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KEITH RUTTER:' S tu d ie s  in t o  th e  R ea c t io n s  o f  Some Simple C yclic  A c e ta ls  w ith
Boron T r ih a l id e s /L i th iu m  Aluminium Hydride and Boron H ydroch lo r ide s .

ABSTRACT

1. The use  of 2 -n -p ro p y l -1 ,3 -d io x a n e  as a  model s u b s t r a t e  has en ab led  th e  
fo l lo w in g  co n c lu s io n s  to  be drawn w ith  r e s p e c t  to  th e  r e a c t i o n  between c y c l ic  
a c e t a l s  and boron t r i c h l o r i d e  (o r  boron t r i b r o m id e ) / l i t h iu m  aluminium hydride  
which gave h y d ro x y e th e r  p ro d u c ts .

(a )  The s to ic h io m e try  o f  th e  r e a c t i o n  i s  3:1 w ith  r e s p e c t  to  th e  a c e t a l /  
boron t r i h a l i d e  r a t i o ,

(b )  An a - h a l o e t h e r -  c o n ta in in g  complex i s  th e  s u b s t r a t e  which i s  reduced  
by th e  l i th iu m  aluminium h y d r id e  t o  an e t h e r  fu n c t io n .

2. The use  of a  number o f  s u b s t i t u t e d  d io x o la n e s ,  d ioxanes ,  d ioxepanes and 
d ioxocanes  has en ab led  th e  fo l lo w in g  c o n c lu s io n s  to  be drawn about th e  s u b s t i tu e n t  
e f f e c t s  upon th e  c leavage  r e a c t i o n .

( a )  S u b s t i t u e n t s  a t  e f f e c t  th e  f a c i l i t y  o f  c le a v a g e ,  th u s  e l e c t r o n  
w ithdraw ing  groups a t  r e t a r d  c leav ag e  and v ic e  v e r s a .

(b) S u b s t i t u e n t s  a t  0 . (o r  C[-) e f f e c t  th e  d i r e c t i o n  o f  r i n g  c leav ag e ,  
th u s  e l e c t r o n  w ithdraw ing  grbups a t  C (o r  C_) upon th e  d ioxo lane favou r  c leavage  
of th e  -  0 bond f a r t h e r  from th e  s u b s t i t u e n t ,

( c )  For a  g iv en  Cp s u b s t i t u e n t  i n  a  v a r i e t y  of r i n g  s i z e s  th e  f a c i l i t y  of 
c leav ag e  has  been shown to  be as  fo l lo w s  d i o x o l a n e d i o x a n e  < d i o x e p a n e d i o x o c a n e

3. The fo l lo w in g  r e a c t i o n s  have been c a r r i e d  out u s in g  boron t r i c h l o r i d e / l i t h i u m  
aluminium h y d r id e  as  th e  a c t iv e  r e a g e n t .

(a )  (+ ) -c is -4 -H y d ro x y m e th y l-2 -p ro p y l-1 ,3 -d io x a n e  —*• B L -1-0 -bu ty l b u ta n -1 ,3 ,  
4 - t r i o l  + BL-3-O -butyl b u t a n - 1 , 3 , 4 - t r i o l ,

(b )  (+ ) -c i s -4 -n -B u to x y m e th y l -2 -p ro p y l -1 ,3 -d io x o la n e  —► B L -3 ,4 -d i-O -b u ty l  
b u t a n - 1 , 3 ,4 - t r io L +  B L -1 ,4 -d i-O -b u ty l  b u ta h - 1 , 3 , 4 - t r i o l .

(c )  1 ,3 -Q -B u ty l id e n e -B L -e ry th r i to l  -----► 1 -Q -b u ty l -B L -e ry th r i to l  4-
2 - 0 - b u ty l - B L - e r y th r i t o l .

(d )  2 ,4 -B i - 0 - b u ty l - 1 ,3 - 0 - b u ty l i d e n e - D L - e r y th r i t o l  —► 1 , 2 , 3 - t r i - O - b u t y l -  
B L - e r y t h r i t o l .

( e )  1 , 3 : 2 ,4 -B i-O -b u ty l id e n e  e r y t h r i t o l  — ► 1 ,2 -d i - O - b u ty l - D L - e r y th r i to l .

( f )  1 ,3 :4 ,6 - D i - 0 - b u ty l id e n e  g a l a c t i t o l  — ► 1 ,6 -d i -O -b u ty l  g a l a c t i t o l  +
1 ,4 -d i - O - b u t y l - B L - g a l a c t i t o l .

R a t io n a le s  f o r  each o f  th e se  r e a c t io n s  a r e  d is c u s s e d .

4 .  The r e a c t i o n s  o f  boron t r i b r o m id e / l i t h iu m  aluminium hyd ride  w ith
1 ,3 -b e n z o d io x o le s  were c o n s id e re d ,  th u s  1 ,3 -benzod ioxo le  i t s e l f  was c le a v e d  
to  2-methoxy phenol w hile  2-pheny1 - 1 ,3 -benzod ioxo le  gave 2-benzyToxy pheno l.
The mechanism o f  th e  r e a c t i o n  i s  d is c u s s e d .

5* The r e a c t i o n  o f  boron monohydrochloride (BHClp) w ith  1 ,3 -d io x an es  
(which y i e l d  r e s p e c t iv e  h y d ro x y e th e rs )  i s  c o n s id e re d  and a p o s s ib le  mechanism 
d is c u s s e d .

6, The E , I .  mass s p e c t r a  o f  some o f  th e  a c e t a l  c leavage  p ro d u c ts  a re  d isc u sse d  
a lo n g  w ith  th e  C . I .  mass s p e c t r a  o f  the  s u b s t r a t e  a c e t a l s  them se lves .
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I G EN ERAL IN TR O D U C TIO N .

lA . C y c lic  A c e ta ls  and L e w is  a c id s  .

The p rod u ct ob ta in ed  w hen 1 m o le  o f an a ldehyde is  

c a ta ly t ic a lly  co n d en sed  w ith  1 m o le  o f a d io l i s  c a lle d  a c y c l ic  

a c e ta l .  The m o s t  com m on  c a ta ly s ts  in  co n tem p o ra ry  u se  a re  

m in e r a l a c id s ,  L ew is  a c id s  and a c id ic  r e s in s .  The s im p le s t  

c y c l ic  a c e ta ls  a r e  th o se  ob tained  fr o m  fo rm ald eh yd e (g e n e r a lly  

a s  p a ra ld eh yd e) and the a p p rop ria te  d io l, w hen the show n  

p r o g e n itiv e  com pounds a re  g iv en , (T able I A - 1 . ).

D io l C y c lic  a c e ta l

E th a n - 1 ,2 -  d io l 1 ,3 -  d ioxolan

P ro p a n - 1 ,3 -  d io l 1 ,3 -  dioxane^
2B u tan - 1 ,4 -  d io l 1 ,3 -  d ioxep an e
3

P en ta n  - 1 ,5 -  d io l 1 ,3 -  d ioxocan e

T able I A -1 .

B y  u s in g  o th er  a ld eh y d es and su ita b ly  su b stitu ted  d io ls  the

r e s p e c t iv e  p a ren t com pounds can  be m o d ified  to g iv e  a la r g e  range

of h o m o lo g u e s .

The m e c h a n ism  of the ab ove a c e ta la t io n  r e a c tio n  in v o lv e s

in it ia l  and r e v e r s ib le  fo rm a tio n  o f a h e m i-a c e ta l ,  v ia  n u c leo p h ilic

a tta ck  o f one of the d io l’s oxyg en s upon the p roton ated  a ld eh yd e.

L o s s  o f 1 m o le  of w a ter  then  y ie ld s  a re so n a n t s ta b ilis e d  oxocarbon-

iu m  s p e c ie s  w h ich  i s  then  fu r th er  a ttack ed  by the o th er  h yd roxy l
4

group to g iv e  a c y c l ic  a c e ta l (fig . IA -1 ).



C H - O H

C H - O H
II

polyol

C H - 0
\

(RCHOH) -

C H - O ^
I
I

acetal

CHR
-H *

H

CH r - O  - C ^ H  
OH

C H - O H

-H gO
hemi—acetal

H ,0

I

CH —0 = C H R

C H - O H

F ig . I A - 1 ;

W hen the a c e ta la t io n  r e a c t io n  o f a p o ly o l i s  c o n s id e r e d  

the s itu a tio n  b e c o m e s  m u ch  m o re  co m p lex , a s  h e r e  the q u estio n  

a r i s e s  a s  to w h ich  of the m an y p o s s ib le  s tr u c tu r a l i s o m e r s  w il l  

be fo rm ed  and a ls o  in  w hat r e la t iv e  p ro p o rtio n s th ey  w ill  be 

p r e s e n t  at any one t im e  as  the r e a c t io n  p r o c e e d s .

E x te n s iv e  stud y  in to  th e s e  p r o b le m s cu lm in a ted  in  r e s u lts  

p u b lish ed  by Hann and Hudson^ w h ich  w e r e  ex ten d ed  and m o d ified  

by the la te r  w ork  of B a r k e r  and B ourne^  T his took  the fo r m  of 

an e m p ir ic a lly  b a sed  s e t  of r u le s ,  b a sed  upon the co n tem p o ra ry  

l i t e r a tu r e , w h ich  en ab led  th em  to m ake the fo llo w in g  g e n e r a l  

p r e d ic tio n s  about the th erm o d y n a m ic  eq u ilib r iu m  p rod u cts of any  

r e a c t io n  b etw een  con tigu ou s h yd roxy l groups and an a ld eh yd e.

(a) |3 - E ry th ro  r in g s  a r e  the m o st  s ta b le  a s  th ey  a llo w  la r g e  

grou p s to be e q u a to r ia lly  d isp o se d  at p o s it io n s  2 ,4  and 6 .

(b) The seco n d  p r e fe r e n c e  is  fo r  P -r in g s  in  w hich  one of 

the p r im a r y  h y d ro x y l groups of the p o ly o l is  in v o lv ed  in  a c e ta l  

fo rm a tio n .



(c) N ex t a r e  the a , a - th r e o , p - th reo  and \ - th reo  r in g s .

"Where c ,p  and 'y a r e  5 ,6  and 7 -m e m b e r e d  r in g s  r e s p e c t iv e ly

w h ils t  th reo  and e ry th ro  r e fe r  to the r e la t iv e  s te r e o c h e m is tr y  of the

bonding h yd roxy  grou p s: th o se  on the sa m e s id e  of the carb on  ch ain

in  the F is c h e r  p r o je c t io n  fo rm u la e  a re  ery th ro  w h ils t  th o se  on
7

o p p o site  s id e s  a r e  th r e o , (fig . lA -2 ) .

C - 0
I \

C - CHR

• i - o /

p - erythro ring

C H z -O ^
I \

- c -  CHR
I /-c —o
I
I

R,

p -  ring

-c-q.
CHR

0 '= ’C - HR

g -threo  ring



-c—o 
I \-c- 

o — C “

CHR

p -th reo  ring

R,
-c -o
-c-o

I 
I

R.

)C H R
HR

o c -erythro ring

Ic \
CHR

-G

o 4

R

y -  threo ring

Fig. lA — 2 ,



The in c r e a s e d  s te r e o c h e m ic a l s e n s it iv ity  of m od ern  p h y sic a l  

tech n iq u es  and the ind ep en d en t and r e su lt in g  grow th  in  u nderstand ing  

of the s t e r e o c h e m is tr y  of the a c e ta la tio n  reaction ,h ave r e su lte d  in
g

fu rth er  m o d ific a tio n s  to the B a rk er  and B ou rn e r u le s .  T h is  i s  

b e c a u se  p r e v io u s ly  th ey  did not p r e fe r e n tia lly  d is t in g u ish  b etw een  

the s ta b i l i t ie s  of the two p o s s ib le  d ioxan es w h ich  cou ld  r e s u lt  fro m  

an a x ia l or eq u a to r ia l d isp o s it io n  of h yd roxy l g ro u p s . W h ereas  

now in  the lig h t of the "Gauche e ffec t"  it  is  p o s s ib le  to s a y  that a 

g iv e n  p -r in g  in  a ch a ir  co n form ation , w ith  an a x ia l h yd roxy l group, 

cap ab le  of in tr a m o le c u la r  h yd rogen  bonding w ith  the a c e ta l r ing  

o x y g e n s , and w h ich  a ls o  has a gauche C -O  bond d ip o le  in te r a c tio n  

w ith  th e se  o x y g en s , i s  m o re  favou red  than a p -r in g  w ith  an  

e q u a to r ia lly  d isp o se d  h yd roxy l group w hich  h as a tra n s  C -O  d ip o le  

in te r a c t io n  and cannot fr o m  h yd rogen  bonds.

The "Cauche e ffect"  m en tion ed  above r e fe r s  to a
9g e n e r a liz a t io n  m ade by P h il l ip s  w h ich  s ta te s  that the co n fo rm er  

of a com pound in  so lu tio n  w h ich  is  su b stitu ted  w ith  h igh ly  

e le c tr o n e g a t iv e  su b stitu en ts  and w h ich  h as the m a x im u m  num ber of 

gauche in te r a c tio n s  b etw een  a d jacen t e le c tr o n  p a ir s  a n d /o r  bonds, 

w il l  be the p r e fe r r e d  co n fo r m e r . If the su b stitu en ts  a re  h yd roxy l 

grou p s th ey  can  of c o u r se  be fu r th er  s ta b ilis e d  by in tr a m o le c u la r  

h y d ro g en  bonding.

If one now c o n s id e r s  the p rod u cts p rod u ced  under k in e tic  

co n tr o l th en  the s itu a tio n  ch a n g es , a s  h e r e  the m a in  c r ite r io n  fo r  

p rod u ct fo rm a tio n  is  a low  a c tiv a tio n  e n erg y  w hich  r e s u lts  in a rapid  

b u ild -u p  of one or m o re  th erm o d y n a m ica lly  u n sta b le  a c e ta ls .

A s the r e a c t io n  p r o g r e s s e s  th e ir  co n cen tra tio n s  s lo w ly  d im in ish  

to  g iv e  a co m p lem e n ta r y  in c r e a s e  in  the co n cen tra tio n  of the 

a c e ta l  w ith  the lo w e s t  fr e e  e n erg y . The m e c h a n ism  of th is  v e r y  

c o m p le x  in terch a n g e  is  not r e a l ly  u n d ersto o d .



A group of c y c l ic  a c e ta ls  w hich  do not have th e se  co m p lex  

s te r e o c h e m ic a l in flu e n c e s  upon th e ir  fo rm a tio n  a r e  the 1 , 3 -b e n z o d i-  

o x o le s .  T h ey  cannot g e n e r a lly  be p rep a red  by the d ir e c t  con d en sa tion  

of an a ldehyde w ith  an a p p rop ria te  c a te c h o l d e r iv a tiv e  b e c a u se  of the 

fo r m a tio n  and p red o m in a n ce  of p o ly m e r s  in  th is  r e a c tio n . H ence the 

m a in  m eth od  of p rep a ra tio n  in v o lv e s  trea tm en t o f the a ro m a tic  d io l 

w ith  a b a se  fo llo w ed  by ad d ition  of a 1, 1 -d ih a loa lk an e^ ^  (fig . lA - 3),

ONa

ONa

ONa

ONa

+ CHgCI; > + 2N aC l

+ Ph-CCIj ---------► I '  j T  * 2NaCl

o

F i g .  lA  -  3 .

T he d ip h en y lm eth y lene a c e ta l show n w as in trod u ced  by

R obinson^  ̂ a s  a su p e r io r  a lte r n a tiv e  to the m eth y len ed io x y  fu n ction

u se d  in  the p r o te c tio n  of the h y d ro x y l grou p s of the c a te c h o l s y s te m

during s y n th e s is .  Its m a in  advantage is  that it  is  e a s i ly  rem o v ed

by c a ta ly t ic  h y d r o ly s is  w h e r e a s  the m eth y len e  a c e ta l dem ands fa r

m o re  v ig o r o u s  trea tm en t, su ch  as  the u se  of h yd rogen  iod id e or  
12b oron  h a lid e s .

The c y c l ic  a c e ta ls  a r e  a ls o  w id e ly  u se d  fo r  the p ro tec tio n  

of 1 , 2  and 1 , 3  d io l s y s te m s  in  s te r o id , g ly c e r id e  and carb oh yd rate  

c h e m is tr y . T hey a re  e a s i ly  in trod u ced  by a v a r ie ty  of m eth od s  

and a re  g e n e r a lly  s ta b le  tow ard s m o st o x id is in g , red u cin g  and 

b a s ic  c o n d itio n s .



T h e c y c l ic  a c e ta ls  a ls o  find w ide in d u str ia l ap p lica tio n

in  su ch  as  the p h a rm a ceu tica l in d u stry  (as so lv e n ts  fo r  c o s m e t ic s ) ,
13

in  the m an u factu re  of p e s t ic id e s  (e s p e c ia l ly  the 2 -su b stitu te d

d io x a n es and d io x ep a n es), drugs (such  as the 2 , 2 -d ia lk y l- 4 -

h y d ro x y m eth y l - 1 , 3 -d io x o la n e s ) and a ls o  in  the p rod u ction  of
14m any r e s in s  and p o ly m e r s  fo r  u se  in  pa in ts and p la s t ic s .

One of the m ain  r e a so n s  for  the w ide u sa g e  of c y c lic  

a c e ta ls  a s  p ro tec tin g  groups in  o rg a n ic  s y n th e s is , is  the fa c t  that they  

a re  e a s i ly  rem o v e d  under a c id ic  co n d itio n s . The m ech a n ism  of the 

a c id  h y d r o ly s is  of c y c l ic  a c e ta ls  has been  look ed  into by m any  

w o r k e r s  and w as g e n e r a lly  thought to in v o lv e  rapid and r e v e r s ib le  

p roton ation  of one o f the a c e ta l 's  oxygen  a to m s fo llo w ed  by rate  

d eterm in in g  rupture of the C -O  bond to g ive  a reso n a n t s ta b ilis e d  

0X0carb on iu m  tr a n s it io n  s ta te , i . e .  s p e c if ic  a c id  c a ta ly s is  by an  

A -1 m e c h a n ism .

R ecen t w ork  has show n h o w ev er  that w h ile  the A -1 

m e c h a n ism  m ay  be r e le v a n t to the a c id  h y d r o ly s is  of a c y c l ic  

a c e ta ls ,  the ra te  d e term in in g  s tep  fo r  the c y c l ic  a c e ta ls  p rob ab ly  

in v o lv e s  the b im o le c u la r  a ttack  o f w a ter  upon an oxocarb on iu m  s p e c ie s ,  

( f ig .IA -4 ) .

16

H

- Ç ' o

-C ^ O H
CHR

■ Ç ^ O ^ C H R

HjO (r.d^s.)

^ O H ,

-C
I
I

- c
I

OH

OH HgO

-C OH

■Ç'^OCHR

F ig .IA  - 4 .



M ean w h ile , the d ir e c t io n  of c le a v a g e  in  the a c id  h y d r o ly s is  

of su b stitu ted  d io x a n es  h as b een  th e o r e t ic a lly  show n to be in flu en ced  

by the e le c tr o n ic  n atu re of su b stitu en ts  at p o s it io n s  4 , 6 and to a l e s s e r  

ex ten t, p o s it io n  5 on the r in g . Thus an +I su b stitu en t at p o s it io n  4

p r o m o te s  p ro ton ation  at 0 _, th ereb y  fa c ilita t in g  c le a v a g e  of the C - 0 |
. ,17bond .

A c id ic  h y d r o ly s is  ty p if ie s  one o f the m a in  r e a c t io n  c a te g o r ie s

of the c y c l ic  a c e ta ls :  that of e le c tr o p h ilic  a ttack  upon one o f the a c e ta l

r in g  oxy g en s w h ich  su b seq u en tly  r e s u lt s  in  a su b stra te  s p e c ie s

su sc e p t ib le  to n u c le o p h ilic  attack  at one of the C - O  bon ds. O ther

ex a m p le s  of th is  a r e  a c e to ly s is^ ^  and L ew is  a c id  c leavage.^ ^  The

la tte r  of w h ich  is  of p a r t ic u la r  r e le v a n c e  to th is  t h e s is .

A L e w is  a c id  can  b road ly  be d efin ed  "as an e le c tr o n  p a ir

a ccep to r"  and h en ce  in c lu d e s  the tr ih a lid e s , tr ih y d r id e s  and tr ia lk y ls

o f the Group I llb  e le m e n ts .  Of p a r tic u la r  in te r e s t  to th is  th e s is  are

the tr ih a lid e s  of a lu m in iu m  and e s p e c ia l ly  of boron .

In the m o le c u le  MX^ (w here M =  boron  or a lu m in iu m  and

X =  h yd rogen , h a lo g en  or a lk y l) , the ro o t p a r a m e te r  fo r  the in c ip ien t

L e w is  cLcidity i s  the in co m p le te  o c te t  of the c e n tr a l a tom  M , The

r e la t iv e  fa c i l i ty  w ith  w h ich  a p a r tic u la r  MX^ co o rd in a tes  w ith  a g iv en

e le c tr o n  p a ir  donor (or L ew is  b a se ) is  d ependent upon a co m p lex

in te r p la y  of m any fa c to r s ,  w h ich  m ay  b ro a d ly  be grouped  under the

n atu re of M, the nature of X and to so m e  ex ten t the nature of the b a se .

It is  g e n e r a lly  found that the a c c e p to r  a b ility  of the

tr ih a lid e s  and tr ih y d r id e s  in  Group Illb  d e c r e a s e s  in  the o rd er  
20B > A I> G a > In , a lthough  th ere  a r e  d ev ia tio n s  fr o m  th is  seq u en ce

as show n by the g r e a te r  a c c e p to r  p ow er of tr im e th y la lu m in iu m  o v er  
21tr im e th y l b oron .

One so lu tio n  to the e le c tr o n  d e f ic ie n c y  p ro b lem  - that of 

d im é r is a t io n  or p o ly m e r isa t io n  v ia  a lk y l, h a lid e  or  h yd rid e b r id g es  - 

i s  r e a d ily  adopted  by the h e a v ie r  e le m e n ts  of Group Illb  but d o es not 

o ccu r  to any g r e a t  ex ten t in  the c h e m is tr y  of boron , although



the m u lt ic e n tr e  type bonds in  d ib oran e and the h ig h er  b oran es are  a

unique a lte r n a tiv e  in  w h ich  the e le c tr o n  d e f ic ie n c y  is  c a r r ie d  by the
22 23m o le c u le  a s  a w h o le . * The n et r e s u lt  of th is  r e lu c ta n c e  show n

by the boron  com pounds to d im e r is e  or p o ly m e r is e  i s  that th ey  fo r m

a la r g e  num ber of co o rd in a tio n  com pounds w ith  L ew is  b a s e s  - su ch

a s  a m in e s , p h o sp h in es , su lp h id es  and e th e r s  - in  w h ich  the boron
3a c h ie v e s  i t s  m a x im u m  co o rd in a tio n  and a p p ro x im a te ly  sp  h y b rid -

. _ 24iz a tio n .

The tr ih a lid e s  of boron  il lu s tr a te  w e ll  the c o m p le x ity  of

L e w is  a c id ity  in  that th e ir  r e la t iv e  a c c e p to r  s tren g th s  a re  the

in v e r s e  o f w hat one w ould  e x p e c t on s im p le  e le c tr o n e g a t iv ity  grounds:
25the ex p ec te d  o rd er  i s  B F ^ >  BCl^ >  B B r ^ ^  BI^.

A n e a r ly  a ttem p t at ra tio n a liz in g  th is  e x p e r im e n ta l  

o b se r v a tio n  m ade the a ssu m p tio n  that on co o rd in a tio n  a ll  of the 

h a lo g en  to b oron  Tr' -b on d ing , p r e s e n t  in  the u n coord in a ted  h a lid e , is  

lo s t  on fo r m a tio n  of the adduct. H ence boron  tr if lu o r id e  is  d e s ta b 

i l i s e d  to a g r e a te r  ex ten t than the o th er  h a lid e s , on coord in a tion , 

b e c a u se  i t  con ta in s  the g r e a te s t  am ount of iy -b o n d in g .  ̂ Cotton^^  

c a lle d  th is  d e s ta b ilis a t io n  " reo r g a n iz a tio n  energy."

The above ra tio n a le  is  now c o n s id e r e d  to be an o v e r s im p l i

f ic a t io n , h o w e v er , a s  it  h as b een  show n that TT-bonding d o es rem a in  
27 .in  the L ew is  s a lt  and that it  p rob ab ly  co m p e te s  w ith  the " 6 " "

lon e p a ir  of the donor (w hich  su b seq u en tly  fo r m s  the S  -bond) fo r

the v a ca n t p o r b ita l of boron . H en ce , a s  the o rd er  of rem n an t

T f-bonding i s  thought to be in  the o rd er  F >  Cl,'> B r >  I then  the
28

tr if lu o r id e  p o s s e s s e s  the w e a k e s t  boron  to donor bond.

B e c a u se  of the la r g e  s t e r ic  and e le c tr o n ic  ch an ges that

o ccu r  in  both su b s tr a te s  on fo rm a tio n  of a L ew is  co m p lex  the

r e a c tio n  is  open  to  a n a ly s is  by m any p h y s ic a l tech n iq u es , su ch  as
29 30

n u c lea r  m a g n etic  r e so n a n c e  (n. m . r . )  s tu d ie s , * in fr a -r e d  ( I .R .)
21 28 31s tu d ie s , m a s s  s p e c tr a l s tu d ie s  and gas p h a se  c a lo r im e tr y .
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It i s  a ls o  the bond m o d ific a tio n  u n dergon e by the donor

m o le c u le  (that the p h y s ic a l tech n iq u es m o n ito r) that i s  r e sp o n s ib le  for

the w ide a p p lica tio n  that the b oron  tr ih a lid e s  find  in  m any b ra n ch es of

sy n th e tic  and in d u s tr ia l c h e m is tr y , a s  the p o la r is e d  L e w is  co m p lex

is  fa r  m o re  s e n s it iv e  to n u c leo p h ilic  a tta ck  than the u n coord in ated

s p e c ie s .  The n u c le o p h ilic  a tta ck  can  be e ith e r  in tr a m o le c u la r

(by w ay of a h a lid e  io n  le a v in g  the boron) or in te  rm o le  cu la r  ly  by a

v a r ie ty  of s p e c ie s .

The fa c i l i ty  w ith  w h ich  in tr a m o le c u la r  a ttack  o c c u r s

in c r e a s e s  fr o m  the d o n o r-b o ro n  tr if lu o r id e  s y s te m  to the d o n o r-b o ro n

tr iio d id e  s y s te m , due to  the in c r e a s in g  le a v in g  group te n d e n c ie s  show n

a s one g o e s  fr o m  the flu o r id e  to the io d id e , due in  turn  to the in c r e a s in g

p o la r is a b il ity  and d e c r e a s in g  s tren g th  o f the r e s p e c t iv e  b o ro n -h a lid e
32

bonds in  the h e a v ie r  h a lid e s .

T hus, boron  tr if lu o r id e  e ith e r  n ea t or in  the fo r m  of one

of it s  m any co o rd in a tio n  com p ou n ds, i s  an e x tr e m e ly  u se fu l in it ia to r  
33or c a ta ly s t  fo r  a w ide v a r ie ty  of r e a c t io n s , e s p e c ia l ly  F r ie d e l-C r a f t s

34 35
type r e a c t io n s , in clud ing: a lk y la tio n s , a c y la tio n s  , ad d ition  p r o c e s s e s ,

36a n o m é r isa t io n s  and p o ly m e r isa t io n  r e a c t io n s . F o r  ex a m p le  the

é th y la tio n  of b en zen e by e th y l f lu o r id e  p r o c e e d s  as show n in  
37fig u r e  lA - 5 .

5+  5 -

C2 H5 F + B F 3 - . . .  F  . . . B F 3

C ,H ) 0
2 '  *5

B F

+

C^H

F i g . I A  -  5
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M e a n w h ile , th e  o th e r  t r ih a l id e s  a s  w e l l  a s  a c t in g  a s

F r ie d e l-C r a f t s  "catalysts'%  a lso  g ive  n u m erou s r e a c tio n s  w hich  a r e
38

d ir e c t ly  p r e c e d e d  by the fo rm a tio n  of the co o rd in a tio n  c o m p le x e s .

Of p a r tic u la r  r e fe r e n c e  to  th is  th e s is  a r e  the r e a c t io n s  g iv en  by  

a lc o h o ls  and e s p e c ia l ly  e th e r s .

F o r  in s ta n c e  in  the fo r m e r  c a s e  d ich lo r o b o r o n ite sr  c h lo r o -  

b o ro n a tes  and b o r a te s  a r e  p rod u ced  w hen  e ith e r  1^2 or 3 m o le s  of a 

p r im a r y  or se c o n d a r y  a lc o h o l r e a c ts  w ith  one m o le  of the b oron  

tr ic h lo r id e , the m e c h a n ism  of the r e a c tio n  p rob ab ly  in v o lv e s  a 

4 -c e n tr e  tr a n s it io n  sta te , (fig . lA  - 6).

BCl^ + ROH - 

BC I3 + 2 ROH 

B C I3 + 3 ROH

-► ROBCl^ + HCl 

-# -(R O )^ B C l + 2HC1 

- ► (R 0 )3 B  + 3HC1

M ech an i sm

I
Cl

Cl H

< -  ROBCI2 + HCl

F ig . lA  - 6

W ith t e r t ia r y  a lc o h o ls , h o w ev er , b oron  tr ic h lo r id e  g iv e s  b o r ic  

a c id  and th e r e le v a n t a lk y l or  a r y l c h lo r id e . The r e a c t io n  g o es  v ia  

th r e e  m a in  p ath w ays, (f ig . lA  - 7).

3 ROH + B C l

ROH + B C l,

3 R C l + B(OH)^

H Cl 1 
RO B C l ^ ~ R C 1

directly 2

ROH + H Cl R C l + HO

F ig . lA  - 7.
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T he g r e a te r  n u c leo p h ilic  p ow er o f the h e a v ie r  h a lid e  io n s ,

in c r e a s in g  fro m  c h lo r id e  to io d id e , i s  d em o n str a ted  in  the fa c t

that b oron  tr iio d id e  g iv e s  a lk y l io d id e s  ev en  w ith  p r im a r y  a lc o h o ls .

W hile b o ro n  tr ib r o m id e  g iv e s  both  a lk y l b r o m id e s  and a lk y l b o r a te s .
39w ith  se c o n d a r y  a lc o h o ls , r e a ffir m in g  it s  in te r m e d ia r y  p o s it io n .

The r e la t iv e  in e r tn e s s  of the L ew is  bonded b o ro n  tr if lu o r id e

is a a g a in  d em o n str a ted  w hen the b a se  i s  an e th er  (a lic y c lic  or c y c l ic ) ,

w hen  the adducts fo rm ed  (g e n e r a lly  o f 1:1 s t o i c h io m e t r y )  a r e  s o m e tim e s

sta b le  enough to  b e d is t i l le d  unchanged  or e l s e  th ey  d is s o c ia te  lib e ra tin g
40b o ro n  tr if lu o r id e  and the fr e e  e th er  on h ea tin g .

W hen th e h ig h er  m o le c u la r  w eigh t tr ih a lid e s  r e a c t w ith  e th e r s ,

h o w e v er , th e ir  p r o p e n s ity  to fu r th er  r e a c t io n  r e s u lt s  in  th e c le a v a g e
38of one of th e C - O  bonds o f the e th er  to g iv e  an a lk y l h a lid e .

T h is ten d en cy  to a lk y l h a lid e  fo rm a tio n  in c r e a s e s  a s  one g o es

fro m  b o ro n  tr ic h lo r id e  to b oron  tr iio d id e  a s  in d eed  w as s e e n  in  the

r e a c t io n  o f a lc o h o ls .

Thus th e in it ia l ly  fo rm ed  1:1 c o m p le x  b e tw een  d ie th y l eth er
41and b o ro n  tr ic h lo r id e  on ly  d eg ra d es  on m e ltin g  w h ile  the an alogou s  

b o ro n  tr ib r o m id e  and b oron  tr iio d id e  s y s te m s  go stra ig h t to the  

a lk y l h a lid e  w ithout g iv in g  an  is o la ta b le  c o m p lex  (fig . lA  - S )f

Et^O . B C I3 ^  E t O BClg + E tC l

3 R^O + B X 3 ---------- ► (RO)^ B + 3 RX

(RO)^ B + 3 H ^O -------- ► 3 R O H + H^BO^

^vhere X = B r or l)

F i g .  l A  -  8.
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A s show n trea tm en t of the b o ra te  w ith  w a ter  g iv e s  the re lev a n t  

a lc o h o l.

A sy m m e tr ic  a l ic y c l ic  e th e r s  can  in  th e o r y  g iv e  one o f two 

a lk y l h a lid e s  but it i s  g e n e r a lly  found that th e C -O  bond that is
43b ro k en  i s  the one that is  a ttach ed  to the m o r e  e le c tr o n e g a t iv e  carb on . 

A ls o  the e a s e  w ith  w h ich  f i s s io n  o c c u r s  i s  g r e a te r  than fo r  the  

sy m m e tr ic  e t h e r s /  su ch  that h ea tin g  i s  not req u ired  ev en  w ith  b oron  

tr ic h lo r id e .

T he m e c h a n ism  of the r e a c tio n  p rob ab ly  in v o lv e s  an Sn^ type  

g en era tio n  o f a carb on iu m  io n  w h ich  i s  th en  quenched  b y  a h a lid e  ion  

fro m  th e b oro n  tr ih a lid e , (f ig . lA  - 9 ).

ROR' + B C l ^ ^  B C l
R'

R 'O BC l^ + R + C l "

R ^ + C l “  ►  R C l

( w h ere  R i s  th e b e tte r  + I  group)

F i g .  l A  -  9 .

T h is a b ility  of b oron  tr ic h lo r id e  and b oron  tr ib ro m id e  to

c le a v e  m ix e d  e th e r s  h as b een  w id e ly  ap p lied  in  sy n th etic  c h e m is tr y

and h as r e su lte d  in  a com p lem en ta ry  in c r e a s e  in  th e u se  of e th e r s
4 4 /45 ,- 46a s  p ro tec tin g  grou p s fo r  a lc o h o ls  and p h en o ls .

C y c lic  e th e r s  con ta in in g  one oxygen  undergo read y  ring  

c le a v a g e  w ith  th e tr ic h lo r id e  and tr ib r o m id e . E th y len e  ox id e and  

oxetan e a r e  c le a v e d  ev en  at -8 0 °^  w hen  the m o la r  r a tio  i s  1 : 1, 

w h ile  w ith  e x c e s s  e th er  p o ly m e r s  a re  the m a in  p ro d u cts, (f ig . lA^T^



aj 1:1 Molar ratio.

/ ° \  + BCI

Ethylene oxide

^  CHgCl-CHgOBClg

Kl W ith excess ether.

Æ ,  + BCl, CHg—CHg—OBCl

more / \

more

C H j O C H j

C H , CT.^OBCl
CH ,Ci-CH ,O BCl

Polymeric products /il’
Cl CH 2 C H 2 OBCL

F ig . lA  - 10.

T etrah yd rofu ran  and tetraJiydropyran  h o w ev er  a re  a l i t t le  

l e s s  r e a c t iv e  in  that th e ir  1:1 c o m p le x e s  ca n  b e  is o la te d  at low  

te m p e r a tu r e s . A lthough th ey  do d eco m p o se  on w arm in g , undergoing  

c le a v a g e  and d im é r isa t io n  r e a c t io n s  in  a s im ila r  fa sh io n  to  the th ree  

and four m e m b e r e d  r in g s .

In the above r e a c tio n s  d im é r isa t io n  and p o ly m e r isa tio n  o f  

th e  c y c l ic  e th e r s  a re  th e r e s u lt s  o f n u c leo p h ilic  attack  by an  

unbonded e th er  o x ygen  upon th e show n carb on iu m  Ton' (fig .T j^  -  1 Ob) 

and the p o ly m e r isa tio n  i s  term in a te d  b y  the com p etin g  

n u c leo p h ilic  a ttack  o f the h a lid e  io n . In c y c l ic  a c e ta ls  h o w ev er  the  

seco n d  (unbonded) oxygen  can  act a s  an " in tern a l n u cleop h ile"  and  

so  a s s i s t  in  the m o n o m o lecu la r  c le a v a g e  of the c y c l ic  a c e ta l-b o r o n  

tr ih a lid e  c o m p le x  a s  w e ll  as s ta b iliz in g  the r e su lt in g  carb on iu m  

ion . The o v e r a ll  r e s u lt  of th is  i s  that c y c l ic  a c e ta ls  undergo
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c le a v a g e  r e a c t io n s  w ith  a m uch  g r e a te r  fa c il ity  than the c y c l ic  

e th e r s .

T h is  p o in t i s  w e ll  d em o n stra ted  by the p o ly m e r is a t io n

o f  1, 3 -d io x o la n e  w ith  b oron  tr if lu o r id e  w hich  i s  thought to in v o lv e

e ith e r  a m o no m o le c u la r  or  a b im o le  cu la r  open ing o f the 1 , 3-
50d io x o la n e -b o r o n  tr if lu o r id e  co m p lex , (fig. lA  -  11).

Monomolecular
♦ CH

2 c leavage

/ B F ,

U C H ,

BE

O V

\ J B im olecular c leavage

F ig . lA - 11.
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If h o w e v e r , th e  h a lid e  io n  in  th e  1, 3 -d io x o la n e -b o r o n  tr ih a lid e  

c o m p le x  had b e e n  an  a c t iv e  n u c leo p h ile , th en  it  w ou ld  ten d  to  quench  

th e p o ly m e r isa t io n  o f  the a c e ta l a s  w a s  th e c a s e  in  th e  c y c l ic  e th e r s .  

T h is  in  fa c t i s  th e  c a s e  w ith  b oron  tr ic h lo r id e  and b o ro n  tr ib r o m id e ,  

w hen  ra te  d e term in in g , u n im o lecu la r  r ing  c le a v a g e  o c c u r s  to  g iv e  a 

reso n a n t s ta b i l is e d  oxocarb on iu m  ion^ (fig . lA  -  12). The next step  

i s  thought to b e  a ttack  o f the h a lid e  io n  upon th e oxocarb on iu m  

s p e c ie s  to g iv e  an a -h a lo e th e r .

fi> • = O-
CH,

where X — Cl or Br

/  \  aq. /  \
OH OH MeOH P  OBX2

\  Ot — haloether
CHgX

F i g .  l A  -  12 .

The above ra tio n a le  fo rm ed  th e  b a s is  fo r  the p roced u re  

u se d  by B on n er and S a v il ie  to  re m o v e  p ro tec tin g  a c e ta l or  k e ta l 

grou p s fro m  a la r g e  num ber o f p o ly o l sy s te m s^  i .  e . trea tm en t of  

th e  a c e ta l  w ith  b oro n  tr ic h lo r id e  fo llo w ed  b y  m e th a n o ly s is  y ie ld s  

th e p a ren t polyol?^

T hey  a ls o  poin ted  out that b y  a su ita b le  c h o ic e  o f o th er  

n u c leo p h ilic  s p e c ie s ,  n otab ly  m eth o x id e , a c e ta te  and h yd rid e io n s , 

th en  the a -h a lo e th e r  ca n  b e m o d ifie d  in  a v a r ie ty  o f w a y s, (f ig . LA-
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CICHjO OBClj

n

O M e

C H P

O A c

OBCl, C H 3O OBCl,

C H 3O C H 2O  0 BCI2

C H 2O OH

O A c
Acetoxymethyl

function

CH,0 CH ,0  \ ) H C H 3O OH

Mixed acetal

F ig . lA  - 13.

Methyl ether

It i s  th e la s t  of th e se  r e a c t io n s  that h as b een  exam in ed  in  

g r e a te r  d e ta il in  th is  th e s is .

I B . H y d ro g e n o ly s is  of c y c l ic  a c e t a l s .

A  num ber o f rea g e n ts  w il l  e ffe c t  c le a y a g e  of c y c l ic  a c e ta ls  

in  a v a r ie ty  o f d ifferen t w a y s . Som e of th ese  w ays a re  g iven  in  

T ab le  IB - 1.
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R e a g e n t  M od e o f  f i s s io n

53
N . N . D ib r o m o  b e n z e n e s u lp h o n a m id e  _  o x id a t iv e  f i s s io n

54o r  o zo n e

n -B u ty l lith iu m  * _  c y c lo  e lim in a tio n
to  o le fin s

57
P h o to c h e m ic a l h yd rid e _ to g iv e  e s t e r s
a b s tr a c tio n , (a ce to n e  in itia ted )

91 92D iiso b u ty l a lu m in iu m , d ecab oran e -  red u ctiv e  f is s io n

or  " m ixed  h y d rid es"  ( e . g .  L iA lH

+ B F  L iA l H + A lC l 68 , 73, 74

. ,  _ t   ̂ f  ̂ 8 0 , 8 3o r  b o r a n e -te tr a h y d r o fu r a n

T ab le IB -  1.

Of the tw o " m ixed  hydride"  r e a g e n ts  the lith iu m  alum in ium  

h y d r id e /a lu m in iu m  tr ic h lo r id e  com b in a tio n  h as r e c e iv e d  m o r e  

a tten tio n  in  the p a st few  y e a r s  and co n seq u en tly  it  i s  the b e tte r  

u n d ersto o d  o f th e  tw o s y s t e m s .

Thus th e  s to ic h io m e tr y  o f the L iA lH ^ /A lC l^  r e a c t io n  in  

e th e r e a l so lu tio n  is  as show n in  F ig u r e  IB -  1.

3 L iA lH  + A lC l;--------- ^ 3 ^ 0 1  + 4 A lH
4 3 3

L iA lH  + AlCl^ -----------► L iC l + 2A1H Cl^^
4 3 2

L iA lH  + 3A lC l -----------► L i C l +  4AIHCI
4 3  2

F ig . IB -  1.

The lith iu m  ch lo r id e  p rod u ced  above i s  on ly  p r ec ip ita ted  in  

th e  f i r s t  r e a c t io n , p resu m a b ly  due to fo rm a tio n  o f a so lu b le  co m p lex  

b etw een  it  and the a lu m in ium  ch lo ro h y d rid e  s p e c ie s  in  the seco n d
59and th ird  r e a c t io n s .

The n atu re o f the a lu m in ium  ch lo ro h y d r id es  h as b een



19

c o n c lu s iv e ly  d em o n str a ted  b y  A sh b y  and P r a t h e r i n  th e ir  in fr a -r e d  

s tu d ie s  in to  e th e r e a l so lu tio n s  of the r e a c tio n  m ix tu r e s  and a lso  by  

is o la t io n  and c h a r a c te r is a t io n  o f the tr ie th y la m in e  adducts of AlH^, 

A lH ^C l, and A lH C l^.

T h ey  su g g e ste d  that the r ea c tio n  p r o c e e d s  v ia  a r e v e r s ib le  

and se q u e n tia l h yd rid e  d isp la c e m e n t of ch lo r id e  fro m  th e  alum in ium  

tr ic h lo r id e^ ^  (F ig . IB - 2).

A lC l^ ------------ » -A lC lJ i~ . A lH ^C l   „ A1H_

F ig . IB - 2

The L ew is a c id ity  in  the above seq u en ce  d e c r e a s e s  as one go es  

fro m  a lu m in iu m  tr ic h lo r id e  to  the tr ih y d r id e  w h e r e a s  th e  reducing  

a b ility  - o r  r e la t iv e  h yd rid e donor a b ility  - in c r e a s e s  in  th e sam e  

d ir e c t io n . T h is s l id in g - s c a le  r e la t io n sh ip  o f th e ir  p r o p e r tie s  is  

su ff ic ie n t  to  p rod u ce d if fe r e n c e s  in  o v e r a ll  r ea c tio n  type fo r  a 

p a r tic u la r  su b s tr a te . F o r  ex a m p le  w ith  tr ip h en y l e th y len e  ox id e tw o  

r e a c t io n  p ath w ays a r e  p o s s ib le  depending upon w hether A lH C l o r  

AlH^ is  us-ed, (fig . IB - 3),

A
FhÀ / ° X > H — ► PhCH-CHPh-OAUL

Ph^ " "^ P h  P h ^  ^Ph I

)i ♦
PhgCH-CHPh-OHAlHCl AlHCl

X
P h g C -C H g O H  P h jC -C H g -O A lC lg

F ig . IB - 3 .

H
H
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In pathw ay B the s tr o n g e r  Lew is a c id ity  of A lH C l p ro m o tes  

the C -O  bond c le a v a g e  and fo rm a tio n  of the carbon ium  ion  - as  

t e s t i f i e d  b y  the  phenyl m ig r a t io n  - w hile  the g r e a te r  hydrid e  donor  

a b il i ty  o f  AlH fa v o u rs  pathway A.
63The 4 - c e n tr e - ty p e  hydride donation that o c c u r s  above i s

a ls o  thought to p e r s i s t  in  the h y d r o g e n o ly s is  o f  I f  3 -d io x o la n e s  and

1> 3 -d io x a n e s  b y  the alum in ium  ch lorohyd rid e  s .  T h is  im p l ie s  that

the  s a m e  m o le c u le  that i s  bonding to the a c e ta l  o xygen  i s  a lso

supply ing  the h ydrid e  ion , a . th e s i s  w hich  i s  supported  b y  A hm ad

and L ogani in  th e ir  w ork  on the h y d r o g e n o ly s is  of s t e r o id a l

c y c l i c  a c e ta l s  w ith  a lum in ium  d ih yd rom on och lor id e .  D av is  and 
6 5

B ro w n  have  a l s o  shown that a lu m in ium  m on och lorod ih yd r id e  has  

only  one r e p la c e a b le  hydrogen  in  i t s  h y d r o g e n o ly s is  of 1, 3 -d io x o la n es :  

th ey  c i te  the  fo rm a tio n  of the show n c o m p le x  a s  th e  m a in  r e a s o n  for  

the  ch lo ro h y d r id e  s' in a b il ity  to L ew is  bond in te r m o le c u la r ly  w ith  a 

s e c o n d  m o le c u le  of d ioxolane and h en ce  i t s  s eco n d  hyd rogen  i s  

redundant, (f ig .  IB -  4 ).

QH *-^0. _ CH2* ^ ^ \5 -
I . CHR^AlHpi I AlHCl ^  I AlHCI
CH2 ^ 0  CH2-X.0 ^ " 2 ^ 0

CH 2R

F i g .  IB -  4 .

Supporting th is  ra tion a le  i s  the  fact  that in  c a s e s  w h ere  fu rth er

L ew is  bonding i s  unfavourable such  as in  the analogous 1, 3 -o x o th io la n e s ,

a seco n d  m o le c u le  can  be h y d ro g en o ly sed .  T his i s  b e c a u s e  the oxygen

of a seco n d  m o le c u le  o f  d ioxolane or  d xo th io lan e  c o m p e te s  m o r e
66

s u c c e s s f u l ly  for  the a lum in ium  s p e c ie s  than the sulphur.
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The g e n e r a l ly  a cce p te d  m e c h a n is t ic  in terp re ta t io n  for the  

r e a c t io n  b e tw e e n  a c y c l ic  a c e ta l  and the a lum in ium  ch loroh yd r id es  

a r o s e  m a in ly  fr o m  w ork  c a r r ie d  out using s im p le  1, 3 -d io x o la n e s  

and 1, 3 -d io x a n e s  as  "m odel" s u b s tr a te s .  C on seq u en tly  the e a r ly  

w o rk  la y s  g r e a te r  e m p h a s is  upon the e l e c t r o c h e m ic a l  a s p e c t s  of  

the m e c h a n is m  than the s te r e o c h e m is tr y .

H en ce  L e g g e t te r  and B row n conclud ed  fro m  th e ir  ex p e r im e n ts  

that su b st itu en ts  at p o s it io n  2 upon the 1, 3 -d io x o la n e s  a re  la r g e ly  

r e s p o n s ib le  fo r  the rate  of c le a v a g e  - and to a l e s s e r  extent th o se  

at p o s it io n s  4 or  5 - w h ile  the p a r t icu la r  C -O  bond that b rea k s  i s  

d ic ta ted  by the e le c tr o n ic  nature o f  the su bst itu en ts  at p o s it io n s  

4 or  5, (f ig .  IB -  5). '

F ig .  IB - 5 .

M o re  s p e c i f i c a l ly  th ey  found that + I  su b st itu en ts  at C^

a c c e le r a t e  and - I  groups re ta r d  h y d r o g e n o ly s is .  W hile + I  su bstitu en ts

at C or  C fa c i l i ta te  c le a v a g e  of the C -O  bond further fro m  the  
4 5 2

su b stitu en t  w hile  - I  groups p ro m o te  c le a v a g e  at the n earer  , 0 ^ - 0  

bond. T hey  a l s o  found that 1, 3 -d io x o la n e s  c le a v e  fa s te r  than the  

c o r r e sp o n d in g  1, 3 -d io x a n e s .

The s itu a tion  b e c o m e s  m o r e  c o m p le x  w ith  an in c r e a s e  in  the  

num ber of su b stitu en ts ,  a s  s t e r ic  fa c to r s  b e c o m e  in c r e a s in g ly  m o r e

r e le v a n t  to the r e a c t io n  pathway. F o r  in s ta n c e  in  2, 2, 4, 4 - t e t r a -
6 7a l k y l - 1, 3 - d ioxo lane non-bonded in te r a c t io n s  b e tw een  su bstitu en ts  

in  the tr a n s it io n  s ta te  dom inate the com p etin g  e le c tr o n ic  s ta b i l is in g  

p r o p e r t ie s  of the substitu en ts  to  such  a d e g r e e  that c le a v a g e  o c c u r s  

a lm o s t  to ta l ly  at C^-O^, (fig . IB - 6).
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// //,
R R C  -  CH ,

o '?  %

F ig .  IB -  6 .

It w a s  the e x p e r im e n ta l  o b se r v a t io n  of the above e le c tr o n ic  

and s t e r ic  substituent e f fe c ts  w hich  in d ica ted  that an o xocarb on iu m -  

typ e  sp ec ie s  is  invOl'ved in th e  t r a n s it io n  s ta te  to  ring  c le a v a g e .  Thus  

B ro w n  e n v isa g e d  rapid  and r e v e r s ib le  a s s o c ia t io n  of the L ew is  

a c id  w ith  the a c e ta l  or k eta l,  fo l lo w ed  b y  s lo w  r a te -d e te r m in in g  

c le a v a g e  o f  the r ing g iving an o xocarb on iu m  ion  w hich  i s  then  

ra p id ly  and i r r e v e r s i b l y  red uced , by  4 - cen tre  in tr a m o le c u la r  hydride  

t r a n s f e r .

The s t e r e o c h e m is tr y  of the tr a n s it io n  s ta te  dem ands that for  

c le a v a g e  to o c cu r ,  say  at C^-O^, then  m a x im u m  m u tua l p la n a r ity  

i s  favou red  fo r  the eq u ator ia l lo n e -p a ir ,  the  C ^-O  bond and the  

C -O  bond: th is  i s  b e c a u s e  in  th is  co n fo rm a tio n  m a x im u m  a s s i s ta n c e
69

to  bond c le a v a g e  can  be g iv en  b y  O^. Watts e x p r e s s e s  the above

a r ra n g em e n t  as  that co n fo rm a tio n  in  w hich  the p lane containing

C -O  -C  i s  e s s e n t ia l l y  p erp en d icu lar  to the p lane contain ing C -O  -C  5 1 Z 4 3 Z
Once c le a v a g e  - 70^40^ - h as  begun  the C^-O^ bond b eg in s  to

ro ta te  in  su ch  a m an n er  that the l e s s  bulky C^ su bstitu en t m o v e s

to w a r d s  the a c e ta l  ring  and to such  a d e g r e e  that the n ascen t  C^

p - o r b i t a l  can  a c h ie v e  m a x im u m  o v er la p  w ith  the O p -o r b ita l  h en ce
70 “ 71

y ie ld in g  the oxocarbonium  s p e c i e s .  *

The 2, 4 - d ia lk y l-  1, 3 -d io x o la n e s  p r e s e n t  an in te r e s t in g  s itu a tion

in  that th ey  appear to be near  the b a la n ce  point b e tw een  the opposing
72

s t e r ic  and e le c tr o n ic  d ir e c t iv e  e f f e c t s .  F o r  in s ta n c e  c i s - 2 ,  4-

d im e th y l-1 ,  3 -d io x o la n e  g iv e s  p red om in an tly  the e le c t r o n ic a l ly  d ir e c te d  

product (A) w h ile  the r e s p e c t iv e  tra n s  i s o m e r  g iv e s  an a p p ro x im a te ly  

2:1 product m ix tu r e  favouring  the s t e r ic  a l ly  d ir e c te d  c le a v a g e  product

(B ), (fig . IB - 7).
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-  H

H

2.Ĥ O

H

H
/ \  
I \

O C , H2"5

B

H
i .aih^ C H s,
2 . n p

2^5

CH+

OH

F jg .  IB - 7.

6 5A  p o s s ib le  exp lanation  fo r  th is  m a y  be found in  B row n 's  

r a t io n a l iz a t io n  fo r  the o b serv a t io n  that A lH^Cl on ly  h as  one rep la c e a b le  

h y d ro g en  in  c y c l ic  a c e ta l  h y d r o g e n o ly s is .  He en v isa g e d  a co m p lex  

of the type shown, in  w hich  the a lu m in ium  bonds w ith  both oxygen s  

of the c le a v e d  a c e ta l ,  (f ig . IB - 8).

- C

AlHCl

\
CHjjR

F ig .  IB - 8 .

If one p r e s u m e s  that the a fo rem en tio n ed  co n form ation  of the  

t r a n s i t io n  s ta te  i s  p r e se n t  and a ls o  that tr a n s fe r  of the hydrid e  i s  

v ia  a 4 - c e n t r e  m e c h a n ism ,  then  a s  th is  t r a n s fe r e n c e  i s  p r o g r e s s in g ,  

the  a lu m in ium  i s  rega in ing  i t s  L ew is  a c id ity  and h en ce  i s  in c r e a s in g ly  

ab le  to bond w ith  (fig . IB -  9).
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AIHCI

Fig. IB - 9.

M odels  show that in  the c is  i s o m e r  c le a v a g e  of the -O^ 

bond and fo rm a tio n  of an Al-O^ bond can o ccu r  w ith  a m in im u m  of 

s t e r i c  in te r a c t io n  betw een  the eq u a to r ia l ly  d isp o se d  m eth y l groups  

on carb on s 2 and 4. H ence c le a v a g e  to the m o re  s ta b i l iz ed  

o x o ca rb o n iu m  s p e c ie s  can take p lace  u n ham pered  by s t e r ic  e f f e c t s .

M eanw hile  in the trans i s o m e r ,  c le a v a g e  at the C^-O^ bond 

and fo rm a tio n  at the Al-O^ bond i s  h in d ered  by : in te r a c t  ion between the  

methyl group and the 0^ su b st itu en ts  ; w hich  a re  fo r c e d  on to 

e c l ip s e d  p o s it io n s  on the shown f iv e  m e m b e r e d  ring , (fig. IB - 10).

C is-isom er complex Trans-isom er complex

/
H

H

ClHAi:
steric
interaction

10

H ence fo rm a tio n  of the im m ed ia te  product fr o m  the 

m o r e  e l e c t r o n ic a l ly  favoured  oxocarb on iu m  ion is  s t e r ic a l ly  

h in d ered  w h ile  c lea v a g e  at C^-O^ and fo rm a tio n  of A l-O ^ go es  

v ia  the l e s s  e le c t r o n ic a l ly  favoured  at the two o xocarb on iu m  ions  

but d o es  not have the sa m e  s t e r ic  co n g es t io n  in the postu la ted
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f iv e  m e m b e r e d  r ing . E x p er im en t show s that of the two opposing

e f f e c t s  the s t e r ic  in f lu en ce  dominates ; in  tran s  2, 4 - d im e th y l -1, 3-

d ioxo lan e  and b e c o m e s  p r o g e s s iv e ly  m o r e  dom inant as the s iz e  of
72

the  su b st itu en ts  i n c r e a s e s /

It h as  a ls o  b een  shown e x p e r im e n ta l ly  that the c i s  i s o m e r s  

of 2 / 4 - d ia lk y l-  1, 3 -d io x o la n e s  c le a v e  at a f a s t e r  ra te  than the  

co r r e s p o n d in g  tra n s  i s o m e r s .  This  aga in  i s  probab ly  due to the  

s t e r i c  c o n g e s t io n  that e x i s t s ,  in  the tr a n s it io n  s ta te  to bond c le a v a g e ,  

of the tr a n s  i s o m e r s  r e la t iv e  to that in  the c i s .  H ence  the h igh er  

a c t iv a t io n  e n e r g y  of the fo r m e r  c a u s e s  the c i s  to c le a v e  fa s te r ^ .

In the carb oh yd rate  f ie ld  B h attach arjee  and Gorirf^ used  

alu m in iu m  ch lo r o h y d r id e s  to p rep a re  a num ber of O -a lk y l  d e r iv a t iv e s ,  

not r e a d i ly  obtained  by other  m eth o d s ,  fr o m  c e r ta in  h exo fu ran osid e  

and h ex o p y ra n o s id e  a c e ta ls .  F r o m  th e ir  e x p e r im e n ta l  w ork  they  

h ave  m a d e  a num ber of  g e n e r a l is a t io n s ,  regard in g  the e f fe c ts  upon  

th e  d ir e c t io n  of  c le a v a g e ,  of the e le c tr o n ic  and s t e r ic  id  io s y n c r a c ie s  

of the m o n sa c c h a r id e  en v iron m en t.

(a) 5, 6 -0 -L in k ed  or 3, 5 - 0 - linked  a c e ta l s  and k e ta ls  r e a c t  

f a s t e r  than 1, 2 -0 - l in k e d  a c e ta ls  o r  k e ta ls .

(b) D io x o la n es  rea c t  f a s t e r  than d io x a n es .

(c) The r e la t iv e  r e a c t iv i t i e s  of the s u b s tr a te s  studied  a r e ,  0- 

i s o p r o p y l id e n e > 0 -c y c lo h e x y l id e n e  >  0 -b e n z y lid e n e  >  0 -e th y lid e n e  >

0 - m e th y le n e .

(d) 0 - M eth ylene  a c e ta ls  and 5, 6 - 0 - l in k e d  r in gs  in  the

1, 2:5, 6 -d is u b s t i tu e d  g lu co fu ran ose  com pounds g ive  the e le c t r o -  

c h e m ic a l ly  d ir e c te d  product i . e .  the 6 - 0 - a lk y l product.

(e) In p y r a n o s id e s ,  m e t h y l - 4, 6 - 0 -  b e n z y lid e n e -c i-D -  

g a la c to p y r a n o s id e  g iv e s  m a in ly  the 6 - 0 - b e n z y l  product w hile  the  

m e th y l  4, 6 - 0 -b e n z y l id e n e -a -D -g lu c o p y r a n o s id e  and m an n opyranos id e  

g ive  both  the 4 - 0 - b e n z y l  and 6 - 0 - b e n z y l  e th e r s  in  an a p p ro x im a te ly  

3:2 ra t io .
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In more recen t work Liptak e t  al^^ have demonstrated that in

su b s t itu te d  4 ,6 ^ 0 -  link ed  hexopyranoside a c e ta l s  the major d ir e c t in g

in f lu en ce  i s  the bu lk iness  o f  the 3 -0 -a lk y l  s u s t i tu e n ts  which sh ie ld

0^ from a tta c k  by the aluminium sp ec ies  and hence promote cleavage

to  the 4 -0 -a lk y l  product.' This i s  emphatically demonstrated with

b e n z y l-2 ,3 “d i-0 -b e n z y l-4 ,6 -0 -b e n z y lid e n e -p  -D-galactopyranoside

which y i e ld s  o f  the 4-0-benzyl product whereas phenyl- 4 ,6 - 0 -

b en zy lid e n e -2 ,3 -0 -m eth y l-p  -D-galactopyranoside g iv es  the 6-0-benzyl

d e r iv a t iv e  as the main product?^

They a ls o  suggest  that when the aglycon moiety becomes very

bulky -  as  say in  a d isaccharide or in  a f r e e  r o ta t in g  benzyl group -

then i t  can a ls o  s h ie ld  the 0̂  ̂ from attack  and consequently favour

the 4 -0 -a lk y l  product, although i f  the su b s t itu e n t  i s  small or cannot

r e a d i ly  r o ta te  near the 0^ then i t  has no e f f e c t  on the bond c leavage .
77

The same workers have a ls o  demonstrated th a t  in  2 ,3 -0 - l in k e d  

78and 3 ,4 -0 - l in k e d  pyranosides the d ir e c t io n  o f  cleavage i s  a function  

o f  th e  con figu ration  o f  the a c e ta l  carbon. So in  2 ,3 -0 -benzy lid en e  

pyranosides the exo-isomer g iv es  a product bearing an a x ia l  hydroxyl 

group a t  Cg and an equatoria l 0-benzyl group a t  due to  the  

aluminium sp e c ie s  a ttack in g  mainly a t  the eq u ator ia l oxygen and so  

y ie ld s  a  product with a equatoria l hydroxyl function  and a 

a x ia l  0 -benzyl group.

The use o f  borane as a hydrogenolytic cleavage reagent i s  

r e l a t i v e l y  recen t although the sodium borohydride cata lysed  cleavage

o f  epoxides by the borane-tetrahydrofuran coraplèxC i s  w e l l  documented.

8oFleming and Bolker have s u c c e s s fu l ly  cleaved a number o f  a c e ta l s  and

k e ta ls  u s in g  excess  o f  a molar so lu t io n  o f  the  borane-tetrahydrofuran
ftl 8?complex * in  tetrahydrofuran a t  or s l i g h t l y  above room temperature.

Their r e s u l t s  have shown th a t  the e f f e c t  o f  the a c e ta l s  

su b s t i tu e n ts  upon the r a te  and d ir e c t io n  o f  cleavage p a r a l l e l  those
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in  the a la m in iu m  ch loroh yd r id e  s ’ rea c t io n , although at p r e s e n t  on ly  the  

e l e c t r o c h e m ic a l  a s p e c t s  have b een  exam in ed . C o n seq u en tly  they  have  

p o stu la ted  that an o xocarb on iu m  s p e c ie s  i s  p r e se n t  in  the transit ion  

s ta te  of the c le a v a g e  p r o c e s s ,  (f ig . IB -  I I ) .

CH , ^  C H ^ ^ /  ^ C H ,

CH2CI C H p

\\
C H ,-O C H (c H ,)  _ "  ^C H
I '  ^  V L  CH OBH;

/  C H X l
CH ^Q |_ | transfer

CHgCI

Main product

F i g . I B  -  11.

The nature of the rea c t in g  b oron  s p e c ie s  i s  not quite c l e a r .

K in e t ic  e x p e r im e n ts  upon the rea c t io n ,  w hen e x c e s s  borane i s  used ,

h ave  in d ica ted  a th ir d -o r d e r  depen dence  upon the borane and h en ce
8 3

c o m p le x e s  o f  the fo llow ing  type a r e  thought to  be  in vo lved  :

B ^ H ^ ,  H ^ B - H - B H ^ - T H F  a n d  B H ^ - T H F ,  ( f i g .  IB -  12 ) .
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.  C H ^ ' O - C H C e H ,
I '  C H C ;H ; * 2 B H j - T H F  — ►  I +  BjH,

\ -
BH,

Fig. IB - 12.

