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INTRODUCTION AND HISTORICAL

The c l a s s i c  s y n t h e s i s  o f  d i s u b s t i t u t e d  t h i o u s e a s ,  b o th  i n  

t im e  and i n  s i m p l i c i t y ,  i s  t h a t  o f  Hoffman ( l ) .  He o b t a i n e d

d ip h e n y l  t h i o u r e a  ( t h i o c a r b a n i l i d e )  by  r e f l u x i n g  a n i l i n e  w i th  

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

3 RN% CS^ >RNH-CS-NHR H^S.

Most o f  t h e  p r o c e d u r e s  f o r  t h e  s y n t h e s i s  o f  t h i o u r e a s  d e v e lo p ­

ed s i n c e  H o ffm an 's  m ethod a r e  c o n c e rn e d  w i th  a  means o f  p ro ­

m o tin g  t h e  e l i m i n a t i o n  o f  h y d ro g en  s u l p h i d e .

T here  b e in g  a  v a r i e t y  o f  r e a c t i o n  m echanism  schem es p ro ­

p o s e d  f o r  t h e  s y n t h e s i s  o f  d i s u b s t i t u t e d  t h i o u r e a s ,  t h e  p u r ­

p o s e  o f  t h i s  t h e s i s  i s  t o  p r e s e n t  a n o th e r  r e a c t i o n  mechanism  

schem e, b a s e d  upon some new e x p e r im e n ta l  e v id e n c e .  I t  i s  

a p p l i c a b l e  t o  t h o s e  p r o c e d u r e s  w hich  u s e  an o x i d i z i n g  a g e n t  

t o  p ro m o te  t h e  c o n d e n s a t io n  o f  p r im a ry  am ines  w ith  c a rb o n  

d i s u l p h i d e .  The s t e p s  o f  t h i s  m echanism o o n s i s t  o f :

( l )  t h e  r e a c t i o n  o f  p r im a ry  am ine and c a rb o n  d i s u l p h i d e  t o  

fo rm  t h e  amine s a l t  o f  a  d i t h i o  c a rb am ic  a c i d  (RNH-CS-SH’HgNR),

( 3 )  t h e  o x i d a t i o n  o f  two m oles  o f  t h e  d i t h i o  c a rb am ic  s a l t  

t o  o n e  m ole  o f  t h e  c o r r e s p o n d in g  th iu r a m  d i  s u l p h i d e  

(RNH-OS-S-S-OS-RNH) ,  ( 3 )  t h e  d e c o m p o s i t io n  b y  h e a t  o f  t h e  

t h iu r a m  d i s u l p h i d e  t o  t h e  c o r r e s p o n d in g  m u s ta rd  o i l  

(B-NsCsS) and t h i o u r e a ,  and ( 4 )  t h e  r e a c t i o n  o f  t h e

m u s ta rd  o i l  o f  s t e p  ( 3 )  w i th  p a r t  o f  t h e  o r i g i n a l  am in e , 

fo rm in g  t h e  t h i o u r e a .

I n  t h i s  r e a c t i o n  m echanism schem e, a  d i f f e r e n t i a t i o n  

i s  made be tw een  t h o s e  p r o c e d u r e s  w hich u s e  c a t a l y s t s  o r  

' b a s i c  s u b s ta n c e s  t o  remove h yd ro g en  s u l p h i d e  and t h o s e  

1 f h i c h  e l i m i n a t e  hyd rogen  s u l p h i d e  by  o x i d i z i n g  i t  t o  f r e e  s u l p h u r .
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« 3 »

A c c o r d in g ly ,  t h e  v a r i o u s  t h i o u r e a  s y n th e s e s  e u p a e r a te d  

i n  t h i s  h i s t o r i c a l  s e c t i o n  w i l l  b e  c l a s s i f i e d  ©n t h e  

same b a s i s .

Inasm uch a s  t h e  t h i o u r e a  r e a c t i o n  and i t s  

m echanism  h av e  b e e n  t h e  s u b j e c t  o f  a  number o f  p a p e r s  

i s s u e d  from  t h i s  l a b o r a t o r y ,  t h i s  h i s t o r i c a l  s e c t i o n  

w i l l  a v o id  u n n e c e s s a r y  d u p l i c a t i o n  o f  b i b l i o g r a p h i e s  

a l r e a d y  a v a i l a b l e .  O th e r  l i t e r a t u r e  r e f e r e n c e s  may 

b e  fo u n d  i n  t h e  e a r l i e r  p a p e r s  ( s ) ,  ( 3 ) ,  ( 4 ) .  The 

h i s t o r y  o f  t h i s  s u b j e c t  i s  c o n s i d e r e d  a c c o r d in g  t o  t h e  

f o l lo w in g  o u t l i n e :

I .  S y n th e s i s  o f  T h io u r e a s ,  by
a .  N o n - o x id iz in g  r e a g e n t s ,
b .  O x id iz in g  r e a g e n t s ,
c .  Methods o t h e r  th a n  c o n d e n s a t io n  o f  amine

and c a rb o n  d i s u l p h i d e .

I I .  D i t h io  C arbam ic A cids

I I I .  Thiuram D i s u l p h i d e s .
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I .  S y n t h e s i s  o f  T h io u re a s

( a )  I o n - o x i d i z i n g  c o n d e n s in g  a g e n t s :

W eith  ( 6 ) ,  i n  1873 , u s e d  a l c o h o l i c  p o ta s s iu m  

h y d r o x id e  t o  t a k e  up t h e  h y d ro g en  s u l p h i d e  form ed i n  

t h e  s y n t h e s i s  o f  d ip h e n y l  t h i o u r e a .  I n  an a t t e m p t  t o  

e l u c i d a t e  t h e  mechanism  o f  W eith * s  r e a c t i o n ,  E a th k e  ( 7 )  

was a b l e  t o  e f f e c t  t h e  s y n t h e s i s  o f  d ip h e n y l  t h i o u r e a  

th ro u g h  t h e  p r e l i m i n a r y  p r e p a r a t i o n  o f  p o ta s s iu m  e t h y l  

x a n t h a t e ,  which was th e n  c o n v e r t e d  t o  t h e  p o ta s s iu m  s a l t  

o f  p h e n y l  d i t h i o  c a rb am ic  a c i d .  T h is  compound was sub­

s e q u e n t l y  r e a c t e d  w i th  a n i l i n e  t o  y i e l d  d ip h e n y l  t h i o ­

u r e a .  The e q u a t io n s  f o r  each  s e p a r a t e  s t e p  o f  t h e  s y n t h e s i s  

a r e  a s  f o l lo w s :

KOH + c s 2 4 C2H20H > CgHg-O-g-S-K -t-%0 ( 1 )

C2H5- 0 - | - S K  + OgHgNHg >C2H5 0H -f* CgHg-NH-Q-SK ( 2 )

CgHg-NH-g-SK + OgHgNHg >C6H5NH-g-NH-CgH5 + KHS ( 3 )

H  ( l ) , ( 2 ) , ( 3 ) :  2 CgH5 NH2  + CS2  + KOH — ^OsHrNH-OS-NHCrHs +
KHS+H2 O .

R a th k e  th e n  s u g g e s te d  t h a t ,  i n  t h e  a b se n c e  o f  an i n o r g a n i c  

b a s e ,  e q u im o le c u la r  q u a n t i t ie s  o f  t h e  am ine and  c a rb o n  

d i s u l p h i d e  com bined t o  form t h e  c o r r e s p o n d in g  d i t h i o  

c a rb a m ic  a c i d ,  RNH-^-SH, w hich com bined w i th  a n o th e r  

m o le c u le  o f  t h e  am ine t o  p r o d u c e  t h e  t h i o u r e a :

HNH-O- SH+ S ■NH-R ? RNH-g-NHR +-H2 8  .

T h is  was a  p o s s i b l e  m echanism f o r  t h e  Hoffman r e a c t i o n .
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I t  was s u p p o r te d  by  R athke  ‘s s y n t h e s i s  o f  p h e n y l  d i t h i o  

c a rb a m ic  a c i d ,  which r e a c t e d  w i th  a n i l i n e ,  y i e l d i n g  

h y d ro g e n  s u l p h i d e  and  t h i o e a r b a n i l i d e  a s  t h e  p r o d u c t .

I n  1899^ H u g e r s h o f f  ( 8 ) s u g g e s te d  t h e  u s e  o f  s u lp h u r  

a® a  c a t a l y s t  f o r  t h e  e l i m i n a t i o n  o f  h y d ro g e n  s u l p h i d e  i n  

H o f fm a n 's  r e a c t i o n .  The y i e l d s  o f  t h e  c o r r e s p o n d in g  t h i o ­

u r e a  w ere  a lm o s t  q u a n t i t a t i v e .  Two y e a r s  p r e v i o u s l y ,  

B i l l e t i e r  h ad  w idened  t h e  r a n g e  o f  t h i o u r e a s  by  p r e p a r i n g  

u n s y m m e tr ic a l  d i - ,  t r i - ,  and  t e t r a s u t o i s t i t u t e d  t h i o u r e a s  

t h r o u g h  t h e  r e a c t i o n  o f  t h io p h o s g e n e ,  CSOlg, on a  v a r i e t y  

p r im a r y  and se c o n d a ry  a m in e s .  I t  i s  p r o p e r  t o  add a t  

t h i s  p o i n t  t h a t  no t h i o u r e a s  h a v e  b e e n  p r e p a r e d  by  t h e  

a c t i o n  o f  c a rb o n  d i s u l p h i d e  on se c o n d a ry  a m in e s .  I n  

1 9 1 3 , K r u l l a  (1 0 )  r e t u r n e d  t o  t h e  u s e  o f  m e t a l l i c  b a s e s  

f o r  t h e  p u rp o s e  o f  rem oving hy d ro g en  s u l p h i d e .  He u se d  

t h e  o x id e s  o f  l e a d  and  t i n  (pbO and SnO), b u t  o n ly  t h e  

l a t t e r  was s a t i s f a c t o r y .  H is  mechanism  was b a s e d  on t h e  

i n t e r m e d i a t e  f o r m a t io n  o f  s t a n n o u s  d i t h i o  c a r b a m a te ,  

w h ich  r e a c t e d  f u r t h e r  w i th  t h e  am ine t o  y i e l d  t h e  

t h i o u r e a ,  i n  a c c o rd a n c e  w i th  t h e  f o l lo w in g  s e r i e s  o f  

c o n s e c u t i v e  r e a c t i o n  e q u a t io n s :

8  RIHg-f-SnO+S CSg ^(RH H -O S-S-)gSn+H g0 ( 1 )

( RNH )gOS •+■ SnS +-HgS ( 2 )

SnO +  H2S — ^SnS + HgO ( 3 )

4 RNH3  +  2 S nO + 2  CSg ^ 3  H2 0 + 3  SnS-t-3 (HNH)gOS
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T h is  m echanism  re s e m b le s  t h a t  o f  R a th k e  i n  t h a t  i t  

p r e s u p p o s e s  t h e  f o r m a t io n  o f  a  d i t h i o  c a rb a m ic  s a l t ,  an  

a s su m p t io n  f o r  w hich  f u r t h e r  s u p p o r t  w i l l  b e  p ro d u c e d  i n  

t h e  f o l lo w in g  p a g e s .

In  1913, F ry  (4 )  r e t u r n e d  t o  t h e  u s e  o f  a  c a t a l y s t  

f o r  t h e  e l i m i n a t i o n  o f  h y d ro g en  s u l p h i d e  i n  t h e  s y n t h e s i s  

o f  sy m m e tr ic a l  t h i o u r e a s .  F o r  t h i s  p u r p o s e ,  p y r i d i n e  was 

u t i l i z e d  a s  a  h y d ro g en  s u l p h i d e  c a r r i e r ,  i n  c o n fo r m i ty  

w i t h  t h e  r e v e r s i b l e  r e a c t i o n :

HgS -4-G5 H5 N C5 H5 N .

A f t e r  t h e  e x c e ss  c a rb o n  d i s u l p h i d e  and p y r i d i n e  w ere  

rem oved b y  s team  d i s t i l l a t i o n ,  t h e  t h i o u r e a  rem a in e d  i n  

q u i t e  p u r e  form and  f r e q u e n t l y  i n  t h e o r e t i c a l  y i e l d s .

L o s a n i t s c h  ( l l )  o b s e rv e d  t h a t  t h e  ammonium s e l t  o f  

p h e n y l  d i t h i o  c a rb am ic  a c i d ,  CgHsNH-CS-SH'NHg, decom posed 

s p o n ta n e o u s ly  t o  y i e l d ,  among o t h e r  p r o d u c t s ,  d ip h e n y l  

t h i o u r e a .  T h is  o b s e r v a t i o n  was s i m i l a r  t o  o n e  o f  R a th k e  ( 7 ) ,  

who o b t a i n e d  t h e  same p r o d u c t ,  t h i o c a r b a n i l i d e ,  on h e a t i n g  

t h e  p o ta s s iu m  s a l t  o f  t h e  same d i t h i o  c a rb a m ic  a c i d  t o  

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

f o l l o w s :

3 06 H5 N H -0 S -S K -^ t (0 6H5 NH)gGSi-K2 S -f0 S 8  .

A p r o c e d u r e  q u i t e  a n a lo g o u s  t o  t h a t  o f  W eith  i s  D e n n s t e d t ’s  

(1 3 )  w hich  r e q u i r e s  t h e  a d d i t i o n  o f  a  few c c .  o f  concen­

t r a t e d  sodium  h y d r o x id e  s o l u t i o n  t o  t h e  am ine and c a rb o n  

d i s u l p h i d e  d i s s o l v e d  i n  a l c o h o l .
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( b )  O x id iz in g  c o n d e n s in g  a g e n t s ;

Use h as  b een  made o f  o x i d i z i n g  c o n d e n s in g  a g e n t s  

to  a i d  i n  t h e  e l i m i n a t i o n  o f  hyd rogen  s u l p h i d e  i n  t h e  

t h i o o a r b a n i l i d e  r e a c t i o n ,  a c c o rd in g  to  t h e  e q u a t io n s  

w hich  fo l lo w .  I t  was t o  e l u c i d a t e  t h e  m echanism  o f  t h e s e  

p r o c e d u r e s  t h a t  t h i s  work was u n d e r t a k e n .  The s i m p l e s t  

e q u a t io n  i s :

HgS-f ( 0 )  — ^Hg° t S .

W ith  i o d i n e  a s  t h e  o x i d i z i n g  a g e n t ,  t h e  e q u a t io n  i s :

H2 S t I 2  ^3  H it-  S.

G laus and K r a l l  ( 1 3 ) ,  (1 4 )  u s e d  s u l p h u r  m o n o c h lo r id e  

t o  d e s t r o y  t h e  h y d ro g en  s u l p h i d e  form ed i n  H o ffm a n 's  

r e a c t i o n .  They r e p r e s e n t e d  t h e  mechanism a s :

GSgt- 3 C6 H5NHg —-*(C 6H5 NH)gCS-t-H2S ( l )

H g S - fS g d g  — ^ 3  HClt~3 S (3 )

3 C6H5 NHgt-3 HCl ^ 3  CgHgNHg.HCl ( 3 )

Z T  ( l ) » ( 2 ) , ( 3 ) :

G S g t  4 CgHgNHgt SgCJg — » ( CgHtjNH)2 0S 1 38 t -3  CgHsNHg-HCl 

The s i d e  p r o d u c t s  o b t a in e d  w ere  t r i p h e n y l g u a i n i d i n e  

h y d r o c h l o r i d e  and p h e n y l  m u s ta rd  o i l :

3  (OgHgNH)gGSt S g C l g - ^ g H ^ N g 'H O l  t  OgHgNCS + H 0H ~ 3S .

L o s a n i t s c h  r e a c t e d  t h e  ammonium s a l t  o f  p h e n y l  

d i t h i o  c a rb am ic  a c i d  w i th  i o d i n e  a s  t h e  o x i d i z i n g  a g e n t  ( l l ) ,  

O b ta in in g  a s  th e  o r g a n ic  p r o d u c t  H o ffm a n 's  t h i o o a r b a n i l i d e .  

H is  e q u a t io n s  w ere :

3 NH3^  3 CSg + 3 CgHgNHg— G6 H5 -HH-GS-S-IH4  ( l )

3 0 6H5 -HH-0S-S-HH4 t  I g —^ ( C 6H5 NH)gOS-t3 NH4 I t C S g t - S  (3 )
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S id e  r e a c t i o n s  p ro d u c e d  s m a l l  amounts o f  p h e n y l  m u s ta rd  

o i l  and t r i p h e n y l g u a n i d i n e  h y d ro -e id d id e ,  an o c c u r r e n c e  

s i m i l a r  t b  t h a t  o b s e r v e d  by G laus  and K r a l l .

The v e ry  f i r s t  a t t e m p t  a t  t h e  u s e  o f  o x i d i z i n g  a g e n ts  

was made by  Hoffman o n ly  a  y e a r  a f t e r  h i s  d i s c o v e r y  o f  t h e  

t h i o o a r b a n i l i d e  r e a c t i o n  ( 1 5 ) .  W ith o u t  c l o s e l y  c o n t r o l l i n g  

t h e  c o n d i t i o n s ,  h e  o b t a i n e d  an i n d e t e r m i n a t e  m ix tu r e  

c o n t a i n i n g  p h e n y l  m u s ta rd  o i l  and  t r i p h e n y l g u a n i d i n e .

I n  1 8 7 8 , R u d n e ff  (1 6 )  e l u c i d a t e d  t h e  work o f  Hoffman by  

sh o w in g  t h a t ,  w i th  e th y la m in e ,  t h e  a c t i o n  o f  i o d i n e  on 

t h e  d i t h i o  c a rb a m a te  g iv e s  a s  p r i n c i p l e  p r o d u c t s ,  i n  

a l c o h o l i c  s o l u t i o n ,  t h e  c o r r e s p o n d in g  m u s ta rd  o i l ,  t h i o ­

u r e a ,  h y d r i o d id e  o f  t h e  am ine , s u l p h u r ,  and  c a rb o n  

d i s u l p h i d e .

I n  1900 , Von Braun (1 7 )  showed t h a t  a ro m a tio  a m in e s ,  

b u t  n o t  a l i p h a t i c , w i l l  r e a c t  i n  t h e  p r e s e n c e  o f  t h e  

t h e o r e t i c a l  amount o f  c a rb o n  d i s u l p h i d e  a t  o r d i n a r y  tem­

p e r a t u r e  w i th  o x i d i z i n g  a g e n t s  ( i o d i n e ,  p o t a s s iu m  p e r s u l ­

p h a t e ,  p o ta s s iu m  p e r c a r b o n a t e ,  h y d ro g en  p e r o x i d e ,  e t c . )  

t o  y i e l d  t h e  c o r r e s p o n d in g  d i s u b s t i t u t e d  t h i o u r e a .  T h is  

r e a c t i o n  was e l u c i d a t e d  i n  a  l a t e r  w ork .

T h i r t e e n  y e a r s  l a t e r ,  K r u l l a  (1 0 )  r e t u r n e d  t o  t h e  

u s e  o f  o x i d i z i n g  a g e n t s  t o  h a s t e n  t h e  t h i o u r e a  r e a c t i o n .

He c o n s id e r e d  h y d ro g en  p e r o x i d e  u n s a t i s f a c t o r y  b e c a u s e  

i t s  u s e  e n t a i l e d  two l i q u i d  p h a s e s .  He n e x t  c o n s i d e r e d  

t h e  u s e  o f  an a ro m a t ic  n i t ro -c o m p o u n d ,  n i t r o b e n z e n e ,  a s  

t h e  o x i d i z i n g  a g e n t  f o r  t h e  c o n d e n s a t io n  o f  a n i l i n e :
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6  CgHgNHg + 3 CSg >3 (C6 H5 NH)gCS+ 3 HgS ( l )

3 HgS 4 CgHgNOg — >C6 H5 NHg+ 2 HgO'* 3 S ' ( 3 )

X ( 1 ) , ( 3 ) ;

5 OgHgNHg + 3 OSgtOgHsNOg— *3(C 6 H5NH)gCS4 2 H gO + 38 . 

TM s m ethod was fo u n d  t o  b e  s a t i s f a c t o r y .

The most -un ifo rm ly  e f f i c i e n t  ^ p r o c e d u r e  f o r  t h e  

s y n t h e s i s  o f  d i s u b s t i t u t e d  t h i o u r e a s  from  p r im a ry  am ines  

and c a rb o n  d i s u l p h i d e ,  b o th  w i th  r e g a r d  t o  t im e  and e x te n t  

o f  r e a c t i o n ,  i s  t h a t  o f  F ry  ( 4 ) ,  I t  i s  b a s e d  on t h e  

e l i m i n a t i o n  o f  h y d ro g en  s u l p h i d e  i n  H o ffm a n 's  e q u a t io n  

by  t h e  u s e  o f  a  c a rb o n  d i s u l p h i d e  s o l u t i o n  o f  i o d i n e :

h 2.s  % -----*“8 H I+  8 .

S u f f i c i e n t  p y r i d i n e  i s  added  t o  t h e  r e a c t i o n  m ix tu r e  

t o  rem ove t h e  h y d ro g en  i o d i d e  th ro u g h  t h e  f o r m a t io n  o f  

t h e  CSg- i n s o l u b l e  p y r id o n iu m  i o d i d e ,  C s ^ N 'H I  :

HI + C5 H5 N — >C5 H5 N .H I.

To a  s o l u t i o n  o f  t h e  amine and p y r i d i n e  i n  e x c e s s  o a rb o n . 

d i s u l p h i d e ,  h e a t e d  t o  r e f l u x i n g ,  i s  added  t h e  c a l c u l a t e d  

w e ig h t  o f  i o d i n e  r e q u i r e d  f o r  t h e  f o r m a t io n  o f  t h e  t h i o ­

u r e a ,  a l s o  d i s s o l v e d  i n  c a rb o n  d i s u l p h i d e .  R d f lu x in g  i s  

c o n t i n u e d  u n t i l  t h e  i o d i n e  c o l o r  i s  rem oved, w hereupon 

t h e  s o l v e n t  and p y r i d i n e  a r e  removed by  s te a m  d i s t i l l a t i o n ,  

fo l lo w e d  by  r e c o v e r y  and s u i t a b l e  p u r i f i c a t i o n  o f  t h e  

t h i o u r e a .  F ry  o b t a i n e d  75 $  t o  9S #  y i e l d s  w i th  p r im a r y  

a r o m a t i c  am in es . The c o m p le te  e q u a t io n  f o r  t h i s  m ethod

1 .  As shown by  t h e  work o f  R a i f o r d  and M cNulty. (1 8 )
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i s  a s  f o l l o w s :

2 CgHgU+2 RHHg +  CSg-f I 2  *(RHH)2CS + S i-2  CgHgN• H I .

I f ,  ho w ever ,  a n i l i n e  d i s s o l v e d  i n  a  m ix tu r e  o f  cartoon 

d i s u l p h i d e  and p y r i d i n e  i s  t i t r a t e d  w i th  a  s t a n d a r d  s o l ­

u t i o n  o f  i o d i n e  a t  room t e m p e r a t u r e ,  t h e  m o le c u la r  r a t i o ,  

C gflsN H gils, i s  1 : 1 , and n o t  2 : 1 , a s  w i th  t h e  t h i o u r e a  

e q u a t io n  abov e . I n  t h i s  m anner t h e  f o r m a t io n  o f  p h e n y l  

i s o t h i o c y a n a t e  (p h e n y l  m u s ta rd  o i l )  r e s u l t s  a c c o rd in g  

t o  t h e  e q u a t io n }

RM g -t CSg + I g  + 3 C5 H5N — »RNGS t  2 CgHgN-HI + S .

