  a 

n i t r o g e n  atmosphere th roughout  the  opera t ion .  

use. F i l t r a t i o n ,  washing, and d r y i n g  o f  t h e  c r y s t a l s  were performed under p o s i -  

t i v e  n i t r o g e n  pressure.  Th is  procedure y i e l d e d  d i t h i o b i u r e t  o f  cons tan t  m e l t i n g  

p o i n t  and u l t r a v i o l e t  a b s o r p t i o n  spectrum (1). The c r y s t a l l i n e  p roduc t  i s  s t a b l e  

f o r  a t  l e a s t  s i x  months when s to red  i n  an amber g lass  b o t t l e  i n  a d e s s i c a t o r  a t  

-10". 

p r e p a r a t i o n  o f  t h e  l a b e l l e d  p roduc t  as we l l .  

M i n i m i z a t i o n  of  o x i d a t i o n  d u r i n g  r e c r y s t a l l i z a t i o n  

So lvents  had t o  be degassed b e f o r e  

The s o l i d  may be s t o r e d  i n  a i r .  The same procedures were used i n  t h e  

The rad iochemica l  p u r i t y  o f  d i t h i ~ b i u r e t - ~ ~ s ,  p repared as desc r ibed  above, 

was determined by t h i n - l a y e r  chromatography on s i l i c a  gel .  A l l  chromatographic 

procedures were performed i n  a n i t r o g e n  atmosphere a t  4". Using a c e t o n i t r i l e :  

carbon t e t r a c h l o r i d e : 8 0 %  fo rm ic  a c i d  (60:5:2) as a mob i l e  phase, more than  93% o f  

t h e  spo t ted  r a d i o a c t i v i t y  was recovered as a s i n g l e  peak ( R f  = 0.82), comig ra t i ng  
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w i t h  a u t h e n t i c  d i t h i o b i u r e t .  

t i c  t h i u r e t ,  con ta ined  l e s s  than 3% o f  t h e  i n i t i a l  r a d i o a c t i v i t y .  

A second peak (Rf = 0.24), c o m i g r a t i n g  w i t h  authen- 

A s o l u t i o n  c o n t a i n i n g  1 mg/ml d i t h i ~ b i u r e t - ~ ~ S  i n  0.9% aqueous sodium 

c h l o r i d e  was s a t u r a t e d  w i t h  a i r  and s t o r e d  f o r  8 days a t  room temperature.  An 

a l i q u o t  was analyzed u s i n g  t h e  t h i n - l a y e r  chromatograph ic  system desc r ibed  

above. The d i t h i o b i u r e t  was e x t e n s i v e l y  decomposed. I n  a d d i t i o n  t o  t h i u r e t  ( R f  

= 0.24), r a d i o a c t i v e  peaks were observed a t  t h e  o r i g i n ,  i n  t h e  reg ion  R f  = 0.05- 

0.20, i n  t h e  r e g i o n  R f  = 0.43-0.64, c o m i g r a t i n g  w i t h  mono th iob iu re t  ( R f  = 0 .67) ,  

and i n  t h e  r e g i o n  R f  = 0.88-0.97. 

s u l f u r  c o n t a i n i n g  decomposi t ion produc t ,  was n o t  w e l l  reso lved  from d i t h i o b i u r e t  

(Rf = 0.82) and mono th iob iu re t  (Rf = 0.67). 

f o r e  i s  no t  very  s a t i s f a c t o r y  f o r  de te rm in ing  t h e  rad iochemica l  p u r i t y  o f  d i t h i o -  

b i u r e t  l a b e l l e d  w i t h  14C.  

It was no ted  t h a t  b i u r e t  (Rf = 0 . 7 7 ) ,  a non- 

Th is  chromatographic system the re -  

I n  an a t tempt  t o  reduce t h e  e x t e n s i v e  decompos i t ion  o f  d i t h i o b i u r e t ,  when 

s t o r e d  a t  room tempera ture  i n  aerated, aqueous sodium c h l o r i d e ,  we i n v e s t i g a t e d  

t h e  s t a b i l i t y  o f  d i t h i o b i u r e t  i n  two aqueous so l ven ts  under d i f f e r e n t  temperd ture  

and a e r a t i o n  cond i t i ons .  So lu t i ons  c o n t a i n i n g  1 mg/ml u n l a b e l l e d  d i t h i o b i u r e t  i n  

0.9% sodium c h l o r i d e  s o l u t i o n  o r  50% propy lene g l y c o l  i n  water  were prepared. 

