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CHAPffiR I  

INTRODUCTION

R eac tio n s  o f  o l e f in  s u l f id e s  h e re to fo re  r e -  

p o r te d  have produced m ercaptans o r  d e r iv a t iv e s  o f 

m ercaptans* The s u l f i d e  r in g  has been opened by 

r e a c t io n  v i t h  l a b i l e  hydrogen c o n ta in in g  compounds 

such  as o rg a n ic  a c id s ,  h y d ro c h lo r ic  a c ld ,^  am ines,^  

a l c d i d s ^  and m ercap tan s , g iv in g  r e s p e c t iv e ly  th e  

fo llo w in g  ty p e s  o f  s u b s t i tu te d  m ercap tans; acy loxy  

m ercap tan s , c h lo ra n e rc a p ta n s ,  am inom ercaptans,  a lkoxy  

m ercaptans and th io  m ercap tan s. A cy la tio n s  have been 

accom plished  w ith  a c e ty l  c h lo r id e ,^  a c e ty l  b rom ide, 

a c e t i c  a n l ^ r i d ^  a id  benaoyl c h lo r id e  g iv in g  sub­

s t i t u t e d  t h i o  e s t e r s  o f th e  fo llo w in g  types*

K-C -S-CH Cl and K-C -S-CH CH -0-d^-R.
2  2 2

The o l e f in  s u l f id e s  polym erize much more 

r e a d i ly  th a n  th e  analogous o le f in  o x id e s . Among 

re a g e n ts  c a u s in g  r a p id  polym erizaticax  are*  T races o f 

a c id s  o r b a s e s , m e ta llo id  h a l id e s  such as boron t r i ­

f l u o r id e ,  h y d raz in e  and hydroxylam ine.

R e a c tio n s  o f  u n sym m etrica lly  s u b s t i tu te d  

e th y le n e  ox id es  u s u a l ly  open th e  epoxide r in g  w ith  th e  

oxygen atcm  rem ain ing  on the m ost h ig h ly  s u b s t i tu te d  

carbon  atom . In  t!m c leav ag e  o f  s u b s t i tu te d  e th y le n e  

o x id e s , th e  term s norm al c leav ag e  and abnorm al c leav ag e  

have been  a p p l ie d .  These term s have c a r r i e d  over in to



d is c u s s io n s  o f  th e  c leav ag e  o f  th e  o l e f i n  s u lf id e s #

The opening o f  th e  epox ide r in g  to  form secondary  

a lc o h o l i s  c o n s id e re d  to  he th e  norm al re a c t io n ^  and 

th e  fo rm aticm  o f  p rim ary  a lc < ^ o ls ,  th e  abnorm al.

The mechanism o f  th e  c leav ag e  o f tü ^  epox ide 

has  been p o s tu la te d  t o  ta k e  p la c e  i n  th e  fo llo w in g  

m annert

Acid c a ta ly z e d f  

0  H H R^ H
)c .  c( 4- -  c( —^

r 2 r 3  R2 r 3  r 2  jj3

I .  I I .  I I I .

The mechanism in v o lv in g  th e  u n im o lecu la r r in g  opening 

o f  th e  oxide^G onjugate a c id  I I  i s  fo llow ed  by th e  r a p id  

reacti< aa o f th e  open earbcmium io n , I I I ,  w ith  an  

a n io n .

Base c a ta ly z e d  t

0 C yO C H — — yC C H
»2  \  B= I  r2 i

IV . V.

In  b a s ic  media th e  mechanism i s  p o s tu la te d  as

in v o lv in g  a n u c le o p h i l ic  a t t a c k  by an  an io n  (X) on th e  

more p o s i t iv e  carbon  o f  th e  epox ide r i n g ,  g iv in g  cleav-* 

age o f  th e  ox ide l in k a g e  a t  t h i s  p o in t  ai3d an  i n t e r ­

m ed ia te  IV i s  p roduced . T h is th e n  r e a c t s  r a p id ly  w ith  

a  p ro to n  to  form  V.



These mechanisms in d ic a te  t h a t  th e  p reponder­

ance o f epoxide c leav ag es  shou ld  occur in  th e  norm al 

manner* - The e th y le n e  s u l f id e  s e r ie s  i s  n o t a s  con­

s i s t e n t ,  as r e a c t io n s  have been r e p o r te d  wiiere the  

p ro d u c ts  were m ainly norm al, o th e r  r e a c t io n s  where th e  

p ro d u c ts  were m ainly  abnorm al, and s t i l l  o th e rs  where 

m ix tu res  o f isom ers In  v a rio u s  r a t i o s  were a p p a re n tly  

ob ta ined*

R eac tio n s  o f e th y le n e  s u l f id e s  w ith  amines 

have been re p o r te d  t o  y ie ld  m ainly  amino m ercaptans in  

which th e  s u l f u r  atom rem ains on th e  more h ig h ly  su b -
p

s t i t u t e d  ca rb o n , a norm al c leavage*  Aqueous HCl and 

e th y le n e  s u l f id e s  a re  re p o r te d  to  proceed by abnorm al 

c leavage  in  form ing ch lo rom ercap tans*^  M ercaptans when 

re a c te d  w ith  e th y le n e  s u l f id e s  u s u a l ly  y ie ld  m ix tu res  

o f iso m eric  th io m e re a p ta n s , w ith  n e i th e r  th e  abnorm al 

n o r th e  norm al r e a c t io n  p redom inating  th roughou t th e  

series*"^ A lcc^o ls  have been re p o r te d  t o  y ie ld  p ro d u c ts  

r e s u l t in g  from the abnormal cleavage*^ A c y la tio n  r e ­

a c t io n s  proceed b o th  n o rm ally  and abnorm ally* A ce tic  

anhydride  in  p y r id in e  g iv es  the  norm al r in g  open ing , 

w h ile  th e  a c y l h a l id e s ,  a c e ty l  c h lo r id e ,  a c e ty l  brom ide, 