Ten y e a r s  l a t e r ,  F ry  and Gulp ( 5 )  a t t e m p te d  t o  

e x te n d  t h e  u s e  o f  t h e  p y r i d i n e  -  i o d i n e  m ethod to  t h e  

s y n t h e s i s  o f  sy m m e tr ic a l  t e t r a s u b s t i t u t e d  t h i o u r e a s .  

I n s t e a d ,  compounds o f  t h e  t h iu r a m  d i s u l p h i d e  ty p e  w ere  

o b t a i n e d ,  w i th  tooth a ro m a t ic  and a l i p h a t i c  s e c o n d a ry  

a m in e s .  The t y p e  e q u a t io n  i s :
S

2 RgNH + 2 C S 2 + I 2  + 3 C5 H5 N - > r | S h p I 1 + 2  05 H5 H-HI .
S

A s h o r t  t im e  l a t e r ,  F a rq u h a r  and F ry  ( 3 ) ,  i n  a  

s t u d y  o f  t h e  i n h i b i t o r y  e f f e c t s  o f  s u b s t i t u e n t s  i n  t h e  

n u c l e u s  o f  a ro m a t ic  am in es , c o n t in u e d  t h e  same w ork , 

show ing  t h a t  t h e  sp e ed  and e x t e n t  o f  t h e  r e a c t i o n s  i n v o lv e d  

a r e  i n c r e a s e d  toy u s i n g  a  100 $  e x c e s s  o f  p y r i d i n e .  They 

a l s o  showed t h a t  t h e  o r g a n ic  b a s e ,  q u i n o l i n e ,  may toe 

s u b s t i t u t e d ,  m o le - f o r - m o le ,  f o r  p y r i d i n e  i n  F r y ' s  m ethod , 

w i th o u t  n o t i c e a b l y  a f f e c t i n g  t h e  y i e l d  o f  t h i o u r e a .  To 

t h e  t im e  o f  t h e  p r e s e n t  r e s e a r c h ,  no t r i a l  o f  F r y ' s  m ethod
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had. been  made on p r im a ry  a l i p h a t i c  a m in es .

( e ) M ethods o t h e r  th a n  c o n d e n s a t io n  o f  am ine and 

c a rb o n  d i s u l p h i d e .

Naunton ( l 9 ) h a s  s t a t e d  t h a t  any t h i o u r e a  w hich  can  

b e  p r e p a r e d  by  t h e  a c t i o n  o f  a  c o n d e n s in g  a g e n t  can  a l s o  

b e  form ed by  t h e  a c t i o n  o f  c a rb o n  d i s u l p h i d e  w i th  t h e  

c o r r e s p o n d in g  am ine a l o n e . O th e r  r e a c t a n t s  m ust b e  uueed  

f o r  t h e  s y n t h e s i s  o f  t h o s e  t h i o u r e a s  w hich  do n o t  r e s u l t  

from  t h e  r e a c t i o n  o f  am ines and c a rb o n  d i s u l p h i d e .

The method o f  B i l l e t i e r  (9 )  u s in g  t h io p h o s g e n e ,  

OSOlg, h a s  a l r e a d y  been  c i t e d .  The r e a c t i o n  p r o c e e d s  

i n  two s t e p s :

2 RNH2  +  CSC12 — >RNH-0S-01'HRHH2 'H01 ( l )

HHH-OSUOH-S RgNH— ^SHft-CS-NRgt-RgHH'HOlS (3 )

Any c o m b in a t io n  o f  p r im a ry  and se o o n d a ry  am ines may 

b e  u s e d  to  y i e l d  d i - ,  t r i - , and  t e t r a - s u b s t i t u t e d  

t h i o u r e a s  ( 2 0 ) ,

At t h e  same t im e  Hoffman p u b l i s h e d  h i s  work on 

t h e  t h i o o a r b a n i l i d e  r e a c t i o n  ( l ) ,  h e  a l s o  p r e s e n t e d  

t h e  s y n t h e s i s  o f  a  t h i o u r e a  by  t h e  r e a c t i o n  o f  a  m u s ta rd  

o i l  w i th  t h e  c o r r e s p o n d in g  am ine :

G6 H5 N=C=S-f C6 H5 NH2  >C6 H5 NH-CS-NHC6 H5 .

By t h e  u s e  o f  d i f f e r e n t  p r im a r y  and s e c o n d a ry  am ines w i th  

each  m u s ta rd  o i l ,  a  v a r i e t y  o f  t h i o u r e a s  h av e  s i n c e  b e e n  

o b t a i n e d  ( 3 1 ) ,  S in c e  no m u s ta rd  o i l s  c a n  b e  p r e p a r e d  from  

s e c o n d a ry  a m in es ,  i t  i s  e v id e n t  t h a t  t h i s  m ethod d o e s  n o t
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a p p ly  t o  t h e  s y n t h e s i s  o f  t e t r a - s u b s t i t u t e d  t h i o u r e a s  * 

M ethods o f  d o u b t f u l  p r a c t i c a l  v a lu e  a r e  t h o s e  which r e a c t  

m u s ta rd  o i l s  w i th  k e to x im e s  and a ld ox im ee  (2 3 )  and  w i th  

h y d ro g e n  s u l p h i d e  ( 2 3 ) ,  o b t a i n i n g  t h i o u r e a s  i n  each  c a s e .  

The r e s p e c t i v e  e q u a t io n s  a r e  n o t  c l e a t .

Mono- and d i - a c y l  t h i o u r e a s  h ave  b een  p r e p a r e d  b y  

h e a t i n g  t h i o u r e a  w i th  t h e  c o r r e s p o n d in g  a c i d  a n h y d r id e  

( 2 4 ) , ( 2 5 ) , ( 2 6 ) .  A cco rd ing  to  t h i s  m ethod , d i a c e t y l  t h i o ­

u r e a  h a s  been  s y n t h e s i z e d :

NHg-CS-NHg~f 2 ( OH3 -CO- )gO -K  CH3 -00-NH- )2CS +  2 CH3 CO3 H. 

M o n o s u b s t i tu t e d  t h i o u r e a s  h a v e  a l s o  b e en  o b t a i n e d  b y  t h e  

I s o m e r i z a t i o n  o f  t h i o e y a n i c  a c i d  s a l t s  o f  p r im a r y  am ines 

( 2 2 ) , ( 2 7 ) , ( 3 8 )  :

RNHg'HNCS >RNH-CS-HHg.

An u n iq u e  m ethod f o r  p r e p a r i n g  sym m etric  d i a r y l  

t h i o u r e a s  r e a c t s  a ro m a t ic  n i t r o s o  compounds w i th  an aqueous 

s o l u t i o n  o f  sodium  t r i t h i o c a r b o n a t e  ( 2 9 ) :

H agC Sg-^ 2 M O + H g O  * (RNH ) 2 CS -f Na2 S2 0 3 .

A 75 io y i e l d  i s  c la im e d  f o r  t h i s  m ethod .
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I I ,  D i t h io  Carbam ic A c id s

S in c e  d i t h i o  ca rbam ic  a c i d s  axe  t h e  f i r s t  i n t e r m e d i a t e  

p r o d u c t s  form ed i n  t h e  s y n t h e s i s  o f  t h i o u r e a s ,  a  h i s t o r i c a l  

s u r v e y  o f  t h e i r  p r e p a r a t i o n  i s  p e r t i n e n t  to  s u b s e q u e n t  

d i s c u s s i o n  o f  r e a c t i o n  m echanism s.

I n  1834 , Z e i s e  (3 0 )  p r e p a r e d  ammonium d i t h i o  

c a r b a m a te ,  t h e  p a r e n t  compound o f  t h e  d i t h i o  c a rb a m ic  a c i d  

8 a l t s ,  b y  t h e  i n t e r a c t i o n  o f  ammonia and  c a rb o n  d i s u l p h i d e :

8  IH 3 +CS2  MIHg-CS-S-NH* .

However, h e  d id  n o t  e s t a b l i s h  t h e  i d e n t i t y  o f  h i s  p r o d u c t .  

T w e n ty -s ix  y e a r s  l a t e r ,  Debus (3 1 )  resum ed t h i s  work and 

i s o l a t e d  t h e  p r o d u c t ,  w i th o u t  i d e n t i f y i n g  i t .  At h i g h e r  

r e a c t i o n  t e m p e r a t u r e s ,  h e  o b s e rv e d  a  d e c o m p o s i t io n  to  a  

compound o f  fo rm u la  NgH^CS , w hich h e  c o n s i d e r e d  t o  b e  

ammonium t h i o c y a n a t e ,  NH^HCS, b u t  which may h av e  b e e n  

t h i o u r e a ,  HHgOSNHg, a s  p o i n t e d  o u t  by  Hoffman ( 3 7 ) .  H is  

s u g g e s t e d  e q u a t io n  i s :

HH2 -CS-S-NH4  ^NHg-CS-NHg -hHs S.

L a t e r .  He showed t h a t  t h e  same ty p e  o f  e q u a t io n  a p p l i e d  

t o  t h e  am ine s a l t  o f  e th y l  d i t h i o  c a rb a m ic  a c i d  (3 3 )  and 

to  a r o m a t ic  d i t h i o  c a rb am ic  s a l t s  ( 1 5 ) :  

H H H -O S -S H 'H g N R -^ R IH -C S -N H R  +  HgS .

The work o f  R a thke  (P ag e  3 )  and L o s a n i t s c h  (P a g e  5 )  

on d i t h i o  c a rb a m ic  s a l t s  h a s  a l r e a d y  b e en  c i t e d .  I n  1902 , 

D e le p in e  (3 1 )  p r e s e n t e d  an e x t e n s i v e  s t u d y  o f  t h e  p r e p a r ­

a t i o n  o f  d i t h i o  c a rb am ic  s a l t s ,  a c i d s ,  and e s t e r s .  By t h i s
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t i m e ,  i t  h a d  become a c c e p te d  t h a t  t h e  n o rm al c o u r s e  o f  

r e a c t i o n  o f  p r im a r y  and s e c o n d a ry  am ines w i th  c a rb o n  

d i s u l p h i d e  l e a d s  t o  t h e  f o r m a t io n  o f  d i t h i o  c a rb am ic  a c i d s  

o r  s a l t s .  Thus, i n  1 88 1 , G rodzk i (3 3 )  h a d  shown t h a t  

b o t h  p r im a ry  and s e c o n d a ry  am ines  r e a c t  w i th  c a rb o n  

d i s u l p h i d e  t o  fo rm  d i t h i o  c a r b a m a te s ,  b u t  t h a t  t h i s  r e ­

a c t i o n  can  n o t  o c o u r r  w i th  t e r t i a r y  a m in e s .  He a l s o  

showed t h a t  p r im a r y  amine d i t h i o  c a rb a m a te s  c a n  r e a c t  

t o  y i e l d  t h i o u r e a s ,  a c c o rd in g  t o  H o ffm an 's  e q u a t io n  

(p a g e  1 3 ) ,  b u t  t h a t  s e c o n d a ry  am ines do n o t  show t h i s  

r e a c t i o n .  Even t h e  much l e s s  b a s i c  a m in o -a c id s  h a v e  

y i e l d e d  d i t h i o  c a r b a m a te s ,  a s  f o r  exam ple , g l y c i n e  ( 3 4 ) ,  

( 3 5 ) ,  (3 6 )  :

HOOO-CHg-NHg-f 0S2 -H2 KOH ^KOOC-OHg-KH-CS-SK + 2  HgO.
From t h e  t im e  o f  Hoffman and R a th k e ,  t h e  a s su m p t io n  

o f  t h e  i n t e r m e d i a t e  f o r m a t io n  o f  d i t h i o  c a rb a m ic  a c i d s  

o r  s a l t s  h a s  b e e n  i m p l i c i t  i n  most work on t h i o u r e a s  

and  s i m i l a r  compounds.
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XXX« Thiuram  D i s u lp h id e s

The c h i e f  p u rp o s e  o f  t h i s  t h e s i s  has  been  s t a t e d  t o  

b e  t h e  c o n s i d e r a t i o n  m f a  m ethod f o r  t h e  s y n t h e s i s  o f  

t h i o u r e a s ,  b a s e d  upon t h e  i n t e r m e d i a t e  f o r m a t io n  o f  

th iu r a m  d i s u l p h i d e s .  A c c o r d in g ly ,  a  s u r v e y  o f  t h e  p r e ­

p a r a t i o n  and  p r o p e r t i e s  o f  t h iu r a m  d i s u l p h i d e s  i s  

p r e s e n t e d  h e r e .

The f i r s t  s y n t h e s i s  o f  a  th iu ra m  d i s u l p h i d e  was 

p e r f o r m e d  i n  1850 by  Debus ( 3 1 ) .  He t r e a t e d  ammonium 

d i t h i o  c a rb a m a te  w i th  h a lo g e n s ,  and o b t a i n e d  a  compound 

w i th  t h e  fo rm u la  C2 ^ # 3 H4 > k e  c o u ld  n o t  i d e n t i f y .

I t  was l a t e r  shown b y  Von B raun  (3 7 )  t o  b e  t h iu r a m  

d i s u l p h i d e ,  NHgCS-S-S-CSNHg, fo rm ed  by  t h e  e q u a t io n  

( h e r e  r e c o r d e d  a s  a  s i m p l i f i c a t i o n  o f  t h e  e a r l i e r  d o u b le  

f o r m u la e ) :

NHo-CS-S-HHa IH jj-O S -S
fClo -- ^ a f + 2  HH.C1

NHg-CS-S-HH^ *  NHg-OS-S *

I n  1 8 8 1 , G rodzki (3 3 )  p r e p a r e d  t e t r a e t h y l  th iu r a m  

d i s u l p h i d e ,  by  o x i d i z i n g  a  s o l u t i o n  o f  t h e  d i t h i o  

c a rb a m a te  o f  d i e t h y l  amine w i th  i o d in e !

2(C2H5 )2N-CS-SH.NH(C2H5 )g + Ig [°2H5 j2N-C|-|+ 2 (CgH5 )2NH-HI.

The m o le c u la r  r a t i o  o f  amine t o  i o d i n e  was 4 : 1 ,  i n  

a c c o rd a n c e  w ith  t h e  above e q u a t i o n .  The name, " th iu r a m  

d i s u l p h i d e " ,  had  b e e n  s u g g e s t e d  i n  1873 ( 3 8 ) .  I n  an 

a n a lo g o u s  way, t h e  th iu r a m  d i s u l p h i d e  o f  p i p e r i d i n e  was 

s y n t h e s i z e d  ( 3 9 ) .  F reund  (4 0 )  u s e d  b ro m in e  w a te r  i n  t h e
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s y n t h e s i s  o f  d im e th y l  and d i e t h y l  th iu ra m  d i s u l p h i d e .

Von Braun h as  made a  th o ro u g h  s tu d y  o f  t h e  b e h a v i o r  

o f  p r im a r y  and s e c o n d a ry  am ine d i t h i o c a r b a m a t e s  on 

o x i d a t i o n .  In  a  p r e l i m i n a r y  p u b l i c a t i o n  on t h e  p r e p a r a t i o n  

o f  t h i o o a r b a n i l i d e  by  t h e  u s e  o f  o x i d i z i n g  c o n d e n s in g  

a g e n t s  ( 1 7 ) ,  h e  p r e s e n t e d  a  mechanism b a s e d  on t h e  i n t e r ­

m e d ia te  f o r m a t io n  o f  t h e  d i t h i o c a r b a m a t e ,  fo l lo w e d  b y  

t h e  f o rm a t io n  o f  an u n s t a b l e  th iu r a m  d i s u l p h i d e :

0gH5sa -e s -S H -H H 2 0 6H5 ( 0 )  ,  c sh5nh- c s- 3 1 3  0 H fIH H 0
0 gHgNH- C S~ SH • HHgC 0H5 CgH5NH-CS-& 6 5 3  2, 

T h is  mechanism w i l l  b e  c o n s i d e r e d  i n  t h e  t h e o r e t i c a l  

s e c t i o n .

A few y e a r s  l a t e r ,  h e  f u r t h e r  c o n f i rm e d  t h e  n a t u r e  o f  

t h i s  r e a c t i o n  b y  s y n t h e s i z i n g  t h e  th iu ra m  d i s u l p h i d e s  o f  

a  l a r g e  number o f  p r im a ry  and  s e c o n d a ry  am ines  ( 3 7 ) .  He 

show ed t h a t  when two m oles o f  any p r im a r y  a l i p h a t i c  o r  

a r o m a t i c - a l i p h a t i c  am ine, o r  any  s e c o n d a ry  am in e , a r e  

d i s s o l v e d  w i th  one  m ole o f  c a rb o n  d i s u l p h i d e  i n  a l e o h o l , 

t h e  p r o d u c t  o f  o x i d a t i o n  a t  low  te m p e r a tu r e s  i s  a lw ay s  

a  t h iu r a m  d i s u l p h i d e . On t h e  o t h e r  h a n d ,  p r im a r y  a ro m a t ic  

am ines  i n v a r i a b l y  y i e l d  t h i o u r e a s , w i th  t r a c e s  o f  m u s ta rd  

o i l .

T e t r a - s u b e t i t u t e d  th iu r a m  d i s u l p h i d e s ,  r e s u l t i n g  

from secondary amines, are stab le  to heat and c h e m ic a l  

r e a g e n t s .  On t h e  o t h e r  h a n d , t h e  d i s u b s t i t u t e d  th iu ra m  

d i s u l p h i d e s  which a r e  t h e  r e a c t i o n  p r o d u c t  o f  p r im a r y  

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

t h e s e  l a t t e r  th iu ra m  d i s u l p h i d e s  s u g g e s te d  to  Von B raun  

a  r e v i s i o n  o f  h i e  p r e v io u s  r e a c t i o n  m echanism  scheme f o r  

t h e  s y n t h e s i s  o f  t h i o u r e a s  b y  t h e  u s e  o f  ,o x id iz ih g  

c o n d e n s in g  a g e n t s .  T h is  r e v i s e d  scheme w i l l  a l s o  b e  

c o n s i d e r e d  i n  t h e  t h e o r e t i c a l  s e c t i o n .

More r e c e n t l y ,  t h e  a p p l i c a t i o n  o f  F r y ’s  i o d i n e  -  

p y r i d i n e  m ethod f o r  t h e  s y n t h e s i s  o f  t h i o u r e a s  t o  

s e c o n d a r y  am ines h a s  r e s u l t e d  i n  t h e  f o r m a t io n  o f  

th iu r a m  d i  s u l p h i d e s .  F ry  and  Gulp o b t a i n e d  t h e  th iu r a m  

d i  s u l p h i d e s  o f  m e th y l and e t h y l  a n i l i n e ,  e t h y l  a lp h a  and 

b e t a  n a p h th y la m in e ,  dim e th y l  am ine , and d i e t h y l a m in e .

T h is  was fo l lo w e d  by  t h e  work o f  F ry  and  F a r q u h a r ,  on 

d ip h e n y l  am ine , m eth y l o r t h o - ,  m e ta~ , and p a r a - t o l u i d i n e ,  

and  met a*- and p a r a - n i t r o  m e th y l  a n i l i n e .  I n  t h e i r  w ork , 

t h e  i n h i b i t o r y  e f f e c t  on s p e e d  and e x t e n t  o f  r e a c t i o n  o f  

v a r i o u s  s u b s t i t u e n t s  i n  t h e  r i n g  o r  on t h e  n i t r o g e n  atom 

w ere  d e te r m in e d .  T h e i r  c o n c lu s io n s  on t h e  e f f e c t  o f  

n i t r o g e n  s u b s t i t u e n t s  were t h a t  t h e  i n h i b i t o r y  e f f e c t  

i n c r e a s e s  w i th  t h e  w e ig h t  o f  t h e  s u b s t i t u e n t .

I n  r e c e n t  y e a r s  i n t e r e s t  h a s  been  e v in c e d  i n  

th iu r a m  d i s u l p h i d e s  b e c a u se  o f  t h e i r  v a l u e  a s  v u l c a n i z a t i o n  

a i d s  i n  t h e  r u b b e r  i n d u s t r y .  C o n s e q u e n t ly ,  a  number o f  

v a r i a t i o n s  f o r  t h e i r  s y n t h e s i s  h a v e  a p p e a re d  i n  t h e  p a t e n t  

l i t e r a t u r e .  They c a l l  f o r  a  number o f  o x i d i z i n g  a g e n t s ,  

su ch  a s  a  m ix tu r e  o f  n i t r o g e n  o x id e s  and a i r  ( 4 1 ) ,  n i t r i c  

o x i d e  and a i r  ( 4 3 ) ,  c h l o r i n e  p a s s e d  th ro u g h  an aqueous
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s o l u t i o n  o f  t h e  am ine w ith  c a rb o n  d i s u l p h i d e  ( 4 3 ) ,  

sod ium  h y p o c h l o r i t e  s o l u t i o n  ( 4 4 ) ,  and aqueous h y d ro g en  p e r o x id e  

w i t h  e x c e s s  c a rb o n  d i s u l p h i d e  ( 4 5 ) .  The e f f i c a c y  o f  t h e s e  

l a t t e r  m ethods h a v e  n o t  been  d i s c l o s e d  and ax e  t h e r e f o r e  

q u e s t i o n a b l e .
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THEORETICAL

S in c e  H o ffm a n 's  f i r s t  work on t h e  t h i o o a r b a n i l i d e  

r e a c t i o n ,  a  v a r i e t y  o f  r e a c t i o n  m echanism schem es h a v e  

b e e n  p ro p o s e d .  The f i r s t  o n e ,  p r e s e n t e d  by  Hoffman i n  

1847 ( l ) ,  was b a s e d  on t h e  s i m p l e s t  p o s s i b l e  e q u a t io n  

f o r  t h e  c o m p le te  r e a c t i o n :

2 RHH2 -+ CSg ^RUH-CS-NHR +-Hg S.

In  m aking u s e  o f  s u lp h u r  m o n o c h lo r id e ,  C lau s  and  K r a l l  

(P a g e  6 ) assumed t h a t f t h e ;  fu n d a m e n ta l  e q u a t io n  in v o lv e d  

was i d e n t i c a l  w i th  H o f fm a n 's .  The s u b s e q u e n t  e q u a t io n s  

w e re  m e re ly  c o n c e rn e d  w i th  t h e  r e a c t i o n  b e tw e e n  t h e  

h y d ro g e n  s u l p h i d e  ev o lv e d  and  t h e  s u lp h u r  c h l o r i d e ,  a s  

o u t l i n e d  i n  t h e  h i s t o r i c a l  s e c t i o n .  B u t two y e a r s  

p r e v i o u s  t o  t h e  work o f  C lau s  and  K r a l l ,  Hoffman (P a g e  1 2 )  

h a d  a l r e a d y  s u g g e s te d  a  more p r o b a b l e  m echanism  f o r  h i s  

o r i g i n a l  c o n d e n s a t io n  o f  am ines  w i th  c a rb o n  d i s u l p h i d e ,  

i n v o l v i n g  t h e  i n t e r m e d i a t e  f o r m a t io n  o f  d i t h i o  c a rb am ic  

s a l t s :

2 EHHg +  CSg »RNH~CS-SH*H2NR ( l )

RHH-CS-SH»H2 HR—^ R N H -C S ~ M R  +  H2S ( 2 )

2 1 ( 1 ) , ( 3 ) :  3 RNHg+GSg----- »RHH-CS-IHR-+-H2 S.

The sum m ation i s  H o ffm an 's  o r i g i n a l  e q u a t io n .