S o l u t i o n s  e i t h e r  were degassed by b o i l i n g  t h e  v e h i c l e  p r i o r  t o  adding t h e  d i t h i o -  

b i u r e t  o r  were v i g o r o u s l y  aerated. A l l  s o l u t i o n s  were p r o t e c t e d  from l i g h t  and 

were s t o r e d  e i t h e r  a t  room tempera ture  ( Z O O )  o r  under r e f r i g e r a t i o n  ( 4 " ) .  The 

samples were assayed f o r  d i t h i o b i u r e t  by m o n i t o r i n g  t h e i r  u l t r a v i o l e t  absorbance 

a t  282 nm immedia te ly  a f t e r  p r e p a r a t i o n  o r  a f t e r  1, 2, 4 o r  8 days o f  s to rage.  

The absorbance r e s u l t s  were s t a t i s t i c a l l y  ana lyzed by a n a l y s i s  of  va r iance  

met hods. 

A l l  samples s t o r e d  a t  4" behaved s i m i l a r l y  and t h e  d i t h i o b i u r e t  i n  these 

s o l u t i o n s  d i d  no t  degrade apprec iab ly .  However, samples s t o r e d  a t  20' d i s p l a y e d  

u n i q u e l y  d i f f e r e n t  behav io r  and va ry ing  degress o f  d i t h i o b i u r e t  decompos i t ion  was 

observed. More s p e c i f i c a l l y ,  a l l  samples s t o r e d  f o r  up t o  8 day!; a t  4' had 

d i t h i o b i u r e t  concen t ra t i ons  t h a t  were 95-105% (95% conf idence i n t e r v a l )  o f  t h e i r  

i n i t i a l  concen t ra t i on .  L ikewise ,  samples s to red  f o r  1 day a t  20" had 91-104% 
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(95% conf idence i n t e r v a l )  o f  t h e i r  i n i t i a l  d i t h i o b i u r e t  concen t ra t i on .  Dur ing  

t h e  8 day s to rage  p e r i o d  a t  4" and t h e  f i r s t  24 hours a t  20" t h e r e  was no s i g n i f -  

i c a n t  change i n  t h e  u l t r a v i o l e t  spec t ra  o f  t h e  samples over t h e  range 230-350 

nm. 

by t h e  second day a f t e r  p repara t i on ,  as evidenced by decreases i n  absorbance a t  

282 nm. By t h e  e i g h t h  day o f  s to rage  t h e  c o n c e n t r a t i o n  o f  d i t h i o b i u r e t  i n  these 

s o l u t i o n s  was 25-80% o f  i t s  i n i t i a l  concen t ra t i on .  

However, t h e  d i t h i o b i u r e t  i n  a l l  s o l u t i o n s  s t o r e d  a t  20" began t o  decompose 

D i t h i o b i u r e t  can be l a b e l l e d  w i t h  35S and fo rmu la ted  f o r  use i n  b i o l o g i c a l  

exper iments  w i t h  adequate rad iochemica l  p u r i t y  and chemical s t a b i l i t y  p rov ided  

t h a t  p recau t ions  t o  m a i n t a i n  a n i t r o g e n  atmosphere o r  cool  s to rage  tempera tures  

a r e  observed d u r i n g  hand l i ng  o f  t h e  b u l k  m a t e r i a l  o r  prepared s o l u t i o n s .  D i t h i o -  

b i u r e t  s o l u t i o n s  s t o r e d  a t  room tempera ture  a r e  n o t  s t a b l e  f o r  more than 24 

hours. 

EXPERIMENTAL 

M a t e r i a l s .  2 ,4 -D i th iob iu re t  ( P f a l t z  and Bauer, Stamford, CT) was r e c r y s t a l l i z e d  

from 0.01N - HC1 (50 ml /g )  p r i o r  t o  use (mp 189-190"). 

Stevens, D e t r o i t ,  MI)  was used w i t h o u t  i n i t i a l  p u r i f i c a t i o n  (mp 186-188"). 

D i t h i o b i u r e t  i n e l t i n g  p o i n t s  were ob ta ined us ing  an o i l  ba th  (Thomas-Hoover Uni-  

Me l t ,  Thomas Co., P h i l a d e l p h i a ,  PA) p reheated  t o  178". B i u r e t  ( A l d r i c h ,  

Milwaukee, WI), mono th iob iu re t  (Fluka AG, Buchs, Sw i t ze r land )  and hydrogen 

~ u l f i d e - ~ ~ s  (Amersham, A r l i n g t o n  Heights,  IL)  were used as received. 

chemica ls  were reagent  grade. 

T h i u r e t  (3,5-diimino-1,2,4-dithiazoline) hydroch lo r i de .  D i t h i o b i u r e t  was o x i -  

d i z e d  w i t h  c o l d  d i l u t e  hydrogen perox ide  as desc r ibed  (14) .  