and benzoy l c h lo r id e ,  g iv e  th e  abnorm al r in g  opening*^



CHAPTSH I I  

STAmiSOT OF THB PROBLSM

T here have been t¥ o  main o b je c t iv e s  in  t h i s  

work# One has been the s tis iy  o f th e  o x id a tio n  o f 

p ropy lene s n l f id e  w ith  v a r io u s  o x id iz in g  a g e n ts  and 

I d e n t i f i c a t i o n  o f  the ty p e s  o f p ro d u c ts  ob tained#  The 

second has been th e  p ro o f o f s t r u c tu r e  o f  th e  p ro d u c ts  ; 

l . e # , th e  d i r e c t io n  of c leav ag e  o f th e  o l e f in  s u l f id e  

r in g  under the  in f lu e n c e  o f th e  o x id iz in g  a g e n ts  used*

The s u l f u r  atom in  th e  o l e f in  s u l f id e  r in g  

system  has been shown to  be in cap a b le  o f  expanding i t s
If

v a len ce  s h e l l  w ith o u t c leav ag e  o f  th e  r in g  ta k in g  p lace*^ 

P r o v ie n s  s u l f i d e ,  CH^-CTgCH2 ,  i s  an asy m m etrica lly  

s u b s t i tu te d  e th y le n e  s u l f id e  d e r iv a tiv e *  When t h i s  

r in g  i s  opened, th e  s u l f u r  atom in  th e  d e r iv a t iv e  formed 

w i l l  rem ain a t ta c h e d  e i t h e r  to  a secondary  carbon  atom , 

o r t o  a prim ary  carbcn  atom*

The compounds w hich were formed i n  th e se  o x id a­

t io n s  o f p ropy lene  s u l f id e  have been m entioned b r i e f l y ,  

i f  a t  a l l ,  in  p re v io u s  l i t e r a t u r e ,  and s o l id  d e r iv a t iv e s  

a p p a re n tly  have n o t been made p rev io u sly #  T h e re fo re , i t  

was n e c e s sa ry  t o  a sso rt to  o th e r  u n eq u iv o ca l methods of 

s y n th e s is  o f th e s e  compounds, g iv in g  known s t ru c tu re s #

The two s e r i e s  co u ld  th en  be compared th ro u g h  p h y s ic a l  

c ex is tan ts  and th rough  s o l id  d e r iv a t iv e s  o f d e f in i t e  

m e ltin g  po in t*



CHAPTER I I I  

DISCUSSION OF WORK

The p ropy lene  s u l f id e  used  in  th e s e  experl-*

ments was p rep ared  by a r e a c t io n  betw een p ropy lene

oxide and po tassium  t h i o c y a n a t e » 10 ,1 1
HpO

CH:> ^  CH ^  CHo-H KSCH — * Œ  -  CHn+ KOCH ^ X q/ '  2 3 2

The o x id iz in g  ag en ts  used  in  t h i s  s tu d y  were 

30^  hydrogen perox ide  s o lu t ic a i ,  69^  n i t r i c  a c id ,  and 

c h lo r in e  w ater*

With 30^ hydrogen perox ide  s o lu t io n  a s  o x id iz ^  

ing  a g e n t,  th e  p ro d u c ts  c o n ta in in g  s u l f u r  have been i d e n t i ­

f i e d  a s  s u l f u r i c  a c id  (frcm  com plete c leavage  o f th e  s u l f u r  

atom from th e  o r ig in a l  m a te r i a l ) ,  and a  -hydroxypropane 

s u l fo n ic  ac id*  An a l iq u o t  po rticm  of th e  o x id ized  m a te r ia l  

was tak en  f o r  a n a ly s is  f o r  t o t a l  a c id  and s u lf a te *  Con­

v e rs io n  o f th e  a c id  p ro d u c ts  to  barium  s a l t s  allow ed th e  

so lu b le  barium  hydroxypropane s u lfo n a te  t o  be se p a ra te d  

from th e  s u lfa te *  The barium  hydroxypropane s u lfo n a te  was

th en  co n v e rted  to  the  f r e e  s u l fo n ic  a c id ,  from  which th e
IPp h eny lhyd raz ine  s a l t  was made as a s o l id  d e r iv a tiv e *

The barium  ^ -h y d ro x y p ro p an e  s u lfo n a te  was 

re a c te d  w ith  phosphorus p a n ta c h lo r id e  to  y ie ld  a 

/^ -c h lo ro p ro p an e  s u lfo n y l ch lo rid e *  S tru c tu re  used  in  

th e s e  e q u a tio n s  i s  th e  isom er proven c o r r e c t  by subsequen t 

work*



6

H H H H
(CH:>-C-C--SO:,)oîBa+^PCltf ~ ^ C l p + 2 p d + 2  CE^m^P-C^SOnCl+lf POClo 

^ P H ^ ^ ^ ^ C IH
H

The m ethyl a n i l id #  o f t h i s  ch lo rop ropane  

s u lfo n y l  c h lo r id e  was p repared^  and m elted  a t  

T h is d e r iv a t iv e  co n ta in ed  no h a logen  and a n a ly s is  showed 

i t  t o  be an  u n s a tu ra te d  m ethyl a n l l id e  o f  s t r u c tu r e  shown

in  th e  fo llo w in g  e q u a tio n !
H E  E CHi ■ H E  CHq Œo

CH3-C-C-SO2CI +  3 5  2 ia 2 £ ^  CH^-G=C-S02-N + 2  H2-N -  Cl
à à  Q  0  0

11T h is type o f  r e a c t io n  has been re p o r te d  p re v io u s ly .

As a r e fe re n c e  compound, sodium 2**hydroxy- 

p ro p a n e - l^ s u lfo n a te  was p rep a red  by the  r e a c t io n  o f sodium 

b i s u l f i t e  w ith  p ropy lene o x id e .