I n  1878 , R a th k e  (7 )  e s t a b l i s h e d  t h e  s e r i e s  o f  

r e a c t i o n s  in v lo v e d  i n  t h e  u s e  o f  an a l k a l i n e  c o n d e n s in g  

a g e n t ,  such  a s  p o ta s s iu m  h y d r o x i d e .  They a r e  b a s e d  on  

t h e  r e a c t i o n  o f  a n i l i n e  w i th  c a rb o n  d i s u l p h i d e ,  i n  an 

a l c o h o i iw  p o ta s s iu m  h y d ro x id e  s o l u t i o n .
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KOH -f CS2  +  C2 H5 0H  — ?  0 2 H5r.0.-.Q r;9 -K  +  H20 : (1 )

C g H g -O -g -S -K  +  0 6 H5 NH2 CgHgOH +  C gH g-N H -g-S -K

C gH g-N H -Q -S-K  -t  OgHgOTg ^ C ^ H g - t e . p - N H - - C 6H5 +  KHS

£  ( 1 ) , ( 3 ) , ( 3 ) :  §
3  CgHgNHg+  CSg "t KOH — ? CgHg-NH-C-HH-CgHg + -KHS + H a O .

He s t a t e d  a l s o  t h a t  a t  h ig h  t e m p e r a t u r e s ,  t h e  p o ta s s iu m  

d i t h i o  c a rb a m a te  i s  u n s t a b l e  and decom poses , a c c o rd in g  

t o  t h e  f o l lo w in g  s e r i e s  o f  e q u a t io n s :

H  ( l ) , ( 3 ) , ( 3 ) :

SOgHgNHg +  CS2 + 2K0H — ? 0 gH g-N H -C-N H -C6H5 b K g S  +  3Hg 0 .

Though t h e  two r e a c t i o n  m echanism  schem es a r e  q u i t e  

d i f f e r e n t ,  t h e  f i n a l  e q u a t io n s  a r e  a lm o s t  i d e n t i c a l ,  

d i f f e r i n g  o n ly  i n  w h e th e r  t h e  a c i d  o r  n u e t r a l  p o ta s s iu m  

s u l p h i d e  i s  o b t a i n e d .

The r e a c t i o n s  p ro p o s e d  by  K r u l l a  (1 0 )  t o  e x p la in  

t h e  c o n d e n s in g  a c t i o n  o f  s t a n n o u s  o x id e  a r e  s i m i l a r  to  

R a t h k e 's  f i r s t  s e r i e s ,  p r e s e n t e d  a b o v e .  They a r e  a l s o  

b a s e d  on t h e  m e ta l  d i t h i o  c a rb a m a te :

3  KOH+ 3  CSg t  3  CgH5 0 H — * 3  C gH g-O -C -S -K  t Z  HgO ( l )
S

3  KNHgf SnO-^3  QSg ( 1 )^  § 
OTH-C—S

RNH-C- S \  H-.NHR 
Sn

RNH- " -NHR
?  3  R IH -C -N H R 't'S n S  ^ H g S

i «
( 3 )
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4 HHHg+S S n O + 3  OS2  — > 2 HgO +  S SnS +  3 (RNHjgGS.

The s i m i l a r i t y  be tw een  t h e  two f i n a l  e q u a t io n s  i s  v e r y

e v i d e n t .  K r u l l a  o f f e r e d  no m echanism f o r  t h e  s y n t h e s i s

m aking u s e  o f  t h e  c o n d e n s in g  a c t i o n  o f  n i t r o b e n z e n e .  He

p r e s e n te d ,  m e re ly  t h e  e m p i r i c a l  e q u a t io n s  n o te d  on P ag e  7,

t o  e x p l a i n  t h e  p r o d u c t s  o b s e r v e d .
t h eIn  e x te n d in g  h i s  work o n ^ p o ta s s iu m  s a l t  o f  p h e n y l

d i t h i o  c a rb am ic  a c i d ,  R a thke  p r e s e n t e d  a  mechanism f o r

H o ffm an ’s r e a c t i o n  ( i n  t h e  a b se n c e  o f  c o n d e n s in g  a g e n t s )

w h ich  h a s  e n jo y e d  t h e  w id e s t  a c c e p ta n c e .  The r e a c t i o n

m echanism  c o n s i s t s  o f  t h e  f o l lo w in g  c o n s e c u t i v e  e q u a t i o n s :

RNHo -t CSo * RNH-O-S-H (1 )
    t  8
S“H f  H-fNH-R ^RNH-Q-NHR +HgS ( 3 )

( 1 ) ,  ( 3 ) :  3 RNHg-tGSg —> RHH-|-NHRf-HgS.

T h is  l a s t  e q u a t io n  i s ,  o f  c o u r s e ,  i d e n t i o a l  w i th  t h a t  

o f  Hoffm an.

Each o f  t h e  r e a c t i o n  m echanism  schem es en u m era ted  

t h u s  f a r  h a s  f a i l e d  t o  e x p l a i n  t h e  f a c t ,  f i r s t  s t a t e d  b y  

G ro d z k i  ( 3 3 ) , t h a t  t h i o u r e a s  h a v e  n e v e r  b e e n  s y n t h e s i z e d  

from  c a rb o n  d i s u l p h i d e  and a  s e c o n d a ry  am in e .  The e m p i r i c a l  

e q u a t io n  f o r  su ch  a  r e a c t i o n  would b e t

3 RgNHf" OSg >R3 H-0S-.NRs T H 3 S.

A c c o rd in g  t o  each o f  t h e  m echanism  t h e o r i e s  p r e s e n t e d  i n  

t h e  f o r e g o in g  p a g e s ,  such  a  r e a c t i o n  s h o u ld  b e  a b l e  to
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o c c u r .  The e s s e n t i a l  e q u a t io n  a c c o rd in g  t o  Hoffman would toe*

S i m i l a r l y ,  t h e  e s s e n t i a l  r e a c t i o n  o f  K r u l l a ' s  m echanism  

s h o u ld  toe:

And i n  t h e  same way, an a d a p t a t i o n  o o u ld  a l s o  toe made o f  

R a t h k e 's  r e a c t i o n  m echanism scheme f o r  t h e  c a s e  o f  a  

s e c o n d a r y  amine w i th  cartoon d i s u l p h i d e ,  i n  t h e  a b s e n c e  

o f  c o n d e n s in g  a g e n t s :

On t h e  b a s i s  o f  t h e  t h e o r i e s  i n v o lv e d ,  t h e  r e a c t i o n s  

em bodied  i n  each  o f  t h e  above  e q u a t io n s  s h o u ld  b e  

c a p a b l e  o f  o c c u r r e n c e .  But t h e  f a c t  t h a t  su c h  r e a c t i o n s  

have never been  observed suggests a  weakness in  t h e  c o r ­

r e s p o n d in g  t h e o r i e s ,  i n  t h e i r  f a i l u r e  t o  d i f f e r e n t i a t e  

b e tw e e n  gjhe b e h a v io r  o f  p r im a r y  and s e c o n d a ry  a m in e s ,  

S n ed k e r  (4 6 )  h a s  a t t e m p te d  to  e x p la in  t h e  f a i l u r e  o f  

s e c o n d a r y  am ines t o  y i e l d  t h i o u r e a s  w i th  cartoon d i s u l p h i d e .

RgR-g-S-H *HNRg-----* R3 N-|-N R 2  -+H8 8  

R a t h k e 's  t h e o r y  w ould  b e  em bodied i n  t h e  f o l lo w in g  

e q u a t i o n s :

S -K +  RgNH-— >CgH 5 0H+- R g N -g -S -K  

 >R„N—C-NR_ +• KHS •

(1 )

(3 )

( 3 )

* 3  R g N -C -N R g + S n S + H g S

RgNH +  CSg — } R3 N-g-S-H

R gN -^ S - H  -T i^ N Rg R g N -|-N R 3  +  H gS.

(1 )
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F or a r o m a t ic  a m in e s ,  he  p o s t u l a t e d  t h a t  t h e  f i r s t  r e a c t i o n  

1 w i th  c a rb o n  d i s u l p h i d e  form s t h e  d i t h i o  c a rb am ie  a c i d ,  

R N H -C S -S -H , which th e n  decom poses t o  form  t h e  m u s t a r d  o i l s

RHH-CS-S-H => Rr-N=C=S +Hg S.

The m u s ta rd  o i l  form ed th e n  com bines w i th  more o f  t h e  

am ine  t o  form t h e  t h i o u r e a s

R-IaO=S t  RHH2  ^RNH-CS-NHR.

S e c o n d a ry  am ines form d i t h i o  ca rbam ie  a c i d s  o f  t h e  t y p e  

R gl-C S-S -H , which l a c k  t h e  am ino- h y d ro g en  atom n e c e s s a r y  

f o r  t h e  fo r m a t io n  o f  t h e  m u s ta rd  b o i l  l  i n t e r m e d i a t e  to  t h e  

t h i o c a r b a h i i l l d e .  S nedker a p p l i e d  t h i s  e x p la n a t i o n  a n l y  t o  

a n i l i n e  and i t s  d e r i v a t i v e s ,  o m i t t i n g  r e f e r e n c e  t o  a l i p h a t i c  

a m in e s .

More r e c e n t l y ,  a  r e a c t i o n  mechanism scheme h a s  b e e n  

p r e s e n t e d  by  F ry  and Culp ( 4 )  w hich  f o r  t h e  f i r s t  t im e  

e x p la in e d  t h e  d i f f e r e n c e  i n  r e a c t i o n  o f^ p r im a ry  and secon d ­

a ry  am ines w i th  c a rb o n  d i s u l p h i d e .  A c o m p le te  e x p o s i t i o n  

o f  t h i s  t h e o r y  i s  a v a i l a b l e  i n  t h e  t h e s i s  o f  F a rq u h a r  ( 2 ) .

I t  i s  a p p l i c a b l e  t o  b o t h  a l i p h a t i c  and  a ro m a t ic  am ines 

and i s  b a s e d  on t h e  ta u to m e r is m  o f  t h i o u r e a  and i t s  sub­

s t i t u t i o n  p r o d u c t s  b e tw een  t h e  t h i o k e t o -  ( t h io o a r b a m i d e ) 

and t h i o e n o l — ( t h i o c a r b i m i d e ) fo rm s:

M B - g - H H - R  R - H H - g N - R

S u f f i c i e n t  e v id e n c e  e x i s t s  to  w a r r a n t  t h e  w ide  a c c e p ta n c e  

t h i s  a s su m p tio n  h a s  r e c e i v e d .

The f i r s t  r e a c t i o n  i n v o lv e d  i n  t h e i r  t h e o r y  i s
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i d e n t i c a l  w i th  t h a t  p ro p o se d  by  R a thke  (P ag e  2 0 ) :

RNH2  +  CS2  —^  R-NH-q- S-H (1 )
S

But t h e  n o v e l t y  o f  t h e  new er mechanism  schem e i s  embodied 

i n  t h e  seco nd  e q u a t io n ,  i n  w h ich  c o n d e n s a t io n  can  o n ly  

o c c u r  b e tw ee n  t h e  t h i o n o - s u l p h u r  o f  t h e  d i t h i o  c a rb a m ie  

a c i d  and t h e  two amino h y d ro g en  atom s mof a  se co n d  

m o le c u le  o f  t h e  p r im a r y  a m in e , y i e l d i n g  a s  p r o d u c t s  a  

m o le c u le  o f  h y d ro g en  s u l p h i d e  and a  m o le c u le  o f  t h e  

e n o l -  form  o f  t h e  d i s u b s t i t u t e d  t h i o u r e a .  The e q u a t io n  i s :

R-NH-
H-
[-g£s__H g^-R ---- > R-HH-<£!=N-R+-HgS . (3 )

The e n o l - form o f  t h e  t h i o u r e a  t h e n  r e a r r a n g e s ,  p re s u m a b ly

u n d e r  t h e  i n f l u e n c  o f  h e a t ,  t o  form t h e  k e to  ( t h i o c a r b -

a m id e ) m o d i f i c a t i o n ,  a c c o rd in g  t o  t h e  t h i r d  e q u a t io n :

R-BH-C=H-R * R-NH-C-NH-R (3 )
H-S S

E l  ( l ) ,  ( 2 ) , ( 3 ) :  2 RNHg-f CSg-- ^R-NH-O-NH-R+HgS.
3

The f i n a l  e q u a t io n  i s  th u s  i d e n t i c a l  w i th  t h o s e  p ro p o s e d  

b y  Hoffman and R a th k e ,  a s  n o t e d  on e a r l i e r  p a g e s  o f  

t h i s  s e c t i o n .

On t h e  same b a s i s ,  t h e  f a c t  t h a t  s e c o n d a ry  am ines  

do n o t  y i e l d  t h i o u r e a s  i s  e x p la in e d  by  t h e  a b se n c e  o f  

two amino h yd rogen  atoms to  r e a c t  w i th  t h e  t h i o n o -  

s u l p h u r  o f  t h e  d i t h i o  c a rb am io  a c i d .

RgR-^sS + R-NRg -  ^  no r e a c t i o n .

W hile  a  t h i o u r e a  can  n o t  t h u s  b e  form ed from  a  s e c o n d a ry  

am ine , i t  i s  q u i t e  p o s s i b l e  t h a t ,  i n  t h e  p r e s e n c e  o f  an
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o x i d i z i n g  a g e n t  su ch  a s  i o d i n e ,  t h e  d i t h i o  c a rb am ie  a c i d  

o f  t h e  s e c o n d a ry  amine can  b e  o x i d iz e d  t o  t h e  c o r r e s ­

p o n d in g  th iu ra m  d i s u l p h i d e .

I n  summary, on t h e  b a s i s  o f  t h e  f o r e g o in g  r e a c t i o n  

m echanism  schem e, F r y ' s  p y r i d i n e  -  i o d i n e  m ethod f o r  

t h i o u r e a s  i n v o lv e s  t h e s e  e q u a t io n s :

H  ( 1 ) , ( 3 ) , ( 3 ) , ( 4 ) , ( 6 ) , 8

CSg-J-S HNH2  + I 3 + 2 C5 H5 N MRHHJaCS +  S + 3  05 H5 S -H I .

I n  t h e  m echanism o f  F ry  and G ulp , t h e  i o d i n e  r e a c t s  w i th  

t h e  hyd rogen  s u l p h i d e  e v o lv ed  from  t h e  p r im a r y  am ine and 

t h e  d i t h i o  c a rb am ie  a c i d .

The t h e o r y  o f  F ry  and Culp may b e  q u e s t io n e d  from 

s e v e r a l  p o i n t s  o f  v ie w . For exam ple , l e t  i t  b e  assum ed 

f i r s t  t h a t  i n  e q u a t io n  (3 )  o f  t h e  above m echanism , t h e  

d i t h i o  c a rb am ie  a c i d  and t h e  am ine r e a c t  t o  form  t h e  

d i t h i o  c a rb am ie  s a l t :

R-NH-G-S-H-f H0NR ------
8  $  d

w h ich  i n t e r a c t s  w i th  a n o th e r  m o le c u le  o f  t h e  am ine, a s  

f o l l o w s :

M H -C =  S t-Hap-R r- nh- q= n- r i - h2 s

RNH2 +CS3 — »B-H -S-H

H - k  s  H-S

(1 )

(3)

R-NH-C=I-R ^ R -N H -p -N H -R
H -§ 8

( 3 )

HgS-Hg — HI + S
3 C5 H5 N+ - 2  HI  ---- ^ 3 05 H5 N’HI

( 4 )

( 5 )
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NR +  H2 S,

I f  t h i s  s a l t  f o r m a t io n  does o c c u r ,  t h e n  t h e  r e a r r a n g e ­

ment from  t h e  e n o l i c  t o  t h e  k e to  form o f  t h e  t h i o u r e a  

w ould  b e  p r e c l u d e d .  Yet most p r im a r y  am ines form  t h e  

d i t h i o  ca rb am ie  s a l t . n o t  a c i d , w i th  c a rb o n  d i s u l p h i d e .  

Even i f  t h e  a c id  w ere  fo rm ed , p y r i d i n e ,  i f  p r e s e n t ,  

w ou ld  combine w i th  i t  t o  form  t h e  p y r i d i n e  s a l t i  

R^NH-|-SH +  C5 H5N — -^R-NH-

Then t h e  p r e s e n c e  o f  p y r i d i n e  i n  t h e  r e a c t i o n  m ix tu r e  

s h o u ld  h i n d e r  t h e  r e a c t i o n ,  y e t  F a rq u h a r  h a s  shown t h a t  

t h e  sp e e d  and y i e l d  i n c r e a s e s  w i th  t h e  p y r i d i n e  ooaeesas 

t r a t i o n .  Such an o b s e r v a t i o n  i s  more c o m p a t ib le  w i th  a  

r e a c t i o n  m echanism  scheme b a s e d  on t h e  d i t h i o  c a rb am ie  

r a t h e r  th a n  t h e  a c i d . The mechanism i n  s u p p o r t  

o f  w hich  t h i s  r e s e a r c h  was u n d e r t a k e n  f u l f i l l s  t h a t  

r e q u i r e m e n t .

F ry  and  Culp have  c o n s i d e r e d  t h e  th iu r a m  d i s u l p h i d e  

r e a c t i o n  a s  b e in g  d i s t i n c t  from  t h e  t h i o u r e a  r e a c t i o n ,  

o c c u r r i n g  o n ly  when, f o r  any  r e a s o n ,  t h e  l a t t e r  r e a c t i o n  

i s  i n h i b i t e d .  Even when an o x i d i z i n g  c o n d e n s in g  a g e n t  

i s  em ployed, i t  was h e ld  t h a t  t h e  o n ly  c o n n e c t io n  b e tw ee n  

t h e  two r e a c t i o n s  i s  t h a t  b o t h  r e q u i r e  t h e  i n t e r m e d i a t e  

f o r m a t io n  o f  t h e  d i t h i o  c a rb a m ie  a c i d  ( o r  s a l t ) .  T h e i r  

t h e o r y  d o es  n o t  s a t i s f a c t o r i l y  e x p la in  t h e  f a c t  t h a t  t h e  

same p r im a ry  am ine may r e a c t  t o  form a  t h i o u r e a  o r  a

•SHoCgHgN

R-NH-|- S H j^R  *R-NH-<jj=

HNHa *& RNH2 *H
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th iu r a m  d i s u l p h i d e s  d e p e n d in g  o n ly  on t h e  t e m p e r a tu r e  

o f  t h e  r e a c t i o n .  The r e a c t i o n  mechanism  schem e t o  h e  

p r e s e n t e d  i n  t h e  f o l lo w in g  p a g e s  e x p la in s  t h i s  f a c t  h y  

a ssu m in g  t h a t  t h e  f o rm a t io n  o f  a  t h i o u r e a  i s  d e p e n d e n t  

upon  t h e  p r e v i o u s  i n t e r m e d i a t e  fo rm a t io n  o f  a  th iu ra m  

A i s u l p h i d e ,  w hich  i n  t u r n  may decom pose d i r e c t l y  t o  g i v e  

a  t h i o u r e a ,  o r  may r e a c t  w i th  t h e  p r im a r y  am ine, when 

p r e s e n t ,  t o  g iv e  a  t h i o u r e a .

I n c i d e n t  t o  h i s  u s e  o f  i o d i n e  a s  t h e  c o n d e n s in g  

a g e n t  i n  t h e  p r e p a r a t i o n  o f  t h i o e a r b a n i l i d e ,  L o s a n i t s c h  ( l l )  

p r e s e n t e d  a  s e r i e s  o f  two e q u a t i o n s :

2 NH3  1-2 C38 +2 OgHgNHg 2 C6 H5 NH-GS-S~NH4  ( 1 )

2 C6 H5 NR-CS-S-NH4 * - I2 — j>(CqH5 NH)2 C 8 + 2  NH4I  +  0S2 +-S (2 )

I t  i s  e v id e n t  t h a t  t h e  se co n d  e q u a t io n  a c t u a l l y  c o v e r s  

m ore th a n  one r e a c t i o n ,  t h e  n a t u r e s  o f  w hich  w ere  unknown 

t o  L o s a n i t s c h .

I n  1900 , Von Braun ( l ? )  o f f e r e d  a  r e a c t i o n  m echanism  

schem e f o r  h i s  u s e  o f  h y d ro g en  p e r o x i d e  i n  t h e  s y n t h e s i s  

o f  t h i o u r e a s  from a ro m a t ic  a m in e s ,  whioh a l s o  a p p l i e s  

t o  t h e  c o n d i t i o n s  o f  L o s a n i t s c h ' s  s y n t h e s i s .  The f i r s t  

r e a c t i o n  i n v o lv e d  i s  t h e  f o r m a t io n  o f  t h e  am ine d i t h i o  

c a r b a m a te :

2  OSg-f"4 MHgR—■>2 !M^g&Sa.H*H2HR . ( l )

The n e x t  e q u a t io n  was s u g g e s t e d  b y  t h e  w orks o f  Debus, 

F re u n d ,  and o t h e r s  on th iu ra m  d i s u l p h i d e s :

HNH-
RNH- fHgO g _  RNH-C-S 

'  RNH-C-S -1-2 HNH2  -f 2 HgO (2 )
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The th iu r a m  d i s u l p h i d e  h as  o n ly  t r a n s i t o r y  e x i s t e n c e ,

s i n c e  i t  i s  v e ry  u n s t a b l e ,  and  decom poses:

 »(RNH)«CS-fCS«+ S . ( 3 )R N H -g-S  n ^ y g ^ T v o g - r  o /

I f  i o d i n e  i s  u s e d  a s  c o n d e n s in g  a g e n t  i n s t e a d  o f  h y d ro g en  

p e r o x i d e ,  th e n  no w a te r  i s  p ro d u c e d  i n  e q u a t io n  ( 2 ) ,  and  

t h e  am ine i s  n o t  o b t a i n e d  f r e e ,  b u t  as  t h e  h y d r i o d i d e .

The p r o d u c t i o n  o f  f r e e  s u l p h u r ,  and c a rb o n  d i s u l p h i d e  

i n  h a l f  t h e  q u a n t i t y  o r i g i n a l l y  u s e d ,  a s  o b s e rv e d  by 

L o s a n i t s c h ,  i s  e x p la in e d  by  t h e  t h i r d  e q u a t io n  o f  Von B raun ; 

t h e  sum o f  t h e  t h r e e  e q u a t io n s  i s :

H  ( 1 ) , ( 2 ) , ( 3 ) :

OS3 + 2  RNH2 +-H2 0 2 ----->(RNH)2 0S + S i - 2  H20 , o r

0S2 + 4 !HH2 ~t~ Ig f (HRMJgOS+'S RNHg.Hit'S .

The d i f f e r e n c e  b e tw ee n  t h e  two f i n a l  e q u a t io n s  i s  b a s e d  

on w h e th e r  i o d i n e  o r  h y d ro g en  p e r o x i d e  i s  t h e  c o n d e n s in g  

a g e n t .  I n  e i t h e r  c a s e ,  th e y  a p p ly  o n ly  to  t h e  u s e  o f  

p r im a r y  a ro m a t ic  am in es .