M ean w h ile ,  w hen e x c e s s  a c e ta l  i s  u sed  one m o le  of the borane  

r ea g e n t  i s  su ff ic ien t  to c le a v e  th r e e  m o le s  of a ce ta l ,  su g g est in g  that 

s o m e  s o r t  o f  po lya lk oxyb oron  s p e c ie s  i s  in vo lved  in  the m e c h a n is m .

J u st  as  the c h lo r id e  ion  in  a lum in ium  tr ic h lo r id e  can  b e  d isp la ced  

by  h yd rid e  io n s  to  y ie ld  the a lum in ium  ch lo r o h y d r id e s ,  so b oron  fo r m s  

th e  an a logou s  b o ro n  h y d r o c h lo r id e s .  They are  con ven ien tly  p rep ared  

b y  a nu m ber of p r o c e d u r e s  the m o s t  co m m o n  of w hich  are  shown below.

(a) F r o m  h yd rogen  c h lo r id e  and borane, (fig . IB - 13).

BH^ + HCl ----------- ► BH^Cl +

BH^ + 2HC1 ----------- ^ B H C 1^ +  2H^

8 5(b) F  ro m  d iborane and b oron  tr ic h lo r id e  ,

B , H ,  + B C l  - 3 R  O ------------- ► 3 H ^ B C 1 : 0 R
2 6 3 2 2 2

B , H , , +  4BC1 + 6 R O ------------- ► b H B C l i O R
2 o - 3 Z Ù Ù

S6 8 7
(c) F r o m  b oron  tr ic h lo r id e  and b o ro h y d r id es ,  '

B C l  + N a B H  + 2 R . O ------------- ► N a C l  + 2H B C l O R
3 4 ^   ̂ ^

3BC1^ + N a B H ^ +  4R 2 O ------------- ► N a C l  + 4 R H B C l ^ : O R ^

F ig .  IB - 13. 

u se  i s  in  the

of o le f in s  to g iv e  the re lev a n t a lky l ch lo r o b o r a n e s ,  w hich  a re  u se fu l

88-91
T h eir  m a in  syn th etic  u se  i s  in  the hydrob oration
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in te r m e d ia te s  fo r  m an y  r e a c t io n s .

In the light o f  the s u c c e s s  o f  b oran e  and the a lu m in ium  c h lo r o -  
9 2 -4

h y d r id es  as r e d u c t iv e  c le a v a g e  re a g e n ts ,  it  w as d ec ided  to  ex a m in e  the  

p o s s ib le  u se  of b o ro n  h y d r o c h lo r id e s  in  a s im i la r  m a n n e r .  So th e ir  

r e a c t io n s  w ith  a num ber of 1, 3 -d io x o la n e s  and d io x a n es  have  b een  

look ed  at.

A ls o  in  th is  t h e s i s  the r e a c t io n  of  a c e ta ls  w ith b oron  tr ic h lo r id e
52

and lith ium  a lu m in iu m  hydrid e  - f i r s t  u sed  b y  B onner and Sa v il ie  

in  th is  la b o r a to r y  - h as  b e e n  look ed  at in  g r e a te r  d eta il .
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II. THE REACTION OF SIM PLE CYCLIC A C ETA LS WITH BORON 
TRICHLORIDE/LITHIUM  ALUMINIUM HYDRIDE

HA. In trodu ction .

The h y d r o g e n o ly s is  of c y c l ic  a c e ta ls  u sin g  a lu m in iu m

c h lo r o h y d r id e s  depends upon in it ia l  and r e v e r s ib le  L ew is-

co o rd in a t io n  of the c le a v a g e  reagent w ith  one of the a c e ta l ' s  ox y g en s .

T his  r e s u l t  s in  a p o la r iz a t io n  of the a c e ta l  p a r t icu la r ly  at the

O -C ^ -O  m o ie ty  and a r e la te d  p ro p en s ity  to r a te -c o n tr o l l in g  c lea v a g e

of the C ^-O  bond fa r th er  fro m  the bonding Lewis ac id . The c lea v a g e

i s  c o n su m m a te d  by the fa c i le  donation of a hydride ion  from  the

a lu m in iu m  into the n a scen t  oxocarbon ium  s p e c ie s  at C , probably
2

v ia  a 4 - c e n t r e  tr a n s it io n  s ta te .

O b v iou s ly  i f  b o ro n  tr ic h lo r id e  i s  the reac tin g  L ew is -a c id
3

h y d r id e  donation cannot take p la ce  , although B onner and S av ille  

s u g g e s t  that ana logous  donation o f  a ch lor id e  ion  o c c u r s  to y ie ld  

an u - c h lo r o e th e r .  The h a lid e  i s  then  d isp la ced  by a hydride ion  

fr o m  lith ium  a lu m in ium  hyd rid e  to y ie ld  an ether function as shown  

in  f ig u re  HA - IT.

B C la

- O

BCl

R + BCl

OH

■ O ^  ^ R  

a -c h lo r o  e th e r

- ^ L i A i H .

Fig. IIA - 1
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The m a in  d if fe r e n c e s  b etw een  the boron  t r ic h lo r id e / l i t h iu m  

a lu m in iu m  hydride  s y s te m  and the a lum inium  c h lo r o h y d r id e s  or  

b o ra n e  are  as  fo l lo w s .

1) B oron  tr ic h lo r id e  i s  a m uch  s tro n g er  Lew is  ac id  

e s p e c ia l ly  w hen com p ared  to  the a lum in ium  ch lo r o h y d r id e s ,  ,

2) The hydride donation i s  probably  an in tr a m o le c u la r  

p r o c e s s  in  the borane and ch lorohydride s y s t e m s  w h e r e a s  it m u st  

o c c u r  in te r m o le c u la r ly  w ith the boron  t r ic h lo r id e / l i th iu m  a lum in ium  

h yd rid e  com bination .
5

Work by D e te r s  et a l has d em o n stra ted  that the rate  of  

exch an ge  of b oron  tr ic h lo r id e  fro m  one Lewis b a s e  s ite  to another,  

in  i t s  r e a c t io n  with e th e r s ,  i s  s lo w er  than that of s im i la r  but 

w e a k e r  L ew is  acids such  as boron  tr if lu o r id e  or  a lu m in ium  tr ic h lo r id e .  

The m o s t  probable  r e a s o n  for  th is  s lo w e r  exchange rate  i s  the  

g r e a te r  s trength  of the boron  tr ic h lo r id e -e th e r  bond.

G iven  then that the in it ia l  fo rm a tio n  o f  the L ew is  c o m p le x  

i s  a fa s t  p r o c e s s  in a l l  of the c a s e s  c o n s id e r e d  - as  th ey  are  a ll  

s tro n g  L ew is  a c id s  - it  s e e m s  p la u s ib le  to exp ect  eq u im olar  am ounts  

of any one of them  plus a c y c l ic  a c e ta l  to  e x i s t  m a in ly  in  the  

co o rd in a ted  s ta te .  If th is  i s  true  then  one can  a ls o  expect that 

the p o la r isa t io n  of the O -C ^-O  m o ie ty  w i l l  be g r e a te r  w hen  c o m p lex e d  

to  b oron  tr ic h lo r id e  than say  with a lum in ium  d ich lorohyd rid e .

H ence  the fa c i l i ty  to bond c lea v a g e  w i l l  b e  g r e a te r  in  the boron  

t r ic h lo r id e  co m p lex  and so one m ight exp ect  a c e ta ls  that a re  not 

r e a d i ly  h y d ro g en o ly sed  by the a lum in ium  ch lorohyd rides  or  

borane"^ -  such  a s  3-dioxolane and 2- c h lo r o m e th y l -1, 3 -d io x o la n e  - 

to  undergo c le a v a g e  with the boron  tr ic h lo r id e  s y s t e m .  This  

p o s s ib i l i t y  i s  exam in ed  in  se c t io n  IIC - ii(a) of th is  t h e s i s .

A ls o  the qu estion  of w hether  an a -c h lo r o e th e r  r e a l ly  i s  

fo r m e d  fr o m  the boron  tr ic h lo r id e  and a c y c l ic  a c e ta l  i s  c o n s id e r e d .  

T h is  e s s e n t ia l l y  in v o lv e s  d ifferentia ting  b etw een  a m e c h a n is m



37

in  w h ich  r ing  c le a v a g e  o c c u r s  p r io r  to addition  o f  the l ith ium  

a lu m in iu m  h y d r id e  (f ig .  IIA - 2a) and one in  w h ich  the h yd rid e  ion  

a c tu a lly  b r in g s  about r ing  c le a v a g e  (fig . IIA - 2b),

B C I 2\
- o

BCl

®o
R

BCl

H

Cl LlAlH

(a)
0

BCL

-V

O' R

( b )

F ig .  IIA - 2 .

The fo llow in g  poin ts  a r e  a l s o  d i s c u s s e d

1) The e f fec t  of su b st itu en ts  upon the r e la t iv e  e a s e  of  

a c e t a l c l e a v a g e .

2 ) The e f fec t  of (or C^) su b st itu en ts  upon the d ir e c t io n  

of  c le a v a g e .

3 ) The e f fec t  of v a ry in g  r ing  s i z e  upon the r e la t iv e  e a s e  

of c l e a v a g e .

4 ) W hether, i f  the  a - c h lo r o e t h e r  i s  p r e se n t ,  h a lid e  

t r a n s f e r  i s  an in te r m o le c u la r  or  an in tr a m o le c u la r  p r o c e s s .

Thus th e  a im  of the fo llo w in g  s e c t io n  i s  to  i l lu m in a te  the  

"boron t r ic h lo r id e / l i t h iu m  a lu m in iu m  hydride p lus c y c l ic  aceta l"
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r e a c t io n  g e n e r a l ly  and p erh ap s to ga in  in s ig h t  in to  th e  r e a c t io n

m e c h a n is m .  The b a s ic  m o d e l  u se d  i s  that p r e v io u s ly  su g g e s te d
3

by B onner and S a v i l l e .

IIB. R e a c t io n s  o f  b o ro n  t r ic h lo r id e / l i t h iu m  a lu m in ium  hyd rid e  

w ith  2 - n - p r o p y l - 1, 3r d ioxane.

i) In troduction .

It w a s  d ec id e d  that 2 -n -p r o p y l -  1, 3 -d io x a n e  w ould  be  a 

good m o d e l  com pound to w ork  w ith .  T h is  i s  b e c a u s e  it i s  e a s i l y  

p r e p a r e d  and p u r if ie d  and the e l e c t r o n  donating c h a r a c te r  ( + I ) 

of the 2 - n - p r o p y l  group w ould  b y  a n a logy  w ith  the a lu m in ium  c h lo r o 

hydride r e a c t io n s ,  m a k e  for  f a c i l e  c l e a v a g e .  A ls o  the proton  

m a g n e t ic  r e s o n a n c e  ( p . m . r . )  s p e c tr u m  of 2 - n - p r o p y l - 1, 3 -d io x a n e  

p o s s e s s e s  a c h a r a c t e r i s t i c  and e a s i l y  id en t if ia b le  s ig n a l  due to the  

a c e t a l  p roton  ( tr ip le t ,  c a .  4 . 5  6 ) th e r e b y  a llo w in g  the e le c tr o n ic  

en v ir o n m en t  of th e  O -C ^ -O  fun ction  to b e  m o n ito r e d  in  a q u a lita t ive  

fa sh io n .

ii)  R e s u l t s  and d i s c u s s i o n .

(a) G e n e r a l  r e a c t io n  p ro c e d u r e ,  w o rk -u p  and a n a ly s i s .

2 - n - P r o p y l - 1, 3 -d io x a n e  (O. 01 m o l . )  w as  s lo w ly  added to  an  

i c e - c o o l  so lu t io n  of b oron  tr ic h lo r id e  (O. 01 m o l .  ) in  dry  m e th y le n e  

c h lo r id e .  A fte r  s t ir r in g  fo r  10 m in u te s  an e th e r e a l  su sp e n s io n  of  

l i th iu m  a lu m in iu m  h yd rid e  (O.Ol m o l . )  w a s  added to the p a le  g r e e n  

so lu t io n  and the r e s u lt in g  m ix tu r e  s t i r r e d  at ro o m  te m p e r a tu r e  

until e f f e r v e s c e n c e -  had c e a se d :  th is  g e n e r a l ly  took  about h a lf

an hour. A l l  su bseq u en t r e a c t io n s  w e r e  c a r r ie d  out us ing  th is  

g e n e r a l  p r o c e d u r e  u n le s s  o th e r w is e  s ta ted .

W ork-u p  w a s  then  c a r r ie d  out in  the fo llo w in g  w ay . The  

r e a c t io n  m ix tu r e  w a s  poured  into  i c e - c o o l e d  aqueous m eth a n o l  and  

brought to n e u tr a l i ty  by  the add ition  o f  4N sod ium  h yd rox id e .

A fte r  f i l t e r i n g  off the in so lu b le  in o rg a n ic  m a t e r ia l  m o s t  of the
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m e th a n o l  w a s  r e m o v e d  under vacu u m , then  m o r e  m e th a n o l  w a s  added  

and th is  w a s  a l s o  r e m o v e d .  T h is  p r o c e s s  w a s  r e p e a te d  tw ic e  m o r e  

to  e n su r e  that any r e s id u a l  b o r ic  a c id  w as  r e m o v e d  a s  i t s  v o la t i le  

t r im e th y l  e s t e r .

F in a l ly  c h lo r o fo r m  w a s  added to the c lou d y  syru p  r em a in in g ,  

the  la s t  t r a c e s  o f  in o rg a n ic  m a t e r ia l  r em o v e d  by cen tr ifu g a t io n  and 

th e  re s u lt in g  so lu t io n  w a s  d r ied  o v e r  anhydrous sod iu m , su lphate  

a long  w ith  the c h lo r o fo r m  w a sh in g s  of the in o rg a n ic  m a t e r ia l .

A n a ly s i s  of th is  cru d e  w o r k -u p  so lu t io n  us ing  gas  l iqu id  

ch ro m a to g ra p h y  ( g . l . c . )  sh ow ed  th e  a b s e n c e  o f  any 2 -n -p r o p y l -  1, 3-  

dioxane w h ile  the p r e s e n c e  of  one m a in  product p lus a s m a l l  am ount  

of a m o r e  p o la r  s id e  product w as  in d ica ted .

R e m o v a l  o f  the c h lo r o fo r m  under vacuu m  gave  a pa le  g r e e n  

o il ,  the in f r a - r e d  sp e c tr u m  of w h ich  in d ica ted  a h y d ro x y l fu nction  in  

th e  m o le c u le  w h ile  the 60  M H z p .m .  r .  s p e c tr u m  show ed  the  

p r e s e n c e  of a butoxy  function . M ean w h ile  the a c e ta l  p roton  tr ip le t  

of 2 - n - p r o p y l - 1, 3 -d io x a n e  w a s  a b sen t.

The c le a v a g e  product e x p e c te d  fr o m  the  above r e a c t io n  

w a s  3 -n -b u to x y -p r o p a n -  l - o l ;  a s a m p le  of th is  com pound w a s  then  

p r e p a r e d  by an independent rou te  so  that a c o m p a r is o n  cou ld  b e  m a d e  

b e tw e e n  it and the  product g iv e n  b y  the  b o ro n  tr ic h lo r id e / l i th iu m  

a lu m in iu m  h yd rid e  com b in ation . H en ce  w hen the in f r a - r e d  and  

p . m .  r . s p e c tr a  o f  the two c o m p o u n d s ,  a s  w e l l  a s  th e ir  g . l . c .  

re te n t io n  t im e s ,  w e r e  show n to be id e n t ic a l  it  w a s  con c lud ed  that  

th e  product i s o la t e d  fr o m  the 2 - n - p r o p y l - 1, 3 -d io x a n e  r e a c t io n  w as  

in d eed  3 r n - b u to x y - p r o p a n - l - o l .

M ean w h ile  the p o lar  s id e  product w a s  show n to  be propan-  

1, 3 -d io l  b y  c o m p a r is o n  w ith  the g . l . c .  r e te n t io n  t im e  of a r e f e r e n c e  

s a m p le  of th is  com pound.

T h is  e x p e r im e n t  d e m o n str a te d  that h y d r o g e n o ly s is  o f  the  

2 - n - p r o p y l - 1, 3 -d io x a n e  w a s  p o s s ib l e  under the d e s c r ib e d  con d it ion s  

u sin g  the b o r o n  t r ic h lo r id e / l i t h iu m  a lu m in ium  hyd rid e  com b in ation  

(f ig .  IIB - 1).
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F ig .I I B  - 1.

(b) S to ic h io m e tr y  of the r e a c t i o n .

B y  r e p ea t in g  the above r e a c t io n  w ith  va ry in g  am ounts  of  

2 - n - p r o p y l - 1, 3 -d io x a n e  - i .  e .  1, 2, 3, 4 o r  5 m o le  eq u iv a len ts  of  

dioxane p er  m o le  eq u iva len t  o f  b o ro n  tr ic h lo r id e  - i t  w as  found that 

c o m p le te  h y d r o g e n o ly s is  w a s  s t i l l  p o s s ib l e  w ith  a 3:1:1 m o le  ra t io  of  

a c e ta l  to t r ic h lo r id e  to h yd r id e .  With 4 or 5 m o le s  of a c e ta l  h o w e v er  

r e s id u a l  su b s tr a te  w as  s t i l l  p r e s e n t  in  th e  w o rk ed -u p  product m ix tu r e .

Thus the h y d r o g e n o ly s is  o f  the 2 - n - p r o p y l - 1, 3 -d io x a n e  

o c c u r s  in  a 3:1 m o la r  s to ic h io m e tr y  w ith  r e s p e c t  to  the boron  

t r ic h lo r id e  and w h a te v e r  the r e s u lt in g  c o m p le x  i s  it  can  be  red u ced  

b y  1 m o le  eq u iva len t  o f  li th iu m  a lu m in iu m  hyd rid e  to g iv e ,  on 

w o rk -u p ,  3 m oles  of 3 -n -b u to x y  p rop an - l - o l .
3

B on n er  and Sa v i l l e  e n v is a g e d  that the b o ro n  t r ic h lo r id e /  

l i th iu m  a lu m in iu m  h yd rid e  c l e a v a g e  of c y c l i c  a c e ta l s  o c c u r r e d  v ia  

an a - c h l o r o e t h e r . in te r m e d ia te  and, in  the light of the o b s e r v e d  3:1 

s to ic h io m e tr y ,  it  d oes  not s e e m  too g rea t  a s tep  to su g g e s t  that a l l  

th r e e  o f  the c h lo r in e  a to m s  in  b o ro n  tr ic h lo r id e  a r e  donated (as  

c h lo r id e  ions)  to  g iv e  a c o m p le x  of the type shown in  f ig u r e  IIB -2  

and that th is  c o m p le x  i s  red u ced  b y  the  lith ium  a lu m in ium  h yd r id e .
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Cl

The m o d if ie d  r e a c t io n  pathw ay w ould  th e r e fo r e  b e  as  

show n in  f ig u r e  IIB - 3.
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An im m e d ia te  point of in t e r e s t  in  the ab ove  s c h e m e  i s  the

apparent a b i l i ty  of b o ro n  tr ic h lo r id e  to fo rm  a L e w is - c o m p le x  w ith

a th ird  m o le c u le  of the 1, 3 -d io x a n e  w hen  a lr e a d y  bonded  to  two other

a c e ta l  m o le c u le s :  a s itu a t io n  w h ich  d oes  not o ccu r  w hen  the Lew is

b a s e  i s  an a c y c l ic  e th er .  F o r  in s ta n c e  the ch lo r o b o r o n a te  fo r m e d
eth er

fr o m  b o ro n  t r ic h lo r id e  and d ie th y l/d o e s  not r e a c t  fu r th er  (fig . I I B -4 a ) , 

Ft^O + BCl^ 1 — E t^ O .B C l^  — Et OBCl ^ +  E tC l

(a)

EtOBCl^ + Et^O Et^OBCl^OEt

Et^OBCl^O Et -------► (EtO )^BC l + EtC l

(EtO )^BC l + Et^O — X—^  No R ea c t io n

D iethy lch loroboronate

(b) C H C lP r C H C lP r

w h e r e  OEt >  OCH^CH^OCHClPr in  + I c h a r a c te r

F ig .  IIB - 4 .

The m o s t  probab le  r e a s o n  fo r  the g r e a te r  r e a c t iv i ty  show n  

b y  the d io x a n es  i s  prob ab ly  due to the e a s e  w ith  w h ich  r ing c le a v a g e  

o c c u r s .  Thus b e c a u s e  o f  th is  c l e a v a g e  the ch a rg e  b u ild -u p  upon the  

b o ro n  - due to  the fo r m a t io n  of the L ew is  c o m p le x  - i s  r e m o v e d  in  a 

f a r  m o r e  f a c i l e  m a n n e r  w hen  the d ioxane i s  the attack ing b a s e  ( i.  e .  

by fo r m a t io n  of  the u -c h lo r o e th e r  ) than w h en  the a c y c l ic  e ther  i s  

the b a s e .  It i s  for  th is  r e a s o n  that attack  o f  a s e c o n d  and th ird
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m o le c u le  of d ioxan e upon the b o ro n  i s  not as  e l e c t r o n ic a l ly  u n favour

ab le  a s  the an a logou s  r e a c t io n s  of the a c y c l ic  e th e r .  A ls o  e v en  

though the 1, 3 - d io x a n es  and a c y c l ic  e th e r s  are  a p p r o x im a te ly  equal  

in  b a s ic i t y  the r e s u lt in g  su b st itu en ts  in  the d ich lo r o b o r in a te  and 

d ia lk y lc h lo r o b o r o n a te  g iv e n  by the d ioxan es  a re  p rob ab ly  of lo w e r  

e le c t r o n  donating p o w er  ( + l) than th o se  g iven  by the a c y c l ic  

e th e r s  (f ig .  IIB - 4b) due to  the - I  in d uctive  e f fec t  of the unbonded  

o x y g en  in  the c le a v e d  dioxane: thus the Lew is  a c id ity  of the b o ro n  in  

the r e s p e c t iv e  d ic h lo r o b o r in a te s  and d ia lk y lch lo ro b o ro n a tes  w i l l  be  

h ig h e r  for  the d ioxane d e r iv a t iv e s  than  the a c y c l ic  e th er  com p ou n d s.

A  n e c e s s a r y  c o n c lu s io n  of the above r e a so n in g  i s  that a 

1, 3 -d io x a n e  should  fo r m  a c o m p le x  and undergo c le a v a g e  w hen  

e ith er  an a lk y ld ich lo ro b o r in a te  or a d ia lk y l ch lo ro b o ro n a te  i s  the  

actin g  L ew is  a c id .  E x p e r im e n ts  w e r e  then  c a r r ie d  out to s e e  i f  

th is  a s su m p t io n  w a s  c o r r e c t .

P r o p a n - 2 - o l  (O. 0085 m o l .  ) w a s  s lo w ly  added to a s t ir r e d  

so lu t io n  of  b o ro n  tr ic h lo r id e  (O. 008 5 m o l .  ) in  m e th y le n e  c h lo r id e  

at 0 ° C . A fte r  s t ir r in g  th e  re su lta n t  so lu t io n  for  20 m in u te s ,  to  

a llo w  the h y d ro g en  c h lo r id e  to  e s c a p e ,  2 - n - p r o p y l -  1, 3 -d io x a n e  

( 0 .0 1 7  m o l . )  w a s  added. A fter  s t ir r in g  fo r  5 m in u te s  an e th e r e a l  

s u s p e n s io n  of li th iu m  a lu m in iu m  h yd rid e  w a s  added and after  the  

u su a l p r o c e d u r e  the w o rk ed -u p  product m ix tu r e  w a s  a n a ly sed  upon  

the  gas liqu id  chromatograph.

T h is  sh ow ed  that v e r y  l i t t l e  su b s tr a te  rem a in ed , and that  

a g a in  the  m a in  product w as  3 - n - b u t o x y - p r o p a n - l - o l .  S im ila r  

r e s u l t s  w e r e  g iv e n  w hen  1 m o le  eq u iva len t  of the d ioxane w a s  added  

to  a so lu t io n  con ta in ing  1 m o le  eq u iva len t  o f  b o ro n  tr ic h lo r id e  p lus  

2 m o le  eq u iv a le n ts  of p r o p a n -2 -o l  or I m o le  eq u iva lent of e th a n -1 ,  2 -  

d io l .  Thus th e  3:1 s to ic h io m e tr y  w a s  fu rth er  c o r r o b o r a te d  

(f ig .  IIB - 5).
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A v a lid  c r i t i c i s m  of the above e x p e r im e n t  i s  that

r e s id u a l  h y d ro g en  c h lo r id e  in  the r e a c t io n  m ix tu r e  m a y  have aided

in  the c le a v a g e  o f  th e  d ioxan e . In o r d e r  to s e e  i f  th is  w a s  the

c a s e  g a s e o u s  h y d ro g en  c h lo r id e  (O. 02 m o l . )  w a s  bubbled  into a

m e th y le n e  d ich lo r id e  so lu t io n  o f  2 - n - p r o p y l - 1, 3 -d io x a n e  (0 .0 1 3  m o l . )

and the r e a c t io n  m ix tu r e  s t ir r e d  at 0 °  fo r  10 m in u te s .  A fter  th is

t im e  the so lu t io n  w a s  tr e a te d  w ith  l i th iu m  a lum in ium  hydride

( 0 . 013 m o l .  ) in  the u su a l w ay . A fter  w o rk -u p  a g. 1. c .  of the

prod uct show ed  that no r e a c t io n  had o c c u r r e d  in  the s e n s e  that

the  m a in  product w a s  2 - n - p r o p y l - 1, 3 -d io x a n e ,  although a s m a l l

am ount of p r o p a n -1, 3 - d i o l  w a s  p r e s e n t .  The y ie ld  of d ioxane

h o w e v e r  (9 2 %) w a s  la r g e  enough to im p ly  that the p r e s e n c e  of

r e s id u a l  h y d ro g en  ch lo r id e  w ould  not m a k e  any d if fe r e n c e  to the

c le a v a g e  r e a c t io n s  m en t io n ed  above . U nder  m o r e  e x tr e m e

co n d it io n s  h y d ro g en  ch lo r id e  w i l l  b r in g  about the c le a v a g e  of a

d ioxane a lthough the nature o f  the con d it ion s  and products  a re

v e r y  d if fere n t  f r o m  th o se  c o n s id e r e d  h e r e ,  a s  d e m o n str a ted  b y
7

B artok  and M olnar .
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(c ) E v id e n c e  for  a - c h lo r o e t h e r .

Im p lic i t  w ith in  the p r e v io u s  d i s c u s s io n  i s  th e  a s su m p t io n  that  

the 1, 3 -d io x a n e  r ing  op en s  p r io r  to  the addition  o f  the l ith ium  

a lu m in iu m  h y d r id e ,  due to the fo r m a t io n  of an a - c h lo r o e t h e r .  

E x p e r im e n ts  w e r e  then  c a r r ie d  out to t e s t  th is  a ssu m p tio n .

Thus a 3:1 m ix tu r e  of 2 - n - p r o p y l - 1, 3 -d io x a n e  and b o ro n  

t r ic h lo r id e  w as  p r e p a r e d  in  i c e - c o o l e d  carb on  t e tr a c h lo r id e .  At 

r e g u la r  in te r v a ls  a sa m p le  of the r e a c t io n  m ix tu r e  w as  w ithdraw n  

and i t s  p . m .  r. sp e c tr u m  taken  th e r e b y  affording a m e a n s  of m o n ito r in g  

any c h a n g es  that o c c u r r e d  in  the r e a c t io n  m ix tu r e .

The f i r s t  s p e c tr u m  - tak en  2 m in u te s  a fter  the addition  of the  

a c e ta l  - sh ow ed  a s l ig h t  dow nfie ld  sh ift  of the m u lt ip le t  due to the  

p ro p y l ch a in 's  m e th y le n e  p roton s  ( 1. 4 —  1 .9 6 )  w h i le  the m u lt ip le t  

c e n tr e d  at 3. 96 in  the f r e e  a c e ta l  sh ow s a lo s s  o f  coupling  c h a r a c te r  

and an h o m o g e n is a t io n  that w ould  b e  a s s o c ia t e d  w ith  a change fr o m  a 

c y c l i c  to  a l in e a r  a r r a y  of the and m e th y le n e  p ro to n s .  The  

m o s t  in fo r m a t iv e  fe a tu r e s  o f  the s p e c tr u m  h o w e v e r  w e r e  a t r ip le t ,  

in teg ra t in g  to one proton, at 5. 75Ô (J = 5 .5  Hz) and the d isa p p e a ra n ce  

of the a c e ta l  p ro ton s  t r ip le t  fr o m  4. 56 .

A ls o  s ig n if ic a n t  w a s  the fact  that v e r y  l i t t le  change had  

o c c u r r e d  b e tw e e n  the t im e  w hen  the f i r s t  s p e c tr u m  w as  taken  and 

24  h . la te r  w hen  the  f in a l  sp e c tr u m  w a s  run. T h is  s u g g e s t s  that  

th e  c o m p le x  i s  fo r m e d  w ith in  the  f i r s t  tw o m in u te s  a fter  the add ition  

of the a c e ta l .
8Olah and S o m m e r  in  th e ir  w o rk  on s ta b le  carbon ium  ions  

look ed  at the proton  m a g n e t ic  r e s o n a n c e  s p e c tr a  of a num ber of 

a - c h lo r o e t h e r s  . They c i te  a t r ip le t  at around 5 .8 5 6  a s  b e lon g in g  to 

the  C  ̂ proton  on the a - c h lo r o e th e r ,  w hich  i s  in  good a g r e e m e n t  w ith  

the 5. 755 o b s e r v e d  above (fig . IIB -  6).



47

SKTT • q n  ®
CH CH O CH CH CH 5 ~ ^  CH CH O rr=n. CHCH CH

3 2 2 3  ̂ ggo 3 2  2 3

4 2 1 3  5
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F ig .  IIB - 6 .

When the s a m e  e x p e r im e n t  w a s  rep ea te d  w ith  a 6:1 a c e ta l  

to  b o ro n  t r ic h lo r id e  ra tio  then  the a c e ta l  proton  tr ip le t  w as  s e e n  to be  

p r e s e n t  at 4. 56 a long  w ith  the " a -c h lo r o e th e r  tr ip le t  at 5. 756 and 

the m u lt ip le t  at 1 . 4 6 ,  b e lon g in g  to the n -p r o p y l  groups m e th y le n e  

p r o to n s .

A  s p e c tr u m  w a s  a l s o  ta k en  o f  the  3:1 r e a c t io n  m ix tu r e  in  

ca rb o n  t e tr a c h lo r id e  30 m in u te s  a f te r  the addition  of an e th e r e a l  

l i th iu m  a lu m in iu m  h yd rid e  su sp en s io n :  th is  show ed  the p r e s e n c e  of a 

b u ty l group but the a b se n c e  o f  both the a c e t a l  t r ip le t  and the tr ip le t  

at 5. 756  . G. 1. c .  a n a ly s is  of th e  p rod u cts  fr o m  th is  r e a c t io n  aga in  

sh ow ed  that 3 -n -b u to x y  p r o p a n - l - o l  w as  the m a in  product.  If the  

3:1 r e a c t io n  m ix tu r e  i s  w o r k e d -u p  w ithout add ition  o f  the lith ium  

a lu m in im u m  h y d r id e  then  the m a in  product i s  p r o p a n -1, 3 -d io l  w hich  

a ls o  ten d s  to  support the v ie w  that r ing  c le a v a g e  o c c u r s  p r io r  to the  

add ition  of the h y d r id e .

The not u n rea so n a b le  a s su m p t io n  m a d e  during the above  

e x p e r im e n ts  w a s  that the u se  of ca rb o n  te tr a c h lo r id e  as  a so lv en t  

s y s t e m  w ould  not h ave  any s ig n if ic a n t  e f fec t  upon the r e a c t io n  

pathw ay that i s  fo l lo w e d  w hen  m e th y le n e  d ich lo r id e  i s  the so lv en t ,  

i .  e. that the p roton  m a g n e t ic  r e s o n a n c e  s p e c tr a  a re  a fa ith fu l
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r e p r e s e n ta t io n  o f  what o c c u r r e d  in  the in it ia l  c l e a v a g e  r e a c t io n s .

It w a s  then  d ec id ed  to tr y  and i s o la t e  the product g iv e n  fro m  

th e  3:1 r e a c t io n  m ix tu r e .  T his  w as  c a r r ie d  out b y  r e m o v in g  the  

m e th y le n e  d ich lo r id e  under red u ced  p r e s s u r e  o v er  a p e r io d  of  about  

1 h . at ro o m  te m p e r a tu r e .  When a l l  of the so lv en t  had b e e n  

r e m o v e d  - and c o l le c t e d  in  co ld  tra p s  im m e r s e d  in  liqu id  a ir  - 

a pa le  g r e e n  syrup  r e m a in e d  in  the  f la s k .  A  p. m .  r . sp e c tr u m  of 

th is  syru p  w a s  the  s a m e  as that g iv e n  p r e v io u s ly  by  the 3:1 a c e t a l /  

b o ro n  t r ic h lo r id e  in  CCl^ so that no a p p r e c ia b le  d e c o m p o s it io n  had  

o c c u r r e d  on r e m o v in g  the so lv e n t .  An in fr a -r e d  s p ec tru m  of the  

sy ru p  sh ow ed  the p r e s e n c e  o f  a la r g e  B -O  s tr e tc h  at 1340 cm   ̂

w h ile  the  B - C l  s tr e tc h  at 900 c m ”  ̂ w a s  notably  ab sen t,  a peak at 

6 70 c m  and 750 c m   ̂ d o es  o c c u r  in  the C -C l  s t r e tc h  r e g io n  h o w e v er .

The p r e s e n c e  of r e s id u a l  m e th y le n e  d ich lo r id e  m a y  have  

b e e n  r e s p o n s ib le  fo r  the C - C l  s tr e tc h  in  the above in f r a - r e d  s p ec tru m  

s o  the e x p e r im e n t  w as  re p e a te d  u s in g  d ie th y l e ther  as  the so lven t ,  

w h en  a s im i la r  s p e c tr u m  w as  g iv e n  in d ica tin g  that the peak w as  

p rod u ced  b y  the c o m p le x .

If any b o ro n  t r ic h lo r id e  had c o n d en sed  o v e r  w ith  the  

m e th y le n e  d ic h lo r id e  during the i s o la t io n  of  the c o m p lex ,  it  cou ld  

e a s i l y  be  c o n v e r te d  to the eq u iva lent am ount of h yd rogen  ch lo r id e  

b y  washing the m e th y le n e  ch lo r id e  w ith  w ater:  the r e su lt in g  

h y d r o c h lo r ic  a c id  so lu t io n  w a s  th en  t i tr a te d  a g a in st  0. IN  sodium  

h y d ro x id e  th e r e b y  g iv in g  an e s t im a t io n  of the am ount o f  boron  

t r ic h lo r id e  r e m o v e d .  With an in i t ia l  am ount o f  0 .8 6  g of b oron  

t r ic h lo r id e  - w h e r e  0 .8 3  g w a s  n e c e s s a r y  fo r  th e o r e t i c a l  com b in ation  

w ith  the a c e ta l  - 0. 06 g w a s  e s t im a te d  to  b e  p r e s e n t  in  the m e th y le n e  

d ic h lo r id e .  T his  aga in  s u g g e s t s  that the b o ro n  tr ic h lo r id e  h a s  b e e n  

m o d if ie d  to  a c o n s id e r a b le  d e g r e e  in  the r e a c t io n  and that the product  

fo r m e d  i s  m o r e  than ju st  a s im p le  a s s o c ia t io n  c o m p lex .

In c o n c lu s io n  then  the fo llo w in g  s ta te m e n ts  m a y  b e  m a d e
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about the r e a c t io n  b e tw e e n  3 m o le  eq u iva len ts  of 2 - n - p r o p y l - 1, 3-  

dioxane and 1 m o le  eq u iva len t  o f  b o ro n  t r ic h lo r id e .

1) The product fo r m e d  in v o lv e s  c o n s id e r a b le  m o d if ic a t io n  to  

both  s u b s tr a te s  and as a s in g le  product i s  g iv e n  on tr e a tm e n t  w ith  

l i th iu m  a lu m in iu m  h yd rid e  or  w a te r  th is  s u g g e s t s  that the th r e e  

dioxane m o le c u le s  have  b e e n  m o d if ie d  in  the s a m e  w ay.

2) I n fr a -r e d  and p roton  m a g n e t ic  r e so n a n c e  data su g g e s t  

that th is  m o d if ic a t io n  in c lu d e s  r ing  opening and fo r m a t io n  of an  

a -c h lo r o e th e r  p r io r  to  the ad d ition  o f  the h yd rid e .

3) I n fr a -r e d  data d e f in ite ly  sh ow s that th e r e  a r e  no B - C l  

bo.nds in  the prod uct w h ile  at l e a s t  one B -O  bo.nd i s  p r e s e n t .

It w as  then  d ec id ed  to ex tr a p o la te  the r e s u l t s ,  obtained  by  

u s in g  2 - n - p r o p y l - 1, 3 -d io x a n e  a s  a m o d e l  s u b s tr a te ,  to o ther  s im p le  

a c e ta l s  in  the hope that fu r th er  in s ig h t  into the r e a c t io n  pathway would  

be obtained .

l i e .  R e a c t io n s  of b o ro n  t r ic h lo r id e / l i t h iu m  a lum in ium  h yd rid e  w ith  

s im p le  d io x o la n e s ,  d io x a n es ,  d io x ep a n es  and d io x o c a n e s .

i) In tr o d u ct io n .

The o r ig in a l  m o t iv a t io n  beh ind  u s in g  the b oron  tr ic h lo r id e /  

l i th iu m  a lu m in iu m  h yd rid e  co m b in a t io n  a s  a h y d r o g e n o ly s is  rea g en t  

w a s  that i t  m a y  e f fe c t  c le a v a g e  o f  a c e ta l s  not r e a d i ly  h y d r o g e n o ly se d  

b y  b o ra n e  or  the a lu m in iu m  c h lo r o h y d r id e s ,  n a m e ly  th o se  conta in ing  

a h y d ro g en  or  e l e c t r o n  w ithdraw in g  (-1) group at C^.

The r e s u l t s  fr o m  the p r e v io u s  s e c t io n  (IIB) had in d ica ted  

that the b o ro n  t r ic h lo r id e / l i t h iu m  a lu m in ium  hyd rid e  com b in ation  

cou ld  b e  u sed  w ith  co n f id en ce  fo r  a 1, 3 -d io x a n e  w ith  an e le c tr o n

donating (+ I ) group at The fo llo w in g  s e c t io n  d i s c u s s e s  the

r e s u l t s  g iv e n  w hen  v a r io u s  1, 3 -d io x o la n e s ,  1, 3 - d io x a n es ,

1, 3 - d io x ep a n es  and 1, 3 -d io x o c a n e s  su b stitu ted  at w ith  e i th er  

H , n - P r  or C H ^C l- w e r e  u sed  a s  s u b s tr a te s .

E x p e r im e n ta l  e v id e n c e  fo r  the  p a r t ic ip a t io n  of an
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ox o ca rb o n iu m  ion  aS- in te r m e d ia te  to a - c h lo r o e th e r  fo r m a t io n  i s  

d is c u s s e d  a s  w e l l  a s  the m o d e  of t r a n s fe r  of the c h lo r id e  ion .

ii) R e s u lt s  and d i s c u s s i o n .

(a) S im p le  c le a v a g e  r e a c t io n s  .

The s a m e  e x p e r im e n ta l  p ro ced u re  that had b een  u sed  to  

h y d r o g e n o ly s e  the 2 - n - p r o p y l - 1, 3 -d io x a n e  w as  u sed  in  a l l  c a s e s .

H en ce  a 3:1 m ix tu r e  o f  the a c e ta l  and b oron  tr ic h lo r id e  in  m e th y le n e  

c h lo r id e  w a s  t r e a te d  w ith  an e th e r e a l  su sp e n s io n  of lith ium  

a lu m in iu m  h y d r id e .

A fte r  w o r k -u p  the product m ix tu r e s  w e r e  a n a ly se d  using  

g a s  liqu id  c h ro m a to g ra p h y  w h ich  a l lo w e d  the re te n t io n  t im e s  of the 

p rod u cts  to be  c o m p a r e d  w ith  in d ep en d en tly  p r e p a r e d  r e fe r e n c e  

m a t e r i a l s .  The in f r a - r e d  and 60 MHz p roton  m a g n e t ic  r e s o n a n c e  

s p e c tr a  of the p rod u cts  w e r e  a ls o  c o m p a r e d  w ith  th o se  of the r e f e r e n c e  

s a m p le s .

A s  ca n  be  s e e n  in  Table IIC - 1 good y ie ld s  of the r e s p e c t iv e  

h y d r o x y e th e r s  w e r e  g iven  in  a l l  c a s e s  and r e c o v e r y  w as  a lw ays  

g r e a te r  than 80%. R e s id u a l  s u b s tr a te  w a s  p r e s e n t  in  on ly  tw o of the  

product m ix tu r e s  - th o se  of 2 - c h l o r o m e t h y l - 1, 3 -d io x o la n e  and 2 - c h lo r o -  

m e th y l -  1, 3 -d io x a n e -  and the am ount of th is  w a s  red u ced  by the u se  of  

a 1:1 m ix tu r e  of a c e ta l  and b o ro n  tr ic h lo r id e .  The only  o th er  o b s e r v e d  

p ro d u cts ,  the r e s p e c t iv e  p o ly o ls ,  w e r e  p r e s e n t  in  a l l  o f  the product  

m ix t u r e s  to  w ith in  about 5% of the to ta l  y ie ld .  T his  p rop ortion  cou ld  

b e  lo w e r e d  by in c r e a s in g  the am ount of li th iu m  a lu m in ium  h ydride  

fr o m  1 m o le  eq u iva len t  to  2 m o le  eq u iv a len ts  - b a s e d  on the amount  

of b oron  t r ic h lo r id e  p r e s e n t  - and a ls o  by  exten d in g  the t im e  the  

h yd r id e  w a s  in  co n ta ct  w ith  the a - c h lo r o e t h e r  c o m p le x  fro m  0. 5 h. 

to  1 h . , although it w a s  n ev er  p o s s ib l e  to r e m o v e  it c o m p le te ly .
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S u b stra te P ro d u ct
+ + + +

Y ie ld  o f  Y ie ld  of
S u b stra te  (%) Product(%)

2 - n - P r o p y l -  1, 3 
- d ioxolane

2- n -b utoxy  
e t h a n - l - o l

0 >95

1  ̂ 3- D ioxo lan e 2 -m e th o x y  
e t h a n - 1-61 X

+

<1
40
78

9 0 -5
60
16

2 -C h lo r o m e th y l  
- 1, 3 -d io x o la n e

2 - (2 -c h lo r o e th o x y )  
- e t h a n - l - o l XX

33
86

67
14

2 - n - P r o p y l -  1, 3-  
dioxane

3 -n -b u to x y  
p r o p a n - l - o l

0 >95

1, 3 - D ioxane 3 -m e th o x y  
p r o p a n - l - o l

<1 9 0 -5

2 -C h lo r o m e th y l  
- 1, 3 -d io x a n e

3 - (2 -c h lo r o e th o x y )  
- p r o p a n - l - o l

44 49

2 - n - P r o p y l -  1, 3-  
d ioxep an e

4 - n -b utoxy  
butan- l - o l

0 >95

1, 3 -D io x e p a n e 4 -m e th o x y  
butan- l - o l

0 95

2 -C h lo r o m  e th y l-  
1, 3 -d io x ep a n e

4- (2 - ch lo r  oethoxy)  
-b u tan -  l - o l

<1 95

2 - n - P r o p y l -  1, 3-  
d ioxocan e

5 - n -b u toxy  
pent an- l - o l

0 98

1, 3 -D io x o c a n e 5 -m e th o x y  
pent an- l - o l

0 95

2 -C h lo r  om  ethy l  
- 1, 3 -d io x o c a n e

5 - ( 2 - c h lo r  om  e thy l) 
-p en ta n -  l - o l <1 95

XX Y ie ld  w ith  A l  H^Cl a fter  48 h. at ro o m  te m p e r a tu r e  in  ref. 1 at 80%
r e c o v e r y .

X Y ie ld  w ith  A l H^Cl a fter  44  h. at ro o m  te m p e r a tu r e  in  r e f . l  at 55%
r e c o v e r y .

+ Y ie ld  w ith  a f ter  24 h. at 57 in  r e f .  4.

+ + T o ta l i s o la t e d  y ie ld  w a s  ca . 85% in  e a c h  c a s e .

N ote : A l l  p rod uct m ix tu r e s  con ta ined  ca . 5% d io l.

Table IIC - 1.
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The in c r e a s e d  r e a c t iv i ty  of the b oron  t r ic h lo r id e / l i t h ia m  

a lu m in ia m  h yd rid e  co m b in a t io n  o v e r  boran e  or  the a lu m in iu m

c h lo r o h y d r id e s  i s  w e l l  i l lu s tr a te d  by c o m p a r is o n  of the r e a c t io n s

of the th r e e  r e a g e n ts  w ith  2 - c h lo r o m e t h y l - 1, 3 -d io x o la n e  and 1, 3-

d ioxo lan e  (Table IIC - 1). Thus w h ile  h y d r o g e n o ly s is  o f  1, 3 -d io x o la n e

r e q u ir e s  4 4 ^ *  fo r  a 6 0 % y ie ld  o f  2 - m e t h o x y - e t h a n - l - o l  w ith
1a lu m in iu m  d ih y d ro ch lo r id e  at ro o m  te m p e r a tu r e ,  a lm o s t  c o m p le te  

c o n v e r s io n  of the a c e t a l  i s  g iv e n  a f ter  a to ta l  r e a c t io n  t im e  o f  35 

m in u te s  w ith  the b o ro n  t r ic h lo r id e / l i t h iu m  a lum in ium  h y d r id e .

The m a in  r e a s o n  for  th is  g r e a te r  r e a c t iv i ty  i s  prob ab ly  

the  g r e a te r  L ew is  a c id i ty  of the b o ro n  tr ic h lo r id e  w h ich  c a u s e s  

g r e a te r  p o la r is a t io n  o f  the O -C ^ -O  m o ie ty  th ereb y  enhancing c le a v a g e  

of the C ^-O B  bond. The d i f fe r e n c e  in  Lew is a c id ity  b e tw een  b oron  

t r ic h lo r id e  and the a lu m in iu m  c h lo r o h y d r id e s  or  b o ra n e  i s  a ls o  

enhanced  by the  fact  that the la t te r  two re a g e n ts  a re  u sed  in  Lewis  

b a s e  s o lv e n t s .

_ The o v e r a l l  r e a c t io n  m a y  be r e p r e s e n te d  as  show n in  

f ig u r e  IIC - 1.

HC

HC

H
B C b LAN MeOH  

lOmin. 30min. HgO
R

HC OH

/
( C H g )
\  "
H C  OR'

&

R' = CHgR
R= H, Pr.CHgCI

Fig. IIC - 1.
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(b) P r e p a r a t io n  of s u b s t r a t e s .

1, 3 - D ioxo lan e  and I, 3 -d io x a n e  w e r e  p r e p a r e d  by  the m eth o d  

of L e g g e t te r  and B row n  in  w h ich  the ap p rop ria te  d io l w a s  h ea ted  w ith  

a s l ig h t  e x c e s s  o f  p a r a fo rm a ld eh y d e  in  the p r e s e n c e  of anhydrous  

m a g n e s iu m  sulphate. C on cen tra ted  h y d ro ch lo r ic  a c id  w as  the c a ta ly s t  

u se d  and th e  r e a c t io n  m ix tu r e  w a s  h ea ted  at such  a ra te  that t h e  c y c l ic  

a c e ta l  w a s  d is t i l l e d  o v e r .

H C  OH

(CHg) + (HCHO) *

\
HC OH

2
m = 0,1 or 2 .

m n h e a t
M g S 0 4  H

HC

H L

F ig .  IIC - 2 .

The 1, 3 -d io x ep a n e  w a s  p r e p a r e d  by a s l ig h t ly  d ifferen t  

p r o c e d u r e  in  that the b u t a n - 1, 4 - d io l,  p ara fo rm a ld eh y d e  and m a g n e s iu m  

su lp hate  w e r e  re f lu x e d  to g e th e r  in  the p r e s e n c e  of co n cen tra ted  

h y d r o c h lo r ic  a c id  fo r  3 h. and th en  the a c e ta l  w a s  g iv e n  on d is t i l la t io n .

A tte m p ts  at the p re p a r a t io n  o f  1, 3 -d io x o c a n e  d ir e c t ly  fro m  

p e n t a n - 1, 5 -d io l  and p a ra fo rm a ld eh y d e  r e s u l te d  in  low  y ie ld s  of the  

m o n o m e r  and quite  su b sta n t ia l  am oun ts  of the d im e r  and h igh er  

p o ly m e r s .

S u c c e s s  w a s  a c h ie v e d  w hen  the m eth o d  o f  Ante unis and B e c u ^  

w a s  u sed  in  w h ich  the m ix e d  a c e ta l  show n in  f ig u r e  IIC - 3a i s  f i r s t  

fo r m e d  by the £ - to lu en esu lp h o n ic  a c id  c a ta ly s e d  con d en sa tion  of 

p a ra fo rm a ld eh y d e  w ith  ethanol and p e n ta n -I ,  5 -d io l  u s in g  b en zen e  

as  the s o lv en t .

R ed u c ed  p r e s s u r e  p y r o ly s i s  of the m ix e d  a c e ta l  g iv e s  

I , 3 -d io x o c a n e  in  good y ie ld  without any a p p rec ia b le  p o ly m e r isa t io n ,  

p o s s ib ly  v ia  the m e c h a n is m  ou tlin ed  in  f ig u re  IIC - 3b.



54

(a) HOCH (C H ,)C H ,O H  + (HCHO)
Z Z 3 Z n

EtO CH O CH (CH^) CH OCH OEt 
Z Z Z 3  2  2

mixed acetal

Reduced
p r e s s u r e
p y r o ly s is

(b)

(CH,)

OEt

OEt OEt

H C -
y

(CH,)

\

O

oHC —

/  / \  
E tO  OEtF ig .  n o  - 3.

The Z -n -p r o p y l  su b st itu ted  a c e ta l s  w e r e  a l l  p rep a red  by the  

jp -to lu en esu lp h o n ic  a c id  c a ta ly s e d  co n d en sa tio n  o f  bu tyra ldéhyde w ith  

the  a p p ro p r ia te  d io l,  u s in g  to lu en e  as a s o lv en t .  The w ater  

p rod u ced  during the r e a c t io n  w a s  a z e o tr o p ic a l ly  r e m o v e d  u sin g  a 

m o d if ie d  D ean  and Stark  a s s e m b ly  (f ig .  IIC -  4 ).

H'

(C H g ) ,

H C -  
z

OH

+ C3H7CHO

OH
n =  0 , 1,2  o r  3 .

F ig  IIC - 4 .

HC

HC
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M ean w h ile  the 2 - c h lo r o m e th y l  d e r iv a t iv e s  w e r e  g iv e n  w hen  

an e q u im o la r  m ix tu r e  of  1, 1 - d ie th o x y -2 - c h lo r o e th an e  w a s  h ea ted  

w ith  the ap p rop r ia te  d io l u s in g  jp -to lu en esu lp hon ic  ac id  as  the c a ta ly s t .  

The r ea c ta n ts  w e r e  h ea ted  until the th e o r e t ic a l  am ount of eth ano l had  

b e e n  d is t i l l e d  o v e r  ( f ig .  IIC - 5).

HC OH

1
(CH,)
\ "

HC OH

Cl OEt

H OEt
z .

n= o , i , 2 o r 3 .  +2 E to n

F i g .  IIC -  5 .

A l l  of the c y c l i c  a c e ta l s  m en t io n ed  above w e r e  p u r if ied  by  

d is t i l la t io n  and d r ie d  o v e r  anhydrous sod iu m  carbon ate  24 h. p r io r  

to  a c le a v a g e  r e a c t io n .

(c) P r e p a r a t io n  of r e f e r e n c e  com pounds.

The g e n e r a l  m eth o d  of s tr u c tu r e  p roo f  u sed  in  the a f o r e 

m e n t io n e d  s e r i e s  of e x p e r im e n ts  w a s  to  c o m p a r e  the product fro m  

the p a r t ic u la r  h y d r o g e n o ly s is  r e a c t io n  under c o n s id e r a t io n  w ith  an  

in d ep en d en tly  p r e p a r e d  sa m p le  of the ex p e c te d  product.

The m e th o x y  and n -b u toxy  d e r iv a t iv e s  of e th an -1 ,  2 - diol,  

b u t a n - 1, 4 - d io l and p e n ta n -1, 5 -d io l w e r e  p rep a r e d  b y  trea t in g  the  

m o n o  sod iu m  s a l t  of the d io l  w ith  e i th er  m e th y l  iod id e  or  n -b u ty l  

b r o m id e  r e s p e c t iv e ly ,  u sing  dry  d im eth y l  fo r m a m id e  ( D . M . F . )  as  

the  so lv e n t  ( f ig .  IIC - 6).
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HC — OH ;
V
HC— OH 

Z

NaX

+

n -  0 , 2 .o r 3 .

RX = M el or  n -B u B r

NaH

HC — OH
y

HC ----  OR
Z

F ig .  IIC - 6 >

II

HC — OH

y
(CH^) H.

\
HC —  ONa z

RX

F o r  3 -m e th o x y  p r o p a n - l - o l  a s l ig h t ly  d ifferen t  p ro ced u re  

w a s  u se d  in  w h ich  3 - c h lo r o  p r o p a n - l - o l  w as  added to a re f lu x in g  

so lu t io n  of sod iu m  m e th o x id e  in  m e th a n o l .  The sa m e  p r o c e d u r e  

w a s  u sed  to p r e p a r e  3 -n -b u to x y  p r o p a n - l - o l  (f ig .  IIC - 7).

Cl

+ RONa

R = Me, n - B u

OR

+ NaCI
OH

F ig .  IIC -  7.

(d) S tru c tu re  p ro o fs  fo r  the p rod u cts  g iv e n  by the 2 -c h lo r o m e th y I  

substituted  a c e t a l s .

The produ ct g iv e n  fro m  the c le a v a g e  of 2 - c h lo r o m e t h y l - 1, 3- 

d ioxo lan e  w a s  show n to b e  2 - ( 2 - c h lo r o e t h o x y ) - e t h a n - l - o l  b y  co m p a r in g  

the b .p .  and the I .R .  s p e c tr a  of the i s o la t e d  product w ith  th o se  g iv e n
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b y  an authentic  sa m p le  of 2 - (2 - c h lo r o e th o x y ) - e th a n -  l - o l  p r e p a r e d  by  

the  m eth o d  ou tlin ed  by L e g g e t te r  and B row n. ^

The product g iv e n  by c le a v a g e  of 2 - c h lo r o m e t h y l - 1, 3 -d io x a n e  

w a s  show n to be  3 - (2 -c h lo r o e th o x y ) -  p r o p a n - l - o l  by  a n um ber o f  

p h y s i c o - c h e m ic a l  tech n iq u es :  thus the I .R .  s p e c tr u m  of th e  product  

sh ow ed  the p r e s e n c e  of OH and C -C l  s tr e tc h ,  the C .I .  m a s s  sp e c tr u m  

sh ow ed  that i t s  m o le c u la r  w eigh t  w a s  138 w h i le  the E . I .  fra g m e n ta t io n  

p a ttern  and 6 0  MHz p .m .  r . sp e c tr u m  of the product a g r e e d  w ith  that  

ex p e c te d  fro m  3 - ( 2 - c h lo r o e t h o x y ) - p r o p a n - l - o l .  F in a l ly  e le m e n ta l  

a n a ly s i s  c o n f ir m e d  that th e  e m p ir ic a l  fo rm u la  w a s  C^H^

A s im i la r  co m b in a t io n  of tech n iq u es  w a s  u sed  to show that  

the p rod u cts  g iv e n  by  2 - c h l o r o m e t h y l - 1, 3 -d io x ep a n e  and 2 - c h lo r o 

m e t h y l - 1, 3 -d io x o c a n e  w e r e  4-( 2 - ch lo r o e th o x y )-b u ta n -  l - o l  and 5- 

( 2 - ch lo  r oethoxy) - pentan- l - o l  r e s p e c t iv e ly .

IID. E v id en ce  for  p a r t ic ip a t io n  o f  an o xocarb on iu m  ion  in  the r e a c t io n  

path w ay .

i) In tro d u ct io n .

In the fo llo w in g  s e c t io n s  e x p e r im e n ta l  ev id e n c e  i s  c o n s id e r e d  

that w a s  d e s ig n e d  to t e s t  the su p p o s it io n  h e ld  by  this th e s is  that an  

o x o ca rb o n iu m  io n  i s  the  s u b s tr a te  to u -c h lo r o e th e r  form a tio n .

The m o d e  of  t r a n s fe r  of th e  c h lo r id e  ion  i s  a ls o  c o n s id e r e d .

ii)  R e s u l t s  and d is c u s s io n .

(a) Sub stitu ten ts  at on th e  1, 3 -d io x o la n e  r in g .

F o r m a t io n  of the a - c h lo r o e t h e r  c a n  o c c u r  in  two m a in  w a y s .  

The f i r s t  o f  t h e s e  in v o lv e s  n u c leo p h il ic  attack  o f  a ch lo r id e  io n  upon  

an ox o ca rb o n iu m  s p e c ie s  g iven  on f i s s i o n  o f  the C ^-OB bond, w h ile  

in  the seco n d  the C ^-O B  bond i s  b ro k en  b e c a u s e  of n u c leop h il ic  

attack  o f  a c h lo r id e  io n  at (f ig .  IID - l ) .



58

O'
1

O

R

3

R oute  1

Cl © OBX.

• o - <

o©
5

4

Cl 0

^ X 2

•G

R

° — <Cl

R

Route 2

S im i la r ly  a - I  group at w ould  tend to re ta rd  a - c h lo r o -

F ig .  IID - 1 .

Thus as  fa r  a s  rou te  1 i s  c o n c e r n e d  the p r e s e n c e  of a + 1 

group at w ould  s ta b i l iz e  the ox o ca rb o n iu m  s p e c ie s  th e r e b y  

fa c i l i ta t in g  r ing  c le a v a g e  and the su bseq u en t fo rm a t io n  of an a - c h lo r o 

e th e r .  

e th er  fo r m a t io n .

H o w ev er ,  i f  n u c leo p h il ic  attack  of  the c h lo r id e  ion  i s  the  

in it ia t in g  s tep  to r ing  c le a v a g e  then  one would  ex p ect  the e le c tr o n ic  

natu re  of the C su bst itu en t  to have  the r e v e r s e  e f fe c t  on the e a s e  of  

c le a v a g e .  T h is  i s  b e c a u s e  a + I group at w ould  produce a l e s s  

a t tr a c t iv e  s i t e  for  n u c leo p h il ic  attack  than w ould  a - I  group, and so  

th e  c le a v a g e  p r o c e s s  w ould  b e  l e s s  l ik e ly  to o c c u r  in  the fo r m e r  c a s e .  

H en ce  rou te  1 w ould  p r e d ic t  that the r e la t iv e  e a s e  of a -c h lo r o e th e r  

fo r m a t io n  and t h e r e fo r e  h y d r o g e n o ly s is  o f  com pounds I, II and III 

( f ig u r e  IID - 2) w ould  be in  the o r d e r  I ^  11^ III w h ile  route 2 w ould  

p r e d ic t  the r e v e r s e  o r d e r .  Thus by  p la c in g  two of the shown  

com pounds in  the p r e s e n c e  o f  a d e f ic ie n t  amount of b oron  tr ic h lo r id e  

i t  w a s  hoped  that a q u a lita t iv e  e s t im a t io n  o f  th e ir  r e la t iv e  r e a c t iv i t i e s  

cou ld  b e  m a d e .

Cl

R

w h e r e  X= Cl o r  O

R
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n

2 -n -p r o p y l  - 1 ,
3 -d io x o la n e

1 , 3 -  d ioxo lane

i n

>c°
2 -ch lo ro m eth y l  

-1 , 3 - d i o x o l a n e

F i s .  I I P -2 .

In the f i r s t  r e a c t io n  2 - n - p r o p y l - 1, 3 -d io x o la n e  (0. 0097 m o l.  ) 

and 1, 3 -d io x o la n e  (0. 0097 m o l .  ) w e r e  added to a so lu t io n  of boron  

t r ic h lo r id e  (0. 001 95 m o l.  ) in  m eth y len e  d ich lo r id e  and the re su lt in g  

so lu t io n  w a s  s t ir r e d  for  10 m in u tes  at 0 ° .  The r e a c t io n  m ix tu re  

w a s  then trea ted  w ith  an e th e r e a l  so lu t io n  of li th iu m  a lu m in iu m  

hydride  in the u su a l  w ay  and a f t e r  w o r k -u p  a sa m p le  of the product  

m ix tu r e  w a s  a n a ly se d  u s in g  gas  liqu id  chrom atograp h y . A 

c o m p a r is o n  of the r e la t iv e  am ounts  of 2 -n -b u to x y  e th a n -1 -o l  and 

2 -m e th o x y  e t h a n - l - o l  - p r e s e n t  in th is

m ix tu r e  could  then be m a d e .  A s im i la r  p ro ced u re  w as rep ea ted  

u s in g  2 - c h lo r o m e t h y l -  1, 3 -d io x o la n e  and 1, 3 -d io x o la n e  as the 

co m p etin g  s u b s tr a te s .

Compound m ix tu r e  P ro d u cts R e la t iv e  am ounts  
of products  
(m ole  %)__________

1 + 11

11 + 111

2 -n -b u to x y  ^ 2 -m e th o x y  
e t h a n - l - o l  e t h a n - 1 - o l

2 -m e th o x y  ^ 2-(2 -ch lor  oethoxy)
e t h a n - l - o l  - e t h a n - 1 - o l

d 00: v e r y  s m a l l  

95. 2: 4 . 8

Table IID - 1
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T ab le  IID - 1 show s that the r e la t iv e  product r a t io s  are  

in  the seq u e n c e  1>  11 111 w hich , a cco r d in g  to the d is c u s s i o n  above,

i s  that w hich  w ould  be ex p ec te d  i f  route  I w e r e  the r e le v a n t  r e a c t io n  

pathway.

The a s su m p t io n  has b e e n  m ad e  in  the above d is c u s s io n  

that the i s o la t e d  h y d ro x y e th er  r a t io s  are  a d ir e c t  t r a n s la t io n  o f  the  

a - c h lo r o e t h e r  r a t io s  that e x i s te d  in  the s y s t e m  b e fo r e  the addition  of  

the l ith iu m  a lu m in iu m  h yd rid e .  On a qua lita t ive  b a s i s  th is  d oes  not 

appear  to b e  an u n rea so n a b le  a s su m p t io n  as any change in  the  

c o n d it io n s ,  such  as the nature o f  the so lven t s y s te m ,  i s  c o m m o n  to  

both s u b s tr a te s  a n io c c u r s  a fter  the fo rm a t io n  of  the r e s p e c t iv e  

a - c h lo r o e t h e r .  .