310'. 

2 , 4 - D i t h i o b i ~ r e t - ~ ~ _ S ,  

HC1 i n  a 100 m l  Schlenk f l a s k  (K-213100, Kontes, Inc., Vineland, NJ) equipped 

w i t h  a s ide-arm stopcock t o  pe rm i t  evacuat ion  and a I 14/20 female j o i n t .  

suspension was f rozen  by immersing t h e  f l a s k  i n  p u l v e r i z e d  d ry  i c e  and a 25 x 8 

mm magnet ic s t i r r i n g  bar  was p laced i n  t h e  f l a s k .  A break-seal  ampul c o n t a i n i n g  

P Y 4 - D i t h i o b i u r e t  (Ash 

A l l  o t h e r  

UV Xmax 246 nm, mp > 

D i t h i o b i u r e t  (0.5-1.0 g )  was suspended i n  50 m l /g  0.011 

The 
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hydrogen s ~ l f i d e - ~ ~ S  (5 -6  mCi) and f i t t e d  w i t h  a f 14/20 male j o i n t  was connected 

t o  t h e  f l a s k ;  t h e  apparatus was evacuated th rough  t h e  side-arm. The ampul sea l  

was broken us ing  t h e  s t i r r i n g  bar,  and then t h e  con ten ts  o f  t h e  f l a s k  were thawed 

by immersing t h e  apparatus i n  a water ba th .  A f t e r  m e l t i n g  was complete, s t i r r i n g  

was begun and t h e  water  ba th  was heated t o  b o i l i n g .  A f t e r  2 hours  t h e  f l a s k  was 

removed from t h e  b o i l i n g  water ba th  and cooled. C r y s t a l s  o f  d i t h i o b i u r e t  separ-  

ated. 

A f t e r  s tand ing  o v e r n i g h t ,  t h e  vacuum was re leased.  The ampul was q u i c k l y  

removed and t h e  apparatus head space was f l u s h e d  w i t h  N2. 

passed th rough  t h e  side-arm i n t o  a s a t u r a t e d  s o l u t i o n  o f  l e a d  a c e t a t e  t o  t r a p  any 

remain ing  hydrogen ~ u l f i d e - ~ ~ S .  

ba th  t o  d i s s o l v e  t h e  p r e c i p i t a t e .  The s o l u t i o n  was f i l t e r e d  q u i c k l y  th rough a 

pad o f  c o t t o n  i n t o  a Schlenk f i l t e r  t ube  (K-215000, Kontes, Inc., Vineland, NJ) 

which was f l ushed  w i t h  N2. 

Needles o f  d i t h i o b i u r e t  separa ted  ove rn igh t .  The suspension was f i l t e r e d  under 

N 2  pressure ,  and t h e  p r e c i p i t a t e  was washed w i t h  co ld ,  deoxygenated 0.01L HC1 (40 

m l )  f o l l o w e d  by co ld ,  deoxygenated 100% ethano l  (5  m l ) .  The c r y s t a l s  were d r i e d  

i n  a stream o f  N2. 

mCi/g. m.p. 189-190". 

S t a b i l i t y  o f  d i t h i o b i u r e t  s o l u t i o n s .  S o l u t i o n s  (250 m l )  c o n t a i n i n g  0.9% NaCl o r  

50% propy lene g l y c o l  i n  water were heated t o  b o i l i n g .  P a r t  o f  t h e  b o i l i n g  so lu -  

t i o n  was poured i n t o  a 100 m l  vo lumet r i c  f l a s k ,  f i l l i n g  t o  ove r f l ow ing .  The 

f l a s k  was s toppered and coo led  t o  20". The s o l u t i o n  i n  excess o f  100 m l  was then  

removed and 100 mg d i t h i o b i u r e t  was added. D i s s o l u t i o n  was hastened by g e n t l e  

s t i r r i n g  w i t h  care  taken t o  avo id  ae ra t i on .  Samples (10 o f  each s o l v e n t )  were 

prepared i n  5 m l  c l e a r  g lass  septum seal  v i a l s .  The v i a l s  were f i l l e d  t o  over -  

f l o w i n g  and sea led  w i t h  rubber  septa. The remain ing  0.9% NaCl and 50% p ropy lene  

g l y c o l  s tock  s o l u t i o n s  were v i g o r o u s l y  ae ra ted  by shaking. D i t h i o b i u r e t  (100 mg) 

was d i s s o l v e d  i n  ae ra ted  s o l v e n t  (100 m l )  and 10 samples o f  - 3 m l  were s t o r e d  i n  

5 m l  c l e a r  g lass  septum seal v i a l s .  5 V i a l s  f rom each s o l v e n t  l o t  were s t o r e d  a t  

room tempera ture  (20') and t h e  remain ing  5 v i a l s  were r e f r i g e r a t e d  (4") .  Bo th  

Exhaust gases were 

The f l a s k  was then reheated i n  a b o i l i n g  water  

The f i l t e r  t ube  was then sea led  and coo led  s lowly .  