Two y e a r s  l a t e r ,  Von B raun  (3 7 )  s u b s t a n t i a t e d  t h i s  

m echanism , i n  t h e  c a s e  o f  a l l  p r im a ry  am ines o t h e r  th a n  

t h e  a r o m a t i c ,  by  a c t u a l l y  i s o l a t i n g  t h e  d i s u b s t i t u t e d  

th iu r a m  d i s u l p h i d e s  u n d e r  s u i t a b l e  c o n d i t i o n s .  A l l  

s e c o n d a ry  a m in es ,  a l i p h a t i c  o r  a r o m a t i c ,  y i e l d e d  o n ly  

t h e  c o r r e s p o n d in g  th iu ra m  d i s u l p h i d e s .  W hile  t h e  t h iu r a m  

d i s u l p h i d e s  o b t a i n e d  from s e c o n d a ry  am ines a r e  s t a b l e ,  

t h o s e  o b t a i n e d  from  p r im a ry  am ines decom pose on lo n g
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s t a n d i n g  o r  on b e in g  h e a t e d .  T h is  d e c o m p o s i t io n  was 

shown t o  f o l lo w  two c o u r s e s :

A. HNhJ L  
RNH-O-

§
S + 0S2  +RNH-C-NHR

E q u a t io n  B. i s  t h e  e s s e n t i a l  p a r t  o f  t h e  m echanism on 

t h e  p r e c e d i n g  p a g e .  T h ree  o f  t h e  d e c o m p o s i t io n  p r o d u c t s ,  

s u l p h u r ,  t h i o u r e a ,  and  m u s ta rd  o i l  ( i s o t h i o c y a n a t e ) ,  

c o u ld  b e  i s o l a t e d  a lm o s t  q u a n t i t a t i v e l y .  From t h e  

q u a n t i t i e s  o b t a i n e d ,  t h e  r e l a t i v e  e x t e n t s  o f  r e a c t i o n s  

A. and  B. w ere  d e te rm in e d ,  an d  i t  was shown t h a t  t h e  

e x t e n t  o f  r e a c t i o n  B. i n c r e a s e s  w i t h  t h e  m o le c u la r  

w e ig h t  o f  t h e  am ine u s e d .  R e a c t io n  A, i s  p r e p o n d e r a n t  

i n  t h e  c a s e  o f  t h e  lo w e r  hom ologs i n  t h e  s e r i e s  o f  

a l i p h a t i c  am ines .

A lthough  no  th iu r a m  d i s u l p h i d e s  o f  a ro m a t ic  

am ines  w ere  i s o l a t e d ,  Von B raun  m o d if ie d  h i s  p r e v i o u s  

r e a c t i o n  m echanism  t o  a l lo w  f o r  b o th  c o u r s e s  o f  d e c o m p o s i t io n  

o f  t h e  h y p o t h e t i c a l  d i a r y l  th iu r a m  d i s u l p h i d e .  When 

h y d ro g e n  p e r o x i d e  i s  u se d  f o r  t h e  f o rm a t io n  o f  t h e  

t h iu r a m  d i s u l p h i d e ,  h a l f  o f  t h e  o r i g i n a l  q u a n t i t y  o f  

am ine  i s  f r e e d ,  a c c o rd in g  to  e q u a t io n  ( 3 )  on P age  3 6 .

I t  i s  p o s t u l a t e d  t h a t  t h i s  am ine c o n d e n se s  w i th  t h e  

m u s ta rd  o i l  form ed by  t h e  d e c o m p o s i t io n  o f  t h e  th iu r a m  

d i s u l p h i d e  a c c o rd in g  t o  e q u a t io n  A . ;  fo rm in g  t h e  t h i o u r e a .  

T h is  i s  Von B r a u n 's  m o d if ie d  mechanism  f o r  t h e  s y n t h e s i s

B. RNH-C- 
RIH-

8  + HgS "i* 3 RN^C-S
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o f  t h i o o a r b a n i l i d e  by  t h e  a c t i o n  o f  h y d ro g en  p e r o x i d e  o r  

o t h e r  o x i d i z i n g  a g e n t .  I t  i s  p a r t i a l l y  s u p p o r t e d ,  i n  t h e  

c a s e  o f  a n i l i n e ,  b y  t h e  f a c t  t h a t  t h e  r e a c t i o n  o f  a n i l i n e  

and  c a rb o n  d i s u l p h i d e  w ith  i o d i n e  h a s  y i e l d e d  p h e n y l  

M u s ta rd  o i l ,  one  o f  t h e  i n t e r m e d i a t e  p r o d u c t s  o f  thfea 

r e a c t i o n  mechanism scheme.

Von B ra u n ’s  work had  b e en  l i m i t e d  to  t h o s e  

c o n d i t i o n s  i n  w hich  t h e  p ro p o r t io n !?  o f  am ine and c a r b o n  

d i s u l p h i d e  i s  t h e  e x a c t  one  n e e d e d  f o r  t h e  f o r m a t io n  

o f  t h e  am ine d i t h i o  c a rb a m a te ,  i . e . ,  two m oles  o f  am ine 

to  one  m ole o f  c a rb o n  d i s u l p h i d e .  In  a c q u i r i n g  f u r t h e r  

e v id e n c e  i n  t h i s  r e s e a r c h  f o r  t h e  r e a c t i o n s  d i s c o v e r e d  

b y  Von B raun , t h e  r a n g e  o f  a p p l i c a t i o n  was e x te n d e d  t o  

i n c l u d e  any e x c e s s  o f  c a rb o n  d i s u l p h i d e .  The r e a c t i o n s  

o f  e th a n o la m in e ,  c y c lo h e x y la m in e , b e n z y la m in e ,  and 

i s o p r o p y la m in e  w ere  found  t o  s u b a t a n t i a t e  t h e  e q u a t io n s  

p r o p o s e d  by  Von B ra u n . In  t h e  r e a c t i o n  m echanism  schem e 

w hich  f o l l o w s ,  b a s e d  on th o s e  e q u a t i o n s ,  an e x p la n a t i o n  

i s  o f f e r e d  f o r  t h e  f a c t  t h a t  t h e  c o n d e n s a t io n  o f  p r im a r y  

am in es  w i th  c a rb o n  d i s u l p h i d e ,  a c c o rd in g  t o  F r y ' s  and  

s i m i l a r  m e th o d s , y i e l d s  t h i o u r e a s ,  w h i l e  s e c o n d a ry  am ines 

y i e l d  th iu r a m  d i s u l p h i d e s .

The f o l lo w in g  p a r a g r a p h s  p r e s e n t  t h e  d e v e lo p m e n t 

o f  t h e  a l t e r n a t i v e  r e a c t i o n  m echanism  p r o p o s e d  f o r  t h e  

f o r m a t io n  o f  t h i o u r e a s  from p r im a ry  a m in e s ,  and  a  r e a s o n  

why th iu r a m  d i s u l p h i d e s ,  and  n o t  t h i o u r e a s ,  a r e  o b t a i n e d
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from  s e c o n d a ry  a m in es .

As h a s  b e en  shown by  G rodzk i (3 3 )  and  o t h e r s ,  

t h e  f i r s t  r e a c t i o n  which o c c u r s  when a  p r im a r y  o r  

s e c o n d a r y  amine r e a c t s  w i th  c a rb o n  d i s u l p h i d e  i s  t h e  

f o r m a t io n  o f  t h e  am ine d i t h i o  c a rb a m a te :

3 RNH2  CS2  RNH-CS-S-H*H2NR ( l )

T h is  e q u a t io n  h a s  b e e n  s u b s t a n t i a t e d  i n  t h i s  r e s e a r c h

by  t h e  a c t u a l  p r e c i p i t a t i o n  and i s o l a t i o n  o f  t h e  d i t h i o  

c a rb a m ie  s a l t s  o f  c y c lo h e x y la m in e  and b e n z y la m in e .

When an  o x i d i z i n g  a g e n t  i s  a l lo w e d  t o  a c t  on t h e  d i t h i o  

c a rb a m a te  a tf : t e m p e r a tu r e s  n e a r  0 ° ,  t h e  th iu r a m  d i s u l p h i d e  

i s  fo rm ed :

RNH-CS-S-H• H2NR , t   v RNH-CS-S . « . WT / (?\
RItH-08-S-H-HgHR + I 3 ------- > HHH-CS-I 3  ™ H3 H I ' 1 l 3 '

The d i s u b s t i t u t e d  th iu ra m  d i s u l p h i d e  i s  o b t a i n e d  from  

a  p r im a r y  am ine . I f  a  s e c o n d a ry  am ine w ere  u s e d ,  t h e  

t e t r h s u b s t i t u t e d  th iu r a m  d i s u l p h i d e  would r e s u l t :
f'.

R2 N-CS-S*-H»HNRg^A2 7 R2 N-CS-S a 

The sum o f  t h e  two e q u a t i o n s ,  ( l )  and ( 2 ) ,  i n v o lv e s  a  

r a t i o  o f  f o u r  m oles  o f  am ine t o  one  m ole o f  i o d i n e :

X ( l ) , ( 3 ) :  RNH-CS-S
4 RIH2 + 3 0S2  + I 2  — ^  I 3 RNH2 *HI.

RNH-CS-S

T h is  r a t i o  o f  m oles  o f  am ine t o  m oles o f  i o d i n e  h o ld s  

f o r  b o th  p r im a r y  and  s e c o n d a ry  am in es .

When a  s e c o n d a ry  am ine i s  u s e d  a s  t h e  r e a c t a n t , 

t h e n  t h e  t e f c a s u b s t i t u t e d  th iu r a m  d i  s u l p h i d e  o b t a i n e d  i s
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q u i t e  s t a b l e ,  even a t  h ig h  t e m p e r a t u r e s .  I t  do es  n o t  

u n d e rg o  d e c o m p o s i t io n ;  t h e r e f o r e  i t  can  b e  i s o l a t e d  even  

when t h e  c o n d i t i o n s  o f  f o r m a t io n  h a v e  b e e n  d r a s t i c .

But when a  p r im a r y  am ine h a s  been  u s e d  a s  t h e  r e a c t ­

a n t ,  t h e n  a  d i s u b s t i t u t e d  th iu r a m  d i s u l p h i d e  i s  o b t a i n e d  

a s  t h e  p r o d u c t  o f  o x i d a t i o n .  I t  i s  v e ry  u n s t a b l e ,  u n d e r ­

g o in g  s lo w  s p o n ta n e o u s  d e c o m p o s i t io n ,  o r  r a p i d l y  b y  a  

m o d e ra te  r i s e  i n  t e m p e r a t u r e .  The r e a c t i o n  t e m p e r a tu r e s  

em ployed i n  t h e  p r e s e n t  t h i o u r e a  s y n t h e s e s  a r e  s u f f i c i e n t l y  

h ig h  t o  c a u s e  t h i s  d e c o m p o s i t io n .  The two d e c o m p o s i t io n  

c o u r s e s  n o te d  by  Von Braun w ere  b o th  o b s e r v e d :

ranU 0 l t S  *■ 8  R-S=0=S +H3 S V-S . “ d  (3 * )

“ T 1” * - « . + < ■ •  ( » )

I n  t h i s  r e s e a r c h ,  t h e  d e c o m p o s i t io n s  o f  t h e  p u r e  

th iu r a m  d i s u l p h i d e s  w ere  found  to  v a ry  w id e ly  b e tw een  

t h e  two r e a c t i o n s .  Thus t h e  e x t e n t  o f  r e a c t i o n  (A) i n  t h e  

c a s e  o f  e th a n o l  amine was a lm o s t  95 w h i l e  w i th  b e n z y l -  

am ine  i t  was o n ly  10  i». As Von B raun s t a t e d ,  t h e  e x t e n t  

o f  r e a c t i o n  (B) i n c r e a s e s  w i th  t h e  m o le c u la r  w e ig h t  o f  

t h e  am ine u s e d .

The m u s ta rd  o i l  fo rm ed by  t h e  r e a c t i o n  o f  e q u a t io n  

(3A) w i l l  r e a c t  w i th  f r e e  am ine p r e s e n t  t o  form  a  t h i o u r e a :

3 HN=<PS +  3 RNH2  >2 (HKH)2 0S. (4 1 )

I t  i s  th u s  e v id e n t  t h a t  t h e  i n t e r m e d i a t e l y  form ed th iu r a m  

d i s u l p h i d e  may decom pose d i r e c t l y  to  y i e l d  a  t h i o u r e a ,  

a s  i n  e q u a t io n  (3 B ) ,  o r  may on d e c o m p o s i t io n  y i e l d  a
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m u s ta rd  o i l ,  w hich  i n  t u r n  r e a c t s  w i th  t h e  am ine 

( e q u a t i o n  4 A ) ,a l s o  t o  y i e l d  a  t h i o u r e a .

I t  can  h e  s e e n  t h a t  t e t r a s u b s t i t u t e d  th iu ra m  

d i s u l p h i d e s  can  n o t  decompose i n  t h i s  m anner, s i n c e  th e y  

l a c k  t h e  am ino- hyd rogen  atom s n e c e s s a r y  f o r  t h e  fo rm ­

a t i o n  o f  hyd rogen  s u l p h i d e .  M u s ta rd  o i l s  c a n  n o t  b e  

fo rm ed  from s e c o n d a ry  a m in es .  T h e r e fo r e  t h e  f o r m a t io n  

o f  t h i o u r e a s  from  s e c o n d a ry  am ines i s  i m p o s s i b l e  b y  

e q u a t io n  (3A^ and can  n o t  o c c u r  a c c o r d in g  t o  e q u a t io n  (3B) 

b e c a u s e  o f  t h e  s t a b i l i t y  o f  t h e  th iu ra m  d i e u l p h i d e .

T hus, an  e x p la n a t i o n  h a s  b e e n  o f f e r e d  t o  a c c o u n t  f o r  t h e  

f a c t  t h a t  t h i o u r e a s  a r e  n o t  o b t a i n e d  from  se c o n d a ry  

a m in e s .  T h is  e x p la n a t i o n  a p p l i e s  o n ly  t o  m ethods w h e re in  

o x i d i z i n g  c o n d e n s in g  a g e n t s  a r e  em ployed.

I t  h a s  been  n o te d  t h a t  t h e  d e c o m p o s i t io n  o f  th iu r a m  

d i s u l p h i d e s  may, on t h e  one  h an d , l e a d  t o  t h e  f o r m a t io n  

o f  m u s ta rd  o i l s  ( e q u a t io n  3A) w h ich  i n  t u r n  com bine w i th  

p r i m a r y  am ines t o  y i e l d  t h i o u r e a s ,  o r ,  on t h e  o t h e r  h a n d ,  

may decom pose d i r e c t l y  t o  y i e l d  t h i o u r e a s  ( e q u a t io n  3B ). 

A c c o r d in g ly ,  t h e  f o r e g o in g  d e s c r i p t i o n  may b e  sum m arized

( 1 ) 

( 3 )

(3 )

(4 )

( 5 )

i n  two s e p a r a t e  r e a c t i o n  m echanism  schem es.

A: 4 RIHs+ 2  OSg RIH-CS-SfPHgNR
2 RNH-CS-SH*H2 N R + I 3  ^ ( R N H -C S-S- )g  -+ ~ S  RNHg’ HI

(RNH-CS-S-)2-- ?>2 RN-C-S +HgS +3
2 RN=C=S + 2 HNH2 >3 (RNH)2CS
H g S + I g  >2 H I ^ S
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2 HI *t 2 RNHg >2 RNHg'HI ( 6 )

2 2  A : ( l ) , ( 2 ) , ( 3 ) , ( 4 ) , ( 5 ) , ( 6 ) :

8 RNHg-+ 2 C S g i-2  I 2 — >2 (RNH)gOS +  4 RIH2 *HI-f-2 8

B: 4 RHHg-f" 2 CSg— » 2  HNH-CS-8H*HgNR ( l  )

2 RNH-0S-SH.H2N R + I2  ?>(RNH-OS-S-)g“h 2 RNHg-HI ( 2 )

(R IH -C S -S -)g  >(RNH)gCSi- CSg+- S (3 )

CSg~f 2 MHg- KRHH)2 0S+-HgS (4 )

H g S -fI g  >2  H I t S  ( 5 )

3 H I + 3  HIHg >2 RNHg'HI ( 6 )

B: ( l ) , ( 2 ) , ( 3 ) , ( 4 ) , ( 5 ) , ( 6 )  ;

8 RNHgt 3 O S g-t2  I g — 12  (HM)gCS +  4 RHHg-HI+ 2  S.

I t  i s  e v id e n t  t h a t  t h e  f i n a l  e q u a t io n s ,  r e g a r d l e s s  o f  

t h e  m anner o f  d e c o m p o s i t io n  o f  t h e  th iu ra m  d i s u l p h i d e ,  

a r e  i d e n t i c a l .  T h is  e q u a t io n  i s  t h e  same a s  Von B r a u n 's  

( p a g e  2 7 ) ,  m u l t i p l i e d  by  tw o . F r y ' s  e q u a t io n  f o r  h i s  

m ethod i s  a l s o  i d e n t i c a l ,  e x c e p t  f o r  t h e  m u l t i p l i c a t i o n  

b y  two and t h e  s u b s t i t u t i o n  o f  p y r i d i n e ,  m o le - f o r - m o le ,  

f o r  h a l f  o f  t h e  p r im a r y  am ine i n  t h e  above e q u a t io n .

T h u s , a c c o rd in g  t o  e i t h e r  o r  b o th  r e a c t i o n  mechanism 

sch em es , i t  i s  c o n c e iv a b le  t h a t  t h e  f o r m a t io n  o f  

t h iu r a m  d i  s u l p h i d e s  p r e c e d e s  t h a t  o f  t h i o u r e a s .
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EXPERIMENTAL

R e a g e n t s :

The r e a g e n t s  u s e d  i n  t h i s  r e s e a r c h  w ere  o f  t h e

p u r i t y  and  g r a d e  a s  f o l lo w s :

a b s o l u t e  m e th a n o l :  M erckxs 0 ,P .

c a rb o n  d i s u l p h i d e :  M a l i n c k r o d t ' s  C .P .

i o d i n e :  Coleman and B e l l ' s  r e s u b l im e d

p y r i d i n e :  Coleman and B e l l ' s  and  M e r c k 's ,  d r i e d  o v e r  
NaOH and r e d i s t i l l e d ,  B . P . :  113-115  .

o
e th a n o la m in e :  E a s tm a n 's  C . P . ,  r e d i s t i l e d ,  B . P . : 1 6 8 . 5  

e y c lo h e x y la m in e :  Eastm arfs, B ,P .  1 3 3 -1 3 5 °  

b e n z y la m in e :  E a s tm a n 's  , B , P . : ? 0 ~ 7 l ° / i 0  mm. 

i s o p r o p y la m in e :  K ah lbaum 's

a n i l i n e :  K a h lb a u m 's ,  r e d i s t i l l e d ,  B . P . :1 8 6 .5 - 1 8 7 ° .

G e n e ra l  p r o c e d u r e  f o r  t h e  f o r m a t io n  o f  §, d i  s u b s t i t u t e d  

th iu r a m  d i  s u l p h i d e :
■ r.

The e q u a t io n  f o r  t h e  f o r m a t io n  o f  a  d i s u b s t i t u t e d  

th iu r a m  d i  s u l p h i d e  from a  p r im a r y  amine h a s  b e en  shown 

to  b e  (p a g e  3 0 ) :

4 RSH3 + 3 CS2 t i g  — ► g n u o l l l  + 2  HHH2 -H I.

F o r  e v e ry  m ole o f  i o d i n e  u s e d  i n  t h i s  r e a c t i o n  f o u r  

m o les  o f  am ine  m ust r e a c t  t o  form one  m ole  o f  t h e  

th iu r a m  d i s u l p h i d e .  I t  was fou nd  t h a t  t h i s  r a t i o  c o u ld  

b e  e x p e r i m e n t a l ly  d e te r m in e d ,  i n  t h e  c a s e  o f  t h e  am ines 

s t u d i e d  i n  t h i s  r e s e a r c h ,  b y  r e a c t i n g  a  s o l u t i o n  o f  a  

known w e ig h t  o f  t h e  amine i n  a jm ix ture  o f  a b s o l u t e  m e th an o l
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and c a rb o n  d i s u l p h i d e ,  w i th  a  s t a n d a r d  s o l u t i o n  o f  

i o d i n e  i n  a b s o l u t e  m e th a n o l .  From t h e  q u a n t i t i e s  o f  

am ine  and i o d i n e  s o l u t i o n  w h ich  w ere  e q u i v a l e n t  a t  

t h e  r e c o g n i z a b l e  end p o i n t ,  t h e  m o le c u la r  r a t i o ,  

amines i o d i n e ,  was d e te r m in e d .  The d e t a i l s  o f  t h e  m ethod 

a r e  d e s c r i b e d  i n  t h e  f o l lo w in g  p a g e s .  Where t h e  p r o d u c t  

was s o l u b l e ,  i t  was r e c o v e r e d  b y  e v a p o r a t i n g  t h e  s o l u t i o n  

a lm o s t  t o  d r y n e s s ,  when t h e  th iu r a m  d i s u l p h i d e  c r y s t a l ­

l i z e d  o u t .

W ith each o f  t h e  compounds i n v e s t i g a t e d  -*

( I . )  E th a n o la m in e ,  ( I I . )  C y c lo h e x y la m in e ,  ( I I I . )  B e n z y l -  

am ine , ( I ? . )  I s o p r o p y l a m i n e ,— t h e  f i r s t  e x p e r im e n ts  

c o n d u c te d  were d e s ig n e d  to  d e te r m in e  t h e  m o le c u la r  r a t i o s  

i n  w hich  t h e  am ine and t h e  i o d i n e  i n t e r a c t e d  i n  th e  

i n  t h e  p r e s e n c e  o f  eafbom  d i s u l p h i d e ,  u s i n g  m ethy l 

a l c o h o l  a s  a  s o l v e n t .

The p r o d u c t s  o f  t h e s e  r e a c t i o n s  w ere  d i & u b s t i t u t e d  

th iu r a m  d i s u l p h i d e s .  A f t e r  d e te r m in in g  t h e  p e r c e n t  t h e o r y  

y i e l d  o f  t h e  th iu r a m  d i s u l p h i d e s ,  t h e  n a t u r e  and  e x t e n t  

o f  t h e  d e c o m p o s i t io n s  o f  t h e  v a r i o u s  th iu r a m  d i s u l p h i d e s  

w ere  n e x t  i n v e s t i g a t e d .

F i n a l l y ,  d e f i n i t e  q u a n t i t i e s  o f  each  o f  t h e  th iu r a m  

d i s u l p h i d e s  w ere  r e a c t e d  w i th  s l i g h t l y  e x c e s s  q u a n t i t i e s  

o f  t h e  c o r r e s p o n d in g  a M n e ,  i n  o r d e r  t o  d e te r m in e  t o  

w hat e x t e n t  t h e  th iu ra m  d i s u l p h i d e s  r e a c t e d  w i th  t h e  

am ines  t o  y i e l d  t h i o u r e a s .
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I n  p r e p a r i n g  th iu ra m  d i s u l p h i d e s ,  a b o u t  20 gram s 

o f  t h e  am ine was a c c u r a t e l y  m easu red  from a  b u r e t t e  i n t o  

a  s o l v e n t  c o n s i s t i n g  o f  75 c c .  o f  m e th an o l  and  25 c c .  o f  

c a rb o n  d i s u l p h i d e .  T h is  m ix tu r e  was th e n  r e a c t e d  a t  0 °  

w i th  a  s o l u t i o n  o f  i o d i n e  i n  a  m ix tu r e  o f  two volum es 

o f  m e th an o l  and on e  volume o f  c a rb o n  d i  s u l p h i d e .  The 

c o n c e n t r a t i o n  was a p p ro x im a te ly  30 grams o f  i o d i n e  p e r  

100  c c .  o f  t h e  m ixed s o l v e n t s .  C om ple tion  o f  t h e  r e a c t i o n  

was i n d i c a t e d  by  a  pe rm anen t i o d i n e  c o l o r ,  w hich  was 

d i s c h a r g e d  by  an a d d i t i o n a l  s m a l l  d ro p  o f  t h e  am in e .