(b) S u bstitu en ts  at on the I, 3 -d io x o la n e  ring.

If the c o n c lu s io n s  f r o m  the p reced in g  e x p e r im e n ts  a re  

c o r r e c t  then  th is  im p l ie s  that the e le c tr o n ic  nature of su b st itu en ts  

at p o s it io n s  4 or  5 on the 1, 3 -d io x o la n e  r ing can  in f lu en ce  the d ir e c t io n  

of bond c le a v a g e ,  in  the s e n s e  that one of the two p o s s ib le  oxocarb on iu m  

io n s  w ould  be e l e c t r o n ic a l ly  p r e fe r r e d .  Thus a +1 group would  favour  

c le a v a g e  o f  the C ^-O  bond fa r th er  fr o m  it  w h ile  a -1 group w ould  favour  

c le a v a g e  of the n e a r e r  C -O  bond ( f ig . l lD  - 3).
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S econ d ary  alcohol

R

R'

H
+ BCI.

©  / R '  

■ ° ™ < H

R
/  \ e

Main product 
with “I group

Prim ary alcohol

Main product 
w ith +I group

F ig .  IIP - 3.

The su b s tr a te s  show n in  T able  IID - 2 w e r e  then  p r e p a r e d  

and tr e a te d  w ith  b o ro n  t r ic h lo r id e / l i t h iu m  a lu m in iu m  hyd rid e  in  the  

u s u a l  w ay . A fte r  w o rk -u p  the product m ix tu r e s  w e r e  a n a ly sed  using  

g a s  l iqu id  ch ro m a to g ra p h y  and w e r e  show n to c o n s is t  o f  the  r e s p e c t iv e  

h y d ro x y e th er  i s o m e r s  p lus s m a l l  am ou n ts  o f  th e  d io ls :  in  no c a s e  

w a s  th e r e  any r e s id u a l  su b stra te  o b se r v e d .

Reaction Substrate

1

Primary 
Alcohol (®/o)

95

Products
Secondary

CH3

CHaCI

fo x :

Alcohol (7o)

5

93

CH3

P . X
GH^CI

CH3  

CH 3  

C H 3

CH3

44 56

95

Yield(%)

95

90

92

87

Reaction tim e 
(mins)

10

10

X-"Reaction time " denotes time in contact with BCI3 Table IID - 2 .



62

It ca n  be s e e n  in  r e a c t io n s  1, 2 and 4 that the c le a v a g e  has  

b e e n  d ir e c te d  in  a m a n n er  that w ould  be ex p ec te d  fr o m  a m e c h a n is m  

in  w hich  o x o ca rb o n iu m  ion  s ta b i l i ty  p layed  a dom inant r o le .  H ence  

the + I  m e th y l  group in  4 -m e th y l  - I, 3 -d io x o la n e  ( l )  g iv e s  p red om in an t  

c le a v a g e  at C^-O^  ̂w h i le  the -I  c h lo r o m e th y l  fun ction s  of 4 - c h lo r o m e th y l-  

1, 3 -d io x o la n e  (2) and 4 - c h lo r o m e t h y l - 2 ,  2 - d im e t h y l - 1, 3 -d io x o la n e  (4 ) 

favou r  c le a v a g e  o f  the C^-O^ bond.

The r e s u l t s  fr o m  r e a c t io n  3 do not fo llo w  th is  s im p le  

tren d  h o w e v e r ,  a s  th e r e  i s  no s in g le  dom inant product b e c a u s e  

c le a v a g e  o f  C^-O^ and C^-O^ h a s  o c c u r r e d  to a p p ro x im a te ly  the  

sa m e  d e g r e e .  It m u s t  b e  a d m itted  that th ere  i s  no c l e a r  exp lan ation  

fo r  th is  o b s e r v e d  product ra t io ,  a l l  that can  b e  sa id  i s  that it  i s  the  

net r e s u l t  of a c o m p le x  in te r p la y  b e tw e e n  the s l ig h t ly  d ifferen t  

b a s i c i t i e s  of and due to the m e th y l  su bstituent) ,

the  d if feren t  o xocarb on iu m  ion  s ta b i l i t i e s  (a ls o  due to  the substituent)  

and the s t e r e o c h e m is t r y  p r e s e n t  in  the tr a n s it io n  s ta te s  to  the c le a v a g e  

r e a c t io n s .
1 1 2: L e g g e t te r  and B row n * have show n that the s t e r e o c h e m is t r y

p r e s e n t  in  the t r a n s i t io n  s ta te  i s  im p ortan t in  d ec id ing  the d ir e c t io n  

of c le a v a g e  of h ig h ly  su b st itu ted  d io x o la n e s .  In p a r t icu la r  2, 2, 4, 4-  

te t r a m e th y l-  1, 3 -d io x o la n e  gave on ly  6% p r im a r y  a lc o h o l and 94% 

of the t e r t ia r y  a lco h o l ,  due to the s t e r ic  c o n g e s t io n  p r e s e n t  in  the  

oxocarb on iu m  ion  g iv e n  upon c le a v a g e  of  C^-O^ w h ich  w ould  have  

b e e n  the e l e c t r o n ic a l ly  favou red  o xocarb on iiim  ion  (fig . IID - 4 ).
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OAIHCI

ArHpCI

AlHpCI

0 
H_

tra n sfer

©
H

. C H 3

Prim ary alcohol 
(6%)

Aq.
N aO H

H p - ' I ^ q c H
CH, (CH3)g

Tertiary alcohol 
(9 4 % )

Aq.
t r a n s fe r  N aO H

. .O C H
(CH3)2

C H

F i g .  IID  - 4 .

The s a m e  w o r k e r s  a ls o  show ed  that 2, 2, 4 - t r i m e t h y l - 1, 3 -d io x o la n e  

gave  "norm al" e le c t r o n ic a l ly  d ir e c te d  c le a v a g e  w ith  a lum in ium  

d ih y d ro ch lo r id e .  In the light o f  the fa c t  that the b oron  (in  b oron  

tr ic h lo r id e )  m a y  s t i l l  a ttack  the d ioxo lan e  w hen  a lr e a d y  bonded to  

tw o m o le c u le s  of c le a v e d  a c e ta l  (p .40  ) w h e r e a s  the a lu m in ium  ,

s p e c i e s  w o rk s  to a 1:1 s to ic h io m e tr y ,  it  i s  not s u r p r is in g  then  that 

s t e r ic  factors  co m e  into p lay  e a r l i e r  in  the b oron  tr ic h lo r id e / l i th iu m  

a lu m in ium  hyd rid e  r e a c t io n  (for a g iv e n  s e r i e s  of s u b s tr a te s ) .th a n  

th ey  do in  the a lu m in ium  d ih y d ro ch lo r id e  r e a c t io n s .

What i s  im p ortan t  h o w e v er ,  i s  that t h e s e  e x p e r im e n ts  

sh ow  that the c le a v a g e  r e a c t io n s  are  not n e c e s s a r i l y  d ir e c te d  by  

s im p le  e le c tr o n ic  fa c to r s  but that th ey  m a y  b e  the r e s u l t  o f  a far  

m o r e  c o m p le x  in te r p la y  of m a n y  f a c t o r s .

The m a in  m eth o d s  o f  s tr u c tu r e  p ro o f  fo r  the p roducts

u sed  in  the above e x p e r im e n ts  w e r e  a s  fo l lo w s .  F ir s t  by  rep ea tin g
-  ^ 1

the  h y d r o g e n o ly s is  r e a c t io n s  w ith  a lu m in iu m  d ih yd roch lor id e  and
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c o m p a r in g  the re te n t io n  t im e s  o f  the known prod u cts  f r o m  th e s e  

r e a c t io n s  w ith  th o se  g iv e n  by  the b oron  t r ic h lo r id e / l i t h iu m  a lu m in iu m  

h yd r id e  r e a c t io n s .  T his  w a s  e s s e n t ia l ly  c o n c lu s iv e  p ro o f  a s  the  

r e la t iv e  p r o p o r t io n s  o f  each  i s o m e r  g iv en  by  the a lu m in iu m  d ih yd ro 

c h lo r id e  a re  w e l l  d o cu m en ted  and so  m a k e s  id en t if ic a t io n  o f  in d iv id u a l  

i s o m e r s  p o s s ib l e .

By w a y  of co n f ir m a t io n  one of the i s o m e r s  o f  ea ch  p a ir  w a s

s y n th e s i s e d  by  an independent rou te .  H ence  1 - c h lo r o -3 -m e th o x y
13p r o p a n - 2 -o l  and 1 - c h lo r o  - 3 - i s o p r o p o x y  p r o p a n -2 - o l  w e r e  p r e p a r e d  

by  tr e a t in g  3 - c h l o r o - 1, 2 - epoxyprop ane w ith  the  app rop ria te  a lco h o l ,  

in  the p r e s e n c e  of su lp h u ric  a c id  a s  c a ta ly s t  (fig . IID - 5).

: 0  +  R O M

C H g C I

R = Me, i Pr 

P robable  m ech a n ism

, o  +

CHgCI

H

c a ta ly s t

O H

H Ô R O H

CHoCI

C H o ^ — O R

I
C H  — O H

I
C H a —  Cl

C H 2 —  O R  

C H  —  O H  +  H
I

C H g —  C l

©

F i g .  IID - 5.
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1 -M e th o x y -p r o p a n -2 -o l  w as  p r e p a r e d  fr o m  1, 2 - epoxy  

propane and sod iu m  m eth o x id e  ( f ig .  IID - 6) w h ile  1 -isopro,po^y  

p ro p a n -2  -ol^  ̂ w a s  g iven  f r o m  the sodium, h y d ro x id e  c a ta ly s e d  - 

add ition  of p r o p a n - 2 -o l  to 1, 2 -ep oxyp rop an e .

2 MeOH + 2Na  

P r o b a b le  m e c h a n is m

CH

Q ©
2MeO N a + H,

I— OMe

L c P

CH.

MeOH
^O M e

O
h-OH + MeO

CH.

F ig .  IID - 6.

(c) D onation  of the ch lo r id e  io n .

At th is  s ta g e  it w a s  co n f id en t ly  a s s u m e d  that an o x o carb on iu m  

io n  w a s  the s p e c i e s  attacked  by  a c h lo r id e  ion  to g ive  an a - c h l o r o e t h e r . ,

H o w ev er  the  m e c h a n is m  of the attack  w a s  u n certa in .
2

D a v is  and B row n w e r e  ab le  to show  that hydride donation  

during the h y d r o g e n o ly s is  of 1, 3 -d io x o la n e s  b y  a lu m in iu m ■ d ihydro

c h lo r id e  o c c u r s  v ia  a 4 - c e n t r e  tr a n s i t io n  s ta te  in  a n e c e s s a r i l y  

in tr a m o le c u la r  r e a c t io n .  The w a y  th ey  did th is  w a s  to use  a num ber  

of 2 - ( 2 - a lk y l v in y l)  -1 ,  3 -d io x o la n e s  a s  the su b s tra te  for  hydrogeno l y s i s .

T h e se  on tr e a tm e n t  w ith  a lu m in iu m  d ih yd roch lor id e  gave  one  

product in  e v e r y  c a s e ,  by  addition  of the hyd rid e  ion  to C^ on the  

d io x o la n e  r in g .  H o w ev er  f ig u r e  IID - 7 sh ow s that th ere  are  two  

p o s s ib l e  r e a c t io n  s i t e s  in  the o xocarb on iu m  s p e c ie s  g iven  fro m  a 

2 - (2  a lk y lv in y l ) - 1, 3 -d io x o la n e  and so  th ey  con clu d ed  that the  

e x c lu s iv e  m o d if ic a t io n  of the a - s i t e  im p lie d  an in tr a m o le c u la r  p r o c e s s  

p r o c e e d in g  v ia  a 4 - ce n tr e  tr a n s it io n  s ta te .
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R

F ig .  IID _ 7.

It w as  d ec id ed  to tr y  an an a logou s  r e a c t io n  using  the b oron  

t r ic h lo r id e / l i t h iu m  a lu m in ium  h yd r id e  co m b in a t io n  upon 2 - v i n y l - 1, 3 -  

dio x o la n e  and 2 - ( p r o p - 1 - e n y l ) - 1, 3 -d io x o la n e  w hen  the sa m e  ch o ic e  

o f  reaction  s i t e s  would  be a v a ila b le  to the  c h lo r id e  ion . A ls o  as  

a l ly l  c h lo r id e s  w ould  not undergo a p p r e c ia b le  red u ct io n  by the lith iu m  

a lu m in ium  hyd rid e  under the p r e v a i l in g  co n d it io n s ,  one w ould  ex p ect  

any y - c h lo r in a t io n  product to be  tr a n s la te d  to the f in a l  w ork -u p  

m ix tu r e  (fig . IID - 8).
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F i g .  I I D  -  8 .

A 3:1 m ix tu r e  of 2 - v i n y l - 1, 3 - d ioxo lan e  and b oron  tr ic h lo r id e  

w a s  s t ir r e d  to g e th e r  fo r  10 m in u te s  and th en  tr e a te d  w ith  an e th e r e a l  

s u s p e n s io n  of l ith iu m  alum in ium  h y d r id e .  The product m ix tu r e  g iven  

o n  w o r k - u p  w a s a n a ly se d  v ia  g as  l iqu id  ch ro m a to g ra p h y  as  w as  the  

product i s o la t e d  w hen  the s a m e  p r o c e d u r e  w as  rep ea ted  using  2 - (p r o p -

1-e .n y l ) -1, 3 - d ioxo lan e  as su b s tr a te .

In both c a s e s  on ly  one m a in  com ponent w as  p r e se n t  in  the  

w o rk -u p  m a t e r ia l  and the s m a l l  am ount of im p u r ity  p r e se n t  w as  show n  

to  be e th a n -1 ,  2 - d io l  on the b a s i s  o f  i t s  r e te n t io n  t im e .  S im i la r ly  the  

m a in  p rod u cts  w e r e  shown to b e  2 -a l ly lo x y  e t h a n - l - o l  and 2 -(b u t-2 -en y lo x y )  

ethan-B - o l  r e s p e c t iv e ly ,  by  c o m p a r is o n  of  th e ir  p . m . r .  s p e c tr a  and 

g. 1. c .  r e te n t io n  t im e s  w ith  ind ep en d en tly  p r e p a r e d  r e fe r e n c e  s a m p le s  

of  the s a m e  com pounds (T ab le  IID - 3).
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S u b stra te

2 - V in y l-  1 ,3 -  
d ioxo lan e

2 - ( P r o p -  1 -e n y l)  
1 , 3 -d io x o la n e

P ro d u ct  Y ie ld

2 - a l ly lo x y
e t h a n - l - o l  81 %

2 - (b u t -2 - e n y lo x y )  77%
- e t h a n - l - o l

T able  IID - 3.

The c o n c lu s io n  draw n fr o m  th is  e x p er im en t  m u s t  b e  that  

th e  c h lo r id e  io n  i s  t r a n s fe r r e d  v ia  an in tr a m o le c u la r  p r o c e s s  

p rob ab ly  in v o lv in g  a 4 - c e n t r e  tr a n s i t io n  s ta te .  A  seco n d  

in t e r e s t in g  fe a tu r e  in  the m e c h a n is m  of ch lo r id e  donation i s  that  

in  o rd er  to a c h ie v e  m a x im u m  co p la n a r ity  w ith  the n a scen t  o x o ca rb o n 

iu m  ion, the c h lo r id e  has to ap proach  fr o m  the top o f  the m o le c u le ,  

w h ich  im p l ie s  that the b oron  h as  to b e  bonded to the a x ia l ly  - or  

p seu d o  a x ia l ly  - d is p o se d  lone  p a ir  o f  the oxygen  in  the tr a n s it io n  

s ta te .  A  fu r th er  im p lic a t io n  of th is  a s p e c t  of the m e c h a n is m  w i l l  b e  

d i s c u s s e d  in  the next s e c t io n  ( f ig .  HD - 9 ).
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F ig .  IID - 9 .

The two d io x o la n es  u se d  in  the above ex p e r im e n ts  w e r e

p r e p a r e d  fr o m  e th a n -1 ,  2 -d io l  and the ap p rop r ia te  a ld eh yd es  u s in g
2

_p-to luenesu lphon ic a c id  a s  the c a ta ly s t .  The w a te r  produced  in  the  

r e a c t io n  w a s  r e m o v e d  a s  i t s  to lu en e  a z e o tr o p e  (fig . IID - 10).

R

^ O H

^ O H  

R= H, Me

V
:Q

O

O' H

+ H g O

R

F ig . IID - 10,
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The r e f e r e n c e  product 2 - a l ly lo x y  e t h a n - l - o l  w a s  p rep a r e d  fro m  

the m o n o so d iu m  sa lt  of e th a n -1 ,  2 -d io l  and a l ly l  b r o m id e  using  1, 2 -  

d im eth o x y  ethane as  the so lv en t .  A  s im i la r  p ro ced u re  w as  u sed  to  

p r e p a r e   ̂ t r a n s - 2 - ( b u t - 2 - e n y l o x y ) - e t h a n - l - o l  in  w h ich  I '-ch lo ro -b u t-

2 - e n e  w a s  the h a lid e  u sed  ( f ig .I lD  -  11).

OH

OH

+ NaH

NaX +

O'
.CHg—CH = CHR

OH
tr a n s

O  0  
O Na

OH

H

RCH=CHCH2X

J
R = H w h e n X = B r  
R =CHgWhenX=CI

F ig .  IIP - I I .

(d) E ffec t  o f  r ing  s i z e .

The c o n c lu s io n  r ea c h e d  a f ter  s e c t io n s  IID - a, b and c i s  that 

an ox o ca rb o n iu m  ion  i s  the su b s tr a te  to a - c h lo r o e th e r  fo rm a tio n  in  

the  r e a c t io n  b e tw e e n  b oron  tr ic h lo r id e  and a c y c l ic  a c e ta l .  B ea r in g  

in  m in d  the su b st itu en t  e f fe c ts  d i s c u s s e d  in  th e s e  se c t io n s  it  fo l lo w s  

that any fa c to r  w hich  can  r e ta r d  or a c c e le r a t e  the fo rm a tio n  of  the  

ox o ca rb o n iu m  s p e c ie s  w i l l  have a s im i la r  e f fe c t  upon the amount of 

a -c h lo r o e th e r  a v a ila b le  fo r  red u ct io n  by the lith ium  a lu m in ium  h y d r id e .  

One su ch  fa c to r  i s  the s i z e  of the a c e ta l  r ing , w hich  la r g e ly  d e te r m in e s  

the c o n fo rm a t io n a l  i t in e r a r y  of  the a c e ta l  and th e r e fo r e  d ic ta te s  the
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d e g r e e  o f  d iff icu lty  w ith  w hich  the m o le c u le  can  attain  the c o r r e c t  

g e o m e tr y  n e c e s s a r y  for  o xocarb on iu m  ion  fo rm a tio n .  To recap^

th is  d em an d s that the p lane conta in ing  C ^-O ^-C ^ should  b e  p erp en d icu la r  

to  the C ^-O ^-C ^ p lan e , h en ce  a llow ing  m a x im u m  e le c t r o n ic  a s s i s ta n c e  

b y  Oj (say )  in  the b reak in g  of the C^-O^ bond (f ig .  IID - 12).

4
90

F ig .  IID - 12 .

In o r d e r  to in v e s t ig a te  the e f f e c t s  of r ing s i z e  upon the  

r e la t iv e  e a s e  o f  c l e a v a g e  a s e r i e s  o f  e x p e r im e n ts  w e r e  p e r fo r m e d  in  

w h ich  two a c e ta l s  of d ifferen t  r ing s i z e  w e r e  p la ce d  in  co m p etit io n  fo r  

a d e f ic ie n t  am ount o f  b oron  tr ic h lo r id e .  Thus any d if fere n c e  in  the  

r e la t iv e  am ounts  of the a - c h lo r o e th e r s  p rod u ced  would  be r e f le c te d  

in  the ra t io  of the h y d ro x y e th ers  p r e s e n t  in  the f ina l w o rk -u p  m ix tu r e ,  

a fter  tr e a tm e n t  w ith  lith ium  a lu m in ium  h y d r id e .  The 2 -p r o p y l  

d e r iv a t iv e s  of 5, 6, 7 and 8 m e m b e r e d  c y c l ic  a c e ta l s  w e r e  the p a r t icu la r  

s u b s tr a te s  u s e d ,p r e p a r e d  as  d e s c r ib e d  in  s e c t io n  IIC - iib .

In the f i r s t  e x p e r im e n t  a m ix tu r e  of 2 - p r o p y l - 1, 3 - d ioxo lane  

(O. 04 m o l . )  and 2 - p r o p y l - 1, 3 -d ioxane (O. 04 m o l . )  w as  added to a  

s t i r r e d  i c e - c o o l e d  so lu t io n  of b o ro n  tr ic h lo r id e  (O. 01 m o l . )  in  m e th y le n e  

c h lo r id e .  A fte r  10 m in u tes  the r e a c t io n  m ix tu r e  w as  tr e a te d  w ith  

e th e r e a l  l i th iu m  a lu m in iu m  hydride  in  the u su a l w ay and a fter  w ork -u p ,  

the r e la t iv e  p ro p o rt io n s  of 2 -b u toxy  e t h a n - l - o l  and 3 -b u toxy  p r o p a n -1- 

o l  w e r e  e s t im a te d  by gas  l iqu id  ch rom atograp h y .
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A  s im i la r  p r o c e d u r e  w as then  rep ea te d  fo r  the fo llow in g  p a ir s  

o f  com pounds: 2 - p r o p y l - 1, 3 -d io x a n e  p lus  2 - p r o p y l - 1, 3 -d ioxepane,and

2 - p r o p y l - 1, 3 -d io x e p a n e  p lus  2 - p r o p y l - 1, 3 -d io x o c a n e . The r e la t iv e  

p ro p o r t io n s  of c le a v a g e  p rod u cts  a re  shown in  Table IID - 4 , w h e r e  

i t  ca n  be s e e n  that the o v e r a l l  r e a c t iv i ty  of the a c e ta l s  u se d  i s  in  the  

seq u e n c e ,  d ioxo lan e  ̂  d ioxane ^  d io x e p a n e /^ d io x o c a n e ,  i . e .

5 ^ 6  < 7 ^ 8 .

S u b s tr a te s  (a s  r ing  s iz e )  P rod u ct  ra t io  

5 + 6  '  1 : 1 . 2  

6 + 7  1 : 30

7 + 8  1 : 1

Table IID - 4.

Now i f  e a s e  of a tta inm ent o f  the tr a n s it io n  s ta te  - to  

o x ocarb on iu m  ion  fo r m a t io n  - w as  the on ly  re lev a n t  c r i t e r io n  to  

c o n s id e r  th en  one w ould  exp ect  the o r d e r  o f  r e a c t iv i ty  to  be  

5<6^7-*^ . This i s  b e c a u s e  the c o n fo rm a t io n a l  dem ands of the  

t r a n s i t io n  s ta te  in v o lv e  a g r e a te r  d e g r e e  o f  s tr a in  in  the d ioxo lane  

s y s t e m  than in the o th er  a c e ta l s  and c o n se q u e n tly  i t s  atta inm ent  

r e q u ir e s  a h ig h er  a c t iv a t io n  e n e r g y .  It s e e m e d  then  that th e r e  w as  

s o m e  o th er  re lev a n t  fa c to r  (or fa c to r s )  op era tin g  w hich  w as m o r e  

im p o rta n t  in  2 - p r o p y l - 1, 3 -d io x a n e  than in  the o ther  a c e ta ls  and that  

th is  fa c to r  (or  fa c to r s )  w as  r e s p o n s ib le  fo r  the d isp a r ity  b e tw een  the  

o b s e r v e d  and ex p e c te d  r e s u l t s .

A  p o s s ib l e  exp lanation  fo r  the lo w e r  r e a c t iv i ty  of the d ioxane  

s y s t e m  m a y  b e  g lea n ed  i f  the fo rm a t io n  of  the a -c h lo r o e th e r .  fr o m  the  

t r i c h l o r id e - a c e t a l  c o m p le x  i s  c o n s id e r e d  a s  two v e r y  c l o s e l y  r e la te d  

e v e n ts ,  the  in it ia l  fo rm a t io n  of th e  oxocarb on iu m  s p e c ie s  and the  

in tr a m o le c u la r  donation  o f  the ch lo r id e  ion . T hey m u st  be c o n s id e r e d  

as  such  b e c a u s e  e x p e r im e n t  h as  shown that the oxocarb on iu m  ion
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"concept"  i s  m o r e  re le v a n t  than the c h lo r id e - in i t ia t e d -c le a v a g e  m o d e l ,  

in  w hich  the ch lo r id e  n u cleop h ile  i s  dom inating  the, sa y ,  n u c leo p h ile .  

H o w ev er  the id ea  o f  an autonom ous oxocarb on iu m  s p e c ie s  und ergo in g  

attack  by the c h lo r id e  io n  ( i . e .  in  w h ich  the n u c leo p h ile  c o m p le te ly  

d om in a tes)  i s  not r e a l ly  f e a s ib le  in  the so lv en t  s y s t e m  u sed  (fig . IID- 13)

Chloride dominates
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C o n s id e r  then  a m o le c a le  o f  the L ew is  ac id , w hich  s t i l l

t h e r e fo r e  p o s s e s s e s  at l e a s t  one ch lo r in e  atom^ bonded  to the a x ia l

lone  p a ir  (S ec tion  IID - ii) of sa y  O^. The d ioxane i s  in  the ch a ir

fo r m  w ith  the n -p r o p y l  function  eq u a to r ia l ly  d is p o se d  and h en ce  the

r e q u is i t e  g e o m e tr y  for  oxocarb on iu m  fo rm a tio n  i s  p r e s e n t .  Now as

C - O b e g in s  to b rea k  the C - O bond r o ta te s  in  su ch  a m a n n er  a s
17

to m o v e  the a c e ta l  p roton  into  the r ing th ereb y  a llow ing  m a x im u m  

o v e r la p  b e tw e e n  a lon e  p a ir  of e le c tr o n s  upon and C^. It i s  th is  

m o v e m e n t  o f  the a c e ta l  proton  w hich  i s  of in te r e s t  b e c a u s e  m o le c u la r  

m o d e ls  show  that in te r a c t io n  b e tw e e n  th is  proton  and the proton  

m u s t  o c c u r .  T h is  in te r a c t io n  i s  m a d e  m o r e  l ik e ly  b y  the fact that 

donation  of the c h lo r id e  ion  into the n a scen t  oxocarb on iu m  s p e c ie s  

dem an ds that and r e m a in  in  v ir tu a l ly  sta tus  quo p o s it io n s ,  so  

that the in te r a c t io n  cannot be r e l ie v e d  by the ring u ncurlin g . T h e r e fo r e  

e v e n  though the in it ia l  g e o m e tr ic a l  r e q u ir e m e n ts  for  the tr a n s it io n  

s ta te  to ox o ca rb o n iu m  io n  fo r m a t io n  are  e a s i l y  m et ,  the added  

r e q u ir e m e n ts  n e c e s s a r y  for  c h lo r id e  io n  t r a n s fe r  m e a n  that the  

o v e r a l l  fo r m a t io n  of the a -c h lo r o e th e r  i s  l e s s  favou rab le  than if  the  

tw o ev en ts  had b e e n  c o m p le te ly  au ton om ou s.  M eanw hile  in  the  

1, 3 -d io x o la n e  th e r e  i s  no su ch  h in d ran ce  to the ro ta tion  of the a c e ta l  

p roton  but the in i t ia l  r e q u ir e m e n ts  a re  not so  r e a d i ly  g iven . F o r  the  

1, 3 -d io x ep a n e  both p r o c e s s e s  can  o c c u r  w ith  r e la t iv e ly  l i t t le  h in d ran ce  

w h ile  the m o le c u le  i s  in  the shown (f ig .  IID - I 4 ) s tab le  con figu ration  

and so  the a - c h lo r o e th e r  i s  g iv en  m o r e  r e a d i ly  than in the f iv e  and  

s ix  m e m b e r e d  r in g s .  A  s im i la r  s itu a tion  e x i s t s  in  the 2 -n -p r o p y l -

1, 3 -d io x o c a n e .

Fig. IID- 1 4 .
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H E. C o n c lu s io n ,

In c o n c lu s io n  then  one of the o r ig in a l  a im s  o f  th is  ch a p ter  w as  

to  in v e s t ig a te  the p o s s ib i l i t y  of u s ing  b o ro n  tr ic h lo r id e  p lu s  lith ium  

a lu m in iu m  hyd rid e  as  a c le a v a g e  reagent for c y c l ic  a c e t a l s ,  in  

p a r t ic u la r  th o se  w h ich  p ro v ed  r e s is ta n t  to the a lu m in ium  ch lo r o h y d r id e s  

and b o ra n e .  T h is  h a s  b e e n  la r g e ly  a ch iev ed  in  that the u nsub stitu ted  

and 2 - c h lo r o m e th y l  d e r iv a t iv e s  of a num ber of a c e ta ls  o f  d ifferen t  r ing  

s i z e s  and su b st itu en ts  have  b e e n  c le a v e d  in  good y ie ld  and under  

fa ir ly  m i ld  co n d it io n s .

A ls o  under c o n s id e r a t io n  w as  the rea c t io n  pathway, e s p e c ia l ly  

that p r io r  to addition  of the l ith ium  a lu m in ium  h y d r id e .  The w eigh t  of  

e x p e r im e n ta l  e v id e n c e  p r e s e n te d  above favou rs  a m e c h a n is m  

(f ig .  HE - l)  in  w h ich  rap id  fo r m a t io n  of the L ew is c o m p le x  i s  fo l low ed  

by the a c e ta l  r in g  c le a v in g  v ia  an oxocarb on iu m  ion  dom inated  p r o c e s s .  

In tr a m o le c u la r  c h lo r id e  ion  t r a n s fe r  then  o c c u r s  to g ive  an a - c h l o r o 

e th er  and th is  w h o le  p r o c e s s  i s  r e p e a te d  tw ice  m o r e  until a l l  of the  

c h lo r in e  on the b o ro n  h as  b e e n  r e p la c e d  b y  c le a v e d  a c e ta l  m o le c u le s .

The fo r m a t io n  o f  the o xocarb on iu m  ion  dom inates  the r e a c t io n  

to  the exten t that su b st itu en ts  w hich  e le c t r o n ic a l ly  s ta b i l iz e  or d e 

s ta b i l iz e  i t s  fo r m a t io n  can  e ffec t  both the r e la t iv e  e a s e  and d ir e c t io n  

of c l e a v a g e  a lthough a s  the su b st itu en ts  b e c o m e  m o r e  bulky or  the s i z e  

o f  the r ing  ch a n g es  s t e r ic  fa c to r s  b e g in  to be  s u p e r im p o sed  upon the  

e le c t r o n ic  p ic tu r e ,  w ith  a co n seq u en t  l o s s  in  re so lu t io n .  This i s  a 

n e c e s s a r y  draw back  in  m o d e ls  of this type in  that the r a t io n a liza t io n  

show n in  f ig u re  HE -  1 can  on ly  r e a l ly  be  ap p lied  to the ta i lo r e d  

s u b s tr a te s  u se d  ab ove .  In m o r e  c o m p le x  m o le c u le s  one can  on ly  

e x tra p o la te  so  far ,  a s  s e e n  in  the 2, 2, 4 - t r i m e t h y l - 1, 3 -d io x o la n e  

r e a c t io n  in  w hich  an in te r n a l  c h lo r id e - io n - in i t ia t e d  c le a v a g e  a lone  

w ould  have accou n ted  for  the o b s e r v e d  p ro d u cts .  N e v e r th e le s s  th is  

w ork  d o es  p ro v id e  a r e f e r e n c e  point to w hich  m o r e  c o m p le x  m o le c u le s  

ca n  b e  co m p a r e d  and so it  i s  hoped that the o r ig in a l  a im s  m en tio n ed
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in  s e c t io n  IIA h ave  b e e n  la r g e ly  a ch ie v ed .
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IIF . E x p e r im e n ta l .

The d e ta i l s  of e v e r y  e x p e r im e n t  m e n t io n e d  in  C hapter II w i l l  

b e  g iv e n  in  th is  s e c t io n .  The e x p e r im e n ts  a r e  l i s t e d  la r g e ly  in  the  

o r d e r  in  w h ich  th ey  appear  in  the tex t ,  apart fr o m  th o s e  d ea lin g  w ith  

the p r e p a r a t io n s  of the su b s tr a te  a c e ta l s  and the p r e p a r a t io n s  of the  

h y d ro x y  e th er  r e f e r e n c e  m a t e r i a l s ,  w h ich  are  a l l  group ed  to g e th e r  

at the end of the s e c t io n .

E x p e r im e n t  1 . G e n e r a l  p r o c e d u r e  u sed  in  a ll  a c e ta l  p lus  b o ro n  

t r i c h l o r id e / l i t h iu m  a lu m in iu m  hyd rid e  r e a c t io n s .

(a) A dd ition  of b o r o n  t r i c h l o r id e .

The ap p aratu s  show n in  f ig u re  IIF - I w a s  d r ied  at 150°  

fo r  2 - 5 h .  and th en  a f ter  a s s e m b ly ,  a l lo w e d  to  c o o l  w ith  a s tr e a m  

of  dry  n itro g en  p a s s in g  th rou gh  it .

Substrate
acetal

Tap 'A'

Boron
trichondeTrap

Methylene
chloride

I c e /w ater  
bath

F ig .  IIF - 1 .
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When the apparatus had co o le d  to room  te m p e r a tu r e  dry  

m e th y le n e  c h lo r id e  w a s  p la ce d  in  the 3 -n e c k e d  f la s k .  The f la sk  and 

co n ten ts  w e r e  th en  w e ig h ed .

The f la s k  w as  then  p la ced  into an i c e /w a t e r  bath and the  

m e th y le n e  c h lo r id e  c o o le d  to 0 ° .  Tap "A” w as then opened  and the  

b o ro n  tr ic h lo r id e  a l lo w e d  to co n d en se  o v er  into the s t ir r e d  m e th y le n e  

ch lor id e:  the am ount o f  t r ic h lo r id e  p r e se n t  could  then  b e  found by

rew e ig h in g  the f la s k  and co n ten ts .

(b) A ddition  of a c e ta l .

The p a r t ic u la r  a c e ta l  under study^ d is s o lv e d  in  m e th y le n e  

ch lor id e^ w as th en  s lo w ly  added v ia  the s e l f -e q u i l ib r a t in g  funnel to  

the s t ir r e d  so lu t io n  o f  b o ro n  tr ic h lo r id e .

When the req u ir ed  r e a c t io n  t im e  had e la p s e d  the i c e /w a t e r  

bath w a s  r e m o v e d  and a s u sp e n s io n  of  lith ium  a lum in ium  hydrid e  in  

d ie th y l e th er  w a s  s lo w ly  added to the s t ir r e d  rea c t io n  m ix tu r e .

The h y d ro g en  e v o lv e d  due to the addition  of the hydride w a s  a llow ed  

to  e s c a p e  through the shown trap .

When e f f e r v e s c e n c e  had stopp ed  (g e n e r a l ly  a fter  about 30 

m in u te s ) ,  the r e a c t io n  w a s  w o rk ed -u p  us in g  the p roced u re  outlined  

on page 3 8 .

The ra tio  of a c e ta l  to b oron  tr ic h lo r id e  used  in  each  c a s e  

a long  w ith  the co n ta ct  t im e  of the two re a c ta n ts ,  depended upon the  

nature o f  the a c e ta l  and the a im  of the in d iv idua l exp erim en t:  the  

v a lu e s  o f  t h e s e  p a r a m e te r s  w i l l  th e r e fo r e  be quoted as  the r e lev a n t  

e x p e r im e n ts  a re  d is c u s s e d .

E x p e r im e n t  2 . The rea c t io n  of 2 - n - p r o p y l - I ,  3 -d ioxan e  with  

b o ro n  t r ic h lo r id e / l i t h iu m  a lu m in ium  h y d r id e .

(a) U s in g  the above p ro ced u re  2 - n - p r o p y l - 1, 3 -d ioxan e  ( 1 . 3  g . ,

0 . 0 1  m o l . )  w a s  r e a c te d  w ith  b oron  tr ic h lo r id e  ( 1 . 2  g . ,  0 . 0 1  m o l . )  

and lith iu m  a lu m in iu m  hyd ride  (O. 4 g. , 0. 01 m o l . ) .  The product  

g iv e n  on w o rk -u p  w a s  a p a le  g r e e n  o i l  ( l . l  g . , 83%) w hich  w a s  shown
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to c o n s i s t  of two com p on en ts  A  (91%) and B(9%) by g . l . c .  a n a ly s i s .
The g . l . c .  r e te n t io n  t im e  o f  the m a jo r  com p on en t (A) w as

th en  c o m p a r e d  w ith  that of an authentic sa m p le  o f  3 -n -b u to x y  propan-

l - o l ;  th ey  w e r e  id e n t ic a l .  M eanw hile  B w as shown to have the s a m e

r e te n t io n  t im e  as  p r o p a n -1 , 3 - d io l.

D is t i l la t io n  o f  the cru de product gave a c o lo u r le s s  o i l  the

b . p .  and p . m .  r.  sp e c tr u m  of w hich  w e r e  com p arab le  to th o se  g iven

b y  3 -n -b u to x y  p r o p a n - I - o l .

Y ie ld  0 .9  g. (68%). B . p .  7 8 - 8 0 ° /  10 m m , ( B . p .  of

3 -n -b u to x y  p ropan- I -o l^ ^  8 1 -  5 ° /1 3  m m ) .

(b) The e x p e r im e n t  w a s  then  rep ea ted  using  d ifferen t  ra t io s  of

a c e ta l  to b oron  t r ic h lo r id e / l i t h iu m  alum in ium  h y d r id e .  The ra t io s  

in  q u es t io n  a long w ith  the y ie ld s  of 3 -n -b u to x y  p r o p a n - l - o l  g iv en  in  

ea ch  c a s e  a r e  shown b e lo w  in  Table IIF - 1.

R atio  o f  a c e ta l
to BCI /L iA lH  

■3 4

1:1
2:1

3:1

4:1

5:1

T ota l crude  
y ie ld  (%)

83

82

85

90

87

P r o p o r t io n  of  
h yd roxy  e th er  
in  cru d e  

%%)

91

^ 0

>95

71

57

P r o p o r t io n  of  
a c e t a l i n  
crude y ie ld  

(%)

0 

0 

0

23

37

Table  IIF - I .

N ote  : A p p r o x im a te ly  5% d io l w as  p r e s e n t  in  e v e r y  rea c t io n .

E x p e r im e n t  3 . The r e a c t io n  of  2 - n - p r o p y I - I ,  3 -d io x a n e  w ith  b o ro n  

t r ic h lo r id e / l i t h iu m  a lu m in ium  hyd ride  in  the p r e s e n c e  of p r o p a n -2 -o l  

and eth a n -1 ,  2 -d io l .

(a) P r o p a n - 2 - o l  (O. 51 g . , 0. 0085 m o l .  ) w as  s lo w ly  added to a s t ir r e d  

s o lu t io n  of b o ro n  tr ic h lo r id e  ( l  g . , 0. 0085 m o l . )  in  m e th y le n e  c h lo r 

id e  at 0 ° .  The h y d ro g en  ch lo r id e  ev o lv ed  w a s  a llow ed  to e s c a p e
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during a 2 0  m in u te  p e r io d  w h ile  the r e a c t io n  m ix tu r e  w a s  v ig o r o u s ly  

s t ir r e d .

A fte r  th is  t im e  a so lu tion  of 2 - n - p r o p y l - 1 , 3 -d io x a n e  (2 . 2 1  g . ,

0 .0 1 7  m o l . )  in  dry  m e th y le n e  ch lo r id e  (15 m l . )  w a s  added and the  

re s u lt in g  so lu t io n  s t ir r e d  for  5 m in u te s .

A  s u sp e n s io n  o f  l i th ium  a lum in ium  hydride (O. 4 g . , 0. 01 m o l .  ) 

in  dry  d ie th y l e th er  (5 m l .  ) w a s  s lo w ly  dropped into the r e a c t io n  m ix tu r e  

w hich  w a s  then  s t i r r e d  until e f f e r v e s c e n c e  had stopped .

The r e a c t io n  w a s  then  w o rk ed -u p  in  the n o r m a l w ay  using  

c o o le d  aqueous m e th a n o l  g iv ing  a p a le - g r e e n  o i l  as the product,

(2 . 3 g . ,  84 . 5%).

G . l . c .  a n a ly s is  o f  th is  product show ed that it  con ta ined  two  

co m p o n en ts  w hich  w e r e  show n to be  p r o p a n -2 -o l  (24%) and 3 -n -b u to x y  

p rop an - l - o l  (76%) by c o m p a r is o n  o f  re ten tion  t im e s  w ith  authentic  

s a m p le s  of t h e s e  two compounds*.

(b) E s s e n t i a l ly  the s a m e  p r o c e d u r e  w a s  then rep ea ted  usin g

e th a n -1 ,  2 - d io l  (O. 53 g . , 0 .0 0 8 5  m o l . ) ,  2 - n - p r o p y l - 1, 3 -d io x a n e  

( 2 .2 1  g . ,  0 .0 1 7  m o l . ) ,  b oron  t r ic h lo r id e  ( 1 g . , 0 .0 0 8 5  m o l . )  and  

l i th iu m  a lu m in iu m  h yd rid e  (O. 4 g . , 0 .0 1  m o l .  ).

G. 1. c .  a n a ly s is  o f  the product m ix tu r e  g iven  showed that it  

con ta in ed  two c o m p o n en ts .  T h e s e  w e r e  show n to b e  e th a n -1, 2 -d io l  

(21%) and 3 -n -b u to x y  propan- l - o l  (73. 3%) by the u su a l m ethod  of  

re te n t io n  t im e  c o m p a r is o n  w ith  r e f e r e n c e  com poun ds.

E x p e r im e n t  4 . A n a ttem p ted  r e a c t io n  b etw een  2 - n - p r o p y l - 1, 3 -d io x a n e  

and h yd rogen  c h lo r id e / l i th iu m  a lu m in ium  h y d r id e .

H yd rogen  ch lo r id e  (m ade by  dropping con cen tra ted  su lphuric  

a c id  bn to c o n c e n tr a te d  h y d ro ch lo r ic  acid) w as  bubbled into dry, i c e -  

c o o le d  m e th y le n e  c h lo r id e  (25 m l . ) .  The f la s k  and contents had  

p r e v io u s ly  b e e n  w e ig h ed  so that the w eigh t o f  hyd rogen  ch lo r id e  added  

(O. 73 g . , 0 .0 2  m o l . )  w as  g iv e n  by s im p le  substraction^  2 - n - P r o p y l -

1,-3 -d io x a n e  ( 1 .7  g . , 0 .0 1 3  m o l .  ) in  m e th y le n e  ch lo r id e  (lO m l .  ) w as
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then  a ls o  added and the re s u lt in g  so lu tion  s t ir r e d  for  10  m in u te s .

An e th e r e a l  s u s p e n s io n  of lith ium  a lu m in ium  hyd rid e  (0 .4 9  g . ,

0 .0 1 3  m o l .  in  10 m l . )  w as  s lo w ly  dripped on to the r e a c t io n  m ix tu r e  

w h ich  w a s  then  s t i r r e d  for  a further  30 m in u tes  at r o o m  te m p e r a tu r e .

W ork-up in  the u sua l w ay  gave an o i l  (1 .5 6  g . , 9 2 %) w hich  

w a s  show n to b e  a s in g le  com p on en t by g . l . c .  a n a ly s i s .  The re ten tion  

t im e  and p .m .  r . s p e c tr u m  of this com ponent w e r e  id e n t ic a l  to th o se  

g iv e n  by  2 - n - p r o p y l -  1, 3 -d io x a n e .

E x p e r im e n t  5 . E x p e r im e n ts  to show  the p artic ip a tion  of an a - c h lo r o 

e th er  in  the a c e ta l -b o r o n  tr ic h lo r id e  rea c t io n .

(a) 2 - n - P r o p y l - 1, 3 -d io x a n e  (2 g . , 0 .0 1 5  m o l . )  in  dry carbon  

t e tr a c h lo r id e  ( 1 0  m l . )  w a s  s lo w ly  added to a s t ir r e d  i c e - c o o le d  

so lu t io n  of  b o ro n  t r ic h lo r id e  (O. 6 g . ,  0. 005 m o l .  ) a ls o  d is s o lv e d  in  

ca rb o n  t e tr a c h lo r id e  (25 m l .  ).

A fter  2 m in u te s  a s a m p le  (2  m l . )  of the r e a c t io n  m ix tu r e  w as  

r e m o v e d  and i t s  6 0  MHz p . m . r .  sp e c tr u m  w as taken . T his  p ro ced u re  

w a s  th en  r e p e a te d  at in te r v a ls  of 30 m in u te s ,  1 h.., 5 h . and 24 h . , 

The p . m .  r . s p e c tr a  g iv e n  o v e r  th is  p er iod  w e r e  e s s e n t ia l l y  

the s a m e .  T hey did not con ta in  any s ig n a ls  at the n o rm a l a c e ta l
g

proton  sh ift  (4 . 5 6 ) but did con ta in  a tr ip le t  at 5 . 75  6 in tegra tin g  

to  one proton .

(b) The above  p r o c e d u r e  w as  then  rep ea te d  w ith  a 6:1  ra t io  of 

a c e t a l  (4  g . , 0 .0 3  m o l .  ) and b o ro n  tr ic h lo r id e  (O. 6 g . , 0. 005 m o l .  ).

The 6 0  MHz p . m . r .  sp e c tr u m  of the m ix tu r e  (a fter  2 m in u tes )  

sh ow ed  th e  p r e s e n c e  of both an a c e ta l  p roton  tr ip le t  (4 . 5 6 ) and the  

s o - c a l l e d  a - c h lo r o e th e r  tr ip le t  (5 . 75 6 ).

(c) The r e a c t io n  m ix tu r e  u sed  in  (a) w a s  then trea ted  w ith  an  

e th e r e a l  s u sp e n s io n  of l ith ium  a lum in ium  h ydride  (O. 2 g . , 0. 005 m o l . ) .

The 6 0  MHz p .m .  r . sp ec tru m  o f  the re su lt in g  m ix tu r e  a fter  

30 m in u te s  con ta in ed  n e ith er  the a c e ta l  proton  tr ip le t  nor the s o - c a l l e d  

a -c h lo r o e th e r  tr ip le t .
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W ork-up  of th is  m ix tu r e  in  the n o r m a l w ay  gave 3 - n -b u to x y - 

p r o p a n - l - o l  a s  the m a jo r  product.

(d) 2 - n - P r o p y l - 1, 3 -d io x a n e  (2 . 34 g . , 0. 018 m o l .  ) w a s  t r e a te d

w ith  b oron  t r ic h lo r id e  ( 0 .7 2  g . ,  0. 006 m o l .  ) at 0°  in  m e th y le n e  

c h lo r id e  in  the u su a l w ay .

The r e a c t io n  m ix tu r e  w as  then a llow ed  to r i s e  to  room  

te m p e r a tu r e  and the m e th y le n e  ch lo r id e  w as r em o v e d  o v e r  a 1 h .  

p e r io d  under r ed u ced  p r e s s u r e  ( 1 0  m m . ) .  A s  the m e th y le n e  

c h lo r id e  d is t i l l e d  o v e r  it  w a s  c o l le c t e d  in  two co ld  tra p s  im m e r s e d  

in  liqu id  a ir  a long w ith  any b oron  tr ic h lo r id e  that m a y  have d is t i l le d  

o v e r .

When a l l  o f  the m e th y le n e  c h lo r id e  had b e e n  r e m o v e d  the  

p . m . r .  s p e c tr u m  of the r e su lt in g  syrup  ( 3 .0  g . )  w a s  found to be  

id e n t ic a l  to  that tak en  in  (a). The I .R .  sp ectru m  o f  the syrup  show ed  

the p r e s e n c e  of a la r g e  B -O  s tr e tc h  (1340 cm . ^), a C -C l  s t r e tc h  

(670 c m .  ̂ and 750 cm . ) w h ile  B - C l  s tr e tc h  (900 cm . )̂ and O H -str e tc h  

(ca .  3500 cm . )̂ w e r e  a b sen t.  ^

M ean w h ile  the co n d en sed  m e th y le n e  ch lo r id e  w as  w a r m e d  to  

ro o m  te m p e r a tu r e  and w ashed w ith  d is t i l l e d  w ater  (lO m l . )  to 

h y d r o ly s e  any b o ro n  tr ic h lo r id e  p r e s e n t .  T itra tion  of th e s e  w a sh in g s  

w ith  0 . IN  sod iu m  h yd rox id e  so lu t io n  (u sin g  phenolphthalein  as  

in d ica to r )  sh ow ed  that 1. 5 m l .  of a lk a li  w a s  needed  to e ffect  

n e u tra liza t io n .  Thus 0 . 0 0 6  g. of b oron  tr ic h lo r id e  had b een  

c o l le c t e d  in  the t r a p s .

E x p e r im e n t  6 . The r ea c t io n s  o f  o ther  c y c l ic  a c e ta ls  w ith boron  

t r ic h lo r id e / l i t h iu m  a lu m in ium  h y d r id e .

The e x p e r im e n ta l  p ro ced u re  ou tlined  in  E x p er im en t I w as  

then  r e p e a te d  fo r  the c y c l ic  a c e ta ls  show n in  Table IIC - I ( p. 51 )

The y ie ld s  of the h y d r o x y e th ers  g iv en  in  each  c a s e  a re  a ls o  d isp la y ed .



83

The ra tio  of a c e ta l  to b oron  tr ic h lo r id e / l i th iu m  a lu m in ium  

h yd rid e  w as  3:1 in  each  c a s e ,  although the 2 - c h lo r o m e th y l-  1, 3-  

di 0 X0  la  lie and 2 - c h lo r o m e t h y l - I ,  3 -d io x a n e  r e a c t io n s  w e r e  rep ea te d  

u sin g  a 1:1 ra t io  in  o rd e r  to in c r e a s e  the y ie ld s  of the r e s p e c t iv e  

p rod u cts  [  2 - ( 2 - c h lo r o e t h o x y ) - e t h a n - l - o l  and 3 - (2 -c h lo r o e th o x y ) -  

p r o p a n - l - o l  ] .

E x p e r im e n t  7 . The c le a v a g e  prod u cts  g iven  by the 2 -c h lo r o m e th y l  

su b st itu ted  a c e ta l s  (u sin g  the p ro ced u re  d e s c r ib e d  in  E x p er im en t  l ).

(a) 2 - ( 2 - C h l o r o e t h o x y ) - e t h a n - l - o l  w a s  g iven  by 2 - c h lo r o m e t h y l - 1, 3 -  

d io x o la n e .

B .p .  1 7 4 -8 °  (L it .  b .p .  7 0 ° /3  m m . ) ^

(b) 3 - (2 -C h lo r o e th o x y ) -p r o p a n -  l - o l  w a s  g iven  b y  2 -c h lo r o m e th y l -  1, 3 - 

dioxan e .

B . p .  6 8 - 7 0 ° /2  m m .

A n a ly s is :  C H ClO r e q u ir e s  4 3 .3 2 (C ) ,  7 .94(H ) %,5 11 c,

found 4 3 .5 5 (C ) ,  8 . 2 (H) %.

M a s s  sp ec tru m : (o f  neat com pound),
"I"

C. I. g iv e s  (M + l)  at m / e  139, 141.

P . m . r .  sp ec tru m : ( 6 0  M H z),

3 .3  - 3 .8 6  ( m . , 8 p ro ton s) ,  2 .9 6  ( s .^  1 proton)

1 . 9 6  ( q . , 2 p ro ton s) .

G . l . c .  r e te n t io n  t im e:  

neat com pound = 745 s .  (1 1 8 ° ,  3% O V -225).

(c) 4 - ( 2 - Chlo r o ethoxy) - b utan- l - o l  w as  g iven  by 2 - c h lo r o m e th y l -1, 3-  

dioxep an e .

B . p .  88  -  9 0 ° /  0. 15 m m .

A n a ly s is :  C^H^^ClO^ r e q u ir e s  47 .2 (C ), 8 .5 2 (H ),  23. 28(Cl)%,

found 47. 4 2 (C) , 8 . 78(H), '23. 6 8 (Cl)%. 

M a s s  sp ec tru m : (of neat compound)^

C .I ,  g iv e s  (M + 1) at m / e  153, 155.
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P . m . r .  sp ectru m : ( 60  M H z),

4 . 2  55 ( s . ,  1 proton), 3 .3  - 3 .8 6  ( m . ,  8 protou®)

1 . 4 -  1 .7 6  ( m . , 4  pro tons).

G . l . c .  r e te n t io n  t im e:

neat com pound = 144 s . (1 7 4 ° ,  3% OV -  225)..

(d) 5 - ( 2 - C h lo r o e t h o x y ) - p e n t a n - l - o l  w a s  g iv en  b y  5 -

d io x o ca n e .

B .p .  1 0 0 - 4 ° / 0 . 5  m m .

A n a ly s is :  C.^H^^ClO^ r e q u ir e s  50.45(C), 9 . 0 0 (H), 21..32((CE))%,

found 50. 78(C), 9 .2 5 (H ),  2 1 . 7l((Cl))%.. 

M a s s  sp ec tru m : (of  neat com pound),

C .I .  g iv e s  (M + 1) at m / e  167, l6 9 .

P . m . r .  sp ec tru m : ( 6 0  M Hz),

3 .3  - 3 .8 6  ( m . , 8 p ro to n s) ,  2 .9 6  ( s . ,  1 proton),

1 .3  - 1 .7 6  ( m . , 6 p ro to n s) .

G . l . c .  r e te n t io n  t im e:

neat com pound = 235 s .  (1 5 0 ° ,  3% OV - 225).

E x p e r im e n t  8 . The c o m p e t it iv e  r e a c t io n s  b e tw een  two dioxolam es  

w ith  b o ro n  t r i c h l o r id e / ï i th iu m  a lu m in iu m  h yd rid e .

(a) 2 - n - P r o p y l - 1, 3 -d io x o la n e  ( 1 .1 2  g . , 0 .0 0 9 7  m o l . )  and 1, 3 -d io 3£©- 

la n e  (O. 72 g . , 0. 0097  m o l . )  w e r e  d is s o lv e d  in  m e th y le n e  c h lo r id e  

(15 m l .  ) and t r e a te d  for  10 m in u te s  w ith  an i c e - c o o l e d  solntiom off 

b o ro n  t r ic h lo r id e  (O. 23 g . , 0. 002 m o l .  ) in  m e th y le n e  ch lo r id e  (2 5  udI-)) 

and then  w ith  an e th e r e a l  s u s p e n s io n  of  l i th iu m  a lu m in ium  h yd rid e  

(O. 11 g . , 0 .0 0 3  m o l .  ) fo r  a fu r th er  30 m in u te s .

W ork-up in  the u su a l m a n n er  gave  a p a le - g r e e n  o i l  (,. S'? %))- 

G . l . c .  a n a ly s is  of the product m ix tu r e  sh ow ed  that th r e e  maim  

com p on en ts  w e r e  p r e s e n t .  Two of t h e s e  had th e  s a m e  retemtiom  

t im e s  as  the s u b s tr a te  a c e ta l s  and so w e r e  a s s u m e d  to  fee Ithe 

s u b s tr a te s .  The th ird  peak w a s  show n to  b e  2 -n -b n to x y e t& m m  -  l - o l  

b y  a s im i la r  c o m p a r is o n  w ith  an authentic  sa m p le  off th e  la t t e r .  The  

on ly  o th er  peak p r e s e n t  w a s  due to e th a n - 1 , 2 -d io l:  2 -m e th o x y  ettham-
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l - o l  w a s  not s e e n .

(b) The e x p e r im e n t  w a s  then  re p e a te d  usin g  2 - c h lo r o m e t h y l - 1, 3-

d ioxo lan e  and I, 3 -d io x o la n e  w hen  the ra tio  o f  2 - (2  c h lo r o e th o x y ) -e th a n -

l - o l  to 2 -m e th o x y  e t h a n - l - o l  w as  found to b e  a p p r o x im a te ly  1 to 2 0 .

E x p e r im e n t  9 . S tud ies  into the e f f e c t s  of a - su b st itu en t  upon the  

d ir e c t io n  of  c le a v a g e  of the a c e ta l .

(a) 4 - M e t h y l - 1, 3 -d io x o la n e  ( 0 .7 2  g . , 0 .0 0 8  m o l . )  in  m e th y le n e  

c h lo r id e  (5 m l .  ) w a s  t r e a te d  w ith  b oron  tr ic h lo r id e  (0 .3 2  g . ,  0 .0 0 2 7  m o l .  ) 

fo r  10 m in u te s  and lith iu m  a lu m in ium  hydride (O. 13 g . ,  0 .0 0 3 4  m o l . )

for  a fu rth er  30 m in u te s .

The product m ix tu r e  (0 .6 8  g . , 94%) w a s  then  a n a ly sed  by  

g . l . c .  w hich  show ed  the p r e s e n c e  of  tw o product p eak s ,  the la r g e r  

of the two c o m p r is in g  95% of the product m ix tu r e .  C o m p a r iso n  of  

the re te n t io n  t im e s  o f  t h e s e  p ro d u cts  w ith  the re te n t io n  t im e s  of a 

known m ix tu r e  of 2 -m e th o x y  p r o p a n - l - o l  and 1-m e th o x y  p r o p a n - 2 - o l  

sh ow ed  that the unknown com pounds w e r e  the sa m e  two com pounds : 

2 -m e th o x y  p r o p a n - l - o l  w a s  the m a jo r  com ponent w ith  1-m e th o x y  

p r o p a n -2 - o l  the m in o r .

The above a s su m p tio n  w a s  fu r th er  c o n f irm e d  w hen the  

re te n t io n  t im e  of an authentic s a m p le  o f  1 -m e th o x y  p r o p a n -2 - o l  

w a s  c o m p a r e d  w ith  that of the m in o r  co m p o n en t .

The r e f e r e n c e  m ix tu r e  o f  2 -m e th o x y  propan- l - o l  and

1 -m e th o x y  p r o p a n -2 -o l  w a s  p r e p a r e d  fr o m  4 -m e th y l-  1, 3 -d io x o la n e  

a f te r  r e a c t io n  w ith  a lu m in iu m  d ih yd roch lor id e ,  u sing  the p ro ced u re  

outlined  b y  L e g g e t te r  and B row n.

(b) The e x p e r im e n t  above w a s  th en  re p e a te d  us ing  the fo llow ing

su b s tr a te s :  4 - c h lo r o m e t h y l - 1, 3 -d io x o la n e ,  2, 2, 4 - t r im  ethyls 1, 3-

d ioxo lan e  and 4 - c h lo r o m e t h y l - 2 , 2 - d i m e t h y l - 1 , 3 -d io x o la n e .  The  

y ie ld s  and r e a c t io n  t im e s  fo r  ea ch  o f  th e s e  com pounds are  show n in  

T able  IID - 2 (p .61 ).

In each  c a s e  the id e n t i t ie s  of the c le a v a g e  p rodu cts  w e r e  

d e te r m in e d  b y  c o m p a r is o n  w ith  the docum ented  p roducts  g iv e n  by



86

the sa m e  s u b s tr a te s  w ith  a lu m in ium  d ih y d r o c h lo r id e . A ls o  one of 

e a ch  p a ir  of the p rod u cts  w a s  sy n th e s iz e d  by an independent route  

and i t s  re te n t io n  t im e  w a s  c o m p a red  w ith  the unknown product  

m ix tu r e .

The com p ou n ds that w e r e  s y n th e s iz e d  and th e ir  r e s p e c t iv e  

s u b s tr a te s  a re  show n in  T able  IIF - 2. The p r a c t ic a l  d e ta i ls  of  

t h e s e  s y n th e s e s  a r e  d i s c u s s e d  in  E x p er im en t  12.

S u b stra te  R e fe r e n c e  product

4 - M e t h y l - 1, 3 -d io x o la n e  1 -m eth o x y  p r o p a n -2 -o l .

4-C hlo rom  e th y l-  1 , 3 -  1 -c h lo r o -  3 -m e th o x y  propan
d ioxo lan e  - 2 - o l .

2, 2, 4 -T r im eth y l-  1, 3 -d io x o la n e  1 - is o p r o p o x y  p r o p a n -2 - o l .

4 -C h lo r o m e th y l-2, 2 - d im eth y l-  l - c h lo r o - 3 - i s o p r o p o x y  p r o p a h -2 -o l ,
1, 3 -d io x o la n e

T able  IIF - 2.

E x p e r im e n t  10 . The r e a c t io n s  o f  2 - a lk e n e - I ,  3- d ioxo lane s. w ith 

b o ro n  t r ic h lo r id e / l i t h iu m  a lum in ium  h y d r id e .

(a) 2 - V i n y l - 1, 3 -d io x o la n e  (2 . 35 g . , 0. 024 m o l .  ) w as tr e a te d

w ith  b o ro n  t r ic h lo r id e  (O. 92 g . , 0. 0078 m o l .  ) and lith ium  alu m in ium  

h yd r id e  ( 0 .3  g . , 0. 0079 m o l . )  u s in g  the  p ro ced u re  outlined  in  

e x p e r im e n t  1. The a c e ta l  w a s  le ft  in  con tact  w ith  the boron  tr ic h lo r id e  

fo r  10 m in u te s  b e fo r e  addition  of th e  h y d r id e .

W ork-up in  the u su a l m a n n e r  (p. 38  ) gave a p a le - g r e e n  o i l

(2. 26 g . , 9 6 %) w h ich  w a s  shown to con ta in  one m a in  com ponent by  

g . l . c .  a n a ly s i s .  The re ten tion  t im e  of the m a in  product (9 2 %) w as  

id e n t ic a l  to that o f  an authentic sa m p le  of 2 - a l ly lo x y  e t h a n - l - o l ,  

w h ile  the re te n t io n  t im e  o f  the m in o r  com ponent (8%) w as  found to  be  

id e n t ic a l  to that o f  e th a n -I ,  2 -d io l .

D is t i l la t io n  of the product m ix tu r e  gave a pure sa m p le  of  

the m a in  product.  The I .R .  and p .m .  r. s p e c tr a  o f  the p u r if ied
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product w e r e  id e n t ic a l  to th o se  o f  2 - a l ly lo x y  e t h a n - l - o l .

Y ie ld  1 .9  g. (81%).B .p .  58 - 6 0 ° / 14 m m .

( B .p .  of 2 - a l ly o x y  e t h a n - l - o l  4 6 ° /  5 mm.).^

(b) The above  e x p e r im e n t  w a s  then rep ea te d  u s in g  t r a n s - 2-

( p r o p - 1 - e n y l ) - 1, 3 -d io x o la n e  as  the a c e ta l  s u b s tr a te .

