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A b s t r a c t

STUDIES IN ORGANOSULFUR CHEMISTRY

by

E l a i n e  C. N ic h o la s  

A d v is o r :  P r o f e s s o r  W.F. B e rk o w i tz

The r e a c t i o n  o f  NBS, d ry  DMSO and a lk e n e s  to  produce  

bromo ke tones  was e x p lo r e d .  C o n d i t i o n s  were sought  in  which  

the  amount o f  d ib ro m id e  would be reduced ( v a r y i n g  t im e ,  

te m p e r a tu r e  , a d d i t i o n  o f  a d d i t i v e s  such as 

a lk y l t r im e th y la m m o n iu m  t e t r a f l u o r b o r a t e  r e s i n s ,  e t c . ) .  

Y i e l d s  f o r  the  r e a c t i o n  w i t h  c y c lo h exen e  were 18% o f  

2 -brom ocyc lohexanone and 13% o f  1 ,2 - d ib r o m o c y c l o h e x a n e . 

In s t e a d  o f  us ing  DMSO, d i f f e r e n t  amine o x id e s  were t r i e d .  

The best  r e s u l t s  were o b t a in e d  us ing  q u i n u c l i d i n e  ox ide  

which gave upon r e a c t i o n  w i t h  cyc loh exene  47% o f  

2-broroocyclohexanone and 6% o f  1 ,2 -d ib r o m o c y c l o h e x a n e .

E x p l o r a t i o n s  were made i n t o  the  s y n t h e s is  and use o f  

t o s y l m e t h y l  THP e t h e r  as an a c y l  an ion  e q u i v a l e n t .  I t  was 

s y n th e s iz e d  from t o l u e n e s u l f i n i c  a c id  and f o r m a l i n  t o  g iv e  

t o s y lm e th a n o l  (88%) which was t r e a t e d  w i t h  d ih y d r o p y r a n  

( u s in g  p y r i d i n i u m  t o l u e n e s u l f i n a t e  as a weak a c i d  c a t a l y s t )  

to  g i v e  t o s y l m e t h y l  THP e t h e r  (6 7 % ) .  T h is  was r e a c t e d  w i t h  

a l k y l  h a l i d e s  ( o c t y l  b rom ide ,  b e n z y l  b rom ide ,  c innam yl  

brom ide)  and then  h y d ro ly z e d  to  g iv e  the  c o r re s p o n d in g  

a ldehyde p lu s  one a d d i t i o n a l  carbon in  good y i e l d .
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A. I n t r o d u c t i o n

The work presented  here  i s  in  two p a r t s :  f i r s t ,  work 

done on the r e a c t i o n  o f  NBS and DMSO (amine o x id e s )  w i th  

a lkenes  to  produce bromo ketones and second, work done on 

the  s y n th e s is  and use o f  to s y lm e th y l  THP e t h e r  as an acy l  

anion e q u i v a l e n t .

For  each o f  the p a r t s  a few c h a p te rs  o f  h i s t o r i c a l  

i n fo r m a t io n  w i l l  be presented  which p e r t a i n s  to the use o f  

such compounds and o th e r  r e l e v a n t  i n f o r m a t i o n  such as 

c l o s e l y  r e l a t e d  m e c h a n is t ic  work,  next  the  p ro p o s a l ,  

fo l lo w e d  by the d is c u s s io n  o f  the e x p e r im e n ta l  work which we 

d id  ( R e s u l t s  and D is c u s s i o n ) .  T h is  i s  fo l lo w e d  by the  

e x p e r im e n ta l  s e c t io n  f o r  both p a r ts  and then the t a b l e s .
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B. 1 . Uses o f  Ha lo  Ketones

Halo  ketones are  u s e fu l  s y n t h e t i c  i n t e r m e d ia t e s  because 

they possess f u n c t i o n a l  groups on a d ja c e n t  carbon atoms. In  

some cases ,  i t  i s  p o s s ib le  to  cause one o f  these groups to  

r e a c t  s e l e c t i v e l y  w h i l e  l e a v i n g  the o th e r  i n t a c t .  T h e i r  

uses in c lu d e :  1) base induced r i n g  c o n t r a c t i o n  or  F a v o r s k i i  

rea r rang em ent ,  2 )  deh yd ro h a lo g en a t io n  r e a c t i o n  to  the enone,  

3)  r e d u c t io n  to  the  k e to n e ,  M) r e d u c t i o n  to  the  h a lo h y d r in ,  

5 )  r e d u c t io n  o f  h a lo  group w i t h  m eta ls  fo l lo w e d  by 

a l k y l a t i o n ,  6 )  s u b s t i t u t i o n  r e a c t i o n s  in  which the h a l i d e  i s  

a l e a v i n g  group,  and 7 )  r e a c t i o n s  which make use o f  the  ha lo  

k e t o n e 's  b i f u n c t i o n a l  n a t u r e ,  such as those in  which  

h e t e r o c y c le s  a r e  formed.  Each o f  these t o p i c s  s h a l l  be 

rev iewed and some r e l e v a n t  examples w i l l  be g iv e n .

H a lo g e n a t io n  o f  ketones fo l lo w e d  by deh yd ro h a lo g en a t io n  

i s  a method which has been used f o r  many years  to  co n v e r t  

ketones to  enones. H ig h ly  bas ic  re a g e n ts  a re  to  be avoided  

as the products  may undergo a F a v o r s k i i  rea r rang em ent .  To 

avoid  t h i s  problem, one can p r o t e c t  the h a lo  ketone as the  

h a lo  k e t a l  and ge t  e l i m i n a t i o n  o f  HX by t r e a t i n g  i t  w i t h  

s t ro n g  bases such as sodium methoxide or potassium  

t - b u t o x i d e .  A f t e r  d e k e t a l i z a t i o n  the u n s a tu ra te d  ketone i s  

produced ( 1 ) .
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A more d i r e c t  method to  produce enones is  by h e a t in g  the  

halo  ketone in  a weaker base such as c o l l i d i n e  or l i t h i u m

c h l o r i d e  in d im e th y 1 formamide ( 2 ) .  In  both cases,  the  

reagen ts  a re  bas ic  enough to cause the d e s i re d  e l i m i n a t i o n s  

but not too bas ic  such t h a t  a F a v o r s k i i  rear ranged  product  

i s  o b t a in e d .  Another more r e c e n t  method is  to  hea t  the ha lo  

ketone in  HMPA ( a p p r o x im a te ly  120°C f o r  12 hours)  to  

g iv e  the u n s a tu ra te d  ketone in  good y i e l d .  I t  appears t h a t  

HMPA is  s u f f i c i e n t l y  bas ic  to  cause t h i s  e l i m i n a t i o n  ( 3 ) .

Halo ketones undergo the F a v o r s k i i  rearrangement  when

they are  r e a c te d  w i t h  s t rong  bases. Many m ech a n is t ic  s t u d ie s

have been done on the F a v o r s k i i  rearrangement  and i t  is

s t i l l  a t o p i c  o f  c o n t ro v e rs y  and f u r t h e r  s tudy .  The

mechanism ( 4 )  shown in  scheme 1 i s  probab ly  the most

commonly accepted mechanism. I t  was determined by C-1U

l a b e l l i n g  s t u d ie s  and s t u d ie s  in  which the s u b s t i t u e n t s  were 

changed.

I n t e r m e d i a t e  A undergoes a r in g  opening r e a c t i o n  in  the  

d i r e c t i o n  to  produce the most s t a b i l i z e d  c a rb a n io n .  A 

t y p i c a l  example o f  t h i s  r e a c t i o n  is  shown in  eq u a t io n  1 ( 5 ) .  

The y i e l d  f o r  t h i s  r e a c t i o n  i s  ap p ro x im a te ly  60%. Th is

r e a c t i o n  is  a u s e fu l  way in  which r in g s  can be c o n t r a c t e d  to  

one hav ing one le s s  carbon atom in the r i n g .

Halo ketones can be dehalogenated to  produce ketones  

w i t h o u t  the h a lo  group.  Th is  can be accomplished by us ing

3
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v a r io u s  k inds o f  r e a g e n ts .  Perhaps the o l d e s t  method is  

r e d u c t io n  o f  the halogen s u b s t i t u e n t  by warming the m ix tu re  

o f  bromo ketone in a c e t i c  ac id  and z in c  dust  ( 6 ) .

Meta l  ca rb o n y l  complexes a ls o  have been found to  be 

u s e fu l  in reduc ing  ha lo  ke tones .  Examples o f  these are  

molybdenum hexacarbonyl  ( 7 )  and i ro n  pen tac arbony1 ( 8 )  which 

g iv e  y i e l d s  o f  a p p ro x im a te ly  80% and 60% r e s p e c t i v e l y .



Th is  type o f  re d u c t io n  can a lso  be done by t r a n s i t i o n  

m eta ls  in low va lency s t a t e s .  Halo ketones can be reduced to  

ketones by c h r o m i u m ( I I )  a c e t a t e  ( 9 ) .  In  a d d i t i o n ,  t i t a n iu m  

t r i c h l o r i d e  can be used to  g ive  the cor responding ketones in 

very  good y i e l d  (> 8U%) ( 1 0 ) .

A number o f  io d id e  reagen ts  have been developed fo r  

reduc ing  h a lo  ke tones .  Among them are l i t h i u m  iod id e  and 

boron t r i f l u o r i d e  ( 1 1 ) ,  c e r i u m ( I I I )  io d id e  ( 1 2 ) ,  sodium 

io d id e  and t r i m e t h y s i l y l  c h l o r i d e  ( 1 3 ) ,  and sodium iod ide  in 

aqueous ac id -THF ( 1 * 0 .  The mechanism o f  these r e d u c t io n s  are  

o u t l i n e d  in  eq u a t io n  2 .  I s o l a t e d  y i e l d s  f o r  most o f  these  

r e a c t i o n s  were very  good ( g e n e r a l l y  2 90%).

Sodium cyanoborohydr ide  is a reduc ing agent  f o r  a l k y l  

i o d id e s  and bromides but i t  can a ls o  be used to to reduce 

iodo and bromo ketones to the unhalogenated ke to n e .  Sodium 

cyanoborohydr ide  ( 1 5 ) is  thought  to reduce o rg a n o h a l id e s  by 

n u c l e o p h i l i c  h y d r id e  a t t a c k  C S N2 ) in p o l a r  a p r o t i c  

sol  v e n t s .

Halo ketones can be t r e a t e d  w i th  z inc  to produce a z inc  

e n o l a t e .  Th is  z inc  e n o la t e  can be a l k y l a t e d  by being

2
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t r e a t e d  w i th  e l e c t r o p h i l e s  such as methyl  iod id e  ( 1 6 ) ,  

c h l o r o s u l f i d e s  ( 1 7 ) ,  and aldehydes ( 1 6 , 1 8 ) .  Th is  type of  

r e a c t i o n  is  s i m i l a r  to the c l a s s i c a l  Reformatsky r e a c t i o n  

and appears to be a good way to  a l k y l a t e  the o r i g i n a l  s i t e  

o f  the bromide in  bromo ke tones ,  even when the  corresponding  

z in c  e n o la t e  i s  the le s s  s t a b l e  one. W h i le  methyl iod id e

g ives  good y i e l d s  o th e r  a l k y l  h a l id e s  do n o t .  By a l k y l a t i n g

w i th  a ldehydes fo l lo w e d  by d e h y d r a t io n ,  a l k y l i d e n e  ketones  

were o b ta in e d  in  good y i e l d s .  These presumably can be

reduced to  g iv e  the a l k y l a t e d  product  in  good y i e l d  ( 1 6 ) .

Russian workers (1 7 )  so lved t h i s  problem by using

c h l o r o s u l f i d e s , making i t  p o s s ib le  to  produce a f u l l y  

a l k y l a t e d  a - p o s i t i o n .

Japanese (1 8 )  workers t r e a t e d  bromo ketones w i t h  z inc

and d i e t h y l  aluminium c h l o r i d e  in THF a t  low tem p e ra tu re s .  

Th is  produces an aluminium e n o la t e ,  which can then be 

t r e a t e d  w i th  a ldehydes to  produce B-hydroxy ketones in

e x c e l l e n t  y i e l d s  (> 92%).

Bromo ketones can be a l k y l a t e d  by us ing  copper l i t h i u m  

reage n ts  ( 1 9 , 2 0 ) .  The d e s i r e d  product  is  formed by d i r e c t  

s u b s t i t u t i o n  o f  bromide by the copper l i t h i u m  re a g e n t .  

U n f o r t u n a t e l y ,  y i e l d s  f o r  t h i s  r e a c t i o n  tend to  be low,  

e s p e c i a l l y  f o r  bu lky cu p ra te s  and /o r  h in d ered  ketones .

A l k y l a t i o n s  o f  bromo ketones were a l s o  done using  

t r i a l k y l b o r a n e s  and potassium t - b u t o x i d e  in THF. The

6



mechanism ( 2 1 )  is  shown in scheme 2. A caveat  in t h i s  

r e a c t i o n  is  the p o s s i b i l i t y  t h a t  when h a lo  ketones are  

t r e a t e d  by s t ro n g  bases,  a F a v o r s k i i  rear ranged  product  may 

r e s u l t .  Y i e l d s  f o r  s t r a i g h t  cha in  a l k y l  boranes were 

g e n e r a l l y  good, but w i th  secondary and t e r t i a r y  a l k y l  

boranes, r e p o r te d  y i e l d s  were OS.

Halo ketones can be reduced s e l e c t i v e l y  a t  the  carbonyl  

carbon w h i le  l e a v i n g  the carbo n -h a lo gen  bond i n t a c t  to  

produce the correspond ing  bromohydrins.  Th is  has been done 

by using aluminium iso p ro p o x id e  and by using sodium 

borohydr ide  ( 2 2 ) .  The s te re o is o m e r  o b ta ined  in t h i s  manner

0 0
Br t BuOK Br

KBr

O 0
BR2 t BuOH

Scheme 2
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i s  o f t e n  d i f f e r e n t  than t h a t  o b ta in e d  through  o t h e r  methods 

o f  bromohydrin  f o r m a t i o n .

Ha lo  ke tones  a re  used e x t e n s i v e l y  in  the  s y n th e s is  o f  

h e t e r o c y c l e s .  H e t e r o c y c l e s  a r e  o f t e n  s y n th e s iz e d  from the  

f ragm ents  to  produce the  h e t e r o c y c l e  w i t h  th e  d e s i r e d  

s u b s t i t u e n t s  a l r e a d y  b u i l t  in  r a t h e r  than through  

s u b s t i t u t i o n  r e a c t i o n s  as i s  done in  benzene c h e m i s t r y .  Halo  

ke tones  a re  good f ragm ents  because they  have t h r v  p o in ts  o f  

n u l e o p h i l i c  a t t a c k  on o n ly  two carbon atoms.

One c l a s s i c a l  example o f  th e  use o f  h a lo  ketones in  

h e t e r o c y c l e s  i s  in  the  Hantzsch s y n t h e s is  o f  p y r r o l e s  ( 2 3 ) .  

The mechanism is  o u t l i n e d  in  e q u a t io n  3 .  G e n e r a l l y ,  the  

h a lo  ke tones  used in  h e t e r o c y c l i c  s y n t h e s is  a re  s im ple  ones,  

made from e i t h e r  sy m m e tr ic a l  ke tones  or  from ketones  which  

have on ly  one p o s i t i o n  w i t h  e n o l i z a b l e  hydrogens such as 

ace to p h en o n e . Such an example i s  shown in  the  s y n th e s is  o f  

q u i n o x a l i n e  (2 4 )  by t r e a t i n g  a s u b s t i t u t e d  phenacy l  c h l o r i d e  

w i t h  o r t h o - d i a m i n o a n i l i n e  as shown in  e q u a t io n  4 .

5 5 -  91 %
E q ua t ion  3
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In  c o n c lu s io n ,  ha lo  ketones can be reduced to e i t h e r  

ketones or h a l o h y d r in s .  They can be a l k y l a t e d  and, upon base 

t r e a t m e n t ,  can undergo the F a v o r s k i i  rea r rang em ent .  They are  

used in  the s y n th e s is  o f  h e t e r o c y c le s .  Thus, ha lo  ketones  

are  very u s e fu l  i n t e r m e d ia t e s  because o f  the wide v a r i e t y  o f  

r e a c t io n s  t h a t  they can undergo.

9



2. Ways to  Form Halo Ketones from Ketones

The most common way to  form bromo ketones is  by 

t re a tm e n t  o f  a ketone w i th  a b ro m in a t in g  ag e n t .  There  are  

many d i f f e r e n t  aspects  in v o lv e d  such as the e f f e c t  o f  

s u b s t i t u e n t s ,  a c i d -  vs. b a s e - c a t a l y s i s , type o f  b ro m in a t in g  

agents ,  c o n c e n t r a t i o n ,  f r e e - r a d i c a l  vs. i o n ic  c o n d i t i o n s ,  

e t c . .  Al though t h i s  i s  a r a t h e r  complex t o p i c ,  major t rends  

s h a l l  be d iscussed as background m a t e r i a l  f o r  the proposal  

a t  hand. In  t h i s  d is c u s s io n ,  b ro m in a t io n s  s h a l l  be 

emphasized r a t h e r  than c h l o r i n a t i o n s , because the proposal  

(see Chapter  8)  in v o lv e s  a b r o m in a t io n  r e a c t i o n .

Most o f  the s t u d ie s  presented  in  t h i s  s e c t io n  were done 

using bromine as the  b r o m in a t in g  a g e n t .  Other  b ro m in a t in g  

agents  a re  a v a i l a b l e ,  but these s h a l l  be d iscussed in a 

s p e c ia l  s e c t i o n .

The mechanisms (2 5 )  o f  a c i d -  and b a s e -c a t a ly z e d  

h a lo g e n a t io n s  o f  ketones are  shown in  scheme 3.

The i n t e r m e d i a t e  in v o lv e d  in  the a c i d - c a t a l y z e d  r o u te  is  

the  e n o l ,  whereas,  in  the b a s e - c a t a ly z e d  r o u t e ,  i t  i s  the  

e n o l a t e .  For m onoha logenat ions , the a c i d - c a t a l y z e d  r o u te  is  

p r e f e r r e d  because monohalogenated ketones a re  le s s  bas ic  and 

t h e r e f o r e ,  less  prone to undergo e n o l i z a t i o n  and subsequent  

h a lo g e n a t io n  than the unhalogenated ke tones .  The use o f

10



a c i d - c a t a l y z e d  h a lo g e n a t io n s  g e n e r a l l y  a l lo w s  one to  produce 

monohalogenated ke tones .  The reve rs e  is  t ru e  fo r

b a s e -c a t a ly z e d  h a lo g e n a t io n s .  Halo ketones are  more a c i d i c  

than unhalogenated ketones so they form e n o la te s  more

B a s e -c a ta ly z e d  h a lo g e n a t io n  o f  ketones is  g e n e r a l l y  avoided  

because the product  i s  a m ix tu r e  o f  d i -  and t r i - h a l o g e n a t e d  

products  ( 2 5 ) .

H a lo g en a t io n s  o f  unsymmetr ica l  ketones g e n e r a l l y  take  

p lace  w i th  a g r e a t e r  percentage  o f  halogen a t  the more 

h i g h l y  s u b s t i t u t e d  a - p o s i t i o n .  Thus r e a c t i o n  a t  a CH group 

i s  p e r f e r r e d  over a CH2  group,  which i s  p r e f e r r e d  over  

a CH^ group. Th is  is  because the more h ig h ly  

s u b s t i t u t e d  enol is  the major  product  due to  thermodynamic 

c o n t r o l  ( 2 6 ) .  T h is  is  f u r t h e r  is  com pl ica ted  because bromo 

ketones a re  r e a d i l y  isom er ized  under a c i d - c a t a l y z e d

r e a d i l y ,  which undergo subsequent h a lo g e n a t io n .

+  HX

Scheme 3



c o n d i t io n s  as shown in scheme 4 ( 2 7 ) .  Al though brom ina t ion  

is  p e r f e r r e d  a t  the more h i g h l y  s u b s t i t u t e d  carbon atom, one 

g e n e r a l l y  o b ta in s  m ix tu re s  o f  the a and a '  monohalogenated  

p r o d u c ts .

ha logenated  by t r e a t i n g  s i l y l  enol e th e r s  ( 2 8 ) ,  enol  

a c e ta te s  ( 2 9 ) ,  enol e t h e r s  ( 3 0 ) ,  or l i t h i u m  e n o la te s  (2 9 )  

w ith  a h a lo g e n a t in g  a g e n t .  The more h ig h ly  s u b s t i t u t e d  

e n o la t e  can be genera ted  under therm odynam ica l ly  c o n t r o l l e d  

c o n d i t io n s  and t rapped by r e a c t i o n  w i th  an e l e c t r o p h i l e  such 

as t r i m e t h y l s i l y l  c h l o r i d e  to  produce the s i l y l  enol e th e r  

or  a c e t i c  anh ydr id e  to produce the enol a c e t a t e .  Under 

k i n e t i c a l l y  c o n t r o l l e d  c o n d i t i o n s ,  such as t r e a tm e n t  o f  the  

ketone w i th  a s t rong  base fo l lo w e d  by a d d i t i o n  o f  an 

e l e c t r o p h i l e ,  the l e s s  h ig h ly  s u b s t i t u t e d  enol  e t h e r  w i l l  be 

produced (3 1 )  .

Unsymmetrical  ketones can be r e g i o s p e c i f i c a l l y

HBr

Bro Br Br

0
58% 2 %

Scheme 4
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The p r o t e c t e d  enol  e t h e r s  are  d e p ro te c te d  by a p p r o p r ia t e  

means such as t r e a tm e n t  w i t h  f l u o r i d e  ion to  d e p ro te c t  s i l y l  

enol e th e r s  and w i t h  t re a tm e n t  o f  enol  a c e t a t e s  w i t h  methyl  

l i t h i u m  to  produce the correspond ing  l i t h i u m  e n o la t e s .  

These r e s u l t i n g  e n o la t e s  a re  not a l low ed  t ime to  

e q u i l i b r a t e ,  but in s te a d  a re  im m ed ia te ly  t r e a t e d  w i th  a 

h a lo g e n a t in g  agent  which produces the halo  ketone  

r e g i o s p e c i f i c a l l y  as shown in scheme 5 ( 2 9 ) .  Thus, through  

the use o f  k i n e t i c  vs. thermodynamic product  c o n t r o l ,  i t  is  

p o s s ib le  to  t r a p  the d e s i r e d  enol which can then be 

halogenated  to  y i e l d  the d e s i r e d  h a lo  ke tone .

Although most o f  the above noted work d e a l t  w i th  bromine  

as the b ro m in a t in g  ag e n t ,  many d i f f e r e n t  b ro m in a t in g  agents  

have been developed which are now c u r r e n t l y  being used.

Me3 SICI
DMF
N E t ,

1. LDA ,0sim «3
2. ClSiMe N

DMF U c

OSi Me O

A

Scheme 5
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P y r i d i n e  hydrobromide perbromide has been used to

b ro m in a te  ke tones  ( 3 2 ) .  I t  i s  a c r y s t a l l i n e ,  s t a b l e  s a l t .  

Sm al l  q u a n t i t i e s  can be e a s i l y  weighed,  in  c o n t r a s t ,  to  

brom ine .  R e ac t io n s  were performed by warming the  ketone  

and the  s a l t  in  a c e t i c  a c i d ,  e th a n o l  or  a s o l u t i o n  o f  

e t h a n o l  and c h l o r o f o r m .

Phenyl  t r imethylammonium perbromide ( 3 3 - 3 5 )  is  a

b r o m in a t in g  agent  which i s  s i m i l a r  to  p y r i d i n iu m  

hydrobromide perb ro m id e ,  but  i t  i s  even more s t a b l e .  I t  i s  

s o l u b l e  in  THF and the  b y - p r o d u c t ,  pheny l t r im ethy lam m onium  

brom ide ,  i s  i n s o l u b l e  thus making the  i s o l a t i o n  process  

e a s i e r .  I t  i s  used to a - b r o m in a te  ketones and a c e t a l s .  I t  

showed some s e l e c t i v i t y  in  the b r o m in a t io n  o f  ke tones  in  the  

presence o f  double  bonds.

P y r r o l i d o n e  h y d r o t r i b r o m i d e , ano the r  b r o m in a t in g  a g e n t ,  

i s  even more s e l e c t i v e  in  b r o m in a t io n  o f  ke tones  in  the

presence o f  double  bonds ( 3 6 , 3 7 ) .

The b r o m in a t in g  a g e n t ,  2 , 4 , 4 , 6 - t e t r a b r o m o -

c y c l o h e x a n - 2 , 5 - d i e n o n e , B, ( 3 8 )  can be used to  a '  b rom ina te  

a ,B  u n s a tu r a te d  k e to n e s .  The r e a c t i o n  i s  enhanced by

a d d i t i o n  o f  gaseous HC1 or  HBr which r e a c ts  to  form bromine  

( o r  b r o m o c h lo r i d e ) and 2 , 4 , 6 - t r i b r o m o p h e n o l .  The low 

c o n c e n t r a t i o n  o f  bromine thus produced i s  the  a c t u a l  

b r o m in a t in g  a g e n t .

14



A s i m i l a r  b r omi na t ing  agent  i s  5 , 5 - d i b r o m o - 2 , 2 - d i m e t h y l -  

4 , 6 - d i o x o - 1  , 3 - d i o x a n e ,  C ( 3 9 ) .  I t  i s  s i m i l a r  to  

2 , 4 , 4 , 6 - t e t r a b r o m o c y c l o h e x a - 2 , 5 - d i e n o n e  in t h a t  i t  i s  used 

to a* brominate  a ,B uns a tu ra t ed  ketones and the r e a c t i o n  is  

enhanced by a d d i t i o n  o f  a smal l  amount of  HBr.

2 - C a r b o x y e t h y 1 t r ipheny l phosphoni um perbromide,  D, (MO) 

can a l so  be used to  brominate  ketones in the presence o f  

double bonds.  I t  can a l so  be used to  brominate  the a 1 

p o s i t i o n  o f  a ,B uns a tu ra t ed  ke tones .  Th i s  reagent  i s  

thought  to be a bromine ( B r 2 ) t r a n s f e r  agent .

2 - Br o m o- 2 -c ya n o- N , N - d i methy l  acetamide,  E, ( 4 1 )  can be 

used to  a* brominate  a ,B uns a t u ra t ed  ke tones.  I t  can a l so  be 

used to  s e l e c t i v e l y  brominate  the a -carbon o f  ketones on the  

s i de  f a v o r a b l e  to e n o l i z a t i o n .  I t  i s  thought  to  proceed v i a  

r a d i c a l  mechanism because r e a c t i o n  t imes are  reduced upon 

a d d i t i o n  o f  the i n i t i a t o r ,  AIBN,  and product  f o r ma t i on  is  

r e s t r a i n e d  upon a d d i t i o n  o f  p-benzoquinone.

S u l f u r y l  c h l o r i d e  has been used in the c h l o r i n a t i o n  of  

ketones.  R e g i o s p e c i f i c i t y  i s  not  high and d i c h l o r o  products

15



are  o f t e n  produced as shown in e qu a t i o n  5 .  I t  probably  

r e a c t s  v i a  a r a d i c a l  mechanism (M2) .

Hydrobromous acid  and NBS, used in  the presence of  l i g h t  

i r r a d i a t i o n  or  r a d i c a l  i n i t i a t o r s ,  are  thought  t c  r e a c t  a l so  

v i a  a r a d i c a l  mechanism ( M3) .

C o p p e r ( I I )  bromides and c h l o r i d e s  have been used in  the  

b r om i n a t i o n  o f  ketones (MM-M8).  The mechanism is  thought  to 

proceed through a copper h a l i d e  c a t a l y z e d  e n o l i z a t i o n .  Next ,  

a halogen atom is t r a n s f e r r e d  to  the e n o l a t e .  C h l o r i n a t i o n  

t akes  p l ace  a t  the more h i g h l y  s u b s t i t u t e d  carbon atom ( M8) .

Bromo ketones have a l so  been produced through  

i n t r a m o l e c u l a r  rear rangement  as shown in e qu at ions  6 and 7.  

Whi le  these r e a c t i o n s  do form halo ke tones ,  the r e a c t a n t s  

i nv o l v ed  ( the  c h l o ro a l k e n e  and su l f on e  epox ide )  a re  not  as 

r e a d i l y  a v a i l a b l e  as in some r e a c t i o n s .

Equat ion  5

CRCOOH 
Ph Cl 5y No2HPQ4  ̂

H R CH2C I 2 Ph Ph Ph Ph

Equat ion 6
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I n  c o n c l u s i o n ,  much work has gone i n t o  the r e g i o s p e c i f i c  

f o r m a t i o n  o f  h a l o  ketones from symmetr ica l  and unsymmetr ica1 

ketones .  A c i d - c a t a l y z e d  b r om ina t ion  o f  unsymmetr ical  

ketones u s u a l l y  g i ves  the more h i g h l y  s u b s t i t u t e d  bromo 

ke t one .  The most r e g i o s p e c i f i c  bromo ketone f or ma t i on  is  

f rom t rapped e n o l a t e  d e r i v a t i v e s  such as s i l y l  enol  e t h e r s .  

Al though much work has gone i n t o  the development  of  new 

b r om ina t ing  agents ,  e t c . ,  and i n t o  g r e a t e r  r e g i o s p e c i f i c i t y  

in b r omi na t ion  o f  ke t ones ,  undoubtedly  in upcoming years  

even more work w i l l  be d i r e c t e d  in these a reas .

Whi le  these ways a re  of  i n t e r e s t ,  the proposal  (Chapter  

8)  i n vo l ve s  work done on a r e a c t i o n  o f  a l kenes to form bromo 

ke t ones .  The next  cha pte r  d e a ls  w i t h  ways t h i s  problem has 

been solved in the pas t .
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3. Conversion o f  Alkenes to Halo Ketones

There are s ev e r a l  ways in which alkenes can be conver ted  

i n t o  ha l o  ketones.  Some o f  these i n v o l v e  j u s t  one s t ep ,

whereas o t he r s  i n v o l v e  two steps in which the i n t e r m e d i a t e

may need to be i s o l a t e d .

Sharp less  r e p or t e d  ( U9) t h a t  r e a c t i o n  w i t h  d i -  and 

t r i - s u b s t i t u t e d  a l kenes  w i t h  chromyl  c h l o r i d e  in acetone  

forms the c h l o r o  ketone in good y i e l d .  When t h i s  r e a c t i o n  is  

run us ing methylene c h l o r i d e  as the  s o l v e n t  i ns tead o f

acetone the r e a c t i o n  products  a r e  the c h l o r o h y d r i n , the  

epox ide ,  and the d i c h l o r i d e  ( 5 0 , 5 1 ) .

Re su l ts  were r e p o r t e d  mai n ly  f o r  symmet r ica l  a lkenes

g i v i n g  the  expected c h l o r o  ketone in app ro x i ma t e l y  70% 

y i e l d .  Trans a l kenes  gave h i g h e r  y i e l d s  than c i s  a l kene s .  

For example,  t r a n s - 5 - d e c e n e  gave 81%, whereas c i s - 5 - d e c e n e  

gave 65% o f  the c h l o r o  ketone ( 5 2 ) .  Resu l ts  on the  

unsymmetr ica l  a l k e n e ,  t r a n s - 2 - o c t e n e ,  i n d i c a t e  t h a t  a 1:1 

m i x t u r e  o f  the two c h l o r o  ketones was produced.  When 

4 , 4 - d i m e t h y l - t r a n s - 2 - p e n t e n e  was t r e a t e d ,  i t  r e s u l t e d  in a

10:1 m i x t u r e  of  the 4 , 4 - d i m e t h y l - 3 - c h l o r o - 2 - p e n t a n o n e  and 

4 , 4 - d i m e t h y l - 2 - c h l o r o - 3 - p e n t a n o n e . The only r e s u l t  r epor ted  

f o r  a t r i - s u b s t i t u t e d  a l kene  was 2 - m e t h y l - 2 - h e p t e n e  which 

gave t h a t  45% of  2 - c h l o r o - 2 - m e thy 1 - 3-heptanone plus 32% o f

18



an u n i d e n t i f i e d  c h l o r o h y d r i n  ( 4 9 ) .  The c h l o r o h y d r i n  w i t h  a 

t e r t i a r y  hydroxy l  group may have been produced but s ince i t  

could not  be f u r t h e r  o x i d i z e d ,  i t  remained as such. A 

mechanism was presented in a l a t e r  paper (51 )  for

c h l o r o h y d r i n , epox ide ,  and d i c h l o r i d e  f o r ma t io n  but not f o r  

c h l o r o  ketone f o r m a t i o n .  Sharp less  p o s t u l a t e d  the mechanism 

shown in scheme 6 f o r  the p r odu ct ion  o f  c i s - d i c h l o r i d e , 

c i s - c h l o r o h y d r i n , and epox ide .

C,V * °  Cl . u s *

A  + (  -♦   (
Cl 0  R o ' c ' i  R

I_ Cl

* C r  R O r

°v Y  ck / y
C I * ^ R  ^Cr - S R

/ \ ✓ Cl V
C I ^ ^ R  C l -  Cr — 0 .  -R V  .

1  J Y  ' 0 - C r - o A
C I ' ^ R  C I ^ R  ^

i  i

HOx* < RC I ^ ^ R

Scheme 6
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The p o s s i b i l i t y  o f  s ide  r e a c t i o n s  from the use of  a 

s t rong o x i d i z i n g  agent  such as chromyl  c h l o r i d e  may h i nder  

the u t i l i t y  o f  t h i s  method as a one step p r e p a r a t i v e  method 

to s y n th e s i z e  ha lo  ketones ( 5 3 , 5 ^ , 5 5 ) .

C a r d i l l o  and Shimizu ( 56 )  r epor t ed  a method for  

s y n t h e s i z i n g  iodo ketones from a lkenes using s i l v e r  chromate  

and i o d i n e .  The proposed mechanism f or  t h i s  r e a c t i o n  is 

shown in scheme 7 .  Th is  r e a c t i o n  gave a range o f  y i e l d s .  

The pr imary  a l k e n e ,  1 - o c t e ne ,  gave 86% i s o l a t e d  y i e l d  o f  the 

cor responding iodo ke t one ,  whereas cyc lohexene gave a 605 

y i e l d  o f  iodo ke tone .

Iodo ketones are  r e l a t i v e l y  u n s ta b l e  ( 5 6 )  and are  o f te n  

reduced to the cor respondi ng  ke t one .  Thus the best  use of  

t h i s  type of  t r a n s f o r m a t i o n  is  from alkene to ke t one .  Many 

t imes the ha lo  ketone i s  what i s  des i re d  because of  the 

r e a c t i v i t y  of  the halogen in a d d i t i o n  to the ke t o  group.

0

II
A g O - C r -  01

r c h ~ c h 2 R I
i i

II
0

0

I
Ag 0 — Cr =  0

l
0

0  

A g 0 - C r = 0
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0

■» R C — CH2 I

0

II

Scheme 7
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I f  the ha l o  f u n c t i o n a l i t y  i s  d e s i r e d ,  i t  may not  be the best  

s t r a t e g y  to make the iodo ketone because of  the i n s t a b i l i t y  

of  the iodo group and p o s s i b l e  decomposi t ion to the  

unhalogenated ke t one .  Another  problem is the cost  of  the  

r e a g e n t ,  s i l v e r  n i t r a t e ,  needed to make the s i l v e r  chromate.  

Thi s  r e a c t i o n  or a l a r g e  s ca l e  may be cost  p r o h i b i t i v e  ( 5 7 ) .

P i a n c a t e l l i  e t  j 1.  r e p or t e d  a method o f  s y n t h e s i z i n g  

c y c l i c  iodo ketones from c yc l o a l k e n e s  using p yr i d i n i u m

dichromate  and i o d i n e  ( 5 8 ) .  Th i s  r e a c t i o n  works f o r  c y c l i c

o l e f i n s .  When l i n e a r  o l e f i n s  were used,  u n i d e n t i f i e d  

m ix t ur e s  r e s u l t e d  which decomposed d e s p i t e  a t tempts  to  

i s o l a t e  them. The y i e l d s  on t h i s  r e a c t i o n  range from 50-70% 

( 5 8 ) .  In  a d d i t i o n ,  t h i s  method has the drawback o f

producing iodo ketones which may not  be s u f f i c i e n t l y  s t a b l e  

i f  a - f u n c t i o n a l i t y  i s  r e q u i r e d .

Japanese workers  r ep or t ed  ( 5 9 , 6 0 )  t h a t  c h l o r o  ketones  

can be made from mono- or  d i - s u b s t i t u t e d  o l e f i n s .  A 

s o l u t i o n  o f  the a l kene  in p y r i d i n e  was i r r a d i a t e d  w i t h

P y r e x - f i l t e r e d  l i g h t  in the presence o f  i r o n ( I I I )  c h l o r i d e  

w h i l e  oxygen gas was being bubbled through.  T r i -  and 

t e t r a - s u b s t i t u t e d  o l e f i n s  gave d i c h l o r o  ketones which had 

undergone a C-C bond c l e a va g e .  The mechanism ( 6 0 )  which the  

au t hor s  proposed i s  shown in scheme 8.  O r i g i n a l l y  , a 

r a d i c a l  mechanism was proposed but was l a t e r  r e v i s e d  a f t e r  

i t  was observed t h a t  r a d i c a l  i n h i b i t o r s  did not  a f f e c t  the
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format i on  o f  c h l o r o  ketones from o l e f i n s .  A major  drawback 

to t h i s  scheme is  t h a t  f o r  t r i - s u b s t i t u t e d  o l e f i n s ,  a 

product  is formed which r e s u l t s  from C-C bond c l eava ge .

Another  method o f  convers i on  of  a l kenes  to ch loro  

ketones is by r e a c t i o n  w i t h  n i t r o s y l  c h l o r i d e  to produce the 

c h l o r o  oxime.  Th i s  can then be hydro lyzed  to render  the 

cor responding c h l o r o  ketone ( 6 1 ) .  These authors  found t h a t  

the c h l o r o  oximes could be hydro lyzed  through warming to

Cl Fe

H—|— CI 
R

D  r r + 2  , - ± 3

R

Fe+ 3 Fe+2

Scheme 8
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5 0 ° C  a m i x t u r e  of  the c h l o r o  oxitne,  l e v u l i n i c  a c i d ,  and 

h y d r o c h l o r i c  a c i d .  O v e r a l l  y i e l d s  o f  the c h l o r o  ketone from 

the s t a r t i n g  a l kene  were a p p ro x i ma t e l y  65%.