The th iu ra m  d i s u l p h i d e  o f  e th a n o l  am ine was 

s u f f i c i e n t l y  i n s o l u b l e  t o  i s i l a t e  i t  by  f i l t r a t i o n ,  a s  

a  w h i t e ,  powdery p r e c i p i t a t e .  The th iu ra m  d i s u l p h i d e s  o f  

t h e  o t h e r  am ines i n v e s t i g a t e d  w ere  to o  s o l u b l e  t o  i s o l a t e  

i n  t h i s  m anner. They were r e c o v e r e d  by b lo w in g  a i r  o v e r  

t h e  s o l \ i t i o n ,  e v a p o r a t in g  i t  a lm o s t  t o  d r y n e s s ,  th e n  

d i s i n t e g r a t i n g  t h e  s o l i d  r e s i d u e  w i th  w a t e r .  The s u s p e n s io n  

o f  t h iu r a m  d i s u l p h i d e  was f i l t e r e d ,  w ashed r e p e a t e d l y  w i th  

m ore d i s t i l l e d  w a t e r ,  t h e n  d r i e d .  The p r o d u c t  was p u r i f i e d  

s t i l l  f u r t h e r  by g r i n d i n g  and  w ash in g  w i th  s o l v e n t s  su ch  

a s  m e th a n o l ,  c a rb o n  d i s u l p h i d e ,  o r  e t h e r .  From t h e  w e ig h t  

o f  th iu r a m  d i s u l p h i d e  r e c o v e r e d ,  t h e  p e r c e n t  t h e o r e t i c a l  

y i e l d  was c a l c u l a t e d ,  on t h e  b a s i s  o f  t h e  e q u a t io n  a l r e a d y  

s t a t e d .

T h is  m ethod f o r  d e te r m in in g  t h e  m o le c u la r  r a t i o  o f  

am ine  t o  i o d i n e  i n  t h e  th iu r a m  d i s u l p h i d e  r e a c t i o n ,  and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-  3 7  -

t h e  m ethod o f  p r e p a r i n g , t h e  th iu r a m  d i s u l p h i d e ,  a s  f i r s t  

d e v e lo p e d  f o r  e th a n o la m in e ,  w ere  s u b s e q u e n t ly  a p p l i e d  t o  

c y c lo h e x y la m in e ,  b e n z y la m in e ,  and i s o p r o p y l  am ine .
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I . E th a n o la m in e

P r e l i m i n a r y  t r i a l  o f  m ethod :

R e p ea te d  a t t e m p t s  t o  r e a c t  e th a n o la m in e  a c c o rd in g  

t o  F r y ’s  m ethod w i th  c a rb o n  d i s u l p h i d e  a s  t h e  o n ly  s o l v e n t  

r e s u l t e d  i n  y e l lo w  to  brown p a s t y  p r o d u c t s .  Even when 

l a r g e  q u a n t i t i e s  o f  r e a c t a n t s  w ere  u s e d ,  no d e f i n i t e  o r r  ~ 

o r g a n i c  p r o d u c t s  c o u ld  b e  i s o l a t e d  i n  q u a n t i t i e s  s u f f i c i e n t  

f o r  i d e n t i f i c a t i o n .  I n  an e n d eav o r  to  m o d ify  t h e  c o n d i t i o n s  

o f  t h i s  m ethod b y  m aking u s e  o f  v a r i a t i o n s  i n  t e m p e r a tu r e  

and  s o l v e n t s ,  i t  was found  t h a t  a  d e f i n i t e  c r y s t a l l i n e  

p r o d u c t  was o b t a i n e d  when t h e  r e a c t i o n  was p e r fo rm e d  i n  a  

medium o f  c a rb o n  d i s u l p h i d e  and  an h y d ro u s  m e th y l  a l c o h o l .

A p p ro x im a te ly  t e n  d ro p s  o f  e th a n o la m in e  w ere  d i s s o l v e d  

i n  1 0  c c .  o f  a  m ix tu r e  o f  a b o u t  e q u a l  vo lum es o f  a b s o l u t e  

m e th y l  a l c o h o l  and  c a rb o n  d i s u l p h i d e .  The s o l u t i o n ,  c o o le d  

i n  an i c e  b a t h ,  was t r e a t e d  w i th  a  s o l u t i o n  o f  i o d i n e  i n  

c a r b o n  d i s u l p h i d e ,  t i t r a t i n g  t o  a  s h a rp  end p o i n t ,  shown ' 

by  t h e  pe rm anence  o f  t h e  i o d i n e  c o l o r .  A pow dery  w h i t e  

p r e c i p i t a t e  s e p a r a t e d  r a p i d l y  from  t h e  c o l o r l e s s  s o lM iO n a  

I t  was f i l t e r e d  o f f  and fo und  t o  c o n t a i n  no i o d i n e  b u t  

a  l a r g e  q u a n t i t y  o f  s u l p h u r .  I t  m e l te d  a t  9 8 ° ,  w i th  

d e c o m p o s i t io n .  When t h e  f i l t r a t e  was e v a p o r a t e d ,  i t  g a v e  

a  y e l lo w  o i l  c o n t a i n i n g  much i o d i n e  (p re s u m a b ly  t h e  

h y d r io d id e ja f  t h e  a m in e ) ,  b u t  no f r e e  s u l p h u r .

From t h e  f a c t  t h a t  a  l a r g e  q u a n t i t y  o f  i o d i n e  was 

consum ed bdfeno f r e e  s u lp h u r  was fo rm ed , i t  was s u g g e s te d

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-  3 9  -

t h a t  t h e  w h i te  p r e c i p i t a t e  c o n t a i n i n g  s u lp h u r  i s  t h e  

t h iu r a m  d i s u l p h i d e  o f  e th a n o la m in e :

HO-OHg-CHg-HH-C S-S 

HO-CH2 -CHg-NH-C S-S 

work on e th a n o la m in e :

I n  1899, G a b r i e l  ( 4 7 )  r e a c t e d  b ro m o e th y l  am ine w i th  

c a rb o n  d i s u l p h i d e  and  sodium h y d r o x id e .  He c o n s id e r e d  t h a t  

t h e  m ix tu r e  o f  brom o-am ine and b a s e  was e q u i v a l e n t  to  

n a s c e n t  e th a n o la m in e .  The p r o d u c t  m e l te d  a t  1 0 6 - 7 ° ,  and  

was i d e n t i f i e d  a s  m e r c a p t o - t h i a z o l i n e :

oh2-s
I 0—SH ______- I C=S
CH2 - N ^  CHg-NH^

K norr  and R o e s s l e r  (4 8 )  o b t a i n e d  t h e  same p r o d u c t  by  

r e a c t i n g  e th a n o la m in e  w i th  c a rb o n  d i s u l p h i d e  and p o t a s ­

s ium  h y d r o x id e .  But w i th  a m in o - p o ly o l s . o f  t h e  ty p e  

HOCHg-CHtOHj-CHgNHg , t h e  r e a c t i o n  u n d e r  t h e  same c o n -  

s i t i o n s  y i e l d s  a. m e r c a p to - o x a z o l in e  ( 4 9 ) :

HO-OHg-OH— 0 \f .C-SH

T h is  l a t t e r  r e a c t i o n  h a s  h e v e r  b e en  shown t o  a p p ly  to  

e th a n o la m in e .  The m e r c a p to - o x a z o l in e  w hich  would b e  form ed 

by  t h e  r e a c t i o n  h a s  n o t  b e en  r e p o r t e d  i n  t h e  l i t e r a t u r e .

Its formula is: CH2.-OI >-SH 
0 Ha - N ^

The d i t h i o  c a rb am ie  a c i d  d e r i v e d  from e th a n o la m in e  h a s  

b e e n  i s o l a t e d  as  t h e  b a r iu m  s a l t  ( 5 0 ) .
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M o le c u la r  r a t i o , e th a n o la m in e  : i o d i n e  :

S in c e  i n  t h e  above p r e l i m i n a r y  e x p e r im e n t ,  t h e r e  was 

a  v e r y  d i s t i n c t  and sh a rp  r e a c t i o n ,  t h e  f o l lo w in g  e x p e r im e n t  

was d e s ig n e d  to  d e te r m in e  t h e  m o le c u la r  r a t i o  i n  which 

e th a n o la m in e  and i o d i n e  i n t e r a c t e d  w i th  c a rb o n  d i s u l p h i d e  

i n  t h e  m ethy l a l c o h o l  medium.

From a  b u r e t t e ,  a  13 c c .  sam ple  o f  e th a n o la m in e  was 

a c c u r a t e l y  m easu red  i n t o  a  c o l d  m ix tu re  o f  30  c c .  m e th an o l  

and 30 c c .  c a rb o n  d i s u l p h i d e .  The s o l u t i o n  was k e p t  a t  0 °  

and  t i t r a t e d  t o  an  e x a c t  end p o i n t  w i th  a  0 .7 8 3 9  H. 

s o l u t i o n  o f  i o d i n e  i n  a b s o l u t e  m e th a n o l .  The s l i g h t  i o d i n e  

c o l o r  a t  t h e  end p o i n t  was removed by  a d d in g  a  f r a c t i o n  

o f  a  d ro p  o f  t h e  am ine . The d e n s i t y  o f  e th a n o la m in e  i s  

g i v e n  b y  t h e  Handbook o f  C h e m is try  and P h y s i c s  (5 1 )  

a s  1 . 0 1 8 ,  h en ce  t h e  w e ig h t  and number o f  m oles o f  e th a n o l ­

am ine  u s e d  c o u ld  b e  c a l c u l a t e d  from  t h e  o b s e rv e d  v o lum e .

I n  t h e  same way, t h e  number o f  m oles  o f  i o d i n e  consumed 

was d e te r m in e d  from  t h e  n o r m a l i t y  and volum e o f  t h e  i o d i n e  

s o l u t i o n  u s e d  i n  t h e  t i t r a t i o n ,  from  t h e s e  v a l u e s ,  t h e  

r a t i o  o f  m oles  o f  e th a n o la m in e  t o  m oles o f  i o d i n e  was 

com pu ted , and com pared w i th  t h e  t h e o r e t i c a l  v a lu e  o f  

4 : 1 ,  c a l l e d  f o r  by  t h e  e q u a t io n .  D u p l i c a t e  d e t e r m i n a t i o n s  

o f  t h e  r a t i o  w ere  made. The r e s u l t s  a r e  l i s t e d  i n  T a b le  I .
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T ab le  I

D e te r m in a t io n  o f  R a t i o ,  4 HCKCHgJgHHg/lg, a s  b a s e d  on 

e q u a t io n :

4 iOCHgCHgMg + 30Bg + Ig->(HOCHgOHgNHOS-8- )g+3 BO^CHgJgNHg'HI

Run H0 ( 0 H2 )3 lH 2  I 2  u se d  
u s e d  (m o le s )  (m o le s )

I .  0 .21 03

II. 0.1893 
A v e r .

0 .05238  

0 .04703

M olar r a t i o  
H0(CH2)2NH2

f t
fo u n d  

4 .0 1 3  : 1 . 

4 .0 3 6  : 1  

4 .0 1 9  : 1

M olar r a t i o  
H0 ( 0 H2 )2 NH2

x *3
t h e o r y

4 .0 0 0  : 1

4 .0 0 0  : 1

The d a t a  o f  T a b le  I  shows t h a t  t h e  a c t u a l  m o le c u la r  

r a t i o  o f  e th a n o la m in e  t o  i o d i n e  f o r  t h e  th iu r a m  d i s u l p h i d e  

r e a c t i o n ,  w i th  m ethano l a s  s o l v e n t ,  a g r e e s  v e ry  c l o s e l y  

w i th  t h e  t h e o r y  f o r  t h e  r e a c t i o n .  The same m ethod was 

a p p l i e d  to  c y c lo h e x y la m in e  and b e n z y ls m in e ,  w i th  r e s u l t s  

i d i o a t e d  on s u b s e q u e n t  p a g e s .

Y ie ld  o f  d i  e th a n o l  th iu ra m  d i s u l p h i d e :

Two s e t s  o f  d u p l i c a t e  d e t e r m i n a t i o n s  w ere  made o f  

t h e  p e r c e n t  t h e o r e t i c a l  y i e l d  o f  d i e t h a n o l  th iu ra m  

d i s u l p h i d e .  The p r o c e d u r e  fo l lo w e d  was t h a t  a l r e a d y  

d e s c r i b e d  i n  t h i s  s e c t i o n  u n d e r  g e n e r a l  p r o c e d u r e , 

u s i n g  30 gram sa m p le s  o f  e th a n o la m in e .  The f i l t e r e d  

th iu r a m  d i s u l p h i d e  was washed s e v e r a l  t im e s  w i th  c o ld  

m e th a n o l ,  t o  remove any c a rb o n  d i s u l p h i d e  o r  e th a n o la m in e  

h y d r i o d i d e ,  and a i r - d r i e d  a t  room t e m p e r a t u r e .  The d a t a  

o b t a i n e d  i n  t h e s e  d e t e r m i n a t i o n s  i s  l i s t e d  i n  T ab le  I I .
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T a b le  I I

D e te r m in a t io n  o f  P e r c e n t  T h e o r e t i c a l  Y ie ld  o f  Di e th a n o l
Thiuram  D i s u l p h i d e :

Run H0(CH2 )2 NH2  (H00H2 0H2 NH0S2 - ) 2  $  Theory
u s e d  Xgram s) fo und  T gram s) y i e l d

I .  1 9 .6 9  1 8 .4 7  8 9 .6 9
I I .  2 1 .5 7  2 0 .3 1  8 9 .6 4
A v e r .  8 9 .6 6

I I I .  3 5 .3 7  2 4 .8  8 7 .6 6
IV. 2 4 .8 5  2 5 .3  9 1 .2 6
A v er .  8 9 .4 6

The r e c o v e r y  o f  p r a c t i c a l l y  90 #  o f  t h e  t h e o r e t i c a l  y i e l d  

o f  t h e  th iu ra m  d i s u l p h i d e  i n d i c a t e d  t h a t  t h e  p re d o m in a n t  

r e a c t i o n  which o c c u r s  a t  t h i s  t e m p e r a tu r e  i s  t h e  fo rm ­

a t i o n  o f  t h e  t h iu r a m  d i s u l p h i d e .

A n a l y s i s  o f  d i  e th a n o l  th iu ra m  d i s u l p h i d e :

The d i e t h a n o l  th iu r a m  d i s u l p h i d e  i s  a  w h i te  

p o w d er ,  decom posing  s h a r p l y  a t  9 8 ° ,  w i th  e v o l u t i o n  o f  

hy d ro g en  s u l p h i d e .  When b o i l e d  w i th  w a t e r ,  i t  form s a  

p r e c i p i t a t e  o f  f r e e  s u l p h u r ,  fo l lo w e d  by  t h e  s e p a r a t i o n  

o f  a  y e l lo w  t a r .  From t h e  m e th an o l  -  c a rb o n  d i s u l p h i d e  

f i l t r a t e  t h e r e  was o b t a in e d  on e v a p o r a t io n  a  q u a n t i t y  

o f  im p u re  e th a n o la m in e  h y d r i o d id e ,  i n  t h e  form  o f  l a r g e  

q u a r t z - l i k e  c r y s t a l s .  The e th a n o la m in e  h y d r i o d id e  , 

HOCHgOHgNH2 *HI , was r e c r y s t a l l i z e d  from a b s o l u t e  meth­

a n o l ,  fo rm ing  s m a l l  w h i t e  n e e d l e s ,  m e l t i n g  a t  8 4 ° .  The 

m e l t i n g  p o i n t  o f  t h i s  compound h a s  n o t  p r e v i o u s l y  b e e n  

r e c o r d e d .

P u re  sam p le s  o f  t h e  t h iu r a m  d i s u l p h i d e  w ere  a n a ly z e d
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i n  d u p l i c a t e  f o r  n i t r o g e n ,  by  t h e  K je ld a h l  m ethod, and 

f o r  s u l p h u r ,  by  t& e P a r r  m ethod . D e t a i l s  o f  t h e  m ethods 

as  a p p l i e d  t o  t h iu r a m  d i s u l p h i d e s  w ere  d e s c r i b e d  by  : :

F a rq u h a r  ( 3 ) .  The a n a l y t i c a l  d a t a  l i s t e d  i n  T a b le  I I I ,  

i d e n t i f i e d  t h e  compound a s  d i e t h a n o l  th iu r a m  d i s u l p h i d e .

T ab le  I I I  

A n a ly s i s

Sam ple 0 .1 145  N. a c i d $  I $  N
(g ram s) 0 0 . found t h e o r y

0 .5 1 9 4 3 3 .0 ? 9 .9 0 3 1 0 .3 8  %
0 .5 1 8 6 3 3 .5 5 1 0 . 0 ? «
A verage  . 1 0 .3 8

Sam ple BaS04 $ 3 $  S
(gram s (g ram s) foun d t h e o r y

0 .5 0 1 6 1 . 6 8 1 6 4 6 .0 6 4 7 .0 8  <f>
0 .5 6 9 ? 1 .9 0 3 0 4 5 .8 6 B
A verage  . 4 7 .0 8  #

The p r e v i o u s  p r e p a r a t i o n ,  p r o p e r t i e s ,  and  a n a l y s i s  o f  

d i e t h a n o l  th iu ra m  d i s u l p h i d e  h ave  n o t  b e en  r e c o r d e d  i n  

t h e  l i t e r a t u r e .

D e te r m in a t io n  o f  s u lp h u r  fo rm ed b y  d e c o m p o s i t io n  o f  

d i e t h a n o l  th iu r a m  d i s u l p h i d e ;

A cco rd in g  t o  t h e o r y  p r e v i o u s l y  e x p la in e d ,  a  m o le c u le  

o f  any  th iu ra m  d i s u l p h i d e  may b e  decom posed by  h e a t ,  fo rm ­

in g  one  atom o f  f r e e  s u lp h u r  i n  two d i s t i n c t  w ays.

When t h e  th iu r a m  d i s u l p h i d e  o f  e th a n o la m in e  was 

b o i l e d  w i th  d i s t i l l e d  w a te r ,  s u lp h u r  was p r e c i p i t a t e d ,  

b u t  s h o r t l y  a f t e r w a r d  a  y e l lo w  t a x  a l s o  s e p a r a t e d  from
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t h e  s o l u t i o n ,  m aking i t  i m p o s s i b l e  to  d e te r m in e  t h e  

y i e l d  o f  f r e e  s u l p h u r .  S e v e r a l  v a r i a t i o n s  o f  t h i s  

m ethod  f a i l e d  t o  g i v e  check  r e s u l t s  i n  d u p l i c a t e  t r i a l s .  

But when 0 .0 3  m oles  o f  t h e  th iu r a m  d i s u l p h i d e  was m ixed 

w i th  35 c c .  d i s t i l l e d  w a te r  and a l lo w e d  to  s t a n d  a t  room 

t e m p e r a tu r e s  f o r  14  d a y s ,  a  s lo w  e v o l u t i o n  o f  h y d ro g e n  

s u l p h i d e  was e v i d e n t ,  and t h e  w h i t e  t h iu r a m  d i s u l p h i d e  

was g r a d u a l l y  c o n v e r t e d  i n t o  a  l a y e r  o f  y e l lo w  s u l p h u r .  

O c c a s io n a l  s h a k in g  a id e d  t h e  e v o l u t i o n  o f  h y d ro g en  

s u l p h i d e .  The s u lp h u r  was f i l t e r e d  o f f  i n  a  f r i t t e d  g l a s s  

c r u c i b l e ,  d r i e d ,  and  w e ig hed . The r e s u l t s s ,  Bun I  i n  

T a b le  IV , i n d i c a t e d  t h a t  w i th  l a r g e r  q u a n t i t i e s  o f  

th iu r a m  d i s u l p h i d e ,  a  c l o s e r  a p p ro x im a t io n  to  t h e o r e t i c a l  

r e s u l t s  m igh t b e  o b t a i n e d .  A c c o rd in g ly ,  t h e  same 

e x p e r im e n t  was r e p e a t e d  i n  d u p l i c a t e  r u n s ,  w i th  t r i p l e d  

q u a n t i t i e s  o f  th iu r a m  d i s u l p h i d e  and w a t e r .  A f t e r  s t a n d i n g  

f o r  17  d a y s  a t  room t e m p e r a t u r e ,  t h e  q u a n t i t y  o f  f r e e  

s fe lp h u r  o b t a i n e d  was v e ry  n e a r l y  t h e  t h e o r e t i c a l  one  

g ram -a to m , a s  shown i n  ru n s  I l a  and  l i b  o f  T a b le  IV.

T ab le  IV

D e te r m in a t io n  o f  S u lp h u r  Formed by  D eco m p o sit io n  o f  
D ie th a n o l  Thiuram  D is u lp h id e

Bun (H00H2 CH3 NH0S2- ) 2
grams m oles

S u lp h u r  found  
gram s atoms

Atoms s u l p h u r  
r e c o v e r e d  from  
1  m ole  t h iu r a m

I 5 .4 4 8 0 . 0 2 0 0 0 .5 3 6  0 .016 7 0 .8 3 6

1 1 ( a )
1 1 ( b )

1 6 .3 4
1 6 .3 4

0 .0 6 0 0
0 .0 6 0 0

2 .1 1 4  0 .0 659  
3 .0 8 8  0 .06 51

1 .0 9 9
1 .0 8 6
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D e te r m in a t io n  o f  hyd ro gen  s u l p h i d e  form ed by  d e c o m p o s i t io n  

o f  d i e t h a n o l  th iu r a m  d i s u l p h i d e :

A c co rd in g  t o  t h e  t h e o r y  a l r e a d y  o u t l i n e d ,  when a  

t h iu r a m  d i s u l p h i d e  i s  decom posed by h e a t  t o  y i e l d  t h e  

m u s ta r d  o i l ,  th e n  one  mole o f  th iu ra m  d i s u l p h i d e  a l s o  

p r o d u c e s  one  m ole  o f  hy d rogen  s u l p h i d e .  S e v e r a l  m ethods 

w ere  a t t e m p te d  to  d e te r m in e  t h e  y i e l d  o f  h y d ro g en  

s u l p h i d e  e v o lv e d .  Those n o t  s u c c e s s f u l  w e re :  

a b s o r p t io n  o f  d r y  HgS i n  a s c a r i t e ;  

a b s o r p t io n  o f  HgS in  CUSO4  s o l u t i o n ;  and 

d e c o m p o s i t io n  o f  t h e  th iu r a m  d i s u l p h i d e  i n  a  

s o l u t i o n  o f  CuSO^.

I n  t h e  m ethod f i n a l l y  d e v e lo p e d ,  t h e  th iu ra m  

d i s u l p h i d e  was decom posed by  r e f l u x i n g  w i th  w a t e r .  The 

v a p o r s  from  t h e  d e c o m p o s i t io n  f l a s k ,  a f t e r  p a s s i n g  th ro u g h  

a  s h o r t  r e f l u x  c o n d e n s e r ,  w ere  l e d  i n t o  a  350 o c .  

I r l e n m e y e r  f l a s k ,  which was im m ersed i n  i c e  and a c t e d  a s  

a  t r a p  f o r  any m u s ta rd  o i l  o r  c a rb o n  d i s u l p h i d e  w hich  may 

h a v e  d i s t i l l e d  o v e r .  From t h e  t r a p ,  t h e  e v o lv e d  g a s  was 

b u b b le d  i n  t u r n  th ro u g h  two 250 c c .  wash b o t t l e s ,  c o n t a i n ­

i n g  a  known e x c e s s  o f  s t a n d a r d  i o d i n e  -  p o ta s s iu m  i o d i d e  

s o l u t i o n .  T hroughout t h e  c o u r s e  o f  t h e  r e a c t i o n ,  a  s lo w  

c u r r e n t  o f  a i r  was drawn th ro u g h  t h e  tra in  o f  apparatus, 

t o  c a r r y  a l l  o f  t h e  hyd ro gen  s u l p h i d e  th ro u g h  t h e  i o d i n e  

s o l u t i o n s .  The a i r  was i n t r o d u c e d  i n t o  t h e  sy s te m  a t  t h e  

b a s e  o f  t h e  r e f l u *  c o n d e n s e r ,  by  means o f  a  lo n g  g l a s s  

t u b e  open a t  one  end to  t h e  a tm o sp h e re .  A few gram s o f
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sodium  c a r b o n a t e  w ere  d i s s o l v e d  i n  each  a b s o r p t io n  b o t t l e  

to  i n c r e a s e  t h e  s o l u b i l i t y  o f  t h e  hy drogen  s u l p h i d e .