The m a in  product fro m  the rea c t io n  w a s  show n to b e  tra n s-2 - (b u t-2  

- e n y lo x y ) - e th a n - l -o l  b y  a s im i la r  p ro ced u re  to that d e s c r ib e d  above,

i .  e. b y  u s e  of an authentic  sa m p le  o f  t r a n s - 2 - ( b u t - 2 - en y loxy)-ethan -

l - o l  as a r e f e r e n c e .

Y ie ld  77%. B .p .  7 3 - 5 ° /1 2  m m .

( B .p .  t r a n s - 2 - ( b u t - 2 - e n y l o x y ) - e t h a n - l - o l  8 1 ° /1 8  m m . )^

E x p e r im e n t  11 . S tud ies  into the e f fe c ts  of r ing s i z e  in  the rea c t io n  

o f  c y c l ic  a c e ta ls  w ith  b oron  tr ic h lo r id e / l i th iu m  a lum in ium  h yd rid e .

(a) A  m ix tu r e  of 2 - p r o p y l - 1, 3 -d io x o la n e  (4 . 6 4  g . , 0 . 0 4  m o l . )  

and 2 -p r o p y l-  1, 3 -d io x a n e  (5. 2 g . , 0 .0 4  m o l .  ) in  m e th y le n e  c h lo r id e  

( 2 5  m l .  ) w a s  t r e a te d  w ith  b o ro n  tr ic h lo r id e  ( 1. 18 g . , 0 .0 1  m o l .  ) 

and li th iu m  a lu m in ium  h yd ride  ( 0 . 4  g . , 0 .0 1  m o l .  ) in  the u sua l  

m a n n e r .  The a c e ta l s  w e r e  le ft  in  co n ta ct  w ith  the boron  tr ic h lo r id e  

fo r  10 m in u te s .

W ork-up  gave  a p a le -g r e e n  o i l  (90%) Iwhixih w as show n to  

co n ta in  four m a in  co m p o n en ts .  B y  c o m p a r iso n  o f  re ten tion  t im e s  

w ith  r e f e r e n c e  s a m p le s  it  w a s  shown that th e s e  com ponents  w e r e  

the two su b s tr a te  a c e ta l s  p lus  2 -b u to x y  e t h a n - l - o l  and 3rbutoxy propan-

l - o l  a long  w ith  s m a l l  am ounts of e th a n -1 ,  2 - d io l  and p r o p a n -1, 3 - d io l.

In teg ra t io n  of the peak a r e a s  of the two h y d ro x y eth ers  show ed  

that th ey  w e r e  p r e s e n t  in  a 1 :1 .2  ra t io ,  w ith  3 -n -b u to x y  p r o p a n - l - o l  

a s  the m a jo r  com p on en t.

(b) The above ex p e r im e n t  w as  then  rep ea ted  using  the fo llow ing  

p a ir s  of a c e ta l s :  2 - p r o p y l - 1, 3 -d io x a n e  w ith  2 - p r o p y l - 1, 3 -d io x ep a n e  

and 2 - p r o p y l - 1, 3 -d io x ep a n e  w ith  2 - p r o p y l - 1, 3 -d io x o c a n e .  The 

r e la t iv e  p ro p o rt io n s  of the r e s p e c t iv e  h yd roxy  eth er  prod u cts  a r e  shown
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in  T ab le  IID - 4  , (p. 72' )•

E x p e r im e n t  1 2 . P r e p a r a t io n  of  su b stra te  a c e ta l s .

(a) 1. 3 -D io x o la n e  w a s  p rep a red  by the m eth od  o f L e g g e t te r  and 

B row n . ^

Y ie ld  6 4 %. B .p .  7 2 -4 °  ( L i t .b .p .  7 1 - 3 ° /7 0 0  m m .  )

(b) 1, 3 - D ioxan e w a s  p rep a red  by the sa m e  m eth o d  s tar t in g  w ith  

p r o p a n -I ,  3 - d io l.

Y ie ld  72%. B .p ,  1 0 2 -3 ° .  ( L i t .b .p .  1 0 5 ° /  755 m m .  )

(c) 1, 3 -D io x e p a n e  w a s  p rep a red  by a s l igh t  v a r ia t io n  of the 

above m eth od . Butan- 1, 4 - d io l (22. 5 g . , 0. 25 m o l .  )  ̂ p a r a fo r m a ld e 

h yde (9 . 9 g . , 0. 33 m o l .  ) and anhydrous m a g n e s iu m  su lphate  (25 g. ) 

w e r e  re f lu x e d  to g e th e r  in  the p r e s e n c e  of co n cen tra ted  h yd ro ch lo r ic  

a c id  (1 m l . )  for  3 h.

The r e a c t io n  m ix tu r e  w a s  a llow ed  to c o o l  and then  the crude  

1, 3 -d io x ep a n e  w a s  d is t i l l e d  through  a 4" V ig reu x  co lu m n  on to anhydrous  

sod iu m  ca rb o n a te .  R e d is t i l la t io n  gave  the pure product.

Y ie ld  14. 3 g . .  57% . B . p .  1 1 7 -8 °  (L it .  b .p .  112-7?)^ °

(d) 1 ,3 -D io x o c a n e  w as p r e p a r e d  by the m eth od  of Ante unis and 

B eau .

Y ie ld  75%. B .p .  4 0 - 2 ° / 1 0  m m .

( L i t . b .p .  4 3 ° /1 2  m m .)

(e) 2 - P r o p v l  a c e ta l s  w e r e  a l l  p rep a red  by the sa m e g e n e r a l  

p r o c e d u r e .  The re lev a n t  d io l  ( 0 .2  m o l . )  and butyraldéhyde ( 0 .2 5  m o l . )  

w e r e  re f lu x e d  to g e th e r  us ing  to lu en e  (250 m l . )  as  the so lven t  and

2 - to lu en esu lp h o n ic  ac id  (O. 2 g. ) a s  the c a ta ly s t .  The w a ter  p roduced  

during the r e a c t io n  w a s  rem o v e d  a s  i t s  to lu en e  a zeo tr o p e  v ia  a 

m o d if ie d  D ean  and Stark apparatus.

When the c a lc u la te d  am ount o f  w a te r  ( 3 .6  m l . )  had b een  

r e m o v e d  the r e a c t io n  m ix tu r e  w as  co o le d  and n eu tra l ized  by s t ir r in g  

w ith  anhydrous sod iu m  carbonate  fo r  30 m in u te s .  A fter  f i l te r in g ,  

m o s t  of the to lu en e  w a s  then  r e m o v e d  usin g  a r o ta ry  ev a p o ra to r .
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T he crude dark  brow n r e s id u e  w as then  fr a c t io n a l ly

d is t i l l e d .  R e d is t i l la t io n  gave the p ure p ro d u cts .  T he y ie ld san d  b .p .

of the a c e t a l s  p ro d u ced  by th is  m ethod  a r e  show n in  T a b le  IIF - 3,

a lo n g  with th e ir  r e s p e c t iv e  d io ls .
B . p. (° ) A n a ly s is  (%)

Y ield(%)F ound L ite r a tu r e  E x p e c te d  F  oundA c e ta l

2 - P r o p y l -1 ,  3-  
d ioxo lan e 85 1 3 6 -8 13 6 -8

21

2 - P r o p y l - l , 3
d ioxan e 60 1 5 3 -5 1 5 4 -7 22

2 - P r o p y l - 1 , 3 
dioxepane

2 - P r o p y l - 1 , 3 
d ioxocan e

35 1 6 7 -9

28 4 2 / 2  m m

169-71 23

68. 35(C) , 68. 19(C)^
11. 35(H ), 11 .60(H )!

T ab le  IIF - 3.

(f) 2 -C h lo r o m e th y l  a c e t a l s  w e r e  p r e p a r e d  fr o m  the r e s p e c t 

iv e  d io ls ,  1 - c h l o r o - 2 , 2 -d ie th o x y eth a n e  and £ - to lu en esu lp h on ic  a c id  

u s in g  the p r o c e d u r e  ou tlined  by L e g g e t te r  and Brown^ in their  

p r e p a r a t io n  of 2 - c h lo r o m e t h y l - 1, 3 -d io x o la n e .

The y ie ld s ,  b .p .  and a n a ly s i s  r e s u l t s  a re  shown in  

T ab le  IIF - 4 .
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A c e ta l
B. p. ( ° / m m .  ) A n a ly s is  (%)

Y ie ld  % Found L ite r a tu r e  E x p e c te d  Found

2 -C h lo r o m e th y l  
- 1, 3 -d ioxoIane

2 - C hlo r om  ethyl  
- 1, 3- d ioxane

2 -C h lo r o m e th y l  
- 1, 3 -d io x ep a n e

2 -C h lo r o m e th y l  
- 1, 3 -d io x o c a n e

7^ 158-9  1 5 4 -5 /7 0 0

77 6 7 - 9 / 1 0  6 7 - 9 /1 2

76 9 8 - 1 0 2 /1 4

62 4 0 ^ 5 /0 .5

.32

39. 18(C)^ 39.41(C)^
5.76(H ), 5 .8 3 ( H Ï

28.84(01)^

43. 95(C), 43.40(C)^
6 . 6 4 (H),- 6 . 9 0 (H).

25.97(C1%

47.83(C ), 48 .04(C ),
7.36(H), 7.58(H).

23. 55(C1),

51 .05(C ), 5 0 . 9 2 (C),
7 . 9 6 (H), 8 .55(H ),

21. 55 (Cl), 21.71(C1)

T ab le  IIF - 4 .

(g) 4 - M e t h y l - 1, 3 -d io x o la n e  w a s  p rep a red  using  the m eth o d  of  

L e g g e t te r  and Brown^ s ta r t in g  fr o m  p r o p a n -1, 2 -d io l  and p a r a fo r m a l

dehyde .

Y ie ld  6 4 %. B .p .  9 0 - 1 ° /7 5 2  m m .

(L it .  b .p ,  8 2 - 3 ° /  700 m m .)

(h) 2, 2 = 4 -  T r im e th y l-  1, 3 -d io x o la n e  w a s  p rep ared  by the  

m eth o d  of F i s c h e r  and F fah ler^ ^  start in g  fr o m  p r o p a n -1, 2 -d io l  and 

a c e to n e .

Y ie ld  25%. B .p .  9 7 - 9 ° /7 5 2  m m .

(L it .  b .p .  9 8 - 9 ° /  760  m m . )

(i) 4 - C h lo ro m eth y l-  1, 3 -d io x o la n e  w a s  p rep a red  fro m  3 -c h lo r o

p r o p a n - 1, 2 - d io l  and p ara form ald eh yd e  using  the p roced u re  outlined  

b y  L e g g e t te r  and B row n. ^

Y ie ld  7 4 %. B .p .  153-4?

(L it .  b .p .  7 6 ° / 5 4  m m . )
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(j) 4 - C h lo r o m e th y l-2, 2 - d i m e t h y l - 1, 3 -d io x o la n e  w a s  p rep a red

fr o m  3 -c h lo r o  p r o p a n -1, 2 -d io l  and acetone  usin g  the m eth o d  o f F i s c h e r  

and F fa h le r

Y ie ld  70%. B .p .  4 7 - 5 l ° / l l  m m .

(L it .  b .p .  1 5 7 ° /  767 m m . )

(k) 2 - V in y l-  1, 3 -d io x o la n e  w as  p rep a red  by the m eth od  of D av is
33

and B row n s ta r t in g  fr o m  e th a n -1, 2 -d io l  and a cry la ld éh y d e  

Y ie ld  19%. B .p .  114-6?

( L i t . b .p .  6 2 ° /  110 m m . )

(l) T ra n s -2 - (  prop-1 - en y l)-  I, 3 -d io x o la n e  w as  p rep a red  by the
2 5

m eth o d  o f H eyw ood  and P h i l l ip s  s ta r t in g  from  éthan-U»2-diol and

3 -m e th y la c r y la ld e h y d e .

Y ie ld  11%. B .p .  1 4 9 - 5 1 ° /7 5 7  m m .

(L it .  b . p. 7 1 ° /5 0  m m .)

E x p e r im e n t  1 3 . P r e p a r a t io n  of h y d ro x y e th er  r e fe r e n c e  co m p o u n d s .

(a) The m e th o x y  and n -b utoxy  d e r iv a t iv e s  of e th a n -1, 2 -d io L

b u t a n - 1 , 4 -d io l  and pentan- 1, 5 - d io l .

T h e se  w e r e  a l l  p rep a red  by the sa m e  g en e r a l  p r o ced u re .

The re le v a n t  d io l ( 0 .2  m o l . )  and a lk y l h a lid e  ( 0 .2  m o l . )  w e r e  

d is s o lv e d  in  d im eth y l fo rm  am ide (300 m l . ) .  Sodium hydride ( 0 .2  m o l . )  

w a s  then  added in  s m a l l  q u antit ies  o v e r  a 15 m in u te  per iod . The 

re a c ta n ts  w e r e  then  s t ir r e d  at room  te m p e r a tu r e  fo r  3 h . .

M ore a lk y l h a lid e  (O.Ol m o l . )  and sod ium  hydride (0. 01 m o l)  w e r e  

th en  added and a f ter  s t ir r in g  for  a fu rth er  6 h . the bulk of the so lv en t  

w a s  r e m o v e d  on a ro ta r y  ev a p o ra to r .  The p r ec ip ita ted  so l id s  w e r e  

f i l t e r e d  off and the f i l t r a te  w as  f r a c t io n a l ly  d is t i l le d .

The y ie ld s  and b .p .  of the h y d ro x y eth ers  p rep a red  by th is  

m eth od  a re  show n in  Table IIF - 5. M eth yl iod ide w as  the a lk y l  

h a lid e  u sed  to p r e p a r e  the m eth o x y  com pounds w h ile  n -b u ty l b r o m id e
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w a s  u sed  to p r e p a r e  the n -b utoxy  d e r iv a t iv e s .

D io l  H yd ro x y e th er  Yield(%) Found L ite r a tu r e

E t h a n - 1 , 2 -  2 -m e th o x y  ethan 71 1 2 2 -4  124. 9 /  767^^
d io l  - l - o l

2 7B u ta n -1 , 4 -  4 -m e th o x y  butan 57 6 3 - 5 /1 0  6 3 - 4 / 7 .
d io l  - l - o l

28P e n t a n - 1 ,5  5 - m  ethoxy  pent an 55 1 0 2 -4 /1 2  6 0 / 1 . 5 .
-d io l  - l - o l

E t h a n - 1 , 2 -  2 -n -b u to x y  ethan 6 4  164 -70  170.6/743?^^
d io l  - l - o l

B u t a n - 1 , 4 -  4 - n -b u to x y  butan 58 2 0 8 -1 2  2 1 2 - 4 /  760?^
d io l  - l - o l

28
P e n t a n - 1 ,5 -  5 -n -b u to x y  pent an 47  1 1 8 /2 0 /1 0  1 1 8 /1 1 ,
d io l  - l - o l

Table IIF - 5.

(b) 3 -M eth o x y  p r o p a n - l - o l  w a s  p rep a red  fro m  sod ium

m e th o x id e  and 3 -c h lo r o  p r o p a n - l - o l  u sing  the p ro ced u re  outlined  

b y  L e g g e t te r ,  D in er  and Brow n.

Y ie ld  18%. B .p .  1 5 0 -2 ° .

( L it .  b .p .  1 4 4 - 6 ° /7 0 0  m m .

(c) 3 -n -B u to x y  p r o p a n - l - o l  w as  p rep a red  by an adaption

of the p r o c e d u r e  in  (b). A  m ix tu r e  o f  sod ium  (5g . 0 .2 2  m o l . )  and 

n -b utan o l (200 m l .  ) w as  h ea ted  to r e f lu x  w h i le  the sodium  d is s o lv e d .

3 -C h lo r o  p r o p a n -o î  (19 g. , 0. 2 m o l .  ) w a s  then  added and the  

p r o c e d u r e  g iv e n  in  (b) w as  fo llo w ed .

Y ie ld  IT. 2 g. ; (42%). B .p .  43. 5 - 4 5 ° / 0 .  1 m m .

(L it .  B .p .  8 1 - 5 ° / 1 3  m m . )^^
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(d) 1 -M eth oxy  p r o p a n -2 -o l  w a s  p rep a r e d  fr o m  1, 2 - ep o x y 

propane and sod ium  m eth o x id e  us ing  the p r o c e d u r e  ou tlined  by  

R e e v e  and S ad ie  ^ .

Y ie ld  5 6 %. B .p .  I 1 7 - 8 ° / 7 5 2  m m .

(L it .  b. p. 118 . 5-9?)

(e) 1 - I so p r o p o x y  p r o p a n -2 -o l  w as  p r e p a r e d  fr o m  1, 2 - e p o x y 

propane and sod iu m  iso p ro p o x id e  u s in g  the p r o c e d u r e  ou tlin ed  by  

C hitw ood and F r e u r e .

Y ie ld  50%. B .p .  1 3 7 -4 0 ° .  

(L it .  b .p .  143-4?);
?

(f) I -C h lo r o - 3 - m e t h o x y  p r o p a n -2 -o l  and 1 - c h l o r o - 3 - i s o 

p rop oxy  p r o p a n -2 -o l  w e r e  both p r e p a r e d  using  the m eth o d  o f  F l o r e s -
13

G allard o  and P o l la r d .  1 

a r e  shown in  T ab le  IIF - 6.

13G allard o  and P o l la r d .  The y ie ld s  and b .p .  of the two com pounds

B .p .  ( ° / m m . )

H y d ro x y e th er  Yield( % ) F ound L ite r a tu r e

1-C h lo r o - 3 - m e t h o x y  6 5 8 0 - 1 /1 1  7 6 .5 / 2 0 .
p r o p a n -2 -o l

1-C h lo r o - 3 - i s o p r o p o x y  21 8 3 - 5 / 1 0  8 7 - 7 . 5 / 2 0 ,
p r o p a n -2 -o l

Table  IIF - 6 .

(g) 2 -A l ly lo x y  e t h a n - l - o l  and tr  ans - 2 - (but- 2 - enyloxy) - ethan
2

- l - o l  w e r e  p r e p a r e d  usin g  the p r o c e d u r e  of D a v is  and B row n. The 

y ie ld s  and the b .p .  of the two com p ou nds a re  shown in  Table IIF - 7.
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B . p .

H y d ro x y e th er  Y ie ld  (%)  ̂ F  ound L ite r a tu r e

2 -A l ly lo x y  ethan- 6 4  4 4 - 5 / 5  4 6 / 5 ,
l - o l

T r a n s -2 - ( b u t - 2 - enyloxy) 57 7 2 - 5 /1 0  8 1 /1 8 .
- e t h a n - l - o l

T able  IIF - 7.
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III. THE REACTIONS OF BORON TRICHLORIDE/LITHIUM
ALUM INIUM HYDRIDE WITH SIM PLE DIOXANES CONTAINING  
OTHER BASIC C EN TR ES IN THE M O L E C U L E .

IIIA. In troduction .

In C hapter  II the r e a c t io n s  of b oron  t r i c h l o r i d e / l i th iu m  

a lu m in iu m  h yd rid e  w ith  v a r io u s  m o d e l  a c e ta l  s u b s tr a te s  w e r e  

d e s c r ib e d  and a s  a r e s u l t  of t h e s e  a p o s s ib le  m e c h a n is m  fo r  th e  

r e a c t io n  w a s  p ro p o se d .  The in tr in s ic  sh o r tc o m in g s  o f  su ch  a n  

id e a l iz e d  r a t io n a le  w e r e  a l s o  po in ted  out.

It s e e m e d  lo g ic a l  then  that a s e r i e s  of e x p e r im e n ts  shou ld  

b e c a r r ie d  out to t e s t  the above ra t io n a le  in  s itu a t io n s  that had  not  

b e e n  c o m p le te ly  c o v e r e d  in  C hapter II; the p a r t ic u la r  s itu a tion  

c h o s e n  w a s  that in  w hich  other  b a s ic  c e n tr e s  and th e r e fo r e  

p o ten t ia l  bonding s i t e s  fo r  the L ew is  a c id  w e r e  p r e s e n t  upon the  

a c e ta l  m o le c u le .  H ence  the p rod u cts  g iv e n  by the fo llo w in g  

com pounds w e r e  in v es t ig a ted :  (d)- c i s  j~ 4 -h yd roxym eth y l-

2 -p r o p y l-  I, 3 -d io x a n e  ( I ) ,  - c i s  -4 -n -b u to x y m e th y l-

2 - p r o p y I - I ,  3 -d ioxan e(II) ,  1, 3 -Q -b u ty I id en e -D L — erythritol(IH ),

2, 4 -d i-O -b u ty I -  I, 3 -0 -b u ty I id e n e -D L -e r y th r i to l ( I V ) ,  I ,  3:2 , 4 -d i-O -  

b u ty lid en e  e r y th r i to l  (V) and 1, 3 :4 f6 -d i -0 -b u ty I id e n e  gaIactito l(V I)  

( f ig .  IIIA- 1).
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The a lter n a t iv e  b a s ic  c e n tr e s  in  q u es t io n  are  the h yd roxy l  

groups in  I, III and VI, the n -b u toxy  grou ps in  II and IV w hile  a 

se c o n d  a c e ta l  fu nction  i s  p r e s e n t  in  both V and VI.

The g e n e r a l  a im  th en  o f  th is  ch ap ter  w as to s l ig h t ly  

in c r e a s e  the c o m p le x i ty  of the s u b s tr a te s  under attack, in  o r d e r  to  

in v e s t ig a te  the p o s s ib le  u se  o f  the b o ro n  t r ic h lo r id e / l i th iu m  

a lu m in iu m  h yd r id e  com b in ation  a s  a sy n th e t ic  tool. •
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IIIB . R e a c t io n  w ith  (— ) - c i s - 4 - h y d ro x y m eth y l-  2 - p r p p y l - l ,  3 -

d ioxane (I) and (— ) - c i s -4 -n -b n td x y m e  th y l- 2 - p r o p y l - 1, 3 -  I - 

dioxane (II).

i) In tr o d u ct io n .

The id e a  behind  u s in g  a 4 -h y d roxym eth yI  su b stitu en t  a s  am 

a lte r n a t iv e  b a s ic  s i t e  fo r  the b o ro n  tr ic h lo r id e ,  w a s  that th e  d ic M o r o -  

b o ro n ite l  fo r m e d  in i t ia l ly  ( f ig .  I I I B - l )  m a y  g ive  r i s e  to  in tr a m o le c u la r  

a - c h lo r o  e th er  fo r m a t io n  by attack ing e i th er  o f  th e  o x y g en s  in  i t s  owm 

a c e ta l  s y s t e m .  Thus a s  one often  h a s  f r e e  h y d ro x y l grou p s  n e a r  

p r o tec t in g  a c e ta l  fu n ction s  in  m a n y  s y n th e s e s  it  w a s  hoped  to  g e t  

an in s ig h t  into th e ir  e f f e c t s  upon the a c e ta l  c le a v a g e  r e a c t io n .

+ BCI
HOH,C Pr

+ H C 1
CLBOH^C P r

H

F i g .  IIIB  -  1 .

4- (m eth y ld ich lo ro b o ro n ite ) -
2 - n - p r o p y l - 1, 3 -d io x a n e .

The r e a s o n s  for  us in g  the 4 -n -b u to x y m e th y l  su b st itu en t

w e r e  tw o -fo ld :  f i r s t ly  one w is h e d  to  e x a m in e  the  e f f e c t s ,  e i th e r

e le c tr o n ic  o r  m o r e  l ik e ly  s t e r ic ,  that the e th er  function  had upon th e

c le a v a g e  and s e c o n d ly  one w ish e d  to  ex a m in e  the  e f fe c ts  that th e

c le a v a g e  r e a c t io n  had upon the e th er  fu n ction  i .  e .  to  s e e  w h eth er
2

the butoxy  fu n ction  would  be  c le a v e d  by  the b o ro n  tr ic h lo r id e  

(C hapter la ,  page 12 ).

i i)  R e s u l t s  and d i s c u s s io n .

(a) R e a c t io n  d e ta i l s  and p r e l im in a r y  a n a ly s is .

E s s e n t ia l ly  the sa m e  r e a c t io n  and w o rk -u p  p r o c e d u r e  

d i s c u s s e d  in  s e c t io n  I I B - i ia  w e r e  u sed  in  both  c a s e s .  H e n c e  on
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tr e a tm e n t  of I (O. 017 m o l . )  with b oron  t r ic h lo r id e  ( 0 .0 1 7  m o l . )  

and lith iu m  a lu m in ium  hyd rid e  (O. 017 m o l . )  a c l e a r  sy ru p  ( c a . 

w a s  obta ined  a fter  w o rk -u p .

P r e l im in a r y  a n a ly s is  o f  the product b y  60 MHz p . m .  r .  

s p e c tr o s c o p y  show ed  that the a c e ta l  proton  had b e e n  c o m p le te ly  

r e m o v e d  w h ile  one butoxy  function  and two h y d ro x y l grou p s w e r e  

p rob ab ly  p r e s e n t .

G. 1. c .  a n a ly s is  sh ow ed  that the cru d e  product c o n s i s t e d  

of two m a in  co m p o n en ts  A  and B w ith  v e r y  s im i la r  re te n t io n  t i m e s ,  

plu s  a th ird  m in o r  com ponent ( c a . 3%) shown to  b e  the p aren t  t r io l  

(butan- 1, 2, 4 - t r i o l ) .

The t r io l  w as  r e m o v e d  b y  p a s s in g  the r e a c t io n  m ix tu r e  

down a s i l i c a  g e l  co lu m n  and co n cen tra t in g  the ap p rop ria te  fr a c t io n s  

under vacu u m .

A  s im i la r  p r o c e d u r e  w a s  r e p ea te d  for  su b stra te  II u sin g  

a 3:1:1 a c e ta l  to  b o ro n  t r ic h lo r id e  to  hyd r id e  ratio  w hich  a ls o  gave  

tw o m a in  p rod u cts  (C 75.4% , D 24.6% ) with v e r y  s im i la r  re te n t io n  

t i m e s ,  A  60 MHz p . m .  r . s p e c tr u m  of the m ix tu r e  in d ica ted  the  

p r e s e n c e  of two butoxy  fu n ction s  and one h y d ro x y l group, w h i ls t  the  

a c e ta l  proton  tr ip le t  ( c a . 4. 5 5 ) w a s  ab sen t .  The to ta l  r e c o v e r e d  

y ie ld  w as  91%.

(b) S tru ctu ra l a n a ly s is  of p r o d u c ts .

The ev id e n c e  obtained  fr o m  the  above p r e l im in a r y  

a n a ly s is  o f  the product m ix tu r e  g iv e n  by I, in d ica ted  that two 

i s o m e r i c  m on ob utoxy  e th e r s  o f  b u ta n -1, 2, 4 - t r io l  w e r e  p r e se n t .

Now, the p rod u cts  one would  ex p ect  fr o m  th is  r e a c t io n  b a s e d  upon  

the  w ork  done in  ch ap ter  II(IID-iib) are  as show n in  f igu re  I IIB -2.



lo i

A B

CH OBu 
1 ^

CH OH

CH
1

CH
1 ^ 1 "

CHOH
1

CHOBa
11

CH OH
1

CH OH
2 2

F ig .  IIIB _ 2 .

T h is  a s su m p tio n  w as v e r i f ie d  w hen a sa m p le  of the  

a c e ty la te d  product m ix tu r e  w as  a n a ly sed  usin g  g . l .  c . / m .  s .  

A n a ly s is  of the above m a s s  s p e c tr a  a ls o  show ed  that com pound B 

w a s  th e  m a jo r  com ponent o f  the m ix tu r e  (f ig .  IIIB - 3).

CH^OBa ©

CHOAc

CH OAe 
2

B

CH^ =  OBu

m / e  8 7

CH^OAo

CH CH ©
' CH =  OBu

C H = O B u  “ C H .O A e
©  CH OAe

m / e  173 ^

2

m /  e 159

F ig . IIIB - 3.
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M ean w h ile ,  p er io d a te  ox idation  of the m ix tu r e  s u g g e s te d  

that the r e la t iv e  p r o p o r t io n s  of A  and B p r e s e n t  w e r e  38% and 62% 

r e s p e c t iv e ly ,  w hich  a g r e e s  w e l l  with the in teg ra te d  a r e a s  of the peak s  

fr o m  the g. 1. c .  t r a c e  o f  the r e a c t io n  (34 . 2 %A, 6 5 . 8 %B).

A s im i la r  a n a ly s is  o f  the m a s s  s p ec tru m  g iv e n  b y  the neat  

produ ct m ix tu r e  fr o m  II's r e a c t io n  in d ica te s  that the m a jo r  c o n st itu en t  

w a s  D L- 3, 4 -  d i -0 -b u ty l  b u ta n -1, 3, 4 - tr io l (C ) ,  with DL - 1 . 4 -d i-O -b u ty l  

butan- 1, 3, 4 - tr io l (D )  a s  the m in o r  con st itu en t  (f ig .  IIIB - 4 ).

C

0  CH OBu
CH =  OBu ^ --------- 1—  CH OBu

CHOBu '

CH^OH

D

© C H ^

m / e  87 ----1 ^  CH =  OBu
©

m / e  173

CH^ 0

CH OBu ©
CH OBu_________  1 _ I __________ ^  CH =  OBu

* 9 ^ 2  m / e  87

CHOH ©

CH^OBu ^
CH^ =  OBu  

m / e  87

F ig . IIIB - 4.
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(c) R a t io n a liz a t io n  of r e s u l t s .

In the in trod u ction  to th is  s e c t io n  (page 9 9  )

it  w a s  s ta ted  that the id ea  behind u s in g  I a s  a su b s tr a te  fo r  the boron  

t r i c h lo r id e / l i t h iu m  a lu m in iu m  hydride com bination , w a s  that a fter  the 

in i t ia l  fo r m a t io n  of the L ew is  a c id ic  a lk y l d ich lo r o b o r in a te  (fig. I I I B -1 ), 

in tr a m o le c u la r  a ttack  by the boron  m ay  then occu r  upon one of the  

d io x a n e 's  o x y g e n s ,  g iv in g  a - c h lo r o e th e r  fo r m a t io n  and thence  upon  

r ed u ct io n  (with the l i th iu m  a lu m in iu m  hydride) a h y d ro x y e th er  function .

Ignoring  the in te r m o le c u la r  r e a c t io n  for  the m o m en t ,  

the in t e r e s t in g  q u e s t io n  in  the in tr a m o le c u la r  r e a c t io n  i s  in  d ec id in g

w h ich  o x y g en  w ould  be a ttacked; for  in s ta n ce  in  o rd er  to r e a c h  O and
3s t i l l  m a in ta in  the n e c e s s a r y  g e o m e tr y  fo r  c - c h lo r o e t h e r  fo rm a tio n  , 

the d ioxan e s y s t e m  has to "flip" into the boat fo r m  (fig. IIIB - 5a), 

in  w h ich  the -CH^OBCl^ group o c c u p ie s  an unfavourable a x ia l  p o s it io n .  

M ean w h ile ,  fru itfu l a ttack  at d o es  not in v o lv e  any su ch  c o n fo r m 

at io n a l ch an ges  in  the d ioxan e (fig. IIIB - 5b). It d oes  h o w ev er  in vo lve  

the fo r m a t io n  of the show n ( c i s - f u s e d )  f iv e  m e m b e r e d  r ing  w hich  - at

l e a s t  w hen  m o n o c y c l ic  - have b een  show n to be l e s s  stab le  than the
4

c o r r e s p o n d in g  s e v e n  m e m b e r e d  s p e c i e s  on grounds of ring strain^
3

although the n e c e s s a r i l y  sp  g e o m e tr y  of the boron  and would tend  

to a l le v ia te  th is^ .  A se c o n d  d e s ta b i l i s in g  fa c to r  to f ive  m e m b e r e d

c y c l i c  complex fo r m a t io n  i s  the l ik e ly  p r e s e n c e  of unfavourable s t e r ic  

in te r a c t io n  b etw een  the a c e ta l  C^-O^ bond and the 2 -n -p r o p y l  group  

w ith  one of the ch lo r in e  a to m s  a ttach ed  to the boron (fig. IIIB - 5b).
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S tru ctu ra l a n a ly s is  of the p rod u cts  f r o m  the rea c t io n  has  

show n  that the p r e fe r r e d  p r e l im in a r y  to r ing  c lea v a g e  i s  a ttack  at  

O^, w h ich  in  k eep in g  w ith  the above re a so n in g  su g g e s ts  that if  

in tr a m o le c u la r  Lew is c o m p le x  fo r m a t io n  d o es  o ccu r ,  then it  o c c u r s  

m a in ly  v ia  the s e v e n  m em b ered  c y c l i c  complex (fig. IIIB - 5a).

Of c o u r s e  in  the in te r m o le  cu la r  rea c t io n  the -I  e f fe c t  of 

the -O BC l^ fun ction  w ould  favou r a prod u ct  ra tio  s im i la r  to that 

o b s e r v e d  above, in  w h ich  c a s e  both of the in tr a m o le c u la r  rea c t io n s  

could  be ignored: u nfortunate ly  e v id e n c e  p r e s e n te d  la te r  on in  th is  

ch ap ter  s tr o n g ly  s u g g e s t s  that the in tr a m o le c u la r  a ttack  of the boron  

d o es  o c c u r ,  ren d er in g  the a d m itted ly  a t tr a c t iv e  a ssu m p tio n  that 

i t  d o es  not o c c u r  in  the 4 -h y d r o x y m e t h y l - 2 - p r o p y l - 1, 3 -d io x a n e 's  

r e a c t io n  a l i t t le  u n r e a l i s t i c .
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In truth, the i s o la t e d  product ra t io  is  p rob ab ly  the net  

r e s u l t  of an in te r p la y  b e tw een  the two in tr a m o le c u la r  pathw ays and 

the in te r m o le  cu la r  pathway, the e x a c t  p ro p o rt io n s  of w h ich  cannot  

r e a l ly  be d e te r m in e d .  A ga in  h o w e v er ,  ev id e n c e  p r e s e n te d  la t e r  on  

in  th is  ch ap ter ,  in  w h ich  the rea c t io n  o f  1, 3:2, 4 -d i-O -b u ty l id e n e  

e r y th r i to l  is  c o n s id e r e d ,  d o es  im p ly  that s e v e n  m e m b e r e d  c y c l ic  

com plex fo r m a t io n  o c c u r s  to a g r e a te r  exten t  than the f iv e  m e m b e r e d  

com plex  in  the r e a c t io n  of 4 - hyd r oxy m e thyl - 2 - pr opyl - 1 , 3 -  d io x a n e .

M eanw hile  in  the 4 - n - b u t o x y m e t h y l - 2 - p r o p y l - l , 3 -d io x a n e 's  

rea c t io n ,  in tr a m o le c u la r  c le a v a g e  i s  not p o s s ib le  w ithout r e m o v a l  of  

the n -b u to x y  fun ction . S tru ctu ra l a n a ly s is  of the prod u cts  has show n  

that th is  d o es  not o c c u r  to any a p p rec ia b le  extent, w h i ls t  the product  

ra t io  in d ic a te s  that f i s s io n  of C^-CX o c c u r s  to a g r e a te r  exten t  than  

that of C^-O^.

The m o s t  p robable  r e a s o n  for  th is  ratio  is  that the bulk  

of the n -b u to x y  function  h in d ers  Lew is  c o m p le x  fo rm a tio n  at  

e s p e c ia l l y  w hen  the boron  b e c o m e s  su b st itu ted  with c le a v e d  a c e ta l  

m o le c u le s  (fig . IIIB - 6). A ls o  by v ir tu e  of i t s  b a s ic i ty  (a lbeit  lo w er  

than that of the a c e ta l ' s  o x y g en s)  the n -b u to x y  function 's  oxygen  m a y  

c o m p ete  fo r  the Lew is a c id  th ereb y  red u c in g  i t s  a b il i ty  to c le a v e  the  

d ioxan e ,  a s  w e l l  a s  in c r e a s in g  the s t e r i c  h ind rance  around O^.

The m a in  point h o w ev er  i s  that the net e f fe c t  of the n -butoxy  fun ction  

i s  to d ir e c t  c le a v a g e  in  d ir e c t  o p p o s it io n  to that w hich  would have  

b een  e x p e c te d  f r o m  a p u re ly  e le c t r o n ic  standpoint, taking into  

c o n s id e r a t io n  the e l e c t r o n  w ithd raw in g  nature  of the n -b utoxy  group.
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In s u m m a r y  then, w hat w a s  c o n s id e r e d  to be the p r im a r y  

a im  of th is  s e c t io n  has b een  d em o n str a te d  in  that the p r e s e n c e  of  

oth er  b a s ic  c e n tr e s  upon the d ioxane m o le c u le  does  augm ent the 

s im p le ,  e l e c t r o n ic a l ly  dom inated , v ie w  of the d ir e c t iv e  e f fe c ts  

upon c le a v a g e  d i s c u s s e d  in chapter  II. A s u m m a r y  of the r e s u l t s  

i s  g iv e n  in  Table IIIB -  1.

S u b stra te

I

II

P ro d u cts

A + B 

C + D

R e la t iv e  Iso la ted
p rop ortion s  (%) y ie ld  (%)

3 4 + 6 6  

7 5 . 4  + 2 4 .6

c a . 80

91

Table IIIB - 1.

(d) P r e p a r a t io n  of s u b s tr a te s .

The ( + ) - c i s  -4 -h y d r o x y m e th y I -2 ^ p r o p y l- l , 3 -d io x a n e  (I) w as

p r e p a r e d  f r o m  an eq u im o la r  m ix tu re  of butyraldéhyde and butan- 

1, 2, 4 - t r i o l  su sp en d ed  in  to luene u s in g  ^ -to lu e n e s u lp h o n ic  ac id  as
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the c a ta ly s t  (fig. IIIB - 7): the w a ter  prod uced  in  the r e a c t io n  w a s  

r e m o v e d  a z e o tr o p ic a l ly  w ith  to luene u s in g  a m o d if ied  D ean  and  

S tark  a p p ara tu s.

CHoOH
I

CHp

C H O H
I

C H g O H

+ C3H7CHO

P r
H O C H

+

I '

H O C H o C H H ,  P r

H
cis /trans

F ig .  IIIB - 7 .

F r a c t io n a l  d is t i l la t io n  of the r e su lt in g  m ix tu re  (63.6% I

p lus 36.4%  I') gave a pure sa m p le  of 1, although the low er  bo iling  4 -  

(2 - hydroxy  m e thyl) -2  - propyl - 1, 3 -d io x o la n e  could  not be sep a ra ted

fr o m  its  s ix  m e m b e r e d  i s o m e r  by u se  of th is  m ethod.

The d if fe r e n c e  in  sh ift  of the a c e ta l  protons belonging to 

the r e s p e c t iv e  i s o m e r s  w as  the p a r a m e te r  u s e d  to d is t in g u ish  them ,

(4. 56 fo r  the d ioxane and 4. 95 for  the d ioxo lane^ ). M eanw hile  

g. 1. c. en ab led  th e ir  r e la t iv e  p rop ortion s  to be e s ta b lish e d .

T rea tm e n t  of 1 w ith  n -b u ty l b rom id e and sod iu m  hydride  

in  D . M . F .   ̂w a s  the m e th o d  u sed  to p rep a re  (+)- c i s - 4 - n - b u t o x y m e t h y l■

2 - p r o p y l - 1 , 3 -d ioxan e  (11X (fig. IIIB -  8).
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F ig .  IIIB -  8 .

The product, an o il ,  w as  p u rif ied  by p a s s in g  down a 

s i l i c a  g e l  co lum n  e lu tin g  w ith  to lu e n e /m e th a n o l  (9:1). Its in fr a -r e d  

s p e c tr u m  sh ow ed  the a b s e n c e  of a h yd roxy l group (OH s tr e tc h  at 

c a . 3500  c m , ) w h ile  a 60 MHz p .m .  r .  sp e c tr u m  of 11 show ed  the 

p r e s e n c e  of one d ioxan e a c e ta l  proton  and one butoxy function . The 

m a s s  s p e c tr u m  of 11 a ls o  a g r e e d  w ith  the shown s tru ctu re  {  p . l6 9 )^

i n c .  R e a c t io n  of 1, 3 -  0 -b u ty l id en e - D L - ery th r ito l  (111) and 2, 4 -d i-O -  

b uty l-  1, 3 -0 -b u ty l id e n e - D L - ery th r ito l(IV ).  (P rep ara tion  of 

1 , 2 ,  3 - t r i - 0 - b u ty l-D T ,-ery th r ito l .  )

i)  In tr o d u ct io n .

In the p r e v io u s  s e c t io n  the e l e c t r o c h e m ic a l  and s t e r e o 

c h e m ic a l  e f f e c t s  that a s in g le  h yd ro x y l group and a s in g le  n -butoxy  

fun ction  had upon the ring c le a v a g e  of a d ioxane w e r e  d is c u s s e d .

The n ext  s e c t io n  w i l l  c o n s id e r  the e f fe c ts  that two h yd roxy l  

group s and two n -b u to x y  functions have upon the sa m e  rea c t io n . The  

p a r t ic u la r  s u b s tr a te s  u se d  w e r e  1, 3 - 0 -b u ty l id e n e -D L - e r y th r i to l( l l l )  

and 2, 4 - d i - 0 - b u t y l - 1, 3 - 0 - butylidene - D H - e r ythrito l(lV  ) r e s p e c t iv e ly  

(fig . IIIA - 1, page 98  ).
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i i )  R e s u l t s  and d i s c u s s i o n .

(a) R e a c t io n s  and p r e l im in a r y  a n a ly s i s .

1, 3 - 0 -B u ty l id e n e -DLi-e r y th r ito l ( l l l )  (0. 0092 m o l .  ) 

w a s  tr e a te d  w ith  boron  tr ic h lo r id e  (0. 0092 m o l .  ) and then  l i th iu m  

a lu m in iu m  hyd ride  (0. 01 m o l .  ) . W ork-up  in  the u su a l  m a n n er  gave  

a c le a r  sy ru p y  p rodu ct (86%).

A 60 MHz p .m .  r .  s p e c tr u m  of the crud e m a t e r ia l  

show ed  the a b se n c e  of the a c e ta l  p roton  tr ip le t  but the p r e s e n c e  of  

one butoxy fu nction  and th ree  h yd ro x y l grou p s .

G. 1. c .  a n a ly s is  of the a ce ty la ted  product m ix tu re  

co n f ir m e d  the a b s e n c e  of the su b s tr a te  and show ed  that the two m a in  

p rod u cts  w e r e  p r e s e n t  in  a 19.3 : 1 ra t io .

The ten ta t ive  c o n c lu s io n  draw n fr o m  th e se  o b s e r v 

a t ion s  w a s  that the s u b s tr a te  a c e ta l  had b een  c le a v e d  to y ie ld  a 

m ix tu r e  of two m onobutoxy  d e r iv a t iv e s  of e r y th r ito l .

A s im i la r  r e a c t io n  b etw een  IV (0. 012 m o l.  ) and 

the boron  t r ic h lo r id e / l i t h iu m  a lu m in iu m  h yd rid e  (0. 004 m o l.  /  0. 004m ol.  ) 

com b in a t io n  a ls o  gave a c l e a r  sy ru p y  prod u ct  (82%) w hich  w a s  shown  

to conta in  m a in ly  one com p on en t (97%) by g . l .  c .  a n a ly s is  of the 

a c e ty la te d  m ix tu r e .

A 60 MHz p . m .  r .  s p e c tr u m  of the product s u g g e s te d  

the p r e s e n c e  of th r e e  butoxy fun ctions  and one h yd roxy l group w h ile  the  

a c e t a l  proton  t r i p l e t  of IV w as  not p r e s e n t .  Thus a s  w ith  111 the 

buty lidene r ing  had opened  to g ive  a butoxy function .

(b) S tru c tu ra l a n a ly s is  of p r o d u c ts .

The two p rod u cts  one w ould  e x p e c t  f r o m  ring  

c le a v a g e  o f  111 a r e  show n in  f ig u re  ll lC  -  1.
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(D -isom ers show n)

E F
CHgOBu CHgOH

CHOH CHOBu 
O BCI3 L A H  MeOH/HgO | + |

\  — -  -------   ► CHOH CHOH
H O K C - ^ ^ O ^ P r  I I

CHgOH CHgOH 

1-0-butyl 2 - 0 -butyl 

-DL-erythritoi -DLerythntol

F ig .I I IC  - 1.

G. 1. C. / m .  s .  a n a ly s is  of the a ce ty la ted  product  

m ix tu r e  show ed  that the m ajo r  com ponent i s  in  fa c t  the 2 - 0 -b u ty l- 

D L  - e r y th r i to l  w h ile  the m in o r  com ponent i s  1 - 0 -b u ty l -DL - e r y th r i to l .

Meanwhile periodate oxidation data suggested that 

the product mixture was made up of 95»9î  F. and k,\.fo £•



I l l

CHOAc

E -  a ce ta te

C H O B u

©
C H ^ O B u  C H  =  O B u
-i--------------------------------►

CHOAc
I m / e  87

CHOAc
I

CH^OAC 

F - a ce ta te

©
C H  =  O B u  _ I C H  OAC

C H  =  O B u

CH^OAc 1 5 9

m / e  231 ^ « 2 ° ^

Fig. m e  - 2.

The two i s o m e r s  that could r e s u l t  f r o m  

r e d u ct iv e  f i s s io n  of the a c e ta l  r ing  in  IV are  1, 2 , 4 - t r i -O -b u ty l -  

D L  -er y th r ito l(H )  and 1, 2 , 3 - t r i - O - b u t y l - D L -ery th r ito l(G )  (fig. IIIC - 3).
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BuO

B U O C H 2
4 -

CHpOBu
I

CHpOBu
I

BCI3 L A H  M e O H / H p O  CH O Bu CHOBu
— -     -----------^  I 4- I

CHOH CHOBu 
I I
CHgOBu CHgOH

H G

F ig .I I IC  - 3 .

The m a s s  sp ec tru m  g iv e n  b y  the a c e ta te  of the m a in  

prod uct in  q u es t io n  s u g g e s te d  that the th r e e  butoxy functions a re  a l l  

a rra n g e d  in  a con tigu ou s  m a n n er  (i.  e .  G) and not in  the 1, 2, 4 a r r a y  

of  H (f ig .  IIIC - 4 ).
G - a ce ta te

©
CH = OBu _
I **■

CH OAo
2

m /  e 159

CH OBu
I ^

CHOBu

CHOBi

CH OAc 
2

CH OBu
I "

CHOBu
I G

CH = OBu 

m / e  2 59

Fig.IIIC  _ 4 .
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M ean w h ile  the m a s s  sp ec tru m  of the m in o r  p rod u ct's  

a c e ta te  did su g g e s t  the 1, 2, 4 a r r a y  o f  butoxy fu n ction s  (fig .IIIC  _ 5).

H - a ce ta te

C H ^  OBu _  CH^OBu CH^QBu

C H ,âO B a m/-é 173
I CHOBu

CH OAc 4------------------------------ ^

I T : _____________  O B .

m /  e 245

F ig .I I IC  - 5.

E le m e n ta l  a n a ly s is  o f  a p u r if ied  sa m p le  o f  G c o n f ir m e d

i t s  e m p ir ic a l  fo r m u la  as  C . H O
16 34  4

W hen the r e a c t io n  b e tw e e n  b oron  tr ic h lo r id e / l i th iu m  

a lu m in iu m  h yd rid e  and III w as  r e p e a te d  usin g  a 3:1 ra tio  o f  "reagent"" 

to  a c e ta l ,  k eep in g  the r e a c t io n  t im e  and te m p e r a tu r e  con stan t,  

g . l . c .  / m .  s .  a n a ly s is  o f  an a c e ty la te d  sa m p le  o f  the product m ixtm re  

show ed  that the p ro p o rt io n  o f E in  the r e a c t io n  m ix tu r e  had r i s e n  to  

27.6% .

S im ila r ly ,  w hen  th e  ra tio  of b o ro n  trichloride/litM mnni 

a lu m in iu m  h yd rid e  to IV w a s  in c r e a s e d  to  1:1, the p ro p o r tio n  o f  H  

w a s  shown to have  in c r e a s e d  to l 6 .  3%.

A  s u m m a r y  of the r e s u l t s  obta ined  in  th is  s e c t io n  i s  

show n  in  Table IIIC - 1.
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R ea ct io n ^  S u b s tr a te /  P ro d u ct
S u b stra te t im e  (m in . ) reagen t ratio P r o d u c ts ratio (%)

III 10 1:1 E + F 5 +  95

III 10 1:3 E + F 2 7 .6  + 7 2 .4

IV 10 3 1 G + H 9 7 + 3

IV 10 1:1 G + H 8 3 . 7 + 1 6 .3

Table IIIC - 1.

^ R e a c t io n  t im e  r e f e r s  to t im e  in  con tact w ith BCl^, both  

a r e  then  s t ir r e d  w ith  L A H  for  20 m in u te s .

(c) R a t io n a liz a t io n  of r e s u l t s .

I n  the 1, 3 - 0 - b u t y l i d e n e - D L - erythritol(III) rea c t io n  

c le a v a g e  h a s  o c c u r r e d  m a in ly  by attack  at and subsequent c le a v a g e  

of the C^-O^bond, as  in  fact  happened  w ith  the 4 -h y d r o x y m e th y l-2-  

p r o p y l-1 ,  3 - d ioxane(I), a lthough the p rop ortion  of the p r im a r y  e ther  

g iv e n  in  the la t te r  r e a c t io n  w a s  m u ch  h ig h er  than that in  the fo r m e r  

(34% and 5% r e s p e c t iv e ly ) .

It w a s  s u g g e s te d  in  s e c t io n  I IIB -i ic  that in  an eq u im olar  

r e a c t io n  the h y d ro x y l group e s s e n t ia l l y  f ix e s  the p o s it io n  of the boron ,  

th e r e b y  fa c i l i ta t in g  in tr a m o le c u la r  a - c h lo r o e th e r  form ation . H ow ever ,  

the two h y d ro x y l  groups in  III m e a n  that in  a s im i la r  equ im olar

r e a c t io n  w ith  b o ro n  tr ic h lo r id e ,  the in it ia l  product i s  probably a c y c l ic  

ch loroboronate^  (f ig .  IIIC - 6). Thus the b oron  i s  ev en  m o r e  r ig id ly  

f ix e d  than in  I in  that it  i s  con ta in ed  w ith in  a s ix  m e m b e r e d  ring.
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m

H

HO
+ BCI

P rHOCH

m '

s p  b o r o n

Cl

P r

+

2 MCI

Fig. m e - 6 .
2

T h is  r ing , contain ing the sp h y b r id ize d  boron  i s  t r a n s 

fu se d  to the 1, 3 -d io x a n e  r ing and h en ce  one can  ap p rec ia te  im m e d ia te ly  

the m a jo r  d if fe r e n c e  b e tw een  th is  and the a c y c l ic  d ich lorobor in a te  fo r m e d  

f r o m  ' I, in  that in tr a m o le c u la r  Lewis c o m p le x  fo rm a tio n  i s  

im p o s s ib le  in  th e  fo r m e r  c a s e .

C o n s id e r  th en  the a lter n a t iv e  in te r m o le c u la r  r e a c t io n  w hen  

the r e a s o n s  for  the o b s e r v e d  p r e fe r e n c e  fo r  c le a v a g e  of the C^-O^bond 

b e c o m e  apparent.

1) The attack ing L ew is  ac id  i s  probably  a secon d  m o le c u le  

o f  III’in  the 1:1 r e a c t io n .

2) F o r  e f fe c t iv e  a - c h lo r o e th e r  fo r m a t io n  the attacking  

s p e c i e s  m u s t  bond with the a x ia l ly  d isp o se d  lone pair  of e le c tr o n s  

upon e i th e r  or of the a c e ta l  r ing ( s e e  IID -  i i c ,  p . 6 8  ).

3) A ls o ,  fo r  e f f ic ien t  4 - c e n tr e  ch lo r id e  ion  t r a n s fe r  the  

B - C l  bond o f the ’L ew is  acid" p r e fe r s  to  b e  in  the sa m e  : - " 

p lan e  a s  the O-C^ bond about to b e  c le a v e d  ( s e e  IID -  i i c  ).
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4) The b oron  in  the c y c l ic  ch lo ro b o ro n a te  s p e c ie s  i s  in
2

the sp s t a t e  , w h ich  m e a n s  that the two m o le c u le s  m u st  approach  

e a ch  o th er  in  e s s e n t ia l l y  p a r a l le l  p la n e s .  H ence w hen  the L ew is  

bond i s  fo r m e d  the r e la t iv e  d is p o s i t io n s  o f  the two m o le c u le s  w i l l  be  

a p p r o x im a te ly  a s  show n in  f ig u re  IIIC— 7.

C l - B

Pr

C l - B

P r

Attack at O3 - 
Considerable interaction

Attack at Oi - 
Much le ss  Interaction

F ig .  IIIC - 7 .
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It ca n  be s e e n  then  that attack  at c a u s e s  c o n s id e r a b ly  

m o r e  s t e r ic  h in d ran ce  than the co rr esp o n d in g  attack  at O^. The  

m a in  in te r a c t io n  o c c u r s  b e tw een  the a x ia l ly  d isp o se d  p roton s  upon 

the  'L ew is acid" and the a x ia l  proton  upon the "Lewis b a se " ,  

an in te r a c t io n  w h ich  i s  c o m p le te ly  absent w hen attack o c c u r s  at

° r
In s u m m a r y  then, the s e le c t iv i t y  shown in  the r e a c t io n  

b e tw e e n  1, 3 - 0 - b u ty l id e n e - DL-eryth r ito l and boron  t r ic h lo r id e /  

li th iu m  a lu m in iu m  hyd ride  com b in ation  i s  e s s e n t ia l ly  s t e r ic  in  nature,  

brought about b y  the added co n fo rm a tio n a l l im ita t io n s  im p o se d  upon  

the a c e ta l  by  the c y c l i c  ch lo ro b o ro n a te  in it ia l ly  fo r m e d  fro m  the  two  

h y d ro x y l group s and the b oron  t r ic h lo r id e .

This a s su m p t io n  i s  supported  by the fact  that when the  

b o ro n  tr ic h lo r id e  to  a c e ta l  ra tio  w a s  in c r e a s e d  to  3:1 the proportion  

of E in  the r e a c t io n  m ix tu r e  w as in c r e a s e d .  The r e a s o n  for  th is  i s  

p r e s u m a b ly  b e c a u s e  with a h ig h er  b o ro n  tr ic h lo r id e  ra tio  the  

p ro p o r t io n  of  the c y c l ic  ch lo ro b o ro n a te  and i t s  inh erent d ir e c t iv e  

e f f e c t s  i s  red u ced . A ls o  of r e le v a n c e  i s  the fact  that t h e  probable  

fo r m a t io n  o f  the m e th y ld ic h lo r o b o r in a te  fu nction  upon of the  

1, 3 -d io x a n e  s y s t e m  (f ig .  IIIC -8 ,  III') b r in g s  in  the p o s s ib i l i ty  of the  

in tr a m o le c u la r  a - c h lo r o e th e r  fo r m a t io n  m en tio n ed  e a r l ie r  w ith  

r e g a r d  to 4 -h y d r o x y m e th y l  - 2 - p r o p y l -  1, 3 -d io x a n e .  The a v era g e  

s i z e  o f  the Lew is  ac id  w i l l  a lso  have  b e e n  red u ced  fro m  the c y c l ic  

ch lo r o b o r o n a te  to m ono su bst itu ted  b o ro n  tr ic h lo r id e  and boron  

tr ich lo r id e  i t s e l f .

The m a in  point h e r e  i s  that the d ir e c t io n  of c le a v a g e  

i s  no lo n g er  d om inated  by the s t e r e o c h e m is t r y  o f  the c y c l ic  

c h lo r o b o r o n a te  due to the a lte r n a t iv e  r e a c t io n  pathways opening up, 

su ch  as the in tr a m o le c u la r  c le a v a g e ,  re su lt in g  in  a m u ch  m o r e  

c o m p le x  s itu ation .
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H O H g C

CIB

N.B. 
in',III'',BCl3are 

L ew is acids CLBO
C ^ B O

Pr
+2HCI

F ig .  IIIC - 8 .

M eanw hile  in  the 2, 4 - d i-0 -b u ty l -  1, 3 -0 -b a ty l id e n e -  

D L -e r y th r i to l  r e a c t io n  the m a in  product g iv e n  with a 3:1 a c e ta l  

to  "reagent"  ra tio  i s  that r e s u lt in g  fr o m  c le a v a g e  o f  the C^-O^  

bond (f ig .  IIlC- 9).

B u O "

Buoa Pr
BCI3 LAH MeOH/HpO

CHgOH CHgOBu

CH OBu CHOBü 
I I

CHOBu CHOH 
I I

a -^ B u  CH^CBu

G H

F ig .I I lC -  9.
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The most probable reasons for the specificity of this reaction are as 
follows.

1) The ëteric congestion around 0^ is much greater than 
that around mainly due to the presence of the 4-n-butoxymethy 1 

function. Hence the Lewis complex formed at 0^ will be more 
congested and less favourably given than that at 0 ^̂, especially when 
the boron becomes substituted with cleaved acetal molecules,

2) The Lewis basicity of the butoxy functions means that 
they can compete for association with the Lewis acid. This compet
ition easily occurs at 0^ where the 4-n-butoxymethyl group's oxygen 
is readily situated. An added consequence of this inhibition to 
cleavage - if it does occur - is that the steric congestion around 0^ 
will be increased even more,.

Meanwhile similar competition at 0^ cannot be given by 
the 4 -n-butoxy group because of its equatorial disposition and it 
will only be given by the 4-n-butoxy group if the acetal ring "flips" 
into the unfavourable boat conformation, shown in figure IIIC - lO.

BuO
CHCH

OBu

Fig, I I I C -  10,
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Thus as  in  the rea c t io n  of III s t e r ic  f a c to r s  s e e m  to  

c o n tr o l  the d ir e c t io n  of c le a v a g e  for  IV and as w as a ls o  s e e n  in  I l l ' s  

r e a c t io n  in c r e a s in g  the p rop ortion  of b oron  tr ic h lo r id e  b r in g s  about 

an in c r e a s e  in  the p rop ortion  of  H in  the product m ix tu r e .  K eeping  

in  l in e  w ith  the above d i s c u s s io n  th en  the o b se r v e d  product r a t i o ( i : i )  

fr o m lV  m u s t  b e  due to  the d e c r e a s e d  s iz e  of the L ew is  acid, although  

in tr a m o le c u la r  c le a v a g e  i s  o b v io u s ly  not p o s s ib le  h e r e .

(d) P r e p a r a t io n  of s u b s t r a t e s .

1, 3- 0 - B u ty l id e n e -D L -e r y th r i to l  w as p rep a red  by the  
10

m eth o d  of T . J . J a ln e s  fr o m  m e s o  e r y th r i to l  and n-butyraldehyde, 

u sin g  co n ce n tr a te d  h y d r o c h lo r ic  a c id  a s  the c a ta ly s t  (f ig .  IIIC - 11).

CHpOH
I

CHOH 
I +C3H7CHO

CHOH 
I 

CHgOH

+ H 2 O
HOCH

F i g . m C -  11 .

The m o n o a c e ta l  w a s  then  buty la ted  using  sodium  

h yd rid e  and n -b u ty l  b r o m id e  in  D, M, F .   ̂ w hen  2, 4 - d i-0 -b u ty l-  

1, 3 -0 - b u t y l id e n e - D L - e r y t h r i t o l  w a s  g iv e n  (f ig .  lUC - 12).



I2 l

HO

Hoa Pr
NaH+nBuBr in

DM F BuOCH

F i g . I I l C -  12.

HID. R e a c t io n  w ith  1, 3:2, 4 - d i-0 -b u ty l id e n e  ery th r ito l .  (P re p a r a t io n  

of 1, 2 -d ir O -b a ty l - D L - ery th r ito l .^

i) In tro d u ct io n .

In the p r ev io u s  s e c t io n s  of th is  chapter  the r ea c t io n s  of  

b o ro n  t r ic h lo r id e / l i t h iu m  a lu m in iu m  hydrid e  with I, 3 -d ioxan e  

s y s t e m s  in  the p r e s e n c e  of one th en  two h yd roxy l and n-butoxy  

s y s t e m s  have  b e e n  c o n s id e r e d .  It w as  then  decided  to look at the  

b e h a v io u r  o f  a d ia c e ta l  of e r y th r i to l  in  w hich  the h yd roxy l groups  

r e la t iv e  to  th o se  in  1, 3 -0 -b u ty l id e n e -D L -e r y th r ito l^  are  not on ly  

substituted  but a r e  a ls o  part of another d ioxane s y s t e m .

The p a r t icu la r  a c e ta l  c h o se n  w as  1, 3:2, 4 - d i - 0 - ^  

b u ty lid en e  e r y th r i to l  (V) w hich con ta in s  a t r a n s - fu s e d  ring (fig . HID- l ) .
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H

Pr

Pr

1,3: 2 , 4 - d i-0 -b u ty l id e n e  ery th rito l (Y)

F ig .  IIID ,  1 .

ii)  R e s u l t s  and d i s c u s s io n .

(a) The r e a c t io n  and p r e l im in a r y  a n a ly s i s .

When 1 ,3 :2 ,  4 - d i-0 -b u ty l id e n e  er y th r ito l  (O. 008 m o l . )  

w a s  a llo w ed  to  r e a c t  with b oron  t r ic h lo r id e / l i th iu m  a lum in ium  

h yd rid e  (O. 008 m o l .  /  0. 008 m o l .  ) in  the u su a l w ay, a c l e a r  syrupy  

prod uct m ix tu r e  w a s  obtained on w o rk -u p  (92%).

A  60 MHz p .m .  r . sp ec tru m  of the m ix tu r e  s u g g este d  

that the product con ta in ed  two butoxy fun ction s  and two hyd roxy l  

fun ction s  w h ile  both  a c e ta l  proton  t r ip le t s  (ca .  4. 55 ) had b een  

rem o v e d :  the  p r e s e n c e  of the h yd roxy l groups w as  ̂ con firm ed  

b y  an I .R .  s p e c tr u m  of the neat syrup .

G . l . c .  a n a ly s is  of an a c e ty la te d  sa m p le  of the is o la te d  

syru p  c o n f ir m e d  that one m a in  com pound (J) w as  p r e se n t  (88.2%) 

along  w ith  tw o s m a l le r  com p on ents  (7 . 18% and 4.61%) at a s im i la r  

re te n t io n  t im e .

The p r e l im in a r y  ev id e n c e  then , su g g e s te d  that the  

m a in  product fr o m  the  rea c t io n  w as  a dibutyl e ther  of e ry th r ito l  

w ith  p erh a p s  s m a l le r  cimounts of two oth er  i s o m e r s .

(b) S tru ctu ra l a n a ly s is  of the p r o d u c ts .

The th r e e  p o s s ib le  dibutyl e th e r s  that can  be p roduced  

in  th e  above r e a c t io n  a r e  the 1, 2(3, 4), 2, 3 and 1, 4 i s o m e r s
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( f ig .IIID  - 2 ). 