Corey ( 6 2 )  r ep or t ed  a method o f  r e d u c t i v e  h y d r o l y s i s  o f  

c h l o r o  oximes to  ketones us ing c o n d i t i o n s  which acid and 

base s e n s i t i v e  f u n c t i o n a l  groups could s u r v i v e .  According to 

t h i s  s t r a t e g y ,  the oxime could be a c e t y l a t e d  by r e a c t i o n

w i t h  a c e t i c  anhydr ide  a t  20°C.  Th i s  oxime O - a c e t a t e  and

excess chromous a c e t a t e  in THF/water  were s t i r r e d  a t

moderate t emper a t ur es  and then worked up to  g i ve  a good

y i e l d  (>80%) o f  the cor respond i ng  ke t one .  When t h i s  method 

was a p p l i e d  to  c h l o r o  oximes the product  was the ke tone .  For  

example,  the c h l o r o  oxime o f  cyc l oo c te n e  gave cyc looctanone  

in  88% y i e l d .

Through the use of  n i t r o s y l  c h l o r i d e ,  a lkenes  can be 

conver ted  i n t o  ketones using C o r e y ' s  method ( 62 )  or  can be 

conver te d  to c h l o r o  ketones us ing f a i r l y  a c i d i c  c on dt ions .  

The l a t t e r  method has the d i sadv an t age  t h a t  ac i d  s e n s i t i v e  

groups,  such as THP e t h e r s ,  can be c l eave d  under  these  

c o n d i t i o n s .

Two o t h e r  methods have been used by which ha l o  ketones  

can be made from a l kenes  and aga in  both o f  these are two 

st ep  procedures .  The f i r s t  method ( 63 )  i s  by r e a c t i o n  o f  the  

epoxide (which can be r e a d i l y  made from the a l k e n e )  w i t h  one 

e q u i v a l e n t  o f  bromine under p h o t o l y t i c  c o n d i t i t o n s .  The
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mechanism is shown in scheme 9.  Average y i e l d  o f  the  

r e s u l t i n g  bromo ketone from the epoxide was 85% or b e t t e r .

The second method o f  f o r ma t i o n  o f  halo ketones from 

epoxides i s  t h a t  o f  Olah ( 6 9 )  in which he t r e a t e d  the  

epoxide w i t h  h a l o d i m e t h y l s u l f o n i u m  h a l i d e s .  The i r . t e r me d i a te  

i nvo l ved  here was probably  the ha lo  su l foxonium s a l t  which  

then decomposes to the ha l o  ke t one .  This  method is discussed  

in more d e t a i l  in Chapter  6 .

The f i n a l  method to  be discussed i s  t h a t  by which the 

alkene can be conver ted  to the  bromohydrin which can then be 

o x i d i z e d  to the bromo ke t one .  Format ion o f  bromohydrins from 

al kenes  i s  a w e l l  known r e a c t i o n  and i s  discussed in Chapter  

5.

The most common method o f  o x i d i z i n g  bromohydrins is  

through chromic ac id  o x i d a t i o n .  S t or k  ( 65 )  o x i d i z e d  the  

p r o s t a g l a n d i n  i n t e r m e d i a t e  F to the cor respondi ng  bromo

hv
» 2 B r  •

+ HBr

0

II • B r £
0 Br
II

Scheme 9
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ketone in q u a n t i t a t i v e  y i e l d  by us ing Jones'  r e ag e nt .  Other  

examples o f  t h i s  type o f  o x i d a t i o n  a r e  a v a i l a b l e ,  a l though  

not  always in q u a n t i t a t i v e  y i e l d  ( 6 6 - 6 8 ) .

O x i d a t i o n  o f  epoxides and bromohydr ins to bromo ketones  

have the drawback in t h a t  they a r e  m u l t i - s t e p  processes.  In  

some cases i t  i s  probably  necessary  to  i s o l a t e  

i n t e r m e d i a t e s .  Th is  i s  not  only  t ime consuming,  but  a l so  

y i e l d s  a r e  o f t e n  reduced s i g n i f i c a n t l y  in such procedures ,  

because the o v e r a l l  y i e l d  i s  the  product  o f  the y i e l d s  f o r  

the i n d i v i d u a l  s t eps .

I n  c on c l u s i o n ,  w h i l e  methodology has been developed f o r  

the convers i on  o f  a lkenes t o  ha l o  ke t ones ,  most o f  the  

methods i n v o l v e  r a t h e r  s t rong r e a g e n t s ,  harsh c o n d i t i o n s ,  or  

m u l t i - s t e p  sequences.  Thus,  i t  would be d e s i r a b l e  to be 

a b l e  to do such a t r a n s f o r m a t i o n  in  one pot  using  

i n e x pe n s i v e  r eagents  under mi l d  c o n d i t i o n s .

OH

F O N ^ O v ^ P h
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N-Bromosuccinimide

N-Bromosuccinimide (NBS) is known to  r e a c t  in two ways,  

e i t h e r  by a f r e e  r a d i c a l  mechanism (as in a l l y l i c

b r om i n a t i o n )  or  by an i o n i c  mechanism.

Commercial  NBS g e n e r a l l y  has a pa l e  y e l l o w  c o l o r  due to  

the o c c lu s io n  o f  bromine on the normal ly  w h i t e  NBS ( 6 9 ) .  

This  can be removed by r e c r y s t a l l i z a t i o n  from a l a r g e  volume 

o f  w a t e r .

NBS has an almost  n o n - p o l a r  N-Br bond. Th i s  a l lo ws  

homol yt ic  f i s s i o n  to  g i v e  a Br atom ( 7 0 ) .  NBS has a d i p o l e  

moment o f  2 . 1 0 ,  whereas NCS has a d i p o l e  moment o f  2 . 8 6  and 

NIS has a d i p o l e  moment o f  0 . 9 7  ( 7 1 ) .

I t  can be 

sodium hydrox  

G e n e r a l l y  N-ha

The most w 

b r om ina t ion  o 

r e a c t i o n  i s  be

o

formed upon r e a c t i o n  o f  s uc c i n i mi de  w i t h  

i d e  and bromine as shown i n  equ at i on  8.

l o  imides are  r a t h e r  s t a b l e  ( 7 2 ) .  

e l l  known r e a c t i o n  o f  NBS i s  the a l l y l i c

f  a l ke n e s ,  which i s  shown in e qu a t i o n  9.  The 

s t  run using CCl^ as the s o l v e n t .  N e i t h e r

+  NaOH + Br2
H?0

N-Br
Cm

I NaBr
0

E qu at io n 8
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NBS nor suc c i n i mi de  a re  s o l u b l e  in CCl^.  The a l kene ,  

i n i t i a t o r ,  NBS, and CCl^ are combined.  NBS is  more 

dense than CCl^ so i t  s t a r t s  out  on the bottom o f  the  

r e a c t i o n  v e s s e l .  As the r e a c t i o n  proceeds,  succ in imi de  i s  

produced which i s  l e s s  dense than CC1^ . The r e a c t i o n  is  

f o l l o w ed  by obs er v ing  the  l oss  o f  s o l i d  on the bottom of  the  

r e a c t i o n  vesse l  be ing r e p l a c e d  by the f o r ma t io n  o f  s o l i d  

near  the s u r f a ce  o f  s o l v e n t  ( 7 3 ) .

The r e a c t i o n  proceeds by a f r e e  r a d i c a l  mechanism. The 

r e a c t i o n  does not  proceed un l ess  a t r a c e  o f  i n i t i a t o r  i s  

p r e s e n t .  I t  i s  s e n s i t i v e  to the presence o f  both i n i t i a t o r s  

and i n h i b i t o r s .  The mechanism o f  a l l y l i c  b r om ina t ion  i s  

thought  to  be t h a t  p r esented  in  scheme 10 ( 7 3 ) .  The

r e a c t i o n  i s  thought  to  t a ke  p lace  on the  sur f ac e  o f  the

s o l i d  NBS. When the s u r f a c e  area o f  s o l i d  NBS was i ncreased

by p u t t i n g  i t  on a s i l i c a  ge l  c a r r i e r ,  t h e r e  was an i nc r ea se  

in  the r a t e  o f  a l l y l i c  b r o m i n a t i o n .  When the NBS was

d i s s o l v e d  in a s l i g h t l y  more p o l a r  s o l v e n t ,  a l l y l i c

b r om in a t io n  no l onger  took p l a c e ,  but  i n s t e a d ,  b r om ina t ion  

o f  the double bond predominated ( 7 1* ) .

Equat ion  g
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( I n )  ------ > I n •

I n • +  NH ------> Br • +

Br • +

£ J m .

0

vY'^Y— > HBr +
.0  o

H Br +  [ ^ M r ----- *  Br2 +  M ^ H

0  0

— > B r -  +  ^ ? p k ^B r g  +

Scheme 10

In  the r e g u l a r  a l l y l i c  b r omi na t ion  r e a c t i o n ,  i t  i s

thought  t h a t  bromine does not  add to  the double bond to  

produce the d i b r omide  because the bromine c o n c e n t r a t i o n  in

CCljj i s  so low.  One bromine atom can add but  to get  the

d i b ro mi de ,  i t  i s  necessary  to  have another  bromine atom add.  

Because o f  the d i l u t e  c o n c e n t r a t i o n  i t  i s  more l i k e l y  t h a t  

the  bromine atom w i l l  be l o s t  thus r e g e n e r a t i n g  the a l k e n e ,  

r a t h e r  then r e a c t i n g  w i t h  another  bromine atom ( 7 5 ) .

Under l e s s  p o l a r  c o n d i t i o n s ,  in the presence o f  an

i n i t i a t o r ,  NBS i s  thought  to undergo f r e e  r a d i c a l  r e a c t i o n s .  

However,  in p o l a r  so l ve n ts  NBS i s  thought  to undergo i o n i c  

r e a c t i o n s  ( 7 6 ) .  I n  t h i s  case,  NBS can be thought  o f  as a

28



p o s i t i v e  source o f  bromine.  Bromine can a l s o  s t i l l  be 

present  due to even t r a c e  i m p u r i t i e s  o f  HBr which upon 

r e a c t i o n  w i t h  NBS produces B ^ .

Da l ton a l . proposed ( 82 )  the p o s s i b i l i t y  t h a t  DMSO

may be o x i d i z e d  by NBS w i t h  concommitant  f o r ma t i o n  o f  

bromine.  Since they found dibromide only in one s t e r i c a l l y  

hindered case,  they concluded t h a t  i t  was not  a problem in 

the  s y n th e s i s  o f  bromohydr ins.

An example o f  i o n i c  type r e a c t i o n  i s  the  f o r ma t io n  o f  

bromohydr ins from a l ke n e s .  In the case o f  the r e a c t i o n  o f  

NBS, a l k en e ,  wate r  and some s o l v e n t ,  the  mechanism is  

thought  to proceed as shown in equ at i on  10.  T h i s  r e a c t i o n  

i n v o l v e s  t r a n s  a d d i t i o n  o f  the e lements  o f  HOBr across the  

a l kene  double bond ( 7 7 ) .  Had t h i s  r e a c t i o n  been a r a d i c a l  

r e a c t i o n ,  t r a n s  s t e r e o s p e c i f i c i t y  would not  bave been 

o b s e rv ed .

I n  c on c l u s i o n ,  NBS can r e a c t  under two mechanisms.  I n  

the  presence o f  an i n i t i a t o r  and w i t h  a n o n - p o l a r  s o l v e n t ,  

NBS r e a c t s  acc or d i ng  to  a f r e e  r a d i c a l  mechanism, o f t e n  w i t h  

a low c o n c e n t r a t i o n  o f  bromine d i s s o l v e d  in the  n o n -p o l a r

Equatio n 10
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s o l v e n t .  I n  the absence o f  a f r e e  r a d i c a l  i n i t i a t o r ,  and in  

more p o l a r  s o l v e n t s ,  NBS is  thought  to r e a c t  through an 

i o n i c  mechanism. I n  the presence o f  smal l  amounts o f  HBr, i t  

i s  p o s s i b l e  t h a t  HBr r e a c t s  wi th  NBS g e n e r a t i n g  B ^ .

This  may not  be a n e g l i g i b l e  c o n c e n t r a t i o n .  Thus,  a l though  

NBS i s  thought  o f  as a source o f  p o s i t i v e  bromine,  mo l ecu l ar  

bromine may a l so  be pr ese nt  r e a c t i n g  po s s i b ly  in undesi red  

ways.

e
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5.  Format ion o f  Bromohydrins using Dimethy l  S u l f o x i d e

Bromohydrins can be formed by the a d d i t i o n  o f  the  

elements o f  HO-Br to o l e f i n s .  The reagent  "HOBr” can be used 

f o r  t h i s  purpose,  which can be formed in s i t u  by the  

r e a c t i o n  o f  w a t e r  and bromine.  I t  i s  then t r e a t e d  w i t h  the  

o l e f i n  to  form the bromohydr in.  Another  method used f o r  the  

p r e p a r a t i o n  o f  bromohydr ins i s  by r e a c t i n g  w a t e r ,  NBS ( o r  

N-bromoacetamide) ,  and the o l e f i n .  These r e a c t i o n s  have the  

drawback t h a t  o l e f i n s  are  g e n e r a l l y  not  s o l u b l e  in w a t e r .  To 

avo id  t h i s  problem,  i t  was necessary t o  use emulsions or  

mixed s o l v e n t  systems ( 7 9 , 8 0 ) .

D a l t o n  r e p o r t e d  a new method f o r  producing bromohydr ins  

in a s i n g l e  s o l v e n t  system.  He u t i l i z e d  the f a c t  t h a t  most 

o l e f i n s  a re  s o l u b l e  in DMSO t h a t  con ta i ned  a smal l  amount o f  

w a t e r .  He found t h a t  i f  the o l e f i n ,  DMSO and wa te r  were  

s t i r r e d  a t  a t emper a t ur e  s l i g h t l y  l ess  than room 

t e m p e r a t u r e ,  a f t e r  aqueous work-up,  good y i e l d s  o f  

bromohydr in were ob t a i ned  ( 8 1 ) .  The suggested mechanism is  

shown in  scheme 11 ( 8 2 , 8 3 ) .

The mechanism o f  t h i s  r e a c t i o n  i n vo l v e s  Mar kown i ko f f  

a d d i t i o n  o f  p o s i t i v e  bromine to the carbon-carbon double  

bond r e s u l t i n g  in the f o r m a t i o n  o f  an uns y mme t r i c a l l y  

br i dged  bromonium ion f o r  unsymmetr ica l  a l k en e s .  I f  a
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B-bromo carbonium ion were formed,  t h e r e  would have been 

c o n s i d e r a b l e  rear rangement  and p o s s i b l y  e l i m i n a t i o n .  No 

rear rangement  products  were observed and only  one 

e l i m i n a t i o n  product  was observed.  2 , 4 , 4 - T r i m e t h y l p e n t - 1 - e n e  

gave 56% o f  the expected bromohydr in p lus  24% o f  the  

e l i m i n a t i o n  p r odu ct ,  2 - b r o m o m e t h y l - 4 , 4 - d i m e t h y l p e n t - 1 - e n e .  

Th i s  suggested t h a t  an uns y m me t r i c a l l y  br i dged  B-bromo 

c a r b o c a t i o n  was formed r a t h e r  than a f u l l  c a r b o c a t i o n .

The next  s t ep  in  the mechanism i s  a t t a c k  o f  the  

u n s y m me t r i c a l l y  b r idged  bromonium ion by the oxygen atom o f  

DMSO r e s u l t i n g  in the  f o r ma t i o n  o f  the  

t r a ns - B- br om os ul fo xon i um  i on .  In  t h i s  case,  the a t t a c k  i s  

by the s o l v e n t  DMSO. S i m i l a r  r e a c t i o n s  have been observed  

i n  which a l kenes  were t r e a t e d  w i t h  c h l o r i n a t i n g  ( o r  

b r o m i n a t i n g )  agents  i n  DMF which r e s u l t e d  in  f o r m a t i o n  o f  

immonium ions ,  such as G, as shown in e qu at ion  11.  Th is
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i n t e r m e d i a t e  can be t r e a t e d  w i t h  a n u c l e o p h i l e  to form the  

c i s  B - ch l o ro  product  ( 8 4 )  or  hydro lyzed  to form the B- ch l o r o  

formate  e s t e r  ( 8 4 - 8 7 ) .

Heasley £.£ a^.  showed t h a t  both DMSO and MeOH compete in 

a t t a c k i n g  the bromonium ion o f  cyc lohexene .  A t t ac k  by 

methanol  r e s u l t e d  in  f o r ma t io n  o f  B-bromo methoxy compound 

whereas a t t a c k  by DMSO r e s u l t e d  i n ,  a f t e r  h y d r o l y s i s ,  

bromohydr in.  They showed t h a t  DMSO i s  more n u c l e o p h i l i c  

than methanol  in a t t a c k i n g  the  bromonium ion o f  cyc lohexene  

( 8 8 ) .  Th i s  aga in  shows t h a t  p o l a r  s o l ve n t s  a t t a c k  bromonium 

i ons.

G e t t i n g  back to  the Da l t on  r e a c t i o n ,  oxygen-18 l a b e l l i n g  

s t u d i e s  were per formed us i ng  t r a n s - s t i l b e n e  as the o l e f i n .  

These s t u d i e s  were run v a r y i n g  the r e a c t a n t  c o n t a i n i n g  the  

0 - 1 8  l a b e l  (DMSO, H20 i n i t i a l l y  in  the DMSO, and H20 

used to  quench the r e a c t i o n ) .  The r e s u l t s  obt a i ned  

i n d i c a t e d  t h a t  the t r a n s - b r om o hy dr i n  was formed and t h a t  the

O CHO

G

E q u at i o n 11

33



oxygen came from the DMSO ( 8 2 ) .  Th is  i n d i c a t e d  the t ra n s  

B-bromo sul foxonium was formed which was l a t e r  hydro lyzed by 

a backside  a t t a c k  by water  on the p o s i t i v e l y  charged s u l f u r ,  

r e s u l t i n g  in f o r ma t io n  o f  pro t onat ed  DMSO plus  

t r a n s - b r o m o h y d r i n .

An a n t i c i p a t e d  problem was f o r ma t i o n  o f  d ibromide  which  

could r e s u l t  f rom a t t a c k  o f  the bromonium ion by bromide 

r a t h e r  than d i m e th y l  s u l f o x i d e .  Bromine i s  thought  to be 

formed in low c o n c e n t r a t i o n s  by t r a c e s  o f  HBr r e a c t i n g  w i t h  

the NBS ( 8 9 ) .  I t  was a l s o  proposed t h a t  DMSO may be 

o x i d i z e d  by NBS to produce bromide ion which may r e a c t  w i t h  

NBS to form bromine ( 8 2 ) .  G e n e r a l l y ,  even though d ibromide  

product  was sought ,  none could be d e t ec t ed  ( 8 2 ) .  The only  

case in  which d ibromide  p r odu ct ion  was found was w i t h  the  

h i g h l y  h indered o l e f i n ,  2 , 3 , 3 - t r i m e t h y l b u t - l - e n e  which can 

produce a s t a b i l i z e d  c a r b o c a t i o n  a t  c a r b o n - 2 .  The expected  

bromohydr in was formed,  but  a l so  c o n s i d e r a b l e  amounts o f  

d i br omi de .  Th i s  happened because presumably r e a c t i o n  w i t h  

DMSO was slow due to s t e r i c  h i ndrance  o f  the bromonium i on.  

Because o f  t h i s ,  a t t a c k  by bromide i s  more f a v o r a b l e ,  

r e s u l t i n g  in  c o n s i d e r a b l e  amounts o f  d i b r omi de .
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6.  D i met hy l  S u l f o x i d e  as an O x i d i z i n g  Agent

Dimethy l  s u l f o x i d e  has many i n t e r e s t i n g  p r o p e r t i e s  both 

as a s o l v e n t  and as a r e a c t a n t .  One o f  i t s  uses as a 

r e a c t a n t  i s  i t s  a b i l i t y  to ac t  as an o x i d i z i n g  agent .  

Through the e f f o r t s  o f  o rgan ic  chemists  dur i ng  the  past  

t w e n t y - f i v e  y e a r s ,  many d i s c o v e r i e s ,  advances,  and 

m o d i f i c a t i o n s  have been made in i t s  usage to make i t  now one 

of  the most v e r s a t i l e  reagents  t o  o x i d i z e  a l k y l  h a l i d e s  and 

a l c o h o l s  to ca r bo n y l  compounds under e s s e n t i a l l y  n e u t r a l ,  

mi ld  c o n d i t i o n s .

Kornblum,  in 1957 ( 9 2 ) ,  r e p or t e d  t h a t  bromo ketones

could be s t i r r e d  i n  DMSO, f o r  a number o f  hours a t  room 

t e mper a t ur e  to produce cor respond i ng  the g l y o x a l  compound.  

Th i s  work was l a t e r  extended to  a l k y l  h a l i d e s  and to  

t o s y l a t e s  which,  upon being heated w i t h  a m i x t u r e  o f  DMSO 

and sodium b i c a r b o n a t e ,  r e s u l t e d  in  the p r o d u c t i o n  o f  

cor res pond i ng  c a r b o ny l  compounds ( 9 3 - 9 6 ) .

The mechanism ( 9 7 )  was l a t e r  env is i oned  to  be t h a t  which  

i s  presented  in  e q u a t i o n  12.  I n  t h i s  case,  the oxygen o f  

DMSO was the  n u c l e o p h i l e  which a t t a c k e d  the e l e c t r o p h i l e ,  

the carbon o f  the a l k y l  h a l i d e ,  to produce the i n t e r m e d i a t e  

sul foxoni um i on ,  H. Th i s  i n t e r m e d i a t e ,  e i t h e r  w i t h  or  

w i t h o u t  base t r e a t m e n t ,  formed the car bony l  compound plus  

d i me th y l  s u l f i d e .

35



Equat ion  12

Th i s  method was improved upon by Ganem and Boeckman 

( 9 8 ) .  I n s t e a d  o f  using the high t empera t ures  necessary in 

the Kornblum o x i d a t i o n ,  they found t h a t  i f  the a l k y l  bromide  

was added t o  a s o l u t i o n  o f  AgBF^ in DMSO and s t i r r e d  f o r  

18 hours,  the expected c a r b on y l  compound could be obta ined  

in e x c e l l e n t  y i e l d .  A d d i t i o n  o f  the s i l v e r  s a l t  f a c i l i t a t e d  

l e a v i n g  group d e p a r t u r e  and n u c l e o p h i l i c  a t t a c k  t o  produce  

the su l foxonium s a l t .

Another  way in which the i n t e r m e d i a t e  su l foxonium ion 

has been produced i s  by r e a c t i o n  o f  a l c o h o l s  w i t h  

" a c t i v a t e d "  ( 9 9 , 1 0 0 )  d i m e t h y l  s u l f o x i d e .  DMSO was t r e a t e d  

w i t h  an e l e c t r o p h i l e  to  produce an oxygen p r o t e c t e d  

sul foxonium s a l t ,  I ,  as shown in  e qu a t i o n  13.  The DMSO was

then a c t i v a t e d  such t h a t  i f  a t t a c k e d  by a n u c l e o p h i l e  such

as an a l c o h o l  a new su l foxoni um s a l t  was formed by the

e xp u l s i o n  o f  the l e a v i n g  group,  E0“ , as shown in

e q u a t io n  14.  The su l foxonium ion,  upon t r e a t m e n t  w i t h  base,
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decomposes to produce the car bony l  compound and d i methy l  

s u l f i d e  by the mechanism shown in e qu a t i o n  15.  This  

mechanism was determined by l a b e l l i n g  s t u d i e s  shown in 

e qu at ion  16 and 17.

From t h i s ,  one can see t h a t  the  decomposi t ion  o f  the  

sul foxonium ion g e n e r a l l y  proceeds by an i n t r a m o l e c u l a r  

c y c l i c  mechanism. Thus the su l foxonium s a l t s  H and J 

( above)  are  i d e n t i c a l  compounds but formed by d i f f e r e n t  

r o u t e s .  In  the case o f  H, the a l k y l  h a l i d e  was the  

e l e c t r o p h i l e  which was a t t a c k e d  by the n u c l e o p h i l e ,  DMSO, to 

form G. In  the case o f  J,  the " a c t i v a t e d "  DMSO was the

/ /
E +  +  - 0 - S + -   > E O  — S +

 ̂ I ^
Equat ion  13

R,
I '  /

 > R - C - 0 - S +  +  H O E

'

R - C - O H

Equat ion 14

f t1 /  B A S F
r - c - o - s + - ^ 4  r -  

H ^

Equ at i on  15

R C O R
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D - C - 0 - S +  --------
I \  THF
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Ph
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D

Equation 16

DMSO

N E t3

K

0  C D ,
f  I D

Equation 17

e l e c t r o p h i l e  which was a t t a c k e d  by the n u c l e o p h i l e ,  which 

was the a l c o h o l  to be o x i d i z e d .  A v a r i e t y  of  d i f f e r e n t  

reagents  have been used to a c t i v a t e  the DMSO.

The we l l -known P f i t z n e r - M o f f a t t  o x i d a t i o n  i s  an example 

of  t h i s  type of  o x i d a t i o n .  I t  i n v o l v e s  t r e a t m e n t  o f  DMSO 

w i t h  DCC and a proton source such as anhydrous phosphoric  

ac id  or p y r i d i n i u m  t r i f l u o r o a c e t a t e  ( 1 0 5 ) .  The mechanism 

( 1 0 6 ) ,  shown in scheme 12,  was demonstrated through  

oxygen-18 and deuter ium l a b e l l i n g  s t u d i e s .

The r e a c t i o n  was g e n e r a l l y  complete in a few hours at  

room t emper a t ur e  to produce the cor respond i ng  carbony l  

compound in good to e x c e l l e n t  y i e l d  ( 1 0 7 ) .  An improved 

method was developed which used d i f f e r e n t  c a r bo d i im ide s  

( 108 )  which r e s u l t e d  in the f o r ma t i o n  o f  wate r  s o l u b l e  urea  

compounds. Th i s  a ided g r e a t l y  in the i s o l a t i o n  o f  the



o - f e r - ' O  5 S W  o » - p " 0
\ . . J  9

+ ^ S - 0

O  N-^ =  N - 0  -------“ 0 NH" f i - NH0
o) o

. . . . .  +  /
RCH2 - 0 - S +  

r c h 2o h  \

/  BASE R C HO
RCH0 - O - S +  ------------ > +

2 \  - S -
Scheme 12

d e s i r e d  ca r bony l  compound from the urea b y - p r o d u c t ,  which

had been a problem in the r e g u l a r  P f i t z n e r - M o f f a t t

o x i d a t i o n .

Anhydr ides are  a l so  used to a c t i v a t e  DMSO. The two most  

o f t e n  used are  a c e t i c  anhydr ide  and t r i f l u o r o a c e t i c

anh ydr id e .  The mechanism ( 109 )  i s  shown in scheme 13.  

React ions w i t h  a c e t i c  anhydr ide  have been used e x t e n s i v e l y  

in the ca r bohydr at e  f i e l d .  I t  appeared to be more e f f e c t i v e  

in  the o x i d a t i o n  o f  h indered a l c o h o l s  than unhindered  

a l c o h o l s  ( 1 1 0 ) .  Here,  i t  was more e f f e c t i v e  than the
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P f i t z n e r - M o f f a t t  o x i d a t i o n  ( 1 1 1 ) .  Drawbacks o f  t h i s  method 

ar e  t h a t  r e a c t i o n s  are  per formed a t  room t e m p e r a t u r e ,  but  

r e q u i r e  long r e a c t i o n  t imes ( i . e .  24 hours )  and produce

s u b s t a n t i a l  amounts o f  methy l  t h i o m e t h y l  e t h e r s ,  v i a  a 

Puramerer r ear rangement  as shown in  scheme 13 ,  path  B ( 9 9 ) .  

Th i s  type  o f  r ea r rangement  can a l s o  t a ke  p l a ce  in  t he  

P f i t z n e r - M o f f a t t  o x i d a t i o n  ( 1 1 2 ) .

When t r i f l u o r o a c e t i c  a c i d  was used as the  a n h y d r i d e ,  

r e a c t i o n s  had to be per formed a t  low t em pe r a t u re s  

( - 6 0 ° C )  ( 9 9 ) .  At room t e m p e r a t u r e ,  the  r e a c t i o n  can be

e x p l o s i v e ,  and i f  the  r e s u l t i n g  su l f oxon i um s a l t  was a l lo wed  

t o  warm up beyond - 3 0 ° C ,  i t  would spontaneous ly  undergo

0
il O-C-R 0

-  II 
+  OCR

S

R2 C H 2 0 H  RCH2 (j>

CH3 S-CH2

II
O-CR
c

s—

B
r2 c h o RCHO

Scheme 13
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the Pummerer rear rangement  ( 9 9 ) .  Th i s  reagent  worked we l l

when r e a c t i o n  t empera tures  were kept  below - 3 0 ° C .  The 

advantage of  t h i s  reagent  when used a t  low t empera tures  is

i t s  s hor t  r e a c t i o n  t imes ,  high y i e l d s ,  and minimal  amount of

Pummerer rear rangement  product  ( 9 9 ,  113 ) .

S u l f u r  t r i o x i d e  in p y r i d i n e ,  t h i o n y l  c h l o r i d e ,  and

s u l f u r y l  c h l o r i d e  were a l l  used as e l e c t r o p h i l e s  to a c t i v a t e  

DMSO. These r e a c t i o n s  u s u a l l y  took only a few minutes and 

products  were e a s i l y  i s o l a t e d  through a c i d i f i c a t i o n  and 

p r e c i p i t a t i o n  w i t h  water  ( 9 9 ,  11M) .  This  by-passed the

d i f f i c u l t  s tep  o f  removing the urea by - pr odu ct  in the  

P f i t z n e r - M o f f a t t  o x i d a t i o n .  Many o f  the a c t i v a t e d  DMSO

reagents  gave h i gher  y i e l d s  in the o x i d a t i o n  o f  more

h i ndered  a l c o h o l s ,  but using DMSO/SO^/pyr idine even 

s t r a i g h t  c h a i n ,  unhindered a l c o h o l s  were o x i d i z e d  to  

ca r bo n y l s  in >90% y i e l d  ( 1 10 )  w i t h  n e g l i g i b l e  f o r ma t i o n  of  

methyl  t h i o m e t h y l  e t h e r s .

A l o t  o f  work was done most r e c e n t l y  by Swern ( 9 9 , 1 1 0 )  

on the use of  DMSO and o x a l y l  c h l o r i d e .  Since o x a l y l  

c h l o r i d e  and DMSO r eac ted  v i o l e n t l y  a t  room t e mper a t ur es ,  

r e a c t i o n s  g e n e r a l l y  were per formed a t  low t emper at ur es  

( - 6 0 ° C ) .  The r e a c t i o n s  f o r  the f or ma t i on  o f  the  

i n t e r m e d i a t e  and i t s  r e a c t i o n  w i t h  a l c oh o l  and base are  

shown in scheme 14.
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DMSO was r e a c te d  w i th  one mole o f  o x a l y l  c h l o r i d e  in a 

n o n -p o la r  s o lv e n t  a t  low tem p era tu re  to  form the uns tab le  

acid  c h l o r i d e  su l foxon ium  ion which spontaneously  l o s t  

carbon d io x id e  and carbon monoxide and formed the  

i n t e r m e d ia t e  K ( 1 1 5 ) ,  which was reac ted  w i th  an a lc o h o l  to  

form the su l foxon ium  io n ,  L.  The same i n t e r m e d ia t e  K was 

made by Corey and Kim, ( 1 1 6 ) ,  as shown in scheme 14,  by the  

a d d i t i o n  o f  to d im e th y l  s u l f i d e  a t  low te m p e r a t u r e s .

I n t e r m e d i a t e  L was a ls o  the r e a c t i v e  in t e r m e d ia t e  found in  

the  Barton o x i d a t i o n ,  a ls o  shown in scheme 14,  which was 

formed by the t re a tm e n t  o f  the a lc o h o l  w i th  e t h e r  which was 

s a t u r a t e d  w i th  phosgene to  produce the c h lo r o fo r m a te  o f  the  

a l c o h o l .  The c h lo r o f o r m a te  was then t r e a t e d  w i t h  DMSO f o r  2 

minutes a t  15°C, fo l lo w e d  by t r i e t h y l a m i n e .  Thus, a l l  

th re e  ways were used to  make the same " a c t i v a t e d "  DMSO 

i n t e r m e d i a t e .

Swern examined (9 9 )  many o f  these " a c t i v a t e d "  DMSO 

o x i d i z i n g  agents  and concluded t h a t  DMSO-oxalyl  c h l o r i d e  

was, in g e n e r a l ,  the most e f f e c t i v e .  I t  o x i d i z e d  p r im a ry ,  

secondary ,  h in d e r e d ,  b e n z y l i c ,  and a l l y l i c  a lc o h o ls  to  the  

c orrespond ing  ca rb o n y l  compound in e x c e l l e n t  y i e l d s  w i th  a 

minimum amount o f  methyl  t h i o m e t h y l ,  Pummerer rearrangement  

b y -p r o d u c t .

DMSO was a ls o  used in  the con vers ion  o f  bromo ketones to  

d ik e to n e s  ( 1 1 8 ) .  The bromide was l o s t  through an S^2
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d i s p l a c e m e n t  by DMSO t o  f o r m t h e  B - o x o - s u l f o x o n i u m  i on  w h i c h  

decomposed t o  f o r m t h e  d i k e t o n e  and d i m e t h y l  s u l f i d e .

Swern and Santosusso (1 1 9 )  r e p o r te d  the a c i d - c a t a l y z e d  

r e a c t i o n  o f  epoxides w i th  DMSO formed the in te r m e d ia t e  

hydroxy su l foxonium ion which,  upon base t r e a t m e n t ,  formed 

the hydroxy ketone as shown in eq u a t io n  16.  T h is  r e a c t i o n  

was shown to be r e g i o s p e c i f i c  in  the r in g  opening o f  s ty re n e  

oxide  and p - n i t r o s t y r e n e  ox ide  and s t e r e o s p e c i f i c  in the  

r in g  opening o f  cyc lohexene oxide and c i s -  and 

t r a n s - 9 , 1 0 - e p o x y s t e a r i c  a c i d .  Upon base t r e a t m e n t ,  

1 , 2 - k e t o l s  and g l y c o l s  were found,  but  w i t h  the y i e l d  o f  

g l y c o l  p redo m in a t in g .

Olah e i  . ( 6 4 )  re p o r te d  t h a t  epoxides r i n g  opened to  

produce a s u l fo x io n iu m  ion ,  as shown in  the eq u a t io n  19 

( 1 2 0 ) ,  which e v e n t u a l l y  produced h a lo  ke tones .  Most o f  t h i s

Ar H + Ar DMSO A r

H \

BASE Ar Ar

0  OH 
2 0 %

HO OH 
7 6 %

Equati on 18



work was performed on symmetr ica l  epox ides .  No comment was 

made on i t s  r e g i o s e l e c t i v i t y .

In c o n c lu s io n ,  su l foxonium  ions can be formed through a 

v a r i e t y  o f  ways: r e a c t i o n  of  DMSO w ith  a l k y l  h a l i d e s ,

r e a c t i o n  o f  " a c t i v a t e d "  DMSO w i th  a l c o h o ls ,  and r e a c t i o n  o f  

DMSO or " a c t i v a t e d "  DMSO w i t h  epo x id es .  Sulfoxonium ions  

can then be t r e a t e d  w i t h  base which r e s u l t s ,  through an 

i n t r a m o l e c u la r  c y c l i c  decom pos i t ion ,  to  the  corresponding  

carbony l  compound p lus  d im e th y l  s u l f i d e .

»

"X

Equat ion  19



7.  O x i d a t i o n s  using Amine Oxides

The s t r u c t u r e  o f  amine ox ides  was f i r s t  determined by

Meisenheiir.er who syn th e s iz e d  the isom er ic  compounds M and N 

by d i f f e r e n t  ro u tes  as shown in scheme 15. The two isomers 

M and N d i f f e r  in  the p y r o l y t i c  decomposi t ion  products  they  

produce ( 1 2 1 ) .

Amine ox ides  can a ls o  be prepared from the o x i d a t i o n  of  

t e r t i a r y  amines by a v a r i e t y  o f  o x i d i z i n g  agents  such as 

hydrogen perox ide  and peroxy a c id s .  They tend to  be

hyd ro sco p ic ,  very  w ate r  s o l u b l e ,  and not s o lu b le  in

n o n -p o la r  o rg a n ic  s o l v e n t s .  I t  was demonstrated t h a t  they

have a t e t r a h e d r a l  c o n f i g u r a t i o n  by the f a c t  t h a t  

u n s y m m e tr ic a l ly  s u b s t i t u t e d  amine ox ides  have been reso lved  

i n t o  e n a n t io m ers ,  by fo rm a t io n  o f  d i a s t e r i o m e r i c  s a l t s ,  

s e p a r a t io n  and r e g e n e r a t io n  ( 1 2 2 ) .

C H » I  +  A a O-3 * d ki__r \ n  u V ̂R5 N - > °   R3 N - 0 C H 3 1“ -■ >

R3 N — OCH3 OH” r 3 n +  CHpO +  Ho O
M * 2

Hl +  N a O C H ,
r 3 n - * o ------► R3 N~OH I------------------

[ r 3 n - o h  c h 3 0 “]  — » r3n - > o + c h 3o h
N

Scheme 15
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The two most w e l l  known r e a c t i o n s  (122 )  o f  amine oxides  

are  the Meisenheimer rearrangem ent  shown in e q u a t io n  20 and 

the Cope e l i m i n a t i o n  shown in eq u a t io n  21 .  The Meisenheimer  

rearrangem ent  i s  t h e r m a l l y  induced.  S tud ies  using CIDNP have 

e s t a b l i s h e d  t h a t  is  proceeds by a r a d i c a l  mechanism. The 

Cope e l i m i n a t i o n  is  a ls o  t h e r m a l l y  induced.  For t h i s  

r e a c t i o n  to  occur i t  is  necessary  to  have a be ta -hydrogen  

a v a i l a b l e  which is  o r i e n t e d  in such a way to  p e rm i t  a f i v e  

membered c y c l i c  t r a n s i t i o n  s t a t e .

O x id a t io n s  using amine ox ides  can be t ra c e d  a l l  the way 

back to the  o r i g i n a l  work o f  Meisenheimer (which was shown 

in scheme 15) in  which (R^NOCH^)^ 0H~, upon 

h e a t in g  g iv e s  formaldehyde and the correspond ing  amine 

(121  ) .