II H H H E E 0

h V  ^ H i a l
a

T his r e a c t io n  has been shown to  g ive  th e  secondary  a lc o h o l 

form ation*  The -hydroxypropane s u lfo n a te  was co n v e rted  

to  P -^ch lo ro p ro p an e -l-su lfo n y l c h lo r id e  w ith  P G lj. The 

c b lo ro - s u lfo n y l  c h lo r id e  was th en  con v erted  in to  a m ethyl 

a n i l in e  d e r iv a t iv e .  T his compound had a m e ltin g  p o in t 

o f  57-^?8^c* and showed no d e p re ss io n  o f m e ltin g  p o in t 

upon be in g  admixed w ith  th e  d e r iv a t iv e  p rep ared  from th e  

ch lo rop ropane  s u lfo n y l  c h lo r id e  from th e  p e ro x id e  o x id a t io n . 

The two ch lo rop ropane  s u lfo n y l  c h lo r id e s  th u s  app ear to  

be i d e n t i c a l .
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O xidaticai v i t h  69^  n i t r i c  a c id  app^eared  t o  g iv e  

r e s u l t s  i d e n t i c a l  to  th o se  o b ta in ed  w ith  peroxide*

P ropy lene  s u l f id e  was o x id ized  d i r e c t l y  w ith  c h lo ­

r i n e  and w a te r  by adding  th e  s u l f id e  to  w ate r in to  which 

c h lo r in e  was b e in g  passed* An o i ly  p ro d u c t i s o la te d  in  good 

y ie ld  proved to  be a /3 -ch lo ro p ro p an e  s u lfo n y l  c h lo r id e *

The s t a b i l i t y  o f t h i s  s u lfo n y l  c h lo r id e  toward w a te r i s  such 

t h a t  h y d ro ly s is  v i t h  w a te r  i s  accom plished  on ly  by lo n g  s ta n d ­

in g  o r r e f lu z in g ^  and h y d ro ly s is  a p p a re n tly  i s  acccKnpanied 

by rem oval o f th e  c h lo r id e  group as HCl# f i l i n g  p o in t  

o f  t h i s  ch lo rop ropane s u lfo n y l  c h lo r id e  a g re e s  w ith  th e  

s u lfo n y l  c h lo r id e  p rep ared  f r o a  phosphorus p a n ta c h lo r id e  

tre a tm e n t o f  the  p e ro x id e  o x id a tio n  p ro d u c t, 2 -hydroxy- 

propane s u l fo n ic  a c id ,  b u t th e  r e f r a c t iv e  indexes do n o t 

agree*  The m e ltin g  p o in t  o f th e  m ethyl a n i l in e  d e r iv a t iv e  

does n o t agree* C o n sid erab le  d e p re ss io n  i s  g iven  by a 

mixed m e ltin g  p o in t  o f th e s e  two d e r iv a tiv e s *  T h e re fo re , 

i t  can be concluded th a t  t h i s  o x id a tio n  p ro d u c t i s  1 -c h lo ro -  

p r o p a n e -2 -su lfo n y l c h lo r id e *

2 -C h lo ro p ro p a n e - l- th lo l  was p rep ared  acco rd ing  

to  the  method o f  D avies and S a v ig e ,^  by adding propylene 

s u l f id e  to  c o n c e n tra te d  h y d ro c h lo r ic  a c id  in  methanol*

These in v e s t ig a to r s  have a p p a re n tly  proved th e  a d d i t io n  

o f  HCl t o  be "abnormal*^, and to  g ive th e  p rim ary  t h i o l .

The p u r i f i e d  p roduc t was o x id ized  w ith  c h lo r in e  and w a te r 

t o  g ive  2 -c h lo ro p ro p a n e - l- s u lfo n y l c h lo r id e *  R e f ra c t iv e
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in d ex  and b o i l in g  p o in t  o f  th e  c h lo ro - s u lfo n y l  c h lo r id e  

ag ree  v i t h  th o se  o f the  c l i lo ro - s u lfo n y l  c h lo r id e  o f th e  

p e ro x id e  o x id a tio n  product*  The m e ltin g  p o in t o f th e  m ethyl 

a n i l in e  d e r iv a t iv e  ag ree s  v i t h  t h a t  o f th e  c h lo ro ^ s u lfo n y l 

c h lo r id e  o f th e  peroxide- o x id a tio n  p ro d u c t, and th e  c h lo ro -  

s u lfo n y l  c h lo r id e  o f th e  b lsu lf ite -^ p ro p y lo n e  oxide a d d i t io n  

p roduct*  A mixed m e ltin g  p o in t o f e i t h e r  o f th e se  p a i r s  

shows no d ep ress io n ^  These r e s u l t s ,  th e n , ag ree  v i t h  th o se  

o f  D avies and S av lg o , in  showing th e  opening o f th e  propy­

le n e  s u l f i d e  r in g  by h y d ro c h lo r ic  a c id  t p  be abnorm al^.

S o d ium -2 -hyd roxyp ropane-2 -su lfona te  was p re -  

pared  by th e  a d d i t io n  o f sodium b i s u l f i t e  to  acetone*  ^ 

A ttem pts were made to  co n v e rt th e  sodium s a l t  d i r e c t l y  to  

2-c h lo ro p ro p a n e -2- s u lfo n y l  c h lo r id e  th rough  th e  use o f  

PCl^i PC l^, and POCl^, b u t on ly  a b la c k  p roduc t vas ob­

ta in e d  which could  n o t be d i s t i l l e d *  T h e re fo re , i t  was 

d ec id ed  to  do t h i s  co n v e rs io n  in  s ta g e s ,  as fo llo w s i 

H
6 Cl

H,C -  6 -  CH-+S0C1----- 4  H,C -  C -  CH,+SO^HaCl
SOgRa SO3H

Cl
H,C- Ç -  CE,<-2 KOH ( in  e th a n o l)—-> H,C- C :  CHg+XCl-*-2 HgO 

SO3H 6O3K

E,C -  Ç s  CEgi- P C I5  H3C -  C z  CHp-i- POClg-t- KCl
SO3K 3O2CI

The u n sa tv ira ted  s u lfo n y l c h lo r id e  was n o t s u c c e s s fu l ly  