J K

CH OBu CH OH 
1 ^

CH OBu
1

CH OBu 
1

1
CHOBu

1

1
CHOH
11

CH OH 
1

1
CHOBu

1

1
CHOH
11

CH^OH
2

1
CH OH 

2

1
CH^OBu

1, 2 -d i-O -b u ty l-  

D L - e r y th r i to l

2, 3 -d i-O -

butyl

e r y th r i to l

1, 4 - d i - 0 -

butyl

ery th r ito l

F ig .  IIID -  2.

G . l .  c . / m . s .  a n a ly s is  of the a ce ty la ted  product  

m ix tu r e  sh ow ed  that the m a in  com ponent (J) i s  the 1 ,2 -d i -O -  

b u t v l - D L -e r y t h r i t o l  ( f ig .  IIID - 3 ).



©
H=OBu

CHOAc

CHOAc
2

J (acetate)  

CH OBu
4 - '

1
m / e 231 

-60

CH OBu
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CHOAc
I

CH^OAc

0
C H . =  OBu
I

CHOAc
II

^ ^ 2
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V 0

CH =  OBu

m / e 171

h O
m / e 129

CH.
F ig .  IIID -  3 .
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CH OBu
I "

CH =  OBu
© m/e173

OBu

i
m / e 115

W hile  the la r g e r  of the two m in o r  com ponents  w as  

show n to be the 2, 3 -0 -d ib u ty l  e th er  (fig. IIID - 4).

0
C H =  OBu

CH^OAc

m / e  159

K (aceta te )

CH^OAc

CHOBu

CHOBu

CH^OAc

©
CH =  OBu

I
CHOBu

CH^OAc

m / e 245

j  -60
©

CH =  OBu

COBu
I I

CH

m / e 185

F ig . IIID - 4 .
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The s tr u c tu r e  of the s m a l l e s t  com ponent of the r e a c t io n  m ix tu r e  w as  

not a b s o lu te ly  c le a r  f r o m  the g . l .  c . / m .  s .  data: th is  i s  b e c a u s e  it  

w a s  not p o s s ib le  to c o m p le te ly  sep a ra te  the s m a l l e s t  peak  f r o m  that 

of the m a in  prod uct.

H o w ev er  the b ase  p eak  of the s p e c tr u m  w as  a fra g m en t  

at m / e  87 and a s m a l le r  fra g m en t  w as  p r e s e n t  at m / e  159. The 

fr a g m e n t  at m / e  87 could  have b een  g iven  by the 1, 2 -d i  butoxy  

i s o m e r ,  but the fa c t  that th is  fra g m en t  so  dom inated  the s p e c tr u m  

s tr o n g ly  s u g g e s te d  that i t  w a s  f r o m  1, 4 -d i-O -b u ty l  e r y th r i to l  

(fig . IIID - 5) in  w h ich  i t  would be ex p ected  to be in te n s e .

L (aceta te)

CH^OBu CH_ =  OBu

CHOAc 
CH^OBu ^ ------------- [

©
2

m / e  87

I CHOAc ©
C H =  OAc I  ^  CH = O B u

CH OBu
m / e  159 (s m a ll )  m /  e 87

F ig .  IIID - 5.

A pure sa m p le  of the m a in  product w as  g iven  w hen  

the r e a c t io n  m ix tu r e  w as  rep e a te d ly  p a s s e d  down a s i l i c a  g e l  co lum n  

e lu tin g  w ith  to lu e n e /m e th a n o l  (9:1) although is o la t io n  of the s m a l le r  

com p on en ts  w as  not p o s s ib le .

P e r io d a te  ox idation  of th is  pure sa m p le  con firm ed  the  

con tiguous  nature of the hyd roxy l groups (fig. IIID - 6).
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CH OBu
I ^

CHOBu IQ ®  CH^OBu
I  ^-------► '

CHOH 1 m o le CHOBu

CH OH ^
2 H ^ O

F ig .  HID - 6.

M eanw h ile  e le m e n ta l  a n a ly s is (C ,  H) co n f irm e d  the 

e m p ir i c a l  fo r m u la  (C^^^H^^O^) of the dibutyl e th er .

(c) R a tio n a liz a t io n  of r e s u l t s .

It has b een  d em o n stra ted  in  the p r ev io u s  s e c t io n  that 

the m a in  prod uct f r o m  the rea c t io n  of 1, 3:2, 4 - d i-0 -b u ty l id e n e  

e r y th r i to l  i s  1, 2 - d i - 0 - butyl - D L - e r y th r i  to i  a long w ith  s m a l le r  

am ou n ts  of the 1, 4 and 2, 3 d i -0 -b u ty l  i s o m e r s .  The m o s t  

in t e r e s t in g  fe a tu r e  of th e se  r e s u l t s  i s  the s p e c i f i c i t y  of the rea c t io n ,  

so  that any ra t io n a l iza t io n  of the m ode of c le a v a g e  m u st  try  and 

take th is  into accoun t.

C o n s id e r  then the a ttack  of a m o le c u le  of boron  

t r ic h lo r id e  upon a m o le c u le  of the t r a n s -  fu sed  d ia c e ta l .  The 

su b s tr a te  p r e s e n t s  e s s e n t ia l ly  two typ es  of r e a c t io n  s ite  in  w hich  

and p o s s e s s  equ iva lent g e o m e t r ie s ,  as do and : thus  

i f ,  sa y ,  the 1, 3 r ing  i s  co n s id e r e d  then the fo llow in g  d i s c u s s io n  

w ould  apply  eq u a lly  to the 2 , 4  r ing .

The r e s u l t s  d i s c u s s e d  in  s e c t io n  IIIC - i i c ,  in  w hich  

the r e a c t io n  of 1, 3 - 0 - butylidene - D L -e r y th r i to l  w as d e s c r ib e d  

sh ow ed  that fo r  an analogous ch o ice  of r e a c t io n  s i t e s ,  a ttack  o c c u r s  

m a in ly  at w ith  su bseq u en t c le a v a g e  of the C^-O^ bond: the 

s i z e  of the attack ing  L ew is  acid  in  the 1, 3 -0 -b u ty l id e n e -D L -  

e r y th r i to l  r e a c t io n  w as  m uch  m o r e  bulky than the un substitu ted
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boron  tr ic h lo r id e  c o n s id e r e d  h ere  h o w e v er ,  so  that one m igh t  

e x p e c t  a s im i la r  q u a lita t ive  re la t io n sh ip  tow ards  a ttack  at of 

the above 1, 3 r in g  in  the d ia c e ta l .  The r e a s o n  fo r  th is  i s  the  

u n favourable  s t e r i c  in te r a c t io n  betw een  the in s ip ie n t ly  bonded  

boron  tr ic h lo r id e  and the two a x ^ l l y ^ i s p o s e d  protons upon and 

C^, that w ould  be p r e s e n t  in  the O^-BCl^ c o m p le x  (fig. IIID - 7b). 

H en ce  one w ould  e x p e c t  i s o m e r  a  to be the m ajor  com ponent a fter  

c le a v a g e  of the 1, 3 r ing  (fig. IIID - 7a).

H

Pr O i

Pr

H
Figures refer to 

dioxane rin g .

OBCI

Pr

— Pr

Cl

a

— Cl
Pr

Pr
OBCI2

H

(b)

P r
N.B.

F igures refer to

carbon chain.

Pr

F ig . HID - 7.
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It can  be a p p r e c ia te d  that as far  as product (3 i s  co n cer n e d ,  fu rth er  

in tr a m o le c u la r  a ttack  of the d ic h lo r o b o r o n l te 's  boron  upon  

e i th e r  or  i s  not p o s s ib le  w ithout the 2 , 4  r ing  " flip p in g” into  

a c o n fo rm a t io n  in  w h ich  the n -p ro p y l,  the d ich lo r o b o r o n i  te and the 

a - c h lo r o e t h e r  fun ction s  b e co m e  a x ia l ly  d isp o se d  (fig. HID - 8); 

an u ntenable  s itu a t io n  w hich  w i l l  not be c o n s id e r e d  fu r th er .

Cl

Pr Pr
OBCI

/  o r /

Pr
Pr

H

F ig .  HID - 8.

H e n c e ,  in  the even t of the a lter n a t iv e  in te r m o le c u la r  

L e w is -c o m p le x  fo r m a t io n  the L ew is  ac id  (e ith er  boron tr ic h lo r id e  

or  another  m o le c u le  of c or |3 ) i s  fa c e d  w ith  a ch o ice  of r e a c t io n  

s i t e s  an a logou s to th o se  p r e s e n t  in  the 2, 4 - d i - O - b u t y l - l ,  3 - 0 -  

b u ty lid en e -  D L -e r y th r i to l  r e a c t io n  ( s e c t io n  ll lC  -  i i ,  page 109 ),

in  w h ich  a lm o s t  to ta l  fo rm a tio n  of the se c o n d a r y  a - c h lo r o e th e r  

w a s  o b s e r v e d .  E v id en t ly  in  (3 's c a s e  the s t e r ic  h indrance  

afford ed  by the a - c h lo r o e th e r  function  to L ew is  co m p lex
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fo r m a t io n  i s  a l s o  s u f f ic ie n t  to red u ce  attack  at to su ch  a l e v e l  that  

the 1, 4 -d i-O -b u ty l  e r y th r i to l  - g iven  a fter  red u ction  and w o rk -u p  - i s  

r e l e g a t e d  to the ro le  of a m in o r  com ponent, w h ile  the c le a v a g e  of the 

C^-O^ bond by a ttack  at o c c u r s  to a m uch  g r e a te r  d e g r e e ,  g iv ing  

1, 2 -d i-0 -b u ty l -D L i - e r y th r i to l  as the m ajo r  product (fig. HID - 9).

N .B .

Figures 1—4 refer to  positions of O s 
on carbon chain.

b. F igures 1 and A refer to 
reaction ro u te s .

MeOH/HaO 

LAH,

O B C I a

a

-  LAH
MeOH/HgO

w h e r e  L= B C L o r  a  o r  p

CHgOBu

CHOH
I

CHOH
I

C H a O B u ,

CHpOBu
I

CHOBu
I

CHOH
I

CHgOH

F ig .  HID - 9.

M eanw h ile  for  product c both in te r m o le c u la r  and 

in tr a m o le c u la r  L e w is - c o m p le x  fo rm a tio n  a r e  p o s s ib le  and hen ce  the 

s itu a t io n  i s  m o r e  c o m p le x  than for  product (3 , being  s im i la r  in  fa c t  

to the s itu a t io n  that e x i s te d  in  the 4 -h y d r o x y m e t h y l - 2 - p r o p y l - 1, 3 -  

d ioxan e  r e a c t io n .  D ir e c t  ex trap o la tion  fr o m  th is  analogy r e s u l t s  in  

the p r e d ic t io n  that the 2, 3 - d i -0 -b u ty l  e r y th r i to l  would be the m ajo r  

com p on en t of the r e a c t io n  m ix tu re ,  w ith  the 3, 4 i s o m e r  as  the m in o r .
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A s  th is  i s  not the c a s e  one e i th e r  has to m ake the a s su m p t io n  that p 

i s  by fa r  the m a jo r  p rod uct a fter  in it ia l  attack  upon the d ia c e ta l  s y s t e m  

or  that s o m e  fa c to r  (or fa c to r s )  a re  p r e s e n t  in  a that s ig n if ic a n t ly  

m o d ify  i t s  r e a c t io n  w ith  the boron t r ic h lo r id e / l i th iu m  a lu m in iu m  

hyd rid e  w ith  r e s p e c t  to that of the 4 -h y d r o x y m e t h y l - 2 - p r o p y l - 1, 3 -  

d io x a n e .

D isco u n tin g  the fo r m e r  option, one p o s s ib le  m od ify in g  

fa c to r  in  a ' s  r e a c t io n  i s  the p r e s e n c e  of the la r g e  eq u a to r ia l ly  

d is p o s e d  a - c h lo r o e t h e r  function  upon : th is  would tend to r e s t r i c t  

the fo r m a t io n  of the in tr a m o le c u la r  s e v e n  m em b e r e d  c y c l ic  complex 

b e c a u s e  the ring  f l ip  in h ere n t  in  the la t t e r 's  gen era tion  would p lace  

the a - c h lo r o e t h e r  function  in  a h igh ly  unfavourable a x ia l  p o s it io n  

(fig . HID - 10). H ence  the in tr a m o le c u la r  r ing opening would be 

e x p e c te d  to go v ia  the f iv e  m e m b e r e d  c y c l ic  complex to g ive  the 

3, 4 -d i-O -b u ty l  e th er  as  the m a in  product.  The in ev itab le  co n c lu s io n  

of the above d i s c u s s io n  w ith  the e x p e r im e n ta l  r e s u l t  in  m ind i s  that 

the in tr a m o le c u la r  a - c h lo r o e t h e r  fo r m a t io n  m u st  outweigh the 

in te r m o le c u la r  r e a c t io n  as  far  as  a i s  co n cer n e d . H ence it  is  

p o s s ib l e  to g ive  an exp lanation  for  the s p e c i f i c i t y  of the 1, 3 : 2 , 4 - d i - 0 -  

buty lidene e r y th r i to l  r e a c t io n  in  w hich  in tr a m o le c u la r  a -c h lo r o e th e r  

fo r m a t io n  p la y s  a la r g e  part although a to ta l ly  a p r io r i  r a t io n a liza t io n  

w a s  not p o s s ib le :  a fu rth er  e x a m p le  of the im p o rta n ce  of in t r a m o le 

c u la r  r ing  c le a v a g e  w i l l  be d is c u s s e d  in  the fo llow ing  s e c t io n .
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OBCI
Pr

— Pr

Cl 

a

Pr-

Pr

F ig .  HID -  10 .

(d) P r e p a r a t io n  of s u b s t r a t e .

The 1, 3:2, 4 -d i -0 -b u ty l id e n e  e ry th r ito l  w as p rep ared

fr o m  e r y th r i to l  and butyra ldéhyde u s in g  the p ro ced u re  outlined by  
10

T . J . J u l n e s  (fig .IIID  -  11).

CHgOH

—  OH P p

—  OH

CHgOH

Pr

F ig . HID - 11.



132

H IE . R e a c t io n  w ith  1, 3:4, 6 -d i-O -b u ty lid en e  g a la c t i to l  (VI).

i)  In troduction ,

The co n fo rm a tio n  of 1, 3:4, 6 -d i-O -b u ty l id en e  g a la c t i to l

(VI) has b een  show n by v a r io u s  c h e m ic a l  and p h y s ic a l  tech n iq u es  to
6

be as  show n in  f ig u re  HIE - 1 . Thus k eep in g  in  m ind the w o rk  done 

h e r e in  upon (+ ) -c i s -4 -h y d r o x y m e th y l  and 1, 3 - d i - 0 -  ~

buty liden e - D L - e r y th r i to l ,  one would e x p ec t  the 2 and 5 h yd ro x y l groups  

upon the d ia c e ta l  to r e a c t  w ith  the boron  tr ic h lo r id e  to g ive  e i th e r  a 

di - d ich lo  robo r inate  d e r iv a t iv e  or a c y c l ic  ch loroboronate  (fig, HIE - 1) 

depending upon the r e la t iv e  ra t io s  of the d ia c e ta l  and L ew is  ac id .

+ 2HCI

H H 

Cyclic chloroboronate

OH Pr

P p  QBCIg

1 .3 :4 ,6 -d i-0 -b u ty lid e n e  
galactitol C53) + 2HCI

Di - dichloroborinate
F ig . HIE - 1.
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It can  be a p p rec ia ted  that both in te r m o le c u la r  and 

in tr a m o le c u la r  a - c h lo r o e t h e r  fo rm a tio n s  are  then p o s s ib le  w ith  both.

The a im  of th is  s e c t io n  then, i s  to ex a m in e  the r e a c t io n s  

of the d ia c e ta l  w ith  v a r io u s  am ounts of boron  t r ic h lo r id e / l i t h iu m  

a lu m in iu m  hyd ride  to s e e  i f  in deed  the rea c t io n  can be in te r p r e te d  v ia  

the above  m o d e l .

i i )  R e s u l t s  and d i s c u s s i o n .

(a) R e a c t io n  and p r e l im in a r y  a n a ly s is .

1, 3:4, 6 -D i-0 -b u ty l id e n e  g a lac tito l(V l) ,  (0. 0076 m o l.  ) 

w a s  a llo w e d  to r e a c t  w ith  boron  tr ic h lo r id e  (0. 023 m o l.  ) for 15 

m in u te s  in  d ry  m e th y le n e  c h lo r id e  at 0 ° .  A fter  th is t im e  an e th e r e a l  

s u s p e n s io n  of l i th iu m  a lu m in iu m  hydride (0. 023 m o l .  ) w as  added and 

the r e a c t io n  m ix tu re  w a s  s t ir r e d  u ntil  e f f e r v e s c e n c e  had c e a s e d .

A fter  w o r k -u p  in  the u s u a l  m an n er  a s l ig h t ly  cloudy  

syru p  (82%) w a s  obtained , the 60 MHz p .m .  r .  sp e c tr u m  of w hich  

sh ow ed  an a b s e n c e  of both a c e ta l  proton  tr ip le t s .

G . l . c .  a n a ly s is  of an a c e ty la te d  sa m p le  of the syrup  

sh ow ed  that it  con ta in ed  two com p on en ts ,  M (72.3%) and N (27.7%). 

T h e s e  two com pounds w e r e  se p a r a te d  by fr a c t io n a l  c r y s ta l l iz a t io n  

f r o m  c h lo r o fo r m /c a r b o n  te tr a c h lo r id e .

The 60 MHz p .m .  r . s p e c tr a  of M and N su g g este d  

that th ey  w e r e  both dibutyl e th e r s  of g a la c t i to l .

The above r e a c t io n  w as  then rep ea ted  u s in g  a 1:1 

ra tio  o f  VI to boron  tr ic h lo r id e / l i th iu m  a lu m in iu m  hydride , lea v in g  

the a c e t a l  in  con tact  w ith  the L ew is  ac id  fo r  on ly  30 se c o n d s .

A t . l .  c .  of the w o rk ed -u p  m a te r ia l  ind icated  the 

p r e s e n c e  of a m o r e  c o m p le x  m ix tu re  than w as  g iven  in  the f i r s t  

reac tion :  a g. 1. c .  of an a ce ty la ted  sa m p le  of the fo r m e r  show ed

that four m a in  prod u cts  w e r e  p r e s e n t  a long w ith  u n reacted  s u b s tra te  

(fig . HIE - 2). Two of the com ponents  w e r e  shown to be M and N
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b y  c o m p a r is o n  of th e ir  re te n t io n  t im e s  w ith  a ce ty la te d  r e f e r e n c e  

s a m p le s  of the two dibutyl e th e r s .  The rem ain in g  two com p on en ts  

(O and P) p o s s e s s e d  s im i la r  reten tion  t im e s  w hich  w e r e  both g r e a te r  

th an  that of the su b s tr a te ,  th e ir  r e la t iv e  p rop ortion s  w e r e  21 .9%  O 

and 3.2%  P .  Thus tak ing the r e a c t io n s  of I, 3:4, 6 -d ir 0 -b u ty l id e n e  

g a la c t i to l  a s  a w hole  the r e s p e c t iv e  product m ix tu r e s  are  a s  shown  

in  f ig u re  HIE - 2.

VI + B C l / L i A l H  
3 4

M + N

M + N +  0 +  P +  VI

X = VI to (B C l^ /L iA l  H^) ra t io

F ig .  HIE - 2 .

O and P  w e r e  sep a ra ted  fr o m  M and N by p a ss in g  the  

r e a c t io n  m ix tu r e  down a s i l i c a  g e l  co lu m n  eluting  w ith  to lu e n e /  

m e th a n o l  ( 9 ’ l)> w hen  on evap oration  of the appropriate  fra c t io n s  a 

w h ite  c r y s t a l l in e  m ix tu r e  o f  O and P  w a s  g iven . R ep ea ted  r e c r y s t a l l 

iz a t io n  o f  th is  m ix tu r e  fr o m  m eth a n o l enab led  a pure sam ple  o f  O to  

b e  obtained, although it w as  not p o s s ib le  to  get a pure sa m p le  of P .

The 6 0  MHz p .m .  r . sp ec tru m  of O su g g este d  that only  

one of the a c e ta l  r in g s  o f  VI had b e e n  c le a v e d  b y  the b o ro n /tr ich lo r id e /l i th iu m  

a lu m in iu m  h y d r id e .  Thus the a c e t a l  proton  tr ip le t  w as  p r e se n t  

( c a . 4 . 55 ) a long w ith  th r e e  h yd roxy l groups and a butoxy function.

F u r th e r  a n a ly s is  into the s tru ctu reso f  M, N, O and P  

w i l l  b e  g iv e n  in  the next s ec t io n .
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(b) S tru ctu ra l a n a ly s i s .

The ten ta t iv e  c o n c lu s io n  rea c h e d  a fter  a p r e l im in a r y  

a n a ly s i s  of com p oun ds M and N w as  that th ey  are  both d i -0 -b u ty l  e th e r s  

of g a la c t i to l .  The p o s s ib le  e th e r s  that cou ld  a r i s e  fr o m  VI a re  shown  

in  f ig u re  HIE _ 3.

CHpOBu CHpOH CHpOBu
I I I

■21+BCl,/LAH 1 : 3 : 3  CHOH CHOH CHOH
^     I I I

HOCH + BuOCH + HOCH 
I I I

HOCH BuOCH BuOCH 
I I I
CHOH CHOH CH-OH
I I I

CHjOBu CHgOH CHgOH
1 ,0 -di~0“butyl - 3 ,4 - di-0-butyl- 1,4-di-0~butyl-
galactitol galactitol DL-galactitol

(D-isomer shown)

F ig .  HIE - 3.

P e r io d a te  ox id ation  o f  a s m a l l  sa m p le  of M showed

that one m o le  of the la t te r  co n su m e d  th r e e  m o le s  o f  p er iod ate  and

lib e r a te d  two m o l e s  o f  fo r m ic  acid , w h ich  m e a n s  that of the in d ica ted

s t r u c tu r e s  M m u s t  b e  the I, 6 - dibutyl e th er .  T his  a ssu m p tio n  w as

fu r th er  c o r r o b o r a te d  w hen M w as  show n to  m ig r a te  under m olyb d ate

io n o p h o r e s is  (M , . _ 0 .7 5 ) ,  th e r e fo r e  su g g est in g  the p r e s e n c e
—-ga lact ito l

of fou r  con tigu ou s  h y d ro x y l grou p s. w hich  ca n  fo rm  a c o m p le x  o f  

the show n s tr u c tu r e  with d im olybdate  ion  (f ig .  HIE - 4 ).
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à \
yBuOCH S  / - ^ q C H  OBu

2 V y 2

F i g .  IIIE  -  4 .

M a s s  s p e c tr a l  a n a ly s is  of an a ce ty la ted  sam p le  of M 

a l s o  c o n f ir m e d  the 1 , 6  a r r a y  of i t s  buty l groups (fig . IIIE - 5).

C H p O B u  0
L.. _ . ^  C H = = O B u

CHOAc m /e 87

AcOCH 
I

AcOCH
I

© CHOAc
C H p = O B u

m /e 8 7  . CHgOBu
F ig .  IIIE - 5 .

M eanw hile  the e m p ir ic a l  fo rm u la  ( C o f  M 

w a s  c o n f ir m e d  b y  e le m e n ta l  a n a ly s is  (C^H).

One m o le  of N w as  then  shown to con su m e two m o le s  

of p er io d a te  ion  and to l ib e r a te  one m o le  o f  form ald eh yd e  w hich  

s tr o n g ly  su g g e s te d  that it  w as  the 1, 4 - dibutyl e ther  of g a la c t i to l .  

T h is  w a s  c o n f ir m e d  on a n a ly s is  o f  the m a s s  sp ectru m  of an 

a c e ty la te d  sa m p le  o f  N (fig . IIIE - 6) and by the fact that N did not
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m ig r a t e  at a l l  under m olyb d ate  io n o p h o res isco n d it io n s .
N

m/e 23 J

©
CH =  OBu 
I

C H O A c
I

C H gO A c

CHgOBu

C H O A c  
I 

A cO C H

BuOCH

C H O A c
I

C H gO A c

©
C H =  OBu 

m /e  8 7  
CHpOBu
I

C H O A c

A cO C H
I

BuO=CH
© m /e 317

F ig .  IIIE -  6 .

E le m e n ta l  a n a ly s is  (C ,H ) show ed that N 's  e m p ir ic a l  

fo r m u la  (C^ w as  that o f  a  dibutyl d er iv a tiv e  o f  g a la c t i to l .

Turning now to the s tr u c tu r e  of O, p r e l im in a r y  a n a ly s is  

s u g g e s te d  that it  w a s  the product g iv en  w hen one of the a c e ta l  r ings  

upon 1, 3 :4g 6 -d i-O -b u ty l id e n e  g a la c t i to l  underwent c le a v a g e ,  w hich  

m e a n s  that one of the two s tr u c tu r e s  show n in  f ig u re  IIIE - 7 i s  

p rob ab ly  the c o r r e c t  one. - : -

( D -  iso m e r s  show n)

CH2 OBU CH2 OH

HO —  

O —

— OH

— OH

O —CH2
1 - 0 - butyl- 4 ,6 -  0-butylidene  
DL - galactitol

BuO—

^ O H

— O H  

O -C H 2
3-0- butyl - 4,6 - 0  - butylidene 
DL - galactitol

F ig . IIIE - 7.
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The la ck  of l ib e r a te d  fo rm ald eh yd e  in  a p er io d a te  ox idation  

e x p e r im e n t  a long with the con su m p tion  of one m o le  of p er io d a te  io n  

p er  m o le  of O, s tro n g ly  s u g g e s te d  that O w as the 1 -0 -b u ty l  i s o m e r  

w h ile  the 3 - 0 -b u ty l  i s o m e r  w as  d e f in ite ly  ru led  out.

M a s s  s p e c tr a l  a n a ly s is  of an a ce ty la ted  sa m p le  of O 

su p p orted  th e  p r e s e n c e  of both a p r im a r y  butoxy group and a t e r m in a l  

a c e ta l  function , a s  ca n  b e  s e e n  in  the show n breakdow n p attern

( f i g . I I I E -  8 ) .  O-(acetate)

CHgOBu
4
CHOAc

©
CHg OBu

A c O C H

O — CH

HCOAcCHOAc

O— CHp

m /e  8 7

m /e  187

F ig .I I IE  - 8.

A ls o  w hen  the  a c e ta l  function  upon O w a s  rem o v e d  by  

a c id  h y d r o ly s is  and the s in g le  h y d r o ly s is  product acety la ted ,  a 

m a s s  s p e c tr u m  of the la t te r  conta in ed  a la r g e  fragm en t at m / e  87  

w hich  fu r th er  c o r r o b o r a te d  the p r e s e n c e  o f  a 1 - 0 -b u ty l  group in  O 

( f ig .I I IE  - 9).



CHpOBu
I

CHOH

HOCH

O - C H

CHOH

O -C H p

Q -A ceta te

H 3 O
©

CHgOBu 

CHOAc
I

AcOCH
I

A cO C H
I

CHOAc
I

C H g O A c

CH2OBU
I
CHOH
I

HOCH
I

HOCH 
I

CHOH
I

CHgOH 

AcjO, pyridine
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©
CH = OBu 

m /e 8 7

F ig .  IIIE -  9.

E le m e n ta l  a n a ly s is  (C, H) of the  u nacety lated  h y d r o ly s is  

product (Q) c o n f ir m e d  that it  w as  a m on obuty l e th er  of a h ex ito l ,  

w h ile  p er io d a te  ox id ation  d e m o n str a ted  that it  contained  a p r im a r y  

e th e r  fu n ction  {fig .IIIE  - 10).

CHpOBu
I

CHOH

HOCH

HOCH

CHOH

CHgOH

+ 4 1 0
© H

CHgOBu

O

3 HCO2 H

H g C O

Fig.IIIE - 10.
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Thus a s  the s tru ctu re  o f  O h as  b e e n  shown to b e  

l -O -b u ty l -4 ,  6 - 0 -b u ty l id e n e -DL - g a la c t ito l .  then  by the p r o c e s s  of  

e l im in a t io n  -  ad m itted ly  ignoring  p o s s ib le  s id e  r e a c t io n s  -  the  

s tr u c tu r e  of P  w as thought to be that of 3 -0 -b u ty l -4 ,  6 -0 -b u ty l id e n e -  

D L -g a la c t i to l .  The on ly  e x p e r im e n ta l  ev id en ce  a v a ila b le  to support  

th is  a s su m p t io n  i s  m a s s  s p e c tr a l ,  a s  it  w as  not p o s s ib le  to sep a ra te  

P  fr o m  O: h en ce  g. I . e .  /  m .  s .  a n a ly s is  gave the d isp la y ed  fr a g m e n t

a t ion  p a ttern  (f ig .  HIE - l l ) .  F u tu re  r e fe r e n c e  to P  w ith in  th is  t h e s i s  

w i l l  take the above a s su m p t io n  a s  b ein g  c o r r e c t .

P-(acetate)

©
BuO =  CH ^

I
O — CH

\
CHOAc

CHoOAc
I

C H O A c

BuOCH

O — CHg 

m /e  2 7 3

O  — CH  
I

C H O A c  

^ H7C3 O  CH g

C H 2 0 AC

C H O A c
©

B u O =  CH m /e 2 3 1

©
O = ^ C H

H
O

\
HCOAc

m /e 1 8 7

F ig .I I I E - -  I I .
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In s u m m a r y  then  the prod u cts  g iv en  fro m  the r e a c t io n  

of 1 ,3 :4 ,  6 -d i-O -b u ty l id e n e  g a la c t i to l  and the boron  tr ic h lo r id e / l i th iu m  

a lu m in iu m  hyd rid e  co m b in a t io n  are  a s  shown in  Table HIE - 1.

S u b stra te  S u b stra te /B C l^  M ain p rodu cts  R e la t iv e  am ounts  (%)

__________  Li A 1 r a t i o  _______________

VI 1:3:3 M + N * 7 2 .3 ,  2 7 . 7

VI 1:1:1 M +  N +  0 +  4 1 .3 ,  1 4 .8 ,  2 1 . 9 ,  3 .2

VI 2:1:1 M +  0 +  I I . 5, 2 9 .4 ,  5 .9

O XXX M + N 4 1 .6 ,  5 8 .4

Table  IIIE - 1.

X S m a ll  am ou nts  of O and P  a ls o  p resen t .

XX R e s id u a l  s u b s tr a te  a ls o  p r e s e n t .

XXX 1:1 m ix tu r e  o f  O + BCl^ tr e a te d  with further  BCl^ and LiAlH^  

i .  e . (1 :1):1:2 .

(c) R a t io n a liz a t io n  of r e s u l t s .

E a r l i e r  in  th is  chapter  the id ea  of in tra m o lecu la r  L ew is  

c o m p le x  fo r m a t io n  w as  introduced: it  w a s  su g g e s te d  that the p r e s e n c e  

of h y d ro x y l groups adjacen t to an a c e ta l  fun ction  provided an "anchor-  

point" fo r  the boron , by  fo rm a tio n  of d i-d ic h lo r o b o r in a te s  or  c y c l ic  

ch lo r o b o r o n a te s  with b oron  tr ic h lo r id e  th ereb y  a llow ing the subsequent  

in tr a m o le c u la r  r e a c t io n  to occu r  (fig . IIIE - l ) .

With a 1:1:1 ra tio  o f  1, 3:4, 6 -d i-O -b u ty lid en e  g a la c t i to l  

to  b o ro n  tr ic h lo r id e  to lith ium  a lum in ium  hydride, it  has  b een  shown  

in  the p r e v io u s  s e c t io n  that one o f  the m a jo r  products  w as 1 -0 -b u ty l -  

4, 6 - 0 - b u ty l id e n e -D L - g a la c t i to l  (O) w h ile  3 - 0 -b u ty l -4, 6 -0 -b u ty l id e n e -  

D L - g a la c t i to l  (P) w a s  the m in o r  m o n o a c e ta l  com ponent.

One can  ra t io n a l ize  the above o b serv a t io n  b y  co n s id e r in g  

the s tr u c tu r e  o f  the 1:1 d ia c e ta l /b o r o n  tr ic h lo r id e  c o m p le x  that i s
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l ik e ly  to  e x i s t  p r io r  to the c le a v a g e  r e a c t io n  (fig . IIIE - 12a). If 

the  r e a so n a b le  a s su m p tio n  i s  then  m ad e  that th is  s p e c ie s  c o m p r is e s  

the bulk of the c o m p le x e d  a c e ta l ,  then  the r e a so n  fo r  the o b s e r v e d  

s p e c i f i c i t y  b e c o m e s  c l e a r .

In in tr a m o le c u la r  a -c h lo r o e th e r  form a tio n ,  it  can  be  

s e e n  in  f ig u re  IIIE - 12b that attack by the boron  upon e i th e r  or  

to  g iv e  O i s  a m u ch  m o r e  fa c i l e  p r o c e s s  than attack upon or  

i n  w hich  P ' i s  given^due to  the g r e a te r  s t e r ic  d is to r t io n  req u ired  

fo r  the la t te r  p r o c e s s .  Thus one would  ex p ect  O to b e  the dominant  

p rod uct fr o m  the in tr a m o le c u la r  p r o c e s s .



(a)

VI
BCI-

Pr

H
O:

B C I2
O

O
H

.0-

H H

14]

X p r
H

+ HCI

ajor product) ^

P r U

H
q

Cl
0 1

+ HC1
O; Pr

H

Attack at Oi - 
Severe distortion

Attack at O3 - Facile
( b )

BCI

O i PrPr

0 4
PrPr

a  - Chloroether 
formation

Ot- Chloroether 
formation

5P' I 2

CHCIPr
Pr

P r
CHCIPr LAH

LAH

MeOH/HoO
MeOH/HoO

F ig .IIIE  - 12.
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The e a s e  w ith w hich the s t e r e o c h e m is t r y  fo r  c o m p le x

fo r m a t io n  b e tw e e n  (o r  O^) and the c y c l ic  chloroboronate*s b oron

i s  g iv e n  ten d s  to  s u g g e s t  that in te r m o le c u la r  attack of a seco n d

m o le c u le  of L ew is  a c id  - e i th er  unbonded B C l or  m o r e  l ik e ly  a
3

se c o n d  m o le c u le  o f  VI» _ at (or O^) would be m o s t  un like ly .

F o r  in s ta n c e  c o n s id e r  in te r m o le c u la r  attack  upon the  

s p e c i e s  shown in  f ig u re  IIIE - 13, w h ere  the c y c l ic  ch loroboronate 's  

b o ro n  h as  bonded to O^. Thus in te r m o le c u la r  attack at i s  g r e a t ly  

h in d e r e d  b y  the p r e s e n c e  of the b o ra te  c o m p le x  invo lv in g  O^, and  

O^. A ttack  at i s  p o s s ib le  but subsequent c le a v a g e  of the O ^-C H P r  

bond i s  m a d e  h ig h ly  u n lik e ly  b y  the p o s i t iv e  ch a rg e  p r e se n t  upon  

w h ich  w ould  d e s ta b i l iz e  the o xocarb on iu m  tr a n s it io n  s ta te  in vo lved  in  

the  c l e a v a g e  o f  O ^ -C H P r. It ca n  b e  s e e n  that on ly  attack at 

w ould  be r e la t iv e ly  unhindered  and would  a ls o  afford  a v iab le  

o x o ca rb o n iu m  ion  tr a n s it io n  s ta te  during the c le a v a g e  of the O ^-C H Pr  

bond: the product fro m  th is  r e a c t io n  i s  com pound P" w hich  then

upon red u ct io n  and w ork -u p  y ie ld s  com pound P .



P"

1

H / , H

H H

Intermolecular 
attack at O t /

LAH

jMeOH/HaO

where L = Lewis acid species

1^5

Intermolecular 
attack at O4

O'

LAH

MeOH/HgO

O

F ig .I I IE  -  13.

To s u m m a r iz e  what h a s  b e e n  c o n s id e r e d  so fa r  then,  

in  the 1:1:1 r e a c t io n  the m a in  pathway b y  w hich  c le a v a g e  of the  

f i r s t  a c e t a l - r in g  in  1, 3:4, 6 -d i-O -b u ty l id en e  galactito l(V I) w ould  be  

ex p e c te d  to occur is  v ia  the in tr a m o le c u la r  pathway y ie ld in g  com pound  

O, w h ile  the  m in o r  in te r m o le c u la r  pathway (v ia  co m p lex  P") would  

g iv e  com pound P .  T h e se  r e a c t io n s  a re  s c h e m a t ic a l ly  r e p r e se n te d  

in  f ig u re  IIIE - 14.
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BCI3 + 1 , 3 : 4 , 6 - d i - 0 - b u t y l i d e n e  galactitol (3ZI)
IBC I3

O . -O

Intramolecular lewis 
acid attack /

O MeOH/HpO LAH O'
(mainly)

+

P MeOH/HgO LAH P '

(3ZI')

Intermolecular lewis 
acid attack

P" MeOH/HpO P
(mainly)

+

O" LAH MeOH/HaO O

F i e .  IIIE -  14 .

N ow  the o th er  two p rod u cts  in  the 1:1:1 r e a c t io n  w e r e

1, 6 - d i-O -b u ty h g a la c t ito l  (M) and 1, 4 - d i - 0 - b u t y l - D L -g a la c t i to l  (N).

Both o f  t h e s e  com pounds w ould  b e  g iv e n  b y  the c le a v a g e  o f  both of

the a c e ta l  r in g s  in  com pound VI, so  it  would s e e m  lo g ic a l  to  look

at the c le a v a g e  p rod u cts  of com pound O' ( f ig .  IIIE -1 2 ) .  w hen

c o n s id e r in g  the fo r m a t io n  o f  M and N. F ig u r e  IIIE - 15 show s that

M and N a r e  g iv e n  during the in te r m o le c u la r  c le a v a g e  o f  com pound

O' although m o d e ls  su g g e s t  that the p r e s e n c e  o f  the b orate  c o m p le x

w ould  tend  to  h in d er  fo rm a tio n  of a L ew is  bond at O m o r e  than at
4

O^. H en ce  on t h e s e  grounds one would  ex p ec t  com pound N' (and  

th en ce  on red u ct io n  and w ork -u p  com pound N) to b e  the m a jo r  

p rodu ct g iv e n  b y  O' w ith  M', and th en ce  M, the m in o r  product.



14?
w h ere  x=Cl2 

o r
BXCl Attack a t O4 hindered due to  

p r e se n c e  o f  b o ra te  complex
BXCl

Pr

O — B

0 3

C K O  CHCIPr
Pr

Attack o t  0 , Attack a t O4

N' M'

O —B

PrCICHO

PrCICHO 

CHpCHClPr

BX O - B

/ LAH

/  M eOH/HjO

N

CHgOCHCIPr

V lah

VM eO H /H p  

M

F ig .  IIIE -  15.

T ab le  IIIE - 1 h o w ev er  sh ow s that although compound  

N w a s  p r e s e n t  in  the f in a l  produ ct m ix tu re  f r o m  the 1:1:1 rea c t io n ,  

i t  w a s  com pound M w hich  w as  the m a in  d ibutyl e th er  product p r e s e n t .

Thus e i th e r  the a s su m p t io n  that the attack  of the L ew is  

a c id  at occurring in  p r e fe r e n c e  to i s  in c o r r e c t  or " so m e  other  

p r o c e s s "  i s  op era t in g .

A n e x p e r im e n t  w as  then c a r r ie d  out in  w hich  O (0. 003 

m o l.  ) w a s  trea ted  w ith  boron  tr ic h lo r id e  (0. 003 m o l .  ) and then  w ith  

b oron  t r ic h lo r id e / l i t h iu m  a lu m in iu m  h yd rid e  (0. 003 m o l . / 0. 006 m o l .  ) 

in  the u su a l  fa sh io n .  The r e a s o n  for  doing th is  w as that it  w as  

hoped that the th ree  h yd roxy l groups would r e a c t  w ith  the
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f i r s t  m o le  eq u iva lent of b oron  tr ic h lo r id e  to y ie ld  the com plex  show n in  

f ig u r e  IIIE - l6  w hich  i s  s im i la r  to the s ituation  that e x i s t s  in  O': 

thus su b seq u en t t r e a tm e n t  of th is  1:1 m ix tu r e  with b oron  t r i c h lo r id e /  

l i th iu m  a lu m in iu m  h yd rid e  and a n a ly s is  of the p rodu cts  g iv e n  w ould  

h o p efu lly  g ive  s o m e  in s ig h t  into  the m od e  of c le a v a g e  op era tin g  in  O'.

OH w o  O—
B u O H f  OH / — P p  -Ë £ !^  buOKC— I c f  ?

+3HCI

BCI3

LAH
N +M  M e 0 H /H ,0

2

F ig .I I IE  _ 16.

G. 1. c .  / m .  s .  a n a ly s is  o f  the product m ix tu re  g iven  in  

the  above r e a c t io n  show ed  that M and N w e r e  both p resen t ,  but that 

th is  t im e  N w a s  the m a jo r  com ponent (Table IIIE - l ) .  This s e e m s  

to  s u g g e s t  that the ra t io n a le  show n in  f ig u r e  IIIE - 14 i s  c o r r e c t  in  

i t s  a n a ly s is  of the c le a v a g e  of O' and m o r e  im p o rta n t ly  that the  

o b s e r v e d  p red o m in a n ce  of M o v er  N in  the 1:1 r e a c t io n  i s  in  fact  

the r e s u l t  o f  so m e  o th er  p r o c e s s  not c o n s id e r e d  above.

F u r th e r  e x p e r im e n ta l  p ro o f  that the la t te r  a s su m p tio n  

w a s  the  c a s e  w a s  g iv e n  w hen the ra tio  o f  a c e ta l  to b oron  t r ic h lo r id e /  

l i th iu m  a lu m in iu m  hydride  w a s  r a i s e d  to  2:1:1, The id e a  behind  

u sin g  this ratio  w a s  that it  w as  hoped it  would reduce  the l ik e lih o o d
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o f both a c e ta l  r in g s  undergoing c le a v a g e  to a v e r y  s m a l l  d e g r e e ,  . 

w h ile  at the sa m e  t im e  p e r m it t in g  one r ing to  be  c le a v e d .  It c a n  b e  

s e e n  in  Table IIIE - 1 that the re su lt in g  product m ix tu r e  con ta in ed  

both  O and P  (29 . 4% and 5. 9% r e s p e c t iv e ly ) .  The m o s t  in te r e s t in g  

f e a tu r e  of  the r e a c t io n  h o w e v er  w as  the p r e s e n c e  of a su b stan tia l  

am ount of  M w h ils t  N w as  not g iven  at a l l .

The c o n c lu s io n  draw n fr o m  th e s e  e x p e r im e n ts  w as  that 

the " a ltern a t iv e  p r o c e s s "  d is c u s s e d  above m u st  run c o n c u r r e n t ly  w ith  

the pathw ays w hich  prod uce  O' and P " . A lso  the fact  that it  ap p ears  

to g ive  M' a s  i t s  m a in  product le a d s  one to su g g e s t  that what i s  

o c c u r r in g  i s  the c l e a v a g e  of both r in g s  by  one m o le c u le  of b oron  

tr ic h lo r id e .

H en ce  one can  c o n s id e r  a p r o c e s s  in  w hich the boron  

t r ic h lo r id e  bonds to  sa y  O^ (y ie ld in g  O' upon c le a v a g e  of the 1, 3 

a c e t a l  ring) and su b seq u en tly  to O^ g iv ing  M" (upon c le a v a g e  of the  

4, 6 r ing),  w hich  i s  then  red u ced  to  M b y  the lith ium  a lum inium  

h y d r id e  ( f ig .  IIIE - 17). So M i s  not on ly  prod uced  as the m in o r  

co m p on en t during the in te r m o le c u la r  c le a v a g e  of O' shown in  

f ig u r e  IIIB _ 14, i t  i s  a ls o  g iv en  by  the a lter n a t iv e  in tr a m o le c u la r  

route  d i s c u s s e d  ab ove .
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HO CLB-CI

m  + BCI Pr P r

NB. Ogond Og may also be in the form
Attack at O4

or

Pr

LAH M e O H /H ^  M

F ig .I I IE  - 17 .

The m o d if ie d  s c h e m e  then  fo r  the 1:1:1 r e a c t io n  m a y  be  

r e p r e s e n te d  as  show n in  f ig u re  IIIE - 18.

N.B. Only main products shown

i n  + BCI.

Y L '

o
'M e O H /H s O

O' LAHM"
| l a h  I  

|M a 0 H / H , 0  N ' M a O H / H f  ^

M M' M

Fig.IIIE - 18.



151

M eanw hile  in  the 1:3:3 r e a c t io n  the a c e ta l  i s  now in  the  

p r e s e n c e  of e x c e s s  L ew is  a c id  and so a d i-d ic h lo r o b o r in a te  type  

c o m p le x  would  be  e x p e c te d  to be the in it ia l  product fr o m  the r e a c t io n  

o f the d iace ta lb  h y d ro x y l groups and the b oron  tr ic h lo r id e  (f ig .

IIIE -  19).
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1,3:4,6 -d i -O - butylidene galactitol (21)

OBCI

Pr

Pr
OBCI

2 ,5 -d i-O  - dichloroborinate-1, 3:4,6, 
d i - 0 -  butylidene galactitol (21 ")

(VI")

Attack at: ,

Pr

BCI

/  I \
C ’andO® O^andO® O^andO"^ 

1 o r  4  
O an d O

LAH 

MeOH/HzO

LAH

MeOH/HgO

3 ,4  -di -O -butyl galactitol 1 ,4 -d i-O - butyl-
DL - galactitol

LAH

M e O H /H p

1, 6 - di - O - butyl galactitol

Fig.IIIE - 19.
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N ow  the p r e s e n c e  of the d ich lorob or in a te  s p e c ie s  would  

ten d  to p rev en t  in te r m o le c u la r  attack by the e x c e s s  b o ro n  tr ic h lo r id e  

upon the a c e ta l  r in g s  of VI" in  m u ch  the sa m e  w ay that in te r m o le c u la r  

attack  upon VI' w a s  h in d ered  by the p r e s e n c e  of the 2, 5 - c y c l ic  

ch lo r o b o r o n a te  s p e c ie s  ( f i g . l l l E  _ 13). H ence on ly  the in tr a m o le c u la r  

attack  of the b o ro n  a to m s - be lon g in g  to the two d ich lorob or in a te  

s p e c i e s  - upon th e ir  r e s p e c t iv e  a c e ta l  r in g s  w i l l  be c o n s id e r e d .

The th r e e  p o s s ib le  prod u cts  that cou ld  r e s u lt  fro m  the  

attack  (a fter  red u c t io n  of the r e s p e c t iv e  a - c h lo r o e th e r s  and w ork-up)  

a r e  1, 6 - d i -0 -b u ty l  g a lac tito l(M ), 1, 4 - d i -0 -b u ty l -D L -g a la c t i to l (N )  

and 3, 4- d i -0 -b u ty l  g a la c t i to l  ( f i g . l l l E  - 19). A n a ly s is  of the product  

m ix tu r e  g iv e n  in  the 1:3:3 r e a c t io n  h o w e v e r  show ed that although the  

1, 6 and 1, 4 - d ibutyl e th e r s  w e r e  s e e n  the 3, 4 - dibutyl e th er  w as  not 

p r e s e n t  to any s ig n if ic a n t  d e g r e e .

The r e a s o n  fo r  the a b s e n c e  o f  the 3, 4 i s o m e r  i s  not 

r e a l ly  c l e a r  and m a y  be due to a num ber o f  fa c to r s  that have not b een  

c o n s id e r e d  b y  the m o d e l  u sed  h e r e in  to  d e s c r ib e  the c y c l ic  a c e ta l /  

b o ro n  tr ic h lo r id e  r e a c t io n ,  such as the e f fec t  o f  the r e le a s e d ,  hydrogen  

c h lo r id e  upon the s y s t e m  or  the p o s s ib l e  e f f e c t s  that the fo rm a tio n  of 

the  d ich lo r o b o r in a te  functions have  upon the con form ation  of  the  

s u b s tr a te s .

Of no in s ig n if ic a n c e  to the a b se n c e  of the 3, 4 i s o m e r  i s  

the fa c t  that it  w a s  a ls o  ab sen t  in  the 1:1:1 rea c t io n ,  although h e r e  

i t s  a b se n c e  w as  not su r p r is in g  due to the p r e s e n c e  of the c y c l ic  

chloroborcKiate s p e c i e s  (p. 132 ). It would  be  tem pting  to su g g e s t

then  that the c y c l ic  ch lo ro b o ro n a te  function  i s  a ls o  p r e s e n t  ev en  w hen  

com pound VI i s  in  the  p r e s e n c e  of e x c e s s  b oron  tr ic h lo r id e ,  due 

p erh a p s  to a m u tu a l r e a r r a n g e m e n t  r e a c t io n  b etw een  the two d ic h lo r o 

b o r in a te  s p e c ie s  as s e e n  for  in s ta n c e  in  eth y len e  b is -d ic h lo r o b o r in a te  

( f i g . l l l E  - 2 0 ) .  The r e s u l t  o f  su ch  a r e a r r a n g e m e n t  w ould  b e  that  

one w ould  e x p e c t  to s e e  the sa m e  dibutyl e th er  products  as  one saw  

in  the 1:1:1 r e a c t io n  w hich  i s  in  fac t  the c a s e .  U nfortunate ly  the
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o n ly  e v id e n c e  a v a ila b le  fo r  s u g g est in g  the r e a r r a n g e m e n t  i s  th is  v e r y  

s ta te  o f  a f fa ir s .

.OH

+ 2 B C I 3

'OH

B C I 3 +

Cl.

B -O C H 2 CH2 -O B

Cl

O

O

\ b c i

heat

,CI

Cl

F i g .I I I E  -  2 0 .

(d) P r e p a r a t io n  of s u b s tr a te .

The 1, 3:4, 6 -d i-O -b u ty l id en e  g a la c t i to l  w as p rep ared  

d ir e c t ly  f r o m  g a la c t i to l  and b u tyra ld éhyd e using  the m eth od  of 

L. Y uceer^  ( f i g . l l l E  -  21).

C H 2O H  

L— OH

HO —  

HO —
+ 2 PrCHO

— OH

CH2OH

Pr O

HCl ca ta ly st

OH Pr

Fig.IIIE - 21.
21
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IIIF . C o n c lu s io n .

It w as  s ta ted  in  the in troduction  that the g e n e r a l  a im  

beh ind  the w ork  con ta in ed  in  th is  chapter  w as  that of slightly- 

in c r e a s in g  the c o m p le x i ty  o f  the su b stra te  a c e ta l s ,  in  o r d e r  to t e s t  

the r a t io n a le  put fo rw a rd  in  chapter  II to d e s c r ib e  the c y c l ic  a c e ta l /  

b o r o n  tr ic h lo r id e  p lus  l ith iu m  a lum in ium  hydride rea c t io n .

The p a r t ic u la r  fa c e t  of the above ra t ion a le  that s e e m e d  

m o s t  in  n eed  o f  ex tra p o la t io n  w as  the s im p le  e le c tr o n ic a l ly  b a s e d  

v ie w  of the  d ir e c t io n  of c l e a v a g e .  T h is  in  fact  had a lr e a d y  b e e n  

show n to b e  in ad eq uate  in  the c a s e  of 2, 2, 4 - - t r i - 0 - m e t h y l - 1, 3 - 0  -  

dio x o la n e ,  w h e r e  the d ir e c t io n  o f  c le a v a g e  w as  thought to be  g o v ern ed  

b y  a c o m p le x  in te r p la y  of e le c tr o n ic  and s te r ic  fa c to rs :  a s ituation  

that w ould  not be u n com m on  in  m o le c u le s  in  w hich  an a c e ta l  function  

i s  u sed  a s ,  say , a p r o te c t in g  group.

It h a s  b e e n  shown that the p r e s e n c e  of a la r g e  

eq u a to r ia l ly  d is p o se d  b a s ic  group ad jacen t to the 1, 3 -d ioxan e  

s y s t e m  fa v o u r s  c le a v a g e  o f  the C ^-O bond further fro m  it: thus  

the n -b u to x y m eth y l function  at C in  com pound II fa v o u rs  c le a v a g e  

of the C^-O^ bond. T h is  i s  in  d ir e c t  o p p osit ion  to the n -b u to x y m eth y l  

g ro u p 's  e l e c t r o n  w ithdraw ing  nature . The above e ffec t  i s  m a g n if ie d  

b y  the p r e s e n c e  o f  a seco n d  n -b utoxy  fu nction  at (as  s e e n  in  

com pound  IV) w hen  c le a v a g e  o c c u r s  a lm o s t  e x c lu s iv e ly  at the C^-O^  

bond.

The s ta tem en t  that the above d irec t in g  ab il i ty  of the  

b utoxy  group i s  due s o le ly  to  the s t e r ic  h in d ran ce  it  a ffords to the  

fo r m a t io n  o f  the L ew is  c o m p le x  i s  an obv iou s  o v e r - s im p l i f ic a t io n ,  

a s  the b a s ic i t y  of the e th e r 's  oxygen  w i l l  enab le  it  to co m p ete  for  

the L ew is  a c id  a g a in s t  the a c e ta l ' s  o x y g en s  th ereb y  c re a t in g  an  

e l e c t r o n ic a l ly  b a s e d  s te r ic  fa c to r  r e le v a n t  to the ensu ing c le a v a g e  

r e a c t io n .



156

T h is  con cep t  b e c o m e s  m o r e  im portant w hen h y d ro x y l  

grou p s  a r e  p r e s e n t  in  the a c e ta l  m o le c u le  as  for  in s ta n c e  h a s  b e e n  

d e m o n str a te d  in  the r e a c t io n  of 1, 3 - 0 -b u ty l id e n e -DL -  e r y th r ito l .  

w h en  the c y c l i c  b o ra te  p rod u ced  d r a s t ic a l ly  a l te r e d  the in d igen ou s  

s t e r e o c h e m i s t r y  o f  the aceta l:  the fact  that b oron  tr ic h lo r id e

p o s s e s s e s  th r e e  r e p la c e a b le  c h lo r in e  a tom s m a k e s  the above e f fe c t  

p o s s i b l e .

M ean w h ile  fo r  the sa m e  r e a so n ,  the q u es t io n  of  

in t e r m o le c u la r  v e r s u s  in tr a m o le c u la r  c le a v a g e  b e c o m e s  im portant  

w hen  l e s s  than th r e e  h y d ro x y l groups or a c e ta l  groups are  p r e se n t  

in  the s a m e  m o le c u le .  It h a s  b e e n  s u g g e s te d  in  the ligh t  o f  the  

r e s u l t s  f r o m  th e  4 -h y d r o x y m e th y l-2 - pr o p y l - 1, 3 -d ioxan e  and 

1, 3:2, 4 - d i -0 -b u ty l id e n e  e r y th r i to l  r e a c t io n s  that w h ere  p o s s ib le  

the in tr a m o le c u la r  r e a c t io n  m a y  b e  dom inant and a ls o  that when the  

c h o ic e  e x i s t s  b e tw e e n  the fo r m a t io n  o f  a s e v e n  m e m b e r e d  or  a f ive  

m e m b e r e d  c y c l ic  b oron ate  type c o m p le x  that the fo r m e r  i s  p re fer red :
4

th is  i s  not c o n tr a d ic te d  by  oth er  w o r k e r s .  F in a l ly  the w ork  

w ith  1, 3:4, 6 -d i-O -b u ty l id e n e  g a la c t i to l  e m p h a s is e d  the c o m p lex ity  

o f  the b oron  t r i c h l o r id e / c y c l i c  a c e ta l  r e a c t io n  w hen m o r e  than  

one bonding s ite  i s  p r e s e n t  and a ls o  c o n so l id a te d  the v ie w  e x p r e s s e d  

above that the in tr a m o le c u la r  a - c h lo r o e th e r  fo rm a tio n  i s  a m a jo r  

fa c to r  to b e  c o n s id e r e d  in  th is  r e a c t io n ,

The s y n th e s is  in  quite good y ie ld s  of the 1, 2 -d i-O -b u ty l  

and 1, 2, 3 - t r i - 0 - b u t y l  e th e r s  of e r y th r i to l  along with 1- 0 - b u t y l - 4, 6 -  

0 - b u t v l i d e n e - D L  - g a la c t i to l ,  1 - 0 - b u t y l - D L - g a la c ti to l ,  1, 4 - d i-O -buty l-  

D L  - g a la c t i to l  and 1, 6 - d i - 0 - b u ty l  g a la c t i to l  a re  c o n s id e r e d  to  be  

e x a m p le s  o f  the syn th etic  a p p lica t ion  o f  the b oron  tr ic h lo r id e /  

l i th iu m  a lu m in iu m  h yd rid e  com b in ation .

P e r h a p s  the m o s t  in te r e s t in g  fea tu re  of the w ork  in  

th is  ch ap ter  fr o m  the  syn thetic  point of v ie w  h as  b e e n  the p o ten tia l  

d ir e c t in g  in f lu e n c e  that unm ask ed  h y d ro x y l  groups have upon the  

c le a v a g e  r ea c t io n .  C lo s e ly  r e la te d  to  th is  h o w e v er  l i e s  p erh ap s
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the g r e a te s t  d isad vantage  in  the u se  o f  the b oron  t r ic h lo r id e / l i th iu m  

a lu m in iu m  h yd rid e  com bination: thus b e c a u s e  of the h igh  r e a c t iv i ty  

of the b oron  tr ic h lo r id e  (r e la t iv e  t o , s a y  the a lu m in ium  c h lo r o h y d r id e s)  

and a ls o  b e c a u s e  of i t s  th r e e  r e p la c e a b le  c h lo r in e  a tom s a c o m p le x  

s e r i e s  of r e a c t io n s  i s  p o s s ib le  e s p e c ia l ly  w hen m o r e  than one  

bonding s ite  i s  p r e s e n t  w ith in  the s a m e  m o le c u le .  T h is  can  o f  c o u r s e  

b e  u se fu l  a s  h a s  b e e n  d em o n str a ted  but in  the m a in  one would  have  

to co n c lu d e  that the b e s t  r e s u l t s  are  g iv en  with s im p le  a c e ta l s  w h ere  

no m o r e  than one o th er  bonding s i te  fo r  the b oron  tr ic h lo r id e  i s  

a v a ila b le .

IIIG . E x p e r im e n ta l .

E x p e r im e n t  1. G e n e r a l  e x p e r im e n ta l  p r o c e d u r e  u se d  in  a c e ta l  

p lu s  b o r o n  t r ic h lo r id e / l i t h iu m  a lu m in iu m  h y d r id e  r e a c t io n s .

The b a s ic  r e a c t io n  p r o c e d u r e  u sed  throughout th is  

s e c t io n  w a s  e s s e n t ia l l y  the sa m e  a s  that d e s c r ib e d  in  ch ap ter  II, 

e x p e r im e n t  1. M eanw h ile  the w o rk -u p  p ro ced u re  w as the sa m e  

a s  that d i s c u s s e d  on p. 38  (Ch. II).

E x p e r im e n t  2. The r e a c t io n  o f ' ( j l ) - c i s -4 -h y d r o m e th y l -2 -p r o p y l -  r  

1, 3 -d ioxan e(I )  w ith  b oron  t r ic h lo r id e / l i th iu m  alum inium  hydride .

(a) I so la t io n  of the m a in  p r o d u c ts .

Com pound I (2. 72 g . , 0 . 0 1 7  m o l .  ) in  m eth y len e  

c h lo r id e  ( 15 m l .  ) w a s  t r e a te d  with b o ro n  tr ic h lo r id e  (1 .9 9  g . , 0 .0 1 7  

m o l .  ) in  m e th y le n e  ch lo r id e  (30 m l .  ) fo r  10 m in u tes  at 0 and 

th en  w ith  e th e r e a l  l i th iu m  a lum in ium  hyd rid e  (O. 65 g . , 0 .0 1 7  m o l .  ) 

fo r  30 m in u te s .

A fte r  w o rk -u p  in  the u su a l  m a n n er  (Ch. II,= p. 3 8  )

a c l e a r  sy ru p y  product (2. 2 g . , 80%) w a s  is o la te d .  The 60  MHz 

p . m .  r .  sp e c tr u m  of th is  syrup show ed  that the a c e ta l  proton  

t r ip le t  (4 . 56 ) w a s  not p r e s e n t .

G. I. c .  a n a ly s is  of the cru d e  product show ed  the  

p r e s e n c e  of two m a in  com p on en ts  A  and B w hich  c o m p r is e d
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a p p r o x im a te ly  97% of th e  i s o la t e d  m a te r ia l .  A  th ird  m in o r  

co m p on en t C w a s  a ls o  p r e s e n t  w hich  accou n ted  for  about 3% of the  

i s o la t e d  m a te r ia l .  C o m p a r iso n  of the re ten tion  t im e  of C with that  

of but an- 1, 2, 4 - t r i o l  sh ow ed  th em  to be id en t ic a l .

The m ix tu r e  o f  A  p lus B w as sep a ra ted  fr o m  the t r io l  b y  

p a s s in g  the cru d e  w o rk ed -u p  m a t e r ia l  down a s i l i c a  g e l  co lum n  

(110  g. ) e lu ting  w ith  to lu e n e /m e th a n o l  (9:1) when A and B p a s s e d  

th rough  to g e th e r  w h ile  C re m a in e d  im m o b ile .

The fr a c t io n s  conta in in g  the m ix tu r e  of A  p lus B 

w e r e  co m b in ed  and the so lv e n t  r e m o v e d  under vacuum  lea v in g  a 

c l e a r  syrup (ca^ 2 g. ).

(b) S tru c tu ra l d e term in a t io n  of A and B .

A  s a m p le  ( c a . 10 m g . )  of the m ix tu re  w as  a cety la ted  

u s in g  a c e t ic  anhydride ( 1 m l .  ) in  p yrid in e  ( l  m l .  ) v ia   ̂ the p roced u re  

d e s c r ib e d  in  the G e n e r a l  M ethods S e c t io n  (p .259 ).

The g . 1. c .  of the a c e ty la te d  sam p le  showed that the  

m ix tu r e  w as  c o m p o s e d  of 34. 2% A  and 65 .8  % of B.

The a c e ty la te d  sa m p le  w a s  th en  a n a ly sed  by g. 1. c . / m .  s .  

The s p e c tr a  g iv e n  in d ica ted  that A  w a s  DL - 1 - 0 -b u ty l  butan-1 , 3, 4-  

t r i o l  and that B w a s  DL - 3 - 0 -b u ty l  but an- 1, 3, 4 - t r io l .

P e r io d a te  ox idation  of the m ix tu r e  of A  plus B (10 m g .  ) 

u sin g  the p r o c e d u r e  d is c u s s e d  in  G e n e ra l  M ethods (p .2 6 4  ), show ed  

that 38% of the m ix tu r e  w a s  "active"  to the p er iod ate  ion . This  

c o n f ir m e d  that the m ix tu r e  w as c o m p o s e d  of A  and B in  an ap prox

im a te d  1:2 ra t io .