E a r ly  work was done using p y r i d i n e  ox ide  as the amine 

o x id e .  React ion  o f  p y r i d i n e  ox ides  w i th  b e n z y l i c  h a l i d e s  

produced ary la lky lammonium s a l t s  which underwent

M e z r °  " I R l - S H I F T *  M « 2 N - 0 - C H 2 Ph  
Ph

Equation 20

H O  Hi t  7
R2Cv^ NR2 -------> R ^ C H 2 HON Rg

Equat ion 21
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decomposi t ion  when warmed in  the presence of  d i l u t e  aqueous 

sodium hydrox ide  ( 1 2 3 ) .  Boekelhe ide  used t h i s  r e a c t i o n  to  

produce a rom at ic  a ldehydes in good y i e l d s  ( 1 2 ^ ) .  Th is  is  

a p p l i c a b l e  only to a c t i v e d  s u b s t r a t e s  such as benzyl  

bromide,  due to  the low n u c l e o p h i l i c i t y  o f  p y r i d i n e  oxides  

( 1 2 5 ) .  L a t e r ,  when t h i s  r e a c t i o n  was done on 0 and P, as 

shown in scheme 16, the d e s i r e d  aldehydes were not produced 

( 1 2 5 ) .  In s te a d  o f  a b s t r a c t i n g  the proton a lpha to  the  

oxygen, the b e n z y l i c  proton in each case was a b s t r a c t e d .

Franzen and O t to  (1 2 7 )  re p o r te d  a l k y l  h a l i d e s  or  

t o s y l a t e s  were o x i d i z e d  to  the  correspond ing  a ldehydes in  

y i e l d s  o f  30 -  60% using  t r im e t h y la m in e  o x id e .  The a l k y l  

h a l i d e  (o r  t o s y l a t e )  and t r i m e t h y l  amine ox ide  were r e f l u x e d

oq. NoOH

aq. NaOH

Scheme 16



in ch loroform  f o r  t h i r t y  minutes to  produce the

corresponding a ldehyde .  T y p ic a l  r e a c t i o n s  were the r e a c t io n

o f  n -hexy l  bromide to  g iv e  n -hexana l  in *485, is o p e n ty l  

bromide to g iv e  is o v a le r a ld e h y d e  in 66%, and benzyl  bromide 

to  g ive  benzaldehyde in  45% y i e l d s .

In a rece n t  paper a long these  l i n e s ,  Japanese workers

(1 2 8 )  demonstrated t h a t  v a r io u s  k inds o f  a l k y l  h a l i d e s  could  

be o x id iz e d  to  a ldehydes or ketones in  h igh y i e l d s  using  

4 - d i m e th y la m in o p y r id in e  ox ide  fo l lo w e d  by t re a tm e n t  w i th  a 

base such as DBU. Using t h i s  r e a c t i o n  pr imary and secondary  

h a l i d e s  can be used to produce a ldehydes and bromo e s t e r s  

can be used to  g iv e  ke to  e s t e r s ,  both in  high y i e l d .

A d isadvantage  in us ing p y r i d i n e  ox ide  or a s u b s t i t u t e d  

p y r i d i n e  ox ide  is  the v a r i e t y  o f  products  t h a t  can be 

produced. K a t r i t z k y  ( 1 2 9 , 1 3 0 )  showed t h a t  t h e r e  are  fo u r  

ways t h a t  n u c le o p h i l e s  can r e a c t  w i t h  N -a lkoxy  pyr id ium  

s a l t s  as shown in  scheme 17.

Path A is  the ro u te  by which a l k y l  h a l i d e s  can be 

o x i d i z e d  to  a ldehydes .  Path D i s ,  however,  a r e a c t i o n  by 

which g lu t a c o n ic  d ia ld e h y d e  can be produced.  Th is  is  a 

r e a c t i v e  d ia ld e h y d e  which can undergo f u r t h e r  in t r a m o l e c u la r  

r e a c t io n s  or p o s s ib ly  r e a c t  f u r t h e r  w i th  the N-a lkoxy  

p y r id in iu m  s a l t .  React ions o f  t h i s  s o r t  not on ly  c o m p l ica te  

m a t te r s  by g i v i n g  a number o f  products  in  the r e a c t i o n

m ix tu r e  (which must be s e p a r a te d )  but a lso  can s e v e r ly  

reduce y i e l d s .
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O-CHR PATH A
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Q r - B  — ► 0  +  ch 3 b
q j CH3 0  PATH C

C \  j f \
N '  "OH *  0  * ~ 1" H ^ O  OH
O C H 3 O C H3 p a t h  q

Scheme 17

Much work has been done on the r e a c t i o n  o f  p y r i d i n e  

oxides  on h a lo a c id s  ( 1 3 1 - 1 3 3 )  and on h a l o e s t e r s  ( 1 3 3 , 1 3 * 0 .  

This  is  a r a t h e r  v e r s a t i l e  r e a c t i o n  because decom posi t ion  o f  

the i n t e r m e d ia t e  N -a lkoxy  p y r id in iu m  s a l t  can proceed  

s e l e c t i v e l y  in  e i t h e r  o f  the two rou tes  shown in scheme 18 

( 1 3 3 ) .  S i m i l a r l y ,  Swern and Marmer (1 3 5 )  showed t h a t  

p y r i d i n e  ox ides  (o r  2 , 6 - l u t a d i n e  o x id e )  could  be reac ted  

w ith  epoxides to produce a -hydroxy ketones as shown in  

eq u a t io n  22.
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RCHO +  CO2

R
RC-COOH
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T FA

o - nS pyr.
OH OH

Equation 22 6 2 %

K a t r i t z k y  and coworkers developed (136 )  t h r e e  a d d i t i o n a l  

h e t e r o c y c l i c  amine oxide o x i d i z i n g  agents ,  Q, R, and S. 

These were designed to  have e l e c t r o n  w ith d raw in g

s u b s t i t u e n t s  b u i l t  i n t o  the r i n g ,  thus making decompostion  

more f a v o r a b l e .  The decompostion s tep  was done e i t h e r

t h e r m o l y t i c a l l y  or p h o t o l y t i c a l l y . For non -heat  s e n s i t i v e  

compounds, t h e r m o l y t i c  c leava g e  i s  the b e t t e r  r o u te  as pure  

products  in  h ig h e r  y i e l d s  are  o b ta in e d .  For hea t  s e n s i t i v e  

compounds, p h o t o l y t i c  c leavage  is  an a l t e r n a t i v e ,  however,  

the product  is  o f t e n  contam inated  w i th  the corresponding  

a l c o h o l ,  and the y i e l d s  are  g e n e r a l l y  low er .

K a t r i t z k y  concluded t h a t  t h i s  ro u te  is  s y n t h e t i c a l l y

u s e fu l  fo r  the s y n th e s is  o f  a rom at ic  a ldehydes and ketones
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N S 0 2 Ph

from benzyl  h a l i d e s .  However t h i s  ro u te  is  not  

s y n t h e t i c a l l y  u s e fu l  fo r  the s y n th e s is  o f  carbony l  compounds 

from a l i p h a t i c  h a l i d e s  due to fo rm a t io n  o f  s ide  products  

( t h e  corresponding  a l c o h o l )  and to low y i e l d s .

In  c o n c lu s io n ,  o x i d a t i o n  o f  a l k y l  h a l i d e s  to  the  

correspond ing  carbony l  compounds by the use o f  amine ox ides  

i s  a method t h a t  is  s y n t h e t i c a l l y  u s e fu l  and i s  c u r r e n t l y  

being used ( 1 3 7 , 1 3 8 ) .  The r e a c t i o n  proceeds through  

n u c l e o p h i l i c  a t t a c k  by the oxygen o f  the amine oxide on the  

e l e c t r o p h i l i c  a l k y l  h a l i d e  to form a N -a lko xy  ammonium s a l t .  

Th is  can then be decomposed to form the correspond ing  

carbony l  compound p lus  the amine.
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8.  Proposal

Recent work in  Dr.  B e r k o w i t z 's  lab  in vo lved  the  

convers ion  o f  aucubin h e x a a c e ta t e ,  T, to the cor responding  

brom olactone,  V, as shown in  e q u a t io n  23 .  Th is  was 

accomplished in  two steps by t r e a t i n g  aucubin h e x a a c e ta te  

w ith  NBS and wet DMSO to  produce the b ro m o la c to l  

( brom ohydr in ) ,  U, accord ing  to  the D a l to n  procedure ( 8 3 ) f o r  

bromohydrin s y n th e s is .  T h is  b r o m o la c t o l ,  U, was then  

o x id i z e d  to  g iv e  the bromolactone (bromo k e t o n e ) ,  V, in high  

y i e l d .

AcO AcO Br

OAc 0 9 luAc4  

T
OgluAc^

OH

OAc
U

AcO Br AcO
.0

OAc OgluAc^

V

Equation 23

OAc OgluAc^
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When r e p e a t i n g  t h i s  work,  the Da l ton r e a c t i o n  was

at tempted  in the absence o f  a d d i t i o n a l  w a te r .  Th is  was 

l a t e r  repea ted  us ing dry DMSO ( d i s t i l l e d  from CaH^) and 

i t  was observed t h a t  the bromo la c to n e  was produced d i r e c t l y  

in high (85%) y i e l d  ( 1 3 9 ) .

Al though the o r i g i n a l  work on aucubin hex a a c e ta te

in v o lv e d  the r e a c t i o n  o f  an enol e t h e r  w i th  NBS and DMSO, i t  

is  reasonab le  t h a t  t h i s  type  of  r e a c t i o n  could be performed  

on a lkenes  because the i n t e r m e d ia t e  i s  the B-bromo

sul foxonium  ion which is  the same in t e r m e d ia t e  in  the Da l ton  

r e a c t i o n  ( 8 3 ) .

The proposal  a t  hand i s  to  e x p lo r e  t h i s  r e a c t i o n .  From 

the  above d i s c o v e r y ,  i t  appears to  be a way in  which enol  

e t h e r s  could be used to  s y n th e s iz e  bromo la c to n e s  and 

a lkenes  could produce bromo ketones both under r a t h e r  m i ld  

c o n d i t i o n s .  T h is  r e a c t i o n  could be used to  c o n ver t  a lkenes  

to  bromo ketones under r a t h e r  m i ld  c o n d i t io n s .

The mechanism fo r  t h i s  can be env is io n e d  as shown in  

scheme 19. Basic p a r t s  to  t h i s  mechanism were presented in  

e a r l i e r  c h a p te rs  which in c lu d e  the r e a c t i o n  o f  a lk e n e s ,  DMSO 

and w ate r  to form bromohydrins and r e a c t i o n  o f  su l foxonium  

ions w i th  or w i th o u t  base to g iv e  the correspond ing  carbony l  

compound.

There i s  one example o f  a r e a c t i o n  o f  t h i s  type in  the  

l i t e r a t u r e  as shown in e q u a t io n  24 ( 9 1 ) .  I t  may be a
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Scheme 19

s p e c i a l  case in t h a t  i t  is  a s ty re n e  d e r i v a t i v e .  General  

u t i l i t y  o f  t h i s  method was not e x p lo r e d .

One cavea t  to  be aware o f  is  the  presence o f  a low 

c o n c e n t r a t i o n  o f  bromine in NBS r e a c t i o n s .  T h is  could be a 

s e r io u s  problem because bromine re a c ts  w i th  a lkenes  to  form 

the  t r a n s - d ib r o m i d e  as shown in  e q u a t io n  2 5 .
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70%

Equation 2H

Br
Br'

12

Nu ■ H :(ie DMSO) '  Nu
Equation 25

I n  t h i s  p r o p o s a l ,  i t  i s  d e s i r e d  t h a t  t h e  bromonium i on  

wo ul d  r e a c t  w i t h  DMSO and n o t  w i t h  b r o m i d e .  H o w e v e r ,  

d e p e n d i n g  on cage  e f f e c t s  o f  bromoni um i o n  -  b r o m i d e  

c o m p l e x ,  t h e  a v a i l a b i l i t y  o f  b r o m i d e  i o n  ( p o s s i b l y  f rom  

o t h e r  s o u r c e s ) ,  and t h e  n u c l e o p h i l i c i t y  o f  DMSO v s .  b r o m i d e ,  

d i b r o m i d e  o r  B - b r omo  s u l f o x o n i u m  i o n  ( o r  a m i x t u r e  o f  b o t h )  

c o u l d  be f o r m e d .

Chen and Wang (9 0 )  re p o r te d  fo rm a t io n  o f  t r a n s - s t i l b e n e  

dibrom ide upon r e a c t i o n  o f  t ra n s  s t i l b e n e ,  dry DMSO, and 

N, N-dibromobenzene s u l fo n am id e .  A lso ,  Da l ton  and Du tta  

(8 3 )  rep o r te d  the fo rm a t io n  o f  d ibrom ide  when the
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bromohydrin r e a c t i o n  was a t tem pted  on the  h indered a lk e n e ,  

2 , 3 , 3 - t r i m e t h y l b u t e n e .

Thus, the proposal  a t  hand is  to  i n v e s t i g a t e  the  

r e a c t i o n  o f  a lkenes  (and enol e t h e r s )  w i th  dry DMSO and NBS 

p o s s ib ly  fo l lo w e d  by t r e a tm e n t  w i th  base to produce bromo 

ketones (and bromo e s t e r s ) .  General  a p p l i c a b i l i t y  s h a l l  be 

exp lo red  and c o n d i t io n s  found t o ,  h o p e f u l l y ,  develop t h i s  

i n t o  a s y n t h e t i c a l l y  u s e fu l  method.
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9.  Resu l ts  and Di scuss i on  o f  the Bromo Ketone React ion

Much o f  the work done on the r e a c t i o n  o f  a lkenes  w i th  

NBS and dry DMSO was done on cyc lohexene which would,  

h o p e f u l l y ,  r e a c t  to form 2-bromo cyc loh exano ne . Cyclohexene  

was chosen f o r  these i n i t i a l  s t u d ie s  because i t  is  a 

s y m m e t r ic a l ,  s t a b l e ,  r e a d i l y - a v a i l a b l e  and in exp e n s ive  

a l k e n e .

The f i r s t  a t te m p t  a t  t h i s  r e a c t i o n  was done by 

e q u i l i b r a t i n g  1 e q u i v a l e n t  o f  cyc lohexene and 25 e q u iv a le n t s  

o f  dry DMSO ( d i s t i l l e d  under reduced p ressure  from CaH^) 

a t  a tem p e ra tu re  j u s t  under 20°C .  To t h i s  s o l u t i o n ,  2 

e q u i v a l e n t s  o f  NBS were added. A f t e r  15 m in u tes ,  t h i s  

r e a c t i o n  m ix tu r e  was poured i n t o  a l a r g e  excess o f  w a te r ,  

e x t r a c t e d  w i t h  e t h e r ,  washed w i t h  s o l u t i o n s  o f  sodium 

t h i o s u l f a t e ,  and sodium b ic a r b o n a te ,  d r i e d  and d i s t i l l e d .  

Th is  m ix t u r e  was then ana lyzed  by gas chromatography (GC) to  

g iv e  t h r e e  p ro d u c ts .  These products  were l a t e r  shown to  be 

( i n  r e l a t i v e  y i e l d s )  8% 2 -brom ocyc lohexano l  ( h e r e a f t e r  

r e f e r r e d  to  as bromohydrin ,  BrOH), 23% 2-bromo cyclohexanone  

( h e r e a f t e r  r e f e r r e d  to  as bromo ke tone ,  B rC =0 ) ,  and 69% 1,2  

dibromocyclohexane ( h e r e a f t e r  r e f e r r e d  to  as d ib ro m id e ,  

B r ^ ) .  These r e l a t i v e  y i e l d s  were determ ined  by comparing  

the area  under the curve o f  bromohydrin ,  bromo ketone and
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dibromide from the  r e c o rd e r  paper o f  the GC run.  React ion  

products  were c o l l e c t e d  from the GC and compared 

i n d i v i d u a l l y  to bromohydrin ,  bromo ketone and d ibrom ide  made 

by o th e r  methods. NMR, IR ,  and GC r e t e n t i o n  t imes upon 

c o - i n j e c t i o n  were i d e n t i c a l .  At t h i s  p o in t  o n ly  r e l a t i v e  

y i e l d s  were d e te rm in ed .  A b so lu te  y i e l d s  were determined  

l a t e r  through the use o f  an i n t e r n a l  r e f e r e n c e .

Bromohydrin was made acc o rd in g  to D a l t o n ' s  procedure  

( a lk e n e ,  NBS, wet DMSO) ( 1 4 0 ) .  Bromo ketone was syn thes ized  

in  two ways. The f i r s t  way was by o x i d i z i n g  th e  product  

from the D a l to n  r e a c t i o n  us ing C o re y 's  p y r id in iu m  

ch lorochrom ate  ( 1 4 1 ) .  T h is  method had the drawback t h a t  the  

bromohydrin from the D a l t o n  r e a c t i o n  was contam inated  w i th  

d ib ro m id e .  S ince the b o i l i n g  p o in ts  were s u f f i c i e n t l y  c lose  

(BP: bromohydrin 6 3 -5 °C  a t  4 mm Hg ( = 2 0 5 ° C ) ;  bromo

ke to n e ,  102°C a t  29 mm Hg ( = 2 0 5 - 2 1 0 ° C ) ;  d ib r o m id e ,

99 -103°C  a t  16 mm Hg ( = 2 1 0 ° C ) ) ,  and s im ple  

d i s t i l l a t i o n  would not  s e p a ra te  them. I t  was necessary  to  

s e p a ra te  them by c o l l e c t i o n  from the GC s in c e  i t  was 

u n d e s i r a b le  to have bromo ketone contam inated  w i t h  one o f  

the  o th e r  a n t i c i p a t e d  p r o d u c ts .  A much c l e a n e r  way the  

bromo ke to n e ,  f r e e  o f  d ib ro m id e ,  was s y n th e s iz e d  was by 

h e a t in g  cyclohexanone w i t h  copper  ( I I )  bromide in  

CHCl^/EtOAc ( 4 7 ) .  Dibromide was s y n th e s iz e d  ( 1 4 2 )  by 

adding a s o l u t i o n  o f  bromine in  C C l l4 to a s o l u t i o n  o f
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cyc lohexene ,  CCl^ ,  and a small  amount o f  ab s o lu te  

ethano l  a t  - 5 ° C .

I f  the amount o f  DMSO had an e f f e c t  on the  amount o f  

(u n d e s i r e d )  d ib rom ide  in  the Da l ton  procedure ,  i t  may a lso  

have an e f f e c t  on the  amount o f  d ibrom ide  in  the bromo 

ketone p r e p a r a t i o n .  T ab les  1 -  11 which shows v a r i a t i o n s  

and f i n a l  r e s u l t s  are  lo c a t e d  in  the E x p er im en ta l  S e c t io n .  

Tab le  1 shows t h a t  by i n c r e a s i n g  the r a t i o  o f  moles o f  DMSO 

to moles o f  cyc lo h exen e ,  d ibrom ide f o r m a t io n  was 

s i g n i f i c a n t l y  reduced.

Th is  data a ls o  r e v e a le d  t h a t ,  by in c r e a s in g  the amount 

o f  DMSO, the a b s o lu te  y i e l d  o f  bromohydrin was decreased .  

This  was presumably because the  products  were l o s t  in  the  

work-up .  Since the products  a re  s o lu b le  in  DMSO and s ince  

DMSO is  s o lu b le  in  w a t e r ,  i t  i s  p o s s ib le  t h a t ,  due to  the  

l a r g e  amount o f  DMSO and the  l a r g e  amount o f  w a te r  used to  

quench the r e a c t i o n  (w a te r  was sca led  up to  the r e l a t i v e  

amount o f  DMSO), losses were due in  p a r t  to  mechanical  

lo s s e s .  T h is  e x p l a n a t i o n  could  account  f o r  the lower  

a b s o lu te  y i e l d s  o f  bromohydrin w i th  i n c r e a s i n g  amounts o f  

DMSO.

The r a t i o  o f  moles o f  dry DMSO to  moles o f  cyc lohexene  

were v a r ie d  to  observe the e f f e c t s  on the  r e l a t i v e  y i e l d s  o f  

the th re e  p ro d u c ts .  These r e s u l t s  a re  presented  in  Tab le  2 .
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As seen in  T a b le  2 ,  i n c r e a s i n g  the  amount o f  DMSO 

decreased the  amount o f  d ib ro m id e  and in c re a s e d  the  sum o f  

the  amount o f  bromohydrin  and bromo k e to n e .  I t  was dec ided  

to  use the s tandard  r a t i o ,  t h a t  o f  1 .5  mL o f  cyc lohexene  to  

75 mL o f  d ry  DMSO, because i t  gave somewhat reduced amounts 

o f  d ib ro m id e  a t  f a i r l y  manageable amounts o f  DMSO.

At t h i s  p o i n t ,  i t  was o f  i n t e r e s t  to  decrease  the  

amount o f  d ib r o m id e .  T h is  u n d e s i re d  s id e  product  

re p r e s e n te d  a l a r g e  p e r c e n ta g e  o f  the r e a c t i o n  m ix t u r e  and 

cou ld  c o n s id e r a b l y  h in d e r  the  u s e fu ln e s s  o f  the r e a c t i o n  by 

lo w e r in g  y i e l d s .  Both the  bromohydrin  and the  bromo ketone  

were presumably formed through an i n t e r m e d i a t e  

B-bromosulfoxonium s a l t .  T h is  s a l t ,  upon base t r e a t m e n t ,  can 

undergo decom pos i t ion  to  produce bromo ketone as shown in  

scheme 20 as i n d i c a t e d  by T o r s s e l l ' s  work ( 1 0 2 ) .

Much o f  the f o l l o w i n g  work was done on the  b a s is  o f  

r e l a t i v e  y i e l d s  to  see the  e f f e c t  o f  v a r io u s  changes.  A f t e r  

a s e r i e s  o f  changes, the b es t  improvements were 

i n c o r p o r a t e d ,  and a b s o lu te  y i e l d s  were d e te r m in e d .  Some o f  

the  v a r i a t i o n s  which were t r i e d  in c lu d e d  the f o l l o w i n g :  1 . )  

runn ing  the  r e a c t i o n  a t  0°C (because DMSO has a m e l t i n g  

p o i n t  o f  1 8 .5 ° C ,  i t  was necessary  to  d i l u t e  the r e a c t i o n  

m ix t u r e  w i t h  methy lene  c h l o r i d e ) ,  2 . )  g i v i n g  i t  a r e a c t i o n  

t im e  o f  one hou r ,  3 . )  us in g  hydroquinone as a r a d i c a l  

i n h i b i t o r  ( t o  d e te rm in e  w hether  i t  was going by a r a d i c a l
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mechanism),  4 . )  us ing oven d r i e d  equ ipment,  and 5 . )  using  

r e c r y s t a l l i z e d  NBS. None o f  these changes s i g n i f i c a n t l y  

reduced the amount o f  d ib ro m id e .

When the r e a c t i o n  was run a t  0°C us ing methylene  

c h l o r i d e  as a c o - s o l v e n t  f o r  15 m in u tes ,  fo l lo w ed  by 

a d d i t i o n  o f  t r i e t h y l a m i n e , the  amount o f  bromohydrin  

s i g n i f i c a n t l y  decreased and the amount o f  bromo ketone  

in c r e a s e d ,  w h i l e  the amount o f  d ib rom ide  remained r e l a t i v e l y
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the same. As mentioned p r e v i o u s l y ,  both proceeded from an 

i n t e r m e d ia t e  B-bromosulfoxonium ion as shown in  scheme 20 .

Th is  r e a c t i o n  s h a l l  h e r e a f t e r  be r e f e r r e d  to  as the  

"s tandard"  r e a c t i o n .  I t  was performed in  the f o l l o w in g  

manner: cyclohexene was d is s o lv e d  in  a s o l u t i o n  o f  DMSO and

methylene c h l o r i d e  and then cooled to  0°C.  NBS was 

added s low ly  ( a p p r o x im a t e ly  0 . 3  g a t  5 sec .  i n t e r v a l s ) .  

A f t e r  15 minutes o f  s t i r r i n g ,  t r i e t h y l a m i n e  was added in  one 

p o r t i o n .  A f t e r  15 minutes more, the  r e a c t i o n  m ix tu r e  was 

poured i n t o  w ate r  e x t r a c t e d  i n t o  e t h e r ,  washed w i t h  a 

s o l u t i o n  o f  sodium t h i o s u l f a t e ,  d r i e d  and d i s t i l l e d .  Th is  

produced r e l a t i v e  y i e l d s  o f  9% o f  bromohydrin ,  51% o f  bromo 

ketone and 40% o f  d ib rom ide .

Other  v a r i a t i o n s  were a ls o  t r i e d .  When the  

t r i e t h y l a m i n e  was added 5 minutes a f t e r  the NBS was added,  

the r a t i o s  were s l i g h t l y  b e t t e r :  8% BrOH, 64% BrC=0, and 28% 

Br2 . When the r e a c t i o n  was run w i t h  p ro p y len e  ox ide  (1 

and 3 e q u i v a l e n t s ) ,  the r e l a t i v e  y i e l d s  produced were 

s i m i l a r .  Th is  gave average y i e l d s  o f  7% BrOH, 63% BrC=0,  

and 3 0 % Br2 .

Propylene oxide was added to  the  r e a c t i o n  m ix tu re  

because o x i ra n e s  a re  known ( 1 4 3 - 1 4 6 )  as an ion  t r a p s ,  as 

shown in e q u a t io n  26 ( 1 4 3 ) .

Th is  type o f  r in g  opening can occur under n e u t r a l ,  

a c i d i c ,  or  bas ic  c o n d i t i o n s .  E p ic h lo r o h y d r in  has been used
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f o r  t h i s  purpose.  We used p ropy len e  oxide in s te a d  to  avo id  

any p o s s i b i l i t y  o f  in t r o d u c in g  c h l o r i d e  ion i n t o  the  

r e a c t i o n  m i x t u r e .  V a r i a t i o n s  a re  shown in  Tab le  3 .

Q uaternary  Ammonium Resins as Bromide Traps

The problem a t  t h i s  p o i n t  was reduced y i e l d s  due to  

d ibrom ide  f o r m a t i o n .  A s o l u t i o n  to  t h i s  problem would be to  

reduce or e l i m i n a t e  the bromide ion p rese n t  in  the  r e a c t i o n  

m i x t u r e .  I f  bromide ion were not  p re s e n t  or cou ld  be kep t  

away from the bromonium io n ,  then DMSO would be the on ly  

n u c le o p h i l e  which could a t t a c k  the  bromonium io n .  T h is  

would r e s u l t  in  a g r e a t e r  y i e l d  o f  B-bromosulfoxonium io n ,  

and g r e a t e r  y i e l d s  o f  bromo ke to n e .

We thought  t h a t  i f  a q u a te r n a r y  ammonium r e s i n  w i t h  a 

n o n - n u c l e o p h i l i c  anion was added, the  bromide ion would be 

a t t r a c t e d  by the p o s i t i v e l y  charged n i t r o g e n .  T h is  would ,  

h o p e f u l l y ,  keep the bromide in  the  v i c i n i t y  o f  the  s o l i d  

r e s i n  and away from the bromonium ion which is  in  s o l u t i o n .
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Many r e a c t i o n s  were run us ing  a p p r o x im a t e ly  2000  

e q u i v a l e n t s  o f  r e s i n  (as  de te rm in ed  by th e  number o f  moles 

o f  q u a te r n a r y  ammonium s a l t s  per  gram o f  r e s i n  as i t  came 

o u t  o f  the  b o t t l e  and a f t e r  i t  was d r i e d ) .  The r e s i n  was 

t r e a t e d  in  v a r i o u s  ways (as  w i l l  be d e s c r ib e d  l a t e r )  and 

f i n a l l y  i t  was d r i e d  in  the  d r y i n g  p i s t o l  o v e r n i g h t  over  

to  remove any t r a c e s  o f  w a t e r .

These r e a c t i o n s  a r e  summarized in  T a b le  4 .

The f i r s t  c o u n te r  an ion t r i e d  was t r i f l u o r o a c e t a t e  which  

gave o n ly  s l i g h t l y  l e s s  d ib ro m id e  than the  r e a c t i o n s  w i t h o u t  

r e s i n .

The p r e v i o u s l y  made t r i f l u o r o a c e t a t e  r e s i n  was washed 

w i t h  a sodium c h l o r i d e  s o l u t i o n  to  remove the  

t r i f l u o r o a c e t a t e  a n io n .  I t  was then washed w i t h  1M 

NaBF4 u n t i l  the  f i l t r a t e  no lo n g e r  showed a p r e c i p i t a t e  

when t e s t e d  w i t h  an AgNO^ s o l u t i o n ,  then r in s e d  w i th  

a b s o lu t e  e t h a n o l  and d r i e d .

When a p p r o x im a t e ly  2000 e q u i v a l e n t s  o f  t h i s  r e s i n  were 

added to  the  s tan d a rd  r e a c t i o n ,  the r e l a t i v e  y i e l d s  o b ta in e d  

w ere:  45 BrOH, 835 BrC=0, and 135 Br 2 * Thus us ing  t h i s  

r e s i n ,  the  r e l a t i v e  y i e l d  o f  d ib r o m id e ,  on a sm al l  s c a l e ,  

was reduc ed .  The r e s i n  t h a t  was used was A m b e r l i t e  IRA-400  

r e s i n .  I t  was l a t e r  de te rm in ed  t h a t  t h i s  r e s i n  was o f  the  

type  made b e f o r e  1975 .  I t  seems t h a t  in  1975 they  changed 

t h e i r  fo rm u la  f o r  making IRA-400  r e s i n ,  even though i t  

m a in ta in e d  the  same number.
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The old r e s i n  which had been converted  to  BF^ 

r e s i n  gave b e t t e r  r e s u l t s  than the new r e s i n  which had a lso  

been conver ted  to  BFJJ r e s i n .  However,  f o r t u n a t e l y ,  

the new BFJJ r e s i n  gave good r e l a t i v e  y i e l d s  (81%

BrC=0, 14% Br^)  when the r e s i n  was pre -soaked  f o r  35 

minutes a t  room tem p era tu re  in anhydrous DMSO, fo l lo w ed  by 

the r e g u l a r  r o u t i n e  o f  washes which inc luded  the NaBFjj 

wash.

Many d i f f e r e n t  v a r i a t i o n s  were t r i e d  as can be seen in  

Tab le  4 .  Among these inc luded  t r y i n g  many d i f f e r e n t  

q u a te r n a ry  ammonium s a l t  r e s in s  which were converted  to  

BFJJ r e s i n s  by washing the r e s in s  f i r s t  w i t h  b r in e  

and then w i th  sodium t e t r a f l u o r o b o r a t e  s o l u t i o n s .

Resins such as Dowex 1 -X 8 ,  Dowex 1 - X 8 - 4 0 0 ,  Dowex 2 -X 8 ,  

A m b e r l i t e  IRA-400AR, A m b e r l i te  IRA-400CP, B io - r a d  AG1-X8,  

B io - r a d  AGMP-1, A m b e r l i t e  IRA-900  powder,  A m b e r l i t e  IRA-900  

l i q u i d ,  and A m b e r l i t e  IRA-402  l i q u i d  a l l  gave unacceptab ly  

high y i e l d s  o f  d ib ro m id e .

Dowex 1 1X8-400 r e s i n  which had been p r e - d r i e d  on the

d r y in g  p i s t o l ,  was pre-soaked in  DMSO, then washed w i th  a 

NaCl s o l u t i o n ,  fo l lo w ed  by a wash w i t h  1M NaBFj  ̂

s o l u t i o n .  I t  was then r in s e d  w i t h  e th an o l  and aga in  d r i e d  

in  the  d r y in g  p i s t o l .  Two batches o f  r e s i n  were prepared  

acc o rd in g  to  t h i s  procedure .  In  both runs,  the r e l a t i v e  

y i e l d  o f  d ibrom ide  was decreased (9% and 14%), but the
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r e l a t i v e  y i e l d  o f  bromohydrin in creased  s i g n i f i c a n t l y  (39% 

and 19%). In  these two runs ,  the r e l a t i v e  y i e l d  o f  bromo 

ketone was t y p i c a l  (55% and 67%). G e n e r a l l y ,  l a r g e  amounts 

o f  bromohydrin  i n d i c a t e  the presence o f  w a te r .  Other  r e s in s  

which had been prepared acc o rd in g  to  the same procedure did  

not  show such l a r g e  amounts o f  bromohydrin .  Th is  i n d i c a t e s  

t h a t  t h i s  r e s i n  probab ly  had w a te r  t rapped i n s i d e  the

p a r t i c l e s  which was r e le a s e d  d u r in g  the  r e a c t i o n .

Abso lu te  y i e l d s  by us ing the GC were determined by 

" s p ik e "  a n a l y s i s  us ing 1-bromoadamantane as the i n t e r n a l  

s ta n d a rd .  The r a t i o  o f  w e ight  to area  o f  known amounts o f  

the sp ike  and the t h r e e  products  were determ ined

i n d i v i d u a l l y .  Then, to  the r e a c t i o n  m ix tu r e  a known amount 

o f  sp ike  was added, and from the r e l a t i v e  a r e a s ,  the  w e ight  

o f  each product  was d e te rm in ed .

Tab le  5 shows the a b s o lu te  y i e l d s  which were d e te rm in ed .

The r e s i n  used in  t h a t  run was p r e - d r i e d  Dowex 1 1X8-400

which had been soaked (35 minutes a t  room t e m p e r a tu r e )  in 

DMSO, then washed w i t h  aqueous NaCl,  and aqueous NaBF^, 

r in s e d  w i t h  a b s o lu te  e th a n o l  and f i n a l l y  d r i e d  in  the  d r y in g  

p i s t o l .

To our dismay, w h i l e  the r e s i n s  d id  cut  down on 

d ibrom ide  f o r m a t io n  on a smal l  s c a l e ,  t h i s  e f f e c t  was not  

n o t i c e a b l e  when run on a l a r g e r  s c a le  (3X sm al l  s c a le  r u n ) .  

A ls o ,  the  a b s o lu te  y i e l d  o f  bromo ketone was lower  in the
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r e s in  run than in  the n o n - r e s in  run .  Th is  i s  presumably

due to  the o rg an ic  products  adher ing  to  the o rgan ic  r e s i n .  

Even though the r e s i n  was washed w i th  150 mL o f  e th e r  fo u r  

t im e s ,  th e re  must s t i l l  have been r e s i d u a l  t r a p p in g  o f  the  

products  by the r e s i n .

I t  was somewhat encouraging t o  see t h a t  the ab s o lu te  

y i e l d  o f  bromo ketone was ^0% when 2 . 0  e q u iv a le n t s  o f  NBS 

were used ( t h i s  was w i t h o u t  r e s i n ) .  P r e v io u s ly ,  on ly  1 .2  

e q u iv a le n t s  o f  NBS had been used as an e f f o r t  to  l i m i t  

bromine fo rm a t io n  in  the r e a c t i o n  m ix t u r e .

React ions Run Using D i f f e r e n t  Amine Oxides

as O x id i z i n g  Agents

Since the bromonium ion has two p o s s ib le  ways o f  

r e a c t i n g ,  as shown in  scheme 20 ,  i f  a n u c le o p h i l e  could be 

found which was even more n u c l e o p h i l i c  than DMSO, t h i s  ro u te  

would be p r e f e r r e d  r a t h e r  than a t t a c k  o f  the bromonium ion  

by bromide io n .  We thought  t h a t  amine oxides may be more 

n u c l e o p h i l i c  than DMSO, thus in c r e a s in g  the  amount o f  bromo 

ketone formed and d e c re a s in g  the amount o f  d ibrom ide  formed.

A number o f  v a r i a t i o n s  were run using p y r i d i n e  ox ide  as 

the o x i d i z i n g  agent  in s te a d  o f  DMSO as shown in  Tab le  6 .  

React ions  were run us ing d i f f e r e n t  so lv e n ts  and com binat ions  

o f  s o lv e n ts  (EtOAc, DM SO/Ci^C^,  benzene,
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CH2 C I 2 ) and d i f f e r e n t  t e m p e r a t u r e s .  When DMSO and 

methylene c h l o r i d e  were used as the  s o l v e n t  approx imat e  

r e l a t i v e  y i e l d s  were 25% BrOH, 25% BrC=0 and 50% B r j .

When e t h y l  a c e t a t e  was used as t he  s o l v e n t  and AgNO^ was 

added,  p r a c t i c a l l y  pure bromohydr in  was the on l y  p r od u c t .  

Th i s  a c t u a l l y  may be a good way t o  s y n t h e s i z e  bromohydr in  

which i s  uncontaminated by d i b r o m i d e .  D a l t o n  ( 8 2 )  r e p o r t e d  

t h a t  d i b r omi de  was not  produced ( e x c e p t  f o r  very  h i nder ed  

a l k e n e s )  in h i s  r e a c t i o n  o f  a l k en e s  w i t h  wet  DMSO and NBS 

to produce bromohydr ins .  I n  our  hands,  d i b r o mi de  was 

produced i n  each i n s t a n c e  as r e p o r t e d  i n  Tab le  1.

I n  t h e  r ema i n i ng  c as es ,  when s o l v e n t s  such as EtOAc,  

CH j C l 2 > and benzene were used,  w o r t h l e s s  m i x t u r e s  o f  

s o l i d  and l i q u i d  were o b t a i n e d  as shown in T a b l e  6 .  

Al though some bromo ketone  was produced in  some cases ,  a 

w h i t e  s o l i d  was a l s o  produced a f t e r  the product  was worked 

up i n  the usua l  way.  Some o f  these  m ix t u r e s  showed m u l t i p l e

high r e t e n t i o n  t ime peaks on GC a n d / o r  m u l t i p l e  spots in

TLC.

One way t o  e x p l a i n  these  r e s u l t s  i s  by assuming o t h e r  

u n d e s i r a b l e  r e a c t i o n s  such as opening o f  the  p y r i d i n e  r i n g  

are t a k i n g  p l a c e  as K a t r i t s k y  r e p o r t e d  ( 1 4 7 ) .  As e v i d e n t  

from these  r e s u l t s ,  t h i s  i s  not  a u s e f u l  way to  s y n t h e s i z e

bromo k e t on e s ,  so o t h e r  amine ox i des  were i n v e s t i g a t e d .
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Another  amine ox ide  which was t r i e d  was

N- met hy l morphol ine  o x i d e .  Th i s  was syn the s i ze d  ( 1 48 )  by 

adding hydrogen perox ide  to N-methy l morphol ine  and h e a t i n g .  

As shown in  Tab le  7 ,  us ing N- met hy l morphol ine  ox ide  in  

d i f f e r e n t  s o l v e n t s  ( C ^ C ^  or  DMF), and w i t h  or  

w i t h o u t  AgNO^f l a r g e  amounts o f  d i br omide  were produced.