p repared*



A ttem pts were made to  p re p a re  o th e r  s o l id  

d e r iv a t iv e s *  Frcm th e  s a l t s  o f th e  s u lfo n ic  a c id s  

a c id i f i e d  w ith  HCl, a tte m p ts  were made to  p re p a re  

d e r iv a t iv e  s a l t s  w ith  p ip e r id in e ,  p y rid in e ^  and 

p - to lu id in e *  The m e ltin g  p o in ts  o f th e se  s a l t s  were 

to o  in d e f in i t e  to  be u s e fu l  in  com parison s tu d ie s *

A ttem pts to  co n v e rt th e  ch lo rop ropane  s u l f ­

onyl c h lo r id e s  to  s o l id  su lfonam ides w ith  ammonium 

h y d ro x id e , a n i l i n e ,  p - to lu id in e ,  d ibenzy lam ine and 

d im eth y l amine h y d ro c h lo r id e  and KaHCO  ̂ were a l l  un­

s u c c e s s f u l ,  on ly  o i l s  which could  n o t be made t o  

c r y s t a l l i z e  be ing  ob tained*  An a ttem p t to  p rep a re  an  

e s t e r  w ith  b enzy l a lc o h o l was a f a i l u r e  *
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SUMMARY OF RBACTIOÎfô

H H H

H H H

CI2 
and w a te r

HCl
M ethanol

H H H
h- c- g- c- s - h

H OLE

\k
H H H

CI2 and 
w a te r

PCIPCI

H^C^C^C^SDpCl
H a n

M ethyl A n ilin e  
4̂  H H 

G-K-*SOp-CSC*CH^
^ 0

M athyl .A n ilin e  
/PHg 

H^C-H-SOg-C
Ô  “ >3
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TABI3 I

Süi^lâBY OF REACTION TIMES AND TEMBSRATURES 

30^  H2Ĉ  O x id a tio n

A d d itio n R eac tio n Acid as 1 .0  H, R a tio

Time Temp, Temp.
T o ta l

Acid
C O .

S u lf a te
c c .

T o ta l  ac id*  
S u l f a te

30 ic e -w a t« r Jt, jU'J. ice-*water 4 5 .4 5 28 .68 1 .7*1

35 Ic e -w a te r 3 h r s . ic e -w a te r 58,48 1 9 .4 3*1

w? Ic a -w a te r 1 h r . ^ ® c . 88.32 3 4 .9 9 2 ,5*1

65 Ic e -w a te r 1 hr* 75-80°C , 121 ,05 4 1 ,4 0 2 ,9*1

20°C . 2 h r s . 20°C. 129,16 41 .70 3 . 1*1

55 3 5 -4 0 °c . 1 h r . 40°C. 140.53 56.63 2 .5*1

50 *fO®c. 2 h r s . 4o°c. 126.22 4 0 .1 5 3 . 1*1 •

55 4o°c. 1 h r . 80°C. 154.52 55.03 2 .8*1

The amonnt o f p ropy lene  s u l f id e  used in  th e se  

o x id a tio n s  v a s  7 A  grams (0*1 m oles)* Hydrogen perox ide  

was used  in  an  amount o f grams (0*4 m o les).

The above t i t r a t i o n s  were conducted w ith  a 

Beckman pH m e te r . No ev idence of a secondary  io n is a t io n  

cou ld  be found vhen th e s e  t i t r a t i o n s  were g raphed .

♦ T h is o x id a tio n  i s  th e  one g iv en  in  th e  g raph .
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TABLE I I  

Süim m Y  OF PHYSICAL C0HSTAHT8

SODHCS CRLOROFROPAIG 8ULF0RYL CHLORIDE mLTIDO TOIKÎ 
M ethyl a n i l in e  

derivativeBoiling point Refractive index

5%: )^C/1 mm. n |°  l.»f835 5 6 -5 7 .5°C

2 *012-^ 2^ o x id ized  
p rop y len e  s u l f id e

5?-56°CA mm. 
77-79°C /8 mm.

1 .48^9 53 .5 -54 .5°C

3 ♦Propylene s u l f id e  
HCl in  m ethanol 
CI2-H2O o x id ized

?1.°C/1 mm. I.W832 56.8-57.8°c

V*Propylene oxide 
sodium b i s u l f i t e  
PCI5

5 l-5 2 ° C /l  mm. 1 .4820 57 .2 -58 .2°C

Mixed m e ltin g  p o in ts  

1 and 2 A ll m elted  below

1 and 3 No d e p re s s io n  o f m e ltin g  p o in t .

1 and 4 Ho d e p re s s io n  o f m e ltin g  po in t*
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CHAPTER IV .

EXPERIMENTAL

p 1 Q
PREPARATION OF PROPTLENS SüXiFIBE (METHYL ÎHIUUfSS): *

One hundred s ix te e n  grams (2 m oles) o f oonm erolal 

p ro p y len e  ox ide vas added s low ly  th ro u g h  a d ropp ing  fu n n e l 

to  290 grams o f  w a te r , and 292 grams (3 m oles) o f po tassium  

th io c y a n a te  in  a one l i t e r  th re e -n e c k e d  f l a s k  equipped 

v i t h  a  m echan ica l b lad e  s t i r r e r  and r e f lu x  cond en ser.

The r e a c t io n  m ix tu re  was kep t co o l w ith  an  ic e -w a te r  b a th  

d u r in g  th e  a d d itio n *  The r a t e  o f a d d i t io n  was c o n tro l le d  

so  as  to  r e q u ir e  kO t o  50 m inu tes f o r  th e  a d d i t io n .  The 

m ix tu re  was th en  s t i r r e d  u n t i l  th e  hour was com pleted .