G . l .  c .  r e ten tion  t im e s :

A  = 2229 s . , B = 2427 s . , (1 3 0 ° ,  OV _ 225).
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^ Tbe  r e a c t io n  of( ) ~ "^r-n-butoxym ethyl-2 -p r o p y l-

1, 3 -d ioxane(II) w ith  b oron  t r ic h lo r id e / l i th iu m  a lu m in ium  h y d r id e .

C om pound II ( 2 .6  g . ,  0 .0 1 2  m o l . )  in  m e th y le n e  c h lo r id e  

(15  m l .  ) w a s  tr e a te d  with b oron  tr ic h lo r id e  ( 0 .4 7  g . , 0 .0 0 4  m o l .  ) 

fo r  10 m in u tes  at 0 °  and then  w ith  e th e r e a l  l ith iu m  a lum in ium  

h y d r id e  (O. 2 g . , 0. 0052 m o l .  ) fo r  a fu rth er  30 m in u te s .

W ork-up in  the u su a l m a n n er  gave a c l e a r  syrupy  

p rod uct (2 .36  g . , 91%). G . l .  c .  a n a ly s is  of th is  syrup sh ow ed  that  

i t  con ta in ed  two co m p o n en ts  C (75 . 4%) and D 24.6%  n eith er  of  

w hich  had the s a m e  r e te n t io n  t im e  as  the su b stra te .

T he 6 0  MHz p .m .  r. sp e c tr u m  of the m ix tu r e  show ed  

that n e ith e r  C nor D con ta in ed  an a c e ta l  proton  (4. 55 tr ip le t) .

The syrup  w as  then  su b jec ted  to  g . l .  c . / m .  s .  a n a ly s is .  

T h is  show ed  that C w a s  D L - 3 ,  4 - d i -0 -b u ty l  but an- 1, 3, 4 - t r io l  and 

that D w a s  DL - 1, 4 - d i -0 -b u ty l  butan- 1 ,3 ,  4 - t r io l .

G . l .  c .  re ten t io n  t im e s :

C = 812 s . ,  D = 599 s . ,  (1 2 9 ° ,  3% O v -2 2 5 ) .

E x p e r im e n t  4. The r e a c t io n  o f  1, 3 - 0 -b u ty l id en e - DL - erythritol(III)  

w ith  b oron  t r ic h lo r id e / l i th iu m  a lu m in ium  h y d r id e .

(a) I so la t io n  of p ro d u cts .

C om pound III ( l .  62 g . , 0 .0 0 9 2  m o l . )  in  m eth y len e  

c h lo r id e  (25 m l .  ) w as  t r e a te d  with b o ro n  tr ic h lo r id e  ( 1. 08 g . , 0. 0092  

m o l . )  fo r  10 m in u te s  at 0 °  and then  w ith  e th e r e a l  lith ium  a lum in ium  

h y d r id e  (O. 38 g . , 0 .0 1  m o l . )  fo r  30 m in u te s .  W ork-up in  the u sua l  

m a n n e r  gave  a c l e a r  syrup y  product ( 1 .4 1  g . , 86%).

A c é ty la t io n  o f  a s m a l l  s a m p le  ( c a . 10 m g . )  of th is  

m a t e r i a l  (G en er a l  M ethods p. 2 5 9  ) fo l lo w ed  by g . l .  c .  a n a ly s is  

sh ow ed  that two co m p o n en ts  E (4.9% ) and F  (95. 1%) w e r e  p r e s e n t ,  

n e ith e r  o f  w hich  had the sa m e  re te n t io n  t im e s  as an a ce ty la te d  

s a m p le  o f  the su b s tr a te .

Periodate oxidation of the mixture (General Methods p.264) 
showed that 1 mole of the mixture consumed 1 .0 5 moles of periodate ion 
and liberated l.Ql moles of formaldehyde and 0.041 moles of formic acid.
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(b) S tru ctu ra l d e term in a t io n  of E and F .

G . l .  c . / m .  s . a n a ly s is  of a s m a l l  a c e ty la te d  sa m p le  

( c a . 10 m g .  ) of the product m ix tu r e  show ed that com pound E w a s  

1 - 0 -b u ty l-D Iu -  e r y th r i to l .

G . l .  c .  r e te n t io n  t im e:

a c e ta te  d e r iv a t iv e  = 1156 s . ,  (1 8 0 ° ,  3% O V  - 225).

= 0. 14, ( so lv e n t  A ).

M a s s  sp ectru m : (a ce ta te  d er iv a tiv e ) ,

m / e  73 (38%), 86 (33 .5% ), 8 7 (9 1 .3 % ) ,  103 (43.5% ),

m / e  115(100%), 129 (98 . 5%), 142(72.6% ), 159 ( 3- 7%),

m / e  171( 4 .0 % ),  184(1,1.4%), 2 3 l ( : 2 .3 % ) .

M ean w h ile  com pound F  w as  shown to be 2 -0 -b u ty l -  

D L - e r y th r i to l .

G . l .  c .  r e te n t io n  t im e:

a c e ta te  d er iv a t iv e  = 1275 s . ,  (1 8 0 ° ,  3% O V -225).

Rp = 0. 14 ( so lv e n t  A).

M a s s  sp ec tru m : (a c e ta te  d e r iv a t iv e ) .

S ee  Ch. V. p. Z Z O .

(c) R e a c t io n  u sing  1:3 ra tio  o f  III to  b oron  tr ic h lo r id e / l i th iu m  

a lu m in ium  h yd ride .

Com pound III (O. 88 g . , 0 . 005 m o l .  ) w a s  t r e a te d  with  

b o r o n  t r ic h lo r id e  ( l .  76 g . , 0 .0 1 5  m o l .  ) and lith ium  alum inium  

h y d r id e  (O. 57 g . , 0. 015 m o l .  ) u sing  the p ro ced u re  outlined  in  (a).

‘he The syru p y  product (O. 69 g . , 78%) w as found to b e  

c o m p o s e d  o f  27. 6% E and 72. 4% F  b y  g. 1. c .  a n a ly s is  of the  

a c e ty la te d  m ix tu r e .

E x p e r im e n t  5. The r e a c t io n  of 2, 4 - d i -0 -b u ty l -  1, 3 -0 -b u ty l id e n e -  

D L - e r y th r i to l  (IV), w ith b oron  t r ic h lo r id e / l i th iu m  alu m in ium  

h yd rid e .

(a) I so la t io n  of the m a in  product.
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C om pound I V ( 3 .4 5  g . , 0 .0 1 2  m o l . )  in  metîaylêSB© 

c h lo r id e  (35 m l .  ) w a s  t r e a te d  w ith  b o ro n  t r ic h lo r id e  ( û .4 7  

0. 004  m o l .  ) in  m e th y le n e  ch lo r id e  (25 m l . )  fo r  10 m i m m t e s  M  

and th en  w ith  e th e r e a l  li th iu m  a lu m in ium  h yd rid e  (O. 15  

fo r  30 m in u te s .  W ork-up in  the u su a l m a n n er  g a v e  a  c l e a r  

product ( 2 .8 3  g . ,  82%).

G. 1. c .  a n a ly s is  of an a ce ty la te d  s a m p le  (lO mg..)) 

th is  syru p  sh ow ed  that it  con ta in ed  tw o m a in  componeiidt» G (( 97%)) 

and H (3%).

A  pure sa m p le  of G ( l .  l6  g. ) w a s  ob ta ined  

the cru d e  syrup  ( 1 . 5  g. ) down a s i l i c a  g e l  co lu m n  (75  g ,  

w ith  t o lu e n e /m e th a n o l  (9 :1 ) .

(b) S tru ctu ra l d e te r m in a t io n  of G and H .

Com pound G did not r e a c t  w ith  sod iu m  p e r io d a te  

(G e n e r a l  M ethods p .2 6 4  ) w h ich  sh ow ed  that i t  d o es  not conttanim.

tw o adjacen t h y d r o x y l  groups: a s im i la r  r e s u l t  w a s  g iv e n  w ith  

com pound  H.

The m a s s  s p e c tr u m  of an a c e ty la te d  s a m p le  off G  

(Ch. V , p. 22.5 ) show ed  that it  w as  1, 2, 3 - tr i -O -b u ty l-

A n a ly s is :  C .H  O r e q u ir e s  6 6 .  15(C), 11.  
lo  34 4

found 6 5 .  99(C ), 11

G. 1. c .  r e te n t io n  t im e:

a c e ta te  d e r iv a t iv e  = 400 s .  (1 9 0 ° ,  3 %  0"V-225))- 

= 0 . 5  ( so lv e n t  A ).

M ean w h ile  the m a s s  s p e c tr u m  o f  am a c e ty la te d  

of H (v ia  g. 1. c .  / m .  s .  ) show ed  that i t  w a s  1, 2 ,  

e r y th r i to l .

M a s s  sp ectru m : (o f  a c e ta te  d e r iv a t iv e ) ,  

m / e  87  (2 2 .  8%)A 17(53. 2%), 129(56 .6% ), 171(100%),

m / e  173 (28 .8% ), 185(82.8% ), 245  (18 .2% ).

-G . 1. c .  r e te n t io n  t im e:

a c e ta te  d e r iv a t iv e  = 502 s . ( 1 9 0 ° ,  3% OV^-^^S))..
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(c) R e a c t io n  us in g  a 1:1 ratio  of a c e ta l  to boron  t r ic h lo r id e / l i t h ia m  

a lu m in iu m  h y d r id e .

Com pound IV (Z. 13 g . , 0. 00 74 m o l .  ) w as tr e a te d  with  

b o ro n  tr ic h lo r id e  (O. 8 7 g . , 0. 00 74 m o l .  ) and lith ium  a lu m in ium  

h y d r id e  (O. 29 g . , 0. 0075 m o l .  ) using  the p ro ced u re  outlined  in  (a).

G . l .  c .  a n a ly s is  o f  an a ce ty la ted  sa m p le  of the syiup  

sh ow ed  that it  w as  c o m p o s e d  of 83. 7% G and l 6 .  3% H.

E x p e r im e n t  6. The r e a c t io n  of 1, 3:2, 4 - d i-0 -b u ty l id e n e  eryth r ito l(V )  

w ith  b o ro n  t r ic h lo r id e / l i t h iu m  a lum in ium  h y d r id e .

(a) I so la t io n  of the m a in  p ro d u ct .

C om pound V ( 1 .8 4  g . , 0. 008 m o l .  ) in  m eth y len e  

c h lo r id e  (25 m l .  ) w a s  tr e a te d  w ith  b o ro n  tr ic h lo r id e  (O. 94 g. » 0. 008 

m o l .  ) in  m e th y le n e  c h lo r id e  (30 m l .  ) fo r  10 m in u tes  at 0 °  and then  

w ith  e th e r e a l  l i th iu m  a lu m in iu m  h ydrid e  ( 0 .3  g . , 0 .0 0 8  m o l . )  for  

30 m in u te s .  W ork-up  in  the u sua l w a y  gave 1. 6 9  g. (92%) of a  c l e a r  

sy ru p y  product.

G . l .  c .  a n a ly s is  o f  an  a c e ty la te d  sa m p le  of th is  product  

sh ow ed  that th e r e  w e r e  t h r e e  p rod u cts  p resen t:  J (88.2% ), K (7.2%) 

and L (4 . 6%).

The syrup  ( 1. 5 g . )  w a s  th en  d is s o lv e d  in  to lu e n e /  

m eth a n o l  (9:1> 5 m l .  ) and p a s s e d  down a s i l i c a  g e l  co lu m n  (75 g. ) 

e lu tin g  w ith  the sa m e  so lven t.  The s e p a r a t io n  p ro ced u re  outlined  

in  e x p e r im e n t  4 gave a pure sa m p le  ( 0 .6 5  g. ) of J, although the  

p r o c e d u r e  had to b e  rep ea te d  th r e e  t im e s .  It w as not p o s s ib le  to  

obta in  pure  s a m p le s  o f  K or  L by  th is  p ro ced u re .

(b) S tru ctu re  d e term in a t io n  o f  com pounds J, K and L .

One m o le  of com pound J w a s  found to co n su m e one  

m o le  o f  p er io d a te  io n  and to l ib e r a te  one m o le  of fo rm a ld eh y d e .

The m a s s  sp ec tru m  of a  s m a l l  a ce ty la ted  sa m p le  of J 

(c a . 10 m g . )  show ed  that J w as  1, 2 - d i -O -b u ty l -D L -e r y th r i to l  

( C h .V ,p .  2 2 2 .  ).

A n a ly s is :  r e q u ir e s  6 1 . 49(c), 11.19(H)%,

found 6 1, 02(C), 10 .94(H ) %.
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G . l .  c .  r e te n t io n  t im e:

a c e ta te  d e r iv a t iv e  = 1126 s. ( l 6 o ° ,  3% O V -  225).

R p  = 0 . 2 7  (so lv e n t  A).

M ean w h ile  a n a ly s is  of the m a s s  s p e c tr a  g iv e n  

b y  the a c e ty la te d  d e r iv a t iv e s  o f  K and L (v ia  g. 1. c .  / m .  s .  ) show ed  

that th ey  w e r e  2, 3 - d i - 0 - b u t y l  e r y th r ito l  and 1, 4 -d i-O -b u ty l  e r y th r i to l  

r e s p e c t iv e ly .

M a s s  sp ec tra :  fo r  the a ce ta te  d er iv a tiv e  of K, 

m / e  73 (42 .4% ), 103 (100%), 115 (71 . 1%), 129 (36%),

m / e  159 (81.9% ), 1 7 1 (3 3 .7 % ),  185 (21.6% ), 245 (36%).

G. l .  c .  r e te n t io n  t im e:

a c e ta te  d e r iv a t iv e  = 1245 s. ( l 6 0 ° ,  3% O V -2 2 5 ) .

M a s s  sp ec tra :  fo r  the a ce ta te  d er iv a tiv e  of L, 

m / e  45 (59. 3%), 57 (70%), 87 (100%), 103 (18.3% ),  

m / e  115 (22 . 4%), 129 (36 .6% ), 159 (15 . 5%), 203 (18.2% ),  

m / e  2 59 (22%).

G . l .  c .  re ten t io n  t im e:

a c e ta te  d e r iv a t iv e  = 994 s . (  160°, 3% O V  - 225).

E x p e r im e n t  7. The r e a c t io n  of  1, 3:4, 6 -d i-O -b u ty lid en e  

g a la c t i to l  (VI) w ith  b oron  tr ic h lo r id e / l i th iu m  alum in ium  hyd rid e .  

i )  1 :3  R atio  of a c e ta l  to  B C l^ /L iA lH , ./  3 -4
(a) I so la t io n  of p r o d u c ts .

C om pound VI (2. 2 g . , 0. 0076 m o l .  ) w as tr e a te d  w ith  

b o ro n  t r ic h lo r id e  (2 . 7 g . , 0 .0 2 3  m o l . )  fo r  15 m in u tes  at 0 °  and 

th en  w ith  e th e r e a l  li th iu m  alum in ium  hydride  (O. 8 7  g . , 0. 023 m o l .  ) 

fo r  30 m in u te s .  A fte r  w ork -u p  in  the  u sua l m a n n er  a s l ig h t ly  

c lo u d y  syrup  w a s  obta ined  ( 1 .8 2  g . , 82%).

G. 1. c .  a n a ly s is  of an a ce ty la te d  sam ple  of the syrup  

(10 m g . )  show ed  that two m a in  p rod u cts  w e r e  p r e se n t ,  M (72. 3%) 

and N (27 . 7%).
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The bulk of the syrup ( l .  75 g . )  w as  d is s o lv e d  in  hot 

c h lo r o fo r m  and th en  ca rb o n  te tr a c h lo r id e  w as s lo w ly  added until the  

so lu t io n  w ent turb id . The so lu tion  w as  then  reh ea te d  to d is s o lv e  

th is  p r e c ip ita te d  m a t e r ia l  and th en  s to red  at 5° ,  w hen a fter  tw o days  

a s m a l l  am ount o f  a c r y s ta l l in e  com pound w as p rec ip ita ted .

T h is  w a s  f i l t e r e d  off, a ce ty la ted  (G en era l M ethods,  

p.%59 ) and su b jec ted  to g . l .  c .  a n a ly s is  w hich  show ed that it  w as

a p ure sa m p le  of com pound M ( m .p . l3 5  - 6 °  ).

The above p ro ced u re  w as  then  rep ea ted  5 t im e s  until  

the  bulk of M had b e e n  sep a ra ted  fro m  the m ix tu r e .  Compound N  

w a s  then  ob ta in ed  b y  evaporating  the m o th e r  l iq u o rs  fro m  the f in a l  

f i l t r a t io n  until p r e c ip ita t io n  had ju st  begun  to o c c u r ,  the so lu tion  

w a s  then  r e h e a te d  to  d is s o lv e  the p rec ip ita te  and then  s to red  at 5° .  

C om pound N c r y s t a l l i z e d  a fter  s e v e r a l  days (m . p. 1 0 0 -1 ° ) .

(b) S tru ctu re  d e te r m in a t io n  o f  com pounds M-^and N.

P e r io d a te  ox idation  ( s e e  G e n e ra l  M ethods p. 2.64 )

of a s m a l l  sa m p le  of M ( c a . 10 m g .  ) a long w ith  m a s s  s p e c tr a l  

a n a ly s i s  of an a c e ty la te d  sa m p le  of M (ca .  10 m g . )  show ed that it  

w a s  1 , 6 - d i - 0 -b u ty l -g a la c t i to l  (Ch. V ,, p. ZZ9 ).

M olybdate  io n o p h o r e s is  ( s e e  G e n e ra l M ethods, p . 2 6 3 )  

sh ow ed  that the m o b il i ty  of M w as  M g a la c t i to l  0. 75.

Analysis*. ^ ^ 4 ^ 3 0 ^ 6  57 .12 (C ),  10 .27(H ) %,

found 5 6 . 6 9 (C), 1 0 . 13(H)%.

G . l .  c .  re ten t io n  t im e s :

a c e ta te  d er iv a t iv e  = 2517 s . (179 , 7 . 5 % A. P . K . ) ,  

t r im  eth y l s i l y  1 d e r iv a t iv e  = 779 s .  (170  , 3% OV _ 225).

R p  = 0. 23 ( so lv en t  A), 0. 5 (so lv en t  B).

M eanw h ile  p er io d a te  ox id ation  of a s m a l l  sa m p le  

of N ( c a . 10 m g .  ) a long with m a s s  s p e c tr a l  a n a ly s is  of an a ce ty la te d  

s a m p le  of N (c a .  10 m g . )  show ed that i t  w as  1, 4 -d i-O -b u ty l  

g a la c t i to l  ( s e e  Chi. V ip .2 3 1  ).
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A n a ly s is :  r e q u ir e s  57. 1 2 (C), 10 .27(H ) %,

found 5 7 .3 8 (C ) ,  10 .41(H ) %.

G . l .  c .  r e te n t io n  t im es :

a c e ta te  d e r iv a t iv e  = 2068 s .  (179° ,  7.5% A . P .  K .) ,  

t r im e t h y l s i ly l  d e r iv a t iv e  = 6 6 8 . s . ( l 7 0 °  3% OV _ 225).

R p  = 0 .2 3  (so lv e n t  A), 0 .4 6  (so lv e n t  B).

i i  ) 1:1 R atio  of a c e ta l  to B C l^ /L iA lH ^ .
------------------------------------------- 3  4
(a) I so la t io n  of com pound O.

1 , 3:4, 6 -D i-O -b u ty l id en e  g a la c t i to l  (2 . 75 g . , 0 . 0 0 9 5  m o l .  ) 

w a s  th en  tr e a te d  w ith  b oron  tr ic h lo r id e  ( l .  1 g . , 0 . 0 0 9 4  m o l .  ) fo r  30 

s e c o n d s  at 0 °  and then  lith iu m  a lu m in iu m  hydride (0 .3 6  g . , 0 .0 0 9 5  

m o l .  ) for  30 m in u te s .  W ork-up of the rea c t io n  in  the u su a l w ay gave  

a w hite  c r y s t a l l in e  product (2. 4 g . , 87%).

G . l .  c .  a n a ly s is  of a s m a l l  a ce ty la te d  sam p le  of th is  

m a t e r i a l  ( c a . 10 m g .  ) show ed  that i t  w a s  c o m p o se d  of four  

co m p o n en ts:

M ( 4 1 . 3%), N ( 1 4 . 8 %), O (2 1 . 9 % ) and P  (3 . 2%) along with

u n rea c ted  su b s tr a te .

The cru d e  product m ix tu r e  w as  th en  p a s s e d  down a

s i l i c a  g e l  co lu m n  (120 g. ) e lu ting  w ith  to lu e n e /m e th a n o l  (9.* l ) ,

th is  en ab led  the m ix tu r e  of O and P  to  b e  sep a ra ted  fro m  the o th er

co m p o n en ts  of the m ix tu r e .

A  pure s a m p le  o f  O (O. 41 g. ) w a s  then  obtained  by

fr a c t io n a l  c r y s t a l l i z a t io n  o f  the m ix tu r e  o f  O p lu s  P  fro m
om eth a n o l ,  m . p .  80 - 2 .

(b) S tru ctu re  d e term in a t io n  of com p oun ds O and P .

P e r io d a te  ox id ation  (G e n e r a l  M ethods, p .2.64 ) o f  a  

s m a l l  sa m p le  of O ( c a . 10 m g . )  sh ow ed  that one m o le  of O c o n su m e d  

1 .0 1  m o l e s  o f  p er io d a te  ion  a fter  20 h.

The m a s s  sp ec tru m  of an  a ce ty la ted  sa m p le  o f  O 

( c a . 10 m g . )  show ed  that O w a s  1 - 0 - b u t y l - 4, 6 -0 -b u ty l id e n e -D L -
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g a la c t i to l  (Ch. V , p. 233 ).
A n a ly s is :  C r e q u i r e s  57. 49(C), 9. 6s(H)%

found 57. 51(C), 9. 58(H)%.

G . l .  c .  r e te n t io n  t im e s :

a ce ta te  d er iv a t iv e  = 2070 s .  (18 6 ° ,  7.5% A . P .  K .) ,

t r im e t h y l s i ly l  d er iv a tiv e  = 1755 s . (1 5 6 ° ,  3 % OV _ 225).

R p  = 0. 72 (so lv en t  A).

M ean w h ile  a cé ty la t io n  and g. 1. c .  / m . s .  a n a ly s is  o f  a 

s m a l l  s a m p le  ( c a . 10 m g .  ) of the m ix tu r e  of O and P  enab led  a m a s s  

s p e c tr u m  of P  to be taken: th is  show ed  that P  w as 3 - 0 - b u ty l - 4, 6 - 0 -  

b u t y l id e n e - D L - g a la c t i t o l .

M a s s  sp ec tru m : (a ce ta te  d er iv a tiv e ) ,  

m / e  115 (100%), 129 (39%), 171 (20 . 1%), 187 (13. 7%),

m / e  231 (11 .6% ), 273 (26 .6% ).

G . l .  c .  re ten t io n  t im e:

a c e ta te  d er iv a t iv e  = I860 s .  (1 8 6 ° ,  7. 5% A. P .  K. ), 

i i i  ) 2:1 R atio  o f  a c e ta l  to B C L /L iA lH ^

1, 3:4, 6 -D i-O -b u ty l id en e  - g a la c t i to l  (4. 76 g . , O.OI6 4  

m o l . )  w a s  t r e a te d  with b oron  tr ic h lo r id e  (O. 96  g . , 0 . 0 D 8 2 m o l .  ) 

fo r  5 m in u te s  at 0 °  and then w ith  li th iu m  a lum in ium  hydride (O. 31 g . , 

0. 0082 m o l .  ) fo r  30 m in u tes  at ro o m  te m p e r a tu r e .

A fter  w o rk -u p  in  the u su a l  m a n n er  a white c r y s ta l l in e  

s o l id  (4 . 2 g . , 88%) w a s  i s o la te d .  A  s m a l l  sa m p le  of th is  so lid  

( c a . 10 m g .  ) w a s  then  a ce ty la ted  and su b jec ted  to g . l . c .  a n a ly s is .  

T h is  show ed  that it  w a s  c o m p o se d  of th r e e  m a in  product com p on en ts  

M ( 1 1 . 5%), O ( 2 9 . 4%) and P  (5 . 9%) a lon g  with unreacted  su b stra te  

(51 .2% ).
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E x p er im en t  8. The ac id  h y d r o ly s is  of l -O -b u ty l-4 .  6 -0 -b u ty l id e n e  

DL - g a la c t i to l .

Com pound O (O. 2 g . , 0 .0 0 0 7  m o l . )  in  e th a n o l /w a te r  

(7:3 , 20 m l .  ) w as  re f lu x ed  and s t ir r e d  w ith  A m b e r l i te  IR. -1 2 0  (H^ ) 

r e s in  ( 7 m l .  ) fo r  2 h. A fter  th is  t im e  the r e s in  w as  f i l t e r e d  off  

and the f i l t r a te  co n cen tra ted  on a r o ta ry  evap ora tor  until a l l  of the  

s o lv e n t  had b e e n  rem oved : a white so l id  (O. 13 g . , 80%) w as  

d ep o s ited ,  1 - 0 - b u t y l - DL - g a la c t ito l .

T h is  m a t e r ia l  w as  tw ice  r e c r y s ta l l i z e d  fr o m  ethyl 

a c e ta te ,  m . p .  1 3 4 -5 °

A n a ly s is :  ^ jq^ 22^ 6 50 .39 (C ),  9. 3l(H)%,

50 .66 (C ),  9.27(H)%.

G . l . c .  r e ten tion  t im e:

a c e ta te  d e r iv a t iv e  = 3585 s . (198° ,  3% OV - 225), 

t r im e t h y l s i ly l  d e r iv a t iv e  = 333 s (180° ,  3% OV _ 225).

R p  = 0 .2 2  (so lv en t  *B).

M a ss  sp ec tru m : (E . I. of a ce ty la ted  sam ple) ,  

m / e  57 (100%), 87 (25.5% ), 115( 35.84% ),

m / e  129 (45 . 7%), 1 5 7 (2 1 .7 % ),  1 7 1 (2 4 .1 % ).

( C .I .  of pure compound):  

m / e  239.

E x p e r im e n t  9. The rea c t io n  of 1- 0 - b u t y l - 4 ,  6 -0 -b u ty l id e n e -  

DL - g a la c t i to l  (O) with b oron  t r ic h lo r id e / l i th iu m  a lu m in ium  _. 

h yd rid e .

Com pound O (O. 8 8 g . , 0. 003 m o l .  ) w as  tr e a te d  w ith  

b o ro n  tr ic h lo r id e  (O. 35 g . , 0 .0 0 3  m o l .  ) fo r  10 m in u tes  at 0 in  

m e th y le n e  c h lo r id e  and then  w ith  m o r e  b oron  tr ic h lo r id e  (O. 37 g . ,

0. 003 m o l .  ) fo r  a fu r th er  10 m in u te s .  E th erea l  lith ium  alum in ium  

h y d r id e  (O. 23 g . , 0. 006 m o l .  ) w as  then  added.

.A f t e r  s t ir r in g  at room  tem p e r a tu r e  for  30 m in u te s  and 

the  u su a l w o rk -u p  p ro ced u re  a c le a r  syrupy  product w a s  iso la te d .



168

(o. 74 g . ,  84%). A  s m a l l  sa m p le  of th is  syrup ( c a . 10 m g . )  w as  

a c e ty la te d  and then  su b jec ted  to g. 1. c .  a n a ly s is :  th is  sh ow ed  that

the syrup  w as c o m p o s e d  of 1, 6 -d i-O -b u ty l  g a la c t i to l  (41.6%)

and 1, 4 - d i - 0 -buty l-:D L ,-ga lactito l (58.4%) (see  ex p e r im e n t  8).

E x p e r im e n t  10. P r e p a r a t io n  of the a c e ta l  s u b s tr a te s .

(a) 4 - H y d r o x y m e th y l-2 - p r o p y l - 1, 3 -d io x a n e (I ) .

n - B utyra ldéhyde ( 7 .2  g . ,  0. 1 m o l . )  and ^ - to lu e n e -  
- 4su lphonic  a c id  (0. 15 g . , 8 .1 0  m o l .  ) w e r e  added to a s u sp e n s io n  

of D L - butan- 1, 2, 4 - t r i o l  ( 10. 7 g. , 0 .1  m o l .  ) in  to luene  ( 100 m l .  ).

The r e a c ta n ts  w e r e  then  re f lu x ed  to g eth er  until the th e o r e t ic a l  

am ount o f  w a ter  ( 1 .8  m l .  ) d is t i l l e d  o v e r  as  i t s  to luene a zeo tr o p e .

A  m o d if ie d  D ean and Stark apparatus w as  u sed  to c o l le c t  the w a ter .

The apparatus and con ten ts  w e r e  then  a llow ed  to co o l  

to  room  te m p e r a tu r e  a fter  w hich  anhydrous sod ium  carbonate  (5 g. ) 

w a s  added to  the r e a c t io n  m ix tu r e .  A fter  s t ir r in g  for  10 m in u te s ,  

f i l t e r in g  and fu r th er  drying (anhydrous Na^SO^) the d ark -b row n  

f i l t r a te  w as  t r a n s fe r r e d  to a ro ta r y  e v a p o ra to r  w here  the to luene  

w a s  r e m o v e d .

F r a c t io n a l  d is t i l la t io n  of the syru p y  r e s id u e  gave a 

f r a c t io n  (12 g . , 75%, b. p. 186° ) w hich  w a s  shown by g, 1. c .  to b e  

c o m p o s e d  o f  two com pounds I (63.6% ) and I' (36.4% ). T h ese  were 

4 -h y d r o x y m e th y l-2 -p r o p y l-  1, 3 -d io x a n e  and it s  i s o m e r  4 - (Z -h y d ro x y m eth y l) 

- 2 - p r o p y l - 1, 3 -d io x o la n e .  The d if fe r e n c e  in  shift of the a c e ta l  

p roton s  b e lon g in g  to  the r e s p e c t iv e  i s o m e r s  w as  the p a r a m e te r  u sed  

to d is t in g u ish  them, (4. 56 for the d ioxane and 4. 96 fo r  the dioxolane).

F u r th e r  fr a c t io n a l  d is t i l la t io n  enabled  a pure sa m p le  

of I to be i s o la te d  although I' cou ld  not b e  sep a ra ted  fro m  c o n ta m in 

ating  I.

Y ie ld  o f  I = 6 g. (37 . 5%) B .p .  2 1 0 -2 ° .

A n a ly s is :  r e q u ir e s  5 9 .9 6  (C), 10.06(H)%,

found 59. 95 (C), 10. 12 (H)%.
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G . l . c .  r e ten tion  t im e:

neat com pound = 720 s .  (75° , 7. 5% A. P .  K. ),

(b) 4 - n -B u to x y m e th y l -2 - p r o p y l - 1, 3 -d io x a n e  (II).

4 -  Hydr o x y m eth y l-  2 - p rop y l-  1, 3 -d io x a n e  (4. 5 g . , 0. 028 

m o l .  ) and sod ium  hyd rid e  ( l .  35 g . , 0. 056 m o l .  ) w e r e  added to 

dry  D. M. F .  (50 m l .  ) and s t ir r e d  to g eth er  at 0 °  fo r  20 m in u te s ,  

n -B u ty l  b r o m id e  (7. 7 g . , 0. 056 m o l .  ) w a s  then added in  s m a l l  

a m ou n ts  o v er  a 10 m in u te  p er io d .  The rea c ta n ts  w e r e  then  

a llo w e d  to  w a rm  to  ro o m  tem p e r a tu r e  and w e r e  s t ir r e d  to g e th er  

fo r  24 h.

A fter  th is  t im e  m eth a n o l (7  m l . )  w as  ca u t io u s ly  

added to the rap id ly  s t ir r e d  m ix tu r e  to re m o v e  any e x c e s s  sod ium  

h y d r id e .  The s l ig h t ly  y e l lo w  so lu tion  w a s  then  f i l t e r e d  f r e e  of  

p r e c ip ita te d  h a lid e  and the so lv en t  w a s  r em o v e d  upon a r o ta ry  

ev ap ora tor:  a y e l lo w  o i ly  r e s id u e  r em a in e d  (3 . 5 g . , 57.4%).

A  1 . 1. c .  o f  th is  m a t e r ia l  show ed  that one product w as p r e se n t  

(R p  = 0 . 6 5 ) a long w ith  u n reacted  su b stra te  Rp = 0 . 5  (so lv en t  A).

The product w as  i s o la t e d  by  p a s s in g  the crude  

m a t e r ia l  down a s i l i c a  g e l  co lu m n  (175 g. ), eluting  w ith  to lu e n e /  

m e th a n o l  (9-1).

Y ie ld  3 .1  g . , (51%). R p  = 0 . 6 5  (so lv en t  A).

A n a ly s is :  2 ^ 2 4^3 6 6 .6 1 (C ) ,  11. 19(H)%,

found 6 6 .2 7 (C ) ,  10.86(H)%.

M a s s  sp ectru m : (of neat compound),  

m / e  57 (74 . 8%), 85  (20.9% ), 8 6 (1 3 .8 % ) ,  87  (27%), 

m / e  117 (6.6% ), 129 (100%), 145 (6.4% ), 173(23.2%)  

m / e  215  (3. 5%).

G . l . c .  r e ten tion  t im e:

neat com pound = 332 s .  (140 , 3% OV - 22 5).
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(c) 1, 3 - 0 - B ü t v l id e n e - D ^ - e r y t h r i t o l f l l l )  and 1, 3:2, 4 -d i-O -b u ty l-  

id en e  e r y th r i to l(V ) .

T h e s e  com poun ds w e r e  p r ep a red  by the m eth o d  of T. J. 

J u ln e s  s ta r t in g  fr o m  e r y th r i to l  and n -b utyra ld eh yde .

A so lu tion  of e r y th r ito l  (7. 5 g , , O.O6 I m o l .  ) in  N  

H C l (2 50 m l . )  w as  m ix e d  with n -butyr  aldehyde (4 . 5 g . ,  0 .0 6 2  m o l . ) .  

The r e a c ta n ts  w e r e  then  thorough ly  m ix e d  by shaking and then  le ft  

fo r  20 h. at ro o m  te m p e r a tu r e .

A fter  th is  t im e  the c r y s t a l s  of 1, 3:2, 4 -d i-O -b u ty lid en e  

e r y th r i to l  that had se p a r a te d  w e r e  f i l t e r e d  off, w ash ed  w ith  w ater  

and r e c r y s t a l l i z e d  fr o m  ethanol.

Y ie ld  1 .2  g . , m .p .  7 6 -7 °

(L it .  y ie ld  1 .5  g . , m . p .  7 6 -7 ° ) .

The f i l t r a te  w a s  then  n e u tr a l iz e d  with sodium  hydrogen  

ca rb o n a te ,  e v a p o ra ted  to d r y n e s s  and the r e s id u e  ex trac ted  with hot 

eth an o l (3 x  30 m l . ) .  The e thanolic  e x tr a c ts  w e r e  evaporated  to 

d r y n e s s  to  y ie ld  a syrup , w hich  w as  then  ex h a u stiv e ly  e x tra c te d  

w ith  hot b e n z e n e  to  g ive  p la te - l ik e  c r y s t a l s  of 1, 3 -0 -b u ty l id e n e -D L  - 

e r y th r i to l  on co o l in g .

Y ie ld  5 g . , m . p .  99 - 101°.

(L it .  y ie ld  6. 6 g . , m . p .  99 - 101°).

(d) 2 ,  4 - D i - 0 - b u t y l - 1, 3 -0 -b u ty l id e n e - DL - erythritol^V).

1. 3 -0 -B u ty l id e n e -D L -  e r y th r i to l  (3 g . , 0 .0 1 7  m o l .  ) 

w a s  tr e a te d  with n -b u ty l b ro m id e  ( 1 1 .7  g. , 0. 085 m o l . )  and sodium  

h y d r id e  (2 . 1 g . , 0. 087 m o l . )  u sing  the p ro ced u re  outlined in  (b).

The syrup  g iv e n  a f ter  r e m o v a l  of the so lven t  w as  

d is p e r s e d  b e tw e e n  a m ix tu r e  of w a ter  (30 m l . )  and ch lo r o fo r m  ( 7 0 m l . )

The organ ic  la y e r  w a s  th en  separated , d r ied  

(anhydrous Na^SO^) and the ch lo r o fo r m  r e m o v e d  v ia  a ro ta r y  

e v a p o ra to r ,  le a v in g  a c l e a r  syrup y product ( 4 .2  g . , 86%).
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T. 1. c .  a n a ly s is  (in  so lven t A) show ed  that a s m a l l  

am ount of  su b stra te  w as  s t i l l  p r e s e n t  in  the syrup . The su b stra te  

w a s  r e m o v e d  by p a s s in g  the cru d e  product down a s i l i c a  g e l  

co lu m n  (210 g. ) e lu ting  w ith  to lu e n e /m e th a n o l  (9:1).

Y ie ld  3. 9 g. (79 .6% ).

Rp = 0. 77 ( s o lv e n t  A).

A n a ly s is :  r e q u ir e s  6 6 .6 2 (c ) ,  11.18(H}%,

found 66 .50(C ), 10. 98(H)%.

M a s s  sp ec tru m : (of neat compound), 

m / e  83 (87 . 9%), 85 (100%), 87  (25%), 

m / e  127 (12.6% ), 129 (12.2% ), 1 4 5 (1 8 .1 % ),  

m / e  201 (14%), 215  (13.8% ), 2 1 7 (2 9 .7 % ),  

m / e  245 (28 .9% ), 287 (11 .3% ), 289 (9 . 3%).

G. 1, c .  re ten t io n  t im e:

neat com pound = 165 s .  (2 0 0 ° ,  OV -  17).

(e) 1, 3:4, 6 -D i-O -b u ty l id e n e  g a lac tito l(V l)  .

T h is  w a s  p rep a red  b y  the m eth o d  d e s c r ib e d  b y
13

L. Y u c e e r  in  w hich  g a la c t i to l  ( 7. 5 g . , 0. 041 m o l . )  and n -b utyr  a ld e 

h yde (12 m l . , 0. 14 m o l .  ) w e r e  sh aken  w ith  h y d ro ch lo r ic  ac id  

(5 N, 20 m l .  ) fo r  5 d a y s .

A fter  th is  t im e  the r e a c t io n  m ix tu r e  w a s  e x tra c te d  

w ith  c h lo r o fo r m  (3 x  50 m l . ) ,  the  o rg a n ic  la y e r s  com b in ed  and  

w a sh e d  w ith  sod ium  b ica rb o n a te  so lu t io n  and w a te r .  The  

c h lo r o fo r m ic  so lu t io n  w a s  then  d r ie d  (anhydrous Na^SO^), the  

c h lo r o fo r m  r e m o v e d  on a r o ta ry  ev a p o r a to r  and to  the syru p y  

product obtained  w a s  added p e tr o le u m  e th e r  (b .p .  4 0 -6 0  , 30 m l . ) :
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c r y s t a l s  o f  1, 3 :4, 6 -d i-O -b u ty lid en e  g a la c t i to l  w e r e  rap id ly  

d e p o s ite d  fro m  th is  m ix tu r e .  They w e r e  r e c r y s ta l l i z e d  fro m  

p e tr o le u m  e th er  (b .p .  40 - 6 0 ° ) .

Y ie ld  4 g . ,  (34%). M .p .  1 3 3 -5 ° .

( L i t . m . p .  133-5?)
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IV. THE REACTIONS OF BORON TRIBRO M IDE/LITH IUM
ALUM INIUM HYDRIDE AND BORON HYDROCHLORIDES  
WITH CYCLIC A C E T A L S.

P A R T  O N E .

IV ( 1 ) A . In tro d u ct io n .

The p rev io u s  two ch ap ters  have been  co n cer n e d  

w ith  the r e a c t io n s  g iven  by boron  tr ic h lo r id e /  l i th iu m  a lu m in iu m  

hyd rid e  w ith  v a r io u s  c y c l ic  a c e ta l s  under a num ber of d if feren t  

e l e c t r o c h e m ic a l  and s t e r e o c h e m ic a l  e n v ir o n m en ts .  It w a s  then  

d ec id e d  to look  at the c l o s e l y  a s s o c ia t e d  boron tr ib r o m id e / l i th iu m  

a lu m in iu m  h yd ride  com b in ation  and to u s e  the r e s u l t s  obtained w ith  

the tr ic h lo r id e  s y s t e m  a s  a g u id e - l in e .

B o ro n  tr ib ro m id e  is  a m o re  pow erfu l L ew is  acid  

than boron  tr ich lo r id e^  and so  one would ex p ec t  it  to be the m o re  

p o w e r fu l c le a v a g e  r ea g e n t  of the two (p. 3 6  ): ^  factor  w hich

p rom p ted  in v e s t ig a t io n  into the p o s s ib le  u se  of the boron  tr ib r o m id e /  

l i th iu m  a lu m in iu m  hydride com bin ation  w ith  su b stra te  a c e ta ls  of 

lo w e r  b a s ic i ty  than the h e te r o c y c l ic  s y s t e m s  co n s id ered  above.

In p a r t ic u la r  the r e a c t io n s  of 1, 3 -b en zo d io x o le (V ll)  and 2 -p h en y l-  

1, 3 -b en zod ioxo le (V III)  w i l l  be c o n s id e r e d  (fig.IV(l)A) along with  

the h e t e r o c y c l i c  s y s t e m s .

where in  I

r â  R = R = H 
VIII R = H, R = CgHg

Fig . lV (l )A  - 1.
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IV (l)  B. R e a c t io n  of b o ro n  tr ib r o m id e / l i th iu m  a lam in iu m  hydride  
w ith  s im p le  c y c l ic  a c e t a l s .

i) In tr o d u ct io n .

In th is  s e c t io n  the r ea c t io n s  of b oron  t r ib r o m id e /  

l i th iu m  a lu m in ium  h yd rid e  w ith  2 - p r o p y l - 1, 3 -d ioxan e ,  1, 3 -d io x a n e  

and 2 - c h lo r o m e th y l-  1, 3 -d io x a n e  w il l  be c o n s id e r e d .  The prod ucts  

g iv e n  in  the r e a c t io n s  and the operating  s to ic h io m e tr y  th e r e in  a r e  

lo o k ed  into, a long w ith  ev idence  for  the p a rtic ip a tion  of an  a -b r o m o -  

e th e r  in  the m e c h a n is m  of the r e a c t io n s .

ii)  R e s u l t s  and d i s c u s s i o n .

(a) R e a c t io n  d e ta i l s  and a n a ly s is  of prod ucts .

The e x p e r im e n ta l  p ro ced u re  used  w as  e s s e n t ia l ly  

the  sa m e  a s  that u sed  w ith  the b oron  tr ic h lo r id e / l i th iu m  a lum inium  

h y d r id e  com b in ation . Thus 2 - n - p r o p y l - l ,  3 -d io x a n e  (O. 01 m o l . )  

w a s  tr e a te d  w ith  b oron  tr ib r o m id e  (O. 01 m o l . )  for  2 m in u tes  at 

0 °  and then  w ith  l ith ium  a lu m in ium  hyd ride  (O. 01 m o l.  ).

W ork-up in  the u su a l m a n n er  (p. 38 ) gave a light

b ro w n  o i ly  product (84 %) w hich  on g. 1. c ,  a n a ly s is  proved  to be  

m a in ly  one com ponent: the re ten tion  t im e  o f  the m a in  com ponent  

w a s  id e n t ic a l  to that of a r e fe r e n c e  sa m p le  of 3 -n -b u to x y -p ro p a n -

l - o l ,  w h ile  the m in o r  com ponent (8%) had the sa m e  reten tion  t im e  

a s  p r o p a n - 1, 3 -d io l .

The p rece d in g  r e a c t io n  w a s  then  rep ea ted  with a 3:1 

and 5:1 a c e ta l  to b oron  tr ib r o m id e / l i th iu m  a lum in ium  hydride r a t io .

The m a in  product in  both rea c t io n s  w as  3 -n -b u to x y  

p r o p a n - l - o l ,  although th ere  w a s  a la r g e  proportion  of unchanged  

s u b s tr a te  (38%) in  the product m ix tu r e  is o la te d  from  the 5:1 

r e a c t io n .  M ean w hile  the 3:1 r e a c t io n  gave  a 95% y ie ld  of the  

h y d ro x y eth er  w ith  5% of the diol: th ere  w as no o b se r v a b le  su b s tr a te  

r e m a in in g .  The to ta l  m a te r ia l  r e c o v e r e d  in  each  c a s e  w a s  b e tw een  

85 - 90%. -
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The 3:1 ra tio  w as  then u sed  w ith  co n f id en ce  upon the  

a c e t a l s  shown b e lo w  in  Table IV (l)B  - 1 .

S u b stra te  P ro d u ct  % Y ie ld  R e a c t io n
t im e  (m in . )

2 - P r o p y l - 1, 3- 3 -n -b u to x y  9 5  2 .
d ioxane p r o p a n - l - o l

1 . 3 -D io x a n e  3 -m e th o x y  87  2 .
p r o p a n - l - o l

2 -C h lo r o m e th y l-  3 - ( 2 - ch loroethoxy) 82 15.
1 . 3 -d io x a n e  - p r o p a n - l - o l

T able  IV (l)B  -  1.

(b) P r e p a r a t io n  of su b s tr a te s  and r e fe r e n c e  m a te r ia ls .

The d ioxan es  u sed  above w e r e  p rep ared  using m eth od s  

a lr e a d y  d e s c r ib e d  w ith in  th is  t h e s i s  (C hapter II, p. 53 ), as w e r e

the h y d ro x y eth er  - r e f e r e n c e  com pounds (C hapter II, p. 55 ) .

(c) E v id en ce  fo r  the a -b r o m o e th e r .

In C hapter II s e c t i o n  IIB -  i i c ,  the q u estion  under  

c o n s id e r a t io n  w a s  the p art ic ip a t io n  o f  an a -c h lo r o e th e r  in  the  

a c e t a l  c le a v a g e  r e a c t io n  w hen usin g  b o ro n  tr ic h lo r id e / l i th iu m  

a lu m in iu m  hyd rid e  a s  the c le a v a g e  r e a g e n ts .  The m a in  e x p e r im e n t

a l  e v id e n c e  in  favour of the u -c h lo r o e th e r  w a s  the p .m .  r. sp ec tru m  

of th e  3:1  a c e t a l /b o r o n  tr ic h lo r id e  m ix tu r e  in  carbon  te tr a c h lo r id e .

W hen th is  ex p er im en t  w a s  rep ea ted  using b oron  

tr ib r o m id e  as  the L ew is  acid , the p .m .  r .  sp ec tru m  of the m ix tu r e  

a g a in  sh ow ed  the d isa p p ea ra n ce  of the a c e ta l  proton 's  tr ip le t  

( 4 . 56 ) and the p r e s e n c e  of a tr ip le t  at 5. 66 . M eanw hile , addition  

of li th iu m  a lum in ium  hydrid e  to the above s y s te m  gave the

3 -n -b u to x y -p r o p a n -  l - o l  a s  the s o le  product after  w ork -u p .

Thus keep in g  in  m in d  the o b serv ed  3:1 s to ic h io m e tr y  

of the d io x a n e /b o r o n  tr ib r o m id e - l i th iu m  alum in ium  hydride  rea c t io n



177

i t  w a s  conclud ed  that an c -b r o m o e th e r  w as  p a rt ic ip a t in g  in  the  

c le a v a g e  of the a c e ta l  a s  show n in  f ig u re  IV(1)B - 1.

I +

C 3 H 7  *  B B r ,  ^

H H

I
OBBr.

LAH

OH aq. MeOH

F i g . I V ( l )  B -  1 .

(d) R a t io n a liz a t io n  of r e s u l t s .

A s  ex p ec te d  then the boron  tr ib r o m id e / l i th iu m  

a lu m in iu m  hydrid e  r e a c t io n  a p p ears  to be h om ologou s w ith  the 

boron  t r ic h lo r id e / l i th iu m  a lu m in iu m  hydride  p r o c e s s  and so  

p rob ab ly  p r o c e e d s  v ia  an o xocarb on iu m  tra n s it io n  sta te  to the 

a -b r o m o e th e r  in te r m e d ia te ,  w hich  i s  th e n  reduced  by the l i th iu m  

a lu m in iu m  hyd rid e  ( f ig .I V ( l )  B - 2).
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H

BBr.

BBr,

H

I

/BBrjj

H
V^Br
C 3H 7

1 mole dioxane]

BBr.

PrBrCH (C H J ,
etc.

BBr PrBrCH ICHgl >3 I B 
3

/ LAH

aq. MeOH

OH

C4 H9

Fig. IV (1) B - 2 .
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The fa c i l i t y  w ith w hich  the 2 - c h lo r o m e t h y l - 1, 3-  

dioxane w as c le a v e d  r e la t iv e  to the b oron  trichloride r e a c t io n  s u g g e s t s  

that the tr ib r o m id e  i s  the m o r e  p ow erfu l c le a v a g e  reagen t o f  the two,  

a fa c to r  w hich  w i l l  be  c o n s id e r e d  in the next s e c t io n  o f  th is  t h e s i s .

I V ( l ) C .  R e a c t io n  of b oron  tr ib r o m id e / l i th iu m  a lum in ium  hydrid e  

w ith  1, 3 - b e n z o d io x o le s .

i) In troduction .

It i s  known that the oxygen s  in  the 1, 3 -b e n z o -
2

d io x o le  s y s t e m  a r e  l e s s  b a s ic  than th o se  in  the co rresp o n d in g  h e t 

e ro c y c lic  a c e t a l s .  T h is  lo w e r  b a s ic i ty  i s  probably  due to the 

co o rd in a t io n  o f  the lo n e -p a ir  upon the 1, 3 -b e n z o d io x o le 's  oxygen s  

in to  the a r o m a tic  n u c leu s  and i s  the m a in  r e a s o n  fo r  the m uch  

g r e a te r  s ta b i l i ty  show n by  the 1, 3 -b e n z o d io x o le s  to both protonic

and Lewis a c id s :  an e x a m p le  of the fo r m e r  i s  s e e n  in  the n itra tion
3

o f  1, 2 - m e t h y l e n e d i o x y b e n z e n - 4 - a l  ' w i t h  c o n c e n t r a t e d  n i t r i c  a c i d .

G e n e r a l ly  the o r d e r  of s ta b i l i ty  of the 1, 3 -b e n z o d io x o le s  tow ard s ac id

h y d r o ly s i s  i s  the sa m e  as  that w h ich  i s  p r e d ic te d  for  the h e te r o c y c l ic

a c e ta l s  i . e .  for  C su b st itu en ts  CH >• CHR>;^CHPh>C P h  .
2 2  2

Thus although th ere  a re  a num ber of rea g en ts  that
4w i l l  c o m p le te ly  re m o v e  s a y  the m eth y len e  ; function, no rep ort

in  the l i t e r a tu r e  h a s  b e e n  found w hich  r e f e r s  to a h y d ro g en o ly s is

r e a c t io n  that h a s  b e e n  s u c c e s s f u l ly  c a r r ie d  out upon a 1, 3 -b e n z o -  

d io x o le  to  y ie ld  the r e s p e c t iv e  a lkoxy phenol function  (fig .TV (l)C  - l ) .
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CHR — --

where R - CH^R

F ig .I V ( l )C  - 1 .

The a im  of th is  next s e c t io n  then, w as  to exam in e  

the p o s s ib i l i t y  of u s in g  the b oron  tr ib r o m id e / l i th iu m  a lum inium  

h yd rid e  c o m b in a t io n  to e f fec t  such  a c le a v a g e ,

ii)  R e s u l t s  and d i s c u s s i o n .

(a) R e a c t io n  d e ta i ls  and a n a ly s is  of p rod u cts .

i ,  3 - B en zo d io x o le  (O. 0092 m o l .  ) w as  added to  a 

m e th y le n e  c h lo r id e  so lu tion  of b oron  tr ib r o m id e  (O. 0092 m o l . )  and 

the r e su lt in g  m ix tu r e  w a s  s t ir r e d  at 0° for  5 h ou rs ,  after  w hich
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t im e  an e th e r e a l  s u sp e n s io n  o f  li th iu m  a lum in ium  hyd ride  (O.Ol m o l . )  

w a s  added and w hen  the r e su lt in g  e f f e r v e s c e n c e  had c e a s e d  the  

r e a c t io n  w a s  w o rk ed -u p  in  the u su a l m a n n er .

The cru de product w as  a dark c r y s ta l l in e  so l id  w hich  

w a s  show n to con ta in  two m a jo r  com p on en ts  by  1 . 1. c .  a n a ly s is ,  

the l e s s  p o la r  o f  w h ich  had the s a m e  R p  as the su b s tr a te .

E x tr a c t io n  of  a c h lo r o fo r m ic  so lu tion  of  the r e a c t io n  

m ix tu r e  w ith  d ilu te  sod iu m  hydroxide  enab led  the m o r e  p o lar  

p rod u cts  to be  la r g e ly  s e p a ra ted  fro m  the su b stra te .  A c id if ic a t io n  

of th is  aqueous p h a se  and ex tra c tio n  w ith  ch lo r o fo r m  gave on  

ev a p o ra t io n  of  the o rg a n ic  so lv en t  a so l id  product w hich  w as shown  

to be m a in ly  one com p on en t by  t.  I . e .  a n a ly s is  (y ie ld  68%).

The 6 0  MHz sp ec tru m  of th is  com pound s u g g este d  

that it  w a s  the m o n o m eth o x y  e th er  o f  1, 2 -d ih yd roxyb en zen e:  a

s u g g e s t io n  w hich  w a s  c o r r o b o r a te d  w hen the p .m .  r . and the I .R .  

s p e c tr a  o f  a r e f e r e n c e  s a m p le  of 2 -m e th o x y  phenol were com p ared  

w ith  th o s e  o f  the i s o la t e d  product. M ean w hile  the organ ic  la y e r  

fr o m  the f i r s t  e x tr a c t io n  w a s  shown to con ta in  the s tartin g  m a te r ia l .

F u r th e r  e x p e r im e n ts  using  d ifferen t  ra t io s  o f  a c e ta l  

to  b o ro n  t r ib r o m id e / l i th iu m  a lum in ium  hydride  ranging fro m  3:1 

to 1:3 show ed  that the b e s t  y ie ld s  o f  the 2 -m e th o x y  phenol ( c a . 68%) 

w e r e  g iv e n  w ith  the 1:2 and 1:3 s y s te m s :  a m o r e  pertinent fact  

h o w e v e r  w as  the  poor y ie ld s  g iven  w hen  a 2:1 ra tio  w as u sed  and  

s im i l a r ly  fo r  the 3:1 s y s t e m .  This s u g g e s t s  that the s to ic h io m e tr y  

o f  the 1, 3 -b e n z o d io x o le  /  b oron  tr ib r o m id e  r e a c t io n  i s  p erhaps  not 

the s a m e  as in  the co rr esp o n d in g  h e te r o c y c l ic  a c e ta l ' s  r ea c t io n

(p. 40 ).
S im ila r  e x p e r im e n ts  w e r e  then  rep ea ted  using  

2 -p h e n y l-  1, 3 -b en z o d io x o le  as the su b s tr a te ,  when a good y ie ld  

(c a .80%) of 2 -b e n z y lo x y  phenol w as  g iv e n  a fter  15 m in u tes  con tact  

t im e  w ith  the b oron  tr ib r o m id e  at 0 . .
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The above r e s u l t s  are  s u m m a r iz e d  in  tab le  I V ( l ) C - l

S u bstra te  R e a c t io n ^  Y ie ld  o f  Y ie ld  o f
t im e  (h. ) substrate(% ) product(%)

1, 3 -B e n z o d io x o le  5 3 0 -4 0  6 0 -7 0 .

2 - P h e n y l - 1, 3 -b e n z o d io x o le  0 .2 5  0 83^^

X T h is  d en otes  the t im e  the su b stra te  w as  in  contact w ith  the  
b o ro n  tr ib r o m id e .

XX 17% 1, 2 -d ih y d ro x y b en zen e  a ls o  i s o la te d .

Table  IV (l)  C - 1 .

(b) R a t io n a liz a t io n  o f  r e s u l t s .

It has  b e e n  shown then  that the 1, 3 -b e n z o d io x o le s  

can  b e  c le a v e d  usin g  the b o ro n  tr ib r o m id e / l i th iu m  a lum inium  hyd ride  

co m b in a t io n . The next s tep  w as  to look  at the m e c h a n is m  operating  

during the r ea c t io n ,  e s p e c ia l ly  that b e tw een  the b oron  tr ib ro m id e  

and the 1, 3 -b e n z o d io x o le s .  Taking into  c o n s id e r a t io n  the s tru ctu re  

of the s u b s tr a te s  it  h a s  b e e n  a s s u m e d  that the m a in  p r in c ip le s  p e r ta in 

ing  to the h e t e r o c y c l ic  a c e ta l /b o r o n  tr ib ro m id e  ration a le  are  a ls o  

r e le v a n t  to the 1, 3 -b en z o d io x o le  s y s t e m .

Thus one would exp ect  to s e e  a g rea te r  fa c i l i ty  

in  the c le a v a g e  of 2 - p h e n y l - 1, 3 -b e n z o d io x o le  than in  that of the  

u n su b stitu ted  1, 3 -b e n z o d io x o le  due to the g r e a te r  s ta b il iz a t io n  of 

the f o r m e r ' s  oxocarb on iu m  tra n s it io n  s ta te  by  the 2 -p heny l function  

( f ig . I V ( l )  C - 2), a p r e d ic t io n  that h a s  b e e n  q u a lita t iv e ly  v e r i f ie d  by  

the above e x p e r im e n ts .
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/C H C g H , + BBr,

BBr,

OCHgCgH,

^aq. ^LAH 
MeOH

/B B r,

/ H

c r > c ^ c , H ,

Fig.  m i )  C - 2 .
A n a r e a  in  w hich  the  1, 3 -benzod ioxo les"  r e a c t io n  

d o es  s e e m  to  d iffer  fr o m  that o f  the h e t e r o c y c l ic  a c e ta l s  i s  in  i t s  

s to ic h io m e tr y ;  it h as  b e e n  show n that i t  w a s  not p o s s ib le  to  c l e a v e  

th r e e  m o le s  of VIII w ith  one m o le  o f  b o ro n  tr ib r o m id e  (p, 1^11,

W hether th is  im p l ie s  that th e  opera ting  m e c h a n is m  

i s  d if fere n t  to that in  the h e t e r o c y c l i c  aceta ls"  r e a c t io n  or  that i t  i s  m e r e l y  

a r e s u l t  of a d if fe r e n c e  in  f a c i l i t y  o f  the  s a m e  m e c h a n is m  ,  i s  not 

a b s o lu te ly  c l e a r  but one w ould  tend  to  h o ld  to  th e  la tter :  thms i t  i s  

thought that the Lew is a c id ity  o f  th e  su b st itu ted  b o ro n  tr ib r o m id e  i s  

not s u f f ic ie n t ly  p ow erfu l to  fo r m  a Lew i s  -  bond  cap ab le  o f  p o la r iz in g  

the se c o n d  o r  th ird  m o le c u le  o f  1 ,  3 -b e n z o d io x o le  to  the  ex ten t  that  

c le a v a g e  c a n  o c c u r  ( f ig .  IV ( l )  C -  3 ). In th e  1:1 c o m p le x  h o w e v e r  

th is  p o la r iz a t io n  m u s t  b e  su ff ic ien t  to  g iv e  c le a v a g e  (HgJV ( l | C  -
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C H R +  BXBr„

N.B

X =
OCHBrR

Le. Cleavage not 

readily given

-^ i g . I V ( l )  C -  3.

The q u es t io n  as to w hether  an a -b r o m o e th e r  i s  

fo r m e d  fr o m  the 1:1 c o m p le x  i s  aga in  m a in ly  supported by analogy  

to  the h e t e r o c y c l i c  a c e ta l s  r e a c t io n .  The main ex p er im en ta l  ev id en ce  

a v a ila b le  i s  the ap p earan ce  o f  a s in g le t  (6 . 75 ) in tegratin g  to one  

proton  in  the 60 MHz p .m .  r. sp ec tru m  of VIII in  the p r e s e n c e  of  

e x c e s s  b o ro n  tr ib r o m id e  (fig .IV  ( l )  C - 4a).

On w o rk -u p  of th is  m ix tu r e  after  trea tm en t w ith  

li th iu m  a lu m in iu m  h yd rid e , the only  product g iven  w as 2 -b e n z y lo x y  

phenol and so  one m igh t te n ta t iv e ly  a s s u m e  that the o b se r v e d  s in g le t  

i s  an a logou s  to the tr ip le t  s e e n  in  the sp e c tr u m  of the 2 - p rop y l-  1, 3- 

d io x a n e /b o r o n  tr ib r o m id e  rea c t io n  and b e lo n g s  to the a -b r o m o e th e r  

p roton  ( f ig .  IV ( l )  C - 4b).
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ov.» bromoether -

proton singlet

TMS

BBr«—Br

CH R

\
OH OBBr.

LAHgag
MeOH

F ig .I V ( l )C  - 4 .

(c) P r e p a r a t io n  of su b s tr a te s  and r e fe r e n c e  m a t e r ia l s .

1, 3 - B en zo d io x o le  w as  p r e p a r e d  by the m ethod  of
5 “ ' -

B onthrone and C ornforth  fr o m  1, 2 -d ih y d ro x y b en zen e  and m eth y len e  

c h lo r id e  in  d im  ethy l sa lp h ox i de using  sod iu m  hydroxide  a s  the b a s e  

( f ig . I V ( l )  C - 5).
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O Na

O ' N a

+ CH gClg

+

2NaCI

F ig .I V  (1) C - 5.

M eanw hile  2 -p h e n y l  - 1, 3 -b en zo d io x o le  w a s  g iv en  in  

the r e a c t io n  b e tw e e n  eq u im o la r  am ounts o f  1, 2 -d ih yd roxyb en zen e  

and b e n z y l id e n e  chloride us in g  p yr id in e  a s  the so lv en t  and the  

b a s e  ( f ig . I V ( l )  C - 6).

C«H;CHCI. CHC.H;

Fig .IV (1) - 6 .
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The 2 -b en zy lo x y p h en o l u sed  as a r e fe r e n c e  

com pound in  VIII's r e a c t io n  w as  p rep a red  fr o m  1, 2 -d ih yd roxyb en zen e  

and b e n z y l  ch lo r id e  using  sod ium  ethoxide as  the b a se  ( f ig . I V ( l )  C -7),

O Na
+ CfiHsCHoCI

O CH ,C«H

F ig .I V  (1) C - 7.

The 2 -m eth o x y p h en o l u sed  as  the r e fe r e n c e  

com pound in  VII's r e a c t io n  w as a c o m m e r c ia l  sa m p le  ( Aldrich Ltd.),
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P A R T  TW O.

IV(2)A. In trod u ction .