I n  most cases,  a l though some bromohydr in was produced,  no 

bromo ketone was observed.  React ions  o f  the v a r i o u s  amine 

ox i des  a r e  summarized in Tab le  7 .

N - Methy lmor pho l i ne  ox ide  was t r i e d  because i t  was 

t hought  t h a t  i t  was a l e s s  h i nder ed  amine ox ide  than an 

average  amine oxide such as t r i e t h y l a m i n e  o x i d e .  Th i s  was 

because two o f  the a l k y l  groups were p u l l e d  back in a r i n g .  

A p p a r e n t l y ,  i t  was too h i n d e r e d ,  thus not  n u c l e o p h i l i c  

enough to produce the d e s i r e d  r e s u l t s .

Another  amine ox ide  which was t r i e d  was

d i a z a b i c y c l o ( 2 . 2 . 2 )octane  mono o x i d e ,  W ( h e r e a f t e r  r e f e r r e d  

t o  as dabco monoxide) .  I t  was produced ( 149 )  by adding 1 

e q u i v a l e n t  o f  3 0 % hydrogen p e r o x i d e  to a s o l u t i o n  o f  dabco 

i n  benzene.  Th i s  r e a c t i o n  gave a b s o l u t e  y i e l d s  o f  48% BrOH, 

8% BrC=0,  and 2% Br2 . Th i s  seems l i k e  a f a i r l y  good way 

to  make bromohydrin w i t h  not  much d i bromide  produced.

The best  r e s u l t s  were o b t a i n e d  using q u i n u c l i d i n e  

N - o x i d e ,  X, as the amine o x i d e .  Both q u i n u c l i d i n e  N-ox ide  

and dabco mono-oxide are t e r t i a r y  amine ox ides  w i t h  a l l
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t h r e e  a l k y l  groups t i e d  back in  a r a t h e r  u n s t r a i n e d  f a s h i o n .  

Both of  them are  r a t h e r  unhindered amine ox i des .

When the r e a c t i o n  was run using q u i n u c l i d i n e  oxide as 

the  o x i d i z i n g  agent  and DMF as the s o l v e n t ,  the abs o lu t e  

y i e l d s  produced were a t r a c e  o f  BrOH, 47% BrC=0,  and 7% 

B ^ .  The remainder  was unreacted  cyc lohexene .  Crude 

a n a l y s i s  e s t i m a t e d  t h e r e  to be a pp r o x im at e ly  40% of

unreacted  cyc lohexene .  Th is  appeared to  be a f a i r l y  good

way to  make bromo ke t ones .  ( T h i s  i mp l i e s  78% o f  BrC=0 and

12% o f  Br 2 when the amount o f  unreacted  cyc lohexene i s  

taken i n t o  a c c o u n t . )

Other  v a r i a t i o n s  were t r i e d  such as i n c r e a s i n g  the

r e a c t i o n  t e m p e r a t u r e ,  v a r y i n g  the r e a c t i o n  t i m e ,  and hav ing  

the  t r i e t h y l a m i n e  in  the r e a c t i o n  m i x t u r e  from the s t a r t .  

A l l  o f  these v a r i a t i o n s  produced mai n ly  d i br omide .

When the r e a c t i o n  using q u i n u c l i d i n e  ox ide  was done on 

cyclododecene unreacted  cyclododecene was o b t a i n e d .  This  

r e a c t i o n  was done i n c r e a s i n g  t ime and t e mper a t ur e  and s t i l l
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only  unreacted cyclododecene was o b t a i n e d .  I t  is s u r p r i s i n g  

t h a t  the dibromide a t  l e a s t  was not  produced.

React ions on Alkenes Other  than Cyclohexene in NBS,

DMSO React ion

A f a i r  amount o f  work was done on cyc lo p en t en e .  The

standard  r e a c t i o n  was per formed us ing cyc lopent ene  as the  

a lkene  r a t h e r  than cyc l ohexene .  The double  bond in

cyc lopent ene  i s  more s t r a i n e d  than in  cyc lohexene and thus

more r e a c t i v e .  Th i s  could e x p l a i n  the d i f f e r e n t  r e s u l t s

which were o b t a i n e d .

In  most cases,  the r e l a t i v e  y i e l d  o f  bromo ketone was 

roughly  equal  to  the r e l a t i v e  y i e l d  o f  d ibromide p lus  

bromohydr in.  Thus,  the maximum a b s o l u t e  y i e l d  could be 50%.  

The m i x t u r e  o f  product  a l s o  appeared t o  be r a t h e r  

t emper at ur e  s e n s i t i v e .  A f t e r  d i s t i l l i n g  the m a t e r i a l ,  the  

remainder  in the d i s t i l l a t i o n  head turned b l ack  w i t h i n  a 

h a l f - h o u r .

When the r e a c t i o n  was run using p y r i d i n e  as the s o l v e n t ,  

the main products  were bromohydr in and bromo ket one .  

At tempts were made to  remove the p y r i d i n e  by reduced  

pressur e  d i s t i l l a t i o n  but  t h e r e  was s i g n i f i c a n t  

decomposi  t i o n .
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Thus,  the r e s u l t s  o b t a i ned  from the r e a c t i o n  on 

cyc lopent ene  were not  encourag i ng .  This  could be due,  

however,  to  the i ncreased  r e a c t i v i t y  due to the a d d i t i o n a l  

s t r a i n  on the double bond.

Another  a lkene t r i e d  was t r a n s - s t i l b e n e . T h i s ,  too,  i s  

not  a t y p i c a l  a lkene because the double bond i s  conjugated  

w i t h  a phenyl  r i n g  a t  each end.

From t h i s  r e a c t i o n  a s o l i d  product  was obt a i ned  which 

was s o l u b l e  in CDCl^.  The d i bromide  o f  t r a n s - s t i l b e n e  

i s  known to  be i n s o l u b l e  in e v e r y t h i n g  except  hot  xy l ene .

The f a c t  t h a t  the product  here  was s o l u b l e  i n d i c a t e s  t h a t ,

i f  any o f  the d ibromide was pr ese nt  a t  a l l ,  i t  was present  

in  very low c o n c e n t r a t i o n .  The r e l a t i v e  y i e l d s  o f  product  

obt a i ned  from the i n t e g r a t i o n  by NMR showed the f o l l o w i n g :  

61% unreac ted  t r a n s - s t i l b e n e ,  3 1 % bromo ket one ,  and 9%

bromohydr in.  A couple  o f  o t h e r  r e a c t i o n s  were run which a lso  

suggested the product  was l a r g e l y  the unreacted s t a r t i n g  

m a t e r i a l .

Dihydropyran was a l so  used as an a l k e n e ,  even though i t  

i s  an enol  e t h e r .  Th i s  was thought  to be more r e a c t i v e  than 

a r e g u l a r  o l e f i n  due to the e l e c t r o n - d o n a t i n g  a b i l i t y  o f  the  

a d j a c e n t  oxygen atom. I n  a d d i t i o n ,  aucubin h ex a ace ta t e  

r eac ted  a t  a s u b s t i t u t e d  d i hydr opy ran  mo i e t y .

When the Da l t on  ( 1 4 0 )  r e a c t i o n  was t r i e d  on

d i h yd r o py r an ,  the GC o f  sma l l  samples showed one f a i r l y  pure
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peak which was not  s t a r t i n g  m a t e r i a l .  When l a r g e  samples 

were i n j e c t e d ,  as when c o l l e c t i o n  was to be made, the

product  decomposed such t h a t  i t  could not  even be seen on 

the r ecor de r  paper .  When the product  was d i s t i l l e d  under  

high vacuum, i t  turned b l a c k i s h  ( decompos i t ion  a nd /or  

p o l y m e r i z a t i o n ) .  The crude IR d i d  show a f a i n t  carbony l  a t  

1730 cm"'  . However,  the NMR did  not  match the expected  

a - b r o m o - i - v a l e r o l a c t o n e .

When the d i hydropyran was reac ted  in the usual  manner 

w i t h  dry DMSO and NBS, the IR showed a s t rong  carbony l  

s t r e t c h  a t  1725 cm- 1 . However,  i t  d id  show an OH-group 

( w e t ? ) .  Th i s  product  could not  be c o l l e c t e d  o f f  the GC or  

d i s t i l l e d .  The IR and NMR s p e c t r a  d id  look good. However,  

TLC a n a l y s i s  showed a t  l e a s t  four  spots as i s  shown a f t e r  

column chromatopraphy and then TLC a n a l y s i s .

D i f f e r e n t  r e a c t i o n s  can be env is i oned  t o  take  place  

which may e x p l a i n  the l a r g e  number o f  p r odu ct s .  These are  

shown in scheme 21.

10.  Conclusion

In c o n c l u s i o n ,  w h i l e  y i e l d s  o f  bromo cyc lohexanone were 

g r e a t l y  improved from the o r i g i n a l  runs o f  these r e a c t i o n s ,  

the best  r e s u l t s  were ob t a i ned  by us ing q u i n u c l i d i n e  ox ide  

as the o x i d i z i n g  agent .  The y i e l d  o f  bromo cyclohexanone
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o bt a i ned  was a p p ro x im at e ly  50X.  React ions on o t h e r  a l kenes  

di d  not  seem too promi s ing .
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1. Concept  o f  Acyl  Anion E q u i v a l e n t

A c u r r e n t  area of  i n t e r e s t  in organ ic  chemi st ry  is  

d e v i s i n g  methods to reve rse  the normal p o l a r i t y  o f  

f u n c t i o n a l  groups.  This type o f  change has been termed 

"umpolung".  For  example,  a ldehydes a r e  g e n e r a l l y  s i t e s  o f  

e l e c t r o p h i l i c  a t t a c k .  However,  w i t h  the use o f  a c t i v a t i n g  

and /or  p r o t e c t i n g  groups,  they can be made to be 

n u c l e o p h i l i c  r e a g e n t s .  Tab le  8 ( 1 50 )  shows some o f  the

r e v e r s a l s  o f  p o l a r i t y  which have been accompl ished.  A 

number o f  r ev i ew a r t i c l e s  are a v a i l a b l e  which dea l  w i t h  the  

t o p i c  o f  umpolung ( 1 5 0 - 1 5 6 ) .

The area  o f  n u c l e o p h i l i c  anion e q u i v a l e n t s  i s  so vast  

t h a t  a number o f  r ec e nt  r ev i ews  a r e  e x c l u s i v e l y  devoted to  

t h i s  t o p i c  ( 1 5 0 - 1 5 3 ) .  The t o p i c  o f  formyl  anion e q u i v a l e n t  

f a l l s  under the  broad heading o f  acy l  anion e q u i v a l e n t .  

Since the work presented i n  t h i s  p a r t  o f  the t h e s i s  i n vo l ve s  

syn t he s is  and r e a c t i o n s  o f  a su l f one  formy l  anion  

e q u i v a l e n t ,  the m a t e r i a l  presented  in t h i s  s e c t i o n  w i l l  

mainly  c o n c e n t r a t e  on formyl  anion e q u i v a l e n t s  which i n v o l v e  

s u l f u r  and t h e i r  r e a c t i o n s  w i t h  a l k y l  h a l i d e s  which,  upon 

h y d r o l y s i s ,  produce a ldehydes .

A w e l l  known r e a c t i o n  which makes use of  an a cy l  anion  

e q u i v a l e n t  i s  t h e  benzoin condensa t i on  which i s  d e p ic t ed  in
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scheme 2 2 .  I n  t h i s  c l a s s i c a l  r e a c t i o n ,  the e q u i v a l e n t  o f

Ph-CO- i s  gen er a te d  which a t t a c k s  n u c l e o p h i l i c a l l y

a n o t h e r  mol ecu l e  o f  benz a l dehyde .  Upon e l i m i n a t i o n  o f

c y a n i d e  i o n ,  the f i n a l  p r oduct  i s  produced.  I n  t h i s  case,  i t  

i s  not  necessary  to p r o t e c t  the  a l c o h o l  moi e ty  o f  the  

cya nohyd r i n  because the n e g a t i v e  charge i s  s t a b i l i z e d  by the  

pheny l  group .  G e n e r a l l y ,  i t  i s  necessary  to p r o t e c t  the

a l c o h o l  group because i t  would i n t e r f e r e  w i t h  the  r ema i n i ng  

r e a c t i o n s .

S t o r k  and Maldonado ( 1 5 7 )  made use o f  t h i s  concept  in

t h e i r  method o f  ke t one  s y n t h e s i s  which i s  known as the

St or k - Ma l do n ad o  r e a c t i o n .  Th i s  s e r i e s  o f  r e a c t i o n s  i s  shown 

i n  scheme 2 3 .  They t r e a t e d  an a l dehyde  w i t h  cya n id e  to 

produce the  c y a n oh yd r i n .  Th i s  was then t r e a t e d  w i t h  e t h y l  

v i n y l  e t h e r  to produce the e t h o x y e t h y l  cya nohyd r i n  o f  the

a l dehy de  ( 1 5 7 ) .  I n  t h i s  example ,  Y i s  a c t i n g  as an a c y l

anion e q u i v a l e n t ,  which can be d e p i c t e d  as Z.  Th i s  i s  then

I
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t r e a t e d  w i t h  base,  f o l l owed  by a l k y l a t i n g  agent  to produce 

the a l k y l a t e d  r e a g e n t .  Upon h y d r o l y s i s  the ketone is 

g e n e r a t e d .

Evans ( 1 5 8 )  demonstrated t h a t  t r i m e t h y  1 s i  1y 1 cyanide can 

be t r e a t e d  w i t h  a ldehydes to produce the O - t r i m e t h y l s i l y l  

cyanohydr in  in one s t ep ,  which can then be a l k y l a t e d .  Upon 

h y d r o l y s i s ,  f o r  example w i t h  f l u o r i d e  ( 1 5 9 )  i on ,  the 

a l k y l a t e d  cyanohydr in  i s  generated which can be decomposed 

to  the ke t one .  These r e a c t i o n s  are  shown in e qu a t i o n  27.

Many acy l  anion e q u i v a l e n t s  have been developed which 

make use o f  e i t h e r  one or  two s u l f u r  atoms a d j a c e n t  to the  

a n i o n i c  carbon atom. These reagents  make use of  the s u l f u r  

atom in d i f f e r e n t  o x i d a t i o n  l e v e l s ;  s u l f i d e ,  s u l f o x i d e ,  and

RCHO
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s u l f o n e .  I t  has been p o s t u l a t e d  t h a t  anions ad j a ce n t  to 

s u l f u r  are s t a b i l i z e d  through p-d backbonding.  Al though  

t h e r e  is  some con t r oversy  in t h i s  m a t t e r ,  i t  i s  g e n e r a l l y  

thought  t h a t  vacant  d - o r b i t a l s  on the s u l f u r  a l low  t h i s  

e x t r a  s t a b i l i z a t i o n .  Th is  e f f e c t  i s  not  observed,  f o r  

example,  in s u b s t i t u t e d  d i a l k o xy m e t h a n e s , because oxygen 

does not have these vacant  d - o r b i t a l s .

One o f  the f i r s t  s u l f u r  acy l  anion e q u i v a l e n t s  developed  

was 1 , 3 - d i t h i a n e  ( u s u a l l y  c a l l e d  s imply  d i t h i a n e ) .  I t  is now 

commerc i a l ly  a v a i l a b l e  from A l d r i c h  ( 1 6 0 ) .  I t  can be made 

by t r e a t i n g  1 , 3 - d i t h i o p r o p a n d i o l  w i t h  dimethoxymethane using  

boron t r i f l u o r i d e  e t h e r a t e  as the c a t a l y s t .  A f t e r  

r e c r y s t a l l i z a t i o n ,  the y i e l d  of  the pure product  i s  7 8  -  84%

( 161 ) .

D i t h i a n e  can be met a l a t ed  by r e a c t i o n  w i t h  b u t y l  l i t h i u r n  

in THF at  - 2 0 ° C .  Th is  l i t h i a t e d  spec ies  thus produced 

can be a l k y l a t e d  w i t h  pr imary  or a c y c l i c  secondary i od ides
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or  b r o m i d e s  ( a s  shown in  e q u a t i o n  2 8 )  and c a r b o n y l  compounds

Al though d i t h i o k e t a l s  a re  g e n e r a l l y  r e s i s t a n t  to a c i d i c  

and basic h y d r o l y s i s ,  t h e r e  a re  now procedures a v a i l a b l e  for  

c l e a v i n g  the a l k y l a t e d  d i t h i a n e  and thereby g e n e r a t i n g  the  

carbony l  compound. These procedures (162)  i nc l ude  h y d r o l y s i s  

w i t h  m e t a l l i c  ions (such as H g ( I I ) ,  C u ( I I ) ,  A g ( I )  or  

T l ( I I I ) ) ,  w i t h  a l k y l a t i n g  agents  (such as methyl  i od ide  or  

methyl  f 1uorosu1 f o n a t e ) or  w i t h  o x i d i z i n g  agents (such as 

N-hal  osucc i n i t n i d e , p e r a c i d s ,  e e r i e  ammonium n i t r a t e  or  

concent ra te d  s u l f u r i c  a c i d ) .  The most commonly used method 

of  h y d r o l y s i s  is through the use of  mercur i c  s a l t s  or  

N - h a l o s u c c i n i m i d e .

S , S - A c e t a l  S - ox i des  have a l so  been used as acyl  anion  

e q u i v a l e n t s .  The d i m et h y l  and d i e t h y l  formyl  anion  

e q u i v a l e n t s  AA and BB are commerc ia l ly  a v a i l a b l e  from 

A l d r i c h  ( 1 63 )  and Fluka ( 1 6 4 ) ,  r e s p e c t i v e l y .  The c y c l i c  

s u l f o x i d e ,  CC, was a l k y l a t e d  ( 165 )  a l though in q u i t e  low 

y i e l d .  Methyl  i od ide  and benzyl  bromide gave a l k y l a t e d  

product  in 14% and 24% y i e l d  r e s p e c t i v e l y .  Ogura (166)

( 162 )  .

I. BuLi HYDR.
* » RCHO

S 2. RX
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repor ted  CC was a l k y l a t e d  by d i f f e r e n t  a l k y l  h a l i d e s  in high  

y i e l d s  (85 -  91%).  When t r y i n g  to d u p l i c a t e  these r e s u l t s ,

S c h le s s i n g e r  ( 1 67 )  r epor t ed  t h a t  he only got  modest y i e l d s .  

He found t h a t  BB was a f a r  s u p e r i o r  reagent  because i t  not  

only gave high y i e l d s  on m o n o a l k y l a t i o n ,  but t h a t  i t  a l so  

could be d i a l k y l a t e d  and t h a t  i t  underwent  a Michael  type  

a d d i t i o n  to enones.

Reagent BB can be prepared as shown in equat i on  29.  

Dimethoxymethane was t r e a t e d  w i t h  2 e q u i v a l e n t s  of  

e t h a n e t h i o l  to g i ve  the t h i o a c e t a l  DD. Upon o x i d a t i o n  w i t h  

sodium m e t a - p e r i o d a t e ,  DD was conver ted  i n t o  the  

monosul fox ide  BB in 90% y i e l d .  A l k y l a t i o n  proceeds as shown 

in e qu at ion  3 0 .

Whi le  h y d r o l y s i s  can be accompl ished using a c a t a l y t i c  

amount of  s u l f u r i c  ac id  ( 1 6 6 ) ,  or  using a c a t a l y t i c  amount 

of  70% p e r c h l o r i c  ac id  ( 1 6 7 ) ,  the product  i s  contaminated  

w i t h  e t h y l  d i s u l f i d e  which can be d i f f i c u l t  to remove.  

S c h l e ss i n ge r  found ( 167)  t h a t  h y d r o l y s i s  can be e f f e c t e d  by 

t r e a t i n g  the a l k y l a t e d  product  w i t h  mercur i c  c h l o r i d e  

suspended in a s o l u t i o n  o f  THF and 9N HC1. Th is  was s t i r r e d

0 9 9
E +S ^^S E t r-Svj

AA BB CC

81



(C H ,0 ) r -C H „  +  2 EtSH --------*3  2  2

N a l0 4 . S - ^ S .
E t  E t   E t  E t

DD
Equation 29

0  0  
F f /  I. n-BuLi HYDR.
E t S > -------------------- > E t 5 > - R   ► R C H O
E t  S 2. RX EtS

Equation 30

a t  0°C f o r  1 .5  hours to produce the a ldehyde or  ketone  

in 80 -  95*  y i e l d  w i t h o u t  d i s u l f i d e .

A number o f  advantages o f  using the S,S a c e t a l  5 - o x i d e  

r a t h e r  than d i t h i a n e  have been prese nte d .  These reasons  

( 150 )  i nc l ude  the f o l l o w i n g :

a)  A l k y l a t e d  S- ox i des  are  e a s i e r  to h y d r o l y z e .  They can 

be hydro lyzed  r e a d i l y  in a c i d i c  media.  ( T h i s  is  t h e i r  main 

a d v a n t a g e . )

b)  S-Oxides  are  more a c i d i c ,  thus t h e i r  anions are  

e a s i e r  to g e n e r a t e .

c)  These anions are  more n u c l e o p h i l i c .  They can be 

r e a c t ed  w i th  more kinds o f  e l e c t r o p h i l e s .

d)  S-Oxides add 1,*l to enones,  whereas d i t h i a n e  adds

1 ,2 .
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Oxathianes ( 168)  can be a l k y l a t e d  and then hydro lyzed to  

form a ldehydes ,  as shown in equ at i on  31* Oxath ianes can be

f o r m a l d e h y d e , a l s o )  w i t h  3 - m e r c a p t o p r o p a n o l  in  m e t h y l e n e  

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

They can be a l k y l a t e d  w i t h  p r i m a r y  i o d i d e s  i n  good y i e l d s .  

A l k y l a t i o n  w i t h  s e c o n d a r y  i o d i d e s  g i v e s  g e n e r a l l y  much l o w e r  

y i e l d s  ( i . e .  s e c - p r o p y l  i o d i d e  g i v e s  355 o f  t h e  a l k y l a t e d  

p r o d u c t ) .  O x e t h i a n e s  a r e  s t a b l e  u n d e r  a l k a l i n e  and n e u t r a l  

r e a c t i o n  c o n d i t i o n s  and can  be c l e a v e d  by m i n e r a l  a c i d s  in  

a l c o h o l s  ( o r  d i o x a n e )  o r  by m e r c u r i c  s a l t s  ( 1 6 9 ) .

Cyanomethy1-Nf N-dimethy I d i t h i o c a r b a m a t e  ( 1 70 )  was used 

as a formyl  anion e q u i v a l e n t .  I t  was s yn t he s i ze d  by r e a c t i n g  

c h l o r o a c e t o n i t r i 1e w i t h  sodium N , N - d i m e t h y l - d i t h i o c a r b a m a t e  

in methanol .  Since i t  i s  a c t i v a t e d  by two very  s t rong  

e l e c t r o n  w i t h dr a w in g  groups,  i t  i s  more a c i d i c  than ,  f o r  

example,  d i t h i a n e .  I t  can be a l k y l a t e d  under p h a s e - t r a n s f e r  

c a t a l y s i s  c o n d i t i o n s  as shown in scheme 29.  Th i s  reagent  

can be monoa lky la ted  s e l e c t i v e l y  because d i a l k y l a t i o n  

r e q u i r e s  much more t ime .

synthes ized  by t r e a t i n g  the aldehyde (presumably

I. sec BuLi HYDRO.
■> *  R C H O

2. RX

Eq ua t io n  31
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I. 5 0 %  oq NaO H
S /  n Bu Nl  
i i /

N C ^ S - C - N  ------------------------------------------------------
N 2. +  R'X

S /  N a O H / a q .  E t O H  0  

N C ^ S - C - N ^  ------------------------------------------ > R ^ l

R R'

Scheme 2*1

Pheny1 t h i o t r i m e t h y  1s i 2ylmethane has a l so  been used as a 

formyl  acy l  anion e q u i v a l e n t  ( 1 7 1 , 1 7 2 ) .  I t  was prepared by 

r e f l u x i n g  t h i o a n i s o l e  in nBuLi in e t h e r  f o r  18 hours and 

quenching w i t h  t r i m e t h y 1s i l y l c h l o r i d e  to g i ve  the expected  

product  in 95% y i e l d .  Scheme 25 shows the a l k y l a t i o n  and 

h y d r o l y s i s  s t eps .  A l k y l a t i c n  was done in h igh y i e l d .  

Cleavage i nvo l ved  t h r e e  steps w i th  an o v e r a l l  y i e l d  of  

app ro x i mat e l y  70S.  This  reagent  has the drawback t h a t  i t  

can not be d i a l k y l a t e d  ( 1 7 3 ) .

The remaining reagents  to be presented in t h i s  se c t i o n  

i n v o l v e  su l f on e  acy l  anion e q u i v a l e n t s .  P h e n y l s u l f o n y l  

r i i t romethane ( 174 )  can be a l k y l a t e d  by b e n z y l i c  h a l i d e s  and 

pr imary  a l k y l  i od ides  in good y i e l d s  (54 -  7 3 S ) .  As shown 

in scheme 26,  the r e s u l t i n g  product  was d e s u l f o n a t e d  to give  

the n i t r o  pr oduct ,  or  reduced to g i ve  the n i t r i l e ,  or  

o x i d i z e d  to give  the c a r b o x y l i c  a c i d .  H y d r o l y s i s  to the



I. BuLi R
i

P h S C H0 SiM e_  ------------
2 3 2 . RX

» P h S C H S iM e 3

M C P B A  0
-------------- *  PhSCH RSiM e 3

d.*l. HCI
PhS C H R O  SiMe 3 ♦ RCHO

Scheme 25

c a r b o n y l  compound was n o t  m e n t i o n e d .  T h u s ,  a t  t h i s  t i m e ,  i t  

has n o t  been used as an a c y l  a n i o n  e q u i v a l e n t .

The n e x t  r e a g e n t  i s  s l i g h t l y  d i f f e r e n t  i n  t h a t  i t  was 

o x i d i z e d  a f t e r  t h e  a l k y l a t i o n  s t e p  had been p e r f o r m e d .  

Scheme 27 shows t h e  s e q u e n c e  of  s t e p s  used t o  p r o d u c e

R C H N 0o 
I 2
S O g P h

atk.

KMnO

3 ■> R C N

ii
R C O H

Scheme 26



ketones from sulfones (175) .  Overall  yields from the 

sulfone to the ketone range from 51 to 972.

synthesized as shown in scheme 28 (176 ) .  The reported

yie lds for the a lky la t ion  step using primary a lk y l  halides 

ranged from 57 to 842. Deprotection was achieved by e i ther  

ref lux ing EE in benzene for f iv e  hours or by subliming i t  

through a column maintained at 400OC at a pressure of 

0.1 mm Hg. Yields were reported for the pyrolysis  

deprotection but not for the deprotection by ref lux ing in 

benzene.

Another sulfones acyl anion equivalent is the alkoxy 

sulfone (177) as shown in scheme 29. D eta i ls  for this  

reagent have not been published, i t  was only mentioned in a 

review a r t i c l e .

Another carbonyl anion

4 , 4-dime thy 1 -1 ,3  -oxa th io lane-3 ,3 -d iox  id ’e

equivalent is

I t was

2. ArSOgCHgR'

Scheme 27
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Scheme 29
o c

s o 2h

U n f o r t u n a t e l y ,  i n f o r m a t i o n  concern i ng  t h i s  reagent  was 

publ ished w h i l e  our work was in progr ess .  Since t h i s  work 

was so c l ose  to our work,  r e a c t i o n s  o f  t h i s  reagent  w i l l  be 

compared and c o n t r a s t e d  in the Re su l ts  and Di scuss i on  

s e c t i o n .
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I n  c on c l u s i o n ,  becau:e  methodology f or  so many acyl  

anion e q u i v a l e n t s  is now a v a i l a b l e ,  due to c o n s t r a i n t s  of  

space,  i t  is not  p r a c t i c a l  to ment ion them a l l .  In  these

preceeding paraghaphs,  a cy l  anion e q u i v a l e n t s , e s p e c i a l l y  

formyl  anion e q u i v a l e n t s  o f  the type X-CH^-Y have been 

prese nte d .  S p e c i a l  emphasis o f  s u l f u r  acy l  anion e q u i v a l e n t s  

was g i ven  because the proposal  a t  hand i n vo l ve s  a su l fone  

formyl  anion e q u i v a l e n t .
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2 .  General  I n f o r m a t i o n  on Su l fones

Al though or gan ic  chemists  have known about  the su l fone  

group f o r  more than a cen tu r y  ( 1 7 7 ) ,  i t  has only  been w i t h i n  

the past  few decades t h a t  much work has been done to 

understand more about  t h e i r  c h e m i s t r y .  Work done on su l fones  

can roughly  be d i v i d e d  i n t o  two c a t e g o r i e s  ( 1 7 9 ) :  be f or e  

1967 and a f t e r  1967.  The work done be f or e  1967 g e n e r a l l y  

d e a l t  w i t h  s t er eoc hemi ca l  b e h a v i o r ,  whereas t h a t  a f t e r  1967 

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

The genera l  formula o f  the su l f one  group i s  de p i c t e d  as 

FF. R and R' can be a l k y l ,  a r y l ,  v i n y l  or  a l k y n y l  groups.  

The su l f on e  group i s  an e l e c t r o n  w i t hdr aw ing  group,  as i s  

the  s u l f o x i d e  group.  Because of  t h i s ,  protons a lpha to the  

s u l f on e  group are  a c i d i c .  The a lpha protons o f  su l f ones  are  

more a c i d i c  than those o f  s u l f o x i d e s .  Th is  i s  seen by the  

f a c t  t h a t  the pKa o f  d i met hy l  su l f on e  i s  2 8 . 5 ,  whereas t h a t  

of  d i met hy l  s u l f o x i d e  i s  33 . 5  ( 1 7 9 ) .

0
11 I

R - S - R
II

0

F F
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Much work has gone i n t o  d i s c o v e r i n g  reasons why alpha  

anions a r e  s t a b i l i z e d .  I t  had been thought  t h i s  was because 

of  p-d o v e r l a p  of  the o r b i t a l s  o f  the carbanion w i t h  the  

vacant  d - o r b i t a l s  o f  the s u l f u r .  Wol fe and coworkers  

( 1 7 9 , 1 8 0 ) concluded,  a f t e r  having done 3 ]} i D i l i f i  

c a l c u l a t i o n s ,  t h a t  d - o r b i t a l s  are  i n s i g n i f i c a n t  in 

s t a b i l i z i n g  the a d j ac e n t  c ar ba n i on .  T h e i r  r e s u l t s  i n d i c a t e d  

t h a t  the s t a b i l i z a t i o n  was due to the long C-S bond and to  

the f a c t  t h a t  the s u l f u r  atom is more p o l a r i z a b l e  so t h a t  

the n e g a t i v e  charge can be d i s pe r se d .

Su l fones  can be synthes ized  in s e v e r a l  ways,  some of  

which are shown in scheme 30 ( 1 8 0 - 1 8 6 ) .  S u l f i d e s  can be 

o x i d i z e d  to  s u l f o x i d e s  by using one e q u i v a l e n t  o f  an 

o x i d i z i n g  agent .  S u l f o x i d e s  can be f u r t h e r  o x i d i z e d  to 

sul fones  by using another  e q u i v a l e n t  o f  the o x i d i z i n g  agent .  

I s o l a t i o n  o f  the s u l f o x i d e  is  not  necessary .  O x i d i z i n g  

agents which have been used i nc l ud e  3 0 J H2 O2 , 

m-c hl oroper benz o i c  a c i d ,  sodium m e t a - p e r i o d a t e ,  and 

potassium permanganate ( 1 7 9 , 1 8 1 ) .

S u l f i n i c  ac i ds  can be a l k y l a t e d  by r e a c t i n g  a l k y l  

h a l i d e s  a t  20 -  40°  f o r  2 to 4 hours.  A l k y l  h a l i d e s  

which have been used i nc l ude  pr imary  a l k y l ,  a l l y l i c ,  and 

b e n z y l i c  h a l i d e s  in a d d i t i o n  to  bromo ketones ( 1 7 9 ) .  

G e n e r a l l y ,  the S-atom is a l k y l a t e d  to y i e l d  s u l f o n e s ,  but i f  

very r e a c t i v e  a l k y l a t i n g  agents (such as Et ^ 0 +
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R S O g N a  +  R 'X  -----------> R S O g R '

A r S O g C I  +  Ar '  M g X   > A r S O g A r '

A r H  +  R S O g C I  — A r S O g R  

Ar X +  R S 0 2”   > A r S 0 2R

° x .  ?  Ox.
R S R  ----------» RS R  ► RSOgR

Scheme 30

BFJJ) are  used,  the 0-atom is a l k y l a t e d  to y i e l d  

s u l f i n a t e  e s t e r s .  Us u a l l y  s u l f i n a t e  e s t e r s  t h e r m a l l y  

r e ar r an g e  to su l fones  anyway ( 1 8 1 ) .

Su l fones  can undergo a number o f  r e a c t i o n s .  Some of  

these are  shown in scheme 31 ( 1 7 9 , 1 8 2 ) .  Su l fones  are

g e n e r a l l y  r e s i s t a n t  to reduc ing  agents .  LAH has been used to  

reduce f our  and f i v e  membered r i n g  su l f ones  t o  s u l f i d e s .  

However,  i t  does not a f f e c t  s ix  membered r i n g  or  a c y c l i c  

s u l f o n e s .  Th is  could be due to a lpha anion f o r ma t i o n  which 

makes the su l f one  i n e r t  ( 1 7 9 ) .  Another  way to reduce

su l f on es  to the s u l f i d e s  i s  to heat  them in the presence of  

e l em ent a l  s u l f u r .  The oxygens are  removed by r e a c t i n g  w i th
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the sulfur  and are lost  in the form of sulfur  dioxide (182).

More recently sulfones have been used to act ivate  the 

adjacent C-H bond. Through this e f fe c t ,  C-C bond formation 

can be brought about. I f  the sulfone group is no longer 

needed i t  can be removed by the use of Raney nickel in 

ethanol, Na(Hg), Al(Hg) in phosphate buffer ,  or l i th ium in 

ethylamine. They have also been reduced electrochemically  

and photochemically (179).

Su l f ones  w i t h  beta  hydrogens can undergo e l  in i.nat ion 

when t r e a t e d  w i t h  a s t rong  base or  when hea ted .  The

[ H ]
R S 0 2R RSR

R S C ^ A r RH

r ' c h 2c h 2s o 2 r
B A S E

*  R'CH C H2 + R S 0 2

I BASE
A r S 0 2 C H R j R 2 »  A r S 0 2 C R j R 2 R 3

2  R 3 X

R| S 0 2 r a S 0 2 

R R

R R

Scheme 31
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r e s u l t i n g  products  are the a lkene and the s u l f i n a t e  s a l t  

(which is a good l e a v i n g  g r ou p ) .  The ease of  e l i m i n a t i o n  

depends on the a c i d i t y  o f  t h a t  beta hydrogen.  This

e l i m i n a t i o n  has been used e f f e c t i v e l y  in some na t ur a l

product  syn t he s is  ( 1 7 9 ) .

probably  the most w e l l  known r e a c t i o n  o f  s u l f on es  in

years past  is t h a t  o f  the Ramberg-Backlund r e a c t i o n .  In

t h i s  r e a c t i o n ,  an a - h a l o  su l fone  which possesses an

a ' -h y d r o g e n  is  t r e a t e d  w i t h  base.  Th is  r e s u l t s  in the

f o rma t io n  o f  an e p i s u l f o n e .  The e p i s u l f o n e  l ooses  s u l f u r

d i o x i d e ,  thus r e n d e r i n g  the a lkene ( 1 7 9 ) .  The most use fu l  

f e a t u r e  of  t h i s  r e a c t i o n  is  i t s  a b i l i t y  to  form a 

c arbon-carbon double bond r e g i o s p e c i f i c a 1 l y . Because o t her  

such methods are now a v a i l a b l e ,  i t  i s  not  used as much as i t  

once was ( 1 7 7 ) .

A l k y l a t i o n  of  a l p h a - s u l f o n y l  carban ions  i s  o f  s p e c i a l  

i n t e r e s t  here  as i t  was used in the s y n t h e s i s  a t  hand.  

References c l o s e l y  ass oc i a t ed  w i t h  the work a c t u a l l y  done 

are  presented in the Resu l ts  and Di scuss i on  s e c t i o n .

A number o f  s t u d i e s  were done on a l p h a - s u l f o n y 1

carban ions  to determine  whether  they a r e  p l a n a r ,
p 7sp - h y b r i d i z e d  or p y ra mi d a l ,  spJ- h y b r i d i z e d . Many o f

these s t u d i e s  were performed on o p t i c a l l y  a c t i v e  s u l f o n e s  in

which the r a t e  of  H-D exchange was compared to t he  r o t e  of

r a c e m i z a t i o n . I t  is now thought  t h a t  the a - s u l f o n y l
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carban ions  a re  p y r am i d a l ,  s p ^ - h y b r i d i z e d . Since the 

su l f one  on which the work was done i s  not  o p t i c a l l y  a c t i v e  

and s i n c e ,  as f a r  as t h i s  work i s  concerned,  the kind of  

h y b r i d i z a t i o n  i nv o l v ed  i s  not  c r u c i a l ,  these t o p i c s  s h a l l  

not be d iscussed f u r t h e r .

Treatment  o f  the d i a l k y l s u l f o n e  or  a l k y l  a r y l s u l f o n e  

w i t h  an a p p r o p r i a t e  base gener ates  the cor respondi ng  

a l p h a - s u l f o n y 1 c a r ba n i o n .  For s u l f on es  which are  not  f u r t h e r  

a c t i v a t e d ,  t h i s  is  o f t e n  accompl ished by using n - b u t y l  

l i t h i u m .  For doubly a c t i v a t e d  s u l f o n e s ,  such as 

b e t a - k e t o s u l f o n e s  such s t rong base t r e a t m e n t  is not  

necessary .  These can g e n e r a l l y  be a l k y l a t e d  us ing phase 

t r a n s f e r  c o n d i t i o n s  ( 1 7 9 ) .

A l k y l a t i n g  agents  such as a l l y l i c ,  b e n z y l i c ,  and pr imary  

h a l i d e s  o f t e n  g ive  e x c e l l e n t  y i e l d s  upon r e a c t i o n  w i t h  

a l p h a - s u l f o n y 1 c a rb a n i o n s .  For secondary a l k y l  h a l i d e s ,  i t  

has been found advantageous t o  add HMPA to  the r e a c t i o n  

m i x t u r e  ( 1 7 9 ) .  G e n e r a l l y  a l p h a - s u l f o n y 1 carban ions  do not  

add 1 ,4  to enones,  but  i ns t ead  add 1 ,2  ( 1 7 7 ) .  T h i s  could be 

due to the s t e r i c  bulk o f  the su l f on e  group which is  

comparable in s i z e  to the n e o - p e n t y l  group.