The tem p era tu re  o f  th e  b a th  was th en  r a is e d  t o  30 to  35^0. 

and s t i r r e d  fo r  a n o th e r  hour* The m ix tu re  was coo led  and 

th e  c rude  p ropy lene  s u l f id e  s e p a ra te d  a s  a to p  lay e r#

The crude  p ropylene s u l f id e  was washed tw ice  w ith  i c e -  

w a te r  and th en  d r ie d  over CaGl2 # D i s t i l l a t i o n  gave some 

fo r e ru n ,  and th e  p roduc t was tak en  as th e  f r a c t i o n  b o i l in g  

a t  70 -72^C ., (u su a l b a ro m e tric  re a d in g  680-685 mm. H g*), 

1 *4765. Average y ie ld  was 75^ o f t h e o r e t i c a l .  The 

fo re ru n  was c o l le c te d  and combined w ith  fo re ru n s  from 

o th e r  p r e p a ra t io n s ,  and when a s u f f i c i e n t  amount had been 

r e s e rv e d ,  th e s e  were re a c te d  a g a in  w ith  po tassium  th io ­

cyanate*  Y ie ld s  from the  fo re ru n  m a te r ia l  were
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ap p ro x im a te ly  lOji lo v e r*  T h io u rea  was used  in  p lace  o f 

th e  th io c y a n a te ^  in  th e  same m olar p ro p o r tio n s  in  some 

p re p a ra t io n s  $ how ever, no improvement in  y ie ld  cou ld  be 

n o te d .

OXIDATION OF PROPYLEÎS SULFIDE WITH 30^ Hg02#

In  a th ree^n ech ed  f l a s k  f i t t e d  w ith  a r e f lu x  

c o n d e n se r , H erschberg  s t i r r e r ,  and dropp ing  fu n n e l ,  was 

p lace d  grams (0*4 m oles) o f 30^ hydrogen perox ide

C”Superoxol® )* B efore a d d i t io n  o f  th e  p ropy lene  s u l f id e  

was begun, th e  p ero x id e  was b rough t t o  th e  a d d i t io n  

tem p e ra tu re  o f  the  p a r t i c u l a r  a d d i t io n  (T able I ) ,  s in c e  

w ith  some o f  th e  h ig h e r  tem p era tu re  a d d it io n s  the  s o lu t io n  

blew  o u t th rough  th e  r e f lu x  condenser i f  an excess o f 

s u l f id e  had been added w hile  th e  p ero x id e  was y e t  cold* 

When th e  p e ro x id e  was a t  th e  d e s ire d  te m p e ra tu re , the  

a d d i t io n  o f  7*4 grams ( 0*1 m oles) o f  p ropy lene  s u l f id e  

th ro u g h  th e  d ropp ing  fu n n e l was begun. T h is a d d i t io n  was 

s lo w , u s u a l ly  abou t 0 ,5  cc* p e r  m in u te . The in s e r t i o n  o f 

a therm om eter in to  the  r e a c t i m  m ix tu re  f o r  o b se rv a tio n  

o f  th e  tem p e ra tu re  was an a id  in  d e te rm in in g  th e  r a t e  

o f  a d d i t io n ,  as  tem p e ra tu re s  above 40^C, were l i a b l e  t o  

cause  r e a c t io n s  v io le n t  enough to  e ru p t  th rough  th e  r e f lu x  

condenser*  No e x p lo s io n  o r  decom position  s u f f i c i e n t l y  

v io le n t  to  ru p tu re  f l a s k s  was e x p e rie n c e d . A f te r  th e



16

additl<H î v as  com pleted and th e  r e a c t io n  m ix tu re  had 

been s t i r r e d  a t  tem p e ra tu re s  and in t e r v a l s  In d ic a te d  

in  T ab le  I ,  th e  ex cess  p ero x id e  vas d e s tro y e d  v i t h  

**Catalase S a r o t t ” * The s o lu t io n  vas th en  d i lu te d  to  

100 m l. in  a v o lu m e tric  f l a s k ,  and a 10 m l. p o r t io n  

ta k e n  f o r  a n a ly s i s .  The 90 inl. o f  s o lu t io n  rem ain ing  

w ere n e u t r a l iz e d  w ith  ex cess  Ba(0H)2 in  a round- 

bottom ed f l a s k  f i t t e d  v i t h  a r e f lu x  cond en ser. T his 

m ix tu re  was re f lu x e d  18 h o u rs . The p r e c ip i t a te d  barium  

s u l f a t e  was removed by c e n tr i f u g in g .  Carbon d io x id e  

was bubbled th ro u g h  th e  c l e a r  so lu tio n #  The m ix tu re  was 

a g a in  c e n tr ifu g e d  to  f r e e  i t  frcm  p r e c ip i t a te d  m a te r ia l .  

T h is  p ro c ess  was re p e a te d  u n t i l  no ca rb o n a te  p r e c ip i t a t e  

was e v id e n t .  The s o lu t io n  was c o n c e n tra te d  on th e  steam  

b a th  to  about 10 to  20 m l..  The m ix tu re  was a g a in  

f i l t e r e d ,  as  some BaCO^ vas p r e c ip i t a te d  from some 

b ic a rb o n a te  w hich had been formed# F in a l  c o n c e n tra t io n  

was accom plished  under reduced  p re s su re  w ith  a w a te r  

a s p i r a to r .  The barium  hydroxypropane s u lfo n a te  was a 

sy rupy  s t i c k y  m ass, b u t a g re y ish  w h ite  powder when 

co m p le te ly  d r y .  A ttem pts a t  c r y s t a l l i z a t i o n  were made 

w ith  t h i s  d r ie d  s a l t  w ith  95% a lc o h o l ,  b u t were u n su ccess­

f u l .  The d r ie d  m a te r ia l  gave v a ry in g  an a ly se s  f o r  barium .
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o f  b a r iu ij  m o R o x y  h îo p a n f  s u if o n a t s  w ith  p c i ^ j