When d e c o m p o s i t io n  was c o m p le te ,  t h e  i o d i n e  s o l u t i o n s  

w ere  t r a n s f e r r e d  to  a  l a r g e  b e a k e r ,  r i n s i n g  t h e  b o t t l e s  

t h o r o u g h ly .  An e x c e s s  o f  6  n o rm al a c e t i e  a c i d  was added  

and t h e  e x c e ss  i o d i n e  was t i t r a t e d  w i th  s t a n d a r d  

t h i o s u l p h a t e  s o l u t i o n ,  u s i n g  s t a r c h  a s  i n d i c a t o r .  One m ole 

o f  hyd ro g en  s u l p h i d e  was e q u i v a l e n t  t o  e ac h  m ole  o f  

i o d i n e  w hich had  b e en  consumed d u r in g  t h e  r e a c t i o n .  

S u b t r a c t i n g  t h e  amount o f  i o d i n e  e q u iv a l e n t  t o  t h e  t h i o ­

s u l p h a t e  u s e d ,  from  t h e  t o t a l  amount o f  i o d i n e  u s e d ,  g av e  

a s  r e s u l t  t h e  number o f  m oles  o f  I o d i n e  e q u i v a l e n t  to  

t h e  h y d ro g en  s u l p h i d e  p ro d u c e d :  

h 2 S - M 3— > 2 HI + S .

An a c c u r a t e l y  w eighed  sa m p le ,  u s u a l l y  l /5 Q  m o le , 

o f  t h e  th iu ra m  d i s u l p h i d e ,  was decom posed by  b o i l i n g  

w i th  ab o u t  185 c c .  o f  w a te r .  At c o m p le t io n  o f  d e c o m p o s i t io n ,  

any t h i o u r e a  l e f t  i n  t h e  f l a s k  was f i l t e r e d  o f f  load r e c r y s t ­

a l l i z e d .  T h is  m ethod was a p p l i e d  th ro u g h o u t  t h i s  r e s e a r c h .  

The r e s u l t s  o b t a i n e d  w i th  d i e t h a n o l  th iu ra m  d i s u l p h i d e  a r e  

l i s t e d  i n  T ab le  V.
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T ab le  V

Y ie ld  o f  E ydrogen S u lp h id e  from  D ie th a n o l  Thiuram  
D is u lp h id e  i n  Terms o f  E q u a t io n :

( h q c h 3 c h 2 n h - c s - s ~ ) 2  — ?»h2 s t a t s  h o c h 2 o h 2 n = o = s

Run (HOOH3 GH3 NHCS2 )z 0 .8 4 9 0  N. I s  HgS found  H2 S y i e l d  
u s e d  ( m o le s ;  u s e d  ( c c . 7  (m o le s )  $  t h e o r y

1 0 .0 3 0 0  4 4 .5  0 .0 1 8 9  9 4 .5
IX 0 .0 2 0 0  4 4 .6 3  0 .0 1 8 9 4  9 4 .7

The d a t a  i n  t h e  p r e c e d i n g  T ab le  IV i n d i c a t e s  t h a t  

on e  g ram -m ole  o f  d i e t h a n o l  th iu r a m  d i s u l p h i d e  y i e l d s  one  

g ram -a tom  o f  s u l p h u r .  In  a d d i t i o n ,  t h e  p e r c e n t  t h e o r y  y i e l d  

o f  h y d ro g en  s u l p h i d e ,  b a s e d  upon t h a t  1 t y p e  o f  d e c o m p o s i t io n  

w h ich  y i e l d s  s u l p h u r ,  h y d ro g en  s u l p h i d e ,  and a  m u s ta rd  o i l ,  

i s  p r a c t i c a l l y  95
t

I s o l a t i o n  and  I d e n t i f i c a t i o n  o f  m e r o a o to - o x a z o l in e :

On lo n g  o r  v ig o r o u s  h e a t i n g  o f  t h e  th iu ra m  d i s u l p h i d e  

a l o n e  o r  w i th  v a r i o u s  s o l v e n t s ,  t h e  p r o d u c t  was a  t a r  o f  

v a r y i n g  d e n s i t y  and c o l o r .  The p o l y m e r i z a t i o n  w hich  c a u se d  

t h e  t a r  was a v o id e d  t o  a  l a r g e  e x t e n t  by  f o l lo w in g  t h e  

p r o c e d u r e  d e s c r i b e d  b e lo w . A q u a n t i t y  o f  t h e  th iu ra m  

d i s u l p h i d e  n o t  e x c e e d in g  5 t o  7 grams was t r e a t e d  w i th

2 t o  3 t im e s  i t s  volum e o f  n o rm al b u t y l  a l c o h o l .  The

m ix t u r e  was g e n t l y  h e a t e d  on a  h o t  p l a t e  t o  n e a r  t h e

b o i l i n g  p o i n t  o f  t h e  a l c o h o l ,  w hereupon a  c l e a r  y e l lo w

s o l u t i o n  was o b t a i n e d ,  accom panied  by  a  vo lu m ino us  e v o l -
«

u t i o n  o f  hy d ro g en  s u l p h i d e .  When t h e  f r o t h i n g  due  t o  t h e  

g a s  c e a s e d  and a  c l e a r  s o l u t i o n  re m a in e d ,  t h e  v e s s e l  was
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c o o le d  r a p i d l y  i n  an i c e  b a t h ,  o r  p r e f e r a b l y ,  a  f r e e z i n g  

m ix t u r e .  The y e l lo w  p r e c i p i t a t e  form ed was f i l t e r e d  o f f ,  

p r e e e e d  v e r y  d r y ,  and r e c r y e t a l l i z e d  from  b o i l i n g  a l c o ­

h o l .  On c o o l in g  t h e  a l c o h o l  s o l u t i o n ,  a  s m a l l  amount o f  

s u l p h u r  was p r e c i p i t a t e d ,  w hich was f i l t e r e d  from t h e  

c o l d  s o l u t i o n .  The a l c o h o l i c  f i l t r a t e  was th e n  e v a p o r a te d  

i n  t h e  c o ld ,  g i v i n g  w h i te  n e e d l e - s h a p e d  c r y s t a l s ,  l a t e r  

i d e n t i f i e d  a s  m e r c a p to - o x a z o l in e .  The p r o d u c t  was r e -  

c r y s t a l l i z e d  tw ic e  from a l c o h o l  i n  t h e  same way, u s i n g  

D arco  f o r  t h e  f i r s t  r e c r y s t a l l i z a t i o n .  B e ca u se  o f  t h e  

in c o m p le te  d e c o m p o s i t io n  o f  t h e  th iu ra m  d i s u l p h i d e  and 

t h e  l a r g e  p r o p o r t i o n  o f  p r o d u c t  l o s t  i n  t h e  r e c r y s t a l -  

l i z a t i o n e  n e c e s s a r y  f o r  t h i s  p r o c e d u r e ,  no y i e l d  o f  

m e r c a p to - o x a z o l in e  was d e te r m in e d .  The m e l t i n g  p o i n t  o f  

t h e  p u r e  p r o d u c t  i s  9 6 -9 7 ° ,  P ro lo n g e d  h e a t i n g  c a u s e s  i t  

t o  p o ly m e r iz e .

D u p l i c a te  sam p le s  w ere  a n a ly z e d  f o r  n i t r o g e n  and 

s u l p h u r  i n  t h e  same way a s  p r e v i o u s l y  s t a t e d  f o r  t h e  

t h iu r a m  d i s u l p h i d e  o f  e th a n o la m in e .  The r e s u l t s  a r e  

l i s t e d  i n  T ab le  V I .
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T ab le  VI 

A n a l y s i s

Sam ple 0 .1 1 4 5  N. a c id $  H N
(g ram s) ( c c . ) found th e o r y

0 .4 7 7 3 4 0 .2 5 1 3 ,5 3 1 3 .5 9
0 .4 9 8 8 4 1 .9 4 1 3 .5 0 M
A v erag e  . . 1 3 .51 1 3 .5 9

Sample BaS04 $ S $  S
(g ram s) (g ram s) found th e o r y

0 .3 3 7 0 0 .7 0 8 3 3 9 .7 5 3 1 .1 0
0 .3 3 3 3 0 .7 3 4 1 3 0 ,2 6 h

A verage  . . .3 0 .0 1 3 1 .1 0

The a n a ly s e s  c o n c l u s i v e l y  i d e n t i f y  t h e  p r o d u c t  

a s  m e r c a p to - o x a z o l in e .  I t  i s  v e ry  s o l u b l e  i n  a l c o h o l  

and w a te r .  I t s  s o l u t i o n  i n  w a te r  g iv e s  a  w h i t e  p r e ­

c i p i t a t e  w i th  m e rc u r ic  c h l o r i d e  o r  s i l v e ^ i t r a t e ,  

s o l u b l e  i n  d i l u t e  a c i d s .  T h is  i s  a  c h a r a c t e r i s t i c  

r e a c t i o n  o f  t h e  m e rc a p to -  g r o u p ,  s u p p o r t i n g  t h e  fo rm u la :

9%-Ov 
I a ^ 0 -SH
C H g -N ^

The e q u a t io n  f o r  t h e  d e c o m p o s i t io n  o f  d i e t h a n o l

th iu r a m  d i s u l p h i d e  t h u s  h a s  b e e n  shown t o  b e :

HO-CHo OHg—NH-0 S-S CHo-Ox
I -- ? \ IO-SH VHoS + S .

ho- oh2 oh3- nh- c s - s  OHg-N

R e a c t io n  o f  D ie th a n o l  Thiuram D is u lp h id e  w i th  E th a n o la m in e : 

When 8  g ram s o f  d i e t h a n o l  th iu ra m  d i s u l p h i d e  w e ie  

r e f l u x e d  i n  1 0 0  c c .  o f  m e th y l a l c o h o l  w i th  t h e  t h e o r ­

e t i c a l  q u a n t i t y  o f  e th a n o la m in e  ( 3 .5  g ra m s ) ,  h y d ro g en  

s u l p h i d e  was e v o lv e d ,  and brown t a r r y  r e s i n s  were
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o b t a i n e d ,  from w hich  i t  was im p o s s i b l e  t o  r e c o v e r  

t h e  e x p e c te d  t h i o u r e a .
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I I .  Q yc lo hex y lam ine

i & s i i  e r  work on c y o lo h e x y la m in e :

Von B a e y e r ,  i n  1894 , p r e p a r e d  c y e lo h e x y la m in e ,  and 

r e a c t e d  i t  w i th  p h e n y l  m u s ta rd  o i l  ( 5 2 ) .  He showed t h a t  

t h e  a d d i t i o n  o f  e a rb o n  d i s u l p h i d e  t o  a  s o l u t i o n  o f  t h e  

am ine  i n  e t h e r  g i v e s  an i n s t a n t a n e o u s  p r e c i p i t a t i o n  o f  

t h e  d i t h i o  ca rb am ic  s a l t .  S k i t a  and R o l f e s  ( 5 3 )  r e a c t e d  

c y o lo h e x y la m in e  to  form t h e  d i t h i o  c a rb a m a te ,  t h i o u r e a ,  

an d  m u s ta rd  o i l .  The d i t h i o  c a rb a m a te ,  from  c o l d  am ine 

and c a rb o n  d i s u l p h i d e ,  m e l te d  a t  160° when r e c r y s t a l l i z e d .  

The b a r iu m  s a l t  o f  t h e  d i t h i o  c a rb am ic  a c i d  h a s  a l s o  b e en  

p r e p a r e d  ( 5 0 ) .  The t h i o u r e a  was o b t a i n e d  by  h e a t i n g  t h e  

am ine  and c a rb o n  d i s u l p h i d e  i n  a l c o h o l i c  p o ta s s iu m  

h y d r o x id e .  I t s  m e l t in g  p o i n t ,  when r e c r y s t a l l i z e d ,  was 

1 8 0 -1 8 1 ° .  The m u s ta rd  o i l  was o b t a i n e d  from  t h e  t h i o u r e a  

b y  h e a t i n g  w i th  p h o s p h o r ic  a c i d  o r  w i th  m e rc u r ic  c h l o r i d e .  

A bSfcter m ethod f o r  p r e p a r i n g  t h e  m u s ta rd  o i l ,  b u t  o f  

w h ich  no r e c o r d  o f  i t s  a p p l i c a t i o n  t o  c y o lo h e x y la m in e  

e x i s t s ,  c o n s i s t s  o f  t r e a t i n g  t h e  th iu r a m  d i s u l p h i d e  

f i r s t  w i th  sodium  e t h y l a t e ,  t h e n  w i th  i o d i n e  ( 5 4 ) .

A n o th e r  s y n t h e s i s  o f  t h e  d i - e y c l o h e x y l  t h i o u r e a  was 

a c c o m p l is h e d  by h e a t i n g  N -m e th y len e  cycl 'oh  e x y l  am ine w i th  

m e l t e d  s u lp h u r  ( 5 5 ) .  The m e l t i n g  p o i n t  o f  t h e  t h i o u r e a  

o b t a i n e d  was 1 7 9 -1 8 0 ° .  The th iu r a m  d i s u l p h i d e  d e r i v e d  from  

c y e lo h e x y la m in e  h a s  n o t  b e e n  r e c o r d e d  i n  t h e  l i t e r a t u r e .
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C y e lo h ex y lam in e  s a l t  o f  c y o lo h e x y l  d i t h i o  c a rb am ic  a c i d : 

The d i t h i o  c a rb a m a te  o f  c y e lo h e x y la m in e  i s  a l s o  

c a l l e d  oyclohexylam monium  o v c lo h e x y l  d i t h i o  c a r b a m a te . 

I t s  fo rm u la  i s :

c a r b o n  d i s u l p h i d e  was added r a p i d l y ,  w i th  n o t i c e a b l e  

e v o l u t i o n  o f  h e a t .  The m ix tu r e  was k e p t  i c e - c o l d  f o r  

a b o u t  15 m in u te s ,  whereupon p r e c i p i t a t i o n  o f  t h e  d i t h i o  

o a rb a m a te  commenced. When p r e c i p i t a t i o n  was c o m p le te ,  t h e  

m ass o f  w h i te  c r y s t a l s  was f i l t e r e d  o f f ,  washed w i th  

m e th a n o l ,  p r e s s e d  f r e e  o f  s o l v e n t ,  and a i r - d r i e d .

The m e l t in g  p o i n t ,  t a k e n  i n  a  c a p i l l a r y  t u b e ,  v a r i e d

w i th  t h e  manner i n  which i t  was t a k e n .  When t h e  sa tep le

was Immersed i n  a  b a t h  a t  1 0 0 °  and  h e a te d  g r a d u a l l y ,  i t
o

s o f t e n e d  a t  160 , g a s  was e v o lv e d ,  th e n  i t  t u r n e d  i n t o  a  

s o l i d  w hich m e l te d  s h a r p l y  a t  1 8 1 ° .  A m ix tu r e  o f  t h e  d i t h i o  

c a r b a m a te  w i th  t h e  t h i o u r e a  g a v e  t h e  same m e l t in g  p o i n t  

v a l u e s ,  when h e a t e d  g r a d u a l l y  from  1 0 0 ° .  But i t  was shown 

t h a t  t h e  two compounds w ere  n o t  i d e n t i c a l ,  s i n c e  t h e  same 

m ix t u r e  m e l te d  i n s t a n t l y  when p lu n g e d  i n t o  a  b a t h  a t  a b o u t  

1 7 0 ° ,  be low  t h e  m e l t i n g  p o i n t  o f  t h e  t h i o u r e a .  I t  was 

e v id e n t  t h a t  t h e  compound b e l i e v e d  to  b e  t h e  d i t h i o  

c a rb a m a te  decom posed r e p i d l y ,  w i th  e v o lu t i o n  o f  g a s

0 H2  ^

C y e lo h e x y la m in e ,  8  c c . ,  was d i s s o l v e d  i n  100 c c .  o f  

a b s o l u t e  m e th y l a l c o h o l ,  c o o le d  to  0 ° .  Then 20 c c .  o f
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(h y d ro g e n  s u l p h i d e )  to  y i e l d  t h e  p u r e  t h i o u r e a .  A p u r e  

sam p le  o f  t h e  d i t h i o  c a rb a m a te  was p lu n g e d  i n t o  a  b a t h  

a t  1 5 8 °  and  h e a t e d  r a p i d l y .  I t  m e l te d  s h a r p l y  a t  160° 

( t h e  c o r r e c t  m e l t i n g  p o i n t ) ,  e v o lv e d  h y d ro g en  s u l p h i d e ,  

th e n  s o l i d i f i e d ,  A p o r t i o n  o f  t h e  d i t h i o  c a rb a m a te  was 

r e c r y s t a l l i z e d  from h o t  a l c o h o l ,  A c o p io u s  e v o lu t i o n  

o f  hy d ro g en  s u l p h i d e  o c c u r r e d  when t h e  s o l u t i o n  was 

h e a t e d ,  and t h e  d i t h i o  c a rb a m a te  was p r e c i p i t a t e d  by 

c o o l i n g  t h e  a l c o h o l i c  s o l u t i o n .  The p u r e  d i t h i o

c a rb a m ic  s a l t  g ave  a  m e l t in g  p o i n t  o f  1 5 9 * 1 6 0 ° ,  when i t
o

was i n s e r t e d  i n t o  a  b a th  a t  156  and h e a t e d  r a p i d l y .  

When t h e  m e l t in g  p o i n t  r e a d in g  was ta k e n  s lo w ly ,  t h e  

m e l t i n g  p o i n t  o f  t h e  t h i o u r e a ,  1 8 0 -1 8 1 ° ,  was o b s e rv e d .  

T h ese  r e s u l t s  e s t a b l i s h  c o n c l u s i v e l y  t h e  i d e n t i t y  o f  

t h e  c y e lo h e x y la m in e  s a l t  o f  c y c lo h e x y l  d i t h i o  c a rb am ic  

a c i d ,  and p ro v e  t h a t  i t  i s  decom posed r a p i d l y  and 

q u a n t i t a t i v e l y  by h e a t  t o  t h e  c o r r e s p o n d in g  t h i o u r e a .

OgHi-jNH-CS-S-H'HgN-CgH-j^ CgHj^NH )gCS fH gS

P r e p a r a t i o n  o f  d i - c y c lo h e x y l  t h iu r a m  d i s u l p h i d e  and 

d e t e r m i n a t i o n  o f  r a t i o , am ine : i o d i n e  :

In  a  p r e l i m i n a r y  e x p e r im e n t ,  i t  was found  t h a t  

c y e lo h e x y la m in e  can  a l s o  b e  c o n v e r t e d  i n t o  t h e  th iu ra m  

d i s u l p h i d e  i n  t h e  same way a s  e th a n o la m in e .  The p ro ­

c e d u r e  was v a r i e d  to  a l lo w  f o r  d i f f e r e n c e s  i n  s o lu ­

b i l i t y ,  s i n c e  t h e  d i - c y c l o h e x y l  th iu ra m  d i s u l p h i d e  

i s  q u i t e  s o l u b l e  i n  c a rb o n  d i s u l p h i d e ,  m e th y l a l c o h o l ,  

and most o t h e r  o r g a n ic  s o l v e n t s .
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D u p l i c a te  r u n s  w ere  made i n  which an  a c c u r a t e l y  

m easu red  q u a n t i t y  o f  c y e lo h e x y la m in e ,  a b o u t  1 0  g ram s, 

was r e a c t e d  w i th  a  m ix tu re  o f  75 c c .  o f  m e th an o l  and 

35 c o .  o f  c a rb o n  d i s u l p h i d e .  The r a t i o  o f  am ine to  

i o d i n e  was d e te r m in e d  by  t i t r a t i n g  t h e  c o ld  s u s p e n s io n  

o f  t h e  d i t h i o  c a rb a m a te  w i th  a  0 .7 9 8 0  N. s o l u t i o n  o f  

i o d i n e  i n  m e th a n o l .  At t h e  end p o i n t ,  t h e  s o l v e n t  was 

e v a p o r a t e d  o f f  and t h e  th iu r a m  d i s u l p h i d e  i s o l a t e d  i n  

t h e  m anner d e s c r i b e d  u n d e r  g e n e r a l  p r o c e d u r e . B oth  

g r a d s  and p u r e  y i e l d s  (g ro u n d  and washed w i th  m e th a n o l )  

w ere  m easu red . The g r a d s  y i e l d ,  which i s  t h e  c o r r e c t  

m ea su re  o f  t h e  e x t e n t  o f  t h e  r e a c t i o n ,  r a n  b e t t e r  th a n  

95 4> t h e o r e t i c a l .  The r e s u l t s  a r e  shown i n  T ab le  V I I .

T ab le  VII

M olar  r a t i o ,  CgH-nNHgilo, and  y i e l d  o f  D i - c y o lo h e x y l
Thiuram

M oles am ine u s e d  

M oles i o d i n e  u s e d

luram D is u lp h id e  

I  • 

0 .1 0 8 0  

0 .0 31 03

m oles  am ine 
R a t i 0 > m oles  i o d i n e

G ross  y i e l d  (g ram s)

G ro ss  y i e l d  ($>)

Pure y ie ld  (grams) 

P u r e  y i e l d

3 .4 8 1

8 .7  g .  

S 3 .5  $
7.5 g.  

7 9 .8  io

I I

0 .1 0 5 8

0 .0 3 0 5 3

3 .4 6 6

9 .2  g .  

9 9 .8  $> 

7 .9  g .  

8 5 .7  $

A verage

3 .4 7 8

9 6 .3

8 3 .7  io

C om plete  i n t e r a c t i o n  o f  c y e lo h e x y la m in e  and i o d i n e  

a c c o r d i n g  to  t h e  t h e o r e t i c a l  e q u a t io n ,
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4 06H1 1 NH3  +  2 CS3  +  X2— > (C6H1 1 lfH-GS-S-)2 ' t '2  C qH jjN H ^H I,

r e q u i r e s  t h e  r a t i o  o f  amine t o  i o d i n e  t o  b e  4 : 1 .

The b e s t  r a t i o  o b t a i n a b l e  i n  t h e s e  e x p e r im e n ts  i s  an

a v e r a g e  o f  3 .4 7 8  : 1 . The d i - c y c l o h e x y l  t h iu r a m  d i s u l p h i d e ,

p u r i f i e d  b y  g r i n d i n g  and w ash ing  w i th  a b s o l u t e  m e th a n o l ,
o

m e l t e d  a t  7 9 .5 -8 0  , w i th  d e c o m p o s i t io n .

I d e n t i f i c a t i o n  o f  d i - c y c l o h e x y l  th iu ra m  d i s u l p h i d e i 

S in c e  d i - c y c l o h e x y l  th iu r a m  d i s u l p h i d e  h a s  n o t  

b e e n  r e p o r t e d  p r e v i o u s l y  i n  t h e  l i t e r a t u r e ,  i t  was 

i d e n t i f i e d  by  d u p l i c a t e  s u lp h u r  and  n i t r o g e n  d e te rm in e  

a t i o n s  on p u r i f i e d  sam ples  m e l t i n g  a t  8 0 ° .  The a n a l y s e s  

e s t a b l i s h e d  t h e  fo rm u la  as

C6 H1 1 NH“ CS~ S“ S“ CS“ NHC6 H1 1  » 

w i th  r e s u l t s  a s  l i s t e d  i n  T a b le  V I I I .