I n t e r n a l  a l k y l a t i o n s  have been per formed which produce 

s u l f o n y l  s u b s t i t u t e d  c a r b o c y c l e s .  Three ,  f i v e  and s i x  

membered r i n g s  have been prepared in t h i s  way. Potassium 

amide in ammonia as the base g i ves  b e t t e r  r e s u l t s  than



sodium e t hox i de  in e t h an o l  because the l a t t e r  g ives  

e l i m i n a t i o n  products and products  , o f  i n t e r m o l e c u l a r  

s u b s t i t u t i o n  ( 179 )  .

Using 2 e q u i v a l e n t s  o f  BuLi ,  i t  is po s s i b le  to produce 

1,1 d i a n i o n s  o f  a l k y l  a r y 1s u l f o n e s . These have been t r e a t e d  

w i t h  a ldehydes to produce a r y l s u l f o n e  a lkenes  ( 1 7 9 ) .

In co n c l u s i on ,  su l f ones  are  u s e f u l  in s y n t h e t i c  organ ic  

che mi s t ry  l a r g e l y  because o f  the wide v a r i e t y  o f  r e a c t i o n s  

they can undergo.  The most o u t s t a n d i n g  f e a t u r e  i s  t h e i r  

a b i l i t y  to  a c t i v a t e  a d j a c e n t  C-H bonds.  Th is  aspect  i s  used 

in C-C bond f o r m a t i o n .  Once t h a t  bond is formed,  the  

s u l f o n y l  group can be a l lowed to remain,  be reduced,  or  be 

e l i m  i n a t e d .
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3. A ry 1s u l fo n y lm e th y  1 Methyl  Ethers  and Re la ted  Work

Kurt  Schank and coworkers o f  the U n i v e r s i t y  o f  

S a ar lan d es ,  Germany, have done much work on a l p h a - s u l f o n y 1 

methyl e t h e r s .  Some aspects  o f  t h i s  work s h a l l  be presented  

here and the more c l o s e l y  r e l a t e d  work s h a l l  be d iscussed in  

the R esu l ts  and D iscu ss ion  s e c t i o n .

Schank re p o r te d  (1 8 7 )  th r e e  ways in  which a r y l s u l f o n y l  

methyl  e t h e r s  could be s y n th e s iz e d .  These a re  shown in  

scheme 32 .  Method A can g iv e  e i t h e r  S - a l k y l a t i o n  or  

O - a l k y l a t i o n  depending on r e a c t i o n  c o n d i t io n s .  The product  

o f  O - a l k y l a t i o n ,  the a r y l s u l f i n i c  e s t e r ,  is  u n s ta b le  and 

decomposes i n t o  the  S - a l k y l a t e d  product  under a c i d ,  base or  

n e u t r a l  c o n d i t io n s  ( 1 8 8 ) .

A r y l s u l f o n y l m e t h y l  methyl  e th e r s  were produced in  the  

f o l l o w i n g  two ways ( 1 8 9 ) as shown in  equ at ions  3 2  and 3 3 : 

Of i n t e r e s t  is  the l a t t e r  r o u te  because t h i s  c l o s e l y  

resembles the a l k y l a t i o n  step in the p ro p o s a l .  The only  

products  which were made by t h i s  rou te  were GG, HH, I I ,  and 

JJ.

Schank t r i e d  d i f f e r e n t  m e t a l a t i n g  c o n d i t io n s  and found

the best  to be n-BuLi a t  -70°C  f o r  3 hours or KOtBu a t

2 5°C f o r  1 hour.  Even so, the y i e l d s  in the a l k y l a t i o n

s tep  by t h i s  method were low.  Using Mel or Me^SO^,
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A. C . ^ S 0 2No + C l^ O P h  — > C H ^ - S O ^ O P h

6. C ^ S N Q  +  C l^ O P h  — > C I- @ - S ^ O P h

- H 2 ° 2 > c i - O - s o r ^ o p h
HOAc w  2

C- R ^ ^ > " S C H 2CI +  N a O P h  > R - ( ^ - S ^ O P h

H«Oo
2  ' ^ S O ^ ^ O P h

\  ^  ✓

HOAc
Scheme 32
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the y i e l d s  ranged from 26  to 43%. With  benzyl  c h l o r i d e  as 

the a l k y l a t i n g  a g e n t ,  none o f  the s u b s t i t u t e d  product  was 

o b t a in e d .  Because of  low y i e l d s  and la c k  o f  gen era l

a p p l i c a b i l i t y ,  they re s o r te d  to the method shown in e qu a t ion  

32 ( 1 8 9 ) .  Because t h i s  paper ( 1 8 9 )  was so c l o s e l y  r e l a t e d

to  the proposal  a t  hand, i t  s h a l l  be d iscussed f u r t h e r  in 

the  R e su l ts  and D iscuss ion  s e c t i o n .

A r y l s u l f o n y l m e t h y l  methyl  e t h e r s  were a c y la t e d  us ing a 

v a r i e t y  o f  s u b s t i t u t e d  phenyl  benzoates ( 1 9 0 ) as shown in  

e q u a t io n  34 to  g iv e  products  o f  the type KK. The p rodu cts ,  

KK, upon f u r t h e r  base t re a tm e n t  and a l k y l a t i o n ,  gave 

products  LL and MM as shown in scheme 33.  Products o f

C - a l k y l a t i o n , LL, were ob ta ined  when " s o f t ” a l k y l a t i n g

agents  such as a l k y l  h a l i d e s  w i t h o u t  beta  hydrogens were 

used. Products o f  O - a l k y l a t i o n s ,  MM, were o b ta in e d  when 

"hard" a l k y l a t i n g  agents such as acy l  h a l i d e s  or

c h lo ro m eth y1 methyl  e t h e r  was used. Ment ion ( 1 9 0 )  was made 

t h a t  product  LL, which was p e r s u b s t i t u t e d , decomposed i n t o  

the  1 , 2  d ik e to n e  and the s u l f i n i c  a c i d , a s  shown in  e q u a t io n

35.

I. t  BuOK

S 0 oCH0Me
KK

COR

CH_OMe

Equat ion  34

98



R ~ © >-S 0 2- + - C 0 R 2 - >  R3? - ? r 2 +  r _ 0 ^
o2h

Equation 35

r - \  ? Me
r - < Q ) - s o 2c h c o r 2

KK

BASEi
M eO R2 MeO ,R2

R - 0 ^ ° 2  0  < ^ R^ 0 ) _ S 02 =^ )"

I  V  1  R :
X

MeO M* ° W Rz
R - ^ > - S 0 2- ( — C 0 R 2 R - < O > - S 0 f S D R

R3
L L  M M

Scheme 33

Also o f  i n t e r e s t  is  the r e a c t i o n  (18U) o f  a c e t a l s  w i t h  

s u l f i n i c  ac id s  in the presence o f  B F ^ -E t 2 0  to  y i e l d  

e i t h e r  s u l f i n i c  e s t e r  NN or s u l f o n y l e t h e r s  00 in  good y i e l d  

as shown in scheme 3^. The product  NN does not  i n c o r p o r a t e
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the a c e ta l  and is  a b y -p ro d u c t  in the syn th e s is  o f  00.  

Product 00 is produced in y i e l d s  rang ing  from 3 8  to 885

Another type r e a c t i o n  s u l fo n e s  can be used f o r  is  shown

in scheme 35.  I t  was thought  t h a t  through t h i s  s e r i e s  of

r e a c t i o n s ,  a compound on the o x i d a t i o n  l e v e l  o f  a c a r b o x y l ic  

ac id  could be converted  to a ke to n e .  For t h i s  r e a c t i o n  to be 

u s e f u l ,  i t  is  necessary to be a b le  to produce a lpha-oxo  

s u l fo n e s .  Schank and coworkers syn the s ize d  a lpha-oxo  

s u l fo n e s  by two methods (192 )  shown in scheme 36.

These a lpha -oxo  s u l fo n e s  thus produced rea c te d  (186 )  

w ith  p r o t i c  and a p r o t i c  n u c l e o p h i l e s .  With p r o t i c  s o lven ts  

as the n u c le o p h i l e ,  the  products  were the s u l f i n i c  ac id  and

s u b s t i t u t e d  benzoate  e s t e r  as shown in  e q u a t io n  36.  With

a p r o t i c  s o lv e n ts  as the n u c l e o p h i l e ,  d i f f e r e n t  r e s u l t s  were

( 1 8 4 ) .

R .-C H
•

/ 0 R 2 BF3

OR
»  R .-C -O R «  

I *  
H

0n
R 3 S O R 2 +  RjCHO 

NN

r 3 s o ^c h r ,o r 2

00
Scheme 34
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o b t a i n e d  d e p e n d i n g  on t h e  n u c l e o p h i l e  i n  q u e s t i o n ,  

n u c l e o p h i l e s  such as u r i n e s ,  DMSG, and d i a z o m e t h a n e  wer e  

u s e d .

I n  c o n c l u s i u n ,  g e n e r a l  i n f o r m a t i o n  on a r y l s u l f o n y l

m e t h y l  e t h e r s  has been p r e s e n t e d  w i t h  an emp h a s i s  t o w a r d  

r e a c t i o n s  i n v o l v e d  in t h e  p r o p o s a l  a t  hand.



U. Proposal  f o r  a lp h a -A lk o x y  Su lfone  Work

The p r o j e c t  a t  hand was to develop  methodology in the  

use o f  a l p h a - a l k o x y  s u l fo n e s  as a c y l  anion e q u i v a l e n t s .  I t  

was d e s i r e d  to  have an a c y l  anion e q u i v a l e n t  t h a t  i s  easy to  

make from low cos t  com m erc ia l ly  a v a i l a b l e  s t a r t i n g  m a t e r i a l s  

v i a  procedures which are  e a s y - t o - p e r f o r m  and r e l a t i v e l y  

s a f e .

The o r i g i n a l  -p r o p o s a l  was to  make the t r i m e t h y l s i l y l  

e s t e r  o f  t o l u e n e s u l f i n a t e , PP.  Th is  was to  be re a c te d  w i t h  

aldehydes to  produce the p r o te c te d  a ldehyde ,  QQ, as shown in  

e q u a t io n  37.

Because compounds l i k e  PP are  not s t a b l e ,  i t  was decided  

to  change the o r i g i n a l  i n t e n t  s l i g h t l y  and p re p a re  QQ in  two 

s te p s ,  as shown in eq u a t io n  3 8  and 3 9 . .  U n f o r t u n a t e l y ,  

t h e r e  was d i f f i c u l t y  in  p u t t i n g  the t r i m e t h y l s i l y l  group on 

(even through the two s tep  p r o c e s s ) ,  and we decided to  

change the p r o t e c t i n g  group a l t o g e t h e r  to  the  

t e t r a h y d r o p y r a n y 1 p r o t e c t i n g  group. The p r o t e c t e d  aldehyde  

i s  shown in e q u a t io n  UO -  41.

R C H O OSiMe3

0 oSiMe
PP QQ

E qu at io n 37
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Equation 39

- H ^ - S O g H  +  RCHO ------» - © - S O g f c H R

Equation <10

^  ? H DHP o t h p
- < (Q /-s o 2c h r  — —^ ~ S 0 2CHR 

H

Equation 41

I t  was en v is io n e d  t h a t  compound RR could be a l k y l a t e d  

a ccord in g  to  known procedures f o r  a l k y l a t i o n  o f  s u l fo n e s  as 

shown in  eq u a t io n  42 .  The compound thus produced, SS, could  

then be d e p ro te c te d  v ia  one o f  the many pub l ished  procedures  

f o r  removing the t e t r a h y d r o p y r a n y 1 group, eg. a c id ,  as shown 

in  eq u a t io n  43.
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O TH P  H 0 +  V  
- © - S O ^ R R , ,  R A R 2 + - ^ S 0 2 H

Equat ion  4 3

As as in  the bas ic  concept  o f  acy l  anion e q u iv a le n t s  o f  

a ldehydes ,  t h i s  proposal  is  to  c o n v e r t  a ldehydes to  ketones  

by r e p l a c i n g  the a ld e h y d ic  proton  w i th  an a l k y l  group.  The 

f i r s t  h a l f  o f  the p r o j e c t  was to  develop  the methodology fo r  

the s m a l le s t  a ldehyde a v a i l a b l e ,  fo rmaldehyde.  The a c t u a l  

r e a c t i o n s  t h a t  were to  be done are  shown in scheme 37.  T h is  

scheme proposed a method o f  forming an a cy l  anion e q u i v a l e n t  

o f  formaldehyde which would r e s u l t  in  the s y n th e s is  o f

h ig h e r  a ldehydes or ketones (by mono or d i a l k y l a t i o n ,

re s p e c t  i v e l y ) .

The a l k y l a t i n g  agent  co u ld ,  h o p e f u l l y ,  be an a l k y l  

h a l i d e  or an enone which cou ld  presumably add 1 ,2  or 1 , 4 .

An e x te n s io n  o f  the work would be to  s t a r t  w i th

aldehydes h ig h e r  than fo rm a ldehyde .  Th is  would be a more

g e n e ra l  type o f  r e a c t i o n  in which aldehydes could be 

con ver ted  to  ketones ,  as shown in e q u a t io n s  40 -  43.

1 04

OTHP

- @ - S 0 2c r r 2

ss
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Scheme 37

This  work was planned to be done, r e a l i z i n g  t h e r e  may be 

problems in  the a l k y l a t i o n  due to s t e r i c  h indrance  from the  

f a i r l y  bulky s u l fo n e  group.

Thus the proposa l  which was exp lo red  is  t h a t  summarized 

in  scheme 37.
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5.  R e s u l ts  and D iscu ss ion  on A lk o x y l  Su l fones

Choise o f  a P r o t e c t i n g  Group

Some t r i m e t h y l  metal  e s t e r s  o f  s u l f i n i c  ac id s  have been 

s y n th e s iz e d ,  but  not t r i m e t h y l s i l y l  e s t e r s  o f  a r y l s u l f i n i c  

a c i d s .  L in d n er  and Schard t  (1 9 4 )  r e p o r t e d  t h a t  they made 

the  t r i a l k y l g e r m a n i u m  e s t e r  o f  a r y l s u l f i n i c  ac id s  by

r e a c t i o n  o f  t r im e thy lge rm an ium  bromide w i t h  the s i l v e r  s a l t  

o f  a r y l s u l f i n a t e  as shown in  e q u a t io n  44 .

When the analogous r e a c t i o n  was t r i e d  w i t h  

t r i m e t h y l s i l y l  c h l o r i d e ,  they o b ta in ed  the  a c id  c h l o r i d e  o f

the  a r y l s u l f i n i c  ac id  in s t e a d ,  as shown in  e q u a t io n  45.

They r e p o r te d  t h a t  p o s s ib ly  the t r i m e t h y l s i l y l  e s t e r  was 

o b ta in e d  but due to  i t s  i n s t a b i l i t y  i t  f u r t h e r  r e a c te d  to  

form the a r y l s u l f e n y l  c h l o r i d e .

L in d n er  and Schardt  (1 9 5 )  a ls o  r e p o r t e d  t h a t  they  formed 

MeSi02SCH3 and Ph3S i 0 2 SPh.

Me3S i 0 2SCH3 was u n s u i t a b l e  f o r  our purposes

because i t  would have an o th e r  removable pro ton  a lpha  to the

R ^ G e B r

A rS O g A g  *  A r S C y je B r  +  AgC l

Equat ion  44
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A r S O g AQ 

M e ^ S iC I

A r S 0 2 S IM e 3 +- A g C l

A r S O C I  +  AgCl

Equation 45

s u l f o n e  group in  t h e  p roduct  which was to  be a l k y l a t e d .  The 

t r i p h e n y l s i l y l  e s t e r  would be q u i t e  bu lky  due to those t h r e e  

phenyl  groups on s i l i c o n .

In  a n o th e r  paper  L in d n e r  and Ansorge ( 1 9 6 )  r e p o r t e d  

t h a t  they  made d i -  and t r i - s u l f i n i c  e s t e r s  o f  s i l i c o n  o f  the  

type  RgSiCC^SAr^  and R S iC O jS A r )^ .  Again

t h i s  type  o f  compound may not  be u s e f u l  due to  i t s  in c rease d  

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

h in d e re d  due to  the  a d j a c e n t  s u l f o n e  group.  They a ls o  

r e p o r t e d  t h a t  compounds o f  t h i s  type  a r e  e x t r e m e ly  s e n s i t i v e  

to  h y d r o l y s i s .

Our a t te m p ts  a t  making t h i s  type  o f  compound, a l th o u g h  

l i m i t e d ,  appeared to  be u n s u c c e s s f u l .  The r e a c t i o n  which we 

a t te m p te d  i s  shown in  e q u a t io n  46 .

The sodium s a l t  o f  b e n z e n e s u l f i n i c  a c id  was d i s s o lv e d  

in  DMS0-d6 in  a NMR t u b e .  T r i m e t h y l s i l y l  c h l o r i d e  was then  

added and a p r e c i p i t a t e  was o b t a i n e d .  Presumably t h i s  

p r e c i p i t a t e  was sodium c h l o r i d e  which i s  not  s o l u b l e  in
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NaCl

Equation 46
DMSO. There  was a ls o  an i n s o l u b l e  l i q u i d  l a y e r  on the  top .  

There  had been a w a te r  peak o b s e r v a b le  in  the  NMR o f  sodium 

b e n z e n e n s u l f i n a t e  which now had d is ap p eared  when the  

t r i m e t h y l s i l y l  c h l o r i d e  was added.  T h is  s o l u t i o n  was 

f i l t e r e d  t o  remove t h a t  c loudy  p r e c i p i t a t e ,  and the  NMR was 

taken  o f  the  low er  l a y e r .  I t  on ly  showed a t r a c e  o f  

m e t h y l s i l a n e  p r o to n s ,  presumably  t r i m e t h y l s i l y l  c h l o r i d e  was 

d i s s o l v e d  in  DMSO. The i n t e g r a t i o n  o f  a ro m a t ic  p ro tons  to  

t r i m e t h y l s i l y l  p ro tons  in  the  d e s i r e d  compound i s  5 : 9 .  I f  

the  c o r r e c t  compound were o b t a i n e d ,  the  r a t i o  should have  

been 211 based on 117 f o r  the  a r o m a t ic  p r o t o n s .  The r a t i o  

observed was o n ly  3 to  117 which i n d i c a t e d  the  product  was 

not  p r e s e n t .  I t  i s  presumed t h a t  the  r e a c t i o n  t h a t  took  

p la c e  i s  shown in  e q u a t io n  45 as L in d n e r  and Schardt  

o bs erved .

I t  had been p o s t u l a t e d  by us t h a t  t r i m e t h y l s i l y l  

a r y l s u l f i n a t e  cou ld  be a s t a b l e  r e a g e n t .  From L in d n e r  and 

S c h a r d t ' s  work and our ( l i m i t e d )  work and from the  f a c t  t h a t  

these  k inds  o f  compounds a re  very  m o is tu re  s e n s i t i v e ,  i t  was 

dec ided  not  to  pursue the  one s tep  s y n t h e s is  o f  a r y l s u l f o n y l

1 0 8



t r i m e t h y l s i l y l  p r o te c te d  aldehydes but to in s tead  a t te m p t  i t  

through two s te p s .  Th is  would be accomplished by f i r s t  

making the  a lp h a -h yd ro xy  s u l fo n e  and second, p r o t e c t i n g  the  

a lc o h o l  f u n c t io n  w i t h  the t r i m e t h y l s i l y l  group.

Some work was done in  which t o l u e n e s u l f i n i c  ac id  was 

t r e a t e d  w i t h  f o r m a l i n  to g iv e  to s y lm e th a n o l . T h is  was then  

t r e a t e d  w i th  t r i m e t h y l s i l y l  c h l o r i d e  to  g ive  not the  

expected t o s y lm e th y l  t r i m e t h y l s i l y l  e t h e r  but what appears  

to  be b i s - ( t o s y l m e t h y l ) e t h e r .  Th is  s h a l l  be discussed  

towards the  end o f  t h i s  c h a p te r .

Because e f f o r t s  a t  s i l y l a t i o n  o f  tosy lm eth an o l  d id  not  

g iv e  the d e s i r e d  p ro d u c t ,  we decided to  t r y  another  

p r o t e c t i n g  group. T h is  p r o t e c t i n g  group should meet the  

c o n d i t io n s  o f  be ing base s t a b l e  (because a l k y l a t i o n  was to  

be done w i t h  a s t ro n g  base)  and e a s i l y  removable under  

f a i r l y  m i ld  c o n d i t i o n s .

Schank (1 8 9 )  d es cr ib e d  a l k y l a t i n g  a r y l s u l f o n y l m e t h y l  

m ethyl  e t h e r .  These compounds were syn the s ize d  (1 8 8 )  as 

shown in  e q u a t io n  47 .  The s u b s t i t u e n t  X o f  compound TT 

could  be C l ,  Br,  or  t o s y l .  Reagents o f  t h i s  type a re  h ig h ly  

c a r c in o g e n i c .  Also i f  methyl  e t h e r s  such as UU were to  be 

used as a c y l  an ion e q u iv a le n t s  (which has not y e t  been 

r e p o r t e d )  i t  would be necessary to  c le a v e  the methyl  e t h e r s  

to  g e n e r a te  the a ldehyde .  G e n e r a l ly  these are  c leaved w i t h  

BCl^ or more r e c e n t l y  developed methodology using
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Me^Si l  ( 1 9 7 ) .  I t  is  not a simple process as c l e a v i n g  

THP e t h e r s  w i t h  m i ld  ac id  h y d r o ly s is .

I t  was decided to  use t e t r a p y r a n y l  group as the  hydroxy  

p r o t e c t i n g  group ( 1 9 8 ) .  Since the THP group can be used to  

p r o t e c t  p r im a ry ,  secondary,  or  t e r t i a r y  a l c o h o ls ,  a p o in t  o f  

concern because work on the r e a c t i o n  o f  a ldehydes w i th  

a r y l s u l f i n i c  ac id s  would produce a r a t h e r  h indered  secondary  

a l c o h o l .  THP e t h e r s  a re  s t a b l e  in s t ro n g  bases such as 

l i t h i u m  a l k y l s  and c leave d  by d i l u t e  aqueous a c i d .  The 

group is  f a i r l y  easy to  in t ro d u ce  by r e a c t i o n  w i t h  

d ihydropy ran  and ac id  c a t a l y s t .  One concern was, however,  

the f a c t  t h a t  i t  i s  p o s s ib ly  less  s t a b l e  than may be 

d e s i r e d .  I t  has been re p o r te d  t h a t  "THP e t h e r s  a r e  u s u a l l y  

very s e n s i t i v e  to  ac id  and should be prepared j u s t  p r i o r  to  

use or e ls e  s to red  in  the  dry s t a t e  a t  lowest  p o s s ib le  

te m p e ra tu re "  ( 1 9 9 ) .  I t  was a ls o  r e p o r te d  (1 9 9 )  t h a t  some 

THP e t h e r s  can be hyd ro lyze d  r e a d i l y  by MgSOjj. Thus,  

a l th ough  t h i s  was the  p r o t e c t i n g  group t h a t  was a c t u a l l y  

used h e r e ,  these compounds were always kept  a t  room 

tem p e ra tu re  a minimum amount of  t ime and were s to red  in  the

X C H 2O C H 3
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f r e e z e r .  The e t h o x y e t h y l  (EE) group was cons idered  as a 

p r o t e c t i n g  group but i t  was not used because i t  is  even more 

l a b i l e  than the  THP group ( 2 0 0 ) .

A p o s s ib le  problem w i t h  us ing  the  THP group o r -EE  group 

was the f a c t  t h a t  each possessed an asymmetric c e n t e r .  

Since the types o f  compounds we e v e n t u a l l y  wanted to  produce  

by t h i s  method do not  have a asymmetric c e n t e r  a t  the  carbon  

in  q u e s t io n  and s in c e  THP e th e r s  were so w id e ly  used and 

s t u d i e d ,  i t  was dec ided t o  use t h i s  ro u te  unless problems  

a ro s e .  O ther  sym m etr ica l  a c e t a l  p r o t e c t i n g  groups (2 0 1 )  

have been developed such as t h a t  shown in  e q u a t io n  48 .  T h is  

group i s  t h r e e  t im es as a c id  l a b i l e  as the THP group.  The 

s t a r t i n g  m a t e r i a l  is  not as r e a d i l y  a v a i l a b l e  as 

d ih y d r o p y r a n .  I n  a d d i t i o n ,  i t  i s  l e s s  w id e ly  used so t h e r e  

i s  not  as much methodology developed concern ing  i t s  use.

S y n th e s is  o f  T o s y lm e th y l  THP E ther

Since we abandoned th e  one step approach,  we dec ided to  

approach the  problem through  a two s te p  approach.  The f i r s t

OMe

ROH +

Eq ua t io n  48
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s te p  would be t o  t r e a t  the a r y l s u l f i n i c  a c id  w i t h  the  

a ldehyde  and th e  second s te p  would be to p r o t e c t  o f  the  

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

i n f o r m a t i o n  p rese n te d  in  t h i s  s e c t i o n  i s  work done on the  

s m a l l e s t  a ld e h y d e ,  fo rm a ldehyde .  Work on l a r g e r  a ldehydes  is  

p re s e n te d  in  the  f o l l o w i n g  s e c t i o n .

To s y lm e th a n o l  was f i r s t  r e p o r t e d  in  1901 ( 2 0 2 ) ,  which

was then m o d i f i e d  in  1954 ( 2 0 3 ) .  The r e a c t i o n  i s  run as 

shown in e q u a t io n  4 9 .  T o l u e n e s u l f i n i c  ac id  and f o r m a l i n  

p lus  a t r a c e  o f  HC1 were warmed to  6 5 - 7 0 ° C .  The 

p u b l is h e d  procedure  ( 2 0 3 )  r e p o r t e d  t h a t  t h i s  r e s u l t e d  in  the  

f o r m a t i o n  o f  a c r y s t a l l i n e  mass which was squeezed to remove 

excess s o l v e n t  and d r i e d  in  a d e s i c c a t o r .  Then i t  was

r e c r y s t a l l i z e d  from benzene.  The r e p o r t e d  y i e l d  was 80%.

p - T o l u e n e s u l f i n i c  a c id  i s  not  c o m m e rc ia l ly  a v a i l a b l e

from A l d r i c h ;  however,  i t s  sodium s a l t  i s .  The reason ( 2 0 4 )  

f o r  t h i s  i s  t h a t  i t  i s  d i f f i c u l t  to dry th e  s u l f i n i c  ac id  

w i t h o u t  p a r t i a l  o x i d a t i o n  to  the s u l f o n i c  a c i d .  The

s u l f i n i c  a c id  can be o b ta in e d  by d i s s o l v i n g  i t s  sodium s a l t

in  co ld  w a te r  and by adding the  ex a c t  amount o f  aqueous HC1. 

Im m e d ia te ly  w h i te  f l a k y  c r y s t a l s  p r e c i p i t a t e  which a re

^  H X O  HCI
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c o l l e c t e d  by e x t r a c t i n g  s e v e r a l  t im es w i t h  e t h e r ,  d ry in g  

over  MgSOjj f g r a v i t y  f i l t e r i n g ,  and f i n a l l y  r o t a r y  

e v a p o r a t in g  to  remove the s o l v e n t .

S ince the sodium s a l t  is  the s t a r t i n g  m a t e r i a l  r a t h e r  

than the  s u l f i n i c  a c i d ,  we dev ised  a more d i r e c t  method to  

s y n th e s iz e  t o s y l m e t h a n o l . Using th e  same p r o p o r t io n s  as

b e f o r e ,  the sodium s a l t  was suspended in  the  r e q u i r e d  amount 

o f  f o r m a l i n .  Then the  amount o f  HC1 e q u i v a l e n t  to the

amount o f  sodium s a l t  was added to  g iv e  an o i l y ,  two-phase  

m i x t u r e .  Th is  m ix tu r e  was heated to  70°C u n t i l  most o f  

the  s o l i d  was d is s o l v e d .  A f t e r  c o o l in g  to  room te m p e ra tu re ,  

a c r y s t a l l i n e  mass was formed.  T h is  m ix tu r e  was then  

e x t r a c t e d  tw ic e  w i t h  e t h e r ,  d r i e d  and r o t a r y  ev a p o ra te d .  I t  

was r e c r y s t a l l i z e d  from benzene to  g iv e  a product  w i t h  a mp 

o f  9 2 . 9 - 9 3 . 6 ° C  in  88% y i e l d .

The r e f e r e n c e  c i t e d  (2 0 3 )  s t a t e d  t h a t  the r e a c t i o n  was 

c a t a l y z e d  by sm al l  amounts o f  HC1. The r e s u l t i n g

c r y s t a l l i n e  mass was squeeze d r i e d  and f i n a l l y  d r i e d  in  a

d e s i c c a t o r .  When we fo l lo w e d  t h i s  p rocedure ,  the  product  

which r e s u l t e d  from r e c r y s t a l l i z a t i o n  from benzene s t i l l  had 

the  t r a c e s  o f  HC1. When i t  was d r i e d  on the  vacuum pump f o r  

a pro longed p e r io d  o f  t im e ,  in  o r d e r  to  remove the benzene 

from l a r g e  q u a n t i t i e s  o f  p ro d u c t ,  the  product  turned  

t a n n i s h .  Th is  was p robab ly  due to  p a r t i a l  decom posi t ion  o f  

the  to s y lm e th a n o l  by r e s i d u a l  amounts o f  HC1.
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Thus, our new m o d i f i e d  procedure  gave b e t t e r  y i e l d s  o f  

more pure to s y lm e th a n o l  from co m m e rc ia l ly  a v a i l a b l e  s t a r t i n g

m a t e r i a l s .

A f t e r  i t  had been dec ided  to use the THP group as the  

hydroxy p r o t e c t i n g  group ,  methods f o r  t h i s  t r a n s f o r m a t i o n  

were sought .  The most common method f o r  p u t t i n g  on the  THP 

group i s  by d i s s o l v i n g  ( 2 0 5 )  the  hydroxy compound in  

d ih y d r o p y r a n  and then adding a smal l  amount o f  HC1 to  t h i s  

s o l u t i o n .  When a p p l i e d  to  our t o s y l m e t h a n o l ,  the  HC1 d r o p l e t  

d id  no t  d i s s o l v e  i n  the  s o l u t i o n ,  bu t  r a t h e r  sank to the  

bottom and became a r e d d is h  c o l o r .  E v e n t u a l l y ,  the  whole  

s o l u t i o n  was re d -b ro w n .  A f t e r  w ork -u p ,  the  r e s u l t i n g  o i l  

gave l a r g e ,  I n s e p a r a b l e  masses on TLC. Thus, due to the  

a p p a re n t  problems when a p p ly i n g  t h i s  method, o t h e r  means o f  

s y n t h e s i z i n g  THP e t h e r s  o f  f a i r l y  a c id  s e n s i t i v e  compounds 

were sou ght .

G r ie c o  ( 2 0 6 )  r e p o r t e d  a new c a t a l y s t  f o r  the s y n th e s is  

o f  THP e t h e r s  o f  a c id  s e n s i t i v e  a l c o h o l s ,  p y r i d i n iu m  

p - t o l u e n e s u l f o n a t e  (P P T S ) .  He r e p o r t e d  t h a t  the y i e l d s  o f  

t h i s  r e a c t i o n  were p r a c t i c a l l y  q u a n t i t a t i v e .  T h is  method 

a p p l i e d  to  our a l c o h o l  is  shown in e q u a t io n  50 .

F o l lo w i n g  G r i e c o ' s  p ro ce d u re ,  the  t o s y lm e th a n o l  was 

d i s s o l v e d  in  m ethy lene  c h l o r i d e .  To t h i s  s o l u t i o n ,  a 

s o l u t i o n  o f  PPTS in  m ethy lene c h l o r i d e  was added f o l lo w e d  

by d ih y d r o p y r a n .  (The t o s y lm e th a n o l  had to  be s u f f i c i e n t l y
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d ry  such t h a t  the NMR i n t e g r a t i o n  gave the  expected r a t i o s .  

I f  i t  were w e t ,  the  y i e l d  o f  p roduct  would be s i g n i f i c a n t l y  

d e c re a s e d ,  and a l o t  o f  y e l l o w  i m p u r i t y  would be f o r m e d ) .  

T h is  s o l u t i o n  was s t i r r e d  f o r  4 hours a t  room te m p e r a t u r e .

h a l f - s a t u r a t e d  b r i n e .  I n  a d d i t i o n ,  we washed i t  tw ic e  w i th  

a s a t u r a t e d  s o l u t i o n  o f  sodium b i c a r b o n a t e  and d r i e d  i t  w i t h  

potass ium c a r b o n a te  to remove any t r a c e s  o f  ac id  which may 

remove the  p r o t e c t i n g  group.  Then i t  was g r a v i t y  f i l t e r e d  

and r o t a r y  e v a p o r a t e d .  The r e s u l t i n g  product  was an o i l  

which cou ld  then be c r y s t a l l i z e d  by the  a d d i t i o n  o f  hexane 

and c o o l i n g  i t  in  th e  f r e e z e r .  I f  the r e s u l t i n g  c r y s t a l s  

were w h i t e  w i t h  good m e l t i n g  p o i n t  ( 5 3 . 8 - 5 5 ° C )  and one 

spot  on TLC, i t  was not  necessary  to run a column to p u r i f y  

th e  compound f u r t h e r .  Th is  was d e s i r a b l e ,  because pro longed  

exposure  a t  room te m p e r a tu r e  r e s u l t e d  i n  p a r t i a l  

d e c o m p o s i t io n .  I f  the r e s u l t i n g  c r y s t a l s  were y e l l o w i s h ,  i t  

was necessary  to p u r i f y  them by f l a s h  chromatography ( 2 0 7 ) .  

T h is  y e l l o w  i m p u r i t y  i s  more pronounced when wet

The r e p o r t e d  work-up  c o n s is t e d  o f  washing w i t h
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to s y lm e th a n o l  is  used.  I t  was p ro b a b ly  formed by r e a c t i o n  

o f  w a te r  and d ih y d r o p y r a n ,  p o s s i b l y  a p o l y m e r i z a t i o n  type  

r e a c t i o n .  The y i e l d  was observed to be as h igh  as 811 i f  

chromatography were not  n e c e s s a ry .  The average f i n a l  y i e l d  

i f  chromatography were r e q u i r e d  was 67%.

The Japanese w orkers  who i n v e s t i g a t e d  t h i s  type  o f  

r e a c t i o n  ( 1 7 8 )  used as t h e i r  fo rm y l  an ion  s yn tho n ,  

b e n z e n e s u l f o n y lm e t h y l  e t h o x y e t h y l  e t h e r .  They made i t  by 

s t i r r i n g  a s o l u t i o n  o f  b e n z e n e s u l f o n y l m e t h a n o l , e t h y l  v i n y l  

e t h e r ,  and a c a t a l y t i c  amount o f  p - t o l u e n e s u l f o n i c  a c id  in  

m ethy lene  c h l o r i d e  a t  0°C f o r  t h r e e  hours .  I t  was 

w orked-up  i n  a s i m i l a r  way and p u r i f i e d  by a lumina  

chromatography to  g i v e  52% y i e l d  o f  d e s i r e d  p ro d u c t .

R e a c t io n  o f  H ig h e r  Aldehydes w i t h  A r y l  S u l f i n i c  Ac ids

As s t a t e d  in  the  p r o p o s a l ,  one o f  the main avenues t h a t  

was w or thy  o f  i n v e s t i g a t i n g  in  t h i s  p r o j e c t  was the  

c o n v e r s io n  o f  a ldehydes  to  ketones us ing  t h i s  method o f  

p r o t e c t i n g  the  a ldehyde  w i t h  both a s u l fo n e  group and e t h e r  

m o i e t y ,  then a l k y l a t i o n ,  and nex t  d e p r o t e c t i o n  to  produce  

the  d e s i r e d  k e to n e .  I t  was th ought  t h a t  i t  would be bes t  i f  

th e  a ldehyde  cou ld  be r e a c t e d  d i r e c t l y  w i t h  the  s u l f i n i c  

a c i d  w i t h o u t  the need to  go through  an a c t i v a t e d  form o f  the  

a ld eh y d e  such as an a c e t a l  or  s u b s t i t u t e d  c h lo r o  m ethy l  

e t h e r .
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H. Bredereck and E. Bader ( 2 0 3 )  r e p o r t e d  a p rocedure  f o r  

r e a c t i n g  s u l f i n i c  a c id s  w i th  a ldehy des .  The s u l f i n i c  acid  

and the  a ldehyde were r e f l u x e d  in  e t h e r ,  c o o le d ,  and a 

c r y s t a l l i n e  product  was o b ta in e d  (which was r a t h e r  

u n s t a b l e ) .  T h is  r e a c t i o n  i s  shown in  e q u a t io n  40 .

We fo l lo w e d  t h i s  procedure  us ing h e p ta n a l  as the  

a ldehy de .  A f t e r  some o f  the e t h e r  was e v a p o r a te d ,  the  

s o l u t i o n  was put in the f r e e z e r .  In s t e a d  o f  p r e c i p i t a t i o n  

o f  the p ro d u c t ,  as expected ,  the whole t h in g  f r o z e ,  most 

l i k e l y  due to  low m e l t in g  p o in t  o f  h e p ta n a l  ( m e l t i n g  p o in t  = 

8 ° C ) .  A f t e r  some m o d i f i c a t i o n  o f  the p ro c e d u r e ,  we 

o b ta in e d  a product  w i th  a m e l t in g  p o i n t  o f  5 8 - 6 0 . 5°C.  

Bredereck  and Bader ( 2 0 3 )  r e p o r t e d  a m e l t i n g  p o i n t  of

5 8 - 6 8 ° C .  The NMR o f  our m a t e r i a l  seemed to  i n d i c a t e  the  

a d d i t i o n  product  p lus  unreacted  a ld eh y d e .  Th is  procedure  

was rep ea te d  w i t h o u t  i s o l a t i o n  o f  the  a d d i t i o n  p ro d u c t  and 

the  procedure  f o r  making THP e t h e r  was fo l lo w e d  (DHP, PPTS, 

CH2 C I 2 1  4 hours ,  room t e m p e r a t u r e ) .  Products  were  

o b ta in e d  through c r y s t a l l i z a t i o n  and then  f l a s h  

chromatography.  TLC showed m u l t i p l e  spots  and the  

i n t e g r a t i o n  d id  not  match up.