In  a roim d-bottom ed f l a s k  f i t t e d  w ith  re f lin c  

condenser was p laced  th e  d r ie d  barium  s a l t  (m oles c a lc u ­

l a t e d  a s  barium  hydroxy propane s u l fo n a te )  w ith  2 ? m l. o f  

ch lo ro fo rm  and ^  m olar e q u iv a le n ts  o f  PCl^. T h is m ix tu re  

was a llo ife d  to  s tan d  a t  room tem p era tu re  u n t i l  th e  

e v o lu t io n  o f  hydrogen c h lo r id e  had su b s id e d , th en  i t  was 

p laced  on th e  steam  cone and allow ed  to  r e f lu x  f o r  12 

h o u rs . The re a c tic m  m ix tu re  was coo led  t o  room tempera-* 

tu r e  and th e n  poured over c racked  i c e .  The c h lo ro fo m  

l a y e r  was s e p a ra te d .  The w a te r la y e r  was e x tra c te d  once 

w ith  15 m l. o f  ch lo ro fo rm . The two ch lo ro fo rm  la y e r s  

w ere combined and washed w ith  3 su c c e ss iv e  p o r tio n s  of 

co ld  w a te r .  The ch lo ro fo rm  s o lu t io n  was d r ie d  over 

CaCl2 o v e rn ig h t .  A f te r  f i l t r a t i o n  th rough  g la s s  w ool, 

th e  ch lo ro fo rm  was removed on th e  a s p i r a to r .  The o i ly  

p ro d u c t was d i s t i l l e d  u s in g  th e  vacuum pump, w ith  a 

b o i l in g  p o in t  o f  5 4 ^ 5 5 % ./!  mm. . The p ro d u c t cou ld  be 

d i s t i l l e d  a t  a h ig h e r  tem p era tu re  and w ith  l e s s  vacuum, 

b u t in  th e  f i r s t  d i s t i l l a t i o n s  profound decom positions 

o c c u rre d  i f  th e  po t tem p e ra tu re  was in  excess o f  100% . 

The r e d i s t i l l e d  p ro d u c t had a b o i l in g  p o in t o f 5 4 ^ 5 5 ^ 0 ./ 

1 EBB.» 7 7 -7 8 °C ./8  mm.} n§° 1 .4 8 3 0 .
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PREPARATION OP THE ŒTHYL ANILINE DERIVATIVE;

One end one ̂ te n th s  grams o f the  ch lo rop ropane  

su lfO T y l c h lo r id e  from above ( 0#01 m oles) in  10 cc . o f  

e th e r  was added w ith  sh ak in g  to  3#3 grams ( 0 .03  ;uoles) 

o f  m ethy l a n i l in e  d is s o lv e d  in  10 c c .  of e t h e r .  The 

s o lu t io n  was a llow ed  to  s tan d  f o r  s e v e ra l  h o u rs . A 

p r e c i p i t a t e  o f m ethyl a n i l in e  h y d ro c h lo rid e  was form ed, 

w hich was f i l t e r e d  o f f .  The e th e r  s o lu t io n  was washed 

two o r th re e  tim es w ith  1 N. HCl, and once w ith  w a te r .

The e th e r  was ev ap o ra ted  o f f  and th e  r e s id u a l  o i l  was 

ta k e n  up in  95^ a lco h o l*  W ater was added to  th e  e th a n o l 

s o lu t ic a i  to  the cloudy  p o in t .  The m ijcture was p laced  in  

th e  r e f r i g e r a t o r  o v e rn ig h t.  The p r e c ip i t a t e  was f i l t e r e d  

o ff*  The m ethyl a n l l id e  was r e c r y s t a l l i z e d  from e th a n o l 

and w a te r ,  and had a m e ltin g  p o in t o f 56- 57*

Mixed m e ltin g  p o in t w ith  th e  m ethyl a n l l id e  

f r m  th e  c h lo ro s u lfo n y l  c h lo r id e  o f  s odlum-2-h y d roxy- 

p p o p a n e - l- s u lfo n a te  showed no d e p re s s io n .

CHLORINE WATER OXIDATION OF PROPYLENE SULFIDE;

In  a 250 m l. f l a s k  f i t t e d  w ith  r e f lu x  c o n d e n se r , 

m echan ica l b lad e  s t i r r e r ,  d ropp ing  fu n n e l ,  therm om eter and 

gas i n l e t  tu b e  w hich le d  below th e  s u r fa c e  o f  th e  w a te r ,  

was p lace d  100 m l. o f w a te r . The f l a s k  was coo led  w ith
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an  ic e -w a te r  bath* Through th e  d ropp ing  fu n n e l w hich 

had i t s  end below th e  s u r fa c e  o f  th e  w a te r to  su p p ress  

d i r e c t  c h lo r in a t io n y was added slow ly  l4*8  grams ( 0 .2  

m oles) o f  p ro p y len e  s u l f i d e .  C h lo rin e  ( ta n k )  was passed  

in  th ro u g h  th e  i n l e t  tu b e . The r a t i o  o f  th e  r a t e  o f 

a d d i t io n  o f  p rop y len e  s u l f id e  and c h lo r in e  was such th a t  

an  ex cess  o f  c h lo r in e  was alw ays p re sen t*  R ate o f  

a d d i t io n  o f  th e  p ropy lene  s u l f id e  was re g u la te d  so  t h a t  

th e  r e a c t io n  tem p era tu re  d id  n o t r i s e  above lO ^C ., a l ­

though  r i s e s  to  15^0 * f o r  s h o r t  p e r io d s  o f  tim e d id  n o t 

im p a ir  th e  y ie ld *  A f te r  th e  p ropy lene s u l f id e  had been 

ad d ed , th e  r a t e  o f th e  c h lo r in e  a d d i t io n  was reduced  

and th e  m ix tu re  s t i r r e d  f o r  an a d d i t io n a l  hour* The 

a d d i t io n  o f th e  c h lo r in e  was h a l te d  and a i r  blown th rough  

th e  gas i n l e t  tu b e  t o  remove ex cess  c h lo r in e .  The m ix tu re  

was th e n  s e p a ra te d  and th e  heavy o i ly  p roduc t washed 

th re e  tim es  w ith  ic e -w a te r  and d r ie d  over CaCl2 o v e rn ig h t. 