T ab le  V I I I  

A n a ly s i s

Sam ple 0 .2 5 4 1  N. a c i d  fo • N $  N
(g ram s)  ( c c . )  found  t h e o r y

0 .8 5 9 4  1 8 . 8 8  7 .8 2  8 .0 4
0 .8 9 1 2  1 9 .7 8  7 .9 0  *
A v e r a g e ............................ . .   7 ,8 6  8 .0 4

Sample BaS0 4  $  S $ S
(g ram s)  (g ram s)  found  t h e o r y

0 .4 3 4 5  1 .1 5 6 8  3 6 .5 6  3 6 .8 1
0 .5 1 9 2  1 .3 7 9 0  3 6 .4 8  *
A v e r a g e ............................   3 6 .5 2  3 6 .8 1

More p r e c i s e  d a t a  i s  d i f f i c u l t  t o  s e c u r e  s i n c e  m ost o f

t h e  th iu ra m  d i s u l p h i d e s  decom pose s p o n ta n e o u s ly .  T h is

r e n d e r s  t h e i r  p u r i f i c a t i o n  b y  r e c r y s t a l l i z a t i o n  v e ry  d i f f i c u l t .
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P e t e r m in a t io n  o f  hyd ro gen  s u l p h i d e  and t h i o u r e a  form ed 

b y  d e c o m p o s i t io n  o f  d i - c y c l o h e x y l  th iu r a m  d i s u l p h i d e : 

D u p l i c a te  sam p le s  o f  d i - c y c l o h e x y l  t h iu r a m  d i ­

s u l p h i d e  were decomposed b y  r e f l u x i n g  w i th  w a t e r .

The h y d ro g en  s u l p h i d e  e v o lv e d  and t h e  t h i o u r e a  p ro ­

duced  (by t h e  se c o n d  earnp l^  w ere  d e te r m in e d ,  u s i n g  t h e  

same p ro c e d u r e  and  a p p a r a tu s  d e s c r i b e d  f o r  t h e  c o r ­

r e s p o n d in g  compound o f  e th a n o la m in e .  I t  was found  t h a t  

o f  t h e  two p o s s i b l e  c o u r s e s  o f  d e c o m p o s i t io n ,  t h a t  

l e a d i n g  to  m u s ta rd  o i l  and h y d ro g en  s u l p h i d e  o c c u r r e d  

t o  t h e  e x te n t  o f  ab o u t  28 io, w h i l e  a  64 io y i e l d  o f  t h e

t h i o u r e a  was o b t a i n e d .  The r e s u l t s  a r e  l i s t e d  i n  T a b le  IX .

T ab le  IX

Y ie ld  o f  Hydrogen S u lp h id e  and T h io u re a  Formed by

D eco m p o s it io n  o f  D i- c y c lo h e x y l  th iu ra m  D is u lp h id e

Run Sample HgS found  Y ie ld  HgS, T h io u re a  y i e l d ,  
(m o le s )  (m o le s )  io t h e o r y  (m o le s )  i  t h e o r y

> i. -w:-/
I  0 .0 2 0 0  0 .00 539 3  2 6 .9 6  ----------- -----------
I I .  0 .0 2 0 0  0 .0057 65  3 8 .8 2  0 .0 1 2 9 0  6 4 .5
A v e r a g e ....................................... 2 7 .8 9

F re e  s u lp h u r  was o b s e rv e d  i n  t h e  r e s i d u e  i n  t h e  decomp­

o s i t i o n  f l a s k ,  w h i le  c a r  ben d i s u l p h i d e  was c o l l e c t e d  i n  

t h e  t r a p .  The t h i o u r e a  was r e c r y s t a l l i z e d ,  m e l t in g  a t  

1 7 9 .5 - 1 8 0 ° ,  t h u s  i d e n t i f y i n g  i t .  I n  ru n  I I ,  t h e  q u a n t i t y  

o f  h y d ro g en  s u l p h i d e  and t h i o u r e a  d e te rm in e d  c o r re s p o n d e d  

t o  9 3 .3  i  o f  t h e  amount o f  th iu ra m  d i s u l p h i d e  o r i g i n a l l y  

u s e d .
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R e a c t io n  o f  d i - c y c lo h e x y l  t h iu r a m  d i s u l p h i d e  w i th  

c y c lo h e x y la m in e i

I n  a c c o rd a n c e  w i th  t h e  e q u a t io n s  s t a t e d  i n  t h e  

t h e o r e t i c a l  s e c t i o n ,  t h e  th iu r a m  d i s u l p h i d e  o f  c y c lo h e x y l -  

am ine  can  b e  e x p e c te d  to  r e a c t  w i th  t h e  am in e , t o  p ro d u c e  

d i - c y c l o h e x y l  t h i o u r e a ,  hy d ro g en  s u l p h i d e ,  and  s u l p h u r ,  

a c c o rd in g  t o  t h e  f o l lo w in g  e q u a t io n :

(CgHxlHH-CS-SUjg+R C6H1 3 NH2  ► SCOgHjjHJOgOS+HgS-t-S.

A known w e ig h t  o f  t h e  th iu r a m  d i s u l p h i d e  was m ixed 

w i th  a  sm a ll  e x c e s s  o f  c y e lo h e x y la m in e  i n  a  350 c c .  

E r le n m e y e r  f l a s k .  The f l a s k  was a t t a c h e d  t o  a  r e f l u x  con­

d e n s e r ,  t h e n  h e a t e d  g r a d u a l l y  on an o i l  b a t h .  Much foam­

in g  due  t o  t h e  e v o lu t i o n  o f  h yd rogen  s u l p h i d e  o c c u r r e d ,
o

w h i l e  th e  t e m p e r a tu r e  was g r a d u a l l y  r a i s e d  to  145 a t  t h e

end o f  an h o u r .  The t e m p e r a tu r e  was th e n  k e p t  a t  1 2 0 -1 3 0 °

f o r  f i v e  more h o u r s .  About 150 c c .  o f  d i s t i l l e d  w a te r

was added  t o  t h e  c o o le d  c o n t e n t s  o f  t h e  f l a s k ,  and t h e

s o l i d  was c ru s h e d  t o  i n s u r e  d i s i n t e g r a t i o n  o f  t h e  r e s i d u e .
o

The w a te r  was h e a t e d  t o  90 t o  e x t r a c t  t h e  e x c e s s  am ine 

fro m  t h e  s o l i d  r e s i d u e ,  th e n  t h e  s u s p e n s io n  o f  t h i o u r e a  

and s u l p h u r  i n  w a te r  was c o o le d  i n  an i c e  b a t h ,  f i l t e r e d ,  

end washed th o r o u g h ly  w ith  d i s t i l l e d  w a t e r .  The d r i e d  

p r o d u c t ,  c o n t a i n i n g  f r e e  s u l p h u r ,  was w eighed  as  t h e  

c r u d e  y i e l d .  I t  was s e p a r a t e d  from  s u lp h u r  b p  r e e r y s t a l -  

l i z a t i o n ,  t h e r e a f t e r  b e in g  c o n s id e r e d  a s  t h e  p u r e  y i e l d .

The o b s e rv e d  y i e l d  o f  c ru d e  p r o d u c t ,  c o n s i s t i n g  o f  

t h e  t h i o u r e a  and s u l p h u r ,  was 1 0 0  $  t h e o r e t i c a l ,  w h i l e
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t h a t  o f  t h e  p u r e  p r o d u c t  was 95 These r e s u l t s  a r e  t a b ­

u l a t e d  i n  T ab le  X. The p u r e  p r o d u c t  was r e c r y s t a l l i z e d  

o n c e  more from a l c o h o l ,  u s i n g  D areo , and th e n  was i d e n t i ­

f i e d  b y  i t s  m e l t in g  p o i n t ,  1 8 0 - 1 8 1 ° .

T a b le  X

R e a c t io n  o f  D i- c y c lo h e x y l  Thiuram  D is u lp h id e  w ith

O yc lohexy lam ine

Run Thiuram  u s e d  Crude p r o d u c t
. 5

i .

i i .

(g ram s)  

1 3 .7  

1 3 .2

1 8 .6

1 9 .4

9 9 .5

1 0 0 .0

P u re  P r o d u c t  
>•)

1 6 .5

1 7 .4

9 4 .3

9 5 .6

M e l t in g
p o i n t

1 7 9 .5 -1 8 1 (

1 80 -18 1°
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I I I .  B enzy l am ine

E a r l i e r  work on b e n z y l  am in e :

S y m m e t r i c a l  d i b e n z y l  t h i o u r e a  w as  f i r s t  p r e p a r e d  b y  

S t r a k o s c h  ( 5 6 ) ,  i n  1872 , b y  r e f l u x i n g  an a l c o h o l i c  s o l u ­

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

h y d r o g e n  s u l p h i d e  w as  p r o d u c e d .  H e g a v e  t h e  e r r o n e o u s  

m e l t i n g  p o i n t  o f  1 1 4 ° .  I n  1 8 9 1 ,  S a l k o w s k i  ( 5 7 )  r e p e a t e d  

t h e  s a m e  w o rk  a n d  s h o w e d  t h a t  t h e  t r u e  m e l t i n g  p o i n t  o f  

t h e  t h i o u r e a  i s  1 4 8 ° ,  I n  t h e  s e m e  p a p e r ,  h e  d e s c r i b e d  t h e  

p r e p a r a t i o n  o f  t h e  b e n z y l a m i n e  s a l t  o f  b e n z y l  d i t h i o  

c a r b a m i c  a c i d ,

o 6h 5 c h 2 nh- c s - s - h • h 2 n c h 2 c6 h 5  ,

o b t a i n e d  by  a d d in g  c a rb o n  d i s u l p h i d e  t o  a  c o ld  s o l u t i o n

o f  b e n z y la m in e  i n  a l c o h o l .  The compound p r e c i p i t a t e d  a s
o

w h i t e  c r y s t a l s ,  show ing a  m e l t i n g  p o i n t  o f  ab o u t  119 , 

w i th  d e c o m p o s i t io n .  As t h e  compound decom poses , h y d ro g en  

s u l p h i d e  i s  d e v e lo p e d ,  and t h e  m e l t in g  p o i n t  g r a d u a l l y  

r i s e s .  By h e a t i n g  t h e  d i t h i o  c a rb a m a te  a t  100°  f o r  an 

h o u r  i n  a  s t re a m  o f  a i r ,  i t  was c o n v e r t e d  a lm o s t  q u a n t ­

i t a t i v e l y  i n t o  t h e  t h i o u r e a .  T h is  b e h a v io r  i s  s i m i l a r  t o  

t h a t  a l r e a d y  d e s c r i b e d  f o r  t h e  c o r r e s p o n d in g  c y c lo h e x y l  

compound. Sa lkow sk i found  t h a t  t h e  t h i o u r e a  was s t a b l e  

to  t h e  u s u a l  r e a c t i o n  f o r  c o n v e r s io n  i n t o  t h e  c o r re s p o n d ­

i n g  m u s ta rd  o i l ,  i .  e . ,  h e a t i n g  w i th  c o n c e n t r a t e d  p h o s p h o r ie  

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

HgN-CS-S-H'HgNCHgOgHg, h a s  a l s o  b e e n  p r e p a r e d  ( 5 8 ) ,  b u t  

n o t  by  t h e  a d d i t i o n  o f  c a rb o n  d i s u l p h i d e  t o  t h e  am ine .

Von B raun  (3 7 )  s y n t h e s i z e d  t h e  t h i o u r e a  by t r e a t i n g  a  

mixtufce o f  t h e  am ine and c a rb o n  d i s u l p h i d e  w i th  3 $ 

h y d ro g e n  p e r o x i d e ,  ^e  r e c o r d e d  a  m e l t in g  p o i n t  o f  1 4 6 ° .

At t h e  same t im e ,  i n  1 902 , Von Braun p r e p a r e d  t h e  

d i b e n z y l  th iu ra m  d i s u l p h i d e ,  f o l lo w in g  t h e  p r o c e d u r e  

d e s c r i b e d  f o r  h i s  work i n  t h e  t h e o r e t i c a l  s e c t i o n ,  and 

fo u n d  t h e  m e l t in g  p o i n t  t o  b e  7 1 ° .  When h e a t e d  t o  1 0 0 ° ,  

t h e  th iu r a m  d i s u l p h i d e  decom posed i n  b o th  p o s s i b l e  way», 

fo rm in g  t h e  m u s ta rd  o i l  and t h e  t h i o u r e a ,  t o  a p p ro x im a te ly  

e q u a l  e x t e n t s .  The t h i o u r e a  th u s  o b t a i n e d  was i d e n t i c a l  

i n  m e l t i n g  p o i n t  w i th  t h a t  p r e p a r e d  by  t h e  u s e  o f  h y d ro g en  

p e r o x i d e .  B enzy l m u s ta rd  o i l  h a s  been  p r e p a r e d  in  good 

y i e l d  by  a  m ethod a l s o  d e v e lo p e d  by  Von Braun ( 5 9 ) ,  

w h ich  c o n s i s t s  o f  t r e a t i n g  t h e  th iu ra m  d i s u l p h i d e  

s u c c e s s i v e l y  w i th  sodium  e t h y l  a t e  and i o d i n e .

, The t h i o u r e a ,  m e l t in g  a t  1 4 7 - 8 ° ,  h a s  a l s o  b e e n  

s y n t h e s i z e d  by  t h e  i n t e r a c t i o n  o f  b e n z y la m in e  and t h i o -  

p h o s g e n e ,  OSClg ( 3 0 ) .  Two y e a r s  l a t e r ,  i n  1 936 , i t  was 

a g a in  p r e p a r e d ,  t h i s  t im e  u s i n g  n e i t h e r  c o n d e n s in g  a g e n t  

n o r  s o l v e n t  ( 1 9 ) .  The r e c o r d e d  m e l t in g  p o i n t  was 145—6 ° .  

The m ost r e c e n t  s y n t h e s i s  o f  d ib e n z y l  t h i o u r e a  i s  b y  

Underwood and D a ins  (6 0 )  i n  1 9 3 5 ,  w i th  t h e  r e a c t i o n  o f  

b e n z y la m in e  and p e r t h i o c y a n i c  a c i d ,  HgOgNgSgjto y i e l d  

d ib e n z y l  t h i o u r e a ,  m e l t in g  a t  1 4 7 -8 ° ,  w h ich  a p p e a r s  t o  b e  

t h e  m ost a c c u r a t e  m e l t in g  p o i n t .
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B enzy lam ine  s a l t  o f  b e n z y l  d i t h i o  c a rb am ic  a c i d :

The d i t h i o  c a rb a m a te  o f  b e n zy lam in e  i s  a l s o  known

a s  bengylammonium b e n z y l  d i t h i o  c a r b a m a te .

CgHgCHgNB-OS—S-H'HgNGHgCgHg. B en zy lam in e , 10  c c . ,w a s

d i s s o l v e d  i n  40 c c .  o f  i c e - c o l d  m e th a n o l ,  th e n  15 c c .  o f

c a rb o n  d i s u l p h i d e  was g r a d u a l l y  a d d ed , w h i l e  t h e  m ix tu r e

was c o o le d  i n  an i c e - b a t h  t o  a b so rb  t h e  l a r g e  q u a n t i t y  o f

h e a t  l i b e r a t e d .  A vo lu m inou s  p r e c i p i t a t e  o f  t h e  w h i t e

d i t h i o  c a rb a m a te  was fo rm ed , w hich  was f i l t e r e d  o f f ,  washed

s e v e r a l  t im e s  w i th  m ethy l a l c o h o l ,  th e n  a i r —d r i e d .  When

a  m e l t i n g  p o i n t  r e a d i n g  was t a k e n  i n  t h e  u s u a l  way, i . e . ,

b y  g r a d u a l l y  h e a t i n g  a  sam ple  i n  a  c a p i l l a r y  t u b e ,  t h e

m e l t i n g  p o i n t  was 1 2 0 -1 2 4 ° ,  w hich  compared s a t i s f a c t o r i l y

w i th  t h a t  o f  S a lk o w sk i ,  a b o u t  1 1 9 ° .  But when t h e  sam p le

i n  a  c a p i l l a r y  t u b e  was p lu n g e d  i n t o  a  b a t h  a t  1 2 5 ° i  m d
oh e a t e d  r a p i d l y ,  i t  m e l te d  f a i r l y  s h a r p l y  a t  134 . B oth  

m e l t i n g  p o i n t s  a r e  accom panied  b y  d e c o m p o s i t io n  t o  t h e  

t h i o u r e a ,  b u t  t h e  more p r o b a b l e  m e l t in g  p o i n t  i s  1 3 4 ° ,  

s i n c e  t h e  p r o c e d u r e  u se d  m in im iz e s  t h e  e x t e n t  o f  decompo­

s i t i o n  b e f o r e  m e l t i n g .

P r e p a r a t i o n  o f  d ib  e n z y l  t h iu r a m  d i s u l p h i d e  and 

d e t e r m i n a t i o n  o f  m o le c u la r  r a t i o , amine : i o d i n e  :

- The same p r o c e d u r e  u s e d  w i th  c y e lo h e x y la m in e  was 

a p p l i e d  to  b e n z y la m in e ,  u s i n g  a  0 .7 6 3 8  N. s o l u t i o n  o f  

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

l i s t e d  i n  T ab le  X I , show a  r a t i o  o f  am ine t o  i o d i n e
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w hich i s  v e ry  n e a r l y  t h e  t h e o r e t i c a l  4 { 1 ,  and a  g r o s s  

y i e l d  am ounting  to  96" ^  o f  t h e  t h e o r y .

T a b le  XI

M ola r  r a t i o ,  CgHgCHgN^sIg, and Y ie ld  o f  D ib en zy l
Thiuram D is u lp h id e

1 I I A verage

Moles am ine u se d 0 .0 9 4 3 3 0 .0 9 5 2 3

M oles i o d i n e  u s e d 0 .0 33 91 0 .0 23 51

. t m oles amine 
a  ° ’ m oles i o d i n e

4 .1 1 7 4 .0 5 3 4 .0 8 4

G ro ss  y i e l d  (g ram s) 8 .5 8 , 1

G ro ss  y i e l d  {$) 9 8 .9 9 3 .3 9 6 .1

The combined y i e l d s  o f  t h e  t h iu r a m  d i s u l p h i d e  w ere  g ro u n d  

t o  a  p a s t e  w ith  c a rb o n  d i s u l p h i d e ,  f i l t e r e d ,  washed tw ic e  

w i th  c a rb o n  d i s u l p h i d e ,  th e n  tw ic e  w i th  m e th y l  a l c o h o l .

The d r i e d  p r o d u c t  c o n s i s t e d  o f  sn o w -w h ite  c r y s t a l s ,  

m e l t i n g  a t  8 0 -8 1 ° .

I d e n t i f i c a t i o n  o f  d iben& vl t h iu r a m  d i s u l p h i d e :

A lth o u g h  t h e  o b se rv e d  m e l t i n g  p o i n t  d i d  n o t  a g r e e  

w i t h  t h a t  r e c o r d e d  by  Yon B ra u n , 7 1 ° ,  t h e  i d e n t i t y  o f  t h e  

p r o d u c t  was e v id e n t  from t h e  m ethod o f  p r e p a r a t i o n .  

How ever, a s  a  f u r t h e r  c h ec k ,  d u p l i c a t e  sa m p le s  w ere

analyzed for sulphur, with the resu lts shown in Table XII.

The fo rm u la  o f  t h e  th iu ra m  d i s u l p h i d e  i s  

C6 H5 0H2 NH-CS-S-S-OS-IH-CHgOgMg.
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T a b le  X II

A n a ly s i s

Sample 
( g r a m s )

°Jo S 
found

f  S 
t h e o r y

©,6097 
0 .5 3 3 0  
A verage

1 .5 3 5 2
1 .3 4 0 0

3 4 .5 7
3 4 .5 9
3 4 .6

3 5 .3
»

3 5 .3

H aving  th u s  e s t a b l i s h e d  t h e  i d e n t i t y  o f  t h e  th iu ra m

s o l u b l e  i n  m e th y l a l c o h o l ,  and  v e ry  s o l u b l e  i n  c a rb o n  

d i s u l p h i d e .  I t  h a s  an a n i s o - l i k e  o d o r ,  w hich  may b e  

d u e  t o  t r a c e s  o f  i m p u r i t i e s .

D e te r m in a t io n  o f  hyd rogen  s u l p h i d e  and t h i o u r e a  fo rm ed  

b y  d e c o m p o s i t io n  o f  d ib e n a y l  th iu ra m  d i s u l p h i d e :

The p r o c e d u r e  u s e d  f o r  d e te r m in in g  t h e  h yd ro g en  

s u l p h i d e  and  t h i o u r e a  form ed by  d e c o m p o s i t io n  o f  a  t h i ­

u ram  d i s u l p h i d e  h a s  a l r e a d y  b e e n  d e s c r i b e d .  T h is  m ethod 

was a p p l i e d  to  d u p l i c a t e  0 . 0 2 0 0  mole sam p le s  o f  d i b e n z y l  

t h iu r a m  d i s u l p h i d e .  The r e s u l t s  w ere  o n ly  m o d e ra te ly  p r e ­

c i s e ,  c o r r e s p o n d in g  t o  a  t o t a l  o f  106 $  o f  t h e  th iu r a m

d i s u l p h i d e  u s e d .  T hat i s ,  from  t h e  two p o s s i b l e  decom pos-
y i e l d  ^

i t i o n s ,  t h e  hy d rogen  s u lp h id e /y c o r re sp o n d e d  t o  1 0  w h i le

t h e  dibenzyl thiourea was equivalent to  96 $  o f  t h e  

o r i g i n a l  amount o f  th iu ra m  d i s u l p h i d e .  T hese  r e s u l t s  

a r e  l i s t e d  i n  T a b le  X I I I .

od i s u l p h i d e ,  i t s  c o r r e c t  m e l t i n g  p o in t  i s  s e t  a t  80-81  , 

n o t  7 1 ° .  The compound i s  i n s o l u b l e  i n  w a t e r ,  m o d e ra te ly
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T ab le  X I I I

Y ie ld  o f  Hydrogen S u lp h id e  and  T h io u re a  Formed by

D e co m p o s i t io n  o f  D ib en zy l  Thiuram  D is u lp h id e

Run Sample HoS found Y ie ld  HgS, T h io u re a  y i e l d ,  
(m o le s )  “ m o le s )  io t h e o r y  (m o le s )  io t h e o r y

I .  0 .0 2 0 0  0 .0 021 9  1 0 .9 5  0 .0 1 9 1  9 5 .5
I I .  0 .0 2 0 0  0 .0 0 1 7 7  8 .8 7  0.0195* 9 7 .5
A v erage     9 .9 1  0 .0 1 9 3  9 6 .5

F r e e  s u lp h u r  and c a rb o n  d i s u l p h i d e  were o b s e r v e d  among 

t h e  p r o d u c t s ,  a s  i s  t o  b e  e x p e c te d  from t h e  t h e o r y .  The 

r e c r y s t a l l i z e d  t h i o u r e a  melfred a t  1 4 5 .5 - 1 4 6 ° ,  which 

a g r e e s  w i th  t h e  m e l t in g  p o i n t  r e c o r d e d  i n  t h e  l i t e r a t u r e .

R e a c t io n  o f  d i b e n z y l  th iu ra m  d i s u l p h i d e  w i th  b e n z y la m in e :

D ib e n z y l  th iu r a m  d i s u l p h i d e  was r e a c t e d  w ith  

b e n z y la m in e  i n  e x a c t l y  t h e  same manner a s  h a s  been  d e s ­

c r i b e d  f o r  t h e  c o r r e s p o n d in g  c y c lo h e x y l  compounds, 

y i e l d i n g  t h e  t h i o u r e a  and s u lp h u r  a c c o r d in g  t o  t h e  

e q u a t io n  -

(Cg^CHgNH-CS-S- ) s  1 2 C6 H5 CH3 NH2  — *3( C6 H5 CH3 NH)3 CS t  H3 8 t- S. 