Although we had run a few r e a c t i o n s  o f  t h i s  t y p e ,  a t  the

t im e we were c o n c e n t r a t i n g  on the  r e a c t i o n s  o f  the

formaldehyde a c y l  anion e q u i v a l e n t .  I t  was d u r in g  t h i s  t ime

t h a t  the paper was pub l ished  which re p o r te d  s i m i l a r  work
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( 1 7 8 ) .  Our work was stopped due to  the p u b l i c a t i o n  o f  t h i s  

p a p e r .

I n  t h i s  paper ,  the  Japanese au th o rs  (1 7 8 )  re p o r te d  o n ly  

the  r e a c t i o n  o f  b e n z e n e s u l f i n i c  ac id  w i t h  a c e t a ld e h y d e . They 

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

ac id  w i t h  excess aldehyde and then adding to  i t  e t h y l  v i n y l  

e t h e r  in  d ich lorom ethane  and a c a t a l y t i c  amount o f  

p - t o l u e n e s u l f o n i c  a c i d .  Th is  r e s u l t e d  in a 60% y i e l d  o f  

expected compound as shown in  eq u a t io n  51 .  Compound VV was 

a l k y l a t e d  in  y i e l d s  o f  a p p ro x im a te ly  50%.

As background f o r  t h i s  type o f  r e a c t i o n ,  Schank and 

S c h m it t  ( 1 9 1 )  r e p o r te d  the  r e a c t i o n  o f  a c e t a l s  w i t h  

b e n z e n e s u l f i n i c  ac id  to  produce a lkoxy  s u l fo n e s  as shown in  

scheme 38 .  Presumably they had t o  go through the  a c e t a l  in  

making compound WW due to  no product  f o r m a t io n  or  low 

y i e l d s .

Bredereck  and Bader ( 2 0 3 )  re p o r te d  s y n th e s is  o f  a 

a lp h a -h y d ro x y  s u l fo n e s  by r e f l u x i n g  the  a r y l s u l f i n i c  a c id  

and the  a ldehyde in  an e t h e r e a l  s o l u t i o n  as shown in  

e q u a t io n  52 .  Some o f  the e t h e r  was d i s t i l l e d ,  and, upon
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c o o l in g  in  an ice  b a th ,  the product  c r y s t a l l i z e d  o u t .  The 

product  was r e c r y s t a l 1 ized from e t h e r .  Y i e l d s  were not  

r e p o r t e d .

Although we had planned to  i n v e s t i g a t e  t h i s  r e a c t i o n  

more t h o r o u g h ly ,  we d id  on ly  p r e l i m i n a r y  work in  t h i s  area  

due to the p u b l i c a t i o n  o f  s i m i l a r  work.

One o f  the most c r u c i a l  s teps in  t h i s  sequence is  the  

a l k y l a t i o n  o f  the a c y l  anion e q u i v a l e n t s ,  which in t h i s  case 

i s  the formyl  acy l  anion e q u i v a l e n t .

A l k y l a t i o n  o f  T os y lm ethy l  THP Ether

ETHER ? H
*  ArSO^CHRArSOgH + RCHO

E quat ion  52
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A method was used r e c e n t l y  was a l k y l a t i o n  o f  a r y l  

b e n z y ls u l fo n e s  (2 0 8 )  or  ha lom ethy l  a r y l s u l f o n e s  (2 0 9 )  using  

phase t r a n s f e r  c a t a l y s i s  as shown in  e q u a t io n  53 -  55.

In  both cases,  the r e s u l t i n g  carban ions  were s t a b i l i z e d  

not  only  by the e l e c t r o n  w i th d raw in g  s u l fo n e  group,  but a lso  

by a phenyl  group or by halogen s u b s t i t u e n t s .  Although  

r e fe r e n c e s  in  the l i t e r a t u r e  were not p rom is in g ,  fo r  

a l k y l a t i o n  o f  a l k y l  a r y l s u l f o n e s ,  we did  perform two

ArS0oCHPh
5 0 %  aq N a O H

B u ^ N B r ArS0oCPh2 |
+

r2x 3 0 -6 0 * C  
2 -  5 HRS, HMPT 6f -  90%

Equat ion  53

50%  aq. N a O H

ArSOgCĤ X + RX ----------------- ■* ArSOpCHX
B u N E t3 Cl

Equat ion  54

50% aq. N a O H

ArS02CHX2+ RX * ArS0o6x
B u N E t3 Cl 63 100%

Equat ion  5 5
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r e a c t i o n s  o f  t h i s  t y p e .  The f i r s t  (2 0 9 )  used 

t r ie th y lb e n z y la m m o n iu m  c h l o r i d e  as the c a t a l y s t ,  benzene as 

the  s o l v e n t ,  50% sodium h y d ro x id e ,  and a l i m i t i n g  amount of  

benzyl  c h l o r i d e  as a l k y l a t i n g  a g e n t .  T h is  m ix tu r e  was

s t i r r e d  by a v i b r o  m ixer  f o r  3 hours a t  65°C .  A f t e r  

h y d r o l y s i s ,  work-up and d i s t i l l a t i o n ,  5**% o f  benzyl  bromide  

was recovered  p lus  on ly  a t r a c e  o f  phenyl  a c e ta ld e h y d e , as 

determ ined  by NMR. The rem ainder  o f  ben zy l  bromide probably  

r e a c te d  w i t h  the sodium hydrox ide  to  form benzyl  a lc o h o l  

which was l o s t  in  the aqueous w ork-up.

The second phase t r a n s f e r  a t te m p t  was done w i th  the same 

amounts o f  reage n ts  as b e f o r e  but w i t h o u t  the s o l v e n t ,  

benzene. However,  i t  was s t i r r e d  f o r  6 hours a t  60°C.  

A f t e r  h y d r o l y s i s ,  work-up and d i s t i l l a t i o n ,  17% o f  benzyl  

bromide was o b ta in e d  p lus  a t r a c e  amount o f  phenyl  

a c e ta ld e h y d e .  As b e f o r e ,  p robab ly  the r e s t  o f  the benzyl

bromide was l o s t  as benzyl  a l c o h o l .  Thus, using phase 

t r a n s f e r  c a t a l y s i s  as the base to a l k y l a t e  the t o s y lm e th y l  

THP e t h e r  d id  not  prove to  be a s a t i s f a c t o r y  method to

a l k y l a t e  our s u l f o n e .

Schank accessed the  u t i l i t y  o f  v a r io u s  bases f o r

m e t a l l a t i n g  a r y l s u l f o n y l  methyl  methy l  e th e r s  (1 8 9 )  (see  

above)  us ing  the f o l l o w i n g  bases: potassium t - b u t o x i d e ,

b u t y l  l i t h i u m ,  sodium h yd r id e  and e t h y l  magnesium bromide.

Deuter ium oxide  was added to  the an ions  produced. The
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product  was e x t r a c t e d  i n t o  c h lo r o fo r m ,  d r ie d  w i t h  MgSO^, 

c o n c e n t r a te d ,  and c r y s t a l l i z e d  by adding methanol  to the  

r e s u l t i n g  o i l .  The amount o f  deuter ium  s u b s t i t u t i o n  was 

e s t im a te d  by comparison o f  the i n t e g r a t i o n  o f  the methylene  

p r o t o n ( s )  versus the i n t e g r a t i o n  o f  the methoxy p ro tons .  

Thus the percentages  t h a t  were r e p o r te d  a re  not a b s o lu te  

perc e n ta g e s ,  but r e l a t i v e  pe rce n ta ges .  He o b ta in e d  100% 

d e u t e r a t i o n  by g e n e r a t in g  the an ion us ing potassium  

t - b u t o x i d e  under dry Ng a t  25°C f o r  one hour and by 

using 1 e q u i v a l e n t  of  BuLi a t  -70°C  f o r  t h r e e  hours .  The 

best  r e s u l t s  r e p o r te d  us ing sodium h yd r id e  were 40% 

d e u t e r a t i o n  a t  25°C a f t e r  1 hour.  Using e t h y l  magnesium 

bromide,  an average o f  57% was ob ta ined  a t  room tem p era tu re  

f o r  1 hour fo l lo w e d  by warming i t  to  40°C.  From these  

r e s u l t s ,  b u t y l  l i t h i u m  and potassium t - b u t o x i d e  appeared to  

be the most promis ing bases.

Anions so genera ted  were a l k y l a t e d  w i t h  methyl  i o d id e ,  

d im e th y l  s u l f a t e  and e t h y l  bromide.  A l k y l a t i o n  o f  

t o s y lm e th y l  methyl  e t h e r  us ing Mel gave a 42% y i e l d  when 

BuLi was the base and 29% w i th  KOtBu. Thus the a b s o lu te  

y i e l d s  o f  a l k y l a t e d  product  were h ig h e r  when the  base was 

BuLi as opposed to  KOtBu.

T h is  was a concern to  our p r o j e c t ,  because even though 

the e l e c t r o p h i l e s  Schank (1 8 9 )  used were the s m a l le s t  

a v a i l a b l e ,  he only achieved a b s o lu te  y i e l d s  using BuLi o f
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a p p ro x im a te ly  38%. I f  t h i s  were the maximum y i e l d  

o b t a i n a b l e  on our acy l  anion e q u i v a l e n t ,  i t  would s e v e r e ly  

l i m i t  i t s  use fu ln es s  because the maximum o v e r a l l  y i e l d  can 

not  be h ig h e r  than the lowest  y i e l d  s te p .  F ur therm ore ,  our  

a r y 1s u l f o n y lm e th y 1 a l k y l  e t h e r  was even more h indered  than  

S chank 's .

G e n e r a l  P r o c e d u r e

Upon search ing  the l i t e r a t u r e ,  two c l o s e l y  r e l a t e d  

systems were found. They are  presented  in  e q u a t io n s  56 

( 2 1 0 )  and 57 ( 2 1 1 ) .

The procedure we used to  a l k y l a t e  t o s y lm e th y l  THP e t h e r  

was a m o d i f i c a t i o n  o f  t h a t  found in  eq u a t io n  57 .  The 

s u l fo n e  compound was d is s o lv e d  in  THF and cooled to  

- 7 8 ° C .  The tem pera tu re  was a l lo w ed  to  s lo w ly  r i s e  to  

-20°C  and then cooled back down to  - 7 8 ° C .  A 

s o l u t i o n  o f  the a l k y l a t i n g  agent  in  THF was added and the  

tem p e ra tu re  was a l lowed to  s lo w ly  come to  room te m p e r a tu r e .  

When benzy l  bromide was used as the  a l k y l a t i n g  a g e n t ,  a 60% 

i s o l a t e d  y i e l d  o f  b e n z y la te d  product  was o b ta in ed  as shown 

in  e q u a t io n  58 .

Y i e l d s  o b t a i n e d  f r om t h e  o v e r a l l  p r o c e s s  o f  a l k y l a t i o n  

and h y d r o l y s i s  i n d i c a t e  t h a t  t h e s e  y i e l d s  a r e  a c t u a l l y  

h i g h e r .  L o s s e s  we r e  p r o b a b l y  due  t o  p r o b l e m s  i n  i s o l a t i o n .
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I. B uL i

PhSOgCHgCH^N O
2. M e or 

PhCH^Br

Equat ion  56

R 
PhSOgCHCH^N* D

7 2 %  R = Me

PhSO CH_Et 2 2

I .  B u L i, - 7 8 ° C

2 .  Cl Cl

/

3 . CuCI

4 . RX

Equation 57

^  PhSOgCHEt,C H E t

V CI

-<^>-S02CH20THP
I. BuLi

2. PhCH^Br

Equation 58

OpCHOTHP
f c ^ P h

I n i t i a l l y ,  i t  was thought  t h a t  hexamethylphosphoric  

amide (HMPA) would h e lp  improve (2 1 2 )  our y i e l d s ,  so 

r e a c t i o n s  were r o u t i n e l y  run w i t h  i t .  I t  was found t h a t  the  

more HMPA t h a t  was used, the lower  the y i e l d s .  For example,  

in the  b e n z y l a t i o n  r e a c t i o n  w i t h  no HMPA, the  o v e r a l l  y i e l d  

was 83%. With 0 . 8  molar  e q u i v a l e n t s ,  45% was o b t a in e d .  V/ith
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4 . 0  molar  e q u i v a l e n t s ,  on ly  1.4X o f  the expected product  was 

o b t a in e d .  P o s s ib ly  the low y i e l d s  were due to d is s o lv e d  

w ate r  in  the HMPA which had not  been removed by d i s t i l l a t i o n

The Japanese workers (1 7 8 )  performed t h e i r  a l k y l a t i o n  

s te p  in  a s l i g h t l y  d i f f e r e n t  way. They made a s o l u t i o n  o f

1 e q u i v a l e n t  o f  LDA and 1 e q u iv a le n t  o f  HMPA in THF and

cooled i t  to -78°C  under N^. To t h i s ,  they added 

t h e i r  formyl  anion e q u i v a l e n t ,  b en z en esu l fo n y lm eth y l  

e t h o x y e th y l  e t h e r ,  which was d is s o lv e d  in  THF, dropwise and 

s t i r r e d  the r e s u l t i n g  s o l u t i o n  f o r  1 hour.  To t h i s ,  they  

then added the a l k y l a t i n g  agent  in  THF dropwise and s t i r r e d  

i t  a t  -78°C  f o r  2 hours and a t  room tem p era tu re  f o r  16 

hours .  Next they proceeded d i r e c t l y  to  the  h y d r o ly s is  s te p .

The BuLi was t i t r a t e d  using the procedure o f  Watson and 

Eastham ( 2 1 3 ,  214 )  nBuLi forms a red c o lo red  complex w i t h

1 , 1 0 - p h e n a n t h r o l i n e . Th is  s o l u t i o n  was t i t r a t e d  by a

s o l u t i o n  o f  s e c -b u ta n o l  in  x y le n e .  The end p o in t  was t h a t  

volume necessary to decompose the n B u L i - 1 , 1 0 - - p h e n a n t h r o l i n e  

complex as in d ic a t e d  by a d e c o lo r a t i o n  o f  the s o l u t i o n .

H y d r o ly s is  o f  THP Ether  and G e n e ra t io n  o f  the Aldehyde

THP e th e r s  a re  e a s i l y  hydro lyzed  by d i l u t e  ac id  to

r e g e n e r a t e  the a lc o h o l  f u n c t i o n a l  group.  THP e t h e r s  can be 

c leaved  (2 1 5 )  by t re a tm e n t  w i t h  0 .01N HC1 a t  22°C f o r  67
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minutes or  by t re a tm e n t  o f  0 .10N HC1 a t  2 2 ° C fo r  4

m inutes .  Procedures fo r  the removal o f  the THP group in

r e c e n t  n a t u r a l  product  syntheses (2 1 6 )  in c lu d e  h y d r o ly s is  

using aqueous h y d r o c h lo r ic  a c i d ,  and p - t o l u e n e s u l f o n i c  ac id  

in  methanol or aqueous a c e t i c  ac id  in  THF.

In  our o r i g i n a l  scheme, i t  was thought  t h a t  a f t e r

a l k y l a t i o n ,  the s o l u t i o n  could j u s t  be a c i d i f i e d  and 

worked-up to  y i e l d  the p ro d u c t .  Th is  i s  b a s i c a l l y  what was 

done l a t e r  in the steam d i s t i l l a t i o n  h y d r o ly s is  procedure .

I n i t i a l l y  smal l  amounts o f  the i s o l a t e d  be n z y la te d

to s y lm e th y l  THP e t h e r  were h y d ro ly z e d .  I t  was l a t e r  dec ided

t h a t  a f t e r  a l k y l a t i o n ,  the r e s u l t i n g  s o l u t i o n  should be 

worked-up ( e x t r a c t e d  w i th  e t h e r  s e v e r a l  t im e s ,  washed w i t h  

b r i n e ,  d r i e d ,  r o t a r y  eva p o ra te d )  w i t h o u t  p u r i f y i n g  the  crude  

a l k y l a t e d  p rodu c t .  Next the whole crude batch would be

h y r o l y z e d .  I t  was thought  t h a t  work ing w i t h  l a r g e r  amounts

would g iv e  more a c c u ra te  r e s u l t s  as to  the y i e l d  and p u r i t y

o f  the p ro d u c t .

E . J .  Corey (2 1 7 )  hydro lyzed  a THP e t h e r  by h e a t in g  i t  

w i t h  a s o l u t i o n  o f  HOAc: w a te r :  THF ( 3 : 1 : 1 )  a t  45°C f o r  

3 hours .  Th is  procedure ,  when a p p l i e d  to  our THP e t h e r  did  

remove the THP group,  as observed in  the  NHR o f  the product  

a f t e r  w ork -up .  Th is  was the  method o f  h y d r o ly s is  used most 

f r e q u e n t l y  because i t  seemed to work w e l l  (Method A ) .
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A f t e r  h y d r o l y s i s ,  th e  product  was e x t r a c t e d  w i t h  e t h e r .  

To remove t r a c e s  o f  a c e t i c  a c id  and to  decompose the  hydroxy  

m ethy l  s u l f o n e  as shown in e q u a t io n  5 9 ,  the  e t h e r  s o l u t i o n  

was washed r e p e a t e d l y  w i t h  s a t u r a t e d  aqueous sodium 

b ic a r b o n a t e  u n t i l  the  aqueous l a y e r s  remained s l i g h t l y  

b a s ic .  The e t h e r  l a y e r  was f u r t h e r  washed w i t h  b r i n e ,  d r i e d

over  MgSO^ f c o n c e n t r a te d  and the  re s id u e  was d i s t i l l e d  

under vacuum to g i v e  the p roduct  of  r a t h e r  h igh p u r i t y .

The Japanese w orkers  ( 1 7 8 )  used a s i m i l a r  h y d r o l y s i s  

s t e p .  A f t e r  t h e i r  a l k y l a t i o n  s t e p ,  the  r e a c t i o n  m ix t u r e  was 

quenched w i t h  m ethanol  and then t r e a t e d  w i t h  a l a r g e  

q u a n t i t y  o f  2M HC1. A f t e r  e x t r a c t i o n  w i t h  s e v e r a l  p o r t io n s  

o f  e t h e r ,  the combined e t h e r  l a y e r s  were t r e a t e d  w i t h  an 

aqueous s o l u t i o n  o f  sodium b i c a r b o n a t e  f o r  4 hours and then  

d r i e d .  S o lv e n t  was removed and the  p ro d u c t  was p u r i f i e d  by 

vacuum d i s t i l l a t i o n .

Thus both t h e i r  s t r a t e g y  and ours were b a s i c a l l y  the  

same a l th o u g h  accomplished i n  d i f f e r e n t  ways. Both 

h y d ro ly z e d  the a c i d - l a b i l e  p r o t e c t i n g  group f o l l o w e d  by base 

t r e a t m e n t  to r e l e a s e  the  r e s u l t i n g  c a r b o n y l  compound.

<OH N a H C 0 3  
S O lC H R  -----------------

R C H O

E q u a t i o n  59
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Another  method o f  h y d r o ly s is  and i s o l a t i o n  (Method E) 

was a d d i t i o n  o f  the a l k y l a t i o n  r e a c t i o n  m ix tu r e  to  a r a t h e r  

l a r g e  q u a n t i t y  o f  w a t e r ,  a c i d i f i c a t i o n  w i t h  co n c e n t ra te d  HC1 

to  pH= 2 ,  and then steam d i s t i l l a t i o n .  Th is  d i s t i l l a t e  

m ain ly  c o n s is te d  o f  p ro d u c t ,  THF, and w a t e r .  The r e s u l t i n g  

product  by t h i s  method was o f  comparable p u r i t y  to  the  

product  o b ta in ed  by h y d r o ly s is  v i a  C o re y 's  method, work-up  

and d i s t i l l a t i o n .  For even g r e a t e r  p u r i t y ,  the product  can 

be r e d i s t i l l e d .

O r i g i n a l l y  to s y lm e th y l  THP e t h e r  was used as the  

l i m i t i n g  re a g e n t  w i t h  an excess ( 1 . 3  e q u i v a l e n t s )  o f  benzyl  

bromide and ( 1 . 1  e q u i v a l e n t s )  o f  nBuLi .  The r e s u l t i n g  

p ro d u c t ,  phenyl a c e ta ld e h y d e ,  was contam inated w i t h  benzy l  

bromide,  a c o n s id e r a b le  problem, as t h e i r  b o i l i n g  p o in t s  a re  

very  c lo s e  t o g e t h e r :  BP (PhCH2CHO) = 195°C and BP 

(PhCH2Br)  = 201°C. I t  tu rn s  out  t h a t  many h a l i d e s  

and t h e i r  r e s p e c t i v e  fo rm y la te d  e q u i v a l e n t s  have very  c lo se  

b o i l i n g  p o in t s  so a g e n e ra l  method was necessary  f o r  

s e p a r a t in g  the  unreacted  s t a r t i n g  m a t e r i a l  from the p ro d u c t .  

S e v e ra l  procedures f o r  removing the  benzyl  bromide were 

t r i e d .

S ince the a l k y l a t e d  t o s y l m e t h y l  THP e t h e r  has a much 

h ig h e r  b o i l i n g  p o i n t  than the  benzyl  bromide,  i t  was thought  

t h a t  b e f o r e  h y d r o l y s i s ,  the  benzy l  bromide could  be 

d i s t i l l e d  o f f  under high vacuum.
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Note t h a t  in the data  f o r  the next few t r i a l s  to be

d is c u s s e d ,  a l l  runs c o n ta in ed  1 .0  e q u i v a l e n t  o f  HMPA.

The crude benzyl  t o s y l  THP e t h e r  was put under vacuum 

( 0 . 1 5  mm Hg) to  h o p e f u l l y  remove excess benzyl  bromide and

then cooled to  room t e m p e r a tu r e .  Two drops o f

were added and the  r e s u l t i n g  product  was then vacuum 

d i s t i l l e d  (Method B ) .  I t  was thought  t h a t  s l i g h t  c o n ta c t  of  

H2 S0 Jj would r e l e a s e  the a ldehyde from i t s  

a lp h a - a l k o x y  s u l fo n e  form, e n a b l in g  i t  to  d i s t i l l  when 

heated under h igh vacuum. By t h i s  method, low y i e l d  (19% of  

phenyl ace ta ld eh yd e  contam inated  w i t h  benzy l  bromide)  p lus  

e x t e n s iv e  c h a r r i n g  was observed .

I t  was thought  t h a t  a m i l d e r  ac id  might  serve b e t t e r  and 

a f t e r  the crude b e n z y la te d  product  was heated in  an o i l  bath  

to  80°C under 0 .1 5  mm Hg. T h is  was then cooled down to  

room tem p e ra tu re  and decomposed w i t h  1  drop o f  c o n cen t ra te d  

H^POjj (Method C ) .  D i s t i l l a t i o n  gave a low y i e l d  o f  

3 6 % ( w i t h  some c o n ta m in a t io n  by benzyl  bromide)  and th e r e  

was c h a r r i n g .

The f i n a l  a t tem p t  a long these  l i n e s  o f  reasoning  was to  

use a weaker ac id  s t i l l  such as benzoic  ac id  ( 0 .1  

e q u i v a l e n t ) .  The y i e l d  o f  phenyl ace ta ldeh yde  was only 36% 

(b e n z y l  bromide was not p rese n t  in  l a r g e  q u a n t i t i e s ) .  The 

benzo ic  ac id  sublimed i n t o  the head o f  the d i s t i l l a t i o n  

s e t - u p ,  but i t  j u s t  remained t h e r e .  I t  d id  not contaminate  

the d i s t i l l a t e  (Method D ) .
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Since benzy l  bromide i s  s o lu b le  in  hexane and the more

p o l a r  b e n z y la te d  t o s y l  e t h e r  is  n o t ,  i t  should have been

p o s s ib le  to  wash away the excess benzy l  bromide w i t h  hexane.  

The y i e l d  o f  phenyl  ace ta ld e h y d e  ob ta ined  a f t e r  washing the  

crude a l k y l a t i o n  product  w i t h  hexane,  h y d r o ly s is  (Method A ) ,  

and then d i s t i l l a t i o n  was only  2HJ. The product  was s t i l l  

contaminated w i t h  benzy l  bromide as (no t  in c l u d in g  the  

amount o f  benzy l  bromide which was equ im o lar  to  phenyl

a c e t a ld e h y d e ) .

Since a t te m p ts  to  remove the  excess benzyl  bromide from 

the  crude b e n z y la te d  product  gave u n s a t i s f a c t o r y  r e s u l t s ,  i t  

was decided to  sw i tch  the l i m i t i n g  reagent  from the  

t o s y lm e th y l  THP e t h e r  to  the  a l k y l a t i n g  agent  i t s e l f .  In  

t h i s  way, h o p e f u l l y ,  a l l  the a l k y l a t i n g  agent  would be 

consumed and t h e r e  would not  be the need to  dev ise  another  

s tep  to  remove i t .

We had been p er fo rm in g  the  a l k y l a t i o n  s tep  in  the

presence o f  HMPA, but s in ce  we l a t e r  d iscovered  t h a t  i t  

reduced the y i e l d s  o f  the a ld eh y d e ,  we stopped us ing  i t .  The 

f o l l o w i n g  r e a c t i o n s  were run in  the absence o f  HMPA.

Another  v a r i a t i o n  was the a d d i t i o n  o f  l .M  e q u i v a l e n t  of  

TMEDA to  the  a l k y l a t i o n  r e a c t i o n  m ix tu r e .  The y i e l d  

o b ta in ed  w i t h  t h i s  m o d i f i c a t i o n  was 42%.

A s t i l l  o th e r  v a r i a t i o n  was to  add the BuLi to the  

r e a c t i o n  m ix tu r e  and l e t  i t  warm up to  2°C s lo w ly .  I t
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was kept  a t  2°C f o r  2 1 / 2  hours .  Then the r e s t  o f  the  

scheme was fo l lo w e d  as b e f o r e .  The idea behind t h i s  was 

t h a t  p o s s ib ly ,  in  the  r e g u l a r  scheme, not enough t ime was

a l lo w ed  f o r  the BuLi to  d ep ro to n a te  the to s y lm e th y l  THP

e t h e r  to form the a n io n .  The y i e l d  was 31% o f  phenyl  

ace ta ld eh yd e  ( i t  was contam inated  w i t h  benzy l  b ro m id e ) .

F i n a l  R esu l ts

The o v e r a l l  y i e l d s  f o r  the r e g u l a r  r e a c t i o n  (w ork -up ,  

h y d r o ly s is  a t  U5°C, 4 hours us ing HOAc: H^O: THF

( 3 : 1 : 1 )  and reduced p re s s u re  d i s t i l l a t i o n )  a re  presented in  

T a b le  11.

A su c cess fu l  m o d i f i c a t i o n  (no HMPA, benzy l  bromide as 

the l i m i t i n g  r e a g e n t )  was the  use o f  a c i d i f i c a t i o n  fo l lo w ed  

by steam d i s t i l l a t i o n  (Method E ) .  I t  was thought  t h a t  

h e a t in g  such a ldehydes to  t h e i r  d i s t i l l a t i o n  tem pera tu res  

(even though under reduced p re s s u r e )  may cause the a ldehydes  

to  undergo a c i d - c a t a l y z e d  a l d o l  c o n d en sa t io n ,  e s p e c i a l l y  in  

the  presence o f  a t r a c e  o f  a c i d .  Using the techn ique  of  

steam d i s t i l l a t i o n ,  the  a ldehydes would be d i l u t e d  and thus

le s s  l i k e l y  to undergo a l d o l  con densa t ions .  A f t e r  

a l k y l a t i o n ,  the r e a c t i o n  m ix t u r e  was poured i n t o  500 mL o f  

w a t e r .  Th is  m ix tu r e  was a c i d i f i e d  to  about pH 2 ,  and then  

steam d i s t i l l e d .  These r e s u l t s  a re  a ls o  shown in  Tab le  9 

and 10.
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When benzy l  bromide was the a l k y l a t i n g  a g e n t ,  the  amount 

o f  product  o b ta ined  from the steam d i s t i l l a t e  102% ( o f  

r a t h e r  h igh p u r i t y  as determ ined  by NMR). Th is  was then

vacuum d i s t i l l e d  to  o b t a in  a f i n a l  y i e l d  o f  79%. From the  

r e g u l a r  r e a c t i o n ,  the o v e r a l l  y i e l d  was 83%. P o s s ib ly  in 

both cases ,  t h e r e  were r a t h e r  s i g n i f i c a n t  lossed in  y i e l d  in  

the  f i n a l  d i s t i l l a t i o n .

Steam d i s t i l l a t i o n  a lso  proved to  be b e n e f i c a l  in the  

r e a c t i o n  in  which the a l k y l a t i n g  agent  was cinnamyl bromide.  

The y i e l d  a f t e r  d i s t i l l a t i o n  o b ta ined  was 50%. An

i n t e r e s t i n g  o b s e r v a t io n  was t h a t  a f t e r  the steam d i s t i l l a t e  

was a c i d i f i e d ,  i f  i t  were n e u t r a l i z e d  w i t h  s a t u r a t e d  sodium 

b i c a r b o n a te  to  pH 7 ,  the  y i e l d  was on ly  33%!

Tab les  10 and 11 show the r e s u l t s  o b ta ined  us ing o th e r  

a l k y l  h a l i d e s .  A l l y l  bromide was a ls o  used as an a l k y l a t i n g  

a g e n t .  The expected product  was 3 - b u t e n a l  which has a

b o i l i n g  p o i n t  o f  100° C, which i s  f a i r l y  c lo se  to  the

b o i l i n g  p o in t  o f  THF ( 6 7 ° C ) .  We t r i e d  an 8 inch sp inn ing  

band column to  d i s t i l l  the  e t h e r s ,  but a t  tem pera tures

necessary  f o r  such a d i s t i l l a t i o n ,  the aldehyde may have

undergone f u r t h e r  r e a c t i o n s  (such as i s o m e r i z a t i o n  or  

p o l y m e r i z a t i o n ) ,  and no product  was o b ta in e d .

In  a d d i t i o n  to  work s i m i l i a r  to  ours ,  the Japanese  

workers (1 7 8 )  r e p o r t e d  one r e a c t i o n  in  which the

e l e c t r o p h i l e  was a ke to n e .  They t r e a t e d  p h e n y ls u l f o n y lm e t h y 1
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EE e t h e r  w i th  1 .2  e q u iv a le n t s  o f  potassium d i i s o p r o p y l  amide 

in  THF a t  - 7 8 ° C .  They mentioned t h a t  l i t h i u m  d i i s o p r o p y l  

amide could not be used s u c c e s s f u l l y  in  t h i s  r e a c t i o n .  To 

the  m e ta la te d  p ro d u c t ,  M-heptanone was added. A f t e r  a c i d i c  

h y d r o l y s i s  and base t r e a t m e n t ,  the  expected product  was 

o b ta in e d  in 63% y i e l d  as shown in  e q u a t io n  60 .

T h e i r  form y l  an ion  e q u i v a l e n t  was a ls o  d i a l k y l a t e d  as 

shown in  eq u a t io n  61 .  Th is  s y n th e s is  o f  sym m etr ica l  ketones  

produced the  expected products  in  52 -  72% y i e l d .

S y n th e s is  o f  an unsym metr ica l  ketone as shown in  

e q u a t io n  62 was not  as s u c c e s s fu l .  R e su l ts  were rep o r te d  

f o r  on ly  one a t tem p t  a t  t h i s  k ind o f  r e a c t i o n .  For  

Rl=Hex-Br  and R2 = EtB r ,  the products  o b ta in e d  were  

1M% o f  the expected p ro d u c t ,  e t h y l  hexy l  ke to n e ,  and 37% and 

14% o f  the sym m etr ica l  p ro d u c ts ,  d ih e x y l  ketone and d i e t h y l  

k e to n e ,  r e s p e c t i v e l y .  Thus, t h i s  re a g e n t  does not  appear to  

be u s e fu l  f o r  s y n t h e s iz i n g  unsym metr ica l  ke tones .

I. KDA, - 7 8 ° C OHi

SO.CHOEE

2. OH~*

E t C E t
*  I

CHO

Equ at i on  60
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< 0 ^
1. 2 .2  eq LD A , TH F, HM PA  

02CH OEE -------------   >
2. 2 . 2  eq RX

R I. H 3 0 +  f t

SOpCOEE -------------   RCR
R 2. OH“

Equation 61

I. I . l e q  L D A  3. 1.1 eq L D A
S 0 9CHo0 E E --------------------------------------------------------- >

L d 2. I . l e q  R,X 4 .  I . l e q  RgX

R j I. H O 4* 0
^ ^ -S O g C O E E --------------- > R| CR 2

R2 2. OH

Equation 62

The R e a c t i o n  o f  T o s y l m e t h a n o l  w i t h  

T r i m e t h y l s i l y l  C h l o r i d e  and  

H e x a m e t h y l d i s i l a z a n e

The o r i g i n a l  p r o t e c t i n g  g r o u p  we i n t e n d e d  t o  use f o r  t h e  

h y d r o x y l  g r o u p  ( f o r m e r l y  t h e  o x y g e n  o f  t h e  a l d e h y d e )  was t h e  

t r i m e t h y l s i l y l  g r o u p .  When we r e a l i z e d  t h a t  t h e  one s t e p  

met hod  ( u s i n g  t r i m e t h y l s i l y l  t o l u e n e s u l f i n a t e )  was n o t
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w o r k in g ,  we dec ided  to use a two s tep  method in  which the  

a ldehyde  would be r e a c t e d  w i t h  t o l u e n e s u l f i n i c  a c id  to

produce the  a lp h a -h y d ro x y  s u l f o n e .  We planned to aga in  use

the  t r i m e t h y l s i l y l  group as a p r o t e c t i n g  group f o r  the  

a l c o h o l  moiety  because i t  was known to be easy to  put  on and 

easy to  remove. S ince  we had made t o s y lm e th a n o l  from the

s m a l l e s t  a ld e h y d e ,  fo rm a ld e h y d e ,  we dec ided  to  t r y  to 

t r i m e t h y l s i l a t e  i t .

One o f  the most common ( 2 1 8 )  ways to p r o t e c t  an a lc o h o l  

w i t h  the  t r i m e t h y l s i l y l  group i s  by h e a t i n g  a m ix tu r e  o f  the  

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

60°C f o r  2 h ou rs .  The p u b l is h e d  procedure  r e p o r t e d  t h a t  

the a l c o h o l  should be c o m p le t e ly  consumed . Because we 

suspected t h a t  our a l c o h o l  was base s e n s i t i v e ,  we t r i e d  

h e a t i n g  i t  in  a s o l u t i o n  o f  p y r i d i n e  and e t h e r  ( i n  the same 

p r o p o r t i o n s  as i n  th e  p r o c e d u r e ) ,  but  w i t h o u t  the  

t r i m e t h y l s i l y l  c h l o r i d e .  D u r in g  t h i s  t ime a s o l i d  sublimed  

i n t o  the  r e f l u x  con d en se r .  T h is  s o l i d  was, presumably ,  

p a r a fo r m a ld e h y d e .  The s o l u t i o n  was washed w i t h  w a t e r ,  d r i e d  

w i t h  MgSO^ an(j r o t a r y  e v a p o ra ted  to  g iv e  a s o l i d  which  

i n d i c a t e d  a 77% r e c o v e r y .  The NMR i n t e g r a t i o n  showed a

g r e a t e r  amount o f  a r o m a t ic  p ro to n s  compared to methy lene  

p r o t o n s .  T h is  i n d i c a t e d  t h a t  the a l c o h o l  was l o s i n g  

fo rm a ldehyde  t o  g iv e  a m ix t u r e  o f  a l c o h o l  and 

t o l u e n e s u l f i n i c  a c i d .  The p roce dure  ( u s in g  the
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t r i m e t h y l s i l y l  c h l o r i d e )  was t r i e d  and the product  appeared  

to  be a m ix tu r e  o f  the a lc o h o l  and t o l u e n e s u l f i n i c  a c id .  

Thus the a lc o h o l  appeared to be base s e n s i t i v e  and methods 

a v o id in g  h i g h l y  bas ic  c o n d i t io n s  were sought .

We decided to  t r y  a m ix tu r e  o f  t r i m e t h y l s i l y l  c h l o r i d e  

(TMSC1) and h e x a m e t h y ld is i l a z a n e  (HMDS) ( 2 1 9 ) .  We chose 

t h i s  because m ix tu r e s  o f  TMSC1 and HMDS, in  g e n e r a l ,  g ive  

b e t t e r  y i e l d s  than e i t h e r  s i l y l a t i n g  agent  a lo n e .  According  

to  A .E .  P ie r c e  ( 2 1 9 ) ,  the s o lv e n t  o f  cho ice  depends on the  

s o l u b i l i t y  o f  the substance to  be s i l y l a t e d :  u s u a l l y  THF or  

c h lo ro fo rm  f o r  s t e r o i d s  and p y r i d i n e  f o r  c a rb o h y d ra te s .  We 

chose methylene c h l o r i d e  which was p r e v i o u s ly  d i s t i l l e d  from

P2°5 *
The a l c o h o l ,  TMSC1, HMDS, and m ethylene c h l o r i d e  were 

s t i r r e d  f o r  24 hours a t  48°C.  T h is  s o l u t i o n  was then  

washed w i t h  s a t u r a t e d  aqueous NaHCO^, b r i n e ,  next  d r ie d  

w i t h  MgSOjj and r o t a r y  evaporated  to  g iv e  a substance  

which looked l i k e  melted ( v a n i l l a )  i c i n g .  Th is  was then  

d is s o lv e d  in  EtOAc and cooled o v e r n ig h t  in  the  f r e e z e r  to  

g iv e  powdery, w h i te  c r y s t a l s  ( E N - G - 3 1 - 3 ) ( 2 3 t  y i e l d ,  mp 

118—119 ° C ) .  These c r y s t a l s  had an NMR which only  showed 

protons correspond ing  to  the C-H pro tons  o f  the o r i g i n a l  

a lc o h o l  but  no h yd ro xy l  pro ton  peak.  The i n t e g r a t i o n  showed 

these to be e x a c t l y  in the same p r o p o r t i o n  as in the  

a l c o h o l .  The IR showed a peak a t  1320 and 1140 cm- ^
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which correspond to  s u l fo n e  peaks. A s t ro n g  peak a t  1080

e t h e r  f u n c t i o n a l  group.  TLC showed one spot p lus  a smal l  

o r i g i n  spot w i th  v a r io u s  s o l v e n t s .  The r e a c t i o n  which we 

e n v is io n e d  to  be ta k in g  p lace  is  shown in  e q u a t io n  63 .