It w as  s e e n  in  chapter  II how the b oron  t r i c h lo r id e /  

l i th iu m  a lu m in iu m  h yd rid e  com b in ation  could  s u c c e s s f u l ly  be u se d  to  

c le a v e  a nu m ber of h e t e r o c y c l ic  a c e ta l s .  It w as shown that the fa c i l i t y  

o f  the c le a v a g e  v a r ie d  depending upon the r ing  s iz e  and (for a g iv en  

r ing  s iz e )  the su bstitu en t.  Thus the 2, 2 - d im e t h y l - 1, 3 - d io x o la n es  

w e r e  on ly  in  con tact  w ith the boron  tr ic h lo r id e  for  2 m in u tes  b e fo r e  

the add ition  of the h yd rid e .  Now the l im it in g  c a s e  fo r  th is  type o f  

" ex tern a l  h yd r id e  donor" r e a c t io n  would be w hen the hydride and b oron  

t r ic h lo r id e  w e r e  both p r e s e n t  as the su b stra te  a ce ta l  w as added.

A n a lte r n a t iv e  w ay  of doing th is  would be  to have an 

" in tern a l hyd rid e  donor" i n  the s e n s e  that the L ew is ac id  and in s ip ie n t

h yd rid e  io n  w e r e  part of the s a m e  m o le c u le ,  as h as b een  the c a s e  in
8 9

the w ork  of F le m in g ,  B o lk er  and B row n et a l  .

T his  w as  the rea so n in g , then, behind the in v e s t ig a t io n s

in to  the p o s s ib le  u se  of the b oron  h y d r o c h lo r id e s  as h y d ro g en o ly s is

r e a g e n ts  fo r  the h e t e r o c y c l ic  a c e ta l s .

T h ere  a re  a num ber of w e l l  docum ented  sy n th e s e s

fo r  the b o ro n  h y d r o c h lo r id e s  ( s e e  ch ap ter  Ib, p .S 8  ).

The m eth o d  w hich  w a s  adopted h e r e in  w a s  that d ev ised  by B row n and

T ierney^^  in  w h ich  b o ro n  tr ic h lo r id e  i s  t r e a te d  w ith  e ith er  sodium
11or li th iu m  b o ro h y d r id e  (f ig .IV (2 )  A  - l ) .

BCl^ + L i  BH^ ------------- >  L iC l + 2H^BC1

3BCL+ NaBH — — >  
o 4

Fig.IV (2) A - 1.
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The w ork  that fo llo w s  then i s  an in trod u ction  to the  

u s e  of t h e s e  rea g e n ts  (m a in ly  b oron  m o n o h y d r o ch lo r id e )  and on ly  

r e a l ly  c o v e r s  the l im ita t io n s  of the rea c t io n  along w ith , and c l o s e l y  

a s s o c ia t e d  to, the e f fe c ts  of a c e ta l ' s  su b st itu en ts .  Thus o ther  

in t e r e s t in g  f e a tu r e s  of the r e a c t io n  such  as  the s to ic h io m e tr y  and 

su b st itu en t d ir e c t iv e  e f fe c ts  have not b e e n  c o v e r e d  and m a y  p erh aps  

be an a r e a  for  fu rth er  r e s e a r c h .

IV(2) B , R e a c t io n  of b oron  m o n oh yd roch lor id e  (BH C l^) with s im p le  

c y c l ic  a c e t a l s . 

i) In tro d u ct io n .

The su b s tr a te s  u sed  in  th is  next s e c t io n  w e r e  the  

s im p le  1, 3- d ioxan es  show n b e low  in  f ig u re  IV(2) B - 1.

The p r in c ip a l m eth od  of s tru ctu re  proof u sed  

w a s  the  s a m e  a s  that in  c h a p ters  II and IV( l)  in  that the products  

obta ined  in  the h y d r o g e n o ly s is  re a c t io n s  w e r e  com p ared  with  

in d ep en d en tly  s y n th e s iz e d  s a m p le s  o f  the ex p ected  hydroxyethers.

OH

CHoR

where R - H,Pf,Ph and CH2CI

Fig. IV(2) B - 1.
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(ii) R e s u l t s  and d is c u s s io n  .

(a) P r e p a r a t io n  of rea g e n t  and r e a c t io n  d e t a i l s .

The 'boron m on oh yd roch lor id e  w as  p rep a r e d  by  

the addition  of the c a lc u la te d  am ount ( f ig .IV (2 )A  - I) o f  sod ium  or 

l i th iu m  b o ro h y d r id e  to a s t ir r e d  so lu tion  of b oron  tr ic h lo r id e  in  

dieth y l e th er  a tO °  The rea c ta n ts  w e r e  then s t ir r e d  to g e th er

for  about 20 m in u tes  during w hich  t im e  the so lu tion  w ent turbid  

due to the p r e c ip ita t io n  of the sod ium  or  lith ium  h a lid e .

A n e th e r e a l  so lu tion  of 2 - n - p r o p y l - 1, 3 -d io x a n e  

w a s  added and the r e a c t io n  m ix tu r e  w as  a llow ed  to reach  room  

te m p e r a tu r e .  The m o la r  p rop ortion s  of hydrohalide to  a c e ta l  w as  

e ith e r  2:1 or 3:1.

A liq u ots  of the r e a c t io n  m ix tu re  w e r e  then  taken  

at r e g u la r  in t e r v a l s .  The r e a c t io n  w as then  w ork ed-up  w hen g . l .  c .  

a n a ly s is  sh ow ed  that e i th er  the a c e ta l  had b e e n  c o m p le te ly  used  up 

or w hen  an a p p ro x im a te ly  constant ra tio  of su b stra te  to product w as  

g iv e n  o v e r  two a liq u o ts .  Both the p rep a ra t io n  of the a liquots for  

a n a ly s i s  and the f in a l w o rk -u p  for  the r e a c t io n  w e r e  c a r r ie d  out 

u s in g  the p r o c e d u r e  d e s c r ib e d  in  chapter  II (p. 38 ).
The above p ro ced u re  w as then  rep ea ted  usin g  

2 - p h e n y l - 1, 3 -d io x a n e ,  1, 3 -d ioxan e  and 2 - c h lo r o m e t h y l - 1, 3 -d io x a n e  

a s  s u b s tr a te s .

(b) A n a ly s is  o f  p r o d u c ts .

The o i ly  product is o la te d  from  the 2 -n -

p r o p y l - 1, 3 -d io x a n e  r e a c t io n  w as shown by  g. 1. c .  a n a ly s is  to c o n s i s t  

of m a in ly  one com ponent,  the re ten tion  t im e  of w hich w as id e n t ic a l  

to  that of a r e f e r e n c e  sa m p le  of 3 -n -b u to x y  p r o p a n - l - o l .  C o m p a r iso n  

of the p .m .  r .  s p e c tr a  a n d l . R .  s p e c tr a  of the two com pounds a ls o  

p ro v ed  p o s i t iv e .

A  s im i la r  a n a ly s is  o f  the products g iven  w ith  

the o th er  s u b s tr a te s  gave the data show n in  Table IV(2) B - 1.
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S u b stra te R ea ct io n  t im e  
(h. )

Y ie ld  of  
subtrate(%)

Y ie ld  of  
product (%)

2 -P h en y l-  1, 3-dioxane 0 . 0 5 - 0 . 0 8 /~99

2 - P r o p y l - 1, 3-dioxane 1 ^ 9 9

1, 3 -D ioxane 12 30 70

2 -C h lo r o m e th y l-1, 3- 
d ioxane 48 ca . 100% v e r y  l i t t le

T able IV(2) B - 1.

The r e c o v e r y  y ie ld  in  each  c a s e  w a s  high (8 5-90%) 

and unlike the b o ro n  tr ic h lo r id e / l i th iu m  alum in ium  hydride rea c t io n  

v e r y  l i t t le  d io l w a s  p r e s e n t  in  the product m ix tu r e .

(c) R a t io n a liz a t io n  of r e s u l t s .

It can  b e  s e e n  then  that b oron  m on ohydroch lor ide  is  

cap ab le  o f  h y d r o g e n o ly s in g  c e r ta in  1, 3 -d io x a n e s  to their r e s p e c t iv e  

hydroxyethers  in  quite  h igh  y ie ld s  under the d is c u s s e d  con d ition s.

The b e s t  y ie ld s  w e r e  obtained  w ith  the 2 -n -p r o p ÿ l  

and 2 - p heny l su b st itu en ts  w h ile  the 2 -c h lo r o m e th y l  d er iva tive  did not 

appear  to  undergo any a p p rec ia b le  r e a c t io n  at a l l .

T h e s e  o b serv a t io n s  a re  c o n s is te n t  w ith a m e c h a n is m  

in  w h ich  the fo rm a t io n  of an oxocarb on iu m  ion  i s  the rate  co n tro ll in g  

s tep  (f ig .  IV (2) B - 2), s im i la r  to  that w hich  has b een  shown to  

o p era te  w ith  the a lu m in iu m  ch lo r o h y d r id e s .
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R + BHCl

H

BCL

work- up

BHCl

H

BHCl

V
R

OH

C H ,R

F i g .I V  (2) B - 2 ) .

It i s  tru e  that the data p r e s e n te d  above i s  far  

fr o m  c o m p le te  in  i t s  support for  the shown ra tion a le ,  h ow ever  taking  

in to  accoun t the analogous  a lum in ium  h y d ro ch lo r id e  and borane  

s y s t e m s  the l ik e lih o o d  of a g r o s s ly  d ifferen t  p r o c e s s  operating  in  the  

b o ro n  h y d r o c h lo r id e s '  r e a c t io n  s e e m s  r e m o te .

C o n c lu s io n  (to P a r ts  One and Two).

The w ork  in  th is  ch apter  h as  b een  li t t le  m o r e  than  

an in trod u ction  into the u se  of boron  tr ib r o m id e / l i th iu m  a lum in ium  

h y d r id e  and b oron  m o n oh yd roch lor id e  as  c le a v a g e  reagents  fo r  v a r io u s  

ty p e s  o f  c y c l ic  a c e ta l .

In part one it w as d em o n str a ted  how the u se  o f  the  

b o ro n  t r ib r o m id e / l i th iu m  a lum in ium  hyd ride  enabled  the r e la t iv e ly  

in e r t  1, 3 -b e n z o d io x o le  s y s te m  to undergo c le a v a g e  to the r e s p e c t iv e  

a lk oxy  or  a r y lo x y  phenol. It w a s  a ls o  su g g e s te d  that the m e c h a n is m  

of the c l e a v a g e  r e a c t io n  i s  s im i la r  to that operating  in  the 1, 3 -d io x 

an es '  r e a c t io n  in  w hich  an a -h a lo e th e r  in term e d ia te  i s  red u ced  by  

the l ith iu m  alu m in ium  hyd rid e .
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F u tu re  w ork  with th is  s y s t e m  w ould  have  to  

in c lu d e  a m o r e  co m p le te  study into the m e c h a n is m  of the r e a c t io n  

e s p e c ia l ly  into the re lev a n t  substituent d ir e c t iv e  e f f e c t s ,  for  in s ta n c e  

into  the prod u cts  g iv e n  by the s y s t e m s  shown in  f ig .IV (2 )  C - 1.

)C H R

CH30 O C H ,R o
CH3

OH

:CHR (j
OCH2R NO

O CH ,R

F ig .I V  (2) C - 1 .

A ls o  of in te r e s t  would be  the p o s s ib le  u se  of 

ox o th id la n es  and d ith io lanes  a s  c le a v a g e  s u b s tr a te s ,  a s  the C - S

bond h as  up to now proved  in er t  to such  as  the a lu m in ium  c h lo r o -
. . 12 h y d r id e s .

M eanw hile , b oron  m on oh yd roch lor id e  proved  to  

be a m u c h  m i ld e r  hyd rogen o ly tic  reagen t than e i th er  boron  tr ic h lo r id e /  

l i th iu m  a lu m in ium  hydride or the h om o lo g o u s  boron  tr ib ro m id e  

co m b in a t io n  and w ould  appear to be of u se  w ith  the m o r e  ac t iv a ted  

a c e ta l s  su ch  as the 2 -p h en y l or 2, 2 -d im e th y l  s p e c ie s .

The " reactiv ity"  of b oron  m on oh yd roch lor id e  

a p p e a r s  to b e  a p p ro x im a te ly  equal to  that o f  the a lum inium  h y d ro 

c h lo r id e s ,  a lthough it  d oes  have the advantage that the b o r ic  ac id  

p rod u ced  on w o rk -u p  is  m o r e  e a s i ly  r e m o v e d  (as i t s  v o la t i le  

t r im e th y l  e s te r )  than the co rresp o n d in g  "alum inium  h ydrox ide" .
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The p r e s e n c e  of the la t te r  com pound a lso  tend s to  o cc lu d e  the m o r e  

p o lar  h y d r o g e n o ly s is  p roducts  w hich  r e d u c e s  y ie ld s  and m a k e s  

e x tra c  t ion  d iff icu lt .

The obvious d isad vantages  o f  the b oron  com pounds  

a re  a l l  a s s o c ia t e d  with the handling d if f ic u lt ie s  a r i s in g  fr o m  the u se  

o f  b o ro n  tr ic h lo r id e .

When co m p a red  w ith  the "borane" reagen t,  w hich  

a ga in  c o v e r s  a p p ro x im a te ly  the sa m e  su b stra te  range, the r e a c t io n  

t im e s  of the b oron  m on oh yd roch lor id e  are  m u ch  sh o r te r .  F o r  

in s ta n c e  w ith  2 -p h en y l-  1, 3 -d ioxan e  the r e s p e c t iv e  c le a v a g e  t im e s
g

a r e  15 m in u te s  and 40 h ou rs  although the y ie ld  in  the la t te r  (borane)  

r e a c t io n  i s  s l ig h t ly  h ig h er .

Taking an o v e r a l l  v iew  th en  of the Lewis a c id /  

h y d r id e  donor c l a s s  o f  c le a v a g e  rea g e n ts  one m a y  m a k e  the  

g e n e r a l iz a t io n  show n in  Table 1V(2)C - 1, in  w hich  a num ber of 

a c e ta l  su b s tr a te  ty p es  vary ing  in  th e ir  d e g r e e  o f  act iva tion  ( i.  e .

C ^ -su b st itu en t)  are  c o r r e la te d  w ith  the app ropriate  c le a v a g e  s y s t e m .

S u b stra te  w ith
substituent  

—  2 -------------------------------------

H e te r o c y c l ic

a c e ta l s

H ighly  act iva ted  
e . g .  phenyl or d im ethyl

A ct iv a ted  e . g .  a lkyl

N o n -a c t iv a ted  
e . g .  hydrogen

D ea ct iv a ted  
e . g .  c h lo r o m e th y l

1, 3 -B en zod ioxo le

Table IV (2) C - 1.

R ea g en ts

B H ^, B H C l^ ,  A lH C l^ .

B C l ^ / L iA lH ^ ,  B H C l^ ,

AlHCl^.

B C l /L iA lH ^
3 4

B B r ^ / L iA lH ^ .  

B B r ̂  /  L iA lH ^ .  

B B r ^ / L i A l H ^ .
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IV E x p e r im e n ta l .

E x p e r im e n t  I. R ea c t io n  of 2 - n - p r o p y l - 1, 3 -d io x a n e  w ith

b o ro n  tr ib r o m id e / l i th iu m  a lum inium  h y d r id e .

(a) B oron  tr ib ro m id e  (2. 51 g . , 0. 01 m o l .  ) w a s

p ip etted  into  dry, i c e - c o o le d  m eth y len e  ch lo r id e  (2 5 m l . ) .  

2 - n - P r o p y l - 1, 3 -d ioxan e  ( 1 . 3  g . ,  0 . 01  m o l . )  in  m e th y le n e  ch lo r id e  

( 10 m l . )  w as  th o i s lo w ly  added and the rea c ta n ts  w e r e  s t ir r e d  

to g e th e r  for  2 m in u te s  at 0 ° .

A fter  th is  t im e  an e th e r e a l  s u sp e n s io n  of  

l i th iu m  a lu m in ium  hydride ( 0 . 4  g . , 0 . 0 1  m o l .  ) w as  dripped into  

the r e a c t io n  m ix tu r e  and the reac tan ts  w e r e  s t ir r e d  until e f f e r v e s 

c e n c e  had c e a s e d  (c a . 30 m in u tes ) .

A fter  w orkrup (Ch. II, p .38 ) the product a

ligh t  b row n  o il ,  (1 . 09 g. ,84%), w as  shown to c o n s i s t  of two  

co m p o n en ts;  A  (92%) and B (8%).

The reten tion  t im e  of A  the m a jo r  product w as  

the s a m e  as that of a r e fe r e n c e  sa m p le  of 3 -n -b u to x y  p r o p a n - l - o l ,  

w h ile  B had the sa m e  re ten tion  t im e  as p r o p a n -1, 3 -d io l .

(b) The above p ro ced u re  w a s  then rep ea ted  u sing

d if fere n t  r a t io s  of a c e ta l  to boron  tr ib r o m id e / l i th iu m  a lum in ium  

h y d r id e .  The y ie ld s  of 3 -n -b u to x y  p r o p a n - l - o l  g iven  in  each  of  

th e s e  r e a c t io n s  a re  shown in  Table IV - 1 b e low .
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R atio  of a c e ta l  Y ie ld  o f  3 -n -b u to x y
to B B r^ /L iA lH ^  p r o p a n - l - o l  (%)

1 : 1  91-3

3:1 95

5:1 5 4 *

T ab le  IV _ 1

*  38% = u n rea c ted  su b s tr a te .

E x p e r im e n t  2. R e a c t io n s  o f  o th er  a c e ta l s  w ith  b oron  

t r ib r o m id e / l i th iu m  a lu m in ium  h yd rid e .

The p r o c e d u r e  outlined  in  ex p er im en t  I (a) w a s  

then  r e p e a te d  using  1, 3 -d io x a n e  and 2 - c h lo r o m e t h y l - 1, 3 -d io x a n e  

a s  s u b s tr a te s .  The y ie ld s  and prod u cts  fo r  th e s e  re a c t io n s  are  

show n in  Tab le  IV ( l )  B - 1 (p. 176 ).
The a c e ta l  s u b s tr a te s  and hydroxy  e ther  r e f e r e n c e  

com pounds u se d  in  th is  e x p e r im e n t  w e r e  p rep a r e d  using  the  

p r o c e d u r e s  ou tlined  in  ch ap ter  II ( e x p e r im e n ts  11 and 12).

E x p e r im e n t  3. S tudies  to  d e m o n str a te  the in v o lv em en t  o f  an  

g -b r o m o e th e r  in  the a c e ta l -b o r o n  tr ib r o m id e  r e a c t io n .

2 - n - P r o p y l -  1, 3 -d io x a n e  (2. 73 g . , 0. 021 m o l .  ) 

w a s  tr e a te d  w ith  b o ro n  tr ib r o m id e  ( 1 . 7 5  g . , 0. 007 m o l .  ) in  ca rb o n  

t e t r a c h lo r id e  (2 5 m l . ) .

The p . m .  r .  s p e c tr u m  o f  the m ix tu r e  tak en  

a p p r o x im a te ly  5 m in u te s  a fter  the r e a g e n ts  w e r e  m ix ed ,  sh ow ed  

the  a b s e n c e  o f  the a c e ta l  p roton  t r ip le t  (4 . 55 ) but the p r e s e n c e  o f  

a t r ip le t  at 5. 65 in teg ra t in g  to one proton: th is  w a s  a s s u m e d  to  b e  

due to the a -b r o m o e th e r  proton.

A ddition  of  an e th e r e a l  s u sp e n s io n  of l i th iu m  

a lu m in iu m  hyd rid e  ( 0 . 4 g. $ 0. 01 m o l .  ) to the above 3:1 m ix tu r e  

and w o rk -u p  in  the u su a l m a n n er  gave  3 -n -b u to x y  p r o p a n - l - o l .
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E x p er im en t  4. The r e a c t io n  of  I, 3 -b e n z o d io x o le s  w ith  b oron  

t r ib r o m id e / l i th iu m  a lum in ium  h y d r id e .

(a) 1, 3 -B e n z o d io x o le  (1. 12 g. , 0. 0092 m o l .  ) in

m e th y le n e  c h lo r id e  (15 m l .  ) w a s  s lo w ly  added to an i c e - c o o l e d  

so lu t io n  o f  b oron  tr ib r o m id e  (2. 3 g . , 0. 0092 m o l .  ) in  m e th y le n e  

ch lo r id e  (25 m l . )  . A fte r  s t ir r in g  the rea c ta n ts  fo r  5 h o u rs  an  

e th e r e a l  s u s p e n s io n  o f  li th iu m  a lu m in ium  h yd rid e  (O. 4 g . , 0 . 0 1  

m o l . )  w a s  added to  the m ix tu r e  w h ich  w as  th en  s t ir r e d  fo r  a  

fu r th er  30 m in u te s  until no m o r e  h y d ro g en  w a s  evo lved .

W ork-up  u s in g  the p ro ced u re  ou tlin ed  in  

ch a p ter  II ( p .38 ) gave  a dark b row n  so l id  m a s s  (O. 94  g . ,  84%).

T. 1. c .  a n a ly s is  o f  th is  so l id  show ed  that two m a in  com ponents  

w e r e  p r e s e n t  at the R p  v a lu e s  o f  0. 26 and 0. 53. The l e s s  p o lar  

of th e s e  com p ou nds had the s a m e  R p  as  1, 3 -b e n z o d io x o le  (O. 5).

The cru d e  product w as  d is s o lv e d  in  c h lo r o fo r m  

(25 m l .  ) and then  e x tr a c te d  w ith  N sod ium  h yd rox id e  so lu tion  

( 3 x 1 0  m l . ) .  The aqu eous  a lk a lin e  f r a c t io n s  w e r e  com b in ed  and 

t r e a te d  w ith  h y d r o c h lo r ic  ac id  (5 N) until the pH of the so lu tion  

r e a c h e d  6 . 5. The s l ig h t ly  a c id ic  so lu t io n  w a s  then  ex tra c te d  

w ith  c h lo r o fo r m .

A t . l . c .  of the c h lo r o fo r m ic  ex tra c t  show ed  the  

p r e s e n c e  of one com ponent and a f ter  dry ing  (anhydrous Na^SO^) 

and ev a p o ra t io n  o f  the ch lo r o fo r m  under red u ced  p r e s s u r e  an  

o ff -w h ite  c r y s ta l l in e  m a s s  w a s  g iv e n  (O. 76 g . ,  68%).

R e c r y s ta l l i z a t io n  fr o m  w a te r  gave w hite  

c r y s t a l s  m .  p. 2 9 - 3 0 ° .  T h e m .  p. o f  2 -m eth o x y p h e n o l i s  32°.

The p . m .  r.  and I. R.  sp e c tr a  of the i s o la t e d  product and 2 -m e th o x y -  

p heno l w e r e  a ls o  comparable.^

M eanw h ile  the o rgan ic  la y e r  fro m  the f ir s t  

e x tr a c t io n  w a s  d ried  (anhydrous Na^SO^) and the ch lo r o fo r m  

r e m o v e d  on the r o ta ry  evap orator:  th is  le ft  0, 15 g. of a c l e a r
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l iqu id . The p . m .  r.  of th is  liqu id  show ed  that it  w a s  1, 3 - b e n z o 

d io x o le .

(b) The p r e v io u s  ex p er im en t  w a s  then  rep ea te d  us in g

d if fere n t  ra t io s  of a c e ta l  to b oron  t r ib r o m id e / l i th iu m  a lu m in iu m  

h y d r id e .  The d ifferen t  r a t io s  u sed  and the a s s o c ia t e d  y ie ld s  of  

2 -m e th o x y p h e n o l  a re  show n in  Table IV - 2.

R atio  of a c e ta l  Y ie ld  of
to B B r^ /L iA lH ^  2 -m eth o x y p h e n o l (%)

3:1 27

2:1 36

1:1 68

1:2 69

1:3 74

T able  IV - 2 .

(c) The p r o c e d u r e  ou tlined  in  (a) w a s  then rep ea te d

w hen  2 - p h e n y l - 1, 3 -b e n z o d io x o le  w a s  tr e a te d  w ith  boron  tr ib r o m id e  

for  15 m in u te s  at 0°  and th en  w ith  li th iu m  a lu m in ium  hydride for  

a fu r th er  30 m in u te s .

W ork-up in  the u su a l m a n n e r  gave a d ark -b row n  

o i ly  m a s s  (8 5%) w h ich  w a s  show n to be c o m p r is e d  of two m a in

co m p on en ts  A  (R p  0. 54) and B (R p  0. 18) by  t . l . c .  a n a ly s is
=» == 

u s in g  to lu e n e /m e th a n o l  (9:1) as the d ev e lo p in g  so lv en t .

The two p roducts  w e r e  i s o la t e d  and se p a ra ted  by  

p a s s in g  the crude product m ix tu r e  down a s i l i c a  g e l  co lu m n  e luting  

w ith  to lu e n e /m e th a n o l  (9:1) .

Com pound A an o i l  (83%) w a s  shown to be  

2 -b e n z y lo x y  phenol b y  a c o m p a r is o n  o f  the p . m .  r.  and I . R .  

s p e c tr a  of the product w ith  an authentic  sa m p le  of th is  com pound.

M eanw h ile  com pound B (17%) w a s  shown to be
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1, 2 -d ih y d ro x y b en zen e  b y  a s im i la r  c o m p a r is o n  w ith  a r e f e r e n c e  

s a m p le  of the la t te r .

E x p e r im e n t  5. E v id en ce  for  the p a r t ic ip a t io n  of  an a -b r o m o e th e r  

in  the r e a c t io n  b e tw e e n  2 - p h e n y l - I ,  3 -b e n z o d io x o le  and b oron  

t r ib r o m id e .

2 -P h e n y l -  1, 3 -b e n z o d io x o le  ( 2 . 3  g . ,  0 . 0 1 2  m o l .  ) 

w a s  tr e a te d  w ith  b o ro n  tr ib r o m id e  (O. 9 7  g . , 0. 0039 m o l .  ) in  carb on  

te tr a c h lo r id e  (2 5 m l .  ) at 0°.

A fter  5 m in u te s  the p . m .  r.  sp ec tru m  of the  

m ix tu r e  w a s  taken  and i s  show n in  f ig u r e  IV( 1) C - 4 a .

The m o s t  s ig n if ic a n t  fea tu re  of the sp ec tru m  is  

the s in g le t  at 6 .  75 in teg ra t in g  to one p roton  w h ich  i s  thought to be  

due to the a -b r o m o e th e r  proton.

A fter  t r e a tm e n t  of the 3:1 m ix tu r e  w ith  an 

e th e r e a l  s u sp e n s io n  of  l ith ium  a lum in ium  h yd rid e  (O. 2 g . , 0. 0053 m o l .  ) 

and w o rk -u p  in  the u su a l  m a n n er ,  2 - b e n z y loxyp h en o l w a s  i s o la te d  in  

83% y ie ld .

E x p e r im e n t  6. P r e p a r a t io n  of su b s tr a te  1, 3 - b e n z o d io x o le s .

(a) 3 - B en zo d io x o le  w a s  p r e p a r e d  by the m eth o d  of

•one and CornJ 

m e th y le n e  c h lo r id e .

5
Bo nth rone and C ornforth  s ta r t in g  fr o m  1, 2 -d ih y d ro x y b en zen e  and

Y ie ld  85%. B . p .  1 7 2 - 3 ° /  754 m m .

( L i t . b . p .  6 0 ° / 9 m m . , 1 7 3 - 5 ° / 760 m m . )

(b) 2 - P h e n y l - 1, 3 -b e n z o d io x o le  w a s  p rep a red  b y

the p r o c e d u r e  ou tlined  b y  C apon and P a g e  s ta r t in g  fro m  1, 2-d ihyd .roxy

-b e n z e n e  and b e n z y lid e n e  c h lo r id e .

Y ie ld  54%. M. p. 50-1  . 

(L it .  m .  p. 49 - 50°)



200

E x p e r im e n t  7. P r e p a r a t io n  of  r e f e r e n c e  com p ou n ds.

(a) 2 -M eth o x y p h en o l w as  obtained  c o m m e r c ia l ly  

fr o m  Aldrich Ltd.

(b) 2 - B en zy loxyph en o  1 w a s  p r e p a r e d  fro m  1, 2 -d ih y d 

ro x y b e n z e n e  and b e n z y l  c h lo r id e ,  a cco r d in g  to the p ro ced u re  g iy e n
7

by  J o n es  and Young.

Y ie ld  37%. B .p .  1 1 0 - 2 ° / 0 .  05 m m .

( L i t . b . p .  1 3 3 - 5 ° / 0 .  1 m m . )

E x p e r im e n t  8 . The p rep a r a t io n  o f  b o ro n  m o n o h y d r o c h lo r id e .

B oron  t r ic h lo r id e  ( 3 . 4  g . ,  0 .0 2 9  m o l .  ) w as  

co n d en sed  into dry, i c e - c o o l e d  d ie th y l e th er  (30 m l . ) .  A  so lu t io n  of 

l i th iu m  b o ro h y d r id e  (O. 21 g . , 0. 0097  m o l .  ) in  dry  d ieth y l e th er  

(7  m l .  ) w a s  then  s lo w ly  added . The r e a c ta n ts  w e r e  s t ir r e d  to g e th e r  

for  a fu r th er  20 m in u te s  by  w h ich  t im e  the so lu t io n  had turned  m ilk y  

due to the p r e c ip ita t io n  of li th iu m  c h lo r id e .

E x p e r im e n t  9. The r e a c t io n  of b o ro n  m o n o h y d r o ch lo r id e  w ith

1, 3 - d io x a n e s .

The dioxane (O. 01 m o l . )  in  d ry  d ie th y l e ther  

( 10 m l . )  w a s  s lo w ly  added to the s t ir r e d  e th e r e a l  so lu t io n  of  b o ro n  

m o n o h y d r o c h lo r id e  ( 0 .0 3  m o l . )  at ro o m  te m p e r a tu r e .

A liq u o ts  w e r e  taken  fr o m  the r e a c t io n  m ix tu r e  

through  a rubber sep tu m  usin g  a 2 m l .  s y r in g e ,  at the fo llow ing  

in te r v a ls :  e v e r y  15 m in u te s  fo r  the f i r s t  hour, e v e r y  30 m in u tes  for

the next 3 h o u rs  and th en  on ce  e v e r y  two h o u r s .

The a liquots  w e r e  w o r k e d -u p  b y  quenching in  

aqueous m e th a n o l  (C h .II ,  p . 3 8  ) and th en  a n a ly se d  u sin g  g . l . c .

The vfhole o f  the r e a c t io n  m ix tu r e  w a s  then  w o rk ed -u p  w hen e i th e r  

the su b s tr a te  had b e e n  co n su m e d  or w hen  the ra t io  of the su b s tra te  

and product p eaks  b e c a m e  a p p r o x im a te ly  con stant .

The p rod u cts  g iv e n  in  t h e s e  r e a c t io n s  w e r e  

c h a r a c t e r i s e d  in  the  u su a l w ay, b y  co m p a r in g  the r e te n t io n  t im e s  o f



201

the product peaks w ith  th o se  of authentic  s a m p le s  of the ex p ec te d  

h y d r o g e n o ly s is  m a t e r ia l s .

The s u b s tr a te s  and p rod u cts  dea lt  w ith  in  th is  

e x p e r im e n t  a re  show n in  f ig u r e  IV (2) B - 1, ( p . 1 8 9  ).

E x p e r im e n t  10. The p re p a r a t io n  of the 1, 3 -d io x a n e  s u b s t r a t e s ,

(a) 1, 3 - D ioxane, 2 - p r o p y l - 1, 3 -d io x a n e  and 2 - c h lo r o -

m e th y l-  1, 3 -d io x a n e  w e r e  p r e p a r e d  by the p r o c e d u r e s  outlined  in  

ch a p ter  II,- e x p e r im e n t  10.

14
m eth o d  g iy e n  b y  L e g g e t te r ,  D in er  and B row n sta r t in g  fro m

Y ie ld  62%. B .p .  5 0 ° /1  m m . ,

(b) 2 - P h e n y l -  1, 3 -d io x a n e  w a s  p rep a red  us in g  the

g iyen  b y  L e g g e t te r ,  D in er  s 

p r o p a n -1, 3 -d io l  and b en za ld eh y d e .

Y ie ld  62%. 

m . p .  4 7 - 9 ° .

( L i t . b .p .  95 -6 7  12 m m .   ̂ m .  p. 4 5 -6 ° )

E x p e r im e n t  11. The p re p a r a t io n  of the h y d ro x y e th er  r e f e r e n c e  

c o m p o u n d s .

(a) 3 -M eth o x y  p r o p a n - l - o l  and 3 -n -b u to x y  propan  

1 - o l  w e r e  p r e p a r e d  as  p r e y io u s ly  d e s c r ib e d  in  chapter  II, 

e x p e r im e n t  11.

(b) 3 - B e n z y lo x y  p r o p a n - l - o l  w a s  p rep a red  by  the
14

p r o c e d u r e  ou tlin ed  b y  L e g g e t te r ,  D in er  and B row n.

Y ie ld  32%. B .p .  9 2 - 6 ° / 0 .  2 m m .

(L it .  b .p .  1 0 7 ° / 1 . 5  m m .)
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X -

P A R T  ONE

SOME A SP E C T S OF THE E . I. MASS SPE C T R A  GIVEN BY THE  
CLEAVAGE PRODUCTS OF CYCLIC A C E T A L S.

V ( 1 )A . Introduction .

In c o n c e r t  w ith  p er io d a te  ox id ation  e x p e r im e n ts  the

m a s s  s p e c tr a l  tech n iqu e h as  b een  u se d  e x te n s iv e ly  throughout th is

th e s i s  to d e te r m in e  the s t r u c tu r e s  of the v a r io u s  e th er  p ro d u cts ,

g iven  upon c le a v a g e  of th e ir  r e s p e c t iv e  a c e ta l  s u b s tr a te s .  Both

e le c t r o n  im p a c t  io n iz a t io n  (E .I ,  ) and c h e m ic a l  io n iz a t io n  (C .I .  )

m o d e s  w e r e  em p lo y ed  and so  the f i r s t  part o f  th is  chapter  w i l l

d ea l  w ith  the f o r m e r  w h i ls t  the la t te r  w i l l  be c o n s id e r e d  in  p art  two.

The b a s ic  p r in c ip le s  of the e le c t r o n  im p a c t  io n iz a t io n
1

m od e have b een  c o m p r e h e n s iv e ly  c o v e r e d  in  m an y  tex ts  and so  

w il l  not be d ea lt  w ith  in  any g rea t  d e ta i l .

B r i e f ly  then the sa m p le  m o le c u le s  in  the vapour p h a se  

a r e  bom b ard ed  w ith  e l e c t r o n s  of s u f f ic ie n t  e n e r g y  to r e m o v e  one of  

th e ir  e l e c t r o n s ,  w hich  r e s u l t s  in  the fo r m a t io n  of p o s i t iv e ly  ch a rg ed  

" m o le c u la r  ions"  ( f i g . V ( l ) A  - 1).

M + e ------------ ► M^ + 2 e

F i g .V  (1)A - 1 .

The m o le c u la r  io n s  a re  then  a c c e le r a te d  out of the

io n iz a t io n  ch am b er  and su b seq u en tly  p a s s  through an hom ogen ou s

m a g n e t ic  f ie ld  w h e r e in  th ey  a re  fo r c e d  to d e s c r ib e  a c ir c u la r

f lig h t-p a th ,  the rad iu s  of w hich  i s  a fu n ction  of th e ir  m a s s  to

c h a rg e  ( m /e )  r a t io s .  The r e la t iv e  abundance of the thus

s e p a r a te d  ion  s p e c ie s  a r e  then e l e c t r o n ic a l ly  r e c o r d e d .

The io n s  spend a p p r o x im a te ly  10 s e c o n d s  in  the
-5

io n iz a t io n  ch a m b er  and take a p p ro x im a te ly .  1 0 s e c o n d s  to be 

a c c e le r a t e d  and d e f le c te d .  H ence  the m o le c u la r  io n s  w i l l  be
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c o l le c t e d  and r e c o r d e d  i f  th e ir  d e c o m p o s it io n  ra te  co n sta n ts  

k ^  10^ s e c   ̂ w h e r e a s  th o se  w hich  have ra te  co n s ta n ts  k >  lO ^sec  ̂

w i l l  fra g m e n t  and so  th e ir  "daughter ion s"  w i l l  be  r e c o r d e d .

The la t te r  fact  a s  fa r  as th is  t h e s is  i s  c o n c e r n e d  i s  the  

m o s t  im p ortan t  a s p e c t  of the  e le c tr o n  im p a ct  m a s s  s p e c tr a l  

tech n iq u e ,  in  that s tr u c tu r e  d e te r m in a t io n  e s s e n t ia l ly  in v o lv e s  the  

r e a s s e m b ly  of th e s e  "daughter ion s"  to g iv e  a num ber of p o s s ib le  

a r r a n g e m e n ts  fo r  the p aren t  ion . Then  on c o n s id e r a t io n  of o th er  

s o u r c e s  of e x p e r im e n ta l  data (m a in ly  p er io d a te  ox id ation  data) the  

n o n -c o n s i s t e n t  s t r u c tu r e s  w e r e  e l im in a te d  and g e n e r a l ly  a s in g le  

a cco r d a n t  s tr u c tu r e  w as  obtained .

A  th ird  c l a s s  o f  parent ions is  th o se  w h o se  ra te  co n sta n ts
5 -1 6 -1b e  b e tw e e n  10 se c  and 10 s e c  w h ich  c o n se q u e n tly  d e c o m p o se

en  rou te  to the a n a ly s e r .  T h e se  a r e  the m e t a - s t a b l e  ions:  thus  

for  the d e c o m p o s it io n  of m^ to m^ n e ith e r  m^ nor m^ a r e  r e c o r d e d  

upon the a n a ly s e r  but ra th er  a s m a l l  d if fu se  " m eta  stab le  peak"  

i s  s e e n  at m  w h e r e  m  . = m^ / m ^ . It c a n  b e  a p p rec ia te d  then  that  

the a n a ly s is  of su ch  p eak s  p r o v id e s  d ir e c t  e v id e n c e  o f  s p e c if ic  

fr a g m e n ta t io n  p r o c e s s e s .

V ( l ) B .  M a ss  s p e c tr a  of the c le a v a g e  prod u cts  g iv e n  by the  

2 -c h lo r o m e th y l  su b st itu ted  c y c l ic  a c e t a l s .

Î ) In tr o d u ct io n .

In ch a p ter  II ( p .50 ) the r e a c t io n  of  the b oron  t r ic h lo r id e /

l i th iu m  a lu m in ium  h yd rid e  com b in ation  w ith  a num ber of 2 - c h lo r o 

m e th y l  su b st itu ted  c y c l ic  a c e ta l s  w a s  c o n s id e r e d .  In each  c a s e  a 

s in g le  m a in  product w a s  g iven  w h ich  w a s  then  su b jec ted  to I .R .  ,

6 0  MHz p .m .  r . , and e le m e n ta l  a n a ly s i s .

A fte r  th is  the s t r u c tu r e s  of the  prod u cts  w e r e  f a ir ly  

co n fid en t ly  taken  to  b e  the m ono 2 -c h lo r o e th y l  e th er  d e r iv a t iv e s  

of the re lev a n t  paren t d io l ( f i g .V ( l )  B - 1): the E . I .  m a s s  s p e c tr a  

g iv e n  by  th e s e  p rod u cts  w e r e  th en  u sed  to  co n f irm  t h e s e  s tr u c tu r e s .
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HC

( C H 2 )

HC

<Ïh P„

w hen n = 0 , 1,2,3

F i g .V  (1) B -  1 .

T h is  s e c t io n  then w i l l  c o n s id e r  the m a in  a s p e c t s  

of the sp e c tr a  g iv e n  by the p rod u cts  w h ile  the r e la t iv e  in te n s i t ie s  of 

a l l  the io n s  p r e s e n t  (r e la t iv e  to the r e s p e c t iv e  b a se  p eak s)  a re  

d isp la y e d  in  A ppendix  I.

i i )  R e s u l t s  and d i s c u s s io n .

The s p e c tr a ,  a s  one w ould  e x p e c t  f r o m  an h o m o lo g o u s  

s e r i e s ,  w e r e  a l l  v e r y  s im i la r  and so  they  w i l l  be c o n s id e r e d  as  a 

group r a th er  than in d iv id u a lly .

(a) M o lecu la r  io n s .

The m o le c u la r  ion  w a s  not p r e s e n t  in any of the  

it a lthough  

p r e s e n t  in  low  abundance.

+ + .s p e c t r a  l o o k e d  at  a l th o u g h  the (M  + 1 )  and (M  + 3 )  i o n s  w e r e  bo th

The ( M +  3) ion  i s  of c o u r s e  due to the natura l
37abundance of C l in  s o m e  of the 2 - c h lo r o e th y l  e th er  d e r iv a t iv e s .
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T h is  p a ir in g  of ion s  d if fe r in g  by two m a s s  un its  p e r s i s t s  throughout  

a l l  of the s p e c tr a .

(b) Ions due to the 2 -c h lo r o e th o x y  function .

The p r e s e n c e  of the ch lo r o e th o x y  fu nction  i s  w e l l  

d e m o n str a te d  in  a l l  of the s p e c tr a  by the ap p earan ce  of abundant ion s  

at m /  e 63 and 65: in  fa c t  the m /  e 63 s p e c ie s  i s  the b a se  p eak  in  

the s p e c tr u m  of 4 - ( 2 - c h lo r o e t h o x y ) - b u t a n - l - o l  (fig. V (1) B - 2).

©

Cl
m/e 6 3  
m /e 6 5

F i g .V  (1) B -  2 .

The io n s  at m / e  49 and 51 w e r e  a ls o  p r e s e n t  in
+ 35

e a c h  of the s p e c tr a  look ed  at. T hey  a r e  due to the CH = = = = .  Cl
1 + 37^ , . 9and C H ^ = = . C 1  io n s .

(c) Ions due to p - f i s s i o n  of the h y d ro ca rb o n  chain  (with r e s p e c t  to  

the o x y g e n s ) .

C harge  re ten t io n  upon the m o le c u la r  io n  i s  the m o s t  

l ik e ly  t r ig g e r in g  p r o c e s s  for  the d e c o m p o s it io n  of the 2 -c h lo r o e th y l  

e th er  d e r iv a t iv e s  during m a s s  s p e c t r a l  a n a ly s i s .  B e a r in g  th is  in  

m ind i t  i s  not s u r p r is in g  to find that p r im a r y  fr a g m e n ts  and th e ir
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p r o g en y  re s u lt in g  f r o m  p - c le a v a g e  of the h yd rocarb on  chain  (with  

r e s p e c t  to the o x y g en s)  a cco u n ts  for  a la r g e  p rop ortion  of the m o s t  

abundant ions  in  the 2 - c h lo r o e th y l  e th er  d e r iv a t iv e s '  s p e c tr a .

The io n s  g iv e n  v ia  p - f i s s i o n  in  the sp e c tr u m  of

4 - ( 2 - c h lo r o e t h o x y ) - b u t a n - l - o l  a re  show n in  f ig u re  V (1) B - 3,

CH2= 0 H 
m /e 31

CH

m/e 93
O HCl

m /e59
OH

m/e 121CH

O m /e57

CH

m/e 57

©•o

m /e55

Fig .V  (1) B - 3 .
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Y “F is s io n  of the h y d ro ca rb o n  chain  w as  a l s o  ev id en t  

in  the fr a g m en ta t io n  p a ttern  of 4 - ( 2 - c h lo r o e t h o x y ) - b u t a n - l - o l  and

5 - ( 2 - c h lo r o e t h o x y ) - p e n t a n - l - o l ,  although not to the sa m e  d e g r e e  

a s  the P“f i s s io n .

Thus fr a g m e n ts  of s m a l l  abundance at m/e 107, 

and at m / e  44 a re  s e e n  in  the s p e c tr u m  of the fo r m e r  com pound  

( f ig .V  (1) B - 4).

OH

Cl

m /e 107 m /e44

- C 2 H 5 CI

m/e 43

Q

F ig .V  (1) B - 4.
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(d) O ther io n s .

A l l  of the sp e c tr a  look ed  at apart f r o m  that of  

2 - ( 2 - c h lo r o e th o x y ) - e th a n -1 -o l ,  conta in  abundant ion s  at the m / e  

v a lu e s  of 83 and 85. It i s  thought that t h e y  a re  p roduced  during  

fra g m en ta t io n  of the m /  e 121 s p e c i e s  show n below  in  f ig u re  V ( l ) B - 5 .

Cl-

O H
+  •

OH

m/e 85

©

Cl

m /e 121

-MCI

©

OH

m/e 85

m/e 83

- H 2  

m/e 83

F ig .V  (1) B - 5.
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The l o s s  of H C l f r o m  the m / e  121 ion  - v ia

1, 2 e l im in a t io n  - i s  quite a v iab le  p r o c e s s  e s p e c ia l ly  w hen  the m o r e
10

favou rab le  1, 3 - e l im in a t io n  cannot o c c u r ,

i i i )  C o n c lu s io n .

The E . I .  m a s s  s p e c tr a l  data g iv en  by the c le a v a g e  

p rod u cts  of the 2 -c h lo r o m e th y l  a c e ta l s  c o n f ir m s  that they  a r e  the 

m ono 2 - c h lo r o e th y l  e th er  d e r iv a t iv e s  of the r e s p e c t iv e  p aren t d io ls .

The fra g m e n ta t io n  p r o c e s s e s  op era tin g  for  th ese  

com pounds appear to be a m ix tu re  of th o se  g iv e n  by s im p le  

a lip h a t ic  a lc o h o ls ,  e th e r s  and c h lo r id e s .  Thus for  ex a m p le  the

CH ===== OH ion  (m / e 31) ty p ic a l  of a l ip h a t ic  a lc o h o ls  w a s  p r e s e n t
la +

in  h igh abundance in  a l l  of the s p e c tr a  c o n s id e r e d ,  a s  w as  the R

ion  (Cl C H m /  e 63, 65) ty p ic a l  of s im p le  e t h e r s .  F in a l ly  the
+ + p r e s e n c e  of the C H ^ = =  Cl io n s  (m / e 49, 51 ) and the two (M + 1 )

ion s  are  both co m m o n  f e a tu r e s  of the sp e c tr a  g iv e n  by a liph atic  
13

alk y l c h lo r id e s .

V (1) C, M a ss  s p e c tr a  of s o m e  p a r t ia l ly  butylated  a ld ito l  a c e t a t e s ,

i)  In tr o d u ct io n .

The u t i l iz a t io n  of the m a s s  s p e c tr a l  technique in  the 

s tr u c tu r a l  a n a ly s is  of p a r t ia l ly  m eth y la ted  a ld ito l  a c e ta te s  i s  w e l l  

e s ta b l is h e d  in carb oh yd rate  c h e m is t r y ,  e s p e c ia l ly  in  the p o ly s a c c 

h ar id e  f ie ld  w h e re  it  i s  o ften  u se d  in  conjunction  w ith  gas -liqu id  
2

ch ro m a to g ra p h y  ( g . l . c .  - m . s .  ).

The va lu e  of the tech n iq ue r e s t s  upon the o c c u r r e n c e  

of fr a g m en ta t io n  p a ttern s  w h ich  a re  c h a r a c t e r i s t i c  of c e r ta in  m utual  

a r r a n g e m e n ts  of the m eth o x y  and a c e ta te  groups upon the a ld ito l 's  

carb on  backbone (although the m o le c u la r  ion  i s  r a r e ly  se e n ) .  F o r  

in s ta n c e  th ere  a re  th ree  m a in  types  of c le a v a g e  g iven  by the carb on  

ch a in s  t h e m s e lv e s ,  the r e la t iv e  f a c i l i t i e s  of th e se  c le a v a g e  p r o c e s s e s  

have b een  found to be in  the ord er  show n in  f ig u re  V ( l )  C - 1.



F r a g m e n ta t io n s  su ch  as  th o se  in  w hich  the C -C  bonds of the 

a ld ito l  a re  broken  a r e  c a l le d  " p r im a ry  fra g m e n ta t io n s" .
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O M e

O M e

O M e

G A c

O A c

- O A c

F i g . V  (1) C -  1 .

A n oft o c c u r r in g  e x c e p t io n  to the above h ie r a r c h y  

h o w e v er  i s  found w hen  a p r im a r y  m eth o x y  fun ction  i s  a ttached  

"Y" to a seco n d  m eth o x y  function  and "& " to an a c e to x y  group  

( f ig .V  (1) C - 2): h e r e  the p r im a r y  fr a g m e n t  at m / e  89 i s  a lw ays  

m o r e  abundant than at the m / e  45 .
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CH O A c

@
C H a O M e  C H = O M e  — I- - - - - - - - - - - - - - - - - - - - - ►  @

C H  O M e
4 -----------------
C H a O M e  C H a = O M e

©  —  •
= O M e  O H g O M e

m /e  8 9  m /e  4 5

F i g .V  (1) C -  2 .

The m o s t  prob ab le  r e a s o n s  for  the above an om aly  a r e  

to be found in  the in h ere n t  s ta b i l i ty  of the m / e  89 fra g m en t  (due to 

a m utual sh a r in g  of the p o s it iv e  ch a rg e  by the m eth o x y  groups) and 

a ls o  in  the fa c t  that the m /  e 45 fr a g m e n t  i s  a p r im a r y  carb on iu m  

ion .

M ean w hile  the p r im a r y  fr a g m e n ts  of the p a r t ia l ly  

m eth y la ted  a ld ito l  a c e ta te s  w i l l  o ften  lo s e  s im p le  m o le c u le s  su ch  

a s  fo rm a ld eh y d e  (30), m eth an o l (32), k e ten e  (42), a c e t i c  ac id  (60) 

and m eth y l a ce ta te :  the p roducts  f r o m  th e se  g e n e r a l ly  seq u en tia l  

p r o c e s s e s  a r e  c a l le d  " se co n d a r y  f r a g m e n ts " .

The m a in  a im  of the w o rk  c o n s id e r e d  in  th is  s e c t io n  

w a s  to h elp  in  the e lu c id a t io n  of the s tr u c tu r e s  of the v a r io u s  n -  

butoxy d e r iv a t iv e s  g iv en  a fter  c le a v a g e  of th e ir  r e s p e c t iv e  a c e t a l s .  

Thus the m a s s  s p e c tr a  of the m a jo r  c le a v a g e  products  g iv en  by  

the fo llo w in g  su b s tr a te  a c e ta l s  w i l l  be co n s id ered :
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(a) c i s -4 -H y d r o x y m e th y l -2 - p r o p y l - 1, 3 - d ioxane(I  ).

(b) 1, 3 - 0-Butylidene-DJL - erythritol(III) and 2, 4 - d i - O - b u t y l - 1, 3 - 0 -  

b n ty l id e n e -DL - e r y th r i to l(IV ) .

(c) 1 ,3 :  2, 4 -D l-O -b n ty lid en e  ery th r ito l(V ) and 1, 3:4, 6 -d i-O -

bu ty lid en e  ga lac tito l(V I) .

The se c o n d  a im  o f th is  s e c t io n  w i l l  be to co m p a re  any  

g e n e r a l  tren d s  d e te c te d  in  the fra g m en ta t io n  p a ttern s  of the p a r t ia l ly  

b u ty la ted  a ld ito l  a c e ta te s  w ith  th o se  g iv e n  by the p a r t ia l ly  m e th y la te d  

a n a lo g u e s .

G e n e r a l  n o t e s .

£) A l l  of the s p e c tr a  d i s c u s s e d  h e r e in  con ta ined  both the
4 2 +

a c e ty l iu m  io n  (CH^ C = 0  , m / e  43) and the n -b u ty l ion  (C^H^ ,

m / e  57)^ in  h ig h er  abundance than any of the o ther  io n s .  It w a s

th e r e fo r e  found u se fu l  to  c o n s id e r  the  th ird  m o s t  abundant s p e c ie s

a s  the "base peak" (or  m o s t  abundant ion) as a m e a n s  of a m p lify in g

the d i f f e r e n c e s  in  the fra g m en ta t io n  p a ttern s  of the v a r io u s  e th e r s .

2) The m o s t  abundant io n s  found in  the s p e c tr a  of e v e r y

» com pound m en t io n ed  in  the tex t  a r e  d isp la y e d  in  A ppendix II.

ii)  R e s u l t s  and d i s c u s s i o n .

(a) P a r t ia l ly  b u ty la ted  a c e ta te s  o f  b u tan -1 ,  3, 4 - t r io l .

G . l . c .  a n a ly s is  of the produ ct m ix tu r e  fro m  the r e a c t io n  of 

(± ) - c i s -4 -h y d r o x y m e th y l -2 -p r o p y l -1, 3 -d io x a n e  w ith  b oron  t r i c h lo r id e /  

l i th iu m  a lu m in iu m  hydride  had show n  the p r e s e n c e  of two m ain  

p r o d u c ts .  P e r io d a te  ox id ation  of the p u r if ie d  m ix tu r e  of p rodu cts  

sh ow ed  that the m a jo r  com ponent w a s  the - 3 - 0 -b u ty l  e th er  o f  

DL -b u tan - 1, 3, 4 - t r io l (B )  w hich  le ft  D L - 1 - 0 - b u t y l  b u ta n -1 ,3 ,  4-  

tr io l (A )  as  the m in o r  product; f ig .  V ( l )  C - 3 show s the a c e ta te  

d e r iv a t iv e s  of A  and B .



214

B

CH.OAc CHpOBu
I '  I ^

CHg CH2
I I

CHOBu CHOAc
I I

CH2OAC CH2OAC

F i g . V  ( 1) C -  3.

The b a s e  p eak  o f  B 's  s p e c tr u m  i s  due to an io n  of

m / e  70, w h ile  o th er  im p o rta n t  io n s  p r e s e n t  a r e  th o se  at the

fo llo w in g  m / e  v a lu es :  99, 117, 126, 159 and 173.

The s p e c ie s  at m / e  70 i s  thought to have  a r i s e n  a fter

the m o le c u la r  io n  had lo s t  two m o le c u le s  of a c e t ic  acid, fo llo w ed  by

one m o le c u le  of butene (probab ly  but- 1 -e n e ) .  The seq u en tia l  l o s s

o f  a c e t ic  a c id  in  th is  m a n n e r  i s  a w e l l  docu m en ted  fr a g m en ta t io n

r e a c t io n  of com pounds b ea r in g  a c e to x y l  fun ction s  w h ile  the l o s s  of
4

an a lk en e  i s  a ty p ic a l  fra g m en ta t io n  r e a c t io n  of butyl e th e r s

( f ig .V  ( 1) C - 4 ).



CHgOAc
I

C H z

CHOBu
I

m/e 246 CHgOAc
(N otseen)

-AcOH
CH

I
CHOBu

CHgOAc

-A cO H

m/e 70

c H n -

CH

C - O H

Ah 2

-----------------

3 9

CHg
I I
CH

n -

COBu
I I
CHg

m/e 126

F ig .  V ( l )  C - 4 .

The r e m a in d e r  o f  the sp e c tr u m  i s  a  r e s u l t  o f  p r im a r y  

fr a g m e n ta t io n  o f  th e  and -  C bonds (y ie ld in g  m / e  159

and m / e  173 r e s p e c t iv e ly )  and the a s s o c ia t e d  se c o n d a r y  fra g m en ta t io n  

r e a c t io n s  ( f ig .  V ( l )  C -  5).



216

CHpOAc
I

C H p
-J-------------
CHOBu

■f
I  •

CHpOAc 
m/e 246
(Not seen)

CHpOAc
I
C H p
I ©
CH=OBu  
m/e 173

©
C H =O B u

I
CHpOAc 
m/e 159

BuO. ©
O —Ac

-C4 H9 0 H

CHgOAc

C H p
I ©
CH =O H  
m/e 117

©
O — Ac

m/e 99

F ig . V (1) C - 5.

The p r e s e n c e  of a m e th y le n e  function  in  an a ld ito l  i s  

known to s u p p r e ss  the p r im a r y  c le a v a g e  r e a c t io n s  of the bonds  

im m e d ia te ly  co n n ec ted  to it^ (due to the in s ta b i l i ty  of the r e su lt in g  

m e th y le n e  r a d ic a l) .  Thus the m e th y le n e  function  in  B i s  the  

m o s t  prob ab le  r e a s o n  fo r  the low  in te n s ity  o f  the m / e  159 ion  and 

a ls o  the fact  that the fra g m en ta t io n  p a ttern  of B i s  d om inated  b y  the

prod u cts  g iv en  on c le a v a g e  of C - C and th o se  r e su lt in g  d ir e c t ly
j  4  •   ■ ■ -■

fr o m  the m o le c u la r  ion .
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In the light o f  the above d i s c u s s io n  on the e f f e c t s  of  

the m e th y le n e  group upon p r im a r y  fragm en ta tion , the sp ec tru m  

o f  the 1 - 0 -b u ty l  b u ta n -1 ,  3, 4 - t r i o l  i s  ra th er  m is le a d in g .  T h is  i s  

b e c a u s e  the m o s t  abundant ion  p r e s e n t  i s  at m / e  8 7 w h ich  s u g g e s t s  

that f i s s i o n  of the C^ bond i s  quite  a fa c i l e  p r o c e s s  in  sp ite

of the fact  that i s  a m e th y le n e  fu nction .

An a lte r n a t iv e  route to an m / e  87  io n  i s  show n in  

f ig u r e  V ( l )  C - 6 : the m a in  ev id e n c e  in  favour of th is  ra t ion a le

i s  f i r s t  o f  a l l  that m o s t  of the abundant io n s  of A 's  sp ec tru m  a r e  

g iv e n  in  th is  pathw ay and se c o n d ly  the s ta b i l i ty  o f  the CH^ - C bond  

i s  w e l l  d o cu m en ted  in  the l i t e r a tu r e .



C H o O B u n-
C H gI
C H O A c

I
C H g O A c

m/e 246
(N o tse e n )

©
C H g = O B u  

m /e 87
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C H p O H
I

C H s

C H O A c
I

C H g O A c  
m/e 190

- H

C H = O H

G H z

C H O A c
I

C H g O A c  
m/e 189

A c

- A c O H

G A c
m/e 189

A c

m/e 129

H Q

m /e87

m/e 69

Fig .  V ( i j  C - 6.
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C lea v a g e  o f  does  o c c u r  to som e extent,  so

that the m / e  173 ion  i s  s e e n  (f ig .  V ( l )  C - ?) although th is  s p e c ie s  

d o es  not p lay  the dom inant r o le  that i s  p layed  b y  i t s  an alogue in  the  

sp e c tr u m  of com pound B . The m o s t  p rob ab le  r e a s o n  for  th is  i s  

that, a s  has b e e n  s e e n  in  the p a r t ia l ly  m e th y la te d  a ld ito l  a c e ta te s ,  

c le a v a g e  of the C - C bond con n ect in g  two a c e to x y l  fu nctions i s  not 

as  fa v o u ra b le  a p r o c e s s  as  the c le a v a g e  o f  the  C - C bond con n ectin g  

an a c e to x y  group and an e th er  fun ction .

CHzOBu
I

C H z

c h I oac

-CgHgO
CHgOBu

CHg
I ©

C H Ë O H

m/e 173 m /e 131

l\\

HO, ©
O'

Bu

©
O

_ B u

-HgO

H O . ©
OH

m/e 113
m/e 75

Fig .  V ( I )  C - 7.
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(b) P a r t ia l ly  b u ty la ted  e r y th r i to l  a c e t a t e s .

The th r e e  a c e ta la te d  e r y th r i to l  d e r iv a t iv e s  that w e r e  

r e a c te d  w ith  b o ro n  t r ic h lo r id e / l i t h iu m  a lu m in ium  hyd rid e  w e r e  

1, 3 - 0 - b u t y l id e n e - D L - e r y t h r i t o l ( l l l ) ,  2, 4 - d i - 0 - b u t y l - 1, 3 - 0 -  

b u tv l id e n e -DL - e r y th r i to l ( I V )  and 1, 3:2, 4 - d i-0 -b u ty l id e n e  

e r y th r i to l(V ) .

P e r io d a te  o x id a tion  e x p e r im e n ts  upon the product  

m ix tu r e  g iv e n  fr o m  the r e a c t io n  o f  III s u g g e s te d  that the m a in  

p rodu ct w a s  2- 0 - b u t y l - D L - er y th r ito l(F )  the a c e ta te  of w h ich  i s  

show n in  f ig u r e  V (l)  C - 8.

F/acetate)

CHpOAc
I

CHOBu
I

CHOAc

CHgOAc

Fig.  VdVc - 's .

The m o s t  abundant io n s  in the sp e c tr u m  of F  a r e  at the  

fo llo w in g  m / e  v a lu e s :  57, 73, 103, 115, 129, 159, 171 and 231.

N ow i f  the p er io d a te  d a t a is  taken  to be c o r r e c t  one w ould  ex p ect  

p eak s  at m / e  159 and m / e  231, as  t h e s e  w ould  r e s u l t  fro m  the  

p r im a r y  fr a g m en ta t io n  of the and bonds r e s p e c t iv e ly .
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It ca n  then  b e  show n  that th e  se c o n d a r y  fr a g m en ta t io n  of  th e s e  two  

io n s  a cco u n ts  v e r y  w e l l  fo r  the s p e c tr u m  g iv e n  by F  ( f ig .V ( l ) C  -  9).

©
C H = O B u

CHoOAc
m/e 159

m/e 43

©
H

©
C H = O H

CHgOAc

AcQ

-AcOH
©

:OH

m/e 103
(base peak)

B u g
©Ac

CHOAc
m/e 231

AcO
©
O -AcOH

-BuOAc

BuOAcO
OAc OAcm /e ii5

m/e 157A cO

m/e 171

©
OH

- C g H p

-CpHpO
©
OH

BuO

AcO
m/e 115

O

-CpHpO

©
- O H

m/e 73 m/e 129

F i g . V  (1) C - 9.
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A p art  f r o m  the fr a g m e n ts  at m / e  43 (due to the 

CH^ - C =  ion) and m / e  57 (due to the  ̂ ion), the b a se  peak

of F ' s  sp e c tr u m  is  at m /  e 103 and i s  prob ab ly  g iv en  by the e x p u ls io n  

of b u t - l - e n e  f r o m  the m / e 159 fra g m en t .  The fa c i l i t y  w ith  w hich  the  

butylated  a ld ito l  functions undergo  th is  p r o c e s s  i s  one of the m a in  

f e a tu r e s  of th is  s e c t io n .

A part  f r o m  th is  one p a r t ic u la r  in s ta n c e ,  the o ther  

s e c o n d a r y  fra g m en ta t io n  p r o c e s s e s  appear  to be an a logou s to those  

op era tin g  in  the m eth y la ted  a ld ito l  a c e ta te s :  thus the lo s s  of butanol 

(74) and butyl a c e ta te  (116) by F i s  eq u iv a le n t  to the l o s s  of m ethan o l  

and m eth y l a c e ta te  in  the m eth y la ted  com p ou n ds.