Y ie ld :  36-44% o f  d i t h i ~ b i u r e t - ~ ~ S  c o n t a i n i n g  0.3-2.0 
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s e t s  o f  v i a l s  were p r o t e c t e d  from exposure t o  l i g h t .  V i a l s  were opened w i t h i n  1 

hour o f  p r e p a r a t i o n  and a t  1, 2, 4 and 8 days t h e r e a f t e r .  A 0.300 m l  a l i q u o t  was 

removed from each v i a l  a t  t h e  des ignated  t i m e  and d i l u t e d  t o  50.0 m l  w i t h  

degassed de ion i zed  d i s t i l l e d  water. The absorbance a t  282 and 246 nm and t h e  

u l t r a v i o l e t  spectrum between 230-350 nm was determined u s i n g  a doub le  beam spec- 

t rophotometer  (Cary 118, Var ian,  Inc., Palo A l t o ,  CA) u s i n g  degassed d e i o n i z e d  

d i s t i l l e d  water  as a re fe rence.  

T h i  n - 1 ayer  chromatography . 
s i t i o n  produc ts  were spo t ted  on s i l i c a  gel t h i n - l a y e r  p l a t e s  w i t h  p readsorbant  

s p o t t i n g  zones (Type LK-5D, Whatman Inc., C l i f t o n ,  NJ). S p o t t i n g  and a l l  f u r t h e r  

man ipu la t i ons  were performed i n s i d e  a Glove-Bag@ ( Ins t rumen ts  f o r  Research and 

I n d u s t r y ,  Cheltenham, PA) f lushed w i t h  N2. 

c o l d  room ma in ta ined  a t  4". 

so l ven ts  were coo led  i n  a N2 atmosphere. 

phere o r  low tempera ture  r e s u l t e d  i n  e x t e n s i v e  decomposi t ion on t h e  t h i n - l a y e r  

chromatography p l a t e ,  as evidenced by t r a i l i n g  spots  and e r r a t i c  r e s u l t s .  P i l o t  

s t u d i e s  showed t h a t  bo th  sample a p p l i c a t i o n  and p l a t e  development s teps  c o n t r i -  

bu ted  t o  sample decompos i t ion  when e i t h e r  s tep  was c a r r i e d  o u t  i n  a i r  o r  a t  room 

t empe r a  t u re.  

Sol u t i ons con t a i n i  n g d i  t h i  o b i  u r e  t- 35S o r  i t s decompo- 

A l l  ope ra t i ons  were c a r r i e d  o u t  i n  a 

So lvents  were degassed by b o i l i n g  p r i o r  t o  m ix ing ;  

F a i l u r e  t o  m a i n t a i n  e i t h e r  a N2 atmos- 

P l a t e s  were developed i n  a c e t o n i t r i l e  (60 pa r t s ) / ca rbon  t e t r a c h l o r i d e  (5  

pa r t s ) /80% fo rm ic  a c i d  (2  p a r t s  by volume). 

t i o n s  o f  t h e  adsorbant were removed by sc rap ing  and t r a n s f e r r e d  t o  s c i n t i l l a t i o n  

v i a l s .  The v i a l s  were f i l l e d  w i t h  10 m l  o f  t o l u e n e  c o n t a i n i n g  4% POP and 0.4% 

POPOP s c i n t i l l a t o r s  and counted i n  a l i q u i d  s c i n t i l l a t i o n  coun te r  (Model 460C0, 

Packard Ins t rumen t  Co., Downers Grove, I L ) .  

A f t e r  development and d r y i n g ,  sec- 

Samples o f  u n l a b e l l e d  d i t h i o b i u r e t ,  mono th iob iu re t ,  and t h i u r e t  were separ- 

a ted  by s i l i c a  ge l  t h i n - l a y e r  chromatography as desc r ibed  above. The separa ted  

components were scraped from t h e  p l a t e ,  e x t r a c t e d ,  and ana lyzed by u l t r a v i o l e t  

spectrophotometry.  The recovered m a t e r i a l s  had u l t r a v i o l e t  spec t ra  which agreed 

w i t h  those  o f  a u t h e n t i c  standards.  
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