The reason f o r  t h i s  s p e c u la t io n  was t h a t  the i n t e g r a t i o n  

from the NMR spectrum (which was very c l e a n )  showed t h i s

expected r a t i o  e x a c t l y .  The IR seemed to  c o n f i rm  i t  and TLC 

seemed to  i n d i c a t e  one compound (o r  i f  more, they were not  

sep ara ted  on TLC us ing  v a r io u s  s o l v e n t s ) .  T h is  compound was 

r e c r y s t a l l i z e d  tw ic e  in  the same manner to  g iv e  a compound

( E N -G -3 6 -5 )  (mp 1 3 6 .5 - 1 3 9 )  in 57X recovery  w i t h  same NMR,

IR ,  and TLC c h a r a c t e r i s t i c s .

Other  r e s u l t s  were not as c o n f i r m a t o r y .  The a n a l y s i s  o f  

EN-G-31-3  and EN -G -36-5  were almost  i d e n t i c a l  to  each o t h e r .  

The hydrogen and s u l f u r  r e s u l t s  were a c c e p t a b l e ,  but  carbon  

was o f f  by a p p ro x im a te ly  1.15%. ( A n a l y s i s  observed:

EN-G -31-3  -  5 5 . H0%C, 5.36%H, 18.U5JS, EN-G-36-5  -  55 .33JC,

cm"1 was present  which may be due to the presence o f  an

5 .25XH,  1 8 . 3 m .  C a l c . :  5*».22XC, 5 .12XH,  18 .09X S ) .

TMSCI 
HMDS

c h 2c i2 

24 HRS, RT
Equat ion  6 3
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The mass s p e c t ra  f o r  EN-G-31-3  and EN-G-36-5  was n e a r ly  

i d e n t i c a l .  They showed peaks a t  139, 157, 198, 279 ,  366,

382 ,  and M16 ( r e l a t i v e  i n t e n s i t i e s  were a p p ro x im a te ly  3: 10: 

7: 9; 1: 1: 1, r e s p e c t i v e l y ) .  From these r e s u l t s ,  we

assumed the m o le c u la r  w e ig h t  was 416 whereas the e t h e r  has a 

m o le c u la r  w e ig h t  o f  35*1. Th is  d i f f e r e n c e  o f  62 cou ld  be made 

up o f  CH^SO (n o t  a c c e p ta b le  because no a d d i t i o n a l  

methylene protons were found by NMR) or  NSO (n o t  a c c e p ta b le  

because no reasonab le  mechanism has been f o u n d ) .  Note t h a t  

a d d i t i o n  o f  e i t h e r  o f  these fragments to  the formula  f o r  the  

b i s - ( t o s y l m e t h y 1) e t h e r  we propose does not  g iv e  a formula  

which corresponds to  the a n a l y t i c a l  r e s u l t s  (eg.  

C^HfgSO^ ♦ NSO g iv e s  ( c a l c . )  46.2%C, e t c . ) .  We 

have t r i e d  to  propose o th e r  s t r u c t u r e s  but t h a t  o f  the b is  

e t h e r  seems to  be the one t h a t  f i t s  the  data  more c l o s e l y  

than the  o t h e r s .  The mechanism which we have p o s tu la te d  is  

shown in  scheme 39 .

The r e a c t i o n  (2 2 0 )  shown in  eq u a t io n  64 is  an example of  

a t r i a l k y l s i l o x y  group (upon t re a tm e n t  w i th

BF2~Et20) l e a v in g  to  form the a lk e n e .  The s p e c i f i c  

example which the au thors  showed was t h a t  o f  a s i l y l  

p r o t e c t e d  a l l y l i c  a lc o h o l  e l i m i n a t i n g  to  form the a lk e n e .

Another  example o f  t r i m e t h y l s i l a n o l  as a l e a v i n g  group  

is  from the work o f  Olah ( 2 2 1 , 2 2 2 )  in  which he t r e a t e d  

a lc o h o ls  w i th  t r i m e t h y l s i l y l  c h l o r i d e  and l i t h i u m  bromide
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H ^ ) - S 0 2C H 20 H

TMSCI n

HMDS
S 0 2 C H 20 S iM e 3

^ 0 S » M e 3  

- 0 - 8 0  C H ,CH S O g ® -  
HO

—< ^ > -S 0 2CH2 ) o  +  Me3 Si)20  +  HgO

Scheme 39

Me
yv. / O - S i - t B u

* 0 $ , i .

BF-
■* R

p p Me 
f 3 b \  i 

X  + O -S i-tB u

1 j  H

. / \ / O 0 F 2  
1 H

RCV0H"2 H

' r y - H
R o

Equat ion  64

( 2 2 1 )  or  sodium io d id e  ( 2 2 2 ) .  Al though the mechanism was not
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discussed in these  papers ,  i t  is  probably  t h a t  shown in 

e q u a t io n  65 .  I n  t h i s  example ,  the  t r i m e t h y l s i l o x y  group is  

d is p la c e d  by the n u c l e o p h i l i c  h a l i d e  ion .

The drawbacks to t h i s  mechanism are  t h a t  groups a lpha  to 

a s u l fo n e  group a r e  not  g e n e r a l l y  e a s i l y  d is p la c e d  due to  

the  e l e c t r o n  w i th d r a w in g  n a tu r e  and s t e r i c  e f f e c t  o f  the  

s u l f o n e  group. In  a d d i t i o n ,  a thorough search o f  the  

l i t e r a t u r e  was made and, as f a r  as we found,  no o th e r  

r e a c t i o n s  o f  t h i s  type have been r e p o r t e d .

In  c o n c lu s io n ,  w h i l e  a t te m p t in g  to  s i l y l a t e  the  

t o s y l m e t h a n o l , we o b ta ined  a compound w i t h o u t  t r i m e t h y l s i l y 1 

p ro tons  which a f t e r  a d d i t i o n  r e c r y s t a l l i z a t i o n  gave the  same 

a n a l y t i c a l  r e s u l t s  d e s p i t e  a change in  m e l t i n g  p o i n t ,  

p o s t u l a t e d  the s t r u c t u r e  o f  t h i s  compound t o  be 

b i s - ( t o s y l m e t h y l )  e t h e r .  The drawbacks to  t h i s  proposed 

s t r u c t u r e  a re  the  a n a l y s i s ,  which was o f f  by >1% f o r  carbon,  

and the  mass sp e c tra  which i n d ic a t e d  a m o le c u la r  w e ig h t  of  

62 g /mole  g r e a t e r  than f o r  our s t r u c t u r e .  The mechanism we 

proposed, a l th o u g h t  i t  has no precedent  in  the  l i t e r a t u r e ,  

does appear  to be r e a s o n a b le .

t m s c i
ROH __________> R Br

L iB r

Equat ion  65
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6 . Conc lus ion  o f  a lp h a -A lk o x y  Su l fone  Work

T a b le  12 shows a comparison o f  some o f  the s u l f u r  

rea g e n ts  ( 1 6 0 , 1 6 4 )  a v a i l a b l e  f o r  t h i s  type  of  

t r a n s f o r m a t i o n .  " S yn th e s ize d "  p r i c e s  were o b ta ined  fro«  

e q u im o la r  amounts o f  reagen ts  assuming 100J y i e l d s .  Prices 

( 1 6 0 )  do not  t a k e  i n t o  account  s o l v e n t s ,  c a t a l y s t s ,  e tc . .  

As seen in  Tab le  12 ,  both d i t h i a n e  and e t h y l  e th y l th io m e th y l

s u l f o x i d e  cost  about  the same when " s y n t h e s iz e d " .  They both

have th e  drawback t h a t  they are  s y n th e s iz e d  from mercaptaos. 

The c y c l i c  a lk o x y  s u l fo n e  is  made from in exp e n s ive  reagents. 

I t  has the  drawback t h a t  i t  i s  made from a four  step

p ro c e d u re .  I t  i s  s yn th e s ize d  by way o f  a rou te  that

produces mercaptans and uses LAH.
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S e c t io n  D. E x p er im en ta l

Melting points were determined using a Thomas-Hoover 

Uni-melt apparatus and are uncorrected. Proton spectra were 

recorded at 60 MHz on a Varian EM360 instrument with TMS as 

an internal  standard. Chemical sh i f ts  were recorded in parts 

per m il l ion  downfield from TMS with the m u l t ip l ic i ty  

(s=singlet ,  d=doublet, dd=doublet of doublets, t = t r i p l e t ,  

m=multiplet, br= broad). Infrared spectra were recorded on 

Perkin Elmer IR 598 instrument, unless otherwise indicated.  

Absorptions are reported in reciprocal centimeters with 

in tensity  in parentheses (s=strong, m=moderate, w=weak).

S i l ic a  gel thin layer chromatography was performed using 

Polygram pre-coated s i l i c a  gel plates (0.2 MN s i l ic a  gel 

N-HR, distr ibuted by Brinkmann Instruments, Inc . )  

Visualizat ion was performed by placement in an iodine 

chamber. Dimethyl sulfoxide (referred to as dry DMSO) was 

dried by d i s t i l l a t i o n  from calcium hydride at reduced 

pressure and stored over 4A molecular sieves (which had been 

dried by heating several hours at 300°C). DMSO specified 

as wet was commercial grade which was reported to contain 

99+X DMSO. Methylene chloride was d is t i l l e d  from 

phosphorous pentoxide and stored over 4A molecular sieves. 

Cyclohexene was purif ied by a simple d is t i l l a t i o n .  Dimethyl
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formamide was p u r i f ied  by azeotropic d i s t i l l a t i o n  from 

benzene, followed by shaking with barium oxide, d i s t i l l i n g  

under reduced pressure, and storing over 4A molecular 

sieves.

Microanalysis was performed by Schwarzkopf (Woodside, 

N.Y.)  or  by Galbraith (Knoxvil le ,  Tenn.) Laboratories.

Gas chromatography was performed on a Perkin Elmer 900 

with a DC 710 W 9 ’ x 1/4" column.

Flash chromatgraphy was performed using S i l ic a  Gel 60 

(p a r t i c le  size 0 .040 -0 .063 ,  EM Reagents).

Experimental Work on the Reaction of Alkenes with

NBS and Dry DMSO

1. Synthesis of 2-Brotno cyclohexanone by 

known routes.

Method A: PCC oxidation of 2 bromocyclohexanol (141) .  To

a 100 mL RBF was added PCC (6.46 g, 0.03 moles ) ,  40 mL

methylene chloride (previously d i s t i l l e d  from P2 O5 ) 

and EN-A-48-1 (3 .58 g, th is  consisted of 74% BrOH, 5%

BrC=0, and 21% Brg r e la t iv e  yields as determined by GC) 

and s t i r re d  for 5 1 /2  hours at room temperature. Progress 

of the reaction was followed by GC. When i t  appeared that  

the amount of BrC=0 was not increasing, addit ional  PCC (2.15  

g, 0 . 0 1  moles) was added and the mixture was s t i r re d  an
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additional hour. Ether (40 mL) was added and the solution
was decanted from the resu lt ing  so l id .  The solid was washed

with more ether (3 x 10 mL). The combined ether layers were 

then rotary evaporated and d i s t i l l e d  to give four fract ions  

with r e la t iv e  y ie lds as determined by GC of 7% BrOH, 771

BrC=0, and 17% Br  ̂ ( 3 4 %). The bromo ketone was collected  

o f f  the GC using a small bent glass tube immersed in an 

isopropanol/dry ice s lu r ry .  I t  was id e n t ica l  upon 

re in je c t io n  and coin ject ion .

QP ifeqbs..^: 31.8°C at 0.08 mm Hg

90°C at 14 mm Hg = 30°C at 0 .08 mm Hg 

(estimated from the nomagraph)

Method B: Cupric bromide (47) (11 . 1 7  g, 0.05 moles) and 25

mL ethyl acetate were brought to re f lux  on a hot p la te .  To 

th is  mixture, cyclohexanone (3 .0  mL, 0.03 moles) in 25 mL of 

hot chloroform was added. The result ing mixture was 

refluxed with vigorous s t i r r in g  for 1 1/4 hours, f i l t e r e d ,

dried with MgSO^ f i l t e r e d ,  rotary evaporated and 

d i s t i l l e d  under reduced pressure giving 1.87 g ( 3 5 %) of  

EN-B-65-1. This was fur ther  p u r i f ied  by c o l lec t ion  o f f  GC.

ftg 7(iQl?3 T>: 37°C at 0.025 mm Hg.

( U t , ) : 90°C at 14 mm Hg = 20°C at 0.025 mm Hg
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G£jl Rt = 7 min .  T i n j .  = 160

T c o l .  s 150

Flow r a t e  = 2 . 4  s e c /1 0  mL

2 . 0  and 2 . 9  ( b r  m, 8 H ) ,  4 . 2 8  ( b r  t ,  1H) 

( i d e n t i c a l  by Method A , Method B and p ro d u c t  c o l l e c t e d  

o f f  CC)

. - U .  2940 (m ) ,  1725 ( s ) ,  1450 (m ) ,  1 430 (m ) ,

1310 (m ) ,  1210 (m ) ,  1190 ( m ) ,  1115 (m ) ,  1055 ( m ) ,  970 

( m ) ,  920 ( m ) ,  835 (m ) .

2 .  S y n th e s is  o f  1 ,2  D ibrom ocyclohexane ( 1 4 2 )

To a 3N 100 mL RBF equipped w i t h  p re s s u re  e q u a l i z i n g  

a d d i t i o n  f u n n e l  and m agnet ic  s t i r r e r ,  cyc loh exene  ( 1 5 . 2  mL, 

0 . 1 5  m o l e s ) ,  1 .5  mL abs. e t h a n o l ,  14 .5  mL CCl^ 

( p r e v i o u s l y  d i s t i l l e d )  were added and co o led  down to  

- 1 5 . 5 ° C  us ing  a CC1^/dry  i c e  s l u r r y .  To t h i s  

s o l u t i o n ,  bromine ( 2 1 . 4  g,  0 . 1 3  moles)  was added s lo w ly  

enough to  keep th e  te m p e r a tu r e  o f  the  s o l u t i o n  below  

- 1 0 ° C ,  which took 1 1 / 4  ho u rs .  Excess CCl^ and 

cyc lo h exen e  were d i s t i l l e d  away. T h is  s o l u t i o n  was then  

washed w i t h  20 mL o f  20% a l e .  K0H, w a te r  (6  x 100 mL),  

b r i n e ,  d r i e d  w i t h  MgSO^ and f i n a l l y  d i s t i l l e d  a t  reduced
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p r e s s u r e  to  g iv e  1 4 .8  g (46%) o f  E N - A - 3 6 - ( 1 - 4 ) .  CC 

i n d i c a t e d  96% Br ^  p lus  4% BrOH.

fig Cobs., ) : 99°C a t  11 mm Hg

( l i t . ) : 101°C  a t  16  mm Hg = 97°C a t  11 mm Hg.

QC: Rt s 10 min T i n j .  = 180

T c o l .  = 160

T d e t .  = 200

Flow r a t e  = 1 . 9  s e c . / IO m L  = 316 mL/min.

NMR ( C D C l j ,  ppm l: 2 . 0  ( b r  m, 8H ) ,  4 . 4 5  (m, 2 H ) .

IR_(qCLu> r m~1 ) :  2960 ( s ) ,  2880 ( s ) ,  1440 ( s ) ,  1330 ( w ) ,

1250 ( w ) ,  1175 ( s ) ,  990 ( s ) ,  895 (m ) ,  850 (m ) ,

710 (m ) ,  690 (m ) ,  640 (m) .

3 .  S y n th e s is  o f  2 b ro m o -c y c lo h e x a n o l  by D a l t o n ' s  

Procedure  (1 4 0 )

Bromohydrin  was s y n th e s iz e d  a c c o r d in g  to  the  procedure  

g iv e n  in  s e c t i o n  4 in  which the  7 0 . 9  mL o f  commercia l  DMSO 

and 1 . 3 5  mL o f  w a te r  were used to  g i v e  a b s o lu te  y i e l d s  o f  

27% BrOH and 2% B ( a s  de te rm in ed  by s p ik e  a n a l y s i s ,  

which w i l l  be e x p la i n e d  l a t e r  f o r  E N - A - 4 3 - 1 ) .  The
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bromohydrin  was c o l l e c t e d  o f f  the  GC us ing  a sm a l l  bent  

g la s s  tube immersed in  a s l u r r y  o f  i s o p r o p a n o l / d r y  i c e .  I t  

was i d e n t i c a l  upon r e i n j e c t i o n  and c o i n j e c t i o n .  ( I n  the  

f i r s t  a t te m p ts  we used to  s y n t h e s iz e  bromo k e t o n e s ,  the  

r e l a t i v e  amounts o f  the p roducts  were 8* BrOH, 23% BrC=0,  

69% Br2 . I t  was d i f f i c u l t  to  c o l l e c t  from the GC the  

sm a l l  amount o f  bromohydrin  because i t s  p e rc e n ta g e  was so 

lo w .  Because o f  t h i s ,  the  product  t h a t  we d id  c o l l e c t  was 

co n tam in a ted  w i t h  bromo ketone  as can be seen by the  peak in  

th e  c a r b o n y l  r e g io n  o f  the  I R .  I n i t i a l l y ,  the on ly  

d i f f e r e n c e  between our p rocedure  and D a l t o n ' s  was the  amount 

o f  w a te r  in  the r e a c t i o n  m i x t u r e . )

fiP C o b s , ) :  30°C a t  0 . 0 2 5  mm Hg.

( l X U i :  6U°C a t  4 mm Hg = 15°C a t  0 .0 2 5  mm Hg.

Rt = 4 . 0  min T i n j .  = 170 

T c o l .  = 155 

T d e t .  = 202

Flow r a t e  = 2 . 1  s e c /1 0  mL. = 286 mL/min.

NMR (CPC13 , P D m ) :  1 . 7  ( b r  m, 8 H ) ,  2 . 6 5  ( b r  s,  1H, d i s .

w i t h  D20 ) , 3 .7  ( b r  m, 2H)

3630 (m ) ,  2925 ( s ) ,  2830 ( s ) ,  1750 (m,
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c o n ta m in a t io n  from B rC = 0 ) ,  1470 ( s ) ,  1380 ( s ) ,  1350 ( s ) ,  

1230 ( s ) ,  1190 ( s ) ,  1125 ( m ) , 1080 ( s ) ,  1040 ( m ) ,

960 ( s ) ,  830 ( s ) ,  690 ( s )

4 .  V a ry in g  the  Amount o f  DMSO in  the  D a l t o n  R e ac t ion  

on Cyclohexene ( 1 4 0 )

Cyclohexene ( 3 . 0  mL, 0 . 0 3 0  m o le s ) ,  commercia l  DMSO 

( 2 8 . 4  mL, 0 . 4 0  moles)  and w a te r  ( 1 . 3 5  mL, 0 . 0 7 5  moles)  were 

combined ( i n  a f l a s k  t h a t  had p r e v i o u s l y  been purged w i t h  

n i t r o g e n )  and coo led  to  19°C w i t h  the use o f  an ic e  

w a te r  b a t h .  N -brom osucc in im ide  (NBS) ( 1 0 . 6 8  g, 0 . 0 6 0  moles  

was added s lo w ly  w i t h  s t i r r i n g  ( a p p r o x i m a t e ly  0 . 3  g every  

10 se c o n d s ) .  T h is  m ix t u r e  was s t i r r e d  f o r  15 m inutes  and

then poured i n t o  300 mL o f  w a te r  and e x t r a c t e d  w i t h  e t h e r  (5  

x 50 mL) .  The combined e t h e r  e x t r a c t s  were washed w i t h  5 % 

aqueous NaHCO^ (3  x 100 mL) ,  s a t u r a t e d  aqueous NaCl (3  x 

65 mL) ,  then d r i e d  w i t h  MgSO^f f i l t e r e d ,  and r o t a r y  

ev a p o ra te d  to  g iv e  a y e l l o w i s h  l i q u i d .  Th is  was d i s t i l l e d  

a t  reduced p re s s u re  to  g iv e  3*31 g o f  o i l y  p roduct  which was 

a n a ly z e d  by GC f o r  r e l a t i v e  y i e l d s  (comparison o f  a rea  under  

th e  peak)  and f o r  a b s o lu te  y i e l d s  (by comparison o f  an 

i n t e r n a l  s ta n d a rd  which was added a f t e r  the product  was

d i s t i l l e d ,  in  t h i s  case i t  was 1-bromo adam antane) .
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The r e a c t i o n  was rep e a te d  w i t h  v a r y in g  amounts o f  DMSO. 

R e s u l ts  a re  summarized in  T a b le  1.

Rt BrOH = 3 . 7  min T i n j .  = 156

Rt Br2 = 6 . 6  min T c o l .  = 148

Rt sp ike=  1 2 .7  min T d e t .  = 243

Flow r a t e  = 2 . 0  s e c /1 0  mL 

= 300 mL/min

5 .  Sample C a l c u l a t i o n  o f  Using Sp ike  A n a ly s is  

E N -A -6 1-1

Aw=wt. o f  bromohydrin  = 0 .0 8 6 9  g

Cw=wt. o f  s p ik e  = 0 .0877

Aa=area o f  bromohydrin  =1251

Ca=area o f  s p ik e  =1656

f  = X25JL = 1 . 3 2

Ca 1656

Aw'=wt o f  sample E N - A - 4 2 - 1 

Cw’ =wt o f  sp ike  

A a '= a r e a  o f  bromohydrin
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C a ' = a r e a  o f  sp i ke = 1125

A * '  A

A i ’ 23JU

f  = £ * '  -  . 0497  = 1 . 3 2  x = 0 . 1 7 1 5  g 

1125

Wt o f  sample t o t a l  wt o f  sample

2^1215 = *  x = 3 . 1 6  g

0 . 1 7 9 4  3 . 3 1

5 y i e l d  = 2 ^  g = 49.6%

wt .  t h e o .  6 . 3 7

6 .  Re ac t ions  shown in p a r t  4 ,  except  under  Anhydrous  

C o n d i t i o n s

These r e a c t i o n s  were r e pe a t e d  as above,  except  t h a t  in  

each case the DMSO used had been d i s t i l l e d  under  reduced  

p r e ss u r e  from Ca t ^ ,  and no w a t e r  was added.  R e su l ts  are  

summarized i n  T a b l e  2 .
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7.  Bromo Ketone Re ac t ion  w i t h  CHpCl^,  Run a t  2 ° C Upon 

Which Other  V a r i a t i o n s  were T r i e d

Cyclohexene ( 1 . 5  mL, 0 . 0 1 5  m o l es ) ,  methy lene c h l o r i d e  

(30 mL, 0 . 4 7  moles)  and dry DMSO (75 mL, 0 . 5 2  moles)  were 

combined under  n i t r o g e n ,  and cooled to 2°C us ing an ice  

w at e r  ba t h .  NBS ( 5 . 3 4  g> 0 . 0 3 0  moles)  was added.  The 

t e mp er a t u re  rose to 10°C and then dropped back down to  

2°C.  The m i x t u r e  was s t i r r e d  f o r  30 minutes .  Next ,

NEt^ ( 2 . 1  mL, 0 . 0 1 5  moles)  was added.  The m i x t u r e  was 

s t i r r e d  f o r  an a d d i t i o n a l  15 minutes ,  and poured i n t o  300 mL 

of  w a t e r ,  and then e x t r a c t e d  w i t h  e t h e r  (1 x 100 mL, then 3 

x 50 mL).  The combined e t h e r  e x t r a c t s  were washed w i t h  10X 

aqueous Na2S20^ (4 x 22 mL) ,  s a t u r a t e d  aqueous

NaHCOj (2  x 45 mL) and b r i n e  (2 x 45 mL),  then d r i e d  

over  MgSO^, f i l t e r e d ,  r o t a r y  e v a p or a te d ,  and d i s t i l l e d  

(33°C a t  0 . 0 8  mm Hg) .  R e l a t i v e  y i e l d s  were determined  

by GC under  same c o n d i t i o n s  as p r e v i o u s l y  s t a t e d .

V a r i a t i o n s  t r i e d  and t h e i r  r e s u l t s  are  shown in Tab le  3.

8.  Bromo Ketone React ions  run in  the  Presence o f  Resins

A. T y p i c a l  convers i on  o f  C l "  r e s i n  i n t o  BFl4” r e s i n .
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Ac tua l  p r e p a r a t i o n  o f  B-40 r e s i n .

A m b e r l i t e  r e s i n  ( I R A - 4 0 0 ,  15 .9  g)  and DMSO ( d i s t i l l e d

from CaH^, 50 mL) were combined and s t i r r e d  under  N2  

f o r  35 minutes a t  room t e mp er a t u re ,  then poured i n t o  300 mL 

wat er  and vacuum f i l t e r e d  through a coarse s i n t e r e d  g l ass  

f u n n e l .  The r e s i d u e  was t r a n s f e r r e d  t o  a 3 / 4  inch d i amet er  

column which had a g l ass  wool plug a t  the bot tom and washed 

in  s e r i e s  w i t h :

1.  d i s t i l l e d  wa te r  88 mL

2 .  1M NaCl 175 mL

3.  d i s t i l l e d  w a te r  175 mL

(no ppt  when t e s t e d  w i t h  1 M AgNO^)

4.  1M NaBFy 262 mL

( u n t i l  on l y  a f a i n t  p p t .  appeared when the  

e f f l u e n t  was t e s t e d  w i t h  1M AgNO^)

5.  d i s t i l l e d  w a t e r  175 mL

6 .  abs.  EtOH 150 mL

7 .  anhyd.  e t h e r  110 mL

The washed r e s i n  was placed in  d r y i n g  p i s t o l  ( 40° C,  

approx.  0 . 1 0  mm Hg) and d r i e d  a pp r o x i m a t e l y  22 hours.

B. P r e p a r a t i o n  o f  o t h e r  r e s i n s  shown in Tab le  4.

C. React ion  run on r e s i n s .
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Resins ( pr epar ed  shown in Tab le  4 ) ,  ( 1 0 . 6 4  g,  2000 e q , 

cyc lohexene ( 1 . 5  mL, 0 . 0 1 5  moles,  dry DMSO (75 mL, 1.1  

moles)  and methy lene c h l o r i d e  (30 mL, 0 . 0 1 5  moles)  were 

combined under  N2 and cooled to  2 ° C in  an i c e  wa te r  

b a t h .  NBS ( 3 . 2 0  g,  0 . 0 1 8  moles)  were added,  and the m i x t u r e  

was s t i r r e d  f o r  15 minutes .  Then,  NEt^ ( 2 . 1  mL, 0 . 0 1 5  

moles)  was added and the  m i x t u r e  was s t i r r e d  f o r  an

a d d i t i o n a l  15 minutes ,  then poured i n t o  300 mL o f  w a t e r .  

The r e s i n  was f i l t e r e d  and washed w i t h  two 100 mL p o r t i o n s  

o f  e t h e r .  The aqueous f i l t r a t e  was washed w i t h  an

a d d i t i o n a l  two 50 mL p o r t i o n s  o f  e t h e r  and the combined 

o r gan ic  l a y e r s  were washed w i t h  two 44 mL p o r t i o n s  o f  10% 

aqueous Na2s202» two 44 mL p o r t i o n s  o f  s a t u r a t e d  

aqueous NaHCO^, and two 44 mL p o r t i o n s  o f  b r i n e .  The

r e s u l t i n g  o r ga n ic  l a y e r  was d r i e d  over  MgSO^, g r a v i t y

f i l t e r e d ,  r o t a r y  e v a p or a t e d ,  and the r es i du e  was d i s t i l l e d ,  

and ana lyzed  by GC (same c o n d i t i o n s  as p r e v i o u s l y  

i n d i c a t e d . )  R e su l ts  a re  shown in Tab le  4 and 5.

9.  React ions  using P y r i d i n e  Oxide ( 1 3 5 ) ,  r a t h e r  than  

than DMSO in a t t e m p t i n g  to Sy n th e s i z e  Bromo 

Ketones .
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Presented here i s  EN- C- 39 - 1 ,  o t h e r  r e a c t i o n s  are  

v a r i a t i o n s  o f  t h i s ,  w i t h  changes as i n d i c a t e d  in  Tab le  6.

P y r i d i n e  oxide (commercial  product  which had been d r i e d  

i n  a d r y i ng  p i s t o l  f o r  25 hours a t  40°C a t  0 . 1 0  mm Hg,

5 . 7 ,  0 . 0 6  m ol e s ) ,  EtOAc (100 mL),  AgNO^ ( 1 . 2 7  g,  0 . 0 0 75

moles)  and cyc lohexene ( 1 . 5  mL, 0 . 015  moles)  were combined 

and cooled t o  2°C.  NBS ( 3 . 2  g,  0 . 0 1 8  moles)  was then  

added.  ( I n  t h i s  case a w h i t e  p r e c i p i t a t e  f o r m e d . )  A f t e r  

s t i r r i n g  f o r  3 0  minutes ,  the r e a c t i o n  m i x t u r e  was poured

i n t o  300 mL w a t e r .  ( I n  t h i s  case i t  was f i l t e r e d  to remove

AgBr ) .  The o r gan ic  m a t e r i a l  was e x t r a c t e d  using one 100 mL

and then two 50 mL p o r t i o n s  o f  e t h e r  which were combined and 

washed w i t h  two 44 mL p o r t i o n s  o f  10% aqueous 

Na2 s 2 0 3 , f o l l owed  by two 44 mL p o r t i o n s  o f  5%

aqueous NaHCO^, and f i n a l l y  two 44 mL p o r t i o n s  o f  b r i n e .

The r e s u l t i n g  e t h e r e a l  s o l u t i o n  was d r i e d  over  MgSO^, 

g r a v i t y  f i l t e r e d ,  and r o t a r y  eva por a t ed .  The r es i du e  was 

d i s t i l l e d  and then ana lyzed  by GC ( c o n d i t i o n s  p r e v i o u s l y  

s p e c i f i e d ) .

For o t he r  v a r i a t i o n s  and r e s u l t s ,  see Tab le  6 .

10.  Synthes i s  o f  D i a z a b i c y c l o ( 2 . 2 . 2 ) o c t a n e  

Monoxide ( 223)
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D i a z a b i c y c l o ( 2 . 2 . 2 ) o c t a n e  (Dabco)  (purchased from 

A l d r i c h ,  11 . 2  g,  0 . 1 0  moles)  was d i s s o l v e d  in  50 mL of  

benzene a t  room t e m p e r a t u r e .  Hydrogen p e ro x id e  ( 1 1 . 3  g o f  

30% H2 O2 , 0 . 1 0  moles)  was added from an a d d i t i o n

f u n n e l  a t  a r a t e  o f  a p p r o x i m a t e l y  1 d r o p / s e co nd .  Foaming and 

f a i r l y  r a p i d  b o i l i n g  ensued.  The m i x t u r e  was kept  a t  room 

t e m p e r a t u r e  o v e r n i g h t .  P l a t i n u m - o n - c a r b o n  ( 0 . 1 1  g)  was 

added.  C e l i t e  ( 2 . 7 8  g)  was then added and the m i x t u r e  was 

s u c t i o n  f i l t e r e d .  The r e s u l t i n g  f i l t r a t e  was r o t a r y  

eva po r a t ed  w i t h  the w a t e r  bath  t e mp e r a t u r e  i n c r e a s i n g  from 

room t e m p e r a t u r e  to 90°C.  The r e s i d u e  was p l aced  on the  

vacuum pump and s h o r t l y  t h e r e a f t e r  i t  c r y s t a l l i z e d .  I t  was 

k ep t  on the  vacuum pump a t  RT f o r  6 1 / 2  hours to remove any 

t r a c e s  o f  w a t e r .  The w e i g h t  o f  d r i e d  product  ( E N - G - 4 0 - 1 )  

was 9 - 8 2  g ( 78%) .

89°C

121 - 3 ° C

X e x c i d x o s - k - o m l : 3 - 1 5 ( b r  d)

: 3660 - 3000  ( s ) ,  296 0 - 2840  ( s ) ,  1455 ( s ) ,  

1320 ( s ) ,  1240 (m) ,  1065 (m) ,  1040 ( s ) ,  930 ( s ) ,  830 

( m) ,  650 ( s ) .
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11.  S y n t h e s i s  o f  Q u i n u c l i d i n e  Oxide ( 2 2 4 )

To a s o l u t i o n  o f  q u i n u c l i d i n e  ( 9 . 8  g,  0 . 0 9  moles)

d i s s o l v e d  in 11 mL o f  methanol  was added 

( 2 9 . 7  gi  0 . 2 6  moles)  d r opw is e .  A f t e r  s t a n d i n g  o v e r n i g h t ,  

the m i x t u r e  was de t er mined  to be no l o n g e r  b a s ic  by t e s t i n g  

a drop o f  r e a c t i o n  m i x t u r e  in a sma l l  amount o f

p h e n o l p t h a l e i n . Pt /C  ( c a u t i o n :  f i r e  h a z a r d )  ( 0 . 0 4 8 5  g) was 

added and a l lo w e d  to stand 4 hours ,  a f t e r  which the m i x t u r e  

no l o n g e r  showed the  presence of  p e r o x i d e s  (as  t e s t e d  w i t h  

an aqueous s o l u t i o n  o f  potass ium i o d i d e . )  A f t e r  a d d i t i o n  o f  

c e l i t e  ( 1 . 0 7  g ) ,  the m i x t u r e  was f i l t e r e d  and heated from

room t e m p e r a t u r e  to 60°C on the  r o t a r y  e v a p o r a t o r  and 

then under  vacuum ( 0 . 1 0  mm Hg, 95°C)  to  remove t r a c e s  o f  

w a t e r .  Weight  o f  the  p roduct  ( E N - G - 3 9 - 1 )  was 11 . 2  g

( a p p r o x .  1 00 i  y i e l d ) .

70 -  7 2 . 5 ° C  

I X L t U :  110°

N M R ( CDCl3 t ppm) :  2 . 0 8  ( b r  t ,  7H) 3 . 4 5  ( b r  t ,  6H) 4 . 5 5  

( s ,  H2 O -  absorbed p o s s i b l y  d u r i n g  w e i g h i n g )
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HC1- ,  n m ' 1] ; 3650 ( m) ,  360 0 - 3040  ( b r ,  3 ) ,  2900

( b r ,  s ) ,  1630 ( m ) , 1455 ( 3 ) ,  1345 ( m ) ,  1250 ( m) ,  1060

( 3 ) ,  930 ( 3 ) ,  910 ( m) ,  820 ( m) ,  645 ( 3 ) .

12.  Re ac t ion s  us ing  D i f f e r e n t  Amine Oxides and 

D i f f e r e n t  S o lv e n t s

A c t u a l  Reac t ion  us ing  Q u i n u c l i d i n e  Oxide and 

DMF ( E N - D - 2 4 - 1 )

Q u i n u c l i d i n e  ox ide  ( 6 . 5  g,  0 . 5 8  m o l e s ) ,  DMF (50 mL) and 

cyc lohexene  ( 1 . 5  mL, 0 . 0 1 5  mL) were combined and coo led to  

2°C .  NBS ( 5 . 2 7  g ,  0 . 0 3  moles)  was added and the  

r e s u l t i n g  m i x t u r e  was s t i r r e d  f o r  18 m in u t e s .  T r i e t h y l a m i n e  

( 2 . 1  mL, 0 . 0 1 5  moles)  was then added and t he  r e s u l t i n g  

r t i ixture was s t i r r e d  f o r  an a d d i t i o n a l  15 m i n u t e s .  Th is  

m i x t u r e  was then poured i n t o  300 mL o f  w a te r  and e x t r a c t e d  

w i t h  one 100 mL p o r t i o n  and two 50 mL p o r t i o n s  o f  e t h e r .  

The combined e t h e r e a l  e x t r a c t s  were washed w i t h  two 75 mL 

p o r t i o n s  o f  105 aqueous Na2 S202 and two 50 mL 

p o r t i o n s  o f  b r i n e .  The r e s u l t i n g  m i x t u r e  was d r i e d  w i t h  

MgSOjj and t he  e t h e r  was d i s t i l l e d  away.  The a b s o l u t e  

y i e l d s  were de t ermined  on GC us ing  an added i n t e r n a l  

s t a n d a r d ,  as b e f o r e .
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13.  Re ac t io n s  and R e s u l t s  o f  Re ac t ions  us ing  

O the r  Amine Oxides a r e  Shown in T a b l e  7 .

E x p e r i m e n t a l  Work on the  Use o f  T o s y l m e t h y l  THP Et her  

As an Acy l  Anion E q u i v a l e n t

1.  For mat ion  o f  Tosy l  Hydroxy Methane

«

Hydra ted  sodium t o l u e n e s u l f i n a t e  ( 4 . 3 - H 2 O) ( 9 8 . 0 5 5  

g,  0 . 38U moles)  was added to  4 6 . 9  g ( 0 . 5 8  moles)  o f  

f o r m a l i n .  Co nc en t r a t e d  HC1 ( 3 1 . 4 5  mL, 0 . 0 3 8 4  moles)  was

added and the m i x t u r e  was heated t o  70°C,  and then  

coo led  t o  room t e m p e r a t u r e .  A s o l i d  clump was formed which  

was d i s s o l v e d  in  700 mL o f  e t h e r  and was washed w i t h  70 mL

o f  w a t e r ,  d r i e d  w i t h  MgS04 , f i l t e r e d ,  and r o t a r y  

eva po r a t e d  t o  produce w h i t e  c r y s t a l s .  Th is  was then

r e c r y s t a l l i z e d  from benzene to y i e l d  5 9 . 8  g ( 88? )  o f

t o s y l m e t h a n o l  ( E N - F - 5 4 - 2 ) .

M £ - U & L J =  9 2 . 9  -  93 . 6 ° C  

90°C ( 2 02 )

U , U U =  95°C ( 203 )

JL£ :  one spot  us ing v a r i o u s  s o l v e n t s
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Ethanol 0 . 6 5

Acetone 0 . 0 3

EtOAc, CHCl^, CH2 CI2 0 . 0 0

Nflft .pgq?): 2 . 4  ( 3 , 3H) , 4 . 5  ( s ,  1H, d i s a pp e ar s

w i t h  D20 ) ,  4 . 6  ( s ,  2 H ) ,  7 . 4 5  ( q ,  4H)

1595 ( s ) ,  1490 ( m) ,  1400 ( m) ,  1300 ( s )

1140 ( s ) ,  1080 ( s ) ,  1020 (m) ,  920 ( s ) f 8 10 ( s ) ,

620 ( m ) , 540 ( 3 )

2 .  For mat ion  o f  T o s y l m e t h y l  THP E t her  ( 2 0 6 )

T os y l met han o l  ( E N - F - 5 4 - 2 ,  3 4 . 4 2  g,  0 . 1 8 5  m o l e s ) ,

p y r i d i n i u m  t o l u e n e s u l f o n a t e  ( 2 0 6 )  ( 5 . 0 1 4 4  g,  0 . 0 2 0  m o l es ) ,

d i h y d r o p y r a n  ( d i s t i l l e d  from sodium,  2 7 . 3 6  mL, 0 . 3 0  moles)

and CH2 c i 2 ( d i s t i l l e d  from P2 ° 5 » ^50

were combined and s t i r r e d  f o r  4 hours a t  room t e m p e r a t u r e .  