The p ro d u c t was th en  d i s t i l l e d ,  a t  a b o i l in g  p o in t o f  

5 ? -5 6 °C .A  mm., 77-78®C./8 mm.} 1 .4 8 9 9 . Y ie ld s  

av eraged  70^  o f  th e o r e t ic a l*

A n a ly s is  C a lcd . f o r  Ç2H5SO2CI2 Î C, 2 0 .3 ^ ; H, 3*^1

Found! C, 20 .5^} H, 3*26*

The m ethyl a n i l in e  d e r iv a t iv e  was p rep ared  in

th e  manner d e sc r ib e d  above, and had a m e ltin g  p o in t o f 

9 3 .5 -5 4 .5 ° c .
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A n a ly s is  C a lcd . f o r  CX0H13HO2S : K, 6 .6 2 ; S , lk ^7 5

Found: N, 6 ,8 4 ; 15 ,14

Mixed m o ltin g  p o in t w ith  th e  m ethyl a n l l id e  

from  th e  c h lo ro s u lfo n y l  c h lo r id e  o f sodiuia-^2^hydroxy'* 

p ro p a n e -s u lfo n a ta  showed a la rg e  d ep re ss io n ^  as the 

mixed m e ltin g  p o in t  was below

PREPARATION OF 80DIDM 2-^EYDROXyPBO?AM*l-SüLFOMTS, 

2-CHLOROPHOPAM-l-SüLFONïL CHLORIDE, AKD METHYL 

ANILINE DERIVATIVE*

S ix ty -s e v e n  grams o f  p ropy lene oxide (1 .1 5  

m oles) was added w ith  s t i r r i n g  to  9 ? grams o f  ^a2^295  

in  200 ml* o f  w a te r in  a 500 m l. th ree -n eck ed  f l a s k  

f i t t e d  w ith  a r e f lu x  c o n d e n se r, d ropp ing  fu n n e l and 

m echan ica l b lad e  s t i r r e r .  The r e a c t io n  m ix tu re  was 

s t i r r e d  a t  rotxa tem p e ra tu re  f o r  8 hours* The w a te r 

was ev a p o ra ted  o f f ,  aM  th e  re s id u e  e x t r a c te d  w ith  90^ 

e th an o l*  A w h ite  p ro d u c t was o b ta in ed  w hich upon 

r e c r y s t a l l i z a t i o n  from  $5% e th a n o l gave a m eltin g  

p o in t  o f  225-227^C, The sodium 2 -h y d ro x y p ro p an e -l-  

s u l fo n a te  was e cm v e r te d  to  th e  ch lo ro p ro p an e  s u lfo n y l 

c h lo r id e  w ith  P C lj, The 2 -c h lo ro p ro p a n e - l- s u lfo n y l

c h lo r id e  had a b o i l in g  p o in t  o f  51- 52®C* /1  mm.;
2 0 1.4820* I t  was ccm verted to  th e  m ethyl a n i l in e
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d e r iv a t iv e  u s in g  th e  same p rocedu re  as  f o r  th e  m ethyl 

a n l l i d e  from  th e  p e ro x id e  o x id a tio n *  The m ethyl a n i l in e  

d e r iv a t iv e  had a  m e ltin g  p o in t o f  57*2- 58*2^C#

Calcd* f o r  C, 56*85; 6 .20

Found* C, 56 .85 ; H, 6 .2 7

PREPARATION OF 2-CHL0E0PR0PANS-l.*THI0L«

2 -C h lo ro p ro p a n e - l» th io l was p repared  acco rd in g  

to  th e  methods o f  D avies and S a v ig e .^  In  a 100 m l.

round-bo ttom ed f l a s k  f i t t e d  w ith  a r e f lu x  condenser was

p lace d  25 m l. ( 0 .2 9  m oles) o f c o n c e n tra te d  h y d ro c h lo r ic  

a c id  in  30 m l. o f  m ethano l. 14 .8  grams ( 0 .2  m oles) o f 

p ropy lene  s u l f i d e  in  20 ml* o f m ethanol was added to  

th e  a c id  in  sm all p o r t io n s  w ith  co o lin g  and sh ak in g .

The m ix tu re  was a llow ed  to  s ta n d  o v ern ig h t*  The m ix tu re  

was th e n  d i lu te d  w ith  100 m l, o f w ate r and th e  low er 

l a y e r  s e p a ra te d ,  and the  aqueous la y e r  e x t r a c te d  w ith  

20 m l. o f  c h lo ro fo rm . The two p o r t io n s  were combined 

and d r ie d  o ver CaCl2 * Upon d i s t i l l a t i o n  a w a te r-w h ite  

p ro d u c t was o b ta in e d , w ith  a b o i l in g  p o in t o f 60- 62% /  

82 ram.; 1 .4 8 4 4 . Y ie ld  was 50^ o f t h e o r e t i c a l .

T h is  p ro d u c t was o x id iz e d  w ith  c h lo r in e  and 

w a te r  in  th e  manner d e s c r ib e d  f o r  the  o x id a tio n  o f th e  

p ropy lene  s u l f i d e .  The ch lo ro p ro p an e  s u l fo n y l  c h lo r id e  

o b ta in e d  had th e  fo llo w in g  c o n s ta n ts :  B o ilin g  p o in t ,

? 1 °C .A  mm.; 1.1+827.
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The m ethyl a n i l in e  d e r iv a t iv e  was p re p a re d , 

g iv in g  a p ro d u c t w ith  a m e ltin g  p o in t o f

A mixed m eltin g  p o in t d e te rm in a tio n  w ith  th e  

m ethyl a n i l in e  d e r iv a t iv e  from th e  c h lo ro s u lfo n y l 

c h lo r id e  o f  sodium 2~hydroixypropane»l^su lfonat0 showed 

no d ep ress io n *

PREPARATlOR OF THE PRENYLHYDRAZINS DERIVATIVE OF THE
12HYDROXYPROPANE SULFONATE FROM THE PEROXIDE OXIDATION:

The barium  propane s u lfo n a te  was analyzed  f o r  

barium  by p r e c ip i t a t i o n  as  barium  s u lf a te *  The f r e e  

a c id  was th en  p rep ared  by adding  s ta n d a rd  s u l f u r i c  a c id  

to  th e  ana lyzed  s u lfo n a te  in  a q u a n t i ty  s l i g h t l y  l e s s  

th an  th a t  re q u ire d  f o r  com plete p r e c ip i t a t i o n  o f  th e  

barium . The f r e e  s u lfo n ic  a c id  was th e n  re a c te d  w ith  

an equ im olar q u a n t i ty  o f  p heny lhyd raz ine  in  a lc o h o l .