Turning now to the m a in  produ ct g iven  w ith  1, 3:2, 4 -  

d i-0 -b u ty lid en e  e r y th r i to l ,  p er io d a te  o x id a tion  s u g g e s te d  a contiguous  

a r r a y  of the two h yd ro x y l groups as  i s  p r e s e n t  in  1, 2 -d i-O -b u ty l-DLi - 

e r y th r i to l  (J). The b a se  peak  of J 's  s p e c tr u m  is  at m / e  115 w h ile  o th er  

la r g e  peaks a r e  a ls o  found at the m / e  v a lu e s  117, 129, 171, 173 and 

231, a l l  of w hich  can  be accou n ted  fo r  on c o n s id e r a t io n  of the s e c o n d a r y  

fra g m e n ta t io n  i t in e r a r ie s  of the p r im a r y  io n s  m /  e 173 and m / e 231 

f ig .  V (1) C - 10.
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m/e 173

CHgOBu
- h ------------
ÔHOBu

CHOAc

CHgOAc

m/e 231

CHgOBu

Ch OBu
©

m/e 173

BuO
\

Z ZO Bu

OBu
\

©
OH

m/e 117

-BuOH

©
C H = O B u

CHOAc
I

CHgOAc

BuO ©
OAc

AcO
m/e 231

AcO
m/e 115
(base peak)

-A cO H  

BuO.

©
OH

m/e 43

OAc

m/e 171

BuO

-CgHgO
©

- O H

m/e 129

F ig .V  (1) c  - 10.
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abundance of the CH

A n in te r e s t in g  fea tu re  of J 's  s p e c tr u m  is  the s m a l l  

  ^OBu ion  (m / e 87), e s p e c ia l l y  w hen

co m p a red  to the abundance of the ion  at m / e  173 and i t s  s e c o n d a r y  

f r a g m e n ts .  T h is  d if fe r e n c e  in  the abundance of th e se  two ion s  is  

an a logou s  to the s itu a t io n  that e x i s t s  in  the m eth o x y la ted  a ld ito ls  

w h e re  the CH  OMe ion  (m / e 45) i s  not s e e n  w hen  the p o s s ib i l i t y
-f

—  OMe s p e c ie s  ( m /e  89).e x i s t s  for  fo r m a t io n  of the CH

CH^OMe

A ls o  the fa c t  that the b a se  peak  (at m /  e 115) of the 

s p e c tr u m  is  d e r iv e d  f r o m  the p r im a r y  ion  at m /  e 231 s u g g e s t s  that  

p r im a r y  f i s s io n  b e tw een  two b utoxylated  carb on s  can occu r  m o re  

r e a d i ly  than that b etw een  a butoxylated  and an a ce to x y la te d  carbon  

(apart f r o m  the c a s e  c ited  above),  p r e s u m a b ly  due to the g r e a te r  

s ta b i l i ty  of the buty loxy la ted  r a d ic a l  r e la t iv e  to the a ce to x y la ted  

r a d ic a l  (fig. V (1) C - 11).

© •
— OBu

—  OBu

©
OBu

OBu

>
© •

- O B u
LV'

— OAc r

OBu

OAc

F i g .V  (1) C - 11.
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The two p o s s ib le  c le a v a g e  prod u cts  that could  r e s u l t  

f r o m  the r e a c t io n  of 2 , 4 -  di - 0 - b u t y l - 1, 3 - 0 -b u ty l id en e  - DL, - e r y th r i to l  

a r e  1, 2, 3 - t r i - O - b u t y l - D L -ery th rito l(G ) and 1 , 2 ,  4 - t r i  -O-butyl-DL, - 

ery th r ito l(H )  ( f i g . V( l )  C - 12 sh ow s th e ir  a c e ta te  d e r iv a t iv e s ) .

G -  acetate

CHpOBu
I

CHOBu
I

CHOBu

CHgOAc

H -  acetate

CHjOBu

CHOBu
I

CHOAc

CHgOBu

F i g . V  ( D C  - 12 .

Now, the m o s t  abundant ion s  in  the sp e c tr u m  of the 

m a in  c le a v a g e  product a re  at the fo llo w in g  m / e  v a lu e s  : 43, 57, 61,

73, 103, 129 and 159 plus s m a l le r  p eak s  at m / e  245 and m / e  259.

One w ould  e x p e c t  to s e e  fr a g m e n ts  at m / e  43, 57 and 

245 in  the s p e c tr a  of both the 1 , 2 , 3  and 1, 2,  4 - t r i - 0 -buty l d e r iv a t iv e s ,  

f ig  V (1) C - 13a, h o w e v er  the p r e s e n c e  of an io n  at m / e  259 s u g g e s t s  

that the m a in  product conta ins  th ree  con tiguous butoxy fu n ct io n s .

A ls o  the h igh  abundance of the m / e  159 fr a g m e n t  w ould  tend to point to 

the 1 , 2 , 3  a r r a y  in  that the a lb e it  p o s s ib l e ,  p rod u ction  of th is  ion  f r o m  

the 1 , 2 , 4  a r r a y  in v o lv e s  the c le a v a g e  of the bond b etw een  a c e to x y  and 

butoxy b ea r in g  carb on  a to m s ,  w h e r e a s  the fo r m e r  a rr a n g e m e n t  

in v o lv e s  the m o r e  fa vou rab le  c le a v a g e  of the bond in  w hich
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both carb on s  b ear  butoxy fu n c t io n s .

The s e c o n d a r y  fra g m en ta t io n  p a ttern  show n in  

f ig u re  V ( l )  C - 13b b e a r s  out th is  su p p os it ion  and c o n f ir m s  that  

G is  in  fa c t  1, 2 ,  3 - tr i-O -b u ty l-D L . -e r y th r i to l .



©
( a ) :OBu

OBur
CHoOAc

G H

( b )

m/e 245 

CHgOBu BuO
V

CHOBu

CH = O B u  
©

m/e 259

BuO

C H = O B u

m/e 159
CHgOAc

t
- 5 6

©
OH

m/e 103
CHgOAc

©
•OBu

H
O
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©
OBu

OAc

CHgOBu
m/e 245

©
OAc

m/e 85

-BuOH

m/e 185

BuO"
©
OH

m/e 129

©
OAc

- C 2 H 2O

k
OH

©
OH

m/e 61
(b ase  peak)

F i g . V  ( 1 ) 0 - 1 3 .
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The b ase  p eak  of G's sp e c tr u m  is  the ion  at m / e  61 

(a se c o n d a r y  fra g m e n t  of m / e 159)  a lthough the fr a g m e n t  at m / e  103 

(a lso  d e r iv e d  f r o m  m / e 159) and m / e 159 i t s e l f  are  of co m p a ra b le  

abundance.

(c) P a r t ia l ly  butylated  g a la c t i to l  a c e t a t e s .

The n ex t  group of com pounds to be c o n s id e r e d  i s  the 

c le a v a g e  p rod u cts  g iv e n  w ith  1, 3:4, 6 -d i-O -b u ty l id en e  g a la c t i to l(  VI). 

âga in  on ly  the main produpts w i l l  b e 'lo o k ed  a t  v . .

Two m ain  p rod u cts  w e r e  is o la te d  f r o m  the r e a c t io n  

in  w h ich  a 1:3 ra t io  of IX to boron  t r ic h lo r id e / l i t h iu m  a lu m in iu m  

hydride  w as  u se d .  P e r io d a te  ox id ation  and .m olybdate io n o p h o r e s is  

e x p e r im e n ts  s u g g e s te d  that the c r y s ta l l in e  product M w as the  

1, 6 -d i - 0 - b u ty l  d e r iv a t iv e  o f  g a la c t i to l  w h ile  p er io d a te  oxidation  

s u g g e s te d  that the c r y s ta l l in e  p rod u ct  N w a s  the D L -1 ,  4 -d i-O -b u ty l  

e th er ,  (fig. V (1) C - 14 sh ow s th e ir  a c e ta te  d e r iv a t iv e s ) .

M -acetate

CH,OBu 
I ^

CHOAc

AcOCH
I

AcOCH
I

CHOAc
I

CHgOBu

N  -  acetate 

CH^OBu 

CHOAc

AcOCH
I

BuOCH

CHOAc
I

CHgOAc

F i g .V  ( 1 ) 0 -  14 .
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The b a se  p eak  of M 's  s p e c tr u m  is  at m / e  129 w h ile  

other m ajo r  peaks a r e  p r e s e n t  at the fo llo w in g  m / e  v a lu es ;  43,

57, 87, 115,  129, 157,  171,  213 and 215 w ith  s m a l le r  p eak s  at  

231 and 159.

A part  f r o m  the m / e  87 ion  none of the o th er  p r im a r y  

fr a g m e n ts  a r e  p r e s e n t  in  any g rea t  abundance, w h ich  i s  what one  

would e x p e c t  f r o m  a m o le c u le  conta in ing  four contiguous a c e ty lo x y  

carb on  a to m s .

F ig u r e  V ( l )  C - 15 sh ow s the r e le v a n t  fra g m en ta t io n  

p a ttern s  b a sed  upon the l o s s  of b u t - l - e n e  (56), a c e t i c  ac id  (60), 

b u ta n -1 -o l  (74) and butyl a c e ta te  (116),  a l l  of w hich  have been  show n  

to be r e le v a n t  in  the s p e c tr a  of the butylated  e r y th r i to l  a c e ta te s  

d is c u s s e d  e a r l i e r .
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C H . O B u  A c O  
I ^

C H  O A c  —
©
O B u - A c O B u

©
O

© I
A c O = C H  
m/e 231

A c O  

- B u O H

A c O '

- A c O H
m/e 115

Ç H 2 A c O
I — .1

©
A c O = C H

O A c

m /el57

©
A c O = C H

I - C g H g O  

C H s

H

m/e 171

A c O

m/e 115
C H ^ O B u

C H O A c
I

A c O C H
I

A c O C H
I ©

C H = O A c
m/e 375

©
O B u

O

- C g H g O

©
O B u

m/e 129

©
- O H V - S h

A c O .
B u

I
.O ©

m/e 115

A c  B u  
O ^  _ - o ^

O A c  T  O A c  
O A c

\  - A c O H  
A c  B u ^

O . _ o ^
- A c O H

m/e 73

O A c
m/e 255

A c  O ,
B u
•O

-CgHgO
©

O A c m /e 315

m/e 213
F ig . V (1) C - 15.
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M eanw h ile  com pound N .as would  be e x p e c te d  f r o m  a 

1, 4 d is tr ib u t io n  of butoxy fu n ction s  g iv e s  a b a se  p eak  d e r iv e d  fr o m  

the p r im a r y  fr a g m e n t  m / e  231, w h ich  on lo s in g  a c e t i c  ac id  y ie ld s  

the m / e  171 ion . A ls o  p ro m in en t  i s  the p r im a r y  fr a g m e n t  at m / e  

317 g iv e n  upon c le a v a g e  of the bond.

F ig u r e  V (1) C - 16 sh ow s the m o s t  r e le v a n t  

fra g m e n ta t io n  p a tte r n s .



©
B u O = C H
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B u O ,  
I

C H O A c  =
I

C H g C A c  A c O '

©
O A c

m/e 231

B u O .

m/e 129

©
O H

- A c O H

O A c

- C „ H „ 0

- B u O A c

m/e 171

m/e 317
C H , O B u

I
C H O A c
I

A c O C H  ,

B u O  =  C H  
©

H _
O ®

m /e 85

B u O

B U  

O ®

O

m /eS5

O A c  O A c - A c O H

B u O

B u
^  „  I ®o ^  Ô,

B u  < B u O H
.0 ®

" O A c  O A c  m/e257 

- C 2 H2 O
m/e 215

•O

m/e 141
O

m/e159

B u O

F ig . V (1) C - 16.
m/e 215
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K eep in g  in  m in d  the p er io d a te  data then, the s tr u c tu r e s  

of M and N w e r e  con fid en tly  con cluded  to be 1, 6 -d i-O -b u ty l  g a la c t i to l  

and 1, 4 -d i -O -b u ty l -D L -g a la c t i to l  r e s p e c t iv e ly .

(d) P a r t ia l ly  butylated  m ono buty liden e a c e ta l s  of g a la c t i to l  a s  

th e ir  a c e ta te  d e r i v a t i v e s .

In th is  s e c t io n  the m a s s  s p e c tr a  of the m a in  product  

g iv e n  by 1 ,3 :4 ,  6 -d i-O -b u ty l id e n e  g a lac tito l(V I)  in the 1:1 a c e ta l  to 

boron  t r ic h lo r id e / l i t h iu m  a lu m in iu m  hydride  r e a c t io n  w i l l  be 

c o n s id e r e d .

Thus VI gave a c r y s ta l l in e  com pound O as  i t s  m ajor  

produ ct.  This  w as  show n to be l -O - b u t y l - 4 ,  6 - 0 -b u ty l id e n e -D L -  

g a la c t i to l  by p e r io d a te  ox id ation  e x p e r im e n ts  and a l s o  in  the l ig h t  

of the fa c t  that I -O -b u ty l-D L - g a la c t i to l  w a s  the s o le  produ ct g iv en  

by O a fter  ac id  h y d r o ly s is  (Ch. I ll ,  p. 138 ).

The a ce ta te  d e r iv a t iv e  of com pound O is  show n in  

f ig u r e  V (1 ) C - 17.

0 ~  acetate

CHgOBu

CHOAc

AcOCH

CHOAc

OCHz

F ig . V (1) C -17.
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The m o s t  abundant ion  in  O 's s p e c tr u m  (apart f r o m  

m / e 43 and 57) i s  at m / e  115, w h ile  other la r g e  p eak s  a re  p r e s e n t  

at the fo llo w in g  m / e  va lu es:  85, 87, 129, 157, 171 and 375, w ith  

s m a l le r  p eak s  at m / e  187 and 303.

A s  one w ould  e x p e c t  f r o m  a m o le c u le  w hich  conta ins  

both a p a r t ia l ly  butylated  m o ie ty  and a c y c l i c  a c e ta l  function , the 

s p e c tr u m  sh ow s the c h a r a c t e r i s t i c  fr a g m en ta t io n  r e a c t io n s  of both  

s p e c i e s .

Thus a w e l l  d efined  (M - 1 ) ^  ion  i s  p r e s e n t  a long w ith  

the ( M  - 43)^ ion . T h e s e  two ion s  c o r r e s p o n d  to lo s s  of the a c e ta l  

h yd rogen  and the a c e ta l  n -p r o p y l  group r e s p e c t iv e ly .  F u r th er  

fr a g m en ta t io n  of th e se  s p e c ie s  i s  a l s o  in  e v id e n c e ,  as  w e l l  a s  the 

p r im a r y  fr a g m e n t  g iv e n  upon c le a v a g e  of the bond (m / e 187)

(fig. V (1) C -1 8  ).



ÇHjOBu
CHOAc

I
AcOCH

OAc
Pr

m/e 418
(molecular ion)

C K O B u
I 2.

CHOAc 
I

AcOCH

© O

CH-OBu 
I '

CHOAc
I

AcOCH
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m /e  315

© O

Pr OAc

m /e 417-P r

-AcOH

CHOAc
I

AcOCH

© O

OAc

m /e 3 7 5

H

m /e  187

OAc
-C3H7CHO O:

©

-AcOH

OAc 
m / e l l 5

O:
©

m /e  5 5

F ig .V  (1) C -18 .



M eanw hile  the a lte r n a t iv e  p r im a r y  fr a g m e n t  

r e su lt in g  f r o m  c le a v a g e  of ( m /e  231), i s  the p a r t ia l ly

butylated  a ld ito l  a c e ta te  ha lf  of the m o le c u le  and so  g iv e s  

the s e c o n d a r y  fr a g m e n ts  show n in  f ig u re  V (1) C -1 9  .
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CHgOBu
I

CHOAc

CH

“BuOH

©
A c O =  CH

m/e 231

m /e 171

AcO.

OAc

©
AcO  =  CH

® .B u

\ \ \

A c O ^

A c O ^

-AcO H  

AcO^ ' ^ B u

m/e 157

-CgHgO

CH3

=  0

A c O =  CH 
©

m/e115

©
OH

O
O

m /e 115 m /e l29

F ig . V (1) C -19 .
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The peak  at m /  e 87 i s  of c o u r s e  due to the  

CH^ OBu ion.

In c o n c lu s io n  then the m a s s  sp e c tr u m  of com pound O 

c o n f irm e d  that i t  w a s  lr O r b u ty l-4 ,  6 -  0 - butylidene-D L , -

g a la c t i to l .

i i i )  C o n c lu s io n .

It w as  s ta ted  in  the in trod u ction  to th is  s e c t io n  that 

ap art f r o m  the s tr u c tu r e  e lu c id a t io n  of the v a r io u s  com pounds under  

study, it  w as  hoped that enough m a s s  s p e c tr a l  data co n cern in g  the  

p a r t ia l ly  butylated  a ld ito l  a c e ta te s  could  be c o l le c t e d  to m ake a 

c o m p a r is o n  b etw een  the la t te r  and the m a s s  s p e c tr a  of the p a r t ia l ly  

m eth y la ted  a ld ito l  a c e ta te s  f e a s ib le .  H opefu lly  th is  a im  has b een  

a c h ie v e d .

Thus it  has b een  show n that in  d ir e c t  a n a logy  to the  

p r o p e n s ity  of the p a r t ia l ly  m eth y la ted  a ld ito l  a c e t a t e s  to lo s e  

m eth an o l,  k e ten e ,  a c e t ic  ac id  and m e th y l  a c e t a t e ,  the p a r t ia l ly  

butylated  a ld ito l  a c e ta te s  can  lo s e  butanol, k e te n e ,  a c e t ic  ac id  and 

butyl a c e ta te  during th e ir  s e c o n d a r y  fr a g m e n ta t io n  r e a c t io n s .

In conjunction  w ith  the above h o w e v e r ,  the p a r t ia l ly  

butylated  a ld ito l  a c e ta te s  a l s o  u ndergo  two p r o c e s s e s  c h a r a c t e r i s t ic  

of the m a s s  s p e c tr a l  beh av iour  of the h ig h er  e th e r s :  thus they

r e a d i ly  l o s e  an a Ike ne (probably  b u t - l - e n e )  during s e c o n d a r y  f r a g 

m en ta t io n  and a l s o  g ive  the R ^ ion  (C^H^ m / e  57). The la t te r  

ion  in  fa c t  often  c o m p e te s  w ith  the a c e ty l iu m  ion  ( m /e  43) fo r  the  

ro le  of b a s e  p eak  in  the p a r t ia l ly  buty lated  a c e ta te ' s  s p e c tr a .

A ls o  the r e la t iv e  f a c i l i t y  and d ir e c t io n  w ith  w h ich  the  

p r im a r y  fr a g m e n ta t io n  p r o c e s s e s  o ccu r  in  the p a r t ia l ly  butylated  

a ld ito l  a c e ta te s  a r e  ana logous  to th o se  o f  the p a r t ia l ly  m eth y la ted  

a ld ito l  a c e ta te s  (f ig . V (1) C -20 )•
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-----OR

where R = Me or n - Bu

CHjOR

OR

—  OAc

where R= M e or n-Bu
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—  OR

OAc

—  OAc

*xrw.

— OAc

CHoOR'2

OR

—  OAc

F i g .V  (1) C -2 0  .

The s p e c tr a  of the m onobuty lated  bu tan -1 , 3, 4 - t r i o l  

a c e ta te s  ( e s p e c ia l ly  that of the 3 -0 -b u ty l  e th er )h a v e  a l s o  d em o n str a ted  

the e f f e c t  that a m eth y len e  carb on  has upon the p r im a r y  fra g m en ta t io n  

p r o c e s s e s :  thus the low  s ta b i l i ty  of the m e th y le n e  r a d ic a l  tends to 

r e ta r d  c le a v a g e  of the CH^ - COR bonds (w here R =  A c  or Bu) as  show n  

in  f ig u r e  V (1) C - 21 .
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CH OR

CH

C H = O R
C H g

CH OR
CHOR

F i g .V  ( D C  .21 .

F in a l ly ,  i t  h as  b een  show n that w hen  an a c e ta l  

fun ction  i s  p r e s e n t  in  the s a m e  m o le c u le  as  the p a r t ia l ly  butylated  

a ld ito l  a c e ta te  m o ie ty  then  the s p e c tr a  p rod u ced  show  the 

c h a r a c te r is t ic  fr a g m e n ta t io n  p r o c e s s e s  of both s p e c i e s .  Thus the

e f fe c t  of the buty lidene a c e ta l  fu nction  i s  s e e n  in  the p r e s e n c e  of a
+ + + w e l l  d efin ed  m o le c u la r  ion  M along w ith  the (M - 1) and (M - 43)

s p e c i e s  in  the spectru m  of com pound O.
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V.

P A R T  TWO

SOME A SP E C T S OF THE C .I .  MASS SPE C T R A  OF SIM PLE  
CYCLIC A C E T A L S .

V (2)A. Introduction .

The b a s ic  c u r r e n c y  of the m a s s  s p e c tr o m e te r  i s  m ade

up of d if fere n t  typ es  of io n ic  s p e c ie s  w h ich  can be produced  in  a

v a r ie ty  of d if fe r e n t  w a y s ,  su ch  as  e l e c t r o n  im p a c t  io n iza t io n ,

f ie ld  io n iz a t io n  or c h e m ic a l  ion iza tion : i t  i s  the la s t  technique w hich
5

w i l l  be c o n s id e r e d  in  this s e c t io n .

In c h e m ic a l  io n iz a t io n  m a s s  s p e c tr o m e tr y  the sa m p le
“6m o le c u le s  a re  in trod u ced  as  a vapour (at ca . 10 to rr )  into the 

io n iz a t io n  ch a m b er  in  the p r e s e n c e  of a la r g e  e x c e s s  of the " rea cta n t  

gas" (at ça .  0. 1 -3  to rr  depending upon the nature of the gas  and the 

m a ch in e  u sed ) .  The m o s t  c o m m o n ly  u s e d  r e a c ta n t  g a s e s  are  

h yd ro ca rb o n s  (CH^, j -  although w a te r ,  a m m o n ia  and the ra r e

g a s e s  have b een  u s e d  by s o m e  w o r k e r s .  N ow  as  the d e g r e e  of 

e x c e s s  of the r ea c ta n t  gas  i s  so  la r g e ,  p r im a r y  io n iz a t io n  due to 

e le c t r o n  b om b ard m ent in  the io n iz a t io n  ch a m b er  o c c u r s  a lm o s t  

e x c lu s iv e ly  to the rea c ta n t  gas  m o le c u l e s .  The la t te r  then

u n d ergo  a s e r i e s  of io n -m o le c u la r  in te r a c t io n s  a m o n g st  th e m s e lv e s  

until a s te a d y  s ta te  p la s m a  i s  given: it  i s  th is  p la s m a  w hich  g iv e s  

r i s e  to the " c h e m ic a l  ion ization "  s p e c tr u m  of the p a r t icu la r  

s a m p le  under study v ia  a s e r i e s  of io n - m o le c u la r  in te r a c t io n s .

The rea c ta n t  gas u se d  in  th is  w ork  w as  isob u tan e .  

F ig u r e  V (2) A - 1 sh ow s the m a in  s p e c i e s  p r e s e n t  in  isobutane  

"plasm a"  and a l s o  i l lu s t r a t e s  the r e a c t io n s  g iv e n  by th is  p la sm a  

w ith  a sa m p le  com pound "SH".
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© •
C4H10 + G ----- ► C4H1Q + 2 e

C 4 H 1 0 — ► C3H7 + C H 3  

C3H7 + C4 HiQ — ► C3H8+ C4H9

m /e 57

then C4HP+ SH ------ ► S H ^  + C4H8 H'*’ addition
(±) ©

C4H9 + SH  ► s  + C/iHin H~ abstraction

then sa y  S H ® ---- ►F,® + N,

F i ® -----► F2® + Ng etc.

F i s . y  (2) A -  1 .

The o b s e r v e d  n et e f f e c t  of th e s e  r e a c t io n s  h o w ev er
+ + i s  that the (M + 1) and/ or the (M 4 1) ion  a r e  the m o s t  abundant

s p e c i e s  in  the s p e c tr u m  of SH, ra th er  than the la r g e  am ount of

ion  fra g m e n ta t io n  that would  be e x p e c te d  in  the c o r r esp o n d in g

e le c t r o n  im p a c t  s p e c tr u m .

A seco n d  m ajo r  d if fe r e n c e  b e tw een  the C .I .  and 

E , I. m o d e s  i s  the fa c t  that the C .I .  s p e c tr u m  of a p a r t icu la r  

s a m p le  i s  s ig n if ic a n t ly  dependent upon the nature  of the rea c ta n t  

g a s .  Thus the C .I .  s p e c tr a  d i s c u s s e d  h e r e in  a r e  the p rod u cts  of 

w hat i s  e s s e n t ia l l y  a s e r i e s  of e v e n  e le c tr o n ,  g a s e o u s  B r(/nsted  

a c id - b a s e  r e a c t io n s  w h e r e a s  i f  sa y ,  had b een  u se d  as  the

rea c ta n t  ion  then  the s p e c tr a  g iv en  w ould  be the r e s u l t  of odd 

e le c tr o n ,  o x id a t io n -r e d u c t io n  c h e m is t r y .

It a l s o  fo l lo w s  that the in te n s i ty  of a g iven  c h e m ic a l  

io n iz a t io n  r e a c t io n  can  be v a r ie d  by v a ry in g  the reac tan t  g a s .

Thus m eth an e  y ie ld s  a p la s m a  w hich  has a m u ch  g r e a te r  p roton  

donating p ow er  than iso b u ta n e ,  w h ile  N e ^ i s  su ch  an e f fe c t iv e
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o d d -e le c t r o n  io n iz in g  agen t  that it  can g ive  a g r e a te r  d e g r e e  of  

fra g m e n ta t io n  than the e l e c t r o n  im p a c t  m ode for  any g iv e n  s a m p le .

In s u m m a r y  then the m a in  a r e a s  in  w h ich  the ev en  

e le c t r o n  c h e m ic a l  io n iz a t io n  s p e c tr a  c o n s id e r e d  h e r e in  d if fer  f r o m  

the e l e c t r o n  im p a c t  s p e c tr a  a r e  as  fo l lo w s .

(1) The d e g r e e  of fr a g m e n ta t io n  i s  m uch  s m a l le r  in  the

C .I .  s p e c tr a .
+ 4-

(2) The (M +  1) a n d /o r  the { M - 1 ) ions  a re  g e n e r a l ly

the m o s t  abundant ion s  in  the s p e c tr a ,

(3) The ion s  c o m p r is in g  the s p e c tr a  tend to be lo c a te d  in

the h ig h er  m a s s  range of the s a m p le  u s e d .

V(2)B. M a ss .  s p e c tr a  of s im p le  d io x o la n e s ,  d io x a n e s ,  d io x ep a n es  and 

d io x o c a n e s .

(i) G e n e r a l  c h a r a c t e r i s t i c s .

The C .I .  m a s s  s p e c tr a  of the t i t le  com pounds  

su b st itu ted  at C^ w ith  H, n - P r  and CH^Cl w i l l  be c o n s id e r e d  in  th is  

s e c t io n  a long w ith  2 - v i n y l - 1, 3 -d io x o la n e ,  2 - v i n y l - 1, 3 -d io x a n e  and 

2 - ( p r o p - 1 - e n y l ) - l ,  3 -d io x o la n e .

A num ber of c h a r a c t e r i s t i c s  w e r e  p r e s e n t  in  a l l  of the 

s p e c tr a  c o n s id e r e d .  T h e se  a re  l i s t e d  b e low .

(a) The C^H.  ̂ ^ ion  ( m /e  43) and the C^H^ ^ ion  ( m /e  5 7 ) .

T h e s e  s p e c ie s  a r e  the m o s t  abundant ions  p r e s e n t  in  

the isob u tane  p la sm a^  and c o n se q u e n tly  a r e  p r e s e n t  in  e v e r y  s p e c tr a  

in  w h ich  the la t te r  is  u se d  a s  the r ea c ta n t  g a s .  The ion  at m / e  57  

i s  g e n e r a l ly  the m o s t  abundant s p e c i e s  in  a l l  of the s p e c tr a  c o n s id 

e r e d  in  th is  s e c t io n ,  w h ile  the m / e  43 io n  i s  often  the seco n d  m o s t  

abundant ion: thus w hen the " base  peak" i s  r e f e r r e d  to in  the 

fo llo w in g  d i s c u s s io n  th is  r e f e r s  to the m o s t  abundant ion  g iv en  by  

the p a r t ic u la r  com pound under study and not n e c e s s a r i l y  to the  

m o s t  abundant ion  in  i t s  sp e c tr u m .
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(b) The (M + 1) and (M - 1) i o n s .

T h e se  a r e  r e s p e c t i v e ly  p rod u ced  by d ir e c t  proton  

add ition  and d ir e c t  hydride  a b s tr a c t io n  r e a c t io n s  b etw een  

the isob u tane  p la s m a  and the a c e ta l  under study ( f ig .V (2 )B  - 1).

CH— O

CH— O

©
+ C ^ H g

CH— O

+ C 4 H 0

C H — O

( M t l )

Y  + C4 H® ----- ► ( Ç H 2 ) n \ l_ R + C 4 H io

C H - O  R C H — O ■

(M -D ®

w here n = 0,1,2,3

F ig .V  (2) B - 1.
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The (M+1)^ ion is generally the most abundant ion given 
by the simple cyclic acetals with the species occupying
quite a minor role in most cases. It is only in the dioxolanes that
the (M-1 ion reaches any significance in the spectra of the cyclic 
acetals.

This is well illustrated in Table V (2) B-1 , where the
ratios of the relative intensities of the (M+1 )̂  and ions are
displayed for a series of cyclic acetals substituted at with H and 
n-Pr,

Size of ring (M+1)^/(M-1)^ratios
H at Cg n-Pr at C,

5 3 . 6 2,9

6 10,7 11.6

21 , 7 23 . 8

83.3 125 . 6

Table V (2) B-1

The main point to note here is that the (M+1 )"**/(M-1 )^ratios 
increase steadily in value as one goes from the 1 , 3 ~ dioxolanes to 

the 1 , 3 - dioxocanes .
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One possible interpretation of the above values is that 
the relative (M+1 )"**/(M-1 ratios give an insight into the relative 
facilities with which the various cyclic acetals undergo protonation 
by the isobutane plasma in the gaseous phase i.e. an insight into their 
relative basicities. Thus the data suggests that the basicities of the 
acetals are in the order 5 < 6 < 7 < 8  in the gaseous phase,

(c) The (M-R)~*~ ion.
This species was present in the spectra of every acetal 

looked at: a possible rationale for its formation is shown in figure 
V (2) B - 2 which suggests expulsion of RH from the (M+1)^ ion.

I
'2*^0

C H r \ ©  

(ÇHJn

Cm + i ) (m - r)

where n 0,1,2 , 3

F i g .  ( 2 ) B  -  2 .

RH
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i i )  S p e c if ic  c h a r a c t e r i s t i c s  in  p a r t ic u la r  th o se  a s s o c ia t e d  w ith  

the d if fe r e n t  su b s t itu e n ts .

(1) The un su b stitu ted  c y c l i c  a c e ta l s  i . e .  1, 3 -d io x o la n e ,

1, 3 -d io x a n e ,  1, 3 -d io x ep a n e  and 1, 3 -d io x o c a n e .

(a) The (M" - 29)^ and (M - 31)^ i o n s .

T h ese  two s p e c ie s  a r e  the on ly  o ther  ion s  p r e s e n t  

in  the s p e c tr a  of the u n su b stitu ted  a c e ta l s  apart f r o m  the (M - 1)

and (M + 1)^ io n s .  T h ey  a r e  thought to be fo r m e d  w hen  one
+ + m o le c u le  of fo rm a ld eh y d e  i s  l o s t  f r o m  the (M + 1) and the (M - 1)

io n s  r e s p e c t iv e ly  { f ig .  V (2) B - 3 ) .

H2C0 +

©
O' H

( M - 2 9 r

O
©

H 2C O  +
o

©

(M -1  r (M-31 )*-=!%

F ig . V (2) B - 3 .
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(2) The 2 -  n -  propyl d e r i v a t i v e s .

(a) The P rC  =  O ion.

A l l  of the n -b u ty l id en e  a c e t a l s ' s p e c tr a  con ta in ed  an  

in te n se  peak  at m /  e 71. It i s  thought to be g iv e n  by the m e c h a n is m  

show n in  f ig u re  V (2) B - 4  in  w hich  2 - n - p r o p y l - 1 , 3 -d io x a n e  i s  

u se d  as  an e x a m p le .

o
+ Pp C e Ô

m /e 7 l

F i g .V  (2) B -4  .

(b) The (;M - 29)^ and ( M -  31 )~̂  i o n s .

T h e s e  two ion s  a re  both g iv e n  by the 2 -n -p r o p y l

h o m o lo g u e s  and a s  in  the s p e c tr a  of the u n su b stitu ted  a c e ta l s  a r e
+

thought to be the r e s u l t  of lo s s  of fo rm a ld eh y d e  f r o m  the (M + 1) 

and (M  - 1)^ ion s  r e s p e c t iv e ly .

(c) O ther io n s .
+ .The s p e c i e s  at (M - 27) i s  a m a jo r  fe a tu r e  of

2 - p r o p y l - 1, 3 -d io x o la n e 's  sp ec tru m : it  i s  thought to be g iv e n  w hen
+

a m o le c u le  of e th y len e  i s  l o s t  f r o m  the (M + 1) ion  a s  show n in  

f ig u re  V (2) B - 5 .
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( M + l /

-► C 2 H 4  +

( M - 2 7 r

F i g .V  (2) B - 5 .

{3) The 2 -c h lo r o m e th y l  d e r iv a t iv e s  .

(a) The (M. + 3)^ io n .

The (M +  3)^ ion  i s  p r e s e n t  in  a l l  of the s p e c tr a  of

the 2 -c h lo r o m e th y l  d e r i v a t i v e s .  It i s  of c o u r s e  due to the
+ 37" (M +  1) ion" of the a c e ta l  m o le c u le s  w h ich  con ta in  the Cl

35iso to p e  ra th er  than the m o r e  abundant Cl is o to p e .

T h is  p a ir in g  of s p e c ie s  d if fer in g  by 2 m . u. p e r s i s t s  

w h e n e v e r  a ch lo r in e  a to m  i s  p r e s e n t  in  a g iv e n  fr a g m e n t  and w i l l  

be r e p r e s e n te d  h e r e in  by the s u b s c r ip t s  35 and 37 e . g .  (M + 1

(b) The (M - Cl)'^ io n .

The d ir e c t  a b s tr a c t io n  of a c h lo r id e  ion  by the p la s m a
7in  C .I .  m a s s  s p e c tr o s c o p y  i s  a w e l l  d ocu m en ted  p r o c e s s .  Thus it  

i s  not s u r p r is in g  to find th is  ion  in  the 2 - c h lo r o m e th y l  d e r iv a t iv e s '  

s p e c tr a  (fig. V ( 2 ) B  - 6 ) .
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© O  
\  ® +HCI  

•O +C4 H8

hydride  
shift

F i g .V  (2) B - 6 .

(c) The (M -37)  io n .

T h is  ion  i s  p r e s e n t  in  a l l  of the 2 -c h lo r o m e th y l

d e r iv a t iv e s '  s p e c tr a  although a ra t io n a l iz a t io n  fo r  i t s  fo r m a t io n  i s

not r e a d i ly  a v a i la b le .  It m a y  p erh ap s  be due to l o s s  of hyd rogen  
+

fr o m  the (M -C l)  s p e c i e s  (fig. V (2) B - 7  ), a lthough w hy th is  should
+ +not o ccu r  in  the (M -R ) or (M -1) io n s  of the o ther 2 -  su bst itu ted  

a n a lo g u es  i s  not c l e a r .
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( M - C D +

+ Hg

F i g .V  (2) B - 7 .

^4) T h e  2 -  a Ike ne d e r i v a t i v e s .

T his  in c lu d e s  the s p e c tr a  of 2 -  v i n y l - 1, 3 -d io x o la n e ,  

2 - v in y l -  1, 3 -d io x a n e  and 2 - ( p r o p - I - e n y l )  -1 ,  3 -d io x o la n e .

(a) ion.

T his  i s  s e e n  in  the s p e c tr a  of a l l  th r e e  com poun ds.
8 +F ie ld  et  a l have d em o n str a te d  that the M ion  i s  a g e n e r a l  fea tu re  of

the C .I ,  s p e c tr a  of m o s t  o le f in s .  T h ey  have  attr ibuted  i t s  fo r m a t io n

to ch a rg e  exch an ge  r e a c t io n s  that o c c u r  b e tw een  the o le f in  m o le c u le  

and the e th y len e  ion  w h ich  w a s  p r e s e n t  in  s m a l l  am oun ts  in

the m eth an e p la s m a  u s e d  in  th e ir  e x p e r im e n ts .

P r e s u m a b ly  then the M ion  p r e s e n t  in  the s p e c tr a  

of the t it le  com pounds i s  due to the - o le f in ic  m o ie t i e s  undergoing  

an a logou s  ch a rg e  exch an ge  r e a c t io n s  w ith  the isob u tane  p la sm a  

( f ig .V  (2) B - 8  ).
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s a y  ( ) *
-O

n ’

M'

F i g .V  (2) B - 8  .

(b) (M-29)~^ io n .

2 - V i n y l - l , 3 -d io x o la n e  and 2 - ( p r o p - l - e n y l ) -  

1, 3 -d io x o la n e  both have the (M -29)^  ion  in  th e ir  s p e c tr a .  It i s  

p rob ab ly  due to l o s s  of fo rm a ld eh y d e  f r o m  the (M + 1)^ ion  as  

h as  b een  d e s c r ib e d  e a r l i e r  (p .2 4 6  ).

(c) Other i o n s .

The s p e c tr u m  of 2 - ( p r o p - l - e n y l ) - l , 3 -d io x o la n e  

con ta in s  io n s  of lo w  in te n s ity  at the m / e  v a lu e s  69, 71 and 8 7.

The ion  at m / e  69 i s  thought to be due to l o s s  

of C^H^O fr o m  the (M - 1 ) ^  ion  ( f i g . V  (2) B -  ,9 a ) ,  w h ile  the 

m / e  87 s p e c i e s  i s  p rob ab ly  g iv e n  by l o s s  of e th y len e  f r o m  the 

(M + 1) ion  v ia  the m e c h a n is m  show n in  f ig u r e  V (2) B -  9 b .

Thus carb on s  4  and 5  of the d ioxo lan e  r in g  a r e  thought to be 

l o s t  a s  the a lk e n e .  T h is  p r o c e s s  h as  a l s o  b een  d i s c u s s e d  in  the 

fra g m e n ta t io n  of 2 - n - p r o p y l - 1 ,  3 -d io x o la n e .
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( a )

C 2 H 4 O  
 ►

©

m /e 6 9

( b )

©  / H

C p H2 ^ 4

©  
HO

m/e 87

F i g .V  (2) B - 9 .

F in a l ly  2 - ( p r o p - 1 - e n y l ) - l , 3 -d io x o la n e  a l s o  

g iv e s  an (M - 43)^ ion  w hich  i s  thought to be the r e s u l t  of the 

show n r e a r r a n g e m e n t  of the (M + 1 ) ^  s p e c i e s  ( f ig .V  (2) B -IQ ).



233

hydride^ 
shift *

- C 2 H 4 O

© 

m /e 71
C3H7CEO

F i g . V  (2)  B  - 1 0 .

V(2)C . The 2, 4 - d i s u b s t i t u t e d  d i o x o l a n e s .

T his  s e c t io n  w i l l  c o n s id e r  the s p e c tr a  g iven  by the  

d io x o la n e s  show n in  f ig u re  V (2) C - 1.

(1) R = CH.

R

O

O

R'

R"
(cis /trans)

R'= H

R'= CH.
(2) R = CH2 CI R' = H

R" 
R" 
R" 
R" 
R" 
R" 
R"

R'= CH3  R"

F i g . V  (2) C - 1.

H
C H 3

Pr
C H 3

H
CH3
Pr
C H 3
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i) G en era l c h a r a c t e r i s t i c s .
+ + +(a) The (M + 1) , (M - 1) and (M - R) ion s  w e r e  p r e s e n t

in  a l l  of the s p e c tr a  lo o k ed  at, the (M  - 1 ion  hold ing  b a s e -p e a k  

s ta tu s  in  e a c h  c a s e .

(b) The (M. - R'R"CO)"^ ion .

A l l  of the 4 -m e th y l  su b st itu ted  d io x o la n es

gave  an ion  at m / e  59: th is  i s  thought to be g iv e n  by the m e c h a n is m

show n in  f ig u re  V(2) C - 2a and i s  one of the m o s t  abundant s p e c i e s

in  the 4 -m e th y l  d e r iv a t iv e s '  s p e c tr a .

M eanw h ile  the 4 - c h lo r o m e th y l  com pounds a l l

con ta in  abundant ion s  at m / e  93 and m / e  95. T h e se  io n s  a re
+

thought to r e s u l t  w hen the (M  + 1) s p e c i e s  l o s e  th e ir  r e le v a n t  

a ld eh y d es  (or keton e) in  a s im i la r  p r o c e s s  to the 4 -m e th y l  

com pounds ( f ig .V  (2) C -  2b).

( M + i r

R'R'CO +

m/e 59

©
( b )

Where R'= H, Me, or Pr when R"=H 
or R'= Me when R"=Me

V
O  ©

m /e93 or 95

F ig .V  (2) C - 2.
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i i )  S p e c if ic  c h a r a c t e r i s t i c s .

1. 4 -M e th y l  d e r i v a t i v e s .

(a) The P rC  ^  O i o n .

T his s p e c i e s  ( m /e  71) w a s  p r e s e n t  in  the s p e c tr u m
i

of 4 t m e t h y l - 2 - p r o p y l - 1 , 3 -d io x o la n e :  it  i s  a g e n e r a l  fea tu re  of the

butylidene a c e ta l s '  s p e c tr a  (p. 2.47 ).

(b) The (M -27)^  io n .

B oth  the 4 - m e t h y l - 2 - p r o p y l  and the 2, 2, 4 -
-f-

tr im e th y l  com pounds gave an (M - 27) ion , prob ab ly  v ia  l o s s  of
+

e th y le n e  f r o m  t h e ir  r e s p e c t i v e  (M + 1) s p e c i e s ,  (p. 2 4 7  ).

2. 2 - A Ikyl - 4 - ch lor  om e thyl d e r iv a t iv e s  .

(a) The ( M + 3 )  ̂ i o n .

The p r e s e n c e  of two n a tu r a lly  o c c u r r in g  i s o to p e s

o f  c h lo r in e  m e a n s  that the s p e c t r a  of the t i t l e  c o m p o u n d s  a l l
+ +

c o n ta in  the ( M + 1)__ and (M + 1 )_ _  i o n s .3 b 3 f
T his  p a ir in g  of ion s  d if fer in g  by two m a s s  units  is  

s e e n  throughout the t it le  com pounds' s p e c tr a  w h e n e v e r  ch lo r in e  

r e m a in s  in the f r a g m e n ts .

(b) The (M - Cl)"  ̂ i o n .

T h is  i s  thought to be g iv e n  by  d i r e c t  a b s t r a c t io n  of  

a c h lo r id e  io n  b y  the  i s o b u ta n e  p l a s m a ,  ( f ig .  V (2) C - 3)  ̂ in  a  

s i m i l a r  m a n n e r  to  th a t  w h ic h  o c c u r r e d  in  the  2 - c h lo r o m e t h y l  -1 ,  3 -  

d io x o la n e s  (p. 2 4 8  ).
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+ C4 Hg

O  R'

R"

o r

O

O

(c) Other io n s .

F i g .V  (2) C - 3.

The 4 - c h lo r o m e t h y l - 2 -p r o p y l  d e r i v a t i v e  gave  
+

the ex p ec te d  P rC  =  O ion  ( m /e  71) w h ile  4 - c h lo r  om e t h y l - 1, 3 -  

d ioxo lan e  gave  an ion  at m / e  73 w hich  i s  thought to be due to lo s s  

of m eth y l c h lo r id e  f r o m  the (M + 1 ) ^  ion: a s im i la r  fra g m en ta t io n

of the (M. — 1)^ s p e c ie s  y ie ld s  the m / e  71 io n  ( f ig .V  (2) C - 4).
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Q ©

O

+ CH3CI

■ ^ o ©

m /e73  (M -49 )+

o '©

. 0

)>  * CH3CI 
■ Q ®

m /e 71 (M -5 1 )*

F i g .V  (2) C -  4.

The fa c t  that the a n a lo g u es  of th e s e  two ion s  

a r e  not p r e s e n t  in  the s p e c tr a  of the o ther  4 - ch lo r o m e th y l  

d e r iv a t iv e s  c a s t s  doubt o v er  the above r a t io n a le s ,  a lthough it  is  

d iff icu lt  to e n v is a g e  m o r e  su itab le  a l t e r n a t iv e s .
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VI. GENERAL METHODS AND TECHNIQUES.

Introduction.
In this chapter the techniques most commonly used in the 

work presented in this thesis are elaborated upon. This entails 
naming the specific type of equipment used in the various general 
experiments and in certain cases (such as periodate oxidation) 
experimental details are presented,

1. Gas liquid chromatography (G.l.c,).
i) Machinery, In all g,l,c, experiments a Pye 104

chromatograph with flame ionization detector was used.
A Hewlett Packard 3370 B integrator was also used when 

specific peak areas had to be obtained.

ii) Stationary phases.
a) Apiezon - K on Chromasorb - W.
b) OV-225 (3)Q on Chromasorb - W.

iii) Derivatisation.
a) Acetates.

% e  sample (ça, lOmg.) wsis dissolved in dry 
pyridine (1 ml.) and then acetic anhydride (1 ml.) was 
added. The reaction mixture was then heated upon a 
boiling water bath for Ih. after which time the solvent 
was removed using a rotary evaporator.

The resulting generally light yellow syrup was
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then dissolved in dry diethyl ether and injected into the 
g.l.c. or g.l.c./m.s. systems.

h) Trimethylsilyl ethers?
The sample (l0-20mg.) was dissolved in dry pyridine 

(1 ml.) and then treated with hexamethyldisilazane (0 . 2  ml.)
and t r i m e t h y l s i l y l  c h lo r id e  (O .l m l .)  f o r  about 3 m inutes a t  40° 

After removal of the resulting precipitate via 
centrifugation the supernatant liquor was ready for analysis.

iv) Gases.
a) The carrier gas used was nitrogen at a flow rate of 
4o ml./min.

b) The flame ionization detector burnt a hydrogen and air 
flame at 25 p.s.i. and 15 p.s.i. respectively.

2. Thin layer chromatography (t.l.c.)
i) Plates.

The commercially available plastic plates (5 x 20 cm.) 
supplied by Camlab of Cambridge were used for all t.l.c. work; 
they were precoated  with silica gel (0.25 mm of Polygram Sil G). 

All quoted Rp values were taken with these plates.

ii) Solvent systems.
a) Solvent A - toluene/methanol (9:1),
b) Solvent B - butanone saturated with water.
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iii) Developing the plates.

When the solvent front had reached approximately 20 cm, 
from the top of the t.l.c. plate it (the solvent front) was 
marked and then a hot-air blower was used to remove the solvent.

The plate was then sprayed with an ethanol/water/sulphuric 
acid (40x40;10) mixture and heated at ça. 120^ until no more dark 
coloured spots appeared; this'generally took ça. 30 minutes.

3. Column chromatography.
i) Machinery.

Various column sizes were used depending upon the amount 
of material that had to be fractioned. A Central fraction collector 
and fraction cutter were used with every column.

ii) Packing material.
Silica gel (Kieselgel 60, 70-230 mesh ASTM) commercially 

available from Merck was the packing material used in all column 
work.

4. Mass spectrometry,
i) Machinery.

a) Electron impact (E.I.) mode - a VG micromass 12F 
spectrometer was used with a 70! eV ionization potential ..

b) Chemical ionization (C.I.) mode - - ^

the s a m e  m ach in e  w a s  u s e d  under the shown op era t ion a l  

condit ions .
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E l e c t r o n  e n e r g y  - 50 eV

E m i s s i o n  c u r r e n t  - 1 0 0 ^  A

R e p e l l e r  vo l tage  - 2 V

P r e s s u r e  of i sobutane  - ca.  0 . 1 5  torr

T e m p e r a tu r e  of s o u r c e  - 190°

c) Gas liquid chromatography/mas s spectrometry (g.l.c./m.s.)
- here the VG micromass 12F spectrometer was linked 

(via a jet separator interface) to a, Pje 104 chromatograph.

The stationary phase used was generally OV-225 (3%) 

on Chromasorb - W while helium at 30 ml./min. was the carrier 
gas. The column was heated to 200°.

5. Nuclear magnetic resonance (N.M.R.) spectroscopy.

i) Machinery.
The 60 MHz proton resonance (p.m.r.) spectra used in 

the preliminary analysis work were taken on a Variam EM 3^0 
spectrometer.

ii) Solvents.
In most cases deuteiwehloroform was used.

iii) Other data.
The spectra were all ran at ambient temperature and 

the signal given by the protons in tetramethyIsilane (T.M.S.) 
was used as the reference signal (internal) in each case.
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6. Melting points..

All melting points were taken using a Thomas-Hoover 
melting point apparatus and are uncorrected.

7 . Elemental analysis.
All of the elemental analyses (c ,  H, Cr) quoted in this 

thesis were given by Butterworth's Microanalytical Consultancy, 
Teddington.

8. Molybdate lonophoresis.
i) Machinery

A Shandon electrophoresis machine was used.

ii) Procedure.
The procedure used was essentially that described by 

Foster? Thus the sample plus a galactitol standardwere applied to 
a 100* 12'5cm.strip of Whatman No. 2 paper which was tien soaked 
in sodium molybdate (pH 5) solution and placed onto the 
ionophorimeter. The two ends of the paper strip were left : . .
immersed in the sodium molybdate (pH 5) solution and so acted 
as wicks. A current of 85 milliamps at .90OÛ volts was then 
applied for ca. 45 minutes.

After drying^the strip was developed by treatment with 
solutions of silver nitrate and sodium hydroxide. The developed 
spots were "fixed" with sodium thiosulphate solution. The 
distance the sample spot had moved from the base line was then
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expressed as a decimal fraction of the distance moved by the 
galactitol standard : this is the "mobility" of the sample,

* o  y9* Periodate oxidation and related reactions/
i) Determination of periodate ion (lOH ) uptake.

Analar solutions (lOO ml., O.I5M) of sodium metaperiodate 
and sodium iodate were prepared, An aliquot, from eachi ( 1 ml,l) was 
then made up to 250ml. and then the absorbance of the two 
solutions were measured at 222.5 nm. via a Unicam SP 5OO 
spectrophotometer. Using these two values a calibration plot 
could then be made relating absorbance to ionic composition 
for a given solution: this is based upon the quite reasonable 
assumptions that the periodate solution contains : lOO^ ions 
and 10^ and visa versa.

An accurately weighed sample (ça. lOmg.) of the 
compound under study was then dissolved in the 0 ,1^  periodate 
solution (10 ml.).

Aliquots (1 ml.) were then periodically withdrawn, 
made up to 250 ml. and their absorbances obtained at 2 2 2 .5 nm,
When two c o n s e c u t iv e ly  co n s tan t"  re a d in g s  were o b ta in ed  the  

r e a c t i o n  was judged com plete .

Using the final absorbance value obtained the molar 
uptake of periodate ion per mole of sample was then obtained 
from the calibration plot. The method was checked for accuracy 
by using the oxidation of 2 ,5-0-methylene mannitol as a standard 
and running the two reactions concurrently.



265

il) Formaldehyde determination.

This was done spectrophotometrically using the colour 
reaction given by formaldehyde with chromotropic acid reagent.

The chromotropic acid reagent was prepared by the 
addition of a sulphuric acid/water mixture (2:1, v/v) to an 
aqueous solution of chromotropic acid sodium salt (0.5g»* in 50 

ml.) and making the volume up to 250 ml.
To determine the amount of formaldehyde liberated by 

the sample after 24h. an aliquot (1 ml.) of the aforementioned
sample/periodate solution was diluted to iO ml. Meanwhile aliquots 
(1 ml.) of the standard 2,5-0-methylene mannitol/periodate 
solution were diluted to 10 ml., 25 ml. and 50 ml.

An aliquot (1 ml.) of the above solutions was then 
mixed with sodium sulphite solution (20î , 0.1 ml.) and the 
chromotropic acid reagent (8.4 ml.) and heated on a boiling water 
bath for Ih. A blank of water was similarly treated.

After this period the solutions had developed the 
characteristic violet colour to various intensities. Thiourea 
solution (0.4^, 0.5 ml.) was then suided to each solution and its 
absorbance was taken at 570 nm. against the water blank.

Using the absorbance values obtained from the standard 
2,5-0-methylene mannitol a calibration graph relating absorbance 
to formaldehyde concentration was plotted. The number of moles 
of formaldehyde liberated per mole of sample could then be found.
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ill) Formic acid determination.

When periodate oxidation was completed an aliquot (2 ml.) 
of the sample/periodate solution was treated with several drops 
of ethylene glycol (to destroy any remaining periodate ion) and 
then titrated against dilute sodium hydroxide (O.OlM) using methyl 
red as indicator. A sample of the hulk periodate solution was 
similarly treated : the difference between the two titres was then 
used to calculate the number of moles of formic acid liberated 
per mole of sample.
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APPENDIX I

E.I. mass spectra of the 2-chloromethyl acetal products,

m/e ^ of hase peak
100

41 1 7 .5
43 5 4 .3

57 2 5 .7

63 6 0 .4

65 18.2
71 8 .7

93 22

95 6 .6

3 - (2 - Chloroethoxy) - propan - 1 - ol.
n/e % of base peak

21 loo

41 2 1 .9

45 3 2 .8

49 9 .4
,51 2 .3

57 2 3 .4

59 25

63 6 2 .5

65 18.8
71 3 .9

75 4 .7

83 1 7 .2

85 1 2 .5

- 89 31.3
93 14.8

130 11.7
131 1.5
132 2.3
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3» 4 - (2 - Chloroethoxy) - butan - 1 - ol.

% of base

31 8 7 .4

41 4.2
43 7 1 .6

44 5 8 .9
49 9 .5

51 2.1

55 8 9 .5

57 12.6

É1 loo.

65 30.5
71 3 7 .9

73 9 7 .9
83 42.1
85 24.2
89 16.8
93 2 8 .4

95 10.5
151 -
153 -
155 -

peak
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4. 9 - (2 - Chloroethoxy) - pentan - 1 - ol.

m/e % of tiase -peak
31 99
41 lOO
43 3 1 .1

45 17.5
49 1 5 .5

51 3 .9

55 2 9 .1

57 3 6 .9

63 8 2 .5

65 2 7 .2

69 1 6 .3

83 5 8 .3
85 4 3 .7

87 14.6
93 2 7 .2

95 9 .7

99 7 .8

119 2 3 .3

l 2 l  7 .7

148 3 .9

149 9 .2

167 7 .8

169 1 .9
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E.I. mass spectra of some partially n-butylated polyol acetates,

1. 2,3»-4-Tri-O-acetyl-l-O-butyl-DL-erythritol.

m/e % of base
73 38
84 33.5
87 91.3
99 9 .4

103 43 .5

i l i 100

129 98.5
142 72.6

159 3 .8

171 4 .0
184 11.4

231 2 .3

2. 1,3,4-Tri-0-acetyl-2-0-butyl-DL-erythritol.

m/e % of base peak
73 17.4
103 100,-
115 86.6
129 1 5 .8

145  5 .3

159, / 89..I
171 28 .5

231  7 .9
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m/e

-u—Dux.y±— JL/.iii/—tij'v biiz-x i/uj.. , 

% of base peak

4 5 5 9 .3

'̂ 8Z 100
103 18.3
115 22.4
129 3 6 .6

159 1 5 .5
203 18.2
259 22

3,4-Dl-O-acetyl-1,2-di-O-butyl-DL-erythritol.

m/e % of base peak

73 42.4
103 7 1 .1

115 100.

129 36

159 81.9
171 3 3 .7

173 16.2
185 21.6
231 11.2
245 36

3-0-Acetyl-l,2,4-tri-0-buty1-DL-erythritol.

m/e % of base peak

87 23

117 53.2
129 5 6 .6

_ iZl loo
173 2 8 .8

185 8 2 .8

245 18.2
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6. 4-O-Acetyl-l,2,3-tri-O-butyl-DL-erythritol,
m/e % of base peak
6 t ' ' jm'':

85 30.5
87 18.6

100
115 18.0
117 23.4
129 4 5 .5

159 8 9 .8

185 2 7 .5
245 8.4
259 9 .6

7. 2,3,4,5,6-Penta-O-acetyl-l-O-butyl-DL-galactitol

m/e ^ of base peak

87 5 5 .8

115 7 8 .3

129 loo

157 4 7 .5

171 5 2 .7
226 2 2 .7

8 , 2,3.4,5-Tetra-O-acetyl-l,6-di-O-butyl-galactitol.

m/e % of base peak

73 2 3 .9

85 2 3 .2

:87 60

103 11.3
115 3 1 .3

122 loo

157 1 9 .4

 ̂ 159 7 .4

171 40.3
I83 2 9 .7
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% of base peak

213 2 5 .8

217 3 1 .6

255 14.5

9* 2,3»5»6-Tetra-0-acetyl-l,4-di-O-butyl-DL-galactitol,

m/e % of base peak

55 13.8

73 3 6 .5
85 42.8
87 15.1

103 32.9
1 1 5  6 9 . 7

129 8 2 .9
141 16.4

159 3 9 .5
171 loo

185 2 9 .6

215 1 7 .8

231 72.4

257 14.5
317 20.7
388 16.4
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10. l,2,5-Tri-0-acetyl-3-0-butyl-4,6 -0-butylidene-DL-galactitol.

m/e % of base

H i loo

129 39
171 20.1
187 13.6
231 1 1 .7

273 2 6 .6

11. 2,3,5"Tri-0-acetyl-l-0-buty1-4,6-0-butylidene-DL-galactltol.

m/e % of base peak

85 39
87 2 6 .2

115 100
129 8 5 .1

1 5 7  3 9 . 7

171 5 7 . 6

I 87  2 6 .6

199  1 2 .9

243 11
303 16.2
3 4 5  3 5 .4

375 3 4 .2

41 7  5 6 .7

418 1 3 .2
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12. D L - 1 , 4 - D i - 0 - a c e t y l - 3 - 0 - b u t y l  b u ta n -1 , 3, 4 - t r i o l .

m /

70 100

99 26.  7

117 4 1 . 3

126 42.  5

159 7 . 5

173 1 3 . 3

D L — 3, 4 -D i -O  - a c e t y l ” 1 — 0•-butyl b u t a n - 1 ,

m /  e % of b ase  peak

69 8 5 . 9

75 22.  7

100

101 1 5 . 4

129 20.  0

131 12.  7

189 2 0 . 5

DLi-3,  4 -D i -O -b u ty l  butan - 1 , 3 , 4 -  triol .

m /  0 % of b ase  peak

75 100

87 47.  7

113 2 1 . 5

115 28.  0

117 2 2 . 4

131 90.  7

173 3 9 . 3
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15.  D L -1,  4 -D i -O -b u ty l  butan-  1 , 3 ,  4 - t r i o l .

m /  e % of base

75 100

87 6 1 . 2

100 15.  7

101 2 3 . 6

115 3 6 . 7

131 6 8 . 2 .
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APPENDIX I I I

C.I. mass spectra of some simple cyclic acetals.

The (M+1)^ and(M-l)*^ ions are the dominating features of 
C.I. spectra in general, consequently the intensities of the relevant 
fragment ions are relatively small. For this reason ions with 
intensities below 10% of the respective base peak intensities have 
been considered.

1. 1,3 - Dioxolane.
m/e % of base peak

45 5 .5
73 27 .8

Z i  M

2. 1,3 - Dioxane.
m/e % of base peak

59 8 .4
87 9 .3
89 loo

3 . 1.3 - Dioxepane.
m/e % of base peak

73 19.4
101 4 .6

103  100
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4. 1,3 - Dioxocane.
m/e % of base peak

85 1.1
87 13.1

115 1.2
HZ 100

2-n-Propyl-l,3-dioxolane.
m/e % of base peak

71 26.8
73 22
85 4.9
87 4.6
89 29.3

115 34.1
HZ 100

2-n-Propyl-l,3-dioxane•

m/e % of base peak

71 1.7
75 1.5
87 8.2
91 9.1

loi 1.3
117 1.7
129 8.6
121 loo
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7. 2-n-Propyl-l,3-dioxepane.
m/e % of base peak

71 2 .6

lOl 2 0 .8

111 2 .0

113 3 .8

115 4 .0

131 5 .3
143 4 .2

loo

2-n-Propyl-l,3-dioxocane.

m/e % of base peak

71 18.4
115 44.2
127 6.1
129 3 .4

Ü 2 loo

2-Chloromethyl-l,3-dioxolane.

m/e ^ of base peak

73 1 3 .2

85 3 .5

87 1.1
I2l 11.4

loo
125 3 1 .1
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10. 2-Chloromethyl-l ,3-dioxane,

m/e % of base peak
87 9 .6

99 3 .1
lo i 1 .4

H Z 100

139 30.9

2-Chloromethyl-l ,3-dioxepane.

m/e % of base peak
lo i 16.5
113 7 .4

115 5 .4

151 100

153 31.4

2-Chloromethyl-l ,3-dioxocane.

m/e % of base peak

115 33.6
127 6 .8

129 3 .5

lâl 100
167 32.1
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13. 2-Vinyl-l,3-dioxolane.

m/e % of base peak

?1 1.6
73 5 .1

99 7 .6
100 4.8
101 loo

2-(Prop- 1-enyl)-1,5-■dioxolane.

m/e % of base peak

69 2 .5
71 9 .6

73 9 .9
85 4 .8

87 3 .9
99 6,4

113 4.6
114 1 .9

H i loo

4-Methyl-l,3-dioxolane.

m/e % of base peak

58 26

59 35 .8
69 19.3
87 ' 32.7
82 loo
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16. 2,4-Dimethyl-1,3-dioxolane.

m/e % of base peak
87 12.7
101 4.9
102 loo

2,2,4-Trimethyl-l,3-dioxolane.

mZk % of base peak
89 1 3 .6

101 12.8
102 loo

4-Methyl-2-n-propyl-l,3-dioxolane.

m/e % of base peak

59 18.5
71 10.4
87 1 4 .9

89 10.1
lo i 5 .2

103 16.0
129 1 5 .6

m loo
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l9« 4-Chloromethyl-l, 3-dioxolcLne.

m/e % of base peak

67 2.8
69 5.4
71 6.2
73 10.3
87 5.4
93 15.3
95 4.9

121 21.9
m 100
125 33.6

20. 4-Chloromethyl-2-methyl-l,3-dioxolane.

m/e % of base peak

93 12.7
95 4,1

101 5.1
119 8.9
121 6.7
123 2.5
135 22.2

H Z 100
139 31.7
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2l. 4-Chloromethyl-2,2-dimethyl-dioxolane.

m/e % of base peak

93 4 .5

95 2.1
115 5 .1

135 11.1
137 3 .6
149 2.1
121 100
153 3 2 .9

22. 4-Ghloromethyl-2-n-propyl-l,3-dioxolane.

m/e % of base peak

71 5 .6

93 4 .7
95 '  2.2

l2l 1 0 .9

123 4 .4
129  3 .6

163 4 .2
165  . 100

167 31 .8
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