T h i s  was then washed w i t h  h a l f - s a t u r a t e d  b r i n e  (2 x 100 mL) 

and s a t u r a t e d  NaHCO^ (2 x 125 mL) .  The aqueous l a y e r s  

were back washed w i t h  50 mL CH2 C l 2  and the combined 

o r g a n i c  l a y e r s  were d r i e d  w i t h  , f i l t e r e d  and

IiL L U  3400 ( s ) ,  3020 ( m) ,  2900 (m)
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o i l  and the m i x t u r e  was then placed in the f r e e z e r .  I f  the 

r e s u l t i n g  c r y s t a l l i n e  product  was y e l l o w i s h ,  i t  was 

necessary  to remove the ye l l ow  i m p u r i t y  using f l a s h  

chromatography ( 4 / 1 :  h e x a n e / e t h y l  a c e t a t e ) .  The ye l low

i m p u r i t y  stayed a t  the top o f  the column.  The a p p r o p r i a t e  

f r a c t i o n s  ( Rf  = 0 . 3 ,  4 / 1 : h e x a n e / e t h y l  a c e t a t e )  were

c o n c e n t r a t e d ,  then washed w i t h  s a t u r a t e d  NaHCO^ ( 2  x MO 

mL).  The aqueous l a y e r s  were back washed w i t h  e t h e r  (40 mL) 

and the or gan ic  l a y e r s  were combined,  d r i e d  w i t h  

K2 CO3 , f i l t e r e d  and r o t a r y  eva por at ed .  Hexane was 

then added t o  t h i s  o i l ,  and i t  was p l aced in the f r e e z e r .  

The r e s u l t i n g  c r y s t a l l i n e  m a t e r i a l  was vacuum f i l t e r e d  to  

y i e l d  33 . 5  g ( 6 7 * )  o f  E N - F - 6 7 - 6 .

5 3 . 8  -  55 . 0°C

’• C: 5 7 . 6 8 *  H: 6 . 6 8 * S: 1 1 . 6 0 *

l £ a l £ ^ i : C :  5 7 . 7 6 *  H: 6 . 715  S: 1 1 . 8 6 *

IL £ : one spot  s o l v e n t  3 / 1 :  Hex/EtOAc Rf = 0 . 5 3

NMR_lCDCl^_M 1Dj : 1 .66  (m, 6 H) ,  2 . 5  ( s , 3 H ) ,  3 . 6  ( m, 2H) ,

4 . 7  ( q ,  2H) ,  5 . 0  (m, 1H) ,  7 . 6 3  ( q ,  4H)

3 0 2 0  (m) ,2945  ( s ) ,  2875 (m) ,
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1600 ( s ) ,  1 4 4 0  ( m ) , 1310 ( s ) ,  1140 ( s ) ,  1070 ( s ) ,

1030 ( s ) ,  960 ( s ) ,  925 ( s ) ,  900 ( s ) ,  865 ( s ) ,

815 ( s ) ,  630 Cm), 570 Cm)

3.  B e n z y l a t i o n  o f  T o s y lm e th y l  THP E t h e r  ( 2 1 1 )

T o s y l m e t h y l  THP e t h e r  ( 1 . 1 4  g,  0 . 0 0 4 2  moles)  was 

d i s s o l v e d  in  8 mL o f  f r e s h l y  d i s t i l l e d  ( f r om LAH) THF under  

^2 • I t  was coo led to  - 65 ° C  and nBuLi  ( 3 . 0  nL o f  

1 . 5 5  M, 0 . 0 0 4 6  moles)  was added by a gas t i g h t  s y r i n g e .  The 

m i x t u r e  was then a l lowed  to  warm to - 2 0° C  in  

a p p r o x i m a t e l y  3 0  minutes  and then coo led back down to  

- 6 5 ° C .  Benzyl  bromide ( 0 . 7 9  g,  0 . 0 0 4 6  moles)  was added 

d r op w is e .  The t e mp e r a t u r e  was a l lo wed  to  s l ow ly  r i s e  to 

room t e m p e r a t u r e  d u r i n g  a p e r i o d  o f  5 hours .  The r e a c t i o n  

m i x t u r e  was then n e u t r a l i z e d  by adding 20 mL o f  0 . 1  N HC1.  

The product  was e x t r a c t e d  w i t h  e t h e r  (2  x 20 mL, 1 x 10 

m L ) , washed w i t h  s a t u r a t e d  NaHCO^ (20 mL) ,  d r i e d  w i t h  

MgS0llf f i l t e r e d ,  and r o t a r y  e v a p o r a t e d .  Hexane was 

added to  the  r e s u l t i n g  o i l ,  and w h i t e  c r y s t a l s  were formed,  

0 . 4 8  g o f  E N - E - 6 4 - 2  ( 5 15 )  . Th i s  produce was not  r o u t i n e l y  

i s o l a t e d ,  but  a l k y l a t e d  products  were d i r e c t l y  h y d r o l y z e d .  

Y i e l d  was not  o p t i m i z e d  h e re .
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: 75 - 76°c

I L £ : s o l v e n t  7 / 1  Hex/EtOAc Rf = .15 major

Rf = .31 minor

(pheny l  a c e t a l d e h y d e )

NMR (CPC13> ppqp) :  1 .6  (m, 6 H ) ,  2.M6 ( s ,  3H) ,  2 . 7 8  ( b r  s,  2H ) ,

3 . ^ 3  ( q ,  2H) ,  4 . 9 4  ( q ,  1H) ,  5 . 1 8  ( b r  s,  1H) ,

7 .2H ( s ,  5H) ,  7 . 5 6  ( q ,  MH)

M. General  A l k y l a t i o n  Procedure ( 211 )

Tos y lmet hy l  THP e t h e r  (which had been s tor ed  in  the  

f r e e z e r )  ( 5 . 5 4  g,  0 . 0 21  moles)  was d i s so l v e d  in  MO mL 

f r e s h l y  d i s t i l l e d  ( f rom LAH) THF. I t  was cooled under

N2 to  - 67 ° C and nBuLi ( 1 3 . 6  mL o f  1 . 5 5  M, 0 .021  

moles)  was added by a gas t i g h t  s y r i n g e .  The m i x t u r e  was 

then a l lowed to  warm to  - 20 ° C in app ro x i ma t e l y  30 

minutes ,  and then cooled back down to  - 6 7 ° C .  The 

a l k y l a t i n g  agent  ( a p p r o x i m a t e l y  0 . 0 15  moles)  was added in a 

50% THF s o l u t i o n  by gas t i g h t  s y r i n g e .  The m i x tu r e  was then 

cooled down to  -67° C and the t emper a t ur e  was a l lowed to  

s l ow ly  r i s e  to room t emper a t ur e  dur i ng  a per iod  o f  5 hours.
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Next  the r e a c t i o n  m i x t u r e  was poured i n t o  25 mL o f  b r i n e  

and e x t r a c t e d  w i t h  e t h e r  (4 x 30 mL).  The combined or gan ic  

l a y e r s  were washed w i t h  25 mL of  b r i n e ,  d r i e d  w i t h  

l^CO^,  f i l t e r e d ,  and r o t a r y  e va p o r a t e d .  The 

r e s u l t i n g  crude c o n c e n t r a t e  was then hydro lyzed  as d e t a i l e d  

below.  V a r i a t i o n s  and f i n a l  r e s u l t s  a re  shown in  Tab les  9,  

10,  and 11.

5 .  H y d r o l y s i s  o f  A l k y l a t e d  T os y l met hy l  THP Ether

Method A: Co re y ' s  ( 2 1 7 )  method.  A m i x t u r e  of  18 mL of

a c e t i c  a c i d ,  6 mL o f  THF and 6 mL o f  H^O were added to  

the crude c o n c e n t r a t e  and s t i r r e d  f o r  4 hours a t  

app ro x i ma t e l y  45°C,  then poured i n t o  25 mL o f  b r i n e  and 

e x t r a c t e d  w i t h  e t h e r  (4  x 30 mL).  The combined organ ic  

l a y e r s  were washed w i t h  b r i n e  (60 mL) ,  s a t u r a t e d  NaHCO^

(4 x 50 mL),  and aga in  w i t h  b r i n e  (60  mL) ,  then d r i e d  w i th

MgSOjj and r o t a r y  eva p or a te d .  The crude res i due  was 

d i s t i l l e d  a t  p ressure  reduced s u f f i c i e n t l y  to  g i v e  a b o i l i n g  

p o i n t  o f  app ro x i mat e l y  60°C.  The r e s u l t i n g  aldehyde was

ana lyzed by TLC, NMR and in some cases by d e r i v a t i v e

f o r m a t i o n .

Phenyl  a c e t a l d e h y d e : ( E N - F - 2 5 - 4 )
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57°C a t  4 mm Hg 

1 1 1 1 * 1 :  195°C a t  760 mm Hg = 55°C a t  4 mm Hg ( 2 25 )

C s r i i ( 2 2 6 )

MP ( o b s . ) :  1 5 0 . 2 - 1 5 1 °C 

MP ( l i t . ) :  156°C ( 2 2 7 )

I L £ :  S o l ve nt  4 / 1 :  Hex/EtOAc Rf = 0 . 5 7  major

( pheny l  a c e t a l d e h y d e )

= 0 . 8 2  t r a c e  

= 0 . 4 2  t r a c e

NMR-iCpc : 3 . 6 8  ( d ,  2 H ) ,  7 . 2 4  (m, 5H) ,  9 . 6 6  ( t ,  1H) ,

0 . 9  -  2 . 1  ( s m a l l  amount o f  i m p u r i t i e s ) ,  4 . 8  -  5 . 9  

( s m a l l  amount o f  i m p u r i t i e s )

3 0 1 0  ( m) ,  2920 (m) ,  2860 (m) ,

2720 ( w ) ,  1740 ( s ) ,  1600 ( w ) ,  1595 (m) ,  1500 (m) ,

1410 ( w ) ,  1100 (m)

Method B, C, D, and E. A d d i t i o n  o f  Concent ra t ed  Acid to  

Crude A l k y l a t e d  T os y l met hy l  THP E t h e r .

( T h i s  method was t r i e d  when a l k y l a t i n g  agent  was in 

excess as p a r t  o f  an a t t e mp t  to  s ep a r a t e  the e x c e s s
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a l k y l a t i n g  agent  from the s u l f o n e ,  then q u i c k l y  decomposing  

i t  to  the  a l d e h y d e . )

Method B: The crude b e n z y l a t e d  s u l f o n e  was put under  vacuum

( 0 . 1 5  mm Hg) f o r  a p p r o x i m a t e l y  30 m i n u t e s .  The vacuum was 

then r e l e a s e d  and two drops o f  c o n c e n t r a t e d  H2 S 0 y 

were added and r e s u l t i n g  m i x t u r e  was then d i s t i l l e d  under  

reduced p r e s s u r e .

Method C: The crude b e n z y l a t e d  s u l f o n e  was heated to

80°C under  vacuum ( 0 . 1 5  mm Hg) over  a p e r i o d  o f  

a p p r o x i m a t e l y  30 min ute s .  I t  was cooled to room t e m p e ra t ur e  

and the  vacuum was then r e l e a s e d .  Next ,  one drop o f  

H3P04 wa3 added and the  r e s u l t i n g  m i x t u r e  was 

d i s t i l l e d  a t  reduced p r e s s u r e .

Method D: The crude b e n z y l a t e d  s u l f o n e  was heated to

96°C over  a p e r i o d  o f  a p p r o x i m a t e l y  30 minutes under  

vacuum ( 0 . 1 2  mm Hg) .  Benzoic a c i d  ( 0 . 1 0  e q . )  was added i n  a 

methy l ene  c h l o r i d e  s o l u t i o n  and then the  methy lene  c h l o r i d e  

was removed by r o t a r y  e v a p o r a t i o n .  As the t e m p e ra t ur e  

i nc r e a s e d  (as was necessary  f o r  d i s t i l l a t i o n ) ,  the  

b e n z y l a t e d  3 u l f o n e  decomposed to t he  a ldehyde which then 

d i s t i l l e d  o v e r .  A problem w i t h  t h i s  method i s  t h a t  the  

ben zo i c  ac i d  subl imed i n t o  the d i s t i l l a t i o n  head but  i t  

remained t h e r e ,  t h e r e b y ,  not  c o n t a m i n a t i n g  the p r o d u c t .  

Method E: The crude a l k y l a t e d  product  was added to  500 mL

w a t e r .  The r e a c t i o n  v e s s e l  was then r i n s e d  w i t h  20 mL of
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THF. Concent ra ted  HC1 ( 0 . 7  mL) was added u n t i l  the pH was 2 

as i n d i c a t e d  by pH paper .  Th i s  m i x t u r e  was steam d i s t i l l e d  

u n t i l  250 mL o f  d i s t i l l a t e  (which conta i ned  a l a r g e  amount 

o f  THF) separ at ed  i n t o  two l a y e r s  upon s t a n d i n g .  The

aqueous l a y e r  was washed w i t h  e t h er  ( 3  x 20 mL).  The

combined o r ga n ic  l a y e r s  were washed w i t h  30 mL b r i n e ,  d r i e d  

w i t h  MgSO^, f i l t e r e d ,  r o t a r y  e va por a t ed ,  and the res i due  

was d i s t i l l e d  under  reduced p r ess ur e .

D£i£_££_flil)£r_Ald£]nd££_££ii£_i£_il)i.5_.Mai)J3£j::

Nonanal :  ( E N - F - 9 ^ - 3 )

75°C a t  8 mm Hg

X l i l - i i :  9 3 .5°C a t  23 mm Hg = 73°C a t  8 mm Hg

£ £ r iK £ X i^ £ _ l£ £ ID i£ £ r i2 £ £ £ l ) £ J l  ( 2 2 6 )

MP ( o b s . ) :  9*1.2  -  95 . 8° C

MP (obs.  on commercial  n on a n a l ) :  9*1.2 -  96 . 5°C  

MP ( l i t . ) :  100°C

IL £ :  S o lv e n t  3 / 1  CHCl^/Hexane Rf = 0 . 6 8  major  ( nonana l )

= 0 . 0 8  t r a c e
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: 0 . 9  ( t ,  3H) ,  1 .3  (m, 12H) ,  2 J 4 (m, 2H) ,

9 . 6 8  ( t ,  1 H)

U L X X iJ X l^ .c a C i i . i  2 9 1 8  ( s ) ,  2 7 2 0  ( w ) ,  1715 ( s ) ,  

1455 (m) ,  1405 (m) ,  1370 (m) ,  1260 ( s ) t 

1 1 0 0  ( s ) ,  1 0 6 5  ( s ) ,  1 0 3 0  ( s ) ,  8 1 0  (m)

4 -Pheny l  3 - b u t e n a l ;  ( E N - F - 8 6 - 3 )  ( 228 )

J3£_Xfl£.SjJ: 65°C a t  0 . 3  mm Hg.

131°C a t  14 mm Hg = 67°C a t  0 . 3  mm Hg

I L C ' S o lv e n t  4 / 1  Hexane/EtOAc Rf = 0 . 4 2  major

= 0 . 6 9  t r a c e

= 0 . 1 7  t r a c e

N M R -iC D C l^ p p m J : 3 . 3 8  (dd ,  2 H) ,  6 . 4  (m, 2 H) ,

7 . 3 5  ( s ,  5H) ,  9 . 7 8  ( t ,  1H) ,

_ IR _X XC l^^_£ID: 2 l j .  3080 (m) ,  3060 (m) ,  3020 ( s ) ,  

2940 (m) ,  2820 ( s ) ,  2720 ( s ) ,  1730 ( s ) ,

1495 ( s ) ,  1450 ( s ) ,  1395 (m) ,  1 1 2 0  (m) ,

1 0 7 0  (m) ,  1 0 3 0  (m) ,  9 6 5  ( s ) ,  695 ( s )
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6 . Re a c t io n  o f  To 3 y l  Hydroxy Methane w i t h  

TMSC1 and HMDS

Tos y l met han o l  ( 6 . 7  g,  0 . 0 3 6  m o l e s ) ,  TMSC1 ( 5 . 1  mL, 

0 . 0 2 4  m o l e s ) ,  HMDS ( 3 - 0  mL, 0 . 0 2 4  moles)  and CH2 C12  

(60 mL, d i s t i l l e d  from ^2^5^ wei"e s t i r r e d  a t  

48°C f o r  24 hours .  T h i s  was then washed w i t h  b r i n e  (1 x 

30 mL, 2  x 20 m L ) , then s a t u r a t e d ,  aqueous Na2 C0^ (1 

x 40 mL, 1 x 20 m L ) , b r i n e  (20 mL) , d r i e d  w i t h  MgSO^, 

f i l t e r e d ,  r o t a r y  eva po r a t e d  to  g i v e  a gummy s o l i d  which  

l ooked l i k e  me l ted  i c i n g  ( 6 . 3 7  g ) .  Th i s  was then d i s s o l v e d  

a t  room t e mp e r a t u r e  in EtOAc (33  mL) and p l aced  in the  

f r e e z e r  o v e r n i g h t  to  g i v e  1 . 47  g (23%) o f  n i c e ,  powdery,  

w h i t e  c r y s t a l s  ( E N - G - 3 1 - 3 ) .  Th i s  was then d i s s o l v e d  in  2 1 . 9  

mL EtOAc, in the  same manner,  to g i v e  1 . 1 9  g o f  EN-G-35-1  

(19% o v e r a l l  y i e l d ) .  EN-G-35-1  was aga in  r e c r y s t a l l i z e d  

using 9 4 . 5  mL to  g i v e  0 . 8 3 6  g o f  EN-G- 36 - 5  (13 .5% o v e r a l l  

y i e l d ,  a f t e r  two r e c r y s a l l i z a t i o n s ) .

EN-g- 3 1 - 3 :  1 1 8 - 1 1 9 0 C

E N -G - 36 - 5 :  1 3 6 . 5 - 1 39°C ( d i f f e r e n c e  due to 

d i f f e r e n t  c r y s t a l  s t r u c t u r e  ’ ( ? ) )

I I S '  V a r i o u s  s o l v e n t s :  one spot  p lus  t r a c e  o r i g i n  

spo t .

168



_5Sl^£J3i_ --B I-

Hex/EtOAc 0 . 3 7

CHCl ^ /E ther  0 . 5 0

CH2c i 2/MeOH ( 5 0 / 1 )  0 . 9 0

EN-G-31-3  55.40% C, 5-36% H, 18.45% S

EN-G-36-5  55.33% C, 5.25% H, 18.34% S

Ca lc .  54.22% C f 5.12% H, 18.09% S

( f o r  b i s - ( t o s y l m e t h y l )  e t h e r )

NMR ( CPCl3f  pDm) :  2 . 3 8  ( s ,  3H) ,  4 . 3 8  ( s ,  2H ) ,  7 . 5 0  

( q ,  4H)

_?B (CHC13> r.nT1) :  3010 ( m) ,  2920 (m) ,  1595 ( s ) ,  

1490 ( m) ,  1410 ( m) ,  1300 ( s ) ,  1210 ( s ) ,  1140

( s ) ,  1080 ( s ) ,  1020 ( m) ,  920 ( m) ,  750 ( b r ,  s)

660 ( s ) .
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Table 1. Dalton Reaction of Cyclohexene with 
Varying Amounts of DMSO. Amounts Not Specified: 
Cyclohexene (3.0 mL, 0.03 moles), Water (1.35 mL, 
0.075 moles), MBS (10.68 g, 0.060 moles), 
Temperature <20C, Time 15 mln.

Relative Yields
Muah.gr DMSO BrOH a r i= D Br2

EN- A— *11 — 1 28 mL , 0 . 4 m 73 - 27

EN-A-43-1 71 mL , 1 .0 m 69 - 31

E A - A - 44-1 150 mL , 2 . 1 m 94 - 6

EN-A-44 - 2 213 m L , 3 - 0 m 93 trace 1

Table 2. Anhydrous Reaction of Cyclohexene with 
NBS and Varying Amounts of DMSO. Amounts Not 
Specified: Cyclohexene (3*0 mL, 0.030 moles), NBS 
(10.68 g, 0.060 moles), Temperature <20C, Time 
15 mln.

Relative Xlclda
Number DMSO BrC=fl Br2

EN-A-70-1 aoaC
OCM 15 27 58

EN-A-71-1 71 mL, 1.0 m 15 36 49

EN-A-71-2 150 mL, 2.1 m 24 35 42

EN-A-72-1 284 mL, 4.0 m 37 30 33
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Table 3 . Variations Hade on tbe Reaction of Cyclohexene, NBS, and DMSO.
Aaounts of Reactants Not Specified: Cyclohexene (1.5 bL , 0.015 aoles),
DMSO (75 bL , 1.1 aoles).

Relative Ilelda
Number CH2C12 NBS Time Temo. NEt3 Additive BrOH BrC=0 Br2

EN-A-7M-1 30 mL 0.030 aoles 30 Bln. 2C none none 33 19 48
EN-A-74-2 ■ ■ a a a ■ 30 17 53
EN-A-76-1 none II a <20C a hyd.quin. 32 29 39
EN-A-80-1 none "(rec.) a a a none 33 28 39
EN-A-82-1 none a a a a oven dry 31 22 46
EN-A-85-1 none 0.018 a a a none 3* 24 42
EN-A-88-1 30 bL "(rec.) a 2C 0.017 aoles none 9 51 40
EN-A-89-1 ■ a 5 a a none 8 64 28
EN-B-8-1 ■ a 15 a a 1 eq pr.ox. 8 62 29
EN-B-9-5 ■ a a a a 3 eq " 6 64 30
EN-B-16-1 ■ "(unrec.) a a a none 5 59 36
EN-C-91-2 ■ 0.030 a a 0.045 none 7 48 45
EN-C-92-1 120 oL ■ 2 1/4 hrs 18C 0.015 none tr 61 39
EN-C-93-1 30 mL a 15 Bln 2C a 20g sieves 8 45 46



Table 4. Relative Yields Obtained Upon the Reaction of 
Cyclohexene, NBS, DMSO, CH2C12, followed by the 
Addition of NEt3 in the Presence of Resins.

Resin Reaction Rei&tlye lisld
Number Number Description of Resin Preoaration BrOH BfC==0 BrR
A-9 8 EN-B-11-1 CF3C00Na 23 47 30
B-14 EN-B-18-1 Same as A-98 (made on a 

larger scale)
6 64 23

8-20 EN-B-24-1 Pre-used B-14 resin, NaCl, NaBF4 4 83 13
B-20 EN-B-26-1 Old Bottle resin, KPF6 3 60 36
B-28 EN-B-30-1 Bottle resin, CF3C00Na 4 59 37
B-34 EN-B-35-2 Bottle resin, NaBF4 6 64 30
B-36 EN-B-39-1 Used CF3COO- resin, NaCl, NaBF4 3 83 14
B-38 EB-B-39-2 New resin, NaCl, NaBF4 6 55 39
B-40 EN-B-42-* New rerin, DMSO, NaCl, NaBF4 5 81 14
B-43 EN-B-44-1 New resin, comm. DMSO, NaCl, NaBF4 10 76 14
B-46 EN-B-48-1 New resin, dried 24 hours, 

NaCl, NaBF4
7 26 67

B-48 EN-B-50-1 New resin, DMSO, NaCl, KPF6 9 72 19
B-50 EN-B-52-1 New resin, NaCl, CF3C00Na 6 65 24
B-78 EN-B-82-1 New resin, DMSO, NaBF4 

(large batch)
4 58 38

B-87 EN-B-91-1 New resin, DMSO, (24 hrs) 
(large batch)

7 67 26

B-94 EN-B-95-2 New resin, DMSO, (24 hrs), NaCl 
NaBF4 (large batch)

7 67 27

B-87 EN-B-97-2 See above, reaction done with 
2 eq. NaBF4

7 54 40

B-87 EN-B-97-1 See above, reaction done with 
2 eq. Li2C03

4 61 35

B-98 EN-B-99-1 DMSO, NaCl,NaBF4 5 65 31
C-9 EN-C-13-2 DMSO, NaCl, NaBF4 (old good 

resins, EN-B-42-5 & EN-B-24-1)
24 65 11

C-14 EN-C-17-1 Amberlite IRA-400AR (not pre­
dried), NaCl, NaBF4

20 43 33

C-16 EB-C-19-1 Same as C-14, but pre-dried 19 59 22
C-21 EN-C-24-1 Old, no good resins (B-20) 

DMSO, NaCl, NaBF4
11 69 20

C-24 EN-C-26-1 Redid C-16 resin (DMSO 
redistilled)

12 60 28

C-25 EN-C-27-1 Dowex 1-X8, 20-50 Mesh, pre­
dried, DMSO, NaCl, NaBF4

9 56 35

C-26 EN-C-27-2 Dowex 1 1X8-400, pre-dried 
DMSO, NaCl, NaBF4

39 52 9

C-28 EN-C-32-1 Dowex 2-X8, pre-dried, DMSO, NaBF4 10 45 45
C-30 EN-C-34-1 Same as C-26 but 4 times 11 64 26
C-33 EN-C-35-1 Amberlite IRA-400CP, pre-dried, 

DMSO, NaCl, NaBF4
10 55 35
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j&Lin Reaction
Number Number Description of Resin

Relative Yield 
BcQH BfC-Q flrZ

C-36 EN-C-37-1 "Ion-Exchange Resin A-5U0", pre- 
dried, DMSO, NaCl, NaBFU

15 62 23

C-37 EN-C-38-1 Amberlite IRA-400AR, pre-dried, 
DMSO, NaBFU

10 57 33

C-38 EN-C-42-1 Used C-2<l resin, DMSO,NaCl, NaBFU 16 60 24
C-it5 EN-C-48-2 Dowex 1 1X8-400, pre-dried, 

DMSO, NaCl, NaBFU
19 67 14

C-46 EN-C-48-2 Bio-rad's AG1-X8 (OH resin) 67 22 12
C-53 EN-C-54-1 Bio-rad's AGMP-1, (Cl resin), 

pre-dried, DMSO, NaCl, NaBF4
12 62 27

C-55 EN-C-56-2 Dowex 1 1X8-400, pre-dried, 13 64 22
(small scale) DMSO, NaCl, NaBFU

C-55 EN-C-57-2 See above 3 10 7
(absolute yields

C-64 EN-C-67-1 Amberlite IRA-900 Powder, DMSO 
NaCl, NaBFU

52

C-65 EN-C-67-2 Amberlite IRA-900 Liquid 10 65 25
C-71 EN-C-75-1 Amberlite IRA-402 Liquid, DMSO, 31 29 41

NaCl, NaBFU
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Table 5. Absolute yields for the Reaction of DMSO, NBS, and Cyclo­
hexene. Reactants: DMSO (75 b L, 1.1 soles), NBS (3.20 g, 0.018 aoles), 
Cyclohexene (1.5 aL, 0.015 aoles), CH2C12 (30 aL, 0.5 aoles), NEt3 
(2.1 aL, 0.015 aoles).

.Reaction M 2 2 Solke Absolute Yields
Nnabnr Scale ( aoles) Ana l . BrOH BrC = 0 Br2

EN-C-53-1 X3 0.018 undlstllled 5 19 13

distilled 6 18 18

EN-C-57-2 X3 * undlstllled 3 10 7

distilled 3 9 7

EN-C-88-1 X1 ■(r e c ) spike 20

EN-C-90-1 * 0 .0 3 0 spike 3 HO 43

EN-C-91-1 n 0 .0 6 0 spike 13 21 10



Table 6. Reaction o f Pyridine Oxide, Cyclohexene, NBS, and Base (Triethylamine unless otherwise 
specified ). Pyridine oxide (5.7 g,0.06 moles), Cyclohexene (1.5 mL, 0.015 moles), NBS (3.2 g, 
0 . 0 1 8  moles).

Reasticn
Ntfp&sr

EN-C-22-1

EN-C-32-2

Variation 
1/2 scale

EN-C-3M-2 plus 51
mg. hydro- 
quinone

Amt Xsofi.
Salient (mL) (£) 

EtOAc 50 16-RT

DMSO & CH2C12 75 

CH2C12 50

Time NEt3 
(min. ) fo)?s)

30 0.015

Relative KUIds  
BrQH BrC=Q £c2 Anal.

Broroo ketone, plus GC 
5 other products

28 30 M2

got white ppt. 
M peaks on CC 
M spots on TLC

GC

EN-C-39-1 AgN03 
(0.0075m.) 
before NBS

EtOAc 100 100 None None CC

EN-C-M3-1 D i f f .  temp got white ppt. 5 spots on TLC 
one corr. to bromo ketone

EN-C-MM-1 D i f f .  solv. Benzene 100 20-RT 50 min "
6.5 hr

got white ppt. GC 
bromo ketone plus others



1
7

6

Reaction
HomOer

EN-C-^9-1

EN-C-51-1

EN-C-56-1

EN-C-59-1

Arot Temp.
■Yariatioo Solvent W  (£)
0.0075 EtOAc '• 2
moles AgN03 added before NBS

AgN03;Na0H " " •»

" ;2 eq NaOH " " "

" ; 10 eq NaOH " " "

Xune M£t3 R elative X U ld a
(m in.) i& le s ) ficflH BrC=Q Anal-

30 min " got white ppt. GC
None None None

" 1 eq 10% NaOH Mainly GC,IR,NMR

11 2 eq 101 NaOH Mainly Small None GC

" 10 eq 101 NaOH Most Next None GC
plus other e a r lie r  peaks
plus la te r  solid peaks
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Table 7- Reactions o f Other Amine Oxides, Alkenes, and NBS. Reactants not specified; 
Cyclohexene (1 .5  mL, 0.015 moles), DMF (solvent, unless otherwise specified ).

Reggy.cn im l- Solvent
Humber la L t iM alesJ im U

N-Methyl Morpholine Oxide

EN-C-83-1 0.06
(Solvent: CH2C12)

EN—D—*4— 1 0.074

EN-D-7-2 X0.63 0.075
(+ 2 eq. AgN03)

EN-D-11-1 X I .16 "

50

75

100

50
(+ 4 eq. AgN03 added before NBS)

Dabco Mono-oxide

EN-D-45-1 0.050 "

Temo. Time HE13 Time Results
IM s s J  .CMini \ Moles.) i t t ia i  JcflJ £c£=£> Sc2

RT

0.018 30

0.030 "

0.030  "

1.5
hrs.

30

0.015 30

0.03 30

0.015 "

17 9

trace none

18 none

9 none

57

mainly

82

91

got decomposed BR0H 
and a small amt. of 
Br2

Aoal»

GC

GC

GC

GC

CC



RgasUQD iffil. Solvent Temp. MBS
M & s r  M u  iM f iS J  io)Li (C) (Holes)
EN-D-64-1 X1/2 0.057 " 2 "

Quinuclidine Oxide

EN-D-22-1 0.048 " •' '•
(cyclohexene added a fte r  NBS)

EN-D-24-1 0.051 " " *•

EN-D-29-1 " 0.053 " " "

EN-D-52-2 0.054 " "
(repeat of EN-D-29-1)

EN-D-51-1 X l/2  0.059 25 100

EN-D-52-1 " 0.054 50 33

EN-D-53-1 " 0.054 " 2-RT

Time NEt3 Tyne Result?
iM ln) 1 M £ 5 J  iM in ) JBrflJ BrC=0
60 0.030 '• 48 8 2

Anal.
spike

18 0.015 15

11 » —
30 •' 30

2hrs. 0.030 15

24hrs. " 15

30 0.015 30
a t RT

3 86 11 CC

46 7 spike

48 6 spike
(absolute y ie lds)
Crude estimates of cyclo­
hexene are 51%, 30%, 29%

47 8 spike
(absolute y ie lds)

mainly spike

mainly spike

mainly spike
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Reaction Ml- Solysnl Ismg- UfiS
M s r Xaiu (foies) (mL) ID  litotes) 
EN-D-58-1 " 0.053 50 -20 0.030

EN-D-60-1 " 0.051 42 2 "
(NEL3 from s ta r t)

EN-D-64-1 " 0.055 50 -20 "

EN-D-67-1 " 0.051 " -20 "
(blank; no NBS added)

EN-D-41-1 0.021 5 RT 0.011
(35)

EN-D-42-1 0.022 10 100 "

EN-D-43-1 " 0.021 " RT "

Time NEt3 Time Result?
CHinJ (foleai (Hin) £cQ0 BcQ=Q Sc2 Mai*
3 0.015 2 — 32 2 spike

(absolute y ie ld )

1 0.030 — — only CC

3 " 2 — only CC
at RT

3hrs " 1 (cyclohexene; 51% or 30%
depending on how analyzed)

lh r . — — NR, cyclododecene GC
greater than 95%
weak carbonyl IR

2hrs. 0.044 15min. NR, GC & IR GC
at RT almost exactly lik e  IR

cyclododecene

24hrs. " » same as EN-D-42-1



Ta ble  8: Re ve r s a l  of Po l ar it i es

normal with Types of ReagentsJjaactlvlty U a s o l u a g  Whleh Accomplish This

4 .  - I

- x  . x  - k :

O 0

+  ^ K  - v j k  - / ^ SR

V/ V/

- n “' H / r
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Table 9. Results o f A lkylation , Hydrolysis, and D is t il la t io n  Steps from
Various Modifications on Reaction o f Benzyl Bromide with Tosylmethyl THP Ether.

ite&UQD Sulfone Sulfone M A  M HMPA Hvdrol. Hvdrol. Yield
Number Number (£fl) (£fl) (£q) (£fl) Number Method S f PhCH2CH0

Tosylmethyl THP Ether as the Lim iting Agent

EN-E-92 EN-E-90-3 1 1.09 1.97 1 E-99 A 56X (contain, with PhCH2Br)
EN-E-98 " 1 1.10 1.33 1 F-6 B 29 •1
EN-F-7 " 1 1.10 1.33 1 F-8 C 36 II
EN-F-7 " 1 1.10 1.39 1 F-9 D 36 •1

Benzyl Bromide as the Lim iting Agent

EN-F-10 " 1.51 1.02 1 1 F—13 A 95
EN-F-19 EN-E-93-4 1.35 1.02 1 0 . 8 2 F—18 A 96
EN-F-20 " 1.61 1.28 1 3.3 F-23 A 1. 9
EN-F-22 " 1.50 1.29 1 0 F-25 A 83

Other Variations

EN-F-61 EN-F-95-3 1.98 1.23 1 F-62 A 92
(added 1.35 eq. of d is t i l le d  TMEDA)



Ftea<?tisp Svdfpqg Sulfone M i HMPA HYdrol- Hydrai•
Hunfeer Humber (£a) (£a) (£a) (£a) Number tielbad
EN-F-65 " 1.49 1.32 1 -  F-67 A
(a fte r  BuLi added: T;-67C to 2C, 45 m in., the T:2C, 30 min.)

EN-F-70 •' 1.58 1.31 1 -  F-72 A
(added 1.3 eq. o f freshly d is t i l le d  TMEDA)

Phase Transfer Catalysis

EN-F-57 " 1.13 34.3 eq NaOH 1 -  F-59 A
(added 0.035 eq. o f PTC and 10 mL o f benzene, 3 hrs, RT)

EN-F-58 '• 1.05 34.3 eq NaOH 1 -  F-59 A
(added 0.035 eq. o f PTC, no benzene, 6 hrs, 55-60C)

Yield  
q£  phCH2CHO

73 (contain, with PhCH2Br)

41

54 of recovered PhCH2Br
(plus a trace o f PhCH2CHO)

17 o f recovered PhCH2Br



Table 10. Results o f A lkylation , Hydrolysis, and D is t il la t io n  Steps from
Various Modifications o f Reactions o f A lkyl Halides with Tosylmethyl THP Ether.

Region Sulfone Sulfane BuU NX HHtA Hydral • Hvdral. Yield 
Number Number (Eq) (Eq) (Eq) (Eq) Number Method af BCHQ
Octyl Bromide

EN-F-24 EN-E-93-4 1.71 1 -42 1 1 F-27 A 4U
EN-F-28 EN-F-21-3 1.9*1 1.61 1 -  F-30 ” 83
EN-F-29 " 1.56 1.34 1 -  F-32 " 58 (?)
EN-F-92 EN-F-51-3 1.64 1.72 1 -  F-94 " 69

Cinnamyl Bromide

EN-F-83 EN-F-60-8 1.51 1.42 1 -  F-86 " 25
EN-F-88 EN-F-64-6 1.47 1.60 1 -  F-89 " 13

(T=RT, not 45C)

EN-F-91 " 1.53 1.41 1 -  F-93 A 23

A lly l Bromide

EN-F-76 EN-F-60-8 1.49 1.41 1 -  F-78 "
(Used spinning band to remove ether, made 2,4 DNP: mp 152-165 unrec.)
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I

fleas USD 
Number

EN-F-76

Sul fans Sulfane M a M  HHPA IMral. Hydral •
Number (£9) (£9) (£9) (£9 ) Number Msthad

•• 1 . 5 1  1.39 1 -  F- 8 2  "
Made 2,4 DNP:

1st crop 0.8282 g (TY=3.42 g) mp: 157.5-158
2nd crop 0.7269 g mp: 145.5-152

Recrystallized 1st crop:
1st crop mp: 158-158.4 
2nd crop mp: 155.1-156 
3rd crop mp: 153.5-156 
4th crop mp: 155-156 

Mp ( l i t . ) :  160, 165, 190, 195.

Yield
af £OJQ



Table 11. Yields Obtained After Alkylation, 
Hydrolysis, and Distillation, froa the 
Reaotion of Alkyl Halides with Tosyl­
methyl THP Ether.

"Cor a y " S t a & a
A l k y l  H a l i d a  graflimi ttxAr.plxala

Benzyl Br PhCH2CH0 83 79

Oot Br Nonanal 68

Cin Br 4-Phenyl- 24 50
3-butenal
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Table 12. Price (160) of One Mole of Formyl Anion Equivalent.

Reagent

Dlthlane

Ethyl ethyl
thloaethyl
sulfoxide

Tosylmethyl 
THP ether 
EE ether

"Synthesized"

$42.17

47.49

9.12

35.98
30.19

Commercial 

$141.20 

422.07 (164)

not available

Drawbacks 

Stench: HS(CH2)3SH 

Stench: EtSH

Four step synthesis: 
using mercaptans, 
LAH.

Less stable

135
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