A g ra n u la r  p r e c i p i t a t e  was ob ta ined*  I t  was r e c r y s t a l -  

11 zed froïa a b s o lu te  e th an o l*  The re  c r y s t a l l i z e d  p ro d u c t 

had a m e ltin g  p o in t o f  132-133^0*

A n aly sis  C alcd . f o r

C, ^3 .5 3 î K, 11*2?; 6 *?; S , 12*91.

Found! C, 43*2?; N, 11 .4 3 ; 6*0?; 8,12*96  Ave.

T h is  s a l t  was t i t r a t e d  w ith  s ta n d a rd  base  and th e  m o lecu la r 

w eigh t de term ined!

T h e o re t ic a l!  M.W* 248*3 

Found! M.W. 2?0 .18
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PREPARATION OF SODIÜH PR0PAHS-2*0L*2-SüIF0MTB 8

B ig h ty -sev en  grams (1«5 moles ) o f ace to n e  

waa added w ith  s t i r r i n g  to  142 grams ( 0 #7? m oles) o f 

^  27^ ml* o f w ater* The r e a c t io n  m îxtnro  

was k e p t below 20%* by means o f an  ic e -w a te r  bath#

The tim e re q u ire d  f o r  a d d i t io n  was 2 honrs# S t i r r i n g  

was co n tin u ed  f o r  1^  hours a f t e r  th e  a d d itic a i was com^ 

p la te d #  The s o l id  p roduc t was f i l t e r e d  o ff*

ATTEMPTED PREPARATION OF PR0P-l-SNE-2-3ULP0NyL CHLORIDE 8 

In  a 50 ml* round-^bottomed f l a s k  was p laced  

16*2 grams ( 0*1 m ole) o f  ace tone  « "b isu lf ite  a d d i t io n  

p ro d u c tI  12 ml* <0#15 m oles) o f  th io n y l  c h lo r id e $ and 

20 ml# o f  chloroform * T h is m ix tu re  was allow ed to  

r e f lu x  f o r  6 hours* An e q u iv a le n t  amount o f  KOH in  

e th y l  a lc o h o l was added w ith  c o o lin g  and shaking# The 

KOH a lc o h o l m ix tu re  was a llow ed  to  r e f lu x  o v ern igh t#

The r e a c t io n  m ix tu re  was n e u t r a l iz e d  w ith  HCl and 

ev ap o ra ted  to  d ry n ess  on th e  a s p ir a to r#  The sem i-d ry  

m ix tu re  was t r e a te d  w ith  ex cess  PC lç, and a f t e r  i t  was 

re f lu x e d  f o r  12 h o u rs , was poured over c racked  ic e  and 

th e  w a te r l a y e r  e x t r a c te d  w ith  100 cc# o f chloroform # 

The ch lo ro fo rm  s o lu t io n  was washed w ith  5 su c c e ss iv e  

p o r t io n s  of c o ld  w a te r and th e n  was d r ie d  over CaCl2 * 

The ch lo ro fo rm  was d i s t i l l e d  o ff*  The r e s id u a l  o i l  

was d i s t i l l e d  under reduced  p re ssu re#  There was 

o b ta in e d  as  a p ro d u c t 2 grams o f a c o lo r le s s  o i l ,  which
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âarlœ ned  on s tand ing*  The b o il in g  p o in t was 66% . /1 2  mm. ;
20^  H ^•3998# These c o n s ta n ts  a re  to o  low f o r  th e  d e s ire d  

compound* The m ethyl a n i l in e  d e r iv a t iv e  cou ld  n o t he 

mad© frcxa t h i s  compound*

R o te ; The c a rb o n $ hydrogen and n i t ro g e n  an a ly se s  c i t e d  

i n  t h i s  work were made by C la rk  M ic ro a n a ly tic a l L a b o ra to ry . 

S u l f u r  a n a ly se s  were made by th e  au thor*
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&• Thô d i r e c t  o x id a tio n  o f p ro j^ le n a  s o l f id o  

t o  th e  2-h y d ro x y p ro p a n e - l« su lfo n ic  a c id  was accom plished 

w ith  hydrogen perox ide*  The d i r e c t  o x id a tio n  o f  propy­

le n e  s tH f id e  to  th e  1-ch lo ro p ro p an e  - 2- s n l f o n y l  o h lo r id e  

was a c c m p lls h e d  w ith  c h lo r im  w ater*

b* The s t r n c tn r e  o f th e  o x id a tio n  prodtacts 

was proven by com parison w ith  p repared  ch loropropana 

s u l fo n y l  c h lo r id e s  o f known s tm c t t i r e .  The m ethyl 

a n i l i n e  d e r iv a t iv e s  o f th e s e  sn lfcm y l c h lo r id e s  were 

p re p a re d  as s o l id  d e r iv a t iv e s  fo r  f u r th e r  com parison .

e* The hydroxypropane s u lfo n a te s  \dxlch were 

p rep a red  f o r  com parison were made by methods y ie ld in g  

compounds o f  p re v io u s ly  proven s t r u c t u r e .

d . The c leavage  o f th e  s u l f id e  r in g  o f 

p rop y len e  s u l f id e  may proceed e i t h e r  in  a norm al o r 

an  abnorm al m anner, th e  norm al c leav ag e  le a d in g  to  

p ro d u c ts  w ith  the  s u l f u r  atom on th e  secondary  ca rb o n , 

th e  abnorm al t o  p ro d u c ts  w ith  th e  s u l f u r  atom on th e  

p rim ary  ca rb o n . Perox ide o x id a tio n  was proven to  p ro ­

ceed  in  an  alxiorm al m aim er, \d i i le  c h lo r in e  w a te r  ox ida­

t i o n  gave th e  norm al type  o f c le a v a g e .
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