The y i e l d  o f  c ru d e  p r o d u c t ,  c o n s i s t i n g  o f  t h i o u r e a  and 

s u l p h u r ,  was a b o u t  107 $  o f  t h e  t h e o r e t i c a l  v a l u e ,  w h i l e  

t h a t  o f  t h e  r e c r y s t a l l i z e d  p r o d u c t ,  t h e  t h i o u r e a ,  was 

a lm o s t  100 io. The r e s u l t s  o b t a i n e d  w i th  t h e  b e n z y l  

compounds are l is t e d  in Table XIV.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-  65  -

T ab le  XIV

R e a c t io n  o f  D ib e n z y l  Thiuram D is u lp h id e  w i th

B enzy lam ine

Run Thiuram  u s e d  Crude P r o d u c t  P u re  P r o d u c t  M e l t in g
(g ram s)  ( g m s . ) jo (g m s .)  $  p o i n t

I .  1 3 .3 5  1 9 .3  104 1 7 .3  9 9 .1  1 4 6 .5 °
I I .  1 2 .8 0  3 1 .1  '  110 1 8 .1  1 0 0 .6  147®
A v e r a g e  107 $  9 9 .8  $  147

The p u r e  p r o d u c t  was r e c r y s t a l l i z e d  a g a in  t o  ch eck  t h e

t a b u l a t e d  m e l t i n g  p o i n t  w i th  t h e  r e c o r d e d  v a l u e s .  The
oo b s e r v e d  m e l t in g  p o i n t  o f  t h e  p u r e  t h i o u r e a  i s  147 , 

a g r e e i n g  w i th  t h e  m ost p r o b a b l e  v a lu e s  i n  t h e  l i t e r a t u r e .
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IV . I s o p ro p y la m in e

The am ines w hich have  b e e n  s t u d i e d  so  f a r  w ere  

r e p r e s e n t a t i v e s  o f  t h e s e  t h r e e  c l a s s e s  o f  p r im a ry  

am ines  -  h y d r o x y - a l i p h a t i c ,  c y c l o - a l i p h a t i c ,  and 

a r o m a t i c - a l i p h a t i c .  Von B raun was n o t  a b l e  t o  o b t a i n  

a  th iu r a m  d i s u l p h i d e  from any p r im a r y  a r o m a t ic  am ine , 

l i s  e x p e r i e n c e  was r e p e a t e d  i n  t h i s  r e s e a r c h  w i th  

a n i l i n e ,  u s i n g  b a s i c a l l y  t h e  same p r o c e d u r e  a l r e a d y  

d e s c r i b e d  i n  t h i s  s e c t i o n  f o r  t h e  o t h e r  a m in e s .  The 

p r o d u c t  was an i n d e t e r m i n a t e  m ix tu r e ,  s m e l l i n g  s t r o n g l y  

o f  t r i p h e n y l  g u a n id in e  and p h e n y l  m u s ta rd  o i l .  S in c e  

t h e  i n s t a b i l i t y  o f  d i s u b s t i t u t e d  th iu r a m  d i s u l p h i d e s  

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

t r i a l  was d i s c a r d e d .  T here  rem a in e d  t h e  a p p l i c a t i o n  o f  

t h e  r e a c t i o n s  c o n s id e r e d  i n  t h i s  r e s e a r c h  t o  a  t y p i c a l  

u n s u b s t i t u t e d  p r im a r y  a l i p h a t i c  am ine . For t h i s  p u r p o s e ,  

i s o p ro p y la m in e  was c h o se n .  The q u a n t i t y  a v a i l a b l e  was 

j u s t  s u f f i c i e n t  t o  p r e p a r e  t h e  th iu ra m  d i s u l p h i d e  and 

t h e  t h i o u r e a .

E a r l i e r  work on i s o p r o p y l  a m in e ;

I n  1882 , Ja h n  ( 6 l )  s y n t h e s i z e d  i s o p ro p y la m in e  and 

p r e p a r e d  t h e  t h i o u r e a  by s h a k in g  a  s o l u t i o n  o f  th e  am ine 

w i th  c a rb o n  d i s u l p h i d e ,  t h e n  s team  d i s t i l l i n g  t h e  

m ix tu r e  o v e r  m e r c u r ic  c h l o r i d e .  The m u s ta rd  o i l  was 

o b s e r v e d ,  b u t  t h e  main p r o d u c t  was d i - i s o p r o p y l  t h i o ­

u r e a ,  m e l t in g  a t  1 6 1 ° .  In  t h i s  r e a c t i o n ,  t h e  i n t e r m e d i a t e
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f o r m a t io n  o f  t h e  d i t h i o  c a rb a m a te  was o b s e r v e d .  The s a l t  

was n o t  i s o l a t e d .  Von Braun (3 7 )  u s e d  i s o p r o p y la m in e  

a s  one  o f  t h e  prim ary amines in  h i s  r e s e a r c h  on th iu r a m  

d i s u l p h i d e s .  He o b t a i n e d  d i - i s o p r o p y l  t h iu r a m  d i s u l p h i d e ,  

m e l t in g  a t  6 9 ° .

P r e p a r a t i o n  o f  d i - i s o p r o p y l  th iu ra m  d i s u l p h i d e :

About 2 gram s o f  i s o p r o p y la m in e  w ere  d i s s o l v e d  i n  

15 c c .  o f  i c e - c o l d  q ie th a n o l , t h e n  5 c c .  o f  c a rb o n  d i s u l ­

p h i d e  was added  g r a d u a l l y ,  w i th  p ro n o u n ce d  e v o l u t i o n  o f  

h e a t  i n  t h e  s o l u t i o n .  A s o l u t i o n  o f  i o d i n e  i n  m e th an o l  

and c a rb o n  d i s u l p h i d e  was added  t o  an end p o i n t ,  t h e n  

t h e  s o l u t i o n  was e v a p o ra te d  t o  a  v e r y  s m a l l  volume by  

b lo w in g  a i r  o v e r  i t .  A s m a l l  amount o f  d i s t i l l e d  w a te r  

was added to  p r e c i p i t a t e  t h e  th iu ra m  d i s u l p h i d e  and t o  

d i s s o l v e  t h e  am ine h y d r i o d i d e .  The p r e c i p i t a t e d  th iu r a m  

d i s u l p h i d e  was f i l t e r e d  and  p r e s s e d  d r y ,  t h e n  washed 

t h r e e  t im e s  w i th  c o ld  m e th a n o l .  I t  was l i g h t  y e l lo w  a t  

t h i s  p o i n t ,  s m e l l i n g  o f  m u s ta rd  o i l ^  and m e l t i n g  a t  

6 4 - 6 7 ° .  The th iu ra m  d i s u l p h i d e  m e l t s  w i th  d e c o m p o s i t io n ,  

g i v i n g  o f f  h y d ro g en  s u l p h i d e .  I t  i s  v e ry  s o l u b l e  i n  

o r g a n i c  s o l v e n t s ,  decom posing  p a r t i a l l y .  The im p ure

th iu r a m  d i s u l p h i d e  was washed r e p e a t e d l y  w i th  c o ld  e t h e r .
oI t  d r ie d  as pure w h ite  c r y s t a l s ,  m e lt in g  a t  6 9 .5  .

Von B raun  r e c o r d e d  6 9 ° ,  M u s ta rd  o i l  was fo und  i n  t h e  e t h e r  

f i l t r a t e .  No d e t e r m i n a t i o n  o f  y i e l d  was made.
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R e a c t io n  o f  d i - i s o p r o p y j .  t h iu r a m  d i s u l p h i d e  w i th  

i s o p r o p y l a m i n e :

About 0 .3  gram o f  d i - i s o p r o p y l  th iu r a m  d i s u l p h i d e  

was p l a c e d  in  a  s m a l l  g l a s s - s t o p p e r e d  b o t t l e ,  im m ersed i n  

a  f r e e z i n g  m ix t u r e ,  th e n  a b o u t  1 o c .  o f  c o l d  i s o p r o p y l ­

am ine  was add ed . The m ix tu r e  became q u i t e  wafm, d a rk e n e d ,  

and  h y d ro g en  s u l p h i d e  was e v o l v e d . l t  was a l lo w e d  to  

s t a n d  f o r  one day a t  0 ° -  5°  , th e n  warmed g e n t l y  on a  w a te r  

b a t h  t o  remove t h e  e x ce ss  o f  l o w - b o i l i n g  am in e . Then 

10 c c .  o f  d i s t i l l e d  w a te r  was a d d ed , b e in g  h e a t e d  u n t i l  

t h e  p r e c i p i t a t e d  t h i o u r e a  d i s s o l v e d .  I t  was p r e c i p i t a t e d  

by  c o o l i n g  t h e  s o l u t i o a a n d  r e c r y s t a l l i z e d  a g a in  from

d i s t i l l e d  w a te r .  The d ry  p r o d u c t  c o n s i s t e d  o f  s i l v e r y -
ow h i t e  p l a t e s  m e l t in g  a t  1 4 0 .0  . Jah n  r e c o r d e d  t h e

om e l t i n g  p o i n t  a s  161 ,

S y n t h e s i s  o f  d i - i s o p r o p y l  t h i o u r e a :

S in c e  t h e  m e l t i n g  p o i n t  o b s e rv e d  f o r  t h e  e x p e c te d  

t h i o u r e a  d i d  n o t  a g re e  w ith  t h a t  r e p o r t e d  by  J a h n ,  t h e  

t h i o u r e a  was a g a in  p r e p a r e d ,  b u t  i n  a n o th e r  way, i n  o r d e r  

t o  r e d e t e r m in e  and  a s c e r t a i n  i t s  c o r r e c t  m e l t in g  p o i n t .

About 5 c c .  o f  ie o p ro p y la m in e  was added  t o  a  

m ix t u r e  o f  50 c c .  o f  c a rb o n  d i s u l p h i d e  and  7 c c .  o f  

p y r i d i n e .  The a d d i t i o n  o f  t h e  am ine p ro d u c e d  a  v ig o r o u s  

r e a c t i o n  w i th  e v o lu t i o n  o f  h e a t ,  accom panied  by  t h e  p r e ­

c i p i t a t i o n  o f  a  w h i t e  c r y s t a l l i n e  d i t h i o  c a rb a m a te .  The 

m ix tu r e  was r e f l u x e d  f o r  6 h o u r s ,  a t  t h e  end o f  w hich t im e
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no more hydrogen  s u l p h i d e  was e l i m in a t e d  and  t h e  d i t h i o

c a r b a m a te  had  gone  i n t o  s o l u t i o n .  The c a rb o n  d i s u l p h i d e

was th e n  s t e a m - d i s t i l l e d  o f f ;  enough w a te r  waa added  t o

b r i n g  t h e  volum e t o  100 c c . ,  th e n  i t  was h e a t e d  t o

d i s s o l v e  t h e  t h i o u r e a .  The h o t  s o l u t i o n  was f i l t e r e d ,  t h e n

c o o le d  t o  0° t o  p r e c i p i t a t e  t h e  d i - i s o p r o p y l  t h i o u r e a .

The t h i o u r e a  t h u s  o b t a i n e d  was r e c r y e t a l l i z e d  from h o t

w a te r  c o n t a i n i n g  D arco . I t  m e l te d  a t  1 3 9 .5 ° .  I t  was th u s

e v id e n t  t h a t  t h e  same t h i o u r e a  was o b t a i n e d  by  b o th

p r o c e d u r e s ,  and t h a t  t h e  m e l t i n g  p o i n t  o f  d i - i s o p r o p y l
o 0

t h i o u r e a  i s  140 , n o t  161 a s  r e c o r d e d  i n  t h e  l i t e r a t u r e .

I d e n t i f i c a t i o n  o f  D i - l s o u r o u v l  t h i o u r e a :

A lthough  t h e  t h i o u r e a  was i d e n t i f i e d  b y  t h e  manner 

o f  i t s  s y n t h e s i s  from  t h e  am ine and c a rb o n  d i s u l p h i d e  

a c c o r d in g  t o  a  p r o c e d u r e  w hich c o u ld  y i e l d  no o t h e r  

p r o d u c t ,  a  sam ple  was a n a ly z e d  f o r  s u l p h u r ,  a s  a  f u r t h e r  

c h e c k .  By t h e  P a r r  m ethod, 0 .2 7 1 0  gram o f  t h i o u r e a  gave  

0 .3 9 9 6  gram o f  b a riu m  s u l p h a t e ,  c o r r e s p o n d in g  t o  3 0 .2 5  jo 

s u l p h u r .  T h is  v a l u e  i s  i n  ag reem en t w i th  t h e  t h e o r e t i c a l  

f o r  d i - i s o p r o p y l  t h i o u r e a ,  which i s  2 0 ,0 1  jo s u l p h u r .
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SUMMARY AID CONCLUSIONS

I n  t h i s  t h e s i s ,  a  r e a c t i o n  mechanism  scheme f o r  

t h e  s y n t h e s i s  o f  sy m m e tr ic a l  d i s u b s t i t u t e d ,  t h i o u r e a s  from  

p r im a r y  am ines and c a rb o n  d i s u l p h i d e  h a s  b e en  p r o p o s e d ,  

w h ich  a p p l i e s  t o  t h o s e  m ethods i n v o lv i n g  t h e  u s e  o f  

o x i d i s i n g  a g e n t s  t o  e f f e c t  t h e  e l i m i n a t i o n  o f  h y d ro g en  

s u l p h i d e .  The mechanism  p r o p o s e s  th e  f o l lo w in g  c o n s e c u t iv e  

r e a c t i o n s :

( 1 )  t h e  u s u a l  a d d i t i o n  o f  two m o le c u le s  o f  amine and one  

m o le c u le  o f  c a rb o n  d i s u l p h i d e  t o  form t h e  c o r r e s p o n d in g  

d i t h i o  c a rb a m a te :

3  R N H g+O Sg— *R N H -C S -S -H *H 3NR ( l )

( 2 )  t h e  i n t e r a c t i o n  o f  t h e  d i t h i o  c a rb a m a te  w i th  o x i d i z i n g  

a g e n t s ,  n o t a b l y  i o d i n e ,  to  form  t h e  c o r r e s p o n d in g  

d i s u b s t i t u t e d  th iu r a m  d i s u l p h i d e :

2 H N H -C S-S-H .H 2N R + I 2 - — M R N H ~ C S -S -52-H 2 RNHg’ HI ( 2 )

( 3 )  t h e  d e c o m p o s i t io n  by h e a t  o f  t h e  th iu r a m  d i s u l p h i d e  

i n  e i t h e r  o r  b o th  o f  two p o s s i b l e  ways, t o  y i e l d  ( a )  t h e  

c o r r e s p o n d in g  m u s ta rd  o i l ,  h y d ro g en  s u l p h i d e ,  and s u lp h u r

(RNH-CS-S-)2 *—» 2  M = C = S - tH 2 S + S  -  ( 3 a )

o r  ( b )  t h e  c o r r e s p o n d in g  t h i o u r e a ,  c a rb o n  d i s u l p h i d e ,  

and  s u lp h u r  -

(RNH-CS-S~)2  j»(RNH)2 CS +CS2 HhS (3 b )

( 4 )  t h e  c o n d e n s a t io n  o f  t h e  m u s ta rd  o i l  o f  e q u a t io n  ( 3 a )  

w i th  more o f  t h e  p r im a ry  am ine , i f  p r e s e n t ,  t o  y i e l d  

t h e  c o r r e s p o n d in g  t h i o u r e a :

R-N=C=S +  RNH3 — *RNH-CS-NHR ( 4 )
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(5 )  t h e  c o m b in a t io n  o f  t h e  c a rb o n  d i s u l p h i d e  o f  

e q u a t io n  (3 b )  w i th  more o f  t h e  p r im a ry  am in e , i f  p r e s e n t ,  

t o  y i e l d  t h e  c o r r e s p o n d in g  t h i o u r e a :

2 ENHg +  CSg >HNB-CS-NHR +  Ha S ( 5 )

I n  t h e  s y n t h e s i s  o f  t h i o u r e a s ,  a l l  o f  t h e s e  r e a c t i o n s  may 

o c c u r  d u r in g  t h e  c o u r s e  o f  t h e  s y n t h e s i s ,  g i v in g  i n  

sum m ation  t h e  e q u a t io n :

4  RNHg +  C S g - r lg ----- >(RNH)gOS +-2 RNHg.HI.

T h is  m echanism e x p la in s  t h e  f a c t  t h a t  t e t r a s u b s t i -  

t u t e d  t h i o u r e a s  can  n o t  b e  p r e p a r e d  from se c o n d a ry  am ines 

and  c a rb o n  d i s u l p h i d e ,  s i n c e  t h e  i n t e r m e d i a t e  t e t r a -  

s u b s t i t u t e d  th iu r a m  d i s u l p h i d e s  form ed by  t h e  r e a c t i o n  

p a r a l l e l  t o  e q u a t io n  (2 )  i s  s t a b l e  u n d e r  t h e  r e a c t i o n  

c o n d i t i o n s ,  as  shown by  Yon B ra u n . I t  i s  t h e r e b y  i s o l a t e d  

w i t h o u t  d e c o m p o s i t io n .

I n  s u b s t a n t i a t i o n  o f  t h i s  mechanism  schem e, t h e  

r e a c t i o n s  o f  f o u r  c l a s s e s  o f  p r im a r y  am ines w ere  s t u d i e d  -  

( I )  h y d r o x y - a l i p h a t i c  ( e th a n o la m in e ) ,  ( I I ) c y o l o - a l i p h a t i c  

( c y c lo h e x y la m in e ) ,  ( i l l )  a r o m a t i c - a l i p h a t i c  ( b e n z y la m in e ) ,  

and  (IV ) u n s u b s t i t u t e d  a l i p h a t i c  ( i s o p r o p y l a m in e ) .

In  t h e  c a s e s  o f  c y c lo h e x y la m in e  and b e n z y la m in e ,  

t h e  f i r s t  i n t e r m e d i a t e  n o te d  i n  t h e  r e a c t i o n  mechanism  

schem e -  t h e  d i t h i o  c a rb a m a te  — was i s o l a t e d  and i d e n t i f i e d .

The th iu ra m  d i s u l p h i d e s  o f  a l l  f o u r  o f  t h e s e  am ines -  

t h e  n e x t  i n t e r m e d i a t e s  -  w ere  p r e p a r e d  and  i d e n t i f i e d .

The m o la r  r a t i o  o f  amine t o  i o d i n e  i n  e q u a t io n  ( 2 )  and 

t h e  p e r c e n t  t h e o r e t i c a l  y i e l d  o f  th iu ra m  d i s u l p h i d e  w ere
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d e te r m in e d  f o r  each  am ine, w i th  t h e  e x c e p t io n  o f  i s o p r o p y l ­

am in e .

I n  s tu d y in g  t h e  two t y p e s  ( e q u a t io n s  3 a  and 3 b )  o f  

d e c o m p o s i t io n  o f  t h e  th iu ra m  d i s u l p h i d e s ,  t h e  y i e l d s  o f  

t h e  f o l lo w in g  p r o d u c t s  o f  d e c o m p o s i t io n  w ere  d e te rm in e d !

( l )  from  d i e t h a n o l  th iu ra m  d i s u l p h i d e  -  s u lp h u r  and  h y d ro ­

gen s u l p h i d e ;  ( 3 )  from  d i - c y c l o h e x y l  th iu r a m  d i s u l p h i d e  -  

h y d ro g en  s u l p h i d e  and t h i o u r e a ;  (3 )  from  d i b e n z y l  t h iu r a m  

d i s u l p h i d e  -  h yd rog en  s u l p h i d e  and t h i o u r e a .

The r e l a t i v e  e x t e n t s  o f  t h e s e  d e c o m p o s i t io n s  v a r i e d

w id e ly ,  as n o ted  in  th e  f o l lo w in g  summary t a b u la t io n ,

Thiuram  D is u lp h id e  
from :

E th a n o la m in e  

G y c lo hexy lam in e  

B enzy lam in e

W ith t h e  i n c r e a s i n g  m o le c u la r  w e ig h t  o f  t h e  am ine , t h e  

p e r c e n t  e x te n t  o f  t h e  d e c o m p o s i t io n  y i e l d i n g  h y d ro g en  

s u l p h i d e  and m u s ta rd  o i l  ( e q u a t io n  3 a )  d e c r e a s e d ,  w h i le  

t h e  e x t e n t  o f  t h e  d e c o m p o s i t io n  y i e l d i n g  t h i o u r e a  

( e q u a t i o n  3 b )  i n c r e a s e d .

Each o f  t h e  th iu r a m  d i s u l p h i d e s  com bined w ith  t h e  

corresponding primary amine t o  g i v e  p r a c t i c a l l y  a  

t h e o r e t i c a l  y i e l d  o f  t h e  c o r r e s p o n d in g  t h i o u r e a ,  w i th  

t h e  e x c e p t io n  o f  e th a n o la m in e ,  w hich y i e l d e d m  tra ree& L vab le  

t a r .

Y ie ld  HSS b y  Y ie ld  T h io u re a  by
. e q u a t io n  (3 a )  e q u a t io n  (3 b )

fo  t h e o r e t i c a l  fo  t h e o r e t i c a l

9 4 .6  fo  ----------------------

2 7 ,9  fo  6 4 .5  fo

9 .9  fo  9 6 .5  fo
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The f o l lo w in g  new compounds, .not r e c o r d e d  i n  t h e  

l i t e r a t u r e ,  w ere  p r e p a r e d  and i d e n t i f i e d :

( l )  d i e t h a n o l  th iu ra m  d i s u l p h i d e ,  M.P. 9 8 ° ;

( 3 )  d i - c y c l o h e x y l  th iu ra m  d i s u l p h i d e ,  M.P. 8 0 ° ;  and  

( 3 )  m e r c a p to - o x a z o l in e ,  M.P. 9 6 -9 7 ° .

Marked d i f f e r e n c e s  i n  t h e  m e l t in g  p o i n t s  o f  t h e  

f o l lo w in g  compounds from t h e  m e l t in g  p o i n t s  r e c o r d e d  i n  

t h e  l i t e r a t u r e  w ere  d e te rm in e d  and r e p e a t e d l y  c h e c k e d .

They a r e  a s  f o l lo w s :

( l )  e th a n o la m in e  h y d r i o d id e ,  M.P. 8 4 ° ;

( 8 )  b e n z y l  ammonium b e n z y l  d i t h i o  c a r b a m a te ,  M.P. 1 3 4 ° ;

( 3 )  d ib e n z y l  th iu r a m  d i s u l p h i d e ,  M.P. 8 0 -8 1 ° ;  and

( 4 )  d i - i s o p r o p y l  th io u r e a ,  M.P. 1 4 0 ° .

The e x p e r im e n ta l  r e s u l t s  and d a t a  s e c u r e d  i n  t h i s  

i n v e s t i g a t i o n  o f  t h e  r e a c t i o n s  o f  t h e  f o u r  p r im a ry  am ines 

o f  w id e ly  d i f f e r e n t  c l a s s e s  l e n d  s u p p o r t  t o  an a l t e r n a t i v e  

r e a c t i o n  mechanism scheme f o r  t h e  s y n t h e s i s  o f  t h i o u r e a s ,  

w h e re in  t h e  i n t e r m e d i a t e  f o rm a t io n  o f  a  th iu r a m  d i s u l p h i d e  

p r e c e d e s  t h e  f o rm a t io n  o f  a  t h i o u r e a .
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